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Feeding habits, Maturation and Spawning of Spanish Mackerel

(Scomberomorus niphonius) in the Southern Sea of Korea

Joo Myun Park

Department of Oceanography, Graduate School,
Pukyong National University, Busan 608-737, Korea

Abstract

The feeding habits, maturation and spawning of Spanish mackerel
(Scomberomorus niphonius) were studied based on the 445 specimens
collected from January to December 2004 in the Southern Sea of Korea.
The size of Scomberomorus niphonius ranged from 261 to 1054 c¢m in
fork length (FL).

Spanish mackerel was a piscivorous fish which mainly consumed
teleost fish such as chub mackerel (Scomber japonicus) and anchovy
(Engraulis japonicus). Its diet also included small quantities of shrimps,
stomatopods, cephalopods, crabs, polychaetes, amphipods, cumaceans
and copepods. Smaller individuals (<60 cm FL) consumed a variety of
organisms such as Engrualis japonicus and crustaceans. The portion of

these prey items decreased with increasing fish size, and this decrease



was paralleled with increased consumption of Scomber japonicus and
Cololabis saira in larger individuals. The prey size increased with
increase of fish size.

The gonadosomatic index (GSI) of the female was the highest in May.
The spawning season was from April to June. There was a significant
difference in sex ratio between females and males (x’-test, p<0.01). The
percentage of sexually mature females was over 50% for the size group
between 50 cm and 60 cm FL. Fecundity varied between 201,156 and
836,426. The relationship between the fecundity (F) and fork length (FL)
of the fish was expressed as; F = 4E-5FL***®. The relationship between
the fecundity (F) and body weight (BW) was expressed as; F =
581.42Ln(FL) - 4108.5. The first spawning length was 41.8 cm FL.
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I.4 &

15 0}7} (Family Scomberidae) o] F& Fo] & (Order Perciformes)ol] &
e A AARez Fa@ AYA olFolH, $ae AdE 1735
2d3te Aoz BuHa YT (Yoon, 2002). iFold oFe ¢
FN4 2 olFe FASY olEsh= AW RolF (pelagic fish)olth
(Chyung, 1977; Yamada, 1986). $-2|ute} <Atell &83te 15oH oF
o &I ATE 1960QUIFE o]FoiFHEH, 279 dFE FAVLEA #
F A793, AEel #F AT 19708 159 A& 4G (Ann,
1970)0] #3F ATEHE AFHAE AA7EA] Ul TR o
Foll ozt AFE FEo] FAFETEE dTFECINT Aol aF AT
< ob3 g Feiel Ao

A=) (Scomberomorus niphonius) (Fig. 1) Lol d &3te oJFo=
SEuet A - G E HRS, FFF3, 8 FHoIF A A4¢ £F
F2 A2t AXE B A - FEe dAgez olFsty 4dE skx
7Hee 4%S 98 9B oz oFdoh AAe 27| A7) w¢ w P
3} F e/ geld vhFol AF 33~46 cm 71A] zAkx, 7 1do] W 57
cm 74X AAsH, Hd 110 em 74X AAdte ez dEA A9
(Chyung, 1977; Hunter, 1981; Yamada et al., 1986; NFRDI, 2004).

&9 A4 A g Fade A3t B 77 GdsHA
2o gt} dEAAY A3 E A Kishida (1985, 1986, 1989)qll
o3 ddF 4R, HolxA, BXe FfHo BT A7t e, Kishida
and Aida (1989)¢] ©& A<u @e] A7z Utk 783 Shoji and
Tanaka (2001)%} Shoji et al. (2001, 2002)9) &]8+ x7)9] wolgAlol B3
QA77} ATk olol Wael kel A4S AT T YA oY

rlr



Fig. 1. Photograph of Scomberomorus niphonius.



dx Bystm Axe WE 71z A ATE A o|FeixA &%
T}. Whang et al. (1977)0] S|3 R¥ 9} Arjol B8 A7/ 49 AN
A AFHT, 2 9 AR @ fAFe] Ao B AT (Kim, 1972)
7 e,

AFAEA HolF (food web)olH HF9) AXNE FAdD Fad
X oo AHATE FAAAGHoZ 1 A} B woh B AT
Ao 9 YeE EAL Fao F Hol4Ed 4 otE Holg4d
Mate zAlelm, AAs £AS Fato Adv|e dae AR ws)
9 TA5E zARI AA ] AU 7x ARE AFSHuA Fok

2
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o. As % ¥y

B Ao ALEE A AlEE 20043 1904 129711 e R @&
d 93 Exo . BYAE B A(Fig. QoM Ada Fdel o)
olgE AL RAFFAANZANM TUHAT 7FAH A EE ice boxol H
et 24 AdAz eutste] 4 AMY AR (01 cm)t AF (01 g)&
24% 5, 2 AAAAN 9, 1 AALE RBE¥td 4749 FFE 01 mg
@9 7AA ZA3 A

w, rd

N

1. A4
AAATE A8 Z+ AR BT A& sFduA ofolA A&
Eg B4ttt Holx HdE HolAlEL Takeda (1982), NFRDI

(2001), Yoon (2002) 5& °l&3ted T3 Th
Hol B ZFHYE MAFE AFIAR, HolHEY Z7]E mm G
72 Z2A&Ack 2 F FHEE AF7)o) 21 80TA 2443F ARA)
2 9, AAALE o]83d AXFTH S 01 mg FH7A FAH AL
AU L ESY 24 Ages zF Yol & v WL, HolHE9 /A
o9l AxFHFuE Jehgdoh 2dE (F)e g 2ol Tt

F(%) = A; / N x100 11

A71M Ae dlE HoldEol fINEE F dxd A9 AAgela, N

2 A&l WEEo] AAR AR e ATl

Holg HolWE o AF A A4 (index of relative importance, IRT)=
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Fig. 2. Location of the sampling area (@
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Pinkas et al. (1971)8] 24}-& o]&3}d T3t

IRI = (N+W) x F 1-2

3714, N& Hol A& F MAFol et sjF He]YEo] AT YEE
oln}, W HolBE F AxFTFol uiFg WEL|R, Fe 7 Yol E
F@Nzo|h

T3 7 HolBEY FRF2AFE
4] (IRI%)E F3tHh

T8 A7) A% golg WaE dotnsl s ¥ AL FIA
4 (gonadosomatic index, GSI)9} ®I¥tE A4 (condition factor, CF), A4

8 E 224 (stomach content index. SC)E o3} o] F3{h.

&2 @t FoFadA

Fit

GSI(%) = GW(g) / BW(g) x 10 1-3
CF = BW(g) / FL(cm)’ x 10’ 1-4
SCI(%) = SCW(g) / BW(g) x 10° 1-5

7] GW (gonad weightys 24 F#Fo]x BW (body weight)= A
%, SCW (stomach content weight)= YW 8% F%, FL (fork length)2
7}eol A o]t

2. A& A
X 7 AAE A2 2ERRAN & 58 PESAD, 44L 3
2|4+ (gonadosomatic index, GSI), & %A% (hepatosomatic, HSI), v gk

% A4 (condition factor, CF)E 3}t



HSI(%) = LW(g) / BW(g) x 10° 2-1

714 LW (liver weight)= zte] FAlo]i, BW (body weight)= AF,
FL (fork length)e 7}3o] @ Ao},

THFE G FAE o]43 FHY (gravimetric method)E AHE-3}o
st

ANz WRTZe AAax wae xA5AH Wstes #E3] 9ty
ZAFES AFsPct ZFHAFE AR FFE AL E Bouin's
solutiond] 24212t A3 F FAe g9 #FS ARG olF HHEe
Z ¥jg H 4~6 m FAZ A5HAS HEAT ZHARE A2 =7
EEE xylene 404 Aetas AAT & ¢33 LA AsE £ 24
2 AR E AXH Z2HdA FEE F/PAG. I F Mayer's
Hematoxylin#} 05% Eosin® 2 HnGH sgorm, 2AFEe #FI AL
&g Olympus BX-50 An|7A 3ol A o] Fo)Ht}.



m. 23

1. A

11 R &E =4

B A7olA AFEE A9 F AASFE MRS, olEL 7HEel
A% (Fork length, FL)2 26.1~1054 cm ¥ $1& R {4t} (Fig. 3). o] 5 9
WEEo] M3 AR &L AAE 20242 454%] DI TS F
5E&S B0

ARG Eo] wE 24370419 HNEE ¥4 A= Table 13 2. 4t
8] A F83F Ho|YBL o]F (Pisces)Z UENGTE o] FE 63.8%9
Z2EVEE RJon, F HRE JAFY 216% WA AXITHY
985%% AAFAT FHFLAAFHE 848%AH. oAF FAM= iE
o] (Scomber japonicus)7} 7bg F83% HolAEo|EH, AA HxFHFY
483%E A &Ach nFol thFo g Wol Hold ojF= PA| (Engraulis
japonicus)2, AA AZFHY 15.0%E 2AA3At 28]l AR (Trichiurus

i

lepturus). 78] (Trachrus japonicus), 58X (Cololabis saira), < (Psenopsis
anomala), XX (Argyrosomus argentatus), MBlE 2] (Myctophum nitidulum)
5 F 839 ARV AWEEA HAHJeH, 4 AA AxFTH
13.8%, 10.4%, 7.2%, 1.2%, 1.1%, 02%Z =} X3t}

Fig. 4= 43 SIHSEAN B48 P48 HolFE Apxlolth 4%
e 9x (Fig. 4A)9} Zo] vmA & =79 Ho|HEL FAE WA=
Rhd, Zx), X, 1%} (Fig. 4BCD)st 2ol wlwzd & A7]9 Hold=
& olwg o] 83t Holg et AVl Aoz YEEH-

AF Lo N$F (Caridea)’} T3 HolHBRZ YebdEd),
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Table 1. Composition of the stomach contents of Scomberomorus niphonius by frequency of
occurrence, number of individuals, dry weight and index of relative importance (IRI).

Occurrence Number Dry weight

Prey organisms %) %) %) IRI IRI (%)
Copepoda 0.6 + + + +
Cumacea 0.6 + + + +
Amphipoda 1.2 0.1 + 0.1 +

Gammaridea 1.2 0.1 +
Caridea 23.7 60.6 0.6 1450.4 16.2
Acetes sp. 10.2 1.8 0.1
Heptacarpus sp. 1.5 0.3 +
Leptochela sp. 6.0 29.5 0.2
L. sydniensis 3.0 8.3 0.1
Unidentified Shrimps 42 20.7 0.2
Brachyura 1.2 04 + 0.5 +
Stomatopoda 11.2 17.5 0.3 1994 2.2
Cephalopoda 10.1 5.1 0.5 56.6 0.6
Polychaeta 3.6 1.6 + 58 0.1
Pisces 63.9 145 98.5 7220.7 80.8
Argyrosomus argentatu 0.9 0.1 1.1
Cololabis saira 1.6 0.6 7.2
Engraulis japonicus 30.8 7.2 15.0
Myctophum nitidulum 0.9 0.8 0.2
Psenopsis anomala 0.9 0.1 1.2
Scomber japonicus 6.6 1.6 483
Trachurus japonicus 34 1.0 10.4
Trichiurus lepturus 12.5 1.4 13.8
Unidentified fishes 6.3 1.7 1.3
Total 100.0 100.0 100.0

+ : less than 0.1%

_10_



‘snmiuoydiu sniou

0429144006 JO SJUSIUOD Yoewos urewr Jurumoys syderdojoy

i4

311

_‘I]..



20.6%<] 2ANE, 485%2] NAFH], 06%2 HNEFTHUE BRAoH, 4o
T84 112%%Ath A oA 2HE e FLEEPSF
(Heptacarpus sp.), EH7|1M-F (Leptochele sp.), X715 (Leptochela
sydniensis), RAM$5 (Acetes sp.) ATH

I 9oz AVMAF (Stomatopoda), 7/ (Cephalopoda)7} 7tz} 3
AzZ% 03%, 05%S A3+t 2 wro) AR (Brachyura), 7AA] 3 o]
5 (Polycheata), ©ztF (Amphipoda), Fv}HF (Cumacea), 277
Copepoda) T 4219 YU&E FolA LAHUY I o] HA A
F%Y 01% o3tz wi$ Aok @A AAe 2T, EA, B,
A FY AFE FE Aoldte oA oF (picivore) Y& & F UM

Lo

—_

BN

off

£

12 33 & Holxe] W

A Qg me Hel Ao watEs setsr] st A4A ARE
10cm HZ o2 87} 27|Fe2 YA 2433t} (Fig. 5).

B 2AY BE AP 7 388 HolAEL oRAH. & A
o 7¢ #& 271F¢ 26~30 ecm FL 7|2 E EA7F JA AlE&E
AxFFY 564%5 AAGA M FaFd HolAEoIUY. 1 HEoE
259 27 42 204%, 31%E A4 (Fig. 5). 30~40 cm FL
A7) E I} X9 H&L Z/18td 24zt 743%, 14.9% S VERD
W, 7H2hge) wge A 63%2 HAT AAe o g me
Y| 9} 7ztFe wgLe adm Z e Ffigol 718t 40~50 cm
FL Z7|Fel e 9x7F AZxF 39 483%, 27} 321%, #24F7F 21%
£ AASHAG 50~60 cm FL A7) FdMe 157t 2dste 1z
o 124% XA WA B, A, HAF vge gadte 77 A
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100%

| @ Others

B Crustacea

O Others fish

| B Psenopsis
anomala

B8 Argyrosomus
argentatus

OCololabis
saira

B Trachurus
Jjaponicus

Trichiurus
lepturus

O Scomber
japonicus

M Engraulis
Japonicus

50%

Percentage of stomach contents (by dry weight)

0% i  —
26-30  30-40 40-50 5060 60-70 70-80 8090 90-110

Fork length (cm)
Fig 5. Ontogenetic changes in composition of stomach contents by dry

weight of Scomberomorus niphonius.
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2ol 43.6%, 12.9%, 11%S A8Yct 60~70 cm FL A7|FoAE 24
] Zraste] zZtzh 21.0%¢F 1.2% S JERAAR 32
Z AR gt wd 1FolY e F43
01%2 2}=x3t¥c). 70~80 cm FL Z7|FolAM e Z&
A2 o] ol AolsA &%l 80~90 cm FL ATl e BXE ¢ o
A AdolstA &gkt WA mFol, X, AF 22 HaH 2 A7 oF
o] Aojeko] F7tatr] AlFstel 7HF & Z71FA 90 em FL o ddM=
nEo 7} AZRZFF] 56.9%, FX7t 158%, MEo| 11.8%, BFA7t 8.7%,
74017} 51%E AASA

ARNE AR we F YolAEQ oFe AV Fste B¥E
BgEd, ol A4A7E Al wet 4o 2717 FUkskd | 2 AAAE
& Ho|d F A B AF}olt} (Fig 6, 7). Fig 62 BHA 7P AL A7
26~30 cm FL Z7)lZolA B@ Mol AE =77t 11 am of BRI L
o, Hol 4B WX & Fe 27|19 offFe M¢F, AZMARIE dF
Bolth o] Alole A7} Ho| £aFE FF37] As) 22 F714 A

< o] Holgtdtk ¥ o AFse 30~40 cm FL A7]T M= Hel
A8 FF A7)7F 29 em 2 FUBEIRE, olv AV vinA 22
Fo] v go] A o|ARE Holstdd HA O HE A7V F7HHA
7] gEojth. Yol EE nFo7t HE EPY 50~60 cm FL 27Tl A
Hol g BF27|7F d F7Hete 71 am & JERAATH 60 cm FL ©]

e 2NZAAE HolWE BRFA/t FA8 Fek AR 2 aKE

u

rr

¢l 90 cm FL ojAte] @7|FolAe HaF= 77t 16 am o] E3tAth 60 cm
FL o3l XE tRE Hol4E (o]F)o] Aade AGe 20% o A7l
gy, A4 24 AAT JelM @5 miEe o Frt AHUT oA F
e & Ave AR AL 1AF} oFE HelWER W Aole
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Fig 6. Relationship between mouth size and fork length of

Scomberomorus niphonius.
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Fig. 7. Ontogenetic change in size of prey organisms in stomachs of

Scomberomorus niphonius (Circle and bar represent the mean and range).
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2. A A

21 YA £FFAS (GSD, AFFAS (HSD, MIDVEASF (CH] 99
5}

Fig. 82 2004 19%E 129714 19 F¢ v g AR AX &R 9
¥ GSI ¥igls RAFo. A9 GSI e 3¥el 0359 o]l 1 °olF
Z71817] Aabsted 490l 0669 e HRowH, 5¥ele /M w2 4229
e BAh 1 olF A3V AAE 69 2759 e By 9¥U
14 F P8 22 0199 3 Bt ol e GSIY U¥FE FFE
Hol X9 Aghr|s 46909, A4 A7]= 5YAM 68 2EBo2 B
l2azl=g

AR e 9 FFAS HS)S HnEASF (CHE ZASIE 23
(Fig. 9) ztzt @ gto] 490l 713 £ 8349} 3788 RHo|thrt F 3&7)
A 5YRE FAS 7AdeE AFE UG

22 Avl 2 FASE

Table 29} 32 2717k B2t AX]e] gule} Ad Hdxd 4R v&
& RBolFETh 50 cm o]dte] &8 AT A& MAG A0 T
g3tz ¢ol AFEl FE AV 4 A HEG AFEl oHAH
a2y 50 ecm oAl E FEF ApEo] HAL 50% oY TAsE
o Bgon, AT FA AHE 1.068F 423 AolE HYTH (x-test,
p<0.01).

A gAY A9 40 em ot A= A% AT @A w#kor,

_17_



7
6|
s 5
S !
= 4
L2 !
&) 3|
2 |
3
o T ED

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
Month (2004)

Fig. 8. Monthly change of gonadosomatic index of female Scomberomorus

niphonius.

_18_



HSI (%)

10 - - . [ — . S —
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Fig. 9. Monthly change in mean values of hepatosomatic index (HSI)

and condition factor (CF) of female Scomberomorus niphonius.

_19_



Table. 2. Percentage of immature and mature females of
Scomberomorus niphonius within size classes for the spawning

season
Fork length Females
(cm) n Immature (%) mature (%)
26.1-29.9 22 100 -
30.0-39.9 38 100
40.0-49.9 67 79.11 20.89
50.0-59.9 23 3043 69.57
60.0-69.9 18 11.11 88.89
70.0-79.9 6 - 100
80.0-89.9 - 100
90.0- 5 - 100
Total 183
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Table. 3. Monthly variation in sex ratio of the adult Scomberomorus
niphonius

Month Female Male Total Sex ratio
(2004) (ind.) (ind.) (ind.) (F/(F+tM))
Jan. 18 17 35 0.51
Feb. 8 7 15 0.53
Mar. 16 16 32 0.50
Apr. 7 12 19 0.37
May 15 5 20 0.75
Jun. 1 3 4 0.25
Jul. 9 11 20 0.45
Aug. 9 - 9 1.00
Sep. 30 27 57 0.53
Oct. 56 26 82 0.68
Nov. 52 30 82 0.63
Dec. 9 3 12 0.75
Total 230 157 387 0.59

._21_



40 cm3H A2o] RIS ZASE 50 cm o[ARE o]FjHE & &
7 A9

23 AAF7] R G 2ATA AT A

o]F W HAAFL dof Fey 5 4 GAA, 3¥/5H ™ 2
dita QX AEe WwERs aEln Y e Foll o3 FEED O
oz olfe AL 2Ae 5—6wAle BAL AU AN i %
gdaitAlE 3B 2 FX7] (Recovery and Resting stage), Z7] A&7

au)

(Early growing stage), %7] Al&7] (Late growing stage), A%7]
(Maturing  stage), €%7] % W#7] (Ripe stage), H3 FF7I
(Degenerating stage)e] 6@AIZ UE 4 AU

Fig. 102 4tz 99 dadd G4 S RodFa o). 1093 199 3
2 g FA7Y vAa Yo g3 A9 AARAHAME B2 TE
F2AH AT 10~15 mm WS FAMEE] +HH LR Yoy, ofF
o] NEAL FF sg97148S dehden, 2 Axo o 80% old=
A28, 3 yolMe | dFHJT (Fig. 10A). 23499 =7 4
A7) daolE 40~120 me] 7] GEANEES X33, o5 AE9
& AXo gRES oFT Jdon He AR dHAol I ) nEA
UEly s hamatoxylinol]l g5 E o9 s dFwd 127 s}
ATt (Fig 10B). o|% 42 4Fe+s dasd e 2AY 24 Aold
HolE 200~300 wm o FWQly] dRMEE] YFEEE A, ¢&F
Eo] ¥AHY AXMEZFo] mofstA LEstn AAG (Fig. 10,C). 349
37 BR71e dAEAY] FRoERY 449 dBT77F 4= A
3lx, 289 77 B d7Ao] 300~400 m Dot 1Ejal AXEAME
& AF HgstA He dRAEEse] $3Heg veyA HAud (Fig

ol
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Fig. 10. Photomicrographs of developmental stage of ovary in the
Scomberomorus niphonius. A, Recovery and Resting stage; B and C, Early
growing stage; D, Late growing stage; E, Maturing stage; F, Ripe stage;
G, Degenerating stage: Dg, degenerating oocytes; Eyg, eosinophilic yolk
globules; Fl, follicle layer; N, nucleus; No, nucleolus; Og, oogonium; Ol,

oil glouble; Op, ooplasm; Yg, yolk golbules.

_23_



—
o
S
1N
o
L
o
ox.
Hy
N
2
o)
2
i
)
>
e
48
rlo
i
=
P
of
X
ﬂ
)
!
i
(o

2 gds FoEe AEsol $AHoz AFHNAT (Fig 10E). 5904
69 Z& $%7] dao URES ¢ 600~700 m o $& GEAEEO]
AAsE, de HEAe FFe N¢H FEIoz oAU ﬁg
10,F). 79 o]%9] EH3FF7|de Wae vpzl dao ddol &3}
nEde Axde 237t dojurl AlFsistt (Fig. 10,G).

24 X3

Fig. 113 12 4x)9] 3 47| 593 69 AP¥A HA 4R A
A3 AFd ©2 IFF FAS BRAFT AX9 AAT THFE
201,156 ~836,4267) ¢] WS BYon, HF ITFE 4616977 It

AAE TF5E 1A AF 60~70cm Z7IFAE HT 347,06070,
A 70~80 cm A7)FolAE 593,64770, 80 cm o] A E 766275702
S TH3IY A Fo| FrtFel gt EIFTE FUhsle A¥e R 4
A7z e A9 AZs TR @A F = 58756FL™ (R =
0.9539) 2 UbElRTh

A" TISFE 2, A3 1,000~2,000 g HdME FF 21715270
Ge ¥IEgon, 2,000~3,000 g ol AE 3802357, 3,000~4,000 g oA

717,0497) 18] 4,000~5,000 g M= 83642670 & X3t H

Fol F7hgel wet X35 =3 Frkske AFES BAG A&EU3ES
A2 e AFEH TB5e] BAAL F = 58142Ln(BW) - 41085 (R® =
0.9302) & EbsiTh.

=
i
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Fig. 11. Relationship between the fork length (FL) and fecundity (F) of

Scomberomorus niphonius.
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Fig. 12. Relationship between the body weight (BW) and fecundity (F)

of Scomberomorus niphonius.
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1 44

11 AR &E =4

B Ao X9 AWEES EMHE A THEL 454%F e
WAk olfe Fa HelAE we} ool F (piscivore)} vl o4 Ao
FE FEE £ Jded dutd oz ofAAgol{rt HlojAgojiol Bld x
FEEE B NF7A o]FoR offe A4 dAFoA WET}HA
Pholis nebulosa)®] FE&L 68% (Huh and Kwak, 1997), @/W%¢5

flo

(
(Favonigobius gtmnauchen)2 3.8% (Huh and Kwak, 1998a), & X|7}A}w]
(Limanda yokohamae)= 65% (Kwak and Huh, 2003), 3B 2|’ (Sillage
japonicus)e 10.0% (Kwak et al, 2004)2 tiFE HloJ44g olfF< 10% W
go e FEge uth 2y S Weel Agste oj44
oAFQl mX|17) (Sphyraena pinguis)= 34.1%2 TE &L RS (Baeck
and Huh, 2004b), YE Amitori o] AMAsle= BEH A FQ
Cephalopholis urodeta’= 46.6% (Nakai et al, 2001), 55 thA{ Yol A28}
t 712859 Raja clavatays 37.1%, 3152 Galeorhius galeuas 47.7%
(Morato et al, 2003) 5 Wi}& o34 o{FEL 2 THES EA
2 AT By o2 A4A A g o4 olfs Bol Be IHES
B It}

A7 e 5ol AFEL YRR AFE F Ho|HEER 3
= oA oHF 2 Vet (Kim et al, 1997, Watanabe et al, 2004; Cha

£

et al, 2004). &= Z&jol &8ss 1150 (Scomber japonicus)e] 735 ©]
27} AxZee] 894%E A5YTH (Cha et al, 2004). X&) ol A4
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sl Foiero] (Thunnus obesus)9}t 8tlado] (Thunnus albacares)e] 73-¢
F7F AxZ%Fo 24z} 90.7% ¢ 80.7% S AAAFHI (Kim et al, 1997), B
24 oot 3l 7ol (Katsuwonus pelamis)e o1/7F AE2F Y
720%8 A5t (Ankenbrant, 1985). 1g]1 Helgoke] XNAse @
Mol (Thunnus alaunga)®l 75 &, A%, 7Fed Zz o{71 Adzx%
2fo] 70.8%, 96.9%, 943%E A5Gt (Watanabe et al, 2004). o]s} 7
o] IRE 1T oFE HoAEEA oFfVt /ME FaHx 1 9
ZH, FEF Fol #AHAeY I Fe §A %o
B ZoA dRFL e & A= 32434 (Cannibalism)& R

de AA WA F3}3 2R}
g Helste A%, A TLAI7I H&
st AS, AA o7t 22 F9 9
A1 E Aoldte A%, UA HHoZRE e S HIsTrt ¢ o
4 B3I Bobesd W Al g e dFAste A, aAA A7
BRHAL o 2 oulo AMAZE A7e] FFREeE HIAHAAE FF

2

rg
2
M)

rO
| )
2
du
2
X
()
)
A
e
o
1
r_ﬁ:’
ox
lo
o
oﬂt

Fushimi, 1988; Fukuhara, 1989; Hseu, 2003). X|Z7}%] Uil B3 of
A olFe AAATFANA FHALSE  (Pseudoblennius  cottoides), ZA]
(Trichiurus lepturus), o}# (Lophius litulon), Z1X|117]| (Sphyraena pinguis)
A3 FAEALS RYY (Huh and Kwak, 1998b; Huh,

olft
rlo

=
S =

o

1999; Baeck and Huh, 2003, 2004a). o]#3F FA&do] ofH ofF R
A & A 4T #ES T3l AT A V@ AT
(lizuka et al, 1989). 28]y} Ga17] (Zeus faber)?t 22 A4 ¥4 oF
B A4S Holx gsked, ole A BREZA FHAAN FFE XY
32 ¥y wgro g 2331 7] wiEo|t} (Stergiou and Fourtouni, 1991).
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B AT A e 2ARYE wolA Ptk 2y YR Rud
HH 9 Agole] A4 AN JREE F 2T A9 Folst AN
3, ARl ANATAN ANE i AFRE Po] RIH 52
Aoldle FAEAAL HAYu HuPtt (Kishida, 1986; Shoji and
Tanaka, 2001). £ AF)HE fol7lel e 42 NaE 78 471 Qo]
A sol7l ARe) Hol MBS ¢ F7t o, dald EdstE A
9A AR A7 FPeA fol7] HE Lol AT ANSo N ¥
e FAAAAS BY Ao g FHHEG

@3 23 e wEole F HolABL oJRIEH T FolA
"7t b £8% Hol MBI TR B AFNN X F Hol
YBe oAFFolN ZEOIAT (Table 1). Wb &3 23l FEEF
AESPR->IAFo]oAAE o]o]AE Ho|AlE (food chain)o] &) 3

22 ¢+ AT

1.2 3o & Hol|FAo W3}

olde] A7s B ATE EUE AXE 299 HolAZE FE & 7}
ARG B AFoAME 26 cm ©]3tY] X ARE TE F7F 1o o™
Ao AL ¥ AR, A Seto W3 AMA3t= HA Fole
o] F Aol E Aold At (Shoji et al, 2001). WA 3= Fafo] EHE=
A GA] AQbelA Abehg B H3g old MA= F2 oF AE A
olgtn 1 9 2% FE FTHIAES Ho¥ ALE FAHIH. HE 1T
oz} o|F JAl Foj7lw oF7t TG HolRE oA MEHEYF A=
o A siohgo] (Katsuwonus pelamis)®t thgold oF (Thunnus
spp)EL Fol7ld ofF o9} dnitiAYolFE Aol (Tanabe,
2001), EhA o] AMAsts @lgFoe oAF A9 F=5F, AA4FE
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o]a} Yt} (Pusineri et al, 2005). AXE 1 F o= AT WA 60
em FL 7lA& Agtel MAZHA 22 =27]9 oFe AM$-7F, A7HAF
2o [RRFE Zol Holdte EFAAVE /¥t 28] 60 cm FL ]
59 9o} Ae gtk 2o shAA nFoiet e winy & A7)
F2 Aoldle 100% 9% AHAVIE 712 Aoz wddn. ojg 2
o] mFo|T oF old MAe & &4 ¢, ddd 2L ojg 59
Fepety AL /A1 Ao} Fo7IMRE oL 7§ a, 27
of We AFL o] PAUEs} T WA FF Hol BN FHE
RA& 4 U} (Hunter, 1981; NFRDIL, 2004).

2. s A

21 57|

B oApgA Ax gAY 99 AAAZFHR S (GS), HEFA S (HS),
HRE X (CHE AHE 43, AA2FFASTE 5994 Hdge B
FZFAF) NneAFE B 499 NS BRI o7 BFFA
AN AUE 2FHFY 44|, GFAFTEAQ vitellogenim®] I T3
Al (Aida et al, 1973; Miller, 1989), vt A= Hol&d AU
cmEkA A7) Ao ¥& i FA S HTEAE g2 Ade 6
FUFHE FABGI} Abgo] NFHW PR FEFHE FEol7HI
of I Tl Fadte Aoz wudd. = Atd dHsle 29
F

o]

~

¥
i

i
[,

rlo

£ o L

e

% (Acentrogobius pflaumi) €A 7] AQ 499 4% 1 e 2
4 (HSD9} ¥Igk= x4 (CF) & Bgom, Ad7IQl 54 o|% 1
A3tE AgS B YT} (Baeck et al, 2004).

Aida (191)E 27 W 5 @484 & o7 A FES &4
AT, A Ay, sHA ARy, F5A AEE, A AdE, FA

gL ol

g

_30_.



F39 e7lA 2 ATk E AFA A9 Aerle 4582 yEhy
Fal HAAAL Q57 AR A} SAYE DFH o F F @
T A2l AMAse nFole AR7I7F 3~5€ |l (Cha et al,
2002), #Alsgle] A Asle gl o/l Scomberomorus maculatus<
23717 5-89 oldt} (Schmidt et al, 1993). 23y A& oAFLA
Scomberomorus commerson®} Scomberomorus cavalla®] 2F&7l= 24z 10~11
2, 10~39 olted, o ¥ F& 24z £F A% A%, pvepd A% 9
¢toll M At Eul7 Fog Ryby T3 A4 H2 ERA 22 AF
A B A ARNE MRS & F UJT (Sturm and Salter, 1989;
McPherson, 1993). o]} o] ¥ mEolsh olFEe A97 Fol v}
Ad7)7E R gio), AR FUEA FEII7E BN 2HAFTA
Q EshA A 9 & 7 Ak

A7 HEUe 1F01H oFEY o MAe & v 4, FH &
g% olw Fo #FeFdH 5L /AL oA frol7] HEH AH4E
M S da, 2716 wE 3RS st AAEET 22 WA B3t
Ho| AN £98 2= 4 Qrt (Hunter, 1981; Kim et al, 2004). 1
Zla REE 150 olfo FAIE FoA xAFLE dHA UG
(Kim et al, 2004). kA e 2 Aojajele] F2 AAse 1EH of
F5e 9% A0l Mg B BolA xodgd AA7NE AHPoA
(Nybakken, 2001), #3138 oA7/fA A FHT #olE AFstd 2714%
2 Wz st AdRAL HATT 4z 2 5 sl

197330 B X8 A37lE 62 dhwollA 84 shEolRUil (Whang
et al, 1977), & AFoA 4A e Arle 4doA 68 2roE YER
o} 3009 do] At AFoA o9k ol AR 47Tt of 24E & TA
Aohe AHEe v$ 58 93 dretn ¥ 4 ok o2 JHA #38
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glo] ol2|d ANE FAKXS Acletm AAHAW, Y FaF BH2Y
e A7 ezl B 8% A= Feds WRolgn Yol
oFel F agvle 4e3 YA BAS AXI Yed (De Viaming,
1972, A 30d QG @F gl FFsyee o 1T Ao
(NFRDI, 1967-2004). e} 4\e] @7l se4%d wet of 12 3
T ¢ BARNS Aoz woHET 2y Foz odd Wit o adl
o este} wkor, oz @ Waslel i@ A AehA Mol W A7
9% olfolAop & Zoltk.

22 Jul g} FAHASE R XG5

B Aqoa A9 dg £ FHle 10682 ekt HA7F &
HUeE 15 oJFF Scomberomorus cavalla®}t Scomberomorus maculatus
o] Aule 7z+zt 1:0427 1:044 Fow (Sturm and Salter, 1989; Schmidt
et al, 1993), @ lthZol (Thunnus alalunga)e] 7% “gwiz} 1:0.45% ¢}
(Ramon and Bailey, 1996). o]$} Zro] mFojz olFEL U] F3
Hla) 1 57F o ®ol AulelA fojg o]E BT (xtest, P<0.01). L
g & Agtdl 23 AFY AsH A A7olN EEEH (Sebastes
thompsoni)= Adu17} 1:090103, AW (Cynoglossus robustus)e “dBI7}
1117, W%  (Chasmichthys gulosus)e ZdHl7F 1:1.04% oW, 2 oF el
(Repomucenus valenciennei)= “4¥)17} 1:0.995 R &, 7 F23 Zol&
Holx] oFutt (xz-test, P>0.01) (Lee et al., 1998, Baeck and Kim, 2004;
Baeck and Huh, 2004a; Kim et al., 2004). o]¢} #o] 5oz ojF7F o
g $59 ofol sl FAol $HE R AT ANAA RRe] &
ART O gAY, ARG $79 AgEel § ¥7] 4EQ A0 B
) (Sturm and Salter, 1989).

U
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nEoldt o]FE 15| (Scomber japonicus)® AS Haz A5 Fol
28.7cm @ om (Cha et al, 2002), Scomberomorus cavallaz= 58.5 cm (Sturm
and Salter, 1989) @/hthsto}(Thunnus alalunga)e] 73-%- 82 cm Aok
(Ramon and Bailey, 1996). 2 7oA A9 HiA AxAFL 504 cm
AExd, ot 31Fo HUE 10 cm oA FI, B2 & AF
Scomberomorus cavalla®} Bl om, dilttzo] Boge 2kt

o}F9 TTFE FL FAEY] A% Fad} AFF JUE oF, oF
o] A, AFA 7], A Tl w dAH, dEE oJFe A F
7hgtel wel ¥TF I Frlsle AFS Holx, & AR F Id5F
H %o ¥TFE 7}ATH (Wootton, 1990; Kim and Zhang, 1994; Moyle
and Cech, 1996). 1503} o|F ZF 15| (Scomber japonicus)®] EZ
114,611-465,8337] 92.™ (Cha et al, 2002), 3t}&o] (Thunnus albacares)
o] A% 991,129-3913,7247) F il (Schaefer, 1996), i F-& TrFolF oFE

& 20097 o)e] EHFE 7FAY (Kim et al, 2004). gty os & =
71e] Fo] e =79 FHU ¢ B TIFE VMG & A7Y FL
TS Y3 o 22 duAE FAFE 5 A7 "WEelHd (Moyle and
Cech, 1996). 5ol ojF<9 HF AFES HA 15, A, dFolF «
082 =82 & F7F Udvk (Kim et al, 2004). welA] AHx)e] xdgeE 1L
So] HoE BkAEL gFolFo oFfHte e F A}

e

23 A7) AF Holgo W
dutH o g olFEL Ay T AHolE FolAY A9 HolE A ¥
£ (Bond, 1979). BtiM %ol e dlTF ©f

A A7) Aol Ee AHol&E Holu 7] FE A HolE A
(e}

52 Gadus morhua®)



Trippel, 1999).

Fig. 132 Arx]e] a7 A5 &5 FHAF (SCNS W3S d<
wajFEy Qo AL FFASF (GS)E Fild AHE AR Y A=E
469019 o, F A@7E 5904 64xAct (Fig. 8). A ANWEE
Z2ZA5 (SChE AS7)1AQ 394 3.099 HAgs EIn A7) F<t
o1 ogko] A 6dole AF HAA 0729 & BT A7 €
g 790 1652 1 3 tAl Frhstdch ole Ay HAde A&7l
Bad duAe =HL s Holgeol AA FUHEE RoFn, A7)
& Aolge] A FAasdtgou, Atde] ¢ Foe Adr] FUt
g UAE BE87] A8 HolFol FI/BIASTE BAET

Fig. 145 439 YU EE FHXSF (SC)} vivtE A5 (CF)Y #A
RHaZEy gtk JUEE FEAFY NDE AFE AT v Hsd
< REt ol Aolg9 FUtet Havd we AUEE
g3tg T, vivte ¢ £33 HEEr] dELE Jgddn.

of

o}
H

A
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o
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Fig. 13. Relationship between stomatch content index (SCI) and

gonadosomatic index (GSI) of female Scomberomorus niphonius during the

spawning period.
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Fig. 14. Relationship between stomatch content index (SCI) and

condition factor (CF) of female Scomberomorus niphonius during the

spawning period.
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V. 89

= ol 2dste AXY AHATFE 3 FA dIsAA 20043
19528 129 742 AFE Fx9 AUEES B, AL #F
< -

B A7d AHEE AR Ade & 45AA fon, olg9] AFE 261~
1054 cm FL ¥ $|E R YT

A9 714 F23% Yol AES off (Pisces)Hedl, A Wx2TF9
9B5%E AAsH 7 F/F HelFEoIUT oF ol A%
(Caridea), %% (Cephalopoda), ZA7}Al5 (Stomatopoda)7} $IW-&-&o X
ol ANem, Azt F AxFF 06%, 05%, 03% EFH3tA}. 1 & A
§ (Brachyura), 7Ax]3o]F (Polychaeta)) ©7}F (Amphipoda), &72}7
(Copepoda), v}7 (Cumacea)7} #HAEAOY T Fe wig AU A4
AYLE FoA AP olF= 8Fo|Aedl, 15 (Scomber japonicus), 3|
(Trichiurus lepturus), BX] (Engranlis japonicus), Z178°] (Trachrus japonicus) <
o2 wotth o tgo g X (Cololabis saira), 2 (Psenopsis anomala), B
X] (Argyrosomus argentatus) W85 x| (Myctophum nitidulum) o] E7A% Aot

Ax)e] A W AAWIE BY, A 60 cm ol e ofF 2
2o ZF7E AolH AR, 60cm o) 7]l 100% o443E& HA
HAE AT wheh Ho] Aol Yoy, e ANSL AT B
52 #2 wglov dolst 99 a5e), FA 5w 2 Holg Aolatd

£

AR A8 ANLFFAT (CS)E AT 390 03599 gol T olF
Z7)el7) Agstel 4ol 0669 ghe BYW 5Yole F Y Fe I
4229 ke BT 3 olF Fasty] ARl 68ol 2759 kg HAT 99
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GSls} ZAFES AL A A9 di dddAde 35 8 FA7.
Z7] AR, F7) AR7), AL, ¢571 2 W@l 59AR s 4 UM
th 10904 190] 3B 2 FA7|& 10~15 m W) o] FAHES] £33
o2 Jehgon, 23Y¢ x7] A7) diolE 40~120 i o] 7] GEAMEE
S ¥3sta, 39 F7) AAVCle dAEFY FHOERE JFE Apold]
g7t A7) ARt dHol 300~400 m 7t Aok 49 o] F =7
HolEW d7o] 450~550 pm Wjele] HAR T3 FutE AEEC] 4
Hog WAHJM, 52801A 6¥xE 957 Fao] dFES ¢ 600~700
o] g GRAEEC] AA3HE 7Y o|F9] HEFFIdE W v
A9 Whdflo] AEde e AEAe Bt dojur] AlFsHoh
ZFHH0 23 A EAFE ZARIE AY AAY AT EIFe
201,156 ~836,4267) 2] WSS HFom, HF EPFE 461,6977) Aok E@d<
ot A, AZFe] BAAL 7zt F = 58756FL*™, F = 581.42Ln(BW) -
41085% JEbsTE.

AR 2] Atety] AF JUIEE THAS] HRdS AR, ] del
B ARZIES duR] HHE 48 Holgo] FUiel wet 1 ghol w3ter,
AR Aold AR 1 gho] TAIFAT, Aol Ed Folle Ay
Eek ang oA H3Fg s Aolgol 7l wet 2 el 9 F71
Eipiisy

B
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VI. A9 =

A o3 2shdm RGBS APAAN PY RS A o
% QG oistd Astel sl Bol W stgout A e @
3 wEe S48 U Wt e Ase FATY e Aol
A ol47l= Pk

WA S 25w RE AT o XAX A 2A AHAE ol7)A
A gy mED Aoz HANFY H48 Axwsdd 4 Be A

2 =gy agla o] =] ¢ B EEY =&l UNUF

iy

Utk ¢4 Agde duidezs A7 At g da dgsta 9
gu tEgog olFo FAR AP =EAEE EohFA FAw what
g, WES uhRA ZRIEPUD. a9 A =R dREe) 4¥e =

2AT B 2AL A5 2AY AR 2ALE =9y

AgzAtsh APold AP0z EoFE P57 soldAR A=
YUT 287 2 APAA A8 ANz Be 2ee T @M, 9
zlo], RFo], FRo], exlo], &3 AT ZAIERUT

Wetd HAE 2d Eo Asdt 4dE A5n =82 F AW
3 ojstely Waold, EolY, Beoly, @A), 4o, FYol, ¥
o, M3), $ANAE ZA=RI T,

del mE B0 AVl A o Al A5 AL, A A4 7
A 28 AL 5+ AT

dAete e ety AN A9 HolH EES WEEo] Hof
A, ooy, FolA A=

ohH

FN
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