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Summary

Spatial and temporal changes of phytoplankton in terms of quantitative and qualitative
parameters were monitored in the coastal waters of Jeju Island from Mark 2015 to Feb 2016.
Samples and environmental data were collected at Om, 30m, 50m depth of ten stations using
Jera-ho R/V of Jeju National University. Monthly and seasonal variations of standing crops
and species components of phytoplankton community, and environmental factors, were
analyzed.

During the study, water temperatures ranged from 13.56 to 25.13°C at Om depth, 13.58 -
21.52°C at 30m, 13.68 - 19.75°C at 50m, respectively. It showing a lowest at Om in March

and a highest at Om depth in August. Salinity ranged from 31.99 to 34.63psu at Om depth,
33.07~34.67psu at 30m, 33.70~34.80psu at 50m, respectively. Dissolved oxygen (D.O.)
ranged from 5.08 to 6.73mg/L at Om depth, 5.72 - 8.09mg/L at 30m, 5.25 - 8.07mg/L at 50m,
respectively. It showing a lowest at Om in July and a highest at 30m in March. Chlorophyll-a
by Fluorescence ranged from 0.23 to 2.06mg/m® at Om depth, 0.44~1.05mg/m? at 30m,
0.28~0.58mg/m? at 50m, respectively. It showing a lowest at Om in March and a highest at Om
in June.

A total of standing crops of phytoplankton ranged from 5,281 to 639,934 cells/L, showing
a lowest at 30m of Sewha in July and a highest at Om of Pyosun in August. Mean standing
crops ranged from 24,899 to 150,536 cell/L at Om depth, 20,619 - 78,505 cells/L at 30m,
12,687 - 83,258 cells/L at 50m, respectively. Standing crops of phytoplankton in Jeju coast
showed a lowest in February and a highest in July or August.

According to the variations of standing crops by region, northern Jeju Island was not
directly affected by Tsushima Warm Current (TWC) and Jeju Warm Current (JWC), and

another region (Eastern, Western, Southern waters in Jeju Island) was directly affected by



TWC and JWC. Standing crops in the western and northern regions of Jeju Island decreased
in the rainy season of June. A reason of standing crops decrease might be due to the Yangtze
River Discharge Flow (YDF) during the rainy season.

Standing crop of phytoplankton was higher in spring then autumn, but any pattern of

phytoplankton variation by seasonal.

According to the seasonal variation of ecological indices eastern waters (Sung-san) in Jeju
Island showed high species diversity except summer season. Richness indices and evenness
indices is also. Western waters (Chagwi-do) in Jeju Island showed high species diversity in
spring and summer comparison to autumn and winter. Species richness was same pattern,
species evenness was a little low in summer and another seasons evenly. Southern waters
(Segwi-po) in Jeju Island showed a highest species diversity in spring and winter, species
richness showed a lowest in autumn and a highest in winter. Species evenness was a low in
summer and winter, showed a high in spring and autumn. Northern waters (Jeju) in Jeju Island
generally high species diversity and species richness and It showed high in spring and summer
comparison to autumn and winter. Species evenness was evenly except summer season.
Standing crops showed a lowest in winter and a highest in summer and a high in autumn
comparison to spring. We found dominance species in this study Chaetoceros affinis(16.42%)
and Chaetoceros decipiens(11.6%). Ecological indices showed high comparison to previous

research.

Keywords: Jeju Island, Phytoplankton, Spatial-temporal variation
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Fig. 1. Map showing sampling stations of coastal waters in Jeju.

Table 1. Geographic coordinate at sampling stations of coastal waters in Jeju

Station Latitude Longitude
St.l N33°35'5" E126°52'60"
St.2 N33°34'30.83" E126°41'2.64"
St.3 N33°32'18" E126°33'2.9"
St4 N33°29'37.8" E126°20'31"
St.5 N33°26'34.3" E126°14'1.4"
St.6 N33°19'3" E126°8'2.4"
St.7 N33°10'56.5" E126°20'00"
St.8 N33°13'31.4" E126°34'17.2"
St.9 N33°17'14" E126°49'27.9"

St.10 N33°26'27" E126°57'12"
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Table 2. Formula of ecological index.

Ecological Index

Formula

Species diversity index
(Shannon and Weaver, 1963)

H = ) (Pi) XIn(Pi)
2

Species richness index S-1

(Margalef, 1958) ~ In(N)
HI

Species evenness index (Pielou, 1966 =

pecies ev index (Pielou ) ] InGs)

Species dominance index (McNaughton, 1968) = r ;'; v

Pi-itiA] 59 75, S 254 N E7HAIS, Y & JiAI4,

Y1, Y2 27859 7hAla
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Fig. 2. (a) monthly variation of mean water temperature (‘C) and mean salinity (psu), (b) mean
DO (mg/L) and mean chlorophyll-a (mg/m3) at 0 m depth from Mar. 2015 to Feb. 2016.
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Table. 3 Monthly variation of environmental factors at 0 m from Mar. 2015 to Feb. 2016.

(a) Water temperature (C).

8™ Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. Feb.
Stl 132 | 152 | 155 182 | 246 | 250 | 203 | 19.2| 163 | 16.5 154
St.2 136 | 144 158 | 186 | 253 241 | 202 159 | 154 139
St.3 132 | 151 16.2 | 186 | 247 253 ] 208 200 | 162 | 158 141
St4 134 | 16.0 166 | 17.7 | 248 268 | 20.7 178 | 155 | 16.2 14.0
St.5 135| 162 | 168 | 171 | 247 | 248 | 209 | 164 | 162 | 163 14.2
St.6 136 | 136| 162 | 186 | 251 | 244 | 206 | 163 | 164 | 165 147
St.7 139 | 159 | 156| 173 | 241 | 275| 212 | 166 | 185 | 165 15.1
St.8 143 | 156 | 168 | 185 | 244 | 238 | 219| 177 | 182 | 167 15.7
St.9 142 | 148 | 166 | 180 | 242 | 262 | 220| 203 | 190 169 16.0
St.10 127 | 145| 156 | 178 | 236 | 234 | 209 | 200 | 173 | 168 16.1
Min 127 | 136| 155| 171 | 236| 234| 202 | 163 | 155| 154 | 139
Max 143 | 162 | 168 | 186 | 253 | 275| 220| 203 | 19.0| 169 16.1
Mean 136 151 | 162 | 180 | 246| 251 | 210| 183 | 17.0| 164 | 149
SD 0.5 0.8 0.5 0.6 0.5 13 0.6 16 12 0.5 0.9
(b) Salinity (psu).
P Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. | Feb.
St.l 35| 332 | 336 330| 320| 325| 327 | 328| 332 | 344| 346
St.2 347 | 339 | 335| 337 | 320| 328]| 320 332 | 341| 343
St.3 346 | 331 | 334| 329| 322| 324| 318| 337| 331 | 342| 343
St4 347 | 347 | 344 334| 321| 322| 316| 335| 328 | 343 | 343
St.5 346 | 348 | 345| 340 | 322| 325| 326| 333 | 329| 343 | 344
St.6 346 | 346 | 347 | 330| 320| 324 | 335| 334| 336 343 | 345
St.7 346 | 350| 342 | 340| 322| 321| 338| 324| 339 | 343 | 345
St.8 349 | 346 | 345| 340 | 315| 327 | 338 | 329 | 341 | 343 | 346
St.9 347 | 343 | 343| 338 | 318| 322 | 330| 332| 340 342| 346
St.10 344 | 341 | 337 | 340| 321 | 329| 329| 336| 336| 344 | 346
Min 344 | 331 | 334| 329| 315| 321 | 316| 324| 328| 341 | 343
Max 349 | 350 | 347 | 340 | 322| 329| 338| 337| 341 | 344 | 346
Mean 346 | 342 | 341| 336| 320| 325| 328 | 332| 334 | 343 | 345
SD 0.1 0.6 0.5 04 0.2 0.3 0.8 04 04 0.1 0.1
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Table. 4 Monthly variation of environmental factors at 0 m from Mar. 2015 to Feb. 2016.

(a) DO (mg/L).

8™ Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. Feb.
Stl 6.5 6.7 5.9 6.1 51 6.3 5.6 6.9 57 6.8 6.3
St.2 6.6 6.7 5.6 6.3 6.3 5.7 54 6.1 6.9 6.4
St.3 6.0 55 55 49 47 7.0 6.6 5.2 6.6 7.0 6.7
St4 6.9 6.0 5.8 51 54 54 6.0 54 6.8 6.8 6.5
St.5 6.9 8.4 6.3 5.2 4.8 5.0 7.5 5.9 7.0 6.9 6.5
St.6 6.2 6.1 5.9 6.0 4.6 4.8 4.6 7.5 51 6.5 6.6
St.7 6.9 5.6 6.0 6.0 48 6.5 4.6 5.9 7.0 6.3 6.6
St.8 55 5.9 57 6.2 51 5.6 53 5.0 6.2 6.5 6.3
St.9 7.9 58 6.2 6.4 49 53 53 6.8 57 7.0 6.2
St.10 6.4 6.9 6.0 58 52 44 53 6.5 7.8 6.6 58
Min 55 55 55 49 46 44 4.6 5.0 51 6.3 58
Max 7.9 8.4 6.3 6.4 6.3 7.0 7.5 7.5 7.8 7.0 6.7
Mean 6.6 6.4 5.9 58 51 5.6 5.6 6.1 6.4 6.7 6.4
SD 0.6 0.9 0.3 0.5 0.5 0.8 0.9 0.9 0.8 0.2 03
(b) Chlorophyll-a (mg/md).
P Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. | Feb.
St.l 0.1 0.1 0.7 04 0.1 0.1 0.9 0.8 0.5 04 0.2
St.2 0.2 03 0.7 0.9 0.2 0.2 0.7 0.5 03 0.2
St.3 0.5 04 12 12 0.5 0.6 0.8 0.7 03 04 03
St4 0.2 0.1 0.5 16 0.9 0.2 11 04 03 03 0.5
St.5 0.2 0.2 15 11 0.5 0.6 0.7 15 14 03 04
St.6 0.2 0.1 0.5 29 11 04 0.5 03 04 03 04
St.7 0.1 0.2 0.7 12 0.2 0.2 0.8 15 04 04 03
St.8 0.2 0.7 29 35 0.8 18 13 12 0.7 0.5 0.6
St.9 03 11 13 44 0.5 0.9 12 0.9 0.5 0.7 0.5
St.10 03 03 0.7 35 04 17 0.7 0.8 0.9 03 0.2
Min 0.1 0.1 0.5 04 0.1 0.1 0.5 0.3 0.3 03 0.2
Max 0.5 11 29 44 11 18 13 15 14 0.7 0.6
Mean 0.2 04 11 2.1 0.5 0.7 0.9 0.9 0.6 04 03
SD 01 03 0.7 14 03 0.6 03 04 03 0.1 0.1
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Fig. 3. (a) monthly variation of mean water temperature (‘C) and mean salinity (psu), (b) DO
(mg/L) and chlorophyll-a (mg/m3) at 30 m depth from Mar. 2015 to Feb. 2016
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Table. 5 Monthly variation of environmental factors at 30 m from Mar. 2015 to Feb. 2016.

(a) Water temperature (C).

PaES| Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. | Feb.
Stl 131 | 145| 156| 170| 201 | 207 | 201 | 192 | 162 | 163 15.2
St.2 139 | 153 | 164 | 187 | 237 | 233| 197 159 | 155 139
St.3 135| 148 | 167 | 170 216 | 237 | 209 | 201 | 165| 156 | 141
St4 132| 154 | 165| 175| 208 | 226| 210| 203 | 16.0| 16.0 | 139
St.5 136 | 155 167 | 171 | 213 | 212 | 210| 205 | 168 | 16.2 14.2
St.6 136 | 136| 163 | 178 | 201 | 182 | 204 | 200 | 168 | 165 14.6
St.7 139 | 155| 154 | 168 | 199 | 239 | 194 | 206 | 182 | 165 15.1
St.8 144 | 153 | 164 | 168 | 204 | 191 | 217 | 210| 184 | 167 15.7
St.9 141 | 146| 159| 167 | 209 | 214 | 203 | 202 | 193 | 1638 16.0
St.10 126 | 142 | 155| 172 | 201 | 189 | 203 | 195| 173 | 1638 154
Min 126 | 136| 154 | 167 | 199 | 182 | 194 | 192 | 159 | 155 139
Max 144 | 155| 167 | 187 | 237 | 239 | 217| 210| 193 | 1638 16.0
Mean 136 | 149| 161 | 173 | 209 | 213 | 205| 202 | 171 163 14.8
SD 0.5 0.6 0.5 0.6 11 20 0.6 0.5 11 04 0.7
(b) Salinity (psu).
pSES| Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. | Feb.
St.l 345| 340 | 341| 338 | 332| 336| 327 | 336| 336 | 343 | 346
St.2 347 | 338 | 334 332| 324| 334 322 334 | 341 | 343
St.3 345| 340 | 339| 332| 331| 325| 320| 338| 335| 342 | 343
St4 348 | 345| 348| 338| 335| 332| 330| 338| 333| 343| 343
St.5 341 | 347 | 346 340 | 331 | 329| 330| 336| 328 | 343 | 344
St.6 353 | 353 | 347| 330| 335| 339]| 336| 338]| 339| 343 | 345
St.7 346 | 348 | 345| 340| 334| 329| 341| 335| 342 | 343 | 345
St.8 350 | 347 | 348 | 340 | 330| 341 | 338| 336 | 342 | 343 | 346
St.9 348 | 342 | 344 | 341 | 329| 334 | 334| 334| 345| 342| 346
St.10 344 | 340 | 341 | 342 | 340| 339| 329| 336| 340 | 344 | 346
Min 341 | 338 | 334| 330| 324| 325| 320| 334| 328| 341 | 343
Max 353 | 353 | 348 | 342 | 340| 341| 341 | 338| 345| 344 | 346
Mean 347 | 344 | 343 337| 332| 334 331| 336| 337 | 343 | 345
SD 03 0.5 04 04 04 0.5 0.6 0.1 0.5 0.1 0.1
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Table. 6 Monthly variation of environmental factors at 30 m from Mar. 2015 to Feb. 2016.
(a) DO (mg/L).

8™ Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. Feb.
Stl 8.2 83 7.8 74 7.0 7.7 6.0 6.0 6.8 6.6 5.8
St.2 83 8.1 8.1 8.0 6.5 6.8 5.9 6.9 7.0 6.2
St.3 8.2 7.7 7.7 6.9 6.1 6.7 5.4 6.3 6.5 7.1 6.4
St4 8.1 7.5 7.0 7.0 6.0 6.7 6.0 6.2 7.0 6.9 6.4
St.5 8.1 7.3 7.0 6.8 6.4 6.8 6.3 6.4 6.4 6.8 6.5
St.6 8.0 7.3 6.9 7.1 6.5 6.1 5.8 5.9 6.6 6.5 6.4
St.7 79 7.2 7.0 6.8 6.6 6.5 5.6 6.3 6.5 6.3 6.2
St.8 8.0 7.3 7.1 7.0 6.8 64| 47 6.3 6.7 6.2 6.2
St.9 7.9 7.8 74 7.3 6.8 7.0 5.6 6.6 6.7 7.0 5.9
St.10 83 8.0 7.9 74 7.0 6.5 6.0 5.9 6.7 6.6 5.8
Min 7.9 7.2 6.9 6.8 6.0 6.1 47 5.9 6.4 6.2 5.8
Max 83 8.3 8.1 8.0 7.0 7.7 6.3 6.6 7.0 7.1 6.5
Mean 8.1 7.6 74 7.1 6.6 6.7 5.7 6.2 6.7 6.7 6.2
SD 0.1 04 04 0.3 0.3 04 04 0.2 0.2 0.3 0.2
(b) Chlorophyll-a (mg/md).
o™ Mar. | Apr. | May. | Jun. | Jul. | Aug. | Oct. | Nov. | Dec. | Jan. | Feb.
St.l 04 04 0.8 0.7 1.8 3.1 0.8 04 04 04 04
St.2 04 0.6 12 1.8 13 0.6 0.6 04 04 04
St.3 0.6 0.7 11 04 0.8 0.8 04 0.7 0.3 0.5 04
St4 0.5 0.5 0.3 0.6 0.7 11 0.5 04 0.6 04 0.5
St.5 04 04 0.5 0.5 0.9 1.2 0.7 04 04 04 04
St.6 04 04 0.7 10 1.0 0.5 0.5 04 0.5 0.3 04
St.7 03 0.5 0.5 04 04 0.7 0.6 0.5 0.5 04 04
St.8 0.5 0.6 0.9 0.9 0.5 04 1.0 0.5 0.7 04 0.6
St.9 0.5 1.0 04 04 0.5 0.9 04 0.8 0.8 0.8 0.7
St.10 0.5 0.5 12 13 0.7 13 0.8 04 0.6 04 0.7
Min 03 04 0.3 04 04 04 04 04 0.3 0.3 04
Max 0.6 1.0 12 18 18 31 1.0 0.8 0.8 0.8 0.7
Mean 04 0.6 0.7 0.8 0.8 1.0 0.6 0.5 0.5 04 0.5
SD 0.1 0.2 0.3 04 04 0.8 0.2 0.1 0.1 0.1 0.1
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ZAF 7IE B Al AT AleEFIE 29 FEF 5,281-639,934 cells/LO]

HS UEhh9ion], 84 St7 30molA ZAAES 8Y St9 0mojA Z|hR]E

UEPACH 987 dEgo] HatE ¥ 39 37,353 cells/Lo|A] 4 48,761 cells/L2

S7IoIAAL, 5 45,704 cells/L2 &% FAstort 640l g S7sHALL, 782

78,200 cells/lLz 64Yctt SAsHAl S7tsto] 8do| 106,579 cellsiLz Z A=

UEN QT T 5, 1197HK] Ax} 74457 1290)= 67,767 cells/L2 S7}18t &

ChA] 190 FZ5H DojA| 1 2¥o]= 21,073 cells/LZ A% & 4%]S UERQIch

(Fig. 4)

AR NBEYIE 2R AW PRFAEFLS molA 24899-150536

cells/Le] HYS YERINL, 30mojlA 20,619~78,505 cells/L, 50mof|A] 12,687~83,258

cells/LE YUEFY AT (Fig. 5)
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Fig. 4. Monthly variation of mean standing crops in the coastal waters of Jeju Island. (Mar.
2015~Feb. 2016)
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Spring (Mar, Om) Summer (Aug, Om)

B Diatoms = Dinoflagellates ® Diatoms = Dinoflagellates
= Phytoflagellates & Phytoflagellates
Autumn (Oct, Om) Winter (Dec, Om)

m Diatoms m Dinoflagellates ® Diatoms ® Dinoflagellates

= Phytoflagellates # Phytoflagellates

Fig. 6. Seasonal variations of phytoplankton occupancy rate (%) at Om depth in Jeju coastal
waters.
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Spring (Mar, 30m) Summer (Aug, 30m)

m Diatoms = Dinoflagellates ® Diatoms m Dinoflagellates
= Phytoflagellates = Phytoflagellates
Autumn (Oct, 30m) Winter (Dec, 30m)

@ Diatoms ® Dinoflagellates # Diatoms ® Dinoflagellates

= Phytoflagellates = Phytoflagellates

Fig. 7. Seasonal variations of phytoplankton occupancy rate (%) at 30m depth in Jeju coastal
waters.
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Spring (Mar, 50m) Summer (Aug, 50m)

m Diatoms m Dinoflagellates E Diatoms m Dinoflagellates
= Phytoflagellates & Phytoflagellates
Autumn (Oct, 50m) Winter (Dec, 50m)

m Diatoms ® Dinoflagellates ® Diatoms m Dinoflagellates

= Phytoflagellates = Phytoflagellates

Fig. 8. Seasonal variations of phytoplankton occupancy rate (%) at 50m depth in Jeju coastal
waters.
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84 THol¥2 0m 2.23, 30m 2.02, 50m 2.65% 11, A]EsfH oA Om 2.89, 30m 2.95,

2.630|%ct 7F2ARQl 10482 FHSfHo|A Om 2.65, 30m 2.83, 50m 3.12%
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L
19

2 0m 250, 30m 2.725 F 23512 0m 2.34, 30m 2.34, 50m 2.562 L}EFA L,
SEol ol A= 0m 2.65, 30m 2.62%tt. A2A 1292 FH3190lA 0m 2.69, 30m

2.79, 50m 2.73& B ¥ 1, XX AL 0m 2.70, 30m 2.58S FE[ AL 0m 2.92, 30m

Ol

2.51,50m 2.392 Z+7F LpEG o, EH5 oA 0m 2.63, 30m 2.70-2 LEFSHCH

ZxVYox]is 390 ZHs|doA Om 179, 30m 17.6, 50m 1.49% 00,

>

T
=
12

2 0Om 2.37, 30m 2.299 11, FE51ES Om 1.90, 30m 1.68, 50m 1.73°.=2
SHsljdoA= Om 2.65, 30m 1.852 ZI7Z} LEGTH 89 55592 Om 1.07, 30m
1.21, 50m 1.680| %} 11, A E3| oA Om 3.05, 30m 2.01=2 =A YEGT dH6l|d2
Om 1.72, 30m 1.57, 50m 0.960]|%} o0, BX5|H-S O0m 3.78, 30m 2.67° 2 LIEFITH
104 0]l= sHsiE-2 0m 1.68,30m 2.03,50m 2.322 L}EFLE LT, Ao of|A] 0m 1.33,
30m 1.480]1 11, FHslj oA 0m0.96,30m 1.06, 50m 1.200. 2 E-H3|H oAl 0m1.37,
30m 1.200]ic}. 129 FHoid-2 O0m 1.59, 30m 1.64, 50m 1.460]} 17, A Esi Om
1.79,30m 1.28, F¥s O0m2.31,30m 1.73,50m 1.37, &5 0m 1.59, 30m 1.670.2
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FFEEX 2 39 SB51A0]A= 0m0.96,30m 0.94, 50m0.960. 2, A E5el om

12

0.95, 30m 0.96, 'FE 5[ oflA] Om 0.96, 30m 0.94, 50m 0.94, E-231% 0m 0.97, 30m
0.970]dc} 89S SH3[% Om 0.84, 30m 0.74, 50m0.89, 41252 Om 0.83, 30m 0.96
FE5ol 0m0.80,30m 0.84, 50m 0.94, 2351 0m0.87,30m0.772 L}ERACE 7129l

2 FEoH oA 0m 0.89, 30m 0.90, 50m 0.95% 17, A} FsfH-2 0m 0.90, 30m 0.96,

H
e

0

ol
1z

SfedofA4] Om 0.94, 30m 0.91, 50m 0.97, &%sfH=2 Om 0.96, 30m 0.970] U}

=251 0m 0.91, 30m 0.95, 50m 0.97, A|{¥-5f< O0m 0.87, 30m 0.95, FH-5HA

H
e
=

2

0m 0.89, 30m 0.84, 50m 0.86, =55 0m 0.89, 30m 0.90°.2 7z} LJEFITE (Table 7)
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Table 7. Seasonal variations of ecological indices

Diversity Index

Richness Index

Evenness Index

Region Month
Om 30m 50m Om 30m 50m Om 30m 50m
Mar 266 276 266 149 176 149 096 0.94 096
Eastern Aug 223 202 265 107 121 168 084 0.74 0.89
(Sung-san) Oct 265 283 312 168 203 232 0.89 090 095
Dec 269 279 273 159 164 146 091 095 097
Mar 312 310 - 237 229 - 095 09 -
Western Aug 289 295 - 305 201 - 083 09% -
(Chagwi-do) Oct 250 272 - 133 148 - 090 096 -
Dec 270 258 - 179 128 - 087 09 -
Mar 293 278 276 190 168 173 096 094 094
Southern Aug 246 247 234 172 157 096 080 0.84 0.94
(Segwi-po)  Oct 234 234 256 096 106 120 094 091 097
Dec 292 251 239 231 173 137 089 0.84 0.86
Mar 332 294 - 265 18 - 097 097 -
Northern Aug 329 263 - 378 267 - 087 077 -
(Jeju) Oct 265 262 - 137 120 - 09 097 -
Dec 263 270 - 159 167 - 089 090 -
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