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Age and Growth of Flathead Grey Mullet Mugil cephalus Collected by a Two-side Fyke Net in the Coastal
Water off Taean, Korea by Jimin Hong, Jae Seon Yoon and Tae Won Lee* (Department of Oceanography, Chungnam

National University, Daejeon 305-764, Korea)

ABSTRACT

Age and growth of flathead grey mullet Mugil cephalus were estimated using samples

collected by a two-side fyke net in the coastal water off Taean in 2008. Age was determined by exami-
nation of annuli in otoliths and total lengths at ages were back-calculated from otolth-body size relation-
ship. Total length ranged from 239 to 605 mm and mainly between 400 and 550 mm. Observed ages
ranged from 1 to 7 years old and mainly between 3 and 5 years old. Total length (L, mm) was linearly
related to otolith radius (R, mm); L=15.3+87.9 R. Total lengths at the annulus formation in otolith were
back-calculated by Frazer-Lee method. Estimated length at the age 1 was 316+ 40.6 mm (mean =+ SD)
showing a fast growth rate during the early growth stage. Total length at each age (t) showed a wide
range indicating the big difference in growth rate among individuals. Growth in total length can be
expressed by a Von Bertalanffy growth curve as L,=542 [1 — exp {— 0.493 (t+0.769)}].
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M =

Z=¢] (flathead grey mullet, Mugil cephalus)’= A M| A &)
2 Ao g3} vl A dghel] FE3he (www fishbase.
org). Tl fldllellAM Altelar Apx|ej7} dgto g o] 53}
o] BiEte] f7]E o nH 2R How zeta AJ53hE
Q| 2 3§35l AlEtsl= Aoz Ad#x 9)vf(Yamada et
al., 1986) FoMol Yol EEI = ol AT o=

T AL dEE ATz 315]‘:’4 A5t A<kt
ldﬁﬂoﬂ“ T2 H 7:]]—.—01 Hzsly dE dole= F A
A= e) \:}(Jamandre et al., 2009).

o] Aol 9]3}?1 :}'—71‘ Aol o= FE=E Aoz
Aok duk Al Sols AR SR FEE
Ao 2w FEEE (Huang ef al., 2001), A ZAL o
Toll Abetar 12l A 149 Afole] ]3] = o]

sto] Alghatc). 3542 1040l 1290 aollA] Algt
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sof 35 % Akew o)Fehe Az JelA ehLiv
1986; Chang et al., 2004).

3 Al 559 Folsh o Frh BIHglen (Lee
and Joo, 1994; Kwun et al., 2012a, b), 7L & o]l A7
Adoz Fod oFoe B3 AT DA 27] 4
%, A4, A2 Bol dhate] e 77} ST eh
ZF, 1999; & 5, 2001; 1 5, 2006). Aefol] A& oI
Ak 57 oA el A Fo]o] o]F HE (Kim et al., 2005)2}
o34 Azt fol9] A= Yol vstel A7HULHR 5
2011). o] AFe] A Aol A Fallel Fole 7Heel dL
o] vrolxH sz o]Fale] 11Ul 14 Afe] Abh
813 ohe el 39 o] Aa oAl dkew o Fohe
Aoz wagl uf gleh o] o]olel Qekolt 879 o} F %
24 ATl Folo Al wE E3 el RuEe
(39} <k 2002; 8 5, 2003, 2005; 3 5, 2008; &3} =,
2010; 23} o], 2011; 8 % 2010, 2012) A8l At S]] A}
dol dNE D77) o 2R AF 7ok 2 T
A Fo] HelEe] AASAITH(E 5, 2008; ol F,2014),
ot skt e qdetolt kel A HE A A
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Fig. 1. Map showing the sampling site (black dot) off Taean of the
Yellow Sea (from Hwang and Lee, 2011).

ALo] Z85 (3 5, 2005; A =, 2011; 33} o], 2011),
As] At do] Folt g slde] AubAel o F F=
e AA WS AT 28 oFale] HuEQe W Y

I A 23T Aol A7 Ase v A
A3 STl A 2 Holge] AL 4 o W] AL
ol ol eleh et 7k w53t o] Aol s
BQAT G0l HoiFe] AR b Yol BT 25 A
A= o] (3 5, 1998; ©] %, 2003; & %, 2005; 3 5, 2012),
Al FRA A ol A ABAE o] dHelA HujA]
g Aoz el o U A7t LAt

2 Sl £ A el AR Ge1sf ol
i A3 5 Ygepde setsglnt = A
3 F5 ‘}—7% F‘%}'P S 52 e ole] A =
& nv

A=)
g ul= sl A% 2AE vl BAsk A3 S At

Fo] R il AW oEteE] W (F$] 36°50°
47", 27 126°09'49")2] o]z} (two-side fyke net)ol] o] ¥
o] 25 (35} o], 2011) Fol|A] 2008 24, 34, 44} 11
e BAST Fig. ). o2 olF U olF7)
S%e we) 2B Boledl sle] HE S5olTe A
o)49 ol7te RaEe] Zolsk of s0m, 473
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Fig. 2. Monthly length frequency distribution of Mugil cephalus col-
lected by a two-side fyke net in the coastal water off Taean in February,
March, April and November 2008. n=number of individuals.

5 282 g Hol ¢F 10m, I ¥ E327|7} Rol= A
I8 BB oF 3myd Ty, A2 B7] wES 3emydoh

AR Alae WA Batste] AgAleAl Az, mm)2}
FAW, 98 S0, oS FZ3det HFHT o4
2 Lee and Lee (1989)2} Lee and Byun (1996)2] v}l uje}
QlFZ4=A] (castolite resin)el] TIIAA FFo] J== 3 =,
A}3E (silicon carbide paper) 2 A AFH (sagittal plane)7}A] dw}
&} alumina powder2 FeH-S W & dnj7j oz AAsty]
ok o] M) AF-E Aol MEd A Fo] BEHY £
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AR o4 B 2 wet 2 sk
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Fig. 3. Microphotograph of Mugil cephalus otolith viewed under the dark-field illumination (upper) and under the transmitted illumination (lower).

N: nucleus, arrows: annuli. Scale bar: 100 um

Li—a=(R/Ri) x (L—a)
2 ol 8ste] FYakc.

U Aol A Fol= 10~24Y Ale] Algteln] F AlRl7)
= 10~11¥ (Yamada et al., 1986), F3i gt A= 11~ 1€ =
Z2AbE o] (F 5. 2011), gHk= ]k el F AR 12
A2 B3, 7 AL A7) delE A TR Sk S,
ool dgel 1718l A% 29 AR AAE 1427124,
49 ARY AAZ 1+4/124), 1192] AA= 1+11/124)]
= sge

A e 7k A 4F 94 de AR A
T 2T e QD9 A elo] U ARE
0]-&-3}oJ von Bertalanffy (1938) A1 % -17‘-?_.- Fslglon, & >
A upge] el melelA] M 0w Agaah

Lt:Loo (l —exXp (_K (t_to))

A71A, Lo ol 24 Ho) A%, Ke 4%Ed B8 A4,
o124 L=0% dle] i3teleh,

t= 93, t, =

Z2 =

B ol o] &% Folo] AL 239 mmol| A 605 mme]

W 9ol c} (Fig. 2). A4 400 mm w]9ke] HA| = 2ol 0k 4
AR R, AA 400~550mm Z7) 2] A7} F= o] 74
o,

2. 0[Me| OJM| 7=

Fol o]H el or A2 Fodu} gFFl $]2]3}e
whe] el Wtk MH oz AL o149 8 9
:gg],oﬂ o, o] EYx1 F ) (translucent zone)<}
23 (opague sone)7+ 41515k Fig 3). e vl
TR 2T o E FE FEE R TG
sl BEel pREAow prsigen o B8 A
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Table 1. Mean radii (= SD, mm) of Mugil cephalus otoliths collected in the coastal water off Taean in 2008, when the i-th annulus was formed

Otolith radius (mm) to the i-th annulus

Age No. of fish
I, I, I, rs I Iy

1 1 3.20

2 2 2.99+0.41 4.041+0.48

3 9 3.16+0.45 4.33+£0.42 5.02+46.1

4 23 3.14+043 4.29+0.47 5.06+0.43 5424041

5 6 2.91+0.33 4.07+0.29 4.82+0.41 5.26+£0.49 5.52+0.53

6 3 3.00+0.09 4.00£0.37 4.57£0.72 5.17+£0.49 5.57+0.35 5.83+0.35

7 1 2.70 4.00 4.70 5.20 5.52 5.84 6.04
Mean=+SD 45 3.0940.39 4.23+0.43 4.97+0.46 5.37+0.42 5.53+£0.43 5.83+0.28 6.04

Table 2. Back-calculated total length (£ SD, mm) of Mugil cephalus collected in the coastal water off Taean in 2008, when the i-th annulus in
otolith was formed. Total lengths at age were estimated by Frazer-Lee method from otolith radii

Total length (mm) at the i-th otolith annulus formation

Age No. of fish

L, L, L, Ls L L,
1 1 262
2 2 289+129.1 359+169.7
3 9 320+38.7 406+43.3 457+45.7
4 23 323+34.6 410+41.2 467+£42.0 495+39.9
5 6 3034333 3884353 442+36.0 4744431 4944445
6 3 3344315 416+44.7 464480.6 511+£59.6 544+58.7 565+ 62.7
7 1 268 354 434 455 477 490
Mean+SD 45 316+40.6 403+48.3 460+44.6 4914425 505+52.2 543+67.7 490
3. AO-IJéI- 750
L=15.3+87.9R (r*=0.66)
o] M At 45miE] o] AT 1A A TA W Z, 44

°}7} 23ul2] 2 o 50%% z} 13k (Table 1). 7 7§ A of| A]
7t AR7IA 9] AnAE SAT F AR Jaghs Aat
6}"4 Table 1°] ﬂﬂlﬁ}"ﬂu} Aldq7= 2 3 Ak (r)
£ 3.09+0.39 mm (mean+SD)Z 7} Zo| 3], 1}o]o] u}
E} T2 A S Bl
o] bR Al Hsted
(Fig. 4).

el A3k wlelshelet

L=15.3+87.9R (*=0.66)

o] A& o]&-3}e] Fraser-Leeo] Bl ol &J3le] 7+ ¢ F o
FAENE W] ARE AFAbst T (Table 2). &34k}
ZF A A& 34 W AAE o]8-35led Von Bertalanffy 9]
AAAE AARE A= 983 29k} (Fig. 5] upper panel).

L, =542 [1 —exp {—0.493 (t+0.769)}] (*=0.71)

AR g5 A 292 AR vele] 3AH
ste] AAFEE Von Bertalanffy®] A2 o532k 24wt
(Fig. 52] lower panel).

L,=539[1—exp {—0.622 (t+0.142)}] (1*=0.46)

B @B QLT AFW)S folshl 17402

Total length (mm)

150 T T T
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Fig. 4. Scattered diagram of total length versus otolith radius of Mugil
cephalus collected in the coastal water off Taean in 2008. Sloped line
represents a least square fit of linear equation.

3] 71 %=} (Fig. 6)
log W=3.19logL.—5.58 (*=0.96)
AR AT 99~2,330 g0l 280l AR vl E
A 2lg RS 500 g& dglov], 7t A=) AF W7t
- W sleh(Fig. 7). #12] A4 252 FA A

o] A
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Fig. 5. Von Bertalanffy growth curves fitted to the plot of back-calcu-
lated lengths at ages (upper) and observed lengths at monthly ages con-
verted into yearly age (lower) of Mugil cephalus collected in the coastal
water off Taean in 2008.

ARE o] 83 A S Hisiste] 73 ool whE Al
A T 28k (Fig. 7).

W,=1371[1—exp {—0.493 (t+0.769}1>"*

o &

2 A7l 4R Folt AR A 400mm7t HE 3
Al o] 4] /WA I} (Table 1, Fig. 2). 4012 A A% AA
2 9}7le] 35cm, 70| 31cmz B ule]] up=w (Ya-
mada et al., 1986), Bl QAo AAHH FolE i
Aelgeleh $Elutel Al o] Aol A F 3¢} &
Artel| M9t B =913 (3} 5, 2008; o] 5, 2014), h2 A
A el = Ael7h F5 ol 75l e (319} <k, 2002;

3.4 1

log W=3.19log L—5.58 (*=0.96)

Log W

T
24 25 26 2.7 2.8
Log L

Fig. 6. Relationship between total length (L, mm) and body weight (W,
2) of Mugil cephalus plotted on logarithmic axes.
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Fig. 7. Scattered diagram of observed body weights at age and fitted
growth curve of Mugil cephalus.

3+ = 2003, 2005; 3 5, 2010, 2012; & %, 2011; 33} o],
2011), 7b = FH el Ank £52] vjAle] o] B1
A3l 9k ]k, 2002). A 2] &AFsk (& 5 2012), 74
7-(& 5 2005), 1737 k(o] 5,2003) 5! <3F At
(B 5, 1998)el|A] 22 frel o] AA == FEe] 22
B <25cm) AAe] Tl AAE oF F2ANA Foiet
AL ARl HolE 7Hpels £ 2ol Ee] v A
HE QAR Fole AoEtte] AAHUA. A3 =(2010)
o] &7 7 o ZAPIARE Fo frelEe]l RuHde
g, 7ksol7k AAH A k2 ellRt 7kgelst 3717) vl
g AAEe] veht B3 A= 275 o] =2elA
A sstdet. & A7 AAel o] gH ojAwt A E W
5 3emylom, AR " ofF 7pH Foiek A el vz



3t 71gro]= AR 100~200mmgl 2He A So] T A
ARAAT ol HRE AR 300mm o] 4He] Aei B
A ek (@ o], 2011). o]sh o] M3} ol F5
o2& o FolE ol frolEe] ANHEA gk HolET
AR A 5 AL Hie] ohm o] el F2
HelEte] AASGY) oz FAR 919 Fol B
2 oﬂ—? Aste s, AFEL delAE AelE =

Y A A Fele] oA A 3 el
t Aelge WA g B A delA AR F Aol
AR} Ae Qigkom o)FF Aoz FAHM, o T
AHoz sy ME Foz Fle) A7k 278

.ﬂl

U Aol A Sl 10~29 Ale] Algbeln] F Algl7)
= 10~114 (Yamada et al., 1986), ‘Fal et A= 11~1Y9 =
ZAME AT (F 5 2011), A|F 3Rl A o] 2|e]Eo] 1~3
Aol djeF Z33led 77 = AR (3 5, 2008), &
vt AF M 4ol 4em v]HEe] o] 2o Eo] U &
Asjed 6 AMANE. 9] Ang Eaek D= @
ok Fole] FARIE 1292 ¥ 5 Yol 93] 7)EL 12
gz e 20T A A= o4 v AL o
£ 49E vesheleh 2. 2~49 ARE o] o4 A
Dol shdel 47 Edol MolA] gho} 4UrAE ALl
ol P& F T Aol AtEA g Aoz wef np
Aat A AR AR 9] 25 o]z BT 1Y RS
% o)zt B7] SlaAE 1~2 ARl maekAEt ghd A
el e wlR7) dEel A A AF 470 i
stof 2 AAle] vholz w3t

Frazer-Lee 2] 0 2 AFAkst 7+ 913 9] A& o] 43t Von
Bertalanffy A3 Z}F2] o) w]sled A& 1}o]-HA}F 2852 F
AAFA | A, L, Zh-2 B]5=38he] o} K3k (0.493<0. 622)44— to
7k (—0.769< —0.142)-2 Z)v} (Fig. 5). Frazer-Lee 2] 0.2
FARE A7 o]} vl M AL A]7] AERG 3
o} ve|7t AR wel b dE o] HA Zo|7} Ao
olof| wie} Frazer-Lee 2|02 HFAMRE A%t 2t8E o] &3}
W 27] vrelo] A AAbe] 1 Kzke] zbelx| 1, Loogkel

H|=8t7] ool t,3k= zfelxlh. o] Abel o led
Hwang et al. (2008)9)] FA|H o2 A<= 9t} Table 2] A
3]. 71—0] _,—lo:leﬂo] __i—,—E1 o= zhﬂ- o]a] u}o] z—]zlo]
Adge] ol 43T et Aop Lee A4
o] yehtA] kgkxr Fakgk AApe] k4~ 3] (underesti-
mate) = R = 9k 7-$-(Campana, 1990), AAF-0] A2 AF
F2] o] 12124 W= Frazer-Lee 2] o2 FAL3E A A}o]
ZF tpo] AAl AR e x7) A AL Aoz odwA 9)
o] (Schirripa, 2002), & ATl AFARE AR Aes

8T A3t AS) AR ALesialch

o4 Ao 2 nEl 2aa 7} dgel 4 Wt
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Fig. 8. Comparison of Von Bertalanffy curves of Mugil cephalus in
Japan (Yamada et al., 1986), in Taiwan (Chang et al., 2004), in the
water off Yeosu (Zhang et al., 2011) to our study. Total length (TL)
was measured in our study and fork length (FL) in other studies.

wol, 1~2A4ell = Hd F4e] zpo|7} 2w o]4fo =2 (Fig. 5)
A w2 AR zfel7h 2 AL o 5 ek AFARRE 14
o]9] HF HAL 316+40.6cm= YA E T o] 6~7AH| o]
=719] 50% o]’dell Ea}ed (Table 2) ¥-3F & 3 1] w9
w2 S Holoh o9} 2 IS Yo} divt &
ojol| A = A= ¢t} (Yamada er al., 1986; Chang et al., 2004).
Qo] F dA7e] 7 Ao AW 2= B AFHEe o
Zot, o] F AT A= wr) A A (folk length) S 24 314]
3 2 Aol A e A (total length)& A3 o, 7+ o

B> A W9E elskd 7 A% AlAl A £-9
Fol7} gl& 7oz welt(Fig. 8). 23} & 5(2011)
b gole 74 A% i AR (@m AR SA)el &

N
o
rulm

N

rR lo o off
2L
2
o

& ZYF S A7) A wlsel A 2gi
o] Ahe Pk gol ATl e A ol AT
Alsle] Aae] 13 FPsAE A A ol Aol 24
V& 1A B F el ARE Fodshal vty e
Azsh wgate] ol A W5 Aol e A

Siek. Teht 2 Q7o) B wRgTt o] Loz Al
dale) mee ol sHake] Wl A eloh Al
Folo) 47 Aolg FAMoD etk 4 3 Aolk
Von Bertalanffy A A2 ol A A% A (L,)o] Y&
Tqlde] mwe] 2Aghuc} Hoked (Fig. 5), ol RS 7 <
o golo] A Wslvh ol A4 24 el el (4
gz} WA WA AF IS

>

43 ) A



Azrwch z'-7‘]] ¥t} (Fig. 7). Von Bertalanffy 2]9] LS =%
W ASES w5 DAY AA4E Hasae] 34
o) BgHER 2 AT Bo] AN ASEL] JEHA
ol g 5] olele A A

4ol Ang B Foli= 27 Aol weh LAlo]
A e A9 W AwE Ak 7 ol T gl
=R A S At wole Sl Akt HE
s el A 7t & AR AJojEnte] Aa] dAgtom o]Fdh=
Aoz FAE

2 o

B3k Qlgtol A o) gkl olEE o] olA & BT
9 ARSI, o)A HE0) FozyE ARE A3l
A RS Bt 4t Folr slalolA Akelo]
$o171% 1wl F Aol7} ke Fole Aoz wow,
FATE g0l HAAF2 239~605 mm H 9l en, 400~ 550

mm Z7|2] A7} F5 o] Feh ol 1~TA WHH
3~5Ae17F 71 kel AR (L, mm)> o] A o] Ak (R,
um)ol §-2]5}A U=} vl skdeh(L=15.3+87.9R). Frazer-
Leed] vpog X3t 7+ odgo| AR S wo AR
14018 HF(£SD)L 316+40.6 mm=. Z27] AA o] mhg}
om, 7} vpelo Al 1 W7} Yol A wE AAE A
o|7} & Aoz Hel o 3Akgt A2 Von Bertalanffy 2
AR L =542 [1—exp{—0.493 (t+0.769)}| 2. ¢-2]5}7 3
A= et

S - §A5- o B, 2006 K4 SzeAN A% T 5
o] (Mugil cephalus)®] Amylodinium sp. 7}+<3. 3r=o]¥ s}
3], 19: 7-16.

AR - AT WA - R - 8 - W2 2014, £

Fell AFSEE So] (Mugil cephalus) 2]012] A3t A&

&, koA 8t 3] %], 14: 29-33.

A - A3 2011, 35 AgF So) (Mugil cephalus)

o] A=l A Qi_' 2o 9 7] <483 %], 43: 203-213.

A3 - okgeh 2002, 7= 9 Sl ol fe FRA AA
W= 324418H3] A, 35: 66-379.

FHES - AR 1999, AFE-4=2] A -] GEH S}l wpE e
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A uks ghsrepalatsl), 12: 283-292.

P - ok - D8R - A9 - A 108 A9 9 @

I ESSEP P ER I FRE T
3], 31: 727-738.
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el 75 AE 20 Al oYW feINE 2
Rz, sh=ral oF8t3] A vl 15: 166-175.

A - o] $-F - kAl 2012, M3l g Aty FAE
o] FAFx v gF=2s) a3 A]-nl}, 17: 149-159.

FASE - AFR - o

141, 2003. 7}3t= AW Ao A7 o]

g g=pAkst 3], 36: 676-685.
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