ISSN 1018 - 7324
GPN 2008200207

RAERA

JOURNAL OF
TAIWAN FISHERIES RESEARCH

Vol. 32 No.2 / December 2024

s‘( . — -




&5
B bk B Bk EREERT
1T A IRENE
R im e . 2EEY
EIRREE « SN - Gk
BOERE - A -~ FEIR - RS - BB - SRERPY ~ BOUHE - B
BRI ~ BREEI ~ B ARG ~ SRk - B B0
LRI ~ BERRIE ~ RIS ~ RIERHAE ~ FRRIA - BRGRR
ARIERE « SR ~ i~ ZEE - FrER - R s - BIERE - SR - S
( B AL LCHEBIBESY)
HITHREE « L3SSiF ~ Bl

AHEIBEZ

FRFET 202 FI—p& 19957 EEA/KAERERFT /KW IR E THRiE
£ 1 (02)2462-2101 ## 2506 B 2517

i L : (02) 2462-4627

E-mail : mcwu@mail.tfrin.gov.tw / wkchen@mail.tfrin.gov.tw

ARTIFIEARFTFEHTFERRER - JEEARFTRE - MTER - B Lo

JOURNAL OF TAIWAN FISHERIES RESEARCH

Published by Fisheries Research Institute, Ministry of Agriculture

Publisher: Chin-1 Chang

Editor-in-Chief: Hsin-Ming Yeh

Managing Editors: Hui-Ping Tsai, Chen-Te Tseng

Advisory Board: Ching-Fong Chang, Shui-Kai Chang, Houng-Yuan Chen, Yew-Hu Chien, Tai-Sheng Chiu,
Chien-Chung Hsu, Sing-Hwa Hu, Deng-Fwu Hwang, Lucy Sun Hwang, Ming-Shiou Jeng,
Sen-Shyong Jeng, Guang-Hsiung Kuo, Kuo-Tien Lee, I-Chiu Liao, Hsi-Chiang Liu,
Chyuan-Yuan Shiau, Shi-Yen Shiau, Mao-Sen Su, Huai-Jen Tsai, Jen-Leih Wu

Editorial Board: Ke-Yang Chang, Huey-Jine Chai, Yuan-Shing Ho, Jinn-Rong Hseu, Hernyi Justin Hsieh,

Fu-Seng Tseng, Jinn-Shing Weng, Feng-Cheng Wu, Shuenn-Der Yang
(in alphabetical order)

Executive Editors: Mei-Chen Wu, Wei-Ke Chen

The Journal of Taiwan Fisheries Research contains scientific contributions from colleagues of Fisheries Research Institute, Ministry
of Agriculture (MOA) and researchers of fisheries science. It is published by Fisheries Research Institute, MOA. Correspondence
should be addressed to the Editor-in-Chief, Journal of Taiwan Fisheries Research, 199 Hou-lh Road, Keelung 202, Taiwan. Phone:
+886-2-2462-2101 ext. 2506 or 2517. Fax: +886-2-2462-4627. E-mail: mcwu@mail.tfrin.gov.tw or wkchen@mail.tfrin.gov.tw.



RS

324 2/ RE 113412 H

= PN

TR VY R RS A S AE VI ERIE S / rIENAK - SO - B0 - BEKH - SR

Reproductive Biology of Blue Mackerel (Scomber japonicus) in the Waters off Southwestern Taiwan /
Jia-Shin He, Yi-Shu Wu, Li-Chi Cheng, Chiu-Yueh Chen and Jinn-Shing Weng

JERREE ~ TYEEIRIE R BIN AR S8 B DRI (Diagramma pictum) 2RSSR L. 2% /
ERvRE - fIfEe « BEBAT - SRk - 3SR

Effects of Light Intensity, Microalgae Concentration and Stocking Density on Hatching of Fertilized Eggs of
Spotted Sweetlips (Diagramma pictum) / Pei-Sheng Chiu, Shine-Wei Ho, Cheng-Hsuan Huang, Yeong-Torng Chu and

Jinn-Rong Hseu

...................................................................................................................................... 13
SIS T8 E L WFSE / REEHF - (IGE - BEARER - TR - BEX

Molecular Identification of Hard Clam Species in Taiwan / Chia-Hsuan Sung, Hsin-Chueh Ho, Chai-Hsia Gan,
Liang-Jong Wang and Chang-Wen Huang
...................................................................................................................................... 23

DY — L5 [ 3L DY RR RS R 22 R DUk IS YIRS E R Il / #ktT - B2 - (ERE - SRR

Primer Design for Species Identification of Eleutheronema tetradactylum and Eleutheronema rhadinum /
Yi-Che Su, Yan-Hong Lee, Hsuan-Ching Ho and Feng-Cheng Wu



JOURNAL OF TAIWAN FISHERIES RESEARCH
Vol. 32, No. 2 / December 2024

FHLE B A A 18 (Magallana angulata) 4 fE A4 4= Bl B 5288/ weviiee -
4 « IREEAE « TR - JHIEE - TERE - JiRE

Effects of Depuration on Food Hygiene, Flavor, and Fresh-keeping in Local Fresh Whole-shelled Oysters
(Magallana angulata) / Yi-Feng Kao, Cheng-Ying Ho, Li-Ti Zhang, Yen-Wei Chang, Chi-Zing Chou, Chun-Ta Yeh
and Ming-Chih Fang

....................................................................................................................................... 45
ST SO T A e S SRR LR A / A5 R
Hard Clam Farmers’ Opinions About Aquaculture Industry Problems Across Major Cultivation Areas in Taiwan /
Ching-Min Yang
....................................................................................................................................... 61
Hal~ERREERE DNA BRagiy s P I A G s el (foRt /st SONRAFREFRZER) /
v/NEs
Book Review: The World's First DNA-Verified Atlas of Fish Early Life History ~ {Eggs and larvae of 500
Taiwan Fishes) / Hong-Young Yan

..79







JKEEWFFE Journal of Taiwan Fisheries Research, 32 (2): 1-12, 2024

51504 e i 8 L MR e 2 PR E T 2R E R

fAI Bk - S - SRR - BREKH - S
=2 SelVNGEERY S IR lR(SYE SER /171w A

[T

FIESS (Scomber japonicus) RyZEETE Feyig el (i S B B Fai s — - RSN 2020 4E 11
2021 4 10 F R H By e sRes - JLEREE 692 BEACA - MERE ks 305 25 387 &
TEECRy 44.1% » BERELLBIA B 7252 (p<0.05) - lifEfa R R (FL) /MfA 139.1 - 352.0mm - #EE (body
weight, BW) 71 34.3 - 562.3 g » B E SRS T ¥ BIG=UE BW = 1.716 x 10° FL2%2 (n = 305) ; MR
Y (fork length, FL) 7% 141.9 - 344.0 mm ~ $5EE A 34.0 - 519.5 g - fE R EHGE 2 B{R=\s BW
=2.435 x 10 FL*%7 (n = 387) - fRIZUNE A FENRANESRIRE K A FE R 58 (gonadosomatic index, GSI) »
2020 £ 11 AF 2021 £ 4 A6 HREHER - GSI SEEEEREAH 0.18 - 12.15 {5 - B 2020 £ 11
HZERESE 4 HYERARREE 3 DLE - SNEHERY) A R IR E B 808 - Heh IR S AR Ty
11 -4 72 HO3AiREERZEERIN - HEASEETE 2 - 4 H - Z20080R 6,006 - 596,452 » #ERZAGNEL
F 2,653 - 79,287 KBl » ISR 0.14 - 1.25 mm - [HEFE 50% PR SIE R By 245.8 mm ©

REREST « GINRES ~ AETEHA © MERR

B 3

H 2 5 (Scomber japonicus) - J& fi fi§ F
(Scombridae) )& (Scomber) - {5fF HIAETR - #2
RS ARSI - (IR T T HEDERS (Hernandez
etal., 2000) » AT Ry 5341 B T2 1y i o e e 1
O SRR BEDEE - e H R EER
By R BT A R B A B RE PR A e
i (AF, 2023; Cai et al., 2022) - fEE#E > F 4y
A JEB R > HB AR FEI s+ 200 m 55
PRI (5%, 2014; B, 2014) £ R
TaIE R RS K S8 23\ B A R (Y - ELop il o
PR R T - BIREREEAS R (BT,
2014) - 218 1 IR AH R IE EMEARE LG T R
WSEE ST R I BN RS - E A RS
EEVF R B EHA ~ 3B ke i BIARE Z [ 3[R
FIF > AEZFBRZRBEEAEZHAL (Cai et al,
2022) > X[k Ry B S FRE

“BEVES / SHEMBIERRBIL=IS 6 3%, TEL: (07)
821-8103 & 215; FAX: (07) 821-8205; E-mail:
lccheng@mail.tfrin.gov.tw

RIS (2013) TEEEZIIEER Rt HiEt
Bk 2 L IEEERIERE 1996 1Y S BN R
BEZR 1998 4F 1.5 B > 2000 2 BRifa Rk
1 -2 BANE - 2012 FEESKT Ry 1.6 BN - BUR
WIERE WA Z#ES (R, 2014) - HATEEE A
FEDAEIE SR 2R T2 HAY S - RS HR
A R ACE g IR G i AR T AR ) B B A
(34, 2008; ik, 2014) keorAu BT (&5, 2006;
£, 2004) DURS TR rE s 1 IR E A A
(BRSE, 2011) « BEISMERSY - HAS S H B F RS
FI R 2 5k - (KR % RS - RE
WAHEEIEID (lizuka, 1974; B, 2020)~ REEIIA
EHI/KEEI{% (Watanabe and Yatsu, 2006) ~ &F}
FMEFEE (K E, 2002) ~ 4T 4 Y B W 5E
(Yukami et al., 2009 ) - AP 8 2 W5E R E IR
A B R - A EEARIEE R
7 (45,2003) GBI AT 1R AERRRE - FFA
FEEHERR ~ I EA R E RN ~ (et & JEr ]
FRREA A - s Ly PU R i ey 2
REfERE - AR AR A Y BEAHR T SE R - K
AW FER PR B Y i s IR SR A S AR
Rk - MRS NSRBI AR EEE
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AT EH AT RS ¥ (gonadosomatic index, GSI)
FIPREAARESE - 5 Fy H % B 2 I P RS F IR A &
TR BB B A2 ER » MER E RS E
RSN e SRR ST

FORLEEL /5 ik

— > BRATRER

AWFFER 2020 4F 11 H 2 2021 4F 10 H AR
{2 H BANTR BN ~ BN s i FE R
£ 30 BULE > SsRiE h iR et SRR -
BETSIEE B > R B AR B IRERER
i (AR, 2023) FIE Ry FIIEG  BALIRRUK UK %
R TR = TS > R EHIHE X E (fork
length, FL) » {5 F 8 IR ORGAfEZE 0.1 mm > 88
(body weight , BW) » K12 0.1 g» AL IR E (gonad
weight, GW) » ¥5TEZE 0.01g o S AT RIS AT
10%iig MR P TIEE - VE R iR AR ~
ZAGNEAEF R IR/ INBIGE A - ARIR IS A R
SNER GSI H 5] - [FIRE DAREpS S B A Ja R
BEER KIVSEE T 7 T A TEER
28 -

= ERT
(—) EXREIEERR

PAas A 3G & e SR B i T T 12l bt
J3AT - HEEREERBRAATT (R, 2014)

BW=a X FLP

BW : IS (2)

FL : E X £ (mm)

a~ b Ryl (R
(D) GSI

GSI HEAFAT (Uosaki and Bayloff, 1999;
Armas et al., 2006) :

GSI=GW /EW X 10?

GW BATEIRE (2)
EW BE Al (g)

(=) MEZESHA

HRIZAR (2007) ~ 5 (2010) FESTRK -~ AR
FH 7 PRI (immature) ~ fFAHT (maturing) ~
E# (matured) FIEERIY (spent) SFEVUMEFEEL -
SRR H ARV ECEEE B o L - 1E R A
SELEFE IR o AR B B B VB RZ I
JEIERZ A > A B Ry D B T 22 56 = AR N
RS Bt - RGNS BRIz RS B R Se 2 - 1
G B R Y ERKBY »

(9) MELE

PEEE (sex ratio, %) FE/7 =S (i
R FC » 53 BIERT A I L R AR AL - 5
FATF

ML =F/(F+M) X 100%

F: If (female)

M : [ffff (male)

() S INSEEEREINH

ZE (2014) B3R 18 VY RIS S B
gt o SR 3 IR AR B DAL - ST TR
LGN (fecundity, F) e BfE L 22500 - Al
It 3 WEONEL Y R A REE - BEEEAE TR ~ T - 4R
3 flEERAL - BRIRONEEETE © (EHIETRAL - KEEEX]
TR ERS RN [l —B A AR
LIV R ZEGNBI AR » TR AR R S
LEREBE 2R IAEREUREMERA n R
RO F AR - ook —2lk - ARWFoeffe—
FAEEEZ R R OR BRI AT -

240k (2014) SHEHULRIRZITTE - IRATE
ik (gravimetric method) ZRHERZADNEEL B X e
YgY (batch fecundity, BF) - BEtERHL 0.05 ¢ ELHEL -
ATHEONME = 0.1 mm AYPIALES - DUSSEINHIRE S
RN b e FUZ g - HASEAFATT |

2GR (F)=(0.05 g JREEPIIfE= 0.10 mm
ZIE/0.05 g BHELE) X JELE

BREINE (BF)=(0.05 g JIEEHZ T =
0.51 mm/0.05 g GNELE) X JHE &

(7%) 50% MR%ENEER (size at 50% maturity)

AWTFELL 50 mm {E Ry RAH B Er T AT - 3
SRR Fr ~ AETERRIEE(GSD B IME A/ - ZRET
TR 25 LI A9 A B P T e B B BT R
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Table 1 Monthly sampled sex ratio of Scomber japonicus collected from the waters off southwestern Taiwan. The
sample size of both female and male specimens and the x* test for each monthly sex ratio were examined

Year Month Female Male Sex ratio(%) x> p-value
2020 Nov. 11 48 18.6 23.2 0.000001"
Dec. 0 0 - - -
2021 Jan. 47 52 47.5 0.3 0.615303
Feb. 46 13 78.0 18.5 0.000017"
Mar. 23 25 47.9 0.1 0.772830
Apr. 49 73 40.2 4.7 0.029791"
May 31 37 45.6 0.5 0.466854
Jun. 20 26 43.5 0.8 0.376344
Jul. 21 38 35.6 4.9 0.026883"
Aug. 16 38 29.6 9.0 0.002755"
Sep. 14 15 48.3 0.0 0.852684
Oct. 27 22 55.1 0.5 0.475051
Total 305 387 44.1 9.7 0.001826°

*Significant at 5% level

logistic curve (King, 1995)Z &M HEEE 50%. 2 1600
faBEA/\(size at 50% maturity) » HEFERATF ¢ 1400 | Female
Pr= 1/(1+ea+bFL) 1200 } BW = 1.716x10- FL>942
) n=305
Pr @ B H 7L 2 1000 F
.20
FL : EX £ (mm) < 800 |
a~b BEH 600 F
400 |
200
R i
0 100 200 300 400 500
- %yﬁgﬁiﬁgggg{?ﬁ Fork length (mm)
1600
WISEIRIIERHEREE 692 RS - HrhilEs 1400 Male
305 |8 ~ HMEfa 387 F o WEMERZ R RIS Ry 1200+ BUY = 2 435105 FL2TS
139.1 - 352.0 mm ~ 141.9 - 344.0 mm - §4& (BW) o 1000 T n=387
HilE by 34.3 - 562.3 g ~ 34.0 - 519.5 g (Table 1) - ff £ 800 T
M RASERI R R AR E S - 45 = 00
REREEE R (p < 005) [fiEAMER R 0T
(sexual dimorphism) » KL ZRHE: S HFMT - 00T
N . 0 1 L 1 J
mﬁﬁ@%iﬁgﬁﬁ%igﬁ{%ﬂﬁu? ) 0 100 200 300 400 500

MEfe : BW=1.716 X 10~ FL***? (n=305) (Fig.
la)
HEfE : BW=2.435X 10" FL*%7 (n=387) (Fig.

Fork length (mm)

Fig. 1 Relationship between body weight (BW) and
fork length (FL) of female and male Scomber japonicus
1b) specimens.
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Table 2 Index specifying the sex, sex ratio, and length of Scomber japonicus. The sample size of both female and
male specimens and the x* test for length (mm) and sex ratio were examined

Length(mm) Female Male Sex ratio(%) x> p
120 0 0 - - -
140 1 0 100.00 1.00 0.3173
160 4 4 50.00 0.00 1.0000
180 5 16 23.81 5.76 0.0164*
200 17 29 36.96 3.13 0.0768
220 32 46 41.03 2.51 0.1129
240 95 132 41.85 6.03 0.0141*
260 96 108 47.06 0.71 0.4008
280 35 39 47.30 0.22 0.6419
300 7 12 36.84 1.32 0.2513
320 0 0 - - -
340 2 0 100.00 2.00 0.1573
360 11 1 91.67 8.33 0.0039*

*Significant at 5% level

Y 2
(—) BRIt

AWt FRRA 305 B2 ~ fifEff 387 & - 4k 692
FEARA > MEER Ry 44.1% - PEELZ A RIS R
Table 1 > [T 2021 =2 H 2 10 H 250 > HegH 7
MEFERABOII LR S - PEEC A RIS RTTRE
FERER 2020 E 11 HRe 2021 24T K 8 H
MEREFE R RS (p < 0.05) » SREEZMRARIE
MR AR (p<0.05) - HEFERAELLLIER % -

(D) EXRBIMLLEE
ENAcdEn it R Rl PN e

300mm LUT > DURESaFT 5 EEBIE S » AU 300 mm
FHRILIERJEZ (Table 2) -

=~ IR/ N R
FIE S < RS- RIS SREE 3 A AN Fig.

2 fR o BIESIATATRY 0.14 - 1.25mm > H 11 H
AL 0.51 mm PR ERAAGHIER > H. 0.1 mm 5

FEELIRE » ATUIIRG Y LSRR FAIIEGE
0.8 mm ZBRKIHB » % 2~ 3 PRI > HB
B AUIGE 125 mm - FLE 5 H {3 HIFIMEAR
0.51 mm 2 FLBIRE(ES » /1S 0.2 mm LEGIREI »
] 7 H AV LGS - 5 LA 30%
8 I MEE /A 02 mm EZ 10 5 -

VY ~ DUAH AR B

HEHH ARSEAT A AL JE IR RS B - PR
NI FERE BRI - SETT 200 FEAHARY]
Frifige oI ON RIS AR R - R AR Y
RIS Bt - TIOR3 - 6 FADALET TEI
TCHENGIE(E - 25%5 (2003) ~ Lee et al.
(2005) ~ Wuetal. (2012) ERFFEATHIBTEEAE - REDH
i A >k R F s B -

(—) REEBERA-H (chromatin-nucleolus stage,
Cn)

SURLIEH /N NIRRT BB SMUREE
[EJE - BRFE <0.05mm - MR BARARE A RER
> 2Rt (Fig. 3A) -
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Fig. 2 Monthly variations in the mean oocyte diameter distributions of Scomber japonicus.
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Fig. 3 Histological observations of the oocyte of Scomber japonicus. (A) Chromatin-nucleolus stage (Cn), (B)

Perinucleolus stage (Pn), (C)Yolk vesicle stage (Yv), (D) Primary yolk stage (Ys1), (E) Secondary yolk stage (Ys2), (F)
Tertiary yolk stage (Ys3), (G) Migratory nucleus stage (Mn), (H) Ripe egg stage (Re), (I) Transparent egg stage.

(D) BEERM=HE (peri-nucleolus stage, Pn)

ONER BT — PR A —E K B B
¥ > DMEAE 0.05-0.10 mm ZfH > 2R (Fig.
3B) -

(=) VERRER (yolk vesicle stage, YV )

GRRIAEA - MBI ETP SEEE - PG H SR
T B SEE N BAEAE 0.10 - 0.18 mm 2] (Fig. 3C)°

(79) ¥¥RENVEHR (primary yolk stage, Ysl)

IR FFHEI A - MR E HPom e N TR A
PNEER > UIRAE 0.19 - 0.25 mm [ (Fig. 3D) -

() R#REVEER (secondary yolk stage, Ys2)

JEE S B A/ NP AR N > AT REAL R

B MR E I EERECE NN - JIRAE 0.24 -
0.30 mm 2] (Fig. 3E) -

(FV) E=#ROVEHA (tertiary yolk stage, Ys3)

YN ERBHAA & OF RIS - A N S
R4 > OIEAE 0.31 - 0.39 mm Z[H] (Fig. 3F) -

() ®AZ#BEhHA (migratory nucleus stage, Mn)

LR B OV ER G OF R I E B - R A/ N -
HAZ B YIRS B BEE LA L - JIRLE 0.38 -
0.50 mm Zf& (Fig. 3G) -

(\) SeEEA (mature stage, Re)

PR PR 9 5 — I s AR g - ot
iRy DN B I R e B A DKL - A 5 DR g S Y
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12.15

I }6.69

Gonadosomatic index
(o]

o N M O

Nov. Dec. Jan. Feb. Mar.
2020 2021

May Jun. Jul. Aug. Sep. Oct.

Month

Fig. 4 Monthly variation of the gonadosomatic index (GSI) values for female Scomber japonicus, expressed as mean = SD.

PN RAE R - BRAE 0.40 - 0.61 mm [ (Fig.
3H) -

(J1) SeEhER25EBRON (transparent egg stage)

AR BGARF RIR EET THEDN - TR 7k
SR 2 EBAR ORI AL 0.51 - 1.25 mm
(Fig. 31)

W\

T~ AFEBRS M RER L

TEONELAGHME ~ AR A I R A B B S
YIRS KON ST R DB AN IR B AR B
(—) RAFNBEER (immature stage)

IEIRE B IHEE A INGRAR ARSI A B BT 5
R > ELEEZ IR REE
{ZHAREER > GSI=1.80 » JUEHIEILE 0.01 - 0.12 mm
ZIH e

(Z) RAFNPPEER (maturing stage)

IS A - AR AT USRI N IIRL ; AR
BRHRREEAVEISE - RITEDN = I 228 =R s B
W&E% - GSIAE 1.80 - 4.3 [l » BHSHIFE{E 0.10 -
0.51 mm Z[ -

(=) BHEEhBEER (Mature stage)

W ELAHREREA - PAHR AT DUA ZIHHRARI DR 5 AR

BN KIERA R R e RS B,
GSI=4.4 > i€ =0.51 mm °

(79) EUREBEER (spent stage)

FE IR A DN ST A B R /N - SN R L
t HERAIR > OISR SRR L5 F R IRE > f m] 2%
B E A=A I -

75~ GSI

B GST H SR B E A2 0.18 - 12.15 [
GSI H 2020 4 11 HERFE 4 AMEREiS1E 3
PAE - Hrp 2 Ak 3 g8 70k 12.15 K
7.69 > 5 H 2 %&b TR - BHE 7 H GSI f5ii7t
Fiky 2.34 0 8 HERFHE ME (Fig. 4) -

L~ BEYE AR

BHE SRR AT H] 25 A BRI B P A Z LE B
SLRTIRAN Fig. 5 - MEFAIRCGNE F pISE) - MM
2020 £ 11 HES e TR E S - LEBTR
63.6% » ZIRZIMHGNN > 2-3 H RGNS B LBl
i 0 PRy 89.1% ~ 73.9% » 4 A HBHESEHN
S 2.0% > 5 H ke 6 HRaEEe - 7 A H
BDEMERGEERE s 9.5% 8 HR MR ERE -
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Immature

100
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70 F
60
50
40 -
30 f
20 F
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Group maturity(%)

Maturing

Matured mOvulation

Nov. Dec. Feb. Mar.

2020

Jan.
2021

J\ ~ ZPB N BB 2R A DN
(—) &

BIEHBY) Frfs R - N o4 i > fh3T 2
ISRy 6,006 - 596,452 K > RPN Ry
240,033 = 134,662 k251 » 2 HIRE 0.51 mm % -
I 2HUEIHAR - RS -

(Z) HRERH

HEHY GSI =il 11 A2 4 HIfRT s 42
B (BXEN 2163 - 341.0 mm ; f4&ENR
121.4 - 505.8 g) » FIHRE#LRAINEHIE Fy 2,653 -
79,287 K » SEIFHERZAINECEy 18,641 KiHH -

JU ~ Lso PRReEG &

AR R AMES B RE % BEURER ST
213.7 mm FL HI5 3 » = Logistic fh4R
AR A ERELE YR (FL) BfR={anF -

Pr= 1/(1 + !0-59-0.059%L)

#F Pr = 0.5 fCARLBAGRZCRIGMER S0% MK
B R 2458 mm FL (Fig. 6) -

+ ~ AETHIHER,

AR A5 H) B DA SRS 5347 e 2B BRI e
FERY sG> 2020 47 11 H 2 2021 47 4 HI9F
HESERY] - HrpfE 2020 45 11 HZERRF 4 HE

Apr.

May Jun. Jul. Aug. Sep. Oct.

Month

Fig. 5 Monthly variation of group maturity rate for female Scomber japonicus.

PGS Ee R 0 2 - 4 FORNER>0.51 R B R
ATEEBISE 50%LL I o FIEFA s ASEIAE 11 2
4H > =mER2HEAH -

100 ¢

9 F
Pr=1/(1 + e'0-5-0.0593F1)

a=10.45
A b=-0.0425

a0 +

'

60

40 -

Matured percentage (%)

; 1@ L5,=245.88 mm
0 - i

20 |
0t !
¥

T . N i . .
1] 50 100 150 200 250 300 150 400 450
Fork length (mm)

500 550 600

Fig. 6 Relationship between percentage of mature
female Scomber japonicus and total length

k=103
-
=

— ~ PRBRFRTH]

AW FE A RS A SRR Ry 2020 47 11 H
£ 2021 - 10 HY\ NG Frise - E=2Evami
bef E BRI SR I\ > R E R
EE VYRS AL B ERER S - BEAEIEEN
ERBI# 82 ¢ 18 (T-EL T, 2014) - B HILER IR
i BRIt DI\ R & - TR IR 32 s
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FG SIS B ESSOIAR OE H — SC 8384 T
R, 2014) - FEARTHABIS - JEACTRRIfCE
ZEEHAR ~ HERT R P BIARE SR IS
AT WS LR > S
WHERL 72% (Cai et al., 2023) - BHUREZ AR+ 2
JELIH ek EE Ry =275 -

=~ RXRAE AT

AT AR EEEER AT KB XER
352 mm > SEHE X ER 236+ 26 mm v 5§ (2014)
EEE IR A ESBREERAR KB X E R
397 mm » PURERRASSEET R R Fy 241 mm - PHREE
b IR S RTINS/ N SR AL I AR - Sk
FALRHE A R fa il - B SR
EEMHPRSETRAEREH - sPARILEEE
MEfE AR S EIRHEEIAT 5 & DR EIRRE
230 - 260 mm > HEFEEEHATS 0 102 4E5 109 425K
EIRe R Fy 260 - 300 mm - $RAE T HS AU K
(BR, 2021) 5 ARMAEPE FERHEER 73 i A B3 I
ETRERREN - REERREETHREEH
RIS RS ) N s ie R B NS, (1R,
2022) o RKKFFREES A ParE g T R AR A
B - 1 RRRIANF R R S ee M BT -

=~ it

RNER Gl i Y S R N LS VIR ol w ot S AR
RBEZNMER - MRy 44% » BEEFEER (p <
0.05) » BEXEAR 340 mm MEFEDUMER R EEL -
B% (1998) fEH! » HHAHERIEGAT R ES > XL
FEMERHY N e - HEFAASEZ - TTRZU{E 8 LA
M R PR B - LA - STl LB R 2 R
IR HIEREE T RS R A ~ M
s~ B A Y R A R ER SR B T 2 (Fumio,
1960) 5 s@AWFZEFRH - SR RRMEREME L2 5 ]
REBAARJETREIARR (1], 2018; 2%, 2010) - ARFSEHR
ABFERA 112~ 4 HYELEEREREESE (Table 1) - Bd
etz FE A0 - Claereboudt et al. (2005) $§
i AV EE S B L - (H =P R
IR SRR H R LAY R - RIEHR
IREEE R R SR H e R T AR LR

VY9 ~ PhEpleigic

1 1 5 B RS = By R PR A B AN R T 72 5
(ZF, 2021) - sp B MU R IR S B R
Ok~ SRS - REREZFE)  RHRSH
(Trippel, 1995) K ifa¥EEL )7 (Jonsson et al., 1991)
F - AW TE FE g RS HEN: S0% Mk
FEE 245.8 mm > By 50% M S 323 mm
(5%, 2014) = BESMNGBST - HAIHSE SR IL R ER s
FIIF S0%JCARETT GSI E Rt - MR R K
A 275 mm (Yukami et al.,2009) » R 1SS R
/MR ERR Ry 250 mm (WSE, 2003) > AR
B/ MEREE R By 210 mm (B, 2005 ) © HHE##E
JEBAGRERS - RURBUEARRE MR R )y - (K#E
FERK IR S e R R RIS TR - B
FERTIR PLER T R e R -
JEb 8 R P 2 M R B R B (R,
2014; BESE 2005; Zeng et al., 2012) »

T~ AT Re e DNAERY

SRR DA AR SR DA 28 5 15 kgl
TR A - — AT 53 By =fEHUZ (Wallace and
Selman, 1981; Weat, 1990; Murua and Saborido-Rey,
2003): 1. [EFRKEIE (synchronism); 2. F3HE[ES
AU (group synchronism) 5 3. JE[E] 25 B FH
(asynchronism) ; Hrh o3 L[]0 K IR RIS A Ly
NS PITA A2 AN [R] A B Ol - —EE ]
%X HESNAR - TR GSI ARl L ~ H Al
FE e NS L FE HAR SRy 11-4 H - |
FHRRYI Bl ONEh - 5 2 FEANE R B O
MR EIRF A - —FE Ry B R A BN AT R HE R R R
G+ 55— RS R A R s B I A TR B
A7 BURE— AN AN R B E— R fR7 &
bl HERT RS AY EE E =Ck 43 BE R AR X
il 2 R ZEDNAY - Ohga (2012) A1 Nyuji (2012) #f
SRR H A RS B A TEAH ] - RS s 2 K
FE PN AU A -

/*

AR

AR e ST 228 P R s < RS
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A A TSR RN - T S RS T
HAHE - BEMFRRERZE S EE— R
fFAE (&, 2006; 5, 2007) - HIEEELEAFREHY
MBI AR —ERFE - HARRERE KRG
AN A BEA 51 I I S A b B TS IR TR R (B
%, 2021) » Rt SRR 20 T ARG B
WS TSRS R S BT R - ERER Ry IR
i B RS MR U R S T E AR - RI 2
5 17 T T Y Y 5 B T E B A RS IR R R A
(AR%E, 2021; Zeng et al., 2012) -

25 30k
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BN (2010) EEPGRITHECRIE A S Z ATV
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Reproductive Biology of Blue Mackerel (Scomber japonicus) in the
Waters off Southwestern Taiwan

Jia-Shin He, Yi-Shu Wu, Li-Chi Cheng", Chiu-Yueh Chen and Jinn-Shing Weng

Coastal and Offshore Fishery Research Center, Fisheries Research Institute

ABSTRACT

The Blue mackerel (Scomber japonicus) is an important economic species in southwest Taiwan’s Danish
seine fishery industry. From November 2020 to October 2021, a total of 692 samples were collected on a monthly
basis. Among them, 305 were male and 387 were female, for a significantly different male-to-female sex ratio of
44.1% (p < 0.05). The fork length (FL) of female fish ranged from 139.1 to 352.0 mm; the body weight (BW)
ranged from 34.3 to 562.3 g. The length-weight relationship was BW =1.716x10-° FL*°*? (n=305). The FL of male
fish ranged from 141.9 to 344.0 mm; the BW ranged from 34.0 to 519.5 g. The length-weight relationship was
BW =2.435x10"° FL>%7 (n=387). Based on the external ovary morphology, full maturity was observed from
November 2020 to April 2021, with the gonadosomatic index (GSI) averaging between 0.18 and 12.15. From
November 2020 to April 2021, the GSI remained above 3. Data from ovarian tissue sections and oocyte diameter
frequency measurements suggest that the blue mackerel’s reproductive period occurred from November to April,
peaking at February to April, as water eggs were found in samples collected in February. The egg count ranged
from 6,006 to 596,452, the batch fecundity ranged from 2,653 to 79,287 ova, and the oocyte diameter ranged from
0.14 to 1.25 mm. The FL at 50% sexual maturity for females was 245.8 mm.

Key words: Blue mackerel, Scomber japonicus, spawning period, sexual maturity

*Correspondence: No. 6, Yugang N. 3 Rd., Cianjhen District, Kaohsiung 80672, Taiwan. TEL: (07) 8218103 ext. 215;
E-mail: Iccheng@mail.tfrin.gov.tw



JKEEWFFE Journal of Taiwan Fisheries Research, 32 (2): 13-21, 2024

JOIRIRRIE ~ e IR B BN 5 S 3 B ek T
(Diagramma pictum) Z#5 PN L Z &

BRYMRE" « fAIfSHhe - SEBORT - AAKIR - PSR
=2 SNz RN EYIS ST L e RN

[T

TR VSIS (Diagramma pictum) BEZ o ARHAENRE-PEACTAE I - S icE  ERIRKIRE 5
FYEEEYIRE - 5 R/ E FEFH BN ROAITE )] - AE/KEERRFHER S - JEIRGRIE ~ 7K P hisar iR 5
A G S NG I A T R 3 SRS IR U s B A R e s (R - AT R 00 ARG A Dt
HUASAEIIEAREDEIERE (0~ 1,000 4,500 K2 20,000 lux) ~ fHEEEE (6.38%10°~ 1.68%x10°+3.35%10°
J 4.86x10cells/mL) FRENFLEE (250 ~ 500 ~ 1,000 5z 2,000 Ki/L) f&fFT > it 24 hr (5 LR 7
(LRI FEII TR o REREETR - USRI = - WIIEL 7 SR TR IR SN - T DAGEER S B J O
FERE T e R B R R R TR B2 - AR R D B B R )R 24 hr MERFERSE (T
AT+ SEIRGRRE 0 - 1,000 lux ~ fHEARAL 6.38%10° cells/m1 JzfitPNEEE 250 Hi/L » AISEFGHIRF LR
SRk 44 - 54% ~ 78.89% Kz 74.48% » MEALRRITFASER Rk 11 - 17% ~ 5.52% K 15.82% ° AT

Fekt R AT E PR AR DRSS SR DN LB - B EHMRE R R A IS TR -

RASEsT . DR/ TREAHRER ~ MEML ~ 0B ~ RRE -~ HEVBE
i = A S TR AR BRI - i

AfiEFE (Haemulidae) S 21 EJE ~ 136 1
(Nelson, 1994; Fricke et al., 2024) » {E {H FL45 1 ER
e EHEARSEEE - ATEAE (sweetlips) ~ fif
Bt A (grunts) (Lee, 1985; Chang, 1997) - Hrh »
AR R PRr 2 i LA BB F DL s PR P e ) fa ke
(Leu et al., 2012; Hauville et al., 2017) - BXBL/ ik
EAMUEE (Painted sweetlips, Diagramma pictum) 72
SIATIREIEE-PE AP i - (R LI RIER I H A
2 B0 » 2 ~ WERIRIK IR Py B B
Y)fE (Randall et al., 1997; Froese and Pauly, 2024) »
TERIA TS BT 400 - 500 To/kg © @ EEEAEAH
BIRIPARE ~ 1 ~ SRR I (Smith
and McKay, 1986; Sommer et al., 1996) - FEf 5 HIEH
ZEYFEPR (Smith and McKay, 1986) » LECEEIEERHE:
B b/ NERE (Sommer etal., 1996) « ST > b

SESVES / ERMTRE=KEEH 4 57 ; TEL: (06)
788-0461 # 219; FAX: (06) 788-1597; E-mail:
pschiu@mail.tfrin.gov.tw

BRI A 1T LA f B T R 7R K -
Chiu et al. (2025) E5eEE ARy RGN
SREEDN ~ VIR B R KRR EIE T -
bk R R [ P S A o B AR -

KA IR MK SRR AR T e O - BV
R A S ISR » e a2 R INkE
FIKEL (Holt et al., 2017) » [KIt - BRIGIKIFRAR
G IO LB LR 7 Fa i AR BRI RE kA 3
HYEZ2E (Ellis et al., 1997; Downing and Litvak, 2002;
Chiu and Leu, 2021; Chiu € al., 2023) - {E/KEETH
ganh - HrZNERGRE A TR - 032
FEONAE ~ KA ~ AR ~ $TREE) ~ &
IR ~ SEIURE ~ KRR KB R
SN (Barnes et al., 2009; Broach et al.,
2017; Degidio et al., 2018; Groover et al., 2021;
Mueller et al., 2017; Pereira-Davison and Callan, 2018;
Sowaske et al., 2023) -

SERTFF 2 TR /K SR S E AN EDR IR
BB E TNHE(LTE T (Ellis et al., 1997; Cook and
Rust, 2002; Watanabe and Feeley, 2004) » ZEHA[H]
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HPLIRE R B L BE R ARK
% 7 (Cook and Rust, 2002; Puvanendran and
Brown, 2002; Villamizar et al., 2011; Pereira-
Davison and Callan, 2018; Groover €t al., 2021) > [fij
e Bl sesk s b - SRR R ERIB AR
RS AR - 1 0- 6,500 lux ¥4 (Cook
and Rust, 2002; Pereira-Davison and Callan, 2018) °

TR fa i B B IR AR /K R A I s 2 A
K+ XFE T #/KE5H | (Planas and Cunha, 1999;
Liao et al., 2001; Carton, 2005; Nicolaisen et al.,
2014) - fEEREAIE/K S BT AR - B BE AR K
RESERE ~ W AR EY) Rk oy 858
(Liao etal., 2001) - FFZWHFEHEaT /K i Re ey
U 3 R e i 52 B A R 52 2 (Coberoft et al.,
2001; Degidio et al., 2018) » E{4MF52 0 FHIETE e
BT R A R BRI fA i B S ek /K B SCRTA F
BEHL{FEEN (Hilder et al., 2017; Sales et al.,
2016) » {HESSZREONIEA LAY 52 2R Dt - Gk
FE B R R a2 B R IR
SR AR LA A TRk - A
FEEHG RGN E AR B IRk i
TTE T - HRTER GRS B ok B G ok
BUG R T g BRR/K Y SRS DI LN 22 -

1275w IR S B 0 R SR R 1 - wT LA
FEEIEAL S R St 2 PRG0S
FEEXWMAREE (Broachetal.,2017) < FF AT
HREE TN I LA — A OkER TR
HARAYBEILT - B H N A & R bR
(Toledo et al., 2004; Sugama et al., 2004) » {HE =
IR A TN Bt T RE ek A R T s » AT - R
TP ERET B LR IR BE R il > DA S Ry
B2 -

1C5 Ryl R B D U SR I
[EDEIRGRES ~ R SN R T LI T
HANELE > R SESEIT—RY IR EBEEET LA
SO L e R T

FORHEL T4

— ~ FRFETH B RNNS

ARutFeEPIEEE < ST E S B R EY) /)
AHAVEFA] (113-IACUC-01) - BEzHZFR Ik H

RETEER 22 BERVBGIEE A (84
Fe# 50 - 70 cm) - EEAFRLEZE A 50 WHAYIKJE
b - BRAVRIK R ERIE - kARG R
100% - ZKEZEANT « 7/KifE 24.5 - 31.2°C ~ B
29.0 - 31.0 ppt ~ BEE (DO)>5mg/L ~ pH 8 -
9 o B T BRI ER A A AROLEB] (%3 11hr ok
ER R F M B e BERR SIS AR
B FoRMRBE - RUIMESAA - SRR
BN ERE L - X 17:00 HEEF
MRS (Fig. 1) > MAEEH 09:00 &5
W MR S HE O -

Fig. 1 Marine fish pelagic egg collector.

o BHER R

ARFERS BRI I LR R TSR0 iR 4L
FAE] < E R BETE R ~ I3 10-12 JILERY 32
9N (Fig. 2) » WERSEITEE AN 250 mL Bffh -

FHEBER S AT - DU IE ~ TSGR
REEAF R DN At 57 (B =R (Broach et al,
2017) )¢ Wi (Chiu and Leu, 2021) » FE AN
T

ML= (%) = (Iﬁlﬂﬁﬁ?{tﬂ’ﬂﬁﬁ.ﬁﬁzﬁ

IR AR ) %100

PH LRI RIF R

SIS (%) =
W (%) = e ) <100

WA I FEAN Fig. 3 » Wi fa s B IR H
HHIE S HERMEE - BEEI1SEE (Chiu and
Leu, 2021; Tian et al., 2022) - BROCHEERE ~ flaiE
& R RN R FZ A - HAKE 2R E
EsRielE © JEE 26.0 - 26.5°C ~ BEEE 29.5 - 30.5
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ppt ~ DO>4mg/L ~ pH7.95 - 8.05 ~ $4% % (Total
ammonia, TAN) <0.01 mg/L ~ NO,-N <0.05 ~ NO;-
N <10mg/L - Jif 5 ~ BAEE & pH (% 2BUKER
(XT-131M, JAQUA, Taichung, Taiwan) ~DO L) T4
HHlIEEE (D030, Twinno Instruments, New Taipei
City, Taiwan) ELHEEEARHRETT/ 4T TAN~NO»-
Nk NOs-N fy#lliE IR 1 mL 7kE% - BERZ00
B & (WaterLink Spin  Touch, LaMotte,

Chestertown, MD, USA) 434 -

Fig. 2 A fertilized egg with 10-12 somites has formed
in the embryo.

Fig. 3 The deformed larva has a shorter notochord (A,
arrow) and a curved tail (B, arrow), while the normal
larva has a straight and uncurved notochord (C-D).

= LIRS A SZ R DN L R e & s

LTS5 BE2/KiEREE (pro aquarium lamp,
ISTA, TZONG YANG, Taiwan) B 2 i e48ss
BEARFDEREEE - 2250k 0~ 1,000 ~ 4,500 K
20,000 lux PO#H - SEIEGREE 0 - 4,500 lux FHAYERE

23 H AL e £ E R EE  (Pereira-Davison and
Callan, 2018) » 20,000 lux #H Rytbitse = 4 MEFEMIATYE
WaEE - —flER - PAMERI A R EDY:
SEHEEEEIHGE 20,000 Tux » T EAMFTE RIS
Zt (LM-81LX, Lutron electronic, Taiwan) {EHIF&IR
BERN Ry 20,000 lux o HAMKEZ2HATT @ B2
26.0 - 26.5°C ~ B[ 29.5 - 30.5 ppt ~ DO >4 mg/L ~
pH 7.95 - 8.05 - EESBHAAIRFFEBEI A 30 K752
FEON > R = BRI TR - TR IR R
& 24 hr (RIERGEIY 241 © 0D » L=EKE » D=R
%) FHEM LR KRR -

VY ~ Bl B S AH SR L e e o 2

DAra ¢ a4 s (Chlorella spp.) (Super
Chlorella V12, Chlorella Industry, Japan) ¥RV
R E A FR IRk EREE - AR TP A
Mok 638x10° ~ 1.68x10° ~ 3.35%x 10° k%
4.86x10°cells/mL PUFH » S5 as B 22 IR EL A3
BT fa 3N BS  (Degidio et al., 2018; Chen and
Zeng, 2021) - EERHHEIREREARIEEE = HiRy Bl
FHAREEE » SERCENT Ry 241 0D - HA/KEZ 840
T R 26.0 - 26.5°C ~ B 29.5 - 30.5ppt ~ DO >
4 mg/L ~ pH 7.95 - 8.05 - fHEEARIIA 30 Ki32H
O - fHH =EE A BEARRIRS TSR, - SORSONIRA AR
i 24 hr FHEH LR KRR -

11~ RGN R SZ RGO b S & s

3t 250 ~ 500 ~ 1,000 2 2,000 Fiz/L Ui -
RGN B3 5 2 7. Broach et al. (2017) B
g% - EEECPOEIGE R ARIREE = i B R
IR 24L © 0D » EETR I AR P
AR EEERASIR - L EE > BRI TSR - L
7K B4R < IR 26.0 - 26.5°C~BERE 29.5 -
30.5 psu ~ DO >4 mg/L ~ pH 7.95 - 8.05 = SZ}&H[
R AE S 24 hr FTHRHF LR KR -

N~ T
AW TE BRI £ AR

(mean + SEM) FR U ~ GIEIRIE KO
R RS R DL N 18 R T (one-way
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ANOVA) SEITHET3 47 ¢ AL Tukey’s honestly
significant difference test ¥ETTERRAE > LLlR#5HH
IR 22 BAEREE 1 - T Bt Bag it
B MG A (arcsine transformation) &
REOM » BIE T B IKHE 0=0.05 > HEEHEE
#x#8 k GraphPad Prism 9.0.0 (GraphPad Software) »

T S

— ~ OUIRIE A SZ RO L R e & 2

BB DR SRS INESE IR 0~ 1,000 ~
4,500 F% 20,000 lux 5255 F & 24 hr > L3R5
BBy 54.44 +7.78 ~ 44.44 + 1.11 ~ 51.11 £4.01 &
41.11 £ 4.44% > ZAHMRREEEZL (p>0.05)
W53 5 HIEy 11.44 +5.72 ~ 17.40 £2.01 ~ 53.47 +
8.28 K 53.33+4.24 5 1£ 4,500 K 20,000 lux #H
Te3REAZE =1L 0 B 1,000 lux #H (p<0.05) (Fig. 4) -
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=
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Fig. 4 Effects of light intensity on the (A) hatching rate
and (B) deformity rate of painted sweetlips (Diagramma
pictum) eggs. Different letters in the bar chart indicate
significant differences (p < 0.05).
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Fig. 5 Effects of commercial microalgae paste cell
density on the (A) hatching rate and (B) deformity rate of
painted sweetlips (Diagramma pictum) eggs. Different
letters in the bar chart indicate significant differences (p <
0.05).
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rate and (B) deformity rate of painted sweetlips
(Diagramma pictum) eggs. Different letters in the bar
chart indicate significant differences (p < 0.05).
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Effects of Light Intensity, Microalgae Concentration and
Stocking Density on Hatching of Fertilized Eggs of
Spotted Sweetlips (Diagramma pictum)

Pei-Sheng Chiu®, Shine-Wei Ho, Cheng-Hsuan Huang, Yeong-Torng Chu and Jinn-Rong Hseu

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

The painted sweetlips (Diagramma pictum), widely distributed in the Indo-West Pacific region, is an
important species for fisheries, fish stocking, and the aquarium trade, and has potential for aquaculture
development and stock enhancement. In aquaculture environments, light intensity, microalgae concentration in
water, and the initial stocking density of fertilized eggs affect the hatching success and subsequent larval rearing
outcomes. This study investigates the hatching rate and deformity rate of larvae after 24 hours under varying light
intensities (0, 1,000, 4,500, and 20,000 lux), microalgae concentration (6.38x10° 1.68x10° 3.35x10° and
4.86%10° cells/mL), and egg stocking densities (250, 500, 1,000, and 2,000 eggs/L). Results show that increased
light intensity significantly increases larval deformity rates, while higher microalgae concentration and egg
stocking densities lead to reduced hatching rates and increased deformity rates. We recommend that the following
environmental conditions should be maintained during the initial 24 hours of D. pictum larval rearing: light
intensity at 0-1,000 lux, microalgae concentration at 6.38%10° cells/mL, and egg stocking density at 250 eggs/L.
Under these conditions, the respective hatching rates are 44-54, 78.89 and 74.48%, and the respective larval
deformity rates are 11-17, 5.52 and 15.82%. The results of this study can be applied to the hatching management

of fertilized eggs in D. pictum and contribute to improving the survival rate of subsequent larval production.

Key words: Diagramma pictum, hatching, light intensity, microalgae concentration, egg stocking density
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SOE— i R SRS - TSN [y E BARERYRE
AT AR TR IR & ST - S0 ERITERU BT
HARBEZEN - AE RS B R AE e R R
K BRT BSOS (Meretrix lyrata) 7E513 HEA
HREESE PRI » HAREERAY SIS RS RS M
IEMEHSE R - hTARSEIE REERA R B THIR - A
BRI E Ry © SHePRE ~ #KE (hinge teeth) %
H ~ BAZRIIE (adductor muscle scar) ~ 4§ (pallial
line) K EHRE (pallial sinus) FHEMAILFEIET (1
%, 2019) - 2RI > USRI RER A IR e 2 =S
B~ A REREERAE  WIN T BUERIINEE - BEE A
BAigge - DL DNA B BRREig 5307 7 U Rt T
YIRS E A T 2SR — -

O R B4y FEE R T R AR S
B SHEEEEE 7 € (polymerase chain reaction, PCR) #&
Bk ER) DNA EEF B - iE BN E Frfigad PCR
EEVIRIFPY » Bk BLEE RO Rl 1 T EE SR B
R A9 2 H 38 B B 5 AR ) BT AR R

(National Center for Biotechnology Information > f&
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f§ NCBI) Fra%® Genebank &RHE o 7F 1994 4F
Folmer et al. (1994) LIRi##8E DNA AV ¢
SZLhf 1 (cytochrome ¢ oxidase subunit I, COI) £
HEER B - ER—H @S F (universal
primer) FJFEFITE 11 FT (phyla) SEEFHEEYII >
TH#E (Folmeretal., 1994) » i %5 [-/# FIR S
5 & (Meretrix) Y% fH (Yamakawa and Imai,
2013) ~ i B B H S5 M5 B AV E K oA
(Abbadi et al., 2016; Wen et al., 2018) - & T fx3%3
ARy COI KK » thAM5E3EAE COIl KXY
DNA J&3I| i B e iy e i S R s - ml A
PCR # PCR-RFLP {1y =\ & 43 B SC U5 (M.
lusoria) ~ STk (M. lamarckii) ~ 8 SCaAT+
G (M. petechialis) SEPUFESCES (Sung et al.,
2023)

SOEERTEA T A IS ANIRESE  a F B HE]
HIERA IR RS (1921) Aodk fEKIE
10 4 IR E /K EE B R /K R B B
U - PEHARRTER] ~ REA ~ P8 el LFRER I IS
I SECERRHEREIEZIL ~ BT~ B~ 2R
FRNEE TR IR RS R TR
U1 BHAEESCS BB H AR R AR - KIS SRR
R BRI SIS 2 i H AR [HERRE SIS - B3 eSS
Rfae AL AR E P 5ei (Sung etal., 2020) » £2
FME 2R T S B H AR SIS TE DNA
F#51) 3 ASAHIE] © Hsiao and Chuang (2023) HYRfSE
FIF COI EKFpyl o Re 2 i i3S B Haln =
BRSO R G » IERE AL Ry 2SS (M.
taiwanica) - /K12 H T AE RS - Kt - AR
FBEHHI TR e - $HE A E
W R T R B A SIS T4 e - TS E AT
SUERERR B - 0BT S SOE S TR - PRETI
Iz FEIRY AL -

FRLEEL /5 ik

— ~ iR ke DNA Z5HY

B GBI E H i b~ B FE
B e L L B R SRR R B B A IR TR
o 155 > ARG Ry © 10 @ ~ 19 {1 ~ 16 i Jz
19 fi#l - BF SISO AR YT R ALK ~ BrabRERT ~ &
Mo BB Ay ¢ 15 M8 ~ 1 B2 10 18 - B

S KIS RE B BT T B 3] - RATAAHHZE
o BYHGHE B R B P LR AR - R AR I
&4 proteinase K F4 tissue lysis buffer 91 » {5 F
QIAamp DNA Mini Kit #1T#%/# (genomic DNA)
W DU &5 6REEEE (NanoDrop 2000)
1T B BR IR B I GE 0 DNA A O R O H
(0OD260/280) FEA A 1.9 - 2.0 Z[#] » DNA Hi
HTEAE-20°C R i BRAE (LR A S AT B AT -

. ~PCR 4t

PCR ¢ JfE &, | f#f F§ Premix Ex TaqTM
(TAKARA) ° 5|F{# F Folmer et al. (1994) Ffr&
X5 F¥ (LCO1490: 5'-GGTCAACAAATCA
TAAAGATATTGG-3' ~ HC02198: 5-TAAACTT
CAGGGTGACCAAAAAATCA-3") » HEF7 i {51 fe
COT ELXIWy H AR Fr B diitly - SRRl = 94°C ~
2 min ; ST 35 {EAEERAY 94°C ~ 30sec / 54°C »
30sec/72°C ~ 50sec ’ 2 72°C ~ 10 min - PCR
PILL 2% MHEIE (agarose) sEFTREVKIAT > L
A 1X TAE (Tris-acetate-EDTA) buffer {F f BBk #8
VA - K AR BB RS Y] N3 B AR R e il A4
VIR B IR A R TR E e -

=~ s COI RN 2% 4 (reference
sequence) ¢z ELEHr

Pk GenBank FE AR RIEAKEERHEA
R BEBRNFPIIEN - & BE IS
(NC_016174) (Wang et al., 2011) ~ & ) <2 i
(NC _022924) (Wu et al., 2014) -~ FE 3 1§
(MT418596) (Sung et al., 2020) J rh 3 <7 i
(EU145977) (Ren €t al., 2009) - Z 7 H4K H Fij &)
JERLAR A AL KB P51 - #2#¢ Hsiao and Chuang
(2023) EH iz COl E:K %1 - fiE ] CLCbio
genomics workbench #£4T local BLSAT -~ sequence
alignment ~ deduced sequence translation - [E¥I& ¥}
{55 A Nucleotide BLAST (Basic Local Alignment
Search Tool) (https://blast. ncbi.nlm.nih.gov/Blast.cgi)
SHEFTHE -
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Table 1 COl gene species identification results

e ™ O eaion Mot specis
Tamsui (TS) 11 MN275940 100 99.43-100 taiwanica
Longmen (LM) 1 GU071281 100 99.05 lamarckii
Changhua (CH) 10 MN275940 100 99.62-100 taiwanica
Yunlin (YL) 19 MN275940 100 99.24-100 taiwanica
Chiayi (CY) 16 MN275940 100 99.62-100 taiwanica
Tainan (TN) 18 MN275940 100 99.62-100 taiwanica
Tainan (TN) 1 MT418596 100 98.67 lusoria
Kinmen (KM) 10 NC_016174 100 98.06-99.52 lamarckii
Total 86

VY ~ i LEDEE S (phylogenetic analysis)

f#i F BioEdit (Hall, 1999) j#E1TE;liE DNA ¢
%] clustalW Multiple alignment » & F§ MEGA
6 (Tamura et al., 2013) F&EGEALEHZE - 6 K
AMECLEEE (maximum likelihood) » & Akaike
criterion (AIC)  Jz
information criterion (BIC) F¥ ffi Jukes-Cantor
model By R - T SEMMETE ( bootstrap
value) $RH 500 XEZTE » bootstrap value X
R 75 IRAREE R A LR E ] -

information Bayesian

o~ ZESOEEER (haplotype) JeAHRH
EEZ T

{5 COT EEIA Ry 73 by EARELIA] - BRI 1[HK
BioEdit #£{7T clustalW Multiple alignment - #&
DnaSP v5 (Librado and Rozas, 2009) {7 EE{%HIAH
BT STREGEIEE (h) ~ SRR ()~ B
AR (HA) L E RS AR () K Tajima’s D
0 5 T B 2 A T 2 T S B A e P M o S [R]
FUERIFEHIEERE (neutral selection) - BLEAURY
SNTEEFIRE A popart (Leigh and Bryant, 2015) 3#
1T TCS FERIHEIRIIAT (Clement etal.,2000) #&%!
t TCS BAEAURGIRE - A TEIZEIERAER 1 EER
AR E - B RTRGBOR R P aL SRR
nnBEEE - R R AT RE A AR R B A
#I (missing haplotypes) °

Mo R

— BRSSO ) T SR

AB T 53 A B = 18 7 0 8 JE S 0E R BT A
BRSO T TR R S TR E 0 DL COT B [Khy
SRR B AR R E R EEIR B 620 bp 0 43 AT
iRy 86 il > I E M = - B B
ESC0E ~ BRI SIS S BSOS - AR B
AL~ EMAFERS RSN T 10~ 19 K 16 {E#iy
SRR i E A RN B S - 2R 19
ESCE kR AL - Hr 18 /@R EE s - A 1
SOHE B A RE SIS - FEEFAMAR L - 8RR #T
T 1 ERIER S EAS R RN B 0 R
P BT ALREFT 23 A1 5347 7 10 B 1A SRS
A R RN R SCHS » FFEAN Table 1 - FREE
OIS B A ST A COI BRI FY » R
Bl[E—1 (identity) % 82.9 - 99.4% (Table 2) »
ERE B BR e M LA M (similarity) Fy 82.9 -
99.4% (Table 3) » 3fE—2 4347 COI £ R F AL Fr
B i BB 5 o B B g ] SO G (82.9 -
86.3%) K@EWISChG (82.3 - 87.5%) FEHRIK -
BESCHS (94.8 - 96.5%)~ HIHESTIA (94.8 - 97.9%)
B IS AR S (Fig. 1) o fE2ZEAN[A]
R BESCEE COl EKIELEE FEy[E—M:
Ky 82.9 - 99.4% (Table 2) » Bl e 5 IR By
82.9 - 99.4% (Table 3) -
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Table 2 Pairwise sequence similarity of the DNA sequence of partial COI gene

MZ453092 TS107-1TS107-2TS107-3 CH111-4 CH111-5 YL108-3  YL108-4 CY110-3 CY110-6 CY111-5 TN111-13 TN111-2  Mlu Mpe Mla Mly
MZ453092 -
TS107-1 0.994 -
TS107-2 0.994 0.996 -
T5107-3 0.986 0.988 0.988 -
CH111-4 0.996 0.998 0.998 0.990 -
CH111-5 0.998 0.996 0.996 0.988 0.998 -
YL108-3 0.992 0.986 0.986 0.990 0.988 0.990 -
YL108-4 0.998 0.992 0.992 0.984 0.994 0.996 0.990 -
CY110-3 0.998 0.996 0.996 0.988 0.998 0.996 0.990 0.996 -
CY110-6 0.996 0.994 0.994 0.986 0.996 0.994 0.988 0.994 0.998 -
CY111-5 0.998 0.996 0.992 0.984 0.994 0.996 0.990 0.996 0.996 0.994 -
TN111-13  0.996 0.994 0.994 0.986 0.996 0.998 0.988 0.994 0.994 0.996 0.994 -
TN111-2 0.910 0912 0912 0912 0.914 0.912 0.910 0.908 0.912 0.910 0.908 0.910 -
Milu 0.916 0.910 0.910 0.910 0.912 0.914 0.916 0.914 0.914 0.912 0.914 0.912 0.986 -
Mpe 0.935 0.929 0.929 0.925 0.931 0.933 0.931 0.933 0.933 0.931 0.933 0.931 0.920 0.925 -
Mla 0.848 0.844 0.842 0.842 0.844 0.846 0.844 0.846 0.846 0.844 0.848 0.844 0.838 0.846 0.844 -
Mly 0.850 0.844 0.844 0.840 0.846 0.848 0.842 0.848 0.848 0.846 0.848 0.846 0.846 0.857 0.853 0.851 -

MZ453092: Reference sequence of Meretrix taiwanica. TS: Tamsui, CH: Changhua, YL: Yunlin, CY: Chiayi, TN: Tainan. Mlu: M. lusoria, Mpe: M.

petechialis, Mla: M. lamarckii, Mly: M. lyrata.

Table 3 Pairwise sequence similarity of the deduced amino acid sequence of partial COI gene

MZ453092 TS107-1TS107-2TS107-3 CH111-4 CH111-5 YL108-3  YL108-4 CY110-3 CY110-6 CY111-5 TN111-13 TN111-2  Mlu Mpe Mla Mly
MZ453092 -
T5107-1 0.982 -
TS107-2 0.982 0.988 -
TS107-3 0.988 0.994  0.994 -
CH111-4 0.988 0.994 0.994 1.000 -
CH111-5 0.994 0.988 0.988 0.994 0.994 -
YL108-3 0.994 0.977 0.977 0.982 0.982 0.988 -
YL108-4 0.994 0.977 0.977 0.982 0.982 0.988 0.988 -
CY110-3 0.994 0.988 0.988 0.994 0.994 0.988 0.988 0.988 -
CY110-6 0.988 0.982 0.982 0.988 0.988 0.982 0.982 0.982 0.994 -
CY111-5 0.994 0.988 0.977 0.982 0.982 0.988 0.988 0.988 0.988 0.982 -
TN111-13  0.988 0.982 0.982 0.988 0.988 0.994 0.982 0.982 0.982 0.988 0.982 -
TN111-2 0.948 0.954 0.954 0.960 0.960 0.954 0.943 0.943 0.954 0.948 0.943 0.948 -
Mlu 0.960 0.943  0.943 0.948 0.948 0.954 0.954 0.954 0.954 0.948 0.954 0.948 0.965 -
Mpe 0.977 0.960 0.960 0.965 0.965 0.971 0.971 0.971 0.971 0.965 0.971 0.965 0.948 0.971 -
Mla 0.863 0.852 0.846 0.852 0.852 0.857 0.857 0.857 0.857 0.852 0.863 0.852 0.829 0.852 0.857 -
Mly 0.846 0.835 0.835 0.835 0.835 0.840 0.840 0.840 0.840 0.835 0.846 0.835 0.823 0.857 0.852 0.875 -

MZ453092: Reference sequence of Meretrix taiwanica. TS: Tamsui, CH: Changhua, YL: Yunlin, CY: Chiayi, TN: Tainan.

petechialis, Mla: M. lamarckii, Mly: M. lyrata.

Mlu: M. lusoria, Mpe: M.

=~ w{bieE b

i F Maximum likelihood A3/ TiE LR IE]
ST > AEFRFE UG SIS REEUR - 84 ~ Bk
FEF% ~ ERIARR L H L B SO A R A
32 (clade) » B T BRI 1 BB EEE SIS AEAE
MHIFIRIEIESE (Fig. 2) o FEEFANSCIRHT AT SR
TR PRIKHIRR A B BSOS A R b - AR
P R e P A ot U B e 8 S SRR AE [R5
(Fig. 2) » P EAHS R EL S LB ARS FANVI 5 -

=~ BB BT R A B E 2 R
vaxii

A A AU R AR AR S AR M0 AT - G SR
N EIESCEER 1S FEERASA - 17 EZ AR
Bh (s) » HASAIZARME (Hd) J%0.752 + 0.048 » #%
His% M (1) k5 0.00313 £ 0.00053 ~ Tajima’s D
Rl Ey-1.62887 (0.10 > p> 0.05) (Table 4) ; BF4}L
WA 7 FEEASA - 45 S s 0 Hd J% 0.891+0.074 »
7 k5 0.00309 + 0.00047 ~ Tajima’s D i F5-0.15873



B SRS T 3E TR 27
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TS107-1 oo
TS107-2
TSI07-3 ..ee . N o v o
CHIII~4 e R A T O o A N O 0 R 0 S S Sh s 0. D0 e WA 4 AT
CH111-6 ..., N
YL108-3 @ .....
YL1O0B-4  .....
cyro-3 ...,
CYL110-6
CY1ll-6 e
AMILI=LE memonte e e B e T e o e O e W N
ENLEI=8  GlGeeeeeead | R Y S e R R R T S M N R
MLu(MT418596) ........... Moo s s e e i e 8 | RS ML cobinn-din s B
Mpe (EU145977)  .....
Mla(GUOT1281) ..... WO IR I \
Mly(NC_022924) ..... sivalh siann S8l s LS LT, R M A v

Fig. 1 Deduced amino acid sequence alignment of partial COI gene. MZ453092: Reference sequence of Meretrix
taiwanica. TS: Tamsui, CH: Changhua, YL: Yunlin, CY: Chiayi, TN: Tainan. Mlu: M. lusoria, Mpe: M. petechialis, Mla:
M. lamarckii and Mly: M. lyrata.

Table 4 COlI gene genetic diversity of farmed and wild Meretrix taiwanica populations

No. of No. Qf variable  Haplotype diversity ~ Nucleotide diversity Tajima’s D

haplotype (h) sites (s) (Hd + SD) (n £ SD)
Farmed 63 15 17 0.752 + 0.048 0.00313 + 0.00053 -1.62887°¢
wild 11 7 5 0.891 = 0.074 0.00309 = 0.00047 -0.15873
All 74 21 21 0.816 = 0.038 0.00388 + 0.00050 -1.58493¢

SD: Standard deviation; *No satistical significance if 0.10 > p > 0.05; "No statistical significance if p > 0.10

(p>0.10) (Table 4) - FFCIEAIEF S SCiGH) Hd P
ARIR 0.5 > BURBE TR IRAF RN AR M A iR
R& > {H Tajima’s D Rl Ry B8 > B Tl kAR
RS -

fa il B 4% U M9 &% 5> A (haplotype network
analysis) YR 63 JEEESCGHAL A 21 (HE
fél (Fig. 3)> Hap8 B ERZIEMGEA 54 29

fECia R - HIBRAERAL ~ BM - R NER > B
R 52 Hapl6 ~ Hap6 ~ Hapl5 ~ Hapl Jz Hapl0 »
oralEAa O il ~ 8 fiEl ~ 7 I ~ 3 1 5z 3 SThE kR A -
8 haplotype ZHIHYZEFEAK » IR 3 (k%
HH A R A A B A RS - B
T —ERR AR -
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TS107-2 ——
TS107-4
TN111-11
CY111-2
CH111-4
CH111-10
TS107-1
TS107-9
TS107-5
TS107-15
TS107-6
FTN111-13
CH111-5
CY111-10
TN111-16
CY110-6
{CH111—2
CY110-3 i i
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r YL108-20
+ CY111-5
' YL108-8
' YL108-4
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YL108-1
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9| CH111-1
CH111-8
CY110-1
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TN111-1
o s TN111-19
| T TS107-3
YL108-17
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CY111-6 ——
M.petechialis(EU145977)
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Fig. 2 Phylogenetic tree of the farmed and wild hard
clams based on the COI gene DNA sequence. The tree

M. lamarckii

—_—
w0

was reconstructed using the maximum likelihood (ML)
method in MEGA v.6 software based on the JC model.
Bootstrap values (500 replications) greater than 75% are
shown at the branch nodes. TS: Tamsui, YL: Yunlin, CH:
Changhua, CY: Chiayi and TN: Tainan.

Fig. 3

The TCS haplotype network of Meretrix
taiwanica. Blue: TS (Tamsui), Green: YL (Yunlin), Purple:
CH (Changhua), Yellow: CY (Chiayi), Pink: TN (Tainan).

#ow

BRI EE 1 SRR (T R AR TR - g5 SO
AN E Yl AT ERES - B A TR
(allozymes) AT > $EH IS FTREZ B

TAH LR EATE (sibling species) BYEFSwHAE (cryptic
species) (Yamakawa et al., 2008) - {8 COI E:[X|
PCR-RFLP 73 7 [ 5l iy 5 SR+ 3% B 22 18 1 S ke
(Taiwanese Meterix) 7 51HY 4317 SR 22 B JiE S
AR SRS BREAR W A - (H 2R A R —
AR FR IR 2R~ /Y (Yamakawa and Imai,
2013) < JTHARIRFZER] A COT Jz COIN H[KI 41
175317 $R H SR B OIS R R I AR
JB N S hE ~ SR B H A SR I (R,
2022) - —H %] Hsiao and Chuang (2023) FYRZETL
AR TIPREEE ERIREE - #58C COI KR 51504T -
WL T A3 /K L2 S R R A i
HE L TF 44 b M. taiwanica » tER{L T TERER
BRIy &N T - Aes F Rt
Firg 2Ry COL FXIFF3IHEr T EL e - REIL T
86 fE S At Hor AT 74 R 2l SCls (86%)
A 1 ERREE S (12.8%) kA 1 EERE
G (1.2%) > ERFE GRS E RS R - 8§
JRERESCIEA 62 il - BHNEE SIS 1 - Aoy
ARy 98.4% ¢ 1.6% » B/ REE IS BH EE
FE¥H - AT COI k& CYTB AL[X] DNA J&5|
GIATT R T S B R S T EE S Y — lE SR
(Huang et al., 2020) » fEAIFEH ISR LA HhE
SCEGHITAAE » MERY 2 ] REELE R IR 2%
FryERA - fERF MR SCa RS ROk 11
fEBE L ER R A B s - (R B EAI SIS RIFE ES
PR OG-+ R AR T 3 Lk A St B AN S
Gl E HARESS - AR /MBS R
ERVRRE - MAEALERE T - BERE HRYR
& BB RSOSSN AR BIRE
SN EHE DL o PR a8 S0 S R SOk - R MR 4
THEERTTEA REMLAE 53 -

AL 23 B BE H A [T 2E A sG]
Wl s AE AR L SZ - HE A S bootstrap value >
1% LR BRI - 43 BT AHS SR B SR T 9EAE
F (Hsiao and Chuang, 2023) - {37k ~ 84k~ &
PR~ SR8 SR R SO R AR Rl — b
RIS AN RIS RE » T2 RSt B B B
NHAEE » S AR T E SR T A RERRE -

BAEA (haplotype) J&HT haploid 1 genotype
RaflE A4 ERAH A TRy 2 FERER AR AR Ry
tek L (variants) B2 KU (polymorphisms) #E1T
GY¥E - ELEME BRI AL RS Lry—E &
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bk B B¢ (Choudhury, 2022) - mJ#E 73 A R A
haplotype P SR RS SRS fEAN [F] A= Pite o Y
YA ~ B SRR SRR 1R o AR HE SIS
(Zheng et al., 2019) ~ g SIS (Fengetal., 2020) -
JERE RS (Ruditapes philippinarum) (Wei et al.,
2023) K J1fL (Haliotisdiversicolor) (Hsu and Gwo,
2017) EwtstEUR HEEA S BRE Z5 %
(Hd > 0.5) = ARWFFE5HTHYEE OG- 63 {HER
A 1S (EEAEA (Hd = 0.752 + 0.048) - BFAMf
PERSCETE 11 AR s 43 AT A 7 1 haplotype
(Hd=0.891 +£0.074) (Table 3) » B A T EEFIET
SN SOGE 2B AR o B bt B
e FAHE] - s 2 AR TR I K ] AE B R
PR R RR 2R =GR (Hedgecock et al.,
2004; Launey and Hedgecock, 2001)  £FZ [k mE 25
ZRE# (Gulf of Thailand) Z5ES (Andaman
Sea) JEISIGHYEE: - WFSRRETH IR Ry B A
P OIS TR R R R A - JRE S %
B R H BB BE AV SR K (Hd: 0.029 - 0.263)
(Suppapan et al., 2021) -
TEFRASHURERE S AT REEUR » 1E 63 il 2218
g 21 EEAEAY - HA B Hap6 ~ Hap8
Hapl5 ~ Hap16 33 PR HASAUAY SIS 53 | - B
ARANBIFSE A R SCRE Y {8 R B AR R e SE DU 2
HAYELEAY  SEFNT TAE Tajima’s D A2 28
afl - ARSI R rEEY - FTRER R fE AL
BT B TIREFRENRIE IR - fE25E Y
R E A R o R AR B A 2 B AY
SER A AR ORI IR, - K] LS B e
PEIERAYIADE < B TCS BLAERUREHE S Ml 25 5
AU B B PR SR RS - WIE N R RS AR AR
BB B S AT HIRDE - Horh Hap6 A Hap8 HiZAAE
4 {E3t1BE > Hap6 8Lk ~ AL ~ EMRER
Hap8 1E#Z1L ~ 2K ~ 5458 S 52 ~ Hapl5 Al Hap16
HERAERAL ~ SEF R BRI B A
RUMER 7= (HIZERI R —ER BRI -

o

W& DNA 71 8E BB R AR E > ik
Rt B E I BT — - FF B AR
ERSERR IR ] e FI A SR e 43 885 » BR T 49
Arisetfir B HARELIK] > o 7 EE RS S HEMER

BAZERLEE 25 5 2 5 I SUSAHRE - AT
FELL COL Ly HARAL A A Rl st Ay SO T T
o BE - W o R RN RSB R T T LR
RESLIIAT 85 BN, - EERIREURE 74 fakkah
JEIRZ I CG ~A 11 R A R el S e 1
FRALB IR SIS - AL - B B R ERE
R SR R AT 2 2G> A ZMARE
) 1 ARG - BUREE S - 2
FEI S TRARE 2 s - N2 R g
3G FEZREVEATRURE R - BRI SR R BFA L
EEERR AL ED AR R R AR - BN HRTAVIETITE
FI AR R G B K AR TR BB T
W o 2T > P E B A A SR AR i S - 1%
A T RFRE I IR AIRF R ~ ARG E AR - AR
WL FTIE R T RERE 2 - AWTFERERIE M r %
BRI B A SIS IR E ~ IRREE
B R PR R SEBE A -

i A

AR UETRISER KA Tk AT
Ferin LR LR B K AR SR
1 R PEEARTIPE (REITTZ AU Bh Rk
SR EARRER » FFILEGH -

225 30k

ORFEET, R, VEERE, BESC (2022) SKMIOE
HEEESCIS (Meretrix spp.) SRR 2
ERESEI N FEEG AAGERMEm S REELY,
BV FEFRAS, 5, =i, 301
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Molecular Identification of Hard Clam Species in Taiwan
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ABSTRACT

Hard clams are important farmed bivalves in Taiwan. They belong to the phylum Mollusca, class Bivalvia,
order Veneroida, and family Veneridae. Meretrix lusoria has been the perceived as the predominant hard clam
species in Taiwan. This study aimed to conduct molecular identification of hard clams from different regions in
Taiwan, using the COI gene as the target region. A total of 85 samples were analyzed, with results showing that
74 samples belonged to M. taiwanica, 11 samples belonged to M. lamarckii, and one sample belonged to M. lusoria.
In Changhua, Yunlin, Chiayi, and Tainan, the farmed hard clam species were all identified as M. taiwanica, except
for one M. lusoria found in Tainan. This indicates that the primary farmed species of Taiwanese hard clam were
M. taiwanica rather than M. lusoria or M. petechialis. The hard clams collected from Tamsui were identified as
M. taiwanica, while samples from Kinmen and Longmen were identified as M. lamarckii. The haplotype diversity
analysis showed that both farmed (Hd = 0.752 + 0.048) and wild hard clams (Hd = 0.891 + 0.074) exhibited a high
level of genetic diversity. The haplotype network analysis identified 21 haplotypes among the 63 samples of
Taiwanese hard clam. There were four common haplotypes, and haplotypes from different regions maintained the
gene flow. This study provides more information on Taiwanese hard clam for future species identification,

population genetics, and germplasm management.

Key words: Meretrix taiwanica, Meretrix lusoria, genetic diversity
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BRED - FERE T - UEE - RS

g YN R U RN
BT R R R B K EE R TR e P

W "

FAF R R EYTE - PO SR (Eleutheronematetradactylum) B 2P0k A (E. rhadinum)
SENSTIEIRCE B TR SN SR M AL DUk 6 B 25 S U o R S0 B VR 1 s e ity
FrBcEE TS HINB EOR S50 » TR ~ S R N Lt BB R FE rh MBI Tl - B
SRFEIRITE Fe m] DA 73 R > {ELRF R S AR E R 1) © ANHIFSE B AEARBR DU AR R Ml B 2% gl DU ik 5 S0
fu s ¢ E{LBE I (cytochrome ¢ oxidase I, COI) FERFFI YR » BEATYREE—1%5 [ F (species-
specific primer) £l @ IR S HEHEHE (polymerase chain reaction, PCR) &8 Fr By A/ NANE]
BIREPHYERES E Vi - RERBURYIRE 5 [ TP RS E R SR B S MBI & BRI E PR R —
B FEYMEE S | TREF PR AERER L E LR - AR L B R S T FRR

mi R Z IRVURR S B T RIS IS R~ SN R SR R Al R PR RS B - SRS BERERITE ~ TR AR
A7 B 555 JE P 57 e DR L HE T 9 e 0 D R S B AT WU RS OE > AN W SRR A B I R S R
(Eleutheronema) FRXHAVE TS SHITTE « VIR IRORAE S R BRI AE 6P 38 -

RESEST - UFKRSRN - SO  WREE 15|15 « MIERTE - iR c |LEI

T

Hij

VORGSR (Eleutheronema) FHEAIK
BEREAYI 3207 - 38 A AEFAA IR - DARGER
WeiJedt By BRI IETE R (Motomura,
2004) > ISR/ N 0 S8 R BRI SRR B
RASEYINE - Fyr=nfSyHEIE A (Binh et al, 2019;
Suetal., 2020) » 2022 =28 B SR RO A 2 B
Ty 12,588 mt » EEKIHTEM 19 (00 (HEEE
e, 2022) o PAFFRERLUESE ~ 120 ~ HRR S
R - AHB A RS S A - [ATPY
kK BUE AU K H 532 8 R FUK B 15 Y
5L > WYtk FS IO A I - P S i [ P B
WA B EE H AR RFERE B (International
Union for Conservation of Nature, IUCN) %I F#8
fEYfE (Motomuraetal., 2015) - POtk E Sl @A S
PUfh Sl (Eleutheronematetradactylum) ~ Z (i Py

BIIEE / REBEBHEERE 67 5%, TEL
(08)8324121 8 285; FAX: (08)8320234; E-mail: yhlee
@mail.tfrin.gov.tw

FREfG (E. rhadinum) ~ =53k (E. tridactylum)
F={EY)fE (Motomura etal., 2002) - HRIZHIEFHS
KHEIPE ~ AP E RAMNBIERER L AlE@Es =
Ak R i B AR - BRI R B 2 SR RS il S b
BHEHBOL HA S5 - Bleeker (1862) ikt H:
i B 5 - HIREL AR R B PURR RS SR
VIRER T RERHE W PO R B f B T o S
5E (Motomura, 2004) o SRS HPUAH S B 2 gty
ok B M ] 52 e M RS B e BN AR T 8 B ST T
TS DURRESEERIEE 8 Ry 71 - 80 iz
[ - 2RSS B E Ry 82- 95 Frie
fi] (Motomura etal., 2002) » BUEE R HHPREEE
HISE P EE K E S (85, 2016) @ JRAlFEHE A
S MR TR LR AR EE A BT M B T
¥ (Suetal., 2022) -

VYt K5 f01 B 25 g T itk K6 P A S R B A 722
5 DURRS I AT R R B, - EE-PE K
SR+ R R EE AT R A P R AR R B AT -
VYRR R R E | - HAER
HELE - BEEEEA - 28 PR RO EEEE E
(Motomura €t al., 2002; Motomura, 2004) - &5 PU#%
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B - REK

fm

34 BRRTT - FEL -

FE Rl AR IR By 25.2 - 29.3°C » (T Py
MREMAEMNEE R 204 - 26.9°C (Froese and
Pauly, 2024) » [ JbbPYfh K& il B 25 0 ik K S S BR
SRR R S VR BE A 2R - R SR 2 2
EE TRV R DY RS i - ELDARS B0
W Ry T BRI - BT T S MR R S B
AT RV RE R B 2 S DU RR S B (Su et al,,
2020; Su et al., 2022) ° [K]5i R b iR ER T ISR 28
TR INE H AR A 2 MYk S il e
BAERFEACHE (Binhetal.,2019) Z DYk il a2
Ry BB T TR TE B A YR -

POk FEfl (Atikah etal., 2020; Lakraetal., 2011)
BH % ik VU4 S il (Atikah et al., 2020; Thu et al.,
2019) [R5 DNA (mitochondrial DNA, mtDNA)
ASfHEEE ¢ 44LEE T (cytochrome ¢ oxidase I,
CON E:XFF31 - CFEERE Bl o
ZfiEba o FF% SOMAFIREY COl B[R] (Xiao et al.,
2022; Atikah et al., 2020) =i e 4 2% b
(Cytochrome b, CYTB) £L[X] (Wang et al., 2014)
(Y P 571 72 5 A0 G Y ok G M B 2 Mgk D ok RS )
T e FOBERAGR - BEPRBLRIE e JTiEREE 3 R
T - (IR SR s - AR Sl
Jf& (polymerase chain reaction, PCR) T4 FEY)
RESERY 7 » QAR (2019) B%a YRR il Bl
% i VY A 55 WK R P Y R R
characterized amplified region, SCAR) fZZE » ki
PCR AV A ST TS - DU IS SR ZEY)
AN T2 Bt DYk s Sl U -

T MERIN YRS E N Bl o 5B
HFERTIE B R E 2 B8 (restriction fragment
length polymorphism, RFLP) (Kumar etal., 2014) ~ [§&
FEPE L HEME DNA (random amplified polymorphic
DNA, RAPD) (Yang and Quiros, 1993) -~ ZE &
SH $5 2 JE (Multiplex Polymerase Chain Reaction,
Multiplex PCR) (Ali et al., 2014) ~ X EFF (next-
generation sequencing, NGS) (Goodwin et al.,
2016) » FI¥) M H — M 5] F  (species-specific
primer) (Dong et al., 2019; Varadinova et al., 2015)
VIR — 5 |7 R R R Sl 8 S e e B —
PEROBERTE - R Rt 8 e S iy — Al 5
3% a0 HHE (Matsuki et al., 1999) ~ BERFE
(Muiretal.,2011) ~ ##& (AL-Bannaetal.,2004)

(sequence

ek H E& (Psocoptera) (Zhao et al., 2016) ~ JA[ K
(Takifugu spp.) (Dong et al., 2019) % -

TR TEYIRE SRR ~ PP B T T FnIH
FOKBENMLAES - BT OR RN T s s e
BRI 792 [RIBHEE T R PO S E B Ry
B o AR VIR —145 [ DL COL Z&[AlF5]
AR SO TR T VIR [T B PURR S
iR 25 VU RR S YT DNA BR L 23 RIHER A/ A
[y PCR EEY) - HEMREST ISR AERE 31 H DU RR
R BIER 2 R VURR IS I - EETREA Bt A7 Fa Y
EETE SIS - WIS IRTE ST R R E
SEBHRE

PR R
— ~ BRANIURT ~ SMBISESEEL DNA i

ARWFFENE B2 T R SR Y AR AT FR
53 B (Fig. 1A) » (&GS Tt 19
FE (Fig. 1B) » ¥ R B g 17 fadiit - S5 E i
S E g T ki 4 B (Fig. 10) - K/
J2 30 - 33 em 2 [H] - FAIRRIEYE 7K AERA B P SR A 28
FERFZERL (Fig. 1D) » Ay fafiiatiin 20 BIEht
RVUR R S (Fig. 1E) » QWi 3
(Lates calcarifer) k7<#kkEfk 3 B (Polydactylus
sexfilis) » HUfSiR 2% » 23 HIEITHRSR - FOfECERsb
B i  JLPIREARERAR ~ RO BB ONERE Y 99%
WHKEHR > R-20°CLRA1E » DUTRAESIATER -

SNBUE REY R E NI 0 f st B H 55
JEREERAEITYIRHEE & - VU RS I RR A 88 B0y
71 - 80 Fr o 5Dk K IR e P BCRy 82 - 95
R (Motomura et al., 2002) » HARFZeRE ALY
A5 HITE A 2 BB HIEIZ A - FrfRfs DNA FYEEEY
A 2 I ) Yy H R A U E A (taco™ DNA/RNA
Extraction Kit) & ZHUJ7iEHETT @ #8ALHELHY DNA
B R TEA-80°C kAl » DATRAEE R -

— ~ Kt DNA COL NS5t
BRUESTIRR (Xiao etal., 2022) HoffrHEsl2 o

FEfil COI E X% (accession number: MG816119-
28, EF609512-13, M(G923346-50) B2 il PUih FE il
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COI E[XFF%1 (accession number: MG816129-38,
MK777485) » 1 38 B & 52 Ak W) 5 il & AR
(National Center for Biotechnology Information,
NCBI) (Madden et al., 1996) [k} o Tk
COl FXF 41 - A B A= ¥ & ZR B 52 P
(European Bioinformatics Institute, EBI) BRiM4>1
A4 W) 2 B Be 22 (European Molecular Biology
Laboratory, EMBL) #d 5y % 5 f= 51| £b ¥ ik #2
(multiple sequence alignment, MSA) (Kanz et al.,
2005) FEFTEGES o SEETT YRR R BB 2 Ml D ik K fill
COI BRI ERYy7EE53 4T (Fig. 2) ©

Fig. 1 Samples of this study: Eleutheronema rhadinum

(A) and E. tetradactylum (B) with black pectoral fins.
Fourfinger threadfin (C), roe (D), and fry (E) with yellow
pectoral fins.

= ~ DNA COI B:~5 |-Fixdt

POt K5 fl B 25 g P ik PSSR0 DNA COT £k
KIFFFI#E MSA BRESELES - IRIEAE COL FEXIFF5 ]
s EAH IR, - BET T VY S i b 2 i P i
FEfil COI ER 5| 7—#H (ERET COI F primer:
5’-GGCGTTAACCCGCGCTTTTAGATTTGC-3’ ¢

ERET COI R primer: 5’-GGTTTAACCCGCGAT
TTCACCTTGAC-3") (Table 1) - PUk FE fif Bl 2 g Y
WL ERET COI 5| FZHAERAH ik
) EITRAESIK -

VY ~ ViR s

VY o 6 i L 25 S DOk RS il COT R (R e 511
MSA BREGELES - ARV AR R P21 s
ST [ FE%Et - HL3%ET T ERET 1 J¢ ERET 2 iy
517 YR E S [P E T =hS
B 355 PG ok RS i B 25 Mt D sk S SRR IR g B B 19 7%
o TR RIE Y E S [ DURFY—2
BRIk E F— R IR s m 5 [ (Fig. 3) » Kt =15
51 R—HiE - —[FI#ETT PCR [ - ERET 1 P
By |5k ¢ ¢ ET1F primer: 5°-TGACTC
CTCCCCCCTTCCTTCTTACTC-3’ ~ ER 1 F primer:
5’-TCTATCTAATCTTTGGGGCATGAGCTGGG-
3’ ~ ERET 1 R primer: 5-GCGTGGGCAAGGTTT
CCTGCTAAAGG-3’ ; ERET2 Yt —M:5 | FFF
Y1Ey * ET 2 F primer: 5°-CCTAGTCACGGCCGTA
TTACTTCTTCTA-3’~ER 2 F primer: 5’-TGACTCC
TCCCGCCCTCTTTCTTTCTT-3’ ~ERET 2 R primer:
5’-CCTCTGGGTGACCAAAGAATCAGAATA-3’
(Table 1) - EHEBREE M - 1R4E PCR EYIHY
R/ INAN R HE T W 5 DY ok K fl B 26 Sl POk RS 5 > )
ME M5 FZRAERA R (KT &7
EHESSIIE

11 ~ PCR f&f e fiB e E ik

FifRfe DNA COI iy PCR 5 Fy 53 AIHL 10
uL f# Master Mix (KAPA KK1024 KAPA Taq
Ready Mix, Merck) J 10 L EEET7k » HEIIA
ERET COI 5[-7%% 1 uL- f & A 1 ul /) DNA
FEARZE PCR [EREA (R 23 pl) - ¥ L3t PCR
IFEEER PCR s it e EiRiE 7 - PCR
TEEREUIETE 94°C NhNEA 5 sy gEntlan B - Btk
¢ 95°C &t 30 #5 ~ 59°C JnEA 30 # ~ 72°C Jinh 1
43 30 POILAEER » 4K 35 {EfEERTR » EARA(E 72°C T
IOEL 7 534

ERET 1 J% ERET 2 ¥jf@= —:5 ¥ PCR
& 4 By 43 ATEY 10 ul AY Master Mix (KAPA



Table 1 The primers of this study
Primer e 3 Primer size Annealing Product size

(mer) temperature (°C) (bp)

ERET COI F GGCGTTAACCCGCGCTTTTAGATTTGC 27 59 1800

ERET COIR GGTTTAACCCGCGATTTCACCTTGAC 26

ET1F TGACTCCTCCCCCCTTCCTTCTTACTC 27 61 110

ER1F TCTATCTAATCTTTGGGGCATGAGCTGGG 29 364

ERET 1 R GCGTGGGCAAGGTTTCCTGCTAAAGG 26

ET2F CCTAGTCACGGCCGTATTACTTCTTCTA 28 61 164

ER2F TGACTCCTCCCGCCCTCTTTCTTTCTT 27 421

ERET 2 R CCTCTGGGTGACCAAAGAATCAGAATA 27

ET-MG816125.
ET-MG816125.
ET-MG816120.
ET-MG816121.
ET-MG816122.
ET-MG816123.
ET-MG816124.
ET-MG816126.
ET-MG816123.
ET-MG923346.
ET-MG9233483.
ET-MG923349.
ET-MG923350.
ET-MG923347.
ET-MG816119.
ET-MG816127 .
ET-EF609512.
ET-EF609513.
ER-MK777485.
ER-MG816134.
ER-MG816138.
ER-MG816130.
ER-MG816133.
ER-MG316135.
ER-MG816131.
ER-MG316132.
ER-MG816136.
ER-MG316137.
ER-MG816129.

Fig. 2 Partial mtDNA COI gene
sequences of E. tetradactylum and E.
rhadinum in  multiple sequence
alignments. An asterisk (*) indicates a
consistent base. Accession numbers
MG816119-28, EF609512-13, and
MG923346-50 are
COl  gene sequences of E
tetradactylum, accession numbers
MG816129-38, and MK777485 are
mitochondrion COI gene sequences

mitochondrion

PR R P RRPRRRRRRRRRERERRERIERRERIRERIERR R R B

of E. rhadinum.

ER F primer
=1

TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCCCGCATAAACAACATGAGTTTCTGACTCCTCCCCCCTTCCTTCTTACTCCTCCTA
TTTCCTCGAATGAATAACATGAGCTTTTGACTCCTCCCGCCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCTTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
TTCCCTCGAATGAATAACATAAGCTTTTGACTCCTCCCACCCTCTTTCTTTCTTCTCCTA
*k wk

*k kEk Fk kk &X B *k kEkk kE

E. rhadinum COIl gene
E. tetradactylum COI gene

E. rhadinum

inconsistent sequence

E. tetradactylum

e
ET F primer

ET F primer
ER F primer
ERET R primer

S
ERET R primer

11l

Fig. 3 Schematic of ERET 1 and ERET 2 species-specific primer designs.

KK1024 KAPA Taq Ready Mix, Merck) J 10 pL
EEET 7K FIIA ERET P —45 [ 1% 1ul>
R MIA 1 L Y DNA A PCR [EEMA (FJ
24 L) 4§ |3 PCR [HEEPR PCR Hedsrhagtsi
THEEIREEF © PCR FHEHRAR P RUAGLE 94°C TIEY

5 ySEEEATEE > FERRIK 95°C NEL 30 ~ 61°C
I 30 7 ~ 72°C HHEL 30 FPRLAEER - #5835 {EfEER
1’ > BRARAE 72°C NHIENT 735 -

FCE 1.5% JREAVERIKEHE: - 5§ PCR AR
NG DNA 4] (DNA VIEW TT-DNAO1, [E[F
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FARAE]) EATEVKB LA L1 100 bp DNA
ladder (DMO001-R500, GeneDireX™) F¥#tiH - DIEE
BE 100 V' STV 20 53+ FRIERICER 4251
JeRERE - DIFHBSHHE DNA 567y -

N~ BEERY B

73 BRE P gy PCR EEPITE Tk B #R Y
%’ > THAEAE] (BREKTE) ETERER
PR Chromas #RESEE FF-5 I b il > FIIH
NCBI BLAST (Basic Local Alignment Search Tool,
BLAST) LR¥fkie K& iR Ed NCBI B XER
T TSI LEES -

i S B 5y

VYo G SRR AE 20 W 0k, - 22 VIR IS
fili 3 EAE R BV B IR (Motomura et al.,
2002; Motomura, 2004) > VY FE i B 26 il Uk FE i
WA RIERIE R ARG (Froese and Pauly, 2024) - H
R {7 S R T R K 5 B W B Y B
it » REAEZ R AR L& ST - DI A &2
FEPRIITAE SRS » o DRI v e 5 S i 2 LU 5
AR R K » B & an BV IR e A Ry 2
VYt RSl TS Rl Ry i S Y ER T B YA
1T 22 8 7Y ik 55 B5C0E R A AH B Y 22 JE AT 3%
(Binh et al., 2019) » EEEHHETT 2 BEVURRE iR
FH - SR S R E T o R L & BE 2 3G - Pk
s BB 2 Mt VO ok K 00 A S R RO R ER R
ik FrBCEET T - BE S B AR B0HE - i
I ~ fRE B AR SN T B R SR R Hh S MEE T
SE » BESRIEIKIE Fe PT LA S - (B EER I IRE R oA
5 ot S R SRR T F YR SR
HUHRK » RS CRE YR — 1k [ AV 2k -
VLR E T R Tk

EPCARIRVURR S MU 8 (0 71 -
80 Fr) » MDYtk RS MRS 8 (O 82-95
Fr) (Motomura et al., 2002) ke H-Af R E=F S NP RE
EEITYREE - TR AR IR AP b
(Fig. 1A, B) 73731 Ry 2 iV Uik & Sl BRL DU AR IS S -

WRIESCRAAT S | FH 2 DUk S il COT BL A4
(accession number: MG816119-28, EF609512-13,

JL
%

MG923346-50) il % DYk K5 fill COT EL[XI e 71|
(accession number: MG816129-38, MK777485)
(Xiao et al., 2022) » FI[F] 2 E Py LS Ae T TR
A B e L BRI AR (AR 34T - el SR s A P i
RIFEHAEER T Ry 95% LA I » Tl B RIAR A HIFY
Ry 86% FiAa o ANHFEARIR Uik o i B 22 S DR IS
filiy COI LK ZARSFH%1 (conserved sequences)
(Fig.2) #%Et4LA] ERET COI 5[~ (Table 1) » PYifsk
RSB 2 B VURR IS Bl 537 1#E ERET COI 5 |-FFrff
b2 FEIK Fr B Rk Ry 1,800 bp (Fig. 4) o #EFE[X]
SEFPELER - DO IS ER ML PCR EEYIELDYRRES
filk COI Z[RIFF%1| (accession number: MG816119.1)
FES - RHIUEEE 100% (Fig. SA) - TEE 2 B PUHH
filk LK 731 (accession number: MK777485.1) [t
o AHDUEE 85 86.34% - Z VU RSl S PCR
FEY) L % @ VU R S B COI EL[KIFF%1 (accession
number: MK777485.1) b3t - AH{LUESE 100% (Fig.
5B) - i B PO #R S i ZL R FF%1] (accession number:
MG816119.1) [h¥f » FELUES{EEE 86.51% » AH5%
COI BE[RIF41 Bl it SR B S NP R W) 5 1
R—50» FERRERSARRE L o o DY ok 6 5 B 25 g Y
ARG -

M 1 2

1500 bp

Fig. 4 PCR results of E. rhadinum and E. tetradactylum
mtDNA COI gene. Lane M: 100 bp DNA ladder, Lane
1: E. rhadinum (1,800 bp), Lane 2: E. tetradactylum
(1,800 bp).

VIR 155 [ 7RG » PL Xiao et al. (2022)
CHATEE he o2 DU R S B 2 MV Uk RS i COT B[Rl
51 > TIPS ILL SR DIRE R A = % (Fig.
2) #&T ERET 1 j¢ ERET 2 g p P & — 5



Score Expect Liuntities Gaps Strand
1164 bits(530) 0.0 630/630(100%) 0/630(0%) Plus/Plus
Query 214 TAGTAGGAACGGCTCTAAGCCTCTTAATTCGTGCAGAACTAAGCCAACCCGGCGCACTTC 271
. I|I||I|I|IHII||I|IJ|IlI|I||JIII|| ILLLLELLELDELRELnE Ll
Shjet 1 TAGTAGGAACGGLTCTAAGCCTCTTAATTCGTGCAGAACTAAGCCAACCCGGOGCACTTC 60

Query 274 TAGGCGACGATCAGATTTACAATGTTATCGTTA
PLLLLLELL DL TRV R L EELRE Ll
Sbjct 61  TAGGCGACGATCAGATTTACAATGTTATCGTTACCG

Query 334 TT."«TAGT»'-\."-\TA(_(MTCATCQTTGGTGGLT
PULLLLELEEEL T EETEETEETRE el
shjet 121 TTATAGTAATACCAATCATGATTGGTGGLT

GEARACTGALC
LELLETLELT
GGAAAL TGAC

TG
1]
e

LULLLLELLEN T LLLLLELLELTELL

Query 394 GTGCEL(EG&EATL}GC—\}'}"{ETC'EGEATWCMC-\TGQG
I
Sbjet 181 GTGCCCCCGACATGGCATTT COCATARACAACATGAL

o=

cCc

TACTCCTCCTAGECTCCT
LELLLLLEELEELRT
ACTCCTCCTAGCCTCCT

Query 454 GGAGTAGAGCCGRAGCCOOACAGGTTGAACTG 513
PELLEELLERELEELE R RELTERREITEL

i
|
CTGGAGTAGAAGLCGGAGCCOGAACAGGTTGAACTG 300

=

Sbjct 241

AGCAGGAAALCTTGCCCALGLGOOAGCATCGGTAGACCTAACCATTT 573

IIII|II JOLLCEELLECRETRELL LR Ern
TTAGCAGGAAACCTTECCCACGCEEGAGCATCGETAGACCTAACCATTT 360

Query 514

I e

TAT
111
Sbjct 381 TAT

AGCAGGAGTATCCTCAA

LLLLELLLLTRELLL ]
AGC

[i GOTGCTAT TAAL
|
GAGTATCCTCAATTH

|r| | CARCTG 633
11
TTGGTGCTATTAAL

Query 574 C
I
'C

5=%
A=A
a4=1
5

T

11 |
Sbjct 361 TT TG 420
G

Query 634 'i'Cl 693
T

=A
—n

shjct 421 TTCGTTIGAGCTG 480

Query 694 'i'clﬂ'—’\ﬁ'i' e
Shict 481 TCCTAGT TACCA 548
Query 754 TGCTATTAACAGACCGGAACCTCAATACTG!

: PELLTREUEEREETL TR TEELnL Lt
Sbjct 541 TGCTATTAACAGACCGGAACCTCAATACTG

TGCGMTC c 813

AR

|
GGOGAGACC 600

111 ILRLLELTRLTRLLRELnn

Query 814 CAﬁT'llEH ATCAGCACTTATTCTGATTCT 843
Shijct B81 CRAATTCTTTATCAGCACTTATTCTGATTCT 638

Score Expect Identities Gaps Strand
1096 bits{593) 0.0 593/593(100%) 0/593(0%) Plus/Plus
Query 242 WAACTAAGCCAGCCCGGCGCACTTCTAGGTGACGATCAGATTTATAATGTTATC 301

: IIIIIII]IIIIIIIlIIII!lIIIlIIIIIIIIIIIIIIIII[IIII!IIIIIIIIIII
Sbjct 1 TAAGCCAGLCCGGLOCACTTCTAGG TGACGATCAGAT TTATAATGTTA R
Query 382 GTTACCGCACATGCTTTCGTAATGATTTTCTTTATAGTCATACCAATCATGATCGGAGGL 361

) CELEEEL LR E L L LTI E
Sbjct &1 GTTACCGLACATGLTTTCGTAATGATTTTCTTTATAGTCATACCAATCATGATIGRAGGE 120
Query 262 TTGGCTCGTGCCCCTAATGATCGGGGCCCCTGATATAGCGTTTCCTCGAATG 421

i NN NN Ay
Sbjct 121 GLAAATTGRC TCOTLCCCCTAATOATCGGLLLCCCTOATATAGLGTTTCCTCGAATG 180
Query 422 AATAACATGAGCTTTTGACTCCTCCCGCCCTOTTTCTTTCTTCTCCTAGTCTCTTCTGEG 481

: PEECLEELLLELELLOEELERL L L LR L REL L e
Sbjct 181 TAACATGAGCTTTTEGACTCCTCCOGCCCTCTTTICTTTCTTCTCCTAGTCTCTTOIGRE 248
Query 482 GTAGAGGCTGGAGCCGGGACAGGATGAACTGTCTACCCCCCTTTAGCAGGGRACCTTGLC 541

i PLELELELLLELLLERR L R L e e iR re eyt
Sbhjct 241 GTAGAGGHL TGELAGLCOOGACAGGATGAAL TOTCTACCCCCCTTTAGCAGLGAALLTTGLL 308
Query 542 CACGLAGGALCATCAGTGGACCTAACCATTTTTTCCCTCCALCTAGLAGGGGTATCCTCA 601

POELLLRLEEELE R EEE e R e e Rt iennl
Sbjct 201 CACGCAGGACCATCAGTGGACCTAACCATTTTTTCCCTCCACCTAGCAGGGGTATCCTCA 360
Query 602 ATCCTTGGGGCTATTAATTTTATTACAACTATCCTGAATATAARACCTGOCGOCGCCTCA 661

) PILLLLLLLLELE LR RE e e e e e e et
Sbjct 361 ATCCTTORGGCTATTAATTTTATTACAACTATCCTGAATATAAAACCTGLCGLCGECTCA 420
Query B62 ATATACCAGCTTCCCTTATTTGTCTGAGCTGTTCTAGTCACAGLTGTACTGLTICTITIG 721

TOLLEREEEE e et e et e e e e e en|
Sbijct 421 ATATACCAGCTTCCCTTATTTGTCTGAGCTGTTCTAGTCACAGCTGTACTGCTTICTTITG 480
Query 722 TCTCTCCCCGTTLTGGLCGL TGGAATTACCATACTATTGACAGACCGAAACCTCAATACT 781

: PECCLELEEREELCERL LR LR EE L L L LR L]
Sbjct 481 TCTCTCOCCGTTCTGGCCGCTGGAATTACCATACTATTGACAGACCGAAACCTCAATACT 540
Query 782 GCATTCTTTGACCCTGLGGGLGGAGGAGACCCAATTCTTTACCAACACCTATT 834

LOLLLEREL R LR R LR et
Sbict 541 GCATTCTTTGACCCTGOGLGCGGAGGAGACCCAATTCTTTACCAACACCTATT 593

Fig. 5 (A) Sequence alignment results of E. tetradactylum
identification with E. tetradactylum COI gene (accession number: MG816119.1). (B) Sequence alignment result of E.
rhadinum PCR product with ERET COI primer expressed 100% identification with E. rhadinum COI gene (accession

number: MK777485.1).

+ (Table 1) » [RIYRHE—E5 [FRYESE 1 - ET
1 F J% ET 2 F 5|¥ I REE PURR S il DNA 504G
M4 PCR EY) » AL BN S DNA 5
% M ERIF X ER2F 5 l?/\,\%ﬁﬁlﬁlffﬁ’i%n&ﬁﬁ
DNA Kt &4z PCR EEY) » kB Pk R ik
DNA #£4 » H ET IF & 2F Bd ER IF & 2F 5| 7-3%
#1EL DNA BARFS SRR ERFE (Fig. 3) » EEE
HERY PCR EEVIA/INAN [T #5580k - filan -
F ERET | ¥JfEE—{45 I?i’%ﬁ%@ﬁ%&% el
Bl PCR FEYIRIE Fy 364 bp I - HIEZ Al oL

T 2 S Uk s ﬂﬁ%ﬁz@ﬁ%n% PCR EVIEE
Fo 110 bp ¥ - EZhellER Y R DU SR (Fig.
6A)- {5 ] ERET 2 ¥ Bi— 5 [ 71 Tt q
B Rl ol PCR EEVIR By 421 bp IKf » 3%l
IR R 2 SRV RR R B 5 TR As AR PCR Y
Ry 164 bp IKF » 3RAs IR b VI RE R PO ik K5
(Fig. 6B) » Wi A FEHHRIAE S [ FRYEE EAE R A X
o BEGIRA o

PCR product with ERET COI primer expressed 100%

(A) (B)
500 bp s 500 bp
100 bp s 100 bp

Fig. 6 Species identification results of species-specific
primer ERET 1 and ERET 2. (A) Lane M: 100 bp ladder;
Lane 1: 364 bp PCR product of E. rhadinum with ERET

1

primer; Lane 2: 110 bp PCR product of E.

tetradactylum with ERET 1 primer. (B) Lane M: 100 bp
ladder; Lane 1: 421 bp PCR product of E. rhadinum with
ERET 2 primer; Lane 2: 164 bp PCR product of E.
tetradactylum with ERET 2 primer.

¥ ERET 1 % ERET 2 fifHishy PCR EEWfT

FLIRGEFFLLE  RERBURAE ERET 1 5[ TR .2
V4 itk B i PCR 9 B Y ik % 00 5 IR e 371
(accession number: EF609513.1) Lk %f #H 0L B 52
98% (Fig. TA) » ifi B2 2 5§ I 6 6 fill 1% [A] F 9]



DI —

PR | TR Y S fil

2RV S R E Bl 39

(accession number: MK777485.1) [b¥t » [L¥FRSHE

R A 2 B E YR AU © 48 ERET 1 5[5-Ff
b 2 DURR IS il PCR EEY)BE 2 M DR S Sl Rk
K% (accession number: MK777485.1) AE{LLE
# 99% (Fig. 7B) - iy B Y i f il AL (A F %71
(accession number: EF609513.1) Eh¥FAH{LE 3
86% °

Score Expect Identities Gaps Strand
189 bits(102) 8e-53 107/109(98%) 2/109(1%) Plus/Plus

Query 31  ACTCTCTCCCCCCTTCCTTCTTACTCCTCCTAGCCTCCTCTGGAGTAG-AGCCGGAGCCG
PLLE LRLERELE U RE TR EEEE LR EE L EEE TEEEEEEr
Sbjct 259 ACTC-CTCCCCCCTTCCTTCTTACTCCTCCTAGCCTCCTCTGGAGTAGAAGCCGGAGCCG

Query 98  GAACAGGTTGAACTGTATACCCCCCTTTAGCAGGAAACCTTGCCCACGC 138

LEECELETEEEE T L e L i
Sbjct 318 GAACAGGTTGAACTGTATACCCCCCTTTAGCAGGAAACCTTGCCCACGC 366

(B)
Score Expect Identities Gaps Strand
555 bits(300) 2e-162 305/307(99%) 1/307({0%) Plus/Plus

Query 66 CGTGCGGAACTAAGCCAGCCCGGCGCACTTCTAGGTGACGATCAGATTTATAATGTTATC
) LELLLLERRRRREREE e i e ey e nnnnniithl
Sbjet 1 CGTGCGGAACTAAGCCAGCCCGGCGCACTTCTAGETGACGATCAGATTTATAATGTTATC

Query 126 GTTACCGCACATGCTTTCGTAATGATTTTCTTTATAGTCATACCAATCATGATCGGAGGT

LLLLLLEEEREREE L e et e e i et in
sbjct 61 GTTACCGCACATGCTTTCGTAATGATTTTCTTTATAGTCATACCAATCATGATCGGAGGC

Query 186 TTCGGAAATTGGLTCGTGCCCCTAATGATCGGGGCCCCTGATATAGCGTTTCC

¢
ELLULLLERRRRELELLEL LR e CEL L L RRREe il
T C

CGAATG
| 1
CGEAAATTGECTCGTGCCCCTAATGATCGGGGECCCCTGATATAGCGTTT

T
L
CTCGAATG

Sbjet 121

Query 246 AATAACATGAGCTTTTGAC

Al
PLLLLLLEREREEETLLT
A

lli CLTCCCGLCCTC c
Il
Sbjct 181 AATAACATGAGCTTTTGAC

TELLLLLELLRLLLL]

TTTETTTC
[ERERRN
CCTCCCGCCCTCTTTCTTTC

CTCCTA
1111
TA

TTCT GTCTCTTCTGEG
11
TTCTCC

T TCTCTTCT
| [NELERRY
T GTCTCTTCTGGG

Query 386 GTAGAGGCTGGAGCCGGGACAGGATGAACTGTCTACCCCCCTTTAGCAGGAAACCTTTGE
3 PILLCLLERRRREE L P e b L e e ey el 1l
Sbjet 241 GTAGAGGCTGGAGCCGGGACAGGATGAACTGTCTACCCCCCTTTAGCAGGGAALCTT -GC

Query 366 CCACGCA 372

RARRNY]
sbjct 38 CCACGCA 306

Fig. 7 (A) Sequence alignment results of E.
tetradactylum PCR product with ERET 1 primer
expressed 98% identification with E. tetradactylum COI
gene (accession number: EF609513.1); (B) Sequence
alignment result of E. rhadinum PCR product with ERET
1 primer expressed 99% identification with E. rhadinum
COl gene (accession number: MK777485.1).

#& ERET 2 5 | PUkh 5l PCR ZEY)
B PO #% B il B K FF %1 (accession number:
MGB816126.1) FL¥f FE3i—EEPUEE 100% (Fig.
A) [T B % fih Yk JS BUES IR FP 51 (accession
number: MK777485.1) ¥ RIEH 2R €N EHE
FHREIE: - 48 ERET 2 5 [F-Ffifihy 2 2 @Ik S il
PCR JFEY)EL % ik VU kh B B L IR 2 %] (accession
number: MK777485.1) FL¥f - FRFIRHIIESE 99%
(Fig. 8B) > ERPUR FE il B IKF%1] (accession number:
MG816126.1) LL#f - LS RANZ AR TR E
SRR - BUB BV RCE At IR - SR E A S
sH VI — S [ FRESIE R ~ PR BL TEERY &
53 VUih FE S B 22 Mt DUt RS L R )R -

(A)

Scorm = Expect Identities Gaps Strand

278 bits{150) 2e- ?9 50x150i100°:] 0/150(0%) Plus/Plus

Query 1 TCCTAGTCALGOCCGTATTACTTCTTCTATCCLTCCCTGTCCTAGCCGLTGRAATTACCA 60
PULELLEREERRECOL L HE LR et h e e e it iieenntl

Sbjct 481 TCCTAGTCACGGCCGTATTACTTCTTCTATCCCTCCCTGTCCTAGCCGUTGGAATTACCA 540

Query 61  TGCTATTAACAGACCGGAACCTCAATACTGCATTTTTTGACCCTGCAGGTGGGGGAGACE 12
NN A A
Sbjct 541 ToCTATTAACAGACCGGAACCTCAATACTGCATTTTTTGACCCTECAGGTGGOGGAGACC 6088

Query 121 CAATTCTTTATCAGCACTTATTCTGATTCT 158

) LOLELLRRLLERELLL Lt Lyl
Sbjct 681 CAATTCTTTATCAGCACTTATTCTGATTCT 630

Score Expect Identities Gaps Strand
732 bits(396) 0.0 398/399(99%) 0/399({0%) Plus/Plus

Query 3 TTGACTCCTCCCGCCCTCTTTCTTTCTTCTCCTAGTCTCTTCTGAGGTAGAGGCTGRAGE 62
AR

Sbjct 195 TTGACTCCTCCCGCCCTETTTCT TTCTTCTCCTAGTCTCTTCTGEGGTAGAGGCTGGAGE 254

R ittt .
PULLERERLRETRLELTEELLRELLERETLELd LEDRLLLERELLRETLIELTL
Sbjct 255 CGGGACAGGATGAACTGTCTACCCCCCTTTAGCAGGGAACCTTGCCCACGCAGGACCATC 314

Query 123 aGTT?T(CTTATTTITTTC{TTCTTCiTTTﬁGCnGGT?XATTCTCTTTTTTY?TTGTTQI 182
PUELTRLLLREELIRLLY LELULLLDRELLREL LR En i inni 111
Sbjct 315 AGTGGACCTAACCATTTTTTCCCTCCACCTAGCAGGGGTATCCTCAATCCTTGOGGCTAT 374

Query 183 TAATTTTATTACAACTATCCTGAATATAMAACCTGCCGCCGCCTCAATATACCAGCTTCC 242

) DELELLRELER LR LV LR LR L LR LR TR LT LTl
sbjct 375 TAATTTTATTACAACTATCCTGAATATAAAACCTGCCGLCGCCTCAATATACCAGCTTCC 434

e ittt
Shjct 435 CTTATTTGTCTGAGCTGTTCTAGTCACAGCTGTACTGCTTCTTTTGTCTCTCCCCGTTCT 494

Query 3@3 GGC(GCTGGQATTQCCTTA{TQFTG&CDS&CCG&AA{CT(nTTATTGCATTCTTTGnCCC 362
LLLLLLELLERLEVEE L LR LR LR EEELEE LT LT e ]
sbjct 495 GGOCGCTGGAATTACCATACTATTGACAGACCGAAACCTCAATACTGCATTCTTTGACCC 554

e i e
|
Sbjct 555 MGGGCGG&GG.\IGMCCMTTCTTTMC-MIKC-HCCHITT 593
Fig. 8 (A) Sequence alignment results of E.

tetradactylum PCR product with ERET 2 primer
expressed 100% identification with E. tetradactylum
COIl gene (accession number: MG816126.1). (B)
Sequence alignment result of E. rhadinum PCR product
with ERET 2 primer expressed 99% identification with
E. rhadinum COIl gene
MK777485.1).

(accession  number:

FllEA s — 1S | FRYRERI M  SREEARA
figritn (Fig. 1A ~ 1B J 10) ByFHrfatist - fagl
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S AR I S T FURR L R PO RS il
2 R E R R ﬂ&%ZET&H%ﬁ@H%MHm
B R 2 VORI GRS SRR AR
WS SR BRI AP FaF9E—2L (Su et al., 2020;
Su et al., 2022) - fAUNE AR € ERET 1 (Fig.
9A) J% ERET 2 (Fig. 9B) PCR ¥ E iR & Fsl Y
FhIBAR - FERIE P LR RS R IR -

SCRRFR H T AR 88 2 il PO ok 65 50 s S £ g £
VY vk K ik Oy vt (R 2K & 43 W P (Motomura,
2004) > AWFFEEHE A RN EER T Fa R StE T
HUEE > DAYRES %5 [ ERET 1 (Fig. 10A) K
ERET 2 (Fig. 10B) MEfTYIEHEE » KSRERANT
gz BB R i 2 T AR R U S
fify > BEIRIE P LLBHRE SR ARAHIE] > BB e E g



40 R - 2T - EE - REK

BRI A B E Ry T SRR S B AR - 7ER
Wyl (Lates calcarifer) k/\#hRsfil (Polydactylus
sexfilis) fim A YfEE—M:5 [ F ERET 1 & ERET
2 4T PCR fifil » FE5LEME PCR EY)4RK - KL
YR e — 5 | S DU I B 2 i DU S i
S E AR o SFBIORR S O 2 Y%
SEEYIRESEE - MR SUMERET SCAR RBEE AL
{5 PCR YN AR E T » VE Rl Uik S R B 8
TP E R AR (855, 2019) > {HIELT57E S
AR SRR R DNA B2 H Rk
FIFE R LR SR -

(A)

500 bp )

100 bp )

(B)

500 bp

100 bp

Fig. 9 Variety identification of different fourfinger
threadfin farms roes and fry with ERET 1 and ERET 2
primer. All were E. tetradactylum. (A) PCR results of
farmed fourfinger threadfin roes and fry with ERET 1
primer, Lane 1: Roes, Lane 2-5: fourfinger threadfin fry
of different breeding farms. (B) PCR results of farmed
fourfinger threadfin roes and fry with ERET 2 primer,
Lane 1: Roes, Lane 2-5: fourfinger threadfin fry of
different breeding farms.

(A)
500 bp m—)
100 bp =)
(B)
500 bp
100 bp
Fig. 10 Variety identification of black or yellow

pectoral fin fourfinger threadfin with ERET 1 and ERET 2
primer. Both were E. tetradactylum. (A) PCR results of
black or yellow pectoral fins of ERET 1, Lane 1: PCR
result of black pectoral fin sample; Lane 2: PCR result of
yellow pectoral fin sample. (B) PCR results of black or
yellow pectoral fins of ERET 2, Lane 1: PCR result of
black pectoral fin sample; Lane 2: PCR result of yellow
pectoral fin sample.
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Primer Design for Species Identification of
Eleutheronema tetradactylum and Eleutheronema rhadinum

Yi-Che Su!, Yan-Hong Lee!”, Hsuan-Ching Ho? and Feng-Cheng Wu!

'Tungkang Aquaculture Research Center, Fisheries Research Institute
’Department and Graduate Institute of Aquaculture, National Kaohsiung University of Science and Technology

ABSTRACT

The two species of fourfinger threadfin fish, Eleutheronema tetradactylumand Eleutheronema rhadinum, are
economically important species in coastal fisheries and aquaculture. They are primarily distinguished by the
number of lateral line scales, rather than appearance alone. Additionally, the fish eggs, fry, and processed aquatic
products cannot be identified based on appearance. Although gene sequencing can distinguish between the two
species, it is time-consuming and costly. This study aims to develop species-specific primers based on the
differences in the cytochrome ¢ oxidase I (COI) gene sequences between E. tetradactylum and E. rhadinum. The
two species can be identified quickly and accurately by amplifying different fragment sizes through polymerase
chain reaction. The results showed that species identification using species-specific primers was consistent with
both morphological identification and gene sequencing, demonstrating that the primers can achieve fast and
accurate species identification. Field samples of threadfin fish collected from the waters around Taiwan were
identified as E. rhadinum, while samples of threadfin fish, eggs, and fry obtained from aquaculture farms were
identified as E. tetradactylum. A fast and accurate detection method is necessary for species identification in basic
research, germplasm conservation, or field applications. This study contributes to the genetic background research,

species resource conservation, and aquaculture industry development of Eleutheronema threadfin fish..

Key words: Eleutheronema tetradactylum, Eleutheronema rhadinum, species-specific primers, species
identification, cytochrome c oxidase | (COI)
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LR Scm & P T8 (Magallana angulata) f#iE
HHREMME 2B

RO T - IS - GRIERE C - TR AR - SRR - IR

VRS K AR BB TR I A
? BT BT R R R R R

[T

AL AW TNG  5E ~ F - MR RN S RE e e s
FIPABE LIS - SR B A LM T SE » SRR AR P 2B A7 et E e s ] g B R e P 22
B o RofETT A BRI A 2 B B E  AWFIERHAEER SN ~ 1 AR S I EGER I RE  60 L
/N LR AT LA B - QREHFEAT » RBHBAEY) ~ R R S R I 5

FEBRHE B P IR R bt 5 HLBRER 96 hr mFEFHHHUE S E B G 1R ti A R AN S AR HE
(R <1.0x 107 cfu/g) RAERFRIRIKE M IREEE (BRINE <100 MPN/g » YD B K B
RERW Z MR TR BRI © AR L AR B - SHLiEEE (72hr) ZHLUERTEE ~ DB
e R He e 2 B oy IR T 73.5% (p < 0.05) ~ 46.4% Jz 24.2% (p< 0.05) ° SE—F 347 EORIE A
WRREA P A AR AR ~ FHOR SO RIG B IR & & b o BRI R I 18.9% ~ 27.4% J
13.4% > SRMAHE R ARIFHERIRVELGE - 15+ pa BN B 2 s AR R P B 2 R I R RRAY K - L
T P v ST i 18 2 4 B BEUTROR DR B b i L AH AL B TR A 70 B2 i 2R 12.3 K
B 33.4 RiGHEERE R A A R AHE o Bt REUR © LR B B A T T A B
TETHHER A Z 2R G AR RN ARNE > JRGERD PRI R RA L - WAE RS WS
oL SR -

RESRET - BAENIE  FE - BEZE ~ AKX REF

[

TR R IR R A - B 2

Mg R R R EEY) B RN EE SN
W > RN F EEE LT -
Eff -~ FERLEREERT o HIE T ERR - F5H
WKz A 7K Bl 8 2 HRE K i ~ R AoRT B pse
J& (Laffon et al., 2006) » KLyl 1] 3 & HyE
T R IR - T ERERAESERY T - SRR
T KT A 35 V5 Bl s 2R B9 75 Gt gy L B sl
R B WE IV 7 A2 22 3 - Depaolaetal. (1990) 5

BEIEE / BEREMA—88 199 38, TEL: (02)2462-
2101 ext. 2837 ; FAX: (02) 2462-3306; E-mail:
yfkao@mail tfrin. gov.tw

(Vibrio parahaemolyticus) » e RIH RIS E 4
I RIFRIERFE R — » HER R EE RS
SER ~ R~ WG ~ R - MEnEE o SRR A
REA 24 hr » AiRHEZ 96 hr (CDC, 2013) » 2
ERSEEYERLR (2018) BHIR A g E
B B IH E R B R 1Y AL B (Mead et al.,
1999; US FDA, 2018) -

TR EE LA A B T AR R
BN TREE - H ORI L e A i B
AT AT RERTHERR U Y 2 N R
THERE T R IR MR R WA R B 4 - DA A
R#E #ARELERN# R b
(Drake et al.,2007) » #ff%2 (Leeetal., 2008) :HE
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TS — R R B - W] LIRS
FHUE R ARG B G RN & i - B
R R S R SERHR (FAO, 2008) % A1 11 K2 AH R
FHEERIGR AT R RS | - fh A T A g A
TR R 2 2% (Lee ¢ al., 2008) - 3T
SRR IZ A AR LR R ~ kY
AR ~ R ~ HUKHR IR - IREE IR MR
B > BT B R ~ RN E K Sk
TFAL /KIS (Lee et al., 2008) - HIAHIITAL
TR AME T e M R P R U MR IR B 2 i
ERERHEH BN SRR T L R3S
B - S TR S B s Bl i A
ZIIHEREEAL

TEBSMNIER RS b - A A R
HEF 2 BI52 EHBUR 8 A B 4 e oK
1Pt (EC No. 853/2004 & 854/2004)  #Kifi » BIA
R EE R DR R HHEROER 2 H
AR ILIE A > HHERIRE > B4 « WA - i
B ~ W15 SO PR - AU A A S i
A - PRI E R SEE 2002 47D (A ik
SR BUR 7 2 B 2R — R T LR EE T4
BERIGLE GEFRRIBUR, 2016) SRR MR T
(LB AN Z IR B A 2 E T

A A S TR A TR > 19 i
11 s K1 FEE 55 [0 2 PG I S M E S B R oK
MRS AR B T BRI T2 150 -
i 5 1 3% 26 B BUR 1 E T AHB 3 TR IR B IE R
(Hine, 1986) « JTAEAA L3R Hiir A2 AL > iR
T B8 TR EEAME B T UETS AR AR EERA
T 5 2 R R R 2] - A PE AR AL
(bR R ES - ZEtE AR T s B
W ELEE T o RIBLER S 238 2 B A B e A A
AT > A0 - Bl SRR e
55 ~ SRS 4 e 2 BB S - KL
ARG 2 H TEHERSGTH LR RS A RE A
FHAR RS A A A ~ A RJRRE > WER
ENpERI Akt can. IS g RN Bl i

FORHEL 5 34
— ~ T E HHL

B AR A S 4L B (Magallana angulata)

FHRE T e Rt - LR 60 L BEH/KIY
FEHKEE (B L-EE KR 2)
DAg [asig e EaAmiks@is/kml ~ FKEL e
ARHE (C-0500 1@ AlE-1/2hp - H 4= - E2i)

ek — 2P TEER R4 - LIS INE 30,000
uW/em® 58 5h #1 7k Hh R B R (UV-c 1T -

MR.AQUA 25 =RE) VRIS - 2=1) - 13
LT EERS - DUgHER 8.5 kg Tttt 60 L i3
{EAl - F2E 0 - 120 hr > FHLIRFZKIRIEER 22°C

DIEREFZERIHUK =R 15 L/min - LR MER
PRI TIIAY) ~ HER IR ELRE A (volatile basic
nitrogen, VBN) ~ #i 2 [k 2 B8 {8 (thiobarbituric
acid reactive substances, TBARSs) ~ Tl (glycogen) ~
R e FE R EE A3 AT » G DAAFH LR B
W Ry S AR -

=~ AR EE

MRIB RIS 102 42 9 H 6 H#RAET
21021950329 HRAEHEIE T RV ZIE
B iik-A B B | 0 B 25 g RHUEA R InA
225 mL ARk - SER DL 10 fEMEEETT
=R RS B AR FFEURRERIR 0.1 mL
& TSA BSEEAIg 2 i - Y 35°CH; 2 24 hr
BETEE R (cfu/g) (total plate counts, TPC)-

=~ KR < bk

MR AREAAS 110 £ 10 H 6 HffZ 758
110190155 SRAEAEIE " R ST
KIGHFBRC MBS, - B 25 ¢ HLEEAIIA 225 mL
AHREK - SEREL 10 (S RRRE T — (HE i
TGRS - A 1 mL > BeRREEAT LST B
10mL 23V » MR B 3 50 i 35°C
FEER 24+ 2 hr > BIECESER ¢ RELRBGEE
RG24 he o (SRR AE AR - BVR RIS
B EA SRR E ISR RIGIFE R -

VY ~ B ok

PRI AEREAER 106 4 4 H 27 HfEHRT
25 1061900803 5EAHELE " Redh b EY) 2 iakE
TR Ay B 25 g HHuys AR e in
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A 0.85%RHEE/KFER 225 mL > ¥9E 15 10 £5
MBRIR - KIMRERER ) (B0) RS 155] » 47
IR S = A A 5% B AR 1 mL > $Efl
A APW 10 mL v » GRS 3 X2 (=
=32 » 5K ~ 10 £5 ke 100 FEFRREtmkins -
EHEE SRR 101 52001 (g8 mL); 10 -
100 Jz 1,000 f5FEMgy - HEAE Shile R
0.1~0.01 % 0.001 (g 8, mL) » fA 35+ 2°C [ s
2 EBNEE APW WRHERE 1 ecm & > 47Hl—#
MR (EHY 3 mm) FEEWR - SFREELE TCBS
BEEELRIA > A 35+ 2°C PRtk BIEER
IR B B RN R R EE
ERREEERE 0 BRKY 2 - 3 mm o R B
RINEE - RKIEREHEE MPN 2 -

o~ PP ERAR E bR

B AEFIER 102 45 12 A 23 HEM AT
55 1021951187 SRAHEIE " iz tnls
Tk — MRl - FriehigEhass - DL
IR ERV RN 25 ¢ - EACIEZITENA - I
FUREES R 225 mL » 298 2 min - FEEE{LZ
Ioie B AL RS R ROR SV B A TR B LR
AP E RS A EREFE 1 hr 2% IRE)EH%E pH
HZ 6.8+0.2  BHEZEMSERR - [ 35°CE 3 24+
2 hr 1% » BEYERRIR - WRHCHEUERE 1 mL ZEPURR
B BEEE 2298  (tetrathionate broth, TT) 10 mL
ORGSR TT BEERE 35°CHE# 24+
2hre B TT WERESEK-HE— B & - f0E
TERS LS E RS (hektoen enteric agar, HE) ~ AH#EZL
Mo BE = A ME R R 5 B & (xylose lysine
deoxycholate agar, XLD) ¢ nn i B g0 5% 2= &
(bismuth sulfite agar, BS) IZZ2EREERFRE A
35°CEEEE 24 £ 2 hr » BIZFTERRETEARE

N~ fHEEE R G A E

FRIBET A mEFIES 110 45 10 H 27 HE IR BT
55 1101902415 RSB KE SR MR
REZ s i HHUETE NS E RN 2 g Al
DL 22% =% Z W (trichloroacetic acid solution,
TCA) ERZE 20 mL F4HEE% » 1 Whatman
no. | JEHUEYE » #F 1 mL TCA $2H0&A1 | mL &

I fire B& 3 v W8 B < o0 Bl B B R B IR I
(Conway dish) [FYFN=RIH - i 1 mL AERBIL
WEN R A E - 3 EEPARISHUK %
SEIEZ) TCA $EHURATEATRRERETAR - R
RSP 37°C JERHEFE 90 min IV H - f:
3 0.02N HCI 15 RHFRIR MG 2 BRI (1 - A1 54
BEATHEY VBN S & (mg/100g) > S3EA 1 mL
2.2% =R LBRAE A A E R 22 H e
fH

L~ WL

227 Birkeland etal. (2004) Ffraft {58 5 o8
PR TS AR AR A B AR > DA 25 mL
7.5% TCA YA¥ » ¥9'8 1 min » FEEEZE S0 mL &
EY95% AR TEFE 10 min F§ Whatman no.
1 JEAGEDE - B S mL BRALIEVRIIA S mL 0.02M
TBA A R IR s - SRR AT INEL
40 min $2/2Al » HL 200 pL 2 96 FLi&H - LG
JERERHHIE R 532 - 8 nm ZIBOLRE -

J~ IHEHE

2% Carroll etal. (1956) Fraft /532 » AR
FIBCELLRIG 140 mL ZXEH/KAT 360 mL IRARIEIER
B RIS g BRIRFT 250 mg Rl (LR 9,
10- —GUE-9-FR) » IR A ZNVERE - BRARZEE
fir » HUHEER S ¢ > JIA 15 mL 7% TCA £l
H15’8E 2 min » [ 4°C 5,000 rpm #f.C» 20 min £&
DL 2 BRIEAGRIEEAZE 100 mL > E5k TCA #f
HIE 1 mL Bl 95%ZF 5 mL {BREHE] - JRE
I MEFE 10hr £2 0 1,200 < g Bl 15 min > P08
Ak EERREE - B 1 mL FEERRINIA S mL
anthrone FATHISE - SETTHIH 620 nm F3OBREET
HIESEE (BEHEdRR © DUR REEHEIRE < R
B ATR B ol BRAE) - SETTELEUE & - PRfSiT
& B LURE (mg/100g) KR

Ju ~ HENGEERLRR S Hr

IRIEEEREAER 110 4 10 H 27 HEF AT
55 1021950978 SN S R ah TR IENRR < AR Tk
0 3 - 5 BORFH LB LA SES ARHREA > 43
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Table 1 Effects of different depuration times on the microbial hygiene indicators in local shelled oysters
Depuration time (hr) TPC (cfu/g)* Vibrio parahaemolyticus (MPN/g)*  Coliform Salmonella
None 1.63x10° >1100 ND. ND.
24 8.5x10* 210 ND. ND.
48 2.6x10* 150 ND. ND.
72 3.6x10* 240 ND. ND.
96 4.3x10? 28 ND. ND.
120 2.8x10° 35 ND. ND.

Note: An asterisk (*) denotes the legal limit outlined in the Ministry of Health and Welfare’s Sanitation Standard for the

Microorganism in Frozen Foods, which states that raw ready-to-eat aquatic products or ready-to-eat food containing both

aquatic products and processed food ingredients shall not exceed a total plate count of 1x10° cfu/g or V. parahaemolyticus

count of 100 MPN/g.

BREVEE AR TN E i Zithals - FrfS
LHNENEE LD (mg/100g) FUR

+ ~ BRI R R A

2272 Jiménez-Martin et al. (2012) At /53
HY 3 - 5 FREFL L 72 hr (L 310 - BAZERA
BRIFERGTE 5 g Rk 735U A DL-Norvalin (Cat.
no. N7502, sigma) J% Norleucine (Cat. no. N1398,
sigma) FHBEHAEREHES, > DL 0.IN HC1 #5'8 »
L (8,700 rpm) 1% BIEEERE SOmL - HEE
FOFFAfEC (3,500¢ > 3min) » B 1 mL _EIFHIIIA
3 fERERERYZAG (Acetonitrile, ACN)» ¥ IRAIR
ety (3,500 g > 3 min) > HL 400 pl _EIHHAEE
rhRURR R TS R Ak TR - DL S ul - FHRL R
% (dimethylformamide, DMF) Jz 50 ul ACN » 5
B A 50 puL  N-tert-Butyldimethylsilyl-N-
methyltrifluoroacetamid (Cat 10.77626,
aldrich) » ¥ 100°CHzAHE THEEATAALHE 1 hr
FAERAIRE Ry T - DIZREERZ 0.5 mL -
LA GC-MS FEFTERIIAT -

sigma-

T+ T

FIF SPSS JEFTHER 34T - DABHIAl A28
53HT » FHETT Post Hoc &R E 74T » LU/ N
7= FE (least significant difference, LSD)
SERHRT 2 S

i S S 2 i

7R i T T o i 4 R B T e ) A
i D& el i\ w X R ERE - B
FEHUEEE 157.1 £ 22.0 g BHEARIEAE 28.3 +
6.6 g ° IRFBHAEE NI ER/KRM (Fig. 1) T
TR - RFHUEBE R E MR 4°C Uk
A o

Fig. 1 A simple circulating system for local shelled
oyster depuration in our lab. (A) The depurated oyster,
(B) a 60-liter circulation tank for depuration can treat
8.5kg of local shelled oyster per batch.

T S BAM ELHE A [R5 b i By ) S 7 3
WERT A e i R RN Table 1 AR - 3L
il B E - AR B I 7350y
1.63 x 10° cfu/g Jz >1,100 MPN/g » Tl KGR ERE
B PR AT AR 42 BB FIBT — i B
ST B EEFEAE - AR 108 AR AR
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nEEYVE BB B IR R EYIR R - A
BT < BAEHIERF G i A HZ IR
B O(EEE <3.0 x 10° cfu/g) » HAPRFEEL
HERHANEIMAEYIRE (EEH <
1.0x10° cfw/g) - EEE SEREERIF LR T 24 ~ 48
72~ 96 Jz 120 hr .2 2 - 3 FEALUE - 347 HAE B
SRl 8.5x10% ~ 2.6x10% ~ 3.6x10% ~ 4.3x10° k%
2.8x103 cfu/g (Fig. 2 & Table 1) » B3N EEHI Ry
210 ~ 150 ~ 240 ~ 28 J% 35 MPN/g (Table 1) » BH/R
T B B QAT B R AR 088 o A B 85 R 5 2L
B2 B HLEIRF U - AREEF/KEE S LA
B R IESEE R R R E_ BEE A &
W 2 -3 K FEBRERET LAY RS SR I T
ALRIE R » IR i ZE H BRI » S34KHE FAO
(2008) B34 HIEBCEBR AN LGS (258 L E
YRR LR B B R — M R IR
FRERETRAYEER (Leeetal., 2008) » Flth2EREL
FEA 218 B 2 5 FERTF LR e A iEE TR B
& PIan - SRR E FETH R R AR 42 hr DL
~ SRR AT E (NSSP) BUEEDTE 44 hr
DAE ~ MG BRI SRR A B AT el ] - A
FOTFLIRFRET Ry 48 hr > SR Bl LAOIRE RF TR
# 0 (RSt HHRRIBR R E - BRI
NEZINEL NS SR = OB & ¢l RN (o S
ff - Lee etal. (2008) HUMFFESCFHER T 5 KAV
e HERER BN B IR R AN A EFME -
Wang et al. (2010) 5 KEEEHUE (Crassostrea
gigas) fA 17 - 19°C iR » 18 - 20 psu BEEAITE
BKRMR - DUgsraE 13 L Agyidisb 14 K
REAT S0 73 ) ek A 8 T 3 o i e v I R
3% 3.2 log cfu/g Jz 3.0 log cfu/g (Wang et al., 2010)-
Ming et al. (2018) jG AP PR 8 DI THERERY
10° IR JS5INE » 1A 70 L A3+ LA 2 st LU 1S -
35L/min A9%EE » 12.5°C A TH7K » b 5 KAE
AR HIEF 2.39 - 3.39 log MPN/g (2 I5K51
> Larsen et al. (2015) FERIRVTFRAIES B Kl
SONBEHTAVE R E 2B > 7 35 psu B
22.5°CJ% 36 L/min i/ KigLESE R 10
Ko FIRHEALIERHA R 1.74 log (Z BIESHINE K
1.18 log ZIGARINE & & o AHFFERIRTREUR
AL B A R R LR AS AR BRI BT G
B AR I HAEFE 24 hr AR B4
BAFNEBAEYIRERE (< 1.0x10° cfu/g) »

ARl RN & BFHEAEFL 96 hr A BERER
100 MPN/g (B it Fh i L VIR HE - AL fef R R KA
mn W RN IR &)

1.0E+06 ~

The limit of regulation for eaten raw (10° cfu/g)

1.0E+05 +--

1.0E+04 ~

Total aerobic plate count (cfu/g)

1.0E+03 +
None 24 48 72 96 120

Depuration time (hr)

Fig. 2 Effects of the different depuration times (24 to
120 hrs) on the total plate count in local shelled oyster
(Magallana angulata). According to the Sanitation
Standard for the Microorganism in Frozen Foods, the
maximum total aerobic plate count of microorganisms
shall not exceed 3.0x10° cfu/g in frozen fishes and
shellfishes and 1.0x10° cfu/g in frozen fishes and
shellfishes for raw consumption.

PRENF LR E BT B s 2 R
HUR > AFERFMUERTHZ VBN /A 4.60 - 7.58
mg/100g (Table 2) » FF & fAEMRAIE A T2 " Bl
HRIGENE e R ARATE | AR R R KA S
FREAFUE (<15 mg/100g) » MEFEIFLAYES 48 hr £
B > IR AR BBt TR BB S L 0
A BRI B TREEECE 48 hr $REH:
i VBN ££58 24 hr [y 4.6 mg/100g £40E 7%
7.58 mg/100g - MR IE It FEAEES 72 hr 42
B RN R BN e RS - I AR
TFEES 72 hr 2 B2 B SRR T %> #f L FAO (2008)
TEFER MR L E DA R/ H B R [ HI] > 3
R I R LR R Y S B0 TR E
bRy H 8 - IR E A bt b SR i -
TBARs & &k 5.13+£0.09 ng/g s imiF LR 24 -
120 hr Z4H#EH TBARs &8 3.5-4.4 pg/g
(Table 2) » FEAXAAIFLIEEAH (p<0.05) - 54
TRIFLEEEA B A IR A SR A S LR E Y

NN
[P0
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Table 2 Effects of different depuration times on the
volatile basic nitrogen (VBN) and thiobarbituric acid
value (TBARs) in local shelled oysters

Depuration time VBN & TBARs
(hr) (mg/100g) (g/g)

None 4.81+0.72 2 5.13+0.09 ©

24 4.60+0.02 3.66+0.06 °

48 7.58+1.15¢ 3.51+0.052

72 5.69+0.0 € 4.36+0.09 ¢

96 5.69+0.0 € 4.31+0.06 ¢

120 5.42+0.38 "¢ 3.85+0.03 ¢

Note: An ampersand (&) denotes the legal limit outlined
in the Ministry of Health and Welfare’s Sanitation
Standard for Foods to be Eaten Raw, which states that the
limit of volatile basic nitrogen level in fish and shellfishes
to be eaten raw shall not exceed 15 mg per 100 g. Values
are expressed as mean + standard deviation (n=3) and as
wet basis. A different superscript letter denotes a
significant difference (p<0.05).

BHAT RN A LS 2 2 2 o3 B
JEPR > Ruano (2012) FZEREEIFE 72 hr FYHE -
BERAE AL EFE R (1 PURZEE /R ) S 72 5
(P<0.05) > AR ALKA> 20.8% #HENEE & » Hr n3-
% TCANBEAINE NG E BIZ WA 27.3% 5 Bi et al.
(2023) BURFTEINRHY » AR BEAE F L AT
IRF » AN R Bk =R oy g B W v - ~ pH
1B ~ HE PR B it I B 2 & - (A1t Ry T e
HE R LEE S S e R B H S E R - K
HRIFAL BT 72 hr T E > FIZREVAR 5
MrEE 7K E ~ FEE ~ WENEHINE Bt e R S
FEIRAN Fig. 3 AR » REHLAHAIE &7k &~ IF
i ~ I P e i B e e B e B 5 | Ry 82.7 +
2.3% ~ 2,694.6 £ 727 mg/100g ~ 1,940 mg/100g }%
598.2 %34 mg/100g » SRIFAL 72 hr 3 HLHEHI 53 51
B 90.2 £ 2.3% ~ 713.2 £ 515 mg/100g ~ 1040
mg/100g Kz 453.7 = 21 mg/100g » B /RIF LR
A EEA SRS KEEE M 83%
(p<0.05) » SRS & ~ DR EEAE & S it ifeii B
EERE R R HIRE 73.5% (p < 0.05) ~ 46.4% )
24.2% (p < 0.05) - Barrento et al. (2013) #EE3&E
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Fig. 3 Effects of 72-hr depuration on (A) moisture
content, (B) glycogen level, (C) total fatty acid level, and
(D) total free amino acid level in oysters. The asterisk
denotes a significant difference between the depuration
and non-depuration groups (p < 0.05).
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Table 3 Effects of depuration for 72 hrs on fatty acid composition in oyster meat

Composition of fatty acid (mg/100g)*

Fatty acid
None Depuration

Butyric acid (C 4:0) ND. ND.
Caproic acid (C 6:0) ND. ND.
Caprylic acid (C 8:0) ND. ND.
Capric acid (C 10:0) ND. ND.
Undecanoic acid (C 11:0) ND. ND.
Lauric acid (C 12:0) ND. ND.
Tridecanoic acid (C 13:0) ND. ND.
Myristic acid (C 14:0) 120 50
Myristic acid (C 14:1) ND. ND.
Pentadecanoic acid (C 15:0) ND. ND.
cis-10-Pentadecanoic acid (C 15:1) ND. ND.
Palmitic acid (C 16:1) 640 330
Palmitoleic acid (C 16:1) ND. ND.
Margaric acid (C 17:0) ND. ND.
cis-10-Heptadecenoic acid (C 17:1) ND. ND.
Stearic acid (C 18:0) 140 80
Oleic acid (C 18:1) 220 110
Linoleic acid (C 18:2) (w6) ND. 20
a-Linoleic acid (a-C 18:3) (w3) 110 60
g-Linolenic acid (g-C18:3) (w6) ND. ND.
Conjugated Linoleic acid (C 18:2 con) ND. ND.
Arachidic acid (C 20:0) ND. ND.
Gadoleic acid (C 20:1) ND. ND.
Eicosadienoic acid (C 20:2) (wb6) ND. ND.
cis-8, 11, 14-Eicosadienoic acid (C 20:3) (w6) ND. ND.
cis-11, 14, 17-Eicosadienoic acid (C 20:3) (w3) ND. ND.
Arachidic acid (C 20:4) (w6) 90 60
Arachidic acid (C 20:4) (w3) ND. ND.
Eicosapentaenoic acid (C 20:6) (w3) 390 200
Heneicosanoic acid (C 21:0) ND. ND.
Behenic acid (C 22:0) ND. ND.
Erucic acid (C 22:1) ND. ND.
Docosadienoic acid (C 22:2) (w6) ND. ND.
Docosatetraenoic acid (C 22:4) (w6) ND. ND.
Docosapentanoic acid (C 22:5) (w6) ND. ND.
Docosapentanoic acid (C 22:5) (w3) ND. ND.
Docosahexaenoic acid (C 22:6) (w3) 230 130
Tricosanoic acid (C 23:0) ND. ND.
Lignoceric acid,( C 24:0) ND. ND.
Nervonic acid (C 24:1) ND. ND.
Monounsaturated fatty acid (MUFA) 220 110
Polyunsaturated fatty acid (PUFA) 820 470
Saturated fatty acid (SFA) 900 460

*Values expressed as mean (n=3)
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Table 4 Effects of depuration for 72 hrs on free amino acid composition in raw or cooked oyster meat

Contents (mg/100g, wet basis)*

Free amino acid Raw Cooked

None Depuration None Depuration
Alanine (Ala) 146.08+9.13¢ 102.17+5.48° 69.10+4.79* 117.48+4.17°
Glycine (Gly) 153.30+10.35¢ 107.79+5.39° 133.69+5.41°¢ 72.30+2.41°
Valine (Val) 6.32+0.42°¢ 5.42+0.17¢ 2.47+0.47° 4.34+0.45°
Leucine (Leu) 6.47+0.59°¢ 6.07+0.25°¢ 2.67+0.36° 4.77+0.48"
Isoleucine (lle) 4.38+0.15°¢ 4.41+0.03¢ 1.56+0.05% 2.87+0.03°
Proline (Pro) 116.04+1.20° 85.52+2.49° 45.15+2.91° 90.61+8.94°
Methionine (Met) 5.12+0.03¢ 4.48+0.25°¢ 2.20+0.06° 3.04+0.16°
Serine (Ser) 7.72+0.69° 11.84+1.35¢ 2.61+0.26° 13.28+1.52¢
Threonine (Thr) 6.54+0.05¢ 4.76x0.04¢ 2.72+0.19° 3.83+0.23°
Phenylalanine (Phe) 5.44+0.12°¢ 5.24+0.30¢ 2.83+0.06° 3.55+0.16"
Aspartic acid (Asp) 13.09+2.25° 27.17+2.78" 14.76+1.58° 23.56+4.59"
Hydroxyproline (Hyp) 2.23+0.15 1.71+0.08 1.04+0.06 2.18+0.39
Cysteine (Cys) 1.68+0.11¢ 1.41+0.06° 1.04+0.05" 0.76x0.11°
Glutamic acid (Glu) 91.14+8.52" 57.37+4.18% 69.07+3.46" 64.54+8.98°
Asparagine (Asn) 0.79+0.02° 1.22+0.05* 0.85+0.02° 5.18+0.36"
Lysine (Lys) 5.64+0.22° 4.87+0.34% 4.35x0.11° 5.55+0.38"
Glutamine (Glu) 13.66+0.24 12.84+0.48 5.67+0.22 36.88+5.33
Histidine (His) 3.63+0.23" 2.78+0.56" 1.46+0.10° 4.05+0.50¢
Tyrosine (Tyr) 7.16+0.56° 5.25+0.13° 3.37+0.16° 4.62+0.10°
Tryptophan (Trp) 1.83+0.01° 1.32+0.03° 1.19+0.04% 1.14+0.08*
Umami amino acid 104.23+£10.74 84.54+6.86 83.83+5.02 88.09+13.53
Sweet amino acid 429.68+21.30° 312.08+14.52° 253.27+12.50° 297.50+4.34°
Bitter amino acid 47.66x2.02¢ 41.25£1.29° 23.15£1.02° 34.69+0.76"

Total free amino acid

598.24+33.91¢

453.65+21.46"

367.82+17.85%

464.52+20.86"

*Values expressed as mean = standard deviation (n=3), wet basis. A different superscript letter denotes a significant difference

(p<0.05).
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sweet amino acid) Bz BRIEEFE (His + Arg + Tyr +
Val + Met + Ilee + Leu + Phe, bitter amino acid) &
3 AEe 598.2 ~ 104.2 ~429.7 Bz 47.7 mg/100g &%
4537~ 84.5~312.1 Fz 41.3 mg/100g » B/ : 171k
BREE 72 hr BEE IR AL AR SR M R AR I S
(p < 0. 05) &*HE{% mflﬁkﬁiz’ﬁéﬁﬁ/‘\g (IO <0. 05) ;
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Table 5 Effect of depuration on free amino acid taste activity value in raw or cooked oyster meat

Taste threshold

Taste activity value (TAV)*

Free amino acid (mg/100 mL)* Raw Cooked
None Depuration None Depuration

Alanine 106.92 1.37 0.96 0.65 1.10
Glycine 187.75 0.82 0.57 0.71 0.39
Valine 351.45 0.02 0.02 0.01 0.01
Leucine 144.32 0.04 0.04 0.02 0.03
Isoleucine 131.2 0.03 0.03 0.01 0.02
Proline 287.75 0.40 0.30 0.16 0.31
Methionine 74.6 0.07 0.06 0.03 0.04
Serine 262.75 0.03 0.05 0.01 0.05
Threonine 416.85 0.02 0.01 0.01 0.01
Phenylalanine 743.4 0.01 0.01 0.00 0.00
Aspartic acid 53.24 0.25 0.51 0.28 0.44
Cysteine 24.22 0.07 0.06 0.04 0.03
Glutamic acid 16.18 5.63 3.55 4.27 3.99
Asparagine 53.24 0.01 0.02 0.02 0.10
Lysine 1169.6 0.00 0.00 0.00 0.00
Histidine 200 0.02 0.01 0.01 0.02
Tyrosine 72.44 0.10 0.07 0.05 0.06
Tryptophan 90.5 0.02 0.01 0.01 0.01

Notes: An asterisk (*) denotes the taste threshold values (mg/100 mL) of free amino acids in water (Jin et al., 2023), a number

sign (*) denotes that the moisture content was converted to mg/100g, wet basis when calculating the taste activity value (TAV).
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el i s Sy ilREREH LB L 72 hr 27
BCHTUE - A 4°CHR i N AR 035~
8~ 14~ 15~ 19 J 29 RERER I HTIREY) B St 4
5 o FEHSRA Table 6 iR » ARIFHLEREZ A8t
W FC AR B BIED 1.63 % 10° cfu/g » BERR R 250



IR B RS S H M R R BRI

55

Table 6 Variations in microbial indicators during the specified storage times with depuration (72 hrs) or without

depuration

Storage time TPC (cfu/g) Vibrio pfﬁﬁ;igolyﬁcus Coliform Salmonella

at4°C (days) None Depuration None Depuration None Depuration None Depuration
0 1.63x10° 3.60x10* >1100 240 ND. ND. ND. ND.
3 3.87x10° 1.62x10* >1101 75 ND. ND. ND. ND.
5 2.93x10° 4.27x10* >1102 210 ND. ND. TSI+ ND.
8 3.10x10° 3.93x10* 290 210 ND. ND. ND. TSI+
14 9.90x10° 4.23x10* 6.1 210 ND. ND. TSI+ ND.
15 5.77x10° 20 ND. - ND.
19 1.55x10° - 11 ND. ND.
29 1.16x10° - 150 ND. ND.

Notes: ND: Not detected; TSI+: The representative sample had a

positive triple sugar iron agar for salmonella test result,

performed according to the Taiwan Food and Drug Administration’s testing method No. 1021951187 for salmonella.
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Fig. 5 Variations in oyster freshness during specified storage times at 4°C, including (A) VBN and (B) TBARs. The
asterisk denotes a significant difference between the depuration and non-depuration groups (p<0.05). The different
letter cases indicate significant differences (p<0.05) between the storage times.
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Effects of Depuration on Food Hygiene, Flavor, and Fresh-keeping in
Local Fresh Whole-shelled Oysters (Magallana angulata)
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ABSTRACT

The local oyster farming industry in Taiwan is located along the coastal waters of Changhua, Yunlin, Chiayi,
and Tainan. The oysters here are plump thanks to the nutrients, salts, and abundant microalgae growth. However,
frequent contamination from human activities also directly or indirectly triggers food hygiene concerns. To
improve the quality and safety of local oysters for consumption, a 60-liter small depuration system consisting of
an ultraviolet light system, a cooling system, and a circulating filter tank was installed in-house to purify the oysters.
The effects of depuration on oyster hygiene, flavor, and fresh-keeping of the were investigated. The results showed
that total plate count (TPC) and microbial count of Vibrio parahaemolyticus in the control (non-depuration) group
was 1.63x10° cfu/g and >1100 MPN/g, respectively, both the coliform and Salmonella levels were negative. A 96-
hr depuration treatment promoted local oysters' to meet the legal hygiene standard of raw seafood for human
consumption (TPC <1.0x10° cfu/g and Vibrio parahaemolyticus<100 MPN/g). In the flavor analysis, the glycogen,
total fatty acids, and total free amino acids of the oysters had decreased by 73.5% (p < 0.05), 46.4%, and 24.2%
(p <0.05), respectively after 72-hr depuration. Moreover, the levels of umami and sweet and bitter amino acids on
the raw oyster from the depuration group decreased by 18.9%, 27.4%, and 13.4%, respectively. However, the
depuration significantly improved the loss of amino acids (p < 0.05) from oyster cooking. Comparing the hygiene
and safety of the non-depurated and depurated oysters under refrigeration, the oysters met the legal standard for
edible seafood for 12.3 and 33.4 days, respectively. Depuration treatment marked an improved oyster quality for
raw consumption, better flavor retention in the cooked oysters, as well as extended refrigerated shelf life, thus

increasing the sales revenue of locally produced oysters.

Key words: local oyster, depuration, food hygiene and safety, flavor, fresh-keeping
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Table 1 Cultivation area, output, and output value in major hard clam cultivation counties/cities across Taiwan in
2022
Cultivation  Cultivation Output Output value Cultivation Output ratio  Output value
county/city area (ha) (mt) (Billion NTD) area ratio (%) (%) ratio (%)
Tainan 3,282 13,143 2.0 36 24 44
Changhua 1,600 7,489 0.5 18 14 11
Yunlin 3,345 31,655 1.8 37 58 39
Chiayi 868 1,821 0.3 10 3 6
All 9,095 54,112 4.6
Table 2 Characteristics of major hard clam cultivation counties/cities in Taiwan
Changhua Yunlin Chiayi Tainan Source
Erv stocking densit 1.6-2.0 1.3-1.5 1.0-1.2 0.5-0.8 1. Chen et al. (2019)
(Myi”ion ini/ha) Y 1.35 1.16 1.16 0.9 2. Chang (2019)
1.63 1.22 1.16 0.92 3. Huang (2019)
Culture survival rate 1. 40-90% 1. 60-80% 1.75-95% 1. 75-100% 1. Qin (2018)
2.33% 2. 50% 2.47% 2.56% 2. Huang (2019)
?f;ﬁgt?gg;fﬁ;ﬁ; 1. 25-40 1.20-30 1.15-20 1.15 B 3"22((2)%;3); Chen et
2.(kg/ha) 2.12,880 2.14,638 2.17611 2.8976 2. Huang (2019)
. . 1. Qin and Liu (2019)
Pond salinity (psu) 15-25 15-25 30 30-40; 30-50 2. Deng et al. (2019)
Culture period
(months) 13 12 11 10 Huang (2019)
Clam seedlings size 1,440 1,475 1,217 1,243 Huang (2019)

(inds/kg) (864 inds/tkg) (885 inds/tkg)

Sandy bottom,
good drainage,
loose texture mud

Mud and sand Sandy bottom,

substrates

sand mixed with

Use groundwater

Groundwater to adjust salinity

Use groundwater
to adjust salinity

(730 inds/tkg) (746 inds/tkg)

Sand mixed with

. Sandy loam 1. Qin and Liu (2019)
mud; Sandy bottom, sticky 2. Lee et al. (2019);
loam bottom not

texture 3. clam farmers
used
southwards of
Budai, Chiayito ~ Not used Clam farmers

Tainan
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Table 3 Hard clam cultivation area, output, and output
value in 2015 to 2022 in Taiwan

Year Cultivation Output Ogtput value
area (ha)  (thousand mt)  (billion NTD)
2015 7,302 64 4.5
2016 7,171 38 3.0
2017 8,104 52 5.0
2018 8,641 49 4.2
2019 8,736 50 4.4
2020 9,166 52 4.2
2021 8,984 53 4.0
2022 9,095 54 4.6
FORESL T3 {4

ABIFFEAE SUE Sl 2 5 7 1 A S P RE R
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Table 4 Key industry concerns of hard clam farmers in major cultivation counties/cities across Taiwan

Keywords of the problems ‘

Hard clam farmers’ narratives

Aquaculture environment

the seasons.

A1. Extreme weather (drought,
heavy rainfall, high
temperature, typhoon)

pond water’s turbidity.

1. Fish farmers still follow the 24 solar terms for farming despite the mix-up of

2. The weather changes rapidly and repeatedly, like high temperatures and
heavy rainfall in summer, warm winters, and severe occasional cold snaps.

3. Typhoons and heavy rainfall bring in too much precipitation, which changes
the salinity of the pond water, or causes dikes to collapse and increase the

4. The severe cold snap of 2016 resulted in disappearing small fish and shrimp
in the area, working milkfish freezing to death, and shifting environmental
patterns that affected the water quality and reduced the breeding rate.

1. Excessive baiting leads to organic matter deposition in the bottom of the pond,
as well as Vibrio breeding and hypoxia in the water.

A2. Substrate degradation 2. Hydrogen sulfide caused by pond bottom aging and deterioration is harmful

to clams.

3. Incomplete pond preparation and sterilization.
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Table 4 Continued
Key words of the problem ‘ Brief description of the problem

1. Industrial areas, factories and incinerators are located near the aquaculture
areas, e.g., the Sixth Naphtha Cracking Plant, Taichung Thermal Power Plant,
. . . and Changhua Coastal Industrial Park emit air pollutants and black smoke.
A3. Serious air pollution ) : ] ) ) )
2. Air pollution particles, pollutants, and dust entering the pond with rainwater
causes the pond environment to turn bad, affecting the water quality and

causing clam death.

1. There are too many industrial areas, factories and incinerators.

2. There is wastewater discharge from livestock farms in the vicinity of the
aquaculture area.

A4. Deteriorating water quality | 3. High water temperature and oxygen depletion in summer, poor algal
production, or algal-toxicosis in winter.

4. Excessive nutrients in the bottom of the pond increases the levels of Vibrio
and hydrogen sulfide.

Aspects of farming technologies

1. Long-term farming may cause inbreeding and genetic narrowing concerns.
B1. Quality of clam fry 2. The existing clam fry has an unsatisfactory heat and salt tolerance.

w

. Seasonal mix-up or early nursery rearing may weaken the clam fry.

1. There are risks of prolonged culture period.
B2. Slow clam growth 2. The hard clam growth rate is slower than ever.
3. The bait is insufficient due to the high culture density.
1. The pondside management, disinfection, and pest removal measures are
inadequate.
B3. Pond and fish farm 2. Pond inspections, water and algae observations, and emergency response
management issues measures.

3. Intelligent aquaculture is a complementary system that requires human

intervention.

) ) 1. A lot of snails and filamentous algae invade the pond through fry or seawater.
B4. Exotic shell species - . )
2. It is difficult to remove exotic shellfish and peacock clams after they have

invasion .
entered the pond to compete with the clams.
1. The density of clam farming in Changhua and Yunlin is too high, making it
difficult to take care of the clams.
B5. Excessive farming density 2. There is a need to increase the culture density because of the low profit and

high labor cost.
3. Higher risks.

1. There are many disaster relief subsidies but few research results, and it is not
easy for fish farmers to access the technology, so they do not perceive that
they have gained technical help from governmental organizations.

B6. Lack of research results and | 2. There is a need to educate the farmers about the proper use of photosynthetic

access to technology by bacteria, probiotics, bacillus subtilis, and so on.
fish farmers 3. New shellfish species suitable for Taiwan’s climate may be developed.

4. The Fisheries Research Institute’s guidance measures need to be conveyed and
exchanged on site with the farmers.

5. The farmers do not know what they need specifically.
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Table 4 Continued

Key words of the problem ‘

Brief description of the problem

Aspects of production and selling

C1.

Shrinking market, reduced
demand

. Stagnant sales, reduced market demand.
. There seems to be an overproduction of clams as well as a sales-production

imbalance, so clam wholesalers are reluctant to buy clams and farmers have
to sell them at low prices or at a loss.

. Young people dislike eating clams as it is troublesome to remove the sand.

C2.

Low acquisition prices by
wholesalers

. The wholesalers are either lowering the price of clams or unwilling to buy clams.
2. The market is monopolized by a group of wholesalers.
3. Itis very labor-intensive and inconvenient for full-time clam farmers to do their

own production and marketing.

. The consumers are affected by increased production and marketing costs due

to the higher number of wholesalers and the declining sales channels.

C3.

Production and marketing
challenges

. The procedures are complicated. The price remains the same but the

intangible procedures and costs have increased, and farmers do not earn
profits.

. The farmers have to pay for their own production and marketing expenses

and pay to undergo annual inspections and tests.

C4.

High operating costs

. Higher wages, increased cost of seedlings, rising cost of necessary materials,

and higher cost of medicines and probiotics.

. Regular harvesting increases labor costs, and the pond water needs to be

changed, thus increasing the business risks.

. Higher land lease rates due to competition from the green energy industry.

C5.

Limited processing options

. The most common way of clam consumption is eating them alive.
. Although vacuum packaging and refrigeration extend the shelf life, the sales

and distribution channels remain limited.

. Processing options and clam preservation methods have not yet matured and

require guidance.

Aspects of government policies

D1.

Labor and workforce
shortage

. An aging workforce.

. Young people are leaving the farms due to shifting ecological and social

landscapes.

. Insufficient and expensive labor.

D2.

Difficulty in receiving
disaster subsidies

. The natural disaster relief subsidies are too little. The procedure involves

multiple inspections and surveys, and it is troublesome and difficult to provide
evidence afterward.

. The slow death of clams makes it difficult to identify the cause, and it is not

cost-effective to maintain the clams in their original state.

. The government should adopt a more realistic to analyze the clam conditions

and engage with discussions with the farmers.

D3.

Poor drainage systems and

public water facilities

. Lack of a proper drainage system as well as deteriorating public waterway

facilities.

2. Lack of a high-gaulity water source.

. The facilities cannot cater to the clam ponds because of their individual

characteristics, and there is no localized aquaculture area.
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Table 4 Continued

Key words of the problem

Brief description of the problem

D4. Land taken up by green
power industry

1. Higher land rental rates as wel as declining farming areas caused by
competition from the green energy industry.

2. The solar energy systems cannot be installed at the aquaculture areas.

3. The contracting parties to the cooperation between the green power and the
fishery industries are the fish farmers and private companies, so there is no
official guarantee. The fish farmers are skeptical about the sustainability of the
green power industry and its policies.

4. Successful cases of fishery and electricity symbiosis reported in the news may
be fake and cannot be trusted.

5. The water may be polluted by the discharg from solar panel washing in
fishery and electricity symbiosis projects.

D5. Complicated farm

1. The registration procedure for aquaculture is troublesome.

registration and 2.1t is complicated and troublesome to register the land use changes,

administration inheritance, etc.
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Fig. 1

Geometric means and ROC-rankings of industry problems perceived by hard clam farmers in Changhua (A1.

Extreme weather, A2. Substrate degradation, A3. Serious air pollution, A4. Deteriorating water quality, B1. Quality
of clam fry, B2. Slow clam growth, B3. Pond and fish farm management issues, B4. Exotic shell species invasion, B5.

Excessive farming density, B6. Lack of research results, C1. Shrinking market, C2. Low acquisition prices by
wholesalers, C3. Production and marketing challenges, C4. High operating costs, C5. Limited processing options;
D1. Labor and workforce shortage, D2. Difficulty in receiving disaster subsidies, D3. Poor drainage systems, DA4.

Land taken up by green power industry, D5. Complicated registration).
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Fig. 2 Geometric means and ROC-rankings of industry problems perceived by hard clam farmers in Yunlin (A1.
Extreme weather, A2. Substrate degradation, A3. Serious air pollution, A4. Deteriorating water quality, B1. Quality
of clam fry, B2. Slow clam growth, B3. Pond and fish farm management issues, B4. Exotic shell species invasion, B5.
Excessive farming density, B6. Lack of research results, C1. Shrinking market, C2. Low acquisition prices by

wholesalers, C3. Production and marketing challenges, C4. High operating costs, C5. Limited processing options;

D1. Labor and workforce shortage, D2. Difficulty in receiving disaster subsidies, D3. Poor drainage systems, D4.

Land taken by green power industry, D5. Complicated registration).
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Fig. 3 Geometric means and ROC-rankings of industry problems perceived by hard clam farmers in Chiayi (A1.
Extreme weather, A2. Substrate degradation, A3. Serious air pollution, A4. Deteriorating water quality, B1. Quality
of clam fry, B2. Slow clam growth, B3. Pond and fish farm management issues, B4. Exotic shell species invasion, B5.

Excessive farming density, B6. Lack of research results, C1. Shrinking market, C2. Low acquisition prices by
wholesalers, C3. Production and marketing challenges, C4. High operating costs, C5. Limited processing options;
D1. Labor and workforce shortage, D2. Difficulty in receiving disaster subsidies, D3. Poor drainage systems, DA4.
Land taken by green power industry, D5. Complicated registration).
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Fig. 4 Geometric means and ROC-rankings of industry problems perceived by hard clam farmers in Tainan (A1.

Extreme weather, A2. Substrate degradation, A3. Serious air pollution, A4. Deteriorating water quality, B1. Quality

of clam fry, B2. Slow clam growth, B3. Pond and fish farm management issues , B4. Exotic shell species invasion,
B5. Excessive farming density, B6. Lack of research results, C1. Shrinking market, C2. Low acquisition prices by
wholesalers, C3. Production and marketing challenges, C4. High operating costs, C5. Limited processing options;
D1. Labor and workforce shortage, D2. Difficulty in receiving disaster subsidies, D3. Poor drainage systems, D4.

Land taken by green power industry, D5. Complicated registration).
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Hard Clam Farmers’ Opinions About Aquaculture Industry Problems
Across Major Cultivation Areas in Taiwan

Ching-Min Yang

Coastal and Offshore Fishery Research Center, Fisheries Research Institute

ABSTRACT

The hard clam industry, which has the largest aquaculture area in Taiwan, has experienced fluctuating yields
and even mass mortality events due to a combination of factors, including extreme weather, leading to operational
difficulties for farmers. To explore the problems faced by the hard clam farming industry in recent years, and to
understand the differences in the needs of and issues emphasized by hard clam farmers in different cultivation
areas, this study utilized the investigational methods of field interviews and questionnaires to rank the importance
of the industry challenges faced by the farmers in different cultivation areas. The results not only presented the
ranking of the industry challenges by importance, but also identified the three leading common challenges faced
by the farmers in different counties and cities: extreme weather (A1), invasion of exotic shellfish (B4), and
deterioration of water quality (A4). The next three material challenges for farmers were: drainage system (D3), air
pollution (A3), and quality of clam fry (B1). Extreme climate, high temperatures, and heavy rainfall in summer
were the most concerning for the farmers. The results of this study directly align with the aquaculture industry and
provide the industry, government, academia, and researchers with a reference basis for addressing the risks in clam
aquaculture and improving the yield rate, thereby strengthening the industry's resilience against risks and solving

industry problems by addressing the actual needs of the farmers.

Key words: hard clam, hard clam farmers, industrial problems, questionnaire survey, analysis of farmers’
opinion
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