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VRS K R BRI RS AR M e LG
? LK AR FTR SEH

W "

RITEfE (Sarda orientalis) fERFERFF e EHMEAEDN - WA EILEEZEEE
HE o Hars R TR S o TSR A ORI B (B8 1.3 mm) > 22EH
AT AR Fa e — BV BRI - 2022 47 3 PR AUt e i A I 38 i
B > 75 16 {EGHRERI R T AIN > G 118 I DIRG s i - B S iR s 7
AR A TN HHER B A /K STREE » FRo/k B 4 m BEFE Y 34.2 psu » BiZKEE 10 m 3SRk R FHRIE KRS
1 pg/L ifgbsk > WSR2 30 (7 e £ S B e ) S A W) 5 - AT R BRI KR H RO Bl
FEYNE AT B /K SCERSEAHRRE - JHTSEREA B TR S s s i e e B AR A

REHEST | BRINEERI « KSURIR ~ EIRER

T

Hij

fEFHEMEE (Sorda sp.) SEERBRIG TR
(Froese and Pauly, 2023) » E{# AR FE - #
PAEPEET TR ST (Sardaorientalis) —f# (LA
TETREER) - B R AP ERRE - BRZ AR ENEE
RVPEEE BB - JBEHA - wRiE - =i
VU SEEHE A TR (HDASRED ~ SRS R iR %
(Shao, 2023) - gl ARAEISERE TP LRE T
FEHAER » MM A AMERH (£, 1987) - 78
FEESERR RSB R ERE M B R » 2000-
2022 FEIREISFEIAE B/ TR 23 - 852 mt FENSEEY
Bk 61 NTS/kg (JSE, 2023) - BlEIFFA ~ B
FESNHRIORE BB (Bay of Yilan) sk AENE
% HRKEPURERE T2 - R TR IREE R
SR [ERAETETT > GBhCEE R -

EENEEAELIE BN AT SR
W HEROWREGE Y SIS 5GTEE
AR BRI ERH K - iR R R
S BETALE - TG IIEREEERY 10 - 30% - HCARE

“BIEDS /BRI ESHRE 266 57 ; TEL: (06) 995-
3416 8 127; FAX: (06) 995-3058; E-mail:
rgchen@mail.tfrin.gov.tw

s EAEAESTRE - SRR E BRI
ik — (3, 2002; B, 2006; 5, 2007; BR,
2008; Lu and Lee, 2014; fi], 2015)

H B JE R FE BRI S INAR - HESm i s < 2k
HZEMAEEFE 1-6 A0 LL3 -5 Hlmilg EE5H
AT EOKIUIRREAIER (£, 1987; #5,2015)-f¢
iy B H R - e b H I - 2 g4 1 -
6 H » FIEATEBIESRR (n],2015) - 25 (2015)
HEFME RS 2.3 REII—X - HERCSEE 2 RER
— R ERSHERZAENEHIAE 11 - 78 SR - 5Y
HHEIEFRN A H 2 X HEINFF £ (indeterminate
spawner) » fEEEINEIEAALET - PG IRE H SN A
B - MRS R ERA SR (£, 1987; fi
2015; &=, 2015) -

ANTBIEEY  OfERJEEE (Kajietal,,2002)
Pepe-Victoriano et al. (2021, 2022) #£{#] Sarda
chiliensis FEJIRRF [ B iE & » /1T Sardasarda
YA T2EES (Ortega and de la Gandara, 2008;
Ortega Garcia, 2016) - 7E 85 B0 15 e 2 Ha 7Y
BRI B E & (Kim and Jeong, 2020) 5
L S fh S I SR B R OB S R AR
W - FESE - 87~ BF - 8 85 - SREAREENER
# (Ahmed et al., 2023) - Batetal. (2022a,b) JRig
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HIEYRYRE S sarda B <5 a8 B (A & AR > ] A1
EiFRAN T SEEARESRE  MMEE R A -

AN FER U R IR BN I ER SR B I =0
J& HA SRR SERI TSR - 2 SRR AT I I Bk
B W) 17 U A W Vs 22 e ) B UK SCBR B AR S S
(Dickey-Collas etal., 2012) » & DIFEHLEIE EREEL
ERER BB AT TEAVFRIE Mg - #I4] Neira and
Keane (2008) f&H » BEE N EHEAEIE A FRIN 5
A AT LA 7K GERI/K IR AR e g -+ i Fe I I & e B A
I A BRI P Bl R A /KB RN R AR
{SHIRI IR » Neira et al. (2015) I FEIRELT
e EBEAE R EIKE DN » RECAT DA R -5
5> ArilE _F1& 4y 5 Linetal. (2016) $5H Sy REml
TR R K B Y F N AN A Y FA R AR G 5 Keane
and Neira (2008) $i5 Hi {7 FUfH /T R B RN
SR 53 AR B E K A B o BUROK IR E T LA

R IERCEE IR R BRI - T
A PR EE AT AR ZE DN b, - B2 TE ORI
HEEVREZEIE R Sh - A0 DAR I fa I0 S AR HE £
EINFEJEE (Lasker 1985; Bernal et al. 2012;
Neira et al., 2015; ICES, 2019; BHEE, 2022;) o A0
ST Ry B T KA L A 1 D - SRR MR
g e s D5 i [ B /K SCER B R I - TR B
P R R B R A

FORHEL /5 ik

AWFFEAE 2020 - 2022 I - EELLH N
AR URHEM IR S A DN AR - REH
T 18 2 DN 5 v e 1 T A A o2 B ie LB &
(BR=E, 2022) - AHT7ERs R A OV A SRR Ry 2022
FZIHERR -

— ~ FaPNEL RSS2 B

A 2022 48 3 H 12 - 17 H ARSI FH M - 75
EL R 38 EG (Fig. 1) 1T EAESE -
FHFLEE 500 pm EAE 1.2 m ERIFIRAYIRE > ik
2 100 m BEEIE 10 m jEfk > DUER | /s SRR
IR - IR RN ~ AFHERE ~ SR 28 e HoA T Bl
VIR AR - LIRS T o B ET (Hydro-Bios, model
438115) FHHE/KE DU IE SRS - W AT Sk ERBEIRF ]

TREEEEAHBAEEN © FEfly BRF Pl AR R 2R 1%
LA 95%iPikE IR 17 » MEAE-20°C NR{FHEIRI R
%= B EEE R AR E YR E - WA 5
— PR BEAR » R - PR IV f PR fR
LRI T TES IR R SRR S ME
RIFAE-20°C UKki% 95% Il FEEREEH -

T A8 R0 i e i T e Ol O R B
(Idronaut Ocean Seven 310) ZE i AREE 150 m SEfE
JE& Sm > "NREREIKCERE /MR 1 m/s » BRAETE
F N TBUR R S S5 I BRHARE S AR - MDA x m +
0.5 m FHlZ BB R s x m BYZKSC2HUE -

E L Santiacchiao
o A *
v - Bay of Yilan
™ Talwan 11 1.2 13 14
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Fig. 1 Sampling stations for the cruise conducted from
March 12th to 17th, 2022.

= Al

SehEFTE RN ~ (FHERR BT BIE i
B Bk o R R B B S A A R
AT EAE R B - SN SR S M BLINAS [k o3 AR
P Shaoetal. (2001) At - KERFEERIE ~ 208
T ~ ZIER ~ DRSS SRR RS 1 S [ O e
72 HER 1.3 mm 2G5 R ik v RERY

1A 2227 Steinke and Hanner
(2011) Frafe > 52 FH Fish cocktail (M13 tailed, primer
ratio 1:1:1:1) $1%Hki#RHE Cytochrome C oxidase
Subunit 1 (COI) Jrg » HE17 5 & Re s [ e
K+ EYIRE MI13R B [A)%E FF#& DL Basic Logical
Alignment Search Tool (BLAST) 3& i # =
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GenBank | & %
Biotechnology Information, NCBI) fHEHM: - frG
FIIFESIAG L MEGA-X (Kumar et al., 2018) 47
PE SRR B Ry e £ O - I BB S R P HUAS:
& HABESRHATY - B[R EA 2 BRI AN
iz -

SIHTHI SERE BB o AR VB R EUK SCE R
S FE A TLER 534 (redundancy analysis, RDA) #§
P R 53 A1 L e Bl 7 S22 R e ] o S B B
(Borcard etal., 2011) - SRy HES RS ~ BEIEHHSE
FE ~ B Y R B e f DN R R B2 O TT
Hellinger it - RISF-RAE0 A My 22 B S EE Y
SR+ DARHE R E YA K & B2 R B A
R - K 2B EFEEER%SAH (chlorophyll-
a, chla) ~ JB & (temperature, temp) ~ E&EE (practical
salinity, sal) EH%%FE (density, dens) » [RIEE{7AE]
T E BBy 0 SeAEHEE Ry 1 1% 0 A3
1T RDA 4347 - RDA #55G#E1T 1000 KEEM-REEHE
IRER » DL 5% {507k UE Fyid S Wy B Bl /K
N2 B2 R (A R AR -

Ll RDA #Hi BfigkERe Sk 28tk -
FIFZ 8, (generalized linear model, GLM)
ST OB S (BRI Bk S22
WO A B AR 0 BE 10 2% 58 BN 7L (backward
selection) i H1 i {7k 3022 Bk iR o i Fa I 73
10+ o2 RO U 28 A B MRk S 2 8
(p < 0.05) - ARfFZERfEETIHTLL R #KEE (version
3.4.2) (R Core Team, 2020) FE¥H > 3 FI|F "vegan"
(Oksanen et al., 2022) ~ "mgev" (Wood, 2011) Ed
"akima" (Akima and Gebhardt, 2022) package 437

(National Centre for

Mook

A BIF S ALK 0 5 A 7 B B /K PR AN
Table 1 FRs » AHIGEHUS EEE FAONECR - S
B~ (P HERBCR BRI B YR - BRDUEZKE R
TR ST > BRAE AT B DU B A T -

— ~ HEEKSCREER

H RSP A - SR LSLUEE =3EAA

B KR ATINER BRI DI iR
SNEAE— FrRERANEKE - AEERAEMHY 30 > S
PR EGRAHA 200 m > BRI FZEER 100 m 1Y
BEPTIE - fEL7E R RS B/ e Y D B R ] o 22
1,000 m DA% » LS sR A B BRI R B e 22
1,000 m DL AT o 7Kg 4 m BEE (sal4) 27
ARG > B RS N e Ll R IR A LR
RIS > MRAIRPES B - RIS bPa A
BRI IR FEPEES T R B ARG (T 2K
HOE RS - =3I NT A (ER 34 psu
RIS > DEHERRI LSS LR B AR
RERETET S8 1A < /KR S5 m &R (dens.5) /KSR
BUR P LA R R AR MR R 5 - BRI
AIRF KB R MR ZR R b RIRRAE =58
FYNETREEEERAKEE - £ 5 m AR
(temp.5) S AHRIA S F/K B A A S, -
T B /KB Ry SR R 3 A FAASI - B
IO G 2 E B BN S 2 - S ErEdL
TR SR R A A R R R BRAE 7K 10 m BERRR
JRE (chla.10) |- SEFEEAL 7 chla. 10 #55;
Y SR FERHSR BRI 0 78 BSitRsRasm - =H
R B T 1 2 15 21 1 P L B B R R A R A 7K (B A
Az gy - ] DIHHEEE R K g BRIk L2 e b
SR b HL R K SO B RS i R 52
MR - Bl 2 R Fig. 2 ©

=~ Vs eSS AT

FIE RTINS 1951 RB2E% AR
Bl 105 RREHEFEMEA o fFHEf B DL =50
(Santiaochiao) #hfgfr i AR R 1.2 k5
A 188 & - fi¢ Fig. 3 W RAFHEF R 53 AR BLIF IfF
By E SR #E D EEMNE RS
B BN A ECE A SR B BAAS » bEER
A% GLM FEGRATHEfo B S b7 e Eh ) e by
I EE RN (adjR*=0.475; p<0.01) °

=~ pEfis PN e B AT SO

PSRRI IS & B i S B SR BAT Fig. 4 B
R EEEE RN ELEE 2 R METHER > RSP EE
RAEBADAEE BB 0 - WG IRER DU P
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Fig. 2 Horizontal distribution of: (A) Chlorophyll-a concentration (pg/L) at a depth of 10 m; (B) Seawater density
(sigma theta) at a depth of 5 m; (C) Seawater salinity (psu) at a depth of 4 m; (D) Water depth (m) in the bay of Yilan

during March 12th to 17th, 2022.

MITLREINE - AWK B B RIS B e
L ON - ARV (Coelorinchus ssp.) H
B FIBERIZHER R (EL ) S S D AR AE
1.0mm - HAERARYEE I nl RLOWISE R i A W R
ARG - RS S Sy o ANWTSEAE B R RS

= %G (Thunnus albacares) - IEf# (Katsuwonus

pelamis) ~ [E[fEfE (Auxis rochei) ~ SEFESE (Auxis
thazard) ~ TEfEf5 (Scomber australasicus) HiHfig
i (Scomber japonicus) ZEEE}fAEFA TN - BATIL
IR 2 BRIV G 90 COLF 53 f T
G ET B AL SR Fig. 5 g o e s i i 5 g i
FES IR BT - ISR B AL MBS T — e - 58S S0k
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Fig. 3 Horizontal distribution of: (Left) Zooplankton biomass (g/m?); (Right) Fish larvae abundance (individuals/100

m?) in the bay of Yilan during March 12th to 17th, 2022.

— B o R R Y M AT H R — R -

A FEHUSHER BN B N A 118 -
1t 38 fEflEEHA 16 uhf HEEsERTY - ErhE
10 ERAEGAAERRR 12 FEDAA - s N E DA
J# (Nanao) M Na.2 k% » G+ 41 BH - JLISH
W SRR (Suao) JLT5EEEFIE: - S5 — 2R EE By
SwILE (Turtle island) 58 J7EAER L J57E18 (Table
1 and Fig. 6) » BR=AHI5EHEL 10 $HLL_F st 1N
Hh o HERFULE R Z R I -

& RDA £R5Tp i FN ~ (PHES PRI B Y<5
AW S R K SO 28 - RERAN Fig. 7
FT7R 4% 1000 REEM-R AR - AHS R AT LU
B 56.5%FTHZHEE (adjR*=0.33;p<0.05) -
— g T E R #R 95% AR - i— R EE
fee e - RLURE 32.5% Z2BMHEBARE (p <
0.05) il “AGEREF AI R 21.2% S HHHBARE
(p>0.1) - fEE R AT DIE HY - gl RN AR
TEZRSCZ R o R AT DA B B SRR A
BE 3 B £ S P RSO EUAHRE o AR [
4.1 WIBEA Ry KRB 104 FHELRH R IV EE -
> BNFIFEIYELEE B - RIEZ S R
S AEF AR - [KIELAE RDA il 1R~ -

Fig. 4 The eggs (above) and adult (below) of Sarda

orientalis.
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Table 1 Samples collected in the bay of Yilan from March 12th to 17th, 2022
Stations La(ti’{[\tlj)de Lon(géiEt)ude \é\é?)tff: Zoo(g}z;n}l;ton eSard_a _ Sarda.v ) C_ephalopo}d Fish Iarvag Anecgl:g(;vy
m) ggs (id.) (id./100 m?) (id./100 m*) (id./100 m?) (id/100 m?)
1.1 25.009 122.014 47 0.477 0 0 7.2 149.8 2.4
1.2 25.008 122.092 235 0.297 0 0 3.1 192 1
1.3 25.010 122175 600 0.101 0 0 1.2 48.7 0
1.4 25.008 122.258 980 0.133 0 0 1.1 20.4 0
2.1 24.843 121.877 88 0.164 0 0 1.3 14.4 0
2.2 24.841 121.921 95 0.058 0 0 0 13.2 0.6
2.3 24.840 122.008 282 0.073 2 1.3 1.9 30.3 0.6
2.4 24.841 122.092 698 0.101 1 0.7 1.4 48
2.5 24.838 122177 510 0.141 0 0 1.8 25
2.6 24.838 122.254 1009 0.136 3 1.2 1.2 36.1 0
3.2 24.672 121928 101 0.085 0 0 29 52.2 0.6
3.3 24.676  122.012 122 0.085 18 7.7 0.4 8.5 0
3.4 24.676  122.093 132 0.13 3 1.3 3.8 22.2 0
3.5 24.672 122179 466 0.149 0 29 13.6 0
3.6 24.674 122.257 450 0.109 0 0.4 19.5 0
4.1 24.507 121.876 81 0.09 1 0.9 0.9 32.5 93.9
4.2 24.509 121.923 192 0.066 0 0 1 16.8 0
4.3 24509 122.010 1015 0.135 6 3 2.5 20.3 0
4.4 24.506  122.093 406 0.194 5 2.8 1.7 31.5 0
Ly.1 24.757  121.877 90 0.02 0 0 0.4 11.8 0
Ly.2 24.758 121.926 145 0.057 0 0 0.7 34.9 3
Ly.3 24.759  122.008 118 0.051 0 0 0.4 25.3 0
Ly.4 24.757  122.092 121 0.201 0 0 3.6 21.8 0
Ly.5 24.758 122.176 128 0.285 0 0 3.2 29.4 0
Ly.6 24.760  122.260 481 0.143 0 0 0.6 39.4 0
Na.1 24.428 121.844 179 0.098 0 0 1.5 23 1.5
Na.2 24.427 121926 1213 0.277 41 33.4 2.4 66.1 0
Na.3 24.428 122.008 2125 0.11 14 8.5 1.8 12.2 0
Su.2 24595 121924 67 0.119 6 29 1.9 21.8 0
Su.3 24.587  122.009 184 0.101 5 2.5 2.5 28.1 0
Su.4 24.591 122.089 208 0.093 0 0 1 12.5 0
Su.5 24594 122173 450 0.288 0 0 4.9 76.4 0
Su.6 24.591 122.256 153 0.064 0 0 1.7 27.1 0
Wu.2 24925 121.931 52 0.197 0 0 0 36.1 0
Wu.3 24924  122.008 110 0.167 5 2.7 1.6 23.1 0
Wu.4 24924  122.092 389 0.106 4 1.9 1.4 34.9 0
Wu.5 24925 122171 1005 0.142 3 2.3 1.5 36.9 0
Wu.6 24924 122.259 1047 0.063 1 0.5 1.6 21.9 0

sarda: Sarda orientlis eggs; id.: number of individuals
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Fig. 5 Molecular discrimination  Scomberjaponicus
of the eggs of Sarda orientalis and
other fish species using COI
fragments.
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Fig. 6 Horizontal distribution of Sarda orientalis eggs
(individual/100 m?) in the bay of Yilan from March
12th to 17th, 2022. The red line in the figure represents
the 12-nautical-mile boundary.

A GLM RE 5 HA R [ R o s £ I HE B B 5
7k 2 Bos L - R IR & UE A& B8
chla.10 ~ den.5 ~ sal.4 Eil'& Hi/kZE (W.depth) PY1{FE
S EIRF TR e (adjR?=0.394; p<0.05)
VOfE 2B RR R B B Ry chla.10:-1.91 den.5:
8.41 ~ sal.4 : 15.38 Jz W.depth : 0.005 - g5l Faly
FEEHIRAE chla.10 < 1 pg/L ~ sal.4 > 34.2 psu

Scomber australasicus

anchovy

]

%
iy

X Thunnus
albacares

Katsuwonus
pelamis

Auxis thazard

den.5 > 23 sigma-t D) 5 W.depth > 400 m jgig - [t
POl 7k S22 A AR AR /K S A AR AR L EE 2
Fig. 2 - ;2VU{lE 2 ¥ A sal.4 7] DIESE(E GLM
52 = it 955 5 FR I 43 A 1BTTE (adjR?=0.102, p <
0.05) » {H & F N ARAEFTE sal.4 > 34.2 psu i
BER AT - SEFERAE GLM HELLL sal.4 ¥ i5f
FANI s AR - & LIRS B O (8 2 R
A HIIEIR] © Foith— 25 B i i SN 73 A1 7K SRy
M - 2B chla. 10 ~ dens.5 ~ W.depth 43 1B sal.4
e fgSdakfilE - RBIRKFE sal4 Bl chla.10
W22 B E K v s FR B £ B/ RO R > PO
fis Fa I HE R A L A R K T R R v HLBERR SRR
JEREAYI (Fig. 8)

Ahlstrom and Moser (1980) & A1 fafE Fl A
THYRRIF I S B IN - G 30% AYFAREIRIRAE 1.0 -

1.5 mm > Hg K2 #EanyaIEskg - A DANIE
g H 22 B IPIE Ry 1 2R - (D B R s
HREA RS EIPRR R JE 15% 1T
PO —E DL EhER (BIZERRe ) - 1T
EEIT e e B HER R A H R 2
(Uranoscopus ~ japonicus) ~ H & & 5
(Pseudaesopiajaponicus) ~ fH & 5% (Cynoglossus
robustus) ~ KB (Ostracion meleagris) ~ 7<HE —
&ififi (Diodon holocanthus) ~ 25 g5 fili (Diodon
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Fig. 7 Redundancy analysis
correlation bi-plot of Hellinger-
transformed biological data
constrained by standardized
environmental variables and
sample sites. An: anchovy eggs;
sarda: Sarda orientalis eggs;
fish:  fish cepha:

cephalopod  larvae;  zoo:

larvae;

zooplankton; dens: seawater
density; sal: seawater salinity;

temp: seawater temperature;

chla: seawater chlorophyll-a; 1.0 0.0 0.5 1.0
W.depth: water depth. RDAT
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Fig. 8 The distribution patterns of Sarda orientalis eggs (represented by circles) across four hydrological variables.

hystrix) ~ 082 H (Anguilliformes sp.) ~ &R
] &  (Pempheridae sp.) ~ & & IR 7 &8
(Parapriacanthus sp.) %% (Shao et al., 2001;
Shao et al., 2002; 5, 2008; #F&E, 2016) - fERFA
IR MEIENE - n]fESMEEL oAt e I o7 e A
Gr ARV AN S R R AT AR fa IR AR AE AR =X
(Lasker, 1985) » H R BLIHBRINIE- 15 2 BRE Fadl -
s fa g A A QR B A 53 S A CAE
S (Ward et al., 2009; Neira et al., 2015; [FHEE,
2022) - EgfEFRINESECRRIAE 1.3 mm - 2 iERHR
FeE— B BRIy fE - R f I
(AR R A R B 2R A - (HHIPIRRY
£ 1 mm H YN RIRREY) - AT 04 #AR R a]
B SFa IN I 43 FAZK - PIIE A E S H A
YA AR R HE AL A TN R & -

RRIF Fa Ny T X — e o0 R oK g $R S B
EHOUM R - REHRE (I, 1999; Shao et al.,

2001) 2B B IR FFEM B RS 5 B PR A
W FEKR - 2m HEER 08 RO RN
& NCEREE 10 m 8RR 200 m Fyil - KANE
TEREEE . FICRHAEL - A RE R N
A EER R E A0 (Neira et al., 2015; ICES, 2019;
Rodriguez, 2019) - g} fa INEL{FHERR - ST BIAE
BKIE o BCH Rk E Bk (Olivar, 1990;
Alexandra Curtis, 2004) » {HIL 7l IR & HE
K Ul % B[ (Alexandra Curtis et al.,
2007) 5 FAONER{FRESCE g S R R K LEHARRE &
Y5 53 F g B % (Olivar, 1990; Sundby and
Kristiansen, 2015) ; HFEZFEIMEMIGE B iEE
IhE e de# (Coombs, 1981; Tzeng and Wang,
1993; Jung et al., 2013) - FSERERIEVR KR OIS
FEH A EREN/KE (Tanaka and Franks, 2008;
Jung et al., 2013) » 35 LLERE AT FIHA FEINHEA
7K BIAERE A TG S - E AR SRR NS A AN
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FRAEF /K I » ROK g TR R e (A B A K
HHEFA NS - ANARSE (2016) fEE GRS L2 fE i
PREE > BURZBAINELE 100 m DIER/KE - H
ERFEFAON AT DIAE 100 m/200 m 7K ZREREEE] - (ALt -
FR NGRS e B A fe R A 3% sk R 1 B9 SRR
o AR LRHE T B E AR GGk B
DA s e ONAy 22 R o Ak

FOPHY L E o 2 B A N RE AR A 2 BRI K
» DASERE /K BRSPS E B E E I E 5 - A
UNsZE/KIR R AR Ry RERE L - R BRER R
KRR E AR RO, - KRR SR RN
AL - R 2 s B INIF STy
FHEJHX (Sundby and Kristiansen, 2015) - HHE &
RERY SRS UV GE R Bl R A — W (R r i - (KT
Fa Ny b R A — S e FEE T - FEREON
fEILRE TS TYLEERIE (Coombs, 1981; Castro
and Huber, 2005) ° {5527k A 2 B BEIFR K 22 -
S H ISR R EESHS - KA
fRIE¥Z JJR /KM (pelagic) SN AT DLHEIR HIAE
BEETARE TFTYL (Sundby and Kristiansen,
2015) - SFERFSEIE I APEEESE (Coombs, 1981) Hi
HIESS (Jung etal., 2013) R ARSI
H o HERKMERONEREERGEH > Lin et al.
(2016) T fFtFHER T A/KEIRE - Ko e &
R RPEME TRt - (Es e T R PR R
T AR B H M R EEON - HEm e i Fagl
JEJB HIETF 12 RO N - G v RER ANTIE S
BRI /K 2B Re R e s fa IR AR s A -

QR - R s AR S IR TR
SERIF - AT/ R B R /K R 2 R s fa
GrAtiE /KSR T € Fig. 8 AJDUA gl fa o
ERAERARE >34.2 psu Yk - R R SR/ 2
TR ATAE B B R R & (Fig. 2C) @ 1
PHECAE BRI, /K B R AR 2 NS - HEW
- B U5 M R O AT Aok Y B k18 2R e TR A
Rk EH SRR ISR IR, - IR
FaIRr IR R AR S R RS - A%
ISR Wu.3/Wu.d BRI R im0
R R LEBRAT 40 m ZRBR A (IR R/ 5341 - HE Ry
WmEEILE R AR E R R L Rk (F,
2018) » HIRAEEREARE] 10 m - R/AKGEIZUHRR
BRI BB S - HEam i LS e LT R e

% e I 7K A ST - SR ek 2 &
BRI 2 MEE T ISR
UV RE R RIME R ERNIAS S > T e FE AN
RIE - BRAESTTRA RN AR AR 2 h
FFe b -

KPR A AE DN B B b - TR
WA URE | o 1R IE Y IR R GG T B S
(Norcross and Shaw, 1984) » 7K[E &S S E 24
YA AR BERE » BHIE SN E SN /K BT FK
Z#te (Fernandezetal., 1993) - —idi7 I N EEDY
Sreslmimhe - BAE/KR - HLPELRIR R
Bf > EE ey E SR I E IR - BRREREEA
0 7K (5 ) £ S B A HE R i 26 N 0 B 5
(Norcross and Shaw, 1984) - g I F B0 AAER
JKEZFE den.5 >23.1 sigma-t [, » BIAEEEPEIL
TR (Fig. 2B) - HEHIE ISR R KON
FEKE FyrEnli sl - (HB R E RNk - ]
A 7 B D g T o P e S FR I S BE R SR
7k DUSERE A HOE (EE B S - B0
HIZR KB BB A, - PTRESBEFAUN N8
PRGNS © FOKEERRIRE LR R fi
BOPRSEANEKINKRT (Fig. 2A) » U2 EXR
R S e R R RN S AR IR

" T 1 LR B PR ] LR AU PO 4 - RN R
FHELE R AE) WAL ke s (R E

MY EE DN B B (Wang et al., 2006; Sassa and
Tsukamoto, 2010) » FREE (2022) JREEHFEEIUS
AT F R T - R AR/ P BB T
DI Fig. 2 /K2R A =38A5NEE L
JIRITRRAESR - ARG A 2 BB PR dL R
FARRE AL SEERL S IE K Fig. 3 Hyifrd el
FFHEFIATHIIEIR] o AT HA R B Rl - HE F
FE BN IR A V) S EAERT - BURMPHERRT &
Sanvicente et al. (2006) fE%EFZEAFATEEL - &
AR EWR AT - [EEE PR £ 2
EWRLEfa R S -

SEIE=2 sa)N =) I RPN S T
PRSP HEf R E S B2 E R - &
B DR PE AR - PEF BOR AR E A E 2
HiFE (Chiu and Young, 1995; Fr, 1999; 3, 2007,
fl, 2016; Lin et al. 2016) - gafifsfe I AR AR B
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The Hydrological Characteristics of
Oriental Bonito (Sarda orientalis) Eggs Distribution in the Bay of Yilan

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

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

ABSTRACT

Oriental bonito (Sarda orientalis) migrate to the the bay of Yilan to spawn from winter to spring every year.
During the spawning season, S, orientalis are more delectable as they are plumper. However, little is known about
its early life. Each S. orientalis egg is a sphere with a diameter of approximately 1.3 mm, exhibiting pelagic and
isolated characteristics. It is the only economically significant pelagic fish species in Taiwan whose eggs are
enriched with oil globules. In this study, 118 eggs were collected from the key spawning area (the bay of Yilan)
off northeastern Taiwan during March 2022. Of the 38 sampling stations, 16 had S. orientaliseggs, and the highest
density of eggs was recorded in the waters off Nan’ao. We report that the presence or absence of S. orientaliseggs
is closely linked to a combination of waters 4 m deep with mean salinity larger than 34.2 psu and waters 10 m
deep with mean chlorophyll-a concentration of less than 1 pg/L. The relationships between the ichthyoplankton
and the zooplankton abundance observed in our research exhibit a positive pattern. Our findings provide the first
report on the response of S. orientalis eggs distribution to the specific hydrological variables in Taiwan, offering

insights for future stock management and sustainability of S orientalis.

Key words: daily egg production method, hydrological variable, spawning ecology
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Reproductive Biology of the Redtail Prawn, Penaeus penicillatus,
in the Southwestern Waters of Taiwan

Yi-Shu Wu, Yang-Chi Lan, Jian-Chih Huang, Yu-Kai Chen" and Jinn-Shing Weng

Coastal and Offshore Fishery Research Center, Fisheries Research Institute

ABSTRACT

The redtail prawn, Penaeus penicillatus, is commercially important for bottom trawling and shrimp
beam trawling in the southwestern waters of Taiwan. However, no histological study of this species based
on wild samples has been conducted. In this work, the reproductive biology of P. penicillatus was studied
based on monthly samples collected in the southwestern waters of Taiwan from December 2020 to
December 2021. The total length (TL) ranged from 84.5 to 253.3 mm for 634 females, while body weight
(BW) varied from 7.2 to 140.2 g. For 956 males, minimum and maximum sizes were 78.3 and 181.7 mm
TL, respectively, while BW ranged from 6.0 to 53.9 g. The relationship between TL and BW was BW =
8.0 x 10 TL>S! (R* = 0.93, n = 1,590), and there were no statistically significant differences between
females and males. The overall sex ratio was 0.40 (X>= 65.21, p < 0.001), but females were significantly
more common among individuals larger than 165 mm TL. In addition, monthly sex ratios fluctuated from
0.19 to 0.51 without a systematic pattern. Reproductive activity, assessed using histology and the
gonadosomatic index (GSI), indicated that mature females could be found during February to May and

August to November, with peak spawning occurring from February to May. For females, the minimum size

at maturity and estimated length at 50% maturity were 87.3 mm TL and 169.3 mm TL, respectively.

Key words: Penaeus penicillatus, length at maturity, gonadosomatic index, spawning season

INTRODUCTION

The redtail prawn, Penaeus penicillatus (Alcock,
1905), is widely distributed in the tropical and
subtropical waters of the Indo-West Pacific region. It
inhabits coastal waters of southwestern Taiwan and
has a bathymetric distribution ranging from depths of
2 to 90 m (Yu and Chan, 1986; Taiwan Large
Crustacean Database, 2022). P. penicillatus is
commercially important for small-scale bottom
trawling and shrimp beam trawling in the

southwestern waters of Taiwan. In addition, there were

*Correspondence: No. 6, Yugang N. 3rd Rd., Qianzhen
Dist., Kaohsiung City 806, Taiwan. TEL: (07) 821-8103
ext. 232; Fax: (07) 821-8205;
ykchen@mail.tfrin.gov.tw

E-mail:

previous attempts of artificial breeding of P.
penicillatus for aquaculture (Liao, 1988; Miao, 1992;
Miao, 1995). However, in captivity the growth rate
declines rapidly when the shrimp reaches 10 cm
(Chen et al., 1988).

Li (1990) studied ovarian development and steroid
concentrations of P. penicillatus from Taiwanese waters
in captivity. Lin (1989) confirmed that the populations of
P. penicillatus in the southwestern waters of Taiwan
(Donggang, Kaohsiung, and Chiayi) belonged to the
same unit stock. For P. penicillatus populations in
waters along the Pakistani coast of the Arabian Sea,
two spawning peaks were reported on the basis of
ovary color and histology (Ayub and Ahmed, 2002).
Moreover, sexual maturity was attained when P.
penicillatus reached 66 to 70 mm in length in Indian
waters of the Arabic Sea (Patel et al., 2011).
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The shrimp fishery is important in the coastal
waters of southwestern Taiwan. However, the
information available on the reproductive biology of
P. penicillatus is too scarce to permit sustainable
management and exploitation of this resource in the
waters of Taiwan. Consequently, the lack of adequate
knowledge of its reproductive biology remains an
impediment to proper management and conservation.
Therefore, the
reproductive biology of P. penicillatus from the

present study describes the
southwestern waters of Taiwan in relation to ovarian

maturation, size at maturity, and spawning season.

MATERIALS AND METHODS

1. Sampling and Measurements

Monthly samples were randomly collected by
commercial bottom trawling and shrimp beam
trawling at Dongshi fishing harbor in Chiayi County
from December 2020 to December 2021. No samples
were available in June 2021 due to the quarantine
measures in Taiwan. The specimens were sexed
according to the presence of a petasma for males and
a thelycum for females. The total length (TL) was
measured from the posterior margin of the orbit notch
of the carapace to the end of the telson to the nearest
0.1 mm. Body weight (BW) and gonad weight (GW)
were measured to the nearest 0.01 g. A subset of
samples was selected, and the ovaries of these
specimens were removed, measured, and fixed with

10% formalin for further histological analysis.
2. Data Analysis
(1) Gonadosomatic index

The gonadosomatic index (GSI) was determined
for each individual female by following the methods
of Uosaki and Bayloff (1999) and Armas et al. (2006):

GSI = (GW/female BW) x 100

(2) Macroscopic staging of ovarian maturity

Ovarian development was determined visually
and categorized into four consecutive stages based

on the macroscopic ovarian staging of Motoh (1978)

and Li (1990):
A. Undeveloped stage

Ovaries are very thin and small relative to other
organs. They are translucent and very flaccid. Oocytes

are at the oogonial stage or chromatin nucleolar stage.
B. Developing stage

Developing ovaries can easily be distinguished
from other tissues. They are larger than undeveloped
ovaries. Fresh ovaries are cream white. Oocytes are at

the perinucleolar stage to the pre-yolk stage.
C. Nealy ripe stage

Ovaries are large and turgid. Fresh ovaries are buff

to yellow. Oocytes are at the yolk globular stage.
D. Ripe stage

Ovaries are at full size and are rigid and green to
dark green. Oocytes are at the early cortical alveolar
stage to the late cortical alveolar stage.

Subsequently, the proportions of specimens in
each stage in each month were illustrated to reveal the

temporal development of the ovaries of females.
(3) Histological analysis of ovaries

The performance of macroscopic staging based
on the appearances of ovaries and the GSI in assessing
ovarian maturity status was verified by histological
examination. The processing of the ovaries, including
dehydration, clearing, infiltration, and embedding,
followed that of Humason (1967) and Ayub and
Ahmed (2002). The ovaries embedded in paraffin
were sliced into 5 pm sections and then stained with
hematoxylin and counter-stained with eosin, cover-
slipped with a mounting medium, and examined under
a microscope. Previous studies found no difference in
maturation stage with respect to ovary position
(Niamaimandi et al., 2008; Rahman and Ohtomi,
2020). Therefore, tissue samples extracted from the
anterior regions of the abdominal lobes were used for
further histological analysis to determine the
developmental stages of the oocytes.

Additionally, the mean diameters of oocytes were

determined from measurements of the histological
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Table 1

waters of Taiwan

Specimens of Penaeus penicillatus collected from December 2020 to December 2021 in the southwestern

Female Male
Year  Month N Range of TL  Range of BW N Range of TL  Range of BW Total
(mm) (@ (mm) (g

2020 Dec. 97 107.7-253.3 14.2-140.2 157 118.7-178.8 20.1-51.7 254
2021 Jan. 55 140.9-191.1 35.0-77.0 90 138.7-164.5 31.0-48.3 145
Feb. 59 129.6-203.4 25.2-99.9 82 128.2-164.0 23.3-53.9 141
Mar. 51 122.2-189.8 20.0-85.0 117 107.1-163.5 14.1-52.6 168
Apr. 78 106.7-195.2 13.1-88.5 77 121.9-181.7 14.3-48.4 155

May 11 99.8-194.7 11.9-82.3 48 107.5-156.3 15.1-44.2 59

Jun. 0 - - 0 - - 0

Jul. 40 98.9-151.3 9.6-40.7 54 92.9-141.3 8.9-30.7 94
Aug. 65 84.5-151.4 7.2-50.1 103 78.3-125.7 6.0-29.9 168

Sep. 44 112.8-200.0 15.4-93.8 43 100.5-152.5 11.4-39.5 87
Oct. 42 104.9-162.4 15.2-56.5 71 116.5-149.0 20.5-49.0 113

Nov. 40 115.2-164.1 28.1-73.8 40 111.8-148.9 26.3-46.6 80
Dec. 52 95.8-171.0 12.0-84.9 74 90.4-153.6 11.9-46.7 126

Total 634 84.5-253.3 7.2-140.2 956 78.3-181.7 6.0-53.9 1590

N, sample number; TL, total length; BW, body weight

samples at different ovarian stages. For each stage, 10 to
25 samples were chosen, and 3 to 6 oocytes were
measured for each sample; the measurements of all
oocytes were then averaged to represent the mean

diameter of oocytes of a given stage.
(4) Sex ratio

The sex ratio (%) was determined by counting
the numbers of males and females by month and by
size classes and assessing them using a chi-squared
(x?) test.

Sex ratio = the number of females / (the numbers

of females + males) x 100%
(5) Length at 50% maturity

The length at maturity is defined as the length at
which the ovaries are in the developing stage, the
nearly ripe stage, or the ripe stage according to the
GSI. Minimum size at maturity was determined by
directly comparing ovary maturation stage with TL.
The length at which 50% of all individuals were

mature was determined by modeling the size-specific

proportion of mature ovaries in each 15 mm TL class.
A conventional logistic equation as described by King
(1995) was used to quantify such a relationship:
Pr=1/(1 + e&"bTL)
Pr: Proportion of mature individuals in a size class
TL: Total length
a, b: Constants

RESULTS AND DISSCUSSION

1. Sex Ratio

From December 2020 to December 2021, a total
of 1,590 specimens of P. penicillatus were collected, of
which 634 were female and 956 were male. The TL
ranged from 84.5 to 253.3 mm for females, while BW
varied from 7.2 to 140.2 g (Table 1). For males,
minimum and maximum sizes were 78.3 and 181.7 mm
TL, respectively, while BW varied from 6.0 to 53.9 g.

Monthly variation in sex ratio is described in
Table 2. The overall sex ratio during the sampling
period was 0.40, which differed significantly from 0.5
(x* = 65.21, p < 0.001). In addition, the monthly sex
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Table 2 Monthly sample sizes of female and male Penaeus penicillatus collected from December 2020 to December

2021 in the southwestern waters of Taiwan

2

Year Month Female Male Sex ratio (%) X p-value
2020 Dec. 97 157 0.38 1417 0.00017*
2021 Jan. 55 90 0.38 8.45 0.00365*
Feb. 59 82 0.42 3.75 0.05275
Mar. 51 117 0.30 25.93 0.00000*
Apr. 78 77 0.50 0.01 0.93598
May 11 48 0.19 23.20 0.00000*
Jun. 0 0 - - -
Jul. 40 54 0.43 2.09 0.14874
Aug. 65 103 0.39 8.60 0.00337*
Sep. 44 43 0.51 0.01 0.91462
Oct. 42 71 0.37 7.44 0.00637*
Nov. 40 40 0.50 0.00 1.00000
Dec. 52 74 0.41 3.84 0.05001
Total 634 956 0.40 65.21 0.00000*

Sex ratio is the percentage of females in monthly or total samples. Asterisks indicate statistical significance of chi-square (x*)

tests at p < 0.05.

Table 3 Sample sizes of female and male Penaeus penicillatus, grouped by size class, collected from December 2020

to December 2021 in the southwestern waters of Taiwan

Length (mm) Female Male Sex ratio (%) X p Length (mm)
75 0 0 - - - 75
90 3 4 42.3 0.14 0.7055 90
105 7 33 20.5 15.36 0.0001* 105
120 54 131 29.3 36.53 p<0.05* 120
135 85 178 32.1 43.45 p<0.05* 135
150 118 181 41.2 11.65 0.0006* 150
165 111 254 33.6 41.68 p<0.05* 165
180 93 60 61.8 8.72 0.0031* 180
195 54 1 98.2 51.07 p<0.05* 195
210 15 0 100 15.00 0.0001* 210
225 1 0 100 1 0.3173 225
240 0 0 - - - 240
255 1 0 100 1.00 0.3173 255

Sex ratio is the percentage of females in monthly or total samples. Asterisks indicate statistical significance of chi-square (x*)

tests at p < 0.05.

ratios fluctuated from 0.19 to 0.51 without a systematic
pattern. Males were more abundant in most months
except for April, September, and November. The
proportions of males were significantly higher for size
classes under 180 mm TL (Table 3), and the
proportions of females increased with TL when TL was
greater than 180 mm. The proportions of females were

significantly higher in larger size classes.

For Penaeus semisulcatus in Australia, the sex
ratio within the same year class remains at around 1:1
from the time of recruitment to about 1 year of age.
Subsequently, the percentage of females declines
steadily. At the age of approximately 18 months,
females account for only about 25% of the population
(Somers and Kirkwood, 1991). For Penaeus monodon

in southeast Asia, the female to male ratio was higher
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Fig. 1 Monthly changes in the mean gonadosomatic index for female Penaeus penicillatus (N = 450) in the

southwestern waters of Taiwan. Sample sizes are noted in parentheses.

in offshore waters (1.5) than in the nursery areas (1.0)
(Motoh, 1984). Because the life history of P. monodon
contains six phases, i.e., embryo, larva, juvenile,
adolescent, subadult, and adult, habitat and ecology
change with each stage (Motoh, 1984). The sex ratio
may differ among life stages, habitats, and fishing gear
used. In this study, the observed sex ratio represents the
pattern from samples collected by commercial bottom
trawling and shrimp beam trawling in fishing areas
located in offshore waters. In the future, more studies

of the variation in sex ratio are greatly needed.

2. GS| Variation

Among the 634 female samples, a total of 450
ovaries were successfully removed for GSI
measurements. For smaller individuals, some of the
ovaries were too small to observe or measure and were
excluded from GSI analysis. GSI measurements ranged
from 0.61 to 4.28. The GSI remained low in December
2020 and January 2021. It rose from 3.05 in February
to a peak of 4.28 in April, slightly decreased in May and
July (no samples in June), and increased thereafter to
2.23 in August then decreased to 2.13 in November
(Fig. 1). The GSI dropped substantially to a low of 0.61
in December 2021.

3. Developmental Stages of Oocytes

Among the 450 ovaries removed, 120 samples
were randomly selected for further histological analysis.
Based on previous studies (Li, 1990; Ayub and Ahmed,
2002; Niamaimandi et al., 2008), seven oogenesis
stages were defined for P. penicillatus using
microscopic characteristics (Fig. 2). Descriptions are as

follows:
(1) Oogonial stage

Oocytes were small (<0.02 mm) and could not be
distinguished easily (Fig. 2A). Chromatin was dyed
deep purple by hematoxylin. (Sample size (N) = 10; 3

oocytes were measured for each sample).
(2) Chromatin nucleolar stage

Chromatin nucleolar cells (0.02-0.04 mm)
contained a thin layer of cytoplasm and a large nucleus
(Fig. 2B). (N=10; 3 oocytes were measured for each

sample).
(3) Perinucleolar stage

Perinucleolar oocytes were large (0.04-0.05 mm),

and the cytoplasmic region was clear (Fig. 2C). The
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Fig. 2 Histological sections of the ovaries of Penaeus penicillatus, illustrating oocytes at different maturation stages.

(A) Oogonial stage, (B) chromatin nucleolar stage, (C) perinucleolar stage, (D) pre-yolk stage, (E) yolk globular stage,
(F) early cortical alveolar stage, and (G) late cortical alveolar stage.

nucleus was well-formed. (N = 15; 3 oocytes were

measured for each sample).
(4) Pre-yolk stage

Oocytes had continued to grow larger (0.05-0.09
mm) and were oval in shape (Fig. 2D). The nucleus had
a clear nuclear membrane. Follicle cells were visible on
the outer surfaces of the oocytes. (N = 20; 4 oocytes

were measured for each sample).
(5) Yolk globular stage

Yolk granules were present in the cytoplasmic
region (Fig. 2E). Each oocyte (0.08-0.19 mm) was
surrounded by a layer of elongated follicle cells, which
were less distinguishable. (N = 20; 6 oocytes were

measured for each sample).
(6) Early cortical alveolar stage

The follicle cells on the outer layer of the oocytes
became even thinner (Fig. 2F). The rod-shaped cortical
bodies (0.005-0.008 mm in diameter) were observed at
the inner periphery of oocytes. Oocytes were larger
than 0.19 mm. (N = 25; 6 oocytes were measured for

each sample).
(7) Late cortical alveolar stage

The cortical bodies in the chromatin of oocytes

had grown larger (>0.03 mm). Follicle cells enveloping
the oocytes with cortical bodies were not
distinguishable (Fig. 2G). (N = 20; 6 oocytes were

measured for each sample).
4. Ovarian Development

The maturity of the ovary of was determined by its
shape and coloration, variation in the GSI, and
histological study. The GSI values and oocyte

diameters are described below:
(1) Undeveloped stage

The GSI was less than 0.7. The oocyte diameter
ranged from 0.01 to 0.04 mm.

(2) Developing stage

The GSI ranged from 0.8 to 1.6. Oocytes generally

ranged from 0.04 to 0.09 mm in diameter.
(3) Nealy ripe stage

The GSI ranged from 1.7 to 3.9. The oocyte
diameter ranged from 0.09 to 0.19 mm.

(4) Ripe stage

The GSI was greater than 3.9, and oocytes were
larger than 0.19 mm.

The proportions of specimens in each maturation
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Fig. 3 Monthly variation in the proportions of females in different ovarian maturation stages for Penaeus penicillatus
in the southwestern waters of Taiwan. Sample sizes are illustrated above each bar.
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stage in each month were illustrated to reveal the
temporal development of female ovaries (Fig. 3). In
December 2020, individuals with ovaries in the ripe
stage occurred at a low percentage (4.1%). The
percentage of ovaries in the ripe stage increased sharply
in February (35.6%), was highest in April (50%), and
remained high until May (36.4%). Ripe individuals
could be found from July through November. The
percentages of ovaries in the undeveloped stage also
increased from July to November. In December 2021,
individuals in the ripe stage were absent. Overall,
ovarian development corresponded well with the
monthly changes in the GSI and the percentages of

individuals in the various maturation stages (Figs. 1, 3).

50
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5. Size at Maturity

The smallest mature female, as determined by
macroscopic analysis of the ovary, found in this study
was 87.3 mm TL. A total of 450 females ranging from
84.5 to 253.3 mm TL were used to estimate size at
maturity. The changes in the proportions of mature
females in 15 mm TL size intervals were described by
the following logistic curve:

Pr=1/(1 + €216-00718TLy

Therefore, the length at 50% maturity (Lmso) was
estimated to be 169.3 mm TL (Fig. 4).

The development of gonads is a continuous and

consecutive progress. Determination of the ovarian
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maturation stage is difficult by visual examination of
the ovaries alone (Ohtomi €t al., 2003). Hence, the
histological observation of oocytes is believed to be the
most accurate method for the staging of mature females
(Ohtomi et al., 2003; Hossain and Ohtomi, 2008). In
this study, both methods were adopted to describe the
detailed ovarian development of P. penicillatus in the
southwestern waters of Taiwan.

Among the 11 Penaeus species in Taiwan, P.
japonicus, P. monodon, P. semisulcatus, and P.
penicillatus are large and commonly utilized by
fisheries (Lee, 2005). However, past studies have
focused more on physiology and aquaculture. As a
result, information on the reproductive biology of wild
Penaeus populations in the waters of Taiwan is still
lacking. In this study, we estimated the minimum size
at maturity and length at 50% maturity to be 87.3 mm
and 169.3 mm TL, respectively. Patel et al. (2011)
estimated that the minimum size at maturity was 66 mm
TL in Indian waters. Moreover, the minimum size at
maturity was estimated to be 123 mm TL for P.
penicillatus in Pakistani waters (Ayub and Ahmed,
2002). As growth rates of penaeid shrimps are greatly
influenced by environmental factors, such as water
temperature, prey, and seasonality (Miao and Tu, 1995;
Rahman and Ohtomi, 2018; Rahman and Ohtomi,
2020), the size at maturity for P. penicillatus may vary

among geographic regions.
6. Spawning Season

The GSI of P. penicillatus was highest from
February to May (Fig. 1) and remained high until
November. The GSI dropped to a low of 0.61 in
December 2021. Moreover, the proportions of
specimens at different maturation stages for each
month also showed that ripe individuals could be found
from February to November (Fig. 3), with the highest
percentages from February to May. In summary, we
found that the monthly changes in the GSI
corresponded well with the maturation stages of the
ovary. Ayub and Ahmed (2002) reported that the
spawning of P. penicillatus in waters of the Arabic Sea
showed a bimodal pattern. One period of egg laying

occurred from February to May, and the other occurred

from July to November. Another study revealed that the
main spawning season was from March to May along
the Guangdong coastal waters of China (Wang et al.,
2021). In conclusion, this study found that mature
females of P. penicillatusin the southwestern waters of
Taiwan could be found during a prolonged spawning
season, from February to May and from August to
November, and that the peak spawning season occurred
from February to May.

Studying the reproductive biology of P.
penicillatus is crucial for sustainable fishery
management practices. Understanding factors like
spawning seasons, spawning areas, and reproductive
potential aids in setting appropriate fishing quotas and
regulations. To prevent overexploitation, fishing
pressure should be reduced during the peak spawning
season. In the future, more studies on the life history of
P. penicillatus populations are needed to design

effective conservation strategies.
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“BEVESE / ERFMMNIVERRLS 22 5%, TEL: (089)
850090 #& 305; FAX: (089) 850092; E-mail: cmhsu@
mail.tfrin.gov.tw

VI TR B B R A - BN R
FRTHTIE T REREFWI - RS (2008) &
SRR A SLE I WIH B BT DU 2 - 3.5 cm
Py A= HESE - PEHLE R = P R A S R R B
T i T KB AR ~ BIAE - BRI
T~ IR SR R Ry B A 1 K EC#R R BE T T 722 3
WK - BISMIFFEH Soichi (1978) i HATZERR/K [
BE R FR s R R B0 R SR S R £ AR B R R
R B HABEXRERCBIZECHR S 53 Ranjanetal.
(2017) FCEKERIE PR ZERRY 1980 £BH4h
e A VLEE TR IE A o WS A AR A A
EIAREDN ~ (FRIEH ~ MR B AR -
T SULSE R A K 2K A 2 T R R A T SR EE T T
BORIATSE > Stieglitz et al. (2017) HEHLEEFEEEE
JIHESE ~ SEE - AR - BB R A
FEETERLAYERTE SRR 5 Perrichon et al. (2019) f*
2% B 3 K R E BE R R0 (University of
Miami Experimental Hatchery, UMEH) 7RE
TN ] 2 M3 E AR ES
BEMERFSE - fEMEF BT BTS2 /T » Stieglitz et al.
(2017) K Kloeblen et al. (2017) Z5IHVLTETJFEMA
SR ST B VA A A RV H AR BEYR B P iRy
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ANEEFINENGRR Z PUSE LR - BT Feia i BT Ry
%R YN BRI R R I e s el
GEEFA Vitamin B DURE R IR E R 52 R B
TElER A LM BB IE R 2 E - R Uizt
AWt seE T FEER{Le 2% -
SREHVTH AT CAg PR R £ - BEaE 2 RRE
EEEAER RS > R HENY - EE
SREHJE R R R R N2 B8 - Ik
TR A BT (1, 2016) © ARTZEEU]
FASREE IR Bt e 7 SR A T E B
B R 1 A R B AR SR s B R A ) e
ECEEEVNE e Ticl of7 5 QRIS reidce S

ST J B ELAB Y SR 2 2 -
PERHEL 7 i

— ~ FHASEREL B 2R A

Y A T SR ok S A 0 T e DU AEE A ) 8 AR
TR - EA BTG S i I E
B MBI 5 ppm T IR AR
FRRE - TSI B DUR AR EGE SR T
e MRS ARy 150 mt SHGEEE Tkt (L 10
m > PERIZRAZEEE 150 - 180 cm) » A TEHUK S
TS - WoE AR ACRHRE K R TR
FRHEZK - AR DA B - ol
SREEV RS - Wy EHEEGRE 90 eom 2EERHTRA
TERSRIEMER: > i LR (R e R A
ST T EERCR. (Fig. 1) -

i p [
Fig. 1 The breeding pond is adorned with
vertical black lines and features an aerated bubble
curtain to prevent fish from hitting the walls.

WEHJ A 12 B G M~ 9 i) RN
40 - 60 cm - HEESTHY 1.5 - 4 kg - EHLUEMHA
(Squid) ~ # JJ] £& (Cololabis saira) K 1F fi#
(Katsuwonus pelamis) 554 AHIE A% AR - F2TE/K IR
R RARUG/KAR VLI ARG SR ARGt > &
BRIk H Ik & Rk & 1/4 0 KR
AERFAE 25 = 2°C » BTy 31 & 1 psu - AR FH S
T FEE IR BB R T By » WRCERAETAT T Rb X

o RIS E IR

RN EMLE S A &R HARED - 2E
FEEIA R /K 25 80 {8 H 2 A= P mI EAT I
ELEIZHEIN - LI EER =% > DL32 METF
PP AT 1% - LUK B IA g 7k 2 A4
TR EFE BT BRI L 2SR50 - 52
FEON BT ANRIESEIN > RIREE - U7 M f
Y KRG =R - ZREINRE RIS A 500 L BizRaiAft
s LEBIBAE (FRP) o ERIG/KFT R ST AETTIF
b < SRR P e R R AR SR I 2 IR B Fr > R T
HeREGAEE - HIE S0 FHSZREIN.Z TR BAHERTS ke
IR B AR - AR ~ KRB S 2
RATR - HRZIEINGE L -

=~ frfp B LB E R

U —HLRZHEIVEA 1.8 mt & FRP == E;
B (A1Fs 200 cmx120 cmx 80 cm) » $E{H L&
By 25+£0.5°C » BEEEIRFFAE 31+ 1 psu BE3Z K5I
b - fra R a0 Fig. 2 A {7 AL
#% 60 hr NEAMGEEREGE: (Brachionus plicatilis)
E Ry SCeeiBe DR W) - P R ] (1 - 10 %)
PR B &KL AR - DU 5 =0 I #5E Bk i
(Nannochloropsis oculata) FZE/KE » 7k B
HERFE 60 - 80 cm > 2 6 H DI FAIGIR S/ NUEE L
¥H (copepod) Eildimid » £ H B g7k 200 - 300 L »
55 10 HpHiaRe ek s » 55 24 HIRWG T
RO A RHEIEE - 79 H NPl — R - BB
HERER 6 A AL RSB OAB R (- HE fL L i
A~ peRB RS SRR 2 SV ML - AT
Az ) i ) BE TR 5 BC OG5 16 R B 0 BT K i
(NIS- Elements D 2.30, Nikon) > #1772 £ (total
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Table 1 Spawning of Coryphaena hippurus from April to May 2022
. Spawning Spawning Spawning Spawning Fertilization
Spawning No. Date Time interval (day) temperature (°C) eggs (g) rate (%)
1 Apr. 07 16:20 - 22.7 51 25.10
2 Apr. 08 17:10 1 22.5 78 30.13
3 Apr. 11 17:30 3 23.0 105 59.05
4 Apr. 15 01:10 4 234 80 -
5 Apr. 17 00:40 2 251 230 46.30
6 Apr. 18 02:00; 17:50 1 249 482 -
7 Apr. 20 16:00; 01:20 2 24.0 402 90.05
8 Apr. 27 17:30 7 26.3 156 83.33
9 May 04 02:50 7 27.0 372 73.25
10 May 08 16:50 ; 03:20 4 26.7 506 54.35
Average 3.1 24.56 246.2 61.63
60 r
50 r
€ 40 r
£ Copepods
<=
? 30 ¢
2 Rotifers
© L
g 20 Pellet feed
'_
10 r
O 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 J

0 2 4 6 8

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48

Age (days)

Fig. 2 Growth performance and feed schedule of Coryphaena hippurus larvae.

length, TL) ~ fE#EHEEE (standard length, SL) ~ BEE:
(head length, HL) ~ W& (snout length, SnL) ~ AR
(eye diameter, ED) ~ [1{& (mouth gape, MG) ~ AT
Al (preanal length, PAL) ~ #%%; (body depth at
pectaral-fin huse, BDP) ZEXE5( T EHIE (Betti et
al., 2009; Pena and Dumas €t al., 2009) » HIEHEH %
FHEAREIER 75% WEkET - DIFIRRAER 7 EEr T -

VY ~ BERESIRERII G b 2 2

U3 K1 30 min 2 - 4 pRZSZHEN > HIER
SESN ~ WARTN R HAHEY) > DUBB IR A IR HY 30 i
fERESAEIN D BIE AL 0~ 5~ 10~ 1520
2530 ~ 35 ¢ 40 psu 2 0.5 L AR » 45— R

VUSRS - FHH/KIE Ry 26 £ 1°C » SERER R 12 hr
BH /12 hr B > HRPHERITR > WiCsRSHHm
1% -

1~ it

ARE R R B A A R B AT R,
7= (mean = SD) » L1 ANOVA - Duncan’s multiple
range test YETTHEE/AT » LA p < 0.05 FoRAHHRM]
IR E R R



28 MURESE

Mook

— ~ MR EEE R AEDN

FAMARALTBME  FBEFROR
70% o Z B2 BRAGIRIEE Fr v HE AL S M55 -
Bl B IR SR S 30 - 50% DL I IGEREE
10% DU - #ERITREZ R R iEa e DI i s
Sl SELEE T T RESRPTE - TR IR AR Fa B - IR SIRY
SR E R o 6 5 B DUk o
PGSR I mT R SR FR e P MR v B
Bl EE AR E 50% -

PrA- R AMARES 2 H - ik ROTROE
YT RGN > AR R e R e B BIAHE - ]
5 IEARR HE R - P HLHEREDE e - R ST hL
2.0 - 2.2 em Z B RIARERL

WIHJ IR EA MR A 2l - nT LIRS
ForFIENER - HEFA B D REE R B PR SR FE
180 MR TEERHIAEEENE o ANBFSER 2022 44 B
HRRJRIR B BT R DN > 32 5 AR IR - LB R
13 REJITEy » ¥4 Table 1 Fi7R o 13 ZRIYEDT
RIS 22.5 - 27.0°C » FEYNRFREIE 53 By T HY
16:00 - 18:00 Kz 7% 1Y 1:00 - 4:00 —fRFEY » Horfr
4 F18~20 HEAR 5 H 8 H » 1E[F—RIHER K
FRABIEEE] 1 RAEHITR » AT RA R 3.1
R~ FREIVERTE 246.2 g (K7 108 THH) ~ 3
NG Fy 61.63% (Table 1) - HJA-#i%<AF 5 e 1B
A AR EARR - HERAE BT BRI I R
T IRBERE R 555 » TE/KIRIBE IS MR 5 TR
T DA B B S il e R L A O 5 EENBA LG
#% > MR e R /KEIFIRHRINEG » ORI T Ry
% MRS SR - BT R M A TR R
FHERPENE - S5 N —ROHEINEERS - BRI TR
PR 0.5 - 1 hr -

= ARG

SREHTISZ RGO R BRIE ~ 0B LI EON - P
D€ Ry 1.55 £ 0.04 mm ; AE—FHERE 031 +
0.02mm {HER > SREIRZNEINE SR O GEN
P REEAM > B2 B SomEk I (Fig. 3)
VISR A R A L I -

Fig. 3 Under microscopy, the fertilized eggs have two
colors: golden yellow and transparent. Scale bar=1.0
mm.

R & AN Table 2 J¢ Fig. 4 PR » fE7K
BAHA 26 £ 1°C » BEEHA 32 psu T > 5245#% 30 min
MHEEE B by 2 A 5 K% 50 min RGEE Ry 4
QHMIHA (Fig. 4A) 5 1 hr 25 min ks 8 ST 5 2 hr )
32 HfEEA (Fig. 4B) 5 2 hr 35 min % 64 sl (Fig.
4C) 5 4hr 10 min JZ5EH (morula stage) (Fig. 4D) ;
10 hr 50 min ZERIEEGHA (Fig. 4E) 5 18 hr 35 min %%
EZEINE 1/2 HEZRPRK (Fig. 4F) 5 21 hr 40 min
BRENEE N - IRMPRH R 7 #2680 (Fig.
4G) ;5 26 hr 50 min & "] ZEEHNE fEe FE R
FlM - EARELNE Mt (Fig. 4H) 5 28 hr [IRESHIZ
12 #8675 (Fig. 41);30 hr 30 min RS H IR 321 (Fig.
4J) : 34 hr 20 min ARFRELBEIZRL > IREE AT LSRR
HH#EL (Fig. 4K) 5 38 hr 30 min % A] S5 E 0 R EGE
130 2%/ min > SEVRIEERIEMWI AT L (Fig. 4L) 5 43 hr
RHE ] B R E) (Fig. 4M) S &S
EAZEINE (Fig. 4N) 5 48 hr 20 min & ¥ f
1t - M EAIfFfa 2Ry 5.07 £ 0.05 mm (Fig.
40) - IHFEEEE - E KRS 28+ 1°C » W LA
45 Ry 46 hr 30 min » E/KERLE 23 £ 1°C
HIJZE £ Ky 54 hr 30 min » FURMHLIRF R EL KR 2 &
FHRA -
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Fig. 4 Embryonic development of Coryphaena hippurus. A: 4-cell stage; B: 32-cell stage; C: 64-cell stage; D: morula
stage (m); E: blastula stage (b); F: 1/2 of yolk is covered with blastodisc; G: optic vesicles appear (ov), 7 somites (s); H:
chromatophore is visible on the embryo, tail freed from yolk sac; I: 12 somites (s); J: pigmented cells appear in embryo;
K: embryo shows a spasm-like twist; L: heart rate: 130 beats/min; M: the time was 05:00 before hatching; N: egg
membrane breaks; O: newly-hatched larva. b: blastomeres; bp: body pigment; em: egg membrane; h: heart; n:
notochord formation; og: oil globule; tb: tail-bud; y: yolk. Scale bar: 1.0 mm (consistent for all).

Fig. 5 Morphological changes of Coryphaena hippurus from larval to fry stages. A: 1 day post hatching (DPH) 5.07 +
0.05 mm in total length (TL); B: 2 DPH 5.19 £ 0.18 mm in TL; C: 3 DPH 5.26 £ 0.12 mm in TL; D: 5 DPH 5.46 =
0.11 mm in TL; E: 7 DPH 6.93 = 0.65 mm in TL; F: 10 DPH 8.63 + 0.62 mm in TL; G: 13 DPH 11.01 + 0.91 mm
in TL; H: 15 DPH 16.19 £ 1.29 mm in TL; I: 20 DPH 20.00 = 1.90 mm in TL; J: 25 DPH 23.59 + 2.22 mm in TL;
K: 30 DPH 33.00 + 2.44 mm in TL; L: 44 DPH 51.01 = 3.66 mm in TL. Scale bar: 1.0 mm (consistent for all).

= (PURE BIBRESH L R » f6 TR ELBE Y - VR
SEVIEAE 80 em JoAs DURBS/KE R A7 £ fEL LB

SLUETJFRIERESMUAN Fig S FT - ORI LRGBS 7 RIS 452 AT (Fie.
FFRTVERER 507005 mm - SRBFEAE  5B) 2R 5194018 mm > SEHZHEN > (1K
(RBGRIRES (Fig. SA)  LERSFRMIZRVRIE  ICFIRBE  HRESEs Mo A - SRR -
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Table 2 Embryonic development of Coryphaena hippurus at different rearing temperatures

Developmental stage

Time (hr:min) elapsed at different
water temperatures

23+1°C 26+1°C 28+1°C
— - " ; -

2-cell stage 00:35 00:30 00:25
8-cell stage 01:20 01:25 00:40
32-cell stage 02:00 02:00 01:00
64-cell stage 02:50 02:35 01:35
Morula stage 07:30 04:10 03:10
Blastula stage 15:30 10:50 09:10
1/2 of yolk is covered with blastodisc, and the embryo appears 21:00 18:35 17:10
The entire yolk is covered with blastodisc; optic vesicles are visible, 7 somites 24:00 21:40 20:10
Chromatophore is visible on the embryo; the tail is freed from the yolk sac 30:00 26:50 25:00
Optic lens has formed, swing of the tail observed 39:00 34:20 32:20
Heart rate:130 beats/min 44:00 38:30 36:40
5 hours before hatching, the operculum occasionally wiggles 49:00 43:00 42:30
At hatching, total length is 5.07 + 0.05 mm 54:30 48:20 46:30

= FEINE RIS Fy 0.70 mm- JERE AL Ry 0.16 mm;
3 Hidf7 A (Fig. 5C) £ E B 5.26 £ 0.12 mm > §j
BPEEATATE > ATHHRER IR L S LB - R
SE /7 fa A= T i R AE R o PLIRERHLG
FAHERI A 100120 pm (i 8 5 AR AT Foikt
5 HEgfFf (Fig.5D) &E k% 5.46+0.11mm; 7 H
By (Fig. 5E) &2Ek 6.93 £0.65 mm » jG#E))]
o BMEEI I EEERY > Herfes Bt misE
BERS PMATR B/ VIR IE S L 10 HER{rfa (Fig. 5F)
2 Ra# 8.63+£0.62 mm » ST HaZ BEER K e iR
R R - SRR DIBRAAR AT R 2 13
H#ERfr £ (Fig. 5G) fafinsih B a2 e tass
ZEk 11.01 + 0.91 mm » AJ$H25% 200 - 300 pm [
B R 5 15 HERF A (Fig. SH) &R5E 16,19+
129 mm ; }5HE 20 HERfFfR (Fig. 5S1) &Rk
20.00+ 1.90 mm » BB Eeted i R g ) M AL (2
JEis: o BHAEE R DA Tk GRBIIEE 25 HERfF
fa (Fig. 51) 2% Ek 23.59 +2.22 mm ; 30 Hig
¥ (Fig. 5K) &5 33.00 £ 2.44 mm » B A]58
R A TER 44 HERfFf (Fig. 5L) &2RR
51.01 + 3.66 mm » FMEEEELF—E - 55 > ARWESE
[ PF ] L B B T 5 - 7 om EFARHER—HL

H1 45 Hk > Ephtho IeCEeg - BB s
F5# 253 om ~ fEfAGE 21.0 em En] RAEEIRSEES
(Fig. 6) - 1RSE (2008) thufgH » EEEAL > 6 A
HRAE T FREE T ] S PR e -

Fig. 6 Wild-caught juveniles (5-7 cm) from Keelung
were raised for 45 days. Gonadal development is visible
in the 25.3 cm male fish (above) and the 21.0 cm female
fish (below). Scale bar: 1.0 cm.

VY ~ BEREEIRREIRE b s

WA R ARG LR 2 B0 Fig. 7 Fis » S2F5 0N
TERENE 35 psu ZIF LR AE » 3% 82.5 £ 9.6% 5 H
KBy 30 psu (77.5 £ 9.57%) Kz 40 psu #H (65.0 +
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12.90%) ; 25 psu #HZWFE3RAE 20.0 + 8.16% > H.
PR LR B NRFRISE L - 20 psu e DA N o (RS S
fH > R B N R R R B E - SRR ARG R
BT EEHER (25 - 40 psu) BEEEEH] (20 psu
KEUT) #ZW e B2 (p < 0.05) > (i
ERRERH < A A R 2 5 -

100 ¢
90 | a
80 | 1
70 |
60 L
50 |
40 |
30 | b

20
10
0 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40

o
i

Hatching rate(%)

Salinity (psu)

Fig. 7 Effect of salinity on the hatching rate of
Coryphaena hippurus embryos. In each trial, different
letter symbols denote a significantly different (p < 0.05).

G il

g

AW F e £ B R S LI £ U TR 5
ZU EUBESZ I FCH OB R R s BT R - B
/NEEFIRFTFIRZ S SE T » Sty 1 R
fo IR ER s AR IR - EHT T2 8
AZREEINRILE - Stieglitz et al. (2017) 5k
SR SREE T AN - RS
FEATEEYN 15,000 - 30,000 FH - AERATEETNE Al E
HRIREE 5% ZONE - R AR A e
EHEFRAEIRES o ARTFE SREH TG 2 B A
Bk > KR 22.5°C PldaHIBRATETTR -
FEBEI HEGERE - FIRFEE 2 - 3 RRMEfGEZ % 5
M ErfE/K Bt - BIE R M JE I T Ry
FE IR BEIR B AR - AR BUK TR IR A
DGR THOON T A - &FRIRIAE 23:00 243
SO - FRECERS RN ERH L

Soichi (1978) FCHRAE H AT ZERR /KRR
SH R SR HEDN T Ry b — R B R RAS
WO SRR T A B RTERE - RES M th
T IR LA e R SR TSR RE AR AT R B

AT —EL - (HE SR AT R IER AL
15:35 - 17:45 (2 [t » WA SR A I TR AE TR EL
%2 - Soichi tHECEREIA4 FEEALRFR KT HEL 20 -
30sec » {HIRKE 5 - 40 min 2] FHZGEREN » #%
A TR X EAAHFFEARIA « T 3ERR/K AR AY SRS )
AT Ry B S SR SR RER 3% - AR JHIR B HISE A
(Microcanthusstrigatus) /N RASENER R
WS HHHYSEREEN © 5390 Ranjan et al. (2017) fRE
ZESYNE I v = Tan il e 9P T ey SR N THT]
TEAT - LA A KRG - AR N R A
B HER o Perrichon et al. (2019) fE R 28 AL
BRI o RSRIEVICL 1 IR 8 e 1 HEAC
o FEREURAEIT R ARG R 2:00 - 5:00 (Z[H]
4 R BN RIE R H R rTICE R 2 K501 -
AR H AT ZKIGREEWTSE - BB FER AR
FEAT RREIL -

EF fR M e R A R S e B - W]
RE R FRHEE T R A REAE W ML - DU ARRREE 6K
Y REHAEH RIS EEER - KHEEINE
ZAE Margulies et al. (2007) 1T N TEIAAY S
fif (Thunnus albacares) J: Miyashita et al. (2001)
WrsEsfE (Thunnusthynnus) 4517, - thEEREl
FHFEIRE R © (PR LB thac SR B e R A Y2
RO - At e e nT A R LB 52 - A SEHh
5 BT AR T T R R ARG B /K 26 £ 1°C
Ryt IRl - =S SRS N A S
MEI5E AL - BB B R BB AT & HETHE
Bl b iRk B T IR - R T
SR LIRF R

AHZE L SEH T SZRG NP2 PR Ry 1.55 +
0.04 mm - EE#% Soichi (1978) HASEESH ARIH I
£ 1.4 - 1.65 mm ~ Lamadrid Rose and Boehlert
(1988) FC&KkE AR SREE/JIFER 1.52 - 1.66 mm f¢
Ditty et al. (1994) & P4 E M IH T JIE R/
FEEL 5 Mito (1960) Frigsk HASFREHJINAK 1.28 mm
FEARIFESE/ N (Table 3) - FEBEJNER[R] Ryl
[y e} B2 RGO EL i - Mg 8 (Gnathanodon
speciosus) SZAFHHINIE Ky 0.91 £ 0.06 mm (fif 5,
2011) ~ g = fEf2 (Trachinotus blochii) & JE{&
1.00 - 1.05 mm (faf &, 2005) ~ ¥ H & (Seriola
dumerili) ZPPfE 1.03 - 1.15 mm (F£%, 1997) ~ FH
fizz (Seriola quingueradiata) FEf€ 1.18 - 1.34 mm
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Table 3 Comparison of egg diameter, water temperature, hatching time, and fry length of Coryphaena hippurus across

study locations reported in the literature

Egg diameter Water Hatching Fry length Study
Remarks o . .
(mm) temperature (°C) time (hr) (mm) location
Mito, 1960 1.28-1.62 21-29 48-60 3.95° Japan
Soichi, 1978 1.4-1.65 24-25 60 3.8-4.9 Japan
Uchiyama et al., 1986 - 24-25 48-50 4.0-4.6" Hawaii
Lamadrid-Rose and Boehlert, 1988 1.52-1.66 26 54 4.3-5.4° Hawaii
20 58°¢ -
Ditty et al., 1994 1.4¢ 25 38° — ﬁ;"xflsg
30 26°¢ —
Perrichon et al., 2019 1.2-1.5 26 41-45 3.7-3.8% Miami
23 £1 54
Present study 1.55+0.04 26 1 48 5.07 = 0.05° Taiwan
29 +1 46

*Standard length; "Total length; “Mean egg diameter and predicted hatching times.

(2, 19922) R 43862 (Seriola lalandi) B %
1.27 - 1.50 mm (2, 1992b) ZEfaXEsRAgA o AT
FEREBIAEIN/KIR 23.5 + 1°C I » ZREUNL 54 hr
30 min £&HFL > ZKIREETEE 26 £ 1°C RIRFRETHE
J8 Ry 48 hr 20 min (L, - BELRFREEL KR 2 &
B - Soichi (1978) A H AT HERR/K I EE #5% FREH ]
ETEAT Ry o BEFAAZREINA/KIEL 24 - 25°C » IREEA
59 hr WAL - FEACH B SR LI 2R 0
Perrichon et al. (2019) JR & REMASE I ZE]
7K 26°C IR IAEMF(LIRERT Ry 41 - 45 hr > AHEL
FAARWEGE 26 + 1°C 1938 g #H 2k 19 LAk
Uchiyama et al. (1986) & B{eE FIH ) JEIHACER/KIR
24 - 25°C » JIRHEAY 48 - 50 hr $RIFE(L - BLAHZEE]
LR ML - EFbfF e R Ry 4.0 - 4.6
mm » FEARBSE(EREARA/ ] -

BE ki 23 - 25°C fFEaBACIRFRT R 28 3 K5
ZKIRFR R 27 - 29°C » SEHUTFFEE 2 HERIRIS -
L8R B b - AT ABRaaE £ » RIS 7KL
ATHE R — RIRERETRL A - EHTJfFFaR 25 +
0.5°C LAY 60 hr Z2BAIHRE » [ 70 hr 7] 5,
BAAY Glnestt o B JFREEEES 7 H
B BRIGUG AR R BRI IEAHE & - SRk S AR
RV RS Bkl - R E SRR 2ty
KBRS A EAIEN (HUFA) 5800
B (Watanabe et al., 1978) - Faillettaz et al.
(2020) F5 M e BEDRE DA i et P S A M T S

FARRE - B HUFA &E A R
S MTFREHIRAEISECHS Rl E AR
RECEBRAIR (BCEEE - BE - 5%~ BER
25F) © Faillettaz et al. (2020) FABzdl i FIBE € 2%
B ARfEETRI 2 65% o RIBLARWFELAT
IR (Omega JITRIK L ERNR) e fsett
1T ek BRI B R IR R - BB S faTs
1732 60% °

TRIETFHEFRRR DGR - HEAFAHEEE
MRS » R RCEAYRE TG0 - AR B
TEE Rt EE e - BB SEE b
CICIREE 368 + 6 um 5 55 6 FIfS )y 1,130+ 9 um ;
5510 Hifig Ry 1,988 + 12 um > L ELATIARG K 5.3 15
B 1 IR B PR B K AT A s il R AR K/
JeAERE - AR RR B Ry BCE B re AR e
R E R E -

Pasparakis et al. (2019) $+¥RIHTIMAGES)
P b 2T 2 B SR BE T R A H 2R MR IR R
T ZKEINE BT L E NUILGERER MR E
F o EEINME IR E R RER ) B ERK
» B H RTARAD  ME—REREE RV 2 H IR RG]
FIITAAR L H S REEF (ammonia
sequestration) J7Z(FRH o ARMFE G R BFHFL I
% (HIEMG R IR RSB th g B T IR
RO K BEEREALHA 28 psu [ » 2B A
(LREIESHED » BEEFHES L2 29 psu - SZF5ONBHEA 1%
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FrERERY g /K —E > 30 psu [RF » FAINA 28007 2K H
TEHARE A SR N A B A B - 25 psu Iy » fFFR
E LRy 20.0% B LAY R 4 hr 2 285501
RIETIRBERRRY 30 psu DL EA R LR K
B o ST AT 45t (Epinephelus
coioides) ZWRHEHA 5 psu HYEERE T 23.5%H98F(b
3R (BESE, 1995); B2 (Acanthopagrusschlegdii) #
R3] (middle gastrula) e 1 #5250 A i
(embryo formed stage) FAEERE 5 psu T B RN
A 1.9 B 11.6 % (T35, 1995) » FREEJHIEHRE diogitH
WU R BRI EREEER 25 psu - fA
HEHIET - B i R A e E ks
B Rt DLk A B 2 B - 5D R i
(Rachucentron canadum) rAN[AJEEES $HF FTGH 7R
Wzerhthagsi - 58 5 HERMRr i B 20 k& 30
psu ZIEFERI AR 59.2% 5 61.2% » BERE 30 psu
IRf > JRiEfS 20 psu DU N Bt 5 28 7 HiifF i
LA 30 psu fHZIEFEER (32.5%) HxfE @ WFFCEgE
EoE TR R Ry 20 - 30 psu (55, 2011) - Bl
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Studies on the Early Embryonic Development and Larval Rearing of the
Common Dolphinfish (Coryphaena hippurus)

Ming-Chung Cheng, Yu-Ying Jiang, Jui-Hsien Wu, Jung-Hau Chiou, Yuan-Shing Ho
and Chia-Min Hsu®

Eastern Fishery Research Center, Fisheries Research Institute

ABSTRACT

The common dolphinfish (Coryphaena hippurus) holds global significance, but its fishery has faced a
decline in size and yield due to overfishing. This study aims to establish early-stage development and seedling
cultivation techniques, providing a foundation for enhancing fishery resources and supporting industrial
seedling production. The fertilized eggs of the common dolphinfish are buoyant and semi-transparent, with an
average diameter of 1.55 + 0.04 mm, containing a single oil globule with an average diameter of 0.31 + 0.02
mm. Hatching occurs around 48 hours and 20 minutes after fertilization at a water temperature of 26 + 1°C and
a salinity of 32 psu. The median length of the newly-hatched larvae is 5.07 + 0.05 mm. On the 3rd day post-
hatching (DPH), their length increases to 5.46 £ 0.12 mm begin feeding on small rotifers, specifically
Brachionus plicatilis. On the 6th DPH, the larvae reach an average total length of 5.81 + 0.62 mm, showing
increased mobility, and copepod nauplii can be introduced. By the 10th DPH, the larvae achieve an average
length of 6.63 = 0.60 mm, with enhanced feeding capabilities, allowing for mixed feeding of copepod adults.
It's essential to ensure overlapping use of various feeds. On the 30th DPH, the juvenile fish have an average
total length of 33.00 + 2.44 mm and can fully accept artificial formulated feed. The pattern of bands and colors
of the juveniles on the 45th DPH (50.70 + 5.02 mm) is consistent with that of the adults.

Key words: Coryphaena hippurus, spawning behavior, early development, larval rearing
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o EREIRE - AWEE RIS R I 00 U T R B L SRR TR 2 -
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JEHIP R 2 5 USRI EAE R D R (FD0) AR RN - 8 ¥ot  moeieEY
Bl AR A B 22 R - S R — 2 T IR B R S LM AR 70 H B SR IR AR

BRERA B B2 BRI DR SRS A5 - KO T BB ERE R H i fy A taxiformis - REGRY
PR B RN AR R O TR A BRI R - DU b A S S 2

HHER -

RIS - BPIR » DBFEE Bk
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Hij

AR BRI AR BTt AR E g
2R ~ R R BRSO SR R R TR - T
FERIEALAYIE R R 2O NSRS BRI ek ~ B
ft (methane, CHa) 55K &1l % S8 HE 1T A5 E0H 2= 50
FEMNE] > B T3fan DA —SELiRE % 7 35%
Mk E R EF T 2.5 f52% (GML, 2023) » &
FRIFINZ SR AT LA - — Sl A 0 1= 22
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KT ERRVERYESREER 35 BEERBEYIEL:
I 2 SRR AINE A el 2= RS HE I ERY 6%
(Beauchemin et al., 2020) -

Ry TR BeHE R - A B R
fifE 2t - WEE S B9Eh YRR P hei 22

SEEVIESE / FRIMERBIEEIRE 67 3%, Tel: (08) 832-
4121 ext. 285; Fax; (08) 832-0234; E-mail:
zyxu@mail.tfrin.gov.tw

R HAE R A R e S B B S E R g P&
(Asparagopsissp.) Fl& 2% DL I - RS
Be 2B i 0 (R BRE S R 2 8 SR R B /)
(Machado et al., 2014) - i BB IEHE A ZSHY)
LA ~ 4~ fE S B TaAEs - AR DIEEE
HERIESAE (71 - 3% H R E)  #GH
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EHGAE AT E B E RS R [
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Lietal., 2016; Roque etal., 2019, 2021) - {42
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FCELFREERAIY) - AR (SR Ak A IR
FRE » SRR AR R - DAV R RIRBTERE ] -
138 LAY B AS GAEAE 3R Bio SRHIHIBRE
1 - HET kA 2 FG B B AT AR i 2 AR Y FR BT
(Paul et al., 2006) -

1M1 J8 (Asparagopsis) & — &KL thilg
o MBI ALEEFT (Rhodophyta) ~ H AL # i
(Florideophyceae)~ 14 % E (Bonnemaisoniales) >
FHZ: 3Pt (Bonnemaisoniaceae) © ARIZTH FHFFEY)
fi H $# (World Register of Marine Species,
WoRMS) fd - B CHEFLH Asparagopsis



38 FHEWIE

armata + A. taxformis % A. svedelli & = {F f#E
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TR o T A armata RIS e R A s
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B~ BGER ~ ZNBRER ~ Bk ES ~ BB A » BZEA:
RAMEE RS e a b B —E0H R
REER - BFRAIEAHEL (L5, 1990; RS,
2023) -

SE)S R NINGEE 5 ik AL N AVAL
PRI R 5 AN TR MRS R T - BR T IRHE
PEE =AM LIH RS, SRR R AR E AR - B
HEHAFTFEIRIN 1% BRI AE - Eak R e E
AR GEIHRCR, (AN EE i S HEEAIE R
FEIERTRIZAHE R EE - ARMPEE 2BRE %
A8 R TS - A BT AR g AR B WG
Uy EAREE BRI B DA ORI A E
8495 - fraSEHERE ey B RN B
A REAA R AESE R IR R IR IR B S
el » B TR EE BRI E B

El Hi1 B S B v P A 55 28 Bl AH BR it 72 5
& EEEPIERATERIBEAN - 2 AT OR i E

(triphasic alternation of

B8 RS AT R T R W — R - [AIRFSEIA
AN IR B B E R B AR g P A VU 0 TR B 28
-7 BRIV T 3 vz VA S I ESY NI S =3 K3 31
LB

B G
— YR SRR

AR R B A SRR RS B
i (Fig. 1) tREAPFRBSERE 21 - AR
DAK i v 7k 05 X T = R AR DE T /720
REERGTR - EARBRRHF Bt kT bk
[ WPV B R VK SRUKBEITIRFERL - fR
FHER AR KR RAE 22 - 26°CiZ R - 14
e e o] B B B 2 7 R B Rz et ik - w1
DU THGE OB - R e e s
(Aplysiaparvula) ZEp A= A= WIRE R - FERREE RS E
A 2L $Ejgithi - SEEH R THSCIESE 2 BB
fid 75 (Guillard and Ryther, 1962) Kz — % 1k $%
(GeOy) ZWhiEMg/K - A RE N RIRA RAEFT RES
o FEERIMCIRTT - DUERikiaAEe o fd
i AR Ry 22°C » DL T8 HOURETRE
5,000 Tux S SERUEIH & LRy 14 ¢ 10 -

Fig. 1 The tetrasporophyte (as indicated by the arrow)
of Asparagopsis taxiformis. Scale bar = 50 pm.

T ANEIE G R

B Bk S L gk e [ 1 2 R 1 o 35 e o HY
PIEHT 0.1 g LIGFIEREER 2 L $ERT -
DI g /K AE IR A RAR TR LL T8 HOBREE TR
2,000 lux i » SERGELI H &R 12 12> 3
B R JEE st L /N R A [ i BB AL B - 20 e
15°C ~ 18°C ~ 21°C ~ 24°C ~ 27°C ~ 30°C - #8558
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14 K% g HEBUK—X > WIERELGHREF %
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EROEFEML > IR 3 EHE -

=~ REDerR iR b
(—) RNEXREE
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T8 HLR A R oI G 3 B = FH A [F) s &
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FAE7EML » HHETER 3 A -

(D) AEFIREH
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FIPR 3 EE -

(=) AAEXRRE

EI R I AT 0.1 g iP5
B 70 L ZBEE o DR ke (HA4: - CL280
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AT TR > R EIIEARDE R R
LED % BaH 53 A1 Ry 2 = 1% ~ 620 nm 5=
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SEEAF R LR 12 112 85538 14 RIR(Ig5E 2
KR—X)» WIEARELETE SGR - WG R AR
FAE#ML - AHHETER 3 A -

V9 ~ oy ER

G AR FRERBRER ~ TR e 2 R D3t &
PR EERIR TR - DA S HE R R A
(taco™ Plant DNA/RNA Extraction Kit) FER#R
#& DNA (mitochondrial DNA, mtDNA) » R
X4 Y F i {E B p s (National Center for
Biotechnology Information, NCBI) & ¥} &£ = A
taxiformis #fgfaz ¢ FA{LBFEEES 1 (cytochrome ¢
oxidase 1) Xt I %1
KJ398158.1 J& NC 026843.1) » L mtDNA COI £
KPR m IR B i, - 3Et—HHS [+ AT
coxl F : 5’-AGTGTTAGTCTGTCGCATTAAAGG
TTG-3> fz AT coxl R : 5’-CAATATGACTAA
CCATCCCAAAACCAG-3’» F§43 51T 10 pl B4 PCR
Master Mix (KAPA KK1024 KAPA Taq Ready Mix,
Merck) ¢ 10 pl EEEF7K > FRIDARIRES [F-% 1l
BIRAA 1 ul 1y DNA £ PCR BELEN (1)
23 W) - WA EER R A E T R P LU TR G
SHGHZE (polymerase chain reaction, PCR)* PCR {i§
BRALFSAE 94°C R INZEL 5 min FURIAAEEE - Btk
35 fEGER > Bl 95°CHliZk 30 sec ~ 59°CHnZh 30 sec »
72°CHNZEA 1 min 30 sec » FfBAE 72°C N INZEN 7 min o
# PCR VIV DNA S FHEA 1.5% HYE
NEHEGHE (agarose gel) fLiF - [F]RFLL 100 bp DNA
Ladder (DNA VIEW TT-DNAO1, [E#E4F) {F
Ry > ETREVK 15 min (100 V) - FBRIE
JRERSDEREREP - LIRS, DNA 5% - KT
b2 PCR EYHEIBHGYIHI AR A] (B
REARSEHT E YRR G IR AR T RERER -
AR REE At R B NCBI TR 21 LT DIAEHA ]
BEZYIRE -

(accession number:

1~ it

AR B R DL B A7 (analysis of
variance, ANOVA) JEITHEETRE @ H e E G R E
HIEAZE (p <005 I FLUHELE (Tukey's
test) JEITERME » DU E S 2 2R 2 B
(p<0.05) -
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‘_LLL
%g

TEA ARG B R R e alBa T - P& el
#H~ SGR #Hil# [k 0.25 - 16.6% (Fig. 2) » #lSLEH »
TEFIARY A BB TR B /K IR B i A B B ey
HEY (p < 0.05) » HADIESERAE/KIR 24°C (193REE
M ERRIREE (16.6+1.02%) » A= REFE/K
BT 21°C BYR 5 \EHE > (HEL RS E A /KR 27°C
B 30°C AyEESRH AR A4 R SR A =
5% AT B R 552K Ry 15°C HOEERHHZ
AERNPRAZ (0.25+£2.44%)  HEEHH ARG
12 FBERECRIEL S BRI T NS
WEFIEAEAE -

18
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Fig. 2 The specific growth rates of Asparagopsis
taxiformis  cultured under different temperature
conditions, namely, 15, 18, 21, 24, 27 and 30 °C, for 14
days. Data are presented as means =+ standard deviations.
Different letters are significantly different (p < 0.05).

Mata et al. (2017) #F #® W & + B N
(Queensland) 33/ R iz Vi bl R B3R A4 IO 4 1
HEHIEAE A R B R N B AR R B IT9E » S
REUREEAE 20.2°C HAERRES  fifE 28.1°C
4RI ; Batista (2020) RI{E#E A AR AR
55 (Azores) FREEFFIAHLFHEHIEAE 15°C~20°C
Je 25°C it T A RIEIE M R EUR RIS ELE 15°C
HIFEE (positive growth) » HARFRIAHRIIEY ZEH &
K (negative growth) F:ZFMHET  {H AT
FERERBEBL - PR E 2 BT R RER R i

ZVUSr R A EEERR AR )T - Bl R
TEEZ/KIR 30°Cie Bt MTRERERF —E & - #E
W T RE 5 R B Rt AR REER B G R - 59 Mataetal.
(2017) $REGFFIZ RS2 (RINE L
BRIN) ZKIRAILE 20 - 28°C ] » AFFEERERRIR L
ZBALEATA 24 - 30°C (ZEHRERS) - 72 L
AR REAE R (HRITE T ZE R DU i = P A
EHAE (5355 20.2°C B 24°C) A RIGALE
ZJA Batista (2020) EREESEMS. ISR (% o i
FHER) ZKIRAEEZHIRy 15°C 7oty - {HHATRE
MM Rl FHERE B - BN EN B /KRS AE
R iGABE R R B R AR B /KR AEART L 15°C
HHAEREP R - HATCERSURTE g4 2y
IMNEEEA T B 2518 (Mata et al., 2017; Batista,
2020) - AWF7ERE R EA BEEARES - B0HT
H& B — I SesGE & -

F A Y 53 fi - Re A A DB IR B 33
Bafi R (Fig. 3) #/R 2,500 lux fHA4 RFBHIE
(11.050.48%) » FHZEH 5,000 lux K 10,000 lux
FEABEE (p<0.05) 5 5,000 lux FHAYERR R
(15.94+ 1.01%){ELE 10,000 lux #H (15.37+2.54%)

20 -
18 a d
16
14
12 - b
10 A
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10,000

Fig. 3  The specific growth rates of Asparagopsis
taxiformis  cultured under different illuminance
conditions, namely, 2500, 5000, and 10000 lux, for 14
days. Data are presented as means =+ standard deviations.
Different letters are significantly different (p < 0.05).
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Fig. 4 The specific growth rates of Asparagopsis
taxiformis cultured under different light-dark cycle
conditions, namely, L10 (10 hours of light), L12 (12 hours
of light), and L14 (14 hours of light), for 14 days. Data are
presented as means =+ standard deviations. Different
letters are significantly different (p < 0.05).
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Fig. 5 The specific growth rates of Asparagopsis
taxiformis cultured under different optical wavelength
conditions, namely, 540 nm (green light), 620 nm (red
light), 460 nm (blue light), and full wavelength light
(white light), for 14 days. Data are presented as means +
standard deviations. Different letters are significantly
different (p < 0.05).
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Table 1 Percent identity matrix for samples of Asparagopsis taxiformis collected from different areas
AB774223.1" KJ960344.1° LQ HM915860.1" EU146155.17 CG HC JN642177.1"

AB774223.1° 100.00 100.00 86.18 86.80 86.02 86.49 86.49 86.12
KJ960344.1° 100.00 100.00 86.42 86.90 86.02 86.57 86.57 86.14
LQ 86.18 86.42 100.00 95.63 94.72 93.44 93.66 95.02
HM915860.17 86.80 86.90 95.63 100.00 96.58 96.69 96.69 97.20
EU146155.1" 86.02 86.02 94.72 96.58 100.00 97.83 97.83 98.09
CG 86.49 86.57 93.44 96.69 97.83 100.00 97.68 99.07
HC 86.49 86.57 93.66 96.69 97.83 97.68 100.00 99.07
JN642177.1" 86.12 86.14 95.02 97.20 98.09 99.07 99.07 100.00

"NCBI Asparagopsis armata COI seq

“NCBI Asparagopsis taxiformis COl seq

LQ: Collected from Liugiu Township, Pingtung County
CG: Collected from Chenggong Town, Taitung County
HC: Collected from Hengchun Township, Pingtung County

AT E AR - =i R e
KA E S AEIRE S = ~ PEAURERER
96~ IR ~ SR R = RS RS B A B IR
BE o AIHZELIBRERGE (3% LQ) ~ &S (HC)
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Bioinformatics Institute, EBI) BRI+ Y2 EE:
% (European Molecular Biology Laboratory) #guk
M2 E L% (multiple sequence alignment) X
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fTEE¥S (Kanzetal., 2005) » #5RBERERERED ~ 105
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19 WG4 U AT GE LA iy 4 1 P St 25038 A S
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Fig. 6 Differences in the appearances of Asparagopsis
taxiformis specimens collected from three regions. (A)
Collected from Liugiu Township, Pingtung County. (B)
Collected from Hengchun Township, Pingtung County.
(C) Collected from Chenggong Town, Taitung County.

225 30k

TLokfs, FEEE, W05 (1990) BN, =i
BILIEYIRE IS, 88 pp.

TR (2023) KHUBETRERE (https://reurl.cc/80Xog4).

Batista, M. M. (2020) Reproduction and cultivation of
Asparagopsis taxiformis (Delile) Trevisan. Master’s
Thesis, University of the Algarve, 34 pp.

Beauchemin, K. A., E. M. Ungerfeld, R. J. Eckard and M.
Wang (2020) Review: Fifty years of research on
rumen methanogenesis: lessons learned and future
challenges for mitigation. Animals, 14(1): 2-16.

Bonin, D. R. and M. W. Hawkes (1987) Systematics and

life histories of New Zealand Bonnemaisoniaceae



K s IR R R T T 0 A T HE R 43

(Bonnemaisoniales, Rhodophyta) : I. The genus
Asparagopsis. N. Z. ). Bot., 25: 577-590.

GML (2023) Global
https://gml.noaa.gov/dv/iadv/graph.php?code=MLO

Monitoring  Laboratory  at

&program=ccgg&type=ts. (Accessed 17 Jan. 2023).

Guillard, R. R. L. and J. H. Ryther (1962) Studies of marine
planktonic diatoms. I. Cyclotella nana Hustedt and
Detonula confervacea Cleve. Can. ). Microbiol., 8:
229-239.

Kanz, C., P. Aldebert, N. Althorpe, W. Baker, A. Baldwin,
K. Bates, P. Browne, A. van den Broek, M. Castro, G.
Cochrane, K. Duggan, R. Eberhardt, N. Faruque, J.
Gamble, F. G. Diez, N. Harte, T. Kulikova, Q. Lin,
V. Lombard, R. Lopez, R. Mancuso, M. McHale, F.
Nardone, V. Silventoinen, S. Sobhany, P. Stoehr, M.
A. Tuli, K. Tzouvara, R. Vaughan, D. Wu, W. Zhu
and R. Apweiler (2005) The EMBL Nucleotide
Sequence Database. Nucleic Acids Res., 33: 29-33.

Kinley, R. D., R. de Nys, M. J. Vucko, L. Machado and N.
W. Tomkins (2016) The red macroalgae
Asparagopsis  taxiformis is a potent natural
antimethanogenic that reduces methane production
during in vitro fermentation with rumen fluid. Anim.
Prod. Sci., 56(3): 282-289.

Li, X., H. C. Norman, R. D. Kinley, M. Laurence, M.
Wilmot, H. Bender, R. de Nys and N. Tomkins
(2016) Asparagopsis taxiformis decreases enteric
methane production from sheep. Anim. Prod. Sci.,
58(4): 681-688.

Machado, L., M. Magnusson, N. A. Paul, R. de Nys and
N. Tomkins (2014) Effects of marine and freshwater

macroalgae on in vitro total gas and methane

production. PLoS One, 9(1): €85289.

Mata, L., H. Gaspar, F. Justino and R. Santos (201 1) Effects
of hydrogen per-oxide on the content of major
volatile halogenated compounds in thered alga
Asparagopsis taxiformis (Bonnemaisoniaceae). ).
Appl. Phycol., 23(5): 827-832.

Mata, L., R. ). Lawton, M. Magnusson, N. Andreakis, R.
de Nys and N. A. Paul (2017) Within-species and
temperature-related variation in the growth and
natural products of the red alga Asparagopsis
taxiformis. ). Appl. Phycol., 29(3): 1437-1447.

Paul, N. A., L. Cole, R. de Nys and P. D. Steinberg (2006)
Ultrastructure of the gland cells of the red alga
Asparagopsis armata (Bonnemaisoniaceae). J.
Phycol., 42(3): 637-645.

Roque, B. M., J. K. Salwen, R. Kinley and E. Kebreab
(2019) Inclusion of Asparagopsis armata in lactating
dairy cows’ diet reduces enteric methane emission
by over 50 percent. J. Clean. Prod., 234: 132-138.

Roque, B. M., M. Venegas, R. Kinley, R. de Nys, T. L.
Neoh, T. L. Duarte, X. Yang, J. K. Salwen and E.
Kebreab (2021) Red seaweed (Asparagopsis
taxiformis)  supplementation  reduces  enteric
methane by over 80 percent in beef steers. PLoS
One, 16(3): €0247820.

Thimijan, R. W. and R. D. Heins (1982) Photometric,
radiometric, and quantum light units of measure: a
review of procedures for interconversion.
HortScience, 18: 818-822.

WoRMS (2023) World Register of Marine Species at
https://www.marinespecies.org/aphia.php?p=taxdet
ails&id=143809 (Accessed 17 Jan. 2023).



44 HrEbEE

Effects of Temperature and lllumination Conditions on the Growth of
Tetrasporophyte of Asparagopsis taxiformis

Zi-Yan Xu', Yang-De Chen, Hsuan-Ming Chang, Yi-Che Su and Feng-Cheng Wu

Tungkang Aquaculture Research Center, Fisheries Research Institute

ABSTRACT

A red algae species called Asparagopsis taxiformis inhibit the waters of Taiwan's Pingtung. In recent years,
the species has been discovered to effectively mitigate methane emissions from ruminant animals, but a
commercial cultivation technique has yet been established. Currently, the main method of acquiring A. taxiformis
is through the collection of wild algae, resulting in unstable production and quality due to seasonal variations. This
study investigated the cultivation conditions and found that the algae's growth was significantly better at water
temperatures of 24-30°C compared to 15-21°C. No significant differences were observed within the higher
temperature range, but 24°C was the optimal temperature. In terms of light intensity, the cultivation results showed
a significant improvement at 5,000-10,000 lux compared to 2,500 lux, and no significant differences were observed
within the high intensity group. Regarding light wavelengths, full spectrum (white light) showed significant
superiority in growth compared to red, blue, and green light. No significant differences were observed among the
different photoperiods. Furthermore, molecular biology identification confirmed that the A. taxiformis collected
from Hengchun Township and Liuqiu Township in Pingtung County as well as Chenggong Township in Taitung
County were all of the same species. Going forward, further investigation on the effects of salinity and nutrient
formulations on the cultivation of this algae could establish cultivation techniques for A. taxiformis, providing

valuable references for academia and various industries.

Key words: Asparagopsis taxiformis, tetrasporophyte, methane
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Table 1 Numbers of aquaculture facilities and oyster farmers in main oyster-producing areas in Taiwan in 2022
Main oyster Overturned frame Straight frame Floating frame Longline Total
producing areas  facilities farmers facilities farmers facilities farmers facilities farmers ~ farmers
Tainan 3,145 393 189 11 7,980 188 0 0 580
Changhua 1,800 575 0 0 0 0 0 0 575
Chiayi 1,440 432 0 0 6,506 225 0 0 547
Yunlin 2,996 226 8,850 40 2,010 103 0 0 275
Penghu 0 17 0 0 314 3 1,021 51 58
Lianjiang 0 0 0 1 0 0 14 5 13
Total 9,381 1,643 9,039 52 16,810 519 1,035 56 2,048

Source: aquaculture fishery stocking query platform (https://fadopen.fa.gov.tw/fadopen/about.jsp)
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Table 2 Key industrial concerns of oyster farmers in Taiwan’s primary oyster-producing regions.

Key words of the problem

Brief description of the problem

Aquaculture environment

A1. Environmental degradation

1.The disappearance of lagoons and coastal erosion.

2.Qigu Lagoon, Waiyuding Island, coastal intertidal zones, and sandbanks are
severely silted, leading to shallower water depths.

3.The changing environmental structure and water flow have reduced the
suitable area for oyster cultivation.

A2. Rainfall deficiency

1.The high salinity levels in the marine environment make it conducive for the
proliferation of oyster drills, oyster leeches, fouling organisms, and other pests.

2.The river lacks sufficient water flow to flush away the sediment and mud
accumulated at the riverbed.

A3. Intense rainfall

The significant erosion of sediment from upstream to downstream results in a
rapid increase in salinity and osmotic pressure. This abrupt change adversely
affects the growth of oysters and can lead to mortality.

A4. Typhoon

1.Facilities and floating sheds may be lost, damaged, or submerged, and oyster
clusters may fall due to collisions with each other.

2.Coastal erosion leads to the influx of sediment and marine debris into the
aquaculture area, resulting in an increase in marine debris.

A5. Deterioration of water
quality

1.There are numerous factories upstream of the aquaculture area, and their
wastewater discharge affects water quality.

2.High water temperatures and oxygen deficits in summer, along with
deteriorating algal conditions or algae mortality in winter lead to the
deterioration of water quality.

Aquaculture technology

B1. Delay of oyster seedlings

1. Weakened and unstable quality of oyster seedlings.
2. Delayed attachment of natural oyster seedlings.

B2. Parasites and diseases

Hazards from oyster drills, oyster leeches, and covering organisms leading to a
decrease in the oyster survival rate, and requiring extensive efforts for prevention
and control.

B3. Cost of new materials

The cost of eco-friendly floats and oyster rack materials is high, with subsidy
conditions varying among counties and cities.

B4. Failure to fatten

1.1t could be influenced by factors such as water quality, climate, rainfall, and
changes in algal composition.

2.High stocking density and extended rearing period increase aquaculture risk.

B5. High aquiculture density

Low profits and high labor costs force higher stocking densities, causing uneven
nutrient distribution and increased susceptibility to oyster drills, leeches, and
covering organisms, resulting in poor fattening and higher mortality rates.
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Table 2 Continued

Key words of the problem ‘

Brief description of the problem

Import and marketing aspects

C1.

Imported oysters
(Vietnamese oysters)

1.Large-scale imports of Vietnamese oysters have reduced purchases of local
oysters by traders, impacting the entire oyster aquaculture industry chain.

2.Local oyster farmers face reduced profits and lower prices, which affects their
willingness to stock and decreases demand for oyster seedlings.

3.lmported oysters being sold with Taiwanese oysters or falsely labeled as the
renowned oysters affect the rights and interests.

4.Possible drug residue or heavy metal concerns.

C2.

Decrease in purchase price

The surge in Vietnamese oyster imports has depressed local oyster prices and
reduced purchases, leaving producers and processors unable to profit.

C3.

Traceability system

Applying for traceability certification is cumbersome and costly without any
tangible benefits, as oyster prices remain unaffected. Additionally, annual testing
expenses further add to the financial burden.

C4.

Operating costs

Rising wages and aquaculture material costs drive the need for increased
production capacity, resulting in excessively high stocking densities.

Government policy

D1.

Insufficient labor

1.Opyster farming tasks such as seedling separation, relocation, harvesting, and
pest control are labor-intensive. However, an aging farming population
struggles to afford and manage these tasks.

2.Restrictions on hiring migrant workers for oyster farming were only recently
eased, with many resorting to disguised registrations of fishing vessels for this
purpose.

D2.

Difficulty in disaster subsidy
assistance

Limited disaster relief funds, restricted access to relief for those without
registration or fishing rights, and minimal subsidies despite extensive meetings
and surveys hamper post-disaster recovery efforts.

D3.

No fishing rights

1.Unable to provide evidence to apply for natural disaster relief for those without
fishing rights

2.The oyster farming area is restricted after delineation by public agencies such
as the Port Authority and National Parks.

D4.

Aquaculture prohibition for
three months

To mitigate the risk of typhoon damage, aquaculture with floating rafts is
prohibited in three coastal aquaculture zones of Tainan City from July to
September.

D5.

Insufficient dredging

1. Access to the port, adjacent river channels, and oyster farming areas are all
affected by silt and mud accumulation, leading to the disappearance of
aquaculture areas, sediment-buried oysters, blocked waterways, and
inconvenient port access.

2.The county and municipal governments lack sufficient funds, leading to
infrequent and limited dredging activities, along with changes in dredging
regulations.

External human factors

1.Industrial wastewater discharge upstream or pesticide use pollutes the water
quality.

E1. Wastewater pollution 2.Sludge from dredging and port construction activities is transported and
dumped into the open sea
1.Wind power facilities and undersea projects cause sediment on the seafloor to
be raised. After green electricity projects were set up in Changhua and Yunlin,
E2. Green energy project the survival rate of oysters decreases year by year.

2.Aquavoltaic solar panels increase reflection temperatures and discharge
cleaning wastewater, potentially polluting surrounding water.
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Table 2 Continued

Key words of the problem

Brief description of the problem

E3. Floating shed damages

1.Oyster sheds entangled with drift nets or other fishing cages result in the
cutting off and loss of floating rafts or anchors.

2.Restoring aquaculture areas is labor-intensive, and removing external
fishing gear involves cutting oyster clusters, resulting in damage.

E4. lllegal harvesting

Non-farmers trespass into oyster breeding areas for illegal oyster harvesting

Source: Compiled according to the results of a survey of oyster farmers in Changhua, Yunlin, Chiayi, Tainan from March to

May 2023.
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Table 3 Importance rankings and weights of industrial problem items considered by oyster farmers in Tainan
Ranki Cigu, Jiangjun and Beimen Districts Anping, Annan and South Districts
ankin
8 Problem items Weight Problem items Weight
1 D5. Insufficient dredging 0.213 C1. Imported oysters (Vietnamese 0.397
oysters)
5 C1. Imported oysters (Vietnamese 0.197 Ad. Typhoon 0.135
oysters)
3 A1l. Environmental degradation 0.146 E3. Floating shed damages 0.111
4 B2. Parasites and diseases 0.088 D5. Insufficient dredging 0.087
5 D2. Difficulty in disaster subsidy 0.056  D3. No fishing rights 0.073
assistance
6 B4. Failure to fatten 0.051 C4. Operating costs 0.057
7 C2. Decrease in purchase price 0.051 B2. Parasites and diseases 0.054
8 E1. Wastewater pollution 0.047 A1. Environmental degradation 0.018
9 C4. Operating costs 0.043 D1. Insufficient labor 0.018
10 A5. Deterioration of water quality 0.042 D4 ﬁ‘%‘:}?ﬁ;’lture prohibition for three 0.016
11 B1. Delay of oyster seedlings 0.027 B5. High aquiculture density 0.013
12 A3. Intense rainfall 0.017 A5. Deterioration of water quality 0.009
13 E2. Green energy project 0.017 B3. Cost of new materials 0.009
14 A4. Typhoon 0.004 B4. Failure to fatten 0.004
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Fig. 1 Geometric means of industrial problem items considered by oyster farmers in the Cigu, Jiangjun and Beimen

Districs of Tainan (A1. Environmental degradation, A2. Rainfall deficiency, A3. Intense rainfall, A4. Typhoon, A5.
Deterioration of water quality, B1. Delay of oyster seedlings, B2. Parasites and diseases, B3. Cost of new materials,

B4. Failure to fatten, B5. High aquiculture density, C1.

Imported oysters (Vietnamese oysters), C2. Decrease in

purchase price, C3. Traceability system, C4. Operating costs, D1. Insufficient labor, D2. Difficulty in disaster subsidy
assistance, D3. No fishing rights, D4. Aquaculture prohibition for three months, D5. Insufficient dredging, E1.

Wastewater pollution, E2. Green energy project, E3. Floating shed damages, E4. Illegal harvesting).
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Fig. 2 Geometric means of industrial problem items considered by oyster farmers in the Anping, Annan and South

Districts of Tainan (A1. Environmental degradation, A2. Rainfall deficiency, A3. Intense rainfall, A4. Typhoon, A5.

Deterioration of water quality, B1. Delay of oyster seedlings, B2. Parasites and diseases, B3. Cost of new materials,

B4. Failure to fatten, B5. High aquiculture density, C1. Imported oysters (Viethamese oysters), C2. Decrease in

purchase price, C3. Traceability system, C4. Operating costs, D1. Insufficient labor, D2. Difficulty in disaster subsidy
assistance, D3. No fishing rights, D4. Aquaculture prohibition for three months, D5. Insufficient dredging, E1.
Wastewater pollution, E2. Green energy project, E3. Floating shed damages, E4. Illegal harvesting).
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Table 4 Importance rankings and weights of industrial problem items considered by oyster farmers in Chiayi

Ranking Problem items Weight
1 C1. Imported oysters (Vietnamese oysters) 0.246
2 B1. Delay of oyster seedlings 0.209
3 A4. Typhoon 0.119
4 D5. Insufficient dredging 0.113
5 C4. Operating costs 0.064
6 D2. Difficulty in disaster subsidy assistance 0.060
7 E3. Floating shed damages 0.044
8 A1. Environmental degradation 0.038
9 C2. Decrease in purchase price 0.027
10 D1. Insufficient labor 0.022
11 A1l. Environmental degradation 0.020
12 A5. Deterioration of water quality 0.014
13 B1. Delay of oyster seedlings 0.007
14 E4. Illegal harvesting 0.007
15 C3. Traceability system 0.003
16 E1. Wastewater pollution 0.003
17 E2. Green energy project 0.003
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Fig. 3 Geometric means of industrial problem items considered by oyster farmers in Chiayi (A1. Environmental
degradation, A2. Rainfall deficiency, A3. Intense rainfall, A4. Typhoon, A5. Deterioration of water quality, B1. Delay
of oyster seedlings, B2. Parasites and diseases, B3. Cost of new materials, B4. Failure to fatten, B5. High aquiculture

density, C1. Imported oysters (Vietnamese oysters), C2. Decrease in purchase price, C3. Traceability system, C4.

Operating costs; D1. Insufficient labor, D2. Difficulty in disaster subsidy assistance, D3. No fishing rights, D4.
Aquaculture prohibition for three months, D5. Insufficient dredging, E1. Wastewater pollution, E2. Green energy

project, E3. Floating shed damages, E4. Illegal harvesting).
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Table 5 Importance rankings and weights of industrial problem items considered by oyster farmers in Yulin
Ranking Problem items Weight
1 A1. Environmental degradation 0.294

2 C1. Imported oysters (Vietnamese oysters) 0.275

3 B1. Delay of oyster seedlings 0.057

4 A5. Deterioration of water quality 0.041

5 D1. Insufficient labor 0.039

6 B3. Cost of new materials 0.038

7 E1. Wastewater pollution 0.038

8 D5. Insufficient dredging 0.035

9 B4. Failure to fatten 0.034

10 C4. Operating costs 0.033

11 A3. Intense rainfall 0.026
12 B5. High aquiculture density 0.026
13 E2. Green energy project 0.026
14 D2. Difficulty in disaster subsidy assistance 0.018
15 A4. Typhoon 0.009
16 B2. Parasites and diseases 0.009
17 C2. Decrease in purchase price 0.004

Geometric mean
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Fig. 4 Geometric means of industrial problem items considered by oyster farmers in the Yulin (A1. Environmental
degradation, A2. Rainfall deficiency, A3. Intense rainfall, A4. Typhoon, A5. Deterioration of water quality, B1. Delay
of oyster seedlings, B2. Parasites and diseases, B3. Cost of new materials, B4. Failure to fatten, B5. High aquiculture
density, C1. Imported oysters (Vietnamese oysters), C2. Decrease in purchase price, C3. Traceability system, C4.

Operating costs; D1.

Insufficient labor, D2. Difficulty in disaster subsidy assistance, D3. No fishing rights, D4.

Aquaculture prohibition for three months, D5. Insufficient dredging, E1. Wastewater pollution, E2. Green energy
project, E3. Floating shed damages, E4. Illegal harvesting).
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Table 6 Importance rankings and weights of industrial problem items considered by oyster farmers in Changhua

Ranking Problem items Weight
1 A1l. Environmental degradation 0.321
2 E1. Wastewater pollution 0.154
3 D5. Insufficient dredging 0.104
4 C2. Decrease in purchase price 0.095
5 A5. Deterioration of water quality 0.076
6 D3. No fishing rights 0.076
7 B4. Failure to fatten 0.055
8 D2. Difficulty in disaster subsidy assistance 0.031
9 B1. Delay of oyster seedlings 0.026
10 B2. Parasites and diseases 0.026
11 A4. Typhoon 0.025
12 E2.Green energy project 0.008
13 D1. Insufficient labor 0.004




R T T R I < RS B R R T 57

9.0
8.0

7.0
c 6.0
o]
£5.0
£ 4.0
T
£ 3.0
g
& 2.0
1.0
0.0

Al A2 A3 A4 A5 B1 B2 B3 B4 B5 C1 C2 C3 C4 D1 D2 D3 D4 D5 E1 E2 E3 E4

Industrial problem items

Fig. 5 Geometric means of industrial problem items considered by oyster farmers in Changhua (A1. Environmental

degradation, A2. Rainfall deficiency, A3. Intense rainfall, A4. Typhoon, A5. Deterioration of water quality, B1. Delay
of oyster seedlings, B2. Parasites and diseases, B3. Cost of new materials, B4. Failure to fatten, B5. High aquiculture
density, C1. Imported oysters (Vietnamese oysters), C2. Decrease in purchase price, C3. Traceability system, C4.

Operating costs; D1. Insufficient labor, D2. Difficulty in disaster subsidy assistance, D3. No fishing rights, D4.

Aquaculture prohibition for three months, D5. Insufficient dredging, E1. Wastewater pollution, E2. Green energy

project, E3. Floating shed damages, E4. lllegal harvesting).
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Research on the Difficulties and Problems Faced by Oyster Farmers
in Major Oyster Production Sites in Taiwan

Ching-Min Yang

Coastal and Offshore Fishery Research Center, Fisheries Research Institute

ABSTRACT

In terms of aquiculture scale, the total oyster production of Taiwan in 2021 is about 18,000 metric tons, with
an output value of about NTD 4 billion. It is one of the most important economic shellfish aquiculture industries
in Taiwan. However, there are occasional reports of mass deaths of oysters as well as diseases and parasites by
news media. In addition, foreign oyster imports have soared. Due to the double blow of domestic and foreign
factors, Taiwan’s oyster aquiculture industry is encountering operational difficulties, and its total output and output
value have shown a downward trend in recent years. In order to understand the challenges and problems of oyster
farmers in major oyster aquiculture sites in Taiwan, we employed in-situ surveys and questionnaires to explore the
challenges in different aquiculture sites and their degree of importance. According to the results, in addition to the
degree of importance of industrial challenges considered by farmers in major oyster aquiculture sites in Taiwan,
the most common challenges faced by farmers include (C1) the mass import of Vietnamese oysters (imported
oysters), and (A1) the environmental degradation and (D5) lack of dredging in the oyster aquiculture sites. These
factors have attributed to increased risks and decreased profits in oyster aquiculture, loss of areas suitable for oyster
aquiculture, and decreased aquiculture output in many oyster farmers. At this stage, in addition to strengthening
spot checks and inspections of imported oysters as well as mandating the provision of certificates of origin and
labeling quality control, it is also necessary to improve the market segmentation for and quality of Taiwan oysters.
A simple and direct investigation and analysis method that is closely aligned with industry standards has been
proposed in this study to analyze the opinions and suggestions of farmers in different oyster aquiculture sites
pertaining to the industrial challenges they face. The results provide a reference for government-industry-academia
to understand the actual needs of each oyster aquiculture site, and devise solutions for each site through appropriate

plans that are tailored to local conditions.

Key words: oyster, oyster farmers, questionnaire survey, environmental degradation, Vietnamese oysters,
imported oysters
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