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We studied the age and growth of anchovies Engraulis japonicus, collected using three different fishing gears (drag
net, set net, and bottom trawl) in the South Sea of Korea from November 2020 to October 2021.To determine the age,
344 speciemens were analyzed by reading the otolith sagittal plane. Monthly changes in the growth of translucency
at the edge and the marginal increment ratio revealed that annuli in otoliths were fully formed in March once a year.
We compared four different types of growth equations, and found that the data set of observed length at age (yearly)
as estimated the growth parameter (L = FL 16.17 cm, k = 0.33/year, ¢, = -1.65) fitted well on the von Bertalanfty

growth curve.
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|(Engraulis japonicusy= gt 2 2|90l £-28H= FFt
3 ol 7IAAEY, AR, LaliAbgel olsf ==
3L QAL 1990 FA7IA| T oF o g YAk
E=THKOSIS, 2023). 53], G| #[ o] ¥ 4Jof7tA]
o] FAL TAE AlFo R o gstal glo] FYAer
Q3 AR YR ob 2, et A Al o A Ee
o]F70] a3t Ho| &= o]§H L glrk(Baeck et al,
2011). 3HA|, o] E A F-agt xR o] 2000 thof o] &5k
o] 24RkE A Z| I8WHE 0 & Favsto] FHolA= 3
A AT E fl8l 20201 2ol ALY SlETi g C = Al
A5F L, 2022 7HHE= A 2] 2 2 TAC (total allowable
catch) A =& E=Jsto] 2=20=2 yhejsiar Qi o= 9l &
T AEolFY o]AE o] 83t A¥ A= 100d 0] Wi HAE
S 7ML lom, AR at A 78 Atbe AR o] e st
2 B3} 2] £ olsfst=t] 58517 o8- rth(Benson
etal., 2023).
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), A% 1, 4+ 5T} 2 QA7 ATE Besio] 4877}
7} 483 =] +=d|(Campana and Thorrold, 2001), &R =] 44
w2 9] RS ofsh5k7] Slaf AR 7]be] AU b}
RPEE Aslolt, T Aol AAEl= BX|(E. encrasicolus)
9] A= AoE ez 25 A5 (Aldanondo et al., 2016;
Basilone et al., 2020)o| A 58] A A1R] 272 A 0| w2 AAF
Z}o|(Basilone et al., 2004)712] AHL- ]85 ¢14L7} thoks)
Al =P Elojgkar, A 8l EAFe] ¢ 2] (International Council
for the Exploration of the Sea, ICES)= -3 Q=715+ oA
g A AF S £E528kel] Sl vl e dxket
ATHICES, 2019). ¥, e ¢Fof| AJA18k= B A]of thgk A%
I3 At 271DAL DA oA = 2s] 438(Kim and
Kim, 1986; Cha, 1990; Takahashi et al., 2001; Hwang et al.,
2006)=| 3o, o] DAOA= o] A4S 083t Fellatami et
al. (2024), Lee et al. (2021), Iversen et al. (1993)°] 2J3t o1
T, IS 0]-83F Ohshimo (2009)0] 2J3H 1, vlES
o]} Hayashi and Kondo (1957)0] 93t &1 5 44=0] A
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Table 1. Information of specimens used for this study about month of collection, number of individuals, range and mean of fork length,

fishing gear and seablock

Year Month Number of ind.  Range of FL (cm)  Mean FL (cm) Fishing gear Seablock
Nov. 190 6.0-12.7 8.4 Drag net 97
2020 Dec. 200 5.4-9.2 7.0 Drag net 214
Jan. 160 4.8-12.7 8.2 Drag net 214
Feb. 370 5.3-13.0 71 Drag net, bottom trawl 104
Mar. 170 8.0-14.1 10.8 Drag net 214
Apr. 200 7.0-114 9.0 Set net 97
2021 May 200 6.8-14.3 10.7 Set net 97
Jun. 160 7.4-12.6 9.7 Set net 97
Jul. 200 6.8-14.5 8.7 Drag net 104
Aug. 58 9.4-15.0 12.0 Bottom trawl 213, 214, 222, 242
Sep. 200 7.6-13.7 10.2 Drag net 99
Oct. 60 9.3-11.8 104 Drag net 98
Total 2,168 4.8-15.0

FL, Fork length.



366 7] - 248 -

Fig. 1. Image of right (upper) and left (lower) sagitta from ancho-

vy Engraulis japonicus otolith collected by a bottom trawl around
Chuja Island (seablock: 222-6). Age is 4 years old (53 months old).
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steich

A 9 L B H A FL=a+bxr; L, i¥17) £2
K A9 A 1, BN A SE7kA ] Ael)o 2 245t
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HAe 47 o] ARE olat] 2L (1)
AR A4 o) oJat a5 A9 ZA A&, (2) Fraser-Leed]| 2]
@AY AR AR, (3) o] A ol 2%k AR Al
A% A A2, (4) 0 4 B ol AT Al o] A 7
FHH R EHF1491, R AZ E 902 TMB (Template Model
Builder) Tool& o]-&-af|lA =3k (Likelihood method)S
2 471] 54 9] von Bertalanffy (1938) /4741 9] ulj 7/ H4=E
FAsATE A% mdlo] Agl= AIC (akaike information
criterion) ZFS H)wslo] 7F Be kS 7R = w A SE 7}
A st e Ao pesielr.

FL,:LDO X {l_exp[_kx (t_to)]} .................. (3)

of 1M, FL& 9% t119] 7o) A3, L& o 2 Heh A1,
ke AAS, e Age] 02 wle] ol 24 dsjolct.

AT 53 A 1713 HEE R AZEG OIS of
2516] ANCOVA testS A1 A]8}0] §-0]422 50, o] (P<0.05)
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Fig. 2. Length frequency distribution of anchovy Engraulis japoni-
cus collected by drag net, set net and bottom trawl in the South
Sea of Korea from November 2020 to October 2021.April to June.
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Art.
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AtHFig. 2).
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2 FL=0.0038 x BW*»%o|gj o, ¢t=5 mi: gt
FL=0.0042 x BW32#0| 9]},

AR

2] GSIO| 9 Misks 2493 Auf, o7l B¢ 4 3
GSIi= 11947 E o] 53l 29717] 0.70-0.989] 7 S 3
Ho|thrt 39ef 1.912 F715}7] Aldste] 590 4452 2]
g Hol 3 HAA o asto] 74| 1170138, 8
Al F43] S718ke] 4.189] &2 ghe Uehd & 1asto
104ol= 1.15%CKFig. 3). A2 H GSIE= 11249 ¢t
0.21-0.68% 7P W2 2kS Holthr} 390 2.112 71817
A ZsEe] 5Yo) 4.558 gk W ol & HApA o & 7FAEkg]
O, 8ol ThA] 4.219] 32 g2 HQl & haste] 1040
24590} GSI19] @ Wa} 2 AT A A T LA L

N
i
©
ofo M

]

e}

o
38

R



et Ex)e) Aedak g 367

e Female
o Male

Z-W Vo M ! I %*W

Nov. Dec Jan Feb Mar. Apr. May Jun. Jul. Aug. Sep. Oct.
2021

Gonadosomatic index (GSI)
N

Month

Fig. 3. Monthly changes of mean gonadosomatic index (+ standard
deviation) of anchovy Engraulis japonicus caught in the South Sea
of Korea from November 2020 to October 2021.
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Table 2. Back-calculated mean fork length derived by the simple
regression between fork length and otolith radius of anchovy En-
graulis japonicus collected in the South Sea of Korea from Novem-
ber 2020 to October 2021
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Fig. 4. Mean length (+ standard deviation) of translucent zone
formed at the otolith edge of 1 and 2-year old individuals from
November 2020 to October 2021.
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Fig. 5. Marginal increment ratio (+ standard deviation) of opaque
zone for 1 year old and 24 years old individulas from November
2020 to October 2021.
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Von Bertalanffy 474419 uj7lHs 4273 AR A4,
Fraser-Lee, A4 Qowhs, Ama] Lgus)o] <

Table 3. Back-calculated mean fork length derived by Fraser-Lee
equation of the relation between fork length and otolith radius of
anchovy Engraulis japonicus collected in the South Sea of Korea
from November 2020 to October 2021

Estimated Numberof  Back-calculated fork length (cm)

Estimated Numberof  Back-calculated fork length (cm)

age specimens L, L, L, L, age specimens L, L, L, L,
1 130 9.28 1 130 9.40

2 27 923 11.25 2 27 953  11.60

3 4 9.37 1167 1287 3 4 946 11.79 13.01

4 4 934 11.02 1236 13.09 4 4 970 1146 1286 13.63
Mean 927 11.27 1261 13.09 Mean 943 1161 1294 13.63
SD 1.21 0.81 0.73 0.83 SD 1.24 0.91 0.36 0.39
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Fig. 6. von Bertalanffy growth curves derived from back-calculated length at age [(a) simple regression, (b) Fraser-Lee equation] and from

observed length at age [(c) yearly, (d) monthly] for anchovy Engraulis japonicus sampled in the South Sea of Korea from November 2020

to October 2021.

DA A2 ol 83te] 24kt WA, FAAMAT
Fraser-Lee W o2 S5 A A2 W+ TF (Table 2, Table
3y A7 018 Ao]7h LiERUR] QR0 ANCOVA test, Re-
gression P=0.305; Fraser-Lee P=0.479) 513} 4=71-S 1L 5= 3}
# A410] o] 3k oir. olatel - AR W SERE
ofgt #2154 A()F-A% A2 TMB toolel] 2-§51e] <
Eakg 0.2 A4 RS A E et

Apsgael wreh 24 44 vif4:ok AICE Table 49}
At} 31944 A3t Fraser-Lee Wi 0 2 =43 L2 717} FL
14.23 cm, 14.76 cm, K3= 0.52/year, 0.53/year, t3=-1.01 year,
0.89 year© 2 A2 §AFHA Lbeketeh. AREA A 21
I AFARF o]§td 4T L2 217 FL 16.17 cm, 12.24
cm, K3= 0.33/year, 0.12/month (=1.44/year), = -1.65 year,

-0.65 month (= -0.05 year) 2.2 AFo|31A| YERGTE AICE ¥
W YHGA] -2 AL 2 E 0|87 von Bertalanfly 4
Alo] Hao] A EAS 7P & dWskiiTh 4714 W el
-2 von Bertalantfy 4% 341-2- Fig. 60f] Ureb $ich.
AGAx

waljotel] Eddh= EA 2 AP 04A7HA] BEE S, 4
Al oA 9] St A= Fig. 13} 2 g ol(3-4A))+=
AFE el BRa| oA 8Y HFEZo| ofaf A= it
7} AR 0] 2/3HE A HH, 0A| - A A 2] 52.0%= 71
WAL, IAI2 37.8%, 2M|-2 7.8%, 3HIw2 44|12 B
1A ZH2F 1.2%S 2HA] 61 tH(Table 5). 04]-2] B FL=9.3
cm, 1A 10.4 cm, 2472 12.0 cm, 34|72 13.3 cm, 44]]

Table 4. Estimate and standard error of von Bertalanffy growth parameters (L , K, t ) calculated by four different methods

Estimate

Standard error

Method L K L L K r AIC

Regression (yearly) 14.23 0.52 -1.01 1.50 0.25 0.59 659.61
Fraser-Lee (yearly) 14.76 0.53 -0.89 2.15 0.32 0.69 698.94
Observation (yearly) 16.17 0.33 -1.65 3.13 0.24 1.30 486.53
Observation (monthly) 12.24 0.12 -0.65 0.28 0.01 0.28 717.59

AIC, Akaike information criterion.
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Fig. 7. Proportion of age groups (0—4 years old) by month for anchovy Engraulis japonicus caught by drag net in the South Sea of Korea
from November 2020 to October 2021. Rectangle filled with dots indicates prohibition period of fishing by drag net from April to June.

2 14.0 cmo] it )t 8dS ALt A 713 S AR ek,
ol A A o] Fo] 7P w2 VA dEY ol = o gz d¥ APEES} age-length keyE o853t A

BF2E SASHTH(Fig. 7). A R EEFA7]7HE4-6 A7) o] H(11€-0l 53l 29)ell= 0Ml22] ol nlgo] Hat
87.6%% =3kal U 2] AGH(14AIE)E 12.4%E vl W

Table 5. Age-length relationship for anchovy Engraulis japonicus LTt SRAIRE, AL 7] (3-10€)ol= 0Nl of gl &o] B+t

from the South Sea of Korea 52.5%= 7FASFF AL 14A|T-2 Hat 47.5%2 S7FsHAct At
Length group Age group (year) %J%:ﬂ% oo l*jl ol AMAEC] AR o F3Sict 7141
(FL, cm) 0 1 2 3 4 dArgolde] ofglEl= AS & 4= AU
5.6-6.0 -
6.1-6.5 <+ =
06-7.0 2 QA7 alibell A 48Rz BAI(E. japonicus)®] A Al
7475 13 He] adgoizir] ohofet A719] A|2E Sealr] 3 371
7.6-8.0 24 7 A F579 AYIAEEY, FAY, ASES)S o833
8.1-8.5 20 6 ], 344)9] LA o= AT FHB| ol A =33t 44k
8.6-9.0 10 4 1 S Attt O] AFEF] o8l A= QT oA &
9.1-9.5 17 11 FIES 53 4491 HA|(FL 14.5 cm)7} EaliQtol] A 4]5}aL
9.6-10.0 19 13 AeS BRI AL, o= oA B2 A1 EH AY o R B
10.1-10.5 20 19 1 315 24)(Lee et al., 2021)E.c} Lpo] 7} whopct. H=23} 9148t
10.6-11.0 21 33 2 T ARt TS Ao A= PR 9] o)A FEIES F
11.1-115 14 26 8 ) 2|t 44| 7kA] Hars} ch(Fellatami et al., 2024). WHH, 24
11.6-12.0 10 8 2 TR o A= AR =S o 8-ato] HA] FaL = AF-22
12.1-125 1 3 A= Lo, of2]E 231 A2 FL 14 emE H4] 253
12.6-13.0 6 TH(Ohshimo, 2009). Y+ <] HX] 9] Agdo] W2 o|-f7} 3
13.1-135 3 3 1 o A4 217 Zpolof| w2 A EAJ o8 A4S 4= 9l Zl ot
13.6-14.0 1 9 (Iversen etal., 1993), 24 o|/32] 2 A& A A Sto] A
141145 gol IAaFAE AU 4= & 2 0= wrhEch
14.6-15.0 Q= o Feol wWx o] A wifHaE AT 2
I, AHGA A A= S ©]-8-3F von Bertanlanffy /47
. BB B2 o walel 4% 542 7 2 dehigc ol 2o A
Proportion (%) 520 378 7.8 1.2 1.2 BHL Ve FL 1617 em©.2 =4 5| at], S25 4 Al0] 414
Mean FL (cm) 93 104 120 133 140 > e

FL Fork length S A= Bl 3721443} Fraser-Lee oA L
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o] Z}ZF FL 14.23 cm, 14.76 cmS. 2 A% Aof v]3] t}h =

Tk AA A E Alm FollAl 7P 2 ZHAI7EFL 15.0
emO| 52 LT YA A} AGARE o83 A
o 71 AR oR Hga L& dephirk Azt ®
gk F= Abe e s Yol Sdsk= BA| Q] L 7T HAZH(TL)
15.44 cm LFERG 213} 517 2ol 7} b Sh-rh(Fellatami et
al.,2024), L, ARIEA AR YHARE ol 3 AL
2M7HA = mella) 2 gko ) 3440 A= SA gk mel A
47t e x7F A HAYEk AL, L2 FL 12.24 cm2 2H| &
=0} AIC= 714 WotTt.

ol4jo] Al Al A elAkslel dud B A%
S 4% A3}, 14| Ht=7]= FL 9.27-9.43 cm, 241+ FL
11.27-11.61 cm, 34+=FL 12.61-12.94 cm, 44|+= FL 13.09—
13.63 cme]giek. WAL Aol A 19 5t o= 2 4 ol
A7I(L_)%] 64.5%71A] e A7 skl 2417F EH L 9]
T8.9%7HA] Aldsh= A 21T = QlSlth o] FHEH= =
T Aol LHAHA ) 7)o =Eete S5E Btk
AAT(K) ] H91= 0.33-0.53/year o 2 F=5 AbgHte HA|
9] 0.60/year (Fellatami et al., 2024) 7} ARSI T Eaf| okl A
20040l MERt HA o] APARE o83 AtolA= Kak
0] 1.29/year¥ ©.™(Lee et al., 2021), 2 AG-2] AHAZRE 9]
Safo] 2 1 4diyearst LA 2hol L] ke,

o] A3 lof) Te W4 Fhz Er) 9 BRIz ojule)
(Beckman and Wilson, 1995), 53t 0% Slof A& 2] <o
w2l Williams et al., 2005) &4 A]17]17} ot 2 A Ueld 4= 3l
t}. oA 9] &= @A 712l sl R} gho] RESHA|, o]
Al Sto] A YA o 2 =2 wo| 718, ), WA
53 Heo] Sl Ao 2 A A thWilliams et al., 2005).
3 QAo ] o]4l0] Btk 10905 YAE7] Alks
of 3U7HA] 2 AL, ERE = 295 E FAE7]
AFsto] 109714 Lbersteh, 53, et 44 7] B3
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