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Population Ecology of Black Rockfish Sebastes schlegelii in
Tongyeong Marine Ranching Area

Kyeong Dong PARK

Department of Marine Biology, Graduate School,
Pukyong National University

Abstract

Age and growth of black rockfish, Sebastes schlegelii sampled from the
Tongyeong marine ranching area in Korea waters were determined from 942
otoliths from July, 2001 to May, 2004. Examination of outer margins of the
otolith showed that the opaque zone was formed once a year. Marginal
increment of the otolith formed annual ring from July. The von Bertalanffy
growth curve had the growth parameters estimated from non-linear regression
were L,= 53.95(1— e 017330093200y g9 459.36(1— ¢~ 17331 +09327) 1302 £y
females and L,= 51.50(1—¢ C1S24UF09158)) 9 148 95(1 — ¢ 1824(1F0-9158))3
for males, where t is age(year) and L, is body length(mm) at age ¢. Growth at

the age of male and female shows smillar (p>0.01).

Gonadosomatic index (GSI) of the females began to increase in April, peaked
in May, and declined sharply in June, whereas GSI of the males began to
increase in September, peaked in October, and declined in November. Annual
reproductive cycle can be divided into 4 successive stages. Early growing stage

of ovaries was from August to September, and that of testes from May to



June. Period of late growing of testis was three month fast than that of
ovaries. Females spawned in January, and males from October to Novmber.

Relationship  between fecundity (F,) and body length (BL) was

F,=383.7T139TL "™ (+* = 0.6174,p < 0.001), ranging from 44,805~139,892 eggs
in body length of 22.8~37.7 cm. Body length at 50% maturity was 29.53 cm
corresponding to the age of 2.8 years

Feeding habits of Sebastes schlegelii collected from the Tongyeong marine
ranching area throughout 2002 were studied. S. schlegelii was a
carnivore(piscivore) which consumed mainly fishes. Its diets also included a
small amount of caridean shrimps, crabs, amphipods, polychaetes and isopods.
The diets of S. schlegelii underwent some size-related changes; Small individuals
(< 6cm SL) fed mainly on fishes, caridean shrimps, and amphipods while
proportion of fishes increased with increasing fish size. The large individuals (>
20cm SL) extremely ate fishes. The diet of S. schlegelii underwent seasonal
changes; caridean shrimps were mainly consumed from May to July 2002.
Feeding rate and dietary breadth index of S. schlegelii varied with fish size and
seasons.

Survival rate (S) was estimated to be 1.52/year, and the instantaneous

coefficient of natural mortality (M) was 0.69/year. The age at first capture (%)

was 2.03/year. From the estimates of survival rate (S) and natural mortality
(M), the instantaneous coefficient of fishing mortality (F) was 0.83/year.

Total stock size of Sebastes schlegelii estimated with the method of tagging
recepture was 634,910,276g in 2007. MSY is 181,616,084g. ABC is 66,557,414¢g.

A yield-per-recruit (YPR) analysis showed that the current yield per recruit

of approximately 42.52 g, where ¢,=2.13 year and F=0.64/year.
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Fig. 11. This map showing Tongyeong marine ranching area. ,

conservation area; |:|, resource management area.



Table 1.1. Seed releasing fish in the Tongyeong marine ranching area (1998~

2007)
Year Fishes Individual Size (cm)
1998 Sebastes schlegelii 50,000 7~11
Sebastes inermis 5,000 7~11
Sebastes schlegelii 500,000 15~18
1999 Sebastes inermis 500 7~11
abalone 5,000 3
Sebastes schlegelii 950,000 7~10
Sebastes inermis 50,000 7~10
2000 Acanthopagrus schlegeli 70,000 13~15
Pagrus major 80,000 10
abalone 10,000 5
Sebastes schlegelii 562,817 10~12
Pagrus major 120,000 5
2001 Sebastes inermis 188,000 7
Paralichthys olivaceus 52,000 5
Acanthopagrus schlegeli 410,000 9
Sebastes schlegelii 425,500 8
Pagrus major 102,500 8
2002 Sebastes inermis 108,000 8
Acanthopagrus schlegeli 497,000 8
abalone 22,000 8
Sebastes schlegelii 256,000 3
2003 Sebastes inermis 400,000 8
Acanthopagrus schlegeli 480,000 8
abalone 40,000 3.5
Sebastes schlegelii 734,000 11
2004 Acanthopagrus schlegeli 397,000 8-9
Sebastes inermis 560,000 6~8
Sebastes schlegelii 576,000 7
2005 Sebastes inermis 731,955 7
Acanthopagrus schlegeli 323,000 7
abalone 130,000 5
2006 Acanthopagrus schlegeli 100,000 10
Sebastes schlegelii 1,600,000 8~9
Sebastes schlegelii 225,000 11
2007 Sebastes inermis 1,380,000 11
sea cucumber 100,000 3
abalone 40,000 4
Total 12,481,472
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Table 2.1. Number of Sebastes schlegelii randomly sampled for age

determination in the Tongyeong marine ranching area (2001 ~2004)

Year Month No. M%af(lcn?)f erIf ange of TII;/[ax
2001 Jul. 24 16.3 14.2 23.7
Aug. 6 175 15.2 30.5

Sep. 15 19.1 14 27.4

Nov. 16 18.2 14.6 2.8

Dec. 19 23.2 18.4 34.3

2002 Jan. 24 23.8 15.9 36.8
Feb. 9 244 18.9 30.0

Mar. 26 21.6 16.7 30.3

Apr. 14 23.7 15.4 30.8

May 12 24.8 17.6 30.1

Jun. 17 26.7 22.6 33.6

Jul. 16 22.0 13.3 33.9

Aug. 18 21.0 382 36.9

Sep. 28 24.3 17.6 32.7

Oct. 37 235 16.0 30.0

Nov. 57 24.0 18.5 36.4

Dec. 28 25.2 16.8 35.1

2003 Feb. 36 251 16.6 33.5
Mar. 39 24.7 18.0 32.6

Apr. 47 25.9 16.6 37.0

May 59 26.9 21.1 34.3

Jun. 59 25.8 16.8 329

Aug. 57 20.9 14.3 28.1

Sep. 40 18.6 14.5 33.0

Oct. 68 23.2 14.5 35.0

Nov. 44 23.6 154 32.8

Dec. 49 234 15.5 37.4

2004 Jan. 42 21.8 9.6 28.1
May 36 25.7 20.5 32.2

Total 942

- 12 -
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Fig. 2.2. Illustration (A) and photograp (B) showing otolith radius (R) and ring
radius (rn). Annual ring in the otolith of Sebastes schlegelii in the Tongyeong

marine ranching area.

- 14 -



23. 23}

Wr

ild
o

It (Fig. 2.3).

AES

=
=

MIEEE

J]

AE

ol
ok

N

d Fo 7S 7HA

Al A Yepgog o)X UEehd o]

Ho

%

B

o] flo] Z E&H At

TR
-
Nfo

THAEA M=

=
=

oA

o
T

oj

7 KU ZolA|= Leed

o

EERE

B/

g]

.]

%)

7go] 1 o]

o

B

2]
Ak

#r

oK

oMol N gio] FHE A7),
el WstE AWMRYT (Fig 24).

(e

S HYa 8YRY o =7

1
Ax

RO |
-

K

Fd

<

s A%

% 275190, GaA ol

By

fvze)

i

AN

el

- 15 -



6 - 1-ring group i 2-ring group | 3-ring group | 4-ring group
%] I i i v
8
4 L L L
3 - i N L
= Female
(n 1 1 1 1 1 1 1 1 1 1
.2 1 1 1 1 1 1 1 1 1
© 1-ring group 2-ring group 3-ring group | 4-ring group
S 6r - - g
(®)]
£
X st - - L v
(0)
4 - ) - -
F ’
3 - = - -
2 - Ly a -
Male

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

34567 34567 345867 3405867
Otolith radius (mm)

Fig. 2.3. Relationship between otolith radius and ring radius of Sebastes

schlegelii in the Tongyeong marine ranching area.
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Fig. 2.4. Monthly change in the otolith marginal index (MI) of the Sebastes
schlegelii in the Tongyeong marine ranching area. Vertical bars denote then

meanztstandard deviation.
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2t it B ENY fw @449 AAS AR fdste olA7F (R)#
A% (LFS] #AA S FE3HAaL L BAAL (6), ()Y A3 2T (Fig. 2.6).
Female © L=6.4756 R—4.2054 (R*=0.8211) (5)
Male : L=6.0944R— 2.9825(R*= 0.8075) (6)

o] N7 HAZEY] AL AdH oz Yelddon &7 FGAY TS
AR et A (DI AT W)RHe] A 3A S d=e 4 (7, 9 &
o] Tttt (Fig. 2.7).

Female : W=0.0152L%""%(R?*=0.9794) )
Male D W=0.0157L 399% @R =10105 T )

5 9419 29EH AF AT HdEA= Table 239 2 & - 9

von Bertalaffy 378242 (9), (10)% #o] sttt (Fig. 2.8).

Female : IL,= 53.95(1_670‘1733(“0‘9327))

m: 2,45236(1_ 6*041733(t+049327) )3402 (9)
Male L= 51.50(1_670<1824(t+0<9158))
W, = 2,148.95(1 — 6*041824(t+049158))3 (10)

37l dojMe] g - 3] ApolE FRAY EHoE A A, 7|27A
(intercept)®] HAoA P>0.06 &2 Z}o|7} §le Aoz Yeygor -4 5%
o] 4Lt AellM F43AH (Table 24).
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Table 2.2. Mean ring radius on the otolith of Sebastes schlegelii in the

Tongyeong marine ranching area

Female
Ring Number of Ring radius (mm)
group specimens R r T ry ry
1 178 3.900 3.265
2 224 4.692 3.121 4.146
3 80 5.275 2.887 3.969 4962
4 6 6.025 2.661 3.692 4.497 5.529
Mean 3.182 4136 4907 5.529
Total 488
SD 0.41 0.41 0.40 0.36
Male
Ring N ey of Ring radius (mm)
group specimens R r T ry r
1 184 81782 3.192
2 193 4.575 3.106 4130
3 75 5. 190 2.908 3.753 4671
4 P 5.983 712 3.898 4527 5.39
Mean 3.144 4.088 4.659 5.39
Total 454
SD 0.38 0.41 0.30 0.21
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Fig. 2.6. Relationship between otolith radius and total length of Sebastes

schlegelii in the Tongyeong marine ranching area.
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Fig. 2.7. Relationship between total length and body weight of Sebastes

schlegelii in the Tongyeong marine ranching area.
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Table 2.3. Back-calculated total length and body weight at the formation of

the otolith ring of Sebastes schlegelii in the Tongyeong marine ranching area

Female
Ring group Lis Las Lss Lys
1 19.37
Total 2 18.73 24.72
length
(L, cn) 3 18.35 24.21 29.13
4 17.79 23.58 28.77 3291
Mean 18.56 2417 28.95 3291
Wis Was Wss Wis
Body 1 115.80
weight 2 104.55 241.62
W, g) 3 98.30 226.82 396.30
4 89.49 209.47 381.69 572.33
Mean 101.49 225.71 388.95 572.33
Male
Ring group Lyis Lys Lss Lys
1 18.92
Total 2 1822 24.28
length
(L, cn) 3 18.33 ./ 2 28.55
4 1493 23.85 28.26 32.34
Mean 18.35 23.95 28.40 32.34
Wis Was Wss Wis
Body 1 106.52
weight 2 95.05 225.29
W, 9) 3 96.85 209.86 365.99
4 90.67 213.37 355.07 532.32
Mean 97.16 216.11 360.50 532.32
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Table 2.4. ANOCOVA for test the difference of growth between female and
male of Sebastes schlegelii in the Tongyeong marine ranching area (SI, separate

lines; Sd, slope difference; PI, parallel lines; Pd, positional difference; Si, single

line)
daf F P

Sl : 1318

Intercept Sd: 1 0.057 P>0.05
Pl : 1319
Pl : 1319

Elevation Pd : 0 8.684 P<0.01
Si : 1319
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Fig. 2.8. Theoretical von Bertalanffy length growth curve and weight
growth curve of Sebastes schlegelii in the Tongyeong marine ranching

area.
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24, 1 F&

T AEE AHFste A ARES FHsked oA B opy
Aol ApAEe] WskE skt BA< Aoln (Zhang, 1991; King, 1995;
the] Aol +39 &olde
2 A% FHZAM H5E o]&3la oy vlse g8 AFHFEH wet BF
Z A717F @ERA= @ (Secor et al, 1995; Kim et al, 2006)2.2 ©] A+ o]

2 ¢o] A"FS APFEATE 2o EEe] o] Bk EYY
o8 FAFE T EFHsL Ao E AR Lopx|al FAldA B
Fodiet EFHU7E w2 yeidd. EFETol TPt o]so] AwstA
Uelsten mebd 1 7

TR e 2uEge] HES EFUEHAAN FHUR ojdE= 7¢
o FAHA o|H e ZPAtE|elA 74l FEti7t 457 &St 10497HA]
AP BEFHE 114957 o]l 587-4 FZ=HUT o] A= o] A
= AsiA 29EEY EFEHEA FArzItE A8 (Im and Hwang,
2002), EFFY thE F< FalkE B8 imermiso] EEEU7E B0 11~3€
o (Kang, 1982), &34t /W& S. pachycephalus©] 9~22 (Choi et al, 1993)]
AT AFoe ool Aol YEHHUT

Ao g AIolFo oo Fx= wbdE (CaCoy)o Z7A|? aragonite
¢} F71E42Q1 otolin FHARZ FAHO Aom XA F-Fo] FHojR= A7
of T thollA otolin®] FAISaL AXTHAL S-Fo] I3k Al7]ol= eibdel
aragomie”} FAlste] BFEUr} EEET (Kim et al, 2000). ©] 9 A% g
A& 7~99d FHUZE @AHT] Al AL IHFAAESEY AR

w5 23 8~9¥ Y Higo] 2001d9 25.2~264C, 2002\l 23.7~257 T,
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5o £35H= dyE 7= ojh (KORDI, 1995 Im and Hwang, 2002).
TAuttE s ol A MAlshe 2 EEE 199 A5t 78 & 4% 3
o 2&EE= AAZ UYehgon iR 4~590 AEFHAL oJAL 3¢ 4=
B Xoje] Z7|YFALE AF3 Kim and Han (1991)9} Baek et al. (2000)2] Az}
b FARSIAE o] Fol S AEE ] o538 6~792] 154 1846 cm, 2.54]
= 2430 cm, 354 2871 5A1E 3252 an7bAl AEbe Aog FAHHE o]

cm, 4.
A= Ml A Fo AX shubrel] MAshe 2y EEe] 124= 1992

o

cm, 22AM= 2547 cm, 3.24|= 32.33 cm, 4.241= 37.62 cn® 3% (Im and Hwang,
2002)3 Lo X7tolxol| AMAsks 29ESY 2d 235 on, 31 31 on, 49 35
m® 3% (Yamada et al, 1986), L& Hal=sl o] uj&Eete] A4 B3
743} (Sadaki et al, 2004)°lA4 44 A7 350 mme]We] =7]E Hlalsie E uf
A A7k el zpol7E yEbstth o]k AAe] = Table 259 #o] 4%
A7 e A S1E = ATk A Zke] e Afol= AMAAIYd wE

Sk z0l 71Q1skAINE, 58] At ol dsllA vEld = slokal A4ETh

z3) g ete] o] Bus] o|FolA AR L& 15-20C (NFRDI, 1995)0
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Table 2.5. Comparison of growth parameter of Sebastes

Tongyeong marine ranching area

schlegelii in the

Author Sex L., (cm) k ty
Im and Hwang (2002)  combined 50.62 0.31 0.05
Sadaki et al. (2004) Male 4117 0.363 -0.368
Female 60.31 0.160 -0.965
This study Male 49.72 0.1778 -0.4323
Female 4845 0.2139 -0.7384
Combined 48.91 0.1903 -0.6314
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S EEBIPERE

31. A&

B
T AR dE 43 9 7hFE o] Bol o]FofAaL jlon, 53] xyESE
B2, Sebastes inermis3} A TG wirhERAge] AHAxA 3 didelFolt
ZaEge] Ago] #3 AFE dEAA Bo] olFojx=d], wi B A
(Yamada and Kusaki, 1991), Z}x]ofol] #3F A+ (Hoshiai, 1977) 18]3 A EALe}
AW Afole] B33 (Sasaki, 1974) Fol Utk o] ZuEgto] gt AFE=

Z71WEAL (Kim and Han, 1991), #to] 24+3} %7] 414 (Park et al, 1993), 4
ol mE HAE 4 (Chung et al., 1995), 33} (Lee et al, 1996), ‘Fall At
ZuEge A 7] (Baek et al., 2000) 123l S4t2H-S 9ISt WA 7)o B
AT+ (Park, 2000) 5°] Ut}

AL BY vk o] AASHe ZujRete YAH AT A
W3 52 2ARsle 4% ATe Bwv), E@

AAl g 2 At ded® o S votstr] fsl 38t
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32. A5 2 4y

o] AFAME BF nithEAs A (Fig. 2.1) AT B¢t AFE 2=
g 5 2003 2¥€FE 20049 1€7HA] F 634 vIE]E AMSSIATE ARG F
AHstE 2AFsb7] e AFIRFER ARA Y] F2s G AR, BT
I 97140 7PRSARE o] &3tk AT Aol WA WAL

01 cm, AT 01 g WHA7HA S48ar, BAae 001 g7tA ST & =4
A

N

-

REES AAstath AAASEAST (GSI gonadosomatic index)= Tl 2l0=
AH=sl A

oW
GST=—Z>100

A7, GW= 2T % (Gonad weight, g), BW= A% (Body weight g)<
HERH AT

ANz 2H%H WSE BB S, oARH AW AL

Bouin's solution®l] 2447t 3178}l 18k X212 aiotyl A\l o3l 7
4~6 me] HHE A3 ¥, Hansen's hematoxylin®} 0.5% eosin® 2 Hlnl A

Eipiisd

5 A 11520 fe AU 4%E AAY dauRE ¢a

5%, IR0 9% W4 DRS00 Aow BEaAT
_CW
F‘C GW an

o7|1M, Fe P4 W HA & F ARl s, GWe dAFE, G dAa Y]
5% ne GV S & 2 AujRtoiaoltt,

4 2 FUARFe] ZF7be F=aTL'e] Ao 98 Fatach
o714, F2 35 B AWAtels, TLE 374, ast be viziigolth

e,
29
o
9
£
il
kel
rS&

AERAZe FAHSEI} 50%0] Dale AFS 1Fo g sle] AT S
TE AA7AM AojEAE FAHEE 1297 594 AFE ZE oA
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S5 7= JRAIY vlEEZA FEHeH, 50% A H

&z o] HIlE Gompertz curveZ YERJ O] 18} TE Gompertz

curves 18]7] g 3709 EtEe= HIAYE3 AHe Sl Levenbert
-Marquardt®]-& AH&-3t] FH3ATE Gompertz curved] YWHA2 o33 ok

—b
Y=a - eie(i LC )
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33. 23

331 723 AHaseAso EHst

2003\ 295E 2004 1971A] ZAVE AP A Go| 2] 28 299 64 CE
7H Gekal, o]F A& o 7 Assle] 8o 255TE AF
T} (Fig. 3.1). 9€0] =of 7}&ol] HolEWA -2 343t7] AlZste] 2004
Yol 70 Coll 23tk

AAY AAALSEAF (GSDE 2¥3H 49744 02 AF9 e FAST}
590 03959 AF H1HgS BRI (Fig. 32). olF 6¥o] Fd 01792 FZ3]
7Askal, 19704 0.144~0.2459] B9l @2 S Yeht
FA ASole 2¢95E 9¥97HA 0.047~0.0739] 2o S f-A5r 1029
02939 A% Higks UeHlt (Fig. 3.1). o|F 11€el= 0.092 F243] 743t
ATt.

T2 WEe} AALSEATE ABRAIA BH, F20] stdsts 7HeE A
o] AXamAF7E 1040 A5 Hgkel Hebstth ol vl dAle F20]
F7kte B39 599 dF HiLgke] UEsT
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Fig. 3.1. Monthly changes in temperature and gonadosomatic index of Sebastes
schlegelii in the Tongyeong marine ranching area. Values of GSI indicated

mean=SD.
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Aok AEHAY AAtels R 4IE d¥S BigsH, w3 Ad Fe
w37t BEEAJT (Fig. 3.2D). 359 AAte]o] WA= A wet A3
X o] Aot oy e AAUIME EE Aozt 22 wAGA Y 9l

32

6~74= AR Y AE o]F, dA XA JEAEIL BEH
(Fig. 32E), ZEdRAE7 H3} FE1 A7 A= A} (Fig.
3.2F).

al
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Fig. 3.2. Photomicrographs of developmental stage of ovary in Sebastes schlegelii

in the Tongyeong marine ranching area. A, Early growing stage; B, Growing
stage; C, Maturing stage; D, Gestation and parturition stage; E, Spent stage; F,

Recovery stage; E, eye; N, nucleus; Od, oil droplet; Yg, yolk granule.
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Fig. 3.3. Photomicrographs of developmental stage of testis in Sebastes schlegelii

in the Tongyeong marine ranching area. A, Early growing stage; B, Growing
stage; C, Maturing stage; D, Ripe stage; E, Spent stage; F, Recovery stage; Sc,

spermatocyte; Sg, spermatogonia; St, spermatid; Sz, spermatozoa.
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Table 3.1. Composition of number of eggs and larvae by total length of

Sebastes schlegelii in the Tongyeong marine ranching area

Total length Number of Number of eggs and larvae

(cm) samples Min. Max. Mean
22-239 2 44,805 47,682 43,519
24-259 4 45,681 74,225 59,002
26-279 2 67,824 78,216 73,020
28-29.9 4 74,385 70,425 67,964
30-31.9 6 80,982 103,945 87,571
32-33.9 5 66,609 113,571 84,538
34-35.9 3 94,352 116,725 106,327
36-37.9 3 102,820 139,892 119,191
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Fig. 3.4. Relationship between numer of eggs and larvae and total length of the

Sebastes schlegelii in the Tongyeong marine ranching area.
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3.34. B2 F7]

), %7 (10~12

2 FX27] (12~49)2 FEEH A (Fig. 3.5).
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Fig. 3.5. Monthly changes in frequency of gonad developmental stage of

Sebastes schlegelii in the Tongyeong marine ranching area.
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female of Sebastes schlegelii in the Tongyeong marine ranching area.
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dutzow WHols dRAX Tl wel GSIt SUbekal, dRAET}
s & AR Aol Gsle Hargks yehdth 28y iAol dej ol dEA]
xo] wed w} Gsl= F7FHAINE ¢ & S AA ST FHarghol
Uet= Aol Lkl Aotk £ dAFtellM Z3EEe Gsle 4471 795
B AA3] 7k & 4 Ad HaAE Bl ol Al g Aofrt
HAAEAZ Ae ouletn Ao dutdE & 5 Utk ol9k o] xyEEe
GSI= &Hio] Sebastiscus marmoratus (Bae et al., 1998), =& (Lee and Kim, 1992)
ag)a BEE S thompsoni (Lee et al., 1998)3 FAFSHAl Bl A o9} e A of ol A
T e SAA] H3E Bt

Z3E dio] WEFEE AqYAY davtiow FAH e, ojHg
HATFEE B (Lee and Kim, 1992), F+FA| = S. vulpes (Sasaki and Igarashi,
1974), 255 S. thompsoni (Lee et al., 1998), =2\ 7| Agrammos agrammus (Chung
and Lee, 1985) SollAl%= HilEo] STt

AEo)Fe] AL URTFxE 293 (lobule type)@t A#3 (tubule type)L

2 FEHAY Billard et al, 1982). £ 2go] Fre tro] YABOE LA
o] o olF FAHTE oAf |8 LT EE 7HA= tubule typeol] &3HH, &
o), FFAEY, B, G35, EE SN Bawo] stk

o) 7o GRAXE WIS F7UDE (synchronus), F&71EEd (group

synchronous) 12|31 H]F7|HEg (asynchronouS)-‘l] A 7HAZ FEES

Baek et al. (2000)> %2 wHAIZ]E 1193 129 Alolo] dojdtia Hil
itk B AFeAE 10990 gk RSl Al Wl 2R A 1190
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o EAE FAT 5 M=), ol FF
Aol AT ofFd wet v2H, 45 dd 3 BRI T&
A (superfetation)©] ®i1%|o] It} (Turner, 1937; Wourms, 1981). sHH, &g,
Wgel e EEEe A W Fiixtole] wEdA BT T AeE u
Bl o] 18] dojdtia Baxo] ity xyEe A o]sh FALSHA +4

F AdAele) WEBATL Ae] BAF Ao FTolro} FRLRHE T

TN

al
GEA 2 HAoFE AR wet dx7 543 (intrafollicular

fertilization type)? FA7dW] 43 (intralumenal fertilization type)SZ T4

T} (Wourms et al., 1988). AU A HL Neotoca bilineata (Mendoza, 1943),
Clinus aggregata (Wiebe, 1968), Clinus supercilliosus (Veith, 1980), Heterandria
formosa (Wourms et al., 1988), ®“3o] (Lee et al, 199) 18|31 EEE} (Lee et
al, 1998)°] Jon, daZf =48 B (Lee and Kim, 1992)7 3Lt

sy g 2 ATl e FHYHE

and Kim, 1992), 7| &% (Shiokawa, 1962), E&2 (Lee et al, 1998), 18|31 &&=}

£ (Takemura et al, 1987) T°] HEiFHi o, Al &3 TOo2w

1 Mizue, 1959)% #HJo] (Takano et al, 1991) s°] Ei=i Yot & F
=]

o el e 2HSAH wHo] shE FU AAY Wi W GRAEY B
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o] Z7Hgtel whet x4 B ARt It SUbeke AdS UERith 2ujEee
(Lee and Kim, 1992)¢]t} B2} (Lee et al, 1998)°] H
T 2 AWAAFE 7Y o= s o2& A7

Zpolof ofgk Zlo & Al

Bowers (1992)% S. flavidus®] Q21717 AWzl 7} Fglste] AEA7|7HA 2

3te] 30~40%, Boehlert and Yoklavich (1984)% S. melanopsoll X 37, Mizue
1959 ZWolE 30~459 = Fg&ta Stk Park (2000)0] oJslH, xwjEete]
17+ & 12~14Ce A F 38UZolAthal Balskqit). o] AT =E A
W F3ixtol= 297 E 5U7HA] #AFAEHA T ZojitEe] HY T oS ~QF

[e]
5
Zv)Bete] HE71E 4-598 2] Selite drAgel BaE 2
3

HEgol v 3470Y =31 EEE (Lee et al, 1998)7= A Ao E
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Zy2egte dutron SUEe A oy B BHw oY, T By
Agte] Fajo] e GRAUAN MY F2 olF 2 A% AT BAF 5
< Aol (Kim et al,, 1994; Kim et al., 2005; Nelson, 2006).

295 19809 Fuk oiF FERAL B9 A3 502 (Kim et al,
1987, Myeong et al.,, 1988) A - Fallo] FAdFom AR7A 2443 ol 3l
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I Ye At FAHAA FasH A EHA e Foltk 53] 1998 A|E}
H 39 udsd =AM B A FHdEoE AR EHAY (KORDI,
1997).

zoEete] FAAE ol Hek AFE Ak &%
o] 44 AE (Seo and Hong, 2007)7} slew = 2

77} 8%, AAFEFS VIE FETO| 47 450F YEINI O F 982%=

ol
Yy
®
<0
>

>,
g‘l
rr
N
A=)
[l
10

i)
17
o
o
o
flo
oy
N
=il
N
N
W
(@V]
(o]

g
g 2HIAE Aol7t S ATt A=l Ak
o] ATE BPuTHEN G GuA o] s EulBere] Fo o)y

29 5, 4% @ Aol e Holuiel WS weks
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42, A5 €L P

o] Aol AH&E ZIEEY AE= 20029 1€5H 1287H4] §9F vid=d
e 2zt FFE 129 A9 (Fig 2.1)°0A mj¥ 523 A o] &3}
of AQFsAH

AFE oFe HdIHE st EFEAY (standard length : SL)# A5
(wet weight)S 1ms}t 01g TH7HA EAsQ0H, RELS ofxdA EE]etdd
th AHEE F 98l HolAWEL Takeda (1982), Cha et al, (2001), Yoon

e

(2002), Kim (1973) 5-& #=3e] SR3A gol 2AF Hol AT e AU F
5271 BRag Hol AgY FRUL AAFE Arsgon, 275 m
So7A EAsT 22T, Ho] FRER 80T AN 2447 AxA

)
=
4 U= ST FT2ES ¥usia, TS BA%7] H8ky

1949).

Aq714, K: & =d4F
n: EMASE
ni i 52 7RAISelh

AUE=] 24 A= 2 HoldEd tig SFNES, HoldEe Al

7} soluze) FANES (F)t theel 48 olgsjel Ta
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A,

A:—l><
F, = — <100

714, N: ZAH & o729 7Rl

Air U&= T iHolEo] BHE o7 Aot

doldl HolMESY AUF24A4 (Index of relative importance, IRI)+=

Pinkas et al. (1971)2] 24]-& o] &3t}

F ol A T ST BoldEol
i3 Hol =o] ApAsh= HlE

28 AAA FFAS  (Gonadosomatic index, GS)&} UEE FHASF

(Stomach content index, SCy& ©&9] A& ©]83te] s}tk

GSI = GW (g)/BW (g) x 10°
SCI = SCW (g)/BW (g) x 107

o714 GW (Gonad weight)v= AJ24 F3Fo|il, BW (Body weight)v= A%,
SCW (Stomach content weight)x= ¢Ul-&-& FFo|th

Dietary breadth indexs= Levins standardized index (Levin, 1970)& ©]-8-3}
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Tk

B, = -1)

1
< 1(
dP
j
o714, Bi: £ 212} iol] B3t Levins standardized index
Pij: OB E jo A4 ioAe] vl &

n: Hol & W
o] A} W= 0~17HA ol¥, e 2 AL oI ofsf A==

£ YUebdth (Gibson and

H

1
ox
filo

rlo

21/39] A3 (specialist predators)e]™, =2 3k

Ezzi, 1987).
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43. A%
431 HolWE =4

e R

= 195 12971 wig AR, AGEE=
3.9~30.3 cnE HATH (Fig. 4.1). 195E 597MA= A4 8~30 ecm WY 7MAE
o] F2 EX3ch
ANEE 4o AHg" Z29EZL F s5320A90H, 9 Eol Holrh A3
A2 FESES 389%ATE o5 AlLlF 32570419 ¢
U85S 43 A= Table 417 Zo] Yeldth Hol|AE B4 Al 24
o= Fig. 429 o] YEt. 2YEFHY Ao ARIY 2ol HoldEs
Z UE o83t TAE Ve AR YEkith

zv)2ee) PREE F FIFLAAFAA NE e e AAdEd F
™
b |

rlo

17

OJYEL oF (Pisces)Ath olFe T HoldE JNAITY 48.2%%} 44.9%9]
SAVNETE HAoH, HEE AETHY 9%3%° =2 HlES ARSI
AHFLAEATHIE  %B7%E BT o Bol AolE oFE IAHFE
Acanthopagrus schlegeli, =2t Sebastes inermis, "B 2| Engraulis japonical o™, 1 £]
B 2] Hypodytes rubripinnis, Z=3|=-2}t Sebastes schlegelii, V2] 3} Pseudanthisa sp.
o] 7-¢ BB Sillago sp. o1 Tol Aol

I UFo g 83 Holdlg=e A¢F (Macrura), Al (Brachyura), @2+
(Amphipoda)®] =22 Uetth Al¢-Fe F HolWE /MAF] 16.5%<F 89% <]
FANETE Bon, AUEE AXTEY 09%9 HIE&S AASAH. s

= HH

2AAFHE 23%S BT ¥ol Aold F& ANFLWMeMNS Heptacarpus

BB 7.

pandaloides, ZVEZAN-S-  Palaemon  ortmanni, Z5FL WU Heptacarpus
geniculatus, AA5-M-9-5F Crangon sp., SF AN Alpheus sp. 5]t
I Hgso® Bol HolHold AL AfFst dAFAcH, 44 & HolAE N

A2 7.9%, 20.7% <} 65%, 31%2] EARES

Ll
g
3R
o
&
A
BN
of\
ol
3
>
fr
N
N

- 54 -



25%, 01%°18tE AR, FHFLPAFE 27 1.0%, 09%S Jehigl
o AR F Bol Adold F& FARMIWIRA Charybdis bimaculata, FEA|
Charybdis japonica, =17 Gaetice depressus, W17 Erimacrus isenbecki 5]}
=3

2 9 HAF (Anomurus), AAHo]F{ (Polychaets), 572+ (Isopods), +4J°]

A
)
39
1

 (Mysids), , 7= (Cephalopods), 12|31 355 (Ostracods) % &
Y, & o= /AT 2 AlEE AXxTE T AAsHE HIEL ofF Hith
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Table 4.1. Composition of the stomach contents of Sebastes schlegelii in the
Tongyeong marine ranching area. by frequency of occurrence, number,

dry weight and index of relative importance (IRI)

Prey organisms Occurrence (%)  Number (%)  Dry weight (%) IRI IRI (%)
Pisces 449 48.2 96.3 6488.5 95.7
Acanthogobius sp. 1.5 1.5 1.3
Acanthopagrus schlegeli 12.0 8.9 22.9
Engraulis japonica 6.2 3 6.2
Hypodytes rubripinnis 1.5 6.1 6.4
Pseudanthias sp. 1.5 1.5 3.1
Sebastes inermis 74 13.5 41.0
Sebastes schlegelii 1.5 1.5 3.3
Sebastes sp. 3.1 1.8 5.7
Sillago sp. 1.5 1.5 0.9
Unidentified 8.9 8.9 53
Brachyura 6.5 7.9 25 67.5 1.0
Charybdis bimaculata L5 0.9 0.3
Charybdis japonica 1.2 id) 0.7
Charybdis sp. 1.5 1.5 0.6
Brachyura larvae 0.6 1.3 04
Erimacrus isenbecki 0.6 0.6 04
Gaetice depressus 0.9 0.9 0.1
Pugettia sp. 0.6 0.6
Unidentified 0.6 0.6 +
Macrura 8.9 16.5 0.9 154.6 23
Alpheus sp. 0.9 1.5 0.1
Crangon sp. 0.9 22 04
Heptacarpus futilirostris 0.9 0.9 +
Heptacarpus geniculatus 142 0.9
Heptacarpus pandaloides s 5.5 0.1
Palaemon macrodactylus 0.9 22 k-
Palaemon ortmanni 1.2 0.9 0.1
Palaemon sp. 0.9 0.9 +
Unidentified 0.9 1.5 +
Amphipoda 3.1 20.7 + 63.9 0.9
Isopoda 1.5 1.5 + 24 0.0
Cirolana japonensis 0.6 0.9 +
Rocinela maculata 0.9 0.6 +
Anomura 0.6 0.6 0.2 0.5 +
Upogebia major 0.6 0.6 0.2
Mysidae 0.9 0.9 + 0.9
Cephalopoda 0.9 0.9 + 0.9
Polychaeta 1.5 2.2 + 3.3
Ostracoda 0.6 0.6 + 0.4
Total 100 100

+ : less than 0.1
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40,
2002. Jan. n= 34
b = 1 |
Feb. n=12
ooy T T T /A oy
Mar. n=11
1 1 1 1 1 1 1 1 1 1 ,_l ,_l ,_l 1 1 ,_l_l ,_l 1 1 1 1 1
Apr.n =35
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c TN N NN N NN NN NN NN NN NN NN s NN s | T N N B |
()
) June n =25
(o
9 E= 1+ 1 1 0 0 e [ e = |—‘_|—|_|_‘_|—| /A v =
y—_
<1>J July n=34
.("% 1 1 1 1 1 1 l_'_|_| |—|_| I_|_| 1 — = mr = 1 1 1 1 1 1
) Aug. n =50
N ug. n = 5
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Total length (cm TL)

Fig. 41. Monthly variation in size distributions of Sebastes schlegelii in

Tongyeong marine ranching area.
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432 FO9YAH A5

zZ3Ee JUEES] T AT ARE o8t AT P8 4 X
BEHE dotstr] sl A 4E F Figures 4.2, 4.3).
o, el wste] w

g
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o,
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ofN
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o
g
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filo
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iR

Hit FUSFEATE 127 2€40= 0.000010] o1, 3€o= 03012 5

7Vet7] AlZetdon, 593 89 02017 02979 e e A9t diAHe

2 AZE 1€, 2¢ 1299 BlsiA =& S Bk 19 793 1199 &
7} 05783 05872 =& S YeERATH
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Fig. 42. Monthly variation of diversity indices of prey organisms of Sebastes

schlegelii in the Tongyeong marine ranching area.

- 59 -



25

- - N
o (é)] o

Diversity index (H")

o
)

0.0

Total length (cm)

Fig. 4.3. Ontogenic change of diversity indices of prey organisms of Sebastes

schlegelii in the Tongyeong marine ranching area.
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433 A& o & o] W3}

AZxTFS 7IFo2 3 2EEe] A e Ho|xAdL 59004 7974
g AQstae A wet A MEsA @non, qAFHORE ojfIt F2 A
olH Atk (Fig. 44). 193H 447HAE 77} 80%°13S A& oL}, 5LHE
E AEFo AHol&o] FUete 690l AE-Fo HFE0] 86.0%E A3t A
F7F 71 2ol AdolEdtk 1y 89 o]F2E A A/ HA&o] ZUIE

of oF 80% o4 AXFH olF7t F ol ehith
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Fig. 4.4. Seasonal changes in feeding habits of Sebastes schlegelii in the

Tongyeong marine ranching areas.
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434 AR IE ol WE}
Az 7IEor 2EHY 43 wE HoldE s dobE 23

T2 AAdA 77 F HolAERE YeHTH (Fig. 45). 7 22 Aol
| 39 an 719 29 EFS FEOZ YEET flEEc] AAD AFFo] 7HF
2k 6~7 cndl M= A7k SFRIE oF 20% BES] HAHE&S AASIHeH, Y
HAE o777t oF 80% HEE AA AT M| FUEFE 7Y HFES
O S7ket7] AlFfeted Aol 22 e o A= AY oFuke doldte A
(99.0%°1" o2 Ueisth Ao 7tk A HolBER ofFe Fo] AL =
719 ofFolA & A7 ofFE niHo] X7lde #F2a7]e] HEjdEi ofF
g g4 55 AHolstdoy, Aol Z JAER ddFHeE 2
= Y oRE Holsle AoE UERT

ZyEgo] JAgste| et AolH ol HolBESY AV|E AHRET (Fig. 46),
6~7 cm ZATNA BE 104 wAOH, S vk WA Z745e] 20~21 en
A7NTFANE HTF 755 mn, 36 en L7l e H 1445 mE e AR

o] F7tdE A7t AAA= BFe EAAH

o

2

Lo
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Fig. 4.5. Ontogenetic changes in feeding composition of Sebastes schlegelii in

the Tongyeong marine ranching area.
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Fig. 4.6. Ontogenetic changes in the size of food organisms consumed by

Sebastes schlegelii in the Tongyeong marine ranching area.
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4.35. A& 2 AAF

ZoEete] AFd ik JUEE THHEA €l 2 AFE JAeS AE
st HolHAS HESIA

2 i ZAE2 0152~9.2530]%1 01, 3¥€o] 925308 Hiiow, 8Yo]
01522 HAGTh AHol&2 Alzte]l Aol wehx 3971A] F71stom, 495
Hadte] B s RO, 84 H tA Frkske S B (Fig. 4.7).
< golHd A} Fig. 487 o] Uiyt A7E 3
TAAES A 69 ecnAANA 4472, 9~12 cnollA 52399 S yelion
12~15 cmoll A 25 A &, oA S7st A4 18~21 cnollA 52625 YERH

2
i_tg
]
N
i3
o
=t
o
1>
fifo
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Fig. 4.7. Monthly change in feeding rate of Sebastes schlgelii in the Tongyeong

marine ranching area in Korea waters. Circles, mean; Bars, range of feeding

rate.
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Fig. 4.8. Ontogenic change in feeding rate of Sebastes schlgelii in the

Tongyeong marine ranching area. Circles, mean; Bars, range of feeding rate.
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4.3.6. Dietary breadth index

Z9 &g %o WE Dietary breadth index®] H3}E AWHEWH (Fig 4.9),
B AgelA 0001~0.1849] RS2 o W2 $AE YEAT Z9]=Ee o}
Z Ao 2790 6-8 m WAL BAF, ASFH AF 2L oF 5 gt
Aolste] thE Al wlst w2 gE dehiiou, AFo] Skl a2
X7} A3 st "Age] ofF & A7 E 0.001 ©l3ke] FXE YERS
o}

¥ Dietary breadth index®] 9= 0~0.304%0™, 1€7 2€o= 09 &=
Holom Aol wstel] webd HapHow kst 74l 7 w2 w4l 0304

o g Bl F oAl AR wWale] mepd ghste PP Hat zuEete
Fgo] we A7l BTk ¥E A7) B GUE BB dolshe Aoz e

%o} (Fig. 4.10).
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Fig. 49. The size-related variations of dietary breadth index of Sebastes

schlegeili in the Tongyeong marine ranching area.
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Fig. 4.10. Seasonal change of dietary breadth index of Sebastes schlegelii in the

Tongyeong marine ranching area.

- 71 -



23 BRE RS T2 oS o4 oFYS ¢ & JYov, Ius

389%= A YNt olet #2 Ai= ofFet B2 & AV]Y HolES
=

H

i

AR Aol ¥, 2/ 7IF Ft Ho] Holrt glo] EEsh=

2

N

|

=

o2 FAEY AF7hA Bad ofFe] HolFA ATl vehd FEEF vl
SEH, G2tF7F = HolWEIYA WI=eFX] Pholis nebulosa?} 6.8% (Huh and
Kwak, 1997), 8275 F= AolstAd 7ol Trachurus japonicus?} 7% (Huh
and Cha, 1998), ©2}7F9F A%, AXHo|7et 2 22 A7]9 HolEo| F+
HolAEo|RH FHLS  Acanthogobius  flavimanus©] 2.6% (Huh and Kwak,
1999), AR FolFe} 75 F2 Holstad FX7MA0 Limanda yokohamae?}
6.5% (Kwak and Huh, 2003)& %2 ®iHel, & 37]9] ojF{FE F Ho|HER 3}
+ o}F< AmX]i17] Sphyranea pinguis’} 34.1% (Baeck and Huh, 2004), 3]
Scomberomorus niphonius7} 454% (Huh et al, 2006) o2 ©] XA oF<d
ZIEES ¥t o4y olfEL HAlHLE TREo] =4 YEkth

3719 oF T TEE0] oM oFE F HoHEE I B oFE
o] Hol¥E T AUlTLAAFHIE vl E
2004), A== 84.8% (Huh et al, 2006), Sol#= 98.8% (Cha et al, 1997), 2
= 504% (Huh, 1999) 5o& e, & oFE F HoAHER 3= & oF
Sol vty 2u)E (AZRZTHRI} 95.0%, FHNFLARAFHIZE 96.3%)S o177

2

, 5ol 585% (Cha et al,

Fedes 54e Ut =@ 2e F3e golsi:  FEEA
(cannibalism) BFE Liehta 9gleh ol o] sjejolA zlRete] i A, o
A Fgold 2 QS AL AR zHBets A AL VAL + AN

AC)

o S22 A BN ] 7iAYS (Huh and Kwak, 1998b)3} i1
Tl FolA o] (Baeck and Huh, 2003)o| X% Eiig v} glom, A5 1
d H & ol &3} Sebastes spp. (Pedersen and Riget, 1993) &
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Al 20 cm ool Z7IAA FFY Fol7l 8% Hol AEE Ushie Ao=
E F AATH

22 & (genus)dll F3te AAFEH 9
Ha]Y (Kim and Kang, 1999) ¥ 3<% 23 (Huh and Kwak, 1998a)e|A] A
Ashs Bt Afe ofdAlZlde 84F 9 @RS, Aol SrebAA Al
7, AT 2 AABolRE Holgte, o] AN oF] 2HEFH= o2
ol:At}. HAJo} H5ZF: Primorye 3] (Koplakov, 2006)eA4] A]2
Sebastes taczanowskii> YA 7]oll= GZFE Aol o, ARo] F7
22 2719 ol/RE FE Aelstar olA o] TAMAFS} FAkSTE A 2
o] FE S minore] A= WAXCE 94F7 H BAFE FE Ha AU
T} (Koplakov, 2006).

ZEZY FUIEATHe] A-E WsteE 4uE 23, Ad diFe
HolAE9 FE7F B2 Al7]ol REBE HoJA=S AHoldte A4S B
20| AdFste A0 EAstE Ho|WEL o]l SUlePHA tgst HolWES
Aol He AL E YEyt

o] ZAl G thE A9l FIT Zuko| M HHJD Hirr]e] HolWE
o] AARSE A4uEY, A He] wet Sl Fo| st HolBES Adoldty,
AW stol] wEbA HoldEe] W3lEth (Huh and Kwak, 1997). -2 3 ol
A AFZE TR Afe 2YESI 2ol of/RE F Yol¥EE sk Tl
Nem, o] Fo Aldo] wmE Ho|HE WIS A WsleA ¥ so=w
et @3] Wstrt obd Alwste] wE 7} JRAIY AR ool e
Ao 2 et (Huh and Kwak, 1998). ©] s A 2] ZuEete] A= H A
Aol 24 F2 of{FE F Yol A=E oY 59~799] A
= AT At FAHSE QIZE o] Al7]o] Af

% A
o 27 9919] B oz FPAG 232G IR AH2EEAS go] F

s
1)
e
ii)e
oX,
filo
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:?L_',
g
gE
>
el
>,
iy
F
X
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g 89 2o 5Yolom, 6BRHE T gol FAH gatE A0 et

o
U 590] Ao} AEshe A7 Uehom, o] Al7le zulEete] ol

o] AolE WRE st J= A9 (KORDI, 2003)0.& SQlsto] W-FA]7] (2002

8¢ : I (102,500vH), &= (108,0007H]), 73 (125,0071H]), 2002 9€ : =
v &£ (425,500vH2]), 20021 11€ : ZAE (140,0009k]))ell 2 F59 A ofse]
AUEEoNIA JFHoz AFE= A & & F Atk o]H WRTES Holst

i
32
AN
)
L
o,
il
i
1o
l
=
Ll
-
_EL
fz
O
o
==
2
2
~0,
=
)
®)
3
N
i
\ry
rr
=
24
fjr
filo
o%
=il

ZYEHE2 tFEe ARG oFE F HOAERE HolFo=R Ut
Dietary breadth index’} %2 %S Hol= ZoZ Uelgon, ol AHAES
FAl Aolsl= o159l ZIAWS (Huh and Kwak, 1998b)#} =gju]9} F=zu|
(Kwak et al, 2005)° HIs|A Aoido=z 22 ghs Yehdo] FadRTE of2
goll 7W7he Ao® UEhstth

ol AFNE EFE R, Sehastesssol] &= o]FELS HAFo] ofF FHe =

N e 87 2 4 F 58 FE He S v An, dAgo] Foks)
A ool wEt AAHolR, F A7 HAF B olF o= YA HolAd

29 Aolalm ALk st e AE Fwls
zz29) Aole] oF Aneln BHAT EH of 2D o] uirh 235
Aglo] Ald Q1 s ol aSTE LojuA| ghol, oA Uo] ERaje] offe
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31 9Jo}A (KORDI, 1997; Diana, 2004), A-¢-F1} 7
ol R A 233} HolAEol W AAe] A

= )
T ar =
o, o= AL AFNAFH oAUA] E&o] £ oFE F HoWER &
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51 A&
PR WES AANGT A, 4, ARl HPE Fahel o)Folx
ok AASHAE o]UF WSS AYHE sebilEE A eSE 543 of
g3k olge) 546 met A9
A9 B AFEE 150} (Choi et al, 2004), R (Zhang et al,
1999), 2| (Zhang, 1996), A%

o

2

(Zhang et al, 1998), 3%7| (Zhang et al,
1992), Yt (Kim et al., 1989)%5°] AL DIF&E = A3 G didoz &)
3 Joyt FAMNGE Xy EEe] AU 54X A3 A7 A8
3% (Im and Hwang, 2002; Park and Kang, 2007)%F] 218 o]t}

Z 553 22 AMFFA ojF= Mgl 4 wet AEsty SAE
= 23E ol AR HY 53] o] ZANYE HithEAdel
A T AFHA A Pl 2HE Xo=E OE A2 dn 24
geteetel] FEFS = Aolet AGEh

A BEZXE o1g 9 JlAlel Zhgdel BAsE AT (¢,), ATHE A
B (t,), 4% o A Aol 08w A7 (i), 184 ANDE (I.), 437
T (K), AFgoll BAsk= AAVEAT, Z(= F+M=qf + M)s°] Atk Al B3
g Ee Al 2% o - FE EEste] AR E o] ZolMs FHE
374 seetE FASIATE 2o AP #gE AzbE (9), AAERAST (2), ©

(o
¢
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52 A5 2 "y
THste] o]8-3d

521 7373} €

A 2414 PR
z2703ko.2 sof WA

ool 3
o] von Bertalaffy “g72]

4% 77}

t}. Walford AXEHOo R
F3) AW  (nonlinear regression)S ARSI The
(1938) 0.2 FA 5},

T @

AN AEA o7

522 AZE () ¥ «HAATLA

2001 7€95E 2007d 597HA] wlY EouirtEga) e

A o83k 2oEe A8 E ARSI
& ()& 2]FE3 4% (Baranov, 1918), Jackson % (1939), Heincke HHH
(Ricker, 1975), Chapman and Robson ¥ (1960) 5] 5

(1913), BEAH o]
7HA S} S FE St
A, AB2AES o, 9% il giel, e Al P M w2 A%E
i=0S2 X3AF F i (np)d BAFHBAES Tl dojzl Aol o) 4zt
& Fshs ogs S4vEe AHSSisi:
O=og A¥d=] A8E o8 F = Jackson WH (1939) L2 A7 (1)
A o1gd oAl rhedl nAF Y AFe] ABS kolet s, &L thet
Zol & 4 3k
k
o Zl LN AN+ N,
k Ny+N+..+N,,

qgol57t Aol fol wls) H7) wEel

AR Z Heincke ¥H (1913)2

, °l



I8 AAS 7 Ax VAR 049 NE o831 DL Lo ARES T

A2 HFdAH o8 (Ricker, 1975) .8 T3} o] 315tk

§= _(_—;,j_% =L) 017]}\1 = ZZN

1+ X NN +T” » N~ ZN oI

ulR|2 0 2 Chapman and Robson W (1960)= ARg-ste] AZHES T3 T

T

= Sa T | 2N

Z=—nS (1)

AR AT (M) Bertalanffy 47821S &3 73 g E ARS-sh=
Alverson and Carney 3 (1975) (2] 2), Pauly W (1980) (2] 3)3 A&AHS
AH8-3H= Rikhter and Efanov ' (1976) (2 43 ©]E A A8-Sh= Roffe] W
W (1984) (A 5) 22T AAARAS (M) A9 (Alagaraja, 1984)91 2]
6)= F3l skt
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3K

M= K(0.38}t,,,) )
e —1

7|4 K< Bertalanffy /37429 AAATF, ¢, > HHWAFOE o] A H
A oolgE A A9 212 aE Ao BNt Az wedd 849}
Sasaki et al. (2004)°14 #Z3F HHAH 1042 2 3le] 9NZ HF3HA T

InM= —0.2107— 0.08241n W, + 0.6757In K+ 0.4627In T 3)
AZIN woE HWATF, L& HHHTS Yepdoh

~ 1.521
M= 0720 —0.155 (4)

A71M, T= 4=dBS e

7
InM= In3+InL_+ InK+In(1— L—T) —InL, ©)

(o]

A7IA, L= AEAAS Yehad,
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525. A\ A7IYAE (1) B ATF7HILAR (¢,)

Ao M o]gH oA HAAFE o] &3ALh o5 A
of oJA7IAARE (1) o2 BT
B (Ee oAMNAY, )2 EE AR A& Bertalanffy
’37421& o] 8-3F= Pauly (1984)2] WHS A83te] FASGH. o] WA= &
H71Q1AE o)l ogE dAREFS AR dis] AHIAANA T IAAAS
(EAAEAE, 2)Z5EH 7MY AR8 S FASA o5 S5 o1¥E 44

0

C At
p — =
In e c Z(t+—2 )
A7, Gyt AANIAAF, e 98, Are A7l 2 ATl AEE

AHTY Apo), = Aot

AN 49 73k cheel 2ol sk Jdjol g A+ (C)E T

Gt e g

st o] AN olw) AE AT o] SIS 5,2 B o)F The) Aol
R
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53 23
5.3.1. A% z}gv gl

o2 9o FREIAA AAY AFS BEsel TR AuE ww
(Table 5.1), 98 FAF 2o 2] &7 F4A9 BRRGL L,=1846 cn, L,

=24.05 cm, L,=28.71 cm, L,=17.85 cm, L,=32.62 cm Tk
SEFAANY AFFFH Y} AFHFXE AHES] Walford Fal=Ho g
e Ao dids fgEe 2VIeE st WAdIIFAEY  (nonlinear
regression)S ARt 3t AT} A|F9 Bertalanffy /37421S YERH  (Fig
51) I,= 52‘49<1_670.1794(t+0.9154)), W, =2, 303.36(1 _670.1794(t+0.9104) )3.01 o]gith
o84 HUHFS L,=5249 cm, °|EF HNWATS W, 230336 g HAAT
E K=01794, A7Zo] 0¥ wje] o273 5L ¢S -0.91044 A} (Table 5.2).

532 AZE (5) 2 cAMEAST (2@
2001 795E 20079 59717 E R o] o] g

o
BN
&
[l
)
1o
r2

o FE FAgel gt ke (Fig. 5.2), 023802 7}¢ @egks HY2om, Jackson
o] "3} Hiencked] ®WH o T A3 412 034073 0.3398=2A4] A2 H|S=sIH T
(Table 5.4). ¥ A% HZ Chapman and Robson®] WH-2 AxbgHo] M2 FA}
sted b7} 02978, 029792 +ALSE gho2 FA AT (Table 54). 2-8H oA 7}
A W FoA o8& 4%, Hiencke] WH % Chapman and Robson®] "
e A g F4kgko]l FAHAT 242 Chapman and Robson
o] o] 7P Askom | o FE AW e] 7 Askth

CPAA AT (2= BA7EA Her 48 e HEY (Z= — InS)
of #-gate] FA3IATE (Table 55). A&E FHAHA A3 73 EHRAAAS
7} 14356/year= 7F¢ =3k, Jackson®] Wl oJ3l g+ ko] 1.0768/year=
7Hg Sk

flo
XY
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Table 5.1. Back-calculated total length and body weight at the formation of

the otolith ring of Sebastes schlegelii in the Tongyeong marine ranching area

Total length

(L cn) Ring group Lis Los Lss Lys
Female 1 19.37
2 18.73 24.72
3 18.35 24.21 29.13
4 17.79 23.58 28.77 3291
Mean 18.56 2417 28.95 3291
Male 1 18.92
2 18.22 2428
3 18.33 23.72 28.55
4 17.93 23.85 28.26 32.84
Mean 18.35 23.95 28.40 32.84
Combined 1 19.18
2 18.50 24.55
3 18.33 24.01 28.89
4 17.81 23.59 28.53 32.62
Mean 18.46 24.05 28.71 32.62
Bocg;v’w;)lght Ring group Wis Was Wis Wias
Female 1 115.80
2 104.55 241.62
3 98.30 226.82 396.30
4 89.49 209.47 381.69 572.33
Mean 101.74 225.71 388.95 572.33
Male 1 106.52
2 95.05 225.29
3 96.85 209.86 365.99
4 90.67 213.37 355.07 532.32
Mean 97.16 216.11 360.50 532.32
Combined 1 112.20
2 99.79 233.73
3 97.08 218.72 381.52
4 99.06 207.30 367.58 555.00
Mean 99.27 219.74 374.51 550.00
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40 800
Sex combined e
— _a-0-1794(t+0.9154)

a0} Lt=s5249(1-e ) 600 _
S o
© ot
- =
S =y
S 20t 400 2
= =
I o)
2 )

10 200

- Wt= 2,30336(1 _e-0.1794(t+0.9154))3.01
~
//./
0 1 S| 4 ) 6

Age (year)

Fig. 5.1. Theoretical von Bertalanffy length growth curve and weight growth

curve of Sebastes schlegelii in the Tongyeong marine ranching area.
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Table 5.2. Results of parameter estimations for growth equation of Sebastes

schlegelii in the Tongyeong marine ranching area

Parameters Sex-combined Females Males
L., (cm) 52.49 53.95 51.50
W, (8) 2,303.35 2,542.36 2,148.95
K (year ') 0.1793 0.1733 0.1824
t, (year) -0.91539 -0.9327 -0.9158
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Table 5.3. Age composition of Sebastes schlegelii in the Tongyeong marine

ranching area

Age (i) P; Convert age (i) InP,

0 48

1 581 0.3648
2 1,082 0 6.9866
3 446 1 6.1003
4 88 2 4.4773
5 19 3 2.9444
6 4 4 1.3863
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12

10
In P= - 1.5675i+10.7808

gl (R*=0.99)
-~ °
c o7

4 -

2 -

0 1I 2 3 4 5 6 7

Age (i)
Fig. 5.2. Estimation of survival rate of Sebastes schlegelii from the catch curve

analysis using the Pauly (1980) in the Tongyeong marine ranching area.
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Table 5.4. Estimates of survival rates by different methods of Sebastes

schlegelii in the Tongyeong marine ranching area

Methods S Var (S)
Catch-curve analysis (Baranov, 1918) 0.2380 0.083802
Jackson (1939) 0.3406 NA
Hiencke (1913) 0.3398 0.000137
Average age (Ricker, 1975) 0.2978 NA
Chapman and Robson (1960) 0.2978 0.000008

NA: represent not available
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o] AFollM Zy|EEte] wAAAEA T (M)—E— 57FA] WS Sete] FA st
ATt (Table 5.5). Bertalanffy 7372 } et HE Fall Alverson and
Carney®] WHo 2 FAHE SN AT (M)T 0.6355/year] 1™ Rikhter
and Efanov®] WL 0.6541/year, Pauly®] *}H-2 03951, Roffe] W
0.6639/year©]lil, Alagaraja®] "HOl o3t FAAAPTAGTE]  FEXA=
0.5117/year°]| it} 5714 o2 3¢ FAAANGA T HiA= 05721/
year At

Lo
S

THAGABAST (e F=Zz—Md &3 543ttt (Table 5.5). Chapman
and Robson®] W] AxteS ARSste] FH3 EHAPSAIST (Z) 1.2110/ year
I FAAQANEAST (M) 05721 /years Aol ¥o AteE EtAIAPGAS
(F)= 0.6389/yearo.2 F4 53Ut}

535. A1A7HAAE (1) B AT77HAAR (t.)

NFTFAAH (t,)2 ol ATVIZE ol o 8HE oA o] HLAFE AFeR
Girete] FHSA ofATIAAR e ogE HATALE 14 cn2 AP eE e
St 0812 F8 =AUk

2 (t,)2 2001 7€ellA 2007 d 5€7HA] BFntchEAgs] el Al
5 o3)E zy|Eete] AGEA ABZ Pauly (1689)2] WHS o83t F33HA
o AFE24Y AE= Bertalanffy 47845 ol8sted dBEAo=R wgslal o
%) EASATE UA FskAeM (Fig 53), 4%
the 7H8 stellA 7hsle] HA e 48 AdE 7Y
0] 3
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Table 5.5. Estimated parameters of natural mortality (M) and fishing

mortality (F) of Sebastes schlegelii in the Tongyeong marine ranching area

Methods of S Es’amates_1 of Methods of M Estlmates_lof
Z (year”) M (year”)
Catch curve analysis Alverson and
1.4356 0.6355
(Baranov, 1918) Carney (1975)
Rikhter and Efanov
Jackson (1939) 1.0768 0.6541
(1976)
Heincke (1913) 1.0793 Pauly (1980) 0.3951
Average age (X)
) 1.2114 Roff (1984) 0.6639
(Ricker, 1975)
Chapman and Robson 1.2110 Alagaraja (1984) 0.5117
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Table 5.6. Length composition of Sebastes schlegelii in the Tongyeong marine

ranching area

Length class (cm) t( L ;IQ At G,
12 ~ 14 0.9753 0.2975 131
16 ~ 18 1.2664 0.3142 162
18 ~ 20 1.5898 0.3330 211
20 ~ 22 1.9331 0.3542 316
22 ~ 24 2.2989 0.3782 464
24~ 26 2.6904 0.4058 414
26 ~ 28 3.1115 0.4376 266
28 ~ 30 3.5670 0.4749 158
30 ~ 32 4.0630 0.5192 84
32 ~ 34 4.6076 0.5725 26
34 ~ 36 52111 0.6381 12
36 ~ 38 5.8880 0.7207 7
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12

In(C,/ At)=-1.4664 t + 10.8083
1 -
° (R?=0.98)
8 -
<
4 -
2 -
0 %

Age (f)
Fig. 5.3. The selection ogive of Sebastes schlegelii in the Tongyeong marine

ranching area.
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AHEEIL QE Bertalantty®] 444 AHgSATE 494 Walford BAEH

2 AMgsle] WSS T8 5 AR IREeR FHSAT A 28014 o]

o g 58 EHst] 4RAS FARGAT o FelME FaALY WES 3
T}

5] A AASAHA 2 AABIE A 248 AT Aste] 5T

%0
o
(d
fru
o
9,
-
2
Fl‘F
N
S
;_x
[‘.u,
E
N
S
J
T
N
2
N
22
w0
ot
)
N
o
Ml o
19
Lo

AAEE AR
It oz A& FHAMHL ofFEJ M, HTAHH, Jackson, Hiencke,
Chapman and Robson®| ¥ & BAUVAIZE 2 AREHAL 9lov Aapx)e] A
o Hh ANPYFES 717 o|FEZ AW (Zhang, 199%6; Oh et al, 1999),
2 HA BAESE 7HR) Champman and Robson®] " (Zhang et al, 1992;
Zhang et al, 1998; Zhang et al., 2004 )°] A#X|E AFE3IAY v &4
H (Zhang et al, 1999; Choi et al., 2004) SH/FATHe] AHAE AHE3h= &
WS 7L A Eoh B7EA] 4 W F Jackson®] W I B A

ek
ARZES AR g loZ ALLSl7|d= o
A

o BAgS JHD 94 gome A ¥
deol Yov Az AW EF AE51] olego] Yok THBE o]

T A= EARgEo] 7FE F o Hlolelzke] AlgAo] =thu AZtE+= Chapman
and Robson <] 23321 0.29788 A&} th
FUAAABA = FARAY 7HY o] Fo] o GAttS A9 RE VER
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Alverson and Carney, Rikhter and Efanov, Pauly®] o= FA3to 1 &
AbeHrste] ARESIATE (Zhang et al., 1992; Zhang, 1996; Zhang et al., 1998;
Oh et al., 1999; Zhang et al, 2004; Choi et al., 2004). o] AFolx= AFE =}
ArbGAFTE st AAStelA 5744 WS ARt O gs A H et

F43At,. Paulye] ®Ho2 3k gto] 0.3951/year2 7Hg Sl Y A|=
0.5117~0.6639/year® Hl5:gk g1e 7FAT.

F BT
o] ATNA FHE SAAE Loz ojYo] HETE APAN SHH gk

i Folrh AL AAEL @A AUFEANA AU WEHEE ol F

rr

oz urh JuF AABYE ANHE whRF 9w F 44D ojg o
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VI. A% 4 2 24314

AT AANTL FHHoE B AHHE AATY AR WFL
sfefsts o] Fasty oleld A9l Felel sebe e Advied 49
o 5o guE WAl dook ¥ 2o Aotk Ty AUL By &
oz AgIe AR Ade) AFo] ohydas 4
g AHgale] 1 A BF 5 ok g tgAds) Y% deolEal

% oldwdd, Y ofFa, faolSnae] Ad AF2A ol &H:

Q2 2 i
Jor
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32
=

2y ZHEee FAH0E Fod FYAE Byeln AAHA Y5
A5k WA AA G ES o] ZAHGL nEFUo R Yo} FPH
o3 Tl AFHo] o} A, AATAF S iz A5 olgo] B}
St}

o oY AR g olgels HANFYES AHeslel A SN wF @
oA F3td R 2
ol AABAF} APAANNAH L FAse] A91e] TLAQ BE AT 7]
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62 AE =L WYY

743t #1sted 20019 7
A5E 20079 59714 wie 13] B2 ASAEEe ofFE ARgSte] A|EoE
AABHATE 24 A 29 2100 JER AT
Eute] F24S AE 312 cn, 2ol 58 cn, 1= 240l BF 100~2007H<
AFS3EI AL, A AP Zo] 400~450 m, WHl 1 m, BE 7 cnS A3

Q% axAel At A A 9AIA e 1 AT
A= B

Ak o7 F F4E Masuda et al, (1984), Nakabo et al, (1993) 2 Kim et

al, (1999)< Fa stem EFAA 2 32 Nelson (1994)% =& EE/3t

BN

7 iAo AR WAL 1 wAA, AFL 01 g7hA SAFAT
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Fig. 6.1. Sebastes schlegelii tagged (¥, Opercle cut.) in the Tongyeong marine

ranching area.
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Table 6.1. Estimating methods of biomass according to age of of Sebastes
schlegelii in the Tongyeong marine ranching area (2007) (C;; is catch biomass

of i year, j age)

N of age . .
. 200% Estimating methods
in
A —AM | A —3M A —2M
R (IV1, 2003 < € +Ny 9004 X € +N3 9005 X €
N of 5 = . ~
-M
+Ny o006 <€ TN 0007) /5
. _ - —3M , A —2M | A M, A
N of 4 = (N, 2000 X€ "+ Ny o095 Xe "+ Ny 956X T+ Ny o507) / 4
> — A —2M | N —M A
N of 3 = (N1,2005><6 +N2,2006><6 +N3, a007) / 3
. _ A =M A
N of 2 = (N1,2()06><6 +N2,2m)7) 2
Nofl= N1,2007
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Table 6.2. Estimating methods of tagged individuals of Sebastes schlegelii

according to time (year) in the Tongyeong marine ranching area

year

Age

5

4 3

2 1

Y Yy oM M -
2007 X, 5902 < € Xo,2002 X € X0, 2002 X € X0, 2002 X € Xo,2002 X €

2006
2005
2004
2003

—aM —4
X0, 2003 X € X0, 2003 X €

-3
X0, 2004 X €

M —aM -
X0, 2003 X € X0, 2003 X €

M —3M -
X0, 2004 X € Xo, 2004 X €

—oM -
X0, 2005 X € X, 2005 X €

X, 2006 X €

5M

4M

3M

2M

M
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622 MSY ¥ ABC #3
AR o 8 MSY)E AUAL®E 249l Gulland (1971)9 F3HHo =
AL EAAAANTAGTE ARSI T

AESHA 58097 (ABC, Allowable Biological Catch) ThH:9] 21& ©]&
sto] FA AT
= . o 1 7(AI+F0.1)
ABC = Ky B+ e (lee )

(B, AL M, 20AAA A5

623 A AL AT R HAAHLRY 3
6.2.3.1. Beverton and Holt (1957) model®l] £+ 4
EodulttE Ao MAlsls ZaEet x99 HAIAGA S L FAHHNA
AH S F4317] Y8t Beverton and Holt (1957) model & ARE-3}HATH 2

( _ —(F+M+nK)(t,—t.) )

1)

A7, L: g, 0, =1, 2 =3, ©,=3, 2, =-1°I", Bertalanffy
37Ae] AR o832 HWAZF (w,=230336g), AIAF (K
=0.1794), Wgo] 0% We) ol&F A (1), IFIAAH (1,=081), ITIA
3 (1,=214) 2 HAnAY (1,=94)F AH&aATh
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6232 AA F,, W
Fy & ©olgo] & WY 7HdBAE A tidk 715719 10%) s
AGArgAGolty. A F, = Beverton and Holt (1957) model & =7Fo] &AM

Aol sl wlREe} ohg A TR F 21 Azkel 10%el Ashe koA

((‘7 n)
AY/R) _ st 233 (M+nK)Q,e "
R =0 (M+ F+nK)?

—(F+ M+nK)(t,—t,)

(F+ M+ nK)? ((t, =t )Fy + (M+nK)(t, —t,)F— (M+nK)]}

799 AR mdo ol3te] FojR ZpAA s ool AFH ¢l
S u) AAAY S V]Fo 2 s, I AR ] 35%9) 40%E FAE 5 9
= TUHAGALATS B Fopg o Fygp= T8 TH

—n,K(L{‘* //n)

- B 4
F+ M+nK) *— -°

—(F+M+nK)(t,—t.) )

3
—M(t,—t,)
— =me W, E
n=20

o] 7]4, SB (Spent biomass)t AFHAFAES Ju|sly o] 2o ALg-H

I‘EL
M

3
Al m)eF 1 9] BEE 32 919 Beverton and Holt model 29X ¢} &Y
AL AFESHATE 919 AolA ARSE AFE AsHle 14 0.25 24
4, 5A= 18 AH8-3tA

&

0.4, 34 0.8,

- 103 -



3
e

EALGFHY Petersen®] F24S viROZ 2007 d FFuITHE A o] =

= 20079 1A 1,896,1797H, 2412 726,89%6vH, AL
4415717}, 4MFE 120,524}, 54 57,9117H] Stk
FEg FAAAFS F37] At 4 AFE FAMNAGA A 3FAA Tk
2 A HAA TS ALSIAT (Table 6.4).
FAALHL 20079 1A 182,296461g, 24T 163,220486g, 34T
173,582,714g, 4M+-2 70439,062g, 5472 45371,552g1 At & FAALHFS
634,910,276g 2.2 FH = AT} (Table 6.4).
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Table 6.3. Esimating number of individuals of Sebastes schlegelii according to

time (year) in the Tongyeong marine ranching area

age parameter 2007 2006 2005 2004 2003
X

i

6}
S0
2

=4

>
. .

~
QX

8

=4

=
[

>
.

F O X

=4

[

$
. .

O

N

&8

= 5

729,189

90,294
147
7

1,896,179

—_
Q
S

> 8
<.

i, J

N2, 2007 NL2007

726,896 1,896,179

Esimating
individuals
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Table 6.4. Biomass (g) of Sebastes schlegelii estimated by age class in the

Tongyeong marine ranching area

Age 2007
Individuals Biomass (g)
1 1,896,179 45,371,552
2 726,896 70,439,062
3 441,571 173,582,714
4 120,524 163,220,486
5 57,911 182,296,461
Total 3,243,081 634,910,276
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6.3.2. ABC, MSY +%
20073 wjEete] SRR ARS8 (MSY)H B=H2 58012
T (ABOS TStk £y 2 F4T ANASH YN (MSY)2 181,616,084g  (F

181E)0]H HE52 5§01 F-2 67,841,489 (& 67F) o]t} (Table 6.5).

Table 6.5. ABC and MSY of Sebastes schlegelii according to age in the

Tongyeong marine ranching area in Korea waters (2007)

Fy, Biomass (g) MSY (g) ABC (g)

0.147 634,910,276 181,616,084 66,557,414
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6.33. AR YAGA T R HPo|YAH F4

6.3.3.1. Beverton and Holt =dlof 2]l F+7
Beverton and Holt®] R 2 Zu&go] sl ZAg A APTAIST (018
BE) Ao TUHldRE s FAsted ag EFE oA HAAF (w)
2,30336g, AAAG (K) 0179 /year, A7go] 04 we] o
A, SAQAEAT (M) 05721/year, A1Z7FRAT (4,) 0814, oF7F)AH

(¢,) 214A4, 1813 HAHE (¢,) NS AT

oAGNAIAF ] Wstel] WE JHYFAFFHES AGAHATER e E
W A AIAIGAS (F=0.64)S 7]FoE2 E)
< 284 Ao EMET S dAAY oA AF AN FTHGAPEA
7HdRAL Y] Sk wvlet dRRT m& APAFAE o
SIfA AT o] 3~44] Atelell A TR Aol HdlE YERNATE o] E/RAI A=
274 o]%7t HA EZHgABAGTE EEGE TF AT FUkee A
& F dok MR T B ASE ol el 374013 1§
FEAIT7E 2.0/ yeard W HATh(Fig. 6.1).
AYNAIAF (1) gk EXFAABAIS(E) S 7HA (Y /R)THe] BAE
Ao R HEFig. 6.2). @A ol AT 0.64/year € o ZFFFALEO] TH
22 oA AH L SHANT o2 AL oA AH(2144)0] Atk
F5 73Ol FUee oA E S 2~54)

7HA oIt R A AT 0] 21441]) B9-= EXEEAFEAIFTE 099/ yeard W 7}
A

r
Y
re
ol
=)
Ne)
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Fig. 6.1. Yield per recruit curves of Sebastes schlegelii in the Tongyeong marine

ranching area (2001. 06~2003. 02). Y/R against the age at first capture (¢,.)

for various fishing mortalities ().

- 109 -



50 t
5.00
4.00
2.14
3 40 6.00
I= 3.00
©
£
5 30
é 2.00
5 1.00
Q 20
S
Q@
>_
10
0.00
0 1 1 1 1 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4
Fishing mortality (year ™)

Fig. 6.2. Yield per recruit curve of Y/R against fishing mortalities (F) for

various ages at first capture (t.) of Sebastes schlegelii in the Tongyeong marine

ranching area.
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Fig. 6.3. Yield isopleths for Sebastes schlegelii in the Tongyeong marine
ranching area (2001. 06~2007. 03). P represents the current state of fishing
mortality( ) and age at first capture (¢,).
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Table 6.6. Yield and spawning biomass per recruit of Sebastes schlegelii in the
Tongyeong marine ranching area in Korea waters under harvest strategies
on Fyux, Forr Fysor Fuoy

Age at Y/R (g) SB/R (g)

. wax  Foa Fiso,  Fion
flrSt Capture F]\JAX F041 E35% F40%

0441 0180 0350 0298 3232 2599 2274 2599
0861 0147 0478 0402 4236 2394 3352 3831
2560 0133 0.621 0516 4898 19.86 55.62  63.56
>3 0125 0772 0.639 4986 1490 5215  59.60
>3 0120 0945 0.782 4353 1018 35.64 40.73
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