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BN 73 DY s B L R i e — S B I Al e e

BETHE ' IREEL - ET ' - MREESE T HEESE T - pRESE ' - BRIRAE
TR ' - R T

VRS K B RS A M e LG
? BRI K AE BB FTI I SEAE

W "

TR 7 VY S U G S B A AR AR D RE MR A I - e R B R E "y
AR S PR A RE R A e P R AR S AR e « KRS e e B 1T e 5 DY s B AR v s T R R
TR —SZBUFREE - DAGTHd o i B RS s e R A s 28 - S A AR A re T T S B R
AEEHALERES] 978 RABEA - 2JER 24 B 96 fH - H R H LAY R RLEEHRE 5
(Lethrinusrubrioperculatus » {51t 10.94%) » H MR ECHERifE (Scolopsisvosmeri @ {5 10.63%) K
%75 (Parupeneus multifasciatus » fi5EL 8.79%) - S22y R ER] 561 FBfA » 5 13 &} 53
Tl - S R RO 2 R R R ERHE R (15 EE 23.35%) ~ BT Bt f4. (Epinephelusfasciatomaculosus,
£k 22.28%) K EFEi%F (Choerodon azurio, fiiEk 14.97%) o 34T L R R ETE B3 KA
MR SR R RV AR T HUERE 3R L B S 2oy s T S Y B TR 2 AR 1 FE B
BN AR - WYL L - AR R ~ PR 0 R - PRI RS B 9 L i R AE DL - {2
BRI 2R N [ S A A S 2R T Y 722 SR SR LY b B K« YA R 0 S BN 55 I R A s ]
I BREEIHN AR - ARBEIR A EIBEACRE N R 208 - MEZEI S - AR
Ffth 2T - FELRIERERRS T AT - BIR A ESAIRIERS AR A KA B2, - Fr & toets
Y W IR A R AR S B B RE L (A st MEARTSRAYAS SRR - BRTBEIR AE
BRI R PTAR SZRYIRIIRE AR » B - By SRR A T A Wt st A A Bl T
AR R PR e R AR R T L R b IR AR B A -

RIRREY  WiR A USERAR  —2i « BFRER « RIEENDH

.=

B TS B R A E R R 9 FEER A
o ERBIEREREEZ A ERIE 2 i
RN - S EE 35,843.62 ha » HorfEis
TS 370.29 ha » YRS HISE 35,473.33 ha - [&
SR S I ~ PRSI ~ BRI ~ 7 v M S D {8 3= 22
AN - SIAABET ~ $RAG - T35 - BE - SjTEE
FERIRE ~ BT - SRMR SRR SRR R PR LR -
HEARHAARRE R ARG R HRNE  BEEAE
T TR 2 K SE A REAAHRRA . (BB EK,

SEAES / BEMA— 199 3%, TEL: (02) 2462-2101
B 2304; FAX: (02) 2463-3110;
lcchen@mail.tfrin.gov.tw

E-mail:

2009; K&, 2011; 55, 2012; BREE, 2017; SELAE,
2021) - fEHE IR VY SR WAL 100 m
DR - DU » v i s LR - 7K SCR
M B K AT - B I A R S Rk
KEE - NTZE H 2 AR T e i =R R 2
(£, 2012) - fERIHFRET ~ FRESOR Rt da
FHARIRZE T > AGTHS A TR -tk

ALV R B R T RR R L I B R A A
SRR B R PR e R FROE Y R E R 1 (O BRI,
2009) -

R H AR 5 DY S B R S B i 4 W
AL FEHR R R E T RIS EE RS
AL E RIS > IR AT S
R ST B - BAIRREUARY 102 472 AHIE
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ORGP ~ DRIEEY  PHIBREY RS R A
BRAMRGISE | - FEZIHEO TR " s 28 |

RIS ) R T IERRIRES TS, R
TR R RE 9 HEZA 2 A) S
(Fig. 1) - AHBARRE (eI T VU SR A E A
SREIEARTREN A — 8y ~ ZERERY ~ TR ~ iR
e~ BEE R ERMERISE - s EAERER A FI R
- Hh ST ESHE R A Rek - Rikiiis
BB TIEE S (F555, 2011) - PESEM SRR
JITHIEL CT3 DURARSE 50 MR/ MU R T - 7R3
RENZ P EEZIIE (1) 1S DO
e s ROV 5 W Y JEC AR I SR s e T SR TR
5 (B, 2021) -

127 119730 119733 119736° 119739 119%42

Fig. 1 Map showing the eight sampling stations (A to
H) and the three management zones within South
Penghu Marine National Park: a no-take zone, a bottom
gillnet ban zone, and a seasonal bottom gillnet ban zone
(enforced annually from September of the lunar
calendar to February of the following year). Name
comparison: Dongyuping (Bl ££), Dongji (B ),
Jiangjun (5, Qimei (1538), Wang’an (£%Z7), Xiyuping
(FIBLEP), Xiji (P25).

C A & % W g2 45 SR 2R I 81 30 R 7 &
(Marine Protected Area, MPA) [RERFE e A
ML R EE R E BRI E D) (Tetreault and
Ambrose, 2007; Uehara et al., 2019) - {HAHEH#E i
T3 PRI R 2 Y5 B R A R T 5 [RE A R
PRI - (Rt B ] REAEMEM T SREUEE
B RRAE BT EE W T S B R A
Frefiniyg s R REORFE W S - oAt AR REENE (R IRy
SEWERIRGTINCAORTE  (BZ=EPER ) - BEIRER
I SeaE FeiE SR - eV E IR # & (partial marine
protected area, pMPA) FRE 2 Bt 1Y A A H H

R {HIRG HHRR R B L s A i 92 16 H T
TERIR B RS - MHRHR PR AE RS A aa BURR ] - #
I8 BRI SO AR - (e R SO
SN ZRNE  EYEREARE - (Bohnsack,
2011; Alés and Arlinghaus, 2013) » [K|[tt » FHEFR
RAE BT TH HARSZ ORI B SE i i RE T ry A= R
P - AT e R REAE S B R e R
it PR AR A )5 e R ] A2 %

TEAMSE - Relgig DL B iGs » EEHITE
BT ERB G - BRI #E — 2B R
IR /TS B A E Ry E ek - B R 7Y
B LIS RSN DA I ER o A R R G A
B - AERE TR STV S H AR
FERYE PN B - A BRRR R S A oRAERD
BRI B » G HE HE B B R AR R G T i B AH A R
RINB% -

FOREEL TG {4
— ~ el A G R

FEEZITR )7 VY 5 B 28 A [ B HL Al R 40
i 53 B2 R SR TR SRR T IS B
FUEIEERLG (Fig. 1) o HriEI5RA ESRAEE] 6
ERATEG - AL FEPRIEEY SRHIEE (A) ~ PRIBLEE PG R A]
sk (B) ~ Sy rufiligis (C) ~ Py Il
(D) ~ WS (B) Se it o i oAb ] v bk
(F) o 53 JE55 0 S 2 g ek R AR 8 S 2 P v () = Sl
B (G) KPR MR ER I (H) s
(Table 1) - R7fABIZE BRI 6 &R EE AR
AL ST 25 v i e JEC TR 2 i A v e
BA o Bk — B MESE AR IE Y DU I R BS
A F B R AHBRRA SRR SE LEY R A
EREEHEHEERSER TEAER 1 kn’
(March et al., 2010; Alos et al., 2011; Palmer et al.,
2011) » (AR A SRS AT ERREE R AR 1 km >
R b P R8 F I h ] LA S SR R g fRease it
M ST A TAERA LB (Al6s and Arlinghaus,
2013) -

UL N » 75 2020 42 5 HEZE 2021 4 11
AWFRAEIIEN - 9 A e —Hh & 8T —X0E
1 /NRR—SCRUI AR - SR E AR 3
A o {5 8 B Ry — MR R HE At 8957 (i T e JER
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Table 1 Locations and profiles of the sampling stations in this study
Station Coordinates range D(enﬁ) )t h Substrate E\l/)‘?)?t?)gmergitilnr:e?:‘?;f:iiﬁegi Sur\(/teir?if)orts
A ;;:1 gigg:m: ngglgggig 22-29 Reefs, rubble and sand  Year-round closure 13
) BN BB s ottt S
S AR St ST —— R
o NI oy g S
E ;;zlggggjmi ngjl ???:E 13-36  Reefs, rubble and sand  Year-round Closure 13
C NI e e SR
¢ I IITIOL 1o e S
H 23°20.400’N, 119°32.400’E 1625 Reefs, rubble and sand Seasonal allowance in 14

23°21.600'N, 119°33.600'E

partial area

5 BB R It — SZ SIS B F Y SRR
iz (Metapenaeopsisbarbata, &%) - FHHEy S
FIE S - MR RIGTACE E EHEREEHYIE -
FH A A B AT AR e BT - FAEE
TEHRAEST - FR AL ARG R R EE 2 &
NEFF > G 41K e 2% s i [ £ P A P SR R 2
NEERIAHETT » AR N EEEMAT > Bl G
IR ARBE RS FR B - BRI R A
RERE AR A A BREE - A Ba AL AL RE RS LR
FREEHT N o BLEA kB R e A BRI
S Al A E IR E AR - R Ry
FH 1S EIRE - 2 me S S B 8 G A
IR -

FIr A W AE S & YL RIS BT
R EE R BRI B B = S T ~ SL R R
R/ NEA Ry 1 mm > $EE R/ NEAT S 0.1 g £
T E YA T2 B i R (U,
1993; ARSE, 1993; #E, 1996; V1.5, 2014) K#gpg
ERHE (A8, 2014) -

= R

FEHEVIZ AR (Biodiversity) - #3 DU % —
AR P PIRE R S AR - BSOS SRR Y
RERHRRATMHEHETE © LEPIZ BRI TR B &5

RR - TR BT A AR A R
BRI GRIUE, 1999) - KRBT
TR

(—) XEEEEL (Diversity index, H”)

T4 YRR SRS FRS0h - AR5Erh
FH Shannon index of diversity (Shannon, 1948; #AEd
B, 2012) Fffliz » HEAATT -

s
H' = —Z PilogPi
i=1

o Pi R 25 1 (YRR B BE R A B b
i Ll - Rt rTREME - 1T S AR BAREIY)
fascE - DR TS REIRERRESN  thE Y
FEAERE BRI LL - E YRR - Rl -
BEFREOR g - BB e Ry -
ER 0 -

(Z) E=E188 (Species richness index, D)

e R YN E B S - I
s FORYREREEEE - HEAT
D=(S-1)/(InN)

Hrp N R Efias - S e -
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(=) 92 EIE8L (Evenness, I’)

VIR 2 PR f — R R A () e
ST BCTETE - YR B H RHIRIIRY > A Rma (6 fe B
v > ARG E) s - R
J'’=H/InS

Hrpr S Ry idS - H'Ry Shannon 57
SLEEH -

=~ RS R BRSO R

PRET AR ROV E (catch abundance)
KB5S )i (catch per unit effort, CPUE) »
Horpyf S IR KA (survey session) HUREIA
JERH (B ¢ indiv./hr) » SIETETE/NRFAT R
YR E BN S IERE (BAL kg/hr) D
HETTERAEIIT -

VY ~ et oA

TRy PE G Ak FRE K A A A SR v S0 B B L I A
-~ AW EAREE G AR R kg ok
4.3.1, http://www.r-project.org) HEITEEIEIHT ° £
ZEARE AT - ARWSE2EEL (2018) 23T
= DU 3 - 5 HRES » DUREHE - 2B
AT EIBMATHAM EA N - AR E e
W PUZ AR - B R R R EORMK H 3 &
DEGIAT o S OFIIEORL 2N 3 2 HAR 26 018 b
AR5 » [RItL % BR B AT RE AR B &y 5 L 26
MR 7E 52 o SRS MBS B RAHRR ARG SR -
B EE A T 5 VY b 3 B B S 2 g Bk P 1 ) o B B
Gh » IR T VY B — 4 o Ty B~ PRIBLET
b (A~ B~ CH#Inh) KR~ PR (D~E~F#ll
uh) - SIEEZAEE (G ~ HHluh) SR s -

(—) SREDIH

M IEE & % #t RE 53 47 (non-metric
multidimensional scaling, NMDS) iR FE K21
WIS AR - & R R &b AR
R S B YRR - R R AR T
R RCBIB HAN [F s R B - L log (x+1) 3
¥R ERt - FHEH Bray-Curtis FREERERH - DL
SEEIE (Cook's distance) HEBREERFE » DG HLHE
Z2fi] o AnitE - B S R AR AR IAH BOREHDL R B 22

Moz - -2 HMHEEE T
(hierarchical cluster analysis) #&EUEHIREDIERET %
FHRE PR RS -

T e 28 PR ) S B ol By b S 2
RIRIRALR » oA i 0 A A QR R G A AT
Fifr 4 JE ) 1 5 O R AR P - EETT B AT
(redundancy analysis, RDA) - & A EFIHIGEERE
(s AR A AR I DA Ky o 4 5 - 5351 -
i 7 —EEEHEE R (dummy variables) FH[E -
PRZEET (43 KEHAEAR (3 4) Fb BRE - 7
TR 0 B~ PRIBLERREE K B AR NMDS
FERHEAHTHRAUREIR - IR (3 &) R RfifE
s o AL R AR A 2% L
AT RS o R AR o R R SR AU RH BE o AT
(canonical correlation analysis, CCA) R[5z AHE]
HY43HT > {EARHE ter Braak and Smilauer (2002) AYZE
o2 F LM H E 5 (detrended
correspondence analysis) FIREREER - BRAR S
BT RDA A - HGEA] RDA #1747 - HEER
BRI EREAG L NA 2% R R - G
S AR LR B » DABERR S A2 2 - RIS
RIRS3AT T332 - BRE N AR S S A1 By
o s RN DA - DARHE EC2 2 - BEH] R RS
vegan EFHETTHT -

(D) EEEDM

ol fif 25 2 B B A U R v S e M B
B EMET FER . HEKREN SRR 2
J¥ K CPUE #1785 5347 (ANOVA) - BRI
R - IS E JTE - QQ EHym AR -
AHETT Shapiro-Wilk HREMEARTE » HRBLENM R
BATEDL R DU S e TR B > 533558 Levene
B ER T2 FEME - BREEBELL Tukey-
Kramer 1£517 -

5 Ry G RN RIRVE BT 2 M s E S
RETEIREIRE IR/ N B0 > ST R
= YRR BE R ET T IR - B SRR A
FrEvia T RVE ARG - B/ Welch’s 855347 - T
B ELL Games-Howell 31T - AT 04T
FRE AR A A IR FYE S B 0.05 -
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Mook

— ~ EELARIEHK

ARFEAET 101 KEEASE 1,539 EfRJE
B BB 25 Bl 105 fili o & RATRIALE S
ffaRE (Nemipteridae » f5H 20.21%) » HAR 2R
Rl (Labridae {56 18.19%) FIZEERL (Mullidae:
fiitk 13.78%) - DUSREIT S - $EBE R 2P
WP Ryt SR IR IGHE RS (Scolopsis vosmeri
ikl 17.29%) ~ FESHFARIVEEFE ¥ (Choerodon
azurio » {5k 11.11%) KfisFl (Serranidae) HYPERT
i BE f4 (Epinephelus fasciatomaculosus @ 15 kb
10.01%)  DUN 53 BILAREE R 2143 7R A

(—) SBEIWRIEEM
L. SR T VY I B 5 N [l Rk

ARRFEACBIR A ERHR RS 978 B fa
FEREAS » 23N 24 B} 96 il > Horpdg 12 B} 52 FEifE
TERZIRR R FIIE - R B = IIRT 10 REEEAN
Table 2 » H oo i B W0y R Ky BE 5 AR
(Lethrinidae) A4 %I #8 FE & & (Lethrinus
rubrioperculatus: {5k 10.94%) » HZ bR FCHE B
(f5 H 10.63%) K %& i\ Bl 19 % 7% 15 #F @
(Parupeneus multifasciatus » {5Lt 8.79%) ©

Table 2 Top 10 catch species in the waters of South
Penghu Marine National Park

Rank Scientific name Proportion (%)
1 Lethrinus rubrioperculatus 10.94
2 Scolopsis vosmeri 10.63
3 Parupeneus multifasciatus 8.79
4 Trachinocephalus myops 7.57
5 Choerodon azurio 6.85
6 Parapercis tetracantha 6.44
7 Parupeneus spilurus 4.50
8 Sufflamen chrysopterum 3.58
9 Halichoeres hartzfeldii 2.45
10 Scolopsis monogramma 1.94

HE— oy FER ~ PRI P sk T 8 4R 557
- A 20 Bt 74 1l > HepAg 6 B 23 HifE

TERZIB R ERIE - B BUR AT 10 FEEEAN
Table 3 » HADURIHERER ((5k6 17.77%) &%
HX FsGeafa®t (Synodontidae) YHERTHN IR
(Trachinocephalus myops > {5kt 12.21%) DURc
Bl (Pinguipedidae) HYJ PY ik #¢ fif (Parapercis
tetracantha » {5k 7.72%) - HpfgRl (Carangidae)
TRFGfERL (Dactylopteridae) ~ igfi#if} (Elopidae) ~
fiifsl (Ostraciidae) ~ #ffiF} (Pomacentridae) JEEEE
fi#F] (Rhinobatidae) %5 6 BHEAE LGS FIIE -

Table 3 Top 10 catch species in the waters around
Dongyuping and Xiyuping islets

Rank Scientific name Proportion (%)
1 Scolopsis vosmeri 17.77
2 Trachinocephalus myops 12.21
3 Parapercis tetracantha 7.72
4 Choerodon azurio 7.18
5 Lethrinus rubrioperculatus 5.75
6 Parupeneus multifasciatus 4.49
7 Halichoeres hartzfeldii 3.77
8 Opistognathus castelnaui 2.51
9 Parapercis pulchella 2.51
10 Parupeneus spilurus 2.33

TER ~ PH LR R 421 EEfa 20|t 17 B
64 1 - Hrpg 3 Bl 20 fEE{ERLIRE IS -
FE B =aiRiT 10 FHFFEAN Table 4 FLAERE S (I
FE17.81%) b BRI R - HK R Brfiie
% I (G 14.49%) Be K AU yig ki
(Parupeneus spilurus - {5 kb 7.36%) - Wi f Bl
(Chaetodontidae) ~ i} (Diodontidae) ~ SfER}
(Haemulidae) Se#BEFFRL (Scaridae) %5 4 BH#EAERX
T -

2. LIS L

PLYGIIARELEREEE] 561 Bf > BE 13 R
53 Ff - ISR B SAIRT 10 FEFFAN Table S -
FEBuR 2R R R ERHERREE (5L 23.35%) ~ B
WO A (fhEh 22.28%) REFEHA (5L
14.97%) = gkt (Kyphosidae) fEfERZIRHETHER
¥ -



6  TETREF

Table 4 Top 10 catch species in the waters around
Dongji and Xiji islets

Rank Scientific name Proportion (%)
1 Lethrinus rubrioperculatus 17.81
2 Parupeneus multifasciatus 14.49
3 Parupeneus spilurus 7.36
4 Choerodon azurio 6.41
5 Sufflamen chrysopterum 6.41
6 Parapercis tetracantha 4.75
7 Pentapodus aureofasciatus 3.09
8 Scolopsis monogramma 2.61
9 Sufflamen fraenatum 2.14
10  Variola albimarginata 2.14

Table 5 Top 10 catch species in the waters around
Wang'an island

Rank Scientific name Pro?;)r)tlon
1 Scolopsis vosmeri 23.35
2 Epinephelus fasciatomaculosus 22.28
3 Choerodon azurio 14.97
4 Parupeneus multifasciatus 5.35
5  Cephalopholis boenak 3.74
6  Parupeneus ciliatus 3.57
7 Parupeneus spilurus 2.32
8  Synodus jaculum 1.96
9  Opistognathus castelnaui 1.25
10  Synodus ulae 1.25

(D) SZTRIEHEM
L. SR 3 VY I B 5 N A TR R

BRI A ERRHRIAE TS 237 AR
SIIEY 18 Bl 46 Fif - i LAY Ry HE TR REFR
(it 17.14%) » HRAR P R L EEEE G L (G Lk
12.24%) SARICHERE (fhEL 12.24%)  HERGLEES
B 10% -

LRGSR 319 B 41@N 17 B 60 fd -
WIEHE =Y Rk L EERE (5 f8 (5 E6 11.60%)
HAKF? Ry 2t (151610.03%) SR ERHERR
fil ({hEL 9.40%) » HERRMEAL LR 10% 3 o

PKEALEREEE 394 B ff - 47J@HN 17 B} 61 fifi -
SR SRV Ry A IHERRE (1556 11.17%) » H
KR 2R SR LR 5 fR (5 R Ry 10.41%
HERFEE LS ASE 10% -

BIZ N ENHE ARG 28 A - maiht
13 74 23 fif - LIRS ARHAEE S (15EE 21.43%) -
HeErPhl R -

2. LR TR

WGP 118 Bfa 43BN 8 Bl 18
Tl - B RV BB A B AR (kL 24.58%) > HL
TMFF R R FCHERRAR (f5EL 22.88%) EEFAEafa (15
L 19.49%) KAt (fdikk 10.17%) » HERfh
R 6% -

BEREAREOR 246 B 43R 13 B} 32 Ff - If
R RE AR (IGEE 26.02%) ~ RIKHE
TR (kG 23.17%) SCEEFERGFA (IGEE 14.63%) »
HERERANE LR 6% -

FAZEALEYME 190 B2 F 5 11 B} 32 f - B
TR IR Ry A FCHE RS (f5EL 24.74%) ~ BE7F
AP (5EG 15.79%) KEEFER (fhk 13.16%):
HerfafE G LR 7% -

AR TR B 2 B3 > Hp DA
Rk 7 L -

o g T

R Y 4% T — S
BN > S BIEH BB T ~ I B B S
SRS ET H « I » M
R 0.621 - 5.739 2 > BB %
OB PR (D ) - SRR AT
DG (H HISh) B R
WOE R RO 0.673 - 2.840 2 e
[ BIHERK TR ~ PIgR (D MG, » SRS
B B{EA TR 2, (H I) ; 190 ST
WAL AT 0.6630 - 1,000 2 » ZFE5R - PHLET
T~ PRI M BUR AL (A~ D E~F
i) » TSR BT - OB, (B
IS » AL AT R S AR 4
e p KT RE R S SRR I S0%L L > [
TS B 7 5 -

SRR 2 B M 5 T B A IR T3
#7 (Table 6, Figs. 2 & 3) « PT84 /7 M HTHISE B
BRI S EE D) BELFA (=
0.144) » L g BR B3 1 (P R o ey
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Table 6 ANOVA results for biodiversity indices across survey sessions, testing differences between areas and seasons

Richness index (D)

Diversity index (H’) Evenness (J')

Variate df F p F p F p
Area 2 2.151 0.144 n.s 1.955 0.169 n.s 5.250 0.015 *
Season 3 23.076 < 0.001 ook 32.022 < 0.001 ok 9.242 < 0.001 ok
Area: Season 6 0.520 0.786 n.s 0.746 0.620 n.s 0.665 0.679 n.s
Residuals 19
Notes: n.s = not significant, *p < 0.05, ***p <0.001
(a) (b) (c)
a} 1.0 . -
To2s ﬂ __é 5 - Seasons
fé 0 *El r‘ * E 1 _$ iﬁ iﬁﬁ A:“ 0.9 ‘ Spring
. T . T a7 — é é ‘ﬁ ‘ Summer
Fig. 2 Biodiversity indices 2. <3 - = * = B A
n 1.9 1 w Y- fw
of catches in the three g @ 2 ? p i s
. . . =10 2z El Winter
sampling areas. (a) Diversity A ™ g1 0.7
index (H); (b) Species ;0 5 @ s RN
richness index (D); (c) IR LA R RT RS
Evenness ()'). Areas
(a) (b) (c)
D,. 1.0 &
;': 2.5 ;‘ ‘-ﬁ 3 5 -
W ﬁ —$ * E _Ijé ﬁ I Areas
E 2.0 * § 4 ﬁ“ f % ‘ Wang.an
-‘?n 53 - EDS- - B Yuping
Fig. 3 Seasonal variation g 72 % & B
in biodiversity indices of & 10 %, 0.7 *
catches. (a) Diversity index e 2 — n
(H); (b) Species richness %Q{\\‘Og \@“‘Q ?\\\\\3“‘%\0\‘5‘ %‘?{\\\2\3‘“@;\‘“@2&\“@( @{@2\) 6\“’\1 \\&\3‘““\@\ RS
index (D); (c) Evenness (J). Seasons
SRR (p=0.786) [HE TR E Y FEARZEAR S AR R T VY I B S 2 s ]
ZEAIER B (p<0.001)> Hrh X ZfE R & HETTIOE > FEREH I 2 R A A A

RN H M= -
VIt S (H) A2 A5 5 50 Bl S5
I 2T Ry B BT RYIKIZR (p<0.001) Bf#:
TR LU e Y B 2R T 28 LA FH S b 5 o
B (p E2 0T 0.169 J 0.620) » Z=HifE[F]
BEDATEZ (NN R =F (p<0.001) -
WIS RS () | K
S BT BRI BT Y 38 AL RIS ST Y
SENIAAK SRR o) s B L RG
LEEE (p=0.015) {E47 DAZR B fe oy BE A B2 2K
# (p<0.001) - HELEELLILT > R~ PEEHIIAIE
P2 R R MR R (p=0.012) &2
HIEEE SR HE == (p<0.01)-

= (Welch’s t-test ¥ S & i p{ELRy 0.569;
VIR p HEy 0.810; 55 EHEH p EHE
0.671) » Tm[AIARES LAZRE Ry i £ B BRI -

= HIERER T

i PR K A A T T s G o L - AR
NMDS ZifezefilsrAnlE - nIAHE AR ~ P
SefAE A L Il S A E T B i RO R o)
PARVEERE (Fig. 4) - LIPS HINE S AR
JERH R Ry — 20 N ELER ~ PRIBEF g i
Bk o AR ATIUAE R P thRE B BRI
X (Fig. 5) > IR > ToLUR ~ 74



8 TR

R A T BRI S A WA T AR
S~ PEIBUTRIGE TN, A SR A R %
AR -

05
. H gm A

A | Area

@ Wang.an
Yuping

W i

NMDS2
K> g

05 A 0,

A stress = 0.136

-2 -1 1 2

0
NMDS1
Fig. 4 NMDS ordination of catch species composition
across three areas.
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Fig. 5 Dendrogram of cluster analysis for seasonal
catches at sampling stations.

RDA S3AfrHh# & 736 ~ i s AN B 55
[RIR » ST - SR - R R RS S YA R
RAARIE S [RDA AL 999 K& Hutnbs
(permutation test) | * F=15.7937 > p<0.001] > H
R ETAIR R TR R AR 10.00% - B
JEYIRERH s B SR (PRDA FRRIAE 999 KX

EHARES N F=4.1095 » p<0.001) » [ LIYEHK K%
T B g YRy E R E AR R > TR
HERRERRY 21.62% (pPRDA AR 999 K EHuknls
T F=1325p<0.001) - HH5 ~ FHIERRIERLL
TR R ~ DUfaee s i AR FCHE ik i 2 = T
R~ PEE TR R ] 2 1 2 A~ KA
G~ % L (Balistidae) FY <5 8 5 5K i il
(Sufflamen chrysopterum) JzRTLEREE £ B HZL
SRR DB R A B AR~ RO LRI - B554
P £ R AR FCHE iR Fy = SREL (Fig. 6) = Bb4h > 7
PRI A N SRR B e A 33 (pPRDA 1
RILE 999 X EHakaES R F = 0.9408 » p=0.508) °

0.5 E. fasciatoiaculosus

P. multifasciatus

0.0 S. c}W

L. rubrioperculatus

P. tetracdnt 5. vosmert
T. myops
-0.5
-1.0 -0.5 0.0 0.5
PRDA Axisl (21.62%)
Fig. 6 Bi-plot from Partial Redundancy Analysis

(PRDA) investigating area-specific effects on fish
abundance. The percentage of variance explained by
the first axis is shown in parentheses. Triangles represent
the centroid of each category, with Wang'an area
serving as the reference group in this plot.

VY ~ 3G ke CPUE 434t

Bl 2% v 3k e 2 B i PR KA A e R
CPUE HyBMLEUR - IEE /R 2 - 51 indiv./hr
] e E R E LA (H k) i
RARE AR ZATR - P g (F 0E) > BT
VU S R DARKZRRT R ~ P s (B 3
B%5) 3 CPUE 412 0.336 - 9.60 kg/hr ;2 [ » il
HEBRAEE 2R R 2 (H Jlh) » RREIRHE
TEAZRI[E —HE > LIRS 7 Y Sk = R 2L
PRI ~ P e = (D HIE,)

SN TE B A R S CPUE -
SRR AT - HIRREE S EEas
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Table7 ANOVA results for catch abundance and CPUE across survey sessions, testing differences between areas and

seasons
Catch abundance (indiv./hr) CPUE (kg/hr)
Variate df F p F p
Area 2 15.280 <0.001 ok 7.077 0.005 ok
Season 3 19.637 <0.001 ok 13.541 <0.001 ok
Area: Season 6 2.255 0.082 n.s 3.390 0.0191 *
Residuals 19

Notes: n.s = not significant, *p < 0.05, **p < 0.01, ***p < 0.001

pEs > RIS L SR s (Figs. 7 &
8) > KI5 AT S B R ek S IR A
HAERREARERR (p=0.082) i s 1
bek e 2 T FAT SN B B A& (p < 0.001)
(Table 7) - FERRCA LLERGR T ELHBIE K

LR EE RS = A RS VY ik (Figs. 7&8) - —
I8 7 AT A, ~ TR R B A T
RS RE LU R
% (p < 0.001) (Table 7) - H4 LR R FJi25
CPUE BISIZe il - BB R (p=0.016)

AIRE R R SR PEE (p<0.001) FER~ 7Y 2RI LR 2 KRB = A3 > HaRH
PP (p=0.002) > [IH ~ PAEATER ~ PRl RIEMFTREE TR - AR RS R

SRFEIIAERAE (22 52 - SRBEII S - U AR

TRHSAE IS BB CPUE 7T B Eigh

FHHT ARG - TS RNES (b= FHIMES OB - B s
0.012) - Pl BInEE a0l (BREL=E, 2017) -

" "m i~ IERE T HT
110 L - LA AT LA K A o B AT
S B e USBSRAD o RSB R ECHEBRA -
e B Ee 0 ME g T KIUSHHEL SRR R - SR
5 - e W _ e &S SRS lINE SiE v L i

\'.'.=.||-;_'...|n \|||.||||;_', Ji '\‘..1|;_<_=...||| \'II|.}II!_\_=| Ti

Fig. 7 Variations in (a) catch abundance (indiv./hr) and
(b) CPUE (kg/hr) among three areas.

L0

_m =
- i}

& ~ 3 a 0
) ot o o na o &
A i o s W 3 o s
A 0 A B

Fig. 8 Seasonal variations in (a) catch abundance

(indiv./hr) and (b) CPUE (kg/hr).

CPUE 7EZffi AL i By i S AR -
[ 5 BRI e AR (R - i =

TR RTINS AL SO TR (Fig. 9) -

BEAE A S R AT e R T VY B T A e
A FE e SR R AT TP S
By 25.24 cm » HAER - PRIBLIE SR 25.59 cm > BR ~
PAE e R 24.72 cm 0 iR ZAER AR 25.08 cm »

- 'j. - S R AW R B SR (Welchs
" ;if - . ANOVA, p=0.646) -
5o W) B ° o

B ZEF I IR O HE B 1 88 S 2 88 R AT
JIVUEs Ry 16.40 em » FHRER ~ PHIBER ISR,
16.43 cm » B ~ PE TR R 15.74 cm -+ [ L2eghR
ARy 17.56 cm » SPIIRGRAT S 20 KRR
VHIE YRR, (Welch’s anova, p < 0.001) -

KRB AR S 88 R AR e T DY S i
5 31.00 cm > ELAER ~ PRIELEE G R 32.05cm > B ~
PaE R 30.55 cm 0 i ERZAEHR AR 29.92 cm »
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Fig. 9 Box plots of fish standard length (d)
(mm) for dominant species sampled
across three areas. (a) Scolopsis vosmeri
(n=235), (b) Choerodon azurio (n=151),
(c) Epinephelus fasciatomaculosus (n =

Body length(mm)

136), (d) Parupeneus multifasciatus (n =

116), and (e) Lethrinus rubrioperculatus

Wang.an Yuping

200 -

300 |
150
Ii Wang.an Yuping Ii

(e)

Wang.an Yuping Ji

300 ‘

‘ 00{
150

(n = 1 10) 150

TSI RORBEBIET L7225 (Welch’s anova,
p=0287) -

5Eh AR RS R A TR B [F) AR I 2
ZH (Welch’s anova, p=0.716) > S iaEAE R H
VY Ry 24.15 em » HHER ~ PHIEERR R,
2429 cm > B ~ PSR 24.09 cm o [T B2
HilEy 24.63 cm o

AR A ISR ELEE G SRR RAE
FA TP STy 23.46 cm » 7R ~ PHIBLEY A58 18
ke )k 21.44 cm > BH ~ P55y 24.32 cm » SR2EE,
ARy 22.44 cm - B ~ Y5 B RS R AR BR ~ 75
I EE g, (Welch’s t-test, p < 0.001) - E g IR
FrET o

LA S BA WIS A fG RS

F B A P B R AT B T VY S TR AN AR
L -

T

T

M 2008 G ] AR R I ek e A R B
FHHRM - REFEBIZB BN /K RS o B R R
EHEBIVIRIZE T » R R E AR R I
AREMETER (Hsich et al., 2008) - HALFFLEEIZA
FHEANTFE - CEEZ I T TR 1y i S 1 b
ARERAA > FRREEN B L D B
e 7 VY SRS S s BT N (BREEEK, 2020)
AL W AR 2 B DU T RE i A A T
HRER  FREZ T W R SR (A

Wang.an Yuping

Ji Wang.an Yuping Ji

RE A REEE P R B IR B IR R (R,
2011) » FLEARZIHTRE 77 VY B A R B AR A BB e
WSEEPRVEEN - BreREE SR E SR
B G BLRE - Horh 2 — 2 A H RN E IS e
FrOREE A 5 20y Eie o ARSI RS - T2k
TR TR BR LA RUE 48 B8 = BETE T /) (Birkeland and
Dayton, 2005) - fff Of & i £ JEHE A0 AR &
(recruit) » 3£ 7] F] GE ¥ ] 3% v 3k 2 A i ) SE
(spillover effect) (Pauly et al., 2002; Botsford et al.,
2009) ° SRR S e AU A & SO Rt #57
By e EE s M ATEME (Tu et al., 2018) - ££
—BERRE W YRR A R S o SRR BRI
S B KR S B A P 5 R 52 TE [ AR I B
FeE 5 (Alos and Arlinghaus, 2013) - 2152 AH B FEE
B e DR W i 5 RS B AR g By
BOR » FRTREE P R AR < R SEE IR
L o BN IE ey  AEARFZE A L] i i,
— AR TR T B R U5 Y SR B AR
WSR2k - B2 TS R R B S R ARG Y
ik _ERUANE] o 2RI > ARG SR AR BRI
F TS ARSI TE BRI - FlE B AR I
JES RIS ARG A RIS -
TEEZIR T VY B B2 A B L 1% - RERGRA
Fir B0 Sk A SRR B 2 I A ES - SR
N BRI RO B A BB B SR IR [ s 2
(BRERZ, 2017; BFELEY, 2020)  {HIEAKITEATHS
SRATEERE| - S ) CPUE St IR ZRE
g - (HALORI A BB R S U= R rE
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TIVU S 5 MRS EY I - SRS F Rt B e T P
S e/ NS LB B (PR
REE T BT P PR A% I DU AR e S A2 e
RATEAR o MER—328y ~ BRAER ~ R ~ TR
B AR R R TS - ARG
V] B P T U A ~ SR MBS B R ~ PR
ERHEE Ty SRR TR BRI TR SE BN - RS MATH]
PSRBT ER A RS AR~ R
0 Al ~ B > Al >~ R (Lutjanidae) g
RGBT S R R EA S EAT R ELE,
2021) > MoFHEANTFE NS B T B & i 25 H AR

SEE I (Lester etal., 2009)- ARELHE (2011) f5
HH AR R TR SR i v B B Ry B TR R R E
W St DR D RERY T IAT » 7R3 R PR Ty
[FIRZEE T BT M PR 2R RE
5K » ATREBLAR R AR R AR -

ARFFERT AR REUR - AR RIS S S
CPUE - JR R S B s
IRIERY s B SR - AF—Lep S e F ey
FHBARZE Rt B BUE A B G (Westera et al.,
2003; Letourneur et al., 2008) » SR[EIREEEAE LTI
AR A R - AISE— SIS RE R 2
B2 G B GE 0 R B N BB RS B (3R,
2011) - BRI B 2 B P TRENR H 3T 2 N RIA
F 0 bR T RO R B HIEIERE . (Bell and
Galzin,1984) ~ J&REEE % (Letourneur et al.,1996)
FESEAEED Sl FE (Lecchini etal., 2005) 4b > ATy
(- st T RE S T RO R R ey A
1t. (Westera €t al., 2003) - [KFijit% 2 RFTFTIRE
(i E A SRAHE] - (Rl EZ RS SR 2 R IT s 2 K Ry
W7EEiEAE - B 2 KA RRERErEERE
LB Rl s B TIPS - AT —P SRR
e R A RERRHH -

RN AR RIS RIS ERLR - ik
e R b #R > M R AEE R S E 1 I I R
(sequential hermaphroditism) £ 28 1Y 4: 5 48 8 =
F BhLENHMPEBE TR E2ZNEEEN AR
LRI 2 B A M Fe R SRR SR AR A5 78
& -Kusen (1991) 7344 HAJUNIL ST FREREERY
D BEEFEEARAR - BBRLREANR]ET % HoAth
U FRURE Ty ol E % JE Y I £ [R] B8 (protogynous

hermaphrodite) a4 o BERTE HAA IR EBIY]
MiEME (primary males) HUfEHS - (EYFERLR R
HERAAEEEZYHETRE S HEME
(monoandric) JRECELGEENEM: (diandric) RYREFE-
T FRAE VN A B R S A d MR AR S
KK TRy 28.50 cm (FRHERE R ) - AWSEFTHIIERR AR
RiEFMEE - (HHT A BRI
RAWFIE ] & 2% - R ICHERREE 2 A KGR A H §
BAME R A AT B SR - PRl
RSV A/ N R 2R B g - ]
RE WU R Ry = 52 - ([HE TR
AT G KA A TS L - REE LN
VIEW A REREAL g% - RILEHRILE Bl
T RAvfafE — - 98 Bandai et al. (2020)
EIUINE T30 R B S AR ARG - BZ AR Ry
HEMESERS (gonochoristic) » HARRIRE S gt EARE
HIERE — M (dichromatism Bz dimorphism) ° {3
AR N R By 11.54 cm (BEHERER)  4E
VEIARTRESHY 7- 10 HZRT 5 MEMERRA T NS
HERAIE 21.54 cm (FHERSR) - HR—Fh S KE
IREIRFIE - AWFFEATERERAR S ek - %
THEHEEIAR R Paviov etal. (2011) ¥HBEF BT
TREFHIRRSE - B[R] R SR R R AL S —E E
—EL REINRE - ARJEIA 2R 11 H BRaE
5 HZ o MEFPIRIR MRS RAI Ry 11.00 cm
(B XE) » W) K MR & R A R
10.00 - 12.20 em (B X&) [ » AWFFEHRENER
AL EEZRR - WSRO MR A
MR AE YRR - RLEERE G R A
FRE B R 2 R R o AR (bl 85% DL |- Bl
HoAh R REAIIERE 5 £ (L. haematopterus) ~ &
W HE 5 f (L. miniatus) ko 7 W RE 5 (L
nebulosus) & Fry e 5 i b = A o (E E Y H H B A
o PHBARFEHE HRLEERE 5 Uk Sl o M e
[ElfEFfE (Ebisawa, 1997; Trianni, 2011) » fR4EA
FEIBRFE B I BRI B H b - i ik
TERE AT SR N 4 - 10 Hi 2 - mbReRkEt
SRR SRR AE 6 - 8 F I - MM iR/ [N
HERAETREE Ry 26.40 cm - MEBREREEE IRy
23.80 cm (B X £) (Ebisawa and Ozawa, 2009) » 7K
WS AR S I AR A TP SE B RE RS Ry
HeBIINA 1 B R AR TA A Bk e R AT
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Catch Composition Analysis of Angling Surveys Around the
Four Southern Penghu Islands
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'Penghu Fishery Research Center, Fisheries Research Institute

2Marine Fisheries Division, Fisheries Research Institute

ABSTRACT

The waters surrounding the Four Southern Penghu Islands are characterized by high biodiversity and well-
functioning coral assemblages. With effective conservation measures in place, these areas have the potential to
serve as ecological refugia and genetic repositories for the restoration of marine resources throughout the Penghu
Archipelago. This study conducted a two-year handline fishing survey in the Four Southern Penghu Islands and
adjacent waters to assess the impact of current management measures on local fishery resources. Over the course
of the survey, a total of 978 fish specimens were collected within the Four Southern Penghu Islands National Park,
representing 96 species across 24 families. The most abundant species was Lethrinus rubrioperculatus (10.94%
of total catch), followed by Scolopsis vosmeri (10.63%) and Parupeneus multifasciatus (8.79%). In the waters
around Wang’an, 561 fish specimens were collected, comprising 53 species from 13 families. The dominant
species in this area were Scolopsis vosmeri (23.35%), Epinephelus fasciatomacul osus (22.28%), and Choerodon
azurio (14.97%). Analysis of catch diversity indices indicated that seasonality was the primary factor influencing
species composition, while no significant differences were observed between the national park and Wang’an
waters. In terms of catch composition, the East and West Xijiyu waters were more similar to Wang’an, whereas
seasonal variation in catch composition was more pronounced within the national park. Significant differences in
catch abundance and catch per unit effort (CPUE) were observed among sites and seasons; however, the national
park did not outperform the Wang’an area. Seasonal patterns showed that winter yields were significantly lower
than those of other seasons. Furthermore, size analysis of major target species revealed that fish caught within the
national park were not larger than those from Wang’an. Previous studies have demonstrated that the effectiveness
of marine protected areas relies on appropriate regulations and rigorous enforcement. The findings of this study
indicate that current fishing pressure on commercially valuable fish species within the national park remains high,
and there is a lack of sufficient reproductive biology research on key target species. These results underscore the
need to refine existing management measures and expand research efforts to strengthen resource conservation and

sustainable fisheries management.

Key words: South Penghu Marine National Park, angling survey, marine protected area, catch composition

analysis
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Fig. 1 Trends in Fluorescence intensity of different chemical substances (July 4 - August 30, 2024). The X-axis
represents the study period, and the Y-axis represents fluorescence intensity. Each panel shows measurement results
for a different chemical substance: (A) Rhodamine WT, (B) Fluorescein Sodium Salt, and (C) Chlorophyll a. Curves in
each graph indicate fluorescence intensity trends at various concentrations.
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Fig. 2 Fluorescence intensity probability density distributions for different chemical substances. This figure displays
the probability density distribution curves of fluorescence intensity for: (A) Rhodamine WT, (B) Fluorescein Sodium
Salt, and (C) Chlorophyll a. Each curve within a panel corresponds to the fluorescence intensity probability density
distribution at a different concentration. The gray shaded areas highlight regions where the probability density curves
of different concentrations overlap, indicating the distinguishability of fluorescence responses under high-
concentration conditions.
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Fig. 3 Fluorescence intensity overlap density matrices for three chemical substances at different concentrations. This

figure presents the fluorescence intensity overlap density matrices for: (A) Rhodamine WT, (B) Fluorescein Sodium

Salt, and (C) Chlorophyll a. In each matrix, the size and color of the circles indicate the degree of fluorescence intensity
overlap between different concentrations, ranging from 0 (no overlap) to a maximum of 0.17. This reflects the
distinguishability of fluorescence intensity as a function of concentration.
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Fig. 4 Relationship between mean fluorescence and three key indicators. This figure illustrates the relationship

between the mean fluorescence value and three key indicators: (A) maximum density value, (B) standard deviation,

and (C) coefficient of variation. These panels show the trends of key indicators for three chemical substances -

Chlorophyll a, fluorescein sodium salt, and rhodamine WT - in relation to fluorescence intensitychanges. This

assessment evaluates the stability and sensitivity of each chemical substance across different concentrations.
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Comparison of the Stability and Sensitivity of Rhodamine WT,
Fluorescein Sodium Salt, and Chlorophyll a in Fluorescence Detection

Kuo-Wei Yen and Shih-Hao Huang”

Marine Fisheries Division, Fisheries Research Institute

ABSTRACT

Optical methods for quantifying chlorophyll-a (Chl-a) concentrations in marine environments are crucial for
commercial and research applications. Instruments leveraging fluorescence, light absorption, and scattering offer
high temporal resolution and rapid sampling for dissolved and particulate matter. However, calibrating with Chl-
a standards is costly and requires cold storage, posing significant experimental challenges. This study compares
the fluorescence intensity performance of three compounds — Rhodamine WT (RWT), Fluorescein Sodium Salt
(FSS), and Chl-a— at various concentrations. Using a microplate reader under controlled conditions, we measured
their fluorescence responses, analyzing stability and sensitivity. FSS demonstrated superior stability and
distinguishability across all concentrations. While RWT showed slight overlap at high concentrations, it remains
a promising candidate. In contrast, Chl-a exhibited greater variability in fluorescence response at both high and
low concentrations. The stable fluorescence performance of FSS suggests its strong potential as a substitute for
Chl-a standards. These findings offer valuable guidance for selecting fluorescence standards, particularly in

environmental science and biological monitoring.

Key words: Fluorescence detection, Chlorophyll a, Fluorescein Sodium Salt, Rhodamine WT, stability
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7K ik B BT 8 2 S AU MBS PR DR A Z SR i

UL « MREEED - BRAERZ - BB - ASIERE
SRR EE BRI /R BT TR O

[T

FER/KE BT SERE R HSCE TG T RN R - (H A e i o 2 R T I 681 1 i
HYRERE » AR ZEHEES & 2R B/ N fRR B (Bacilluspumilus DS) HYBRPRHEHIH] /K 2E B0 R B Y
MR B S EE RS A  (Oreochromis niloticus) ~ 4 H fi§  (Lates calcarifer) ~ 4~ 1% £
(Eleutheronema tetradactylum) k2 1l (Penaeus vannamel) » fAZKH 10 [EEEGEEGE - R
BAPRHEE A2 10° CFU/g F/NAFAUARER DS RORSHEERE » S S S SR Eh W ek ~ Il ~ s sl
[Pelg-hE9sNEE (Vibriospp.) ~ $ERE (Streptococcusspp.) FIZERFLIEE (Aeromonasspp.) EFTEEL
B - [FIRFEE IR B B R L SE MU - ARSI AR i R IR R R R
HIHIRCR - SR s B SEER AN 3 KA 82.20% F1175.00% LA E - R ey S BRI
WA 85.48% 5 <p El ST A& -HAYSEBRER TR A> 92.06% LA I - & HHAYINERRA> 46.60%
DA JFF B v SR AR R T B 99.96% s “PAF FIBE PRI (2345 B Photobacterium damselae
subsp. damselae, PDSD) #& /) 1 {E¥ETEAME - SEEREECEHIARAIHIE] © SR FHBE ol B 8=
L REARHFEIER 10° CFU/g « B B V7T » SRl EE S B il DAHERE A SR B (A veronii) By
T FFAIDIZOERE (PDSD) K HIELUGRINE (V. parahaemolyticus) Ry - 2RI
FEREUTR » GBS AR I B B FU L BBk e 4 R EfiA: S BRI - &5 L (A&
/NEFHUARER DS Wk REHRES IR A /K EE B YIRS N RUR IR R - A BRI B A FEE R R
BEAY R -

RIEST | AR  HEMRER - SRR - 1HIEE

[

JREIEE > Reverter etal. (2020) HYRFFEEEIE > AN [H]

B A ~ (AR S B A ) - B RO
BUKESMMTRH G - n Bk E RS
e K EERTHSEE EE Y BT MR FAO (2024)
MeaT > SBR/K AT T e R 1309 |
ENE - R 2013 FERR 13.8% > ] RUKEEMTETE
feEREIIMEE B T R BB T - AR T
KR BRRNREE - BRI S (L bR A AR
FRIH AR R G B 2 Pk > bk EEhY)
PRIl Ry B 2L -

AL BoKEMBEMER R B R MR > H
FBRSE A EAER - R E AR A AR KR

SEEES / BB BIEEIHE 106 5%, TEL: (04) 777-
2175 ext. 2206; FAX: (04) 777-5424; E-mail:
pwliu@mail.tfrin.gov.tw

K /K EEBPIRE SR IR R R RIS CIEIE - /KR
BFFHE 1°C » FETERNEIRGNKT 2.82 - 6.00% [
18 e I R AR AE SR HLIE I (Aeromonas spp.)
B KEE (Edwardsella spp.) ~ 2K &
(Streptococceus spp.) ~ BB (Vibrio spp.) £ > H
FERR TR 7K TR BEA T A N5 25 B s B 075
13 AR LR S B I B RE B nZEH, -
THEBEInn B - s EE
HESEEERAKR - K& BYIFHE Al
R - I B KB REESE A AR SR > R
B oG RETEFUIRE LA (Reverter et al., 2020;
Sun et al., 2022) - R Er A FRIRHI SRR I
A B RN R R s RS P 5 U A
DUR BB R - HIgg H e S fERE T - i1 E
AN I RS TR - SEECH FEA J E Ee
% (Maulu et al., 2021) -
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BB EE A G e R R B e G R
S E Rk 7P Ul 35 R = = S ISR ZS TSIV
- PEERE ~ AREMEELRKE (Nocardia
spp.) Fy 0 EEEE ARINEE B LINE (V.
parahaemolyticus) ~ £IE5ME (V. wulnificus) ~ 733
gME (V. alginolyticus) ~ RS ECINE (V. harveyi)
Z (Liu et al., 1996; Tey et al., 2015; Wu et al.,
2016) ; BEEREAMEFLSEIRE (S agalactiae) - Yol
FEERTE (S iniae) ~ ALBEEMEERE (Lactococcus
garvieae) » JALL S ER B 1Y £8 8 H AR H H
(Liao et al., 2020) - SEEREIFRHFHIHE T (7-9
) » AZRTEEE RS - (HFEE IR L%
7K BT AT REBE AUSEER B A AT IR - 5 R AT
HIHEHEHREARE » A5 A SR BEER R E -
FE SR BRI B L A B K M E SR R I (A
hydrophia) FI#EREZE KA (A veronii) » HZ
Gy A W 18 BG4 BT I 1 R At I R
(catarrhal inflammation) » /& FHETE A ZERY IS ~
e URE W) B S A A R gt 7 v R S A e
% -

UTHEZK > 382E R (probiotics) {E/KEEFEIHTHY
JERI R S Em - B YMREAHTERA  sEEfrad
BHRAR IR W Bt 3R (prebiotics) » AERILL
ARARTT AR T - B RE R IR
BARIHEEE - B4 Park etal. (2020) AIRFZRFEH » 2%
AR T DA F SR R RS RR - S B BN
HEHTST 5 Cruzetal. (2012) BYBFSEHETR » w4
BEEE RIE R IIRERIIEIIR » REA RN
HYRREE - BLAL - 5 (2016) BEEESREN] - @ E
P2 A2 B B RE R IR BRI I e O 3 A8
G CE AR SR (o R R -

FF T L e i S M B A QR B R RE 2R Y
IR B FTR AR R RO - A M B
#1E (Suzuki, 2018; Pujalte et al., 2003) - ifij35 L5
WA R R 2R B 2R EEE
TS ERBERIFRTE (Tort, 2011) - [ BSERZR LSS
REZE ~ WERME - BT mEHERE - RIS
YL (Sousa etal., 1999) - Meron et al. (2020) ¥4
Tt R R AR TR R A BT T T g B
B B 16S rRNA ZRAAUE Fr - 45 5 AT Ag 2]
—HEBERERE 2 BBELEERE
(Photobacterium damselae) ~ 5 ECHl BRI I g

BRER -~ e i B B Ml v S R s P Bk

fRE DAL e SRR ~ BRIERE ek
B~ BB AR - A S BRI SR R
IS - fE T g R4y B ks (Ellis, 2001; Tort,
2011)» BESR ATHE R JE A B A OB A i 8 S el -
{HREE RERR I EER IIE - RERSERY M LEELL
W KR E S SRR T -

JREE TSR EA M Ok A W 5 - K%
AT ERATAA T o2 iinl /720 - Bt ARk
SRR A BRI T K R AR P
H 2021 G EHLILRIBER 7 — K& A"
/N UREE (Bacillus pumilus DS) 47k 2 3 (i A
#l (pro-health aquafeed) » H.H %G/ NFEHUSE D5 &
K (2016) HHIEBEF S E > HEfF
kanosamine ~ bacilysin z toxoflavin Z£fiEYE -
FH R EESAS SRR » IR AN ~ 1S
EIERILE (V. cholerae) < RRIFIIE MR
5 RAMRAT ISR SEERE ~ MEFLBEERE ~ Bk
PEZE SR BB DU B EAR B (Ph. damselae subsp.
damselae, PDSD) 5 RIRIRE (HE, 2016; =
%,2022) ot AR R/ N AR R DS &R
& 10°CFU/g Haka kR AR EBE R R -
RTINS AR - 2023 LG
R R B 58 18 B W o A S ol i B FH 1 B e 5
b o NI R K A B T SR IR AT U SR AR AR
BALRE - T ACHFZE 32 2 H 09 R BRET ik i B R HE A [F]
B BRI BN BRETE T - BRI ER
AN -

FORHEL S 5

— ~ GBS

AR i e #E S 20 # (Oreochromis
niloticus) ~ 4 H fiE (Lates calcarifer) ~ -1F
(Eleutheronema tetradactylum) Ef [ i (Penaeus
vannamei) A2 S E A Bl IR ] 22 JE S AL ()
EHM RS VIR R RIS E
TEITRYER I T A TRERE B - PR rR/kE AT
WFgE N BEHIRTIERAS - SRESabERE st 3 i -
IR FE AR 2 B2 (5 TRIZE 11 R) MISERgER
H BRTAGRES 1 RGBS - HirEas
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FHlerH B EAEeH - & HSRERREEIL 3 B SR
REMEEE ~ EREHAIARFR K E L
(FALEER) - B a e iH B S T flRas
P dtEt 4 R o RA—EEAEE S EE R 4
Ji o3 IR BB ARG - IR RE st E T
2R BRI BEER R o EEAA RS -
= R
(—) ARHERIRIRER

SR ETR D B R R E B TS RE
o i fa - PR E e - SRR ZEEER]
ettt S /ANTEIE 3 (pwiny vei3: ) = SR E 23 /e -TE SF K0
WIFZEH 10° CFU/g LRI/ N IR DS > B
R Fa S F RS S5 N 0.1% Rl BRER B
(Leuconostoc mesenteroides B4) 5.2 8% - Al
TR E B B E T EET DR Ryl Al S
AR /K BTG (FALEER) Baig s
RN H e e 8 5% o

(D) REERHETIREREM
L. SRR i R e B S

ARG AT I R s Ry 2 T Al LR i
* AIINER & ~ SEER B R DA S R R & - 1t
BHL 3 BIEE R - HEIER AfRIER R H iR
AR AT BLAMEmR I fa o SF g o PP ETS R T ~ PR
BRfEE - % 3 ARl hRER 1 - o
NGB EREEEY 1 5B ERE AT /K (phosphate
buffered saline, PBS) #6317 EEISE - B0 2ET
EYEWRAGLA 1 < PBS JEFT 10 5 5dE M RE - PRk
AEE AR R E E p R A -
Ja AT AT P W - A2 e 0 - P - e M B R
(thiosulfate-citrate-bile salts-sucrose agar, TCBS, H#
H Dicfo)~$HERE & DISHER B 1% & KL Streptococcus,
CHROMagar™, [ CHROMagar) DL K 7 &5
fus 8 A E R EIEEEE R (Aeromonas Selective
Agar, #§H Himedia) 5528 » SIpCPIRESEREAR -
EVE R FIETE% L L-shape BHFEIEGH IS8
FERSEARA - WRIN R AR RSl > 1A 28°C
IS 24 - 48 hr IRET RS REHER -

2. (SR R

DA < F s R BRGE T g s — W Y B - 5%
BRAEFE AT IEIEEE A (tryptone soy
agar, TSA, i H Dicfo) WG [FIRERE < BIHA
VI A LSR - it 28°C 552 24 - 48 hr £ F 0t
MACERPR - AR IR S R B SR B F R
e BREETIERE L -

(=) BERE

A RAT RS R AL VBRI BN - DR
A Y#ETEEMN API 20E 5, API 20 Strep strip
(%% H biomerieux) #i7E »£HEEIERHEHEE A HIZK
I - QIZEHGHER LI » MRt E B AR 16S
RNA EFF » &% fF NCBI (national center for
biotechnology information ) 34T LL¥t -

(W) RREEYHFIERE

i FIAREEEE G (disk diffusion method) » 2275
W R A B = AR MEAL BF JE P (the clinical &
laboratory standards institute, CLST) 55| > ##ii{bt%
HRIREELL 1 % PBS BLE R EL 0.5 McFarland
FHERAH S IR - I DA ER N BRI %
M CERAE B IEEAE 1T (miller-hinton agar 11,
MHA, [#H Dicfo) (& 5% Iy MHA F
mAGERGE Ry 10 FEHIAERMEES © FIE
(flumequine, 30 pg) ~ FEVYERMSR (oxytetracycline,
30 ug) ~ FMHREEMEE (florfenicol, 30 pg) ~ fiHEFE
VYER#ER (doxycycline, 30 pg) ~ BWERMPER (oxolinic
acid, 2 pg) ~ FLf#Z (erythromycin, 15 pg) ~ HKAJ
f#=% (lincomycin, 15 pg) ~ $f#ZFE (spiramycin,
100 pg) ~ Z2HPERL (ampcillin, 10 pg) BZZERPE AL
(amoxicillin, 25 pg) » KFELE 6 mm AUHEFERGERS
RS B 28 NESEE 24 hr 22 Bl FE - 6
22 B E A FERGHE it 2 zone size interpretative
chart #I|%g »

(h) MRETDHTHE

AEREAAI7 I B T B B A B > SRS SR B
FHIEUR “FAF FR B B SE B K 5 e R S [
A B G B A B - BB M LIPS (H 2R
(ANFEFRATRRE AR 1 HIBEERE P RTr
FBERE ) > RMEITHRET AT 5 BN > FRRNEENZSE
FIRCE RIS 25 2 EE DR B A
FAEIUSEEE - $THERE I AW LI
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Table 1 Bacterial loads in different organs of Nile tilapia from private farm | (Budai, Chiayi)

Organ Target bacteria Group Loads (CFU/g) Change (%) p-value
Control ND
Streptococcus spp. . 0 -
Experimental ND
. . Control ND
Liver Vibrio spp. ) 0 -
Experimental ND
Control 2.22 x10?
Aeromonas spp. . -99.55 -
Experimental ND
Control ND
Streptococcus spp. . 0 -
Experimental ND
. Control ND
Spleen Vibrio spp. . 0 -
Experimental ND
Control ND
Aeromonas spp. ) 0 -
Experimental ND
Control 1.00 x 10°
Streptococcus spp. . , -82.2 1
Experimental 1.78 x 10?
) o Control 1.63 x 10°
Intestine Vibrio spp. . -98.36 0.333
Experimental 2.67 x 10!
Control 1.16 x 10°
Aeromonas spp. . -91.44 0.333
Experimental 9.95 x 10°
The Mann-Whitney U test was used for statistical analysis.
ND (Not Detected) was considered as 1 CFU/g when calculating the relative percentage change.
The symbol '~ indicates that the variance was zero after grouping by Group, making statistical analysis not applicable.

A p-value of less than 0.05 indicates a statistically significant difference.

IRF R PRARIRF RS - W LI R B E B A= S
Rl fabaies 2 & H RS - RErT
Mt it 5 BN HERERIEEF NI BE - AR
i JASP (Jeffrey's Amazing Statistics Program) #k
#2 LA Mann-Whitney U #35E #ETT#EET /04T » HUFE
s MRREI AR | - ALK IE
FeHL EMER RS - B /KUEELE 0.05
B B B8 L 15 43 EE A =0 (relative percentage
change) = G BaH V-2 B B4 BGRH S B B0 /%
W PR B < 100% »

Mook
— ~ R ETRHEHR I R RN

(—) REBIORREFHER (2023 F

B)

%II

. FERARRE S |
ARt BRI A PR R 18 H R BRARE:

W - FEREEUR (Tablel) - SEEREERST - B E
FRSEET R #0Ry 1.00 x 10° CFU/g » FBEAHIG E P
PS5 1.78 x 10> CFU/g » A R BE A B R
B 82.20% ;5 JNERERST - EHHEE R R B
1.63 x 103 CFU/g » :RERHH I E rP 8k 2.67 x
10" CFU/g » WA a8 98.36% ;5 FER M
B4y o SRR B T DU B R - (H AR
FAGENE]; FERGE > GBS ST $ 9.95 < 10°
CFU/g > BER{E A ZS ARt o] o3 n ek A L 1B
99.55% Eil 91.44% MER > Mgt LA B8
{HTRA 80% DL s

2. PR RE AR

B EEME A et o EH > R 6 H
WOBERFBRAR 34T > G ERAN Table 2 A/ - INEES
B E IR #0R 2.91 107 CFU/g » 5B
HERE B 7.28 x 10° CFU/g » Ak SEE0
FlEGE R 75.00% AR EMETED B
B ERBAH < Ik ~ PP B3 B ] ARG R 2R - 1
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Table 2 Bacterial loads in different organs of tilapia from private farm (Xuejia, Tainan)

Organ Target bacteria Group Loads (CFU/g) Change (%)
Control ND
Streptococcus spp. . 0
Experimental ND
. Control ND 0
iver ibri
Vibrio spp. Experimental ND
Control 1.53 x 10 85.48
Aeromonas spp. Experimental 2.22x10° -
Control ND
Streptococcus spp. . 0
Experimental ND
- Control ND 0
een ibri
P Vibrio spp. Experimental ND
Control 4.68 x 10° 97.58
Aeromonas spp. Experimental 1.13 x 102 .
Control ND
Streptococcus spp. . 0
Experimental ND
- Control 2.91 x 107 75 00
ntestine ibri o
Vibrio spp. Experimental 7.28 x10°
Control 1.26 x 10° 86.28
Aeromonas spp. Experimental 1.73 x 10* .

ND (not detected) was considered as 1 CFU/g when calculating the relative percentage change.

Table 3 Mean bacterial loads in different organs of Nile tilapia from the experimental group at private farm Il (Budai,

Chiayi)
Liver Spleen Intestine
Streptococcus spp. 1.07 x 10* 1.35x 10 1.69 x 10*
Vibrio spp. ND ND 1.52x10°
Aeromonas spp. 1.07 x 10* 4.11 x 10 7.22 x 10*

ND : not detected

AR ey B PHI R B A Ry 2.22 % 10° CFU/g
1.13 x 102 CFU/g 1 1.73 x 10* CFU/g » BOREEA
PREBRPRE T 53 TR D SR Fe I ~ IR B3 FE SR AR
T84 85.48% ~ 97.58% #I186.28% -

3. AR AEREY; 11

LRI Flic & o B 2 2 o P 2t fR e
HEAIRREA LR - HORIFEEL 1.00 x 10° CFU/g
FoBR(E > R REE R AR A A s - 3
FHGEBA 6 (M H - WIEHEST 3 ZKERER - AERER
(Table 3) » SEERESTR > » IEHS FRUFFIEE ~ B0 ~ I
PRSI 1.07 x 10 - 1.69 x 10* CFU/g ; JlE
BT 0 - 1.52 % 10° CFU/g  EESR BRI AT
A 4.11 x 10" - 7.22 x 10* CFU/g »

(2 EERRIRREEHEN (2023 F57

B)
1. ALK B O

SEAEE F S E R © i H - BEEUIARTETT 4 K
PRAR » AEREEUR (Table4) - BEEKTRER Y » BaiHIT
fig S B 7.83 < 10" CFU/g ~ Bl A AR A
l33 8.76 x 10° CFU/g » ] 53 Bk < E I -
IR i B S SRR T 8 99.17%~99.88%  F11 92.28% ;
SNBSSy > St A B b SV B R A 2R
i 1.96 x 10" CFU/g » w] 43 B g A I s
H99.79% F198.28% ; SR BEMUE Sy » A BEHIAT
RS B BRI - BRI 99.99%
BRI - SRI B AR B 2.40 X 10°CFU/g » 2
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Table 4 Bacterial loads in different organs of Asian seabass from Freshwater Aquaculture Research Center, Fisheries

Research Institute (Lukang, Changhua)

Organ Target bacteria Group Loads (CFU/g) Change (%) p-value
Control 9.39x10°
Streptococcus spp. i -99.17 0.408
Experimental 7.83 x 10!
. . Control 4.88 x 10?
Liver Vibrio spp. ) -99.79 -
Experimental ND
Control 2.39 x10*
Aeromonas spp. . -99.99 0.183
Experimental ND
Control 8.67 x10°
Streptococcus spp. . -99.99 -
Experimental ND
e Control ND
Spleen Vibrio spp. . 0 -
Experimental ND
Control ND
Aeromonas spp. . 0 -
Experimental ND
Control 1.10x 107
Streptococcus spp. . -92.06 0.110
Experimental 8.76 x 10°
) o Control 1.14 x10°
Intestine Vibrio spp. . -98.28 1.00
Experimental 1.96 x 10!
Control 8.44 x 10*
Aeromonas spp. ) +2,740.24 0.343
Experimental 2.40 x 10°
The Mann-Whitney U test was used for statistical analysis.
ND (Not Detected) was considered as 1 CFU/g when calculating the relative percentage change.
The symbol '~ indicates that the variance was zero after grouping by Group, making statistical analysis not applicable.

A p-value of less than 0.05 indicates a statistically significant difference.

T 10 2 (HEEUE - BR T A SR B &
Gh > HABET A 90% DL B -

2. EMER S HIREEY

SHIERE A a1 H BRBHAAERE - AR
172 REREE - FEREUR (Table 5) - SHERERARS) » 8
Bk P TP AR A B BRI B IRy 4.55 < 10°
CFU/g » FH 5 WA gk 2> <8 5 1T ik 5 3K 14
99.86% » {HAENZE J7TH » (HFHEE 1 8 H EFi%h 8.97 x
103CFU/g » FElCEIEAH 7.8 x 102CFU/g B 1 (&
HEUE > 2 8 H R SRR B SRR Ry 1.35 %
10° CFU/g » FHERESIRH 6.7 x 10° CFU/g m] 4>
79.85% BEH 5 SNEERSY - ABEAE AT g S B
438 x 102 CFU/g ~ [ 1.59 x 103 CFU/g FllsE
1.19 x 10° CFU/g » RI 53R 87.76% ~ 22.15%F1
46.60% ; SR BB TRy > SBSHE T B PSP B 8
2.11 x 10* CFU/g ~ [ 2.07 x 102 CFU/g Fl5sE
1.03 x 10*CFU/g » [P IAE Ry T 2.85% B -
TEMBERREE R HIERA> 80.22%F11 97.94% » #fiat I

ANEBIE R - (HEE AT 80% DL EREH
3. =R S HREY

GRS AR 4 18 H > R TER R
FEREER (Table 6) - SEERESTR > - B HERH BBkt
Bl PR E AR IR - SRR
EARRHIE] - FI 5 F BRI E B 99.42% 5 FESR
BRI > SR ITRE P  E RO b= ~ o
1.73 > 10> MIBEE ARAGHIE] - AREH S RHE T 2 ek
98.85% ~ 71.43% #[199.94% -

(=) FREENREEEEEER (2024 £5

B)

LR FTC & Bt P 2 (o P2 AR
U B RSP S A S B MR R - IR
FEREE 5 4 2 A EELL 1.00 x 10° CFU/g
FoRBREL - LT RES SRR AR A S - IR
BAEREUR (Fig. 1) SEE Y (FOURE) ¥
WRE I E VB 1.34 x 10° CFU/g » BEgE P4



7K EE it B B R SR MR B PR i B AR S A 31

Table 5 Bacterial loads in different organs of Asian seabass from private farm (Mailiao, Yunlin)

Organ Target bacteria Group Loads (CFU/g) Change (%) p-value
Control 7.20 x 102
Streptococcus spp. -99.86 -
Experimental ND
Control 3.58 x 10°
Liver Vibrio spp. -87.76 1.00
Experimental 4.38x10?
Control 2.05x10*
Aeromonas spp. +2.85 0.645
Experimental 2.11 x 10
Control ND
Streptococcus spp. 0 -
Experimental ND
Control 2.04 x10°
Spleen Vibrio spp. -22.15 1.00
Experimental 1.59 x 10°
Control 1.05 x 10°
Aeromonas spp. -80.22 1.00
Experimental 2.07 x 102
Control 7.25 x 102
Streptococcus spp. . +527.93 1.00
Experimental 4.55x 10’
Control 2.23x10°
Intestine Vibrio spp. . v -46.60 0.825
Experimental 1.19 x 10°
Control 499 x 10°
Aeromonas spp. . -97.94 0.507
Experimental 1.03 x 10*
The Mann-Whitney U test was used for statistical analysis.
ND (Not Detected) was considered as 1 CFU/g when calculating the relative percentage change.
The symbol '~ indicates that the variance was zero after grouping by Group, making statistical analysis not applicable.
A p-value of less than 0.05 indicates a statistically significant difference.
B8 1.08 x 10" CFU/g » fHER R F 25 i galehat B 217 x 10" - 2.17 x 10* CFU/g »
D1 HEBUE - ARIMAERERE P T g T R 2
» AETEEEIZE 1.00 % 10° CFU/g IR - glkipger - ~ BRI R
53 HIRPISE ISR 3.12 < 10° CFU/g » Bg: 3
18 2023 4 2 - 11 HAYEGHIIR - SeEishids

PRI RRIE -

(0) BRENRREEHEN (2024 FHBE)

BEES ATl & 2 s P EL 2Tl Pl s et -
SRR SR > DRI EEEL 1.00 x 10° CFU/g
FolE > FLRIL R AR R R A A 3 -
7 AERESRIREUR (Table 7) - 38 1 (A ) &
PRSI A 8.66 x 10! - 9.62 x 10% CFU/g »
EER8F 1 (B ) Z TSI EER T 6 Bifreng
2.77 x 10° CFU/g 2 4b » Hak H 03Tl & 8o
JA 1.30 x 10% - 5.48 x 10° CFU/g - ifii 6 ke A
Bt e R 2B - BEE R 1 NEEHIN

Elfigbae b - S BB E 1 B R
TORK S - LU R B R Ry - Hrp X DI
Vet 7 SR B AR R 5 T e SR B B3 S ik
o XSRS LR (Plesiomonasshigelloides)
RiZ o M NHREBIER A L2 EE - T
DUEE BN R e S o e 2 5 SEBRER I LR IS BR TR
(Enterococcusfaecium) ~ ZEfGEKE (E. faecalis) FIFL
A . BKE (Lactococcus lactis subsp. lactis) 5 43
HEE] -

s MR aEES I3 6 K8 H
ZHTEM b BRE =R B 3 KRR &
S BRI 3 HRBIEINE ~ 6 K 8 H RufiF 5
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Table 6 Bacterial loads in different organs of Asian seabass from private farm (Xuejia, Tainan)

Organ Target bacteria Group Loads (CFU/g) Change (%)
Control ND
Streptococcus spp. 0
Experimental ND
) Control ND
Liver Vibrio spp. Experimental 0
xperimenta ND
Control 8.67 x 10"
Aeromonas spp- Experimental ND 065
Control ND
Streptococcus spp. Experimental ND 0
Sl . Control ND 0
pleen Vibrio spp. Experimental ND
Control 6.07 x 10? 143
Aeromonas spp. Experimental 1.73 x 102 '
Strept Control ND 0
reptococcus spp.
P PP Experimental ND
. Control 1.73 x 10?
Intestine Vibrio spp. Experimental ND -99.42
Control 1.73 x 10° 99.94
Aeromonas spp. Experimental ND e

ND (not detected) was considered as 1 CFU/g when calculating the relative percentage change.

mmmmm Control Experimental = --------- Threshold

2500 1 . .
Vibrio spp.

2000 A

1500 A

1000 A 1000

o W T

Liver Spleen Intestine

Bacterail loads (CFU/g)

7000 -
Streptococcus spp.
6000 -
5000 -
4000 -

3000 -

Bacterail loads (CFU/g)

2000 A

1000 + 1000

O T T 1
Liver Spleen Intestine
Fig. 1 Bacterial loads (mean + SE) in different organs
of East Asian fourfinger threadfin from private farms. The
threshold for bacterial loads is set at 10° CFU/g.

BRE 5 AL 3 HAERIE > HFBECEE5ME 2 2.46 x
10°CFU/g 5 6 HZB B i S P 8ER B 53|
5 5.98 x 108 CFU/g F12.21 x 108 CFU/g : 8 %l
R E S BEER B Ry 1.39 x 10°CFU/g -

1E 2024 4 3 - 7 HRYERIIEAR - P AEsaEss
HYTE S Fafa A - SR B Ry 3R R (PDSD)
R HREIME GG AN LGN 5 i
EmaErsiny IR H e P 3 220 B e e LA 2250
B RIS REUINE (V. owensii) 5 6 H3E
FoIhlEm < H b 38 % < BN f g EEE BRI
Rt R KA

=~ R E R SRR

8 F B ER s iR Bl o2 B s Bt b B
SRR B e HEEYRUR M (Fig. 2) - S gifa B
fi FR 7 SR R R R LGB 14 A% DUB SR IYER
= O(100%) HIHI R ik fE > HX 2 & WE
(94.44%) ~ BRRMFEE (94.44%) ~ FRIYER M E
(84.44%) ~ SRS GBI (84.44%) » /015 84.44%
BIMRE DL P BRI SRR LR 9 1k
LIALH#EE (100%) HIRICREAE » HR G e E
F (88.89%) ~ FRVUERMZR (77.78%) ~ Mt B RV UER
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Table 7 Vibrio spp. loads in the hepatopancreas of white shrimp from different experimental groups across various

months
March April June July
EXP. I (A) 9.62 x 10% 8.66 x 10! —
EXP. 1 (B) — 5.48 x 10° 2.77 x 10°(*) 1.30 x 10?
EXP. 1l — 2.17 x 10! 1.95 x 10? 217 x 10*
Notes: — (Not tested): Data was not collected for this time point.
(*): Indicates shrimp were infected with Enterocytozoon hepatopenaei (EHP).
EXP. | (A): pond A in Farm | (white shrimp private farm).
EXP. | (B): pond B in Farm | (white shrimp private farm).
EXP. ll:farm Il (white shrimp private farm).
100
— B EEE
Aeromonas spp. |- 0.00 0,00
Aeromonas spp. R+ 556
80
Streptococcus spp.+Lactococcus spp. 5= 0.00 100,00
Streptococcus spp.+Lactococcus spp. 1= 0LOD 0.00 0.00 1111
g- Streptococcus spp.+Lactococcus spp. Hmi 0.00
5 | 60
‘% Enterococcus spp. S 0.00 0.00 0.00 0.00 g
E Enteracoccus spp. |- ‘%
§ Enterococcus spp. R ST E
2 8 40
@ PDSD S -

POSD | R
PDSDR -
Vibrio spp. 5

Vibrio spp. | =

Fig. 2

=20

Antibiotic

Antibiotic susceptibility profiles of different pathogenic bacteria. S indicates susceptibility, | indicates

intermediate, and R indicates resistance. Percentages represent the proportion of bacterial strains susceptible to each

antibiotic.

% (77.78%) ~ L LV (66.67%) Bil 2K 7Y Ak
(66.67%) » A 66.67% BEHRE LI EHIESR A/
JEME B SRR IR 3 Pk > DUBTSEAEPYER
3 (66.67%) FIZLBRPUM (66.67%) ZHNHIRR i
tE > 5 66.67% BbRE FEPIAREBUENE 7
FEDUREIICE 4tk DIHEHREERER (100%)
BetE o HROZERMEL (75.00%) ~ FEPYIRMEER
(50.00%) FIBHEEFRVUEREZR (50.00%) > 50.00% [L
FEPRE DL ESTA SR BRI . IR
19 £k DIBCGRMEE (94.74%) HIHIECR IR - HX
SRR (78.95%) ~ mIHE (68.42%) FIE

SEFEVUERER (63.16%) » B 63.16% EHRELL

SRR -

HE > FREFERENRRE KSR EREA
ar ETIUHIE AR (bacterial load) » FHLL T #5266
AYHEA RIS FIABRS BRI AL - fEm Ri%
16 S ) B PR REE AT SRR B PR (IR KR -
P2 B B IR AR B IR B2 E - DFSER
R WE A BB SEAE A B AT gD - il i
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RPEE (gut-liver immune response) » {0 EEE T
PR A A R AR ORI AR A A i
T B YRR DIRE - W BRI T
(Deng et al., 2020) -

Abdelhamid et al. (2013) FER K 23L&
HIPRFEW: (Ashtoum El-Gamil) AIRIJERESRZPFAAI
fifif. (Mugil cephalus) » 25 &7 P AE P B8 5
IR - BIATERE SR 2l R A A= B8 1.3 > 10°
CFU/g » BZEREE % 5.2 x 10° CFU/g » =
bEE RV LA RIZS B0 B R A 225
BT S B B R Y - Ahmad etal.
(2017) W BEAS[F] /K S Y il 6. (sea bass) ~ F
(snapper) ~ FBEFR (grouper) FILRELEHERHIHARE
B AR R R o R R B
P I B B e SR B BT S - Ll IR ~ LI
BEHAIG MR AR 3.4 x 10°-5.6 x 10°
CFU/g » fEBGBHIAHA 3.9 x 10° - 7.5 x 10°CFU/g ;
BUKMEERBIE AR - AR BB E R
5.9 x 10°- 8.2 x 10° CFU/g » FEHH BRI SR TEHI
FTREREIR RS » Ry K B A PR L FE A 2
TR+ AR SE RS P s JE Yy St e A O
BRI SET TSRS IR T AR BRI -
e it T i e P BB R ] DA AR 2 - DA
IR R N SR -

FEDUIE R B 2 R R e e ) 2 AR
BRI — (Simon etal., 2021) » AHFSEER
BRI TR B A 3 B A e 00 R 1 A i
BRI S BRI B A R R AT E RS B -
A REARHT R A H AR S AR - 20t e
P E SRR R A DR - A R R PRy SR
FolHALERE - IHLRER IR E VIR ] 2
A EER R A28 flalE R ]Y)
ARG T E R EY B BB R R - 1H LR
DIgesr i kA& R+ - t WAV ER 120k
REFIERTHEHBALRY 3% - AR RYPRIE
SREMIMERENE - E R - IH{LEERLIRE
iR ENIEE BT WS AERIIER 2 Rk
EHEABERE B L R E iz ST R
B BYIRIE A i - BB RS 6
A BRI 2 22 R e R T2 W AER S A 2 v
% J7 (Nayak, 2010; Wu et al., 2012; Liu et al.,
2016) -

ARWFE - e EaPe AR A <2 E i B R 0
o A AR S R R DA | SRR R
<t H 1538 R A SR B L 2 SR B A R S R AN A
URERf - HEME RTTRE - — 2R R Bl RN R
MEfRE  HIG AR BT - BPRHE R e E TRy
IR KRR/ AR AR R DS fERS KGR e JH
AR R BN BN - R H il o0 i I
FRELGERHEAR - I (2018) DIANFE > SR i 2
FH/ANFIAEE DS WIS EY) (extracellular
product, ECP) » 545 pronase E - proteinase K
1 lipase %32 SEERRAE AN YIS 1
NiEREHEZE S0%LLR « 1M Jiao etal. (2023) #f5tts
HIA R ME SRR (Sniperca chuatsi) » HyH{LiE
WRRE EEg (trypsin) ~ BEIENTES (pancrelipase) ~ 5
JIKEE (enteropeptidase) & i 1 5 B 4t £ 1 Fa
5 R HERT A R R i e B R T RE R B
BRES T 5940 B/ NEF AR B ] 439 HY kanosamine
bacilysin Jz toxoflavin ZHHEYIE ML HE Y E B
IR BT S e — R - BRI R E]E Lk
YrE R - 5 [ — e - BIA e A A
A B A OR G PR OB A TR AL DU B I 5 (Poole,
2012) - [KIECHE] AT RE A5 SR A e e R
A H B R B rE B &

KK EHEHALEFRLDLEAE
(enterobacteria) HHYFHEERZ » ARG SUIEH > &
T . e U S0 Fa 5 T A 48 BA B A R BT 43 Ry R
i H—2RESEMENE S 55— 2K MR
JflE& (Sakataetal., 1986) ; [fi & JE i Fl5 8 H AR
Y & B (Plesiomonos spp.) Ed fiil 17 & &
(Cetobacteriumspp.) R fEEAEfE (&, 2021) - AFHF
SEATE LR ER S B <5 H 1 B I B R R /K BRI
UR 2P £ B <5 I i IO 7 S B Y I o A B A B A
BRRy T - T P A e PR % - <B B R B B
B BARRTRENG ARG AR - 5501 16S rRNA HE—
A - LREP A< E RN A SR B DAME R A
REARRE T HES] - Ak R BARERE
B EALR - (BB R R E R )
RIS R I P RE © Aly etal. (2023) #5H
A 2 7E SR BRI BN 0 R JE R SR B R S E
(ulcerative syndrome) » JEEGLHY Fa EE Ba 2 & HH R IEES
EJBEE - Ibrahim et al. (2024) fEiR K Ismailia 51
RE RIS - (EPTHCEE S ML IR B SE Y 2
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Erhtgti A 18.6% AR REBEME - HAEEH
SELR P f gl ] - AERIAR o BT (phylogenetic
analysis) B/ » FTICERAV R R BE AR H H AR K
At e A SR BRI R R R B L 1RSI HE
OAME - RUTH B R ERMEERRE )] SGEER AT HE
LR IR > DIHITEREE 3 < 10° CFU/ml [y
AEFE E R R I R N B R f e 1% - BEHETR
EF] 86.7%

AR SME I 2 SR 2P B 5 H
HRIY T REBEEREN - B A PRIGERE - EIGEREAIZLEL
FLEKER - FEEREHIDRIGER G R B Bt [ B )
B ENIAE - TRHER PR 5 52 i g
HIFRFt  fEBEFE MRt £ R - Duetal. (2021)
ARG BR R By AR BR B i 22 A4 & (post-larval
shrimp) » R n] OB G E YA VAR I £ =
RETRTFR  ARMEEERER AR EET]
PRI R 1 7 IR A U SE BR KT ] RE & S B0
Ji\ (Hanchi et al., 2018) - BUANCAZEIGERE $EAE
SRR THGEREE » R e LR -
SELRAT3E 80% » FERH A B LR Bl 25 = 1Ry
Bt (TEM) el - SRy DB R
1T (degenerative) EIEZIR 4 JR%#% (Zahran et al.,
2019) ; Noroozi et al. (2022) #fH 7K 2 L FTIEER
HIGEREEITHIARIUE T - BB R
HEREAARRBMSEIE - FIAINERESR
(100%) ~ LM (100%) FIPHHEHTYT (cefoxitin,
89.2%) 5 - FE - EERBUIRKE » IGEREERY
AR 5 R SE 1S WM & 22 22 J5) (european food
safety authority, EFSA) &84 2 RE% (qualified
presumption of safety, QPS) {HE. » fFaaRIE Ik

FATHSG R S K& KEBY)Z BRRR Y S
PRIGER FAIZE G ER R B (R R - (a2 R
AR IR BH R e A A (EL Y 2 A R A B R
REMERIN R -

FURRFLIRE WA H AR R AT R E
WA AR - B W R AL R AR E
(Murray, 1990; Wichtel et al., 2003) » @575 Sk
F B R R — ek A B YRR PR B B R 4
iE o Bl A0S Rl Kk KB KR (Macrobrachium
rosenbergii) AYZLELEREIEGYIE (Lactococcosis) -
UL 2B - — a2 T AR BEER BN
G AE A ZG e R R o B LR FLER

o T KFFLER FLER B DA L7 U4 fa B4t
RLREN - i EREER I - IR BT IR E
& IDERAE SRR (Chenetal., 2012) - A
fft5e<: E fil B SR 20 S I B IR RS SR AT B T
I ATRERI B AN R Fr = 5240 - $aR s il
FHE B mT kA 708 B - B 5 28 B A R i
Horp X DA R A SR B R e P S SRR e -

PHERER ~ ZCAR AN 2 117 FUH FIm
PR (2023) H 2019 2 2022 AR GRS
5 BT IR DA IR SR B e =iy 50.5% » HK
B EHEE (Ph. dameslae subsp. piscicida, PDSP)
23.2% 5B = N B 8.1%  H 3% st A »
ARG R MR S IR o BRI 2 1
B U BRI B M LR B A IR mIBAR - Eok
g (22) JECRETHIFEI - SEERE Y5
HER IR A SRR AR AR AR Bk
SRl AR TS I - T AN S A B 4 B
JEBER Y - DIEUARE (PDSD) By » HZKZIN
s MAEHEER A SR MR B AL H I B P PP fR
PEER TR - 2K BEERE - ARG R (2023)
T BIFARERT o THEER PDSD F1 PDSP #AlgEs
PR - ERTE SRR E R - &ER
RS2 IR EER B2 G 2 MG R g [ » '3
HEm B dEE H S A EE - e nwIE E
(Baseggio et al., 2022) » ARUFFCATERAEII AT F Ry
RS HREPRREGRIRBT - MR
LA PDSD By o

TCBS B& T KEBSTHYIMEE AT AR RSN » ZEAR R
(PDSD) thrE5#EHIZK - I 2HIRK O ETE - AHSE
HAFfalEE 2 TCBS B ITRGE - R Ehk
TINE RN E O - A5 HIHw 5 B
B53  MEARHFEH A IR S BRSSP IR —E B
e DA LS » SR SRAG R » F ER AR ARt YA
B (SFDOUER) ME#EESEENE R - 5
ERBER 3 BAAGIE] - ML (2016) VEEHE
BUEAI R g TR R/ NS B DS TG R
SINER ~ ZERLINER ~ IR BEERER ~ MEFLBEEREA LS 38
JARER (PDSD) 55 - i { A RHIE A SE ST F
F G B m IR A B -

T I I R A AR S R VA R B ~ K
FRANE ~ $HRINE (V. penaeicida) ~ BIETINE ~ 24
T HGIE (V. damsela) ~ 54850 DUR IS BRI
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MIMETAAE S 22K E 2R 2 - a1
W ~ pHAE ~ B - IS EFIBR KIS hyE RS
=% ElEEEEE 10°CFU/ml mJEEErEsH
R SERITNE (Supono etal., 2019) - Hoaetal.
(2023) WFSeER - AR SRR R 1.5%
FACEIZ I S o 1 1 E e T AR
B#7 4.49 x 10° CFU/ml ; Thakur (2004) HoX Ei&
AR ) 28 T Y, v 20 B M P Bt o o I B
Bk 8.3 x 10° CFU/g » AR B 2.6 x 10°
CFU/g > FHEL_F W] R B A s B B s s BR B
B T ARWFFRRY R Ry IE 5 (R - PR - eI
EE#R T 6 HEREIMIE & (enterocytozoon
hepatopenaei, EHP) [5%: i SE0M ¥R =4 » H
B H 3 2% FHUER 10 CFU/ml » 4148 Aranguren
Caro etal. (2021) fff5efiEH: - EHP R 29N Btk
Z IR FEIREGR - B3 AEFEAE (white feces
syndrome, WFS) FJZEL » [K] Lk AT g BEASE 5E1E
EHP (54 F e - R ik il i i s » (e 22
VE S E R o TR ARSI St fE 2
%

HUEPRSE (2022) BZERCR @ R ERaR AR AR A)
PEAC SR ZL fa R R AR TRy FHEEERH 23 - 55% > 44
FH2ER/E R AR ELBIRER 40 - 86% - SR - ft
LA F s f Bt o] DU A i SR & BAE
WA R TIEEME A ST RIFRAS R R IR Ry B B
FAEEEBITSOE A 15 IO - ANTFSohs RS - B
ARG SRANL L PR R e BRPE AR - R BT
A FRAPR TR ~ SRR - (RIfEfgE B
SFHARIGHRBEER N - eI A R B SR
2 TERIRE ~ VIR - P e -
i E AR BRI ~ WORM IS A R R
BB 5 T SRR A R B SR AR I 2 2 F SR IE R EE SR
B L O R PO TR BL A SRR TR A1 S5 R
A > IRMAE PR BEBR AU TR ~ SR
b = R DU BCHEER TR o R R S L BRI S T
T ABEMRECBOURE » (& e R]
$ARLL EER R R BURNE - TEf0E BT RRIGE
AT BRI SRR A R U - &
ERPUMFIZ LLPE MR8 iR 53 £80Y
BRI T PR IA R o B B s S BRI B (LA
FEl# 31.58% BPREH HEEYIRURME: -

IBERBRIRTER Y » bR T3 E 2a M iR KR

EIPIA R B IEYIRUEMES > PRORTHER ~ BLfl
F o A E RS R BEERE TR
RS B R B UL - AR
REUR - HRRE S A ZEV USRI A SR ELBE Rk
B o R SRRER N E R B AU -
= AR PIESEM R e - KA A2 E
PUEEME - M PRIGERBENIZE G ER B 2 & R i 58
Mef i RV EREEA - CHAE R GRS i e
74 (Cetinkaya etal., 2000) » KISk ASBFF 2N
IR  a AR n] DU AR IR I 3R -
I AT o A 70 3 1 5 R 5 e L P P 7K P RS o

-
Al

HEIHG IR EE O R ~ R E
B AW EMARE L - 28 BEN
DRI SRR BERE - R AT STAE AT o AT HoRBEUR
PR RS HASRETR > BRESH 10°CFU/g &/
AR E DS At AR Al i f e
JFER R - THAME RV BN L RRCR
FRTRAE - bR 7B AR BAATIHITER > 2t
B R RERE B BRI AU PRI BR A Y B - 1%
B - BRI A PUEEERTR A AR -
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Evaluation of Pro-Health Aquafeed's Efficacy in Inhibiting Internal
Bacterial Pathogens in Farmed Fish and Shrimp

Pei-Wen Liu", Chia-Hsun Lin, Chien-Chang Chen, Feng-Chun Hsieh and Shuenn-Der Yang

Freshwater Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

The global aquaculture industry's expansion, driven by technological advancements and increasing market
demand, faces heightened risks of bacterial diseases, exacerbated by climate change and high-density farming
practices. This study investigated the efficacy of pro-health aquafeed containing the probiotic Bacillus pumilus D5
in inhibiting pathogenic bacteria in farmed aquatic animals. We selected Nile tilapia (Oreochromis niloticus),
Asian seabass (Latescalcarifer), East Asian fourfinger threadfin (Eleutheronema tetradactylum), and white shrimp
(Penaeus vannamei) from 10 private aquaculture farms. An experimental diet containing B. pumilus D5 at 10°
CFU/g was regularly administered, and bacterial loads of Vibrio spp., Streptococcus spp., and Aeromonas spp.
were monitored in the liver, spleen, intestine, or hepatopancreas of the animals. We also identified dominant
pathogens and assessed their antibiotic susceptibility. Results consistently showed that the pro-health aquafeed
inhibited pathogens across all tested species. In Nile tilapia, intestinal Streptococcus spp. and Vibrio spp. decreased
by over 82.20% and 75.00%, respectively, while liver Aeromonas spp. dropped by at least 85.48%. Asian seabass
exhibited reductions of over 92.06% for Streptococcus spp. in liver and intestine, more than 46.60% for intestinal
Vibrio spp., and 99.96% for liver Aeromonas spp. For East Asian fourfinger threadfin, intestinal Vibrio spp.
(including Photobacterium spp.) was reduced by one log, and Streptococcus spp. was undetectable. White shrimp
consistently maintained Vibrio spp. loads below 10* CFU/g in the hepatopancreas across multiple samples. A.
veronii predominated in Nile tilapia and Asian seabass. Ph. damselae subsp. damselae (PDSD) was the main
pathogen in East Asian fourfinger threadfin, and V. parahaemolyticus was dominant in white shrimp. Notably,
over 50% of pathogenic strains from the experimental group demonstrated susceptibility to at least four antibiotics.
In conclusion, diets supplemented with B. pumilus D5 effectively reduce common pathogens in aquatic animals,

thereby mitigating the risk of antibiotic-resistant pathogen emergence.

Key words: probiotics, bacterial pathogens, pro-health aquafeed, inhibitory capacity

*Correspondence: No. 106, Haipu Ln., Lukang Township, Changhua County 505, Taiwan. TEL: (04) 777-2175 ext.
2206; FAX: (04) 777-5424; E-mail: pwliu@mail.tfrin.gov.tw






JKEERFFE Journal of Taiwan Fisheries Research, 33 (1): 41-50, 2025

A BEFUE A PRI o 2 B 58 B v

WEEE « TRER - EhRE -
=2 oINS Nz I |

W "

B BRI A PR DUS SR UM BDLS S BRI A ~ (BRI Fr RIS EIRRE B - i
BUAEREEIR - HAABERINTAIZESE 40 - 60% HIRIGRYIARME SR - R 8u2FH HF F =R Rt
IR > ACBIFSE LU B R A P ITHEL R 8 P /K s M o SR FRARZ - ERASREE RN T ~ (RIRE
b~ BUSGRF SIS E RIZEE - WIFEHE SRR  URINR IR A SR B < B35 AIC T R
FBAE 4 hr B A A A BB E RI P R B - H R A RS B S B e Az
B o Hoksr AR 15.63+1.55% B 13.00+1.08% » 7KiEM:47 AR 0.66+0.01 B2 0.71+0.01 > &
e TERES AR | BINNZHUE o B RESLATRS R DU SR BRI A E A S B
XL RAE 6.5 7 MEEGEEBUR AN RIGEED 6 (M- o Sk BRI b T
A - OB ARZATEEST 2 - S SSRGS AT INEE -

FHiEs - ONAE ~ 2AR - SRR « PEKTHER
g = e S 1] FE AR 2 B 8 0 T L 2 2 AR

IR¥E 2023 FESEHEHF R - 2O
RSy 18,327 NN - FEAE(EEENTEW
46.4 fEUC (Mg, 2024) > NMEEEZEEZNE
IKERFE SR B BRI SN - B - YRR
Z LG R KR uRh  ANBRER ~ QBRI Fr ~
YIS AN A - HN TSRS - (4
EHMRERRE ~ HICISZBHIRE - JRFANE SO
HREENL 2 TU N T80 DRI 7K A b A S R
R SR S EOKTE BREER - AN B
TRrEERIRIER V)R SRR ~ S - R - R
R - ERERERZ 43% (5, 2017) > KERoy
HAE R Bt > FRODDME B - A LeR R Fe R - i
FREEITSY (5, 2012) - mfFhff i R IER YIS
IEERER -

ML EA EK T H AR - PN
TR —ERE P - IRE 5 DU Ry I

HEEIES / BEEMA—E 199 3%, TEL: (02) 2462-
3792 ; FAX: (02) 2463-2677; E-mail: hjchai@
mail tfrin.gov.tw

7% (2013) DUKRSR/KE S » ARk 66~ g
SRER R ROk - IR G f A B R R E R A
i Fe i R B R R AR T TIPS AERR S - 25 (2016)
DLz gl < H ks Ikt - AR =N 7 43 DU
JEHZEE ~ HIRERZEE - =R R RS R
MR PR BB — KT REZARIARIK 3 & E
73.6% FREE 67.9 - 71.7% » ik E BB ER
3x10°CFU/g DIF » BEaHE R AR » —&
THURE e A B DUMEIRAR R R 6 /N Ry A
o KRETRTABTZEEER - /KA L AT RS S Az
R~ BV RS T - B e IR
iR MRS, (intermediate moisture foods, IMF) >
FEINL/KE L TUA - feHH B S HEEE -
SCEEHH B i ] A B E AR AT AN 58 Akt
RAEEE EmE ~ Bt — BB IEME 2
(Boles, 2011) | Fij D 2 2% TR0 28 5
FERAEAIAFERRIAN - ARRSELLE BT R g Y E
HARIN LR - PR KSR AT
FERYIFI =R S b hfEE - S hoa bt N T
B SRR S UK E BT )T -



FORHEL 7 3

— ~ B R A P R TRE R

P FGE AR B LK BB R 0
HIRAHE] L EHGER B HREREN-20°CREF
fiF - IR AR R -

= BT ERL AN TEGE
(—) HBEREHRTHEEHERAL R

LU AB% (Test Rite brand Agency Co., Ltd,
KitchenAid® Stand Mixer) f&FIFLER 2 mm A/
AR BEREFAREERELAN - AR I EAANE]
FEBIRTEERE ~ RARE ~ B R ~ iR
BREREIEIFTH a ~ by o~ d > e 2k S TERFEEF
BCT5 - RSP Gl 26 o7 B SYE T 3
5 mm B~ B EHAR 0 WER 4°C EITE
IREE -

(Z) BB

I ERH AR A YIRS I L 51 2 Rl T e T
BB - 1 — B S - R BRI ELRZLL 150°C
EIEEETTHERS 5 2. B UL © B AR SE R
40°C A Btk - FELL 150°C i bes -

=~ WESH
(—) —RERD DT

K AOAC (2016) Jivk#lE Koy ~ HEH
RUIERT ~ Ko Bek b &I & & -

(D) KEMHERIE

HF R i LAZK G PE I E B8 (Novus Ferro Pte
Ltd, Novasina LabMaster-aw) 2 25°C T HIE °
Kk R B 2 e B =EE » DUFSEIOR -
(=) KDEERE

{7 KL ZhfR 7K 43 53 T 88 (Kett Electric
Laboratory Co., Ltd, FD-610) [’ & Ko &

&2 R 105°C » 7K 2885 0.05%LLF »
HY S g KRNz R E - —HAERYSFE -

(9) B

LUBRE T (Stable Micro Systems Co., Ltd,
TA-XT2) & 25C =i F > fEHERK 25 mm
FECAREE (P25) - DUHGUHEREE 1 mm/sec ~ PR
40% ~ il 77 10 g - EERNSETTRI KRG - HIE
HAH AN R 5 S0 R ) B R
(HDP-BSK) ~ HIEAE#HE 1 mm/sec ~ FSEEHTFERE
Ry 30 mm ~ fiEEET] 20 ¢ HIE HAHANHZ L BYY)
jj o

(h) BrEmsYT

AR FEBH S < AHZYIBRER - AR LT
B R DRSS T T B
aforo AL 9 sl AER  BL 9 Sy Ry =K
1 3 Ryl NEHK - ARRHZELL 14 RLita s T e
AEdtat o bR PSR RS © 1 SN Fei s b
HINRZINR BRERGIIRAIRSZ 5 2. 0k - 45 mi5E
EPEZBAT ~ OGER IS 3. IR ¢
FRAHZE A LR - FECIEARRIARGE - 206 -
BHOR ~ MRS LUK, 4. TURE : FRINRZHE A TTES: -
FECIERRIRESZ - ATHIE ~ BRAERESE -

Y ~ PR

1B SUREARE (Quo effect) HY5E iR TS
i 10°C » HALEREA LAY S SR B ey E
Ho HBEHET Ry 2 - HERATFAR

R 10/(T,—T1)
Q10 = (R_j) =2

R ZHE - T 2 R SRR -

AE i A AR PR AR L 2 L S AR il
B 45°C THiRAEHEIT 815233038 )z 45 K
B 5% 7 HA PR i 3E &8 B (accelerated shelf life
studies) » DL Quo FREICEy 2 HUMEE T » FAIIEEES
NEGH A E SRR AREUE AT HEAS Ry B =
18 25°C g 32 ~ 60 ~ 92 ~ 120 ~ 152 k7 180 K
Az B

SR TE R A S T B
ZAebE i - HARI R R | eI A
#E > RIS FA A B B (total viable count,
TVO) ~ &z RE (Saphylococcus aureus)
MUK E (Salmonellaspp.) # -



PGB AN T PR 43

o~ M

H B B 88 DUE IS #E 3T dk e IBM®SPSS
Statistics®(IBM, 2015) {784 5347 (Analysis
of Variance, ANOVA) - & F {E B E - FHLL
Duncans’ test JHI7EfH Bl #H 72 S5 » p<0.05
Bl s BB M 72 52 - S HREE RS R LA
REFRIR > RIS RHCERAR LA 33 7 247
£ (p<0.05) -

— > RGBS EA A PN

HAHRE S EHRRIN LR EE—E
M R SN ZE L (Choi et al., 2008) - (REUFIA
B (Sol) ReBh&HINy AN LA » B H L E
HYS TR KR - BFE I TR (Silva et al., 2016;
Ismail et al., 2017) ~ [ #f %} (Yang et al., 2009;
Nisov et al., 2020) FIZY (Kuetal., 2013) »

AWFE LA PSR ARSI a - e FHRLE R
BCJ7 (Table 1) GRBIEAHFAN - F5REUR > a f
CORUSINRFETR) B PIRTRR R I - T
F ¢~ d ~ e fHERE IR S AH £ PN E A AR S E R
Mgt A6 (Fig. 1) -

Fig. 1 Appearance of restructured jerky made from

grouper off-cuts using different adhesive formulations.
Group a (Control): No adhesives used; Group b: High
salt content; Group c: Added polysaccharides, quality
improver, phosphate, and low salt content; Group d:
Added polysaccharides, quality improver, phosphate,
and high salt content; Group e: Used enzyme.

Table 1 Adhesive compositions for restructured fish

meat
Group Adhesive composition
a Control (no adhesives used)

b High salt content

Added polysaccharides, quality improver,

¢ phosphate, and low salt content

d Added polysaccharides, quality improver,
phosphate, and high salt content

e Used enzyme
(A)
1.0 -
. 08 -
4 b ab
g 06 1 ; b ac
.5 d
< 04 A
)
O
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0-0 T T T T
a b C d e
(B)
1.2 4
14 a a a a a
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0.2 A
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Fig. 2 (A) Cohesiveness and (B) springiness of
restructured jerky from grouper off-cuts made with
different adhesives. Group a (Control): No adhesives
used; Group b: High salt content; Group c: Added
polysaccharides, quality improver, phosphate, and low
salt content; Group d: Added polysaccharides, quality
improver, phosphate, and high salt content; Group e:
Used enzyme. Data are presented as mean =+ standard
deviation (n=3), with statistical significance set at p <
0.05.
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Fig. 3 (A) Cohesiveness and (B) springiness of

restructured jerky made from grouper off-cuts using

different adhesives during the low-temperature

gelation process. Group a (Control): No adhesives
used; Group c: Added polysaccharides, quality
improver, phosphate, and low salt content; Group e:
Added enzyme. Data are presented as mean =
standard deviation (n=3).
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Table 2 Moisture content and water activity of 3 mm-thick restructured jerky made from grouper off-cuts after one-

stage and two-stage baking processes

Moisture (%) Aw
Group
One-stage baking Two-stage baking One-stage baking Two-stage baking
a 38.07 = 1.31 10.00 = 1.37 0.87 £ 0.01 0.64 = 0.01
C 3213 £1.84 11.53 £1.91 0.82 = 0.02 0.64 + 0.04
e 26.07 + 2.64 11.83 £2.90 0.82 £ 0.01 0.71 £ 0.04

Data are presented as mean * standard deviation (n=3).

Group a (Control): No adhesives used; Group c: Added polysaccharides, quality improver, phosphate, and low salt content;

Group e: Added enzyme.

Table 3 Moisture content, water activity (Aw), and weight loss of 5 mm-thick restructured jerky made from grouper

off-cuts after the two-stage baking process

Group Moisture (%) Aw Weight loss' (%)
a 14.20 £ 0.92 0.74 £ 0.01 57.16
C 15.63 £ 1.55 0.66 = 0.01 54.03
e 13.00 = 1.08 0.71 £ 0.01 55.41

Data are presented as mean + standard deviation (n = 3).
"Weight loss = [weight before drying (g) —weight after drying(g)] + weight before drying (g) x 100 (%).

Group a (Control): No adhesives used; Group c: Added polysaccharides, quality improver, phosphate, and low salt content;
Group e: Added enzyme.

Fig. 4 Appearance of restructured jerky made from
grouper off-cuts after (A) one-stage baking and (B) two-
stage baking processes.
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Table 4 Proximate composition of restructured jerky made from grouper off-cuts using different adhesives

Group Crude protein (%) Crude lipid (%) Ash (%) Carbohydrates (%)
a 44.99 2.24 48.38
C 38.41 7.25 50.59
e 42.67 3.42 50.63

Values are expressed on a dry weight basis (g/100 g).

Group a (Control): No adhesives used; Group c: Added polysaccharides, quality improver, phosphate, and low salt content;

Group e: Added enzyme.
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Fig. 5 Shear force of commercially available jerky
and restructured jerky made from grouper off-cuts
using different adhesive formulations (p < 0.05).
Group a (Control): No adhesives used; Group c:
Added polysaccharides, quality improver, phosphate,
and low salt content; Group e: Added enzyme. Data
are presented as mean =+ standard deviation (n=3).
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Table 5 Microbial counts (CFU/g) of restructured grouper jerky during storage, differentiated by adhesive treatment

Storage days
Microorganism Group 0 30 P 120 50 180
a <10? <10? <10? <10? <10? <10?
Total "(?\5’8 count c <100 <10 <100 <100 <100 <102
e <10? <10? <10? <10? <10? <10?
a ND ND ND ND ND ND
Staphylococcus aureus c ND ND ND ND ND ND
e ND ND ND ND ND ND
a ND ND ND ND ND ND
Salmonella spp. c ND ND ND ND ND ND
e ND ND ND ND ND ND

Values are expressed as colony-forming units per gram (CFU/g).

<102 indicates counts were below the detection limit of 100 CFU/g.

ND: Not detected.

Group a (Control): No adhesives used; Group c: Added polysaccharides, quality improver, phosphate, and low salt content;
Group e: Added enzyme.

Table 6 Comparison between commercially available fish jerky, pork jerky and this research products

Fish jerky 1 Fish jerky 2 This research

Parameter (Tuna) (Tuna) Pork jerky 1 Pork jerky 2 products (Group €)
Moisture (%) 14.17 £0.97 13.23 £ 0.60 15.30 £ 0.57 10.80 £ 0.85 13.00 + 1.08
water activity 0.70 £ 0.01 0.66 = 0.01 0.78 £ 0.02 0.62 + 0.01 0.71 £ 0.01
Shear force (g) 12,450 + 1,201 6,246 + 95 7,826 + 835 17,443 + 2,610 7365 + 829
Thickness (mm) 3 4 8 3.5 5
Price (NTD/100 g) 65 120 132 168 60-120 (estimated)
Shelf life (months) 6 8 6 6 6

Values are presented as mean =+ standard deviation (n = 3)
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Fig. 7 Sensory evaluation of reconstructed jerky from off-cuts grouper meat prepared with different adhesives. Group
a (Control): No adhesives used; Group c: Added polysaccharides, quality improver, phosphate, and low salt content;

Group e: Added enzyme. Values are presented as mean + standard deviation (n = 14).

BEEL (2013) RGUKEERUBIZE il b . 17K e REETRCEE, 2L
PR A EMcEE 102 FEREBETEITITHR HERRE, BROBUE, MER(E, BREUE (2008) ZARREEES
4, 139 pp. B AR AP . HIAR YRR
BIHBSE (2016) BSEERGMENR A & H 8l KT f— % T, 4(2): 127-133.
FAERE . BILGEERBRR PR RI ST FEHBEE (2022) ARSI Tl Re thHER L e % 3R
TR S, FEF%, 138 pp. FEBIREACE V)L LB F AR R
R (2021) A[RIEZER B2 H A P2 N D A L B PR fEEER S, #Hrdbi, 248 pp.
TR BIFSE. BRI BR BRSO B R it R BRI PR (2012) AEEIN T N RV B s T 2R AL
TE LB ERE fiE S, BFER, 62 pp. PREERTE. B HERERHOR R, TS &
55 (2016) IN T 2BOA SRR FUBRE A E I, 92 pp.
s BN EERRTERIERORE: LS, E, AOAC (2016) Official Methods of Analysis (20th
75 pp. edition).  Association of Official ~Analysis

W (2024) 2023 FhIERBEMMERSERETE Chemists, Rockville, Maryland, U.S.A.



FPEFGEFANN T P B EREAL 49

Boles, J. A. (2011) Use of cold-set binders in meat
systems. Processed Meats, 11: 270-298.

Boles, J. A. and P. ). Shand (1998) Effect of
comminution method and raw binder system in
restructured beef. Meat Sci., 49(3): 297-307.

Choi, J. H., ). Y. Jeong, D.J. Han, Y. S. Choi, H. Y. Kim,
M. A. Lee, E. S. Lee, H. D. Paik and C. J. Kim
(2008) Effects of pork/beef levels and various
casings on quality properties of semi-dried jerky.
Meat Sci., 80(2): 278-286.

Desmond, E., D. Troy, T. Kenny, C. McDonagh and P.
Ward (2001). Development of value-added beef
products: Research report. Teagasc, The National
Food Centre.

Esguerra, C. M. (1994) Quality of cold set restructured
beef steaks: Effects of various binders, marination
and frozen storage. MIRINZ Tech. Rep. 945.

Gulati, T. and A. K. Datta (2015) Mechanistic
understanding of case-hardening and texture
development during drying of food materials. J.
Food Eng., 166: 119-138.

Hong, G. P and K. B. Chin (2010) Effects of microbial
transglutaminase and sodium alginate on cold-set
gelation of porcine myofibrillar protein with various
salt levels. Food Hydrocoll., 24(4): 444-451.

Ismail, I., N. H. M. Fauzi, M. Z. Baki and H. L. Hoon
(2017) Effects of different drying methods and
hydrocolloids on quality properties of semi-dried
catfish jerky. Mal. J. Appl. Sci., 2(1): 11-18.

Ku, S. K., J. D. Park, N. H. Lee, H. J. Kim and Y. B. Kim
(2013) Physicochemical and sensory properties of
restructured jerky with four additives. Food Sci.
Anim. Resour., 33(5): 572-580.

Nisov, A., H. Aisala, U. Holopainen-Mantila, H. L.
Alakomi, E. Nordlund and K. Honkapaa (2020)
Comparison of whole and gutted baltic herring as
a raw material for restructured fish product
produced by high-moisture extrusion cooking.
Foods, 9(11): 1541.

Qiu, L., M. Zhang, J. Tang, B. Adhikari and P. Cao
(2019) Innovative technologies for producing and
preserving intermediate moisture foods: A review.
Food Res. Int., 116: 90-102.

Sadeghi-Mehr, A., P. Raudsepp, D. A. Briiggemann and
R. L. Stephan Drusch (2018) Dynamic rheology,
microstructure and texture properties of model
porcine meat batter as affected by different cold-set
binding systems. Food Hydrocoll., 77: 937-944.

Silva, F. A. P., V. C. S. Ferreira, M. S. Madruga and M.
Estévez (2016) Effect of the cooking method
(grilling, roasting, frying and sous-vide) on the
oxidation of thiols, tryptophan, alkaline amino
acids and protein cross-linking in jerky chicken.
J. Food Sci. Tech., 53(8): 3137-3146.

Yang, H. S., Y. H. Hwang, S. T. Joo and G. B. Park
(2009) The physicochemical and microbiological
characteristics of pork jerky in comparison to beef
jerky. Meat Sci., 82(3): 289-294.



55,

50 BEHEE « TIEK - 55 - HER

Development and Quality Evaluation of Processed Products from
Grouper Off-Cuts

Yi-Ting Pan, Ting-Mei Wang, Tang-Ying Gao and Huey-Jine Chai’

Seafood Technology Division, Fisheries Research Institute

ABSTRACT

Most domestically farmed grouper in Taiwan is exported live or sold as quick-frozen whole fish and fillets
with minimal further processing. This limits the variety of value-added products and results in approximately 40—
60% of the fish becoming underutilized by-products during processing. To improve utilization efficiency and
added value, this study developed an intermediate-moisture restructured fish jerky using grouper off-cuts. We
investigated how binding agent formulations, low-temperature gelling, and baking conditions affected its quality.
Results showed that restructured fish prepared with either natural gum or enzymatic treatment exhibited higher
cohesiveness and springiness after 4 hours of low-temperature gelling. Following a two-stage baking process, the
final jerky products had moisture contents of 15.63 + 1.55% and 13.00 + 1.08% and water activities of 0.66 + 0.01
and 0.71 + 0.01, respectively, all meeting Taiwan’s “Certified Excellent Domestic Livestock Products” standards
for dried meat products. Sensory evaluation indicated that the enzymatic treatment group achieved the highest
overall acceptability score of 6.5. Shelf-life testing demonstrated that the restructured jerky could remain stable
for at least six months at room temperature. Based on a survey of comparable commercial products and cost

analysis, this approach could increase the added value of grouper off-cuts by two- to fivefold.

Key words: grouper, off-cut meat, restructured fish jerky, intermediate moisture food
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A Review of the 35-Year History of the Taiwan Fish Database

Kwang-Tsao Shao"?*, Shih-Pin Huang', Cheng-Hsin Hsu?, Hui-Yi Chang?,
Chien-Ho Hsu® and Hsuan-Ching Ho*

Biodiversity Research Center, Academia Sinica
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Abstract

The "Taiwan Fish Database" (http://fishdb.sinica.edu.tw) is arguably the earliest and most popular
biodiversity database in Taiwan. It was established around 1990 by the Fish Ecology and Evolution Laboratory of
the Institute of Zoology at Academia Sinica, and has a history spanning more than 35 years. The database originally
began by collecting and organizing the most recent species names and geographic distribution of fish in Taiwan,
and later expanded to include specimen collections, species descriptions, and bibliographies, among other
academic content. In 1998, with support from the "Taiwan Research Networking Project" at Academia Sinica, it
began to take on a more public outreach direction. Starting in 2001, it received project support from the National
Science Council’s National Digital Archives Program, allowing for rapid improvements in content and information
technology, and making it a key partner of the global FishBase. Due to its comprehensive, authoritative, and fully
open-access content, it has been highly valued and recognized by both domestic and international academia. In
2011, it became a Regular Member of the World Data System (WDS). However, due to security issues and aging
systems, the database was taken over in 2016 by the Academia Sinica Center for Digital Cultures (ASCDC) for
ongoing management and updates. The original database was split into two sub-websites: "Taiwan Fish Database"
(focused on academic research) and "Fish Knowledge+" (aimed at public education). After the 2024 update, the
new version was launched with an expanded species list of nearly 3,500 species. The old version of the site is still
available for users accustomed to it, but it is no longer updated. This article provides an overview of the database's
origins, its development into an international resource, the importance of open-access data, and future directions

for continued progress.

Key words: biodiversity database, fish knowledge, ichthyology, Taiwanese fishes, database history
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~HEPRRE~
S FE Sy SR [l R

ARREERE 12 - Ay e >

R ERELE IS AR e L BT R R R B A MR P
BT S MR RHOR BRI R ER E St R SN A

[T

EEDCER SRR R SRS  TERE ARV S I AR RR A (Rl R
R~ AFERE ~ A~ 1T Ry) ~ ARG~ R ~ AE ~ SRE REIKENSE S - SRS
FAGEIHEE RIS, - A RESIMCEIRIER R B BT TR R DR T P

BRSBTS i T A RS ERIHET: - flAE 1956 SRRy (EREEHEENYEE) + - 2650
% 870 FHAH > IR A MERIRARSE 40 F.2A - R4 Rkt BB REE N - I
B8 1967 REAERNT EE AR EIY) R SR BRI RRGE 40 4F « fth 1993 4R L HmAy (ELIEAREE)
SEHEPHHY 2,028 Fi o _LSETLERTERIVEMERIESE — A RRG SR S Al e HBGR/K o - EEN
B > AR R R RE ~ S ENIR T A FIRIEE S HA TR GO B L 21
VR R B R R FU S ik i R BB e e

2000 £FE4 38 —ACERNMIFTEEARERT AR - ANBREREE ~ 1505 ~ HESFIE ~ BRIV ~ BRERME - BRS
WSS ~ ATECE ~ BHEE ~ 502 - SRR EERE SRR MR R A IR SR AR - M fPIRR A
FERIEREZS) - A DNA BAavBeisE 7372 H ~ BIeEa-Rit s dHE2nmise - in s
BRI BORSE - BRIt T 400 FELL LAHEFUETE R, b TRERG SR pTHOSRTE - poR I -
H AR R RIRHERRR - LA AL H -

b ARSI N B R R B R G R - QBRI - MOTHESREAE D TR
RACRIIERRT - MR ] B A B U A R S B A T A I 2R B A PR ER S TR « B2
e SRR B B - 35 B AT s 7 B DR B A S AR M EL R - bR
TSR RESL > AEFR ORI HESR ST A AR SRS SRR A A (R RGE - BRI SRR
NEEESZ A 35 SFRYIESE » TERIRSNESZBGL RATRE - IERERESE 2005 £ K 2025 FFFHEHES
ACEIER 7 JEAIER 12 JEAEIRA PR - R BTG 2 R Fer 22 -

ASTIIRZRR T st SR 2 Sy REER I S e £ B2 E R AR I ERIRZ S IR
FEOP SR ~ SR ~ BRI P AR B ~ S R AR R e HE
FREIET ~ SN S HERRY 2 HE ~ YIBRR IR RIS AR - USSR TS B S R 5
rRIWEIEEERREEE  TRRE Ry R TR T IR SRR TRCER -

— ~ EEARUT RSV SRR
(—) HNEISERERIFH (1758 - 1927 &)

EREEYOK OB L BN A 1858-1866 £E[H] - HEEI%HE Robert Swinhoe (1836 - 1877) FZ2
HEFTERAR  MLASEREREINY 28 RATAEGG KMRIEYIEE - BIHRHTARAVEIEEZR Albert Giinther (1830 -
1914) FEHZ AR CRICMEYIEEESHE3%) ok a0 16 f > Hrp 1868 - HRRAVER - CEE PG 7
(/K o > 38 b Ry B2 SR JEER AT SERBAN (Gunther, 1868) » .2 1% > Boulenger (1894) Eil Regan
(1908) Zyjjlitast 1 {lE5e 10 fE#HE - IS AL (George L. Mackay, 1844 - 1901) {EEEF TR AR
RS > fEHEFrhACsR Ny 18 FASH (5, 2001)

JFSCHE © Kwang-Tsao Shao and Hsuan-Ching Ho (2025) A Review of the Taxonomic History of Taiwan’s Fishes. Mar.
Res., 5 (1): 1-39 (DOI:10.29677/MR.202506_5(1).0001)
*EFEE / E-mail: zoskt@gate.sinica.edu.tw



1896 - 1899 £E] - HALEMNZ HIME (Tsunasuke Tada) fEEE{EHRE T 38 —HARAXEISEH]
P AE: > W Jordan and Evermann (1902) #E5REEf0%E 186 1 > £05 2 EHTE - 17 8748 - fyst
B — KA R T 2 FOR - RE R U ARG P T SR - KUR— IR fEB] R E S5 Hans Sauter
(1871 - 1943) 1E 1902 FERIEIZEEREE » 18 —HATANIREE S AE H AR ARG o & SR BB % - Wi
Jordan and Richardson (1909) %% 286 fH=EYfE - 5 | (EEE R 9 EFHE - LULSEHIAY Jordan and
Evermann (1902) ZC#%1 186 f# = 5351 Jordan and Snyder (1908) #yS 2 3 Hrffiyieri ok -

LGRS B L T PEHR R AW ST 28 F O Ry H AR A 5 K S5 TR (Oshima Masamitsu, 1884 - 1965)
fifE 1919 R T (ZERR/KFRIZIIZE) - it 7= 76 18 (f5 15 i) - [F4F > Jordan and
Oshima (1919) 5% 7 2= (BHESAV)fE) (Oncorhynchus masou formosanus) - Oshima (1920) X &5 7 R/
FRTHBRGR S - MELECER TR U 59 M - U 4 TR R 10 TR - BUE T R /K SO SCR AR
[tAh Oshima HAfF5E2@RMHEL - Mt ~ GRA GPRFER /K Y - H SR HilE— BREA R =R
(Kiyomatsu Matsubara, 1907 - 1968) 1938 FE 5211y ( HAE kR ) F skt £k 283 i - [y
S—FF CHAEHERE ) (MH, 1938) RIERE 430 f8 - (H RS A OURAIIREE - #8.2 » 2
AR RTHIEERTE T R BRSE e BT Ry - HLEC S B =Y SR 500 i -

(D) F—RDREE (1945-1970)

UL > BRHEE#ER (Chen Johnson Ta-Fu) (1898 - 1988) ES e st fifyaE - ZiEARSSE -
HHEEE YRR - REEARHIR - 1955 4 EEIEHHIE ARSI - ARSI - 1956 Hill
T (EEEHEEYEE) OB 870 ff - R EFREAEMENERA » K3 40 2 - IR e IL[E
YEZILEEER 14 {FHALEHFE (Chen, 1948, 1963; Chen and Liang, 1948, 1949; Chen and Weng, 1965a, b,
1967) » 26 B Z IS ~ FLE AR AYIAE - Chen (1963) 3R 1 Wil 2@ B iE & A
SR BRI R DA B SRS BREE B A, - SRS B ) 2 U B B - MR AT IS -

[E]—IR > kAR BT BAEFTREK £ (Teng Huo-Tu) (1911 - 1978) B HIE HAKE: - Alid:
FAFREAHA - GAE 1959 - 1962 £F[f > #8311 &8k Forie DL s 285 — 8 5 @i (Teng, 1958, 1959,
b, ¢, d) » HAEEI G NI ITTHPEER B R ER o FHEELK LR RIVBIEE R (Yang Hong-Chia)
HIFE R OB TG - SREEEE SRR LT T » WA — te R FiC sk it » DU B IR
P ERRSERERS - Fr2 2R RS S S E R A (2 AEER ) RSO R
] > A A — RS -

(=) FZRDREE (1970- 1990 F)

PR R RS G YRR (T - MR PRI SO B AR AG RO R AR T 44 8R (Yu Ming-
Tzeng) (1928 - 2011) » AT ARBE SR S EFESCRBRR 1 (EEFTHEBNYIRE - 1R TR (BREET, 1986) »
RS T 2,252 M o fth R ESREEVURRT (RIFREIY R 2 ARAT) o FRZKEEHIRRGE AR (T, 2002) - 2
RENWIR A EET - BRI - UK M > BN S AR A SR S R JHER R
IKf » ZE{EM (Lee Sin-Che) ZUEFRIVERA: - FRLIRRE A - FRERITAEILMTHEILHE - NERERE
KRRV > S EIRBARIER > TS EIEAIE TR - BAKFERNEITEE] Bristol XE2 > 1E
SEpR A SRR B Peter Miller AUFFRE NSS40 - [MIBR RS2 ATHERS 2] P T BeEh VAT (L1 -
BRAARIE R B H [l B SO S A V) BB B (Chang Kun-Hsiung) G {ERAAFAANIFE =T - &
FOT 5 iR b dn - B3 TR R ALTR Bl I T TR AY 30 BREEHTAC SRR (Chang et al., 1969,
1971, 1973) - Chang et al. (1978) X LI/K[iv# /K SGiERgIN 7 40 Fl ST A0 SRR A HIHHIRE 8 - 1980 -
1990 7 » ZE(EHAE I BEEIPINTFERT T TS0 AIEE 2R 7 —LoqE = AIlIv5 e BRI P Fe A 70 2R A RE R A
5 (Lee, 1980a, b) o MR AL EIIERE D HEME > T AL - ELE] 2017 F5RK -
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R R R SR B R R IR E R ENYR UL HEAE (Shen Shih-Chieh, 1926-2025) iz 56 - fil
1959 43tk HARBR USRS - JIFA) B B/ SORENITE > &R 1966 F-LIE Y L H SRS SR
2207 > WP REFREIEAEE > HE 1999 F56R - RIS HERNRE 40 £ - fife
B8R - IRENRY I HARTSE « M ST BUKIRAEIS B - AT PREC S H TR AT AR T > S
Bl 3 EHTIEG ~ 40 AR - DU b RSSO - 1970 SR - MR EARRMGEE Ry mifEA [FIERY
B g (Rhinomuraenaquaesita) - AL a1y 3 (EAF AT EZ A —HE © HERUZ RO > BORiEf
s (Shen, 1974) « ZBAMSGEEHZRIFFL (Pomacanthidae) thARAMIERS: - MEMERE AR > B
SRS SIS AI - S SEMERR I (Shen and Liu, 1978)

(O) FE=KD|BEE (1990-2000 F)

TERSEVERT M ERRAVERErp BB (Mok Hin-Kiu) KA (Shao Kwang-Tsao) BHUufg/k i »
AARRREIAERE ~ 175 ~ BCAIPR T AN R - AR L AR 5 R (Tzeng Chyng-Shyan) HI|
Bk S - (ETEREIER 1AL » MAE 1978 - 1984 G TRZ S BLER R - ikl (Z=EInRk
FHE) (1, 1986) » WOSEREAREEZAE 1992 FAE-RIBE AT Sty " S AR YA A B e, 1Y
e SEEH (Shao et al., 1992) Fdgk r/KF 151 fif - AREEIERIIE a2 IERERH/34H (Shao and Chang,
1978) » BIERAE IR EIEAA T EYETITTeBIEE - FIFHZKIvE /K BRaaER S e - SR s eR
BN - Horh DS - AR EEAR (Shao, 1990) ° 1983 4FJE H SEMHKI AR M E I B 2 JHEE -
BROREZREFIASAS TAF - BEREFIBRIE N RBRES ML RIRE R R ~ AR M - FEEEA SRR (Shao
and Chen, 1987) ; DU AIBHPENE I [R] 28 R E iy =@ 5545 (Cirrimaxilla formosa) (Chen and Shao, 1995)
2 A £ fiEiE (Chen et al., 1996, 2008) © [ 7 EHEEAEEBRITHIAEE (1943 - 2008) 1977 FEHIZEH
ARERGURE: » U E SN SR AR YIERRIMTE - AR A e e e AR U SE SR B B S e A v
FL (Joung et al., 1995) - - — - :

1985 E42 » BRSNS
[ RSB - ATV - 4E
o ~ SRS ~ IR ~ ISR AN
RSB S A TR BB %
MRS PO SHRE 2,010 7 » 445 75
VKO - 1,953 FFRERUE - JUPE
WO 8 T - W 146 T - TR
41,790 T () 1)° 175 SR T iR
T (1986) iR SO B
S BT - SR
TSR AT -

B O B U A B R
(Labbish Chao Ning) 2EEMZEOE L ! " - ~ -

b > L S AMEEIAIE (1993). R | RS
i;ﬁggfiggﬁgzg;;; i CHEBE ~ SR ¢ AHE-FE ~ BT - BRI
e (ASIH) AOBERE@E - B IR TUCN MUBAf REaRes NI i SR A - ARk i
IRV A I R (E A A B+ S TSI 4. (Johnius macrorhynus) (Chao et al., 2019) -
S ATAE R 7 AR A (Chen Meng-Hsien) ~ 8246t (Chang Chih-Wei) S5t [l {HitiAM+
4= Hafiz Hanafi SBREE A E ARA%E (Hanafi, 2023) -

33




(h) FOKDEREBEE (2000 - 2010 F)

2000 FEACHIHA » BLREE B AR AR BHARZE (Chen Yu-Yun) FI| RIS A EE 2 SRS TR IR B R4
IEf8 (snake eels) k{518 (cutthroat eels) HYYJfH (Mok et al., 1991; Chen and Mok et al., 1995, 2001) » 55
HPFREEEE (Kuo Chien-Siang) HFSEEHEE (hagfishes) - Jei&#R 8 fal#d - W EBRWIET Rk
FLEEE8 (Rubicundus rubicundus) (Kuo et al., 1994, 2010; Mok and Chen, 2001; Mok and Kuo, 2001a, b) - [
TRy B2 £ KW (Wang Ta-Ming) 5 I 7K B — 5% 3 B il P $R SRR AR A BT 3 223 19 15 BE Fa B}
(Myctophidae) JEfT404H » HEF8EEH 16 & 40 {EF# (Wang and Chen, 2001) -

a1 AR EEHE AR A S B M S SRR AE (Chen Tien-Jen) &1 2002 - 2012 FEAEEIR & . 28
NERAAS [YEEEI ST /N BB R beam trawl FT otter trawl » AT — ~ = ~ =9RROKEA—5k
ARBEA - PTEREEE] 3,000 - 4,000 22 REL ERYERIGFRSE - PR AT Al 600 A RIZ Efuig/FE -
BRIGFE DUR RGN - K5 A 2 Al #5835 1Y RE 4 1 B 1 4% 0 < @5 £8 (squirrelfishes) ~ K~ i
(liardfishes) FeifE2effR}l (dottybackes) (B IFSE Chen Jeng-Ping) (Chen et al., 1990; Chen and Shao, 1993, 1995,
2000, 2002; Gill et al., 1995; Randall et al., 2003, 2007; Chen et al., 2007) % 8 {H#fE 5 BEAH
(Myctophiformes) (F-HH% Wang Ming-Chih) (Wang and Shao, 2006) ~ E[1f4H (Stomiiformes) (BZ5&E&
Liao Yun-Chih) (Liao et al., 2006a, b, 2009, 2011) ~ f#f#H (Lophiformes) ({i]'& B Ho Hsuan-Ching) (Ho
and Shao, 2004, 2007, 2008, 2010a, b, ¢; Ho et al., 2009, 2011) ~ BUEMER! (Macrouridae) (F85f4 Chiou Mei-
Lun) (Chiou €t al., 2004a, b) ~ HfHEL (Cynoglossidae) (ZEj%%% Lee Mao-Ying ) (Lee et al., 2009a, b, 2014) -
Bl E (Ophiformes) ~ HAFHFAEL (Alepocephalidae) ($£{SHH Yeh Hsin-Ming) (Yeh et al., 2005, 2006a, b) ~ g
8%} (Ophichthidae) (FfZkf# Chiu Yung-Chieh) (Chiu et al., 2013, 2018, 2022) ZAEREE/AEHEEE » B8R T
AN FEELEC SRS © H A R SR I 2 - KA D RIER USSR - 218 - LR
SRTREL U [ S SR 2 i A E B R RE T B © 2008 4F » AREEIE S [ 2SI o ~ Fvedbal e
S REO8E 2,133 F o Hordb - 8 10 f ~ S fi 80 Ff ~ RS fafi 2,043 fifi (Shao et al., 2008) -

FER K SR e R i 2 2 U RRIBR 20 (Chen I-Shiung) - 2 AREEHAE 1992 - 1994 F-HE 2 it
4 > 29 Bristol KE2 Peter Miller (4% 1996 - 1999 F4REAY#H 14 - BRI Rk -
fllE 1994 FEREEL T AT SO fGES AN G1F - HIMR T CEER/K B TI#AEEE) (BREZTT, 1999) Ke—Lei
FEAHE S o S S B AR I S 2 B R it inte (2B KRSERLRE ) » FHR /K RE e
# o LA = AR S P E WA/ NI [ET TR R ER AR ) o 9 » N E 73T 2 BT A IR /K
(BREE, 2012) < STHAIR G BIAREE Zootaxa EM FSHZS AR I BIRRIET & FrllEam L5 (Changetal, 2024) - Hf?
Frigaese 1 28 M FUHTHE - #EET - fhE 1995 25 - 7EfERFER (Gobiidae) ~ ##F} (Cyprinidae) ~ Efifk
£l (Balitoridae) ~ RAEAER] (Adrianichthyidae) ~ fifif} (Bagridae) ~ =fEfRF} (Tripterygiidae) Z5yg7K ~ /11
Bk R EESR 4 (TR 105 EHTHE - Bl O R - AR/ RG22
I A8 AEBETAE - WIREAG LAY 46% » HAA 31 MR /K SEHEE T8 (Chen et al., 1995, 1996, 1998,
2002, 2006a, b, 2008b, 2009; Chen and Fang 2003, 2009; Chen and Chang, 2007) » 17 f# & iGrEALE - &
A R E R AR AN GIEGE (Formosaneleotris) (Chen, 2024) -

(V) EhRDESEE (2010F -)

BT HATE S A ST IR0 IS B ENRE A B ARREREE T AR B IR ~ BRPRIE
BB ~ B - 2558 ~ BREREEE NE R AR « TEMAELENE T - SRR 15 N
EAMEHIIEDGE 3,500 F& o EATHAFIER 2004 5k 2013 53713858 7 2@ sl fUE 9 (E#Hid
FRAE - MAYERA (RS (Ng Shing-Lai) 2 2024 1 EERJE (Etmopterus) PIRERYIRSE - 2R —MEIHE
EEZETIAgERE (E. li) (Ng et al., 2024) -
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BV B R B R IR IR U SRR 4 A ERAEEESESE (Loh Kar-Hoe) BT R ARPERE K
B (ERERIREN D TR R A TE T - B ROR TR (moray eels) (Loh et al.,
2012, 2015) - BBUSRIAREEIELUL 2B Dr. Thomas Munroe SERHHEIREYAE 55 L S oL By RIS
(Cynoglossidae) DL JEAZEGEGRIY AT - GRREE=E 8 [l - 5 5 MR (Symphurus) -
2 fE{EfEE (Chelidoperca) (Lee and Munroe, 2021; Lee, 2022) - ERFkEERIE M dE i8R (Ophichthidae) » fEf%
PRI R A FHER - AR (Hibino et al., 2019; Chiu et al., 2022) -

HRLARERABETEAR (Liao Te-Yu) HESEAMTTESHRREEALE - BIMBAYELA: 303k (Huang Wen-Chien) fff
FEIF R RAERN RIS - Y250 17 7 {E#fE (Huang et al., 2020, 2021, 2024) - L4} - HEER
TR E AR B —EECER D o EHERL (Chou Tak-Kei) HIIEEH!HIER@SAHE} (Scorpaenidae) 1
29 & 85 {EYyid - 25k | ET)E ~ 1 (e 5 3 fE#raCEkME (Chou et al., 2022, 2023, 2024) - {54
AEAERR (Jhuang Wei-Cheng) RAIERGHNR/KERFRFRIR} (Sicydiinae) AR BAEEAIBIGIUEEEL - i F Il
FriEEE I E (Jhuang et al., 2024) -

] ‘B B8 AR A - JUT ] S DA - (Lophiiformes) #9788 Fo iF S8 AR RY - BIR IS T i F i H
(Ogcocephalioidei) ~ FAifaRl (Ogeocephalidae) ~ f##ER} (Lophiidae) ~ BEFEE £l (Chaunacidae) % » 4
AT 5S4 T - R BRI RGO EE ST - 2010 ZEA AEITR S, - BEN{E i s K fa i
PRAREAR » Roig A gabin B S M - MEET 2 RS FR - BANEEEERL (Pinguipedidae) (Ho et al.,
2010c¢, 2012) ~ JaRkFEaFR}L (Synodontidae) (Ho et al., 2016) ~ fEf2H (Gadiformes) (Iwamoto et al., 2009, 2011;
Ho,2019) ~ DURHRIFT a7t (Paralepididae) (Ho etal., 2019a,b) FEAERAMNIGE - 325435 2 #)& ~ 154
flEFErAd - Hodh 81 fifiEE H =1 - LLAh - it B HECERER A I A0E (Ma Wen-Chun) S [F] 328 5 5218 7 R
SEfEHTE (Ho and Ma, 2022) » Bl RELABESE (Tang Chi-Ngai) #REZE LT TE (Tangetal., 2020;
Tang and Ho, 2021) DLz {Tu e S e 8 fe ZEf% (Ho et al., 2022; Ng et al., 2023) - # X (Su Yo) Ry
HIRERRSER o) B B B == AR - RS TE AR R R SHREIME (Berycida) » HETT R REUEFTHISRES -
FTEELETHCER (Suetal, 2023a, b, 2024; Su and Ho, 2024) - ##31 - falRyB2 i T B RO SRAE - ¥
T FRERERE K R SRR R K -

PREEMEAH 2L =M, (Huang Shih-Pin) K E{H2 (Wang Shen-Chi) HIRERE{E =8I0 2%
Ui~ R AR AR /K Sl MR SRR R 2 (Wang etal., 1996; Chen et al., 2022) » B3R T
PRt 1 S8 4 (HETE s e s8R} 1 {87 (Chen et al., 2013; Huang et al., 2013; Huang et al., 2016a, b;
Chiu et al., 2018; Chen et al., 2024) - BiZHEHEEA9IT 5 (Chiang Min-Chia) B35 = fE#HR o » 4£31
e3¢ T 3 {EHfE (Chiang and Chen, 2008, 2012) - Hi52 7 FIJE4E /7B 4L (Tonisman Harefa) » HI/E g
KA FE - AR Trimma DU Priolepis %535 1 #if#i (Chen and Harefa, 2024; Chen et al., 2024) - Z=EX &
Qe fRpe 8 2 {7 (Chen and Li, 2024; Li and Chen, 2024) Lk B ifERE o FGAE 1 fif
(Formosania gilberti) &% (Yehetal., 2024) -

(B) & 20 BRFHNEISEEEM FRACER

FARBINE oS ST i R S S AN 7E 2 DUE IR AR & HZ PR E R LU R ZEhe A
B o RN EE AR GE SRR - EH A  JERE A < JEEERSAE 2005 4 -
FUEHE AP RS SN 1A DR ES - FEEIRA e AR Ik [ BREE
AR - PR T B RERARASS  AEEETTIREE - MR ST R A S I P ER R - AN
EERREEL (Acanthopagrustaiwanensis) (Iwatsuki and Carpenter, 2006) ~ Z#EE# (Torpedo formosa) (Haas
and Ebert, 2006) ~ =#SEHFSE (Nuchequula mannusella) (Chakrabarty and Sparks, 2007) ~ B /I\ffi (Scorpaena
pepo) (Motomura €t al., 2007) 55  FLAMBANE TEF 2 & EHFFERIZLHE - fERRAY 20 b - A Ml
BRI TR S -



1E 2000 L - AREEIE (@ S AR E S RE - HEE BIFRE RK A 2 RS AE - AT NEHEREE Tomio
Iwamoto (EEfE) S John McCosker (Ef8) ~ SEEIHERUEKERNY Ted Pietsch (FRIEHFEF) - SEE] NOAA 1Y
Tom Munroe (Ff#8) DLk ZEE Smithsonian i David Smith ((8ZH) 5 > & TEEIsEEs) » %
HIFZEEEH, (Chiou et al., 2004a, b; Ho and Shao, 2004; Iwamoto et al., 2009, 2015 ; Lee et al., 2009, 2014; Lee
and Munroe, 2021) -

2010 4% » {o] B BEEGH T R 2 AL ANA4 kB SO S R A A TR TR LY - R Fa e )
HACFR IS 181 1 R =AY E B HE R R ERAT 7144 - 8 3G8EE John McCosker ~ Yusuke
Hibino SFE2E 5 » tliEL L E] Smithsonian B David Smith $EFTHFSE » MEHHRA TFIFEEIRILE S VR
FeEE g SR MR AR T BE 30 LR LR 40 ZEETRCERIE - N LSRRI STRS
R OISR ZENI AT 250 M - RGP H 2 RmE#H (Hoetal.,2015,2018) - {of & BEFEARFT:
LRI BN/ VR BUTRNERERAREY) JL[AI SRS R A A - SIiAE 2019 SR HIRR (EERTEL A
KRB ) ACER - R 60 {EHTRE - 116 ETHIERME - S92 WTRERYFTHE - 2 ILET 1,406 fHYP94E - #7517
T % 2P RENIACER

L ARG BRI R WESE TR

20 THACHY 30 F-AX - FREIFRIHERRSE iR A Jordan (1923) HYSERAE - 1955 FEARIFFIEESE Lev S.
Berg (1876 - 1950) #i&GEIARAMLARM EHEL —E5C5EN Berg S2#f (Berg, 1947) - SR HhBI S HEER T
DIEE (1958) FEMBERESHY (LR ) itk ] 138 — 5% # - Greenwood et al. (1965) [KISZESZFFEHIR
(Cladistics) Fyg2% » B BURHUR MEOKIRBERYEL - A DAPRSRE LR PR BRI B SR AR A L A 43 B R
A T i HARISRIHVERE » B oKBCECE R EER R A E i 32 T IEARAYRME -

Joseph S. Nelson (1976, 1984, 1994, 2006) Riifed:HR T PUERR AR (5L EA%E)  (Fishes of the World)
—& » EE T ERUE Bl b AR R R - EHERZEER Greenwood HYSRHE  1H
Nelson FHHigik 1 ArE CANEBAENNLAREERE - RS/ BHEIT (taxa) #0 7 ReEAHEE - S22
FERFYRE B SR T B

PRI FASAR 7 R G BE IR ~ SR RATAC Z BN - DU/ B T B B ER e Hidoe = (A,
2009)  Nelson F#5Jt 2011 F3 i BATEE FUARAIZAE Terry C. Grande Jz Mark V.H. Wilson HJ{55B) ME
Z/HiRR (Nelsonetal., 2016) » ZRIIELARER 152 70 T ALAOBFTREIR - Horh SR e Eie o Ja s e A daisg
K WA —EERIERE r FA R F FaE[R] - (RIS A543 - FRIN b0 it o0 B ER A R S i o5 B B
% ANET S S FERE S I 28 S ARV F IS Ty - (RIS S BIRE F3AT AR o B R e G
PR FH B 3 SR B T FOER ER L R 5E 2o AR IR B0 - T Bk £6JHH | (FishBase) (Froese and Pauly, 2024)~
MNEHERRE (CAS) 1y " YR $R &R | (Eschmeyer’s Catalog of Fishes) ~ " i UG rE LR E b
[ | (World Register of Marine Species; WoRMS) DUk " ZERIGIEA Y EE R 1 (Ocean Biodiversity
Information System; OBIS) - {EJFHI_ L4311 Nelson (2006) FE= - FFBZI R 2016 RHHT-RARHIZEME K4
T -

REE R HRIR A LI #E Rass and Lindberg (1971) Z3EURHE - HILSF (1999,2012) Firifw

By (ISR ) R (I SRRIBE R ) - DURGRSE (2021) AT RRAY ISR A 8% —
HA BAAGER Nelson (2006) SEPURREIIRRAE © FEECE FET1H > ARKATATHK Compagno et al. (2005)

HETERT - ZEFEIHERH (Taiwan Fish Database) HE 1997 FBHuGLIZK - $R Y3 BRIER E B
Nelson ERJFTIRARNAVEE R - (HERHELE 2024 FAARGEER TR ECRHERIE 2 2% CAS 1
Eschmeyer’s Catalog of Fishes » ZE438%F T Nelson 25 7SkAYRHE -

AREEIEFE A4 M5 (Lin Hsiu-Cin) SERCEESCE IR B 9258 - SIS NA S22 1
Ak Seripps YRR ERTAGEE 1 - {EHNEE (Blennioidei) RURIANIHIIIH » BRI FAFEHEST



e R R ~ B A S B IR 71

BEALERGY o ftilal B RS - B E RS AR SR T 2 EHriceRtdE e 4 (E8TiE (Su et al,
2022a, b, 2023a, b, 2024) -

BRIENEFE B IERE FE 44 (Marites Ramos-Castro) » I{T-ZRFEE [sabela State University » BEIEHR
i8It H RIS S B2 A LEhT 7 - 3 FGREIP H (Anguilliformes) Jfi#F} (Muraenidae) HYJSERERE
Ll ~c & (Ramos-Casto et al., 2020, 2021) o

AEHANPRAA SRR RN - Kt gER RS (Mediodia et al., 2024) K R#fiE2
(Nolf, 1985,1993,2013; Schwarzhans, 2014) - tt4h » E A @ REEF5HIR R - B2 REEIREYH - KLE A
E e EARE AR E I LA (Linetal., 2019,2023) - Fififffgiosh T (Lin Chien-Hsiang) 34

Ngetal., 2024) » DS AE L BES BV SARTEATE A P E 82 (Lin et al., 2018, 2021, 2023; Lin
and Chien, 2022) -

EARIGHATHIBRE = 2001 FEREZEFEBIMERE NSRS FHHENEMEE B AR B RR RITTE LUK E]
FE-PEA R AR YR BFSE - TR AR FEREE. DNA (o Bhifg Or 25 d A =218 s /K skl /K SRR 70
1fi « flLE 2009 JREIZ5 TR 79 RitTeid - TEAUREEYIT LS (Ostariophysi) FHAREILEL K
[ oyt e RREEERL R - WTFeRE iR (Lethrinidae) f2EKHRE S (large-eye seabreams) FYFEAL K HsEiis
H o SRRV SR S R IR U BGR © FEEER AR ANRESRAE (Lo Pei-Chun) FIBR A
(Chen Jhen-Nien) SEf7EETEREE ~ (LaFIAEY) I EAEEIRERET ERIEE S (Actinopteri) (Chen and Mayden,
2010) ~ Acanthomorpha (Chen €t al., 2014) ~ Elopomorpha (Chen €t al., 2014) ~ Sciaenidae (Lo et al., 2015) ~
Pleuronectoidei (Campbell et al., 2019) ~ Actinopterygii (Chanet et al., 2023) ~ Ophidioidei (Wong and Chen,
2024) HYPEERAE ©

= SO RRA S R R B

P EE RS A M DA KGR (0K ) RAGRAS (S - TR R AMEERS R
EFEgE L A —RSEEAR - ZREWIRAE 1990 557 tH EERRERR SR T Ry =18 kAT
AR E KM - (HE] T 2000 F-48% - FEZERUAREIRNESS 7 R rhitbe BT D& k)E L - il 22
SR EEM SRR - A0S 2004 - FHENPIFTIIRS 20T O LA A I AR T FE LG © HERE GREME ~ 7
EHE) A BREE) ~ HA (MISE) ~ BHEE GRESIR) ~ thlRE GRS - B B93EE MRt
gl AN DAEA - R DA DVKEEEAR » ERMFFEREARIDIEA (5L Chiu Tai-Sheng) #%
HAE -

DAESE2EATAAE 2001 SR DFEAL > WA HEH - Fraefe#lt— (NDAP) e —Ji] (TELDAP)
BAZAUE B2 RTISCBI S - HRTEE S AL AEAKR L ESE AL - WA — R R B A
JEE o G ARG o HATE B b SOEA RS B0« Thithe (25,211) ~ B2K (8,652) ~ HgZARfH
(6,298) ~ 7Kk (2,470) ~ BHELE (1,680) ~ ZHEE (1,470) ~ #ERHEE (1,230) ~ K (500) LURIHK (500) -
FE AR AT ARE G 1,300 B - Horpdg 300 FEATA - HRTARERAERS ) - A A B ilpea T e eitis
(IR R - A SR SRR o - AT TR BE TR 1% - REEFTE S A PR A L R
RS TAERIAMGIIAL o 2R ARSR 28 A R BUE TaiBIF ZRUEIFRE TS -

ST SR W IB S 0 BRSNS T > BT 20 SFRARIEPGEMBRIN M - 1€ 1993 FIK (28
FIERE) TFTRCHERC 43 H 237 B4 2,028 ff 5 ] 2008 4B FAHEORHERAT E 8k 47 H 290 £} 3,008 i -
2010 4 - AREEAAEARAY (2010 ZEYRESS%) S ERENZEEY) 51,218 M - BiP5TE 34,154
il Hirb e 2,897 B 0 RBR 111 YUK HIGSRETERE 2,786 Tl - RUATEEHE 11 B - el i
168 Tl ~ 5 il 2,607 B - [RI4F - BRIEV-SE (2010) #o& 7 HBRAESR TRk Mg 1,154 Fi - 2018 25
48 [ 298 F} 3,121 fifi ; %1 2024 F14HNE] 304 £} 3,480 Fifi > ~PEIFFRINGIN 15 FE -



72 AREERE - A E B

IR E BB - Y2 2024 FEIRIE - R RS st Ry SRR 495 1 > H1Fk 114
TESRSSCRE BB 1R - AR Ry 381 i o HrPU ST 80 R Rl vk - K 400 2 fafil Ryt /K Bk - 41
DUHACEE ST © 1960 - 1990 4K (PLTHHEE) BHn 41 RHrE : 1990 - 2000 4K (AREEAT) #9540 60 f ; 2000 -
2024 FEARRABAR LAy et THAVKER - FriPGER N 1 232 16 - 5.2 > KERHUHTEENSAE 2000 4%
FITSE NGy - SERUREEFSE IR NMEZREA A - T SR (8 2) -

X

] ‘ +
(1945-1970) /| PR

l
I I |

B
(1970 - 1990) RMEL ARt RE®  FaEt sxtT?

2=10

o=t ) EER | RMR || BKER | NEE | ¥ ¥ | mERt

LI | —

BER @ pen B2 HESFIE BmEC
ooo-miey ) | TR ! J ! '
B MRS OEE  BET
#3hEB
B
e
ERE
it W
L HEHE
E3°E BEE B X
BER L8 Eme B E
(2010 -)
W — ERskE: | B8
P ] B 3 HFH

2~ MR H 1945 EEDUERIC T KAIARIFR i 0 R T I ABEEDAE 50 ALLE -
AAARGR B ERE DU T LB s - G0 - HRTSORA RS SR JET
FiE RS R

3T 20 BRAFZK » IRAEAE ~ TR LU B R B AT A MR R - RS [FF 2 BB A T
4% o N Northern Territory [E4JfE (Y Barry Russell (Nemipteridae ~ Synodontidae) 262%3& 3 2@ HEI THFSE -
TEINHE 2 F] S 9 8E Martin Gomon (Cherodon ~ Hoplostethus ~ Chlorophthalmus) ~ S£E] H #X 52 fl#8E John
Sparks &% (Leiognathidae)~ #5537 H ASHYEE 58 B AE2 Hiroyuki Motomura B &2 ~ hiEE K2 Kunio Amoka
(Bothidae) ~ Kazuhiro Nakaya (80E f%H) ~ Toshio Kawai (Peristidiidae) [EFEAETHENTE %R SE508%
HIMRERERAEI T ILY - WEBESET S G TEIFSE3E3% (Chakrabarty etal., 2010; Nakaya et al.,
2013, 2020; Russel and Ho 2017; Amaoka and Ho, 2018, 2019, 2022)

LEAE > HHERSERRARSE S H AR IR T 2 S B Bl o v R R AT AN U B A R e AR ) 2 B 1 Bt
gLy - Y 2,020 1 ~ 5,689 IR EREA S 14,345 SEWIRGEEA 5 AR AR AT LA Z 3t i OR
L © ATAREARE R AT fEAE, B AR - EAEFEURA > SRERRAESE (https:/taibol.biodiv.tw/) < IRZEHR
A B ATAS T 2 H AR S o8 E 8 T LAYITSE - A anfeetl COI 2 B kB AL 5 BIFR 2 Fish-
BOL FHEfERMEE Y - AEEARKIIRN ~ (FHER ~ i B &Y< #ifd - DUSCREEFAIR ~ Bl
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B EORE < TS CE LA RIBY - BN > 3R5¢5E (Chang Chia-Hou) 2015 SREESEMAIRAEYBHRERS » &
F R LA RS RIS 52 - SR EER] (Acheilognathinae) FAHEEI TEIAIIRIVERGT SRR ARIA
#9 72 fEIRERD 6 fET%U® (Chang et al., 2014) - ITHIHAE TSI MR (Synagrops) HY—HHES A HTRE
(Mediodia et al., 2024) - il R B 25 A S8 R AR A fERAAYTSE B (Chang etal., 2017) 5 (ARG AR S
TIERKEE S HIEREEERIED (Chang etal., 2016) -

MT- G AR S B R AT (TELDAP) BUSKIET - BB ARRREME IR BRI
Felbe) > WO 1 TR S B A AR A LA TR R BT SE e AR P 2 AR M e L > AR T S E A
(Lin and Chang, 2012) - HbfFerIYI 2 BIENITE YIRS - BR 7 HGERAEAEAS) > AR I XOtF
DURCER 73 Sa PNRIFHESAORSEAS » SET RIS SR i A3l

VY~ SEEARI LA - LB B HLE b

1990 48 > ANEEIGERIR S MR E G 2B  » FRAGEI 2 S 2 i (k) Radieith (K
i) FOERFRREREI TE R R ERIER L DU S A 2 ISR B A DR 2 T - BRI ST R
BR T RGN Z T B TRC SRR L S - ] SRR HE SR R AR SOS  E E E SaR TR E S
BRI EL R BN > AUfT ¢ (1) SRS A B - TEAFRIAE B BRR B R AR R S e P a5
[FJRF LA R S IR ER R (2) BRI A VYRR i BE A R EERE S (East Indies Archipelago) 5%
HIFHIR =5 (coral triangle) HYAL#: (3) RLAAHRIG ~ RIlR be Fifl — {8 KPR /ERER (large marine ecosystem)
WacEE - H T AEREECETT ) (ecotone) (ZAKNE ¢ (4) EEUHSEEMINZ MR & - ERA MEHE
B P~ KR B KIESF ARG TS o SR SRR L ~ RLREAR - VD IR AR
AR IR ERER B A BN EN R YRR - ARV RS R E - 2T
FEAE 50 AR BrokH R g R RS o SR Ve R - REONIG I AR A AN A L BT AR A -
REEIMKEAIEBT A RELL - EEFF 22 IR B 6 o ISR I oA 5208 e o ik B B
BAT] ~ /NRER ~ MRS B LS RIS  (5) FRASHRER ~ RIE he/ NRER S S 1 22 2R gl It A28
BLAGHR B 152 KR s e /K TR N2 A A
R AR R R AL 228 4 - 5°C » K2R
AR A YRR th A S WIBARY 22 5 > HLp SR
FER AL A DU ]2 S5 BT (Shao et al., 1999,
2002) (& 3) - Bt4h - S A A E UK S TR AT
AL » TEREMS Ry R ~ LRSI PR s A AR A K
SRR B EVEEFEAERY T i | (geminate species) » 7]
IRFAE SRR SR ~ TR ~ PRI - Bua ik 394
o BRI S AT ] DA [ R S e A [ A JES S A

EYREEREEE T - SRR TR Ry B 3 B AU R LS R
- MBS - AERERTT ORISR e e CEIER) IR (SIRHES, 2004
wakte - S

ERE K SAHAER 515 B L AR B P P R R R 73 » o R A
F SRR SIS ~ P BALeFrl = (MBI (Tzeng, 1986; Shao etal., 1992) » Jh% ~ i » Pk »
PR (A BB TRHIERE (BRER, 1999) (1 4) © MEARIZHEY - TCSHEL R LRI I TR
SLE I THUGERAT - - BV R RIS - ARIGEE e R0 SN B & - ISR K fUEAY
R  CRSERE | | G 1 R 1 R 1V AR V SRR VI
BRI (AT AR -
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T 20 ZAEARHIIA 3 SRS BB TR R P 3
SCI HAT BB » FirLARF 2 S8 PURE R F e ~ it
BARR T EIER S - R E i bt s
BUERATRAERA - B ERCE R TR A5 SEn 2
B RBREARE A F AL (Wang Hurng-Yi) KAFERI T
F—ERHENIMELEL (Lin Hung-Du) FIHARA—L£52
% » DL DNA EFF R AGK BB AIIE - FhisoRRE
B SR R R R nE R A (DURE ~ SUTAG A B g
MAFLABRHAIE S GrfE ~ nnfd ~ GRdisdrAE) - DUk

O i B R R B (L 2 B S SF (Chang et al,
2016) «

A8 e EE 158 7K SRR G St P L AR B o LR
PREG M ~ BEEE M  EEHE I 53 P& - 43 A1y
FRIF K E ~ BEATRREL ~ il (K% ~ KH - K
JIit: ~ H7K) ~ EREEESE (3~ &bt ~ f65E ~ Fabi -
BiE§) (Wang et al., 2004; Liao et al., 2008; Lin et al., 2008;
Jean et al., 2014; Chang et al., 2016; Chiang et al., 2017) -
4~ BV K AE MR A R R R T oy IR YR K S RS b IR R K YT g A e St A S
R~ B PRI PR A BN EE A B EERAE = ¢ LIRS - RN IACREA
& (BB, 1999) ZEILER KK R - B4 - $Rf (Squalidus) (Yangetal.,

2012) ~ /=f5 (Hemibarbuslabeo) (Lin et al., 2010) ; HtE{E
PEAR © AR L A S SR /KR - A - i EEEE A (Onychostoma barbatulum) (Wang etal., 2004) ~
EW A3 (Acrossocheilus paradoxus) (Ju et al., 2018) ; FEREJFISAR  FHRESHHEAE LB 7K R A ZE R0
K% - BN ;M (Barbodes semifasciolatus) (Wang et al., 2023) © iR R s A7 HERE Mg
HyTEZEA AWM (Rhinogobius gigas) (Liao et al., 2021) ~ HZASTHE%: (Scyopterus japonicas) (Ju et al.,
2013) » A A]REFE RIS rE v EH FE B 2K -

T~ B HE LR S SR

FEEA A S A (ichthyoplankton) » U2 @)y —3H > BFGFATN (fisheggs) KfF
FEFARAFIZE B - Helfman et al. (2009) SGRHFHESR I EERERTAIF Y] (larvae) FTBERERRIIHE Y]
(juvenile) FAfEANFIFIRFE o SBRRISIREERSCEER |0 Cn] o Ryl ~ (P HERORSRIN = JEER S © il
HEMABHE B RRRINERNHELLE - EENFERTE R R el ~ FrE) o RS
B -

S TN EEAEARE RIS E =R E R BR TRIRAIZAR ~ SRV ~ BRI A NE 41
35 ] DUF FH A R RIS s INF TP RE. (Chen et al., 1999, 2007) » BEAMARSERS 1995 - 2000 F-AEREAC 1LY
RSB FOEER IR BESE E HHAY 150 B - AR (i faDlE ) (Shao etal., 2002a, b) - fF /348
QDL REYIR G A BBGRRAEB TRIR G A SR T BIR ER % - W R HRGE (R HERE )
(Fr, 1999) « ZKEFA AR A ~ ThILREIIRLGE RBRER - WA AR B IR BRI R L 5N A
BATAFIREH R EE A HERE I E TR - (BARI AP RE R A AR R A R -

Fir=& 2003 EFIFIRIERESH FrEy DNA » 21 CO1 » %y 450 fEigEte5 - nIfE R HEasmdn L ayeents
(barcode of life) (Y /7iAMdRIAIHER 2 1% (Herbertetal.,2003) » EFNHRHFEAVINI A ~ 408 ~ B RAREN
ELREWTIERIE A ZER AR « Fral/@ ik 1 IR ol 2 A PR e e g A e B2
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JBRHISERRRRTRE (Ko et al., 2013) - [thAh - FIRMERS /N FI SRR I Sy (R AP HES A ik o
R (KEEGIRES) RUGETT (FT,2007) - 5RZE (Chang Yen-Wei) BE LI anbeis 5 8 n 1 HiF
IR, - FIRIB NP RE AR 1 O 8§ 30 FEfHAUkEsRER (Chang et al., 2019) - B (2023) DI
PENEHSTL R REER S JERI RS N AL IERRIG IR AR A EL S SRAVIEREME: - PR S B e
HRERBHI SN SAIEES A (leptocephali) » NAEIEEHE S TAIFEIRIC B B PIRE AR -

FIIFS DNA AT et =g o0 F BRI RS EOR RS AR5 2 @25 20 SRR /22 sk ekt
JoE S BRI A i RSO (TaiBOL) - E3EAE 1 2,500 FEAEAY BRI EOR] « N EAE 2218 S iscF ||l DNA
HE 1 EEENRIIIF RIBAR A RROMA BRI - LR EIR G RIREEERHE (NODASS)
B E (https://nodass.namr.gov.tw/edna/sequencesCO1/) »

2024 fFEJERARBIIEELERERE SRR (RT3 - RN APHER AR M) [ - & BB — A
DNA B25E VIR 500 FRELM Fa O R A RE S (BRSE - 2024) - 55L&k ] DURIZK 1 s i S SR ZE DA e
FEDNE; - $higs/ EREERS BT ~ WCERTRAVE B MoK A - Mgre 22 > DU S IR RS
HRAREE B - AN FACKSRER AL R AR MR s B BRI RS ([ 5) » PR ] o5 SR A RV A A A i T T
PRI S R PR A T TR S -

.-lo' “ -

esav v N

[ 5 ~ RS TR B R R P S S e R S A — ST oS i T A S B P e A

N~ RIS A R AT SR I 5 R B AL i

VR R PR ER T e 1 R RSB0 - MEREARTY 1992 FERIFERL G £ - WIERYERALIT
PRAGEN - BRI EIIEEL SRR & 1995 FFAERE REERIATHTA SRR EER - BGE 1 IR
TIERE N o BETRAY 1999 4 » rhi REISEREART - BOLS B IS AEHEBI AR ~ ik ~ R~ R
B ATR ~ JEURE ~ EH - B R REIVERENIE - DU SR E ROk BRI - EiEE SRR
PEPIZ G AT WAL RCR YIS E R BT - HIRFERE T T SRR ~ ARE R A BB
WS E ebE e ) - S REEREA O RTHERIEE ~ (MBER - BB EBREAN - 2005 FECEE

LB AERBEN R BEER ER T - BTN T IR AARIEE S ) TERE - UK
S REEE T RGO A FTE SCE R AT > 1500 2 - 4 SRR SR S e 2
(M ESFESERTE RN - WEREEA S S - 1€ 1999 4EAEEMT (& 7) ~ 2001 SEAERLHR ~ 2004 FEAEEHEE -
2006 FEAE B3 ~ 2010 £EAERTEE ~ 2012 SEAERIIN - —EAEREE] 2014 SEAERE Ry 1l - BEGIORRIEA 15%
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2005 % — B k@ H &M SR
52005458 14158
KA TRLA AP LEEHE N

6 ~ B — ISR R PR EA TR AR AT < 2R
—HEeR - EIEE -~ B - Giladll ~ sUEEIR - AR

A~ S~ PLHEEE - BRI - AP

E 3N,
SR E R~

PO, ... e P TS S
..... e :

B 7 ~ FRE USRS T © 28 * IR -
R A AR - BRECH - VLR - BB -
SIS (B i - EBUKAEAG 1999 47 04 J 27

H)

- % - : ‘-'.’Qnu.' . 3 .
8 "HELEEIEAHFEAESE ) Hey
(2005 = 5 H 16 - 20 HAEE bim#E S 80er fE 22 4%

- A BT I IR R e S

A=A
= 5

REBI A0 ~ e e H A2

PR TG FE R S B - ARREIE IR 28
KK &S - EEEEE AR5 - B
G3AT ~ AREIRTE ~ SR ~ SN AT RAISE -
B RE R FNCEE R KBS - HAE 2016 LA
P& KA R R PR BRI S R » R ARy
WA DHE ) 2005 - FHAREIEAE A LA SR T 26
CIEEIEASEE A S | (The 7th Indo-Pacific Fish
Conference; IPFC7) #GEEPY 2R KB EEE FT
SRZ:MNEL IPFC [F] R 21 TR e SR B e
(& 8) - TRAE I LA G I B K& S It
A ErEIR G G Bl AR £ BER A i A
2 - B NSk - F] 2010 F/emmkEr

L R O IR R

R 1% - o3l SR ~ SalEE ~ AR R TSR
2L R =5 > nEE—K - 542025 5 6 H
P THY & B SR B G A TGE -

W R R ER B Y IESUACHT » AR il - (5
A MR AR BGEG IR T 1k - AN
BT AR EERERK I IR T S bR
it 5 BRI s LB A R W 5 AR R AR I
Ay e i SRR SRERIE SRR S BRI AR
WAL S B TR R EN P AT e LK EERERTE SR
WA SRR A SR B S DR AR S 7 B
S R R AR B B g K A K B AL R HUIR
(1934 - 2022) &1 » BEHE/KE R ARAY (hisE
TSR ) (heF, 1999) ~ (RIS AR
Fit) (55, 2012) ~ BUREFSEG TEHARERIER Hihk
ik AREY R EREVIVIRE A % 2R A B S

B Y77 Al 557,
Hi

(V) BR) (GRS, 2022) 0 DURBREIFTR SR
PG Ak R H R e sk e 852 )

(15, 2024) - FRTRFEH LR A3 (F GRS
FIRSC 2t - R - MU ERIRSLAN
Yok RIS RESCEE » BN K SRR SR
SCHEE - (R ROFTARRHIER (P BRER
FICISORRER) RS ) s
TRUNHER] - JICSR 3,711 Fl -t T B —
SRl (B4, 2021) -

ELE SR RAMER A A A PR 0 BOEE B RIS - JREIAN D R Gt R MR 2
—FIERR S L B HERRER RS EARIE MK - DS HIPRRFEAA PEL - AR
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BRI FIR SR A RE S b2 5T -

H RTER e R 2RI AL S A VISR SR A SR EHE . (Impact factor; IF) #9350
EH I HERTEE AR o BIATHERFELIE AR 2RI - B SCUTIZHF# 8 IF 2l - JRETRE S
SIIHIE =R A8 TR R B RIR - T AERSCEYS |HFRERI (half life) - MIKIELRFFITT ABGE:
DI FRES > BRI T NBELZ 53 2R s AL AR AR A LIRS - 20 2R B B 20020 IR AE =557
RS [ ZIN R ZLE Ly T LIRS B AR S - HAT2 BN i e DU~ 55
ERER D AT - BHETE SCL I L% - STikE [ RELHES - (HAIRYPGHANTFERGE It
—ANPRREEL RN > S EER TSR B IRIAERTIN ~ TSR s EakZ BT Ao H a6 - iEth
e MDIBEEIE R EARIPRE « ] ~ RS2 el S BB A s EE D R £
AL ~ HUEETR T eI « ARKAVIREAS TR e B 2 SRR R A I — SR e 2 L —
B RAAE > TAEAN R H A T BAHRGHEAL ~ 4208 ~ A3 ~ R =05 E BRI RERE SR B E IS - B
A AR RE -

EE AR DSEINE I8 BRI Eh o HIRIA— MR ATERs - NRlRISREY (1) i sz ~
(2) BEHIRRE ~ (3) V54 ~ (4) SMKHELLR HARKRE (5) SAfREHE - BRI /K iy
HEHY 10 FERIIEIBAERY 18 i - gk R IE DO A R i Ry B B~ AR L T ey P i 2 i
il BN RIAE (Chen etal., 2015; fi], 2024) » SRR (BB S AV S BCR CRRIHAR - 3810
HYE — R B RS B B N S - RIEDUIE > MECRK AT REGIZAENG AV EF A o - KB EISE
FERESIRE Sk > B AR AR S A AT RS - IRV REEERAEIATEARL T -

HESR > LEMIZRRNE KRR T & > AE 2000 - 2010 -5 BORASEIELEH BB TR FAE < BFSE > Wit
HIZER T FEEERE (Global Taxonomy Initiative) » {E{/5%fE L H R o R EIRE LRI HEBI BV 2 B0
AL I - SEIZRIEEANE (biodiversity informatics) - FEEEHRHLZ ML SRk ~ BAMG ~ 25
BORHEE LT - PEAS O SRR SAEET TIPSR TR B R st (B - B thNENE 1 IR e 55 #ErH 2001
TR AL AR MEHE B V55 - BT E SR SRR RE Tt i S A VI B M R NP =
BRI TAEEE ~ WRERTEAR > ANSCRF M EERNTIE ~ MRBEYIRE BT EREESESE - [RIIEAE 2004 - 2014 4
9T RERE R T A DL AR AR AR 38 - (2 Horh i A R A S EREAE Y < 38 B AR P - SAR
A SR S8R 25 - (HR 2~ LIRS E0E M EE RS & (AR5, 2004) « B4R DU EE R Ay e 5
WY FRTLI RIS Eakny (8 fomlE ) (LB, 2011) MR e A0 (EZERTA
R 1 & D) (/)VEzBidf], 2019) -

BRSO E BUTE RIS EEARE S - thIRIEAE 2005 48 5 H 2201 T S UE e AT

FEORIETER ) 2 I 2007 62 9 FRIBECEHE T B e S e L 2025 6 6 IS T4
FBEEE AR SRR ) B T IR e - LRV BRI R SR S TS

TAE > i ~ 2 RAERE L 2 KRR A AR MR - REARK - et TIRE R RSB S
BTN DIBERES MR - A BUNRESCR M R TITSC B 2 A YRt HmEE B
J > TEPIREAEAHI TS B » AA BRI ST > DUR R 2 R & B S5

I\~ R S B KA

ARSI 5ERS - B B ARG - R — R ORI/ 1 ERe R = B2 i
IR 130T - AIRGOCERE R AT B BHRIEE LA TR - 525K 80 5 JEC UK
FTEE 5 AR MEREEREE RN N0 - A RRER R AV SRR B S — I - HEE
F SRR R ZKHE BT e R AN REREAR B - E 2R NR T 2@ A S B S SNSRI -
JBH 3 - 4 TR ERELGT 20 FARAIGEHERI o Hrr X UL S BRI E A /K Sy 2 BRI AL
BREELE ~ BRI TR0 NP ST se i R 2e ) - fEE SR 3 - 4 RESEERSERUIRIVELT - It



Hh > INBEESE R SRR EOUAR AT BRI IEREN: - #8TEEEE — A E T LASER - Pt LAE R SR+
LR RITFERIRIENIT I TR - $E % B BRIV - AEEH RIS IR EREH N E
MRSEE - RILEIRHERTIR - AR ARG - SRS S SE R R AE SIS B BIRR -

25300

Tdk 3 (2002) REEEMPIar2A (GRPURR). ZKEEHIRRE, %562, 196 pp.

MR, IEE (2019) E#EmEiEEEE (Rl imeEyEmeE, bl

TLURE (1958) sl siss. LisktEsditiiint, i

FeEEA4 (1999) EREAFHERA. BN YIRS EMIE, 296 pp.

(hEsR, #ERA (2021) B Bl SRR, TREIESEHRt, 1437 pp.
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Sk (2001) EREEYIERR. REHRGRAT, 2.

ORFKEE (2023) & TEIPRRE 2 AR (BPH - RERY) Al - (Ffuk . BRI EErEASR .
L, 99 pp.

AR (2009) SRffesr BHERAHGE. SERISC200, BRI ~ Rl ~ oK #RED, 26-39.

HSEERE Eiw (2010) ZEPIERSR. TRITFEEEMZARIENTTE L.

HSREHE, BREEM, FERE, MHAE (2004) FOEAFT. EIRHARATE, 264 pp.
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Abstract

The study of the taxonomy of Taiwanese fishes started as early as 1858. Europeans, Canadians, and
Americans were the pioneers in studying the fish fauna of Taiwan. After the Sino-Japanese war (1894 - 1895),
China ceded Taiwan to Japan, and Japanese zoologists started the taxonomic study of Taiwanese fishes. After the
end of WWII, Japan ended its colonial rule (1895 - 1945), and ichthyologists in Taiwan started their own studies
on fish classification.

Professor Johnson Ta-Fu Chen was the earliest pioneer of fish taxonomy research in Taiwan. In 1954, he
published the first edition of Fishes of Taiwan, which included 140 families and 675 species of fishes, along with
key to all species. His A synopsis of the vertebrates of Taiwan, published in 1956, recorded a total of 870 species
of fish and was used as a textbook on fish taxonomy in universities for more than 40 years. Professors Ren-Sheng
Liang and Shih-Chieh Shen are considered the second generation of ichthyologists. Prof. Shen has been teaching
fish taxonomy at the Department of Zoology, National Taiwan University, for more than 40 years since 1967. The
Fishes of Taiwan he edited in 1993 compiled a total of 2,028 species. Students who took Prof. Shen's classes are
considered the third generation, including Hin-Kiu Mok and Kwang-Tsao Shao, who specialized in marine fishes,
and Chyng-Shyan Tzeng, who specialized in freshwater fishes. Later, they expanded into different fields such as
ecology, evolution, and conservation. Prof. Che-Tsung Chen of National Taiwan Ocean University, a graduate of
the University of Tokyo, specialized in cartilaginous fishes and fishery biology.

The master's or doctoral students supervised by the third generation after 2000, including Yu-Yun Chen,
Hurng-Yi Wang, Shoou-Jeng Joung, Jeng-Ping Chen, I-Shiung Chen, Hong-Ming Chen, Hsuan-Ching Ho, Yun-
Chih Liao, and Mao-Ying Lee, are considered the fourth generation, while the students supervised by them
represent the fifth generation. In addition to using traditional morphological study methods, they also integrated
genetics or DNA barcoding to conduct taxonomic or phylogenetic studies across various taxa, including species
classification and exploration of their phylogeny. More than 400 new species and 1,000 new records in Taiwan
have been described or documented. The results have been fruitful.

In addition, several outstanding scholars returned to Taiwan directly after studying abroad, including Wei-
Jen Chen, Te-Yu Liao, and Hsiu-Chin Lin, who focused on exploring molecular phylogenetic relationships.
Meanwhile, Chien-Hsiang Lin studied the application of otoliths and their fossils in fish classification and the
reconstruction of paleobiodiversity and biogeography.

Taiwan's strength in fish taxonomy research is directly related to its unique geographical location and rich
fish diversity. Moreover, the classification of adult fishes and the use of DNA barcoding for species identification

of fish eggs and larvae have developed considerably and achieved laudable results. The Taiwan Fish Database has
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a history of 35 years and is very popular and well-known both in Taiwan and abroad. Taiwan hosted the 7th and
12th Indo-Pacific Fish Conferences in Taipei, in 2005 and 2025, respectively, which attracted many ichthyologists
and taxonomists from abroad to engage in intellectual exchanges with domestic scientists.

In addition to introducing the aforementioned major scholars engaged in Taiwanese fish taxonomy research
and their contributions, this article also briefly summarizes the evolution of the fish classification system, the status
of Taiwanese specimen collections, statistics on the number of fish species in the database, types of fish
geographical distribution and mechanisms of their formation, the classification of fish eggs and larvae, cooperation
and exchanges in fish research between Taiwan and China, and the difficulties and future prospects of fish
taxonomy studies. The aim is to chronicle the historical development of fish taxonomy in Taiwan for future
reference. However, because the article involves many different aspects, it is impossible to describe them all in
detail, and some omissions are likely to occur. It is hoped that any unintentional omissions may be excused and

that overlooked facts will be added in future documentation.

Key words: fish taxonomy, Taiwan, ichthyologists, DNA barcoding, species classification
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