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Abstract : In order to estimate tide and tidal flows around Southwestern Waters of Korea,
tide and current observations were carried out. Tidal amplitudes increase from south to
north at the study area. M2 component is largest and semidiurnal component accounts
for 52~65 percents in the whole tidal amplitude. The place where the rate is highest is
Naebyung Island and lowest is Mokpo. Also, diurnal component takes 18~22 percents
and shows high in Naebyung Island and low in Mokpo. Over tide and compound tide
for shallow water constituents have 4~9 percents and 5~13 percents in the whole tidal
amplitude, respectively. However their rates are large in Mokpo and small in Naebyung
Island. Shallow water constituent due to tidal friction and advection effect grows more and
more going into the inside of the study area. At Naebyung Island, mean high water interval
of M2 tide is earliest. Current flows NE at flood and SW at ebb at Jin Island~Gasa
Island and Jin Island~Hatae Island, but it flows NW~NE at flood and SE~SW at ebb at
Hwawon Peninsula~Palgeum Island. Tidal current form show reversing at Island~Gasa
Island and Jin Island~Hatae Island and rotating at Hwawon Peninsula~Palgeum Island.
The time when maximum speeds of flood and ebb appear at Hwawon Peninsula~Palgeum
Island is delayed for 1.1 hours as against at Jin Island~Gasa Island or Jin Island~Hatae
Island. Characteristics of tidal flows between Jin Island~Hatae Island and Hwawon
Peninsula~Palgeum Island are quite different. Constant flows are dominant southwest.

Keywords : Tide, Tidal flow, Jaeun Island, Naebyung Island, Southwestern Waters
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Fig. 1. Bottom topography around Southwestern Waters. Contour
numbers show depth (m).

Table 1. Locations, depths and periods of tide and current observation

=

Al
(=]

(KHOA, 2001). Jung and Choi (2010)=
25 WSARE A5t Y27 94 =
™, Kang and Moon (2001)& 3} %0 EH
gaote] XA EAJo g GAY SEYL U
S5 WY fAtolEol WAste] 24]0] 2
7 FAE I FAHE 2= G2eA
Aoz AT
ZA A0l AR SEluEt Adsl] AtollA o]& 7Hedt
gAY F shte 2{HE, Kim er al. (2011)2 A‘]”’?‘?HOI-
4&%@ FEARR AURFAUAE 45T 2
AHo) AT AL =S FAbSHET. 1 7%% =
&o] ijFos wE 27 Y
o] EAst= A Ai‘a*ﬁﬂ‘”“‘Ol 10 MW/cm?* o]/42] 17tol| %]
=5 Uehls 2729 AR 2 A Al
H A3l wo Mgy BRI Al BRSE o271 2R 5}
3&% Agsfietol Ao 2454 A 2FHFTS Tofstr] 9
A f 38 siefis ™A o, 224 2
ALES AASHATH A0 I E 3 =
E A T o= Y Al B
Z5o] ot sfugt S o3
woE

Ao
A A
st
FAlel

[

A7)

=

1\]7]-

fr N }zl

_L4

il

o r2 Jm L

o]
=

o=

[
i

ﬂl.?‘.'.

meh N o PN S l‘ll‘
v o rlo

(i

al
ES

tg-

IE

| n=

£ ZAl= Table 13+ Zo] 8= Adad o] A2 e, A, i
He ¥ TG-1~TG-3 FHoA 24HEE, 181 TFE
~SHARtE, SR E~R e, TRE~RE, WHE 85F 39
A CR1~CR3, CR-3 AH oA 27TES APt cH(Fig. 2).

T s =

Obs. Station Location Depth Period
Lat. : 34°55.60'N
TG-1 Lon. 126°0530°E 10m 2001.11.09~11.28
Tide Lat. : 34°35.21'N
TG-2 Lon.- 126°1575'E 14m 2001.11.09~11.24
Lat. : 34°22.44'N
TG-3 Lon.- 125°57 57'E 12m 2001.11.09~12.08
oMl Lat. : 34°46.1'N 7m 2001.11.17~11.18 (spring tide)
Lon.: 126°15.9'E 2002.08.02.~08.03 (neap tide)
M2 Lat.: 34 31.41\11 18m 2001.11.17~11.18 (spring .tlde)
Curr. Lon.: 126°07.2'E 2002.08.02~08.03 (neap tide)
Lat. : 34°28.7'N S
CM3 Lon.: 126°05.0'E 159m 2001.11.17~11.18 (spring tide)
Lat. : 34°26.9'N .
CM-3 Lon. 125°57 1'E 35m 2002.08.02~08.03 (neap tide)
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Fig. 2. Observational stations around the study area.
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Fig. 3. Time series of air pressure at sea level at Mokpo and sea level changes at St. TG-1~TG-3 and TG-Mokpo from Nov. 09 to Nov. 24,2001.
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Table 2. Major harmonic constants of tide at TG-Mokpo and St.TG-1~TG-3

St.
Cons. TG-Mokpo TG-1 TG-2 TG-3
Amp.(cm) Pha.lag (°) Amp.(cm) Pha.lag (°) Amp.(cm) Pha.lag (°) Amp.(cm) Pha.lag (°)

MM 21.6 279.6 94 268.2 12.7 298.7 32 265.8
MSF 10.8 45.8 99 61.5 93 84.5 49 110.7
Q1 4.1 226.0 2.7 209.1 5.0 200.2 2.5 202.2
o1 27.8 207.9 254 219.2 233 192.1 21.8 209.3
M1 79 211.8 2.6 205.7 93 167.0 1.2 226.2
K1 26.4 227.0 293 253.7 14.7 221.5 26.8 2434
J1 12.6 252 3.1 28.0 14.6 3454 0.6 308.5
001 5.8 250.5 2.7 3155 5.5 210.7 03 308.5
P1 8.7 227.0 9.7 253.7 49 221.5 8.9 2434
MU2 3.1 340.1 2.5 1334 1.8 346.9 3.0 297.6
N2 36.6 30.0 30.1 16.6 24.7 35 229 345.0
M2 148.7 335 155.0 44 8 126.1 23.1 105.3 9.8
L2 125 84.3 1.1 88.9 2.0 129.9 19 66.7
S2 483 82.9 50.5 944 392 67.2 354 46.5
K2 13.1 829 13.7 944 10.7 67.2 9.6 46.5
NU2 7.1 30.0 5.8 16.6 4.8 35 44 3450
2SM2 2.3 2532 24 2943 1.8 274 .8 0.6 2904
MO3 42 30.1 2.7 11.7 3.3 22.5 15 8.9
M3 1.8 699 1.0 234.7 1.7 68.8 04 86.1
MK3 6.2 34.5 3.7 45.5 4.7 254 2.5 40.1
MN4 129 2299 53 200.5 7.6 2135 2.6 136.7
M4 36.4 187.6 19.1 180.9 245 1722 8.1 156.6
SN4 142 290.1 4.8 290.0 8.8 2734 1.5 179.2
MS4 215 241.7 133 236.7 143 220.6 55 197.0
2MN6 4.5 112.2 14 108.8 2.1 90.5 09 330.1
M6 8.2 68.2 3.6 88.6 4.1 290 1.7 54
MSN6 5.1 158.9 15 198.2 3.1 1404 04 37.8
2MS6 5.7 119.8 3.7 137.0 2.2 779 1.5 21.8
2SM6 0.5 224 .4 03 149.2 04 322.1 0.6 183
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Table 3. Corrected amplitudes and phase lags at St. TG-1~TG-3 and St. TG-Mokpo of major M2, S2, K1 and Ol tidal component for one year

from Jan. 1 to Dec. 31, 2007

St. TG-Mokpo TG-1 TG-2 TG-3
Lat. & Lon 34°46.78'N 34°55.60'N 34°3521'N 34°22 44'N
’ & 126°22.53'E 126°05.30'E 126°15.75'E 125°57.57T'E
Amp Pha Amp. Pha. Amp. Pha. Amp. Pha. Amp. Pha.
Cons. (cm) lag (°) (cm) lag (°) (cm) lag (°) (cm) lag (°)
M2 1432 292 149.3 41.1 1214 19.0 101.4 6.3
S2 499 73.8 522 859 40.5 583 36.6 382
K1 299 2423 332 269.3 16.6 236.9 304 259.1
(0] 228 2214 20.8 2330 19.1 205.7 179 2232
Table 4. Non-harmonic tidal constants at St. TG-Mokpo and St. TG-1~TG-3
St.
Constant
TG-Mokpo TG-1 TG-2 TG-3
MHWL 1"oo™ 1" 25m 0"39™ o" 13™
LHWL 7 2m 7" 37" 6" 51m 6" 25™
App. HH.W (cm) 491.6 511.0 3952 372.6
HW.OS.T(cm) 438.9 457.0 359.5 3243
HW.OM.T (cm) 389.0 404.8 319.0 287.7
HW.ON.T (cm) 339.1 3526 278.5 251.1
M.S.L(cm) 2458 255.5 197.6 186.3
LW.ON.T (cm) 152.5 1584 116.7 1215
LW.OM.T (cm) 102.6 106.2 762 849
LW.O.S.T(cm) 527 54.0 357 483
Spring R. (cm) 386.2 403.0 3238 276.0
Mean R. (cm)) 2864 298.6 242.8 202.8
Neap R.(cm) 186.6 194.2 1618 129.6
Range Ratio
(Sp-R/Mokpo Sp.R) 1.00 1.04 0.84 0.71
Time Diff (:Mokpo) 0" oo™ +0"25™ -0 21m —0oh47™
Tidal Factor 0.27 0.27 0.22 0.35
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Table 5. Time of maximum speed at maximum flood and ebb currents at St. CM1~CM3 in spring tide. Directions and velocities of maximum

flood current, ebb current and mean flow are shown

Time of max. speed

Max. current

Mean flow
St. Flood Ebb
Flood Ebb
Dir. (°) Vel. (cm/s) Dir. (°) Vel. (cm/s) Dir. (°) Vel. (cm/s)
CM1 H.W—-4.7h L.W—423h 19 349 215 62.1 284 70
CM2 H.W —-3.5h LW-28h 10 1584 222 170.7 249 11.7
CM3 H.W-3.7h L.W-35h 24 150.8 210 195.7 13 26.1
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Table 6. Constituents of tidal ellipse at St. CM1~CM3 in spring tide

F8

Al
(=]

Comp. Diurnal Semi-diurnal Constant
of St. . Vi , V) . Vo
ellipse Dir.(%) (ems) 0e) Dir.(%) () Q) Dir. (%) (ems)
Mai CM1 113 83 76.2 233 239 84.7 CM1
af(]i‘;r cM2 36 246 3170 34 972 3207 284 70
CM3 45 23 2912 32 130.2 296 4
i CcMl1 203 24 3462 323 16.1 3547 CcM2
a‘;‘i‘s’r cM2 126 35 2270 124 8.4 2307 249 11.7
CcM3 135 74 200.2 122 82 206.4
CcM1 0.8 (L) 0.67 (L) CM3
Vs/ Vi cM2 0.14 (L) 0.09 (L) 13 26.1
CM3 033 (L) 0.06 (L)
Table 7. Constituents of tidal ellipse at St. CM1~CM-3 in neap tide
Comp. Diurnal Semi-diurnal Constant
of St. . Vi Q) . V2 &) . Vo
ellipse Dir. () (cm/s) (hr) Dir.() (cm/s) (hr) Dir. (%) (cm/s)
Mai CM1 194 95 32 1 372 336.9 CMl1
aili‘;r cM2 256 130 9.8 56 493 3254 222 150
CM-3 187 217 28 7 78.5 336.6
i CcM1 284 1.7 2732 101 44 246.9 cM2
a;‘li‘s’r cM2 346 0.7 279 8 146 28 2354 251 16.8
CM-3 277 48 272.8 97 19.0 66.64
CcM1 0.18 (L) 0.12 (L) CM-3
Vs/ Vi cM2 0.06 (L) 0.06 (L) 199 144
CM-3 022 (L) 0.24 (R)
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Abstract : In order to estimate tide and tidal flows around the east of Sorok Island in
the South Sea of Korea, current observations were carried out simultaneously at two
observational stations. Tide shows the mixed form with semi-diurnal and diurnal tide around

the east of Sorok Island. Mean high water interval of M2 tide is earliest at Balpo harbor,
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Gohung Peninsula and delayed in order of at Geogum Channel and Nokdong harbor. It
means that tide proceeds from Balpo to Nokdong through Geogum Channel. Currents at
St. NC-1 flow NE at ebb and SW at flood dominantly and have mean speed of 20 cm/s and
maximum speed of 43.6 cm/s. Ebb flow is stronger than flood flow. Mean flow during the
observational period has the speed of 4~10 cm/s and NNE direction. At St. NC-2, currents

flow W~NW at flood and SE at ebb and its maximum speed is 86 cm/s, which are stronger
than St. NC-1. However unlike St. NC-1, mean current flow S~SSE. Tidal current ellipses
around the east of Sorok Island have reversing form.

Keywords : Tide, Tidal flow, Sorok Island, Geogum Channel
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Fig. 1. Bathymetry around the study area. Contour numbers show
depth (m).
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Table 1. Locations, depths and periods of current observation

Station Location Depth Period
Latitude: 34°30.18'N 2008.06.21.~06.22
(spring tide)
NC-1 22M 008.06.28.~06.29
Longitude: 127°08.74'E T ’
(neap tide)
Latitude: 34°30.81'N 200(83‘0161;12 ! ;;igf 22
NC-2 I5M 2008.07.11.~07.12
Longitude: 127°09.16'E o ’
(neap tide)
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Fig. 2. Observational stations around the east of Sorok Island.

12713 E

,E2E 13

I =19 YF2F= K1 (8P €52), 01 (5= H¥
F2) % PL(F HYEFD) 2R, =29 12 9F2FE
M2 (F= HlRtdF2), S2 (F Bt F2), K2 (dLedgdut
AFz) BRAE, i=49] 14 QF2FE vz 1M4(EH% 1/4
AF2), S4 (HYF 1/4 dF2), BF=2 MS4(M2+S2) &
4&S Uehdnt
| 2323z

Fig. 3& 13 (4X) AR A NC-1,NC-2 FH o 27 &

300 ‘ 34-28'36"N 127-20'51"E ‘
g 200
S 7
-gmw I \ \ | W\ \H
o *\ ‘ \‘ MM(\ \w“\H |U H |\ H“
s ol \ \ M|u | u U Ml it mm\ml
5 JM u\ il ! M IR uu W H H" /‘“‘
= —100

—-200 WWIII[IWIWWIWI

01

03 05 07 09 11

13 15

17 19 21

T T T T T

T 1

23 25 27 29 O1

Jun 01~30, 2008 (Day)
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Table 2. Harmonic and non-harmonic constants at Nokdong harbor, Geogum Channel and Balpo harbor

St. Nokdong harbor Geogum channel Balpo harbor
Location 34°3127"N 127°08'09"E 34°30'00"N 127°09'00"E 34°28'36"N 127°20'51"E
Period 1972.10.01~10.30 2008.06.01~06.30
Amplitude & Cons. Amp. Pha.lag Amp. Pha.lag Amp. Pha.lag
Phase lag (cm) ©) (cm) ©) (cm) ©)
Harmonic M2 116.2 278.1 110.0 2750 100.6 268.2
Constants S2 479 296.5 53.0 298.0 449 293.7
K1 26.0 181.3 30.0 189.0 24.6 184.1
01 19.0 171.1 18.0 170.0 17.7 160.3
MHWL 09" 36™ 09" 29™ 09" 15™
LHWI 15 48™ 150 41m 15" 26™
App. HH.W (cm) 418.2 4220 375.6
H.W.O.S.T(cm) 373.2 374.0 3333
H.W.OM.T (cm) 3253 321.0 288.4
H.W.O.N.T (cm) 2774 268.0 243.5
Non M.S.L(cm) 209.1 211.0 187.8
Harmonic LW.O.N.T(cm) 140.8 154.0 132.1
Constants L.W.O.M.T (cm) 929 101.0 87.2
L.W.OS.T(cm) 450 48.0 423
Spring R. (cm) 328.2 326.0 291.0
Mean R. (cm) 2324 220.0 201.2
Neap R. (cm) 136.6 114.0 1114
Range Ratio (/Nokdong Sp.R) 1.00 0.99 0.89
Tidal Factor 0.274 0.294 0.29
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Fig. 5. Stick vector diagrams at surface layer of St. NC-2 in spring (upper) and neap (lower) tide.
Table 3. Current velocities and directions for maximum and mean flow at surface, mid and bottom layer of St. NC-1 and NC-2
Maximum flow Mean flow
St. Tide Depth
Vel (cm/s) Dir (°) Vel (cm/s) Dir (°)
Surface 38.1 340 7.30 29.5
Spring Mid 43.6 300 10.2 428
NC-1 Bottom 373 370 9.54 299
Surface 21.6 390 3.90 25.8
Neap Mid 27.1 270 9.66 29.6
Bottom 30.6 15.0 8.30 220
NC-2 Spring Surface 86.0 89.0 2.83 148.9
Neap Surface 56.2 138.2 10.2 180.1
Table 4. Constituents of tidal ellipse at surface, mid and bottom layer of St. NC-1 in spring tide
Comp. Diurnal Semi-diurnal Constant
of Depth ) Vi Q) . Va &2(°) : Vo
ellipse Dir. (%) (cm/s) (hr) Dir.(*) (cm/s) (hr) Dir.(%) (cm/s)
292.0 3124
Sur. 654 5.1 (19.4) 2243 155 (10.8)
Major . 3345 3112 29.5 7.29
axis Mid S1.6 36 (22.2) 2241 160 (10.7) (sur.) (sur.)
0.81 313.0
Bot. 52.5 37 (0.05) 223.6 129 (10.8)
202.0 2224
Sur. 1554 0.7 (134) 314.3 2.6 7.67)
Minor . 2445 2212 42.8 10.2
axis Mid 141.6 04 (16.3) 314.7 3.7 (7.63) (mid) (mid)
90.8 223.0
Bot. 142.5 0.2 60) 313.6 43 170)
Sur. 0.14 (L) 0.17 L)
Vs/ Vi Mid 0.11 (L) 0.23 @L) (%)%tg) (?3';4)
Bot. 0.046 (L) 0.33 (L) ’ ’
Z}), App.H.H.W. (Approximate High High Water; ¢ %3131 29]), HW.O.M.T. (High Water of Mean Tide; B#1%9]),
%%), HW.0.S.T. (High Water of Spring Tide; &%+l H.W.O.N.T (High Water of Neap Tide; 2ZH#1%%]), MSL
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Fig. 6. Tidal ellipses at surface, mid and bottom layer of St. NC-1 in spring (left) and neap tide (right).
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Table 5. Constituents of tidal ellipse at surface layer of St. NC-2 in spring and neap tide

Comp. Diurnal Semi-diurnal Constant
of Tide ) Vi i) . V2 &%) : Vo
ellipse Dir. (%) (cm/s) (hr) Dir. () (cm/s) (hr) Dir.() (cm/s)
. Spring 772 211 (219925) 285.7 483 (31117(')9)
ajor : :
axis 83.8 305.6 148.9 2.8
Neap 2929 123 56) 1205 32.8 10.5) (spring) (spring)
. 202.5 2279
Sprin 1672 9.1 15.7 35
Minor pring (13.5) (7.86)
axis
Neap 29 0.73 (32533'; 2105 0.77 (271 if)
: : 180.1 102
VeV Spring 043 L) 0.07 L) (neap) (neap)
SEYE Neap 0.06 L) 0.02 L)

ST. NC-2 (Obs.: 2.0 M)

Jun.21- Jun.22 2008 N (CM/S) ST. NC-2  (@be.: 2.0 M)
un w0 Jul.11- Jul.12 2008 N (CM/S)
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M -- [ : SEMI-DIURNAL

201 20l

15
; H—J\\} .
L) ¥ i g Ay 220 20 o
f‘*\'—»—o E (CM/S) ECM/9)
3 S

-ual

Fig. 7. Tidal ellipses at surface layer of St. NC-2 in spring (upper) and neap (lower) tide.
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Fig. 8. Progressive vector diagrams at surface, mid and bottom layer of St. NC-1 in spring (left) and neap (right) tide.
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Fig. 9. Progressive vector diagrams at surface layer of St. NC-2 in spring (upper) and neap (lower) tide.
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M4 ZH TS Atatstat Abstract : To determine seasonal fluctuation in abundance and species composition
'Jeong Seok Fisheries, Goheunggun, of fish larvae and juveniles samples were collected by RN 80 net in coastal waters off
Jeollanamdo, Republic of Korea Geumodo, Yeosu, Jeollanamdo from July, 2002 to May, 2003. During the study period,
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EAZA BHo] 2699 kmo| L, FHo] GUE 107, FAE o AT Selol] EeAH ¢ R Ao} Bxol B AT
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Table 1. The number of collected fish eggs in the coastal waters off Geumodo, Yeosu

(inds./1,000 m3)

2002 2003
. Month Summer Fall Winter Spring Total
Species -
Jul. Aug. Oct. Nov. Jan. Feb. Apr. May

Engraulis japonicus 11,429 1,842 98 18 - - 55 36 13,478
Leiognathus nuchalis 5412 - - - - - 811 161 6,384
Sillago japonica 1,461 779 - - - - 529 54 2,823
Sardinops melanostictus 1,011 590 - - - 214 69 1,884
Unknown spp. 306 178 57 288 152 997
Hypodytes rubripinnis 212 59 - - - - 271
Cynoglossus joyneri 148 73 - - - 14 - 241
Paralichthys olivaceus - - - - - 132 60 192
Total 19975 3,521 161 27 5 2 2,043 532 26,270
Number of species 7 6 3 2 1 1 7 6 8

dytes rubripinnis), A 2.2 (Sillago japonica), T35 A| (Leiog-
nathus nuchalis), @A (Paralichthys olivaceus), At (Cyno-
glossus joyneri) ¥ 0|5 Wt 507 B2 T]dth(Table 1).

B84 b S ATEY, 27 A7 Bt &9
gk %9 51.6%E RISt 7MY S5k TLE UEsion,
FEA(24.5%), FEE (10.8%), 12 (7.2%) &0l ATt

2= 790l & 7Y ERTCRE P wRen, 1 F
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Table 2. Monthly variation of fish larvae and juveniles in coastal waters off Geumodo, Yeosu

B 2R o

ixlolel E=d A AHHS 23

(inds./1,000 m%)

2002 2003
. Month Summer Fall Winter Spring Total
Species
Jul. Aug. Oct. Nov. Jan. Feb. Apr. May

Engraulis japonicus 513 175 9 4 - - 160 107 968
Konosirus punctatus 129 113 3 - - - 83 181 509
Scartella cristata 221 78 19 19 - - - - 337
Leiognathus nuchalis 156 124 - - - - 31 16 327
Sillago japonica 230 38 - - - - - - 268
Gobiidae sp. 102 65 34 21 23 249
Omobranchus elegans 102 49 13 - - 18 13 202
llisha elongata - - - - - - - 112 112
Platycephalus indicus 38 17 12 - - - 13 11 91
Paralichthys olivaceus 18 20 46 - - - - - 84
Repomucenus sp. 19 14 7 3 - - 10 57
Pholis nebulosa - - - - - - 9 23 32
Sardinops melanostictus 3 5 2 - - - 6 12 28
Argyrosomus argentatus 2 3 - - - - 3 7 15
Pampus echinogaster 1 8 5 - - - - 14
Cynoglossus joyneri 4 5 4 - - - - 13
Chromis notata 2 9 - - - - - - 11
Hexagrammos otakii - - - - 5 3 - - 8
Sebastes inermis - - - - - 2 3 7
Hexagrammos agrammus - - - - 4 3 - - 7
Hypodytes rubripinnis 2 - - - - - 6
Auxis sp. 4 - - - - - - - 4
Rhodymenichthys dolichogaster 2 - - - - - - - 2
Cypselurus hiraii - 1 - - - - - - 1
Total 1,548 728 154 33 11 10 356 512 3352
Number of species 18 17 11 4 3 4 11 12 24

g x| o] Fol|A] o] & 2F0] AHX|gE H] &2 44.06% AL, Y
A 227] BF0] 55.94%F AR5
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8F°] A3

=
5
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Fig. 3. Monthly variation of number of species, diversity, evenness,
and dominance index of ichthyoplankton in coastal waters off Geu-
modo, Yeosu.
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Fig. 4. Dendrogram based on the community similarity of each
month by number of ichtyoplankton in coastal waters off Geumodo,
Yeosu.
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Species Composition and Quantitative Fluctuation of Fishes Collected by
an Otter Trawl in Coastal Waters off Heuksan-do, Korea
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TSt SHYT|&ot Abstract : Fluctuation in the abundance and species composition of fishes in the coastal
"Marine Technology Undergraduate, Chonnam waters of Heuksan-do, Shinan, Jeollanam-do, Korea were investigated from 2013 to 2015.
Egloa”al University, Yeosu 59626, Republic of A total of 2,044 fishes were sampled and classified into 94 species, 56 families, and 15
orders. The dominant species was Engraulis japonicus (217 individuals, 1,918 g), followed

*Correspondence to Sung-Hoon Lee by Leiognathus nuchalis (198 individuals, 3,016 g), and Coilia nasus (121 individuals,
E-mail: formalin100@hanmail.net 2,129 g). The highest number of individuals was found in 2013, while the biomass was the
Received January 8, 2019 highest in 2015. The diversity index was the highest in 2013 (H'=3.692) and the lowest
Revised January 17, 2019 in 2015 (H'=3.561). The dominance index was the highest in 2015 (D =0.312) and the

Accepted February 11,2019 lowest in 2013 (D =0.220). The richness index was the highest in 2014 (RI = 12.440)

and the lowest in 2015 (RI=11.050). The economically important species in this area are
Okamejei kenojei, Beringraja pulchra, Conger myriaster, Coelorinchus multispinulosus,
Lophiomus setigerus, Sebastes schlegeli, Leiognathus nuchalis, Larimichthys polyactis,
and Trichiurus lepturus.

Keywords : Fluctuation in abundance, Species composition, Community structure, Otter
trawl, Heuksan-do
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Fig. 1. Map showing the sampling sites in coastal waters off Heuk-
san-do, Shinan.
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Fig. 2. Monthly change of mean water temperature and salinity in
coastal waters off Heuksan-do, Shinan from 2013 to 2015.

Table 1. Number of orders, families, and species of fishes in coastal
waters off Heuksan-do, Shinan from 2013 to 2015

Class Orders Families Species R.A.(%)
. Carcharhiniformes 1 1 10
Chondrichthyes  p iiformes 1 2 20
Anguilliformes 2 2 20
Clupeiformes 1 4 4.1
Aulopiformes 1 1 10
Ophidiiformes 1 2 20
Gadiformes 2 4 4.1
Lophiiformes 1 1 10
Osteichthyes Mugiliformes 1 1 10
Beloniformes 2 2 20
Zeiformes 1 1 1.0
Scorpaeniformes 8 19 194
Perciformes 28 46 46.9
Pleuronectiformes 4 7 7.1
Tetraodontiformes 2 5 5.1
Total 15 56 98 100.0

R.A., Relative Abundance

A
a1

71AA Aol oo JHE BEZH 7= £4S 3l prim-
er 5.0 program (Clarke and Warwick, 1994)& o|-8-8to] & t}
9F% (Diversity), $# % (Dominance), 75 = (Evenness) ¥ &
FI (Richness) A5 oL, A& #89 d=2 A
= Totstr] flgte] S8g AleE BEdlE 2HNY fAE
(Similarity) & AHE3}F T

3. 2=

HI
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Table 2. Yearly individual variation in abundance of fishes in coastal waters off Heuksan-do, Shinan from 2013 to 2015

o

FEHA, Of

Aol

Year
Species Total R.A(%)
2013 2014 2015
Scyliorhinus torazame 8 1 1 8 04
Okamejei kenojei 4 3 10 17 0.8
Beringraja pulchra 14 7 5 26 1.3
Muraenesox cinereus 2 3 7 12 0.6
Conger myriaster 12 12 13 37 1.8
Coilia nasus 1 120 121 59
Engraulis japonicus 75 142 217 10.6
Setipinna tenuifilis 3 2 9 14 0.7
Thryssa kammalensis 50 60 44 154 6.7
Saurida elongata 3 1 6 10 0.5
Hoplobrotula armata 3 5 7 15 0.7
Sirembo imberbis 1 2 6 9 04
Coelorinchus japonicus 20 18 38 19
Coelorinchus longissimus 7 7 03
Coelorinchus multispinulosus 19 35 7 61 30
Gadus macrocephalus 1 1 00
Lophiomus setigerus 33 12 10 55 27
Mugil cephalus 14 7 7 28 14
Cypselurus agoo 4 4 0.2
Hyporhamphus sajori 9 8 6 23 1.1
Zeus faber 7 6 14 27 1.3
Helicolenus hilgendorfi 1 1 1 3 0.1
Paracentropogon rubripinnis 3 3 0.1
Scorpaena miostoma 3 1 2 6 03
Sebastes hubbsi 3 1 4 0.2
Sebastes inermis 4 5 18 09
Sebastes schlegeli 31 18 25 74 3.6
Sebastes thompsoni 7 3 8 18 09
Sebastes marmoratus 8 3 5 16 0.8
Erisphex pottii 4 4 0.2
Chelidonichthys spinosus 3 9 2 14 0.7
Lepidotrigla guentheri 1 1 2 0.1
Satyrichthys rieffeli 4 4 02
Bembras japonica 3 2 1 6 0.3
Platycephalus indicus 6 3 6 15 0.7
Hexagrammos agrammus 9 7 2 18 0.9
Hexagrammos otakii 12 9 8 29 14
Hemitripterus villosus 23 3 3 29 14
Liparis tanakai 17 2 19 09
Liparis tessellatus 5 5 02
Lateolabrax japonicus 5 4 5 14 0.7
Doederleinia berycoides 4 16 3 23 1.1
Epinephelus septemfascdiatus 2 1 3 0.1
Apogon semilineatus 7 3 4 14 0.7
Branchiostegus japonicus 5 3 2 10 0.5
Seriola lalandi 1 4 2 7 03
Trachurus japonicus 3 31 9 43 2.1
Leiognathus nuchalis 91 35 72 198 9.7
Acanthopagrus schlegeli 4 1 2 7 03
Pagrus major 8 6 5 19 09
Collichthys niveatus 20 12 15 47 23
Johnius belengerii 6 5 11 0.5
Larimichthys polyactis 52 2 28 82 40
Miichthys miiuy 6 4 10 0.5
Nibea albiflora 10 10 6 26 13
Argyrosomus argentatus 11 7 6 24 12
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Table 2. Continued
Year
Species Total R.A(%)
2013 2014 2015
Chaetodon wiebeli 2 2 0.1
Chaetodontoplus septentrionalis 1 1 0.0
Microcathus strigatus 8 4 12 0.6
Terapon jarbua 1 4 2 7 03
Oplegnathus fasciatus 4 2 4 10 0.5
Ditrema temmincki 6 2 2 10 0.5
Chromis notatus 19 6 8 33 1.6
Pomacentrus coelestis 1 1 0.0
Halichoeres poecilopterus 3 33 5 41 20
Halichoeres tenuispinis 1 1 2 0.1
Pseudolabrus sieboldi 2 2 4 0.2
Pteragogus flagellifer 1 2 3 0.1
Zoarces gilli 5 3 5 13 0.6
Dictyosoma burgeri 2 3 6 11 0.5
Ernogrammus hexagrammus 2 4 5 11 0.5
Uranoscopus japonicas 3 3 0.1
Xenocephalus elongatus 2 2 4 0.2
Enneapterygius etheostomus 5 3 5 13 0.6
Omobranchus elegans 8 9 17 0.8
Petroscirtes breviceps 2 2 1 5 02
Repomucenus beniteguri 3 3 6 03
Repomucenus lunatus 1 3 2 6 0.3
Siganus fuscescens 3 3 6 0.3
Sphyraena pinguis 3 9 12 0.6
Trichiurus lepturus 37 17 22 76 37
Auxis rochei 2 1 3 0.1
Sarda orientalis 1 1 0.0
Scomber japonicus 10 8 5 23 1.1
Scomberomorus niphonius 5 5 10 20 1.0
Psenopsis anomala 1 3 4 0.2
Paralichthys olivaceus 1 2 10 13 0.6
Eopsetta grigorjewi 2 1 3 6 03
Kareius bicoloratus 3 3 3 9 04
Pleuronectes herzensteini 4 2 6 0.3
Pleuronichthys cornutus 6 9 5 20 10
Zebrias fasciatus 8 8 04
Cynoglossus joyneri 5 13 7 25 1.2
Stephanolepis cirrhifer 3 2 4 9 04
Thamnaconus modestus 2 1 3 0.1
Takifugu niphobles 3 15 18 0.9
Takifugu rubripes 5 5 3 13 0.6
Takifugu xanthopterus 3 3 3 9 04
Total 827 740 731 2,298 100.0
Dominance (%) 36.0 322 31.8 100.0
Number of Species 84 82 78
A3k, 280 9.8°CE 7V WO, 8 25.1°C2 AV ¥ 2. OfRel XY
uebth AZE AS @& s=e 59 32.8 psuZ 7P W
SkT. 8900 34.1 psu 71¢ 7 Uekidh(Fig. 2). S Aol A ZAIZE % SlH olRE F 152 563

98FCo 2, 28 /Al R AAFS 242 2,044714), 305,768
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Table 3. Yearly biomass variation in abundance of fishes in coastal waters off Heuksan-do, Shinan from 2013 to 2015

Year
Species Total R.A (%)
2013 2014 2015
Scyliorhinus torazame 1,040 1,040 0.3
Okamejei kenojei 900 700 2,680 4,280 14
Beringraja pulchra 22,600 15,900 11,400 49,900 16.3
Muraenesox cinereus 1,100 850 2,160 4,110 13
Conger myriaster 900 1,750 2910 5,560 1.8
Coilia nasus 110 2,019 2,129 0.7
Engraulis japonicus 810 1,108 1918 0.6
Setipinna tenuifilis 89 85 340 514 0.2
Thryssa kammalensis 710 760 510 1,980 0.6
Saurida elongata 136 120 238 494 0.2
Hoplobrotula armata 200 400 1,150 1,750 0.6
Sirembo imberbis 90 190 690 970 03
Coelorinchus japonicus 287 1,200 1,487 0.5
Coelorinchus longissimus 175 175 0.1
Coelorinchus multispinulosus 165 910 245 1,320 04
Gadus macrocephalus 250 250 0.1
Lophiomus setigerus 6,260 4,850 5,390 16,500 54
Mugil cephalus 2,380 760 1,590 4,730 1.5
Cypselurus agoo 1,170 1,170 04
Hyporhamphus sajori 255 320 720 1,295 04
Zeus faber 2,340 1,190 1,950 5480 1.8
Helicolenus hilgendorfi 110 200 210 520 02
Paracentropogon rubripinnis 570 570 02
Scorpaena miostoma 412 80 360 852 03
Sebastes hubbsi 220 260 480 02
Sebastes inermis 567 390 380 1,337 04
Sebastes schlegeli 6,050 4410 10,370 20,830 6.8
Sebastes thompsoni 650 285 960 1,895 0.6
Sebastes marmoratus 530 940 2,040 3,510 1.1
Erisphex pottii 235 235 0.1
Chelidonichthys spinosus 250 1,600 380 2,230 0.7
Lepidotrigla guentheri 135 80 215 0.1
Satyrichthys rieffeli 620 620 0.2
Bembras japonica 380 170 95 645 02
Platycephalus indicus 800 570 1,220 2,590 0.8
Hexagrammos agrammus 936 1,190 240 2,366 0.8
Hexagrammos otakii 1,442 1,640 1,050 4,132 14
Hemitripterus villosus 4,660 490 679 5,829 19
Liparis tanakai 1,870 346 2216 0.7
Liparis tessellatus 3,300 3,300 1.1
Lateolabrax japonicus 570 610 2,620 3,800 12
Doederleinia berycoides 350 1,250 340 1,940 0.6
Epinephelus septemfasciatus 743 367 1,110 04
Apogon semilineatus 230 225 430 885 0.3
Branchiostegus japonicus 550 580 460 1,590 0.5
Seriola lalandi 1,100 1,130 1,700 3,930 1.3
Trachurus japonicus 260 1,326 660 2,246 0.7
Leiognathus nuchalis 1,485 465 1,066 3,016 1.0
Acanthopagrus schlegeli 600 150 430 1,180 04
Pagrus major 1,005 1,410 1,760 4,175 14
Collichthys niveatus 1,328 1,180 1,870 4,378 14
Johnius belengerii 213 1,560 1,773 0.6
Larimichthys polyactis 4,700 190 4430 9,320 30
Miichthys miiuy 1,132 1,520 2,652 09
Nibea albiflora 840 1,300 420 2,560 0.8
Argyrosomus argentatus 1,234 820 750 2,804 09
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Table 3. Continued

Year
Species Total R.A (%)
2013 2014 2015

Chaetodon wiebeli 140 140 0.0
Chaetodontoplus septentrionalis 70 70 0.0
Microcathus strigatus 295 480 775 0.3
Terapon jarbua 25 200 360 585 0.2
Oplegnathus fasciatus 308 460 1,370 2,138 0.7
Ditrema temmincki 430 345 180 955 03
Chromis notatus 740 370 445 1,555 0.5
Pomacentrus coelestis 110 110 0.0
Halichoeres poecilopterus 160 2,360 690 3,210 10
Halichoeres tenuispinis 85 170 255 0.1
Pseudolabrus sieboldi 180 350 530 02
Pteragogus flagellifer 90 240 330 0.1
Zoarces gilli 543 570 750 1,863 0.6
Dictyosoma burgeri 55 76 179 310 0.1
Ernogrammus hexagrammus 35 180 350 565 0.2
Uranoscopus japonicas 239 239 0.1
Xenocephalus elongatus 85 36 121 0.0
Enneapterygius etheostomus 65 97 154 316 0.1
Omobranchus elegans 225 430 655 0.2
Petroscirtes breviceps 76 85 70 231 0.1
Repomucenus beniteguri 134 110 244 0.1
Repomucenus lunatus 78 465 360 903 03
Siganus fuscescens 288 670 958 03
Sphyraena pinguis 173 760 933 03
Trichiurus lepturus 2,530 1,360 2,800 6,690 22
Auxis rochei 3,700 2,500 6,200 20
Sarda orientalis 1,500 1,500 0.5
Scomber japonicus 1,140 870 1,234 3244 1.1
Scomberomorus niphonius 13,200 11,400 6,550 31,150 10.2
Psenopsis anomala 130 255 385 0.1
Paralichthys olivaceus 1,220 220 8,520 9,960 33
Eopsetta grigorjewi 250 210 990 1,450 0.5
Kareius bicoloratus 730 1,990 1,110 3,830 1.3
Pleuronectes herzensteini 610 340 950 0.3
Pleuronichthys cornutus 800 1,260 1,290 3,350 1.1
Zebrias fasciatus 710 710 0.2
Cynoglossus joyneri 620 1,330 1,090 3,040 1.0
Stephanolepis cirrhifer 254 250 620 1,124 04
Thamnaconus modestus 310 175 485 02
Takifugu niphobles 165 1,050 1,215 04
Takifugu rubripes 900 1,810 2,420 5,130 1.7
Takifugu xanthopterus 540 810 840 2,190 0.7
Total 106,120 93,253 106,395 305,768 100.0
Dominance (%) 34.7 30.5 34.8 100.0

Number of Species 79 82 72

go] AP} I F oI5 (Perciformes) o177 285 46 & 559 |77t AA 2VFFY 82.65%F AA|st] A5t
TOE 7Y Hol S, o2 EHo|& (Scorpaeni- = EFTOE UETH(Table 1).

formes) 1F7} 8% 19F°] £&st o, 7kA}4n| & (Pleu- R ST o]FE B FEZHT (Scorpaenidae) | F7}
ronectiformes) o157} 4% 7%, Eo]& (Tetraodontiformes) ©] 8x o7 713 o] £&3}9 1L, Floj3}(Sciaenidae) o177} 6

F7} 2 5%, U7 (Gadiformes)o] 22 4% FHSIATE o F, E7|TH(Labridac) o157} 3% 2@
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Fig. 3. Yearly variation of index of number of species, individuals, diversity, evenness, richness, and dominance in coastal waters off Heuk-

san-do, Shinan from 2013 to 2015.
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Az EFFL 201340 155 527 84F0] £,
2014d0] 14% 503 82F 02 F7Hstg o), 201590 145

A=l S8 A HES BH, 201399 8237047 &
#3l¥ o, I F 35X (Leiognathus nuchalis)7} 9370A] &
Asto] 20139 & ANASY 11.25%S 2HA| ko] L3t
201499l 74070A7F 2@ 01, A (Engraulis japoni-
cus)7F 152702 &8st 20149 & AA42) 20.54%S 24|
sto] Askgitt. 201590] 731704 @38t on, 301 (Coil-

ia nasus)7} 1137§A) @3} 20159 & 7fAS2) 15.46%S
Z}R| 3t 9231t} (Table 2).

Ard 23 AT HES 2, 201349 108,385 gO|
3319 H, I F 2AZ o (Beringraja pulchra)7} 23,900 go|
85t 20139 F BAFY 21.79%F A5k 3513t
20149l 90,807 go] 2@ om, 1 F FFol7t 12,840
gol Ed3tY 20149 F AAF] 14.14%5 HA|3te] -3}
ot 20159 ll= 108,370 go] @3t e, 1 F 3ot
10,870 go] &3}t 201549 & AT 10.03%S A5
75kt (Table 3).

AR £33 £ & FX7} 31070A| 2 AA) 239 13.49%
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Fig. 4. Dendrogram based on the community similarity of each year by number of fishes in coastal waters off Heuksan-do, Shinan from 2013 to

2015.

Table 4. Comparison with dominant species among previous studies of fish assemblage collected by a otter trawl

Source Present study Lee (2004) Song (2006)
Study period 2013~2015 2003 2002
Study area Heuksan-do Dolsan-do Uljin
Study interval Seasonal Monthly Seasonal
Fishing gear Otter trawl Small otter trawl Small otter trawl
Dominant species (%) Engraulis japonicas Leiognathus nuchalis Engraulis japonicas
(13.49) (53.26) (9.23)
Thryssa kammalensis Engraulis japonicas Hexagrammos otakii
(8.70) (7.61) (7.53)
Leiognathus nuchalis Amblychaeturichthys hexanema Hexagrammos agrammus
(6.70) (4.46) (5.94)
Coilia nasus Konosirus Punctatus Pterogobius zonoleucus
(4.96) (3.50) (5.83)

£ ARt 7 S35 2o g YEhton theog 53
7+ 20074 (8.70%), 017} 154703 (6.70%), Z27) (Larim-
ichthys polyactis)7} 82703 (3.57%), 2R (Trichiurus lepturus)
7+ 76704 (3.57%) <=1 ATt

Z28E5L 201590 78F 22 71 AA Ve, 20139
of 84F 2o & 7 Wol Uehdtt AAlg== 20159 731704
2 71 A7 Uebga, 201390 82770412 714 wo] VRt
o} ke A4k 2014490 357602 7P Ee 2hS, 2013
ol 370622 7Hg ¥ #& et #5= A4 2014
ol 08112 7P F2 2HS, 20154 0] 083622 714 =&
S Yehith $4% 4= 201390 02152 7P ¥ g
£,201440] 028622 7} &2 g Yehth TR 2|4
£ 201599 11.68022 7P W2 S, 20149 12.3602
2 7P +2 3 UEhllth(Fig. 3).
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e

4ol 29 AAS 2AT AEY SAEE B

=25
=

201393} 201599 BR|, A (Thryssa kammalensis), ZI
23} (Sebastes schlegeli), TFA|, ZX], &=x7] 50| £dd}
75.46%2) GAMIS Hith theo2 2013\ 20140]
X, 3, 7570, 2 $ol B854 713.96%] 443 T2
on] 201493} 201590 B, &
tispinulosus), 2382}, F5X], 24X
FAE HichFie. 4)

Y| =X| (Coelorinchus mul-

5o] 283} 71.48%9]

£ oo gk 2 BaolRel AMolRE
4 Qe %_J-&EE #ZolF= AAolFol Bl 79
go] 701'01'01 L7 gon, ST Al - F7ho I W3t
74 Aste] A= APl o3t ofgo] B Holth. o3t o]
22 aw AQBARI} Qi HAolH ofFe] E2A ¥
slol A HIE FAHY = AXNRE IR dt= 4
27} @l (Lee, 1989; 1991; 1993; 1996; Lee and Kim, 1992;
Lee and Hwang, 1995).

Huh and Kwak (1998)°] 2™ #QEe] 4=4]o] QF
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£ Aol o3t FojFo| og H|go] FolR|1L, ZE XY
T8 Fo]R9| o|F H|go| RolXittar 5§t} o] AolA 7]
AA L o ARE olFE HH Fo| (Okamejei kenojei),
280y, o} (Lophiomus setigerus), = 0| (Hexagrammos
agrammus), F = 1) (Hexagrammos otakii), =C+2] (Pleuron-
ichthys cornutus), ZA 9 (Cynoglossus joyneri) 50| 7=
=, o2 AE ol AAlst= AP A AojFoltt. o]
£ ojF0] ojgH AL= Hol Ao s HHH o] A+
o o]E9 AA TS o= A= WPt ik Wk
E3F HA, A, 50, 27| T HIAAA oFEo] A
el olEo] Aol WS wolnt I = 7] wZof o]
Toll A HHE A D A ZFO] SAE Atel] EAst=
A AT es] WYtk 2] o Pk Bk B4,
YR (Setipinna tenuifilis), 15 (Scomber japonicus) 5 H|A]
A olF= Fhole AS HETT} oftole 504 9
o]& A F 5= ZAgFo] 917] wl&of (Ferno and Olsen, 1994), 0]
Aot o] 7kl A5 NP3 H¢ ot} BIA A A of
79l vl&o] Zobd 7FsAdol Sith.

SAE 3 7|AAARA 28 A= ALt A
S B EE, AAAsE 2013ERE 201587k 22 827
WA, 7407041, 73170A 2 ok gAastglod & Afole S
ok AR 201395E 20159714 2+ 109,685 g, 90,807
g, 108,370 g &2 Uetgth SAte= AP A 4]l o3 s
o] A2 o|Zolx] g, FUhellA] BAITHE AR}
7H5g] A FolA BAEHE LdYo] £=EE AR} 434
7] (Kang ef al., 2004), o] Ed] 3}3+4] Wslo| w2 2%
A FEAQ R g WAL =7} EAYste] S FAYEH
Aloll §3l7 dojut A= AT st FF nHS A
o2t BZter}. sHA|RL, o] A AutoA= Z Aol7t YL,
ST ofF F AAGOl B olFTER Hol ZIE] e
o, o] &2 fjiEo| 15cm ©]3te] o2t 40cm oJFoR 7
JElo] Y AL R Hol o]fFEY AT W ARbFO R oF
S A 2US AR Qo

A E4ke FH 89 (Lim, 2007)91A4 71434 17 of o8]
H AgA = & 155 561} 94F 1,99570417F Sdstsitt.
o] AtET} 4F0] HA FHFAL, A GA| o] AFoA
300704 ol F71t A7t Udebgedl, 28Ee AAs
7t F7keke 2TE Yoy & Aolg HolA] gttt 3
2 A, FF4, &, F27| £L &2 YEE F dTolA
A= FLHSHARL, o] Aol HEY EFo| Yol of-A
2
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2013¥ 2 E 2015E7HA] ZAZ| 5 £33 AFe= F 15
& 561t 98%F, 229870 A| = U, $HEE BA, 54,
A4, St o FA4F At (Lee, 20044 = F 75 32
I 47F, 7 2640 A = UEFAL, S -E2 5], 94, =317
=, Aojgirh 27 Aok(Song, 2006)l 4= & 9% 301} 445,
94370 2 e, $-F-2 FA], Fxdn], kafn], =
508 7 dAqtuit} 2ol & H T} o= A3l dal, 539 3
o] B4, A AI7]L A 717 A S 2 3948 AF 5
9] zpol7t EAT o1F 2 A FFE & ALE 44
o} T3 B A, Eal, el A Aol 24 29 ¢ 4
S 3 Ao2 Hop Lyt A Ao Exsh= AL
ot
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larval fish species were appeared in June and September. The dominant species, Engraulis
Jjaponicus accounted for 42.9% of the total larvae and juveniles, followed by Leiognathus
nuchalis (13.9%), Omobranchus elegans (9.3%). These 3 taxa accounted for 66.1% of the
total collected larvae and juveniles. Cluster analysis showed that March and December are

most closely grouped, followed by June and September.
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Fig. 1. Map showing the sampling area in coastal waters off Sam-
chunpo, Korea in 2001.

28 H AEHS 37

E=H5te] 224 9 B
1”“‘°]-°E‘E]- 013_51,51 %0 —,v_—~n——‘5 m (1981) 2 Okiyama

(1988)°]] wtom, ERAA 2 a5 Nelson(1994)°ﬂ w5
o, Scartella cristata®] =42 Han and Hwang (2003)°] wt
stk

AT % ANE AHole] R TUTE BHS ste]
oHF T (Diversity), 9% (Dominance), 5% (Evenness) 2
FTHE (Richness) A8 T3ttt A& 219 A-AE FA
A& Tobstr] $98+e] Primer 5.0 program (Clarke and War-
wick, 1994)& o]-&ste] ZAP|ZE F & ST MAISE EY
2 F37E] SAE (Similarity) S AFESFS T

tlo rIE
HU
o_>r‘..
<t
R
A
nﬂ
E
oy
HU

| A 3
1.42

NRE Ao 3, AR >

2 H3= Table 13} 2t}

) 014 7H b7ko) AT 28 HAE Aol B E A
Ho) e 7 AMER vae WS By T 23
Ae wHze] Luj4E Qo] T AT ALER 22 ~

42°C &4 yelgch

Table 1. Surface water temperature (°C) in coastal waters off Samchunpo, Korea in 2001

Stations
Season Mean
1 2 3 4 5
Spring 8.5 12.2 8.7 8.6 8.8 94
Summer 18.0 222 184 18.3 18.8 19.1
Fall 26.2 284 264 26.3 26.6 26.8
Winter 11.3 149 114 11.7 119 122
Table 2. Mean abundance of eggs in coastal waters off Samchunpo, Korea in 2001 (unit: individuals/1,000 m®)
Season
Species Total R.A. (%)
Spring Summer Fall Winter

Engraulis japonicus 16.0 957.8 265.1 - 1,238.9 55.7
Sardinops melanostictus 6.5 176.9 - - 1834 8.3
Leiognathus nuchalis 378.0 1139 - 491.9 22.1
Callionymus sp. - 239 7.8 - 31.7 14
Soleidae - - 144 - 144 0.6
Callionymidae - 6.7 13.6 3.0 233 1.0
Pennahia argentata - 159 30.6 - 46.5 2.1
Unknown 284 75.1 50.2 38.6 1923 10.1
Total 50.9 1,6343 495.6 41.6 22224 100.0
Number of Species 3 7 7 2 8

R.A; Relative Abundance
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Table 3. Mean abundance of larvae and juveniles in coastal waters off Samchunpo, Korea in 2001
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(unit: individuals/1,000 m?)

Season
Species Total R.A. (%)
Spring Summer Fall Winter
Engraulis japonicus 8.8 160.8 7772 - 946.8 429
Konosirus punctatus - 15.5 11.2 - 26.7 1.2
Sardinops melanostictus 12.9 81.7 - - 94.6 1.3
Syngnathus schlegeli - 12.2 20.3 - 325 1.5
Sebastes schlegelii 22 - - - 22 0.1
Platycephalus indicus - - 114 - 114 05
Hexagrammos agrammus 22.7 - - 125 352 1.6
Hexagrammos otakii 109 - - 7.5 184 0.8
Leiognathus nuchalis - 79.7 226.2 - 3059 139
Callionymus sp. - 373 71.5 - 108.8 49
Acanthopagrus schlegeli - 15.3 - - 153 0.7
Pholis crassispina 33.6 - T- - 33.6 1.5
Pholis nebulosa 51.8 - - - 51.8 2.3
Omobranchus elegans - 253 178.7 - 204.0 9.3
Parablennius yatabei - - 36.7 36.7 1.7
Scatella cristata - 13.6 743 - 879 4.0
Gobiidae - 253 209 12.6 61.8 2.8
Luciogobius guttatus - 10.8 - - 10.8 0.5
Limanda yokohamae 12.9 - - - 129 0.6
Cynoglossus joyneri - - 5.1 - 5.1 0.2
Rudarius ercodes - 18.0 36.0 - 54.0 24
Takifugu niphobles - 19.8 29.2 - 49.0 22
Total 155.8 5183 1,462.0 69.0 22054 100.0
Number of Species 8 13 12 4 22
R.A; Relative Abundance
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Fig. 2. Seasonal variation of richness, evenness, diversity, and dominance

in 2001.

oA HA ChFSHT, PO R 408%2 AHI3H] T
A2 SISt 1% Bolk 5% 63 859 Ax/ol} Zdet
L, 20| A5oHE oIFolE 42 103} 1350] FHs}] 7}
% tjeret Fol EHsHAC

7F&olE 6% 103} 12%9] Ax|oj7} 2@t 71 B &
A F48 AT, o0l 1 Wokd 1290k 28 33} 4%
o EHsto] AT/ F 7P AL Fol BT

9 x| 7+ (Engraulidae) 2] BX]7} ZA717F 59F 283 2420
9] 42.9%F AA st S8 oH, FEAE 13.9%F A
s

52| = 2FR] (Omobrandchus elegans)= 9.3%%S X8k
7, 2|7 B9k EHS Aol FolA] o5 7] Fol AR
g HlEE 66.1%2 Bo|] REsh= T2 UEgen, YyuA]
197] {72 33.9%2 A3t}

AR 2= ol Hl=eA7t 33.3%F AAste] S945H%
3, 22 AW =2 R (Parablennius yatabei)7} 21.6%, 29|
Aresle o 2o= FX|7) 31.0%2 2oHstg o, e A
ojgle} F5 X7} 242 15.8%, 15.4% =2 S35+ th(Table 3).

7Heoll e EA7} 53.2%, 57 15.5%, 52| =2kx] 7t
122%2 A3t92eH, 1299+ FAW|=etA] (Pholis crassi-
spina)7} 53.0% &@3slo] 435}t

- Xfxlofel Exd A ARHES 39

1p
os}
]
3 osf
c
[=
[
>
w 04
0.2}
0
Spr. Sum. Fal. Win.
0.8
0.6 |
@
o
c
g
é 0.4
<)
o
0.2 f
0.0 A A -
Spr Sum Fal Win

index of larvae and juveniles in coastal waters off Samchunpo, Korea
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Fig. 3. Dendrogram based on the community similarity of each season by number of larvae and juveniles in coastal waters off Samchunpo, Korea

in 2001.
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Abstract : The ichthyoplanktons were sampled during four different months (February,
May, August, and November, 2015) to study distribution of the ichthyoplankton in the
Gangjin Bay. During the study, the collected fish eggs were identified as belonging to 7
species. The most of dominant species Engraulis japonicus were accounted for 31.22% of
the total fish eggs, followed by the others (25.17%) and Konosirus punctatus (16.09%) and
Leiongnathus nuchalis (15.96%). The larvae and juveniles were identified into 18 taxa.
The dominant species Konosirus punctatus accounted for 27.42% of the total larvae and
juveniles, followed by Leiognathus nuchalis (12.78%), Sebastes schlegelii (11.55%) and
llisha elongata (11.34%). These 4 taxa constituted 63.09% of the total collected larvae and

Keywords : Ichthyoplankton, Gangjin Bay, Juvenile, Fish eggs, Species composition
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and Kim, 2007), A= 4% 39 (Go et al., 1991), YAF
W (Cha et al., 1991), &&= B % (Han, 1999) @ o4 &40t
(Han et al., 2001) At oA o]Fojflon, o] A7} X
H Y Ao A o]FolW ¢ W Zxjo] Eizo) T3t A=

O o\

Lo
12

o2

Park (2002)9] A4} 8E9] AT 0| o] Roix|x] 3t

7}73‘?_]',_ u—gHo}g] 7‘61—1 3H<z] o= 71—}_ ook oobuzl-_‘.q- 0121-
of AAfsl ofnle) A5F ol dos FEstL Atk (Kang er
al., 1999). 18} 20069 FFTHEA o] PFE o] Hae
ZFo| Hal7h A FH L o] s o AEjA et dojd Ae=
ot

weh o] AFE Park 2002)9] AFANN AFSAE 2
A A —‘% A g g zxjo] B WIS v)wala,
o AR FAEE, ST U FYRAL shect,

oI5 %
=2 o

| m= o

o] A+t 201549 24 R H 54,84, 11¥7HA] AEE=R F
43] Y= Aebd T ZFZINE Aol A] Park (2002)2 2+
67l oA F7A4d o & A o5 A skt

ZF A & 54 Tty flste] &, e 4
Z} T-S meter (Type MC 5, U.S.A.), Salinity meter (YSI #33,
US.A)E ARESto] S7351H3H

Azl et dutA el AFFEL2 Smith and Richardson

— 43 —
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Fig. 1. Map showing the sampling area in coastal waters of Gangjin
Bay, Korea in 2015.

(1977)°ll wstos, e FE A4 10% T4 £
doz 1T T AJUA Ff ApA|ojuke HalEg,
o, 328 1] 7 (Nikon SMZ-10, Japan)& o]&3fo] ZH=E
goto] 24 2 BEES ST AAE %Y ERe
Kim (1981) 9 Okiyama (1988)%, 2744 2 &

(1944), Joo (1997)$} Lee et al. (2000)E wych.

AAE o|FE gEE &P ZS, /WA4/1,000 m? (inds./
1,000 m)E AEdte] F2Ql HES vustyl, AE +387
Z BAS 95lo] thoF: (Diversity), o%:‘]E(Dommance), ot
5= (Evenness) ¥ SH = (Richness) A5 T390 =
39 AEE FAMIE 1etstr] 918te] Primer 5.0 program
(Clarke and Warwick, 1994)& o]&3lo] & £33 A4S
E2 37 FAME (Similarity) S AFE3HA T

2 Nelson

FARE 215 2 A=Y (ITh < pjh)/ / (D1Th* < pjh’)

i,j: B2z} 3H= 2709 &

h: Ztzre] &

P14 5ok APE & ) FAAS i o= ST
2ol A= A=) vlE

30 35
25 f 4 30
o {125 _
29 L S
® 20 g
= {20 <
ag_ 15 b =
g 115 &g
- 10}
4 10
5 5
0 . 0
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Fig. 2. Monthly variation of mean water temperature (°C) (®-®) and
salinity (psu) (A-A) in coastal waters of Gangjin Bay from February
to November, 2015.

AR Ao =2 22 E %X§ A}, A9 8o
25.7~29.2°CY| WLE Ho|w Bt 27.2°CE YeL, 54
2l 2€9] 6.1~8.3°CY] HAE Eo:l B 75°CE Yepytc.

ARE JE8S FA 290l 22.1~31.7 psud] HMHYE Y
B, B2 30.2 psu 7HE A UErE, s 89
11.4~27 3 psu®] WS e, B 190psuZ 7 2A
eyt (Fig. 2).

F2 & 8719 BRwel 2¥
Sk, BX] (Engraulis japonicus), 35| (Leiognathus nucha-
lis), 22|H (Sillago sihama), A 12| (Sardinops melanostictus),
Z o] (Konosirus punctatus), =C+2] (Pleuronichthys cornutus),
YA (Paralichthys olivaceus) X 0|25 Wt 502 EREI
TN EHZL £ $£Z7MK] AT (Table 1).

H54 9o Ed%S 29, 947 A 283 £54
o) 31298 A1 1 SHSHE Fo2 tehton] v
T2 21.6%2 YETE 522 o7t 16.1%, FeA=
16.0%E A8+t

AL S8FE 590 Hojet |, BX % vl&
9] F 5%FY o] ¥, 2 F Hoj7t 647HX1]/1,000 m’
2 2747% 33909, A& 297441/1,000 m® E&A3t]
12.45%E AA 3Tt vlEF F2 1347031/1,000 m* &@s}

H: rL

|r1
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Table 1. Mean abundance of eggs in coastal waters of Gangjin Bay, Korea in 2015 (unit: inds./1,000 m®)
Month
Species Total R.A (%)
Feb. May Aug. Nov.

Engraulis japonicus - 29 176 22 227 312
Leiognathus nuchalis - - 116 - 116 16.0
Sillago sihama - - 51 - 51 70
Sardinops melanostictus - 2 24 - 26 3.6
Konosirus punctatus - 64 53 - 117 16.1
Pleuronichthys cornutus 3 - - - 3 04
Paralichthys olivaceus - 4 - - 4 0.6
Unknown - 134 49 - 183 252
Total 3 233 469 22 727 100.00
Number of Species 1 5 6 1 8

R.A.; Relative Abundance.

Table 2. Mean abundance of larvae and juveniles in coastal waters of Gangjin Bay, Korea in 2015 (unit: inds./1,000 m®)
Month
Species Total R.A.(%)
Feb. May Aug. Nov.
Engraulis japonicus - 11 21 4 36 74
llisha elongata - 24 31 - 55 11.3
Sardinops melanostictus - 1 9 - 10 2.1
Konosirus punctatus - 74 59 - 133 274
wPlatycephalus indicus - - 4 2 6 1.2
Sebastes inermis - 19 - - 19 39
Sebastes schlegelii 8 17 28 3 56 11.6
Sillago sihama - - 32 2 34 7.0
Leiognathus nuchalis - 21 41 - 62 12.8
Pholis nebulosa 19 21 - - 40 83
Synechogobius hasta - 5 - - 5 10
Sphyraena pinguis - - 3 5 10
Paralichthys olivaceus - 4 2 - 6 1.2
Limanda yokohamae - 2 - - 2 04
Cynoglossus joyneri - 3 2 - 5 1.0
Cynoglossus robustus - - 2 - 2 04
Takifugu niphobles 2 3 - 7 14
Takifugu rubripes - - 2 - 2 04
Total 29 204 239 13 485 100.0
Number of Species 3 13 14 5 18
R.A; Relative Abundance.
ol 5751%5 AASHHL, A 25 FA|eF Foj=|7t 2442 1ol EA7F 22704)/1,000 m* @8k, ~&0] 71
474R1/1,000 m*, 274A/1.000 m’e] E@ste] FAFE] 258% W 2ol Erkelzt 3H/1,000 m® EAFGE
£ Aot
8= F 63 FiA ol EFst AT M B2 & 2) xtx|of

o] Zdstiedl, 2 F BAZF 176704/1,000 m* &&3}o] AR ol F 5% 143 187119 ERol 2EHHA F o=
37.53%= 7} AU thE o B FFX(24.73%), Ao 742 SR = Th(Table 2).
(1130%) ¢-0.2 Vet T, Beea) ojis o wado) 22t 1 % 249l 5¥0= 52 113} 139 BRzo] 2ds)
51 7Hxﬂ/1 000 m*, 497041/1,000 m* @ 247§4)/1,000 m* &&3} T, o240 gol= 5E 113} 1479 BEFo] 2H3tgc).

of ol 3%0] 2644%5 AA3H%rt. feo] spsl] Aakshe 7HeA9 1180 38 53t 5%
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Fig. 3. Seasonal variation in richness, evenness, diversity, and dominance index of larvae and juveniles in coastal water of Gangjin Bay, Korea in

2015.
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Fig. 4. Dendrogram based on the community similarity of each season by number of larvae and juveniles in coastal waters of Gangjin Bay, Korea

in 2015.

e

o] Azjo)7} @3t o} FA-of H]ste] Ho| Fidt= A
T AL, ASHY 20 = 35 33 3F0] ST

A o & (Clupeiformes)ll &3l= o7 5 o7t AA &4
AR 019] 27 4%E AHA| 8t -t RoH, F5A= 12.8%
2 A,

Z9EB2 (Sebastes schlegelii)T &X] (Ilisha elongata)~ Z+
ZF 11.6%9}F 11.3%5 ARSI, A EAF AR o] FollA
ol 47l Fo| AAF HIEL 63.1%E HWol] HES}= FER
el en, Umz] 147) 772 36.9%F AAISHAT

201 9] EEFL 0] W2 290 2970A)/1,000 m® &

-

sto] AF EdFl 6.0%E AAsHH o, =20] A5dt7] Al
215k 5Yoll= AAN/1,000 m*7F &3] HA| 2T 42.1%
2 ettt

o532 8¥ollE= 23970A/1,000 m’7F E@ste] A &d
FO 493%% E8F, 2T L5 A% M =4 UEe
o, 7F2HQl 119 HlEHA 1370A/1,000 m*7} &&3t
AZ 28 27%E 7P Wit}

9T AR E FEE APEY, 590 £ 1350 &3
AL, 1 F Aoj7} 74704)/1,000 m*7t &3k 5Y 36.3%
2 71 24519 ok o2 2271 24704/1,000 m*7t &3

ol



2ok Hetol M BRd B R XX|oe] AEEXE 47

30p 33 p

25k 30 F
8 20 "g
e € i
2 2
g a5t £
g & 2}
'a_a 10p

21 F
5k
0 18
February May August November February May August November
Month Month

Fig. 5. Monthly variation of water temperature and salinity in Gangjin Bay, Korea in 2000 (Park, 2002: X-X) and 2015 (Present study: ®-@).

Table 3. The list of fish from previous and present studies in Gangjin Bay, Korea in 2015

Orders Families Species Park (2002) Present study (2015)
Engraulidae Engraulis japlonic.us [ L]
Thryssa hamiltoni L]
Clupeiforme Pristigasteridae Ilisha elongata L] o
. Sardinops melanostictus [ o
Clupeidae Konosirus punctatus [} [
Platycephalidae Platycephalus indicus L L
Scorpaeniformes . Sebastes inermis (]
Scorpaenidae Sebastes schlegelii (]
Apogonidae Unknown °
Sillagnidae Sillago sihama ° o
Leiognathidae Leiognathus nuchalis ° o
Callyonimidae Callionymus sp. °
Pholididae Pholis nebulosa L] L]
Blenniidae Scartella cristata °
Omobranchus elegans °
Perciformes Tripterygiidae Unknown (]
Acentrogobius pflaumi [
Pterogobius zonoleucus [
.. Synechogobius hasta ° °
biid
Gobiidae Periophthalmus modestus L]
Tridentiger trigonocephalus L]
Unknown °
Sphyraenidae Sphyraena pinguis [ [ ]
Paralichthyidae Paralichthys olivaceus (]
j [ J
. Pleuronectidae Limanda yo.kohz?ma.e
Pleuronectiformes Eopsetta grigorjewi ®
logsi Cynoglossus joyneri [ [ ]
Cynoglossidae Cynoglossus robustus °
Monacanthidae Rudarius ercodes °
Tetraodontiformes T dontid Takifugu niphobles o
etraodontidae Takifugu rubripes o
Number of Species 24 18

3k 11.8%S AR|SHH L, F52|9F HI=2HA] (Pholis nebulo- m’7} E@ste] 24.7%2 5YT} Zo| $AHIAL, FFA7} 41
sa)7} Z+ZF 21704)/1,000 m*E 10.3%2 22| 3FITh. AA/1,000 m*2 172%=S A SHHTH 2ado] 32704)/1,000
Yo £ 14F0] 2FF, 1 Z Ao)7} 59701/1,000 m’2 13.4%, ZX7} 3170A1/1, 000 m* 2 13.0%, Z3]Eeo] 28
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Fig. 6. Community indices at each month in Gangjin Bay, Korea in 2000 (Park, 2002: ) and 2015 (Present study: Z4).

AA/1,000m’Z 11.7%, BA7} 21704)/1,000 m*E 8.8% &2
2 Uepyrh.

1Yo 2 529 Rxoj7t 2Fstgon, 1 £ L2
22 470A)/1,000 m*7F E&3te] 30.8%F AA|5AoH, Tk
&2 zulEeo] 3714/1,000 m*E 23.1%ZS AR5}, 71E
oFel| (Platycephalus indicus), 2|8 D T X117 (Sphyraena
pinguis) & 3%°] 28 46.2%F AR5}t

290l Wix=2kx7} 197§41/1,000 m*2 65.5%2 7F $-
Aok, 2Bl 8704)/1,000 MR 27.6%, EAo] 27)
A1,000m* 2 E@HF] 6.9%2 LeRGT

3. ZET=

201549 7Tkl A QYA ApR|ofe] G F FHE A
£ 0.594~23742 84of| 7P wokom, 2o 7 Wttt
F5E AFE 0.743~09722 1199 7P =¢tom, 11¥S
Aelet 24, 59, 8¢ g FFE Btk ot AeE
0.817~2.1092 8Yof| 7H =2 gk Ueigla, 2o &3
Fo] glo] 7P Wol FRE A a#=e} vl A¥FS U
Ehdth SHE 2$E 0.418~09312 290 7FF &9k, 549
I} o] vjwA 2 s Yehfiglon, o 5H Bluy =
A et FRE A5 2 ke Agoks B B3RS UE
Witk (Fig. 3).

AL 239 FALE (Fig. 5 B9, 83 9F0] 15 (A)
£ o|F°] 63.80%% 7HF 7V F1 fAMIS "L, 1F

(A% ALL IF(B)E °1F°] 23.60%2 &} A5l v
22 3 fAME 0] UEg Tt 15 (B)¢ 7R 1R (O)F 9]
20y 21 01%E 7P Fe Z7F SAMA o] vehdt) 125k
IF A, 18 B, 1F C2 37 3719 222 Yroj it}

=t
=

]

5222 Park (2002)9] Aol 8Yo] 28.2°C2 714+

B2
EUAL, 290 73°CE 7Y A Yepgon, o] A4 = 8
Hof| 272°CE 7P =94aL, 2¢9] 7.5°CE RA Yehd o5
A Hdt 22 2ot Igeu ALE B 2 =2
Aol & Heltt.

B HE-2 Park (2002)2] AollA] 2] 29.8 psuE 713

=943, 84 18.7 psuR 71 WA UER oo, o] AtelA 2
2]l 302 psu 7P &9k, 8ol 24 9psuR VrERLt THA A
FETt A Yebth 4 5E dEo] WA Yehd o] 32E gt
Bt A4 stAlof Zeggo] wol, o] 2 Qlste] T4=9) f-4lo]
oA @io] A vehd Aoz AZErt B3, 2006019 ©
A7pel AgotEdgo] ALY, 47T g P9 §
ol A Fof o] Aol FEo] Park (2002)] B3 =7
Z74 =S Aol BdEr)

A7 F 8T AR 09 T4 Park (2002)914 F 5
2 163} 24719 BEFFo] 259 e, 20004 599 18712
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ERToE 7Y w2 Fo] SHSAL, 1199 3709 ER7T
22 7 Ae F4E UEIY o] dFolA= F 55 143
18709 EFFo] 33t 20159 8¥o)| 14712 ERFo=
7P B Fol S5k, 2| 1¥0] EAsHT

Park (2002)0ll= S@HA] FUATE ol Aol A MEA
9%t $2 =, 29 &2, AX (Paralichthys olivaceus), &
A 7¥A4| (Limanda yokohamae), 7§ AW (Cynoglossus robus-
tus), B, A28 (Takifugu rubripes) 2.2 Z 7&0|0th. &
gt ol AT (Park, 2002) A= SASHHAIT, ol Ao
A @A B2 T2 ERA (Thryssa hamiltoni), 24&3
(Apogonidae) 15, 52L& (Callionymus sp.) ©15, Scar-
tella cistata (Han and Hwang, 2003), ¥5ZH Z=2+x] (Omo-
branchus elegans), Y =X T} (Tripterygiidae) o155, 245

Znle

(Acentrogobius pflaumi), BE45 (Pterogobius zonoleucus),
FE2Y5 (Tridentiger
trigonocephalus), 85913} (Gobiidae) ¢, &7FA0] (Eopset-
ta grigorjewi), &I F R (Rudarius ercodes) 5 13712] &
T2 2 3QIEQIth(Table 3).

Park (2002)2] 1AM E ELE (Synechogobius hasta)©]
32.86%5 AA|sko] FLHSAL, FE7F 16.52%, W=
7b 12.41%, BEF50] 11.89%F 2A|ete] $-FsH= Fo2
Uehytth ol Aol Hof, FFA, 20ES, £A7F &
Hohs To2 Yet A A7 ZJolE B, #A A
of H|sto] F2HY o} 7Ql WEj T o {7E FolER Ao, 29
2, £ 22 3R ofF7E Wol A= ofet 2 4
7t 2 Aoz ABZHETE B3, BA o sl o] 77 671
o EFo] Ute 2ol st o] AN 1719 EF
o] Edste, MY A, wE8s T dF¢Fe= At A
ot S FAEEIAS] BTt WEolat of 7o Akt & A{ AR of
e 792 Aole Adun

FHE A4E Park (2002)9] AFoA 59 24022 71
AL, 11 054602 7P Wgton, o] Atolil= 84
23742 7V 8131, 299 0594 71 Rkt 45 E Al
+ Park (2002)9] AtolAl 10€0] 08722 7Y =9k, 2¢
o 04672 7P @3teH, o] AFolA= 10 09722 7}
=%, 299 074382 7P YT Y= A4= Park
(2002)2] Aol A 5Eo 1.8122 7H &9k, 2€] 0.9082
7P @ten, o] dAtoA= 89 2.1092 7MY =%, 54
°of 202002 7P Wol FHE A5 2L} {ARE FHE
Bt LA E 4L Park (2002)2] AtollA] 290 0.872&
7P =9kaL, 590 0.6472 7P RoroH, o] AtelA= 2¢
o 09312 7P =L, 8ol 0418 7HY WAThH(Fig. 6).

Park (2002)% o1 AFE vlustEA +ARH | wE F
4 G ZAojo] B o5 & 4 Uglen, AT o
QbS] RH8 o A ofof thigt At F71H o8 B3} H A

WETE (Periophthalmus modestus),

o

3 Xix|oje] AEER= 49

opot T qAgrel TARE BAY H4 Ut A4elo) W
ao] U9l sforst] olele Aoz werech. A 7| FHst
¥ Bt 2o £4 5 9Radl

44 o 9 Aol Weh Azg

2 gohEn, o2 ulolsly] YSIA A&A el Bo Ul
Az 01e] 24 2AP} BQsitha AYZhEn, O 9] 20 M3}
U ol 7Abe] wiste] tigt A= Pasitt AZEct

29,59, 89, 1197}
28 Ao

o] AolA & olF= T 55 147 187]9] 7t 485
041/1,000 m?e] &334, Park (2002) 4= 52 163+ 24
Ao BHZ 2,69970A1/1,000 m’ 2 o] AFo)A HL BFFa
A7t @8ttt

SHZ dolA] o] Ao Hoizt 1337§A]/1,000 m*2
27.42%, FZ27F 6270A)/1 000 m*2 12.78%, Z1]&E2o] 56
ZAA/1,000 m*2 11.55%, 217} 55714)/1,000 m*2 11.34%
wo g2 s, BA Park (2002)9] AFolA APEHAUH £
e 95, FA e, AEY5EL Aol & Eoinh

T e Ag 9 e A5E s & o, fAR 3
Helow, Park (2002)9] Aol Hlsf 8¥ut 11€9) FRE €
OY¢E Aees Ao s =3th 51 o5 591 849
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Abstract : To determine change and species composition of fish larva and juveniles,
samples were collected by RN 80Net in coastal waters of Jindo from April, 2011 to
January, 2012. During the study, the collected fish eggs were identified as belonging to 8
species. The most of dominant species Engraulis kaponicus were accounted for 79.85%
of the total fish eggs, followed by Leiognathus nuchalis (7.58%), Konosirus punctatus
(4.85%). The collected fish larvae and juveniles were identified 26 species, 20 family,

8 order. The most of dominant species Engraulis japonicus accounted for 58.92% of
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A A=s feuzte) Addel A1k Sl BA
24 W3 o] 430.6 km®0] 1L, FHol| FAET} 453, Fl=T}
185322 Fafiot dafol d2== Tt sH7F dE3h,
Ao Mol FFS Te N2 ofF WA HH 9 S|
WS AFIL Qo vt TR oAR7E M4, EE3h= A3l
9 ojZFo]th(Lim, 2002).

FEuE - A e B2 Atk The] &b A 9l
ofA] AAbdel ull- ot AR oje) ASHOR 7HA] 9l o]
o of = ol A Fetste] Zojet 2|og AR o7t =,
dutz o dAdwe dEe 27 AAEA Tloht 24
o 9 AAETH(Kim, 1991). ZfA AF 27 A
FEo| FH w1 B4 = wol 27] wzell, Foi= 7+
Ase F2 % 2 FFwste] w2t vid ek (Hjort,
1926; Saville and Schnack, 1981). TEhA 27] ZHE&o] &2
drleh AR o719 T2 W EWF TS Aol TIF W
= A5t A%t 7|2ARR v 238t (Lim, 2002).

Syl A T Ao Fxef W A= 24 At

(Han and Kim, 2007), AIF%= A& 19 (Lee et al., 2006), 3
A4k (Han et al., 2003), TEHE @¢H(Han er al., 2002), &34
9k (Han et al., 2001) 50] o|Fo|X|1L gloH, X277 A&
AtollM= B4 o E AR]o] ExEof thste] Lim (2002)°]
HAL SR A3 o] Fof gl Aot IAER o] A=
10do] A 2011d0f| 22 FHAA Fi74 & 2 Axo] £
3 W3S ¥tz st

| m=

2 Q7= 2011 495 H 74, 109 % 201249 1€ Az}
9T AEF AetoA Lim (2002)T} 22 77) A- oA A5}
FC(Fig. 1).

R4 2 AX oo YL FF A7 80 cm, S 320
cm, TE 0.34 mm (RN 80Net)E ARSI, JdEEE= oF

— 5 —
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Fig. 1. Map showing the sampling area in coastal waters of Jindo,
Korea.

P o)Felel Wit A olE Helsialch. BT SR0
(Nikon SMZ-10, Japan)< 0]%6}01 b3 2Ax]olE FHER F
Aatglon F24 9 553 A AP 5 AE
Zx|o]9] BF= Kim (1981) 2 Okiyama (1988)¢] wstom,
5 AA 2 8L Nelson (1994) ¥ Kim and Kim (1997)°]l
w3t

AP F ANE AR ol9) HB THTE BAS 95ho]
THF T (Diversity), 93 % (Dominance), 5% (Evenness) 2
ZF= (Richness) A& F3k3ich. A& +49 9E FAM
2 Tot517] Y5t Primer 5.0 program (Clarke and Warwick,
1994y o]&3sto] A7 F & QT MASE EUE &
ZZ2re] FAHE (Similarity)E Jgﬂ%‘:}.

2} Ao AR vt Zo

2 TR R4 H'= — 3T Pix In(Pi)
Pi: A £9] A48

SAERL D=(Y1+Y2)/Y
Y. 375

Yo A HA 4
Yo 5 WA

Z #5 = A4 J=H'/In(S) (Pielou, 1966)

3 Al

A AA%

ﬁs’-&x]—’;- RI=(S - 1)/In(N)
R Z2E
S: JA F

N: 3 A4

Table 1. Monthly variation of mean water temperature and salinity
in coastal water of Jindo from April, 2011 to January, 2012

Apr. Jul. Oct. Jan.
Temperature (°C) 14.2 246 20.3 73
Salinity (psu) 32.1 304 319 339

BAE A4 ¢ Aij= 3 (Pih X Pjh)A/( 3 Pih? X Pjh?)
i,j: Blwstaz} sh= 2719 F
h: Z+zte] o

F Aol B ST 2ol

= At B3 Ht 2 BEE AR 23, 514191 7€
of 243°CE 71 &%, FAI 199l 7.8°CE 71 @okeh.
B BT 22 7Y St. 294 24.6°C=E 7HF &8k, 1
UQl St. 40| A] 74°CE 7} 2kt

4 3 GEL 549 19 330psuz 7FF &9k, 5HA

ol 7€l 31.1psuZ 7 Rtk AHE 25 gE2 199
St. 6914 334 psu 7P =9kar, 4981 St. 194 30.9 psuR
7} 2okTh(Table 1).

2.

&l

oM

=4

S
2 AFolA ol SN RHAE G F 7Y £
Z335}o], BA| (Engraulis japonicus),

H=Ho|
Ao (Konosirus puncta-
tus), %A (Leiognathus nuchalis), B2|8 (Sillago sihama),
=o}&] (Pleuronichthys cornutus), @A (Paralichthys oliva-
ceus) ¥ 154 (Unknown spp.) 2.2 EFE| ¢t} (Table 2).

Hod o £ 2046.0inds./1,000 M7t £@tQ=d], 1%
H2|7}F 1,633.7 inds/1,000 m*2 A E8F2] 79.85%F 7t
A oA G T, the o2 2% 2|7} 155.0inds./1,000 m*E 7.58
%, A o}7} 99 2inds./1,000m* 2 4.85% &2 2 A5t}

A1 F DAY FRA dS AE 23, 20119 4
ol 47)9] BZF 111.6inds./1,000 m*0] £@3g=T), o] &
o7} 77.5inds./1,000 m*E 7P SAsIG 1, theo g FE3|
12.4inds/1,000 m’E SHa}act.

790 5719 B2 1370.2 inds./1,000 m*7} Z@3te] 7}
W2 T SEFS Bl ol F X7 1,085 inds/
1,000 m’2 71 $H3t4 L, th o2 FFX7} 155 inds./
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Table 2. Mean abundance of fish eggs in coastal waters of Jindo from April, 2011 to January, 2012

53

(unit: inds./1,000 m®)

Season
Species
Apr. Jul. Oct. Jan. Total R.A(%)
Engraulis japonicus 124 1085 536.3 - 1633.7 79.85
Leiognathus nuchalis - 155 - - 155 7.58
Konosirus punctatus 71.5 21.7 - - 99.2 4.85
Sillago sihama - 715 - - 77.5 3.79
Unknown spp. 124 31 15.5 3.1 62 303
Pleuronichthys cornutus - - - 93 93 045
Paralichthys olivaceus 93 - - - 93 045
Total 111.6 1370.2 551.8 124 2046.0 100.00

R.A, Relative Abundance

Table 3. Variation of species composition of fish larvae and juveniles in each season in coastal waters of Jindo from April, 2011 to January, 2012

(unit: inds./1,000 m®)

Season
Species
Apr. Jul. Oct. Jan. Total R.A(%)

Engraulis japonicus 18.6 7874 1054 - 9114 58.92
Konosirus punctatus 127.1 93 - - 220.1 14.23
llisha elongata 744 155 - - 89.9 5.81
Gobiidae spp. 18.6 18.6 - 6.2 434 2.81
Mugil cephalus 155 155 - - 31 2
Parablennius yatabei - 18.6 3.1 - 21.7 14
Argyrosomus argentatus 3.1 155 - - 18.6 1.2
Platycephalus indicus - 93 93 - 18.6 12
Sebastes schlegelii 6.2 93 - - 15.5 1
Hexagrammos agrammus 6.2 - - 93 155 1
Synechogobius hasta 155 - - - 155 1
Paralichthys olivaceus 93 6.2 - - 155 1
Takifugu niphobles 6.2 9.3 - - 15.5 1
Conger japonicus 93 3.1 - - 12.4 0.8
Sillago sihama - 124 - - 124 0.8
Leiognathus nuchalis 3.1 9.3 - - 12.4 0.8
Pholis nebulosa 124 - - - 124 0.8
Pholis fangi 6.2 6.2 - - 124 0.8
Cynoglossus joyneri - 6.2 6.2 - 124 0.8
Sebastes inermis 93 - - - 93 0.6
Takifugu rubripes - 93 - - 9.3 0.6
Syngnathus schlegeli - 6.2 - - 6.2 04
Limanda yokohamae 62 - - - 6.2 04
Anguilla japonica 3.1 - - - 3.1 02
Hippocampus coronatus - - 3.1 - 3.1 0.2
Cynoglossus robustus - 3.1 - - 3.1 0.2
Total 350.3 1,054.0 127.1 155 1,546.9 100.00
Number of species 18 19 5 2 26
R.A, Relative Abundance
1,000m’, 28] 77.5 inds /1,000 m*=2. & 2343} Tt 20124 1¥ll= 2709] EF<2, 11.7 inds./1,000 m*7} Z&3}

109 27§9] 7= 551.8 inds./1,000 m*7} @8, gd], 2% =t 9.3 inds./1,000 m*7} 7H¢ $AE 1, o
J% ¥ 536.3inds./1,000 m*7} 7P} $HEQ, e o2 ulEAu 3.1inds/1,000m’2 $H5 At

U574 & 15.5inds./1,000 m*$-H3HATt.
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Fig. 2. Seasonal variation in number of species, diversity, evenness, and dominance of fish larvae collected by RN80 net in coastal waters of Jin-

do from April, 2011 to January, 2012.
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Fig. 3. Dendrogram based on the community similarity of each month by number of juveniles in coast of Jindo.

2) Xkx|04

£ 2APIZ] 233 AR ol F 85 203 2671 Bl
S8, EAT AR ol= WA (Anguilla japonica), H5-
Zrol (Conger japonicus), BA|, A0], &X] (Ilisha elongata), 2
117] (Syngnathus schegeli), 3|0t (Hippocampus coronatus), %
oy (Mugil cephalus), 2382} (Sebastes schlegelii), =2 (Se-
bastes inermis), ‘=3 0] (Hexagrammos agrammus), 22|, 3
S A, BT (Argyrosomus argentatus), W|=2+X] (Pholis neb-
ulosa), BW|=2}+X] (Pholis fangi), AWM =E}+A] (Parablennius

Ry g |

vatabei), ¥ (Platycephalus indicus), &85 (Synechogobius
hasta), §E]3} ©]F (Gobiidae spp.), ZHAH (Cynoglossus
robustus), ZX | (Cynoglossus joyneri), &2 7} (Limanda
yokohamae), ‘@A (Paralichthys olivaceus) £ (Takifugu ni-
phobles), A58 (Takifugu rubripes)©] $1tH(Tabel 3).

2011 49l 75 153} 18% % 350.3 inds./1,000 m*] &}
2017} 2839 =, 1% Aoj7F 127.1 inds./1,000 m*E
36.28%F AHA|ot] 7P ASHAL, thE o2 X7} 744
inds/1,000 m*& 21.24%, BX|¢} FE5olT} o]77}F 2+7k 186
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Fig. 4. Monthly variation of water quality in Jindo, Korea in 2001 to 2002 (Lim, 2002: —e=) and 2011 to 2012 (Present study: =<).

inds./1,000 m*E 531% €22 $A354ch 794 8% 17%
19% £ 1054.0inds/1, 000 m’E AF 7P} B2 Ax|0)7} &
A3ttt 1% WX]7} 787 .4 inds./1,000 m*E 74.71% X}A|5}
o 71 SAsH 3, oo 2 Aoj7} 93.0 inds./1,000 m* 2
8.82%, FH| = etx| ¢t FEolt o} 77t 22t 18.6 inds./1,000
m’Z 1.76% <22 33t 10€d& 58 53 5% %
127.1 inds./1,000 m*2] z2]0}7} &&stA =, 15 B
7} 105.4 inds./1,000 m*2 82.93%E X}A|5te] 74 LA}
A, 2o 2 oFej7} 9.3 inds./1,000 m*E 7.32%, FAT
7} 6.2inds./1,000 m’E 4.88% &2 2 £ttt npAete
220129 1¥9] 2% 23} 2% & 15.5inds./1,000 m*9] 2] o
7} 2835tgs=d), 23 kd|u|7} 93 inds/1,000 m*E 60.00%
£ AA st 7P S8, T o R U0l ojFI} 6.2
inds./1,000m*£ 40.00% &2 & $AsHT)

A7 T SEWE AR 2P/FEE YEd= AE
o4 549 29 T4, HYE, o E, FHE NS HEY

Atk (Fig. 2). 28 4= 201149 799 19802 714 o)
eI, 20129 199 2802 7P A Ueyth o=
R4 20119 4Y0]| 2.1742 7H =& 2k, 20124 199
067322 7P ¥ & Uetdllth #5% A4E 20124 1
o 09712 71 =2 g2 YERHAL, 20119 70l 0.400
o2 7h W e et S E AeE 20124 1€
100002 7P =2 3h& UeRlaL, 2011 49 05752
7HE 22 gk YRl

SAHES HY 493} 790 EX],

T A T A A1F L2 YEhY 52.66%9
7RE F3F A B, g Hlus Heke v A4
& L FAME el T o AT (Fig. 3).

Table 4. The list of fish from previous and present studies in Jindo,

Korea in 2011 to 2012

Scientific name

Korean name

Lim Present study
(2002) (2011~2012)

Anguilla japonica W 2to] ° °
Conger japonicus A5A] ° °
Ophichthnae spp. uich ko] 7 °

Engraulis japonicus HX] ° °
Konosirus punctatus Ao ° °
Ilisha elongata 3 ° °
Syngnathus schegeli A7) ° °
Hippocampus coronatus 3fjuf ® [
Hippocampus japonicus A% sfjut °

Mugil cephalus %] o °
Sebastes schlegelii zuEZ °
Sebastes inermis == ° °
Scorpaenidae spp. okEgty} ol °

Pseudoblennius percoides &Y% °

Hexagrammos agrammus =3 1] [ °
Hexagrammos otakii F=gu) °

Sillago sihama By o °
Leiognathus nuchalis F5A ° °
Argyrosomus argentatus B ° )
Pholis nebulosa H| = 2k3] ° °
Pholis fangi I =atA| ° °
Parablennius yatabei A = 2}kx ° °
Repomucenus spp. SZdH L o7 e

Platycephalus indicus oFe) ° °
Synechogobius hasta =21E ° °
Gobiidae spp. TEoj1} o] F ° °
Sphyraena pinguis W37 °

Paralichthys olivaceus g4 °
Cynoglossus robustus WA ° °
Cynoglossus joyneri ZAd ° °
Limanda yokohamae FX|7}A}u] ° °
Rudarius ercodes I5FFHA °

Takifugu niphobles 2 ° °
Takifugu rubripes A5 ° °
Number of species 32 26
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Fig. 5. Community indices at each monthly in Jindo, Korea in 2001 to 2002 (Lim, 2002: 7Z2) and 2011 to 2012 (Present study: H).
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| nl

Lim (2002)¢] @-ollA] 4=2-2 2001d 7Y€l 24.6°CE 7}
¥, 20029 1490] 7.3°CE 7P RA Uehgen, 2 A
TFoAE REZIA 2 22 20119 79 243°CE 7H &
k31,2012 1¥€0] 7.8°C2 7F Wit

HEL Lim (2002)2] AFtolA 2002'd 1€ 33.9 psuE 7}
A =9k, 2001d 790] 304 psuR 7P WA Uehton, o]
Ao A= 20129 1€9f 33.0psuR 71 =931, 2011 4€¥
o 31.1 psuZ 7 8kt (Fig. 4).

AF717 F E@FE Lim 2002)°4 F 85 2434 32F
o] Fdste] 2001 7o) 25F 2= 7HF B 2EFTE U
B, 2002 1€ 455 7P A2 S5 e =T,
£ AFME & 85 207 26%50] 2@t 2011 78] 19
TOoE M W ST E UEIAL, 20129 1490] 2% 2
27V AL S8F5E YEHSItH

o] &5t (Lim, 2002)°= A=A FUAIT o o]
A AZe2 AP F2 29EHY AE 250U (Ta-
ble 4). EZF o]A @A (Lim, 2002)9 M= o] = AT,
offl AFolA HYEHA g2 F2 Hithilla} o7 (Ophichth-
nae spp.), AZ Nt (Hippocampus japonicus), ¥ o5
(Scorpaenidae spp.), ELYS (Pseudoblennius percoides), 5
U] (Hexagrammos otakii), ‘52 %¥E)< F (Repomucenus
spp.), R 2L7| (Sphyraena pinguis), 1E5IF R (Rudarius er-
codes) = 8F S 2 FQIE}ih

4 £@F4= Lim (2002)9] AFolA 49| 20%, 74

of 25% 0% 7P W2 FTFE UL, 10890 11F, 1€
of 43202 71 2 EFF,E UElen, 2 AT
£ 490l 18F, 7€ 19522 7P} B2 45 YERSI,
1090l 5%, 1€ 2F22 7Y A2 S8 UErH T
(Fig. 5). 2thF% A4 Lim (2002)0] 10€¢] 1.9002.2 7}
=4, 7900 07012 7P Won], B Ao AE 490
21742 71 =913, 199 0.67320.2 713 okt 9 S}
Sk 2HE BRI, 1092 o]F 95 Lim (2002)%} v| sl 2
X f, xo|7} S AT = 9%tk #5 = A& Lim
(2002)9] ALoA 1090 07922 718 =9k, 79l 0.218
2 7 wokon, o] Ao s 1€ 09712 7H ¥9kA,
790l 040022 7P Wkt Fohke A= T ol fARet
FEHE YA v 2 1029] Zpo|7F USS Tl
UAch A= A4 Lim (2002)9] AFolA 7| 0.899%
7 AL, 1099 055302 71 @ekon, o] dtoA=
1] 1.0002.2 713 =9k, 499) 0.5752 7F3 Wt
ol¢} Zro] Lim (2002)9] o729 thFEct & A< thek
o] AL o] M=t FH oA o]FX L Q= 2
FUaA E AA S FAR A3t A FEE WSt A
£ A2 Y, FF 2 AFoAe g uste} oF
o] thefAdol digt ABAAE AT ool it
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Spatio-temporal Distributions of Phytoplankton Community in
the Estuarine of Seomjin River and Sueo Stream ([ESRaSS), South Korea

%F§1'*

Ho

Yang Ho Yoon'*

MUY SOt |2 EE Abstract : I carried out field survey to analyze the characteristics of marine environments
'School of Marine Technology, and phytoplankton community in the Estuarine of Seomjin River and Sueo Stream (ESRaSS)
ghmgfm 'f\‘;timal University, Yeosu 59626, from January to October 2017. The results showed that water temperature was uniformly

epubtic ot forea distributied, while the salinity had great variation in the ESRaSS. The Chlorophyll a (Chl-a)
*Correspondence to Yang Ho YOON concentration varied from 0.42 to 2.98 ug/L in average, sepecially from 0.50 to 2.13 pg/L

E-mail: yoonyh@jnu.ac.kr in surface layer, which implies that the spatio-temporal distributions of Chl-a was insignif-
Received January 8, 2019 1?ant. Phytoplankton com@unlty cqns1sted of 36 gener.a 57 species showmg a r.elatlvely
Revised January 21,2019 simple. Its controlled by diatoms with 70.2%, the species number was low in winter and

Accepted February 11,2019 autumn, but high in spring and summer. Phytoplankton cell density ranged from 1.6 to

307.0 cells/mL, with the average layer being 8.6 to 93.3 cells/mL low in winter and high in
summer. The seasonal succession of phytoplankton dominant species was distinct Eucam-
pia zodiacus in winter, Skeletonam costatum-1s in spring. Chaetoceros curvisetus in sum-
mer and Guinadia delicate on the autumn surface, and S. costatum-ls was dominat species
throughout the year. The phytoplankton community based on the ecological indices showed
a very large fluctuation and unstable structure across the estuarine segments and over the
seasons. Although the biological oceanographic characteristics of the ESRaSS were differ-
ent from season to season, it was thought that the environmental factors that controlling the
hydrodynamics and the corresponding phytoplankton biomass were determined by princi-
pal componant analysis (PCA).

Keywords : Estuarine of Seomjin River and Sueo Stream (ESRaSS), Marine environments,
Phytoplankton community, Ecological indices, Principal component analysis (PCA)
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e

flo

P

Hu

I"H

L Y
9 old shtef 9o g AEEHAE
Chlorophyll a (Chl-a) % ¥ X EZHIE F3
Al - %{P-% BE EAof| 3t shrafg e AEFE E4
5 FRRAIE 20179 1€ (AR), 44 (), 79(H
=) ‘3—4 109 (7F2) 43] AT AR 230l o] &35
of AZ7 E ol skt F4E o] AFH 97 FHS
g Z st (Fig. 1). 38 &9l &8 GPS (Gelmen)
T Mutg Z2g2 015G 1, G A0 2 uhRE g3}
o] 2A17F oJUjo]] obd 4= JI=E STt 282 Sm o]s) =4
2l Ao A= ASdeY A= Aot
I A F a2, Q& S D o] A H YAk

ARA
o
& sl 4 9l Chla FEE BAOIH 4 24T 4 =

% 10 o

weans 03NS

34°58'N

Taein-do

34°56'N

POSCO

127°42'E 127°44'E 127°46'E 127°48'E

Fig. 1. Maps show to sampling stations in the ESRaSS.

ASEIE 2 EE 59

s °l 83t] 7} @@4 524 437 1m ”’4

o2 ZAF e}, £3 1 ol g3ttt AEE
E 2 ot 9% mEe 7 WH 235} Auc) 2m ﬁ
o 53 (42)E dRoz 3L 83 YEAGIIE 0|83t

Aottt FEL s 500 mLE ZF o Fd E25 ) AR
sto] SAHZ=HOR HFFE 04%7F HEE TASATH
(Throndsen, 1978; OSC, 1986). LA EE-2 AP A4 Za}
2 HANAEE o] & 48417 oA AT THe AEALS A
Ast= HHOZ 500 mL— 100 mL— 50 mL— 10 mL9] 4%
AE AA 553U TH(NKK, 1985). A2 FFA & 0.1 mLE
pipetman©.Z 0.1 mLE }F3te] 1.0mm 7H2 <) 712, 24
o] o] gl A4 (Rigosha AlZ)oA AZegAE 3 ke
o] 73] (DIC) 7} A2 338t #u] 7 (Nikon, Eclipse 80i)
< o]-&3}k4q, 100X~400X Hi-&ol|l A &9 FAH AlZz+E A
TR, BEFS GAHA AT N 2r2 BAISHAT
AEZHIE F 542 Cupp (1943), Dodge (1982), Chiha-
ra and Murano (1997), Tomas (1997), Hallegraeff et al. (2010)
2 Omura et al. (2012) 9 =S Faskie. B3 A EET
3 F% % 2FAAE ¢ w=A st glo] 2RAA
= World Reglster of Marine Species (WoRMS, www.marine
spec1es org)ell &8t Aestqtt. 181 EFFH Al2zd=
£ Primer program= ©|-83t9 AEEZFIE 39 4t A
Ag, & dHAFH), TREAFR), 25EAF0) 2 £
HEAS(D)E of4 o= AXS gt
® t}FA X4 (Shannon and Weaver, 1963): H'= —>_ Pix
In(P), Pr= iR F9 A&
@ FHE=2|4=(Margalef, 1958): R=(S—1)/In(N), S&= &&
T4 NS FEAMAS
® #S5 =A% (Pielou, 1966): J=H"/In (S)
@ - =X 4= (McNaughton, 1968): D=(Y+Y2)/Y, Y=
WA, Y1 You A A2 F 1A -5 A

NEE9aE BRI SRAES U 94% 29 U AR
B4aE 4l Hotel 49 BFFEANN 248 -
2, 9%, B 5o HURA 42T FYHOR SPSS FAL
2792 ol §3to] 2 AR ME FHREH (PCA)E A3
NEEYRE Y I U WEEAL sheshers.

2R 4ol A7A4S AYRR22 23 2,
o] AWUELS Tuble 17} Ptk S0} Sz A
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Table 1. Seasonal variations of water temperature, salinity and tubidity in the ESRaSS

Environmental factors Season Layer Minimum Mean Maximum Standard deviation
Winter Surface 50 6.1 74 0.81
Bottom 55 74 9.1 1.29
Sorin Surface 15.2 15.7 16.3 0.36
Water pring Bottom 15.1 155 16.1 027
temperature (°C) Summer Surface 243 256 26.6 0.81
¢ Bottom 229 249 262 121
Autumn Surface 17.6 184 195 0.71
Bottom 17.6 19.5 21.1 133
Winter Surface 20.38 25.51 30.10 327
Bottom 25.84 29.31 32.69 2.57
Sprin Surface 27.15 31.28 33.13 2.12
pring Bottom 28.57 31.89 33.16 155
Salinity (psu)
Summer Surface 25.60 28.55 31.57 1.92
Bottom 28.50 30.40 32.63 1.49
Autumn Surface 19.51 2427 28.95 2.83
Bottom 22.62 28.52 31.81 345
Winter Surface 1.23 1.76 244 0.94
e Bottom 1.52 237 414 0.94
Sprin Surface 3.24 691 11.07 2.62
pring Bottom 4.13 941 13.68 3.18
Turbidity (FTU)
Summer Surface 2.15 3.89 6.21 145
Bottom 301 6.56 11.77 2.56
Autumn Surface 2.04 3.05 5.89 142
Bottom 1.68 3.67 5.82 1.36
30 = _ = . = ~
A Spring Autumn (3 et e e il S P o s
Summer | @ Winter o’ ot e ‘,."" ‘.-"' o1 JRCLNN [Je ot
? 20 -14 i .""". .“"‘- .0“.-' ’v“"" ,-"'." .o“'-“ .-""“ .""“‘ -"“"
i O T RS I R T P
T L e .
€ ’-" .-" ."‘ X "" '-’. '.’. '4" ‘." o+ ‘¢"
L i | 20 @l &
§ 10— T F g = 5
..0 .'. ..0 :. ... . ... . * .'.‘ . 240 i e .’.
N AR LA S SR . .
G s J s s s _." s s 26 -
0 B H : . z : s J . o :
20 22 24 26 28 30 32 34
Salinity (psu)
Fig. 2. Spatio-temporal distribution of T-S diagram in the ESRaSS.
B WE 2o eojoel Leisolt el Uek Mst A gtth(Table 1),
S S MolT AT, TG WE Ee I O ASE 42, BHO WHE el TS dingrmelE 0|9} 28 #
Uebgth 2eu g2 Al - 3 HE BRolA At A2 OgE ﬁré}il‘)i, Ado| T2 29 ¥idk= "JTHZ‘BE
3= et £SEEE 22 1L AL 17°C, g8 LA R, A o 30 £ e AL, Y AR
< 7h&oll 2|32 2.86 psu, 1AL BHEE o Fof il 556 FTU o= l/\U} ti/ﬂ 8 o] 9] mi¢ & ¥E2 Ut it (Fig. 2).
9] o= A FoA A YeAIT, 2 4oz o= 2 et st ol Bee A Ad BHF o2+ 10FTUY 5
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Table 2. Seasonal fluctuations of chlorophyll a concentration in the ESRaSS
Seasons
Depth Winter Spring Summer Autumn

Min. M. Max. SD Min. M. Max.

SD Min. M. Max. SD Min. M. Max. SD

Surface 042 050 074 010 048 091 1.6
Bottom  0.48 097 298 081 0.72 .11 1.30

0.19 09 155 213 036 079 140 198 037
017 094 170 287 056 091 1.19 147 020

Min.: Minimum, M.: Mean, Max.: Maximum, SD: Standard deviation

Fig. 3. Spatio-temporal distributions of chlorophyll a concentration in the ESRaSS.

2 S e EHS RET, B shee] AFel4 HRghe
Z 10FTU °JA9] =5 H4rt.

sl elA SRl A - A BE 22 s
o 9% 9 di50) £, 193 24F7] 5o
o won], B4 ARjo] oje FEPHE e 2 Aoz o
AIEh(MeLusky, 1993). e} 4217 2 5ol sh7siee] 4
o zAnT gepuAe gFos vny FUT 2EE B
Gk TPAT GRS 249 JFOR 4 TP vt
304 BE Folt 2A) Uehta glol, vlad 2 $34 5
8199 E42 ey olek (Pritchard, 1989). 123 St
BE AR e ke o3 glo], HA17 L oA sl
o 250 o) Busl S5t EFE L o], BEHAZY
ARG 5o e B WASA g Ao BEE

2.

1>

=
=

Y3E WEY(Chl-a 55)

AR 9 014 3899 Chl-a SEe A& E50] 042
ng/Lg &gt AL MFolAl 298 ug/Le HHgES HY=
sto] Malsto] A] - FZHAQ] W 2 7] ookt AZEA ¥
3= 1Y 320504010 pg/L (B + EZHEAE o]3} FY
) O] HE Z5 A32 0974081 ug/L HWE & Ho

Aol Bt 52 swol FHH 02 F alo|E Btk B2 &
20] 091+0.19 pg/L, AZ0] 1.11+0.17 pg/Le] ¥%E Zo=
ALHTE thh EoTh 5L ®50] 1.55+0.36 pg/L, AF0]
1.70+0.56 pg/Le] M%E & Hol 713 £ L52 By,
7HE-L ®30] 1404037 pg/L, A30] 1.19+0.20 pg/Lo] ¥
5 Zo2 Agol} BETME &1, O EHT W 528 B
T}(Table 2).

FHEEE AE ZFoNA oA POSCO| o2+
2RA 0.6 pg/L oS Bolu, AR shtollA HlE &
4 5 F2A 0.6 ug/L °I5+, 123l POSCO %< Wit
Gl A 0.5 ug/L °]3te] 2 s&E B Th(Fig. 3A, upper).
A 52 POSCOS} FFA| =204 1.0 ug/L ool Aoz 1
TEE, AR 2 S0 st B A 0.6 ug/L o), 123
e 8 9 5 F204 0.6 ug/L 0|5t R FEE HolA
o HQIE W A 20 ug/l oY AdE B RS
B AT (Fig. 3A, lower). B2 GX28 Ex 32 HA7F 2 $20]
A e gS sk HE & 204 10pg/L ooz
Add szolAuh HelE F FRA Wetsge] AA 1.0
pg/L ©|3}+9] Chl-a ‘=5 EXtH(Fig. 3B, upper). A& &
I fAkstel AR st golA 1.0 pg/l o139 w2 =5
Holx|gk, POSCO 5% Wutal g4 1.0 ug/L o|3t=2 wokch
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Table 3. Seasonal fluctuation of phytoplankton species composition in the ESRaSS

Winter Spring Summer Autumn Total
Diatoms 15G 218 17G 258 21G 318 12G 14S 25G 40S
Dinoflagellates 2G 3S 4G 6S 5G 9S 3G 4S 7G 128
Slicoflagellates 2G 28 1G 1S 3G 45 - 3G 4S
Euglenoids 1G 1S 1G 1S 1G 1S 1G 1S 1G 1S
Total 20G 27S 23G 338 30G 458 16G 19S 36G 57S

(Fig. 3B, lower). 9§ £52 4317} sh#al9 & POSCO A&
ShelolA 20 gl oMol B& FEE B}, So14 sl
o4 BQLE B B F 2o EolH 20 gl o|5he] e
=& Hth(Fig. 3C, upper). A5 POSCO A& 4 &2 Y
ahal e Q2o A 2.0 pg/L o1A}S] FES Holnj, $0]H 5173
o 9 = & 24 1.5~2.0pg/L, 223 4707} sha]
AolA 1.0~15ug/L E EIE 5 49 F5 jgka] ol A
1.0 ug/L ©]3}e] B2 Chl-a 528 2t} (Fig. 3C, lower). 1
il 7k #352 ol A% st @ POSCO &5l
A 15 pgll ol31e] e S, PUE FEOIA 15 gl o]
4] Chl-a 5EE %9t} (Fig. 3D, upper). A5 EZTH=
2 sold 9 AN sFslelold HE 250 a0
A 13pgllolste) e SES BT, HolE B 8 ¢ 2
S Wkl 13 pglL o149 Chila $EE Bt Fig.
3D, lower).

shraf oA AFHE 5 ol e B8 AEERE
E AEFY Al - 37HERI WSt 22 dRtE o g o] Aol &
HY Ao & H3lE Rolth(Pennock, 1985; Gameiro et al.,
2004; Zhang et al., 2015). T3+ 33F Yuts ol A Chl-a &
£0) A7Hd st @A) T GShe Wst Bg nolk A
©o 2 ®¥33}a Jt(Jang et al., 2005). SHATE A7} 2
A 9 Chl-a FE& B2z E3A A5 490 A=
Zpo|E Ho|A g, Tl E Gelshs Wt T2 TR ottt
olz A% s 99| Chl-a T=7F AHA o2 FE =&
Hole A oA 24H3} 5 sjefEel At A=EEaE
A7l Bagt Fxo] FAHY] oEE 24S 7ML Y
7] fEL 2 siAE AR X7 A A Fdet Ao A
Z ket A7 s @] YA =l Wt Chl-a
= v WA, s W Adt £7|Eo
£ F9Rdel R 2359 ARAIZE SR AEEYIE
Aol =AxAE FAsHe A7 FFolA 5~68, Aol
A= 3~48) A& =ohe W& (Park er al., 2012)2t F-AFSHATH

A7 D ol shpslelel N FHo] BelE AR BAE

£ AA 364 57502 ey, BRFS 4257 255
40FE22 702%, FHERZESL 74 12202 21.1 H
227134 4F07 70%, 181 2 URET 14 1£02
17%9] AE% Bt 183 A7hE e =
T F2F7F 21, HEZRFI} 3, 4
FE2HURFIL 1502 dREQ T, B2 234 33F0f 427
7b 25%, HEZRTL 6%, FAHEERF 9 f2HAUERFIt
Z+ 1%, 52 305 45%00, 2571 315, dHEZR R} 9%,
TAREZF7} 4%, 182 f2EvzrF7E 18090t 18|
7HE2 16% 1800, F2FIH 1435, HHR2FIL 4%, T80
F2EAURFH ITOE ALH 7S dREL F EES R
R, 5 o 5ol tha 28 Fol SUkstATh 1o pHR R
T AEA HEERRE 2T @ 28 ol o 37t
F9ch(Table 3).

E8Fo|A F27, Chaetoceros curvisetus, Cylindrotheca

b

O

closterium, Leptocylindrus danicus, Nitzschia longissima, Skel-
etonema coastatum-1s W 2 U2, Eutreptotiella gymnas-
tica s 6%°] 4Ad @I, F = TP H oI 3AE
£33t L2 F2F, Bacillaria paxillifera, Chaetoceros dani-
cus, Coscinodiscus gigas, Dictylum brightwellii, Eucampia
zodiacus, Pleurosigma directum, P. normannii, Rhozosolenia
setigara, Thalassionema nitzschioides, Thalassiosira. rotula
AR ZF Scrippsiella trochoidea 5] 31T (Table 4).

S8 FY Al - FHA WE FL2 EF0lA ALl 441188,
22 100+4.92, 452 1944366, 181 7F22 6.7+2.12
2 Aglehh A A&0] 1024337, 82 1331236,
522154212, 383 7HE2 7.0+£1.739] H5 Z& YEHY
o], 28 Fol ¥ 7T ALL AHA 5% W, &8 F
ol B2 B 7k 15% W2 28, s d7kol &
g AFol EFHET thd B 2d & Yehisith 282 F
o 2E EFOM Aol £ & AR shaHollA 5
Z olstE H<l ¥, POSCO A& 29} Bl 5 T2ojA
5% ol ¥ (Fig. 4A). &2 HI= & £RA 5F
ojstz &gk Wk, ol & A7 5 3 POSCO
A& F2AA 10F ol4de], 2L HlE F 24 5~10
Fo] 95t (Fig. 4B). 9152 ALolU FHE= et
T £82oz pojd % A sHa S olA 205 ©]ste) Ed

el

ot
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Table 4. Seasonal fluctuations of phytoplankton species in the ESRaSS

2018 stRslelel AEERaE 37 BE 63

Seasons

Species name
Winter Spring Summer Autumn

Seasons

Species name
Winter Spring Summer Autumn

DIATOMS
Bacteriastrum hyalinum
Bacillaria paxillifera * *
Chaetoceros affinis *
Ch. compressus
Ch. curvisetus * *
Ch. danicus * *
Ch. didymus
Ch. lorenzianus *
Ch. socialis
Chaetoceros spp.
Coscinodiscus gigas
Coscinodiscus spp.
Cylindrotheca closterium
Dictylum brightwellii
Eucampia zodiacus
Fragilaria crotonensis
Guinadia delicatula *
Guinadia flaccida
G. striata *
Gyrosigma spp. * *
Leptocylindrus danicus * * * *
Licmophora sp.
Melosia sp. *
Navicula spp.
Nitzschia longissima
Paralis sulcata
Pleurosigma directum
Pl. normannii
Pseudo-nitzschia pungens
Pseudo-nitzschia spp.
Rhizosolenia imbricata *
Rh. seriata * * *

* X X X X X% ¥
*
* * Ok X X ¥ X X * ¥k KX X X X ¥
*

*

*
*

* %k X X ¥ X %
*

Skeletonema coastatum-1s. * * *

Stephanopyxis palmeriana

Surirella fostuosa var. recedens
Thalassionema nitzschioides *
Thalassiosira nordenskioeldii

Th. rotula * *
Th. subtilis

unidentified diatoms * *

PHYTOFLAGELLATES
DINOFLAGELLATES
Akashiwo sanguineum *
Alexandrium sp. *
Noctiluca scitillans *
Prorocentrum compressum
P. cordatum *
P. dentatum *
P. triestinum
Protoperidinium spp. *
Scrippsiella trochoidea *
Tripos furca
T. fusus
unidentified dinoflagellates * *
SILICOFLAGELLATES
Dictyocha fibura *
D. speculum
Ebria tripatita *
Octactis otonarius
EUGLENOIDS
Eutreptiella gymnastica

Species number 27 33 45 19

L

* %

EE R

* ¥k X X X X

* ¥ ¥ %

Fig. 4. Spario-temporal distributions of phytoplankton species number in the ESRaSS.

< B33, POSCO A& E 5Z& Wik Gol A 20% o &4
3FSATH(Fig. 4C). 1811 7R 7P W2 &9 Fo] 243t
Stn. 37} 90| 4] 6% olstE E&3IAL, o)A ol A 9
F oY &9 T2 Ueh it (Fig. 4D).

a2 st BTt S EE RO 2E AETS
HERT| G 7hsdt 7154 Fol BREV Y T4 B
o} sleof| vl3l SHH o2 ¥ EAJS B3It} (Hoshiai,

1964; Vigil et al., 2009; Bazin et al., 2014). 27F 9 0] H
S| o]t o] WHE L glom, 3AE o4 A|1&H
o8 Edo] WHE= AEEHIE T 17T2E v
%3l (Yoon, 2016), A3} (Yoon, 2015a) & 33} (Yoon, 2011;
2015b)°]| Hl3l At 18v 2@ F-2 gyt Ak el vls|
G2 EAT, 8 T ke R A v A
Ho|u} 7|et At H T} FASFH I (Yoon, 2011; 2015a; 2015b;
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Table 5. Seasonal fluctuation of phytoplankton cell density in the ESRaSS

Ho

Phytoplankton standing crop (cells/mL)

Seasons Taxon Surface Bottom
Min. Mean Max. SD Min. Mean Max. SD
Wint Diatoms 16 8.6 340 10.0 11.0 25 398 10.6
01 7“6?1 % Phytoflagellates 0 0.07 0.2 0.36 0 0.2 0.6 0.20
ah Sub-total 16 8.6 342 10.0 1.0 27 40.0 10.6
Sorin Diatoms 34 218 46.0 12.9 272 36.6 492 104
(20117’ 0 4g28) Phytoflagellates 0 04 1.0 0.34 02 04 08 0.25
o Sub-total 34 222 462 13.0 274 370 50.0 10.7
Summer Diatoms 294 89.7 307.0 842 472 50.6 540 481
(2017.07.27) Phytoflagellates 0.6 3.6 7.8 242 0.8 1.1 14 042
ol Sub-total 31.8 933 309.8 842 48.6 517 54.8 438
Diatoms 30 123 250 7.06 32 48 6.8 1.83

Autumn

(2017.10.28) Phytoflagellates 0 1.7 74 241 0.8 10 14 0.35
A Sub-total 30 14.0 272 823 40 58 76 1.80

Min.: Minimum, Max.: Maximum, SD: Standard deviation

Fig. 5. Spario-temporal distributions of phytoplankton cell density in the ESRaSS.

2016), 24-2710] JHRERE EHole A2 HRZF)
tha =4 E¥sks AT FAAdGolt 2osFollA Lyt
o g 2 EE= W& (Parsons ef al., 1984; Yoon, 2011)3} &
Asteitt.

2) ©E

43 ol shpslele] ABEYAE Bz A - 3
7t Wgh= EFoIA AL M 1.6 cells/mLoA o A
2k 307.0 cells/mL2] ®H{o|A ISR, A7HE 2= 35
oA A&o] 8.6+10.0 cells/mLe] HMF Z&, EBL 2224130
cells/mL, 952 93.3+84.2 cells/mL, 181 7}20] 123+
7.06 cells/mL9| ¥F F& Ko Ao 7P W AF2 5
Alo] wop AR Ao At 2AE AAE AT, AL
22.7+10.6cells/mLe H%E Z& E2 370+10.7 cells/mL, &
22 16741865 cells/mL, 18311 7} 5.8+1.80 cells/mL
O WF 2 o] £33 2] 7Rl 7P WA TH(Table 5).
& AHH B 2 570 ERL, £ 5710 F& Al
ZUEE Ho] £23 A¥do] ZA Uetkth #3EE= A
SHTh 359 W3} Zo| g &9 o4} &4 vyt

o
2o
s O

2,

-

AZUE o FHEEE FFoA AL EEFL FAlSH
Fold st} = F =24 5cells/mL ©]5}2] W2
AzE=g BY, glE 55 437 sHrafgeA 5~10
cells/mL2] ¥$], POSCO A2 =2 0] 4] 30 cells/mL ©]A4r] A
fHoR =2 NZUEE EYch(Fig. 5A). -2 A7 ot
B Gol| 4] AeiH o2 GG gFo] et 2ol A 40 cells/mL o1/,
BRI% F2 o Bt 57 3 H Y vhit= s 9ol A] 30 cells/
mL, 22|31 o3 st 9 BijlE 55 AZA} shta ol A
20 cells/mLe] AMEZEUEE Ho|x|gt, gfelx EX 2 POSCO
L FF oA 10 cells/mL o]3HY] MZUEE H ok
(Fig. 5B). 452 AoV Bt G917t & AZdes &
Asto] 0] 1o A POSCO A& 214 100 cells/mL
oY T2 NZUEE BN, A7 oA gid= 5
= 2220 A] 30~50 cells/mL] AZUEE, 181 POSCO 5
Z9] oFul G4 30 cells/mL ©]3}e] MZUEE HFch
(Fig. 5C). 1811 7h&-2 o 3at 37 shtad <] Ao
A 20 cells/mL ©JAY] =& AZTUEE P, POSCO A&
22 @ Tzl sokul 3ol A 10 cells/mL ©]3}9] W& A|E
=2 ¥ 4ch(Fig. 5D).
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Table 6. Seasonal fluctuation of dominant species for phytoplankton community in the ESRaSS

Dominance (%)

Dominant species Winter Spring Summer Autumn
Surface Bottom Surface Bottom Surface Bottom Surface Bottom

Chaetoceros curvisetus 9.7 394 27.1
Ch. socialis 9.2
Coscinodiscus gigas 6.2 13.8
Eucampia zodiacus 284 32.6 6.8
Guinadia delicatula 46 .4
Leptocylindrus danicus 6.8
Pseudo-nitzschia pungens 7.5 11.2 203
Skeletonema costatum-ls 27.1 17.6 57.0 720 5.7 11.8 8.9 12.6
Stephanopyxis palmariana 50
Thalassiosira rotula 19.1 11.0
Eutreptiella gymnastica 10.7 16.1

A% L ol a9 o AEEFAE AlxdEs 9%
g A o] glo] Al - FHH e mfe B AsHHA Ao
= olefet A s o] BHS BT B2
3lekAQl 2 O]X]'—J A 35 T2 AL gy o=
2] 9] = FH)7}b Wj$ Sk W8 (McLusky, 1993)0]4 4]
EF3E 24 59 Y5A SHEAA ] o7 A A - 37
2 HEF Zo| u-¢- Itt= EA (Trigueros and Orive, 2000).2
2 AT 5 Ut B FYE FTHANE dt e dlE
ALA| 7} 24 F o HFdart Ayd sfgds s, A
A7 9 oA shaf o] BEE= AEETIAE AlZdEs
I =4 2
2015).

2l
D
=

%kt (Domingues et al., 2005; Carstensen et al.,

A=Y A oA AEEFAE 22 U, 1Y A7
=, ITEFY 35 54 &2 =9 - sohE e AR
uhe} 7t sl &3 A3l Folle A2Fol s S-EA,
T F BUY B WOMAE ol RREF 5 A
4 HEXR s £4Fo] HolHe o] gutdosw 4
At} (Parsons et al., 1984; Yoon et al., 1992). X7 4 4=
s A2 A At dFEF 3E 8 SOl == 5t
AR AEEFIE SR AA AH FA o= 5% o] £

&S Hole 5 FolAe 45 #A27l 9 =3t
(Table 6). & EZ|A AL FAFZE, Eucampia zodiacuss,
) Thalassiosira rotula7} ZYZ} 28.4%,
LHES HYA, B2 S. costatum-1s7}
LA A ES AST BIL 2
1 QAT R Pseudo-nizschia
pungens?t 2+ 394% 9 112%2 $38E&& B3, o]Qox=
& FAZE, Coscinodiscus gigas, E. zodiacus 18]3 Lep-
1 S. costatum-1s7} 5~7%2] A& 1}

Z AZL=o, A oA FFL

Skeletonema costatum-1s 2
271% 9 19.1%2
57.0% $HEE =

ZAFZ, Chaetoceros curvisetus 2

tocylindrus danicus R

BTt 12| 1 7he2

L -3 o] TR AR, FAFZE, Guinadia deli-
catula L 2 UYZ, Eutreptiella gymnastica?} Zt 46 4%}
107%2 $A3t9L, 71€} S. costatum-1s7} 8 9% 2] A&
ettt 27 AR The Fol
= AdPs RET SARIIA 2o B304 T
E. gymnastica L S. costatum-1s7} Z+ 16.1%%} 12.6% 2] 4
£& Hol: A o9& Y =22 C. gigas7} 13.8%2] &
A& eIt (Table 6).

G QoA aFgAEQ] fIEFFIE] 245t Aol
Hhafl, skl o2 th B A Z Y AEEFAEC] Sk Ao
Xtk (Cloern, 2018). E3F 51| 9 {8 59 thget s
s ez SAAY Els A= T BT
Aol oJstd, sHa o] tHE 2] F (key bloom species) 22

2%, Cerataulina pelagica, Dactyliosolen fragilissimus, 2}

HERE, Heterocapsa triquelra, Prorocentrum cordatum 5
o] 71574 F ol9fol e A=
Skeletonema 2 Thalassiosira 4°)2}1l 3H= Y& (Carstensen
et al.,2015)0] &2t} 0|5 73 $4HFL vt s+
A A= o] FR] kA 2= |9 (Yoon, unpublished data),
A7} 9 F0]AH L EL o]E F 0] Eucampza Lep-
tocylindrus, Pseudo-nitzschia & 590] 2@3}IG 1, JHRZ 9
2L THEERA| USRI, Eutreptiella 0] 931t 18
U A7 2 Sold ST deld BREE gy SuEe
WA A dollA detd o WEEl= Fo|uh(Yoon, 2011),

= Chaetoceros, Coscinodiscus,
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Table 7. Seasonal fluctuation of ecological indices for phytoplankton
community in the ESRaSS

Ecological indices Minimum Mean Maximum Stal}d?rd
deviation
Winter 1.379 1.862 2474 0.349
Richness  Spring 0.729 2.840 3.868 0.860
R) Summer 3.781 4.445 5485 0.577
Autumn 1.936 2.292 3.070 0.368
Winter 0.932 0.950 0.963 0.010
Evenness  Spring 0.941 0.967 0.981 0.015
J) Summer 0.980 0.981 0.984 0.001
Autumn 0.950 0.962 0.976 0.008
Winter 1.671 2.008 2.390 0.228
Diversity ~ Spring 1.956 2.499 2.938 0.395
(H") Summer 2.936 3.096 3373 0.143
Autumn 2.088 2274 2.642 0.188
Winter 0.829 0.876 0915 0.028
Dominance Spring 0.867 0.920 0.953 0.034
(D) Summer 0.952 0.959 0.968 0.006
Autumn 0.885 0.906 0.938 0.017
A Z Y2 HIE B, A BHoR2Ee 28 S L AE
WE7} B9 o8] 444524 3, 2E T4 L AEUE
7F 39 Agel 18622 Rokow, AFAH o2 AES Al

ot AF o g B2 FHE +E B TH(Table 7). &
SE A= AL 093204 o E 0984717 HEsIT QAL
HAdHoRE= 745 0.950014 o3& 0.9812] HHolA AhZ

o2 FdF ZEE YEHHITH(Table 7). HYE A5e A&
1671914 o5 3.3739] {2 Bluz 2 HEs Ko, ¥

HO2E FREAFY o] S8 T4+ 4 *ﬂi‘?J_Eﬂ i
AL 2008004 &8 T D AZLE7 24E oF 3.096
7HA] MEste] o5 Fofl diid ez 3 thdo] =2 ut
A, AL 7HEof thFdo] W Aoz Iﬂ7m°4u}(Table 7.
AT A4 AL 0.82994 JF 0.9687HA] HEIIIL o
BHEPOEE AR 0876914 AF 0.9597]}x] A5t o
Apehs ta 24 ASS AYstales ZF 09 oS
EAT 2 T oo $H == AEEFIE HHFERE Y
LH T} (Table 7).
Aol o3t FHRE= AEEFIE
T7t =4 E AqdeHT Fol sl u:]-_
Ao R Yeton, L% X|pof A 173t
Ak 53] $A= AolA tFol 7HE é-;—:’. &9
HA= AY glo] ¢ FYg §4S HtH(Table 7).
178 & o) sha o] AEjA]g= HIto|A 5% A
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Table 8. A results of principal componant analysis (PCA) on the
marine environmental factors and phytoplankton community in the
ESRaSS

Season Principal Eicenvalue Proportion ~ Accumulative
component & (%) proportion (%)

Winter Ist 5.367 53.7 537

2nd 2.358 23.6 773

Sorin Ist 3.987 443 443

pnng 2nd 2975 33.1 774

Summer Ist 8.625 50.7 50.7

2nd 4016 23.6 74.3

Autumn Ist 4.899 490 490

2nd 2.788 279 76.9

4. MBEUSE 20| BEEY

HAZ R 5ol A P ABEAE 27 2R 2 W
T 54, 29 St A4S whefshr] fistol 24 A
AN SHE 2, g, Alartt, B, §344AF H 23,
Chl-a 5% 59 AR} A5 3E 2NN &8 =7,
A 28 AZLE, 27 9 284 222RY AZ2dE, 4
A -l the MZUES 0|85t SPSS 29 9

X
TOL'\_'ﬂ

g FARRAES A 9] 42 FA 7| oE
70%E 7|&2.2 A5t (Yoon, 1989; 2016). A AA9] F
AR A A7) A&E ARFAERNA T0%E e A=
A= ATk (Table 8). 22|31 A4 s 9] &2 4
ASE Y7 A=7T EAEA7] Ao ALfstaL,
ATk A A8t

A& (2017.01) FAHEEAY o= 2=5.367Z1+2.3582,
2 ARFYE7A Y] FH719E&S 773%E YEt e, &
(2017.04)& Z=3.9877,+2.9752,% ¥A71&E 77 4%, o

F(2017.07)2 Z=8.625Z,+4 0162, F47|o&& 743, 1

1o il

BN
x352

=i 7}—-(2017 10)2 Z=4.899Z, +2.788Z,2 ARFAAET}A]|
o] 1£H7|4&E 769%S UERfol, RE AR AFAEAA

2 F 75%2] EAgko] A A= ALtE STk (Table 8).

AL FAEEA O ot AARRSIFS TN AT
AEEFTE AA NEL=Q 2HFQ Eucampia zodiacus
9 Thalassiosira rotula, 181 &8 £ Sof 733t oo At
2 YT, et S8 71=2 Skeletonema costatum-1sO]l
i opstAlE 29 AR Mol A AIFHRE ABE

=80

YAE 2V A BAAER ANk AFHEL
e, G ATt 50| 37 Qlxjel et ko) ARk Boln,

FSIA|TL . costatum-1s9 &2 A4S Bol= A4 349
AL FF@s= AR A= QT (Fig. 6A). B2 A1FAE

o et A\t o] BRI} F F7h e ool A
& wolt w523} 73 &0 ATHE Holw, tha kel
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Fig. 6. Seasonal changes of loading factor by PCA on the marine environment factors and phytoplankon community in the ESRaSS.

9 Chl-a $=9% 59 s Hole A sfeghitd vet
e ARE A= A2 AEEHIE AA 9 F
S AZ S costatum-1s8] N|ZUE Chl-a 5%, o] 73+ AF
TS Holy, thA At &8 F4u X-F Psudo-nitz-
schia pungensStE B 1A 2 42 TAE Hol= RAA 4
EETIAE £PL Avlishs SHEARE 4= UTH(Fig. 6B).
52 AlFE AEEFZE AA 2 LT Chaetoc-
eros curvisetus R A8 Pn. pungens A ZHE, =9 &
& F4, 283 $8F E. zodiacus, Leptocylindrus danicus$;
3% ) A Kol BH, tha ofstut 2 W FAlFE
Coscinidiscus gigas L S. costatum-1s&} S2] A4 Hol= A
oA AEEFTIE S8S AHiste SHEARE A=A
AT G, Alautt, 223 28 Fpol et 4 A
TS Holuh, 2, Chl-a 5= R C. gigas®h= 73 &9 4
< Hol= AoA dieAS Uetll= ARE A= ik (Fig.
60). 7FxZ AT R0l 2, d&, A&kt 59 2 Q1Apo|
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LAEEEIE AIZEE 9 Chla 359 4% 4 &
& UEPH AL, oFstA|9E ot g ol 29 Aos vE
Ro|A AEEFIE 28S Avste SHAEEZ 4 E
t}(Fig. 6D).

RAZ R Fol8 SR A% BN} AESYE
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742 Ao w2t v Q1A WS gEsiA|et, 2 sf=g
@) 4 AEZSFIE 28 Aiste AR
T 7HA Y&z S350l 2oFE Itk (McLusky, 1993; Tri-
gueros and Orive, 2000; Hopkinson et al., 2005; Cloern et al.,
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Abstract : In this paper, we study the synchronous control of hydraulic system with two
hydraulic motors in the hydraulic system. A hydraulic motor use for a rotary motion in hy-
draulic system. As the external load force in the hydraulic system increases, the hydraulic

power can not be generated by only one hydraulic motor, therefore it is used to generate
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the hydraulic power by connecting two hydraulic motors. At this time, the same external
load must be applied to two hydraulic motors depending on the external load, so a stable
hydraulic system can be provided. The power acting on the hydraulic motor is controlled
using the hydraulic control valve installed at the inlet side of the hydraulic motor. There-
fore, the hydraulic motors must be controlled and synchronized using the hydraulic control

valve. The method for synchronizing is to use the control algorithm we proposed, the syn-
chronization target is set to the rotation number of the hydraulic motors, and to perform the
modeling of the hydraulic system. We propose a synchronization method for the hydraulic
motor and verify the usefulness of the proposed method through simulation results in this

study.

Keywords : Hydraulic system, Hydraulic motor, Synchronous control system, Simulation
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Fig. 1. Schematic diagram of the synchronous hydraulic system which is an object of study.
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Fig. 5. PID controller structure including the pre-filter applied to controlled plant.
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