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ABSTRACT

A F At AEEHIE 3 0 Al 37+ EAS whelshr] 918) 20159 392 E 2016F 29712 10712] A3 0,30 m Aol A 4
2, G, §E4tA T 2 8RN AEG B S8F 52 W ARSI AR ERE AT A/ B 22 0 m 13.7-25.9,
30m 13.6~20.8°C 2] "H 124 3hof] 2] 2z), 8ol Zthgh-S B 3irh B+ FH-2 0m31.51~34.47, 30 m 33.03~34.47psu] B 9131
o, 790f Azt 290 HghS ot Bt EEAAE=0m 6.12~8.10,30 m 5.73~7.88 mg L' O] ¢S H ¢l o v, B Chl-a
F20m 0.28~2.48,30 m 0.44~1.01 £g L' A E AT AEEFIE AEF2 AF 5,300~639,900 cells L H | 2H] AEF2
A QA 290l 2| &, 5RoF AFHG27Y, R} SRS 8ol HthE Bk ZAPIZE F S8 T T4 3602T2
2 X2 F(Bacillariophyta) 181, 2} 2 %7 (Dinophyta) 1475, Z12] 1 7|&} A B-H 2 2 F(phytoflagellates) 34522 T4 &
ATt 20%013 0] AEF HAE AR $HTS ALER B, FAGY)S FA(10¥) Paralia sulcata®} Skeletonema
costatum T F0].2™, SHA(8Q)oll= Chaetoceros <5 655, 1211 FA(129)9+= Chaetoceros <5 2532 Thalassionema
frauenfeldii7t 975k, 2t @3 F0) AA B2t FE ek i AEEFIE 2 FHE HH, 55t AR A&
F A} T F S Bolow, FhRet FRA o] fARR ARFd-S Btk ol e ST T Hol= o] ZAL
ofohE EA4Z Holal glom o2t A EEF I E 4 Tl ke o2 Hi, 123 a5 224 2 §igto] 7]1Q1E
L Pap) )

Spatial and temporal characteristics of phytoplankton communities around the coastal waters of Jeju Island were investigated with
environmental factors such as water temperature, salinity, and dissolved oxygen. Monthly samples were collected at 0 and 30 m depths
of 10 stations from March 2015 to February 2016. During the survey period, water temperature ranged in 13.7~25.9 and 13.6~20.8 C at
0 and 30 m, salinity in 31.51~34.47 and 33.03~34.47 psu at 0 and 30 m, and dissolved oxygen in 6.12~8.10 and 5.73~7.88 mg L at 0
and 30 m, respectively. Chlorophyll-a ranged in 0.28~2.48 and 0.44~1.01 zg L' at 0 and 30 m, respectively. Phytoplankton abundance
fluctuated in the range of 5,300~639,900 cells L™ during the year, showing the lowest in February at all stations, and the highest in July
at the northern and western sea as well as in August at the southern and eastern sea of Jeju Island. A total of 362 species were occurred
including 181 spp. of Bacillariophyta, 147 spp. of Dinophyta and 34 spp. of other phytoflagellates. Dominant species with occupancy
rate over 20 percent of phytoplankton abundance showed apparent seasonal succession such as Paralia sulcata and Skeletonema
costatum in spring and autumn, 6 spp. of genus Chaefoceros in summer, and 2 spp. of genus Chaetoceros and Thalassionema
frauenfeldii in winter. Monthly abundance in the northern and western sea fluctuated with similar tendency, and the southern and
eastern sea also showed similar pattern of monthly abundance variation. Species composition and dominant species succession
mentioned above were quite different from previous studies, so some physical changes such as water temperature, salinity and current
pattern might cause the changes of phytoplankton assemblages around Jeju Island.
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Fig. 1. Map showing sampling stations around Jeju Island.
Table 1. Geographic coordinate at sampling stations of Jeju coastal waters

Region Station Latitude (N) Longitude (E) Local name
North St.2 33°34"30" 126°41°2" Gimnyoung-ri

St.3 33°32°18" 126°33°2" Jeju-si

St.4 33°29°37" 126°20°31" Aewol-ri
West St.5 33°26'34" 126°14"1" Hanrim-ri

St.6 33°19'3” 126°8"2" Gosan-ri
South St.7 33°10°56" 126°20°0" Whasun-ri

St.8 33°13°31” 126°34°17" Seogwipo-si

St.9 33°17°1” 126°49° 27" Pyoseon-ri
East St.10 33°26°27" 126°57" 12" Sungsan-ri

St.1 33°35°5" 126°52° 60" Sewha-ri

O] B35 %15k 1!, EFAI A= AlgaeBase (www.algaebase.org) 2] A|AIE et © ™ (Guiry and Guiry, 2018), 58 &-9]
RS sgskdn] o] A2tE tx]E 712 JENOPTIK ProgRes C3 Germany)S ©]-8510] 293519ct. & thokAl 2|4

=
(H)= 9 S3F50] A& S0E54010] TAIE ©]-8-51] Shannon and Weaver(1963)2] 4]0 2 AktstA 1, 274 Q91
T} A= Q91 7+] Pearson A7) = SPSS (ver. 24)E o851 A5t

3.1 24§20 w5t U ASEYE M2 SE

A5 Aot A A7 o] Wt 22 0m 13.7~25.9(AE T 18.4), 30 m 13.6~20.8(Ht 17.1)C 2] HLE HA(Fig. 2).
A HI3LE B 0 mollA 3€o] 7P Rl [zt dsote] 8ol 7 =9Eo ™ o] § wolr]= HIRME B3It 30 mofA]

39o] 7P W 1090f 7H =2 ke B tHFig. 2). Bt G52 0 m 31.51~34.47(A%+wF 33.26), 30 m 33.03~34.47
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Fig. 2. Monthly variation of mean water temperature ('C), mean salinity (psu) and mean dissolved oxygen (mg L") of all stations
at 0 and 30 min Jeju coastal waters from Mar. 2015 to Feb. 2016.
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Fig. 3. Monthly variation of mean chlorophyll-a (ug L") and mean phytoplankton abundance (cells L") of all stations at 0 and 30
m in Jeju coastal waters from Mar. 2015 to Feb. 2016.

&, 12|11 7|8k A2 H K 2R/ phytoflagellates) 3452 &2 F/J ¥ 3.0 W, A EHH 27= =57 (Chlorophyta) 8, 2HX
ZFHCryptophyta) 11, 2} X 27 Haptophyta) 65, ‘5 H 2L Ochrophyta) 735, =8U-7(Euglenophyta) 25°]
ETI. 2 ERaol A A S8F 24 S-S HEF7E50.0%E 7P w00, SFHEER7H40.6%, 7B AETHE
Z7719.4%5 28I (Fig. 4). A8 & S4F=EA39) 224%, SR ) 170F, FA(109) 186, 57l(129)
181508 FAIO 7P B2 Fo] EA5IL, AP 7P 22 Fo] oIt AdE ERE S39F vlEo Hele
THEFRT}43~48%, AHREF7}42~46%, 716 A2HRER7F9~13%E AAsIH o, 270 718t Aem e zqfol &
AZE Hlgo] BUAT 11 o] 2 Fo MR LR EFF a2 AFER T1HA] 2 2fo| & Hol#] ¢t

AP IS R 2RI 52 R/ E BH 112R{= Chaetoceros dffinis, Actinoptychus senarius, Chaetoceros
compressus =27 24% oPde] SANLE BT, QPN T Gymnodinium arenicola, G. microreticulatum, Karenia
umbella Z=22 20% oo &AW E VeI Qe sHH 7el ABHU RS = SHUZRE Hillea marina®t =35
Nephroselmis rotunda?}t 45% © Vg2l =2 EQF S Hck

7} Eto] ARA[ohs AER Ah-a0] AEE HSkE i A Aol AA AR 55~81%2] H9l2 st o

REHE=12~30%, 7[EFAEHE 5= 6~16%2] -2 EEXE HAthFig. 5). o2 EGd d&

ot
ol

O
-
rlo
)
iy
)



AT 9] / ARt A EYIE 20 AFgRHA WSt - 97

Species composition

& Diatoms = Dinoflagellates Phytoflagellates

Fig. 4. Species composition rate (%) of each phytoplankton taxa in Jeju coastal waters.
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Fig. 5. Seasonal distribution of abundance occupancy rate (%) of each phytoplankton taxa in Jeju coastal waters.

o5 Z2olg Holil A=, HEFE sHeh sl w2 e HA o, EAI e A o s e A h-&
= Holom, Pk 2RE= 24, S0 w2 Hhae B Ve 4 %ﬂquE ARt FAR AR 2 A
Hh(Fig. 5). WEbA 277 SIS Al =2 e, SRR} Ve AR 2R = SIS A 2ot L

2] AVACE 7RS, 71272 PR H 6801 B O 4 9Ilek



98 * "The Sea, Journal of the Korean Society of Oceanography Vol. 24, No. 1, 2019

fE AEELAE T FHle AP T 4719 i B o= AAsto], B (St 3, AlFAl), AFSt. 6, 14,
HE(St. 8, ATFZEA], FH(St. 10, AJAte])sl| o] 0 = ESte] FA5IITK Table 1). SR04 o] G AEF FHE HH 0
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Fig. 6. Monthly variation of phytoplankton abundance (cells L") on four areas at 0 and 30 m in Jeju coastal waters.
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Spring (Mar) Summer (Aug)

% Diatoms ® Dinoflagellates ~ Phytoflagellates # Diatoms ® Dinoflagellates ~ Phytoflagellates

Autumn (Oct) Winter (Dec)

#Diatoms ® Dinoflagellates © Phytoflagellates ® Diatoms ® Dinoflagellates © Phytoflagellates

Fig. 7. Seasonal distribution of abundance occupancy rate (%) of each phytoplankton taxa on the northern sea (St. 3) of Jeju Island.
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% Diatoms ® Dinoflagellates ~ Phytoflagellates # Diatoms ® Dinoflagellates ~ Phytoflagellates

Autumn (Oct) Winter (Dec)

# Diatoms ® Dinoflagellates ~ Phytoflagellates ® Diatoms ® Dinoflagellates ~ Phytoflagellates

Fig. 8. Seasonal distribution of abundance occupancy rate (%) of each phytoplankton taxa on the western sea (St. 6) of Jeju Island.



100 = "The Sea) Journal of the Korean Society of Oceanography Vol. 24, No. 1, 2019

Spring (Mar) Summer (Aug)
4%
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Autumn (Oct) Winter (Dec)

# Diatoms ® Dinoflagellates ~ Phytoflagellates # Diatoms ® Dinoflagellates - Phytoflagellates

Fig. 9. Seasonal distribution of abundance occupancy rate (%) of each phytoplankton taxa on the southern sea (St. 8) of Jeju Island.

Spring (Mar) Summer (Aug)

# Diatoms = Dinoflagellates -~ Phytoflagellates & Diatoms = Dinoflagellates ~ Phytoflagellates

Autumn (Oct) Winter (Dec)

@ Diatoms ® Dinoflagellates ~ Phytoflagellates & Diatoms ® Dinoflagellates ~ Phytoflagellates

Fig. 10. Seasonal distribution of abundance occupancy rate (%) of each phytoplankton taxa on the eastern sea (St. 10) of Jeju Island.
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= A Bl A] 22 Hhia-e HthFig. 8). EFal9(St. 8)2 E77153~91% HHI= 55| shAlof 53]
< e B PR EF= 6-33% WA= FA00 Bld] =2 e B oy siAells 7 watem, 71e 4
SUREFE4-21% HAZ FAN 7HE 2 e HIou sHlole 7F Wkt Fig. 9). 73S (St. 10)2 =7
7F50~76% = SHAICN 7FE 2 Afras HYAL, MR EFR=16-32% W= SHAVFOhE Aol vls] W2 Hha
= HAN, 7IE AEHEEFE 8~18% HAR HA] sPAPFHE Aol Blsl Wlth(Fig. 10).

3.4 SLYEAIret RUS SEN

S A BEFIE TR Aol ERA2 0 m 2.63~3.32, 30 m 2.62~2.94 = FA(3Y)2} olAI(8 D)l =
S¥tH(Table 2). 410920 m 2.50~3.12, 30 m 2.58~3.102] *HLIZ 0 m, 30 m &5 FA|(39)7F 71 = THTable 2). &
F92 0 m 2.34~2.93, 30 m 2.34~2.789] HI$IZ 0 m, 30 m=5F F=A|(39)2t SA(128)7 T2 Aol vls) =34t
(Table 2). &7 S-2 0 m 2.23~2.69, 30 m 2.02~2.832] Q|2 sHA7} 7P W2 7k B a1, ThE sfj e H]sf A4
& 32 e A5-E HYATK Table 2). S6HH A7) AEEd3E o SAVH 7P w8kon BRet A
ool thE s H Tt &0, FHoeo] Wk

92527 I 4] FollM 23] oV FERFO] 10% oS AR’ F 1588 AH519 1 (Table 3). AIEZ B
HEAGY) 3, SHA8Y) 9%, FA(109) 3F, SA(129) 4F0] 251 sHAE 7P Be 9340l ST Table
3). Bt E B 1277 14508 454 0 7 WO Bacteriastrum comosum, B. furcatum, Chaetoceros affinis,
C. anastomosans, C. compressus, C. contortus, C. curvisetus, C. debilis, C. decipiens, C. paradoxus, Paralia sulcata,
Skeletonema costatum, S. tropicum, Thalassionema frauenfeldii 5 ©12 ™, SHRZT-L2 Hillea fusiformis 1] Tt
(Table 3). ©] T 20%C1 0] AEF Hfr-& AT 4TS AdER B, A GYDL FA(109)0l Paralia sulcata®}
Skeletonema costatum 501310 ™, SHA|(8 Q)= Chaetoceros <5 655, 12|11 5A|(12°9) = Chaetoceros <5257

@} Thalassionema frauenfeldii?} 45, 2t -4E0] AAZ BiL7} 58151 th(Table 3).

Table 2. Seasonal variations of species diversity index (H') of phytoplankton during the study period

Station Species Diversity Index (H")

(Region) 2015 Month 0Om 30m
St. 3 (North) Mar 3.32 2.94
Aug 3.29 2.63

Oct 2.65 2.62

Dec 2.63 2.70

St. 6 (West) Mar 3.12 3.10
Aug 2.89 2.95

Oct 2.50 2.72

Dec 2.70 2.58

St. 8 (South) Mar 293 2.78
Aug 2.46 2.47

Oct 2.34 2.34

Dec 2.92 2.51

St. 10 (East) Mar 2.66 2.76
Aug 223 2.02

Oct 2.65 2.83

Dec 2.69 2.79
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Table 3. Dominant species of phytoplankton in Jeju coastal waters during the study period (* > 10, ** > 20 percent of
abundance occupancy rate)

St.1 St.2 St.3 St.4 St.5 St.6 St.7 St.8 St.9 St.10
Om 30m Om 30m Om 30m Om 30m Om 30m Om 30m Om 30m Om 30m Om 30m Om 30m

Species name

2015 March

Paralia sulcata
Skeletonema costatum
Skeletonema tropicum ¥k ¥ *
August

Bacteriastrum comosum
Bacteriastrum furcatum * * Ok * * *

Ch(letoceros Cﬁl\nis * sk sk skek % k sk %
Chaetoceros anastomosans * ¥
Chaetoceros compressus * * Ok * * **
Chaetoceros contortus * ¥ %
Chaetoceros curvisetus *
Chaetoceros debilis ** * * *
Chaetoceros decipiens
October

Paralia sulcata * * kK

Skeletonema costatum * *

Hillea fusiformis * * *
December

Bacteriastrum comosum

Chaetoceros dffinis * *E *
Chaetoceros paradoxus * Ok * ** *
Thalassionema frauenfeldii * *

&k

23 Wi AR SR T E Ao ARIAl S B 200 -2 IR A (=-0.794) H o] 11 QLo 423k
FRFe R AFT(=0.453) 18] 11 FEI FEFE oFet A4/ (r=-0.478)2 KH.o]1l QITH(Table 4). ¥FA Chl-a®t 4~
(r=0.164), FE(r=-0.242), BETHr=0.218) 2] A& FAZ 0 2 Gol51A] Q%O W (Table 4), §EA A= 4237} oFeh
P (r=-0.37)F EHUA|Tt Chl-a 12|31 AZFL0] A2 GITH Table 4). ZAZ7HEF AlF= At 429 HI9)=
0 mof|A] 12.84~27.06 CE A8 18.37°C, 30 mollA] 12.82~22.07°CE QBT 17.08°C Yello] 1988~1989 A|F-=
SfietAdof| A mid =75 Choi er al.(1989)2] 10.8~25.7°C(AH+F 17.3C)ll HIHA] =3L.2H, 2005~2006 ALK
Ty AEEZ SAE Affan er al.(2007) 2] 14.2~28.9°C (A% 20.1°0) Hrl= 2t} FE-20m 31.23~34.62(A
33.25), 30 m 32.33~34.62( 1 H+F 33.69) psul] HE 30 m7} 0 m K} &7t =8 718 H g ot sy} TEelskA] ke

HEA, 0 m= 78~ 8ol W2 gh& Ho|m ARsr} F=EIsket o= SHA| 4ot 42 A HE(YDF) 9] & e
Al TR o] g A Al A E/doletar Azt

ZAL 717 S AR EHAES] FEFRS 95 5,300~639,900 cells L' 2] G 2™, Lee ef al.(1990)2] 1988~1989 A|

Z ofierAo) A AP BEEH1,834~1,190,044 cells L) BT} &2 W99} Lhe oizle B ek duba o 2 AlFe¢ioto]
A EEGTE T A A dEFO] fidh= EAIF FAIO] 10° cells L' oPge] HIw A =2 5kl 2102 Bl F[lont

o



A o / AFAt AEEdaE 2 A8 Het - 103

Table 4. Pearson’s correlation matrix (/) between environmental variables and phytoplankton variables in the study area
(**p<0.01, *p<0.05)

WT Sal DO Chl
Sal -0.794**
DO -0.370%** -0.021
Chl 0.164* -0.242%* 0.218
Abun 0.453%* -0.478%* 0.035 0.218%*

Abbreviation: WT; water temperature, Sal; Salinity, DO; dissolved oxygen, Chl; chlorophyll a, Abun; phytoplankton abundance

(Lee et al., 1989), HOWOW%% FA O sl sHAI(7E 0 8 D)ol 2 FETFS Holal Jlo] AEEF T2 it R
Shelal 22 & o Ik HEFE FHES(St. 8)ollA Sl Bacteriastrum furcatum, Chaetoceros <5 &5, 7
Skeletonema costatum, &7 Thalassionema frauenfeldiiz 2] 2105 Ho|1l Qlo] B = ZAKChoa and Lee, 2000)°]]
X R31¥ Paralia sulcata, Chaetoceros curvisetus, Cylindrotheca closterium, Dictyocha fibula ‘52| %452} Z}o]71 AR
o JH Y] FrFY Ak B ATof|42.34~2.93(Fw 2.59)9] HYE H Choa and Lee (2000)7} ZALRH
0.45~2.78(F 1.84) K} =2 TP A48 Eirh

Al S
AEEFAE R0 o AL H|WoPH1989~1990' 0] A ARl s dfjdof| A 3,277~1,952,809
cells L'9] ¥9)7} H 11 %|]3(Lee and Choa 1990), 20048~2005 2} ¢IQollA] 22,100~486,900 cells L 2] H7}
=] 0th( Affan et al., 2007). 2 AF-0] AR AEZES 18,400~181,900 cells L2 T2 17 of v]a) e i

15 H 3k Affan er al.(2007)9] Gl EAILE A0l A @/do] HalE] gl oy, & Aol Al= SHAlof digka K
At THENS-2 1A 1989~1990F &= Ag4tare] Aol 4] 6,458~1,799,870 cells L' 1.2 (Lee and Choa 1990),
AAoA] 11,300~192,600 cells L H9IS Ko wbA AR UI9keh 198919909 Oﬂ%LFJ R FE At sy
AEZGIE é_ 2 8,800~2,400,000 cells L saim(Yoon et al. 1990), = A7] ER619] 9E520,200~197,800
cells L) A & 70 g2 AR Ict W ol B4 S 1995~1996 H I AlE-E33.E AZ7RS 1,500~700,000 cells
L'H9]2 B 1 EJ+=1H|(Choa and Lee 2000), - L%LO Az H 9= 19,900~206,900 cells L' &2 @51 et =5+
Choa and Lee(2000) 2] A-ellA= EA12F FAof iAol =19l oL, & Aol oAl <=9 32 gl]lal sf

Al@)ell gk E

S HEFe] YHIE B 0 mollA E5e} A6 92 385 E ST ot | ARl 780l w5otal 8 Hof thA] A
Skl 12€of| 7] Bl ARk dS HRl W, giet E 7ol 92 395 H 7157 6, 7€l A4kl A 8 €l &

7}6}1 109e]l ZHA-51ar ThA] 12 90| o] Bl A d-& B 3IthFig. 6). 121430 m A= EHet 5o 9o]
8Holl SRt Z& A efetal szt FE1gt ZeF/do] Kol x| ghgitt. o] o] Fi el F 6% 2] 0 me}F30 moflA] 2=
75‘6&*3—% HQl A2 PR TWC) 9] A AR JoFa il Q=5 a7t 4+ gafoletal Az, AHet S5 sl o] 1]

SR A AFERIWO) 2 S22 2 YDF) Q] AEA ks Tl Q= Y 43 9] Fafoletal AZtErt o]
SRt sliFEo] AL} thE A de Holil vk =291 A A7t 3le] £LoH(Yeh and Kim 2010), o1& ¥}
7 A A AEERTE 7] FElolE GRS mIR] AL okl Azt o ofof) tigt 2|52 Q1 o] H @ shrfar A7,

ta

2]
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