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Effects of Water Temperature on Embryonic Development, Larval Growth,
and Survival of Hemitripterus villosus
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Abstract : Water temperature is a critical factor influencing the early life stages of fish,
affecting embryonic development, hatching success, larval survival, and growth. This study
investigated the effects of temperature on the early life history of Hemitripterus villosus,
an economically and ecologically important cold-water fish species. Fertilized eggs were
obtained from naturally spawning adults collected from the coastal waters of Yeosu, South
Korea, and incubated at three different temperatures (5°C, 10°C, and 15°C) to examine
developmental time, hatching rate, and larval total length at hatching. Additionally, larval
growth and survival were evaluated at four different temperatures (2°C, 8°C, 12°C, and
16°C) over a 66-day rearing period. The results showed that higher temperatures accelerated
embryonic development and hatching but significantly reduced hatching success at 15°C
(32.8%) compared to 5°C and 10°C (>90%). The mean total length of newly hatched larvae
was inversely related to temperature. In larval rearing experiments, survival was highest at
12°C, whereas all individuals perished at 2°C and 16°C within 30 and 24 days, respectively.
Growth rates were also highest at 12°C, suggesting that this temperature range is optimal for
larval development. The results indicate that H. villosus exhibits a temperature-dependent
response during its early life stages, with an optimal range of 8~12°C for survival and
growth. These findings provide fundamental insights into the thermal tolerance of H. villosus
and may serve as a valuable reference for artificial seed production and conservation efforts
in response to rising ocean temperatures.

Keywords : Embryonic development, Hemitripterus villosus, Juvenile, Larvae, Water
temperature
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AMA|7), Hemitripterus villosus (Pallas, 1814)+ H}2] & (Per-
ciformes), Y70&11 73} (Agonidae), 4FAl| 7] okt (Hemitripter-
inae), 4714 (Hemitripterus)©l| 43t= o172, $=vzt A
At Y& FH, 3 =33, WHa 59 EAHBY F2
EEZSHt (Masuda et al., 1984; Fricke et al., 2025; Kang et al.,
2025). 4A1719] AF7]= Sy AgtolA 10¥ sheE
12Y7HA 2 A AAREE2 6.0~15.8°CE L&A Ut Eg

(Markevich, 2000; Park et al., 2014). AHA|171= AAZoz £
83 ojFolu} o2 2012 695t, 2017'd 4781, 2022'd
264102 HASH= A4S Ho|1l JITH(MOF, 2024).

37 Bigtol| o5t 2EHAE FolFol glojA JHAS] A
=719t A7 el 3 wIAL volrt AL, AeiA o
T 93-S F=6| (Barton and Iwama, 1991), tjF-£9] ojF =
HEFEO|BE $29] Qs 7o weth B3 29 |
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o izl Aol 44, WAS TR olf AR TH
ﬂﬂ-oﬂ APA o2 9L n|2= Aoz deA QIrh(Billard
etal., 1981). A|F-2332 Q13 A AA 3G 20| 453}
3 3, Lyt YL 55U 7H(1968~20224) °F 1.35°C 4=
20| A5 8FATHNIFS, 2023). 12jsto] S-2jutet o)A 3
Bl Gadus chalcogrammus)$} 2 St|Ad o] 7ol o&TFo] &

S A 7Y gl F7tste FAl01™ (Kim er al.,
2022; Kim, 2022), AA7] 9A] A& wat =4 101~150
m, 251~400 m2] Hjgof] ZH-3g $220] —1.2°ColA] 3.5°C<l
oA F2 AAsH= A o] Fo|th (Tokranov and Orlov,
2006; Antonenko et al., 2010). $HhA o]F7} 1420 =& 5
= A WA 2& 2B Ao kEEo| APLEC] STt}
I g7 A o) s, ARIYARE o] @A SHA WolAl= 5 A
20| 8-S =t (Hardwig et al., 2004; Doney et al., 2012;
Logan and Buckley, 2015). WehA] 24502 Q3| o dFF
o] Zaslrta d5d 4= ok

7o 27] A= AEYO] T AMYEC] w2 A7IE
‘gojof s e 9] FFS wol wop 29 o] B A
A A3t} (Herzig and Winkler, 1986; Kamler, 1992; Clarke
and Johnston, 1999; Korwin-Kossakowski, 2011; Viader-Guer-
rero ef al., 2021). 22 I Qo] LA, 71H &, F3
Al7] ol G A= A2 g A vt (Herzig and Win-
kler, 1986; Kamler, 1992; Bruce and Arthur, 2009). &% 4%
B AN Qo 223 wuld) BAG) UL, 5t
2% zto|9] 7] H|#she 3ol $l=Hl (Pauly and Pullin,
1988; Kamler, 1992; Bruce and Arthur, 2009). ©]+= Z7}A}u]
(Microstomus achne; Byun et al., 2009), Z24%0] (Salmo trut-
ta; Réalis-Doyelle et al., 2016), el (Park et al., 2024) 54|
Hug vf ok E3F 22 A|o]o] e an A AL A
E&7 22 A9 H W] F3E vt (Peck and Buckley,
2007). ool & Aolld= 2ol 719 27] BEAt] bl
A& FFs dot7] fste] 54 204 AT T A
7k B3hs, 53t Aol WA Ax| oo AFE D HEES

NS
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Fig. 1. Location of the sampling area.
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Table 1. Time (hour) per developmental stage of Hemitripterus villo-
sus at different water temperature (°C)

Water temperature (°C)

Developmental stage

5 10 15
8 cells 15 13 10
Morula 25 23 20
Formation of embryonic 146 144 120
Formation of Auditory vesicle 216 200 192
Hatching 1,591 1,536 1,488
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SAIZ7]:  1/t=0.0167T+0.0479 (R*=0.953)
AR7]: 1/4=0.0050T +0.0345 (R*=0.970)
HiA FA4: 1/4=0.0007T +0.0059 (R*>=0.797)
o] FA: 1/t=0.0003T +0.0044 (R*=0.974)
=3} 1/t=0.00002T +0.0006 (R*=0.999)

SATo] £od HFQ.0 5oCo| AL 93.7%, 10°CoA=
90.3%, 15°Co| A= 32.8% 22 ThE 522 909 o]Ate] B3}
£ B oY 15°C o|AollA] Rakgo] dAsHA Frastlct
(Fig. 2A).

B3} A% zpo]o] HF AL 5°CoAE 14.25+0.47 mm,
10°CO A= 14.1540.53 mm, 15°ColAE 13.85+0.69 mm2
2 AFE YollA 20] 5555 A5t (Fig. 2B).
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Fig. 2. (A) Hatching rate of eggs and (B) total length of newly-hatched larvae of laboratory-reared Hemitripterus villosus at different water tem-

perature (°C).

—_ ]2 —e—16

(A) —2 -
24¢

22 ¢

20 f

Total length (mm)

3 6 15 18 21 24 30 35 41 54 60 66
Day after hatching

(B) —_—) a8 —a—]2 —e—16
100
80
S
Y
5 60
=
>
40t
-
=
@
20+
0 - -
3 6 15 18 21 24 30 35 41 54 60 66
Day after hatching

Fig. 3. (A) Total length and (B) survival rate of laboratory-reared Hemitripterus villosus larvaes at different water temperature (°C).
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16.79+£0.78 mm$ith. 2°ColAE= B3l & 3044 25 AFY
stelon mprgto s 2% Wit AL 13.95+£0.16 mm Y
ok 2 12°Co|A] 6697 AR Apol o] Bt A 2143+
0.27mm% L, 8°Co|A= 19.27+£0.33 mm=E 12°Co| A A%
o] 71 WSk} (Fig. 3A).
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E&o] TAastqnt 16°Coll A= 244, 2°Coll A= 3047 ol
<= 7HAI7F AFESEGT). 8°Ce} 12°Coll A= AR o)7F AAF
Al7EA] &SI o™, 12°C AP oA o BEE0] 7HE =
t}(Fig. 3B).
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Feo WeERal ofRe] A 753 A YHAL
2 gFs vA= 58 84 F shuoln, olf= FEHE A
Yup E) Al 22 WA AT 9Uek(Brett, 1979).
Merluccius merluccius (Guevara-Fletcher et al., 2016), 115
oy Scomber japonicus (Hwang et al., 2008), §E] (Park et al.,
2024) &8 (Takihugu pardalis; Han and Cho, 2007), Z7}A}
o] (Byun ef al., 2009)% BlEF WBoIFY He L 520
A o] S EI, FE 204 AAEE HoR Hiy
6] 12 (Pauly and Pullin, 1988; Kamler, 1992; Bruce and
Arthur, 2009), 243} Rsol] HA et 520 ol Holut 4
& 3, AEEY] Fo HEo 7|80l St T
Aol X2l AME Z St (Herzig and Winkler, 1986;
Rana, 1990; Fujioka et al., 2024). AA|1719] A%, 10°Ce] $
204 1,536A17F 15°C2] 4= A 1,488A7Fqko]| F3}a}e]
8.2~14.9°C9] 204 2F 1,488A|7tHte] 313t Park et al.
(2014)9] Aol dA|skch EJF & 204 WA AZE
I BSpA| o] WEkR|= FAIE Ho thE |79 ¥
$AFSIETE SoCsk 10°C ABZOIN 90% olel & 2ok
= Bou 15°CY HAFolA 32.8%9 W2 Fokes 2o
15°CE B3} 474 52 Yoly Aoz mlt 22 e
Ao Abetae23} WSS w Park er al. (2014)E 3 H
ot 25 AgtollA AAFE Y AAI7] AREA7I9F S
10¥ 3keoll A 129714], 6.0~15.8°CE E.113}% 31, Markev-
ich (2000)= Peter the great BayollA] 8¢ oA 9¥ F¢,
17~18°C2 BAHIL). o] AolAe] Ratgo] B 5o}
AYAT AREA719] =20f ZFo)7} Sl=t, sitelFo] AL,
AAARE A|718] 23t Relo] A7het 20 fARRE Aem
&y A Q1o] (Herzig and Winkler, 1986), °]& 738 & F714 21
Q77 Bas) mh

2719 BT FARE 204 AREe o E Ay

T} Blastyle o AtiE oz 29 vjg o] Xpo|7k A &

o dubR o2 Ap2oA ARtehs T o)A Akt
St ol Hlsl 20 FFZ AA e A= dHA Q=
B (Peck et al., 2012), A2 o]F2] Y| (Park et al., 2024)2}
Merluccius merluccius (Guevara-Fletcher et al., 2016), Melano-
grammus aeglefinus (Geoffrey and Carolyn, 1976), B (Gadus
mohua; Geoffrey and Carolyn, 1976)2] B3}IA|7+e] S 5°C
o} 15°Col A oF 2uj9] Aol melont, AA7le] A 10%
nke) 3ol 2 K] AbA7] o] X 7k] ArjH o s 4o
Rol7t 27 ghe Al that #7HA A7k B welck

2o g ARoo] HEE AF AT 2 16°CY AE
T 2 2°CollA A2 AR 24UA €} 30UA o] BF APYSt
k. ol& T3l T ;o] AX|ojY] HEo| FALR}S &
T AT} 12°Ce 8°Coll A= AY FARE FEES HA=
o, 12°ColA 24, 8°CollA] 3044 54 44s HA
12°C¢} 8°CollA HH#ZHLE 1.375mme I7] 2}Fol& HFA
o AR BF YAEC] Gt A¥ol FRE Wt
A YE3IA AZol 7Y Ax o] AFES F20] FoHEs
5 37kt AReES ol S48 Hdaste A
H It} (Ryland and Nichols 1967; Brett and Groves, 1979). 9]
+ Pagrus auratus (Fielder et al., 2005), Scophthalmus maxi-
mus (Imsland et al., 1996), BE] (Park et al., 2024), g% 7}E]
(Amphiprion clarkii; Ye et al., 2011)2} Z2 ojFoA= 1
vt glom, A7) Axlof dA Sgo] FHUSE Aol
HE FgS HATh o] dFolA 16°C2 AT AdTlA
AR 0} 7F B AFESt] 15°Co|A &) AT RalgH W
2 AEES HieT, ole BF TR 73 § 2R
7b s B4 a9lo] AR Aolar, bFstA A-g-5to (Urho,
2002), 77T ApR|oj 7}k W= AEQFo] T& Fof o]2Ft
A7 UL Aoz Bt

8°Ce} 12°CY| =& 270X A7} Ay FE7HA AE
S, B AR TOlA 109 o]F AHx|oj 9] BEE0| FHst
A "ol 4= ek A9 B, 73 A5 Aol
Bl A3t ol AN, FRETE ] Eue A7
£ 108 A=2 e, AZolFo Ao d3gs A
T2 B Yol HIHste AR olyshe B 4T 4
Hi= Aol EE DT WAL 7tk Hjort, 1914;
Peck et al., 2012). webs] Bol& o] Aufgt /H 50| IFH
O AMYEE AR Helth dEav BE $REI o]%
Hol 2 Asjz AT AFgE FAISH] AAsiA AHx|o7F A
Fat7] &olgt Bol g &l thet A, A Hold+ Al7]ol Hgt
ATF 5 AT A7 FEES #ol7] A F7HEA A7t
gadt o=z ®Helt),

AA|7] ZER ol 8°CS} 12°ColA AAET AEE0] &S
a1, £3] 12°CollA 718 &3t} 8~12°C7F o] AtollA] 23
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