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Effects of Rearing Water Temperature on Hatching Pattern and Larval
Malformation of Walleye Pollock Theragra chalcogramma Fertilized
Eggs and Larvae

O-Nam Kwon, Woo-Seok Hong' and Jin-Chul Park'*

GABI Co. Ltd., Gangneung 25451, Korea
!Gangwon Province Cold Sea Fisheries Resources Center, Gosung 24747, Korea

To find the optimal eggs to larvae transforming temperature of walleye pollock Theragra chalcogramma, we inves-
tigated their hatching pattern, mortality, and larval deformities. Results showed that the hatching quality decreased
as the water temperature increased and dropped sharply above 13°C. The highest hatching rate was achieved at 7°C,
whereas the lowest was at 15°C. Dead eggs were not observed at 7°C; however, dead egg ratios were significantly
high at 4.5°C and above 13°C (P<0.05). Mortality of larvae after hatching was not observed at 4.5°C, but was signifi-
cantly high above 13°C. The DNA content of the larvae did not show any significant difference at all water tempera-
tures; however, RNA content was the highest at 7°C and was significantly low above 11°C. In addition, RNA/DNA
ratio was the highest at 7°C. Larval deformities after hatching were low at 7-11°C and higher at higher or lower water
temperature. Therefore, the hatching index and larval health index of Walleye pollock eggs in this study show that
7°C to 11°C seems to be the optimal transforming water temperature range.
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FdHoz Q3 FA ofFoltkOlla and Davis, 1990; 3}he ¥ 31 9lth(Seo and Kwon, 2017a, 2017b). L2j 22, 2+
Kishimura et al., 2008; Mueter et al., 2011; Dong et al., 2016). Ajghof] o)3) AT A THe] obg A o] Hglo} 7|3 W& 9]
£3], Sol A 19949 E 201697k S EGAA 7haE jaA s A4k ol ek A|A| A Q] SRR o]
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%1, 200041 Ol FHEE oS ZAT 5 G Y2 7

A3 tH(Lee, 1991; Kang et al., 2013). whehA, A= A4

al., 2017; Jayanthi et al., 2018). ZL&L}, AA| = FAAFo] A|A4
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ol2fgh 271 F o) F ] TAYAL A] =22 Y |l 2] 0] €]
7ol 7V F 23k ok v A= &4 2.910] EHrh(Herzig
and Winkler, 1986; Bian et al., 2014; Bian et al., 2016). $=2-9]
k= FOATE AEE D 7| FE ol kS mAH A4
< H9E HojuH =H Folea Eso] fdastal 7|gE
o] Z7}sl= AE 2514 ®lth(Herzig and Winkler, 1986).
HE o790 Wiy 9 Raprjol o] A 20 =55
w27 Yelhus A2 A4 Qltk(Hassler, 1982; Garside,
1986). sFAJRE, $tallAd o172 A% 44 Gadus morhua)S
AFo s g =2 K3} ol A Bonnet (19392 13°C ¥
14°CollA] ZA| 4= gho] Fa}Fs}A] grot 2|1l FHA|4=2-2- 12°C
& B ustg o, )94 G. macrocephalus) ] Ao A &= 14°C
ool Al o] pAdRto] HalshA] ool F| L Al
14°Cefar B uskgieh. o]F% ghaf 4 o f= StAla=2 o]l
A HAbsh= ko] Q17 whiZell gkt K3} xpo] ThA|of A
HEEA] W8 -0 2 ef7} D QSHA|NE, of A 7HA] U} T E
of| thet A4 == A A+t mlm| gk <o) 7] wiiZof| o]of o
& 1ok-27} 77} 1 gk A% o|cHChoi et al., 2020).

dubA o ® A 2 37] 913t dAtolA= A el
A Y 9 BE A9 225 V]| E 0 R S SFEE 1 At
ol A= Al 7HA] Hare A gh ol A o] §.3} =2(Nakatani
and Maeda, 1984)°] 4] T3} o] 7-2] SHA| 2714 & Bl 912
At} 2 2 F3L S 7b7ko] A |of| mlA|= ok &
Abslf Hoket.
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Y 3lg=sto] Ao ARSIt = T 3gt
2 7¥7+ 45,7,9, 11, 13 2 15°CE A vjg7] ol =835t
Ak 2=7H A4 vz ol A 250 mL H] o] A of] 7§ 2Egt of 2t
1< 200 mLE L 307]9] A whs =851t shef g
W 7F 2 2 ALk A AL S sl 5wl QA AL, A5 sl
£ 10% ol nghsf = ek. F3ka(%) 53t 215 HARE 74
ALt A A= Faskar Algesto] Aliketgl o, F3} #4
(%)= F3}7NAlE FollA F3t & g &R A7ER Q] #
3} & 3UA| 9] Apo] AEES HA| F3} Aol o] =& LpE| A W
&2 UEYSIt) o] Ai=E vl o2 Fal A ARHE(%),
F3a(%), F7-3F 5 Apof HARE (%), F3k F2 (%) R 73k &
{ATES ERlskom, o] off K= A9 33 WhEs}Glr)
1} gl vk g@l 240} 2] deoxyribo-nucleic acid (DNA)
4 ribo-nucleic acid (RNA) g} 0] 52 H|E-2 Akacid)t
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1,800 rppmof| A 187 A3k} 3iet. o] w9 1 mLof| A4}
E- o) 93t @ g vl AFSEA] 7] 7] 9]3)] 1.2 M percloric acid
(PCA) 1 mLE ¥ 3lth. RNAE F%317] $1514 0.3 M KOH
L5 mLE {31 37°CoflA] A7 52t HHg- A1 $- 3,000 rpme]]
A 2027 A4 Eelsto] 445 HE RNA #4182 =2 513t o]

‘g2 pelleto]l /] DNAS +&317] $15t¢] 5% PCA S mLE
7FkaL 90°CollA] 2047 &3], ©] FEES 2,000 rpm
oA A ste] A Aol meken, 5% PCA 2
mL2 97 @ukvoltexing)3t & -2 HHH 0 2 242 e]sto]
5015 ko) 5 mL} Fako] DNA 31 2740] AHssc.
01716141 Qo1 459 OD,, 9} OD, ;& 45t on], 2t
Z}9] AJ=F-2- Fukuda et al. (1986)%} Peragona et al. (2001)2] ¥
ol whet AlLtsk3iTt.

e kel 2 2] mhe Hohe, B EA U Ak
3} 71 91 %0] 3t B3-S one-way ANOVA testS A AJ5}
Duncan (1955)°] t} 4402 A2, 5 k] ol &
Helodrt. E BAA )L $OISHE 95% HlolA] SPSS =
Z I (ver. 20.1) o|-&s}o] 45T

o
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2 Fafoll et e T2 7,9 5L 11I°C gl
A 84.4% o golglom T FotU7MA] 169d0] 48 =it
(Fig. 1, Table 1). 4.5°Coll A= RE 237} upa wj7hx] 202
o] 28 E|913, 13°CeF15°C2 75 22 14, 1099 727}
Sk E| Gt TS 7 2ollA $8319lE A, TCAA
= 8k A ARk Aol 919107 (P<0.05), 4.5, 13 B 15°Cef
M FAHOR 52 AR IS RATKP<0.05, Fig. 2).
3}, 75} $ Aol Hiab= 4.5°Col M A3 glglom, 42
of zobglell uheh HARE T S7tsked 13 5L 15°Coll A= 66.7%

Hatching successful larvae (%)

0 2 4 6 8 10 12 14 16 18 20

Days until hatching

Fig. 1. Hatching successful larvae (%) from walleye pollock Ther-
agra chalcogramma eggs contained the different temperatures (4.5,
7,9, 11, 13 and 15°C).
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Fig. 2. Died rate (%) of walleye pollock Theragra chalcogramma
eggs (A) and larvae (B) for contained on the different water tem-
peratures (4.5, 7, 9, 11, 13 and 15°C). Different superscripts on
bars indicate significant differences (P<0.05); double superscripts
(like ab, bc) indicate no significant difference with either compo-
nent: ab is not significantly different from either a or b, etc.

]

og foA 07 =7 YepthP<0.05, Fig. 2). Wef 4
Jeto] B3} 717k 4.5°Col s 4 T 14-229(15.31.15
) Atolof] H3}5 akgloH, 20| EolA4E A Halel ¥
Z 523} 717bo] ZobA A 15°CAlA = 4 T 6-10Y(7.3+1.17
) Atooll Fo1E shith(Fig. 3, Table 1). 73} 552 (hatch-

X

ing qualities, %) 73} 2o} HARgT} 22 H3fo g 42
o] Aol what Hasti=el, §3] 13°C7F Hol7heA &
At ol = A 02 YERyITH(Table 1). #3152 7°CollA|
90.5+10.82%2 9°C & 11°CL} 2] F 0] 2| = ¢kgkA|uk =0 4
A& YEFHTHP<0.05). BHH, 4.5°Col| A= 68.2+16.25% %2 &
9Fom, 15°Cojl A= 4014 © 2 714} 1o 28 9+3 85% 2 Lie}
Wh(P<0.05, Table 1).

g, 53} 2po] o S ilglefol| 4| DNA g2 H& 2
ol A 262.9-285.4 ug/larva®] B 9jof| A 2] Q1 Afo] & Ko]
A EYTHP>0.05). SFANE, RNA §FeF-2 7°Col| 4] 77.8+10.21
ug/larva® o8 07 71 =9rom(P<0.05), 11°C o9
oA 428449 pgllarvait §0)4 02 v Uebgith
(P<0.05). RNA/DNA ratio'= RNA 3=} -2 73S Hof
T°CoA GolA o2 714 =2 71 0 & YERITHP<0.05, Table
1). gb, Fig. 4.0 A= A4 i 5< =4 =2t F.3} 2o (Fig.
4A), & Hhd ol 719 (Fig. 4B) L2] 1L 73} & kg4
A% 7170 A (Fig. 4C)E HreRd Aoltt.

o F

A AR 8] =2 Wk 2404 ool vl WEjeF 22 gl
g o] 72 7] AZAtol QlojA eI of e JIS =Tt
(Réalis-Doyelle et al., 2016). 53], ZAYAR}A of A Bt o}
e ApdollA e kel gy} Apx|ojo] A 2 A
o QlofA T of tigt k2 uf$- Fa5HA A8ttt
(Teletchea et al., 2007; Souchon and Tissot, 2012). 2 &3]
K] Ggeke] HalA) 2R EE A 4-20] WoldsE o
2 ZojA| iz AR BT, BB 7,99 11°C AFTo
H el 02 71 8 A7 LERIThP<0.05). HAIT 2
A 20 7H 7 E 4.5°Coll A= 335} 7|7 Ao, HE)
S U2 A0 7 AL I THP<0.05). Choi et al. (2020)%=
g =AThe] BE8-2 8CE 7|2 7P A YEehgor,
o|HTt FAU 52 foAs 23] W& FIgd HolH

Table 1. Time until hatching (day), hatching rate (%), hatching qualities (%) and nucleic acids (contents and ratio) on the hatching day of
walleye pollock Theragra chalcogramma for containing on the different water temperatures (4.5, 7, 9, 11, 13 and 15°C)

Time until hatching Hatching rate

Hatching qualities

Nucleic acids on the hatching day

Temp. (°C) (day) (%) (%) RNA (ug/larva)  DNA (ug/larva)  RNA/DNA ratio
45 15.3+1.15¢ 68.2+16.25 100.0+ 0.00 64.1+7.18° 281.2+42.50 0.23+0.020%
7 12.7+1.15° 90.5+10.82¢ 90.2+415.12 77.8+10.21¢ 264.1+17.32 0.30+0.040°
9 10.0+0.75° 84.4+10.18° 84.7+11.73 53.442.74° 268.7+14.40 0.20£0.0142
11 8.71.15° 85.4+13.01° 71.6+£9.35 44.9+2 742 285.4+9.71 0.16+0.013¢
13 8.00.82° 45.2412.96° 32.5+23.82 44 6+5.30° 269.945.39 0.170.020°
15 7.3¢1.17° 28.9+ 3.85° 25.3+3.94 42.8+6.70° 262.9+4.72 0.16+0.026°

Different superscripts in the same column indicate significant differences (P<0.05); double superscripts (like ab, bc) indicate no significant

difference with either component: ab is not significantly different from either a or b, etc.
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Fig. 3. The hatching frequencies (%) of walleye pollock Theragra
chalcogramma for containing on the different water temperatures
(4.5,7,9, 11, 13 and 15°C).

E FATho] BalEls AQAES 20| WolE 7o
Aol B3It} E3E Danielsen (2016)0f 2381, lump-
sucker Cyclopterus lumpusi= A2 H 9] ofstol A 42
o] WS Alghe] Wiaio] gl o] & Qlsf F3lgo] Wolxith
I Husto] & ko] Ao} FURt HEFs Btk H%ol
Danielsen (2016)-> & ¢1-of| A SFQ1E] %] QL A 42 ©]
Slof| A AEE-o] oA HA] £} 2po] o] 7|7} AobR| = A
T gRolskele). Hhd, 2o] BErs 2F fikey) 78t &
A Z-g-0] =% brown trout Salmo trutta (Réalis-Doyelle et
al., 2016) 2 Atlantic cod G. morhua (Madondo, 2013)2}+= A}

3 siE3 2ole] 713 B 4 951

Fig. 4. The malformation of walleye pollock Theragra chalco-
gramma eggs and larvae for egg’s development and larval growth.
A, normal egg and larvae; B, abnormal developing eggs; C, mal-
formation of hatching larvae.

H AE Hol=t, ol Aol i g Rhe] Tk
F3} A 9] =& whg-o] Fofl osf th=A 283t Aom
e

3h, & Atoll A ko] F3}F 7R AFE(%) A
T2 o]Folgtal HojR= 13°C Y 15°Ce A =20 717k
& 4.5°ColA FolH o2 7P A vehd v T'Col A=
A Foll Abdke A wrEe o= Il =3 781 5 #fof o
A S 2R 45-9CH A= YA o2 ket T Foll
A2 4.5°Coll A= A8 FAksh= W AI7F dehtA] ehgtet. of o
HIg] 11°C o)/oll A= 20] ot 5 HAlsh= Afof o 4>
7t S718he A B AHFig. 2). o1& g Tt 58} ol 9
HA}= Fig. 40| 4|9} 7ho] 2 3=2] ZRtE vk (AT, Lordosis)
Hrphs S F(5E, Kyphosis) 2] S7/d0] F=2{A1A] &
%] 31tk Madondo (2013)2 =7 249] 7] ofl thelj A= ¥
W A] QFAAINE, F3} 2po] o] o] whE 719 S AbAIS]
gRRIsk =, AAI A ] #5= 713 (veterbral malformations)<
20| A= ot Ahkglo] HISgt Bl &= YEkTh s 4
20| Fotxlol whet ATk F4axskqlar gl ofstE ek
El= 7P B2 ol A= vt ko) 9k FA4to] =obrl
ohi B uskQleh T3, 0] ol 9ol At A1
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= OOl X] AR, 73} 5 713 A A o ek 4t g
AL 7 o SRIE| Qi) 2 Aol A Bl 712 Q1 A2 T H
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o {Zoll(Table 1) e o] A TS FH3}A]7]7] o= T°C7} 71
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