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Spatio-temporal Variations in Species Composition and Abundance of Larval Fish Assemblages in the
Nakdong River Estuary, Korea by Hee Chan Choi*, Joo Myun Park' and Sung Hoi Huh® (Fishery and Ocean Infor-
mation Division, National Fisheries Research and Development Institute, Department of Oceanography, Busan 619-705,
Korea; 'Department of Biological Sciences, Macquarie University, NSW 2109, Australia; *Department of Oceanography,

Pukyong National University, Busan 608-737, Korea)

ABSTRACT

The species composition of larval fish assemblages in the Nakdong River estuary,

Korea, was determined using monthly samples collected between September 2010 and August
2011 at two stations. A total of forty three larval species were collected during the study. Among
forty three taxa of fish larvae, summer gobies, Clupea pallasii, Engraulis japonicus, spring gobies,
Konosirus punctatus, winter gobies, Sardinops melanostictus, Coilia nasus were dominant taxa, and
these eight taxa accounted for 95.0% in the total number of individuals. Species composition and
abundance varied greatly spatio-temprally showing the peak abundances of fish larvae in August
2011, and a few fish larvae were occurred in November 2010. Cluster analysis based on the number
of individuals of fish larvae showed that 21 month-station sampling units were classified into five
groups at the similarity level of 50%, and the results of ANOSIM and SIMPER analysis revealed
significant differences in community structure among five groups.
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78] Bt (estuary)= =
€ T dFHY FFLe= 7= A =
2 4 A Q3L (Reid er al., 1976), G429}t |57 EE= 7
=9 (brackish water zone)S FAsto] SAF A AL} 3
Fe QAs= AL gk olo golF L solF % 7]

Maes et al., 1998; Shim and Lee, 1999; Kim and Hwang, 2003;
Hwang et al., 2005).
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S 2, oy iAol ¢ =2 =Fo|th (Jeon, 1987). L
U 1980t R E APE tiif = ESFAE Ot T/
S WS (RE 27h 5% U R0l M, AW W 50
E2i3shy w3l Ho|EL] W3 ofF olsFRY A F
£ op7lste] Y54 st s Holl A &A% G vl
AT} (Yang et al., 2001). 3] 345 ALL E+ U
WohE 2AFE ATTFORH 17 SRl A B4
Bohe 70 o] YL, 7o o|FY WA RHFFE
o] Aitglo] A3 Fadts A2WE Bt (Jang and Kim,
1992; Hong et al., 1994; Kwank and Huh, 2003). o]o] u}g} Y
T4 sHtE dA o3y AAEEL AARY HEY HE
(Jang and Kim, 1992), i@ A A 5E +F HE (Hong et al.,
1994), ©153+AF (Huh and Jung, 1999; Yang et al., 2001; Kwank
and Huh, 2003; Lee et al., 2012), 3}+2] 3]¥F273 w3} (Jang
and Kim, 2006) 5 th=9] dAt7} o] Foj et ghH o] 7o
9 Zpxjo] Exzof 3 A= Cha and Huh (1988)2] A7}
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ARLL, o]F ZA| o] ESHo| W3 AFEHILE o] FofRA|
&uct.
Fo Aol A7) B APGEo] W F3L, BH Y IF

= Bol &7 wWiZef Aol 7t s &2 sl wet vid
W3t} (Hjort, 1926; Saville and Schnack, 1981). wetA] 7}
o] 9] 27| YZAL Aol tiet Fado] FZEI ek S
ANME 1970 o] % Fh=r ALt EE rtol A AR
ojo] Bxof gt A7} o] FoA £t} (Yoo and Cha, 1988;
Cha and Park, 1994; Han et al., 2001; Han et al., 2003; Huh et
al., 2011). SFA|FE o] 7 o] 3o 7P & FFE F= FH 2
Qo] Al - F7bol| whet 2A Wt skt AEjA A o At
o] 2 A= I T84 Blst] B2 A7} o] FoiA]
A ¥k} (Cha and Park, 1991; Kim et al., 2003).

webd B ATE 57 Shrele] Axo] F24E Tt}
2, AA o) 2ol Al - B Wl diste] R4St E
Fats e 23 A5 Aol o %014l Chaand Huh
(1988)9] A7aste vlmste] Uapxlole] F24 W AR
w5l ojstel mAST

ol

¢

Mz H U

H TS Y3 A RE 201049 99RE 2011d 8¥7A] oj
4 22719 2719 FHA F-sA (Fig. 1). 2APEES
g9 FFHEE aste] A0l smolHE ¢, G
FTFE gol &S ez diEHe 954 sY dF 9
A% A 13, Aol 5~10mE vl 3 s FIFE
Wol W Aoz s v A4 28 AAstch FA 1

N 3~43] ¥HE HYHAL, B 2004= 73] vHE A
skt

zA Y] 3 B4 5 250 ASY #21 dES o
orst7] flste] Foig 24
3stan)E O] 83HH L, AFY A AF7E oot Hige
2HE 1m £AA Aeg F ST F444 Aol
HHL B A7 80 cm, W= 330 um¢l RNSO HES 0|23}
o] 4241 OF [~2mol|A] ¢k 2.5knotsE 1087+ g8, A
7 2E4E fsto] Ftoll 544 (Hydro-Bios Model 438 110)
£ Rtk A A7 e Az £Ho| ZHEA] (ebb
tide) F=7ke]l o] ot AHYH FEL2 AAJoA 5% sl+x
2ago g ugstgon, AP 70% ATHEE XT3t
At o] E3 U] (Olympus SZ40)S o|&3lo] AR &
223 ¥ 7Hsdt T FEA ALY FAo] o
MAl= I 274 A8, ol 9ol Aol E7Hs3 7HAl
£ v]5%5A (unidentified species) A 2|3l G T} 3] #Foj7]o] &

B A (Thermo scientific Orion
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Fig. 1. Location of the sampling area in the Nakdong River estuary,
Korea.

ol A & FEoT AX o= ST AEE 125y
= (@~5%), A5 (6~109) H AL (1~3%) &8 F=oH=
E7)5h40eh $AE AXolL 2} BEZ W2 AST T 1,000
m'3e] AR FAretgTh x| o9 EF{E Kim (1983),
Okiyama (1988), Matarese ef al. (1989) 5& Zustgon, &
FAA et 8Hg-2 NIBR (2011) wgtth.

LA EA o= E£t} = X4 (Shannon and Weaver, 1949)&
olgstom, WE - AEE AAole] FYTRE GAES
E48}7] 959 Bray-Curtis FAFZA|FE 7|22 FSAEE
ZAgste] AR A X 3| E A (Hierarchical cluster analysis)= 3}
R, 2 9 BR A3 A=A Y] B FIHE W
7] $Ite] A [logio (x+ DIT AEE o] g3t 23
49 AR FREO A= IF 1Y §o49% getstr] 9
3] ANOSIM B712 Axjatged, 7t 18 7+ 23 ol & U
b She A2 0] BRES 1oks}y] 915kl SIMPER (Sim-
ilarity Percentage) #412 AA|5I . I E 4, ANOSIM,
SIMPER £4]-& Primer (ver. 5.1)°| 4] o|Fo] %t} (Clarke and
Gorley, 2001).
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Fig. 2. Monthly variations in mean surface and bottom (A) temperature and (B) salinity in the Nakdong River estuary (l: St. 1; @: St. 2; vertical

bar represents standard error).

o 25.3°CE 714 o} 20 |99 A-A HME ofafo] &
kAT (Fig. 2). 283 g9 932 @ol ¥e A4 101]*1
& W5k @Hﬂ o 2 545 dehligich 3 AH 19
B BSEEL 20119 7€l 04 psu 7HF Wkt 20119
20 28. lp sug 7HaF &=9kth AA 2% 20109 9Qol| 4.4 psu
2 7P @eka 20119 290) 31.8psuR 7P &2 g 2o
2 2079 nAAAE AFHA HEo| E=EFgy), oqE,g
© AEe 7ol wet shE e WREel S7tste 9
A 8t7F AsHAl YERE T (Fig. 2).

GE7 SRl BT AHol F 7% 263} 437 £
2 o] F 137 £72 T (family) @ % (genus) )‘177};(]
R 2R2E 0153 AHol2 A SHA (Table 1), 73

Z4 = FEZT(Scorpaenidae)7}F 57 7O = 7]-7“' o
QFal, %P:‘.:;Oia_}(Gobndae)Ql- WX 7} (Engraulidae) 12|31 % o]
I} (Clupeidae)7} ZHz} 37 BEZ o2 1 FE o|9th.

20 A2ole] F24S A, BEolz Aot A
=3 AA ] MAFY 63.1%F AAsHReH, 2F 5HA =
& YE=o]3} (summer gobies)”} 55.5%2 7HF A3 1

—_—

& o0& Aol (Clupea pallasii)7} 13.2% % o] 2HstF O
W, VX (Engraulis japonicus)7} 13.0%%2 1 F& XA+
o} a2lx &4 £& UEo]1} (spring gobies)7} 4.6%S AA|
A AL, A o] (Konosirus punctatus)7} 3.8%, 54 23 TS50
T} (winter gobies)7} 3.1%, 18] (Sardinops melanostictus)7}
1.2%, 301 (Coilia nasus)7} 0.7%=% ©|5 87§ EHFato] A
AR o] S@FY 95.0%5 AA IR, YHA] 357 £/
5.0%°) E3}s5t3ict

2) RtX[0f2] Al - B2t 2uEH

Apzjole] U - AHE S HES AHHET (Table 1;
Fig. 4), 2010 943} 10€l= A 1914 22+ 150.1 ind./
1000 m?, 13.2ind./1000 m*7} &@3Fom, A 2014 242+
316.6 ind./1000 m?, 77.7 ind./1000 m*7} Z&&3}te] A 204
SdFo] Woth £4F T, 9¥0) sHAEE YFolHet BA,
IEFFA] 59 A o|7t wol] EAFIHL, 10€of= HH 2
oA EU¥eN T (Repomucenus sp.) 1}11017]- 57.7 ind./1000 m*
2 vlu? go] dstgich 11499 A 19]4= A7k A
& EF3HA] geron, AH 20| %= 6.2ind./1000 M2 A}
712 & 7P AA Edskioh o] % 1297 H F7tst7] AlZ
gt Axo] 2dHFL 397K AR 1914 86.8~3,618.3 ind./
1000 m?, A7 20|14 24.0~474.4ind./1000 m*2] MY FoH, 1
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Fig. 3. Monthly variations of abundance of dominant fish larvae at each station in the Nakdong River estuary.

S AlYstare AA 194 Ede] 7P Wtk 53] 34
o= AAE 194 &@Fo] A =718t 3,618.3 ind./1000
m'7} EAS 9, A 2004 E 96.2ind/1000 m*E EHH
o] ZAastRTh 124 39 Ato]o] ALHo= FA 4o
glo] o] Ax|o7F 7 SR sk en, o] 9o Hojd, FA
(Liparis tanakai) 1831 W =2tA] (Pholis fangi)7} B 1%
wol sttt o] % 447 5Y o= 3Yo H|ste] F@FO]
Aastgon, Hojet &4 &4 Yool 2 o Fo

HIARL, F

d 6dFH

shg.o

F wE 34 1904 go| sk o183
UL £ 3 BECIN F@Fe] 24 57
A 28the B4 1914 2%l Wtk A 1
ﬂi%ﬁwrfﬁ“ ofat, gof, ol 5o] ZHapo] Bko
o, 3 200 SHEQ BANE BRI chopd Ak of

F9| Aot E0] % stgou 1 2@FL W Hch &

gk AR} F, dE Hat AMAeH &o2 LT 659 d
E-AYE 29F Hee AyEd, BAE AT U
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Fig. 4. Monthly variations of the number of species, number of indi-
viduals and diversity index of fish larvae in the Nakdong River estu-
ary (H: St. 1, @: St. 2).

EFTZ s kol AR A 104 @] Wttt
(Fig. 3).

2 AFs oA EAT AR oY U - AHE &3
2 AH S, Z2OFER|SE AFE EEH (Fig. 4), EQ%T: 2011
Y 899l AA 204 17E02 7P Wk, 201049 11€9]
A 1004 A &dstA G2 AL AYstd, 20109 109
20119 499 AA 194 2& 02 714 Hgith a8z 3
A 180= AR 2004 o B2 Fo] Edstat. &8 A
20114 8¥9 AA 194 6,616.4ind./1000 m?, A7 20]| 4]
4,376.0 ind./1000 m*7} &35} % 10,992.4 ind./1000 m*2
71 wo] 2d@3tgon, 2010 119 A4 20 A9t 6.2ind./
1000 m’7} @3t A5 7H AA @5k &H FoF

-l>

TA4E 0.10~1.619 HYHAom, 201149 689 HH 20] 4
0.102.2 4, 20104 9o A 2914 1.612 At

3. Atx|oe] ZEFZ

29 AAo] F AASH 0.1% o4 AAT 1652 UE
- AHE A o] TYTRY FAE BHAT SAE 50% 5
ZolM Sl W - WY IFOE trol Ak (Fig. 5). A
o BIFL 712 59} 40] F2 2UY ¥ IFOE ¥ 1
§ BE 27 58PSl 407t LSRN ATEL
Hol, BIFE Bol7t wol ZAste] FREYTE CIFL 12
9o A7 198 3WHAE EGHE AL g0l DIF
© 695 H 1099 HA 194 F2 28 1FoIow B

IFS ol2A AW 2004 F2 28 FE THE 1§
2,08 8o] Ao FHPNol FUHOE BeH et o5

Tl 1§ Zh] uehbs §942 shersly] 918 ANOSIM
242§ 2%, 2P TS BE ST A0 velyth
(Table 2).

AT/ Bk ZURA 5 FRE oA 18 TR

dgkS u)F Zx]o] BFHLO] SIMPER 4 ZE AHE
(Table 3), AZFH BIAFS =l ST F=oi #AA| 017t
22} 67.5%%F 75.5%9) 719 =S BYI, CIFAE Hol7}t
63.4%= 71 2 7|9 =& R4t DOFNA= 5—}74] %a
FEoj AR of7} 87.3%9] 71H=E Hol 83

F2 oA 28 FEA T AX 7} 37.4%, BA] 22.5%, ;%Ok
Bt A2 017} 14.0%2] 7|AEE Ho ofdt 770l I&
o] F&H = o FFE Tk

o

2 AqsdelAe & 4371 BRTY AR o7t EdFAL
o, 2] A2 gt T 28F Be 29 TS
2 FAH glof, st E@she AR o] ZH A &3
Hol= &3 SAS ® At (Whitfield, 1989, 1999; Gaughan
et al., 1990; Tzeng and Wang, 1992: Whitfield, 1999; Barletta-
Bergan et al., 2002; Kim et al., 2003).

I FWolA ABE AHX o} 4 AFE SEE A
B Zgeto] x5 1e]EH Y (Kim et al., 1994b)] Al
15 £7%, 9Lt (Han ef al., 2003)7 YAFH3 A (Cha et
al., 1991)01%1 Z¥zk 37,21 BR<tol @A, Faietel 9
Z|gt Ak (Huh er al., 2011)00|1 4] 46 £5<, F ¥ (Cha and
Park, 1994)9| A 21 &+, 285 E 23] (Han et al., 2002)°]
A 37 ERtol AT I3 Adte] JA|g opibnt
(Kim et al., 1994a)7} JR= FH3| S (Jeon et al., 2000)0] A
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Fig. 5. A dendrogram illustrating the classification of the sampling periods and stations in the Nakdong River estuary determined by analysis of

species composition of fish larvae.

Table 2. Summaries of ANOSIM and pair-wise test of fish larvae
communities from the Nakdong River estuary from September, 2010
to August, 2011. Analyses groups of the Bray-Curtis transformed
data. A, B, C, D, E: groups of the Bray-Curtis similarity

Table 3. Summary of SIMPER analysis, comparing the major as-
pects of the fish larvae communities across the five groups from the
Nakdong River estuary from September, 2010 to August, 2011.

Grou Taxon Contribution  Accumulation
Global R p value P (%) (%)
Global test
0.975 0.001 Spring gobies 67.54 67.54
Group compared A Konosirus punctatus 18.52 86.07
AvB 1.000 0.333 Repomucenus sp. 8.11 94.17
AvC 1.000 0.028 Spring gobies 75.53 75.53
AvD 0.990 0.036 B Clupea pallasii 24.47 100.00
AVE 0.893 0.067 Winter gobies 12.98 94.04
BvC 1.000 0.028 Clupea pallasii 6335 6335
BvD 1.000 0.036 C Sardinops melanostictus 21.54 84.89
BvE 1.000 0.067 Winter gobies 12.02 96.90
CvD 1.000 0.002
CvVvE 1.000 0.003 D Summer gObiCS 87.27 87.27
DVE 0.726 0.005 Konosirus punctatus 8.99 96.26
Summer gobies 37.36 37.36
Engraulis japonicus 22.49 59.84
72} 23, 36 £72ol Lol & ATsfo] ATk A9 B epammeents b oo e
_ - - - - o nidentified species . .
3 HH o] e H| 3] Z2HIZ }-o) St H
gt i R2 9] s ool Hlste] 2@FTE BT H 2 AF Cynoglossus joyneri 475 0251
T AR BHERS THS AR AdEHe A F
W3S (Kim et al., 2003)3} ©R73381 (Kim and Kim, 2004)
NAE 217} 40,26 EF-zo] FASIGOH, B AT} A 3, ol g %*,2}*401%‘—?% W o el it s 3

g do] A 423 % Cha and Huh (1988)%] Ao A = 26 B
o] Edste], B AFET= SEFTF A ol @
A Aol 2EFFY Aols AFAY T8 T L A
A 22 Y24 Zolof| 7|Qlshs F97F B2 AeR
42 A 9lth(Han er al., 2001).

JEM H“ﬂﬂ zto] Qo= s o] 27 E4
T 9 ESFFY o7t Y| = st

et #iﬂli HR] 9FS B
oA 74~280F0l o] ThFEt

ol

II

Joll whet &
o8 Sof, ut
shelAl olzolxl AT

o] BRZol FUNY

/\

Q1 T} (Hattori, 1964; Senta,
1964; Park et al., 2005) fza Z g9 AFH EHo ot
et =l wet 2dF5 Aol7t 4L 4 k. gwt
T A - gl 2 gl gk Al &a Zapo] gk it
o] W3t sl {50l Fof E} Fet o] 7ot o 7] At
R ASFOE TP w2 &2 A ek (Kim, 2000;
Yoon and Kim, 2003). ¥Fd “HL o] th&dla SAlo] 7L
Faletol A= Faliu Asfiell vlste] Axjo] EAFTSIE A
S Bk ol BAg AP o HA ¢

>H

o rlo r

o] W2
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Bt AafollAl sfietAde] dedt ettt dRpA| o7t B
of o3f L= ¢=FE 7ol Ho, gt Fol 2FE 7]
37} @] 2o g wokEch

T

& 7144 o3 WReiRm, Be
220 2 Vet (Neira et al., 1992; Kim et al., 2003). & A
oA FET= 11~12¥S A Qe A A 24 £3355
o, AA AAo] E@F] 63.1%F AA3H. o] F A4S
o 28T YEolF AX o7} 55.5%= 7 SHskoH,
A 28 FEol9 T4 &8 WEolT AX 7} 742 4.6%,
3.1%E AT GEoFe T2 Aol &2 59 7]
Fooluf rte] ApU A E= A, 223 Aeke] Fujtof A
F2 AAsHE Aoz &4E A th (Huh and Kwak, 1998; Huh
and Kwak, 1999; Seo and Hong, 2006). U] ZFx]o] 224 o
Foll A thEE EA7F HLHF ol AR, R A 2
AZE YA = oledE o7 B1E W 9t} (Cha and Huh, 1988;
Cha and Park, 1994; Kim et al., 1994a; Jeon et al., 2000; Han
et al., 2002). 53] & AFeH A} FARE SHS Ad FA
st Ao A WEojit AA| o7t HA AT 91.0%F AHA

Fa1, o] F FE2YE (Tridentiger trigonocephalus)©] 65.9%

2 zx)5te] HoAHste] B Aot 9AFATH (Kim ef al.,
2003). $E £ Aol ZT Yol X ojt R
£ 5179 orzo] SIXa A 1o1A B9k, ol AAHEY
2 710] Zolt YFol3} o R AT SHL ns 2 o,

2 mol oz YrE
wEol AAlo] 2o B % Bl40le] AAol7k 2ol
H A MFE B4 ot B ATl Bool 2ol
= W 7] (Silurus asotus)?}t o] (Cyprinus carpio)?} 78| 3}
Folo) ok HOIA A% BAFAE Bolvi, doi o)
Aot thopat Fol HAT uHA, WA FolE At
Z3d o] ¢ A it} Harris and Cyrus (1995)&= @453}
4 ool AFolgo] AERA g AEHAZ 3
T oA o] Ao ofFrhal HustGih & Aol A &%
A w7l ol 798 e Bhon A d75e
71t A BA 1914 EF F&ol 0.1 psu7bA| Rot
AAH oz SHsIPY Aoz FZtE, thefdt s

o

.

e O 2 e

2 ok

oZ

e ot 1o > o ok
£
>
E 2
£ i
g2 ot
FIO e

=ha
E=)
BUREOY
i
ret
oft
o
)
<

w0 &

2
qn 2 fu 2 N oo B ou et

A It} (Cha and Park, 1991; Jeon et al., 2000). GAH} &

-

7 (Kim et al., 2003)°] 4 01017 Q7oA B ofeke 6
93t sgolet VLA Aol Wal FAHA arond, W
A5G ATANE @R BT whet U Aol

327} AgtE¢lch (Cha and Park, 1991). 2 A7a| o)A X
AR ol= AA &8 MATL 13.0%S 2AA|5he] v|wZ Fol
Sdstelnh. EA] AAjol= 445 E 997HA] £33, 8¢
of A Ex AAo19 67.4%7F E@stATE BA] AR o=
g9] S wol W= AR 15 TE & YA A 2
oA @ol] E@sto] thE st oA o]FolX] ALA T} H
ot on, A oa 1 2dF " ATEH= AL
2 7tEr

2 AFolA Aol E8 AMAG] ©E FRFLEE Bary-
Curtis S-AE 50% &4 57) 2F 22 Jro| ATt (Fig. 5).
°] ¥ D,E152 2 oF % 7F2d 243 TEE o|F 9
A Qo o] wet F AFoE EEEHE 208 B4t
A 104 sHA 28 FEolT AR o], Hol, §of, /A
< (Thryssa spp.) A2 0] 9} Z-& 7144 ofFEo] Z3E| o] 9l
Atk o] Al7| Bt A 19 B S F22 23.8~27.7°C
ol WHAE Bom, Wi B3 FE2 04~7.1psus HFL,
A5 B FELE 4.7~240psuS EFch vhA A 204
= FEol Ao oo "Xt £ AR o] E HEZH
teket A ATEY AR o7t XFEY e, 25

[e}
B £ 23.4~252°C, B3 Hdt FELS 15.5~15.7 psu,
A2 B B 27.9~280psul] HOYR F2HTE GHO
Apol7t At o]t o] AFH YE7 Y AAo #3
T2E A FHHCE BEEE B Byon, o2 13|
Ut AR Y ApA| o] FRF 2= Zpol7h AT ¥ Ft

AgBAE 2UTFRE FHH Bt ¢

A elgdel 4G PGS Gie] W 47 RIAL
YRo|Fot 2L FAFe] S, sl Wwrel Uk SR
B2 B 4712 FHS o WAS v o
3 5ol B B AR L HSHOE o §HT, AL
Boll Ay AT GAE EAL Holk Aoz A7
.

2 Aot YT oA AL o]F oK Cha and Huh
(1988)9] Aol A= F 26 7Y AX| o7t EdsHTt 1
Z 97} 181.3ind./1000 m*2 7F SA3s9 1L (36.8%), &
Eojm} RA]o)7} 75.5ind./1000 m*E (15.3%) BX| ttLog
wol 2gstiith. o]9fo] ELEHFIT 15.0%, 3177t 14.0%,
F = u] (Hexagrammos otakii)7} 6.6%, 18] 11 PEZH| =2}
| (Omobranchus elegans)7} 4.4%% A 5Fth. B2 ¢ U5
oJF T & AFIAE 7MY FaT ERIolgen, g9
U ESHR GA Bl g SEFS By £ A9 4



T 2T Ak ok gEol R diAl EAZF 7MY 4
st e, ol A AHAECl 2 A7 ZA 20 dFst=
St o] upZEof YA|g Atz *}EHE}. a8y zpx] o] 9

SEFE 9 EAFY Aol e Attt EE 2
Ao Blste] WL AL A¥E Rt} o] Cha and Huh
(1988)2] ZAF A|7]|7} stt5o] &3-d AT} X5k, i+t
o BEZA} o] Fof FRigh 3wt} AR o) EETF| I
FE RS AR FAHEHY

St AZHo 4% TEY 2AS AHEH, Cha and
Huh (1988)9] AollA= ARG o F2 Fiefin| 2} £-2
et A detell de] Exsk= 7] (Ammodytes personatus)
Az o7k 48kt o= A&E @8l (Cha and Park, 1994;
Han et al., 2002)4 53] <<t (Kim et al., 1994; Han et al.,
2003)04] F2 EAT Aol 2T} ARSI sHA T
2 A= FAedne} 7htEl= @l WS AYd W
A o7t S8 L, ol o7t vuF @o| &
Astairt. ol x| Ao = Aol o AX|oj7t
74 A8t (Huh er al., 2011). x4°1L a4 364
o}%.2.2 (NFRDI, 2004), 7|0 0 &8 5ol I8
E4L 2ol et ol g9 E&‘ FdE ATEH
(Gong et al., 2009), 1910~20¥ ), 1960~70 W tHol| B2 &3
T Bylon, 19709 o] FHE ¥l 43| 745t
o} a2y SARE] w2 20008 FHHEE Aol 24
o] thA] F7ketal e A (KOSIS, 1980~2011), ©]
= 2 ggo] Hojo] Fast Akt 2 LA 9T stn
Rom, o] & whdg Antz QYztec

ok

g\l
O||

o OF
=1 =

20109 9€HE 20119 8E7HA] wj¥ &=x7|o| &7 st
TFoo] &I vpEE T ) AFoA xS A F
249 AF7t BEE YR A7 59 283 AH]
L £ 78 2639 &3t 437 BRLo] ERsgon, HE
ojm}t Az|oj7t AA A4 63.1%F ATk 7HF ¢35}
ot 25 skAl 2@ FEold AR o7t AAH] 555%2
7V gol AFEUTE 2 hF o2 o (13.2%), BA| (13.0%),
a3 &4 28 Tl AR o] (4.6%), Hof (3.8%), A
29 Y=ol AR 9] (3.1%), B ol g (1.2%), &1 (0.7%) 2
2 Y=L, o] E 87 BFol AA| Ax| o] E@FY 95.0
%E AA BT 2 Ao A EAT Ao 2P F 5709

Fo8 FEREYLH, A7|HoR 7, oqF 2 7H, 283
AL IF2 2 EYES 53] oF 2 7hol AAo] 3
o] F7A E27t Uetth skt bE A A= s

23 WEola} 207} st o, upg FH AL BE
o} oo "7} ©-AEtAI, 71t thoFst 4ol E o] 213
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At At
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