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ABSTRACT

This study aims to contribute to the research on resource recovery for the rapidly

declining population of Liparis tanakae by observing the larval development process and the
morphology of juveniles based on their growth. Natural spawning eggs collected in Yeosu were used
for observing the process of egg development and larval morphology. The water temperature during
the rearing process was maintained at 12.3~13.5°C (average 12.7°C). The fertilized eggs had an egg
diameter ranging from 1.57 to 1.79 mm (average 1.71 mm) and were spherical and adhesive. Within 4
hours 35 minutes after fertilization, they reached the two-cell stage, and after 74 hours 10 minutes, the
formation of the yolk sac began. At 106 hours post-fertilization, a caudal fin appeared at the tail tip.
Hatching began at 526 hours, and the larvae developed with the yolk sac positioned just behind the
eyes. The newly hatched larvae had both the mouth and anus open. Melanophores appeared inside
the lower jaw and around the tail on the third day after hatching. By the 16th day after hatching, most
of the yolk was absorbed, and melanophores were visible in the head region. Finally, on the 63rd day
after hatching, the head region significantly developed, and the body shape and mouth were similar to
those of an adult fish, signifying the transition to the juvenile stage. This study will serve as valuable
data for aquaculture techniques related to the conservation and restoration of fish species based on
the hatching and juvenile morphology of Liparis tanakae.
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FA (Liparis tanakae)~ 40| = (Scorpaeniformes) & A| I}
(Liparidae)°]l &3tz o F2, S2juzt A A 4, 55=31
S T4 50~120 mo]l AAJsk= A4 ofFoln, A7 = AL
HE FE 3793 22 ¢ AAGA ARto] o]Fo A=
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A Eolth(Huh, 1997). A& Seuhatoll A &1 44 o]
Zo= oy 1295 oS3l 1971A]9] ojFFo] A7t o FF
9] 60%E ARSI 9ot 20159 o]F 2 ojBjgo] s}
717 o] X&A o7 Aeslal Qlth(Song et al., 2021). sl
e Aol £AE7] oMo FAPAL 7S SFETFOEH A
AF g7t B agh Agolct

Ao Tt T2 TR 23tol9] P (Kim ef al.,
1986b), Fe @ 22 EA 23t I FX (Myoung et al.,
2016), YJH-8E 24 (Huh, 1997; Choi et al., 2015), A2 W el 2}
o] Gl Bat AT (Song et al., 2021) So] QYA|gk, o &)
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o}F 9] Z7|BEAL A= HY] EAE HIRSto], TR H
A% AYE AXEA 5o 2 158 FEAEI T 74,
A= 5o B2 FRE ATl ok waka] F9 olae} HE
of, thFet £FHA, A 4] 5& 4& § glon, olg
EOE Ao BET B FART o Eh AF 9 A oF
5 ket dtef o]83 4= ltk(Song and Choi, 2000).

At} 7o) A9 AAaS Sdstal AA AdeolAe A
= Totsty] fefA did 59 27] IS S e &
ook gttt & Ao AP Fa} Aol TS 5P
£ d olggol Wrlol AuelA 4% dat zpx|ol9] et
AE st o2 F3h v|wsks Zo| 235t (Byun et al.,
2009). waba] o] At EuhEke] dEAQ] A o1F &
28] A4Y BES QJ3) o] Fejel HAy 3y 9 AR o] A
Ad Fefjof] gt A1E st TATST FEfEHA v,
7§ HE 7|ZARE o] &E Z7MEAE 1L
A} gk,

1. 0{0f ZHE

o] o] ARETE ofml= 20204 12¥€FE 20229 2¥7HK
oAl FAE I SN S o83l AJEtATt 2
TEE 9% 75 85m, 2IEFS)Y Zole 150 m AF0]
oh 259 3 U Sm, F 49 Wole 10m3en, 9%
o] ZutR Byl HgHEO NYTd210 3284} 43.3 mm, o] ZE
HHO NYTd210 3284}t 30.3 mm, 2152 NYTd210 3284}
50.5 mm YA E AHESIHL APHE ol 2 o833t
g Zpz)o] Fepdd TR AT ofnlrt AA At
g o2 g
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Fig. 1. Map showing the sampling area of Dolsan-do, Korea.

2. 3R A XX A=

AT A E £ F9 £2(30%x40%90 cm)f &
sto] AW ARSSHEA A 2 S skl Al At A4 of
T Al 222 123~13.5°C (B 12.7°0)8 FAISHE L, I
A Y F A WY 23] 124 esh RS 2 st
o}, B3xpo| o] Hol= 55 SR A (Chlorella sp)E ASTE
FP A7l & Z2E|H (Brachionus plicatilis), Artemia sp. 2 BJgt
ARE AH 02 FF5tT
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R 23 AFRE Aol Ao AT 19
F 0018 2Ee0] B0 AN F 2 HAS W
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AN Hm ok

SR, QI S E01 7 (Nikon SMZ-)& $3to] by 3}
93k AA019) B 2t 2915 T, 2R Aofe] e
W TS 7120l B4, F714bolet Hol7] 2 Pt
or], 2o} o] WETAE Russell (1976)°] ket
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F& 7ol%l

om AgAzGo|tt. Uk B3NS e
W 7= F3842 gk 43S |1 m

1.71 mm, n=100)°] 2 datoll= §243 FH7t Yion, 15~
28711¢] 231 A2 {75 7HAT USATH(Fig. 2A).

74 241 212 £ wfjgte] FES FAH7] ARSI
(Fig. 2B), 57 4A17F 358 $of dspo] W o] 2427171 §
dE ATk (Fig. 20). 4X1271= 7 TAZE 302 ol FAEA
I, 8HIZ7)= 78 9AIZE 558 Foll, 16HZ7]= 7 11AI7E
20+ ol FAH Uk (Fig. 2D~F). 4 13A1F 102 5] 32
MZ717F BAEAIL, 64X Z7 )= 7 154F 188 ol F4
=t} (Fig. 2G, H). TAo] Al AYHHA Ad7]= 74 20
AlZE 25& Foll FAEEAL, 74 38417 108 Fof =Zul7]7h
B Ak (Fig. 21, ). 478 56A17F 502 Fof ujEto] 2/5 H=
W edA 7] 7F FPEUNLH, o] Hehe] §HE EollA =
4 QIR L, vizo] Ak} LERA £ £ 7447 10290
HiA7F A=) AlASHiTh(Fig. 2K, L). 74 85417 202 &
ol uijgto] Weke] 2/3 A=E HI glow, uiA 9] w2 £
GE7F FAHEYL, 4 106417 Foll= wjA7E S BA
2 32| R FHXE7}F 7 eH, 5~9719] ZHo] eyt
th(Fig. 2M, N). 74 115A17F Zolli= 280 15~16712 F7}st
o, A7t A=, £ W=7} F3o] vehytth £
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Fig. 2. Egg development of Liparis tanakae. A, fertilized egg; B, formation of blastodisc, 2 hrs 21 mins; C, 2 cells stage, 4 hrs 35 mins; D, 4 cells
stage, 7 hrs 30 mins; E, 8 cells stage, 9 hrs 55 mins; F, 16 cells stage, 11 hrs 20 mins; G, 32 cells stage, 13 hrs 10 mins; H, 64 cells stage, 15 hrs 18
mins; [, morula stage, 20 hrs 25 mins; J, blastula stage, 38 hrs 10 mins; K, gastrula stage, 56 hrs 50 mins; L, formation of body stage, 74 hrs 10 mins; M,
formation of optic vesicle stage, 85 hrs 20 mins; N, formation of Kupffer’s vesicle and myotome stage, 106 hrs; O, fifteen myotome stage, blastopore
closed, 115 hrs; P, formation of eye lens stage, 140 hrs; Q, formation of the pectoral fin and nostril, 176 hrs; R, appearance of melanophore stage, 201
hrs; S, the eyes have darkened completely, appearance of melanophores on the pectoral fin, 268 hrs; T, evelopment of membranous fin, 381 hrs; U,

The embryo just before hatching, 526 hrs.

T 140A17k0] AU 2 = 18712 ST, WE]9] $
2ol o272t A= (Fig. 20, P). 78 F 17617kl 478
o] H7] A&t on Hof et WEENL, FHHEE 24
=tk w27} dsdoll A FelstaL, f 452 HAsHE
ok 7 2014 SR E= o] 7P A2 SMA2TE Y
257] ARsigl o], o] B, 7MEA =T Y
717} Urebgth (Fig. 2Q, R). 4278 268A17F Foli= o] 9] ¢h&o]
oj4jo] o, Ut fjof o] vehd, 25~279A) 24
FEE dozRE itk &0k 9o 22 FLET}
Uehd] A8, 74 & 381410l TR =2n)of 22 &
Aaz w7h FAHI, dRol E mFe| FALII} o X
ol oA &5 2] YFOR 13~157]9] SHL27} EX)
o] Yebgth(Fig. 28, T). 74 & 526A|7ko] 37} Aj&sig o
o, o] 27} W Ho] 9] vl FZKo] AL, =2 T4 F
2ol Fohd a7t YHE7] Algtste] 24:& W GTh(Fig. 2U).

2. X{x|of FeHHE

1) H7|xtof

B3l 259 o] HA 5.70~6.24 mm (B 5.98 mm,
n=20)2 Y3} FFo] 47 Yo, 43S g1 A, BF
oA Es] {9 sttt HErt 2 FEH, = 4L &
Ao} QIQith 24 £ 6~8+36=42~447]F o, ST
£ 7IeA=gn| et B Wy E o] giglaL, 7kEA|I=gu]9] 7}
Aot 7hEA=u| 2 Fol= v FEdls SMAET) ¢l
t}(Fig. 3A).

23l & 34 Aol AR 5.89~6.42 mm (B 6.13 mm,
n=20)2 o] @o| FoEo] X oF 1/3& A5t §)
on, = oA Uit mej Y v & 7Rt 3WA,
T~109A] L) 4~5709] S AZ7L A2 YERg o™, F1e] <]
2497 2H] A E T E BFe SMAZTL e,
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Fig. 3. Morphological development of larvae and juvenile of Liparis tanakae. A, Newly hatched larvae, 5.70~6.24 mm (mean 5.98 mm, n=20)
TL; B, 3 days after 5.89~6.42 mm (mean 6.13 mm, n=20) TL; C, 16 days after 6.43~7.38 mm (mean 7.13 mm, n=20) TL; D, 24 days after
hatching, 7.80~8.42 mm (mean 8.26 mm, n=20) TL, E, 32 days after hatching, 9.42~9.72 mm (mean 9.52 mm, n=20) TL; F, 44 days after
hatching, 9.63~10.25 mm (mean 10.03 mm, n=20) TL; G, 63 days after hatching, 11.95~13.02 mm (mean 12.16 mm, n=20) TL; H, 80 days af-
ter hatching, 14.32~14.86 mm (mean 14.63 mm, n=20) TL. Scale bars =1.00 mm.

ot &l 9] qt&o]l 3~47]9] S AZ7} UrEstTh(Fig. 3B).

2) B7|xt0f

B3l & 1694 &Fol= AA 6.43~7.38 mm (B 7.13 mm,
n=20)2 33} §57}F tfRE FEUA TR0l Dt
, 28 L 8~9+38=46~477¢th SMAZT} vE BRE
SERo| 270, Sx] ol el 2~37], o] flof| 17}, X+ of
A E 5ol 1712k ok of] 27§7F Urebth(Fig. 3C).

B3} 5 24954 Aol A 7.80~8.42 mm (B 8.26 mm,
n=20)2 #jA=gn|e} AR =2u|&] £7] A7|7} UYL,
Z} A=gu|o &7] $7F F7Fske 248 = 9~11+40=
49~5170%eH, SALZ = ASS weh 2A ARSI, #E
FEo= ST} AR St 9lich(Fig. 3D).

R

3) &7|xtof

B3l & 3297 Aol A 9.42~9.72 mm (B 9.52 mm,
n=20)2 23 57} 8~9+47=55~5671 At} vjA =Eu| £7]
7} 3702 yehgon, SIxLgn &7 % 4~6702 Z7}519,
Aol Fol2)7] A&t (Fig. 3E).

B3l & 44494 AFoj= AA 9.63~10.25 mm (B 10.03 mm,

n=20)2 7HsA=uleh sAmnle] 2717 AR, SAj%
27} welel 5 B3 ASwel et WA At et
HuEge SIS 92 45°2 FolA gom, Anrt EobA
AFo] W= ik Fig. 3F).

4) x|07]

B3l & 6394 2ol AR 11.95~13.02 mm (B 12.16
mm, n=20)2 Ztz}e] 2 =u|7} D. 42~44; A. 34~35; P1.
39~45; C. 1022 Ao Folglon, njg] Fio] dAs] g
SHaL, Al olut wHEo] Adofe} got glo] X072 o] stk
(Fig. 3G).

23l & 30UA 2oj= AA 14.32~14.86 mm (B 14.63
mm, n=20)2 &9 5 Fo SMAE7} FA A ST (Fig.
3H).
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(Knudsen et al., 2007).

Ay AFE FAX (Kim er al., 1986b)9] +3T A
1.68~1.78 mm (B 1.72mm, n=30)2 ©| A4 F2)9}
H3 3718 Belon, #X9 22 FR|aof &= u]AA]
(Kim et al., 19862)2] A 4L 1.55~1.65 mm (F+ 1.59
mm, n=28)2 FX|&] dHHT} 22 mEFo|qr}. ZE ELHjo]
oA k@ u](Kim and Myoung, 1983)= 1.92~2.12 mm (B¢
2.02 mm, n=30), FHx=H 9] (Kim et al., 1993)+= 2.00~2.15 mm
(B4 2.06 mm, n=20), AA)7] (Park et al., 2014)+= 4.01~4 .48
mm (B 4.1 mmE FAET dHo] Z AL & ¢ Uk &
B (Yun et al., 2022)%= 1.03~1.12 mm (B 1.08 mm, n=>50)2
ke Bgo|qlty. A% A7]= R} AjTtolu Zit ot
A HHo] glon, Rajrtolo] F7]9F AHH o2 Hlg|st
7] Yol =gTo] F2 F2 REApo| Uk F2 AR
et (Lee et al., 2013).

B3} 215 zpo]o] F7]= HA 5.70~6.24 mm (B 5.98 mm,
n=20)2 B £ I7]|= v|IAAR, A7) 27]7}
o HE EX| (Kim et al., 1986b) £3F210] o] AL 570~6.41
mm (B 6.10£321 mm)Z thh IAtkE AL & 9glo,
AT A717F AYE AR BIRpe|o A7) 4.40~4 .85
mm (Kim et al., 1986a)2 FX| Bt Ao, waju] F3}x}o]
9] 37)= AH 6.55~8.22 mm (Kim and Myoung, 1983), 3=
Yu] B3}xtoio] F7]= AR 7.48~8.25 mm (Kim er al., 1993),
A7) B3rtol o] 71 A 12.99~15.46 mm (B4 14.16+
0.65 mm, n=32) (Park ef al., 2014)2 BX| Rt} & 252 Ve
Wit o ofFoll vlsl =A%) 2717 Atd o Rkt

0

>~

O

W@ R|O| LA

—_=0o

FX|10f SE} 267

ol9] Z7|& HA 2.72~3.04 mm (B 2.93+0.21 mm, n=50)
(Yun er al., 2022)2 ZQlth. o] & 53l F3jato] 2719} 4=
o] 277} vt AE & 4 Aot

H3} Azl QlojM= AT 27|18 o 2k T
Ho] Stk 22 o7 TH AT oA A 9 AR of
o] At EE| FFE v = FaT FH LA F9 st
= (Hokanson et al., 1973; Gunnes, 1979; Herzig and Winkler,
1986), YBHH O & o] Fz 20] WO WA £7} 2|1,
2 e v £=7b ®ekzch(Han and Cho, 2007).
FH2)9] AL L 12.3~13.5°Col|A 526417, A3 A7H
Y B 52 8.1~11.8°ColA ZH|7] +494 A7k (Kim et al.,
1986b) 0.2 gHAof what 3} A|7to|A| Zpol7}F YEREA|TE, o]
Aol A o ARG 220] ALH A Aejol|l A Hilse 20
H|3f| o} AJ7te]| Qlof & Zpol7} Uehd Ao 2 Azt E3E
AR = £ 7.09~10.99°Col| A 747X17(Kim et al., 1986a),
AA7)| = 52 8.2~14.9°CO|A] 1,488A17 (Park et al., 2014),
Lol £ 11.8~17.9°Cof| A 463A]7H(Kim and Myoung,
1983), Hduls 4= 10.0~14.5°Col|A] 477X 7H(Kim et al.,
1993) Rtof] £317} AIZE QT ARg4=20] 20°CE thE o|FE
of vl =% FElE= 50A17F 305 (Yun er al., 2022) .2 7F
W2 53} X|7to] Uelgth njAX] 9] A%k F2)9] TR
o} 2R F2 2.0 nAX 7L =A RERE AR 7] 2
71 BAEY AR 22 £ fju|et FHiedn|zt o B
g R3lgt AS Kol B3} A7t QlojAe Ao 7| Hd
20| n|2= FFFel § E Ao AZEt fEo] A A
oflA 2 A7t A7l TR o 7o A I 5S sl FE

Table 1. Comparison of egg and larvae characteristics in Scorpaeniformes fishes

Species Fertilized egg size

Time for hatching

Newly hatched

(mm) (water temperature) larval size (mm)
Liparis tanakae 1.57~1.79 526 hrs 5.70~6.24
(Present study) ’ ’ (12.3~13.5°C) mean 5.98
Liparis tanakae 1.68~1.78 blastula stage +494 hrs 5.70~6.41
(Kim et al., 1986b) ’ ’ (8.1~11.8°C) mean 6.10+3.21
Liparis ingens N 747 hrs N
(Kim et al.. 1986a) 1.35~1.65 (7.09~10.99°C) 4.40~4.85
Hexagrammos agrammus N 463 hrs N
(Kim and Myoung, 1983) 192~2.12 (11.8~17.9°C) 6.55~8.22
Hexagrammos otakii 477 hrs
(Kim et al., 1993) 2.00~2.15 (10.0~14.5°C) 7.48~8.25
Hemitripterus villosus 4.01~4.48 1488 hrs 12.99~15.46
(Park et al., 2014) ’ ’ (8.2~14.9°C) mean 14.16 £0.65
Platycephalus indicus 1.03~1.12 50 hrs 30 min 2.72~3.04
(Yun et al., 2022) ’ ’ (20.0+0.5°C) mean=2.93+0.21
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Table 2. Comparison of morphology characteristics in Liparidae fishes

Species Larvae myotomes

6~8+36=42~44
7~9+36=43~45
12~13 440 =52~53

Liparis tanakae (Present study)
Liparis tanakae (Kim et al., 1986b)
Liparis ingens (Kim et al., 1986a)

B¢} u|AR] 9] FY 2004 AFE Hasieta Ayzhgict

WY BolA SAAEE FX| 9 FL £ 201A17F 7
B £9] 7PgAtE]of] 22 S A7} JFE7] A1Rbstglon, A
3y ALY FA (Kim et al., 1986b)%= =2 7HIAE ol &
MAazHE A2, 1|AR] (Kim et al., 1986a)= $=4 316
AIZE & w7t SAAET) ot 2 E7) AlFsE T AR
(Park et al., 2014)= 74 456A17F & of| S AE ZHAY oFF)]
(Yun ef al., 2022)= 47 43X)7F 108 & Lo SMA 27} et
7] AR A SAAETE et Jo] B eolghe
TEHE & Ao, ol A% v F YE dlitelF
o] Zz10] A7)0l = FEje}t §A o] Fulrt theksi, Sz 9
FAT FH 2 A= AX o] X719 A7RE FH= W T8
3t 982 %ttt (Kim and Han, 1993; Moon et al., 2023).

R}t A% sa4A2E By AY AFEJY FA(Kim er al.,
1986b)= 7H&5A =n|et B WE Y gllom, 7hEA=
gjue] 7pAtE| ot ZREA LEu] 2 Yol i REdE A
27} e Aol FYstA Yebetth. ulAA] (Kim et al., 1986a)
£ 7REALEn| B 3Lz dyE] e F2 74
o} H|SBHA] YR AT, FX| o= Th2A ol U] 5 &,
o Zol SMAZ7L WEsiglon, meE| FEo| v & 9 -
2u|e} AAAS] SAAZF AFE WaPste] Yepgtt A7)
(Park er al., 2014)8] SZMAZE= W EE & JAA| 2/374A]
EEZ3 T, Bo|atA| = 1] FEol= M3 BE3IA| ofof ubx]
7t gl AAYE BgoH, e (Yun er al., 2022)] A4
= 553 v FE Yyttt 22 3t &35k AR %
SAAE B 9lof vl AE BHAN Zfol7} Yt
AL & 5 0o g o5t ol A x}o]

7} Verset.

R} A5 g2 2452 vErt 31 539, mEE 21 &9
Hoj ggorm, 2E S 6~84+36=42~447 G} AP AL

QW F2] (Kim et al., 1986b) E3F 2
e 7~9+36=43~452 ARSI, Z-2 T4l u]AZA] (Kim
et al., 1986a)= &o] 71l ZHE Y] gtk Ho| vjssHA U
Eltom, 23 = 12~13+40=52~537|2 Z}o|E & 4= )
At

do] BE FoEE S7|&ojo] G| A=
12.3~13.5°C (B 12.7°C)ol|lA B3} & 16U (W 6.43~7.38
mm (Z4 7.13 mm, n=20))Z 437} $17F e Z5EH)

Folglon], 21

I, 3 F HAggo] goAE AL & ¢ ANt A= S+
2 9.2~127°Col|A K3} & 5~794 F77F WA FFEALS
o, 323} & 8~10YA) (AF 15.23~15.54 mm (B 15.39+0.22
mm, n=5)) &&o] 3] SFE L (Park er al., 2014), Sl
£ £ 200£05°Col|A £3} 5¢ (A% 3.88~4.42 mm (B
I 4112031 mm, n=15)) U3ko] 2% Z4EITh(Yun et al.,
2022). #3t & G| &3] e AVle 29 IFE
WA Ft(Park er al., 2014). LU} 220] ¥ Fx]el 4bA|7]
Ho} Feje} 4HA|719] dto] BE SE= Al7]7F HlE o]
of tigt A7k o Badh Aoz AyzbEr

Z|0]7|2 o]sl= A7|7HA| Y] 717k FA7F H3F F 63Y,
A71E B3 & 75~80Y (Park ef al., 2014), = B3} &
39Yo] ARk (Yun et al., 2022). AR Al =2 27F ASIAIRE,
B et AAIZ o BlF] 2 204 e Fel= o7
DA = wE o] Yeten, AA7]9 £7|Rke 7o)
D771 9 7170 Feiet vles gL, FA]| Ht wREA|Et, 2
o]7] o|q7HA| Q| AJ7H2 7HE E BG5S BT

o] A= FHX Y 27|BEAL AR AT} 24| o 9] P
Hehs ISk o] Bl B2 & olRet v =T
37)¢t 2o w2 27] WA P4 Zpol7t Ytk AL &
AT 4= UATh BA= T FaletolA ALF AR ogFF
o] 43l FAE LS Kol T 1 77 AASskaL ok (Choi
et al., 2015). o] AL BEF}7] {3l AR 7] HA
379 EAof| o o g3t Fo] Zasty)o A7 A+t
=] g2 AR 27| A7t M2 e AoR
AyZrE et

2 o

o] A= FA (Liparis tanakae) ] 'FEHAY 1, Apx]of o] o
o] & FEHE TS| ofgFo] 5435 Hasta e &
219 A FES Qg Aol o] EHiA 3t} oA &
Al QI oA AFE om|2HE A AHAIR] ¢S oA
o8 Wi 9 Zajo] FedgS WAL, A 1Y 5 5
22 123~13.5°C(B+ 127°C)F A8 #4839 ¢
2 1.57~1.79 mm (BT 1.71 mm, n=100)°|30 1 Fej&= 17
ojglem, ARSI =4 F 4X7F 3580 2417
SHHL, 78 & 74A7E 10=0l= HiA17F =7 AlEske]
th £ £ 10617k T ERE FHA 27 o,
B F 17617l FHA 27 LA =T 4 T 52647t
F37h A&kl o]i27t I E o] = HEE F|ZFof| fA]5tS
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