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Vertical Profiles of Marine Environments and Micro-phytoplankton
Community in the Continental Slope Area of the East China Sea in
Early Summer 2009

Yang Ho Yoon'
Faculty of Marine Technology, Chonnam National University, Daehak-ro 50, Yeosu 550-749, Korea

F 557l Y thEAMEE o R s d 2% AEEETAE TS ARISITH TRk
2> %EE;“\E]'X] S Fdel wEt kRkehA| ARSI, AE ESolA W vl wA] 212 AR A # o]
L, 3 FsolstellA= e vlElste] 150~200 mollA] HRgkS KRl v FHAEl o, st £ 4] ik
sigma-tf“l] W= 2ol oJal] AufjEo], BFolA] 417§ enbs] S7kste] oF 500 mollA] EF L OF 3 kg/m’ %
& s HERAITE A a3 FellA 5A8] hAste], B EE oF 100 m =l f1AI8KITh. 454 a8 A
ARE= F2olu R FRel v QS e ZoR YeRd o, A el HUgks veRislth 4F 4
EZHIE FH 565 103502 vl thaks ‘iii, A I E A é 2 aZb HIHgE Ve Aol A
112.0~470.0 cells/LE 71 557 VR, 3ol S-¢3ehs T2 9laL, v A8 vt Fol e, o
5 Q- TFAARZFR! Octactis octonariat TFF<) Leptocylindrus medzterraneusoﬂ o3 26%2] +HE2 L}
Bl Ze olelZioloh, 3 Qo] Aok A Moo} slele] AFEAE 5 rladEe) B4 e 55, 55
9 A 2 0B 4 22 2APE oy, A e ] AR 154 HjFel Teb) 2o A%uel 2t
oF AAR AT 7} F-A S AR sk Al

Abstract — Studies of the distribution of micro-phytoplankton community and chlorophyll a concentration have
focused on the vertical profiles of marine environmental factors such as water temperature, salinity, sigma-t,
light intensity, and dissolved oxygen in the continental slope on the east parts of East China Sea in the early
summer of 2009. Water temperature showed a gradual reduction according to the depth. While the salinity was
low in the surface layer showing a mixed down to the relatively subsurface layer, it was increased with an
increase in the depth at the middle and bottom layers showing a maximum value at 150~200 m followed by a
decreasing aspect afterwards, although the change was not large. The change of sigma-t was governed by the
water temperature, and gradually increased in the surface layer with an increase in the depth, showing a value
higher than in the surface layer by about 3 kg/m? at the bottom layer. Although the intensity of light was expo-
nential reduced in the surface layer, the compensation depth was located at the depth of about 80m. The vertical
profiles of chlorophyll a concentration was governed by the intensity rather than the changes in water tempera-
ture or salinity, exhibiting a maximum value at the compensation depth corresponding to 1% in the surface light
intensity. The micro-phytoplankton communities consisted of 56 genera 103 species showing a relatively vari-
ety, while the standing crop was also changed to 112.0~470.0 cells/L in the pelagic environment, showing a
maximum chlorophyll a concentration. Although a variety of dominant species appear at low dominance with-

fCorresponding author: yoonyh@chonnam.ac.kr
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out dominant species appearing with a right-wing point in the phytoplankton communities, the silicoflagellate,
Otactis otonaris at the station A and the dominance of 26% due to Leptocylindrus mediterraneus at the station C
have been judged to be unusual. For community analysis of infinitesimal creatures such as phytoplankton of oli-
gotrophic waters through the present study, ecology studies through vertical sample collection agreeing with the
results of continuous observation such as identification of vertical distribution in a marine environment or of
maximum chlorophyll layers have been considered rather than a survey method with intervals of a given depth

such as surface, subsurface, middle and bottom layers.

Keywords: vertical profiles(?12]+3%), marine environments(3l] %¥3+73), light intensity(irradiance,
mocro-phytoplankton community(43 2 EZHIE T3), chlorophyll a(§

(tHEAFH), East China Sea(x5=3l)

FEa el %%EH%—% Hake Aralee 0y s B
S4-7900] P Wk oz} 50m olake] L 5418 VEh]
A, dre

=l 2] thEAPE S =

|

A 271l Ssiele
1

=3 Hoﬂj(lsobe[l999] Hsueh[2000];

Liu and Gan[2012]), 2*A]v} v7]- FOE Eojo= TR 2
2ol QA Eke] A A SRS B STHGuo er al.[2006];
Lee and Matsuno[2007]). ¥5F o}2} 55 3llE T2A 77}
718t 27 2kl S Wk ofule}, Ao FEisellA
T A T skl filrel A8l dYEs 35 e T
(Oh and Park[2004]; Zhang et al.[ 2007]; Park et al.[2011]), T}
¥t ]| 23l AR 3 5/3S Eefsth(Beardsley ef al[1985];
Kondo[1985]; %[1992]; Cho and Kim[1994]' Lee[1999]; Yoon
et al.[2005]; Li et al.[2006]). WW2}A o5 2] g3} &t
whe} jjokshd EAJS =5, SlEERe) A@E/g/\}aoﬂl,:_ HES FA
o, dleFghg o] Adwisly) g st 548 YERATH(Yang and
Kim[1990]; Lee[1999]; Shanmugam et al.[2008]). 53] &&= 3l
Y UFAPE S BERL gt ARl 2AehdRe] = 5
T sdate] FY aFe] FFS s vkl Jeiet 2°C

ol ¥ F2E UEhdth

e BEFAE SRS TRFEs) 3 TR 815 offe
B, 44 0 ABFORA I, AR 9 F7 5 FulTo] T3

07 o]gdhz oo mA At FaAdo] ulg- & el e
2 (Cho[1981]; Rho[1985]; Miyaji[1991]), & ©]3] GAl=Eo
AFAR1 AFFAP} o] F|AIE 3l Ho]th(Nagasawa and Marumo
[1967]; Huh[1982]; Mio et al[1984]; Kondo[1985]; Edmond et al.
[1985]; Millimam et al.[1985]; Hu[1986]; Matsuda et al.[1989];
Lu[1991]; Isobe[1999]; Lu et al.[2002]; Furey and Bower[2005];
Takikawa et al.[2005]; Liu et al.[2010]; Liu and Gan[2012]).
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Fig. 1. Map showing sampling stations in eastern area of the East China
Sea.
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Table 1. Observation conditions on each sampling station in the continental slope area of the East China Sea early summer 2009

Stn. No Date/Time Depth (m) Water sampling layers (m) Weather Cloud Location
June 10 . Lat. 32°10'03"N
A 07:20~09:20 480 40 260 ) ram 10 Long. 129°2922"E
June 08 Lat. 31°20'00"N
B 10:00~11:20 302 2 100 . fine 4 Long. 128°20'00"E
June 09 Lat. 28°38'42"N
¢ 08:00~09:50 390 25 80 300 fine 4 Long. 127°03'36"E
2 Al FsFtH(Throndsen[1978]). 742 %% A5 1 mLE 23.0 25.0 270 _ __ sigmat
uto]| A2 9] & o] g-5te] Y &3] AlGdel FH3l Pt dnA 343 34.4 34.5 34.6 _ . _ salinity(psu)
(Olympus, BX50)S ©]-8:310] 100X-400X31ol ] E43} &3 A 0.2 15.0 30.0 450 _ _ear
— 2.0 4.5 7.0
o] o7k AmEEEe] AEFE oSkt Cupp[1943]; - - " -+ -DO(mglL)

Chihara and Murano[1997]; Tomas[1997]). 18|31l &&=
R AA 2} 8-> World Register of Marine Species(WoRMS,
www.marinespecies.org/)®} Algaebase (www.algaebase.org/)ll =
sto] et

o=l A E] 370 e oist sk el
A A T Table 13} 2T} 7 AS 22 A 4 G54
937} Hol= 753 F3 S o 3)
ES25 mt A5 A 5
= 954 o A A G 5 2 1 S e w

1Ak, 25(Cloudys IXE T8 dAlof| g 23& YERISIHH.

I

oy
i
s
o
e

Y
o
[N
RIS
K oo

> o,
X
@]

¢

3.1 ofY=tEt HEA 40| HEIEE

3.1 8% A

A AT T ATl 4 500 m SAEAL] TR el Bl
ok, -8 BFolA] 21.0°CE Holh, 4 Sk} 3| 1haslod
475 mol|l A 8.3°CE BZHL} 12.7°C Sokrh S X35 ollA
34.37 psu?l Zlo] 4 7kl 3l ok4] 190 mellx] 34.50 psu=
HAzHE deER L, T ol ellA e HAF 7haste] 475 mellA
3436 psu= W3} F2- 4] ookt eIt el ofell AgH=
sigma-ti= 4 5718} 8 ol 478 moll A 26.74 kg/m’E
SHT} 2.72 kg/m® =94TE =2, G 2 sigma-toll Al RS |
w2 EAEHQ] o2 FHlEkA] ekShth(Fig. 2).

R gl vyt U] £330 #32 125.0 umol photons/m%/s©]
#ZH 0o =4 5mellA 35.3 umol photons/m?/s, 30 m©f| A]
9.0 umol photons/m?/s% F<3] AABIA 0L 1 o] ol A= ot
St 7hag Holth 454 o E50IA 028 pg/Ls Holuh 74
9] Z7}¢} S| =obA] 40 mollA 0.70 pg/LE HHHgHS YRS
t}. o]% 4 F7tel] Wt A} HobA 160 m 14l elA= 0.05 pg/L
oJ8ke] W2 w1t Hth 8FAAE S m oA 3.71 mI/Le)
w2 ks Holu 43 3l Skl 4 30 m A5ellA 4.1
mlV/LE HHgE Bl 5 FAF 7h4ste] 200 m o] 4lell A= 2.0
ml/L ©]38F2 SITHFig. 2).

¢

.......... Fluorescence

——— Temperature(C)

Depth(m)

Fig. 2. Vertical profiles of marine environmental factors such as water
temperature, salinity, sigma-t, dissolved oxygen, light intensity and
chlorophyll a at Station A.

31234 B

74 Bl 22 %39 233 °C7F A9 Tt} A 7
3lod 150 mellk 17.1 °C, 290 melk 11.7 °C2 5] Hlal 11.6 °C
Wit AR ¥E9] 3431 psu® WO}, 71 ool A 4=
A7 34.52 psu AFE FAsE BX S HoLt 70 miE =7}
Z7¥8t0d 115 mellA] 34.59 psu= A1 3 TE5 22l U 120 me]l
A1 34.46 psu SOt o] F A} FAlel Wt Fert e
125 mollA] 34.62 psu= HIAgS Rl 295 mo A& 34.43 psu
2 srobgTh sigma-t= 413} BlElske] 295 mellA] 26.20 kg/m’
2 EZTHT 274 kg/m® =900 22 9 G ok A A9 F
dato] F3lakA] EThFig. 3).

FFE AP 1 B @oly 5 Adute] el 7t
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Fig. 3. Vertical profiles of marine environmental factors such as water
temperature, salinity, sigma-t, dissolved oxygen, light intensity and
chlorophyll a at Station B.

2= AlZ1e] AT ESollA 2,348 umol photons/m?/s7} 74 =37,
50 mellA1 100 umol photons/m?s, 100 mellA] 10.0 umol photons/m*/s=-
VFERAIAL, 150 m7FAi= 2.0 umol photons/m*/s 0142 d&ko] 1}
ERUQItE =24 o= %59 0.09 pg/Lol A =l 9] F7tel| wheh
FE7F AEEe] 80 mollA 0.62 pg/LE HHAgke Yehhglt. o]
T2 A Tl el FEa WOl 140 m o] 4ol A= 0.1 pglL,
180 m ©]4lell A= 0.05 pug/L ©13ke] 54 a5 VFERHSITE &5
ks 4mellA 3.80 m/LE WSk oH, 45 mellA] 3.88 mI/LE |
g §244 FEE BAtkE 200 molA 2.99 mI/L, 295 mel| A
2.53 ml/Le] FEE YERISITHFig. 3).

3137484 C

TEALEFE] T el AXeh= A3 CollM & EF2
26.5°Col A A2 F7he)l & ukshA 7HA3to] 470 mol| A
8.2°C, 580 molA 6.7 °CZ EZEHT} 19.8 °C Wo}, &1} AFA}
o] =& o= AA YR G2 152 34.34 psu’} oF3E
S7HA Bl A IS RE, o] % Fx}d531e] 200 mellA] 34.80 psu
2 HPS BRItk A}k 1haste] 580 mollA] 34.34 psus UHER
Wit sigma-t= THE A3 fAkste] Al 3 el 2
Z3lo] 480 mollA] 26.76 kg/m®, 580 molA] 26.94 kg/m’E EZH.
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Fig. 4. Vertical profiles of marine environmental factors such as
water temperature, salinity, sigma-t, dissolved oxygen, light inten-
sity and chlorophyll a at Station C.

o} 2.92 kg/m® 3EUCH AR W2 =2 W o] B4
Q1 oFF-& FRlaHA] Skth(Fig. 4).

FEe A BY U A 2o R B35 FEE 1,400 n
mol photons/m%s= 475 B Xt} Tha WSIT). =4lo] 7l
Ak F43] 744319 30 mell4] 101.8 pmol photons/m*/s, 85 m
o A1+ 10.1 umol photons/m*sE ERN AL, 100 m ©]3d el =
3.0 umol photons/m%s ©]8}2 oA T AEFA o= %59 0.06
ug/L7F 5mell Al 0.8 ug/LE ¥, ol F =43 A S8k
74 mellA] 0.64 pg/LE HAZES BT, o] Fi= S4dof whe} %1
A 72 HRF o= A4S BT, 200 m 0ol M= 0.05 pg/L ©]
319] FES YeR)QIth 84k ¥59] 336 mI/L7F 5 mollA]
3.63 mI/LE X0, 30 m/HAE AT 555 Kot o § 5718l
60 m 7ol 3.73 mULE HHgks B3It} o] HA} 1hasto]
220 mellA] 2.83 ml/LE HAE YERH o3 AxF 5718101 235 mel]
A 312 mILE 22 I 3F BRI}, o]$= 2k 7h4ste] 471 mel]
A 2.0 ml/L, 580 mellA] 1.68 m/Le] 552 LFERItHFig. 4).
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Table 2. Species composition of micro-phytoplankton community at each sampling station in the continental slope area of the East China Sea

Species Number

Taxon A B C Total

Diatoms 21G 38S 33G 59S 22G 428 36G 72S

Centric diatoms 14G 30S 21G 468 15G 348 22G 57S

Pennate diatoms 7G 8S 12G 138 7G 8S 14G 158
Dinoflagellates 5G 7S 16G 24S 7G 10S 18G 29S8
Silicoflagellates 2G2S 2G2S 2G2S 2G2S

Total 28G 47S 51G 858 31G 548 56G 103S

G: genera, S: species

AEZHIE T A4 565 103502 nud kst TS ERHSITK(Table 2).

UeRSIt B 2e T 365 12507 69.9%2] 3 % mﬂit Falo] 7HE vk AR BellAl 5145 85}—33 7V
AHES ehlol, theo Rt GRRETTL 185 205 W T BB, SRl 7Hg Qe A ASE FRA QRS 9
AARZT7} 24 250 % 7} 282%8} 1.9%2] E& FH&S v & 7&*6}7%1 % 47 colA ZHz} 284 4757} 3145 54507

Table 3. Species name and cell density of micro-phytoplankton at each sampling station and depth in the continental slope area of the East

China Sea
= A Phytoplankton standing crop (cells/L)
B C
NC 40 m 260 m 25m 100 m 25m 80 m 300 m
DINOFLAGELLATES 8.0 7.0 29.3 7.3 6.0 4.7 1.3
Alexandrium sp. 0.7
Amphisolenia bidentata 0.7
Biceratium furca 0.7 1.3
Ceratium fusus 0.7
C. macroceros 1.3 0.7 0.7 0.7
C. pentagonus 1.3
C teres 0.7 3.3 0.7
Ceratium sp. 0.7 0.7
Corythodinium tesselatum 0.7
Dinophysis acuminata 0.7
D. caudata 0.7
D. rotundata 1.3
Diplopsalis sp. 1.3
Gonyaulax scrippsae 2.0
Gonyaulax sp. 0.7 1.3
Goniodoma polyedricum 0.7
Gyrodinium sp. 0.7
Noctiluca scintillans 0.7
Oxytoxum sp. 0.7
Podolampas palmipes 0.7 0.7
Pronoctiluca rostrata 1.3 1.3 0.7
Prorocentrum micans 1.3
P, triestinum 1.3 2.0
Prorocentrum spp. 1.3
Protoperidinium heteracanthum 0.7
Protoperidinium sp. 1.3 2.0 1.3
Pyrophacus horologium 0.7
Scrippsiella trochoidea 0.7 1.3 1.3
Torodinium teredo 0.7
Other dinoflagellates 0.7 6.7 1.3 0.7
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Table 3. (continued)

3 34 A C

T4 40 m 260 m 25m 100 m 25m 80 m 300 m

OTHER FLAGELLATES 11.3 0 17.3 6.7 33 2.0 2.7
Dictyocha fibula 1.3 2.7 0.7 2.0 0.7 1.3
Octactis octonaria 10.0 14.7 6.0 1.3 1.3 1.3
DIATOMS 106.0 38.0 237.3 456.0 102.7 242.0 50.0
Centric diatoms 93.3 36.0 220.0 257.3 94.0 230.0 48.7
Actinoptychus senarius 0.7 0.7
Asteromphalus flabellatus 0.7 0.7
A. heptactis 0.7
Bacteriastrum comosum 7.3
B. delicatulum 53 24.0 1.3 4.0 133 2.7
B. elongatulum 4.0
B. furcatum 6.0 1.3 7.3
Bacteriastrum spp. 2.0 1.3 1.3 1.3
Cerataulia bicornis 0.7 0.7
Chaetoceros aequatorialis 0.7
Ch. affinis 1.3 0.7 2.0
Ch. atlanticus 15.3 16.7
Ch. brevis 2.0
Ch. coarctatus 2.7 2.7
Ch. compressus 2.7 1.3
Ch. danicus 2.0 1.3 1.3
Ch. debilis 4.0
Ch. decipiens 7.3 1.3 15.3 14.0 2.7 22.0 53
Ch. dichaeta 4.0 233 33
Ch. didymus 4.0 53 2.7
Ch. eibenii 0.7
Ch. laevis 2.0
Ch. lorenzianus 6.7
Ch. mesanensis 0.7 2.7 1.3 1.3
Ch. peruvianus 0.7 1.3 0.7
Ch. pseudocurvisetus 44.0
Chaetoceros spp. 44.0 4.7 56.0 49.3 20.7 453 9.3
Climacodinium frauenfeldianum 1.3
Corethron criophilum 1.3 53 4.0 1.3
Coscinodiscus spp. 0.7 1.3 2.7 4.0 0.7
Dactyliosolen fragilissimus 4.0 2,0 11.3 8.7
D. phuketensis 4.0 10.7 33
Dictylum brightwellii 0.7 0.7 1.3 0.7
D. sol 0.7
Eucampia cornuta 2.0 0.7 1.3 6.0 0.7
E. zodiacus 0.7 0.7
Gossleriella tropica 0.7
Guinardia cylindrus 4.0
G delicatssima 11.3
G flaccida 0.7 53
G striata 2.0 4.7 7.3 2.7 2.7 12.0 0.7
Hemiaulus hauckii 0.7 4,0 16.0 7.3 0.7 1.3 0.7
H. membranaceus 0.7 20.0
Leptocylindrus danicus 8.0 2.7
L. mediterraneus 1.3 17.3 40.7 293 65.3 2.7

Planktoniella sol

1.3
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Table 3. (continued)
%1 44 A B C
T4 40 m 260 m 25m 100 m 25m 80 m 300 m
Proboscia alata 33 2,7 10.0 2.7 6.0 33 0.7
Pseudosolenia calcar-avis 1.3 0.7
Rhizosolenia bergonii 2.7 1.3 0.7
R. hebetata 0.7 2.7 2.0 33 1.3 0.7
R. setigera 33 1.3
Rizosolenia spp. 0.7 2.0 2.7 53 0.7
Skeletonema sp. cf. costatum 53
Stephanopyxis turris 0.7
Thalassiosira leptopus 1.3
Th. rotula 0.7
Thalassiosira spp. 2.0 1.3 2.0 0.7 0.7
Pennate diatoms 12.7 2,0 17.3 198.7 8.7 12.0 1.3
Achnanthes longipes 5.3..
Asterionellopsis glacialis 1,3 2.0 2.0
Cocconeis sp. 0.7
Diploneis splendica 0.7
Lioloma sp. 1.3
Mastogloia minuta 0.7 0.7 0.7
Meuniera membranacea 2.0 1.3
Navicula spp. 1.3 4,.0 6.0 0.7
Nitzschia sigma 0.7
Plagiotropis lepidoptera 0.7
Pleurosigma spp. 0.7 1.3 1.3 0.7 0.7
Pseudo-nitzschia pungens 2.0 53 33 4.7
Pseudo-nitzschia spp. 1.3 14.7 1.3
Surirella fastuosa 1.3
Thalassionema nitzschioides 53 1.3 165.3 2.0 8.0
Total(cells/L) 125.3 38.7 284.0 470.0 112.0 248.7 54.0
Species No. 40 18 59 50 32 36 21

zye
ZUE HAE 231, 300 m AT 54.0 cells/Lolsle] Al
Ues VERASLTE oht Aol whet 35 Ay Y 454 a
HAghS Holi= o] EATH A% 4 o HIphS Hols 75
oM 9] AEZHIE AT 112.0~470.0 cells/LY] A|ZHLE 1

428 AEZPAE Tl 1 Ede £ FH-ol w2
o|& Ko}, A oA S8k 2 S, ¥ D 100 m
9} AA Co F A & AYskaE 10% o8k A-E= vk

gk Fo] Edshs 54S Btk A A 5L a HUHE B
ol 40 m FAolA AR ZEFR] Octactis octonaria?t 8.0%2)
AfFEE Yt 7et2 = S5 712720 Chaetoceros
decipiensﬂ' 5.8%, $4E 7127 Thalassionema nitzschioides”
4.2%°] AFr&& UeERSITE B3 B 25 m 752 A TR
5+21 Bacteriastrum delicatulum®©] 8.5%2] A& = -3+ 1
7Net2 = S 27T Leptocylindrus mediterraneus?t 6.1%,
Chaetoceros decipiens 2} T. nitzschioides7} Z47Z; 5.4%8} 5.2%2]
R8s VERIGITE 59 B4 100m 752 5= 28 T
nitzschioides?} 352%2] 52 -85= H-H3131L, L. mediterraneus
7} 8.7%2] 9788 Rtk 25 mold Al $HFoE FHT B
delicatulum-> 0.31%2] -85 WERARIT 1gkelld 71 He]
Wolzl A CollA= 25 me} 80 m BFolA L. mediterraneus?}
212} 26.2%%F 26.3%°] 552 -3ES HERSIT 7Bk 80 m
T oA Ch. decipiens®t B. delicatulum®) Z+7; 8.8%2} 5.3%2]
A& eI TH(Table 4).
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Table 4. Dominant species and its relative abundance at each sampling station and depth in the continental slope area of the East China Sea

Dominance (%)

Dominant Species A B C

40 m 25m 100 m 25m 80 m

Thalassionema nitzschioides 4.2 0.5 35.2 0.2 3.2

Leptocylindrus mediterraneus 1.0 6.1 8.7 26.2 26.3

Chaetoceros decipiens 5.8 5.4 3.0 2.4 8.8

Bacteriastrum delicatulum - 8.5 0.3 3.6 53

Octactis octonaria 8.0 52 1.3 1.2 0.5
4. 01 E [2006]; Matsubara et al. [2007 ). 12y PR 2R okt ek
oA G 32 Hol= FEF(Xu ef al[2010])= Zol| Wt 7] Pk
o]& o5 TF=al tUlEATAS B3k lsle] e gl o o] g sl OEHEH Chaetoceros gracilis-+ Phaeodactylum
Ao F5lst TS IR A oht) 2 ATl Wt triconutum-S 3~350 umol photons/m¥s W 1ol A A s, C
Aaste] AFo] EFRTF 2~3°C W2 Hh, 82 ¥5olA] 4 gracilisi= 20 umol photons/m*/se A, P triconutum- 3 pmol photons
A Zlo171A] Aate] 150~200 m 2ol A Hof 98-S ¥l tF  /m¥sollA HA B3-S B skal QTkBan er al.[2006]). 17 1L Eo|
= HAasA R, 1 Ws) £ 7 0}0”3]' T2 G g wE G AR Ak HW2 oA R F oA = 10 umol photons/m?/s
A= sigma-te GE-Y H3} A4 9b7lo] 2] #M3lel| o] 507 Uwdx|ar 1a1(Oh and Yoon[2004]), THEF Skeletonema
3l A== o R 4 ST A st SIS B, Al costatume- A2 F| e whe} x}o] 7} QAT 1.0 umol photons/m?/s-S
}\1 EZHT) 2-3 kg/m3 o 748 1Yl ot} o) g} 72 7o ~5H§C} Q1z}e] L}E]-"HE]-(Langdon[1987 1. o]ﬂ_ 7o A Ad-e A3z}l A 64
AA] FE A Tl TREALMT TS Ao e s 2ol wet xlolE vERdith 24 FEEle] SmistelA
ool ¥4 oz LA %E}(Ll et al.[2006]; Zhang et al. WA AB7IA] A5 AT = Prorocentrum donghaiense®l Ul
[2007]). 53] Tf97 EAENA ] tEAIHS T3S 5 52 3l Xu et al[2010F> 30 umol photons/m*/solA] 4 3} HolLt, 230
sl Hsxleke TE2AL 8} EW:L'GH = thE55= 554  umol photons/m*/soA % 33 A= ¢l 2102 B sk whH | Sun

FEZ S0l HASH= 2ATRER Aol $1xI310] AAYF) o}

2 GYslol Balshel ek R AL Atk S9E et

Ul AR A4 ITH(Guo et al.[2006]; Zheng et al. [2009])
YL A FHl] ERE T BBl FA3] FrE, ¥

1

% Aego) of 1o} Wi & WA R Aolat) W} e
gl QD 9H AT A, BN FF 15

umol photons/m?/s 32| FLO = oF —’,‘—{‘J 80 m= UERITE 1
1} 10 umol photons/m*/s8] F&Fo] AN TS 4 AlA
30 mz Uh A0k A B AA coldE & 90m S48 U}
ERf ATt Begt o] &38| WHshi= A EFA] W 200 pmol photons/
m*/s oo FEEE Hol= A AR AdA B5EA] sk,
x(j)x% Bﬂ— xﬁ;ﬂ Coﬂ/ﬂ_‘: °F 10m O]LHQ] ﬁéoﬂ fﬂ'ﬂﬂ‘,{iﬂ— ]_11
7 AEERAE A ] BAE AR A oE dE A
K= vlgetar, AeEEaeE Foll ek e HA s o=
7ol dEAQ 7o ® Wﬁr AEETTE ] BAE 28
&= Qlok A 0% ok Fall vl 2 FEE eske
SPAR TR Akashiwo sanguinea, Alexandrium tamarense, Cochlodinium
polykrikoides, Gymnodinium catenatum, Gyrodinium instriatum,
Karenia mikimotoit ZHR 2521 Chattonella antiqua, Ch. marina,
Ch. ovata ‘&< 70~100 pmol photons/m*sel| 4] 33 E3}7} dojii+=
A& ® 1138} 9)th(Yamaguchi and Honjo[1989]; Yamaguchi et
al.[1991]; Yamamoto and Tarutani[1997]; Kim et al.[2004]; Oh
and Yoon[2004]; Noh e al[2006]; Nagasoe et al.[2006]; Oh et al.

and Weng[2010]-> 5L Fol diste] &4 33 22742 250 pmol
photons/m?*/s®] 1L, ©] o]’}e] Fegol A F Aeli7} HAYsh= o=
At B 1S skar Qlr).

¥ Aol sk Bl vhek e A gl 919 A8
A31E gl vhz oilshe e Be BAV QAR ol F He
3ol A31E FFTe) thFAR afolol Ak A EEY=Ee
o5t FPYS FURERE Lok 484 PEEFE WS
A7) EFA, R ) S S TSk ng

A ol3te) $3ANE JFA] F5 AR BAE F U9
o} 283 A BollA 44 10~35 m AFo] ¢l A 170~180 pumol
photons/m?/s=2. Q145 FeFS Holt 21E Nl sfefe] W
O ol8E I ofglARE, ZALI FE} Aue] el B
ofbmA AT = U F5HS AZEL, FHE A1) o)

= Bgoltt.

AEL o= YERA A&
028 ug/L= Alelab 47 Bl 83 CeollA
LOZ 0.1 ugloldle] s 5= FEE 0.6~08 pgLE
H1eeF 39 s UERIQIS. 3t 54 HHgkS Hole
A A58 AolA 40 m, 3 B 7 Colld 80 m 5o 43
=, FF T8 AR B o R st YUAF wao] dF3t
dlefolit AgkellA] o) Aok &4 HAgS Hole
Z(Yoon and Kim[1994]; Yoon et al. [2003]; [2005]; Shanmugam
et al[2008]) 2= 2], 8oy Gy} 18 E]F )8}t x| Fel=

ool G A9
0.09 pg/Le} 0.06 pg/



ol ok BT vkl s

FolA B 2 5 qlolet. i Ama AYgke wols FAe
5] Ygo] 3] Lastol Yol Wa ksl S5
AAehs 2 ow e Yot WAl DAL Holt= R0 P
A3k, olsh & A o5 HAEBYe YA o
SRR ol B0 BEo FETE Ao FHol
£ B0 A 201, B sl ek tze)
o) S e 545 971 elel 9% 5kl
O =

55 eRl= A 3((Shanmugam et al.[2008])2} o5 27
Lhel 44 AR CA A2 HUgte] 0.6 pg/L HieE et
e W A8 T (Furuya er al.[2003]). B3+ =4 Aozt
T} F=Fe] kel tisiA e allekellA] Fedel dist A& Atsot @
] 9o} W= vl wi= o] X4k, Furuya ef al[20031 o1& 27
of Q18] FEAI ol P54 Hol T2 5 3 1%
B BAEAA st Qlom], ek tha thEX| R 57
Al W3 E4 RIS AR Aol 25 3 1%EE
Ao ﬁi* FJgko] ®lu= A (Harrison and Smith[2011])
E‘F 3 tIEAPAS] 54 ARET Figol 9

o7 st Utk F, T EE HEL F
735 ol A EEaE o] Aslis= 3 Asl
?ﬂ"]'o] Bl’*ﬂ 3kl §17] wlito] ™ (Shaw and Purdie[2001]; Gao et
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al.[2007]; Villafae et al. ; Gerla et al.[2011]). T5oll4 Zu)
Cﬂ%ﬁt roEe io]b T=0 ]/11 2738k A8 HZaloEo| ggxﬁo]

ohl vke gedol Aga ARERES Ao A DAL
BRls 2o® BekE S ik, Lo AREIAE el ol
F A s AT aFE N dFol i E 3 Al
F7h= g2 3 deE]ﬂ%(Xu et al.[2010]; Sun and Weng[2010]),
At A THEF Nitzschia spi= 100 pmol photons/m?/sel|A] 33
A&7} Holi= WHA(Oh er al.[2009]), A%t S35 Chattonella
ovatai= 800 pumol photons/m¥/selA = FA]37} AAYSHA] 2 5
(Noh et al.[2010]) &2 A7-A}el] whet W2 2po]& KTk, Tyl
2 A FolA AFEs Arb= F 200 wmol photons/m%/sel| 4]
B Al A 73S A A8kl QIvk(Gao e al[2007]; Gerla et al.
[2011]).

Foele] A FEEAdTe] 9
EERIOE TR EE E] ™ (Yoon and
Kim[1994]; Shim and Park[1984]; Yoon et al[2002], [2003], [2005],
[2011]), &-2] tiFAPACA = vl W2 AEU =S Bl 5
3] 454 a7t Holgks UehllE oA =2 AU EE e
igleh. T2efu 454 af] AARE AN HUHGS Bole e
gl wheh = A veh, HUighS 3550 108 o) %

£ Kol ZlomNE, 7|28 oA alel gk it AF]ow A
EEFE TR ek o RE FEF, AXEL, $4%

ol i T 7t HAY ARE A3t E2E F Aae AF sk
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to] A ARE HI|Roh= v difeld FaAE &
Z5o] 93t 43 FAlo] Q= Zl o7 FuE gt T

OiEAbAs o= 5L AAell BETElolA BEE=
Z5-2] ol (Nagasawa and Marumo[1967])°|4, thE2Q]
27z A=) Prorocentrum donghaiense (Lu et al.[2002]) &=
1)) orobr}.

SRAFENA SAE FEF Leptocylindrus mediterraneuss A
9lakar WhRIARE B ell M= oA oAl TEE= Foltth 1
U FRARZF Octactis octonaria= WA= B2 ko g
Zdsh= 212 oAl Fo= tiFARA aelA vlaA] H2 A
FEE FdoIl o, A0S 1T = ST st TRAI
o] Qs AsiAl = W3 Bk WA collx] #9311 Leptocylindrus
U8 E met FAE ke Ay
ToFe] £ © F (Scott and Thomas[2005]) =-AWellA A =7kA] off
T AR S8t} 53] Weddell Seas}t H= #|ollx= A
£ "oy Aaflelx 5 Edsh= Ao] Hals v (Fryxell, 1989),
obA T BRSO R EAe FFo] ¥ Fo|t(Hasle and
Syvertsen[1997]), YA EEQ] Solenicola setigera’} ©1843h= -+
8k <5+ Ay =(Buck and Bentham[1998]; Gomez[2007]; Cafarelli
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