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fENZAE (Scomber australasicus) S B iR E iR EH B S - BSR4 2020~2023 4
ISR R AT E YR 2 8 (A S S B B By B R H AL - HERmAERRAGIELL 3 H/4 H
Fo - EIESEI - HBTE I RS m i FERR AR - SRR S LB - RN —S8 - IS
P\REHHEIRTERR A FeCR R EL B R BB TG (G - HAEAER IR RTINE] 2k UNMESR - HEsm (LN
JERS AR ] E DN f e - A A DA R e T A DR - i BRI DN » TR R DA SRR "L R EE IR
F A R U 2 OIS 7 TR M mT g A R AR T A M B 1 AR R R

e
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T

Hij

{ENEEE (Scomber australasicus) & & # & 3
FEPEFaTE - 1 2017 - 2022 ]2 JSEAE i
BIE 42,700 - 64,100 mt 2 (GiEaER 4.1 -
6.5%) (JZESE, 2018-2023) » ZFIFT 10 AFEf
T - 2218 DI\ eI - it
HEf5H 87-99% Y \REERR - HAMELE B -
HEAG ~ RS2 ~ RN - ZEREEY - — BB FR TS
FERHGECAYE - FIESS (S japonicus) i
£ 2017 - 2021 FIRFHT 20 b - fiEELE
13,000 - 20,400 mt Z[] - BASERGHEE B LLLE 21 -
46% R (Fa3ET, 2018-2023) - fEREMEHTERE
BEARE  AEEEERRETREENAME
(Sinaga et al., 2021) -

AR TE AR YRR 2 BT F A HEAR e O R BT
» {ET T R T A B B A R B PR A 52 B v
SEIE (PR EEAEREEHNEERS
A% (Morgan, 2008, 2018) - BIAIEYIA I EL /K IR
S SRR N R A R A ) 0 HALRAYFRREE T

NS
Ae
NS
Ae

“SBIIEE / MBS ATEEE 266 5%; TEL: (06) 995-
3416 B 127, FAX: (06) 995-3058; E-mail:
rgchen@mail.tfrin.gov.tw

BZHIPN (Morgan, 2008, 2018) ; & FAEfERETA(E
MR AR IESE USRI - TR LEAYRE 228 b
GERIEBIHEREEFS B (Morgan, 2018) 5 B
7 I D0 YR L A LA P B S T T ol E 2 T
(postovulatory follicles, POF) » & FHREFE AL
B o AHAR[F] FafH s A A AR & 522 POF PRI
ZEMEE (Ahlstrom and Moser, 1980) » & A T i
e T HEB M USSR T EE TN -

T A N F R AR S AR YRR A RE
PN AR CARHE A LA DR & - FAONA
fo =S A SE A URHERS /775 (Jakobsen et al.,
2016) » AR IEasEMRIR (fishery-independent) HY
fliat 48 (Jennings etal.,2001) - {EIEAHR AT
BAMEER R (Rogers et al., 2009) » AT H 5N
A EERE SR HEA L T LIRS AE R 7 B (Ward et al.,
2009) -

BREE (2022) 712020 - 2023 FERHEHGER H
FaPRA AERS S o R TR R R A DB Fa e B
T EARPEE - 2 HARE ZE e AT
Hfa A R =m0 o DB R HEAL RS 2R
gl fe R A DR A R A o FRAERRLETS 4
i 5 fr N4 R X iR AR T AE 28 BITENE S
Z MEFESPEE &~ $E RIS~ AESNEL BB ML -
[FIREE E 2B AR FAEfTARUONERE - ARif5E
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e 2020 - 2023 FHARIFEIR IS R A AR PR
WFFERER - HEmm IR RRR I - JOIFrRE
B i fa IR P B A A -

FORHEL T4
— ~ BRAKIH

fEFARRRACRy 2020 - 2023 4 1 -5 H43t
] R 7 R S - B 1T 6 R B RSN
¥ - LERE Y% (Taiwanese seines) » HK
B— 7 (angling except trolling line) » FLARZEAF
(long line) ~ 'EEHE (set net) ~ HEF A —Z &
(hairtail jig) JEEELRHEE) (trolling line) SR
D HATEE (Table 1) - Fipftifak & g 07
Fa— SR RIS  EREST R BRI TEE  E 8
IR AR B A B By 5 H 18 R B E - —
S B BT IRy R P 4 -

PRI, R T e - fElEA5E
JE 58 E 22 Collette and Nauen (1983) Fipift » DL
FEREHS < 26— T RS 10 - 13 32 CKERSr 11
) FNEIE ST IR 9 - 10 32 (RER Ry
9 32) AElEfis < 56—~ 25 i RE IR RIS T Ry
TR - WU TR AR F RS PR
HIEEAETER - RS ] oK & AR s 1E
TEmAENE G A - El R - B - 10
EAASEIREE » A4 Rogers et al. (2009) Ffrsi
AR EE o HUT 2/KEIRREY—ZEIN AL 10%
T R MR AR A T RIS - B NP I E AR —
BRI 10% Mg AR E - RS )
Frilfi L Hematoxylin & Eosin ¥4t » DIEISRESH
POF K5 itiE -

s AR SR
(—) iR - BE2HEM

AWsErrmie R Ry LR R - FrfiieE

HEECETE R (W) R inies » AUk 1 W=
TWiXn) /N5 W5 T BERAE S ni 5B
HeitfEfa e ~ N« falfEfa s -

LN E (ovary eviscerated weight) ~ fiff
FOPEHE BRI R o [RRRIK bt /5%

FHEIAENET -

AT LA — 0 H— Rl fa b
(female ratio) » FyaZ #t £ 2 B 2 F S R B
Lol i faiEE &Ll (female weight ratio, N
i R) Rt KM fa i E B 2 A E H R -

(Z) 2

{f Lasker (1985) ikt - HigBMRIFZ
FEEESEZEDNE > B =ERAL - SHUTHY 0.1 g
BRAS DUH T RURAE BRI PR BUKINEE
£ 100 FZEAT) © K = ERNZATRS- 7K NS RR D
T B [ off B 7 O B R 2R OB (oocytel/g
ovary) > 3fe DA% fa U 55 HE & (0] HE H A e 22 O 3
(oocyte/fish) o {5 FHRR LB ER IS & L5 R fafE
RPN B R N B BAfRR - IR AE S
FERT A ME SOV ES KON E - DORHEFEAE
HE G & LRGN -

(=) BIESEEEEINLH

AN B 52 P i A JE IR $8 B (gonadosomatic
index, GSI) FyPERREEFRIA R FARE -

227 Lasker (1985) Ffralt - ONEE 2 BI/KIHIR
& (hydrated ovary) BEfER Ry B H AEDIMERS - HoEK
TR DRZ MR A SRR BRI R RE AR AS & /K DI
fa bl s KR IEE (POF) HIMERBER I
BUBA AR SRR Ry T 5L POF IR LR 5 AEDNEE
51 (spawning fraction, S) HI[f Rogers et al. (2009)
& POF S{EIN B AL R 24 /N - TR
POF FEWIRREL 2 45Ky HEETNEEH (S): AESNER
(spawning frequency) HIl Ry & H 72 JN LB & £ ¥
(1/8) » FRAMER LR EEI—X -

AR e Fe TN B /K I RRE R B POF 5
B Ry BTG PR RS < R PT A B o B AR
HER DGR AR R - E R BT T
% (breeding index)  #ETT/MHTIRF LA 5, POF
L AR GSI RlfHE - E Rt SE
¥ GSL < 2.7 IRFRITABREZHLARA - DIMAREAE
UIEER - [F]RF R BRI B EoRSE 3 BB LIRSk
BoEE R -

TR S PR B L AR 5 AT IR [RIARAK
Heaminate /5 AR TEORHIN -
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Fig. 1 Box and whisker plots of S Elj E | E 5300_ o : '
individual fork lengths for female and Esnn— : ' 1‘1-!' a T jz i "é" - ! E
male Scomber australasicus caught B E E o 5 250 -é S i i
by different fishing gear from January 8001 o 1 © a g ° !
to May 2020-2023. The horizontal _— . 8 S . S
line shows the median. The bottom T 2 & 2 5 3 g 3 £ g & 3 ¥ 2
and top of the box show the 25th and % -_E é" %" E 3 é" ? _g E" t’:f s 3 E"
75th percentiles, respectively. The g T & E £ 2 T ? } g E
vertical dashed lines show the 3 E g k-
whiskers. More points than whiskers _§° é‘“
were classified as outliers. g g

=~ (S8

AW TE BB BT ST A T BE ] R RS
(version 3.4.2, R Core Team, 2020) o St it
BT (ANOVA) HijLL Shapiro-Wilk test Al
E RS MR - DI /K HE p<0.01
TREBEARF A HREAIRITE 5 DL Fligner-Killeen test
Rba SRR EITE M » AL p<0.01 LR AF &
PPEMERER o ERSBEEHR AT & Lt
IRf - R SR B BT B bootstrap method -

NIRRT TR P A B = L B R TS

5E (Chi-squared test, ) » DIZEEE /K #E p<0.05 fiF
Rk AN LB IR AR » PEEehg e IR A

A2 2 tARE (paired t-test) »
ARMERR /. / A I EEN B BT DN S EE R AN EUE
e > DUEZEI/KHE p < 0.05 i Ry /e /A5 ER]
ZANBEE AN E] 5 R —ZEONEL E / Hh /R =R
B EE B 2R N B SR BE A8 U7 40 A (block
ANOVA) » DIFAZE 7KUE p<0.05 i Fy =AML 5N EL
HIEANF -

{5 P i REBS 0T IR S 5 ] Kruskal-Wallis g
SE (K-W test) fERRZHHH A BUE GHHE] - DA
7KHE p<0.05 i R RERER B MHEE - 35
LA Wilcoxon HEFFEFIAE (Wilcoxon rank sum
test) JEFTRAMIRARGLLEL - [AIER DA 7K HE p<0.05
i Ry R R e B AHSE -

{5 Fi] bootstrap method FFLL 95% BEZE/KMESE
Rymafr i BB AR (C1:2.5% 97.5%) - #2

R~ BEEE ~ XN EL E B £ B R L R P A
S o LT 2,000 X EME KR > AAFEHIATT:

R=X(Rxn) /N It R=F /(Fi+M); Fi:
5 T HEMERCHRE ~ M ¢ 5T T JEIEFRAEER i R B
SEBEAHERERE RS - N QR 2R -

T T R 2 BE B B R IR BR R B A AT
2000 K EE BB IIAE V-5 - B LR 22N B2
L1 2000 K E ke 5= ARSI S - AR
HE LR 2N -

Mok

— ~ S A B T 2

H 2020 - 2023 FEPYFHAREIGTHUS 3,637 FEiF
A > IR 3,313 RIEIEAEE 324 B IR - 16
NS AR R 419.4 mm (§8EE 1,072.2 g) By
/MIEE 224.1 mm (RS 124.4 g) 5 fEIEMSHESR K
BEE 417.0 mm (B4 941.0 g) » /) ViSE: 225.1 mm
(FHEE 116.9 g) - RNEIFE R SIS < N it/ i
fPgRE R - feEEEEGE 2 A Table | B Fig. 1 -
SEFARRAR 61.7% REHUWE > HKR 16.9% HKE—3Z
7

YRGB - RIS ff:  SRIRINETR
ArEER AR — S B EERES I - J& =R
IERAER AT R TS o Al e B
2023 4% 1 - 4 AFHEIEE £ 2 2020 - 2022 4
MIFREERIERERTS | BAEEREAR - "EEFE R
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Table 1 Basic information of Scomber australasicus caught using different fishing gear from January to May 2020-
2023
S.a.
Gear Female K Male ” Nol;n;t;‘.?r S.j. (%)
Number Wet IeFr?grth Number Wet Iefr?grth Toul and S.J.
weight (g) (mm) weight (g) (mm)
2023
Taiwanese seine 163 448.0 323.6 187 457.9 325.6 350 368 4.9
Angling except trolling line 129 504.0 335.8 154 497.1 331.4 283 287 1.4
Setnet 73 376.7 310.3 49 380.0 311.5 122 173 29.5
Longline 112 734.2 373.5 80 703.6 365.7 192 192 0
Fishmarket 6 253.1 274.5 9 169.8 245.4 15 20 25.0
Sum/Ave 483 512.9 336.5 479 497.9 331.5 962 1040 7.5
2022
Taiwanese seine 134 467.2 327.4 366 447 .1 322.8 500 559 10.6
Angling except trolling line 42 476.7 324.0 60 471.8 3239 102 141 27.7
Hairtail jig 28 485.4 335.8 33 500.6 340.0 61 142 57.0
Set net 0 — — 0 — — 0 1 100
Trolling line 1 620.0 360.0 0.0 — — 1 1 0
Fishmarket 64 474.7 329.4 92 506.5 334.1 156 173 9.8
Sum/Ave 269 504.8 335.3 551 481.5 330.2 820 1017 19.4
2021
Taiwanese seine 265 563.1 344.4 372 558.0 342.5 637 642 0.8
Angling except trolling line 25 563.1 346.2 25 555.0 342.6 50 71 29.6
Trolling line 3 557.8 352.3 1 579.8 345.1 4 4 0
Sum/Ave 293 563.0 344.6 398 557.9 341.7 691 717 3.6
2020
Taiwanese seine 331 519.6 338.9 342 519.0 337.7 673 675 0.3
Angling except trolling line 40 549.7 343.9 65 558.5 343.5 105 126 16.7
Long line 28 631.2 364.2 34 605.8 360.1 62 62 0
Sum/Ave 399 566.8 349.0 441 561.1 347.1 840 863 2.7

S.a.: Scomber australasicus; S.j.: Scomber japonicus

—SCHIEE ] DURSEE R BRI B REAE R
SMIEITEIESS -

fifEIR DHelRiE R T (91.1% BB HlEls
FERER 08 ~ BRSO BT B
P HCHBR ELBIES /N 10% > [ ISR A 2022 4E
T RIS H A — SRR > HIFAE 3 H
FE R TS N 2 o IR RS o AR
SMBIESE Z —328) (RFEEARWITEBITHI £
2020 - 2022 4R - FREEEFTS EEBHRE Ry 17%
30% i 28% - #F 2023 SEANBRREE 1.4% -

AN EE T eI S e R MR AN Fig. 1 Fok

K K-W haE EARE AR (p<0.001) « EHHLLE
HESTHISAENEEERE RaoK - TElE I e R R
AR EHA M (Wilcoxon test, p < 0.001) » {HEH
BUEFTHTSHEAUART (Wilcoxon test, p=0.09) 5 &
EHEIUS B SRS RN - B/ N HoAtfk
(Wilcoxon test, p<0.001) ; HUREEL—SZ$THIS/ENE
figpe RN MAEE 72 5 (Wilcoxon test, p> 0.1) 5 [
T — SRR A S I £ S R B\ —
PR EEE 72 B (Wilcoxon test, p>0.1) » {H fiff f &
RARRYWEIRIGERA (Wilcoxon test, p<0.05)
DL\ B 15 A6 1 5 ik / 1 w1 1) 98 25 7E
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2020/2021 FRAEHEA » 4E 2022/2023 Fi4EH#E/N (Fig.
2) - fEREHBE R (ANOVA, Ik p=0.02 ;
HEME p<0.01) » HfEFALE 2021 FEHUSERAREE KR
2022/2023 4[4 (t-test, p<0.01) » FHARFERIAEH
FOKHE S HEFAAE 2020 A RATAR AN fE EEHEE KR
2022/2023 £ER (t-test, p < 0.05) » H 2021 4EHfE
REARIREFEEAIA 2022/2023 4EfE (t-test, p<0.01) »
HEFAAE 2020 FEREER NG/ VY 2021 FEEEAR (t-test,
p=0.053) o

L
- =8

T T T T T T T T
2020 2021 2022 2023 2020 2021 2022 2023

500 600
1 1 1 1

Female Body Weight(g)

400
1

Male Body Weight(g)
350 400 450 500 550 600

300
1

Fig. 2 Box and whisker plots of batch body weight for
female and male Scomber australasicus caught by
Taiwanese seines from January to May 2020-2023.

B i g

TEREAHTE 2020 ~ 2023 4 Fadd FESEE(E Ry
0.47 EFREE L (R) EEIEIREy 0.47 < 88 aE
HEUTR 2022 I FRUA L BRI o KA B e LR I
HELEBIETERER () test, p<0.01) » FZAFMERALG L
SEF(E R 0.37 (B 1 0.13 - 0.74) > R {EEH 5 0.37
(iR ¢ 0.11 - 0.77) - HERSFHE/HELLEING AR A #
FFEEL (test,p>0.1) - HEFAfL LERRE FARE R S LE
A& o3 A7 SR SEE AR AHRR (p < 0.001, adjR*=
0.987) > IRy 0.983 » WU M AT M LS (22
Bl R -

TENEES I LAERAE 1 -4 HEE 0.11 - 0.89
S ) > M ST T B P (G RP ItfE I LE B A S
W 25 B P M TR VS M R A S IMEFRUPT A EL B
(R) G &% TR (Fig. 3) - BLRRFy-0.177 B
B 0 (p<0.01, adjR>=0.142) ; 7F Fig. 3 8515
VEFRSOR O 1Y 8 AR AEEH GSI fy 3.13 - 7.34 >
HER G #E POF B2 A GSI(2.7) > A]HERR
T ABIER - ZREERIE 8 EERAE: - EHAGFT
B REF-0.165 EIBEZE R 0 (p=0.03,
adjR*=0.101) - W]k 3w 7R BT AT - HEfr A= ON
S ZE SRR ENE i R e TR e R DU F R 3 -

1.0

Female weight ratio

=
=]

0.0 0.2 0.4 0.6 0.8 1.0

Breeding index

Fig. 3 The female weight ratio of Scomber australasicus
from January to April significantly decreased as the
breeding index increased (p = 0.009, slope = -0.177,
adjusted R*=0.142).

=~ ZPNEL

ST AN S A I L B B R AR N RO SR
E 725 (paired t-test, n=8, p=0.66) > [A]—ZEHVE
b/ = AR A R AR N B R R A R
(block ANOVA, n=38, p=0.65) - £F 2020 - 2022
AL 65 Vg AL DN B B B A N By 1102
oocyte/g ovary —HEN-EZMEAKFF Ry 1148, 1016, 1182
oocyte/g ovary % [ 7= % (ANOVA, p=
0.103) ; =5 MfEfa BLA7 SPE RN S B 2B R P
By 102~162~ 147 (oocyte/g ovary eviscerated weight) -

DU T £ H I S 2208 (y) B R ORELER
(x) FIRAGRAN Fig. 4 AR - EERRFR=CAT 35 Ry
v(2020)=311.1x—98387 (adjR>=0.415, p=0.05) ;
y(2021)=287.3x— 67858 (adjR2=0.178, p < 0.01) ;
v(2022)=69.4x + 31816 (adjR>=0.143, p=0.02) - &
ANCOVA #E #BLE =P ARE 2R - 8
Hh 2021 4B 2022 SERBREEEARE (p=0.022) » {H
2020 FEEE 2021 5 2022 FHERIERMEREE 725 (p=
0.831 1 0.144) - i 2022 FAN AR HRL
HATNEE FE )N » T 2020/2021 4.2 KR RIS B
— AT LAHRCE ZHI5 -
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Fig. 4 Relationship between the ovary weight and batch
fecundity in female Scomber australasicus caught off the
northeastern coast of Taiwan.

VY ~ BT e R B A DN L]

TENRESHEFONEAE 1| Hpdta%E - £2 -3 H
EEEE - 4 FIBda N £ 5 AINRCKKESE
fiE (Fig. Sa) o RefEtfiitie s DL H 3 POF UfEHELE
B ARBFSEAE 2021 - 2023 SE43RIEYH 174 ~ 198 ~
346 FrYIFy > 2020 FEREKMAERE L RHRR Y] FrBAE
71> YIRS B REAELEAS AT - HiZH POF {éfg
LEBITE 1 AR - B 2 HABdsA EFt - 2£3 H/4 H
dEf 0 1 5 HBRRE (Fig. 5b) - S KINMERLE 1 H
14 HEARAH 1 #EA7KORMER SR - 2 F 10 #t
L3 H41ftF 108k 4 H23 it 64t S H
5 HEERIE - TUIRMEESEEERIERE 1| ABRAE L
Tt E 4 HiERERAE 5 HEEE TNz R
REfEIE (Fig. Sc) » £ Fig. 5d tha] & 7k BIfE g L
PlEidE A 3 H/4 H -

N[ RN £ E N A S B ME £ B0 Table
2 ffr7R - 4 236 EEHIEE POF M F 61% Z2KEHL
Wik (143 B 1E 88 RR/KINIER T 45 78% (69
F2) 8\l - —ZRRE I - e R RK
] — S B BLAEA 8 25 ] §USE FE R S /K DRE AR - 8
W E/KINTEIREE T G ERIT R - HY IS
351 RMfEfa P 52%8 FYEIETE R ES - FR—C8Y
B E A I R B S B TR U = St
BRI RS IR ESE 7 f SR S B A
MR > A =L Ll i B A RE - iR
POF iff £ 5 2 /K DM £ LEBIHEA [RIA i

FHAH (0, p<0.001)  MHEFTSEIIGHREEAE
ANREFINEREE AR (F, p<0.001) » Folitds
FRER ER = AR Y N8 —3287
I POF £ L] ol 2 7K DNHEFE LEBIAE R i
R HER R (0, p<0.001) » BIETEEEE
FERIERIINE R AR (F, p < 0.001) - BURK
MRS 3\ N R e b Tl B B e ]
B

Female G51
Female with POF (%)

th POF (%)
=
o

= £ 0.4 '
= 044 = . : '
12 3 4 5

Month Maonth

Fig. 5 Four reproduction index of female Scomber
australasicus from January to May during 2020-2023.
GSl: gonadosomatic index (ovary weight/body weight);
POF: postovulatory follicles.

T~ FEFA SRR

LA bootstrap method 78N FITfE ST EIE
FERZEEL > FEIRAN Table 3 Fi7s - fENRAHME R HER
X EHR R 2022 Fix/]s » B 2020 B 2021 5280
FFEF {rtEfrRE BRIV E T - SN2 2022
iz - HEE 2020 B 2021 FEAEEEL 5 MR
H AR 2022 SRR RBER 25 H B 2023 4
2R L E HAENELPITE 2021 - 2023 FE[ERE
725 > D)L 2022 iR » R =R EEN
By 4.1 - 7.1 R 5 BIEISHEFEBUIAIRRLE 2021 -
2023 FERAGEIE EE - IREL 2022 R 5 #ER
ZRGNERANLL 2021 Ffrmy » ELEE 2020 BY 2022 £73%
REE 725 o HEREERI - 2022 A (TR /e e e U R
|\ G ERRUME R AN EURAR > BTN L E 5
BEEFHERZAINEURAL - P PGt S (R b/ AR
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Table 2 The result of the proportion homogeneity test of reproductively active female Scomber australasicus caught
by different fishing gears from Jan to Apr during 2021-2023

Gear Hairtail jig A?r%llilr;rg]geﬁﬁipt Long line mFai:It]et Tasi\g;?]refse Set net Total 2 p
Females with POFs 9 33 39 9 143 3 236 34.3 <0.001
% 0.36 0.22 0.35 0.14 0.35 0.1
hisr”;fggso‘gict\}/‘te 1 0 2 16 69 0 88 655 <0.001
% 0.04 0 0.02 0.25 0.17 0
Breeding females 10 33 41 25 212 3 324 81.5 <0.001
Breeding index 0.40 0.22 0.37 0.39 0.52 0.11
Total 25 149 110 64 351 27 726

POF means postovulatory follicles

Table 3 Bootstrapping results of reproductive traits for Scomber australasicus from January to May during 2020-2023

Female fork Male fork Ovary Female . . Batch
Year OCI length length Female Wel - eviscerated weight Spawplng Br'eedlng fecundity
(%) (mm) (mm) weight (g) weight (g) ratio fraction index (oocyteffish)
2.5 336.9 336.6 510.2 490.4 0.426 - - 41,920
2020 50.0 340.6 340.5 527.9 508.4 0.472 - - 59,029
97.5 344.6 344.6 546.1 527.5 0.525 - - 71,741
2.5 341.3 339.9 545.3 521.7 0.354 0.083 0.325 72,977
2021 50.0 344.0 342.8 558.4 531.5 0.424 0.150 0.472 84,945
97.5 347.7 345.9 579.6 545.1 0.501 0.237 0.693 96,099
2.5 319.0 318.3 430.1 409.2 0.252 0.152 0.460 56,455
2022 50.0 327.9 326.2 468.5 445.7 0.332 0.245 0.636 62,802
97.5 334.8 333.2 504.8 4771 0.430 0.325 0.757 69,673
2.5 325.8 324.8 461.4 445.8 0.453 0.084 0.203 -
2023  50.0 334.2 333.3 506.3 485.7 0.502 0.140 0.335 -
97.5 344.0 342.8 560.0 535.7 0.549 0.200 0.475 -

Cl: 95% confidence interval

FHG > BRI AT B S S FUERET R IR/ fERSE R E R

AR - 2017 - 2021 £EH94E 21 - 46% [ - ARBFZeEs 8 1 g
i 5 FLAE A FIERR 2 2K - 2 SRR R E R kR

A Al IMETESE Z — CHIRERE - HIEESTE 2020 -

2022 fFERBEEELHIAE 17 - 30% 2R - {B4E 2023

— ~ G R T A AR FEBRRE S 1.4% {H R4 B IR I15 30%-

TENE S R A R S B B LA R R PR S A5 £l
FIIEESLE 1996 - 2001 R EEIERMIT (G, YER R B RERR ST T T -
2010) ; #2001 - 2013 £ EEHILE 15 - 40% [H]i5E AWFFELE 2022/2023 £ HENS < ACHENS - S50
B (5K, 2014) 5 7£ 2008 - 2020 4] L 20 - eY\Eik (Fig. 2) EEAFTHRIE (Table
50% fEEEHEAE S (Sinaga, 2023) - SHKIRIRSEEE 3)> HRHIER 2022 FFEAElRAG A SR U BB N R G2 -
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i Sinaga (2023) 4347 2017 - 2021 £ERSE TEH
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AL > W i T RE R B R A LT R S B
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A4 AEFEIE LIt - HEEE R TS
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(Fig. 3) » ERIACIE S IEF & Bd I a DR 3 Brs
B AAE EEHIE MR R - SE(EER S ELAE 1R
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HEFFEAR - AT el Z Hx 2200
SR L £ G B B FRAE 2022 4 REREERE /)W 2021
F (Fig 4) > RRFH BN AL 15 1 4
(>500 g) HLRHFIHEAE 2022 RN 2021 4
AR DA fa N A A U A e R R A SR EE
it B ZRENE -

VY ~ BEIETER E EL A DN L]
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sagax FHEAT/KI 13 - 19CH#EAT A TR - FERRTE
AR EDE 28 /NRFEREASA S - 48 /INEF
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/N POF EALAZ RS AL E. mordax fE4E$% 48 /)
IKf (Hunter et al., 1986) o B I g b 35 68 4
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(McPherson, 1991)  $&AES A EIRIEES R ATEZE
YHEEBIZ 5] McPherson (1991) Firlt - BG4S 5
fif (Sarda orientalis) RJZ8ks POF —H{&RIfEEHE
#EO(=, 2015 > FRIEKEINEE  (Scomberomorus
commerson) JR[E (Weng et al., 2020) -

WY (BEE, 2021; Sinaga etal., 2021) F R /ElE
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1 23 - 28°C (Sinagaetal.,2021) » EERIEIEFFRIL
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PUREFH BTG F g b A AR IR S Mg Bl — S 8
B WIAETESERRIRF 22T 12 /NRF - SR fENE
fiff POF PRI 48 /NRFElE BE AT 2 24 /]NKF - B
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Reproductive Biology of Blue Mackerel (Scomber australasicus) off
Yilan Bay, Northeastern Taiwan

Ruei-Gu Chen'" and Ting-Chieh Huang?

'Penghu Fishery Research Center, Fisheries Research Institute
2Marine Fisheries Division, Fisheries Research Institute

ABSTRACT

The blue mackerel (Scomber australasicus) is the most important species supporting Taiwan’s mackerel
fisheries. This study provides the reproductive biology parameters of adult mackerel caught from 2020 to 2023.
Based on monthly changes in the gonadosomatic and breeding indexes, we deduced that the main spawning period
for blue mackerel is from March to April. The proportion of female blue mackerel in a school decreases as their
reproductive state progresses. Actively spawning females are caught more often by Taiwanese seines at night than
by hook and line during the daytime. Here, all fish with ovaries containing hydrated oocytes were collected at
nighttime. These results suggest that blue mackerel is a night-spawning species. Fish that breed at night move to
the water surface and release gametes away from non-mating schools, resulting in a male-dominated school. These
findings enhance our understanding of reproductive biology in target fish populations and will help manage these

fisheries.

Key words: mackerel, spawning biology, egg production method
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R (B, 2007) < SR TISARRR S ZARHEs K I EEE
WEIRGIRE | FERE E RS TE - HAHR
SORRERHE D - fERBRIRAL - BEhER IR KA
WS N  BUTERESEE  IMrEE
B HEREE—DEET o Rolth > ATHTEEHE LT K
TS AR G T AR R
[RIFFERET A R E R S E TR A 2= 5 - fHyfik
BB REBCRIRE B IES - ERSKE
B -

FORHEL /5 ik
— > BRASZKIE

AW FEASTAIR BN B iR % » 78 2022
F4-9 H R LR KA
A~ SPERE 3 EERERIHNEG Q%S A ¢ 23°24.10'N -
119°27.98'E ; %5 B :23°22.40'N ~ 119°27.98'E ;

HIBE C : 23°23.22'N ~ 119°26.50'E) (Fig. 1) » & H
FH R R RS KA AR (PR SZAf) A I T AR
REREE - MRS MD AR SRR AT 1 - 3 /1N >
AL - HE EEa = TS E
DAY g AR i JAR A H R s &) - [
Gb R PRET A I E G B I e A B 2R
FEHL > A 2022 4 7 - 8 HHIARFTEAM A SEA Y
Fe LB LR N B Y (A ~ B IS DL
— RS R R - Y R B e
TTYIREEE - GFHRIR KA AR A E TR RIS
JSC RS AR IR AT o Y250 B KATANS
[ ~ SRR LIS Table 1 -

119‘225'E 11913D'E 119°|35'E 119“140'E 119745'E

23°?D‘N

23°?S'N

Penghu

23°J3U‘N

23? S'N

] Wang-An light fishery forbidden zone
®  Sampling site
10m 20m 30m 40m 50m

Fig. 1 Thedistribution of sampling sites and contour line
around the Wang-An light fishery forbidden zone in this
study.

=~ B E R

R 18 25 ) e 106 L ke M R g A S B B o AR
Fr o BERE F A I BE S B T R I vk
HEAURH A= SR PR - BB hER 1% T AR SR - &
HISMVERE (ML, mm) KBSE (g) [RIRFEUH AR
i~ BACRER () ARTEIREER 10% WRFESFRERTE -
TR TE BT -

Y EAEYRE - JeDAME ~ TEVENE A3 47 - Sb
ESRE — e EBRR BW = a x ML » Hrt BW
RleH (2) ML BfMEEE (mm) - a~b Fy228
DU AR (maximum likelihood estimation) g
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Table 1 The fishing methods, status of fishing equipment, and sampling area of three sampling vessels in this study

Sampling vessel  Fishing method

Status of fishing lamp

Sampling period  Sampling area

Above water: 12 (2 kw/lamp)

Light fishery 1 Stick held dip net Under water: 8 (2 kw/lamp) Apr. to Sep., 2022 All stations
. . . . Above water: 16 (2 kw/lamp) .

Light fishery 2 Stick held dip net Under water: 4 (2 kw/lamp) Apr. to Sep., 2022 All stations

Hai-Ani Pole and lines  Under water: 4 (80 w/lamp)  Jul. to Aug., 2022 St. Aand B

SEME ~ HEMERY LR A5 (Kimura, 1980) » FF 1L
Kruskal-Wallis test (K-W test) (McKight and Najab,
2010) PRl HAE AN F AR RIS A A 5 - S 2
5 mm ML FyiR BRAG SN ERL R ATl -

=~ BTHBEE O

R LEHEAT AR E IR A FRIaE T I <« HASR Y
(CHEH) BALPIR R EREE 2R srERAE
TTAETEZEE /AT < M ~ MEAEBE 53 1 S L A JE A e
(GSI) ~ HEKHEE » GSI GHHE/AZL (Perez et al,,
2002) 4TF :

ast=—2 __ x 100

BW — SW

b GW Ry /EJE R E - BW Ryl B - SV
HAAYE -

AP > 2232 Macy (1982) ~ Boyle and Rodhouse
(2005) ~ Sabirov etal. (2012) K (2015) » H55%
P B 40 Rk #h (immature) ~ 24 (maturing)
B (mature) =fEPERE - HLERAEHET TEAVEE
G3HT -

VY ~ BRIl S S Y R e o0 A

TSR » ki A TS
3 WA S U P A A A
19 F BRBIATE -
(—) BEE (%N)

FH AR AL - AT

number of species i
%N = x 100
total number of catch

21 > number of species i Fyi% HaZlih (5

k) JEIEYb | Yrfd .2 g 5 total number of catch
FoiZ Azt R ey -

(D) E&E (%W)
AR AYIRE R St > A ATh

weight of species i

%W = x 100
% total weight of catch

K H » weight of species i J%2% HEZHIE (F
%) WEYh i YfE 2 i total weight of catch
iz HEAE (i) MgdEE g -

() EHERMEEH (R) REBHERES
DL (%IR)

BRI RSN IS (3R, %F)
A=V

number of catch containing species i
%F = — — x 100
total number of catches containing all species

H > number of catch containing species i £y
FZH e YRR TFE R P R R B
total number of catches containing all species J#% H
BT TFE R TR A YRR B B -

BEBYIREIIYN ~ %W ~ %F » FHRAHAEE
MRS (IR B EEMEE D (%IRD) -

IRI = (%W + %N) X %F ....ooceeeeeee. . (a)

(%W i+%N;)X%F;
o1 (%W +%N )X %F;

%IRI =

(b)zNrr > %W % Hadsik 1 VIR B
o3 L6 YN Ryid HREHHE 1 VIR B o B %F,
Foi I8 IR B © S Roi Haiaiifa
Y& AR -
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T~ ZRE LSS B R B b

AHE LU B (Shannon diversity index, H')
(Shannon and Weaver, 1963) ~ &5 (Margalef's
richness, D) (Margelef, 1969) i3 %]FE (Pielou's
evenness index, J') (Pielou, 1966) L2415 &5
IS A AR -

(—) IREEEBH H)

I SR R R - VIR BB A A -
el e e AR - H SR B R B K
H (H ma) In (S » HRER M E—BZ2 D8
R AR - RIS FE R -

H'= =51 pilnp;

= S ReakiHsnuiEYItE (B %o piky il
(e e S G

(D) EEELEE D)
S—1
Inn

Ao S ReiZiHsin eI (Bh %0 n R
TS TR YRR R
(=) 1PIEEH )

E2R)icE it IV e S/ SRR SER /e
SR SRR > HAES TR O (BB ) - 1 (58
E397) -

HI

J ==

H max

A H R B TR > H e Ry SRR
HIECAME (InS)

75~ BEEESHT (cluster analysis)

EHEERAR W ORISR %R SR RS
Mt TR A BRSO IUE - BB A
(group average) k¢ Bray-Curtis fH{EIE 5% (B-C
similarity index) LR 30 HBSEIEE - 1L
one-way ANOSIM A& AN IR EL H A A ERH
OB HBE AR - MUENGTE (global test) R=0
FORSEEMR » R<0.25 FORAEAHIEL > R>0.5
FOREHEG EABHEREE 2B 0 R > 0.75 RoRA#M

EZA2HE R =1 RRBEARE - NEEEKLE
(significance level, p-level) RIIZ%EkH 5% @ iDL
SIMPROF test {5t/ My FaksE =, - LA —
HIRET H o REE S - MHBRAMEET 0T DL PRIMER
6.0 {7 > ALLL SIMPROF test fif5E 53 HT i dii1y 57
AR DA — 2P PR H A2 5 - MHRRREE T 04T
511 PRIMER 6.0 $147 -

L~ IR TR ERE R EE e
(nonmetric multidimensional scaling,
nMDS)

R H TR SR R A DL S 7 T A (e
FERZE IR T R A - DL TR TR A A 6% - A
WF5ELL nMDS AN RIREEH ARl e R 22
St - FHEAREE AT L PRIMER 6.0 11T

Mo R

e PR ) A

2022 F 4 - 9 F FLHRE K SER S a i
YRR RS R HHE R I R R 28
RIS 38 A P 1 R 3 R SEIEMEET S
BE - AR 9 H - ZAEEA (A ~ B I -
Gh (C ) FEVEAERH R AR & A M 72252 (one-
way ANOSIM, global test, R =1, p-level = 0.001) »
It WEHE T H IR B o B (%N) ~ B
BT (%W) ~ FHEE R (IR) SAHAEEE
PEFRBGIT QIR - Hodr» TREG (BRI
WY YN~ %W~ %IRI 125 H M R
Yy 5% # o F T HA (Other) ; v -

(—) BEB82L (%N)

B 4 - 9 HyEYIREET 32 Bl - ATEEs
Yok 49 fi -4 H DU/ NSERERR @k LGRS (39.31%):
HRYMERRE: 30 mm DUF ~ Mk Hs MU RE
BAEHIAE R R HERE (25.27%) » i S8 E
(Amblygaster leiogaster, smooth-belly sardinella) fi7
JEE= (12.15%) 5 5 HIFECEILRIHERS EE BT i
(26.86%) » HX EENEMITE/NAF (Solephorus
indicus, Indian anchovy, 22.76%) - & i 15 ] fif
(Bregmaceros pescadorus, codlet) 47 & 5 =
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(12.51%) - 6 HLUINSHEIRGE (31.45%) kR Lhtfa
BIfEf (Siganidae larvae, 33.07%) Lhffilig s - H
Khw/NA T A (Sardingllalemuru, bali sardinella,

12.65%) > 7 ALV il EE (74.85%) Fot -
TEEMITR VA (15.41%) - 8 ALE/NS T

b Bl f = (8549%) - 9 H HIDILE H 2
(Decapterusmaruadsi, round scad) F 3 (35.21%) »
HR Rt ERHHERE (25.10%) R BE/NDT &
(23.93%) (Table 2) »

Table 2 Monthly %N of the catch composition in the Wang-An light fishery forbidden zone between April and

September 2022
Species Apr. May Jun. Jul. Aug. Sep.
Engraulidae
Stolephorus indicus 0 22.76 0 15.41 0 0
Other Engraulidae (<5%) 0.23 0 0 0 0 3.50
Clupeidae
Etrumeus micropus 39.31 4.93 31.45 0.09 0 0
Amblygaster leiogaster 12.15 3.78 0 74.85 0 0
Sardinella lemuru 0.10 0.61 12.65 0 85.49 23.93
Other Clupeidae (<5%) 1.86 0.02 0 0.12 0 2.52
Bregmacerotidae
Bregmaceros pescadorus 0 12.51 0 0 0 0
Atherinidae
Atherinomorus lacunosus 8.45 0.02 0 2.02 0 0
Carangidae
Decapterus maruadsi 0.16 0.17 0.12 1.98 0.43 35.21
Other Carangidae (<5%) 0.13 0.79 1.99 2.39 0.11 1.55
Lutjanidae
Lutjanidae larvae 0 6.48 0 0 0 0
Siganidae
Siganus fuscescens 0.10 0 0 0 0 0
Siganidae larvae 0.03 1.45 33.07 0 0 0
Scombridae
Scomber japonicus 8.74 2.01 10.90 0.28 6.30 0
Scombridae larvae 0.03 6.70 8.01 0 0 0
Loliginidae
Uroteuthis chinensis 0.77 0.61 0 2.23 6.30 3.31
Loliginidae larvae 25.27 26.86 0.96 0.02 0 25.10
Other Loliginidae (<5%) 0.16 0.14 0.30 0.02 0.96 3.50
Sepiidae
Sepiidae larvae 0.03 5.49 0 0 0 0
Other Sepiidae (<5%) 0.09 0.02 0 0.14 0.32 0
Others
%N of family < 5%** 1.30 4.60 0.31 0.36 0 0.99
Unknown 1.09 0.05 0.24 0.09 0.09 0.39

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**%N of 23 family (Ophichthidae, Synodontidae, Exocoetidae, Belonidae, Ambassidae, Priacanthidae, Apogonidae,
Coryphaenidae, Menidae, Leiognathidae, Caesionidae, Mullidae, Chaetodontidae, Acanthuridae, Sphyraenidae,

Trichiuridae, Nomeidae, Pleuronectidae, Tetraodontidae, Enoploteuthidae, Sepiolidae, Octopodidae, Portunidae) were less

than 5% of the total count in any given month.
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Table 3 Monthly %N of the catch composition in the area outside the Wang-An light fishery forbidden zone between

April and September 2022

Species Apr. May Jun. Jul. Aug. Sep.
Engraulidae

Encrasicholina punctifer 0 0 0 0 0 20.50
Clupeidae

Etrumeus micropus 4.99 33.95 48.56 0 0 0

Amblygaster leiogaster 6.21 0 0 82.88 0 0

Sardinella lemuru 0.12 3.70 6.91 0 49.80 54.50

Other Clupeidae (<5%) 0.49 0 0 0.63 0 4.00
Atherinidae

Atherinomorus lacunosus 32.52 0 0 11.26 1.72 0
Apogonidae

Rhabdamia gracilis 0 0 0 0.44 45.13 1.00
Carangidae

Decapterus macrosoma 0 23.46 0 0.76 0.16 0

Other Carangidae (<5%) 1.83 0 0.38 1.70 0.57 0

Siganidae

Siganus fuscescens 0.37 0

Siganidae larvae 0 20.92
Scombridae

Scomber japonicus 4.14 38.89 16.12 0.13 0.50

Scombridae larvae 0 0 2.11 0 0
Loliginidae

Uroteuthis chinensis 1.10 0 2.30 1.32 0.74 12.50

Loliginidae larvae 44.95 0 1.92 0.19 1.06 6.00

Other Loliginidae (<5%) 0.73 0 0 0.25 0.16 0

Others
%N of family < 5%** 2.06 0 0.40 0.31 0.50 0.50
Unknown 0.49 0 0.38 0.13 0.16 0.50

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%N of 7 family (Chirocentridae, Belonidae, Caesionidae, Chaetodontidae, Sphyraenidae, Sepiidae, Octopodidae) were less

than 5% of the total count in any given month.

st 4 -9 HIIEYIREET 15 B s
YIRE 21 f - 4 JLUSIREIHERS (44.95%) Berae
% $1 ¥ f4  (Atherinomorus lacunosus, hardyhead
silverside, 32.52%) J ¥ » 5 H DL/ AE AR &k
(33.95%) K HEE (Scomber japonicus, Pacific
mackerel, 38.89%) L@l s 0 HX R G EHE
(Decapterus macrosoma, shortfin scad, 23.46%);6 H
/NEEHERR IR LE BRI (48.56%) » HK Ry B fa kst
HESE (20.92%) » HIRASELHIRIRRESR 16.12% - AL

JE#= - 7 ALV RIstlEsE (82.88%) Fut » HX
FoFPESRIREE SR (11.26%) > 8 HLIE/ ATt
Bl (49.80%) > HAHIRH7R=MH (Rhabdamia
gracilis, slender cardinalfish, 45.13%) - 9 H&/\ND
THHERFREILER] (54.50%) > HK Rk ~FRefiE
(Encrasicholina  punctifer, buccaneer anchovy,
20.50%) » HE g $5% (Uroteuthis chinensis,
Taiwanese squid, 12.50%) f\7JFZ5= (Table 3) o
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(D) Egarntt

2alEmN 4 HLUmERESE (Ablennes hians, flat
needlefish) FEfiliRi (23.58%) @ H A Ry MEAEAR
B (15.42%) » FPERIRERAL R = (13.49%) 5
5 HREREEHERAA S (17.56%) » HX R E
fifi (17.16%) = 6 H LI/ MsHERRSE (38.01%) FyF- »
RS LB (36.08%) > AZfEER— <7 H LI
Mo i B (44.49%) Ry F 0 H R RyHhEIE 8
(20.46%) > & B ¥ 4 2 (Scomberoides tol,
needlescaled queenfish) f\7JEEE= (15%)-8 HLI&=
N T (45.57%) By E 0 H R Ry H I fE
(25.94%) FHEEEE (19.39%) - 9 HLIEHEE

Whl = (56.55%) » E/N T LB B
(20.70%) » {i7JE45 . (Table 4) -

2l st 4 HoarnlDUmEREs (31.78%) ~ FEvE
ELIREER (27.17%) plERE » ERBEE 2
(10.74%) - 5 HLAENEEEN 49.19% Fyirafd > H
R R B EHEB (2544%) K /@5 IR @
(21.69%) - 6 HELEEEE AL > DU AR S
(30.96%) ~ FlEfE (31.01%) FoE = 7 HLLVHasl
HEE (52.89%) ByF > HXEREREL (27.31%) ;8
HUE/ND T (68.28%) o » HR Ry R4
(10.18%) 5 9 H & /N T fa Al #E 5 i = Eb ]

(39.78%) » HXHATEhEHEHE (28.45%) » @
BESSAT RS = (19.06%) (Table 5) °

Table 4 Monthly %W of the catch composition in the Wang-An light fishery forbidden zone between April and

September 2022

Species Apr. May Jun. Jul. Aug. Sep.
Engraulidae

Stolephorus indicus 0 6.8980 0 1.8180 0 0

Other Engraulidae (<5%) 0.0581 0 0 0 0 0.5469
Clupeidae

Etrumeus micropus 15.4218 8.5479 38.0111 0.1519 0 0

Amblygaster leiogaster 3.6346 1.4300 0 44.4897 0 0

Sardinella lemuru 0.1761 2.8592 9.9691 0 45.5729  20.6972

Other Clupeidae (<5%) 0.5598 0.0067 0 0.0633 0 1.6998
Atherinidae

Atherinomorus lacunosus 13.4851 0.0410 0 0.4646 0 0
Belonidae

Ablennes hians 23.5776  17.5653 2.7818 0 0 0

Tylosurus acus melanotus 0 1.5299 0 0 0 0

Coryphaenidae

Coryphaena hippurus 0 0 0 6.4326 0 0
Carangidae

Scomberoides tol 4.2198 9.7116 2.0079 14.9967 0 0

Decapterus maruadsi 0.1567 0.0732 0.0114 1.6373 0.3981 56.5540

Other Carangidae (<5%) 0.0009 1.2553 1.2400 2.8387 0.1355 2.1601
Scombridae

Scomber japonicus 12.0703  17.1624  36.0820 2.3550 25.9389 0

Scombridae larvae 0.0026 1.1227 1.0978 0 0 0
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Table 4 Continuted

Species Apr. May Jun. Jul. Aug. Sep.
Loliginidae
Uroteuthis chinensis 3.1440 4.3873 0 20.4590 19.3906 6.3585
Loliginidae larvae 9.7652 10.5880 0.1956 0.0146 0 8.5299
Other Loliginidae (<5%) 0.3596 0.7762 0 0.0419 4.6477 2.6987
Sepiidae
Sepiidae larvae 0.03 5.49 0 0 0
Other Sepiidae (<5%) 0.09 0.02 0 0.14 0.32
Others
%W of family < 5%** 5.0409 5.8432 1.086 1.588 2.7158 0.2521
Unknown 8.3269 10.2021 7.5173 2.6487  1.2005  0.5028

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,
and those in green are the third-highest values.

**9%W of 25 family (Ophichthidae, Synodontidae, Bregmacerotidae, Exocoetidae, Ambassidae, Priacanthidae, Apogonidae,
Menidae, Leiognathidae, Lutjanidae, Caesionidae, Mullidae, Chaetodontidae, Siganidae, Acanthuridae, Sphyraenidae,
Trichiuridae, Nomeidae, Pleuronectidae, Tetraodontidae, Enoploteuthidae, Sepiolidae, Sepiidae, Octopodidae, Portunidae)
were less than 5% of the total count in any given month.

Table 5 Monthly %W of the catch composition in the area outside the Wang-An light fishery forbidden zone between
April and September 2022

Species Apr. May Jun. Jul. Aug. Sep.
Clupeidae
Etrumeus micropus 0.8970 21.6870  30.9551 0 0 0
Amblygaster leiogaster 2.1056 0 0 52.8949 0 0
Sardinella lemuru 0.1038 3.6767 2.7903 0 68.2763 39.7791
Other Clupeidae (<5%) 0.1128 0 0 0.7857 0 2.6525
Atherinidae
Atherinomorus lacunosus 27.1676 0 0 4.2108 0.5313 0
Belonidae
Ablennes hians 31.7807 0 5.7764 27.3138 9.7529 19.0593
Apogonidae
Rhabdamia gracilis 0 0 0 0.1448 10.1839 0.0537
Carangidae
Decapterus macrosoma 0 25.4433 0 0.9148 0.3180
Decapterus maruadsi 10.7437 0 0 0.9237 0.8411
Other Carangidae (<5%) 0.0037 0 1.4208 1.9071 0.0509
Siganidae
Siganus fuscescens 5.5687 0 0
Siganidae larvae 0 0 0.3254 0 0
Sphyraenidae
Sphyraena flavicauda 5.0132 0 0 0 0 0
Sphyraenidae larvae 0.0454 0 0 0 0 0
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Table 5 Continuted
Species Apr. May Jun. Jul. Aug. Sep.
Scombridae
Scomber japonicus 2.8548 49.1930 31.0123 0.9979 0 2.5115
Scombridae larvae 0 0 0.2629 0 0 0
Loliginidae
Uroteuthis chinensis 3.0970 0 1.1734 3.7992 3.7215 28.4544
Loliginidae larvae 7.0094 0 0.5262 0.1053 0.6236 2.1383
Other Loliginidae (<5%) 0.6161 0 0 0.5939 0.3427 0
Others
%W of family < 5%** 0.0165 0 0.0001 1.6179 1.1145 2.5707
Unknown 2.8640 0 25.7571 3.7902 4.2433 2.7805

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%W of 6 family (Engraulidae, Chirocentridae, Caesionidae, Chaetodontidae, Sepiidae, Octopodidae) were less than 5% of

the total count in any given month.

(=) 1EHERMEH (R) RIBHERES
D (%IRD)

AN~ %W %F ST HH IR B %IRI
HWEA 4 B2 IR DUNSIRIR SRS (312.77,
%IRI = 29.38%) » H: 7t by 18 fok B FHE B (200.17,
%IRI =18.80%) - 5 H/NiEIREE %IRI T > 18
SRRHFERSHERAEENEE (111,78, %IRI = 18.64%) -
OB EIEEHIES VA L (88.54, %IRI =14.77%) ° 6
H/INgsHEIRAE IR S _EFHE 750.89 (35.97%) » By
P HEmEE HXBAESE (407.95 %R
2433%) K E it fa B HE L (367.29, %IR
17.60%) > tREERIHERS IR R R - 7 H LIS
SIEEE (900.70, %IRI = 63.53%) s > HA
BN (299.73, %IRI =21.14%) ; 8 HLIEE/ NS
THa (1541.86, %IRI =58.44%) i » HokhE
TN (604.41, %IR = 2291%) K [ g &
(379.24, %IRI = 14. 38%) 9 HEHILIEEERS
(873.98, %IRI =48%) » HZ b/ N T 1 (425.02,
WIRI = 23.34%) KAk RIHERS (32026, %IRI =
17.59%) (Table 6)

At - 4 HDARE RS IR EiR
(459.15, IRl = 34.41%) » H K B b8 fik Bf #E i
(399.65, %IRI = 29.95%) K Jmkaf (124.58, %IRI
9.34%) ; 5 ALIAESEERAME (2202.05, %IRI

44.04%) » H R Fy/NMeEEIRBE (1390.94, %IRI =

27.82%) KREBEE (1222.5, %IRl = 24.45%) - 6
H/NBEIEIRGE (1135.94, %IRI = 44.64%) FF+%E
Bl EXCEEIEE (673.36, %IRI = 26.46%) -
Ed %W SpAAEML - 7 HDUSEReSiIEEE (1044.44,
%IRI = 69.07%) k¥ > HX BRER (212.04,
%IRI = 14.02%) » FAFEEIREEM (119.04, %IRI =
7.87%) PIfEEE = 8 HLLE/NAT fa (1242.86,
WIRI = 61.50%) fis @ R EE K26 (582.22,

%IRI = 28.81%) - 9 HRAIDIE/ND T kil
(1047.55, %IRI = 47.14%) » H X B B iE 844

(455.05, %IRI = 20.48%) (Table 7) -

(W) BREYEEAB MR LR

Byl NS H gy %R BRI By
27.61% L1k (B-C similarity, © = 23.01, p-level =
0.001) » LL SIMPROF Z3#f7 » fahiklE 231 4 #HANFAH
DR EERRERE > 4~ 5 AU A
58.41%, 1 =42.43, p-level = 0.001) ; 6 HEL 4~ 5
FEUERZ » By 44.62% (B-C similarity, © = 36.04,
p-level = 0.001) ; 7 HEL 4 - 6 FAAMUEEIL - Ty
29.94% (B-C similarity, = = 27.54, p-level = 0.001)
(Fig. 2A) - HERHRHFAR ERBIE 5L (One-way
ANOSIM, global test: R = 1, p-level =0.017) » DIFE{EL

15 (B-C similarity:
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FE 50% LISy 4-6 H~7 H~8-9H 3 #HFcEt
#H » pairwise test fH~ 3 AHIGARFEESEE (p>0.05)
SIRRE nMDS 4347 - £/ A2 AR I e AR
M H AR %l RI AEARALR (B2 76%%K 0.01) -
IR H A E o Fs 4 -6 H T H R 8-9 H
38 FHUELE 40% LI | (Fig. 2B)

Group average
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Fig. 2  Dendrogram of cluster analysis (A) and

nonmetric multidimensional scaling (B) of monthly
index of relative importance (%IRl) for catch
composition in Wang-An light fishery forbidden zone
(station A, B) between April to September, 2022.

B S HEYRE %R MBI Ry
22.28% LA E (B-C similarity, n = 14.84, p-level =
0.002) - L SIMPROF 73477 » fahiRlE 23 3 #HANA
MO R - 5~ 6 HHEBIE®R S (B-C
similarity: 55.82%, ©t =42.54, p-level =0.003) ; 4 ~ 7
H & 8 -9 HE{LUE 3Rk 54.67% (B-C similarity,
n = 32.01, p-level = 0.003) k 53.08% (B-C
similarity, & = 36.68, p-level = 0.001) (Fig. 3A) » &
REZ e A H S - (HAEE# (One-
way ANOSIM, global test: R = 1, p-level = 0.067) °

SItREE nMDS 7347 - BR A AEZE RIS IR AR
&AM H B %R FHEEIGR (B J11R 8
0.01)»5-6H~8-9 Hk4~7 Hrl#lsrFy 3%
FRAREAE 40% LA L (Fig. 3B) ©

AR ~ S HRERR R %R AH{EL
&0 BR S A HEg HRIAE 40% LLE (BEJI1%
#0.1): DL 6 AAEPUE RS (B-C similarity: 74.31%,
T = 65.67, p-level = 0.001) » Xk 4 H (B-C
similarity: 74.31%, n = 65.67, p-level = 0.001) Jz 7
H (B-C similarity: 74.31%, © = 65.67, p-level =
0.001) (Fig. 4) -

A ‘Group average
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Fig. 3  Dendrogram of cluster analysis (A) and
nonmetric multidimensional scaling (B) of monthly
index of relative importance (%IRl) for catch
composition in area outside of Wang-An light fishery
forbidden zone (station C) between April to September,

2022.
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Table 6 Monthly IRl and %IRI of the catch composition in the Wang-An light fishery forbidden zone between April

and September 2022

Index of relative importance (IR))

Percentage of IRI (%IRl)

Species
Apr. May Jun. Jul. Aug. Sep. Apr. May Jun. Jul. Aug.
Engraulidae
Stolephorus indicus 0 88.54 0 65.00 0 0 0 14.767 0 4.585 0
Other Engraulidae (%IRI<5%) 1.21 0 0 0 0 19.28 0.114 0 0 0 0
Clupeidae
Etrumeus micropus 312,77 40.23  750.89 0.93 0 0 29.379  6.711  35.968  0.065 0
Amblygaster leiogaster 90.20 15.54 0 900.70 0 0 8.473  2.593 0 63.525 0
Sardinella lemuru 0.78 10.37  244.54 0 1541.86 425.02 0.073 1.729 11.714 0 58.443
Other Clupeidae (%IRI<5%) 13.85 0.05 0 0.44 0 20.14 1.301 0.008 0 0.032 0
Bregmacerotidae
Bregmaceros pescadorus 0 39.70 0 0 0 0 0 6.621 0 0 0
Atherinidae
Atherinomorus lacunosus 125.37  0.10 0 14.08 0 0 11776 0.016 0 0.993 0
Belonidae
Ablennes hians 102.56 52.73 7.68 0 0 0 9.634 8.794 0.368 0 0
Tylosurus acus melanotus 0 2.32 0 0 0 0 0 0.387 0 0 0
Carangidae
Decapterus maruadsi 1.36 0.37 0.71 27.27 9.71 873.98 0.128 0.061 0.034 1.923 0.368
Other Carangidae (%IRI<5%) 12.38 20.36  45.09 52 1.43 26.28 1.162 3.396 2.160 3.668 0.054
Siganidae
Siganus fuscescens 2.62 0 0 0 0 0 0.246 0 0 0 0
Siganidae larvae 0.05 224 367.29 0 0 0 0.004  0.374 17.594 0 0
Scombridae
Scomber japonicus 118.93 85.85 507.95 1990 379.24 0 11172 14.320 24.331 1.404  14.375
Scombridae larvae 0.05 23.34 73.86 0 0 0 0.005 3.893 3.538 0 0
Loliginidae
Uroteuthis chinensis 22.37 14.93 0 299.73  604.41  92.06 2.102 2.490 0 21.139 22909
Loliginidae larvae 200.17 11178  3.13 0.07 0 320.26 18.803 18.644  0.150 0.005 0
Other Loliginidae (%IRI<5%) 2.23 2.65 1.15 0.12 58.20  29.53 0.209 0.442 0.055 0.009 2.206
Others
%IRI of family < 5% ** 6.91 57.88 1.46 16.91 35.72 5.83 0.626 9.65 0.07 1.192 1.354
Unknown 51.03 30.60 83.87  20.70 7.69 8.49 4.793 5.104 4.018 1.460 0.291

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%IRI of 24 family (Ophichthidae, Synodontidae, Exocoetidae, Ambassidae, Priacanthidae, Apogonidae, Coryphaenidae,

Menidae, Leiognathidae, Lutjanidae, Caesionidae, Mullidae, Chaetodontidae, Acanthuridae, Sphyraenidae, Trichiuridae,

Nomeidae, Pleuronectidae, Tetraodontidae, Enoploteuthidae, Sepiolidae, Sepiidae, Octopodidae, Portunidae) were less

than 5% of the total count in any given month.
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Table 7 Monthly IRl and %IRI of the catch composition in the Wang-An light fishery forbidden zone between April

and September 2022

Index of relative importance (IR/)

Percentage of IR/ (%IRl)

Species
Apr. May Jun. Jul. Aug. Sep. Apr. May Jun. Jul. Aug.
Engraulidae
Stolephorus indicus 0 88.54 0 65.00 0 0 0 14.767 0 4.585 0
Other Engraulidae (%IRI<5%) 1.21 0 0 0 0 19.28 0.114 0 0 0 0
Clupeidae
Etrumeus micropus 312.77 40.23 750.89 0.93 0 0 29.379  6.711 35.968  0.065 0
Amblygaster leiogaster 90.20 15.54 0 900.70 0 0 8.473 2.593 0 63.525 0
Sardinella lemuru 0.78 10.37  244.54 0 1541.86 425.02 0.073 1.729  11.714 0 58.443
Other Clupeidae (%IRI<5%) 13.85 0.05 0 0.44 0 20.14 1.301 0.008 0 0.032 0
Bregmacerotidae
Bregmaceros pescadorus 0 39.70 0 0 0 0 0 6.621 0 0 0
Atherinidae
Atherinomorus lacunosus 125.37  0.10 0 14.08 0 0 11.776 0.016 0 0.993 0
Belonidae
Ablennes hians 102.56 52.73 7.68 0 0 0 9.634 8.794 0.368 0 0
Tylosurus acus melanotus 0 2.32 0 0 0 0 0 0.387 0 0 0
Carangidae
Decapterus maruadsi 1.36 0.37 0.71 27.27 9.71 873.98 0.128 0.061 0.034 1.923 0.368
Other Carangidae (%IRI<5%) 12.38  20.36  45.09 52 1.43 26.28 1.162 3.396 2.160 3.668 0.054
Siganidae
Siganus fuscescens 2.62 0 0 0 0 0 0.246 0 0 0 0
Siganidae larvae 0.05 2,24 367.29 0 0 0 0.004 0.374  17.594 0 0
Scombridae
Scomber japonicus 118.93 85.85 50795 19.90 379.24 0 11.172 14320 24.331 1.404 14.375
Scombridae larvae 0.05 23.34 73.86 0 0 0 0.005 3.893 3.538 0 0
Loliginidae
Uroteuthis chinensis 22.37 14.93 0 299.73  604.41  92.06 2.102 2.490 0 21.139  22.909
Loliginidae larvae 200.17  111.78 3.13 0.07 0 320.26 18.803 18.644  0.150 0.005 0
Other Loliginidae (%IRI<5%) 2.23 2.65 1.15 0.12 58.20  29.53 0.209 0.442 0.055 0.009 2.206
Others
%IRI of family < 5% ** 6.91 57.88 1.46 16.91 35.72 5.83 0.626 9.65 0.07 1.192 1.354
Unknown 51.03 30.60 83.87  20.70 7.69 8.49 4.793 5.104 4.018 1.460 0.291

*The numbers underlined in red correspond to the highest values (%), whereas those in blue are the second-highest values,

and those in green are the third-highest values.

**9%IRI of 6 family (Chirocentridae, Caesionidae, Chaetodontidae, Sphyraenidae, Sepiidae, Octopodidae) were less than 5%

of the total count in any given month.
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Table 8 Monthly variations in family number (S), abundance (n), Shannon diversity index (H"), Margalef’s richness
(D), Pielou’s evenness index (J) of catch composition in waters around Wang-An light fishery forbidden zone between

April to September, 2022

Month S n H’ D J
Fishing forbidden zone (St. A and B)

April 16 3077 1.24 1.87 0.45

May 25 4075 2.06 2.89 0.64

June 8 1656 1.20 0.94 0.58

July 13 4247 0.86 1.44 0.33

August 5 936 0.54 0.58 0.34
September 7 512 1.26 0.96 0.65

Outside of fishing forbidden zone (St. C)

April 10 817 1.31 0.35 0.57

May 3 324 1.08 0.35 0.98

June 6 519 1.14 0.80 0.64

July 8 1587 0.61 1.09 0.29
August 8 1219 0.92 0.99 0.44
September 6 199 1.05 0.94 0.59
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Fig. 4 Dendrogram of cluster analysis (A) and

nonmetric multidimensional scaling (B) of the monthly
index of relative importance (%IRl) for the catch
composition inside (labeled F) and outside (labeled O)
the Wang-An light fishery forbidden zone between April
and September 2022.

M7 - BL RS AL RISERE - Rylth > ARFFELURHESGHE
TR XA AR RS -

WA > HE H ELS HimEr (2.06) HOR
4 H (1.24)~9 H(1.26) > L 8 AL (0.54) - D
FLL S A (2.89) Xy 4 H (187)~7 H
(1.44) - L8 Hixi& (0.58) ;3 J HILLS H (0.64)
9 H (0.65) fE 0 L7 H (0.33)~ 8 A (0.34) £
1K - #8853 THLBERMEHES 2EALL 5 HAEY
LM - 8 HRIKHAMRK (Table 8) -

ZualEsh HiE H DL4 H (1.31)~6 H (1.14)
w507 A (0.61) ix{K;D L7 HEREE (1.09)
4~5 AMEEAK (0.35)5 LAS Himwm (0.98):7 H
&K (0.29) - ¥ 3 IS AR BT > Z5AE I 6
AAEREEYIZENE - 7 Hit D e > RAE
EERS SR A - B3 CERsilEsl) 43 fakciA
> VIR K (Table 8) -

AT SR AR R e B 8 A4 H
R H LA RENE R EE - H B85 0 B 4
8 A4b - Her Htn IS & A tHE &E D AIlE
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8 A RRfE - I 5 - BR 7~ 9 HSh -
FRESMI A FE (Table 8) -

=~ TR E DN A ki < BB
PG A 5

Bk 6 HAb (0.32%) - 4 -9 HZESaE A HEE HE
FoAh H SR (%W) 1Y 15.20 - 26.75% Hrp X
LL7 H (21.86%)~8 H (26.75%) Ltz (Table
4) - VR T 5 B TR R AL 9 fE - DL
HhEMEEEE LEPlEs - 4 4 - 9 HESEREIE R
(19 10.29% » HAK e fhBIHERS (3.32%) °

S [F] 0 R R 5 2 B A Bt — 2 T
B o MRSZHETE 7 ~ 8 HRVEE R R G
RN 3.75% ~ 7.39% - DU B A 84 s
(94.70%) » HX A1 EH4 (Uroteuthis edulis,
swordtip squid, 4.53%) » ¥ FA&#H%E (U. duvauclii,
Indian squid) 1% 0.01% -

—3Z8) QBRI E R AEE
2 7-8 HEFEIEEHE - G Hia g
(BHERREIREY)) 19 18.11% ~ 19.36% - SHE4H
RS » [FIAH e S E R = (83.25%) » HK
AR S (Sepioteuthis lessoniana, bigfin reef
squid, 7.04%) - E 5 (Sepia esculenta, golden
cuttlefish) % f& 3¢ & B (S pharaonis, pharaoh
cuttlefish) % 4.82 - 4.88% - §7%_ 4347 » E51EIEE K
WS T BB S S N TR B B - HEA A
WESBIEOIRE TR - e 2R JE 2 BT R P i
A A B — A T -

(—) NEREEREMER

DARRSERETIERITE ~ HEVE R BE S E
BEE 43Rk 121.98 = 57.5 mm (n = 56) ~ 122.02 +
5236 mm (n=94) » PG E TRk 24.48 £28.24 ¢
(n=56) ~ 25.78 +£30.44 g (n = 94) » &R EA[EIEH
MERGR ~ BRERHER (K-W test, p<0.05) Fefgf -
PEEMHE M (maximum likelihood estimation, p <
0.05) H¥gH#EAR » MEMIMERE —BERRR
ok BW =2.807x 10*ML2% (n = 56; p<0.05) ;
iy BW = 1.462x 10 MLV (n = 94, p < 0.05)

DA—SZhssnte ~ e -h b s s e
RS RIE 17345 + 18.47 mm (n = 39) ~ 223.84 =

4744 mm (n=152) ; SEHREE AR 114.74+£27.15 ¢
(n=39) ~ 146.26 + 53.08 g (n = 52) » F&MEAIEIE
AR R - BEEHR HTHEE AR (K-W test,
p < 0.05) - LAk - Mt ~ HEERSAERGR FINERE
B (maximum likelihood estimation, p < 0.05) » [
SMEER — BeERBIfRZ0U BW = 1.643X10°ML>"¢
(n=39; p<0.05) ;5 MR BW = 2.95x102ML"’
(n=52,p<0.05) -

B 7 - 8 H Rl AN [l A A
P B E BEALHE — 2 PR RIBONE IR RS R 0 AT
HUR - B iR M T e R B it 110 -
155 mm > DL 145 mm HfilfE (22.22%) » HX
By 155 mm (16.67%) ; RS RS - DL 115 -
140 mm LEBIIERE (66.67%) ik M M e AU H I
TR (K-W test, p<0.05) (Fig. 5A) » DI—>C#U5i%E
HOMEE RS R LA 145 - 200 mm- [ 165 - 195 mm
el (71.79%) - HEPERS R AR R E - 7R
155 - 230 mm ~ 250 - 320 mm & [ESEY5070 0 Tk
AER Ry 320 mm - fSAR E HE M G AU B RAR M R K
(K-W test, p<0.05) (Fig. 5B)
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Fig. 5
Uroteuthis chinensis sampled by stick-held dip net (A)

Mantle length frequency distribution of

and pole and lines (B) in the Wang-An light fishery
forbidden zone between July and August 2022.

(D) AREREHREEGERAEER

7 -8 HLIBZHER ot Ea s E
GSI 4371k 2.74+4.79 (n=13) ~ 2.57£5.08 (n=5) >
TG H1Ry 23.08% ~ 20% » IR SIE R By
¥ (Fig. 6A) ; el 7 ~ 8 H GSI 2381k 2.13 + 1.15
(n=19) ~2.08 + 1.39 (n = 29) » LA A
63.16% ~ 65.52% (Fig. 6B)
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Fig. 6 Monthly group maturity and gonadosomatic index (GSI) of Uroteuthis chinensis sampled by stick-held dip net
(A, B) and pole and lines (C, D) in the Wang-An light fishery forbidden zone between July and August 2022.

7 -8 HII—SZH eI hEIME 8 GSI
Z¥AE 10.52 + 5.64 (n = 25) ~ 8.08 + 5.39 (n = 14) -
ELEREREEBI 53 AT Ry 80% ~ 71.43% » BHEHEESZHE
FefiliEs (ofF test, p < 0.05) (Fig. 6C) = 147~ 8 H
GSI 435 2.48 + 1.41 (n = 40) ~ 2.74 = 1.39 (n =
12) » EL LISy 85% ~ 83.34% » #ARZHY
15 IRARARE SRR 22 5L (i test, p > 0.05) (Fig.
6D) -

ﬁ\

ET|

EAUINEIE YUY EIENR e G} TIEliEY/ ST
W ~ KA R R - B EE AR B AR
BRSO ERIIE © R ~ EREE B A
PREs ~ TR - RIS ~ FTR I A ELTER > P
PIFRKIR RGN > ESE IS £ B A IR
o5 S e [ P e 3 R A o 2 B iR M 2 7K T
bk o R ~ BRI SR VS RIS IR PR % - 1
KT ESEH R E AR ~ L
GRMBPY TR - BOR ~ XFEE2 B A i
o8 > PRI R > BRSNS KR SERIIIRS R

(&,2007; B5,2022) - #7%8& Falt » (EBARESPE{H]
] SR HEAE 2 WS I R i 32 ~ HUESERE K
WENITEEEEE (34, 2006; §F, 2012; Chen et al.,
2020) < & (2007) $5H! 2005 - 2007 4F AT K
A TR R BE R - AR\ T &
Y\ 3 1 A EHAE ~ /NBE TR AR s H ARSRAT Ry
FEREYE - HAERN REEIER 90% L
FeBE (2022) ARIBIEANIE 8 MRS KAEARIAE B
THRR S 2 HaE K S AR BRI e BT TRl
HIRIAEAC SR 2y S s L i B S R AR 43 #T

2018 - 2020 FHILUS SRR Fy T B RS »

16 3 W &R 85 08 I SF B o R A 2321
kg/vessel/day » Hr » BZ2S K IfSERA R ESR
#I Ry 34.09 kg/vessel/day » =R RERSIREEIMH -

SR 8 MRS KRR s HESHiE T &R 2018 -

2020 4 1-3 HLRBHERERTE > 4~ 5 HEUNEERR
ARME ~ SR R T > 6 -9 HLURE/IND T
R 10 - 12 HLba IR SRk R AH AIE R
HaE Y DIBE R - SRIKEREAE - BRE/ DT
A~ /NBETEIREE - BEEBE LT (B 2022) - K
WgEHh - 25 IR BT K nMDS Z3Af SR
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ZEMAER A ~ SRR B B T HERS A A YRR
ERHES 4-5 ) DUNMEIEIREE -t itRHER L
Plimrm - H 3R VIRACRRE IS - RS
B> 6 HEREARMIEL - /INBHIEHRBE)YF - 2R -
AP IERIFERE LU BRI - RSB R fa Ry
FEFLEBINGIN © 7 - 8 RS LAV Sl A bz 5
/NG T R thEESE LLBIIIRE - 7k 4] (9
) BRE/ND T fadh - BRI g iR IR R 3
TR - B S ERH AU B T 5 - 4 HER
PEICEHHERZST - DIRIHESSIREE AR i L > &
KEH (5-6 H) AMEEAMAEHIERR  LIe
N fE B MEHIRIREE R = - 7 - 8 FEdE@PAAR{LL - P
MaglifiE i e o/ N T R 1 EYIRE  RROIRI DA
/N T O e EE ARG - fR BB - 1
BRI R DA R ~ /NIRRTy = > B
(2007) ~ B (2022) AELL > MESRIKFBERE ~ REE/IN
W T i ke HARAF IR I LEBIAER e © 2

SV i i B e /N9 T A K A B A FUITHA EE R
(Table 9)

BE A ~ SN SRR R SR
HEEREEER 8 HAh » IS AE e =) - Hade H’
Bl D JRDAZEME s - i I RIS S
15 M Ry BT SV R Sl e e D P 88 - 2R
@A~ SMAYIRE 2 ok 1 2 SR HEH Bl S8 2 P g e
TBIEHE ~ ZFEMERIRIR S A EH AR - B4
JEE M R R AR AL A - A e
P ZER N - FTEEREN (A ~ B #lI55) Fy/kEe
20 m HYBEREHE (Fig. 1) - /R ~ EAIEHERSF
Ui~ WIS AR » EEE RIS AR il - B
JEg 7K ELHRERS FRIR AR BAF T » $EAE/K B B 15
T B EATEE - KSR IR EE
(&,2007) » iRy BTG ~ W B3 R AT -
KIL » BB FEI TR AR ~ W ~ /KR 7t
SRR EY S BRI - B g
Bl D JAER - BEVREHEEEME - FHERILIEE 21
Bl > %N A 5-6 HiEmlE » 7 hlihiEigE s
48.47% ~ 42.05% » 4 ~ 9 AR » ¥1E 25%L) I
Bl Li et al. (2014) REEALEHISER SO FOE
S FEIMEEM AR DL AR RE ) (7 -
8 H) BxE#EERHR B Bl D HLEf P REAYIS
& HEELEZ H 2R BURGEBAE ~ /KIS A2 5L
/N EEAKES R SRR AR

i

REESAR - FhILBEE - Z5E ny YR D ~
H' A ERZ G MR AR B I (BT ~ TR -
EEEHRIRIE ~ K BRI A YR AR i B )
HEA (Hsieh et al., 2005) - S3fEZEE S PEHIE —
JREERT 20 m ¥ oA ARV FrBR 2RI S5 7K
AT 30 m e [y C MR BRI 2 30 m ZFEE
FREVERE (Fig. 1) » HHPS/KEREMEK - TBIRITEE
P SRR SRR ~ R MR R B
Br 8 ASh - IHERESMER ; B EHEf EaE 8
Bl 4 H (45.80%) ~ 6 H (24.95%) HEEHIEE
EEBI - RH i B AR e AR, - HEHT T HE H i
TR - AR (2022) R AHFSEAEAN IR -
RIEZ EERITEE R - (ESEA T T i R At
TRk -

PSR Ry S R K U SR AR TR i B L H AR
2 — » BRIMEREE 30 mm DUF ~ Sl
AERERESE - I EESE Ry - - IRIZIHESE IR
b S R i g i b B AR B H Bl
PR AT (Table 6& 7, Fig. 7) » HEfRFHHERZ
4-5 Ak 9 HREELRE] - dhEbgsiE A
HERIY 7 - 8 H Ebfiliserss - HEW AR R 2= SR E ik
BHE 2 -3 HEEHERIE (&, 2018) » HERSAEARAR
4-5H) BEEEEEES 21 -23°N-117-118°
E) Wbtk - BEE RWISOHERR ~ T2 28I
HEE (23 -24° N - 118 - 120° E) W7 F -~ REH (3,
2006) - 6 HE&HEK ~ AR - 7-8 AMEREE
JIGR 0 BZ ST AT B e, ~ SR AN - SER
FR IR (51,2000) - 2 9 H » EEEIVE
7E NHIRERS (AR Wbtk - BEEnEi A=
ABIE R ~ SRET (FK, 1993; 3, 2006) » FELLIE L
AFH-RENEGHe (6, 2006) -

WE& i a i S RHGE S - R Kb
FRRERTE M A EH L (B, 2004) - SERUGHIRS
SRR B R R D T S BRI R R
BRI - YRR REE i S R B i B U AR -
SEIRIN I FETR B P 7252 (Clarke and Pascoe,1998;
Kim and Wardle, 1998a, b; Marchesan et al., 2005;
&, 2007) - Liao et al. (2007) DIEEERILER S
A [ SR AR OB DR N AR & S i
FHREG 72 B FEREERAE 80 kw EEFUBLIIE T - i
JE R I R oK ELABRIATT - AR ey SR U
JETER - AR F R R R SRR EERCR



TR S 2R K IS R e R R T 29

Table 9 Comparison of the monthly predominant species caught by light fishing in waters of Penghu reported in the

literature
Fishing Fishing
Reference Main species Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
ground season
Etrumeus micropus**
Amblygaster leiogaster
Inside Sardinella lemuru
Wang-An
light fishing ASPT' 0 Decapterus maruadsi
. ep.,
forbidden isani
2022 Siganidae larvae
cone Scomber japonicus
com s
Penghu jap
Uroteuthis chinensis**
This Loliginidae larvae**
study Etrumeus micropus**
Amblygaster leiogaster
Outside Sardinella lemuru
Wang-An
light fishing ASPT' 1o Atherinomorus lacunosus
. ep.,
forbidden s hians
2022 Ablennes hians
ones Scomber japonicus
com 5
Penghu jap
Uroteuthis chinensis**
Loliginidae larvae**
Engraulidae
Spratelloides gracilis
Etrumeus micropus **
Mayto  Herklotsichthys quadrimaculatus
Edd . .
E Penghu Oct, Sardinella albella
(2007) water 2005-
2007 Sardinella melanura
Carangidae
Scombridae
Loliginidae**
Encrasicholina punctifer
Etrumeus micropus**
Sardinella melanura
Jan. to
5 Wa”tg'A” Dec., Decapterus maruadsi
waters,
(2022) 2018 Scomber japonicus
Penghu
2021 ) )
Sepia pharaonis
Sepioteuthis lessoniana
Loliginidae**
**Main species caught by light fishery presented in each study; l] Occurred as main species; — no data during this period
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Fig. 8 Length frequency distribution of Scomber japonicus (A) and Decapterus maruadsi (B) sampled by stick-held
dip net in the Wang-An light fishery forbidden zone between April and September 2022.
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Catch Composition Analysis of Light Fishery in the Waters of the
Wang-An Light Fishery Forbidden Zone
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ABSTRACT

We collected specimens through vessels fitted with stick-held dip nets and pole and lines, from April to
September 2022 to determine the monthly catch composition of the light fishery in the Wang-An light fishery
forbidden zone. In the spring, the main species were Etrumeus micropus and Loliginidae larvae. In the summer,
the predominant species were Scomber japonicus and Siganidae larvae in June, Amblygaster leiogaster and
Sardinella lemuru in July and August (Uroteuthis chinensis was a minor catch in both months), and S lemuru,
Decapterus maruadsi, and Loliginidae larvae in September. Lower species richness and diversity were observed
in the area outside the forbidden zone because of the high depth gradient and flow rate. The predominant species
there were Atherinomorus lacunosus and Loliginidae larvae in April, S. japonicus and E. micropus in May and
June, A. leiogaster in July, and S. lemuru in August and September. Moreover, the larvae belonged to up to 21
families, with catchability above 25% from April to June and September, employing stick-held dip nets around
the fishing forbidden zone. More than 46% of S japonicus and D. maruadsi were smaller than sexually mature
specimens. Both the mantle size and sexual maturity ratios of the specimens caught by stick-held dip net fisheries
were smaller than those caught by pole and lines ones, suggesting that the study area must be an important
reproductive and nursery ground for these species. Our findings may facilitate the management of fisheries in this

region.

Key words: Wang-An light fishery forbidden zone, catch composition, stick-held dip net fishery, body length
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Table 1 Ingredients and proximate analysis (%, DM basis) of the experimental diets for trial one

Experimental diets

CP35 CP40 CP45 CP50 CP60
Ingredients (%)
Fish meal 48 58 64 71 85.5
Cellulose 33 24 18.5 12 0
a-starch 8 8 6.5
Fish oil 10 8.5 8 7
Premix' 1 1 1 1
Proximate analysis (%, DM)
Crude protein 35.2 41.7 45.3 50.2 60.5
Crude lipid 11.4 11.1 12.2 12.5 11.7
Ash 5.9 6.3 7.4 8.4 8.8
Moisture 7.8 7.5 7.5 7.6 6.8
Carbohydrate 39.8 33.4 27.6 21.3 12.1
Calculated energy (kcal/100g diet)? 402 400 426 423 406

'"The premix contained vitamins A, D, E, and K, folic acid, biotin, calcium, magnesium, iron, zinc, and selenium.
*The energy (kcal/g diet) was calculated based on 4 kcal/g for protein, 9 kcal/g for lipid, and 4 kcal/g for carbohydrate.
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Table 2 Ingredients and proximate analysis (%, DM basis) of the experimental diets for trial two and three

Experimental diets

F5 F10 F15 F20
Ingredients (%)
Fish meal 71 71 71 71
Cellulose 19.5 14.5 9 4
a-starch 8 8 8 8
Fish oil 0.5 5.5 11 16
Premix’ 1 1 1 1
Proximate analysis (%, DM)
Crude protein 51.0 51.3 51.4 51.2
Crude lipid 4.3 9.9 16.8 21.4
Ash 12.2 11.0 10.2 9.4
Moisture 5.0 5.7 4.0 5.0
Carbohydrate 27.5 22.1 17.7 13.0
Calculated energy (kcal/100g diet)? 353 383 427 449

'"The premix contained vitamins A, D, E, and K, folic acid, biotin, calcium, magnesium, iron, zinc, and selenium.

*The energy (kcal/g diet) was calculated based on 4 kcal/g for protein, 9 kcal/g for lipid, and 4 kcal/g for carbohydrate.
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Table 3 Growth performance results of trial one for the olive flounder fed with the experimental diets

Diets Initial weight (g) ~ Final weight (g) ~ Weight gain (%) SGR (% day")  Survival rate (%)
CP35 172.50+3.54 329.20+1.90¢ 90.84+2.81¢ 1.15+0.03¢ 100
CP40 172.55+1.34 334.20+3.68" 93.68+0.62" 1.18+0.01% 100
CP45 172.46+1.33 338.50x1.41° 96.28+0.70% 1.20+0.01% 100
CP50 174.12+0.87 345.15+3.32° 98.23+0.92° 1.22+0.01° 100
CP60 175.38+1.38 343.69+2.21° 95.97+0.28% 1.20+0.02% 100

Values (means of triplicate SE) in the same column sharing the same superscript letter are not significantly different (p > 0.05).

(D) HBmENE
5 I — 2 T -
() RAIEDH

ABEAS R B N EHRM (eyed side) KEH
ffl (blind side) fANZREAREEAF] (FEHREERH
pIERRAE) - SEFPITEREAE (TAXT plus C,
SMS) HETToMT o #FAFA (BRALHN S BRIEEHY HS
% > BER=IE/KE NRVK 30 7rdE) BEFVRAA
Bih (BRALA 85+2°C Bukih& 90 1) - AR
U 5 + 2°C DRk PSSR HS Al 105D
A R A I e PRI AR B — B BT TR
faadle (RIBEALEF ERS 5 mm BRAEVEREH (P/SS)
HET TR - DI BERBAASRERYATEE N8R
mmtET TG AR A - 15 BURE L R R B - B
(g) * NEE 3mm .2 JIME 5 (%) * FRHTT (F2)
BB 3 mm R {E (F1) ZHfH -

Mook

g — ~ REEHETR

BrEE 8 SE TR SRR EURAN Table 3 FR © 25
FHSEE B8 R W) AA1 17246 - 175.38 g 9 mE]
329.20 - 345.15g » BGEERE, 90.84 - 98.23% » Hi¥k
R 1.15 - 1.22%day! © a0 i s S sis -
HEESRLL CPSO AT (98.23 + 0.92%) i @ HEL
CP60 ¢ CP4S HUAIMEREE 25+ %k CP35
7l (90.84+2.81%) > ELEL CPAO FHBIMERAE 72 54 -
RRSCRASH BRI G P R E S BT
A Ltz gs - F A2 s G ER AT SRAG 2
R E A R IR Ry 52.8% (Fig. 1) ©

100 ~

\

95 ~
0 52.8%

Weight gain(%)
©
S

y =-231.78x% + 244.69x + 32.992

85 1 Rz =0.9379

80

30 35 40 45 50 55 60 65 70
Protein level (%)

Fig. 1 Polynomial regression between weight gain (y)

and the dietary protein level (x) of the olive flounder in

trial one.
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Table 4 Growth performance results of trial two for the olive flounder fed with the experimental diets

Diets Initial weight (g)  Final weight (g) ~ Weight gain (%)  SGR (% day')  Survival rate (%)
F5 331.42+1.30 384.58+1.30° 16.04+0.85°¢ 0.27+0.01¢ 100

F10 344.42+1.30 427.05+2.90° 23.99+1.31° 0.38+0.02° 100

F15 321.00+1.41 431.58+1.30° 34.45+1.00° 0.53+0.01* 100

F20 337.08+0.59 415.75+1.06" 23.34+0.10° 0.37+0.00° 100

Values (means of triplicate SE) in the same column sharing the same superscript letter are not significantly different (p > 0.05).

Table 5 Growth performance results of trial three for the olive flounder fed with the experimental diets

Diets Initial weight (g)  Final weight (g) ~ Weight gain (%) SGR (% day")  Survival rate (%)
F5 1034.83+33.93  1052.33+30.99" 1.70£0.34° 0.03+0.01°¢ 100

F10 1072.00+23.35 1106.50+21.23° 3.22+0.94° 0.06+0.02° 100

F15 1056.50+11.37  1121.75%11.77° 6.18+0.26" 0.11+0.00° 100

F20 1026.75+14.63 1069.25+9.55° 4.14+1.11° 0.07+0.02° 100

Values (means of triplicate SE) in the same column sharing the same superscript letter are not significantly different (p > 0.05).
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Fig. 2 Polynomial regression between weight gain (y)
and the dietary fat level (x) of the olive flounder in trial
two.
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Effects of the Protein and Lipid Content in Feed on the Growth and
Meat Quality of the Olive Flounder (Paralichthys olivaceus)

Yu-Ping Chen, You-Syu Huang’, Ming-Heng Tsai and Yuan-Shing Ho

Eastern Fishery Research Center, Fisheries Research Institute

ABSTRACT

Paralichthys olivaceus is a temperate fish species. Using polynomial regression, we investigated the impact
of the dietary protein and lipid content on the flesh quality of Paralichthys olivaceus to understand the nutritional
requirements of the fish for cultivation in subtropical countries. The optimal protein content in the feed was 52.8%
for an initial fish weight of 173.4 £ 1.9 g in the first trial. The optimal lipid supplementation in the feed was 15.7%
for an initial fish weight of 334.5 + 9.2 g in the second trial. In the third trial, Paralichthys olivaceus with an initial
average weight of 1048.0 + 24.9 g were used to investigate the effects of different dietary lipid contents
administered for 8 weeks on their growth performance and flesh quality. The analysis of the fish’s eyed side muscle
revealed that the hardness of the flesh increased with an increase in the lipid content of the feed. However, when
the flesh was cooked, protein denaturation resulted in the opposite effect. Moreover, the cooked fish flesh showed
an increase in elasticity with an increase in the lipid content of the feed. The hardness trend of the fish’s blind side
muscle mirrored that of the eyed side muscle. In addition, raw flesh from fish administered a feed with 15% lipid

exhibited the highest elasticity.

Key words: Paralichthys olivaceus, protein, fat, flesh quality
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Bl By 12,265 - 131,486 16 » #5EFIHA Table 1 »
FRANE AR Fig. 1 J¢ Table 2 »

Table 1 Sequence reads generated per sample of gut
microbiota from wild hard clams collected in the
Tamsui River

Sample name Reads Percentage (%)
TSO1 38,152 5.68
TS02 131,486 19.58
TS03 97,752 14.55
TS04 64,648 9.63
TS05 12,265 1.83
TS06 69,509 10.35
TS07 85,961 12.80
TS08 18,388 2.74
TS09 54,541 8.12
TS10 98,951 14.73
Total 671,653 100.00
100% -
75% -
50% - —
25%- I
o -!— —. ||
& & &S L S S LS

B o Goobacilus [ Bacitus Ureibacil Arcob U

Fig. 1 Microbial community composition (genus level)
of gut samples from 10 hard clams collected in the
Tamsui River.
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f& B alpha diversity (Shannon-Wiener's (Bacillus, 30.20%) ~ #ZF AR E 8 (Geobacillus,
diversity index Jz Simpson's diversity index) 27.24%) ~ IREZ NSRS B (Ureibacillus, 17.15%) ~
beta diversity 4354 Table 3 Jz Fig. 2 » A Z B KSIEEE (Arcobacter, 9.87%) » 25 B AIE Y
FIfHAAN Table 4 5 Hor ] B 22 8t 7512 f# (Table 6) » ERBHANT (HHAAET 2 B b AT E
671,653 fok - thblixEiy 4 {E& (4 BEEHLAG FRCAATE » Rl IR TE LI R ) -

84.45%) (Table 5) » & Fr 43 5!l Ko 2 N AR B &

Table 2 Genus-level taxonomic assignment of each sample (percentage, %) of gut microbiota from hard clams
collected in the Tamsui River

Taxonomic TSO1 TS02 TS03 TS04 TSO05 TS06 TS07 TS08 TS09 TS10

Geobacillus 83.75 1.97 91.64 0.25 1.74 0.60 39.90 41.60 0.30 0.56
Bacillus 1.34 11.29 0.36 97.09 2.11 0.83 1.07 1.10 70.34 68.75
Ureibacillus 0.26 83.15 0.15 0.10 0.73 0.27 0.24 0.42 0.11 1.08
Arcobacter 0.38 0.05 0.15 0.11 31.56 72.26 0.38 0.39 0.12 0.08
Other 7.29 0.36 4.04 0.09 3.38 16.74 54.18 6.96 4.20 28.80
Unassigned 6.98 3.17 3.67 2.36 60.48 9.30 4.23 49.53 2492 0.72

Total 100 100 100 100 100 100 100 100 100 100

Table 3 Shannon-Wiener diversity index (Shannon_index) and Simpson’s diversity index (Simpson_index) of gut
microbiota from hard clams collected in the Tamsui River

Taxonomic TSO1 TS02 TS03 TS04 TS05 TS06 TS07 TS08 TS09 TS10
Shannon_index 0.93 0.76 0.56 0.17 1.35 1.86 3.53 1.29 0.90 1.42
Simpson_index 0.30 0.31 0.16 0.06 0.57 0.64 0.84 0.58 0.46 0.56

Table 4 Phylum-level taxonomic assignment of nanopore reads (percentage, %) of gut microbiota from individual
hard clams collected in the Tamsui River

Taxonomic TSO1 TS02 TS03 TS04 TSO05 TS06 TS07 TS08 TS09 TS10

Acidobacteria — — — — — — 0.07 0.21 — —
Actinobacteria — — — — — — 0.04 - — —
Bacteroidetes 0.18 — 0.51 — — — 4.99 0.59 — —
Chloroflexi — — — — — — 0.02 — — 0.04
Cyanobacteria 1.63 0.13 2.42 — 0.35 0.16 29.57 2.98 0.13 —
Deferribacteres — — — — — 0.58 0.07 — — —
Fibrobacteres 0.18 — 0.09 — 0.10 — 0.88 0.30 — —
Firmicutes 92.01 99.67 95.72 99.83 12.32 2.02 47.74 86.18 99.56 72.93
Fusobacteria - - - - - - 1.13 - - -
Kiritimatiellaeota - - - - - — 0.06 — - -
Lentisphaerae - - - - - — 0.35 - - -
Planctomycetes 3.15 0.05 0.19 — — — 5.70 2.64 0.03 —
Proteobacteria 2.70 0.15 0.98 0.17 81.38 82.65 7.00 6.76 0.28 27.02
Spirochaetes - - - - - 0.40 0.11 - - -
Tenericutes 0.08 — 0.05 — 5.85 14.20 0.63 0.12 - -
Verrucomicrobia - - 0.03 - - — 1.41 0.11 - -

Unassigned 0.08 — 0.01 — — — 0.23 0.12 — —
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PCoA Plot (Genus)
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Fig. 2 Principal coordinate analysis (PCoA) based on
the genus abundance of 16S rRNA sequencing. The
PCoA plot illustrates the differences in microbial
community composition across different samples, based
on Bray-Curtis distances at the genus level. Each point
represents a distinct sample (TSO1 to TS10), with the
points’ positioning indicating the similarity or
dissimilarity of microbial communities between the
samples. The axes represent the first two principal
coordinates, with PCoA 1 and PCoA 2 explaining
42.25% and 24.87% of the total variance, respectively,
in the abundance of the gut microbial community at the
genus level for the 10 hard clam samples. Clustering
samples share similar microbial communities.

— \ WHFIRIEEE (Geobacillus)

DR E SRR (G, thermodenitrificans)
FirAdi b Bl i s - 3 99.45% » XKm&E KPRy G.
subterraneus (0.22%) ~ G. kaustophilus (0.09%) ~ G.
stearothermophilus (0.07%) Iz G. thermoleovorans
(0.07%) -

—FIRREB (Bacillus)

LA GRS ZF AR (B. alveayuensis) HLHl
Bl 32.32% » KRB K Ry 53 Rl 2 s
(B. manusensis, 32.02%) MK ZEHERE (B
licheniformis, 29.18%) ~ B. borbori (2.81%) k& B.
aeolius (1.97%) o

=\ REFIREEE (Ureibacillus)

LB R RIR=FMEE U
thermosphaericus) F{LIEHIERS » & 99.74% » H
BRI E R U. composti (0.24%) ~ U. thermophilus
(0.01%) ~ U. terrenus (0.01%)

0~ SHEEE (4Arcobacter)

teblisE R R ST A. mytili (80.53%) » H:
R BEILETEE (4. nitrofigilis, 6.52%) ~ A.
butzleri (4.99%) ~A. lekithochrous (0.92%) k¢ A. suis
(0.34%) -

Table 5 Genus-level taxonomic assignment of total
nanopore reads (percentage, %) of gut microbiota from
hard clams collected in the Tamsui River

Genus Counts Percentage (%)
Bacillus 202,809 30.20
Geobacillus 182,931 27.24
Ureibacillus 115,203 17.15
Arcobacter 66,269 9.87
Vibrio 25,090 3.74
Mycoplasma 10,865 1.62
Aliterella 4,558 0.68
Calothrix 4,247 0.63
Synechococcus 3,826 0.57
Dulcicalothrix 3,824 0.57
Candidatus 2,994 0.45
Brevibacillus 2,806 0.42
Parendozoicomonas 1,900 0.28
Sulfurovum 1,788 0.27
Carboxylicivirga 1,734 0.26
Aquisphaera 1,667 0.25
Romboutsia 1,496 0.22
Geitlerinema 1,305 0.19
Pseudoalteromonas 1,295 0.19
Aeribacillus 1,267 0.19
Other 33,777 5.03
Total 671,653 100.00

#ow

=~ EFRGREARGH

ABAZEE 10 {83 7K 1300 o 2 HGHH BRI
HEATIE P RS > Horh TSOS Je TS08 »3& 2 %
AHGELFY D (Table 1) » WREZA sl 2 £
AIREEEAK - 1T nanopore JE i Bl HAMAR A5
GRTEEGZ KR - ERETTE PR E B SR e
R IR DU AT Y e 5 B0 Ry 822 A
B o AN Alpha (Table 3) 5z Beta (PCoA, Fig.
2) SrHTEEE - BRARHMEREKA - HASHZ
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T » Hrh—{E T RERRIR Fy - RN [FIRRAY 7K
T EHARRF & - AR —ERBEAL (niche) $
& A B LR - fEE—ERRE N
A [FIA 4 BB &7 (sub-niche) (Houliez et al.,
2021) » 5 BB ORI A Y LU SCIE G B B AEAE
% (A A B SRR B SR 2 e B
S A 18 7K ] (R Y i o2 AR R BR B A OE 2 [
figg » AHETTIC SRS L BRBIEAH IS - B AW
FESELUE P ft R o 1 B s R R T HRET -

Table 6 Species identified in four major genera of the
gut microbiota from hard clams collected in the
Tamsui River

Species Percentage (%)
Genus Geobacillus
Geobacillus thermodenitrificans 99.45
Geobacillus subterraneus 0.22
Geobacillus kaustophilus 0.09
Geobacillus stearothermophilus 0.07
Geobacillus thermoleovorans 0.07
Other Geobacillus species 0.10
Total 100.00
Genus Bacillus
Bacillus alveayuensis 32.32
Bacillus manusensis 32.02
Bacillus licheniformis 29.18
Bacillus borbori 2.81
Bacillus aeolius 1.97
Other Bacillus species 1.70
Total 100.00
Genus Ureibacillus
Ureibacillus thermosphaericus 99.74
Ureibacillus composti 0.24
Ureibacillus thermophilus 0.01
Ureibacillus terrenus 0.01
Total 100.00
Genus Arcobacter
Arcobacter mytili 80.53
Arcobacter nitrofigilis 6.52
Arcobacter butzleri 4.99
Arcobacter lekithochrous 0.92
Arcobacter suis 0.34
Other Arcobacter species 6.70
Total 100.00

T~ KIS R E A R R R

Tuj
=L

TEFFAG R > IR (genus) JE Rk
MG LB B A S 2 A R ~ 2P AR e ~ IR R
USRS SIPEE - 4 B bR T PER Y
Z 84.45% > BRI BERARAE ORI AL RIS
LI EPE AR RS — R R oG
FUBE AP 8K 8 58 Y I Rz — A9 B g
(Paillard et al., 2004; Yue et al., 2010) > HF{§
BB TR LLYIER 3.74% (Table 5) » BRI
TR R - FEAN BB A UG R
Aty DUNARERFZ 4 i £ 2SR T 5 L
R e I R R EE T T IR

(—) WHFRIFEE

ZE YRR A AR R (99.45%) &
wHLE 9 A E » AREAE 2001 F£A I EFER A
I H 285 » SR o | DS bt oA - B
ATt R A AR R RS B AR R 0 5%
JEHH R AR 2 A R BREE TR g B - HLAT M
HIEEWE (thermophilic) » Ui i A2 FE W] st 4 £X
45°CLL E (Nazina et al., 2001, Coorevits et al.,
2012) o AR B Zt A MUAR iR 2 RE B - I
A 5 RE 2 A 1Y it 24 32 A 1T AH B I 5
(McMullan et al., 2004) » 45T 0] EEAEAERR IS
50°CLL BRI AT DIE BRI ES (amylase) ¢
Hi&EMEETS (glucosidase) (Thaddeus et al., 2005) »
HRADEABNRFEMPLAZE (lantibiotics)
AR T (B 50 - 80°C) At EEN R AN
EEFRI S IEAEE 2 (geobacillin) (Garg et al.,
2012) » FE/K EERETE T A Ry 2 AR B LA R 7K
FERTE R S AHBATTER R IR ) -

(D) FRiFEE

ARXWFECE el S IR s g LS
IR R (32.32%) ~ JG %5 Rl M 2 AR &
(32.02%) DA HUARZF AR (29.18%) (5K
RS E - P S AR AP AR
IR R LR T3 th BRI S (B
EA BRI 65°C) i (Baeeral., 2005) - ZH
A AR o B /R FE SR ) - W mT LA 7
i B e EL Y & IR g 1 SR B BB (alkaline
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protease) » 3% I BBAEIH B -t A AR R RS
E VR R DR RIS R MRS 5 B TS iR T i
Vi - RIS @AR Hh L m] DR 7K e B B
{TIEERFA (Annamalai ef al., 2014) - 53 Gy
2 A5 B T EE AT ne e 2 P e o] (B PG 55 RV A
BIEIR R EY P8 - R AR MY
REETE (Sun et al., 2019) - AT B H AIAE
RS PO B EANME - BAE
FEREYIRANTE )] HEFH SR % » RS A TS 1
L&Yy ERIR/KERIE ~ B3~ R VRS
FISEET T2 I8 (Muras et al., 2021) © fE/KFERE
FEJTIH - FFREASRIR - AR AR TR
IR R A HIHIE - w DAVE R sl in A gt
BRI /KA - IR ~ sk
= i REAEYERTE (Raida et al., 2003; Li et al.,
2007; Zhang et al., 2013) °

(2) RRFRIFEE

2B 99%LL FRVEERIR IR R 4 AR
» BRI 2 st 2 AR R ADL - 38 Hh -7 2E )
BEEER - MR EBRS EIREF IR EE
(Fortina, 2001) - 3B th BAAREEE - fERRIK 50 &
EABEERENREEE (Akita ef al., 2011) > H
REFE AR AP AR im0 RE - AR L3
JEA EIEH B - AR A LRI S0
(amino acid dehydrogenase, Akita et al., 2011) ~ &%,
1tElE (catalase) (Jia et al., 2017) FIEGHE (esterase)
(Gagnéetal.,2001) - LA » SEPTHEFIBERIRRSAZF
PR BT Rl AR B RBHER AR B R A Ve (LR -
BN ES AEYIAKL (Asada et al, 2015;
Zainudin et al., 2013) +53EH -

() SEEB

ARRWFEE P 58 18 50 B B B e 51
D% rI R SIEE (80.53%) » REZHIFAHL
SIPE (6.52%) - BEH LI HRAE 2006 F1EPPEA
INZHE S B AR R = AN ER SRR 52 b 4 e
Hi7k (Collado et al., 2009) » "JRER] Ey H AA TS A 3
BHAR » ALK R /KM SO i E
BRBABESIPE - HAES P EBE A G L plE
w— 2 o WAL SR W R S F R R R R
(Vandamme et al., 1991) » —FHIAREINEZ ARG

JER AT B 7 Y 15 it o ) R AR W AR S 4 Bl R
(McClung and Patriquin, 1980) o FHFAE FEFAFER
85 Rt RE BRI - SEAETR LU o JHER B R 1
IR BER - R S B R YR A
EMmE S E25 (McClung et al., 1983, Pati et al.,
2010) © f b= T BRI JH A4 8 Hh 2 PR EC oAy ] 2
T LR IBES I AR » fEMR/KEERE N BRI/
li§ (urease) DL K% [&E &\ [E (nitrogenase) MY IE M4
(McClung et al., 1983) -

BRETALIN G SIS - SR E RIS e
feflt 7 — T REE O > WK EAYIE
ETHEIR R RIS ISR B R DURRA
PRE /R ALY Re BT O LA B AR - SER T H
WrsE N BE S EANTFEA R R ER A RERIR -
UTEEFRIE K EE I R Sa M BB L R B S A 1
TN A E DU R A 2L U th i 12
> BT R K EE AR A R BB A I - DABET T
BRI/ E LYY RE T — -+ 2
Jilal e

AR FEIR AR S0 Z BB A3 > 3F
it e AR - AN st 2 A R ~ el
TP 25 AR B DU N EOIRPR R AR B A 173
MR E R KSR 8 FTHE R R Ry PREERF IR Ry 1]
2 WOBRSINE Gy sz e HIR i
TRAHEL - SRR - /KIRA SRR
HERKIEE R ZRMEHEIR 1S - a2
B B R R B A AR 2 — PR ET A K
FETEFH 2 4 B DU B RS IR 5 T - Rt
JuR R HE TR E A Cia RN AR AE - BiREss
JEE ] RS e AR R BIZ EniR T T e - B
HJEA R BESE ] DU Ry & 1R R - D
KAERE M REERE T B A VIR E Rt ZF AR
B3R o [ESRET e -

5391 > BeE B LR R A RE W 7 4 - Sk
CC HEg R B R e S AR ARE - EiE
7 B Ry M ] [ A R K R R A R
g —EESHRR A RS seT1A - 58
SLER M R D RUBITSE > IR R
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Bacteria Composition in the Gut of Asian Hard Clam (Meretrix taiwanica)
from the Tamsui River, Taiwan

Ching-Huei Huang™ and Chia-Che Wu

Aquaculture Division, Fisheries Research Institute

ABSTRACT

The Asian hard clam (Meretrix taiwanica) is a commercially important bivalve species in Taiwan. The clam’s
growth and survival are influenced by environmental factors such as water temperature, salinity, and pathogens.
This study focuses on analyzing the composition of gut symbiotic bacteria in the hard clam population from the
Tamsui River, Taiwan, using nanopore sequencing. The sequencing results indicate that thermophilic bacteria
(specifically, the genera Geobacillus, Bacillus, and Ureibacillus) and nitrogen-fixing bacteria (Arcobacter
nitrofigilis) predominate in the gut microbiota of hard clams. Furthermore, an Arcobacter species detected in hard
clams was also found in mussels. These symbiotic bacteria may assist hard clams in adapting to their environment

and ensuring their survival.

Key words: Meretrix taiwanica, gut bacteria, nanopore sequencing, metagenome
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TSRk B RHMABB (Corbicula japonica)
BT AR CR 2B E

K"« MRS - BB - MR
SRR EE BRI/ R B T TR O

[T

Uit A B T I A R S R B 2 5 B R T R AU S AT Y B B2 KT T - AT S E R AR R
(Corbicula japonica) FEI LB FAEDHES] AT T RSB L KBEILTSR - AEBRIR—=HR < (1) T8
WHEST © BEEANREIAEA RN - RIRD R MEEEE - FRBIDEES Q) B TR - 8
LRI R hig b8l © (3) RERIREER « BT RS BEE - SRS
25°C I > KAMIFRMLE SE TSR R VB RE IR - ARBEUR - RRIFRILTEDRESIAE 22°C Jt 28°C
R 12 /NEFREEE RN (12°C ~ 16°C) AIEE (32°C ~ 38°C ¢ 40°C) # - A=kt 50% HI7E
WA > Horhr 32°C TV REEE R INBE 125 » (ERER 48 /NRFIRGE 50% HYTERDR - HRATED
TRy BN E P R I HVAE £ - AR W D R R B - KRS D H b -
NEFETEIREST ~ TEAT R B e MR EEABE TP RSB 3R 7 - BIAE R 39°C FHAVSRLSRE

F =Y HA R B -

REREST | FREKBIR ~ KFRR ~ BHTHR KR

B 3

N FEH R R ICA R R
BEHR4UE (Crassostrea angulata) ~ S5 (Meretrix
taiwanica) (Hsiao and Chuang, 2015) F1 2= & il
(Corbicula fluminea) » TR ZIHETE A E =K
IR BRI R E S R R G &
K P B Bl g B B P v R 3 (Huang et al.,
2018; Chang et al.,2019) » K[t » EhE I EBIGEE R,
BrEs TR EE Y - —EH LK > EEnviiEE
VA ES 43 B DAk K B E Y 2 W (Corbicula
Sfluminea) F5=F > SRR 2009 SEEEEMREIES
B HARS (R /K R AT IR BRAG T TEE 0 - 2%
AR R IAEAFHAE SRR BRI E A (5,
2016)

AR ETZ SRS A ~ e ~ Jbea B
SRR S AR RAU TR 25.0 - 27.0°N (2 [

SBVES / ERMTRE=REREE 4 5% ; TEL: (06)
788-0461 # 137; FAX: (06) 788-1597; E-mail:
schsieh@mail.tfrin.gov.tw

(Nanbu et al., 2008) » JFFHEFFYIREAFISRIEAS A Ky
BT SR FE AR 2R E LR
SRR AR RHEE i - B R 5
SRR S - E KR B IR RE R T T
= HREAYIRE S - B TR ERIBRERE -
KRR 2 H A B BB R I 5 - AN AT BiR ) B
o HEA{EERRFANE S8 B8RO UEE
/% (ornithine) ~ #E/E3E B2 55 » (IS HASRFEK
MBRAT K EIEE S o ANTRIEAE H AR 2
RE 2R Rk SE YIS < — (Oshima et al.,
2004) > {5 H A Corbicula J& & &1 99%
(Nanbu ef al., 2008) o AFTERME 3= BB 2 A1 1% 5
ZRIIEFITT 1 - S BE R 7K i e s By ER i
H A B ARR B 2 AR R - SRy e —

HEZKIREEITE 4 - 30°C Z[ - AiffFefai A
R E AR (24 /NE) ATINAZ 0 - 35°C
FZKIRERSE - RIFfA] (30 K) AUTRRE 3 _EFR Ky
32°C » SHEIRF IR RIS AR Ty 18 - 21°C >
HA 4 - 9 A Ry AF0 R A BT IR - TR e

FEE Y 10 - 22°C - A FEMIBH ARG ~ A2 RA
X # (Nakamura ef al., 1996a, b; Lee et al., 2011;
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Rybalkina et al., 2012) - {EEEREEFERE T HTE » K
IR 85 A R R PR W) - W AR R R A [
1.5 = 22 psu» 77 A BG4 R S A 52 14 RIS R
REE/KE LAY 2E (Nakamura ef al., 1996b) o
It YRR LA A R BB 1 KA SRR A 3
A RSHR ~ AR B LSBT Ry > BRERE AR K
HIs2 25 (Andersom, 1978; Nakamura et al., 1988;
Monari et al., 2007; Pariseau et al., 2007; Yu et al.,
2022) -

BT Ry R AR TR N Y B e ry JE R T
5 BT R AR R B IERES &
R G AT Ry mT DA EE R 22 AR BRI - TN
HApmRI e s g - Fr2motia g 8k
BHEEBDITHRNKZEERA (Goshima,
1982) ~ E&RE (Miyajima-Taga and Kuwahara, 2022) ~
A48 & (Rodriguez et al., 2020) ~ JF/KICRTHEIE
(Lee et al., 2007) ~ ZHi (Goshima et al., 1999;
Watters et al., 2001; Block et al., 2013; Zhang and
Yuan, 2015) ~ JIFEPRIE Maru et al., 2005) 5z
5L (Roberts et al., 1989) - JEHE FAAZEIIREE
B T E R A AR I AR EME R ZEPH
HNEHOR (Weber et al., 2008) » [KI LRI 2 E IR
B e R - BN S R R T
Ry » BRI & BT AN S2 i > iRy Hhiz
f o BRI FER T 1T Ry T4 Rl B B B A
RHERIEGERIFERE (Lee et al., 2007, 2008) -

TE B A A B A SRR R R b 9 i o 5%
A RIATH TR S AL AR R % -
LRSS HAFTE R ~ VEDRE S BB 1T R 2 3
R R P T 2 7 vt 7 1 S A Ll 52 P o il
ERL - BRER A T R RN R 2 A T
BB HEE -

FORHEL T4

— ~ HEREY)

HE < AR B EMRERE
o BRI R Ry 25.43 £ 1.03 mm > S
e E by 5.88+0.67 g EHE — « VR ER
21.57 £ 0.79 mm - SEHREEE 3.88 + 0.06g ©
I L B RKEREW R O ENREYS > &
EIEEEH 2 WA FRP fgE #2428 - 1l

AER 10 om D HETEY » R 125 um -
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JEHIE 23 - 25°C ~ BARSHEE] 10 - 1S psu) - FHEH]
M KRR EEEREE (Nannochloropsis oceanica) 1
G (Isochrysis aff. galbana) —2K -

= G
BR—  BEHRANRREVEDNTZE

PCERLEYE 7 A E BRI 43 Ry 12°CH
(DL 12C X557 - SRR ILAEHE) ~ 16°CHH (16C)
22°CHH (22C) ~28°CHH (28C) ~ 32°C#H (32C) ~38°C
f#H (38C) J¢ 40°CHH (40C) » fpfHl = F i - W EEBRER
JidE R BVEBR 52848 (YIHDER, DK-600D)
FABRR IR 553846 (YIHDER, LE-519RD) 1Tl
e - EREFRIGRTORITAHE 8 om B EIEA
1.68 L RARNRI/K (15 psu) &/ NTE& [28 em
(F) x 10 em (50) x 15 em ()] BEREHRRH
o FKIEEERR SRR CSER | RZKH
B (0=15) 3RIRA/NGTEER - BB IRk
R FREGLIEZIFFEIRE R IR REK B N7
e —FrrkE - BB ER KAES
DL 3 R o VSRR R BT B AR
FORRME 172 DL Ry A ydrh - BIIRCSR L 2yE
CEVARN T VA v/ (1

B (%) = (B AR RIEEE/ A1 AR
FRIEENE) < 100

BEIAREAARTREET - FIBERIETCK
ARG SR B R - SECRETEARATT -

TR (%) = (PR AR S /A0 KA
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B - SRHANREENM TR LIIRE

PEERRItEE 3 MR E BRI - IR
REZEHEMRGIUEERE P =/t 2021
7 HEFERFTEHELZ KR8 b & Nakamura ef al.
(1996) SR - E g By 32+ 0.5°CHHL (DL 32C
Fof CHRRAERILAAHAE) ~ 35+ 1°C H] (35C) ke 39+
1°C # (39C) - fHl —H - EERPIMHIBEIRER
HE B ED 2 DL ERSRFIRE (n=15) 4331
TR 10 em JE¥DZ/NSTIEAR (36 x 23 * 14 cm)
o FNTTPARERJTIE FRP AiE (52 * 40 x
40.5cm) > A 61 L B RIRFERIAK - Ry
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Fig. 1 Patterns for each =
temperature treatment from the 20 ]
start of the burrowing behavior g 2
experiment to the end of the A7 16 -4

temperature recovery experiment.

25°C ~ B#JEE 15 psu » AT AR E AT 2 278 A
ECyDH » WERS R iR AR SR - A BR2OHET T B B
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P BRI T R IR AR S Bl E R 2R AR 12
HIETHE - BHTHE 5 - 6°C » HEESHERE
J& 32°C ~ 35°CH1 39°C » (ot 3 MR EEINAAEE T
B FE T R PR AT R BN E] (39°CHg 3 K~35°C
e 2 K 32°CH#E 1 X)) » RS mHie Bt a5 H
FEIF] - KL > 39C ~ 35C F1 32C fH4 RIATEDT T Ry
BLEERRT 3 ~ 2 J | REAGIME - EEIHRER
14:00 33 i i s 5 H KRR B IR 1232 H 7:00
X R (Fig. 1) @i 7 X
AR HE i i R By (14:00) #IEEECERH B
TR RAAEIBIE - K 16:00 R TRHZ
V7K G - BB R 1 /K= > Rl o R AR L
R A A AR A AR Y B S TR R BRI E K B
Fk - R LIEZEE/K EH FRP ARAT—FRY7K
2.

VBT R B Ry B R RN SRR 3 e 88 11 IS
KAETEE » Lex 2% Rodriguez et al. (2020)
TIEDISEREE - BB T R B 53 Fe e A i
REW H  (completely buried, CB) ~ # 5 2/3
(partially buried, 2/3PB)~ 1/2 (1/2PB) ¥ {7 ia %
HiYPIE (not buried, NB) » AEBaHARIE R A7
1Tkt Bl DUtEEI R AIRE (Fig. 2) - EEsIIR
HANRIRIET - AIBERIGEH R HIE TR -

)

(]
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Fig. 2
sediment. The degree to which individuals buried
themselves in sediment was classified into four
categories: (A) completely buried (CB), (B) 2/3 partially
buried (2/3PB), (C) 1/2 partially buried (1/2PB), and (D)
not buried (NB).

Burrowing of Corbicula japonica in the

BR= » mEOERE - BERANERRIETA

M

BEER T BRI mR B TR EES (7 R) 5
W FREEEIEEE 25°C 1% KA AR BRI
BIFFEZ 25°C J¢ 15 psu KRR/ ERGH »
AR RIR AR TR IR e R
1E RS BRHEBI LRSI BAGFEDL 3 K (Fig.
1) » DR R IR R AKA EE— -

= ~ it

FrA EER IR L, mean = SD FoR » BB

AN R BEAH A S ALK 758 SR B3 AT (One-way
ANOVA) METTHEETT » AR R 22 52
SERHFE KHE > L Tukey’s honestly significant
difference test EITHRRIRT » FLBAR B R
T RIS 2 A EREE - FrE a5
b 888 43 AT RiT BT AR 8 G R R (arcsine
transformation) JuHSRES M - BEE/KYE o = 0.05 >
HaT#kEE By Sigma stat 3.5 JiUA -



60  @hBkE

100 1
80

Fig. 3 Digging percentage of &

Corbicula japonica according to ;':’ eo'd

the exposure time at different ¢ [

temperatures (12, 16, 22, 28,32, &

38 and 40°C). The line marks g “

50% of burrowing capacity. Bars &

with different letters indicate 20 4

significant differences (p < 0.05).

Bars and error bars represent &

means and standard errors,
respectively.
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AR ST RIEA FREE TAGE 72 /N
TRINTEVD SRS AN Fig. 3 FiR - RHIRIRAE 16C
T 32C FHBEE BV RFIAE R » HyBD =R 2B
HBEA (p < 0.05) » #R7 12C ~ 22C ~ 28C ~ 38C K
40C FHAYARFIBIED SRAR A EER =5 &R
FEBRBRARAE 12 /NRROTED SR - I TR~
[RRERE & 25 A B R 725 - 22C ¢ 28C Raf
AR 25 (p > 0.05) » DRI 73.3 +
11.5%J% 75.6 £ 7.7% » {H 22C Jz 28C #H7EDREH
R R HAAR R4 Ry 12C (6.67 £ 6.67%) ~ 16C
(15.6+3.85%)~32C (13.3 + 0%)~ 38C (8.89 + 3.85%)
B2 40C (2.22+3.85%) » 54 22C J 28C #AMGTBID =
RN 12 /NIRRT 50% » 1 32C HHEIFE 48 /[N\REA
3 50% > EAMEEE (12C ~16C ~38C~400) &
HAEAE 72 /NFFRIEER 50% -

ARFRIESE U SRR AE AN Fig. 4 iR > K
FIRBAS AR R S BB ER 12 ~ 24 ~ 48 Jr 72 7]\
BEt% > Hirr 12C ~ 16C ~ 22C ~ 28C ~ 32C J 40C
RHAE 24 /NRERYZELT SRS By 0% - {8 38C fHA
JEL (6.67 £ 6.67%) » FEHMEF /TG SR MRS 72
2 (p>0.05) o ifii % EE R FRAHIE (CHRAE 48 /NEE
Je 72 7NRFRYIRFETRE R BB 72 5L (< 0.05) » EFLL
40C HHAE 48 /INEFRT 72 /INEFIIZEL SR ARy 40 +
24%F(1 83.3 + 23.6% ki  {H4> R 38C [y 48

0000000000000 gm R

Wz

Temperature(°C)

JNEFFELTR (17.8 £ 13.9%) K 38C ~ 32C fy 72 7]\
BRI (53.3 £40.6% ~ 15.6 + 3.85%) H5fgf=
725 (p>0.05) -

Mortality(%)

[} 12 24 36 48 60 72

Exposure time (hr)
Fig. 4 Mortality of Corbicula japonica at different
temperatures and exposure times (0, 12, 24, 48, and 72
h). Bars with different letters indicate significant
differences (p < 0.05). Bars and error bars represent
means and standard errors, respectively.

B~ SRR R TR T R s 2

T B KRR BT T R LA Fig. 5
7R o AE AR S o AR S I 225 i P e ]
HIAE R FBE T R D ImiE ) (p <0.05)>
Hrh 39C #H7ESS 4~ 5~ 6 ~ 7 R5EETER) (CB) 1Y
HEERFHEM T (p < 0.05) » JLHEE 7 KIFF CB {#
Tl 2.22 + 3.85% o {E% BB AR RIRASEC
TICHE T MTRERAE 32C FHAT 35C FHA-RFIE
EREE AR (p > 0.05) 0 HAE 39C FHZEC=RAIE
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Fig. 5 Burrowing behavior of Corbicula japonica depending on temperature: (A) 32 °C, (B) 35 °C, and (C) 39 °C. The
degree to which individuals buried themselves in sediment was classified into four categories: completely buried (CB),
2/3 partially buried (2/3PB), 1/2 partially buried (1/2PB), and not buried (NB). Deaths are also shown.

AR RIAE R - HARUSREBIREE I (p <
0.05) > 55 6 K (46.67+13.33%) KEE 7K (7333 +
24.04%) SR RBEENIER © AL - FEARHES
it PR A > AV RS Bl AR AR A R
HrF R WGHR e e  FE BB R R AT
SREL R EE 1 T f22 il R R 7 s o SR P (E 7 )
e I A e A - BRIV R L i ml R R B s
(25°C ~ 15 psu #g7K) SETHAANIIEEERIHAEEE
B 3 R REREHAINEE R I O R S
[ AR (Fig.6) » HEFF R EAH RS MR R AR
WL {1 B A E PR AR Y AEE T S8 L R T e A e i
FECHIERG: -

Fig. 6
temperature treatment (35 °C). The soft body parts are
substantially extended beyond the shell. No response

Status of Corbicula japonica in the high-

was observed even when contact stimulation was
performed immediately following the experiment.
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=5 (p>0.05) -

T
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Eliu

B e F A AR RE A R B H A Ry
HE) > BRI EE IS 2 — BURIE R
(Morey etal.,2009) » [LAh » WEEARATERE FoRE
TAEYIRGHIREER - (M LT REERE B R E e
JEREM L AR ERE AR ERIRRE T YRRy
1h (Rosa et al., 2012; Xiao et al., 2014; Crespo et al.,
2015) @ ERFFERNEG i TP RE T TAKE Al AR
FETR A2 R ~ 15 AR e (Ansell and McLachlan,
1980; Ansell et al., 1980a, 1980b, 1981; Peck et al.,
2004; Morley et al., 2007) o AP FI FHEREE AR EAH,
HITEVDHRES) ~ TEUAT Ry ML PR IR R AR HISE TR
FITE VD R AEEAL T A PR B A W88 i i 52 1
BAf% © Nakamura et al. (1996) RfFFEfaHH AR L
H (21.63 + 1.56 mm) FA 24 /NEFPIATTiiFSZ 0 - 35°C
BZKIREREE o MAFERTR AR 24 /NEFA
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REM 2 M= B A T REIRIAL « (1) AR IR
Vit > JFAE AR R B A s — RIS SE IR AT 52
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HURBIR IR YIS B A EE SR AIRE
(Morley et al., 2009) : (2) AEERAT{E FHRARIE
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Fig. 7 Mortality (A) and digging percentage (B) of
Corbicula japonica exposed to different temperatures
after 7 days. Bars with different letters indicate
significant differences (p < 0.05). Bars and error bars
represent means and standard errors, respectively.
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ZEERE KR IS AFEERE RS (Ruditapes
philippinarum) (Aishima, 1993) ~ B3RS s (Meretrix
lamarckii) (Higano and Yasunaga, 1986) 145282+
(Potamilus alatus) (Block et al., 2013) ZEE557 7Kk 5 4
b s B YD SR BBV « AT oG R A
TR R R B B AR RIR R RE ST » 1R
& (12C ~ 16C #) ki (38C J 40C #H) WYE
Bl B TRV SR RAR. (XY BTso) » Horr 32C
i B R B 2 PR [ I B VR v =R R v s » i o
FAHpR PR B AE IR (12 /NEy) - (HE7EDER
B 22C e 28C #f > H. 22C ¢ 28C #vE=R
EEiEMA T0% » [RIEG » B AR R 2 B TR R il
B M LR & B P L MBI RV T e Y32
A4 RECONIBILFE T EE R W IR VB D SR A
NEW - ILAh  TMEFY Y (RE) RS e
SR HUBAMTER T (Alexander ef al., 1993;
Huz et al., 2002; Maru et al., 2005; Li et al., 2017) »
Maru ez al. (2005) 728 AR EE (3
ke ¢ 32.6 mm) {EARNFRIIEYIRAIRATERD ZRIES
FMES R Reiite (BRI + 4 - 63 um) ~ EEHIVD R
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Effects of Temperature on the Burrowing Behavior and Mortality Rate
of the Adult Brackish Water Bivalve Corbicula japonica

Shu-Chiu Hsieh®, Zhi-Xun Lin, Chih-Chung Huang and Hong-Jie Lin

Mariculture Research Center, Fisheries Research Institute

ABSTRACT

Temperature fluctuations play an important role in the behavior and survival of brackish water bivalves. This
study evaluated three parameters: (1) The digging ability of Corbicula japonica at different temperatures; (2) their
burrowing behavior inside the sediment at high temperatures; (3) their behaviors at 25°C, focused on their digging
ability and mortality after high-temperature exposure. The digging abilities of C. japonica after 12 hours of
exposure at 22°C and 28°C were significantly higher (by at least 50%) than those at lower temperatures (12 and
16°C) or higher temperatures (32, 38, and 40°C). In addition, the digging ability of the group exposed to 32°C
increased significantly with time, resulting in more than 50% digging ability after 48 hours of exposure. On the
other hand, as the temperature increased, C. japonica gradually moved to the surface of the sediment, lowering its
digging ability. The rate of mortality of the group exposed at 39°C was significantly higher than that of other

temperature treatments.

Key words: brackish water bivalve, Corbicula japonica, burrowing behavior, water temperature
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Fig. 2 Effect of water temperature on hatching time and molting interval of P. brevicarpalis.

(=) AEREHBEEERMARZEE

B ks 6 #H 3 FHE 0 DL 6 FEIEE - 4l
18 21~ 24~ 27 ~ 30 J 33°C - B [ EFI b0 &
AN Ol A 55 T 2 /NRFFHRRE 1°C > R
TR I 2 AN 5°C - S AHAR R R AR )
WV A e R R B Y i (A SR A B AR I I B )

ik 4 H/ml 26K -
() AAEEHIRE T RMRZEE

BT 6 #l 3 HEHE - DL 6 FHERE > 3k
19 ~ 24 ~ 29~ 34 ~ 39 K 44 psu > >34 psu {HATFIF
ZRHEE 70 psu AR EAT /K EL i KSR E R
IR 5 <34 psu AHBIFIA RO ka4 E EERIRE
TTHERE - SRR R MR AR PR e 7 T Bl
RaBaa i RS RO S IR 4055 4 S /ml 28R

1.~ WA A

I EATIEEE L 600 ml YRR B A B 2528 > I
HEK 400 ml - FEHERBEM R 20 & > KIEHERAAE
27 + 1°C » DU LAY S iR T Sha: 4 /ml #%
B FEH UK FESRIR T F I LB B R L kA
WES e PP R T B B -
7S~ BB FY

BB B RS R A T BB AT (one way

ANOVA) > F{H Duncan’s &g HIHET THH 2= 52
b - B KAESE Ry p <0.05 -

Mo R

— ~ TR A R L K T TR £

MEILECER 19 R R REUR - BRI RE Ry
9 K > FCERE] 1R SRR Fy 27.8°C 5 [
b 10 K - BoERE] 8 K » /KRR Ry 26.6 -
27.1°C ; JitzfEipe 11 KECEE] 2 X - E7KIR Ry
24.6 ¢ 26.9°C ; JR(HIRE 12 K - 308%E] 4 X
EJ7KiFy 24.2 - 24.7°C 5 JRRERERE 13 K - Go8KkE]
2 K kR 23.9 K 24.0°C 5 [EEkikE 19
Ko RERE] 1R KRRy 21.3°C 5 iR
% 23 K > G08RE] 1 R - 97K R 19.9°C - Jit
AR EL K IR IR TRy y = -1.4398x + 48.37 ;
R2=0.8251 (Fig. 2) - bR kmfiia by 294.3 £49.5
JER -

.~ OB K IR P RR R

HEFEECER 19 K - FEREUR - SO LiRef 8
Ko FOERE] 2 K SPEI/KIER Ry 27.6 R 27.7°C 5 B
fERERH 9 K - RCSRE] 4 K PEKIE R 26.6 -
27.2°C 5 BRALIRERE 10 K - FoSRE(] 4 2K - SPE/KIE
Fy26.8 - 27.0°C 3 Wefbisfd 11 K » 3C#kE 1 XK
SRR Ry 24.6°C 5 WELIRFR 12 K > BC#kE] 5
K> SRRy 24.0 - 24.7°C ; JiEFRA] 13 K



70 WA

Table 1 The survival rate at 6 days post-hatching (dph) and the development rate to the 4th zoeal stage of P.

brevicarpalis larvae fed with Artemia nauplii at varying concentrations

Artemia nauplii at different
concentrations (ind./ml)

Survival rate of 6 dph (%)

Larvae developing to 4th-stage zoea at the 6 dph (%)

1 30.0 = 5.0°
2 43.3 + 2.9
4 65.0 = 0.0°
8 71.7 £ 5.8
6 60.0 = 15.0°

19.0 = 33.0°

58.3 = 3.0°
100.0 £ 0.0°
100.0 £ 0.0°
100.0 £ 0.0°

Values are shown as the mean = SD; Different superscripts indicate significant differences (p < 0.05).

Table 2 The survival rate at 6 days post-hatching (dph) and the development rate to the 4th zoeal stage of P.

brevicarpalis larvae according to feeding strategy

Artemia nauplii at different
concentrations (ind./ml)

Survival rate of 6 dph (%)

Larvae developing to 4th-stage zoea at the 6 dph (%)

0 73.3+7.6°
1 27.0 £5.8%
2 _
3 _

97.6 £+ 4.0
86.0+12.8

Values are shown as the mean = SD; Different superscripts indicate significant differences (p < 0.05).
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R2 = 0.8601 (Fig. 2) - PH{LAEE R 284.0 + 51.2 JiF
7{ o

=~ IR AR  BeARIEEE -
JEEA b

(—) ANEERBEHESE ETERAURZTZE

DIAFIEERI AR 1248 K 16 &/ml E4E
BEARE - 6 dph B HUTETEER3 ARy 30.0 £ 5.0
433+2.9+65.0+0.0~71.7+£5.8 52 60.0+£15.0% >
BRTERR 1 K 2 &/ml fHELH e S A RS A2 5%
(»<0.05) 4 HERSHHM ML 2 R TT
THLEE PR S AR I EE B3 3 R 19.0 +
33.0 ~583+3.2~100.0£0.0 ~ 100.0+0.0 5z 100.0 =
0.0% » BIYETARAAMIRR 7 AR 1 5 2 S8/ml AHELHE
ERHARE R (p<0.05) Sb HERe AR
FHEE (Table 1) »

(D) EEREAHBE ST RMRZTEE

IEIELE HER R RAEE | REBRFER AR

6 dph B HEFRS A 73.3 £ 7.6 K 27.0 +
5.8% MHIHERIE =R (p<0.05)  ZEE 2 & 3 K
AR AR RS HIE 2 dph KEZEL > 3dph
AR 5 EAERR TTH - BN RN A 1 KR
T 53 ) Y SRR v A 37 A W e B9 E B 53 1 Ry
97.6 + 4.0 J 86.0 = 12.8% » FHLIMEAE =R (p=
0.05) (Table 2)

(=) AEREHBEE T RMRZEE

TEARFREERGE T > 18212242730 K
33°C f7E 6 dph W MIEEHR Bk 50.0 +
18.0~46.7+7.6+56.7+7.6~70.0+8.7~71.7+7.6
K 61.7+7.6%> 18 J 21°CHHEE 27 K 30°CHHG HH
e (p<0.05); 1ERRE T 242730 J% 33°C
L 3 2 5 DU A A e PR P Y LB 43 Ry 3.3 +
5.8+100.0£0.0 ~ 100.0+0.0 K 100.0+0.0% (Table
3) » 18°C#H 6 dph K% b i = HlET (77%) » {H3E
HEHE T 20%) KA (1%) < 21°C #H%
HORy S =S - 24°C RHRZ Rysf = HHIRE(H A



TSR TEE 7

D ERGYER RV -
() AAEEHIEE T RMRZEE

TEARREEZE T > 1924293439 F
44 psu FHFEES 6 RIREIITETER 3 Ak 85.0£5.0~
86.7+2.9~783+58~80.0+10.0-51.7+7.6
16.7+2.9% » [ 39 Kz 44 psu #HA » HE K AH R
FE7E . (p=0.05) 5 {ERRE i > 19 ~ 24~ 29
34~39 J 44 psu i F 58 Y FME o A I e Y
LE145r Bk 98.0 + 3.4 ~ 98.0 + 3.4 ~ 98.0 £ 3.4
100.0£0.0 ~ 100.0£0.0 Jz 52.8 +41.1% (Table 4) -

Table 3 The survival rate at 6 days post-hatching (dph)
and the development rate to the 4th zoeal stage of P.
brevicarpalis |larvae kept at different water temperatures

Water Survival Larvae developing

temperature  Survivalrate of = ) 4th-stage zoea

Q) 6 dph (%) at the 6 dph (%)

18 50.0 + 18.0° —

21 46.7 + 7.6 —

24 56.7  7.6% 3.3 £5.8°

27 70.0+ 8.7° 100.0 = 0.0°

30 71.7+ 7.6° 100.0 = 0.0°

33 61.7 +7.6° 100.0 = 0.0°

Values are shown as the mean + SD; Different superscripts
indicate significant differences (p < 0.05).

Table 4 The survival rate at 6 days post-hatching (dph)
and the development rate to the 4th zoeal stage of P.
brevicarpalis |arvae kept at different salinity

Larvae developing

S;(alinity Survival r;(a)te of {0 4th-stage zoea
psu) 6 dph (%) at the 6 dph (%)
19 85.0 + 5.0° 98.0 + 3.4
24 86.7 + 2.9 98.0 + 3.4
29 78.3 +5.8° 98.0 + 3.4
34 80.0 £ 10.0° 100.0 + 0.0
39 51.7+ 7.6 100.0 + 0.0
44 16.7 + 2.9 52.8 + 41.1°

Values are shown as the mean + SD; Different superscripts
indicate significant differences (p < 0.05).

VY ~ e AR AR

FEFAFETRAE T (600 ml BEFF > 400 ml #g7K -
20 /KR > 7K 27 & 1°C > BERE 34 psu > BELE H

BILARIG bry S i A S 4 /ml #5287 9 H
k) B5E > FhEEH 335 SR - I ERE R,
RIS (Fig. 3) AURER > Btk 15 dph~ fel8 )k
43 dph - 7£ 15 dph 88 R I (KB 19 6
5 (R HANS A HE0TY 1.8%: 16 - 20 dph F5 53 &>
15 15.8% 5 21 - 25dph 5 132 £ » {5 39.4% ; 26 -

30dph 75 104 £ > {5 31% : 31 - 35dph 5 28 &4
8.4% ; 36 - 90 dph 5 24 {5 2.7% ; 41 dph LIt TS
3 £ 0.9% (Fig. 4) -

Fig. 3  Post-larva (20 days post-hatching) of P.
brevicarpalis.
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Fig. 4 Time for the metamorphosis of P. brevicarpalis
larvae into post-larvae (bars) and its cumulative
percentage (line) (n = 335).
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B o G HEYERE B (Rhynchocinetes
durbanensis) (Y ELEZ, 2007) Jx # B 7 27 0 fiog 1%
(Lysmata debelius) (Y255, 2022)GMHEIRVEES - i
{LIRF R B /KR R 2 EAER - B R s SR A
EL - & L ERTENE IR R (BEEEE, 2007) ~ ALARHE
Wl (Lysmata boggessi) (JREE, 2019) 5 1 H Py i
Wbt (55, 2022) HAHEAVEEY - R LR
FEER 7K IR YRR LR - RIS B AE DA% HE B (L IRr ]
T TR P BRI HE G TAF -

HEERH TRk Eg REEmAE - fPEA R
FEBNEN R KGEFERIET - (HEEEBR LR T
IEERERE RN ~ TYUKE F R RN s B S ML
RE (BREEZE, 2005; BKEE, 2010, 2013, 2016, 2019,
2022)~ 5 SR BT WA SR v R R oK
BUR 16 &/ml IR AEET ) e AR RIS ELE 2 1T
HETEFRET - #EREE 4 8~ 16 &/ml E4F
WEFTE T SR B A2 5 » [KILAR R 4 - 8 &/ml
SR LRGE G

RESEEHS BHAABEAG SRS A - B b e i IR 4
HE 1T 5 LB 15 ARG SR I TR R - AR IR Y
JBME - e i e R i LI AR Y T e
W4 IREIH LR A T R EI RS AL KD
G LR RS - BB 1| REBUERIET
AR e > B8 2 RELEBIET » 8 EIRZEK
BB ML (BEEEE, 2005; BKEE, 2013, 2016,
2019,2022) - {HAEE 1 KA A B R A BL R IR
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O S N M N =/ == - 5
(Hymenocera picta) ZEE 2 KELE A& BB S
PGS (REE, 2019) #ARARIE] - KL AL
AFEAEN I EER) » fPi LR B ER B A RE
RS AR -

S s BR B YR R - BT
AEHER IR > SRR R 5 Sz I AR
RN e ESERIE NI - ks
A7) S e L R Y BB R A SRR » 24 - 33°C
AR EENEFSR » 1 27 - 33°CREFIIRFHIREREK
R o Bl 7K LAY i iR B R 30°C (REE,

2010) ~ ZEYZFEME (Thor amboinensis) 27 - 30°C (3
,2016) ~ RLERHEREER 27°C (3155, 2019) ~ #LEHPY
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TRIREREG © S9HME 18°CRURR R B LR Rl
BL - RIS — KR =10 (&, 2016) 4t
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HEWRZ 25 KE - S350 FIFHA TR BN
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Artificial Propagation of Anemone Shrimp
(Periclimenes brevicarpalis Sehenkel, 1902)

Chen-Cheng Cheng’, Yu-Hsia Wu, Mu-Ting Tang, Yu-Chin Chen and Hernyi Justin Hsich

Penghu Fishery Research Center, Fisheries Research Institute

ABSTRACT

Periclimenes brevicarpalis Sehenkel, 1902, known as the spotted cleaner shrimp, is a marine ornamental
shrimp that forms symbiotic relationships with sea anemones. This study aimed to establish artificial breeding
techniques by investigating the broodstock’s reproductive cycle and the effects of water temperature on hatching
time. It also assessed the impact of feed density, feeding timing, temperature, and salinity on the growth and
survival of early-stage larvae (zoeal stages [-IV). Preliminary results showed that the broodstock’s reproductive
cycle was negatively correlated with water temperature, with a cumulative hatching temperature of 284.0 + 51.2
degree-days. Early-stage larvae (6 days post-hatching) had the best survival and growth at a feed density of over
4 Artemia nauplii per ml; delaying feeding by one day reduced survival. Optimal survival occurred at 24-33°C,
and optimal growth at 27-33°C. Salinity ranges of 19-34 psu supported better survival, while 19-39 psu promoted
optimal growth. In conclusion, rearing larvae at 27-33°C and 19-34 psu salinity, with over 4 Artemia per ml on

the hatching day, supports metamorphosis into benthic post-larvae within 15-43 days post-hatching.

Key words: larval development, accumulated temperature, ornamental aquarium, Periclimenes brevicarpalis

*Correspondence: 266 Shili, Magong 880, Penghu, Taiwan. TEL: (06 ) 9953416; FAX: (06 ) 9953058; E-mail:
cccheng@mail.tfrin.gov.tw
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