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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
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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(‘?il]—r}‘) marine environments(3l] %F2+7), light intensity(irradiance, %),
mocro-phytoplankton community(438 2EZZAE F), chlorophyll a($3 54> a), continental slope area
(thEAF), East China Sea(55=31))

LM B 7 o o4 7ot 4ol cgk A4 2Atel Aol ol
A E 3L QAR olof Tk FAgel el 1k,
EEAAN FAUGS Fohe Aralele oY sag Fa
S4fglo] AR Wk ohj2} 50 m ofafe] B 42 ehl 2. THE U
A%, QEAE 47 Aol sl sl %1
500m7h Wi thEAbde] SIAgh, BRSO AR P2 BETE) dEAbe] slgkebal AREYAE 2L sioler]

lm

o
ANeaFe] Fake 2 W= 9] 0 2 (Isobe[1999]; Hsueh[2000]; 913+ SZAR= 2009 ©]2 o152 62 8UollA 1047H4] Fig. 191
Liu and Gan[2012]), AP} 7| 532 501ev Fr29 & BAIS 37 43S I:H’\ o g2 e 54 Y bt

Bl g1Aate] AAE TS o5 FAATHGuo er al[2006];  F(842E)E ©]-E5te] AHEALE AABIITE AR 2, S,
Lee and Matsuno[2007]). %5+ ol2} T5Tdls F2A G739, 8544 D0)et G54 o2 X742 CTD (Seabird Co.,

iensdl
71810 2Ajehchrh kel gk ik ofufet, A2 STFOlM USAYE o881 ﬁoow S7H A% S50 1m A0
T G T szl filrel A8l dUES 30 W v Atk SHeE ARt
(Oh and Park[2004]; Zhang et al.[ 2007]; Park et al.[2011]), ©} 4% AEEEIAE T B85 At AYS A 25 m, G54
&t o] oJaf) ARA 93 S54S 2eldthBeardsley er al[1985]; a7} HUI7}h ¥ 5 B e B GRekSo] Hols e S
Kondo[1985]; %[1992]; Cho and Kim[1994]; Lee[1999]; Yoon & Oo=Z, EH]E*‘“&F&E 5L 355 A3t At sl
et al.[2005]; Li e al.[2006]). TE}A] o] 5 3] 9] ﬁ%}ﬂr E3tell N HEO] 20 ume) A% EFAE netE ol&3te] HF F
e} R 548 B8, e e E Hes Al B 10 mUt HES 55 559 AEEEaE 22
wlo], sifed o Adwshrt e d 5AE Uehdth(Yang and  JEERIRIE o8 FHF E57F 0.4%7F RS Ak, 31734
Kim[1990]; Lee[1999]; Shanmugam et al.[2008]). 53] 55 =3l
S50 thEAPA L] HER] gt MRS 2AmpdRe] 5 L Korea !
2ol sdete] T sl S e vkl JEiRe 2¢C
o =2 FEa HERdth

T3 Tl U o] theket oAl ket 31 ol
37, AN 9 EegowA = At Bl S5 T Tl ¥
O o]gshz oo Ftaldeta FeAfo] mie- 2 el o
F(Cho[1981]; Rho[1985]; Miyaji[1991]), & ©]3l] GAI=E©] B St.Be
HFAR1 AFFEAP} o]F0iX]i= 3|Hdo]t}(Nagasawa and Marumo
[1967]; Huh[1982]; Mio et al.[1984]; Kondo[1985]; Edmond ef al. 30 .China Y
[1985]; Millimam et al.[1985]; Hu[1986]; Matsuda ef al.[1989]; St.C i
Lu[1991]; Isobe[1999]; Lu et al.[2002]; Furey and Bower[2005];
Takikawa et al.[2005]; Liu ef a/.[2010]; Liu and Gan[2012]).

b 2 Aol FEEe] AalvhdRe] £491 A
E S TR G T AN FRGAE Do > s
2009 o] & o152 sl AeEdas oAl diste] w4 Fig. 1. Map showing sampling stations in eastern area of the East China
& 8-S Warghth, megh AnkARl ajoke] et 7 W A 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°1003'N
A 07:20~09:20 480 40 260 - rain 10 Long. 129°2922"E
June 08 Lat. 31°20'00'N
B 10:00~11:20 302 25 100 - fine 4 Long. 128°20'00"E
June 09 Lat. 28°3842'N
¢ 08:00~09:50 390 25 80 300 fine 4 Long. 127°03'36"E
22 A8k tH(Throndsen[1978]). 782 SFE A% 1 mLE 23.0 25.0 200 sigmat
wlo] AZ2 TS o] g-3fe] Y &3] Al F 3l F3t dAnH 34.3 34.4 34.5 346 _  _ salinity(psu)
(Olympus, BX50)2 0]-8-5101 100X-400X31ollA] 9] 543} &3 4] 02 15.0 30.0 450 _ _ par
__ 2.0 4.5 7.0
Fol ojg AEEFAEY] AL AL Cupp[1943] : - (0 - -Doma)

Chihara and Murano[1997]; Tomas[1997]). 18|31l A ZZH =
FEFAA 2} £78-> World Register of Marine Species(WoRMS,
www.marinespecies.org/)2} Algaebase (www.algaebase.org/)oll &
sto] el
o=l thEARA L] 370 Aol digk sk v
A= 4] 5 Table 134 2ok 3 AL 35 A 4
A7} ol 753 S S o R skl
S5 myt JE7H A 5
QS o Ar) FA G AT 55 9
_3_

8191k, 2 (Cloudy= Y|ZE £ @lo] wjE

H
il
f
o
rlr
4
juba)
&
oo

-

3.1 o=t HEA 42| HEIEE

3188 A

A A= T Al A 500 m 5] TR o ale
e} 228 FZolA 21.0°CE Holu}, A Skt 87 7haslo
475 mollA] 83°CE ¥F KT} 12.7°C S¥3tth AE-& BFolA
34.37 psul Aol 4 71} B =oFA 190 mellA] 34.50 psu
HIAgkS e, 1 o4l el A = A AF 7HAste] 475 mell Al
34.36 psut W3}e] 2 IX] oIt} 23} Aol of8) AR E|=
sigma-t= T4 57} B sobA] 478 mellA] 26.74 kg/m’E &
SR 272 kg/m® 34T} 2, A U sigma-tol|A] 43}
U2 EAGAR] oF5- FEIskA] ASIthFig. 2).
Fe g u7F U 1359 392 125.0 umol photons/m?/s©]
FHA oy =4 5 moll A 35.3 pmol photons/m?/s, 30 mol| A]
pmol photons/m*/s= 758] 74313 01} 11 o] 4lel & et
Tas Btk G54 o= 3004 028 pg/LE Holu 54
71} g 320k 40 mell A 0.70 pg/LZ H kS UERYS)
L O1% 4 bl whet A wrol] 160 m o] del 4= 0.05 pg/ll
ol3te] vk T} Holth Sk 5 m oA 3.71 mI/Le]
e ke Holu Al 3 SUFete] 4] 30 m HFellA] 4.1
ml/LE HHZHS 531 thg A=} 7h43810] 200 m o] 4ol = 2.0
ml/L o]3F2 WSkth(Fig. 2).
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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

AA BoA e 129 233 °C7) A9 Zh9) A A
31o] 150 mellA] 17.1°C, 290 meflA] 11.7 °C2 HZof] BI3l 11.6 °C
sk}, -2 %50 34.31 psuR WO}, 1 ool U 4=
A7HA] 34.52 psu AR FUSH FES HOLE 70 mFEH =7
715k 115 mellA 34.59 psu® A1 345 HQl U 120 mo]|
Al 34.46 psu Sobslth. o5 A} Alel] mit st dsste]
125 molA 34.62 psu= HHAZS B, 295 mol A= 34.43 psu
2 ot sigma-tv= 7T HlElske] 295 mellA] 26.20 kg/m®
2 BSHU 274 kg/m® =90TH 2 9 G 52 A ASL 5
dato] TR UUTHFig. 3).
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23'.0 25'.0 27'.0 — _ sigma-t
34..4 34:5 34'.6 34:7 — ..  Salinity(psu)
O.IO 10(?.0 20(?.0 300:0 . _ PAR
- - DO(mg/L)
X Fluorescence
(}0'0 Temperature(C)

100

Depth(m)

200

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= AlRto] QAU 3ZFellA] 2,348 pmol photons/m?/s7t 7 E AL
50 mefl~4] 100 pmol photons/m%s, 100 mellA 10.0 umol photons/m?/s<-
HERISIAL, 150 m7FA:= 2.0 umol photons/m?/s ©1’d<] d=] 1+
ERIQItE =24 o= %59 0.09 pg/LolA] A19] F7tol| ulet

5 57F A5Eke] 80 mollA 0.62 ng/LE HHA3ES et o)
F= A T et 5 WolA] 140 m o] 4ol A= 0.1 pglL,
180 m ©]4el| A= 0.05 pug/L ©18te] 454 a5 RIS 8
AaE 4mollA 3.80 mI/LE oL, 45 mollA] 3.88 mI/LE &
o §E4 4 FEE QAT 200 mollA 2.99 mI/L, 295 mell A

2.53 ml/LY] FEE YERSITHFig. 3).

31384 C

TEAQEFE F FERl AIshs AR Colld
26.5 °ColA 4l 9] Sk} 97 entstA 7“6}01 470 moﬂﬂ
8.2°C, 580 molA] 6.7 °CE EZHL} 19.8 °C Wol, 253} AFA}
°o]8] =& zlol= AA YERT fiES %59 34.34 psu7]' o}3E
7K B2 BRI o] % HAF AdEate] 200 mellA] 34.80 psu
2 HPGS HQITRS HAF h4510] 580 mollA 34.34 psuZ LHEH
Uit sigma-t= TR 33} fAkste] =413 3 ebsiAl 2
%310] 480 mollA] 26.76 kg/m’, 580 mollA 26.94 kg/m’E EFH.
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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 @ at Station C.

P2 44 B} 5L ZA} 07 %FO] FEE- 1,400 p
mol photons/m*s% 3 B KU} tha Wt} 4] S7tel wet
HE2 543] 74351 30 mellA4] 101.8 umol photons/m?/s, 85 m

o A1 10.1 umol photons/m¥sE YERNSI T, 100 m ©]5 A=
3.0 umol photons/m?¥s ©]3F2 WFolHth A&EA o= 59 0.06
ug/L7F S mellAl 0.8 ug/LE B3, o]F 43 A F7138to]
74 mellA 0.64 pg/LE HAgks BT} o] 5= 4lel whet 2|1
AR AR HoRE e B3, 200 m o elXE 0.05 pg/L ©]
3] s WERISIT §<5aks %350 3.36 mI/L7} 5 mellA
3.63mlLE X, 30 7 E 473t 5 Kot} o] Z7lskq
60 m el A 3.73 mI/LE FHUgS G o % Ak et
220 melA 2.83 m/LE #H A2 vebd ok AxF 57181k 235 moll
A 3.12ml/LE 2R 3|35 HQlt} o] = A} 71431 471 moll
A 2.0 ml/L, 580 mellA 1.68 mVLe] F%S YERNItHFig. 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

Taxon

Species Number

A B C Total
Diatoms 21G 38S 33G 598 22G 428 36G 728
Centric diatoms 14G 308 21G 468 15G 348 22G 578
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
NEZYHE 2o A4 565 103502 Hlud Uk 2248 ERIITK Table 2).

[<]
AR TMET7F 365 125°% 69.9%2
, TR o2 SRARER7) 185 29F Y
e}
=

a1, o3
2F0 7 7} 28.2%S} 1.9%2) &3 HAH-8

CheRigich 15
AHEg ek

ARREFI} 2%

3

™

ARRE S0l H e A B 519 85FO% 713
cherslglaL, slektel 7hg Al A ASh AN 3%

S A = AE collM 42t 284 4753} 314 5450 R o

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
Zy A Phytoplankton standing crop (cells/L)
A B C
T4 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 33 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)

EEIREE: A B C
A 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 2573 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 13.3 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 5.3
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 56.0 493 20.7 453 9.3
Climacodinium frauenfeldianum 1.3
Corethron criophilum 1.3 5.3 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 29.3 65.3 2.7

Planktoniella sol 1.3




Table 3. (continued)
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%1 44 A B C
A 40 m 260 m 25m 100 m 25 m 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

U=E vl viet

12 R Table 3).

44 ol A o ALl

112.0~470.0 cells/L2] A

sru)
- =

o} ZollA 112.0~125.3 cells/L)]
ZE o] s=Alol|A] 248.7~470.0 cells/L2] Al
UL HIE B, 300 m AFo)ME 54.0 cells/Lolsle] Al
= ol wah B AR 4 4=
HQghe Holi= FAlo] tEANH Q54 o HYghS Hole
o2 A EEHFIE AL

QLR NG b

A

I

T

L =
5 H

10% olate] H-&% T

st Fo] 2dshs 545 KAt AR A= 4S54 a s 2
o]+= 40 m TN THFRAHERZF{ Octactis octonaria’} 8.0%2]
A& depdAT 72 S5 713272 Chaetoceros
decipiens’} 5.8%, 9735 THZ7R) Thalassionema nitzschioides”}t
4.2%°] A& HeESIth g3 B 25 m 2 TAE PR
321 Bacteriastrum delicatulum®) 8.5%2] &2 HFH3A 1,
7IefRE = S 127 Leptocylindrus mediterraneus’t 6.1%,
Chaetoceros decipiens®} T. nitzschioides”} 217} 5.4%2} 5.2% 2
Aas UeERSITE 5 B3 100 m 752 F53= 98 T
nitzschioides”} 352%2] 52 442 HH3131L, L. mediterraneus
7} 8.7%2] $8&8 Btk 25 molM Al $HFoRE FH B,
delicatulum- 0.31%2] 3-8 WERRITh AgkellA 71 del
"ol A CollA+= 25 meF 80 m EFoNA L. mediterraneus”}
217} 26.2%2} 26.3%°] =2 -85 HERSIT 7Bk 2= 80 m
T NA Ch. decipienst B. delicatulum®©] ZYZ} 8.8%%} 5.3%2]
AF&E VERISITH(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 0.5 352 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 5.2 1.3 1.2 0.5

o] e A AE A Aot 22 ST

aedto] AZo] BERT 2~3°C Sh Wh| GRS FZojA o
7 2101 7HA] AEEto] 150~200 m ol Ho GE-S ¥l o
& AR T HEE B2 F2) i) 23 o] R
AR sigma-t= Q-] W7} A% 76 2] Walo| <

3l Al FFo R 4 SR S ARl TS Wo,
A EERTE 23 kgm® & S Bt} o)¢) 22 #)g 2l
Ao 2= FRA Q5 QTS sl

?jZJ' T"i‘f_lé o1 0 61 o= E‘:LL“EH
Ao HYPA Aoz LA UTHLi et al.[2006]; Zhang et al.
[2007]). 53] T1r HAB1Y ] d/AMHE 7S 7 52

£ 3] Hexlshs TRA T s 5 UEEs T
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