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Relative Growth and Squamation in Larvae and Juvenile of Cultured
Larimichthys polyactis (Sciaenidae)
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We investigated the relative growth and squamation of larvae and juveniles of cultured Larimichthys polyactis.
Analysis of the relative growth of larvae and juveniles showed that their preanal length, head length, eye diameter,
body depth, and snout length increased with growth. There was no significant chage in the relative growth. The ratio
of preanus length to standard length (SL) increased rapidly until SL was approximately 12 mm, and then increased
gradually. Cycloid scales first appeared on the lateral line, progressed to the abdominal cavity at 15.13 mm SL, and
expanded to the occipital region, base of pectoral fin, and ventral region of the eye at 17.82 mm SL. At 18.03 mm SL,
scales formed on the cheek, and those at the base of pectoral fin and in the abdominal cavity were connected to each
other. At 19.06 mm SL, major part of the head was covered by scales, except near the lower jaw. Cycloid scales on the
lateral line changed to ctenoid scales at the range of 31.71-32.24 mm SL, and those on the nape changed at the range
of 69.02—70.84 mm SL. Our results may help to establish conservation and management strategy for Larimichthys
polyactis aquaculture.
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M E 7] At A s v 5 A of| e A7} th4s 9ltk(Fukuhara

and Fushimi, 1984; Fukuhara, 1985, 1986; Aritaki et al., 2000,

o]F9| 7|7 FAE= vl YRERE 55 K
8} 59 Al E1ho] npEES A7 £ & 753t Song
and Kwon, 1994; Lee et al., 2010). 2% H]52 FA Al7], &
3 1A, FH, 271 2 7t Fol| wheh th2 7] wfjZof] AYeietA
o2 Fagt qa ofn, AFEFol AHEE 7] = gtk(Song
and Kwon, 1994). At 7iA| 2] A Aol et &
A 7138 A B 71 o 718 3RS UEY= e
B2 27187 5t 5o AFHst @ Ao FHekgt Al71¢]
BAEE 5 4= Uth= HollA F28FHKim, 1989). 4+
7 FolAE 53] AASE A, g7, §7EAR], |l
of, Feefn], P&, Hsol, sy e & a3 274

2001; Kang et al., 2012; Park et al., 2012; Byun et al., 2013).
Z+27(Larimichthys polyactis)= T1]3KSciaenidae)o] <
Shis ol A, -2 Uhet A e, AR R, e, 55,
ok 21 0] 4241 40-200 me] Heto] et W2l sfeiof 4]4]
= A A4 2o o]Fo|th(Lee et al., 1999; Baik et al., 2004;
Li et al,, 2009). F=7|+= Q| H e -2utetolA de] A&
o= o]gEo] & FYH M7t w2 Fog FEof &gt A}
H 2 A7) Fisto] Ak wel o] Ha o] tiREof gtk
(Kim et al., 2006; Park, 2012; Jang et al., 2020; KOSIS, 2022).
ol2|gt " aolA =710 A S A A A o] Bt
£ 9t dgkow 7)o FHALL 7|so| /i HaEr|e
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3} th(Ahn et al., 2016).

oj = 27IAZAL TA oA HIEIE Bl FElA], AeA, 3
A 02 e H3E 47 "rk(Koumoundouros et al., 1999).
o] Al7] &<t 27177} o] Fo] A =H|(Kim et al., 1997; Seo
etal., 2007), 53] A A= AHAS G oA AED = =5
o] ZF ZFR|A] ¢ol HARE 0| $il(Mana and Kawamura,
2002; Park et al., 2012), H|AAFA 0] HEj =S Kol Ao} ut
of o] 5 7o WA} lslAl= 2718- 719 G FE
AW 7} "2 ojti(Kanazawa, 1993; Park, 2016; Han et al.,
2017). skARE 2|2 -2yt A =885 Zrx7]of ot A+
2 oJet &d 9 AFHA(Jang et al., 2020), A41d F+7](Kang
etal., 2006, 2009), 4]/d(Kang et al., 2022), A3 7HZhang et
al., 1991, 1992; Yeon et al., 2010; Lim et al., 2014), S5 7} 4
ZHKim et al., 2006) 5 tH=2] A7} o] Fo] FA|RE, 27|48
7] Eore] we) wslol thik A A 0 A o] e
(Myoung et al., 2004), A} %] o] 2] ZZ|(Lee et al., 2023)= A 2
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Fig. 1. Relationship between standard length and various dimensions of Larimichthys polyactis.



326 el - 248 - PR

o7 JAIskGIT A s ¥ 1] % (SZH-16; Olympus, Tokyo, of Tt o, o] Al /3, APl gt e, F Al
Japan)S o]-§-5to] &5 Je|E ¥, AA A B F FEE aLo] whEg, FAbof ek ok o] WiEaS EASkeITh &
Ao| A 447 BAE Wal7] 918 SRS ANskgom, T AT Aol det 2 AR AR, B, o, A,
WA AL HaAls i (least square method) 22 A2 param- )= ARl wh SUbehs e Holth(Fig. 1). 78l
cterE o] 8311 Y=ax-+b] HF3|]4.2 EA|ST. 3 QL3 A G AR whet F7hsks Aake Mol
(Fig. 2). Aol tiet gl wia-o 5731 204 5 A%
o = _ =
Zat 4 pE 6.26-7.68 mmo|| Al Bzt 41.72%2 A XS Yepfglon
- ol A4 12 mm AF7HA) 27| Z715Ie7E 7 5 ThA
x _ _
S8 A5 Z7Ve AT Fig. 3). o & B3] 4ol we} o] &
AA 6.26-68.81 mmof| o] 2= 27| 3574A1 2 Ao A O] FZ 0 & o] 5 e TS 4= Uit Aol thgh A aLe] vl
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Fig. 2. Relationship between head length and various dimensions of Larimichthys polyactis.
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Fig. 3. Relationship between proportional measurements and SL of Larimichthys polyactis. Red, DAH 20 (n=7); Yellow, DAH 30 (n=6);
Green, DAH 40 (n=6); Blue, DAH 50 (n=5); Puple, DAH 60 (n=5); Black, DAH 70 (n=3); Gray, DAH 80 (n=3). PaL, Preanus length; SL,
Standard length; HL, Head length; BD, Body depth; DAH, Days after hatching
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i, 81 702 5 A 50 mm o] F2i PhishA sk %
TS ek lek(Fig. 3). Al e Tl MEg-e 9820
A S A% 6.26-7.68 mmol| 4] Bt 28.13% o™, £33} 30

=
3 A% 8.2-13.69 mmo] A= 2F 29.64-35.11%714] F2A%HA
A2 Hol & A& 18 mm AZ7R] Z71slcr) o] ohukshA|

£ Ui & A3} rasshe ke 2 3AthFig. 3).
= wloj(Miichthys miiuy)2] 27]3427] &<t
A& 2 o] A A (Park et al., 2012)2 B w st A3}, 227
Jlo] I o] Wil go] Afs] 7 Al WSkE Akt
2]aL Qb7 o] wiEgo] Adghol whet 7h4xst
A SOl frAkRE Aok Bleh B3t 27]= Al 6-11
mm Aol of A Aol gk g2, 7, Al aLe] W&ol -9
o HIK(Fig. 3)E Hof, Fef2] Wabr} o] Al7|of HsdE & A4
o et 53] Aol thgt o] i) 437ghel whet
T8 S7FeF=t, o= AFE Holo AeA ¢l 431 Y
FTE S AEES wolV] SRt dE e 7 AR Eh
Fx71= AZIANA  HIFo] EASHA  g=t
(R*>0.98), ol= APl digt 2 ASF ARG, 74, &
73, AlaL, )] 4ol A e U ofnlgitt o] =t
Hlojit o] Fof A= EGl=d], vlojo] A9 A3 =d
of| Al ol gt 74, o, 2] A8 AT(R?)7H0.9823-
0.99162] ¥ 912 e} 9] o o (Park et al., 2007), 244 o1(Sci-
aenops ocellatus)= 7ol thgt 774, VA, 249 2AA S
(R?)710.963-0.995 H 915 Lreb $ltk(Serafy et al., 1996).
o|e} Wit = Zpxju|i}p o) F= el et A5 A
ol Al 1-37119] ®374] o] A =] $let. 27 EA|(Microstomus
achne)®| 74-%- 27 thgt FEx42] Aehgaol 24 7]
o] B/ E e, HbAkn|(Verasper variegatus)®t =
7Pk (Verasper moseri)y= 773l thgt ol 4, ot
O Atiid7gol 2R 7| Het o] 2 Al7]]] AMZ7]of My
o] A& tH(Aritaki et al., 2000, 2001; Byun et al., 2013).
ZhAb] Rt o) s ThE o] ok He AR o] Al7]of FfAiE
A AMAYZRE o|dst= 2HA71E AU o] Aat B o g 4
7ol Mzt 2l el Ao m 7Hsgint ol & 5 2714
g7)of| Z7iApn] = Hol o] Asket 45 98, I 9 =
F7HA = Hol TS Sl At el w=ado] ARt A
© 8 ZZ3}9]th(Aritaki et al., 2000, 2001; Byun et al., 2013).
wheba] 7] 9] Aol MaRo] HAsHA] ok A
7hApu| 0 o o} dhe] 2k ef 22 e EishA §iskr g7
£ Ao}

s g4

A 8.20-109.27 mmof o]|2= 7] 307HS gAare=
Hls A 299 FejHSE yaelqict. Zhx2r| o vs2 &

o3

(D)

Fig. 4. Relationship between proportional measurements and SL
of Larimichthys polyactis. A, 13.59 mm SL, DAH 30, 21°C; B,.
15.13 mm, DAH 40, 21°C; C,. 17.82 mm SL, DAH 50; D, 18.027
mm SL, DAH 30, 25°C; E, 19.06 mm SL, DAH 60. Scale bar=1
mm. SL, Standard length; DAH, Days after hatching.

o A& whet A 13.59 mm (F-3F 2 304, 21°C)ll A A5
WA A A 15.13 mm (-3 5 40, 21°C)°] FoHH =
Ao vl £ HeZH SR WolAw, 54 &3t 7R A =g
U] H& 2R o 2 vl EE7F A-HEe A% 17.82 mm (8
T 50)e]l EotH Hlso] TR, 7HEA =2 n] /AR 2 =
o st A4 18.03 mm (-3 % 304, 257C)
S o vlzo] AW, 7REA =] 7| AR ulsnt
7 & HlEo] A& AAHh A% 19.06 mm (F3F T 60%)
gobd ofef g RS AlQfshd me] diEe] Hlez |l
tHFig. 4). 2= F}of| &5= Yloj(Park et al., 2012)2} ¥] a5}
H S| vlgo] Hxr PP HS FYsh 2T
E7; Zof vlgo] WA A F wo R ZH == Bh, vlof
ghjehs oAl 2 LR E QI 2] vl B =
S, A = R R Aol A 28] 2] 450l (Kang etal,

1o rr 4
[
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2012)9) vl5 4 =A2F FASEIEE B3 A4S Tt Bl
o] iyl A7|E HluwetlS Wi =7l A% 13.59 mmo]
U, wloj= A% 11.71 mmE vloj7} & ©f wel 7t o] 2
Bk

T2 ol FE o= aE Hso 3/ A7], 591, T
TRE Aol A Fupet ookt oS U= A o 2 g1 %]
o} v]59 ]z JA F= H5(Pagrus major), Dentex den-
tex= 5% 57 580 A (Fukuhara, 1985; Koumoundouros et
al., 2001) ®Jo{(Seriola quinqueradiata), ‘5¢1(Lateolabrax ja-
ponicus), ¥ 7}A0|(Pseudopleuronectes yokohamae), ‘g A|
(Paralichthys olivaceus)y= 712| A} Z-0]| A (Fukuhara and Fushi-
mi, 1982; Fukuhara, 1986, 1988; Fukuhara et al., 1986), 8-
=71 (Parajulis poecilepterus)= M 7} (opercle) F 2o Al
(Kimura and Kiriyama, 1993), €-H}2|(Epinephelus fasciatus)
L R ] 7R ApRel A ofrbu|Ere] vl 71
22 & u2(Kawabe, 2000), #-5](Lateolabrax maculatus)
LB, oA 9 9 HFol A 22t 3 ETKang etal,
2012). 3H4, Sire and Arnulf (1990) 7 Zo] 7 85 thAt
o2 o] 2z why Role Yo, vlojrio] Lok
Aplodinotus grunniens®} Cynoscion regalus & -2 H|590] 11
Akl A 222 ATk s of Qo= vloju}
1572 H|5%/dof Tal Park et al. (2012): 7lo ] v]z0] 21
YRR A 222 FJA ] Qthal B 11819 © 1, Braverman et
al. (2020) =3+ Micropogonias furnieris A0 2 3 =Flof
Al 5ol 2|22 AR A Y% 7] AJARITAL B arste]
o} ESF 27|19 o) AAA &jo]F-2l Pomoxis annularis
= BeRRA K22 Bl5o] A= H(Siefert, 1965), Fi=
2] (Hexagrammos otakii)y= 59| S} FLe|Apo)| 4] 3
A=tk (Fukuhara and Fushimi, 1984). 2 -tof| A& 27|
A2|o) o] MET AR HA A HIEH AE FEe g T
H]50] 22 A 295 Felsh= © eA7E 2lof v F3H¢]
H| 7} o fle}. AZol 7o) A Aol & 79 o] Hast
= 2714870l Fej "3t 58] dojuh g Zt Hlso] §
A= AR A E BESHE H ofE ol B Ao r 4
7] 21TH(Han et al., 2017).

H| 59| Fe| HakE dobi 7] s SA0 7HEA =2n] 9%
] Fojoll A Hl=S A5 s3I A% 31.71 mm o] 5] 7]
Ao e Aol FH]50| M (Fig. SA), A4 32.24
mm o]0} 7HFo A= SA BlEo] SHlECA HHER
BHp= Zlo] W= A k(Fig. 5B). 2k A1 69.02 mm ©]5}<)]
AN = 7HEA =] 915 FEv| Hl5o] sHE0| e
™ (Fig. 5C), A% 70.84 mm o] 442} iAol Al = FLrl o] Ul
vl 52 v = Zlo] W EQItk(Fig. SD). S41 Hls< 2]
2ol A AR vls} BlastelS o, SHlEolAl BlHlE
T IR vl = A FRlskglon, ol Kol 427 7F EA )
= AAES wES 4 UATKFig. 5). Kobayashi (1953)+= 2

Fig. 5. Change of squamation in Larimichthys polyactis. A, 31.71
mm SL, DAH 80, 21°C; B, 32.24 mm SL, DAH 50, 25°C; C,
69.02 mm SL, DAH 90, 21°C; D, 70.84 mm SL, DAH 100, 21°C.
Scale bar=1 mm. SL, Standard length; DAH, Days after hatching.

>

yoka PO, W 2719) Bl F2u)solA Azet
of A} wo] AT AA WHl52 7|0 FHlsS 7}
A olR7h IS 714 ofRet o e Holaka 249
t}. Spinner et al. (2019)2 Solea soleaS A0 2 3t H]52]
FH, HAlTE, AR B 7IAA 2 Y Atelo] A A
£ 53l AAA o152l Solea solea®] 735~ 141 9] A2t 4Fo
Soll A= A& = el gl ol S2HE Y A5 Al
OJgt glo] o] 7o ol A A o &2 Hd 4= QA|Nh Hlv[ =9
785 AT 22 o] EASHAL Glo] HY TE FAKA B
Hoohe bl mfa & 4 AUrkal skQict. o] 23t Wgto A 2z
7] T3 QR R RE 55 BTl 93t pHo A HHsR
AR A o] opd 7 Abm E T Thil, o ¥ Aol A= HlE9 3
HE SR dAtsto], 3% 859 nAlFE B AR
of tet 271491 197k B el

2714870 el ol chet A2 oAl ol feol vl At
%ol e g 27]0] AAsti Al skt St TS Tt
(Koumoundouros et al., 2001; Park et al., 2012). wh2fA] 2 o
T AT Ble] 4TAR P AehE 9 ) 2A R
S48 5= Slck. TR 2 A B HOR ALS T ]2 )
Ao o] R0l o], obx) AU HE/E Ao R o Al
%3t vl e - gl et Aot glof ofAlakat 2pel4te
A QI vl il B7Fsg Aot wheba] 2 dtol A Hs
A F5E 2z vl @A 9 R Ul 2ok i tigt
7h AL} A AL 2715 WO R 3 2714827 FH)
ol gt 4517} o] o] Ao & Aot
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(2023) AF1 ] A Y& ol |9l =g AlAsH
AES) 340 AR A A=Y
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