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Effect of the Spawnlng Period on Fertilization and Hatchlng of Egg and
Deformity of Hatched Larvae in Red Seabream Pagrus major

Ju Kyoung Kim, Byoung Sun Yoon', Han Byeol Lee,

Seung Han Kim and Sung-Yong Oh**
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This study aimed to investigate the effect of five different spawning periods [from March 31 to April 9 (SP1), April
10 to 19 (SP2), April 20 to 29 (SP3), April 30 to May 9 (SP4), and May 10 to 19 (SP5), 2024] on the egg fertilization
and hatching rates and the deformity rate of hatched larvae of red seabream Pagrus major broodstock (mean weight
Q 2,211.9 g, & 2,060.6 g) from 14.8 to 17.2°C. Eggs produced in SP1 under conditions below 16.0°C exhibited
lower fertilization rates (71.5%), hatching rates (70.8%), and survival rates (51.3%) compared to those of SP2, SP3,
SP4, and SP5. The diameters of egg and oil globules in SP4 and SP5 were higher than those of SP1, SP2, and SP3.
However, larvae deformity rates are not affected by spawning periods. These results indicated that eggs produced
in SP4 and SP5 maintained over 16°C were well in various indices and suitable for commercial aquaculture under
our experimental conditions. This study provides valuable insights for managing seed production of red seabream in

commercial hatchery.
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7 24 djpAel A AATEE o, Aol W Aojo] FAL
A ol Fo] AT ARkl GREE WA F Atk ARl
(Kjorsvik et al., 1990)d ¥t opu] 2} ¥ F2lo] 2|5k A e A
A== B JaFE v 4= 9l 03 8 20]cHBrom-
age, 1995; Moretti et al., 1999). £3], FA} vl oA 44
ghe gl 2]01& Aikshs FA AR B M E 4
a}'q Lo H5le 2lo] Al W 27| AEGol| 3t I
TS v x]= ZA A 29102 Q1A E7|(Kjersvik et al., 1990;
Mihelakakis et al., 2001) wj¥Zof o]of Tt % &}st 457]— b}
Zerfolth. ¢ho] BAL AR|7H Eok sl TR 94,

A9 | e, Abe sad 54, AR =25t
A W Eg| A QIA} 5ol whet gebxitCampbell et
al., 1992; Bromage, 1995; Brooks et al., 1997; Christiansen
and Torrissen, 1997; Carrillo et al., 2000). E3F &9 & A
27 9 mopolu A, £, 0] Aot A W HE

o (Kjersvik et al.,1990; Bromage, 1995; Shields et al., 1997,
Lahnsteiner and Patarnello, 2005)3} =779 Holg 9l K}
G4 B Aole] Yeia 2wt 7|98 ol & EA 37
o122 ARg-¥lth(Foscarini, 1988; Kjersvik, 1994; Hood and
Johnson, 2000; Machinandiarena et al., 2003). ©]<} o}-2&g
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o] BgA %l K3l 3w {4 Hhdo] et AR HarE v gl
© m(Sakai et al., 1985; Kjorsvik et al., 1990; Kjorsvik, 1994;
Shields et al., 1997), +=43+e] 13} % J&, &2AA 5 A}
$917 oA W2 8 A A0 FFL A= Ao o
A ¢lth(Lam, 1994; Nagahama, 1995; Brooks et al., 1997,
Radoni¢ et al.,, 2005). 5F4]4k 0] 7 9] BES. ol 7| Birala
A FA F7HE SR A1 4= Q= A R o] 5T A
A o]ti(Aristizabal et al., 2009; Migaud et al., 2013). =42t
o] o] uh2 N5 2} 5} Aolo] HEY 57} 2L ri
22} ofopgS ASRs FAARAAL Bl YA,
& FHY g5 W] fIgk 7Rt W (Kim and Kim,
1990; Bromage, 1995)2 53l A, =4 & L £31-& 59|
E2 Al7lo) BAtE = FHo] 2 AT

4 gl S AT skt Atk 2, FAFA] WA

f

o] F Halol it Aelet RS v o2 A A FAL vl
oA Lo 4 9 A AR A Slshs Aol mf - T2
3ItH(Kim and Kim, 1990; Mylonas et al., 2004).

5 Pagrus majorye- -2 U}, S, -2, vk 2 seto]of
A Fashe dids] FAA 2 27 o JAH(Chyung,
1977; Jin et al.,, 2020) 4{E1F oy e}, A&2) 749 7 HA = @
< A AT M B AN VIS AR R
Sat Aol FEA T 21 7FA] 7] Hl9- = TH(Kato, 2023). -2 L
2ol A E2A 2 02 s GF4fo] o] F017l 1990 o] % o &
52 5ol o H a2 et 1,505= 0] 9 E whH oFAlS 53t
e At 3,609=C.2 2480 Eot, 53] 2L 39 5
& F3H AARFS 7,560%(KOSIS, 2024) 0.2 9Fo 2%
o] A&A o2 FTVe A O R o= g sjAtdA of
Zo]tH(Lim et al., 2023).

ALt H] AR 489 AfololH, AN ] = 5-6
9 Afo] &2 Ha1E|al JA|VH(Jin et al,, 2020), AT A &
O AR 9 3 -5 28 AR 7
=2 Aoz Ay UrkGen et al,, 2003). T2 Aet7] 5
Qt of 2] Hofl A Atekshs thalabtd o] F(Gen etal., 2003;
Mylonas et al., 2004)0]7| wj&of AFFFA]7]of] w}2 &Fo] &2
o thgt F717FF a sk, oof thgt A7} o] Fof 2l BE7E ¢l
ok w2 At Ale SR o FAF i FRelA ]
ARE71Q1 4-59 Ato] mid AARE =5 th ko2 AR,
£, 7ok 4719 E s e 9 Aol Hiet =
MRS S8l 22 S FAS Kol ARRAZof tiet 712 RS

st B 4o] 9let.
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S 20 Y A Yol 47

AEJOA] ARS 521 45948 ZHE oA 34nte|(Bd A,
432+3.6 cm; 57, 2,211.9+506.7 g)2t <=A 350}2](H 4 |
& 42.1+3.5 cm; 517, 2,060.6 +453.8 g)ol| A AAHE oS AL
&3kt

FE g2 o] AR 9y 23YE 2R F 6.0 m, Zo|
2.5 m, &2 70.7 m*)2] Aol A 20 cm o2l ¢]X]of 4o
A Ffshs mholz(Zol 2.0 myE AX|sf F-§ Tholze] 4
A gF o 22 9iRof] v gto] LR wjEE= AR}
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o ZapAE 22(7}2 1.1 mx A& 0.8 m X %0] 0.65 m) W
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t}. o AL A 15:00-16:004] Alo]of] AA]8] o] <
7 09:00-10:00A7kA] 231 &2 =35hoiet. =47 32
20249 39 31U 5E 59 199747 v o] o] Fich.

3 Yol o]Fo3 717t T =2, &, §54
4 9 pHE o} =4 7](YSI-ProPlus; Yellow Springs
Instruments Inc., Yellow Springs, OH, USA)E AR&-5}o] ufj Y
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GBSl U W Rehaa A7) 4

oF o AV, 2

&, FoE Apof ] 7P ES 10 HA o2 wro] 570 Akt
Zrom PEsle] 717 WE P RABIG 2, 39 31
2149 92(SP1), 4% 1044 192(SP2), 4 2024 29

A R 4 mfj Y wAAFE(EEF 1,000 mL)E S35+
i, PHES A dol ZeFA TR o] o] FolA|A|
oFof Hhao] X[ 2] oo™ Hig o & A E= £/ (Panini
et al., 2001)S &-§3to] i AkRkeh & FollA] 20 mLE
S (& 1,000 mL)of| ¥al Akt 5 A3t sl (s
& 15-17°C, 33 psu)s 7H5 A& 5 2417 Fof] A=A o
I AAE g HlgR 2ARLh 2R 4 AT
3071E AA #0]7(SZ61TRC-ILST-5ET; Olympus, Tokyo,
Japan)y& ARE-sto] dute] uiZE: RO A58 45t =
AFFITE.

Halgo 2Ag o 10082 100 mL H]o]# o] YL 8433
psu)E A& F2 71 (16-17°C)oll A F3HA71A] vl Y 13]
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Fig. 1. Change of water temperature, salinity, dissolved oxygen, and pH during the experiment period. SP1: March 31-April 9, 2024; SP2:
April 10-April 19, 2024; SP3: April 20—April 29, 2024; SP4: April 30-May 9, 2024; SP5: May 10-May 19, 2024.
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RE 2@ 24 2 72 SPSS 11.5 (SPSS Inc., Chicago,
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A3kl o, G935} 2}o] 7} 91-S 7 Duncan’s multiple range
test= 95% Al 2ol A Bt 7o HA s

FAHE B4 Alof Z2te] MR R gEo] 2fol7} A7) o
e 54 ghell Y8l AP o] HEEl= S wsh] flel i
= A&+ fourth root® WE6I 0 FAME E4 0= Bray-
Curtis A|<>(Bray and Curtis, 1957)& AM-3I3TEH dH 2 A
= FAEE B2 ZH2e] fAbd ol ek 24 AA
5}7] 9]5to] 422 = (dendrogram)E AHdstaL F 24 S A A|
staom, 257 92 A oll= complete linkage H41& AF
st

o
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ZA|7E 59t o2, A, S84 9 pH HEkel 7F 7] 7HE(
Z, SP1, SP2, SP3, SP4, 1] 1. SP5) H4r< Fig. 17} Table
Lo Yepflet. 429 ¢ A 711t 52k 14.80-17.20°C (
Wik 15.55+0.71°C) M9lg.om, SP1 (Ha 14.94°C), SP2
(15.01°C), SP3 (15.15°C)] B 422 x}o]7} §IA|vh
(P>0.05), Akt 38k7]21 SP4 (15.96°C)2t SP5 (16.69°C)oll =
FolSHA 43R EH(P<0.05). H&3} pHE| - 4Ht7 17t &
b ot Atol= YUAIRHP>0.05), §-E4tns] A9 a2 4
S A Abet 397 2 448 o8| sk A
% TH(P<0.05).
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® gk Fig. 29} Table 20 R SITh A7) 717 59+
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Table 1. Mean value of water temperature, salinity, dissolved oxygen (DO), and pH during the experiment period of red seabream Pagrus
major

Experiment period**

Parameter*

SP1 SP2 SP3 SP4 SP5
Water temperature (°C) 14.94+0.022 15.01+0.042 15.15+0.072 15.96+0.09° 16.69+0.09°
Salinity (psu) 32.95+0.012° 33.02+0.02° 32.96+0.022° 32.97+0.032 32.9410.012
DO (mg/L) 14.07+0.36° 13.92+0.17¢ 12.88+0.23° 11.83+0.262 11.13+0.102
pH 7.41+0.052 7.32+0.042 7.32+0.032 7.40+0.042 7.44+0.052

*Values (mean+SE, n=10) with different superscripts are significantly different (P<0.05). **SP1: March 31-April 9, 2024; SP2: April 10—
April 19, 2024; SP3: April 20—-April 29, 2024; SP4: April 30-May 9, 2024; SP5: May 10-May 19, 2024.
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Fig. 2. Changes in egg production and fertilization rate of red seabream Pagrus major during the experiment period. SP1: March 31-April 9,
2024; SP2: April 10-April 19, 2024; SP3: April 20-April 29, 2024; SP4: April 30-May 9, 2024; SP5: May 10-May 19, 2024.
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Fig. 3. Changes in the size of egg and oil globule of red seabream Pagrus major during the experiment period. SP1: March 31-April 9, 2024;
SP2: April 10-April 19, 2024; SP3: April 20—-April 29, 2024; SP4: April 30-May 9, 2024; SP5: May 10-May 19, 2024.
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Table 2. The mean value of egg production, fertilization rate, egg diameter, oil globule diameter, hatching rate, deformity rate, and total

survival rate of egg in red seabream Pagrus major

Experiment period**

Parameter*

SP1 SP2 SP3 SP4 SP5
Egg production (ml/d) 179.3+55.5° 846.0+124.5°  1,440.0+154.3°  2,660.0+172.1¢  2,880.0+273.6¢
Fertilization rate (%) 71.544.22 82.5+1.1° 81.5+1.8° 81.5+1.1° 85.0+1.1°
Egg diameter (mm) 0.97+0.01° 0.93+0.012 0.92+0.022 0.99+0.01%° 1.00£0.00°
Oil globule diameter (mm) 0.21040.003° 0.216+0.0022 0.22310.002° 0.23240.001° 0.231£0.002°
Hatching rate (%) 70.843.12 83.0£0.8° 78.0£2.0° 78.0£2.1° 77.0£1.5°
Egg survival rate (%) 51.344.6° 68.5+1.2° 63.4+1.6° 63.6+1.8° 65.5+1.7°

*Values (mean+SE, n=10) with different superscripts are significantly different (P<0.05). **SP1: March 31-April 9, 2024; SP2: April 10—

April 19, 2024; SP3: April 20—-April 29, 2024; SP4: April 30-May

9,2024; SP5: May 10-May 19, 2024.
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Fig. 4. Changes in egg hatching and survival rate of red seabream Pagrus major during the experiment period. SP1: March 31-April 9, 2024;
SP2: April 10-April 19, 2024; SP3: April 20—-April 29, 2024; SP4: April 30-May 9, 2024; SP5: May 10-May 19, 2024.
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Fig. 5. Changes of larvae deformity rate from hatched egg of red
seabream Pagrus major during the experiment period. A, Normal
larvae; B and C, Deformed larvae. SP1: March 31-April 9, 2024;
SP2: April 10-April 19, 2024; SP3: April 20—April 29, 2024; SP4:
April 30-May 9, 2024; SP5: May 10-May 19, 2024.
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.3-19.8°Co] 3l I (Mastsuyama et al., 1987), 23|

A= 16.9-23.4°C (Law and de Mitcheson, 2017), 3F=+2] &
ol A= 15.8-19.3°C (Kwon et al., 2009)2} 17.1-20.9°C (Jin
etal., 2020)0]| 4] =& 4hgho] o] FofXIthal B e vl Q). &2
Ao A& Hat 15.96°C ol/go] HHA Abgteko] 343 57t
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Fig. 6. Dendrogram based on Bray-Curtis similarity matrix of fourth root transformed data of daily egg production, fertilization rate,
hatching rate, survival rate, deformity rate, the diameter of egg and oil globule of red seabream Pagrus major.
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