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Study on cost reduction in Skipjack pole-and-line Fishery

Kentaro ODA *?

Abstract: Skipjack pole-and-line fishery (SPLF) is an industry that occupies an important position in
the domestic fisheries industry, which aims to provide a stable supply of Skipjack for sashimi. The
fishery requires safe rearing of the Japanese anchovy (Engraulis japonicus), which is used as live bait
during operations, during voyages. Particularly in pelagic fishery, where fish are raised onboard
fishingboat, it is customary to cool the rearing water to the optimal water temperature for Japanese
anchovies, 15°C, which tends to increase the fuel cost required to cool the rearing water. Additionally,
operational losses due to the lack of a stable supply of anchovies and soaring costs for live bait are also
becoming major problems. In addition, fuel costs, which account for a large portion of operating costs,
are soaring due to the influence of the global situation, which is causing problems for the SPLF industry.
This study is a compilation of the research results that the author has worked on as a basis for reducing
management costs in the SPLF. It consists of an introduction (Chapter 1), followed by Chapters 2 to 5,
and a comprehensive discussion (Chapter 6). In Chapter 2, we investigated the high water temperature
tolerance and low oxygen tolerance of Japanese anchovies in an attempt to raise breeding water
temperature and reduce fuel costs. In Chapter 3, we clarified the ammonia tolerance of Japanese
anchovies in an attempt to reduce the amount of water exchanged and fuel costs. In Chapter 4, based on
the research results obtained in Chapters 2 and 3, we examined the feasibility of long-term feeding and
tolerance to non-feeding. In the following Chapter 5, in order to verify the effectiveness of artificially
produced Japanese anchovies using two methods, we calculated the cost and investigated the survival
rate on board the ship and the catch rate of Skipjack (Katsuwonus pelamis).

Chapter 2 We conducted a test to find out whether it is possible to safely rear fish on a boat at a

temperature higher than the 15°C rearing water temperature used in Pelagic fishery. As a result, the semi-
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lethal water temperature for Japanese anchovies in a short period of time was estimated to be 27.3 to
28.5°C, and it was found that the current breeding water temperature could be raised by 5 to 10°C. We
also investigated the oxygen consumption of Japanese anchovies at different water temperatures and
clarified their hypoxic tolerance. The results revealed that it is safe to keep the dissolved oxygen level
above 5 mg/L, and that the rate of oxygen consumption increases as the water temperature increases.

Chapter 3 A test was conducted with a focus on ammonia tolerance in order to find out whether it is
possible to safely raise Japanese anchovies onboard ships even if the high water exchange rates used in
pelagic fisheries are lowered. As a result, the short-term lethal concentration of undissociated ammonia
nitrogen was 0.706 to 0.770 mg/L at the current rearing water temperature of 15°C. The concentration
was estimated to be 0.450 to 0.634 mg/L at 25°C which is 10°C higher than the current rearing water
temperature. It became clear that the current water exchange rate was too high and was wasting energy.

In addition, in order to prevent the mass mortality of Japanese anchovies that occurs during periods
of high water temperature in inshore fisheries, a test was conducted to find out whether it is possible to
raise Japanese anchovies without changing the water using cooled rearing water. The results revealed
that short-term breeding is possible with intermittent water changes.

Chapter 4 The findings obtained in Chapters 2 and 3 evaluated acute environmental responses over
short periods of time and under non-feeding conditions. Therefore, tests must be conducted under feeding
conditions for 50 days of pelagic fishery at water temperatures of 20°C and 25°C.

When we conducted a test to find out if breeding was possible, the survival rates after 50 days were

91 % and 81 %. Furthermore, since the tests conducted in Chapters 2 and 3 were both conducted under
non-feeding conditions, starvation may have been a factor in the death of the test fish. When starvation
tolerance tests were conducted at 20°C and 25°C to eliminate this problem, the number of dead fish
began to increase rapidly after 23 and 14 days, respectively. From this, it became clear that starvation
was not included as a cause of death during the short-term test.
Chapter 5 In recent years, departures have often been delayed due to a lack of a stable supply of
anchovies to load onto ships. The price of live bait is also rising. In order to solve these problems, we
aimed to clarify the production cost of Japanese anchovies and their effectiveness on board using two
methods: cultured live bait by capturing and raising whitebait, and cultured live bait by artificially
collecting eggs and producing seedlings. A test was conducted. As a result, compared to wild live bait,
the production cost of cultivated live bait (Japanese anchovy produced by farming whitebait) was almost
the same, but cultured live bait (Japanese anchovy produced by Seed production) was more than 10 times
more expensive, leaving room for improvement in breeding methods. In addition, it was revealed that
both the survival rate on board and the catch rate of skipjack were comparable to natural live bait for
both cultivated and cultured live bait.

Based on the above research results, it is possible to reduce fuel costs on pelagic SPLF boats by
increasing the rearing water temperature by 5 to 10°C from the current 15°C and by using closed
circulation rearing that reduces the water exchange rate. It has become clear that there is ample potential
for significant reductions. In addition, it has been found that it is impossible to raise SPLF boats in
inshore without cooling the rearing water during periods of high water temperature. It is thought that
mass mortality of Japanese anchovies can be avoided by selecting fishing grounds that avoid temperate
zones. Furthermore, by establishing production bases for farmed Japanese anchovies in the Pacific Ocean
region of the Tohoku region to the Joban Sea area, it will be possible to revitalize the region by supporting

reconstruction efforts, etc. It is also expected to contribute to improving the management of the SPLF.

Key words: " DORB—A$EI0, W27 FA UL, @iMAKIRNME, 78 =7 M, HHe AL



Kentaro ODA

BR

BI1E Fim

L1 FRESb—R/M & LTON Y A0 0 EE—

1.2 2ORWEOHIR

13 {EEHE UCRERD X 7 FA U OEFIRDL
L4 ol —A#Y fENE X D IRE

1.5 AFwL DK
Fr2wE METICBITDINZ 7T AU OEIRAKIRG
PE & KRR SR B9~ D HF2E

2.1 ZL®IC

22 MR X UY5E

23 fER

24 EBH
FIE WEITTFATLDOT =T E— DB —A
FIVWHEITIHBT 23R MEE DT IC—

(Ammonia tolerance of Japanese anchovy: Implications for
cost reduction in a skipjack pole-and-line fishery)

3.1 Introduction

3.2 Materials and Methods

3.3 Results

3.4 Discussion
F4E AT MBI D E T TFA U OREEE
FRAR LT He DU T e R W e B 3R

41 IL®IZ

42 MBS LA

43 fER

4.4 FE2
FESE OB —AREVIFZEITKIT DM LUEHE Y
ZIFA U O () & LToRRENE

51 FL®IZ

52 MEER LUHE

53 #ER

54 HE2
FHOHE HREER

6.1 fn LTI DIGEEDEE i1k

6.2 TEEEMIA 2 7 FA U D NTARE
EiGa
5| Ik
MCEE

B1E Fi

1.1 MBXE—BMELTOAYFORBEE—

Tk 25 ARIC R A a RSB IR S N A
(AARNOGH AU 1, — =2 EARETD

BARMIR KRB AR T VAR ENTND T &, E 2, 19 £k
LRI S 2 & CEMEIIAR DD e B ATE A FEEL T
LR EOREEFD, HARANDRZELIm ) LI
STWb, 2O [H9EBKR] OOEDIRMPERNED L
LT, 2OBELRHD (Fe - H8ZH2014), 22272 L
DR 72 DEBHEIE, BRSO TRV O EME &
S, A ¥ RPERLEVE REPEIEEIC IV T, F e
TS ST A Katsuwonus pelamis 73 2 S
T3,

£, BVAFHERL XL LCTEBFIHENS Z
EbZ, FRYNCHREIN DB, BrHE FE-
TRWH->IN ELIEREOIYATH D, & idxt
MRZ, BElcE-> Tl ELAeRNbiE7-< S AR LA
ERKY, 20k, KICZFERMICE T LEE ZAZRES
DRV, B4 barok e IR 1T EENE
STWND, MEFIFXELLHERTHD, £/, ®HRD
BEL LTHARDPOBOE =&, IBOL 2 i
THIRDOF SRV EBELER LTS, BOLERE
LT HE-STWDHEZATHD, [BICIEFELIZE
XYM &, PRANCbRREND LD, BV AITEAR
ANZE->TESN, REZEDTERVWEEMEOO L
DERo TS (FH 2013),

1.2 BMOBBREOHERK

Y AFEICEEM, O, =R RIEIZTHA
M, 02 BRI - WIEEAERG (LUF, Wit
WS (RMOKES REE FEHt A B fe st
AR 2021) F6 K OVEFN 2 AREEACERE MAEMEE (LAY, R
LW D) (BAMKES REE BB RR EA E 5 F iR
2022) I XAVUSENEEAFER 188 K b, KT &5
452 {8 (@240 M /kg) 25028 THD, IV AD
BIRE RIS DWTIE, B 3 4R E BRSO Bl
OKPETT, ENLFFEBIFIE N KENSE « O HE 2022)
W XU Rk IS W CEAL - B E B B,
T, NEMRICLAEIEINEE>TNH I LMD,
FlEFEE EBRMREHRBLE L ST, Y 4OF
HIZoWCTiI LD 5038, BETEEMobo%,
FIEO & 121X, OERDLO—ARHY THREINTL
ONTEHEHEND, WY AOBRBEHFED S L, —RH
WA RS, DL EDRALATIA T I v 7 RifEE
2, PoOB—AFRHY THDH, AKX, FFHLY
FOREMBEENE L, ENKEEICISOTEERA
BEEDTNWD, b5 2A5THDN, BT
DB AR EHEITILFRHR D BIThi, HBEEo
FIARIC 15~20 ATV AL, HIRYD ~3 HMREOHRE
fToTWwiEEnTnwg (Fe - B 2014), £z, =E@PE



4 MOB—AREV FEITKIT B 2 A MBI

BT 203 2B — AR EEITINER B IIE» 170
L, ST EED DS~ E B Y, FRICEARDO KR
BUEDAHEATZ L S TWD (L 1986),

POB—ARE Y KT, T, BHBESE CHIRSEE
RPRICKERZ Bow, BEEASERY (AL
RE) BETLEIANGHOLND, BEENLERYE
PR, BENO T Y ZOXREY (Wb LHE
) DKW TWDZ &, Fio, ERmIITE Yy a2kl
DINEPFNTND Z ENE L, ENDEIR ST DE-
ESAHEDO LD KON 2D TH D, IV FD
TR RO D EMERENCES, e X T
A U Engraulis japonicus % ¥HICHE X, ROBM LY
WHEIZEOK L, DY AERBOREHFED, BKOBRIZ L
STHYFNEEIREICRD L, HOA X I FA T L
WHICED LSV EORICE T v T EMIN D
fEEFE ORBIR D022 Y, WEBFHEIZHY BT S
o ChE - B 2015), hYAE 1 AT OTEIIHY
R A AMRIER, RO SR LT D ARUS OIREN
D, BIEEHABRMEROBLENS I SN T
W5 (OREF2013),

ZOE I IRBIEORHEIZ LY, DOBIIIEEL OF
MENNIEE 22 DM, S, FHEOEEEEBSTER
RBFNTEY, £ < ORERIEVINE AN @E D
WS CWD, £z, BYFORBERRE, HMEERD
E2s, BRINROERS, TEEIREe Y, TFEO R LR
RENOREET ORERG L, Moo ERITED
T HHMIZH D (Figs. 1and 2),

1.3 EEELELTRELGAZIFAILOERKR

HETFATNL, FEITHRME, MIE X, EEE
TSN, B2 FE ORI L OMERIC LAUZEN
WEAERIT 144 77 by, KBTFE%E 122 (50 (@85 M
/kg) EHDHLBFTH D, W& 7 FATNIEE, BY
DA BT LRE, WANANT.ENABEIZHNDIED,
FlEE L TR ZELHD (S - &l 2017),
£, TOEDPOHBERE LT, »OoB—ARK$EVIREDOTE
ELCHRAEN TS GEHD 1984), ik L7
HAFERD S D, £4,000~5,000 kIR & L TR
FEINTEY, KEBFEFEITN 40 EM (@800 M/ kg F2
) #5925, BUE, AABIMER CIIEAL V— Ay
T hEMEINAHESENEE T (ES 2012), 502
(2020) EFED Z 7 FA U RKFPERBEO GG (H
SEAFSEBRFEIE N K BEWFIE - BB W K EE B IR AT SR BT /K
BIRRFZEE > 2 —2021) I2LDL, WA ITFAVLOE
TRED 2000 FEHAZ ©— 27 I T 2RI A o 72 7R
LTW5 (Fig.3), BH L O — LA biEEL o— A2y 7

130
120
< 110
e
£ 100
S 90
2 g0
o
> 70
@
o 60
<
< 50 }
40
~ D - m wn ~ (o)) - N
o o i — — i i N N
o o o o o o o o O
o~ o~ o~ o o o~ o~ N N
(year)

Fig.1 A heavy oil price in recent years

Created from materials from the Agency for Natural
Resources and Energy.
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Fig.2 Number of licensed fishing boats in recent years

Created from materials from the International Division,
Resource Management Department, Fisheries Agency.
According to research by the Japan Tuna Fisheries Co-
operative Association, the actual number of deep-sea
vessels in operation has remained at 22 to 25 since 2012 .
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Created from materials from Japan Fisheries Research and Education Agency.
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ISR EERRE 21T\, BREREICE LRI 2 B,
T D 24 BEREILLEBIE S B 7= 1% SR B & R Bk RS I
BLi,

REBAMIZIZ 75 L AR Y =F LUkl (52K E 50
L, RY XN, A a—AEth) #4KEX 2 £35H
WTHRBR ATV, Tha 2 B0 IK L, RERBALAE AT
WICRBOKEIC =T — 2 b= 1 2 AW THiiRER 2 # X
L, SEKF O DO ZiBEIFIIREEL 725 10 mg/L i< £
TERSE, TOEKIC, SRBAKRICHIR L0 Z
I FA UL E 2 FEORBPIKIE~ZNZI 100 BT DH
MICIFE LT, DO JHIED = R FEiRSzHH o7 1
— 7 HRIKFEIRICERE L2, @R bHKBITHOT, R
RIEN DK & BR300 L S ICEHO E=—1
V— b CAKEEEKEFE -T2, SHIZE=—/— k&K
FliEEH & OMIC 7T r—7IC L 2EMNTERNE HITH
VEOEHE HE8mm DE=—/LF 2 —7 (2 KE 2mm
DAT Y VADEEZBEL, BE4Tcm OV o 7RIZLE
L) LAKREEERORICE = — A2 ATEE L, &
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KFEZIE 500W B —% — 1 R&Y £+,
o7z, DO ITE AR EHNT 3 5
L7z, BEIE, #BEB1 LFEUSEHALEL,
AR 1T 1,400~1,800 Ix DFFATH > 7=,
ARV FADLOBRIKROIBIE HKEBAHE, THS
(1997) OFIEIZHE, BHEIZE Y 3 kR CERET
REEFE L, REERER L OV DO K FICHE S £ikRE
KT,

BRHEEBEEDOHE LiloRBERE2b L0, KR
BT 52RBMA 1 kg H720, 1B S0 OBEEEE =H
EERLVFE L, 28, RBKE~ONAE% I

mm%ﬁ%*
Zaepta it
ﬁﬁm@@m

AR DIEFRIRIEIC B o 72728, EERATEINIZIEE B
WIZRRERBAAG 6 R A D, KSR DT Lo TIE

FETHMEEN BT 5 F TORERNG DO 7 — % #{ H
L7,

X =60000 (DOs—DOy) VI (n—6) /Sul W (1)

X EAFHEHE (mL/kg /HF)

DOs : RERBAME LV 6 /3% D DO (mg/L)

DOy : RERFAE L Y n 3% D DO (mg/L)

v.kE (L)

Snt n FHEOEFREI (= AR

W AR (kg)

BEHAMECHE HBRMMboKEIZ15EEL,
F UT=3K @K D4y 32 PSU OfE % VT Truesdale @
A (Truesdale et al. 1955, (2)=0) 12L&V, Kild¢°C IZ¥k

5} Zaﬁ’a%mﬁfﬁmi K (mg/L) %KD, )Rz kv R
IR OKIR 1 °C IR B BERAFIE 2 5 Lz,
K=14.161 - 0.3943 ¢+ 0.007714 £ - 0.0000646 2
—32(0.0841 - 0.00256 ¢+ 0.0000374 1) Q)
MR BRI (%)= DO (mg/L) / K (mg/L) 3

Table 1

T2 a2 FEEAFSE

2.3 #R

HER 1 SBRAIKEmERER

BRI TP O /KIE, DO, pH, RERBAMGE L& THD
Bl IR R K OB TRED A FR SR % Table 112, 4£5%
RO %E Fig. 6 12~ LT,

AERHIRIH 15°C, 20°C B LU 25°C K TOB X 7 FA4
ULORTIFIFEAERLGNT, REBRETROAETREIL
97 %LL E& /R LTz, —F, 30°C X CIIRABRBAAEZ D
e HRE B ZE S HL, 66 BRRI%ICITEMIENFELE L
o X HIT, 35°C K TIIMEF O 31.5°C F TlofEf
MFEL L7z (Fig. 6),

by MEICK D EH U 24 BRI R L OV 48 HEH
%O IRMEEBOEIRE OEIL, £ Z 4 28.5°C, 27.3°C
Thol,

100 w—*
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Fig. 6 Survival rate of Japanese anchovy over time by
water temperature

Tolerance test of Japanese anchovies by water temperature

At the start of the exam At the end of the exam (5 days later)

Test  Number of Water Oxygen
area  testtanks temperature saturation pH Number BL BW BL BW Survival rate
of fish (n=50) (n=50) (n=50) (n=50)

(capacityl75L) ~ (°C) (mg/L) (%) (mm) (& (mm) (® (%)
15°C 2 154+06 686+048 763-99.3 8.15+0.02 380 923450 7.1+12 924+59° 68+13" 993+05
20 °C 2 20.5+03 629+036 78.0-964 8.10+0.02 380 923+50 7.1+12 932+£52° 7.0+12% 97.6+13
25°C 2 252+03 577+022 802-92.6 8.07+0.02 380 923+50 7.1+12 928+53 67+11% 98306
30°C 2 30.1+03 578+0.95 62.7-107 8.08+0.15 380 923+50 7.1+12 - - 0*
35°C 2 380 923+50 7.1+12 0**

* Extinct 66 hours after starting breeding
** Extinct when water temperature rises
Indicates no significant difference between the same alphabets (p>0.05)
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HER 2 KEAMEEERMMERERS L WKERBREER
EOHRE

RERWIM A ORI KIE, RERBALERED DO, #ik AR
BLOKE, HER& THREO DO B X OVEHRRIERF %
Table 2 {2, DO & AEREOEL%E Fig. 7 1ZR LTz,
FIEAEWEIEE DO BSEEIZHD L, FEEEEDOH
BETORMbEL o7z, Ik bAKRDOEW 15°C KT
ILHER D 50T DO A L, BRI G 81 43
#% (DO =1.12 mg/L, FAFAIFISEE 13.9 %) ITIFIEFHFL T
T HEENHE L, 107 5% (DO=0.72mg/L, fEH#E
FAFNEE 9.0 %) (TIT AL LT,

—75, I bKIROE 30°C X TIE, JEF « LK D

HIFRIT 15°C ROBAEDIFIE 3 D 1| ORGEIERIICH 7
% 27 53%% (DO=1.92 mg/L ; FEREIFIE 30.9%) TH Y,
EEEOELT S 15°C O 2 550 1 LN ORERFETH 5
41 53t (DO=1.39mg/L ; BAFRAAFNE 22.3%) ThH o7z,
AR AE L, JEE - SETEEIEILD DO X 1.12~
2.36 mg/L (BAFRAUFIFE 13.9~35.1%), 2N L
RFo DO 1E 0.72~1.39 mg/L (FEFHEELFIE 9.0~22.3 %) D
HIATH Y, KENEOIECEBBERESMET T2 &
DR S (Fig. 7).

WIZ, DO &R EE OBMRE KIBBNIR Lz
(Fig. 8), #BRAMEN D DO A% 5 mg/L UL EO#FHTIE, 45
AR X D SR O SEEI TR = 2B b3 7,

Table 2 Oxygen tolerance test of Japanese anchovies by water temperature

At the start of th When a frantic At the end of the exam
Test ~ Number of Water Number ¢ start ot the exam individual appears (At the time of annihilation)
area test tanks  temperature offish
mp DO Oxygén BL BW DO Oxyget‘n DO O)(yg?n Elapsed
saturation  (n=100) (n=100) saturation saturation time
(capacity SOL) (°C) (mg/L) (%) (mm) (€3] (mg/L) (%) (mg/L) (%) (minutes)
15°C-1 2 149+02 100 10.08 £0.11 126 93.0+5.8 8.0+ 14 1.12 13.9 0.72+0.01 9.00 102.0+£4.2
15°C-2 2 14.8+0.2 100 10.43 £0.03 130 92.7+59 78+1.5 1.25 15.6 0.72+0.00 9.00 1125+ 6.4
20°C-1 2 204402 100 1028 £0.26 141 90.9+6.8 74+1.7 1.54 21.1 0.89+0.06 122 73.5+21
20°C-2 2 20.7+0.1 100 1025+£0.23 140 91.7+6.5 7.5+1.6 1.76 24.1 0.86+0.02 11.8 76.5+6.4
25°C-1 2 24.7+0.2 100 1058 £0.11 157 91.4+6.7 7.1+1.6 1.76 26.2 0.92+0.03 13.7 555+2.1
25°C-2 2 25.1+0.1 100 10.32+£0.18 154 89.7+72 6.8+ 1.6 2.36 35.1 1.00+£0.04 14.9 645+2.1
30°C-1 2 30.1+£0.8 100 1042 +£0.11 168 90.8+6.5 74+1.5 1.92 30.9 1.39+£0.04 223 37521
30°C-2 2 30.0£0.5 100 10.65 £ 0.04 171 903+6.2 71+1.5 2.02 325 1.35+£0.00 217 435+2.1
1 refers to the first test, 2 refers to the second test.
30°C 25°C 20°C 15°C
A crazy fish A crazy fish A crazy fish A crazy fish
appears after  appears after appears after appears after
27 minutes 36 minutes 51 minutes 81 minutes

100
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Fig. 7 Relationship between survival rate of Japanese anchovies and DO in the aquarium due to
differences in water temperature
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Fig.8 Relationship between oxygen consumption and DO in Japanese anchovies by water temperature

DO levels show median values. For example, 4 means 3.5 or more and less than 4.5.

LxL7e A6, Smg/L RiOHiFH T DO oL L &b
\ZZ OSEEEITRD Lz,

15°C, 20°C, 25°C $ L U30°C OREBRXIZBIT D H ¥
JFA T ORI EEE L, BB 6 53140 b IKEE
R ORI & o THEFRT 2R HELT 5 £ TORFEM
OFT —Z R UHE LT RER, 424 396 mL/kg /i,
702 mL/kg /i, 810 mL/kg /33 L O8 1,092 mL/kg /B CTdH

ST,

2.4 HE

WEN OB — AV EEICBIT A X T TFA T DM
B KL, WHEHIa A S &2 T 15°C ORAT S 2009) 12
RS TWaZeB@EFITHS, LoLayns, BAR
JEDUESR AT D X U FA U, EIT 15~30°C D
KIEHICAEBRT S (B 20060 &S TW5b, ZDOZE
0, BEOIMESEKEEZ 15°C LV EIERELT
HEIENARETH D 2 2 NHNBICEEDR 2 O TIXRW D &
EZlr, T TET, WX ITFAUTOERTRE R LR
KIBEHETHZEABHME L, @SIRAZKE SR %
1To7,

WEED OB —ARE Y AT O —fiHE (40~50 H) 12k
FBHE T FA T OEEIEHEIT 13~27 % KA 5 2011)
ThY, SR 5732 BITFAALFRED T3~87 Y%F2
DOEBRPMETH D, KRRBRO/BRND, WFITFAU
UL 25°C OFFEIRE TS HH TH 98 %M AEFE L, 27.3°C
T2 HRRIEEPECT 5 g sniz, 2hbol
Emn, BENOB—AREIVEEICBTHINY I TAT
CORBIREIL 25°C LT THDH I ENBEE LN EE X

%, Fo, AFERD 35°C BB X TIIIMMEIEZEF @ 31.5°C
DKL TRIEERMNIEL Lz, 1H (2002) 1 20°C THIE
B“OHE T FA T OERMBECIEELX 32.7°C L@t
LTV,

KB BIMES E £ SR T, DO IX 1.12~2.36 mg/L
(FRFRAAFNE 13.9~35.1 %) TERTORBRXTHH 7 F
A TIPSR LG T2, 1€ > THiERF O DO 1% 2.36 mg/L
PLEICROMERDH D B2 BN, £z, WBRBIAR
PO TR E T3 MR CRANBRREDT — 4 %
BrD &, fREKD DO M 5mg/ll DIEL W D7 725 L
KB EE ST 2ERICH 7= (Fig. 8), Zhig,
DO DT & 2 WIEZENUT E S KEDEIC LT,
HIFA T OEBERNPEN LT EERBEL TN,
L7=M->T, Smg/L ARG DO O BRIZ/RD EH %
LD, —HREICEIEATIE, BRICEET HDICE
T 25/ DO VL, VEKDOBEFEFED 50% THDH L E
bhTwd (FEDH 2004), ARBROAKIRFHEFHIZIIT 5
HiE 7k 0> B S AN FE 13549 6.2 mg/L (30°C) ~8.0 mg/L (15°C)
CER1964) THY, D 50 %139 3.1~4.0 mg/L & 72
%o BENOB—AREV MEBS BT A EEEFRO
DO 1%, 4.7~8.1 mg/L (KK S 2011) & DML H 573,
Z OEIEA BIOREBR B L OBHOMANS 2 7 F
AT TOMIEFHCTH D Z LR TE =,

P, AEfTo7=2 2ORBFER LY, BURICBITD
NETFAT Ol EEEREOKIR, DO LXK E A
BELDRMTRNWEEZEZbND, —FHT, WX ITFA
T > O iR AR R KOV DO fiHEASE &z - 72
ZEiZkY, BRIV L EHICEWVWKIRTORE 1T 9
ZETHEITA N EHIBTE DAL RIE SN, fil
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BAKIBIZOWTIE, 20~25°C OHFFRNTHZ 7 F AU
VOBKITIFEA LR BNV, BITOMRE KR
15°C 235 5~10°C EiF 6D FREMEN H 0, MKEHENIC
T DIREHE OB IR T & 5,

DO ZDWTIE, BRMEREICE LR R o 5
mg/L ULk, BEFREFIEEIC >V CIE 15°C 72 5 62.3 %,
20°C 725 68.4%, 25°C 72 b 744 %LL LR T 5 2 &
2L, BEIFATORERFLEZS L & HITHE
DINART Z MG TE D ATREMEN B D,

PLER~RTE 72X 51z, AWM L7z EAREcoiR
BRASIRIC XY, mIRMAARIERER2S 5 B M, KR
FRSEMIIERSR 2 2 FFILL T SV o HOEE o Lo TH 5
HOD, FHIENPDOB ALV IEHED 3 R M RIAE
Nize ARG (2015) (2L, #KE4200%/H, fi
B/KIE 20°C (2°C 40 AR ECREE L7ZFED DO (X 4.6
~8.3mg/L & DWLEND D, Z DIEIL, 15°C FE R D DO
ERFENRNZ EMBHIKEEETT 2 Z L mEK
% 5°C EFoindZ LamRBgLTWn5, ERRICHE K
IR23 20°C Witk & 7e > 7288, fEWKGEIH O %%
fEIEL, BEKIETET LA 1 #iEHZH 10 kL
OERMEIR S HE ST D, —RIREENDB—AR
10 I (499 b)) OAFEISERIMIES 6.5 MiMEE F L
B &, BRI 65 kL OBIBMNHIAENL TS (KF S
2015) , Z OfEIZ 2017 45 11 A A TR 70 H/L %
AVWRET2 L, ETOSEBKES 5°C EIF5Z L
X 0 RSN ORI A 4R 455 T HRREIRT S Z &
W&, AFFROFERIT, BEN OB A
REORENICFESTIbDEB BN,

EIE NRIUFATLOF7UEZTiE —AD2E—K
BYREICHITHaX MEIFD=HIZ—

Ammonia tolerance of Japanese anchovy : 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 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

(around 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 Chapter 2 after exposing fish to 15, 20, 25, 30,
and 35°C for 120 h. Anchovy survival was high (> 98 % ) at
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
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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 m?® concrete tank (70 m? 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.) daily at a ratio of 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 (Chapter 2), we exposed test fish to
seawater with total ammonia nitrogen (TAN) at concentrations
of 40, 80, 120 and 160 mg/L at 15°C, and 10, 20, 40 and 80
mg/L at 25°C. We prepared the sump tanks of 2 m* volume
with seawater containing concentrations of TAN, adjusted
using ammonium chloride (NH4Cl; Nacalai Tesque Inc.). A
control sump tank in which no ammonium chloride was added
was also prepared. We used two 200 L black polyethylene tanks
(actual water volume, 175 L) 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 TLand 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
around 13 kg/m’ used in the pelagic SPLF (around 400
individuals at 25°C and around 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 297342 at 15°C.

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) and pH (PB-11; Sartorius 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 (NHg");
environmental pH, temperature, and salinity affect the
equilibrium of NH; and NH4", and ammonia toxicity is
particularly related to NHs 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))  (4)

where X is the percentage of UIAN to TAN, and T 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=14.161-0.3943 ¢+ 0.007714 £ - 0.0000646 £
—32(0.0841 - 0.00256 ¢ + 0.0000374 %) 2)

where K is the saturated DO concentration (mg/L), and 7 the
temperature (°C).

Ammonia tolerance of Japanese anchovy was evaluated by
median lethal concentration (MLC) as the UIAN 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.
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MLC values with 95 % 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 (around
49 kg/m?) with water exchange at 500 % volume/h (control),
2) high stocking density (around 49 kg/m®) without water
exchange, and 3) low stocking density (around 24.5 kg/m?)
without water exchange. Treatment 1 represented standard
inshore SPLF conditions.

We used two 200 L black polyethylene tanks (actual water
volume 100 L) 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
¢ BW were stocked in tanks at around 49 kg/m?; 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.

3.3 Results

Experiment 1: Evaluating anchovy ammonia tolerance
Water tank environmental parameters are presented in
Tables 3 and 4. 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/L treatments, with mean survival rates after 48 h
99.8 % and 99.4 %, respectively (Fig. 9A). 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/L treatment, 12.9 % in the 120 mg/L
treatment, and 0 % after 33 or 36 h in the 160 mg/L treatment.
DO and oxygen saturation tended to decrease with increased
TAN concentration, particularly early in experimentation
(Table 3). 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/L and 0.706
(0.661-0.750) mg/L, respectively, based on GLM analysis
(Fig. 10A ; Table 5).

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/L treatment fish reached about 94 % (Fig.
9B). In the 20 mg/L and 40 mg/L 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/L 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 4). 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/L and 0.450 (0.379-0.521) mg/L, respectively, based on
GLM analysis (Fig. 10B ; Table 5).

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. 11A). 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/L but increased in high- and low-density
treatments, exceeding 0.4 mg/L after 36 h and 48 h in the
high- and low-density treatments, respectively (Fig. 11B ;
Table 6), at which point survival rate declined sharply (Fig.
11A); a substantial increase in the UIAN concentration was
observed in the high-density treatment (Fig. 11B). DO was

supersaturated during experimentation (Table 6).
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Table 3 Water parameters: exposure test,15°C, experiment 1 (two tanks per treatment)
Ammonia concentration was controlled at designated values (40-160 mg/L) by adding NH4Cl to tank water. The control
tank received no NH4Cl.
Control 40 mg/L 80 mg/L 120 mg/L 160 mg/L Control 40 mg/L 80 mg/L 120 mg/L 160 mg/L
Water temperature (°C) pH
Time 1 2 1 2 1 2 1 2 1 2 Time 1 2 1 2 1 2 1 2 1 2
0 145 14.0 14.1 14.1 142 144 144 144 145 145 0 7.68 7.73 758 7.54 757 756 752 747 738 739
3155 150 155 156 156 150 148 155 155 155 3 764 771 753 749 745 738 730 727 717 717
6 154 150 154 155 154 149 150 156 155 154 6 7.62 7.68 749 744 739 734 731 726 723 722
9 158 154 159 159 16.0 15.2 154 157 16.0 159 9 7.62 7.68 750 745 740 736 732 727 728 727
12 158 15.4 15.8 159 159 15.1 154 15.6 15.8 16.0 12 7.63 7.68 751 748 742 738 734 728 729 1727
15 15.7 153 159 159 159 154 155 15.7 16.0 16.0 15 7.65 7.69 754 749 743 740 736 730 733 732
18 157 154 15.8 16.0 16.0 154 155 15.7 159 16.0 18 7.65 7.69 755 750 744 742 738 733 740 735
21 154 15.1 155 155 15.6 149 15.0 143 14.7 147 21 7.70 775 758 7.54 746 743 743 737 754 744
24 154 15.1 155 156 156 149 150 154 145 145 24 7.67 773 758 746 740 745 752 7.66 7.51 739
27 155 151 155 155 156 148 150 154 155 153 27 766 7.71 758 754 746 743 749 743 775 7.8
30 154 15.1 154 155 15.7 149 150 153 15.5 155 30 7.66 7.70 7.58 7.53 747 742 751 745 788 7.66
33 15.8 153 15.8 15.8 159 153 153 15.7 159 16.0 33 7.67 7.71 7.58 7.53 748 743 760 7.53 803 785
36 156 15.4 15.8 159 16.0 153 154 15.7 16.0 36 7.66 7.70 755 7.54 749 744 7.65 759 7.98
39 158 154 158 159 16.0 15.2 154 157 39 7.66 7.71 7.56 7.50 750 746 7.68 7.63
42 157 150 154 155 156 149 150 152 42 767 771 756 753 751 747 174 7.68
45 155 152 155 156 148 150 150 148 45 7.68 7.72 758 7.55 753 749 782 1774
48 155 15.1 155 155 15.7 15.0 150 15.2 48 7.65 773 763 758 756 754 789 17.82
Mean 155 151 155 156 156 150 151 153 154 155 Mean 7.66 7.71 7.56 7.51 747 744 752 748 748 745
SD 03 03 04 04 05 03 03 05 06 06 SD 0.02 0.02 004 0.04 005 0.06 0.18 0.18 027 025
Dissolved oxygen (mg/L) Total ammonia nitrogen concentration (mg/L)
Time 1 2 1 2 1 2 1 2 1 2 Time 1 2 1 2 1 2 1 2 1 2
0 570 5.67 577 572 574 563 565 522 448 444 0 1.0 1.1 60 70 80 100 150 160 200 200
3 572 538 543 526 505 480 488 442 3.00 3.08 3 0.8 0.8 20 60 100 70 140 140 170 210
6 572 568 538 522 495 484 494 449 3.03 3.01 6 12 12 60 70 100 90 160 160 210 210
9 582 5.67 535 531 5.15 498 500 454 333 329 9 1.1 24 60 90 100 90 150 190 220 210
12 590 568 547 546 538 503 506 461 330 3.28 12 1.2 1.1 50 50 80 80 120 120 160 170
15 581 568 563 543 514 500 503 491 364 339 15 1.0 1.0 30 30 60 70 110 90 160 150
18 585 5.61 558 549 531 5.09 511 473 408 3.64 18 1.0 1.0 40 40 80 100 140 130 180 180
21 585 565 563 556 551 524 527 482 482 4.10 21 1.1 1.0 40 50 100 90 130 130 180 180
24 583 577 573 557 558 517 530 494 507 454 24 1.0 09 30 50 80 70 110 120 130 180
27 577 5.61 564 549 524 511 524 5.02 538 4095 27 09 0.8 30 40 80 80 130 120 150 200
30 584 5.71 569 556 537 514 538 516 580 529 30 1.1 09 40 40 90 90 120 140 150 180
33 579 568 565 551 529 503 536 534 582 594 33 0.8 1.0 50 30 100 90 110 160 150 120
36 572 562 561 549 531 520 557 552 5.99 36 1.0 1.1 50 50 100 110 150 140 180
39 577 5.67 563 553 537 515 557 559 39 1.1 1.1 50 60 100 110 140 140
42 597 570 567 558 533 520 573 571 42 1.2 13 40 50 50 110 150 130
45 576 5.67 562 555 536 510 584 590 45 1.1 0.8 50 50 100 100 170 90
48 557 549 554 548 532 517 589 593 48 0.8 08 30 20 60 70 70
Mean 5.79 5.64 559 548 532 511 534 511 431 423 Mean 1.0 1.1 43 50 86 89 132 135 172 182
SD 0.09 0.09 0.12 0.12 0.19 0.18 032 049 1.06 1.06 SD 0.1 0.4 12 17 17 14 24 26 27 26
Oxygen saturation (%) Un-ionized ammonia concentration (mg/L)
Time 1 2 1 2 1 2 1 2 1 2 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 5522 54.72 0 0.010 0.012 0.453 0.483 0.595 0.738 1.011 0.961 0.985 1.008
3 7192 6698 68.28 66.27 63.62 59.76 60.51 55.58 37.72 38.73 3 0.008 0.009 0.150 0413 0.627 0.358 0.587 0.577 0.557 0.688
6 7178 70.71 67.51 65.63 62.12 60.14 61.50 56.57 38.10 37.77 6 0011 0.012 0.406 0.426 0.539 0.417 0.697 0.650 0.790 0.770
9 73.61 71.15 67.80 67.29 65.39 62.25 62.74 57.31 42.28 41.69 9 0.010 0.025 0.432 0.577 0.576 0.446 0.689 0.795 0.963 0.892
12 74.62 71.28 69.18 69.19 68.18 62.75 63.50 58.08 41.74 41.65 12 0.012 0.011 0.365 0.344 0.479 0.412 0.577 0.510 0.706 0.728
15 7334 71.14 7135 68.81 65.14 62.74 63.25 61.98 46.22 43.04 15 0.010 0.011 0.236 0.211 0.368 0.386 0.558 0.403 0.786 0.720
18 73.85 70.40 70.58 69.71 67.42 63.87 6425 59.71 51.71 46.22 18 0.010 0.011 0.320 0.290 0.505 0.577 0.743 0.624 1.030 0.925
21 7341 7048 70.79 6991 69.42 65.11 65.61 59.17 59.65 50.74 21 0.012 0.012 0.335 0.383 0.642 0.512 0.745 0.617 1.298 1.033
24 73.16 71.98 72.05 70.17 70.30 64.24 6598 61.99 62.49 55.96 24 0.010 0.010 0.251 0321 0.448 0.417 0.775 1.199 0.862 0.907
27 7255 69.98 70.92 69.03 66.02 63.36 65.24 63.00 67.65 61.99 27 0.009 0.009 0.251 0.306 0.514 0.452 0.855 0.709 1.852 1.652
30 7329 71.23 7140 6991 67.79 63.86 6698 64.62 72.93 66.51 30 0.011 0.010 0.333 0.299 0.596 0.501 0.826 0.859 2.488 1.811
33 7323 71.14 71.46 69.69 67.04 63.00 67.13 67.41 73.76 75.42 33 0.008 0.011 0.429 0.229 0.687 0.528 0.951 1.214 3.594 1.929
36 72.06 70.52 70.96 69.57 67.42 65.13 69.90 69.68 76.06 36 0.010 0.012 0.400 0.394 0.708 0.660 1.464 1.219 3.882
39 7298 71.15 71.21 70.08 68.19 64.37 69.90 70.56 39 0.011 0.012 0.409 0.432 0.725 0.686 1.463 1.335
42 7536 7096 71.15 70.16 67.15 64.61 71.34 71.37 42 0.013 0.014 0.318 0374 0.360 0.686 1.745 1.339
45 7242 70.87 70.66 69.92 66.46 63.49 72.71 73.16 45 0.012 0.009 0.419 0.394 0.710 0.658 2.372 1.032
48 70.04 68.48 69.66 68.90 67.16 64.36  73.33 74.12 48 0.008 0.009 0.282 0.168 0.488 0.516 1.145
Mean 72.82 70.45 70.32 69.07 67.01 63.66 66.67 64.03 54.12 53.12 Mean 0.010 0.012 0.341 0.355 0.563 0.526 1.012 0.878 1.326 1.303
SD 136 1.22 135 138 215 2.09 390 6.05 13.18 1339 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 4 Water parameters: exposure test, 25°C, experiment 1 (two tanks per treatment)

15

Ammonia concentration was controlled at designated values (10-80 mg/L) by adding NH4Cl to tank water. The control

tank received no NH4Cl.
Control 10 mg/L 20 mg/L 40 mg/L 80 mg/L Control 10 mg/L 20 mg/L 40 mg/L 80 mg/L
Water temperature (°C) pH
Time 2 1 2 1 2 1 2 1 2 Time 2 1 2 1 2 1 2 1 2
0 239 249 249 23.6 240 240 235 235 254 0 7.84 772 7.67 773 1.74 775 7177 781 7.72
3 25.7 259  26.1 262 255 255 259 26.1 262 3 7.28 731 732 724 7.23 724 7.18 721 7.8
6 25.7 257 262 263 257 2577 259 262 264 6 7.18 721 725 7.15 7.18 7.19 731 729 7.20
9 25.7 260  26.1 264 257 257 259 262 264 9 7.33 735 738 729 739 730 7.29 7.61 7.26
12 25.8 263 262 262 255 258 26.1 264 26.0 12 7.28 731 735 732 730 729 728 7.75  7.30
15 259 26.1 263 263 257 257  26.1 26.2 15 7.20 726 7.32 731 730 7.38 735 7.30
18 25.8 26.1 262 264 257 258 26.1 26.2 18 7.32 735 7.39 736 731 739  7.39 7.37
21 25.7 26.1 262 264 258 259 262 26.4 21 7.46 747 7.52 7.48 739 7.47 152 7.62
24 25.8 262 264 264 258 258 262 26.5 24 7.32 736 741 733 7.27 734 741 7.62
27 26.0 263 265 26.6  26.0 259 262 26.5 27 7.37 738 744 739 742 7.38 748 7.86
30 26.2 26.6  26.6 26.6  26.0 260 262 26.7 30 7.35 735 745 7.40 743 735 748 7.96
33 26.1 266 26.7 26.7 262 262 264 33 7.50 743 745 7.40 7.42 7.38 7.49
36 26.4 266 26.7 26.7  26.0 262 264 36 7.46 742 743 741 743 7.39 750
39 26.5 26.7 269 269 264 264 268 39 7.53 749 748 7.48  7.49 7.46  7.58
42 26.6 27.0  27.0 269 263 265 263 42 7.46 749 751 7.52  7.50 7.51  7.67
45 26.5 26.8 269 27.0 265 26.5 269 45 8.10 741 742 745 745 743  7.72
48 26.8 272 272 273 268 26.8  27.1 48 8.10 742 743 744 744 745 1.79
Mean 259 263 264 264 259 259  26.1 257 263 Mean 7.48 7.40 742 739 739 739 748 7.53 749
SD 0.6 0.5 0.5 0.8 0.6 0.6 0.8 1.2 0.3  SD 0.28 0.11  0.09 0.13 0.13 0.12  0.18 0.27 0.28
Dissolved oxygen (mg/L) Total ammonia nitrogen concentration (mg/L)
Time 2 1 2 1 2 1 2 1 2 Time 2 1 2 1 2 1 2 1 2
0 7.34 7.19  6.96 695 6.88 6.71  6.84 6.76  6.97 0 1.0 11 11 22 20 38 37 100 90
3 5.28 5.61 550 544 518 3.77  3.51 427  4.06 3 1.4 12 12 22 21 43 44 110 90
6 4.77 4.74 482 4.14  4.68 342 349 499  4.00 6 23 15 13 24 23 46 40 130 100
9 5.27 542 543 497 5.28 345 395 6.07 453 9 2.8 13 12 25 24 39 44 100 100
12 5.03 530 533 492 470 350  3.94 737 493 12 3.0 10 13 24 23 38 39 110 80
15 4.88 536  5.65 555 543 579  4.43 5.41 15 3.6 12 12 24 23 39 48 110
18 4.78 530 558 549 547 6.01 448 5.55 18 3.3 13 11 23 22 40 47 120
21 4.97 5.50  5.65 572 537 479 498 6.43 21 3.6 9 10 20 22 42 39 80
24 5.07 5.61  5.66 561 534 498 491 7.00 24 3.5 12 13 20 25 43 41 120
27 5.47 567 575 579 571 496 517 7.47 27 3.8 13 13 24 25 40 39 90
30 5.16 4.08 5.23 529 547 460 4.86 7.57 30 3.6 12 14 24 24 44 42 130
33 5.63 583 594 560 574 497 543 33 3.8 14 14 24 24 44 41
36 5.47 557 581 573 551 507  6.09 36 3.5 14 12 22 24 44 40
39 545 564  5.66 575 559 489 554 39 3.5 13 16 27 25 45 44
42 5.75 576  5.76 584  5.62 523 648 42 3.2 13 14 24 24 49 44
45 5.59 578 570 587 575 525  6.17 45 3.3 14 13 25 22 43 40
48 5.65 5.68  5.67 5.69 556 548  6.66 48 6.0 16 16 31 26 50 46
Mean 539 5.53  5.65 555 549 487 511 589 581 Mean 3.2 13 13 24 23 43 42 110 101
SD 0.59 0.61 043 0.57 047 092 1.08 127 134 SD 1.1 2 2 3 2 4 3 12 17
Oxygen saturation (%) Un-ionized ammonia concentration (mg/L)
Time 2 1 2 1 2 1 2 1 2 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 0 0.028 0.253 0.226 0.470 0.450 0.875 0.860 2.541 2.146
3 79.40 84.63 8324 8246 77.65 56.52 5295 64.62 61.54 3 0.013 0.117 0.122 0.187 0.166 0.348 0.319 0.868 0.668
6 7173 7128 73.06 62.85 70.38 5143 52.65 75.64 60.82 6 0.016 0.115 0.113 0.168 0.164 0.337 0.391 1.240 0.788
9 7925 8190 82.18 7557 79.40 51.88 59.59 92.01 68.88 9 0.028 0.140 0.140 0.242 0.277 0367 0.411 1.973 0.904
12 75776 80.46 80.79 7458 70.46 52.72 59.63 112.06 74.49 12 0.027 0.101 0.142 0.245 0.213 0.352 0.361 3.017 0.769
15 73.62 81.12 85.78 8426 81.66 87.07 67.04 82.00 15 0.027 0.106 0.124 0.241 0.216 0.440 0.521 1.074
18 72.00 80.21 84.58 8348 8226 90.52 67.80 84.13 18 0.033 0.141 0.132 0261 0.212 0.465 0.559 1374
21 7474 8324 85.64 8698 80.88 72.26 7549 97.77 21 0.049 0.128 0.161 0.298 0.256 0.590 0.628 1.638
24 7637 85.03 86.06 8530 80.43 75.01 74.42 24 0.035 0.134 0.165 0.212 0.221 0.446 0.514 2475
27 82.65 86.08 87.57 8832 86.28 74.83 7837 27 0.043 0.153 0.178 0.296 0.316 0.458 0.573 3.178
30 7821 6223 79.77 80.69 82.65 69.51 73.67 30 0.039 0.135 0.198 0303 0.310 0.474 0.617 5.808
33 8520 8893 90.75 8555 87.01 7533 82.57 33 0.058 0.189 0.199 0305 0.308 0.515 0.626
36 83.17 8496 88.76 87.54 83.26 76.85 92.60 36 0.050 0.185 0.163 0.286 0.310 0.527 0.624
39 83.00 86.16 86.74 88.12 85.00 7435 84.77 39 0.059 0.203 0.248 0.418 0.381 0.642 0.848
42 87.71 88.41 8841 89.50 8532 79.65 98.38 42 0.046 0.207 0.234 0.407 0.372 0.788 1.001
45 85.13 88.44 87.35 90.10 87.57 79.95 94.56 45 0.197 0.183 0.176 0.364 0.309 0.577 1.064
48 86.45 87.46 87.30 87.75 85.07 83.85 102.38 48 0366 0.221 0.226 0.451 0.365 0.718 1.451
Mean 8127 83.96 8596 8436 8270 73.53 7742 8849 7924 Mean 0.066 0.160 0.173 0.303 0.285 0.525 0.669 1.928 1.893
SD 8.41 8.95 6.13 811 6.82 13.65 1624 18.68 1597 SD 0.088 0.045 0.043 0.090 0.080 0.157 0.294 0.889 1.528
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Fig.9 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/L by adding NH4Cl to water (the control tank received no NH4Cl).
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Fig.10 Survival response of Japanese anchovies to different concentrations of un-ionized ammonia nitrogen (UIAN)
after 24 hours or 48 hours 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 5). Arrows indicate the median lethal concentration at which 50% of test anchovies died.

Table 5 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 Time Coefficient Estimate SE t value P value
O

15 24h  Intercept 9.07 0.73 12.35 <0.0001
Doses -11.78 0.97 -12.16 <0.0001
48h  Intercept 7.18 0.78 9.20 <0.0001
Doses -10.17 1.14 -8.95 <0.0001
25 24h  Intercept 3.27 0.57 5.72 0.000717
Doses -5.15 1.27 -4.16 0.004803
48h  Intercept 3.73 0.64 5.83 0.000641

Doses -8.29 1.55 -5.34 0.001079
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Fig.11  Survival rate of Japanese anchovies (A) and un-ionized ammonia nitrogen (UTAN) 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 hours.

Table 6 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 Control ~ High density Low density
Water temperature (°C) Oxygen saturation (%) Total ammonia nitrogen concentration (mg/L)
Time 1 2 1 2 1 2 Time 1 2 1 2 1 2 Time 1 2 1 2 1 2

0 242 245 247 246 246 250 0 262.35 209.78 260.49 239.38 262.73 190.36 0 08 04 3.7 36 1.5 1.5
6 252 253 250 256 255 252 6 138.00 120.29 168.35 280.17 282.13 251.24 6 02 03 9 9 51 46
12255 257 252 257 255 250 12 118.88 141.66 130.39 127.07 285.12 25327 12 03 03 21 21 12 11
18 255 258 250 255 257 250 18 131.02 110.56 17593 150.21 261.37 18590 18 03 03 33 37 19 19
24 255 258 253 258 259 253 24 141.21 125.62 184.40 25531 249.07 247.01 24 02 03 42 45 22 26
30 255 257 250 258 257 250 30 129.82 137.00 161.80 212.98 229.34 230.21 30 02 02 76 74 35 37
36 256 258 250 255 256 253 36 130.33 140.83 116.45 181.69 223.87 202.78 36 02 02 100 70 36 35
42 255 258 250 256 255 252 42 11543 127.73 286.73 223.72 157.40 122.19 42 02 03 130 120 44 52
48 254 255 250 255 256 25.0 48 12378 170.15 317.36 263.39 259.45 24256 48 02 03 60 60 41 53

54 255 260 250 260 256 250 54 128.17 177.84 244.44 22322 54 02 02 105 105 55 60
60 255 258 255 25.0 60 148.26 211.02 32590 319.74 60 02 02 70 76
66 258 258 25.8 25.0 66 157.70 234.07 296.43 23453 66 02 02 100 120
72 255 258 257 25.0 72 159.80 183.91 305.28 256.69 72

78 258 258 256 253 78  153.18 179.99 287.36 78 02 02 85 80
84 258 258 255 25.0 84 15529 182.71 260.55 84 04 02 100 150
90 255 258 253 25.0 90 151.26 182.25 90 02 02 100 130
96 255 25.7 26.0 25.0 96 159.05 178.21 96 02 02 60 60

Mean 25.5 257 250 256 256 25.1 Mean 147.27 165.51 200.21 214.88 260.19 233.84 Mean 0.3 0.2 58 54 49 57
SD 04 03 02 04 03 0.1 SD  33.05 3559 70.77 5235 42.80 46.41 SD 02 0.1 44 39 34 45

Dissolved oxygen (mg/L) pH Un-ionized ammonia concentration (mg/L)
Time 1 2 1 2 1 2 Time 1 2 1 2 1 2 Time 1 2 1 2 1 2

0 17.87 1422 17.60 1620 17.78 12.80 0 808 807 805 806 809 8.08 0 0.039 0.020 0.175 0.173 0.077 0.077
6 925 805 11.32 18.66 18.82 16.84 6 79 795 685 684 686 6.83 6 0.010 0.011 0.029 0.029 0.017 0.014
12793 942 874 845 19.02 17.03 12 798 8.01 6.78 6.78  7.00 6.89 12 0.011 0.013 0.058 0.060 0.056 0.038
18 874 734 11.83 10.02 17.38 1250 18 799 799 691 6.82 697 690 18 0.011 0.013 0.121 0.114 0.084 0.068
24 9.42 834 1234 1695 1651 1653 24 799 798 7.04 7.11 7.02  7.00 24 0.009 0.011 0.212 0.276 0.111 0.120
30 866 9.11 10.88 14.14 1525 1548 30 799 799 696 7.00 698 6.98 30 0.007 0.008 0.312 0.353 0.158 0.159
36 8.68 935 7.83 12.12 1491 1357 36 803 803 7.09 7.11 715 711 36 0.011 0.009 0.553 0.420 0.239 0.207
42 770 848 19.28 1490 10.50 8.19 42 803 803 742 726 7.04 7.02 42 0.010 0.014 1.526 1.023 0.225 0.248
48 827 11.35 21.34 17.57 17.28 1631 48 804 804 779 7.57 743 742 48 0.011 0.013 1.626 1.027 0.515 0.622

54 855 11.77 16.28 1501 54 800 800 803 790 738 7.37 54 0.010 0.010 4.848 3.908 0.616 0.629
60  9.89 14.01 21.74 21.50 60 8.04 8.05 749 743 60 0.010 0.012 1.000 0.913
66 10.47 15.54 19.68 1577 66  8.05 8.06 731 724 66 0.011 0.012 0.970 0.935
72 10.66 12.21 2030 1726 72 8.05 8.05 736 7.31 72

78 10.17 11.95 1923 78 8.02 8.03 7.46  7.36 78  0.008 0.009 1.142 0.838
84 10.31 12.13 17.52 84 8.02 8.03 7.44 735 84 0.017 0.007 1.275 1.502
90 10.09 12.10 90 798 8.01 759 7.55 90 0.007 0.010 1.765 2.051
96 10.61 11.85 96 8.00 8.01 776 7.68 96 0.007 0.009 1.635 1.270

Mean 9.84 11.01 13.46 1433 17.34 1570 Mean 8.01 802 729 725 731 727 Mean 0.012 0.011 0.946 0.738 0.618 0.606
SD 228 238 477 350 285 312 SD 003 003 049 045 032 033 SD 0.008 0.003 1.492 1.171 0.598 0.608
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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. 12A). The UTAN concentration in the control
group was less than 0.01 mg/L during experimentation, but in
the test group reached around 0.3 mg/L by 36 h, then
fluctuated between 0.21 and 0.35 mg/L (Fig. 12B ; Table 7).

DO was supersaturated during experimentation (Table 7).

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/L and 0.706 (0.661-0.750) mg/L, and
at 25°C, 0.634 (0.466-0.802) mg/L and 0.450 (0.379-0.521)
mg/L, 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/L 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 ef 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/L
(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/L at 15°C in the TAN 40 mg/L treatment with
oxygen saturation of around 70 % (Table 3) had a survival
rate exceeding 99 % over 48 h (Fig. 9). Consequently, aboard
pelagic vessels, the water in tanks holding Japanese anchovies
might be being replaced more often than is necessary given
anchovy ammonia tolerance.

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 UTAN concentrations exceeding 0.4 mg/L (Fig. 11),
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/L) and
survival rate of test fish was relatively high (88 % in experiment
2, and 72 % in experiment 3) at 96 h (Figs. 11 and 12). In
experiment 3, in the test group, the UIAN concentration did not
reach MLC, and was maintained at around 0.3 mg/L by means of
intermittent renewal of holding tank water (Fig. 12). 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 around 0.1 mg/L, as recorded during
the experiment until 12 h before the anchovy survival rate tended
to separate in control and test treatments (Fig. 12 ; Table 7).

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 (around 0.1 mg/L) 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



Kentaro ODA
(A) —e—Control-1 Test-1 ‘ (B)
100 N Control-2 Test-2 __ 04
~e—,q =
80 | \‘\““‘_’\H\‘\‘__H\H !éb
S = 03
o 5
I —
45 60 4{:0
T>° = 0.2
Z 40 | 8
5 5
an o 01
20 >
<
0 T T T T T T T T T 1 D 0
0 10 20 30 40 50 60 70 80 90 100
Time (h)

19

-e-Control-1 Test-1
- Control-2 Test-2
FAY T (= e e
0 10 20 30 40 50 60 70 80 90 100
Time (h)

Fig.12 Survival rate of Japanese anchovies (A) and un-ionized ammonia nitrogen (UIAN) 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 hours (test)

Two tanks were used for each treatment.

Table 7 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 Control Test
Water temperature (°C) Oxygen saturation (%) Total ammonia nitrogen concentration (mg/L)

Time 1 2 1 2 Time 1 2 1 2 Time 1 2 1 2
0 25.8 26.0 25.3 25.5 0 270.97 269.56 237.00 199.08 0 0.3 0.3 0.2 0.2
6 25.2 26.0 25.3 25.8 6 219.02 234.51 302.75  323.84 6 0.2 0.2 12 11
12 25.6 26.0 25.2 25.8 12 23047 23541 289.73 291.91 12 0.1 0.2 26 21
18 25.7 26.0 25.3 25.8 18 22242  230.58 292.44  303.96 18 0.1 0.2 21 19
24 25.2 26.0 25.5 25.5 24 23558  237.53 293.82 291.42 24 0.1 0.2 34 30
30 25.8 26.0 25.5 25.5 30 23798 241.76 322.30 30 0.1 0.1 32 31
36 25.7 26.0 25.3 25.6 36 24347  236.02 307.95 36 0.1 0.1 36 56
42 25.5 26.0 25.2 25.7 42 244.65 245.39 42 0.1 0.1 37 40
48 25.4 26.0 25.0 25.6 48 248.00  238.89 314.41 48 0.1 0.1 40 44
54 25.7 26.0 25.2 25.8 54 241.67 233.30 313.30 54 0.2 0.1 34 37
60 25.7 26.0 25.0 25.8 60 23234  239.64 314.65 60 0.1 0.1 32 42
66 25.3 26.0 25.2 25.7 66 243.57  239.64 66 0.1 0.1 29 35
72 25.3 26.0 25.2 25.8 72 241.18  243.72 72 0.2 0.2 40 41
78 25.2 26.0 25.0 25.8 78 242.89 23451 78 0.1 0.2 24 31
84 25.2 26.0 25.2 25.8 84 24259  242.67 84 0.1 0.1 32 40
90 25.3 26.0 25.2 26.0 90 260.91 243.88 90 0.1 0.1 26 34
96 25.5 26.0 25.2 25.6 96 256.19  244.03 96 0.1 0.1 29 40
Mean  25.5 26.0 252 257  Mean 241.99 240.65  283.15 29828  Mean 0.1 0.1 28 32
SD 0.2 0.0 0.1 0.1 SD 12.85 8.62 26.26 36.57 SD 0.0 0.0 10 13

Dissolved oxygen (mg/L) pH Un-ionized ammonia concentration (mg/L)

Time 1 2 1 2 Time 1 2 1 2 Time 1 2 1 2
0 17.99 17.84 15.86 13.28 0 7.90 7.87 7.89 7.89 0 0.009 0.009 0.007 0.007
6 14.68 15.52 20.26 21.50 6 7.94 7.94 6.90 6.91 6 0.008 0.006 0.044 0.043
12 15.35 15.58 19.42 19.38 12 7.97 7.98 6.95 6.94 12 0.006 0.008 0.106 0.087
18 14.79 15.26 19.57 20.18 18 7.94 7.96 6.99 6.94 18 0.005 0.007 0.094 0.079
24 15.79 15.72 19.60 19.44 24 8.01 8.01 7.12 7.03 24 0.005 0.008 0.209 0.150
30 15.80 16.00 21.50 30 8.00 8.00 7.17 7.08 30 0.005 0.005 0.220 0.174
36 16.19 15.62 20.51 36 8.00 8.02 7.24 7.12 36 0.006 0.006 0.287 0.347
42 16.32 16.24 42 8.03 8.04 7.26 7.13 42 0.006 0.007 0.306 0.255
48 16.57 15.81 20.94 48 8.05 8.05 7.32 7.18 48 0.006 0.006 0.374 0.312
54 16.07 15.44 20.80 54 7.96 7.98 7.29 7.12 54 0.007 0.006 0.301 0.232
60 15.45 15.86 20.89 60 7.99 8.00 7.31 7.14 60 0.006 0.004 0.292 0.276
66 16.30 15.86 66 7.96 7.98 7.31 7.15 66 0.004 0.006 0.269 0.234
72 16.14 16.13 72 7.94 7.96 7.28 7.15 72 0.007 0.006 0.346 0.276
78 16.28 15.52 78 7.94 7.95 7.33 7.16 78 0.005 0.009 0.230 0.213
84 16.26 16.06 84 7.95 7.97 7.35 7.17 84 0.004 0.005 0.325 0.282
90 17.46 16.14 90 8.01 8.01 7.39 7.22 90 0.005 0.002 0.289 0.272
96 17.09 16.15 96 7.86 8.02 7.42 7.21 96 0.004 0.004 0.346 0.304
Mean 16.15  15.93 18.94  19.84 Mean  7.97 7.98 7.27 715 Mean 0.006  0.006 0.238  0.208
SD 0.85 0.57 1.75 242 SD 0.05 0.04 0.22 0.21 SD 0.002 0.002 0.111 0.102
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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 (around 0.1 mg/L) by means of intermittent renewal of
holding tank water in transit.

Further study is required to determine appropriate and
practical water exchange rates and 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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Fig.13  Survival rate of Japanese anchovies by
water temperature (test 1)

Table 8 Summary of simulated long-term rearing test (test 1) results by water temperature

Test ay WT DO pH TAN FL BL BW Survival rate
area (°C) (mg/L) (mg/L) (mm) (mm) (2 (%)
At the start of the test (n =50)
108.16 +5.15 100.57 +4.58 93.86 + 4.67 7.89 +1.21
(95.33-118.66)  (90.14-109.23) (83.35-104.32) (4.62-10.39)
Water parameters during the test At the end of the test (n=30)
20°C-1 50 20.1£0.1 926+136 741+0.14 1.5+03 114.23 +4.54 103.90 +4.18 99.13 +3.99 8.96+1.65 | 03
(20.0-20.2) (6.01-12.95) (7.09-7.69) (1.1-2.1) (101.71-121.33) (93.02-110.32) (88.50-105.33) (5.39-12.24) @
20°0C-2 50 202+0.1 879+1.72 740+0.12 1.5+0.2 111.33 +5.09 101.73 +£4.55 96.71 + 4.44 8.56 £ 1.60 29.9
(20.0-20.3) (4.52-12.96) (7.07-7.64) (1.2-1.8) (103.49-120.46) (94.12-109.96) (89.76-106.02)  (6.00 - 11.51) —
250C-1 50 25.0+£0.1 9.75+1.42 727+0.11 2.0+0.2 112.95+3.97 102.80 + 3.88 97.92 +£3.45 8.28+1.62 T 787
(23.9-25.0) (4.44-1233) (7.01-7.54) (1.7-2.2) (106.73 - 120.95) (96.44 - 109.68) (93.03 - 103.72)  (5.05 - 11.80) b
25°C-2 50 25.0+£0.1 955+1.52 722+0.13 2.1+0.1 112.72 £ 6.53 102.91 +£5.79 98.19 +5.51 7.76 + 1.98 ® 831
(24.0-25.1) (5.21-12.76) (6.96-7.76) (1.9-2.4) (99.39-127.08) (91.05-115.91) (86.64-111.53) (4.76-13.19)

* Average value + SD.

There is a significant difference between (a) and (b) (p <0.05) .
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Table 9 Japanese anchovy measurement record: Long-term rearing test, 20°C, 25°C, test 1 (two tanks per treatment)

At the start of the test At the end of'the test 20°C-1 At the end of the test 20°C-2
No  TL(mm) FL(mm) BL(mm) BW(g) No TL(mm) FL(mm) BL(mm) BW(g) No TL(mm) FL(mm) BL(mm) BW(g)
1 110.35 99.99 9317  7.19 1 12012 10936 10401 851 1 113.66  104.31 99.26  10.20
2 11551 101.49 99.14 955 2 11563 104.97 99.01  7.94 2 11290  102.67 98.12 813
3 98.53 93.52 8524 6.67 3 11791 10528  102.19 897 3 113.92  105.35 99.79  11.51
4 107.90  100.16 9431  8.08 4 110.66  100.52 9573 8.90 4 116.88  107.34  101.83  9.63
5 98.32 91.94 8635  5.67 5 101.71 93.02 88.50  5.65 5 109.88 99.97 97.19 849
6 107.97 97.49 9081  7.67 6 11596  104.38 98.54 945 6 104.72 94.12 90.77  6.86
7 11706 107.87 10149 1039 7 12043 108.02 10463 11.12 7 11046 101.12 96.08  8.36
8 103.53 94.84 89.49 733 8 109.10  100.81 95.88  8.01 8 103.49 96.17 89.76  6.00
9 108.51  100.33 9490  7.76 9 113.16  104.08 99.58  10.44 9 111.06  103.25 9732 7.92
10 103.84 99.56 9030  6.03 10 11936 10896  103.92 1222 10 105.29 97.65 9295  7.57
11 107.89 98.68 9185  8.14 11 112.83  102.96 98.10  8.29 11 11293 103.65 97.79  10.66
12 11011 101.11 9449  7.11 12 113.07 97.64 9480  7.17 12 11522 10603 10020  10.96
13 118.66 10923 10432  9.97 13 108.78 98.52 93.65  7.85 13 11373 104.83 98.50  8.71
14 105.27 98.38 9127  6.93 14 113.83 10245 99.15  8.69 14 109.13  100.58 93.63  8.77
15 104.16 97.06 9122  7.76 15 110.19  100.60 96.65 825 15 108.95 98.66 9338  7.16
16 11195 101.49 932 713 16 109.98  100.26 95.82  7.81 16 103.62 95.87 91.43  6.40
17 11273 10725 10036  8.97 17 12133 11032 10533 1224 17 11586 10447  100.88  9.02
18 108.68 99.83 9358  8.78 18 111.19  100.82 96.01  9.75 18 104.18 95.42 89.97  7.03
19 105.08 96.74 89.16  6.35 19 111.91  102.26 9749 775 19 12030 109.14 10422  10.98
20 106.26 99.67 9247  8.01 20 11538 10590  101.01 11.19 20 107.58  100.28 93.07  6.34
21 10439 101.40 9584  8.59 21 113.05 10435 99.40  9.91 21 119.50  109.96  103.09  10.05
22 95.33 90.14 8335  4.62 2 11579 10593  100.19  10.56 2 106.83 95.15 9209  7.28
23 103.32 96.00 89.89  6.39 23 109.11 99.29 9391 7.9 23 109.25 99.24 95.63  8.05
24 101.21 93.95 8833 7.09 24 11415 10494  100.80  5.39 24 12046 109.62  106.02 11.04
25 11342 103.00 9729  8.56 25 11595 10650  100.99  10.22 25 105.80 96.75 90.85  6.41
26 11413 107.78 99.43  9.68 26 11010 100.57 9573 7.05 26 116.81 10449  100.12  10.42
27 104.83 96.28 90.78  6.92 27 12037 11027  103.54  9.98 27 11825 10660 10191  9.19
28 11001 10751  101.60  9.80 28 119.62  109.11 10487  8.78 28 11142 101.24 9620  7.27
29 104.10 95.89 8891  7.25 29 118.99 10773 10234 932 29 106.99 97.42 9402 7.92
30 109.75  102.23 9340  7.27 30 11714 10726 102.07  9.41 30 110.75  100.63 9528  8.61
31 101.45 95.60 86.66  6.44 Mean 11423 103.90 99.13  8.96 Mean 11133 101.73 9.71  8.56
32 12.64  106.40 96.96  9.64 SD 4.54 4.18 399 165 SD 5.09 455 444 160
gi iéﬁﬁﬁ 182:;1 Ziiz 3:32 MAX 12133 11032 10533 1224 MAX 12046  109.96  106.02 1151
3 668 10518 908 881 MIN  101.71 93.02 88.50  5.39 MIN 103.49 94.12 89.76  6.00
36 11074 102.00 9588  8.57
37 113.85 108.37 08.65 8.64 At the end ofthe test 25°C-1 At the end of'the test 25°C-2
38 106.40 95.81 90.18  7.54
39 104.37 100.80 92.60 720 No TL(mm) FL(mm) BL(mm) BW(g) No TL(mm) FL(mm) BL(mm) BW(g)
40 110.51 102.83 97.67 9.33 1 114.82 104.86 100.52 7.65 1 107.57 98.85 94.34 6.56
41 10842  104.04 96.67  8.93 2 11625 10682  101.58  7.61 2 11232 102.13 98.11  7.88
42 106.85  100.95 9249 755 3 107.51 98.90 9400  7.38 3 113.97 10622  100.82  9.05
43 104.68 97.74 89.98  6.90 4 108.41 98.61 93.18  8.08 4 116.39 106.34 101.48  9.65
44 1119 102.94 96.64  9.00 5 108.52 97.69 9492 7.89 5 11434 103.94 98.95  7.57
22 Hgi; }gg;‘l’ lgg-;ﬁ S?; 6 109.95 9986 9557 658 6 11645 10700 10058  11.64
e 66t 10091 ond6 778 7 11418 105.15 99.26  10.41 7 11410  105.67 99.47 746
48 10470 97.06 88 689 8 11732 10938 10291  7.69 8 118.61  107.88 10414  9.34
49 11551 10630 9977 936 9 116.13 10634  100.79  9.48 9 120.09  109.03 10480 823
50 105.58 98.19 92.89 8.10 10 120.95 109.68 103.23 8.48 10 118.25 106.89 102.66 8.81
Mean 10816 10057 0336 7.89 11 112.60 10233 97.17 611 11 12035 109.03  103.82  9.48
sD 515 4.58 467 121 12 108.63 97.69 9421 594 12 11832 107.14 10372 8.20
MAX 11866 10923 10432 1039 13 110.41 99.58 96.44 813 13 116.55 10552 100.61  9.05
MIN 95.33 90.14 8335  4.62 14 11241 10232 97.64  9.00 14 99.39 91.05 86.64  6.18
15 1211 102.50 9627  7.68 15 107.62 97.40 93.64 476
16 106.73 96.44 9334 723 16 106.40 96.37 9241 623
17 11848  107.41  103.28  9.48 17 109.71 99.15 96.50  7.18
18 116.92 10580 10142  9.80 18 102.48 94.10 88.95  5.88
19 109.45 98.04 93.64  6.76 19 105.66 95.82 92.94  5.00
20 11576 105.09  100.63 9.9 20 103.35 93.77 90.60  5.15
21 11518 105.32 98.80  10.30 21 107.56 99.49 9438  5.50
2 114.02  104.36 99.17  9.30 2 106.04 98.54 9237  6.10
23 110.07 10041 9542 5.05 23 127.08 11591 11153 13.19
24 108.74 98.07 94.18  8.36 24 11640 10579  100.89  8.76
25 119.05 10750  103.72  11.80 25 11471 106.06 99.92 841
26 113.94  104.30 9872 9.57 26 108.90 98.60 9342 575
27 11043 100.70 95.08  9.13 27 12043 10949 10296  7.70
28 11845 10699  101.69 10.72 28 106.30 98.33 95.04  5.80
29 107.42 98.29 93.03  5.82 29 119.53  107.92 10253  9.82
30 113.64  103.48 9781  7.00 30 11278 103.73 97.56  8.44
Mean 11295  102.80 97.92 828 Mean 11272 102.91 98.19  7.76
SD 3.97 3.88 345 1.62 SD 6.53 579 551 1.98
MAX 12095  109.68  103.72 11.80 MAX  127.08 11591 11153 13.19
MIN  106.73 96.44 93.03  5.05 MIN 99.39 91.05 86.64  4.76




Table 10 Water parameters: Long-term rearing test, 20°C, 25°C, experiment 1 (two tanks per treatment)
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20°C-1 20°C2 20°C-1 20°C-2
. WT DO TAN WT DO TAN . WT DO TAN WT DO TAN
Day Time o0y mgy P pm) 0 gy PH pmy PV T oy gy PH gpm)  c0) mgry PH (opm)
0 8:00 17.8 778  7.50 17.9 8.08 7.48 26 800 20.1 10.00 7.49 202 11.30 7.53
16:00 20.0 640 734 20.1 1032 7.36 16:00 20.1 895 7.27 20.2 949 729
1 8:00 20.1 1049 7.38 202 1143 7.38 27 800 20.0 9.04 744 20.1 938 744
14:00 1.1 1.2 16:00 20.1 8.84 731 20.2 890 7.32
16:00 20.1 952 732 202 1049 732 28 800 20.1 9.18 7.51 20.1 9.04 754
2 8:00 20.1 697 738 20.2 846 734 16:00 20.1 896 7.36 20.2 8.53 7.38
16:00 20.1 734 731 20.1 890 7.25 29 800 20.1 836 742 20.2 8.53 747
3 8:00 20.1 929 7.59 202 11.79 7.50 14:00 13 1.3
16:00 20.1 938 7.50 202 1296 747 16:00 20.1 831 7.32 20.2 797 733
4 8:00 20.0 9.09 7.65 20.1 12.83 7.58 30 800 20.2 956 7.62 20.3 9.08 7.63
14:00 13 1.5 16:00 20.2 848 7.36 20.3 9.08 7.63
16:00 20.1 8.61 747 20.1 11.77 744 31 800 20.1 930 7.51 20.2 8.62 7.53
5 8:00 20.0 847 7.68 20.1 765 7.62 16:00 20.1 8.66 7.34 20.2 790 7.35
16:00 20.1 11.51  7.50 20.2 890 741 32 800 20.0 10.02 741 20.1 823 742
6 8:00 200 11.54 7.69 20.1 9.58 7.62 14:00 14 14
16:00 20.1 11.71 751 20.1 743 739 16:00 20.2 840 7.40 20.3 742 740
7 8:00 20.2 10.04 7.62 20.3 6.36 745 33 800 20.2 892 7.50 20.3 821 7.54
16:00 20.2 9.88 7.39 203 11.38 7.37 16:00 20.1 844 734 20.2 773 7.36
8 8:00 20.1 11.63 7.57 202 1190 7.49 34 800 20.2 8.61 745 20.3 7.60 747
14:00 14 13 16:00 20.1 829 725 20.2 7.09 721
16:00 20.1 1055 744 20.2 1092 7.38 35 800 20.2 8.63 745 20.3 8.38 7.46
9 8:00 20.1 11.65 7.60 202 11.71 7.55 16:00 20.2 769 727 20.3 845 726
16:00 20.0 1040 7.42 20.1 10.71 7.35 36 800 20.2 8.62 746 20.3 8.52 7.39
10 8:00 20.1 1026 7.59 20.1 10.73 7.53 14:00 1.7 1.6
16:00 20.1 10.15 744 20.2 1040 7.38 16:00 20.2 823 727 20.3 734 725
11  8:00 20.1 10.69 7.61 20.1 10.81 7.62 37 800 20.1 976 742 20.2 8.55 745
14:00 13 1.6 16:00 20.1 875 7.64 20.2 846 7.39
16:00 20.1 10.00 747 20.1 10.01 7.41 38 800 20.1 840 741 20.2 823 748
12 8:00 20.0 1043 7.68 20.1 952 7.64 16:00 20.0 7.16 7.26 20.2 7.19 731
16:00 20.0 985 747 20.1 9.21 7.43 39 800 20.0 717 735 20.1 734 742
13 8:00 20.0 1032 7.67 20.1 10.79 7.59 14:00 1.8 1.6
16:00 20.1 8.67 741 20.2 870 7.37 16:00 20.1 651 723 20.1 6.17 726
14 8:00 20.1 899 7.61 20.1 875 757 40  8:00 20.0 778 734 20.0 7.89 745
16:00 20.1 894 737 20.2 882 733 16:00 20.1 694 7.18 20.1 6.54 726
15 8:00 20.2 935 749 20.2 915 744 41 8:00 20.0 705 734 20.1 6.55 741
14:00 1.2 1.5 16:00 20.0 681 721 20.1 5.57 724
16:00 20.2 8.81 7.39 20.3 879 732 42 8:00 20.1 910 7.38 20.2 932 744
16 8:00 20.1 9.64 748 20.2 9.00 7.39 16:00 20.2 967 1729 203 11.52 7.37
16:00 20.1 8.69 735 20.2 753 724 43 8:00 202 1295 7.53 203 11.03 7.51
17  8:00 20.1 917 744 20.1 8.63 739 14:00 1.9 1.8
16:00 20.1 8.51 7.29 20.2 756 723 16:00 202 11.58 7.27 20.2 950 7.23
18  8:00 20.1 9.53 7.46 20.2 9.09 7.44 44 8:00 202 1232 737 203 1025 7.40
14:00 14 14 16:00 20.1 10.06 7.20 20.2 772 717
16:00 20.0 859 7.12 20.1 825 717 45  8:00 20.2 10.85 7.20 20.3 8.58 731
19 800 20.1 998 7.54 20.1 9.04 747 16:00 20.2 985 7.09 20.3 830 7.07
16:00 20.1 899 734 20.2 8.14 731 46 8:00 202 1076  7.29 20.3 9.12 730
20 8:00 20.1 999 7.61 20.1 8.86 7.56 14:00 2.1 1.7
16:00 20.1 850 7.46 20.2 762 735 16:00 20.2 9.00 7.17 20.3 771 721
21  8:00 20.1 1024 7.59 20.1 8.65 7.54 47  8:00 20.0 1035 7.33 20.2 769 732
16:00 20.1 874 741 20.1 703 733 16:00 20.1 1037 7.21 20.2 794 722
22 8:00 20.0 1025 7.64 20.1 822 756 48  8:00 20.0 1236 7.39 20.1 8.84 744
14:00 1.7 1.7 16:00 20.1 1055 7.17 20.2 627 17.16
16:00 20.1 855 743 20.1 6.65 732 49  8:00 20.1 1124 737 202 1291 745
23 8:00 20.0 875 757 20.1 6.99 749 16:00 20.1 10.14 724 202 1258 7.32
16:00 20.1 831 742 20.1 734 738 50 800 20.2 973 728 203 11.64 7.39
24 8:00 20.2 845 749 20.2 683 744
16:00 20.1 834 735 20.1 781 734
25  8:00 20.2 8.16 7.40 20.3 794 745 Mean 20.1 930 741 15 20.2 888 740 1.5
14:00 1.2 1.2 SD 0.1 133 0.14 03 0.1 1.67 0.12 0.2
16:00 20.2 701 727 20.3 535 7.18
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Table 10 Continued

OB —AREI Y TR D 3 A N HIEATSE

25°C-1 25°C2 25°C-1 25°C2
. WT DO TAN WT DO TAN . WT DO TAN WT DO TAN
Day Tme ooy gty PR opmy o) mey PP opm DY ™ oy gy PP gpm o) gy PP opm)
0 8:00 17.8 635 748 17.8 717  7.61 26  8:00 250 1133 17.35 249 11.68 17.30
16:00 23.9 6.77 7.15 24.0 7.69 7.13 16:00 25.0 10.12 7.20 25.0 985 7.15
1 8:00 25.0 943  7.08 25.0 10.11 7.00 27 800 25.0 1079 7.35 25.0 1072 1731
14:00 1.8 22 16:00 25.0 9.51 7.21 24.9 9.04 7.16
16:00 25.0 838 7.01 249 1228 6.99 28  8:00 248 10.88 7.48 249 1025 742
2 8:00 25.0 720 7.08 25.0 10.82 7.02 16:00 25.0 958 726 25.0 8.38 7.18
16:00 25.0 830 7.03 25.0 10.66 6.96 29  8:00 25.0 982 737 25.0 894 733
3 8:00 25.0 937 712 25.0 993 7.07 14:00 1.8 1.9
16:00 25.0 1046 7.23 25.0 1077 7.13 16:00 25.0 825 720 24.9 7.04 7.13
4 8:00 250 1123 7.28 250 10.58 7.76 30 800 25.0 1050 7.54 25.0 921 743
14:00 2.1 23 16:00 25.0 824 7.23 249 712  7.14
16:00 250 1095 7.20 251 10.60 7.11 31 800 250 10.73 745 25.0 921 737
5 8:00 249 11.13  7.30 250 11.39 7.29 16:00 25.0 933 723 249 7.86 7.18
16:00 250 10.64 7.16 250 10.01 7.14 32 800 250 10.84 7.52 249 934 757
6 8:00 250 1098 7.30 249 10.67 7.28 14:00 1.9 2.1
16:00 250 11.80 7.18 249 10.87 7.14 16:00 25.0 10.00 7.27 25.0 740 7.23
7 8:00 250 11.81 731 248 11.05 7.29 33 800 250 1233 744 25.0 9.14 736
16:00 250 1092 7.11 25.0 8.80 7.08 16:00 250 1036 7.23 249 757 7.18
8 8:00 249 1197 7.28 25.0 9.68 722 34 800 250 1212 743 250 10.14 741
14:00 2.0 2.0 16:00 250 1035 7.16 25.0 8.02 7.12
16:00 250 11.16 7.19 249 11.14 7.11 35 800 250 11.04 7.40 25.0 939 735
9 8:00 250 1147 731 250 1120 7.24 16:00 25.0 953 720 25.0 10.07 7.16
16:00 250 1051 7.12 249 11.12 7.13 36 800 25.0 10.12 7.36 250 10.68 7.33
10  8:00 250 1157 734 251 11.66 7.28 14:00 1.9 2.1
16:00 25.0 942 7.19 25.0 1027 7.10 16:00 25.0 965 7.19 24.9 949 7.13
11  8:00 25.0 1024 731 25.0 11.11 7.28 37 800 25.0 10.60 7.38 249 1070 7.33
14:00 1.9 2.0 16:00 24.8 932 725 24.9 952 721
16:00 25.0 9.71 7.22 25.0 898 7.10 38 800 25.0 1050 742 25.0 990 7.35
12 8:00 25.0 11.05 7.38 25.0 11.21 7.27 16:00 25.0 98 722 25.0 935 721
16:00 25.0 985 724 249 1027 7.17 39 800 24.9 8.80 7.30 25.0 937 1733
13 8:00 25.0 11.66 7.38 25.0 1137 7.30 14:00 2.1 2.1
16:00 25.0 982 724 25.0 918 7.17 16:00 25.0 766 7.17 24.9 7.13  7.12
14 8:00 25.0 10.19 743 25.0 1052 7.37 40  8:00 24.8 910 7.33 25.0 9.00 7.30
16:00 25.0 9.19 7.13 24.9 891 7.07 16:00 25.0 828 7.17 24.9 8.04 7.19
15  8:00 25.0 996 7.30 24.9 9.08 7.17 41 8:00 25.0 8.71 7.33 24.9 8.78 733
14:00 1.7 2.0 16:00 25.0 796 7.18 25.0 7.67 7.15
16:00 24.9 913 722 25.0 776  7.11 42 8:00 25.0 986 7.39 25.0 922 1732
16 8:00 25.0 1070 7.28 25.0 985 7.19 16:00 25.0 654 720 24.9 7.04 7.18
16:00 25.0 935 7.19 25.0 914 7.12 43 8:00 250 11.86 7.44 249 10.19 7.38
17 8:.00 250 1073 7.23 25.0 943 7.18 14:00 22 23
16:00 25.0 973 7.16 25.0 896 7.09 16:00 25.0 10.02 7.20 25.0 8.87 7.14
18 8:00 250 1142 730 249 10.18 734 44 8:00 250 1098 7.33 25.0 9.02 726
14:00 1.9 2.1 16:00 25.0 852 7.11 25.0 722 7.03
16:00 25.0 9.69 7.25 24.8 9.12 731 45  8:00 25.0 951 723 25.0 8.09 7.18
19 800 250 1056 7.42 250 10.89 734 16:00 25.0 855 7.03 25.0 7.07 698
16:00 25.0 877 724 250 1092 17.16 46  8:00 25.0 1093 7.30 25.0 8.67 722
20 8:00 250 10.19 745 250 11.81 7.39 14:00 22 24
16:00 25.0 8.81 7.30 250 1040 7.23 16:00 25.0 8.89 7.13 25.0 6.18 7.07
21  8:00 250 10.01 7.42 250 1230 7.37 47  8:00 250 11.10 7.30 25.0 7.16 7.19
16:00 25.0 .18 7.27 250 10.09 7.16 16:00 250 1022 7.18 25.0 6.16 7.06
22 8:00 25.0 9.54 749 250 11.71 741 48  8:00 250 11.66 7.37 25.0 7.01 731
14:00 2.1 2.0 16:00 25.0 935 7.11 25.0 926 7.02
16:00 25.0 7.66 725 25.0 10.03 7.19 49  8:00 25.0 970 7.30 25.0 12.04 7.30
23 8:00 25.0 828 7.39 250 10.70 7.34 16:00 25.0 8.80 7.13 25.0 10.50 7.08
16:00 25.0 6.67 720 25.0 9.11 7.17 50 800 25.0 8.81 7.29 250 10.19 7.22
24 8:00 25.0 752 733 25.0 891 732
16:00 25.0 884 725 25.0 1190 7.19
25  8:00 250 10.08 7.36 250 1276 735 Mean 249 979 727 20 249 959 722 21
14:00 1.8 2.1 SD 0.1 129 0.11 0.2 0.1 146 0.13 0.1
16:00 25.0 7.51 7.11 25.0 10.02 7.06
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AR E AR TR 28 L CTHEFFL TR Y, DO
I IXCIEIERIZE, pH 1E 20°C X% 25°C X & T
TEVEACH D, FE KD TAN 1Z 25°C XA 20°C X
LR TEVWEINICH - 7= (Table 10),

HER 2 JKIEAIHAKETMEERER  20°C X TIX 22~24 Hf%
FTITAEFEER 90 %Lh L& R- TV =AY, A7 90 %LL
Tz o7z 23~25 BHEMHIXABIZETHAEML, 35
~36 HZITIFAER 50%, £ LT 56~57 HEIZITT X
TOMEKRNIET LIz (Tables 11 and 12, Fig. 14), 25°C
XTI 13~15 B E TIEAEFEE 90%LL EZ2 R > Tz
2, AFEER 90 %LL T/ o 72 14~16 HE 2 HITAMIC
FELNEEINL, 23~24 HERICITAEE 50 %, £ LT 36
AT T COMEENIET L= (Table 11, Fig. 14),
ZTNZNOFLT LI-ARIL, fFRAEBGEREOFEEIRE &
B E20° CKETIHR33~34 % LTEY, 25°C X
TIEH 34~37 % LTz (Table 13), BRI
DOKIBR LONKEDOFREERE % Table 12 2R Lz, Bk
FOEREITRBRIE R 2@ L CHEREL TR Y, DO X
25°C [XC 20°C X & R THE AL L, pH 1% X TR
%TH o7 (Table 12),

4.4 BE

AN AE 2 FR N T AR IR R 3 B B AR D FE CE (AR

X, WX EBEEMEAN T LTEY, T0 k)
RERDEIEIL 25°C K TEUVMEMA 2 B iz, — 7, K
PN O D WEFGRE 72 & OIEEIMEIL R 2 OBEO R T
25°C KR E Mo Te, £, AENIAFZ 7 FA4 T DT
XD AKIBIZ L > THERR D Z L 2EE L CTHETE
IR U, RBRIE TR 25°C KO AR E 1T 20°C
XOAKME Y b HEFI/NE2ME (p <0.05) ZR-L7%
(Table 8), Z#uix, filE WM H O ITBEERNED E
KTh b EHESIN, T 25°C K TIZREF RN TS T
o REENE 2 D2, £, FIRFIZIT-> Tz
FRBR/KIE 20°C 368 & OV 25°C 128 1) B KIS HLARITH PR B
IZBWWT, 25°C K TIE 14~16 A0 5AMIZIETEN
#inL (Fig. 14), 7KiRBIBHEE R B B RER D 25°C K
BWTH 15 B DHETEBEIM L TNDZ &b,
U ER IR ETH D EEBf T N5,

Zft, BLERBIOMBEERIZIEN & 7 F A U > Ok
HENRED, ZOREREETKD DO BEMITIKTT 5
ZEBRHEO—REZZLND, EBEOREIRGIZE N
T, fHBICTHE 7 FA U EREHRARIBIGIATH
WEZ D IZIE Y O, ThRbbEBEHREBRICENT
IR IR O FHIDRHE S TS ORF B 2017),
£z, #BETE 30 43T 20°C X TIXAGERRTO 59~62 %,

Survival rate (%)

25°C X TiE 41~51 %E T DO DMK N T 25 HHIMR H
v UNHEG, RFER), ZOLEIMERZICIVECLE
LN MENLEBEISNTND,

—J5C, RGNS S ARRT 5 £ TOR, MW
KIZBWTIEE A ERHCEER R oNRh o7l L LY,
EHIFICRT 2 WIS T oKERER GB2%) BX
Q7 =7 MR (3 %) TRAELLECHEED
SEIRNEARIE TIX 722 A LT,

AEHAH T O TAN O FHfEIE 20°C X TiX 1.5 mg/L,
25°C K TCiX2.0~21mg/L THY (Table10), ZibHd
6 & FHfREEYT o E=TIRE (LUF, UIAN &\ 95,) &
FHET DL, 20°0C XTI 0.015mg/L, 25°C X CiX 0.018
mg/L L7e%, %3 ETIE, UIAN I X DA
i, 15°C, 48 IR T O FEBIEIREE A 0.661~0.750 mg/L
(UIAN), 25°C, 48 HE[HCiZ 0.379~0.521 mg/L (UTAN)
EHEESNTWA Z &R, 0.1mg/L (UIAN) LLFThiv
EHETTFA VNI LN SO EHEESIL TN D,
Fiz, AFH (2011) OBETHEEOEERSLIZIT
LEEKROT BT REZ 0.0l mg/L L H Y, HERA
BOBIIFRETH -T2, ZHOOEE T 5 & AR
BRI o o UTAN (35 TR <, AFRICE B L 5.2 DR
ETIERho Tt EZBND,

A oRBRTIE, FMEKREO EFICE DAHRROLEL
ZET A HINH D Z LD, MOBERIC L BT
WIBES DN DD, DX T FA T NIET U AHEIC
LD ENBERGCIILSADN D720 (KF S
2011), A EZD TR E LTHE 7 FA VT TRLND
ET YV ARIEZEOH DT N T A 7 U ROIEH]T
»5 OTC % | EOMRT, EAFEHIRE RO
L7, ZOfER, RBHEhIceT Y Rk s &R
PNWHREIRBREIIAONT, ZOHEETIZ 7 TFAT
TOET Y AWEARICEDR DD D EEZ b,
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Fig.14 Survival rate of Japanese anchovy by water
temperature (test 2)
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Table 11 Summary of non-feeding test (test 2) results of Japanese anchovy by water temperature
Test WT DO pH Annihilation TL FL BL BW
group 6 (mg/L) (Day) (mm) (mm) (mm) (&
At the start of the test (n =50)
108.16 £5.15 100.57 +4.58 93.86 £4.67 7.89+1.21
(9533-118.66)  (90.14-109.23)  (83.35-10432)  (4.62-10.39)
Water parameters during the test At time of death
20°C-1 20.2+0.3 9.27+0.20 8.13+0.04 56 107.94 £5.80 99.05 £5.46 93.18 £5.12 5.26+0.85
(193-21.0) (849-9.87) (8.04-8.24) (93.03-120.84)  (86.60-112.54)  (80.53-105.62)  (3.35-7.86)
20°C-2 203+0.3 9.14£0.19 8.15+£0.04 57 107.10 £5.54 98.15+£5.26 92.48 £4.94 5.20£0.90
(19.5-21.5)  (8.61-9.61) (8.04-8.25) (94.59-122.22)  (85.54-111.50)  (79.90-10521)  (2.98-7.93)
250C-1 255+0.3 8.35+0.27 8.12+0.05 36 106.36 +£5.81 97.44 £5.54 91.79 £5.07 497 +0.83
(24.0-26.0) (7.90-897) (8.00-823) (81.69-119.92)  (7647-109.13)  (71.62-10328)  (2.68 - 6.66)
259C-2 257+0.3 8.19+£0.27 8.12+£0.05 36 106.87 £5.46 97.87+£5.12 92.08 £5.00 5.17£1.00
(24.5-26.0) (7.74-871) (7.98-8.22) (91.99-118.23)  (84.52-109.11)  (78.87-10327)  (2.65-7.71)
* Average value = SD.  There is a significant difference from the start of the test in all test plots (p < 0.05).
Table 12 Water parameters: Non-feeding test , 20°C, 25°C experiment 2 (two tanks per treatment)
20°C-1 20°C-2 20°C-1 20°C-2 20°C-1 20°C-2
Day Time WI DO pH WI DO pH Day Time WI DO pH WI DO pH Day Time WI DO pH WI DO pH
(°C) (mg/L) (°C) (mg/L) (°C) (mg/L) (°C) (mg/L) (°C) (mg/L) (°C) (mg/L)
0 8:00 20 8:00 20.0 9.64 8.17 20.0 899 817 40 8:00 205 933 814 205 930 8.14
16:00 202 9.13 8.07 204 8.76 8.05 16:00 20.0 947 8.12 20.0 921 8.13 16:00 20.0 9.23 8.08 20.0 920 8.10
1 800 21.0 936 8.08 21.0 891 8.06 21 800 195 9.05 818 198 934 818 41 800 202 930 8.16 202 931 8.15
16:00 19.8 9.13 8.07 199 9.03 8.08 16:00 20.0 8.73 8.16 20.0 9.21 8.16 16:00 203 9.23 811 203 9.18 8.12
2 800 195 9.64 814 200 927 813 22 800 20.0 9.67 821 205 9.18 819 42 800 20.1 943 813 20.0 9.24 8.13
16:00 193 9.87 812 19.8 930 8.12 16:00 20.5 9.33 8.18 20.0 9.13 8.19 16:00 202 935 816 20.0 9.16 8.16
3 800 193 954 815 198 932 815 23 800 205 930 824 205 9.18 821 43 8:00 203 934 815 203 927 8.17
16:00 20.5 9.40 8.11 205 9.03 8.12 16:00 20.5 9.13 8.16 20.5 9.00 8.17 16:00 20.2 9.24 8.08 205 9.21 8.13
4 800 200 9.59 818 205 922 819 24 800 205 9.05 814 205 895 813 44 800 202 928 8.06 200 9.24 8.15
16:00 21.0 9.11 813 21.0 896 8.13 16:00 20.0 9.06 8.10 20.0 895 8.11 16:00 20.5 9.25 8.08 20.7 9.20 8.13
5 800 205 936 818 205 903 818 25 8:00 20.0 9.06 811 20.0 896 811 45 8:00 20.1 943 810 202 934 8.16
16:00 20.5 9.15 8.14 205 895 8.14 16:00 20.0 9.15 8.10 20.0 9.03 8.11 16:00 20.1 9.34 8.12 203 9.28 8.17
6 800 205 9.1 817 205 889 817 26 8:00 200 947 812 20.0 9.13 813 46 800 200 933 808 20.1 936 8.15
16:00 21.0 8.88 8.14 21.0 8.61 8.14 16:00 20.0 9.13 8.10 20.2 8.88 8.10 16:00 20.0 9.27 8.07 20.0 9.24 8.12
7 800 21.0 9.18 816 21.5 894 816 27 8:00 202 931 813 202 9.07 814 47 800 202 931 813 201 935 8.16
16:00 21.0 9.16 8.13 21.0 8.85 8.13 16:00 20.5 9.21 8.12 203 9.03 8.13 16:00 20.2 9.24 8.11 20.1 9.23 8.12
8§ 800 205 932 810 204 908 810 28 8:00 20.0 9.23 818 20.0 9.04 819 48 8:00 20.1 937 815 20.1 928 8.17
16:00 20.5 9.22 811 205 9.12 8.12 16:00 20.2 9.11 8.13 202 898 8.15 16:00 20.2 9.24 8.12 202 922 8.13
9 800 200 945 815 199 920 816 29 8:00 20.0 931 814 20.0 9.15 815 49 800 203 935 811 204 937 820
16:00 20.5 9.32 810 20.5 9.09 8.11 16:00 20.2 9.14 8.11 205 9.04 8.12 16:00 20.2 9.22 8.13 203 933 8.15
10 800 20.5 934 813 205 950 813 30 800 202 9.13 815 202 9.01 817 50 8:00 202 930 810 203 924 822
16:00 20.7 898 8.11 20.7 8.85 8.11 16:00 20.2 9.27 8.14 203 9.08 8.15 16:00 20.2 9.17 8.14 203 9.15 8.17
11 800 20.0 9.16 819 20.0 9.04 820 31 800 20.0 9.54 819 200 931 819 51 800 202 934 811 202 935 821
16:00 20.5 9.17 8.17 205 894 8.17 16:00 20.0 9.32 8.17 20.0 9.14 8.17 16:00 20.2 931 815 203 932 8.19
12 800 20.5 898 817 205 882 817 32 800 200 937 822 200 921 822 52 800 202 938 817 204 941 825
16:00 21.0 8.89 810 21.0 8.73 8.11 16:00 20.0 9.41 8.19 202 9.09 8.21 16:00 20.1 9.32 8.13 202 935 821
13 800 205 9.19 815 203 893 815 33 800 20.1 9.18 8.18 202 9.08 819 53 8:00 203 941 813 203 938 822
16:00 20.5 9.12 8.09 205 8.86 8.10 16:00 20.6 9.11 8.16 20.7 9.01 8.16 16:00 20.1 9.33 813 20.1 929 8.16
14 800 20.0 922 813 20.0 9.03 814 34 800 205 928 8.09 202 897 812 54 8:.00 20.1 934 814 20.1 934 8.15
16:00 20.5 9.04 8.09 20.7 8.81 8.09 16:00 20.8 849 8.04 203 9.01 8.13 16:00 20.1 932 815 202 931 8.15
15 8:00 20.8 9.24 8.10 205 8.84 810 35 800 203 9.17 810 20.0 9.14 815 55 800 200 941 813 20.1 9.61 822
16:00 203 892 8.06 203 8.79 8.07 16:00 203 9.24 8.08 20.0 9.08 8.12 16:00 20.0 935 813 20.1 949 821
16 8:00 203 939 8.06 205 9.00 8.07 36 800 205 939 8.09 20.0 929 816 56 800 20.1 9.55 815 202 9.54 8.20
16:00 20.3 884 8.06 20.5 8.88 8.06 16:00 20.4 9.34 8.13 20.0 933 8.14 16:00 20.1 949 823
17 8:00 203 931 805 205 9.15 806 37 800 20.0 958 813 20.0 9.15 815 57 8:00 20.2 9.52 8123
16:00 203 9.52 8.04 20.5 9.20 8.06 16:00 20.0 9.19 815 202 9.10 8.13
18 8:00 20.0 9.52 8.08 203 931 809 38 800 204 9.65 8.18 20.5 940 8.16
16:00 20.0 9.14 8.06 20.5 9.11 8.04 16:00 20.5 9.54 8.16 20.0 9.27 8.14 Mean 202 927 813 203 9.14 8.15
19 8:00 195 9.56 8.14 195 927 8.14 39 800 20.0 934 8.14 205 925 8.14 SD 03 020 0.04 03 0.19 0.04
16:00 20.0 9.34 8.09 20.0 9.11 8.11 16:00 20.0 9.29 8.09 20.5 9.15 8.10
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25°C-1 25°C2 25°C-1 25°C2 25°C-1 25°C2
i WT DO WT DO . WT DO WT DO i WT DO WT DO
Day Time  oc) (mgry PH - (oc) (mgry PH P TIME o0y gy PH (o) (mgry PH - DY T ocy gy PH (o) (mgy PH
0 8:00 13 8:00 258 8.06 8.13 255 7.82 8.12 26 8:00 257 8.59 8.14 26.0 843 8.14
16:00 25.0 8.07 8.00 25.0 7.95 7.98 16:00 258 791 8.08 255 7.89 8.09 16:00 25.5 850 8.12 25.6 831 8.12
1 8:00 26.0 8.19 8.01 26.0 7.97 8.01 14 8:00 255 8.06 811 255 7.87 8.10 27 8:00 258 897 814 260 845 8.15
16:00 24.2 8.12 8.05 24.5 8.04 8.05 16:00 25.5 8.15 8.06 252 790 8.06 16:00 25.6 854 8.14 258 844 8.14
2 800 240 866 809 24.5 8.38 8.07 15 800 253 790 8.07 251 7.83 8.07 28 8:00 25.5 850 8.19 258 842 8.19
16:00 252 8.19 8.08 25.5 8.07 8.07 16:00 255 794 8.07 255 7.74 8.07 16:00 25.5 881 8.16 258 847 8.16
3 8:00 253 822 8.10 255 8.17 8.10 16 8:00 25.5 8.18 8.05 255 794 8.04 29 800 25.5 853 8.17 258 848 8.17
16:00 25.5 830 8.10 25.5 8.10 8.08 16:00 25.5 8.05 8.03 255 7.88 8.03 16:00 25.8 857 8.15 258 850 8.15
4 800 260 839 812 26.0 8.10 8.09 17 8:00 25.5 837 8.05 255 8.06 8.04 30 &:00 255 8.77 8.18 256 8.58 8.18
16:00 25.5 8.02 8.09 26.0 791 8.08 16:00 26.0 8.16 8.06 260 792 8.05 16:00 25.0 862 8.18 258 857 8.17
5 8:00 255 8.11 8.13 255 8.02 8.13 18 8:00 26.0 824 8.09 26.0 8.05 8.07 31 800 252 8.72 821 257 8.66 821
16:00 25.5 8.10 8.10 25.5 8.04 8.09 16:00 26.0 8.16 8.08 260 8.12 8.07 16:00 25.6 8.85 8.19 258 866 8.19
6 800 255 827 810 260 8.13 8.11 19 8:00 255 844 8.13 255 822 8.14 32 800 252 8.69 823 258 8.61 822
16:00 25.5 8.02 8.09 25.5 8.00 8.09 16:00 25.5 824 8.11 255 8.09 8.10 16:00 253 8.64 822 258 858 822
7 800 255 8.06 811 260 804 8.10 20 8:00 255 836 8.14 255 8.07 8.14 33 800 255 8.65 820 258 8.61 820
16:00 25.5 8.10 8.09 25.5 7.97 8.09 16:00 25.0 823 8.12 255 801 8.13 16:00 25.2 853 8.18 255 853 8.18
8 800 253 8.04 8.06 256 799 8.07 21 800 255 838 815 258 8.12 8.15 34 8:00 252 8.73 8.14 257 8.67 8.14
16:00 253 8.16 8.10 25.5 8.08 8.09 16:00 255 828 8.14 260 8.10 8.14 16:00 253 8.63 8.10 258 861 8.10
9 800 254 8.16 812 255 8.03 8.12 22 800 255 848 8.17 26.0 8.15 8.17 35 8:00 255 8.69 814 258 8.66 8.15
16:00 25.5 835 8.06 255 8.02 8.06 16:00 25.5 850 8.13 26.0 8.18 8.15 16:00 25.1 8.64 8.13 252 861 8.12
10 8:00 255 8.17 811 255 7.85 8.10 23 800 255 840 8.18 26.0 8.19 8.18 36 8:00 253 8.72 8.14 258 8.71 8.14
16:00 25.5 8.04 8.09 259 7.90 8.07 16:00 26.0 823 8.17 26.0 8.10 8.16
11 8:00 255 7.97 816 260 7091 8.16 24 8:00 25.8 835 8.13 258 828 8.13
16:00 25.5 8.11 8.14 255 7.86 8.13 16:00 25.5 8.68 8.13 255 827 8.12 Mean 255 835 812 257 8.19 8.12
12 8:00 255 8.10 8.14 255 790 8.13 25 800 255 875 8.13 258 832 8.13 SD 0.3 027 0.05 03 0.27 0.05
16:00 25.5 822 8.09 255 7.94 8.09 16:00 25.5 839 8.13 26.0 836 8.13

Table 13  Japanese anchovy measurement record: Non-feeding test, 20°C, 25°C, test 2 (two tanks per treatment)

At the start of the test

N TL FL BL BW N TL FL BL BW N TL FL BL BW
° (mm)  (mm) (mm) (9 ° (mm)  (mm) (mm) (g ° (mm)  (mm) (mm) (9
1 110.35 99.99 93.17 7.19 20  106.26 99.67 92.47 8.01 39 104.37 100.80 92.60 7.22
2 115.51 101.49 99.14 9.55 21 104.39 101.40 95.84 8.59 40 110.51 102.83 97.67 9.33
3 98.53 93.52 85.24 6.67 22 95.33 90.14 83.35 4.62 41 108.42 104.04 96.67 8.93
4 107.90 100.16 94.31 8.08 23 103.32 96.00 89.89 6.39 42  106.85 100.95 92.49 7.55
5 98.32 91.94 86.35 5.67 24 101.21 93.95 88.33 7.09 43 104.68 97.74 89.98 6.90
6 107.97 97.49 90.81 7.67 25 113.42 103.00 97.29 8.56 44  111.19 102.94 96.64 9.00
7 117.06 107.87 101.49 10.39 26 114.13 107.78 99.43 9.68 45 110.51 103.79 96.18 8.61
8 103.53 94.84 89.49 7.33 27 104.83 96.28 90.78 6.92 46 116.43 108.81 100.94 8.19
9 108.51 100.33 94.90 7.76 28 110.01 107.51 101.60 9.80 47 106.64 100.91 94.46 7.78
10 103.84 99.56 90.30 6.03 29  104.10 95.89 88.91 7.25 48 104.70 97.06 88.82 6.89
11 107.89 98.68 91.85 8.14 30 109.75 102.23 93.40 7.27 49 115.51 106.30 99.77 9.36
12 110.11 101.11 94.49 7.11 31 101.45 95.60 86.66 6.44 50 105.58 98.19 92.89 8.10
13 118.66 109.23 104.32 9.97 32 112.64 106.40 96.96 9.64
14 105.27 98.38 91.27 6.93 33 112.53 100.27 95.27 8.38
15 104.16 97.06 91.22 7.76 34 105.49 99.84 91.41 7.05
16 111.95 101.49 96.32 7.13 35 116.68 105.18 99.98 8.81 Mean 108.16 100.57 93.86 7.89
17  112.73 107.25 100.36 8.97 36 110.74 102.00 95.88 8.57 SD 5.15 4.58 4.67 1.21
18 108.68 99.83 93.58 8.78 37 113.85 108.37 98.65 8.64 MAX 118.66 109.23 104.32 10.39
19 105.08 96.74 89.16 6.35 38 106.40 95.81 90.18 7.54 MIN 95.33 90.14 83.35 4.62
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At time of death 20°C-1
Test TL FL BL BW Test Ti TL FL BL BW Test Ti TL FL BL BW
© days (mm) (mm) (mm) () days " (mm) (mm) (mm) (9  Cdays ' (mm) (mm) (mm) ()
1 7 16:00 N.D. N.D. N.D. N.D. 34 31 8:00 111.85 102.87 96.01 5.64 67 42 16:00 107.87 98.12 92.45 5.12
2 19 8:00 104.87 95.85 89.73 5.68 35 31 16:00 117.59 104.86 100.82 5.88 68 43 800 115.83 105.76 99.88 5.74
3 20 8:00 105.24 96.91 88.57 4.50 36 32 8:00 100.25 92.13 84.63 5.06 69 43 800 112.42 104.29 99.28 5.64
4 21 8:00 96.10 87.16 82.99 3.35 37 32 16:00 116.32 106.53 100.58 6.15 70 44 16:00 N.D N.D N.D N.D
5 21 8:00 109.41 101.35 94.16 5.76 38 33 8:00 98.82 90.24 84.13 4.54 71 44 16:00 N.D. N.D. N.D. N.D.
6 24 8:00 109.87 99.40 93.83 6.71 39 33 8:00 93.03 86.60 80.53 3.35 72 45 8:00 106.29 97.23 93.98 5.31
7 24 8:00 105.55 96.98 91.97 5.27 40 33 16:00 113.91 101.96 96.73 5.67 73 45 800 95.29 87.32 81.31 347
8 24 16:00 109.34 97.62 93.56 5.24 41 33 16:00 117.77 106.21 101.19 6.36 74 46 8:00 108.27 98.99 93.08 5.44
9 25 8:00 109.02 98.83 93.82 6.98 42 34 8:00 97.50 88.98 84.10 3.60 75 46 8:00 107.91 97.43 9432 5.42
10 25 8:00 114.48 109.04 99.17 5.79 43 34 8:00 112.25 101.46 95.68 5.70 76 46 16:00 106.45 96.21 93.21 5.45
11 25 8:00 110.02 100.10 94.92 5.88 44 34  8:00 105.83 96.70 92.58 4.48 77 47 8:00 104.29 96.47 91.43 4.78
12 26 8:00 104.50 95.09 90.55 5.43 45 34 16:00 112.63 103.73 97.17 5.81 78 47 800 114.25 103.34 98.63 5.76
13 26 16:00 113.37 104.44 97.67 5.77 46 35 8:00 100.37 92.19 86.33 3.99 79 47 16:00 98.84 88.19 82.21 3.42
14 27 800 105.74 97.60 91.23 5.16 47 35 8:00 106.80 96.89 91.39 537 80 47 16:00 114.43 107.32 100.28 5.63
15 27 8:00 98.66 92.08 85.10 3.95 48 35 16:00 97.90 94.36 86.31 3.82 81 49 8:00 104.67 9545 91.27 4.33
16 27 16:00 106.88 96.80 91.64 5.53 49 36 8:00 103.92 94.84 88.89 4.55 82 49 8:00 114.26 107.35 101.26 5.63
17 28 8:00 110.78 104.12 96.99 6.30 50 36 16:00 110.85 102.33 96.53 5.76 83 49 16:00 109.79 99.76 94.87 5.54
18 28 8:00 99.48 92.22 86.51 3.93 51 37 8:00 107.49 96.77 92.30 5.23 84 49 16:00 106.75 97.12 9445 4.78
19 28 8:00 109.98 101.22 95.76 5.34 52 38 8:00 108.48 98.36 93.68 5.19 85 51 8:00 113.84 104.45 98.26 5.57
20 28 16:00 113.29 106.07 98.43 6.42 53 38 8:00 N.D. N.D. N.D. N.D. 86 51 16:00 110.98 100.25 95.53 543
21 28 16:00 104.36 100.77 90.15 4.93 54 39 8:00 104.86 97.32 90.31 5.37 87 52 800 113.45 104.50 98.85 5.53
22 28 16:00 111.02 104.74 94.77 5.96 55 39 8:00 99.60 92.29 88.02 3.87 88 52 8:00 107.89 99.76 93.21 4.68
23 29 8:00 108.88 99.82 9421 5.88 56 39 8:00 112.23 103.27 97.23 5.87 89 52 16:00 106.77 9637 91.67 4.35
24 29 800 113.28 104.10 97.14 5.41 57 40 8:00 108.26 98.45 93.23 5.76 90 52 16:00 108.35 99.48 94.87 5.33
25 29 16:00 106.68 99.52  91.61 4.97 58 40 16:00 105.37 97.56 92.87 5.43 91 52 16:00 109.14 100.74 94.38 5.38
26 29 16:00 110.74 103.87 96.14 5.57 59 40 16:00 107.73 96.32 91.90 5.12 92 55 800 112.95 102.44 95.56 5.45
27 30 8:00 110.24 100.35 93.64 6.18 60 41 8:00 98.38 91.34 85.31 4.03 93 56 8:00 109.48 98.21 93.21 4.54
28 30 8:00 112.54 102.90 97.15 6.09 61 41 8:00 111.27 101.36 93.38 5.69 94 56 800 110.77 100.97 93.43 5.32
29 30 16:00 120.84 112.54 105.62 7.86 62 41 16:00 113.29 105.27 97.32 5.88
30 30 16:00 112.23 105.05 97.78 6.12 63 41 16:00 109.78 101.88 95.12 5.65 Mean 107.94 99.05 93.18 5.26
31 31 8:00 115.94 105.95 99.71 6.19 64 42 8:00 97.42 88.52 86.37 3.66 SD 5.80 5.46 5.12 0.85
32 31 8:00 96.49 88.93 83.14 4.01 65 42 8:00 103.75 94.59 89.34 4.76 MAX 120.84 112.54 105.62 7.86
33 31 8:00 115.37 105.70 99.58 5.95 66 42 16:00 102.37 93.26 88.23 4.58 MIN 93.03 86.60 80.53 3.35
At time of death 20°C-2
N Test TL FL BL BW N Test Ti TL FL BL BW N Test Ti TL FL BL BW
©days " (mm) (mm) (mm) (9 days ° (mm) (mm) (mm) (9  days © (mm) (mm) (mm) (g)
1 13 8:00 N.D. N.D. N.D. N.D. 37 32 8:00 100.97 89.72 91.80 5.05 73 42  8:00 95.78 87.55 79.90 3.41
2 16 16:00 100.54 93.47 87.07 4.25 38 32 8:00 112.02 101.60 95.77 7.03 74 42 16:00 N.D. N.D. N.D. N.D.
3 17 8:00 108.96 98.96 92.68 6.39 39 32 16:00 113.47 102.16 98.36 6.39 75 42 16:00 108.45 100.34 95.29 5.23
4 18 8:00 109.49 97.17 91.47 547 40 32 16:00 103.53 94.52 89.41 4.87 76 43 8:00 107.43 99.53 95.23 5.36
5 18 16:00 98.68 89.97 83.42 348 41 32 16:00 101.61 92.36 87.71 4.42 77 43 8:00 110.56 100.34 96.21 5.45
6 18 16:00 105.86 95.64 89.79 4.12 42 33 8:00 105.12 95.79 90.33 5.35 78 43  8:00 109.17 99.98 94.88 5.21
7 20 800 109.28  99.60 91.55 5.95 43 33 8:00 106.27 100.17 91.77 6.15 79 43 8:00 95.78 88.57 85.67 3.22
8 20 16:00 110.43 101.39 94.85 6.12 44 33 8:00 104.52 96.29 89.79 5.13 80 43 8:00 122.22 111.50 105.21 7.93
9 22 800 97.46 87.81 83.39 4.64 45 33 8:00 114.88 107.30 99.13 6.04 81 43 8:00 108.29 97.28 91.46 5.39
10 22 16:00 114.28 107.82 101.65 5.44 46 33 8:00 109.74 100.73 94.78 5.63 82 43 16:00 108.75 97.11 93.64 5.34
11 23 8:00 99.14 91.57 85.74 5.23 47 34 800 112.82 102.15 97.14 5.99 83 43 16:00 111.43 102.28 96.37 5.43
12 23 8:00 105.79 94.06 90.33 4.74 48 34 16:00 116.36 107.23 100.90 6.33 84 44 8:.00 N.D. N.D. N.D. N.D.
13 24 16:00 101.67 93.72 87.47 4.27 49 35 8:00 108.43 100.07 93.45 5.25 85 45 8:00 105.39 97.21 93.67 5.26
14 24 16:00 109.44 100.77 93.13 5.54 50 36 8:00 100.99 90.78 85.80 5.09 86 45 16:00 111.27 99.79 93.89 547
15 25 8:00 105.33 96.70 90.00 4.64 51 36 8:00 110.74 100.58 95.10 5.38 87 45 16:00 110.58 99.27 93.56 5.48
16 25 8:00 100.00 92.30 85.41 4.28 52 36 8:00 96.22 87.46 81.99 3.76 88 45 16:00 106.33 96.74 92.88 5.33
17 25 16:00 106.26 98.74 94.11 5.32 53 36 8:00 99.08 89.86 85.23 3.83 89 46 8:00 113.28 104.68 98.34 5.55
18 26 800 111.45 102.24 96.52 6.50 54 36 16:00 107.07 99.96 94.23 5.29 90 46 16:00 107.37 98.73 93.45 545
19 26 8:00 108.31 100.31 93.90 5.34 55 36 16:00 106.14 100.00 91.35 4.71 91 46 16:00 108.35 99.28 93.67 5.53
20 26 8:00 107.95 98.98 93.96 5.54 56 37 8:00 111.55 100.76 94.86 5.89 92 48 8:00 97.37 91.78 85.76 3.21
21 26 16:00 118.55 106.53 102.55 6.33 57 37 8:00 98.50 88.72 84.33 3.72 93 48 8:00 95.37 89.45 80.23 3.13
22 26 16:00 113.97 103.28 99.83 5.50 58 37 8:00 104.55 92.89 88.47 4.12 94 49 8:00 107.79 99.25 93.55 5.44
23 27 8:00 101.39 91.73 87.70 5.65 59 37 8:00 110.53 99.56 94.68 5.79 95 50 800 110.09 103.58 96.43 5.39
24 27 8:00 103.34 93.13 87.24 4.70 60 37 16:00 107.66 98.56 93.49 4.94 96 50 16:00 108.28 97.48 92.34 5.41
25 28 8:00 103.10 98.93 88.90 5.08 61 37 16:00 111.20 101.68 96.08 5.55 97 50 16:00 94.59 85.54 83.28 2.98
26 28 8:00 114.36 103.84 98.00 7.23 62 37 16:00 101.29 91.42 87.15 4.59 98 51 800 110.38 103.26 95.45 5.38
27 28 8:00 106.30 101.83 92.86 4.77 63 37 16:00 113.38 103.21 97.77 6.08 99 54 800 111.76 103.33 94.44 5.34
28 28 16:00 104.64 97.59 90.11 4.80 64 37 16:00 103.50 95.22 89.89 4.92 100 55 8:00 107.29 99.35 93.02 5.33
29 29 8:00 103.78 95.25 89.46 4.32 65 38 8:00 101.78 93.31 87.78 4.42 101 56 16:00 108.53 97.29 93.24 5.41
30 29 8:00 100.45 91.68 86.13 4.09 66 38 16:00 111.98 105.04 96.28 5.54 102 57 8:00 111.17 104.47 98.23 5.11
31 29 8:00 112.79 103.07 96.96 5.88 67 38 16:00 110.99 101.29 96.27 5.55
32 29 16:00 114.87 107.60 97.97 6.27 68 39 8:00 108.23 99.23 9426 5.12
33 29 16:00 107.97 100.26 95.49 6.87 69 39 16:00 109.28 100.27 95.26 5.22 Mean 107.10 98.15 92.48 5.20
34 30 16:00 112.32 104.31 97.22 6.41 70 40 8:00 110.34 100.21 96.38 4.98 SD 5.54 5.26 4.94 0.90
35 31 8:00 110.38 100.09 94.56 5.54 71 41 8:00 96.54 91.34 86.89 3.43 MAX 122.22 111.50 105.21 7.93
36 31 16:00 110.98 100.96 95.98 5.75 72 42 8:00 109.28 99.57 94.67 5.11 MIN 94.59 85.54 79.90 2.98
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Table 13 Continued
At time of death 25°C-1

Test . TL FL BL BW Test . TL FL BL BW Test . TL FL BL BW
Time N im im

N ays (mm) (mm) (mm) (9  days (mm) (mm) (mm) (9  days (mm) (mm) (mm) ()

1 8:00 N.D. N.D. N.D. N.D. 38 22 8:00 106.83 97.54 93.09 4.79 75 27 800 111.20 100.18 96.63 5.38
3 8:00 N.D. N.D. N.D. N.D. 39 22 16:00 104.77 9532  90.20 4.09 76 27 800 111.11 103.60 96.55 5.33
5 8:00 N.D. N.D. N.D. N.D. 40 22 16:00 115.08 105.53 98.89 5.27 77 27 800 111.08 99.55 94.55 5.40
9 800 N.D. N.D. N.D. N.D. 41 22 16:00 99.92 91.76 8590 4.60 78 27 800 106.95 96.22  90.95 4.64
8:00 N.D. N.D. N.D. N.D. 42 23 800 105.70 96.51 91.09 4.96 79 27 16:00 106.52 96.86  92.02 4.98
13 800 10422 9554 90.56 4.10 43 23 800 103.75 94.83 90.18 5.04 80 28 16:00 98.00 88.46 83.66 4.32
13 800 107.65 98.47 92.75 4.77 44 23 800 107.70 97.22  92.28 5.49 81 29 800 98.41 89.86 84.34 4.34
13 16:00 101.41 93.50 8595 4.96 45 23 800 112.31 102.77 96.21 5.84 82 29 800 100.90 92.86 86.79 4.11
9 14 8:00 109.54 100.40 94.64 5.68 46 23 8:00 104.36  93.31 89.26 4.46 83 29 8:00 106.80 98.03 92.47 4.67
10 14 800 92.56 84.57 80.32 2.85 47 23 800 109.71 100.09 94.30 4.42 84 29 800 112.92 105.17 98.14 5.57
11 14 800 103.72 9443 89.28 5.01 48 23 800 104.69 96.98 92.44 4.36 85 29 800 109.98 101.54 94.06 6.31
12 16  8:00 109.91 100.45 9544 6.10 49 23 800 101.29 91.72 88.46 3.60 86 29 16:00 104.43 98.77 93.81 4.98
13 16  8:00 108.93 100.09 94.52 5.93 50 23 800 106.57 97.10 91.28 4.71 87 29 16:00 114.43 106.88 97.68 5.51
14 16 8:00 107.26 98.12 93.00 6.21 51 23 800 113.44 102.59 98.05 5.03 88 29 16:00 9493 8562 80.87 3.34
15 16  8:00 109.03 98.70 92.76 5.09 52 23 16:00 103.09 93.23 88.46 3.85 89 29 16:00 105.83 95.65 90.24 5.16
16 16  8:00 102.18 9230 88.49 5.46 53 24 800 105.41 96.24 90.68 5.37 90 29 16:00 101.64 93.67 86.47 4.24
17 17  8:00 108.02 98.85 92.50 5.76 54 24 800 112.34 105.06 96.35 6.01 91 30 800 9486 86.90 81.80 2.95
18 17  8:00 114.29 105.73 100.14 5.89 55 24 800 108.73 99.04 9325 528 92 30 8:00 112.45 103.74 96.81 6.27
19 17 16:00 109.96 101.23 9535 5.33 56 24 800 109.92 102.25 9497 5.72 93 30 8:00 101.05 93.01 87.27 4.64
20 18 16:00 110.65 100.96 94.15 5.88 57 24 800 97.56 89.50 85.05 4.06 94 30 8:00 108.48 100.32 95.09 4.48
21 18 16:00 112.08 103.34 96.33 5.02 58 24 800 110.68 104.11 9532 6.25 95 30 8:00 105.85 98.60 92.40 4.48
22 18 16:00 111.40 102.42 96.67 5.22 59 25 800 104.68 96.44 91.89 5.02 96 31 16:00 107.48 96.83 92.74 5.53
23 19 800 104.22 9537 89.72 5.72 60 25 800 9931 89.35 84.65 3.51 97 32 16:00 112.25 103.60 96.02 5.85
24 19 800 112.66 100.88 93.75 5.07 61 25 16:00 99.87 90.66 86.43 3.07 98 34 8:.00 10536 96.86 91.99 4.57
25 19 800 107.01 96.03 89.19 5.79 62 25 16:00 112.20 102.35 96.36 5.95 99 34 800 116.85 107.12 101.15 5.73
26 19 800 101.89 93.07 86.66 4.39 63 25 16:00 100.98 94.94 89.35 4.41 100 34 8:00 105.80 96.33  92.28 4.79
27 19 16:00 106.55 100.38 91.36 4.65 64 25 16:00 102.40 93.78 87.87 4.37 101 34 16:00 119.92 109.13 103.21 6.26
28 19 16:00 106.08 97.75 9293 6.10 65 26 800 100.73 91.19 87.40 4.49 102 35 8:00 105.02 97.87 92.11 4.69
29 20 800 102.01 94.76 87.88 4.69 66 26 800 118.29 108.43 103.28 6.66 103 36 8:00 102.56 92.90 88.01 4.16
30 20 800 10525 101.40 92.00 5.98 67 26 800 106.72 96.79  92.25 4.98 104 36 8:00 114.27 104.03 98.64 5.58
31 20 800 81.69 76.47 71.62 2.68 68 26 16:00 109.56 99.46 93.28 5.37
32 20 16:00 98.55 88.06 82.95 3.56 69 26 16:00 101.92 93.23 87.64 4.12
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33 21 800 101.96 93.72 89.17 4.01 70 26 16:00 106.24 97.56 93.36 5.13

34 21 8:00 100.25 92.59 87.85 4.30 71 27 800 114.71 105.94 100.97 6.09 Mean 106.36 97.44 91.79 4.97

35 21 16:00 105.44 96.73 90.97 6.00 72 27 800 107.70 95.41 91.10 4.78 SD 5.81 5.54 5.07 0.83

36 21 16:00 107.57 9791 91.75 5.11 73 27 800 106.60 97.91 92.86 4.70 MAX 119.92 109.13 103.28 6.66

37 21 16:00 114.20 105.58 98.50 5.07 74 27 800 108.12 100.10 94.68 5.12 MIN 81.69 76.47 71.62 2.68
At time of death 25°C-2

No Test ime TL FL BL BW No Test Time TL FL BL BW No Test Time TL FL BL BW
days (mm)  (mm) (mm) (g days (mm)  (mm) (mm) (g days (mm) (mm) (mm) (g

I 3 8:00 N.D. N.D. N.D. N.D. 35 21 800 113.30 101.24 97.10 5.01 69 27 800 107.11 96.46 91.67 4.68
2 5 8:00 N.D. N.D. N.D. N.D. 36 21 1600 99.73 91.45 86.23 4.35 70 27 800 97.39 8795 81.24 3.15
3 10 16:00 N.D. N.D. N.D. N.D. 37 21 16:00 103.77 9431 89.28 5.10 71 27 800 108.19 97.69 91.95 4.61
4 14 800 112.60 100.97 96.99 7.61 38 22 800 107.78 95.59 91.57 4091 72 27 16:00 114.20 103.49 99.02 5.16
5 14 800 9442 8595 8091 4.50 39 22 800 9410 86.00 80.69 3.59 73 28 8:00 103.43 96.98 89.41 4.04
6 14 800 105.81 96.53 91.01 5.50 40 22 800 108.71 99.41 9498 5.93 74 28 16:00 103.74 9495 89.06 5.08
7 14 800 100.72 90.84 86.59 5.28 41 22 800 107.02 99.70  92.00 4.76 75 29 800 114.12 103.62 9691 5.69
8 15 16:00 N.D. N.D. N.D. N.D. 42 23 800 109.39 99.13 93.62 4.90 76 29 8:00 113.48 103.60 99.07 7.07
9 16 800 102.81 9392 89.49 5.36 43 23 16:00 111.16 100.59  95.46 6.51 77 29 800 110.32 101.66 96.97 5.32
10 16  8:00 118.11 107.40 102.62 6.86 44 23 16:00 111.51 101.34 96.86 5.31 78 29 16:00 107.85 98.82 9421 4.84
11 16 16:00 104.76 96.03  90.88 5.65 45 24 800 108.39 98.39 92.66 5.65 79 29 16:00 106.12 9533 89.98 4.63
12 16 16:00 108.84 99.48 93.70 6.81 46 24 8:00 105.36 97.71 90.80 4.66 80 29 16:00 108.34 101.86 94.24 4.99
13 17 800 106.63 97.48 90.87 5.57 47 24 800 107.22 97.26  90.75 5.53 81 30 800 113.60 103.26 97.59 5.79
14 17 800 115.65 105.61 100.26 7.32 48 24 800 107.31 97.86 92.66 4.89 82 30 800 91.99 84.52 78.87 2.65
15 18 800 102.71 91.85 85.63 5.38 49 24  8:00 100.54 94.22 87.18 4.57 83 30 16:00 114.56 108.90 98.74 5.82
16 18 800 111.10 99.61 94.09 5.12 50 24 800 109.32 100.51 94.80 5.14 84 31 8:00 112.85 103.64 97.42 4.97
17 18 8:00 11548 105.53 98.35 7.42 51 24 16:00 112.25 102.06 96.48 6.01 85 31 8:00 109.96 100.48 95.02 4.49
18 18 800 99.59 92.76 85.89 4.98 52 25 800 103.41 94.74 8991 4.79 86 31 16:00 100.38 91.86  86.50 3.67
19 18 800 10298 95.88 89.80 3.90 53 25 800 100.38 92.88 85.55 4.77 87 31 16:00 108.48 99.28 93.66 5.66
20 18 800 9851 93.99 84.80 3.86 54 25 800 104.87 97.38 91.01 4.61 88 32 800 107.21 98.63 93.00 4.98
21 18 800 11546 108.45 98.58 7.52 55 25 800 106.05 100.64 92.17 4.86 89 32 800 118.23 109.11 103.27 7.71
22 18 16:00 109.82 102.06 94.13 6.37 56 25 800 I111.71 103.61 96.99 5.61 90 32 16:00 109.68 100.39 95.01 5.45
23 18 16:00 101.04 90.35 86.30 3.40 57 25 16:00 10542 9695 91.14 6.08 91 32 16:00 105.03 95.02 91.09 5.52
24 19 800 109.97 101.37 95.32 5.58 58 25 16:00 104.53 9590 90.03 4.63 92 33 800 111.70 103.74 97.93 5.33
25 19 800 9585 86.45 81.51 3.38 59 26 800 111.65 104.06 97.57 5.04 93 33 800 105.99 97.96 92.27 4.99
26 20  8:00 109.98 99.94 9346 6.64 60 26 800 110.67 101.83 96.36 5.50 94 33 16:00 103.63 93.78 89.27 4.37
27 20 800 105.67 97.67 88.26 4.50 61 26 800 106.70 97.47 9323 5.07 95 35 800 110.25 100.60 9537 5.57
28 20 8:00 N.D. N.D. N.D. N.D. 62 26 800 109.65 99.19 96.16 6.46 96 36 8:00 104.39 9545 89.20 4.87
29 20 16:00 96.00 89.56 82.68 3.91 63 27 800 108.15 97.83 93.84 4.49

30 20 16:00 109.46 100.07 94.22 6.22 64 27 800 109.61 99.15 94.43 497

31 20 16:00 103.63 94.69 88.49 4.15 65 27 800 105.77 9490 90.60 4.96 Mean 106.87 97.87 92.08 5.17
3220 16:00 112.75 104.05 96.69 4.84 66 27 800 100.46 92.77 86.00 3.71 SD 5.46 5.12 5.00 1.00
33 20 16:00 109.47 100.36 94.78 6.13 67 27 800 99.38 89.89 86.33 3.99 MAX 118.23 109.11 103.27 7.71

34 21 800 10236 94.46 88.90 4.33 68 27 800 105.09 97.53 9198 5.06 MIN 9199 84.52 78.87 2.65
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INET, OB ETOIY 7 F AT OlEEE
KR 15° C TiiebhTE Y, —HiME (40~50 H) D4
BB 13~8T%TH 2D (KK S 2011), 4 [EIDOFERRS R
N5, BEIC XD AFIZ 20°C TH, 50 HFT 89.9~
N3%DEKRERTHIENARTHD I EBRRINT,
CORERIY, H2ETRINZEEN OB A
ARIC I D ERRMRE 2 455 THEIE (A Hil 70 H
/LY (2017 45 11 H) OAfifs THE) TX 25 & D&
WZOWNWTE, OEODEXRTEDHHDEEZ LN,

— 5T, WEROMBEKIR 15°C 15 5°C EH S
20°C LT HZLICENTAY v "hARAETHAHEMED
H D, THUE, KR 20°C TEAZ 7 FA U OFEEhEN
15°C L LE_KRIEIZ ER D Z Li2h D, H2 T, Kk
15°C &7KiR 20°C IZB 1T 2 BFEHBEEOMIT, FhEh
396 mL/kg/l¥F, 702 mL/kg/FECTdH 0, K 77 Yol TG i
BERTHZERALDR->TND, TR, fAF
K> DO DIET, FICHEEER% D DO OABRIKT (INH
D, RER) CFEETILERDHY, WX I7FATTO
LRI LERTE LT D 02X, B K~OBEFEE
KARMAELIRD ZENTHEND,

S8, ARBHEREZIGH LT, EBEoOBRE RV
FLRERBR AT O MEDH D, E ORI, KA 15°C 5
20°0C ~FREELZLICE DA X—HEEOHMN
BRI O D OREBEEMO 2 A b, BIOMIBEOWK
WD A MZOWVWTHRFTFT LTS RERH S,

BOS5E MOB—FRPYVBRRICETIERESUVERES
BOFATLDEN () & LTORREMS

51 [FL®IC

PO —AREVRETHERT 28RO X 7 F 4D
U, FEWECTEMEECHREINEZLOEEHLT
W5 (GEHE D 1984) , o R—ARE Y AN, HIRRTIC
B C— RIS @3~5 M/BDIW X I FA UL %X
EHET I3 L FRE DNV ITHLY AR, IV T
1,400 #1757, UCHEARIZIVTIE 140 AR5 2 AP
% (KA 2004) , SITHE, BH 7 FA T OEFRINEAD
BHCH D2 end, EEHAA Z 7 T4 0 v OB HAR
REILIRDZENEL, BFD (BT2~3 AFfE) &
DEB/BRNENTEOTEOR B, 2, Kb
LG OEPEH D # 7 FA U NRET D HEENREAT
5729, T CENT DX 7 T4 UV EEA
L, JFAMICTHELCEZLOEZRF LTS, Zh
SOBETFATNE hnEbL] EEEh, #Hika
A N EATAZHRIE T D 7o O mARRIERE (@12 [I/2) &7
S TWD, MOB—ARHY EARORTRIL, BIAHICIE

1 fiMECHL<EEL OKBFefELm Esgno &
Nh, DNEDLLOBEZ 7 FA UL EIEANL T~
FHET 5, 20X, FBICLHEERr X (A
B &, BESEEZMAYSEGT Gl , 2
OB—ARE VA EE T OMET, A FOMKESR
EelInTnd,

FIT, AR TIIANTWCAO X 7 FA U &4
L, MOB—AHY IFEOREWEN AL 72D Dt
THZELL, kD3 OORBREITHTZ,

W1 T, MEEESRERICOREL- X VT4 D
TOGHER (LLF, ¥ TIRE0H,) EERLTAEELE
NEITFATY (LUF, BRIEEHE VWS, ) O R N
HaEh L=,

AR 2 TIE, BELEAKRICCERLED XY 7 FA T VE
D LIS CREAELZIT, TO®%ME LT
MERLCTEELIZDZ 7T AU (BT, G &
W9, ) O R MEHEEER L,

AER 3 TIE, RBR 1 & 2 TAPE LT AR b AT
AE A ITHRAR SRR A T, MaPNER B R & > A $9Eak
Bk % S L 7=,

52 MHBIUAHE

HER 1 EREEHEERR

A0 E HBT 2014 FEEIC 7 [|E], 2015 4EEEIC 7
B, F 14 BEI%EM L7, EEfpiidsmmREsse L, 7
< b IEHCEW FERLE TR O KR/ & X R 148
HHWNF 2 (L FEE, ML R, B (TSR
) 438 b 2 ETHAT D) & LA 4.39
b VEEMER L, L, w iR~ 75 m x f83C
$25m, HAIIR 2~4mm (K 2.5~4mm, FfEK
2mm) M L7, SRV, EAIXTW O
LED 4T (i« #) &M L1z, BN DOT 5 2%, 9m
& JB AR T AR BRI ER D AT 7 B\ AT A T
(fEomx HEomx X 6m, HE 1607%5) I k%
FAWTHE L, HEgIE, BERIGHT (5N
=) FCEMIEEM 439 b T, AT B A BOE (0.23
~0.53 / v R IZ T L CBE X W72 (Fig. 15), BHEhiE
Bt 180~3,300 m DEiPHTdH o 7=,
HEBRHEDOEAEAE RABRYMTICR T oheE, &
AR ORI DIETHZ, HELZY T ADYA X
BIOREEEICHE-mELE L, EIZEYYy2 B (H
TEHALERE RS ) 22Dy, BE O C2 (HiE
FACETEHR RS AL BL Wb LK B (RE AL E
MRSt 2H Lz, AT ERIITEYEOENEE
ETVMENDDHZ LD, 1 RIS - L, WA
MO E TORE B, 7~54 HEI CTh o7,
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Purse seine boat Lightship and Carrier

Fish cage frame

Fishing net
Fish attracting light

Octagoral fish

cage net
Aquaculture work boat &

Fig.15 Fishing of whitebait and transportation of cages

SBRASLURFTREORE BB ) 1 R
BRI&CT (i) BEICAETEM D 30 BULERRL, &2F
BLOKEOREEITo72, £z, ABERE KR, &
YIRS, TRUFTERIEE) OEE BBl 1 BoOMFEE
THEE L7,

ERIRMOHE =X oRMIERLZEAE, H
ikl MEEEAR, fEE L L, BREOEFH G
EAELERETHRL, 1X7FAUV 1 RHEY O
BEFH LU,

HER 2 BEEEHAESER

FAeER RBPUCH L-BaE, SmREEsIc R
ML T2 GRBR 1 CHig LIcboo—) % L&
JECEMBESE LD 0%, HASHILIEE
i B E POk LA Gom} NAEa 2 U —F) I2R
KL, TOHM3 » ARBAERLTZbDEHEH LT,
eI ATV, BAE (B& U S2 ¢ HIFIALER}
MR AE) % 2.0~3.5kg/ H OFH T, REERICHFEZ
e L, SEKEE BHAKE (192~289°C) &L,
Hi/K =T 400 %/ B & L7z, 2014 EEORBRTIL, 6 H 13
A~16 A £ Tt 7= 4 A0z E52iEIN % FFEfT o
ERKAE (12m3 I FRP) (2, 2015 EEORBRTIE, 7
A 25 H~29 HOBRINENE L o720 5 BHoyox
FEON 2 RS E (LI BRI 2 W T~ C/E s L,
AR GSmiEFHFEa 7 U —b) ITNE Lz, #if
B TR, AL T Bima sl Lz,
TEEERE MHNAEEY, EEFEKESRBINE AT
LR TIT oo, ZREINE, BYNINAE LI A2 D 3~4
H e U T HIBINNA 21T o 72, SIS0 & INA
L7ZFAIC5E (0 B 246FE 0, VAT % 1 B
5, 20 HEMEX V7 AT IT7 %, 22 HE LD a~R—4%

%, 25 HEn L VEARE (B& O Bl, B2 : HIEMAL
fEHE RS HIE ) ZREL, MEZITo7=, fEKIR
IEEARKIR (22.2~28.2°C) & L7z, #K31E30%/H )
HIRAIZHITTNE, FEAIZIL 500 %/H & Lz, 14
HiZ 70 Hifs, 2 4F BT 35~38 HIMIZEY &1, Ak
BEEHIT 2 & & BICAEEREERD T,

FRIBER FRERL, EEAEERD HIF%RoOHRE,
1 AR B s 0 B OR A BT (i B IS BRI S 4072 8 m x 8 m x
8 m O F/NEAETE 1 KICNAEL, 93 AMfT-7=, 2
FHIT, BV ST %OHA L BRI TR N
B2 9mx9mx7m O L/ANEIAETE S FRITINAE L
Too EO%, W H O H BTG TS L, i
H IR E S 72 8 m x 8 m x 8 m D -/ NEIAE T H 2 I
IR LTz, #BEIE R TY, EAEE (B0 Cl,
C2, S2, EPO: AIEMALABMERSHEIEHY) 0.8~12.0kg/
HofRZ5 2, RECHETHRETS L L bIEEAZE
T L7z, fAEKIRZBERAKIRE (15.0~27.6°C) & L7, H
fir H & TOfRBEHMIT 60~67 A TH - 7=,
HEBRABLUVABREORRE Blfasmmkircik, B
TRRER X OVEEINBHARREIC, RS AERICE VLTI, Sk
PHEY HIFREE TER, WRIERFECE, HATER S
HfE iz, ZnEnt 7Y v 7 Lo eERs LW
REOPEEIT- 12, 72, MBERE OKR, WORE,
WIFREFRIRE) ORES, Blfassnkiy, AR X
O RIE RIS W T H E i L7z,

BEIR FOFHE A MORMICERLZEAE, H
INRER, JLBUKE:, AMF, (R E Lo, REOAGT
EREEAFELIZRETRL, DX 7F AU 1 EH-D
DOREEHEH LT,

HER 3 EERMRICE T HMNEAERER L h YA SR
HEA (ERUEEE) HBAUSEH A AWERERIT 3 [FIE
U, MRAEIED 2 3 —ARE0 0 ARG FERSL (71 H )
EHEMA L, 1EIEORRIL, 2014 44 BIZHBRX & L
TaR 8.6cm, K 6.0g DOFEKIEEE 129kg % 1 R A5 6
BNOBRBEGITIZENT, tRX E L TEE 1020m, K
B 6.7g DRI Z 7 F AU 130kg % Bk I B Hg gk
(BH) ICBWCHEAIAA TS, BEBRIEGIXVE I (R Ve af
BEDMER) &L, MmN AEBEROLRERL O
1B LY AR OV TR L7, 2 B H OB,
2014 4 5 H1Z42K 10.8cm, (K& 13.2g OFEALIEEE 128ke
EERBBATICBWT, £722F 102cm, KE 6.7g DR
A H T AU 130kg & SR el () 1
BV THEAIA S, ARERIE I I O RE B 0 1)
& L7, 3EIEORERIE, 201545 HIc2RE 94 cm, &
4.4 g OFMIEEE 130kg ZE#RIGFTICBNT, o4
£ 102cm, KE6TgDOREIZ I F AU 130kg 25
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WFIEL S (BEIR) IRV TREZSAZ,, SREREIG I3V
W (Fe PE A SR E) & L,

A (BWEEE) BIEH A AWRBIL 1 [FEkE
L, MfAITBEIERER & RO b0 L Lz, BB,
2015 4 11 24K 9.0cm, K 5.1 g DEAMIGEET 158 kg
e [ N RIS 2L AR O A BT iR B CREAA:, RIS 1
VErR (FEPERE S AAME) & L, ISR 2 EBE RO
AFERIONR L, BV AR OV TR Lz,
B, MEXEMLERERIZ 7T T, BHEEICK
D FEIAFMNTX I o Tz,

MRBAFERE G CTREBTIN VDI X I TF AT
EHCHEY, BENRBL oLl A2XEMTTLN
L0, HEKDESRE A2 13L A7 VI AND &R
WM S 2L HFEED, TO®%ATY U L—
FRCHMNOFEEEE CHEORAE Lz, FABMANOHIK
B3 500 %/ME, KIEIZEIBC I D HEKIE (GEAGRERRE .
19.1~25.5°C, FEHHRERIF : 23.5~26.2°C) L L, HEIX
HI L LT AR, AOTEEE R BMREETE X,
B L Uiz A% S 46 RiRGEHE £ TORM, 6 I,
12 BF, 18 B D EHFIZSE LA DK EF R DIED, KE DB
B OOKIR, WEmesRiRE, R, pH) WEAFMmL
72

hYUFHESAR BN L — 7 —RWREE WV, Y
FOMBEERAL, —ERRBRENET S DAL
Wr U7 dms O BR 2 FE0E L 7=, CT& D2 R UERO
BN C2EEOTEHOME N TE D LI, T

PR T BIEE D MEIR OB TERBR A I L 7o, RNy
W, WEEEOMAE, HY A oifEe kv KRG & #K
TEEE - FIHIREE DG NIEIC SOV T OMEER FEfi L=, K
RITERE 2 e BRI & U, RIS A 36 & OV JITE A 4 3R X
LRRE LT, BATEREOMFEIT 3 18], TS AT OMGEIE
1 [E32hE L7z,

5.3 #R

HER 1 EREHEESR B oBATE COR
RPN DONT, 2 /I 7z o THEME L7 iRERE 14 [A]
OfER% Table 14 \Z/R LTz, 1B XN T-1507, RER,
TG E COBEIRRE, BICHE, Bk oEBIRN
IZDWT 2014 FEE L 2015 FEE LI Z A, WT
NHREREDR NIRRT,

Wiz, 3 A FEHEICHEM L2 REIEE % Table 15 (2,
Biline & T £ COAEFERIOFER % Table 16 (TR L
7oo 2014 FED 1 [BIH & 7 [HH, 2015 FED 1 [HHO
BT RNIC L 2 KRBT, MG AR AR A ~E
VB2 %MD, aAMRIOBIN L, Fi2,
IR IR DS IR L 7= 2014 4EEE 2 [0] B OFHRE
L3 EIEE, 2015 EED 4~5 [0 B ORI 6 1 H &
BRECTHAT Lz, Znb kv, | FHI1T 887,714 R DOH-H
M5 77,800 BOHMIZKEI L, HAEGEER16.0%, 12
Bz Oa A MNE23THER ST, 2FB IO
A AP ETNEDo T2 E D, BRI RIEICH

Table 14 Amount caught and survival status after transportation

. Estimated Transfer . Average Death count 4 .
Fiscal . . Transfer time Survival rate
Day catch quantity distance transfer speed days after transfer

e (ko) (m) (minutes) (ko) (ko) (%)
1 2014/5/30 400 620 82 0.24 131 67.3
2 2014/6/20 200 590 60 0.32 44 78.0
3 2014/7/18 200 700 65 0.35 48 76.0

2014 4 2015/1/21 200 220 24 0.30 119 40.5
5 2015/2/24 100 1080 82 0.43 20 80.0
6 2015/3/3 150 2920 178 0.53 39 74.0
7 2015/3/17 400 3100 188 0.53 102 74.5
Total 1,650 9,230 679 - 503 -
Mean 236 1,319 97 0.39 72 70.0
1 2015/4/24 400 3,000 215 0.45 80 80.1
2 2015/5/22 500 880 68 0.42 184 63.2
3 2015/10/23 200 3,300 221 0.48 66 67.2

2015 4 2016/2/3 50 720 95 0.25 23 54.0
5 2016/2/11 30 240 25 0.31 10 66.7
6 2016/3/4 200 180 25 0.23 67 66.6
7 2016/3/17 150 200 20 0.32 61 59.3
Total 1,530 8,520 669 - 490 -
Mean 219 1,217 96 0.35 70 65.3
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Table 15 Calculate feed cost for cultivated live bait (Japanese anchovy produced by farming whitebait)

Fiscal Charter . Number of Unit price
Breeding days personnel costs Feed coat Toatal cost
year boat cost fish produced per fish
(yen) (day) (yen) (yen) (yen) (fish) (yen)
2 100,000 54 588,000 28,840 716,840 0 } 392
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 7.2
6 100,000 18 196,000 3,090 299,090 7,500 39.9
Total 500,000 117 1,309,000 36,554 1,845,554 77,800 -
Mean 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
Total 475,200 113 1,307,880 63,109 1,846,189 307,938 -
Mean 118,800 28 326,970 15,777 461,547 76,985 6.0
* There were four shipments in both fiscal year 2014 and 2015.
Table 16  Production status from catch to shipment
Fiscal Amount Weight at time  Estimated Number of Unit price ~ Shipping Breeding Final
year caugh of catch number of shipments per fish weight days  survival rate
(kg) (g (fish) (fish) (yen) (g (day) (%)
23 400 0.56-0.70 571,428 23,000 39.2 2.02 54 4.0
2014 200 1.05 190,476 21,600 21.3 3.13 30 11.3
100 1.23 81,300 25,700 7.2 2.03 7 31.6
150 3.37 44,510 7,500 39.9 3.52 18 16.9
Total 850 - 887,714 77,800 - - 109 -
Mean 212.5 1.59 221,929 19,450 23.7 2.68 27.3 16.0
2 500 0.44 1,136,364 81,438 8.0 1.87 42 72
2015 3 200 0.28 714,285 75,000 4.8 0.72 21 10.5
4,5,6 280 0.22-1.08 453,553 112,900 5.9 1.27 42 249
7 150 1.35 111,111 38,600 4.2 2.08 9 34.7
Total 1,130 - 2,415,313 307,938 - - 114 -
Mean 282.5 0.69 603,828 76,985 6.0 1.49 28.5 19.3

* The 1st and 7th catches in fiscal year 2014 and the st catch in fiscal year 2015 were excluded from cost calculations due to mass
mortality due to heavy rain and transfer to parent fish for aquaculture live bait testing.

MU=, FOREE, 2,415,313 BOEENS 307,938 D
HTHICRII L, BRAEKREK 193 %, 1 BHZYV DA
X6 0MHERST,

HER 2 EWEEEHAERER BlaEsk, EmAE, PH
B, £ AT — VBT AR E Table 17 127 Lz,
F£7-,2014 4R & 2015 EFE IR T D EINEOH % Fig.
16 1R Lz, BEINIMIAEE S 5~9 A CToM, 12iEE
A C& 7=, £/, WEELH I HIZ1I BHZ 0 ORIA
BERRKIC o7, AR PR 2 RER IS &
BOAEFRRIT, 2014 X 21,171 g, 76.3%, 2015 4%
1£20,384¢, 82.8% Th oz, HmAEMETIE, AERLEK

B HEITEN R H DB DD, 2014 £ T 66.6%, 2015
T 46.4~577%L EWVERER L lp o7z, TG EER
BT B EHEREOHEB & Fig. 17 IR L7z, 2014 £
& 2015 T, fEAKNE, fMEHYNEDBENVENRD D
ZEnn, —HICHRT S Z LITIREETH D3, 2 FH
IEREBR OB AN AL TZDDREN R -T2, HiE
BRAMEIL, 2E0 R 80mm i x5 £ TCoMMEH
PR L, Hf RS E A% 2014 % T 3,000 )&
& 10.0 %, 2015 FL1X 2 [ 7 L 86,200 2 & 28.7 %,
56,000 B L 18.7% ChH 7=, 1 BHI-V DR NI, 14
B 617 Hnb 24FERIZIXTIOHETaA RN T LTD
Z LTk LT (Table 18),
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Table 17  Survival status at each stage of broodstock aquaculture, seed production, and intermediate breeding

Fiscal year Broodstock aquaculture Seed production Intermediate breeding
2014/4/10 2014/6/16 2014/6/13 2014/8/23 2014/8/23 2014/11/23
2014 housing 68days  finished housing 72days  finished housing 93days  finished
5,000fish - 3,818fish 45,000fish - 30,000fish 30,000fish - 3,000fish
survival rate  76.3% survival rate  66.6% survival rate  10.0%
2015/5/7 2015/8/4 2015/7/25 tank1 2015/9/2 2015/9/2 2015/11/7
housing 90days  finished housing 38days  finished housing 67days  finished
6,000fish - 4,966fish 646,667fish - 300,000fish ~ 300,000fish - 86,200fish
survival rate  82.8% survival rate  46.4% survival rate  28.7%
2015
2015/7/30 tank2 2015/9/4 2015/9/4 2015/11/2
housing 35days  finished housing 60days  finished
519,667fish - 300,000fish ~ 300,000fish - 56,000fish
survival rate  57.7% survival rate  18.7%

* Seed production and intermediate breeding in fiscal year 2015 were carried out in 2 tanks and 2 cages.
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Table 18 Calculate feed cost for cultured live bait (Japanese anchovy produced by Seed production)

Fiscal Charter Electricity, boiler,  Personnel Number of Unit price
Feed coat Toatal cost
year boat cost water costs costs fish produced per fish
(yen) (yen) (yen) (yen) (yen) (fish) (yen)
2014 15,000 741,387 355,000 739,613 1,851,000 3,000 617
2015 396,000 2,131,370 816,500 6,611,588 9,955,458 142,200 70
Table 19  Survival rate of anchovies in onboard breeding tanks
Type No Season Survival rate WT DO pH Salinity
(%) O (mg/L) (%o)
Wild live bait 1 2014/April 87.4 19.1-23.5 43-6.6 8.05-8.24 30.9-325
Wild live bait 2 2014/May 92.4 22.0-24.4 4.1-58 8.15-8.26 32.1-324
Wild live bait 3 2015/May 95.1 20.8-25.5 3.1-55 - -

- 1 2015/November - - - - -
Cultivated live bait 1 2014/April 73.0 19.4-24.7 2.8-6.7 8.11-8.32 322-324
Cultivated live bait 2 2014/May 97.0 22.0-24.4 35-54 8.15-8.24 31.5-324
Cultivated live bait 3 2015/May 96.6 21.0-255 3.7-6.0 - -
Cultured live bait 1 2015/November 759 23.5-262 22-37 - -

* 1: Control is wild live bait
* 2:-has no data

* 3: cultivated live bait (Japanese anchovy produced by farming whitebait)
* 4: cultured live bait (Japanese anchovy produced by Seed production)

HER 3 EEAMICH T AIMAAERRE H YA ER
B BERIGEE & WIS A O R R A £ L O OR
T, INICEB T 247K L Table 19 IR L= BV, #
FIGEED 1 [ B OFRERTIE, KRG 87.4 %X L, #&
BISEE 73.0% DA TH V , KRGO AFR L NS
D% LRl o7, 2 A & 3 EHORBRTIE, KR
T5EH 92.4%, 95.1% 2%t L, ZAUEEED 97.0%, 96.6 %
DAFR & 700 BRRIGEE O AFRENKRKIEH O T % |k
Bl 7=, FIEIEEEORER CIX, *RX & 722 KIKEEED
TEAIABL N TE TN TE 2oz, BIHIEREO %K
LT 759 % THoT=,

WIS, 1 FOFFEIRIIZ SV T Tables 20~22 (2R
L7z& 80, 1 [ ORBRCIIFRTOEmE CRATEEZ,
TFHROBETEMGELZEHAL, IEE 1kg b2 OB
FoifEREEET L 25, KIKIEE] 7.38kg, ERE
£ 10.34 kg & 2o 7=, 2 A ORBRTIE, FRTEFHD
TEAEOTEME 2 ANV Z [FRRICEN L2 & 25, RARIGH
53.04 kg, ZKIGEE 9.96kg L /e o7z, 3 B H OFRERTIT,
FHEBOZ KW I1O b TGO Z AT HIZ AN 2
PRERBRZ FNE L7m & 2 A, KIRTGEE 23.86 kg, ZHkIG
flf 2691 kg L7poTe, T, BIEIEEHAMHER L= 4
DEFRIT DOV TIE, Table 23 IR L7Z & B0 FRIX

BT CRRETD LN TE N7, BIHIFEE M0
HALZIGEE 1kg H7-0 OB Y AOiEREIT 11.02kg & 7

277,

5.4 ER

AWFIETIE, NTHINCHZ I FA U EAEFEL, 1D
B—ARE D EEORE YEED FRE & 72 D et Lz,

BRIGEHOEETIE, | BBV 0ax 3 14EHIC
27l Tho72b D% 2HBIZ 6.0 HETKETHZ &
W L, RGO 1 BdH 70 OHAl 3~5 FIZES
5 ZENRTET (Table15), = A MF U OFERER
W, BRI - T RER OB, R - MR A X DK
TRHT 6D, FAEBENEL UL, ANEEE, 4
BRETZ2BEaAMILEF T LD, FHEMICE
WEATO ZENHEEL 2D, EEFRTOE—DHEK
V%, B - BEI - MERCHRRRSR IO Z DI R R R
NTEXLIHCORIATH D, BEENZTOAZ T FA
U A (BRBEBHT T, LHE, »Ah T
na, ) ERREHRTHY (BHES 2016) , N K
Y ITHNED, MRS ENRNE D Ao TR
EETHRORBE LARKH L 2D, Fio, WLV T A
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Table 20  Skipjack fishing status by cultivated live bait (1st)

Type No Season Opera.tlon Opera.tlon Opératmg Live Palt Skipjack
start time  end time time feeding catch
(minutes) (kg) (kg)
Wild live bait 1 2014/April 6:00 6:25 25 23 80
(control) 8:15 8:35 20 23 80
9:30 9:50 20 23 270
10:00 10:25 25 25 264
Total 90 94 694
Catch per kg of wild live bait 1 7.38
Cultivated live bait 1 2014/April 13:40 14:00 20 44 453
(test) 14:10 14:40 30 44 457
Total 50 88 910
Catch per kg of cultivated live bait 1 10.34
Table 21  Skipjack fishing status by cultivated live bait (2nd)
Type No Season Opera.tlon Opere%tlon Ope.:ratmg Live ‘F)alt Skipjack
start time  end time time feeding catch
(minutes) (kg) (kg)
Wild live bait 2 2014/May 12:15 12:25 10 30 1,340
(control) 12:25 12:45 20 40 1,600
12:45 12:50 5 12 1,500
12:50 13:05 15 30 1,500
Total 50 112 5,940
Catch per kg of wild live bait 1 53.04
Cultivated live bait 2 2014/May 4:15 4:45 30 30 40
(test) 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
Total 110 112 1,116
Catch per kg of cultivated live bait 1 9.96
Table 22 Skipjack fishing status by cultivated live bait (3rd)
Type No Season Opera.tlon Opera.tlon Ope.ratmg Live Palt Skipjack
start time  end time time feeding catch
(minutes) (kg) (kg)
Wild live bait 3 2015/May 5:50 5:55 5 4 149
(control) 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
Total 95 117 2,792
Catch per kg of wild live bait 1 23.86
Cultivated live bait 3 2015/May 6:15 6:40 25 25 866
(test) 8:25 9:00 35 38 2,095
10:00 10:30 30 14 47
12:30 12:55 25 25 78
16:05 16:15 10 14 36
Total 125 116 3,122
Catch per kg of cultivated live bait 1 26.91
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Table 23  Skipjack fishing status by cultured live bait

Type No Season Opera.tlon Opere%tlon Ope.:ratmg Live ‘F)alt Skipjack
start time  end time time feeding catch
(minutes) (kg) (kg)
Cultured live bait 1 2015/November 6:27 7:12 45 70 877
(test) 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
Total 199 161 1,775
Catch per kg of cultured live bait 1 11.02

WZix, WEIFAUPUNOTE (A U > Sardinops
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