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Monthly variation of net-phytoplankton composition in Dongtou Island
ZHU Xuyu'?®, HUANG Wei', ZENG Jiangning', JIANG Zhibing', DU Ping', LIAO Yibo', ZHANG Peng’,
CHEN Quanzhen' "

1 Key Laboratory of Marine Ecosystem and Biogeochemistry, Second Institute of Oceanography , State Oceanic Administration, Hangzhou 310012, China
2 Marine Environmental Monitoring Station of Nantong, State Oceanic Adminstration, Nantong 226005, China

3 Zhejiang Mariculture Research Institute, Wenzhou 32500, China

Abstract: As the basic status and function in marine food chains, phytoplankton plays an important role in dynamics of
material and energy fluxes. Dongtou Island (121°10"E, 27°50'N) , located at the southeast coast of Zhejiang Province, is
the confluence of the Wenzhou Bay and Yueqing Bay mouths. The development of water eutrophication and frequent
occurrence of harmful algae blooms ( HABs) events at some sea area of Dongtou Island have been observed in recent years.
However, report about the relationships between the environmental factors and the phytoplankton community at sea area of
Dongtou Island is rare. To understand the response of phytoplankton to environmental changes, an annual investigation was
carried out at the northeast sea area of Dongtou Island.

Seven net-phytoplankton samples were collected from the studied area once a month during August 2010 to July 2011

for understanding the monthly variation of phytoplankton and the relationship between the community structures and the
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environmental factors. A total of 5 phyla and 187 species were identified, including 143 diatom species, 40 dinoflagellate
species and other 4 taxonomic ( Chrysophyta, Cyanophyta and Chlorophyta) species. Twenty dominant species consisted of
16 diatom species, 3 dinoflagellate species and 1 Cyanophyta were observed all year round. The monthly phytoplankton
community parameters ( abundance, species number, Shannon-Wiener diversity and Pielou evenness) varied greatly.
Canonical correspondence analysis (CCA) indicated that the DSi, DIN, N:P, DIP, Si:P, salinity and temperature were
the main factors influencing the phytoplankton community. Compared to diatoms, dinoflagellate had a stronger response to
the P concentration. The growth of dinoflagellate species was enhanced when the P concentration increased. The
phytoplankton composition was also profoundly controlled by the Taiwan Warm Current (TWC), Fujian-Zhejiang Coastal
Current (FZCC) , and runoff from Oujiang River (OR). From July to September, warm-water species such as Cerataulina
pelagic, Chaetoceros pseudocurvisetus and C. distans increased significantly as the TWC intruded ( with the salinity of
29.8—30.1). In other months, the phytoplankion composition was mainly influenced by the FZCC and OR runoff.
Consequently, all the coastal (with the salinity of 26. 8—28.6), brackish and freshwater phytoplankton species such as
Prorocentrum triestinum , Ditylum brighiwellii, Pediastrum duplex var. echinatum and Synedra sp. increased clearly. Since
1980’s, the environmental conditions at the studied area had changed obviously: concentrations of NO;-N dramaticly
increased from 12. 89 pwmol/L in 1981—1982 to 52. 63 pmol/L in 2010—2011; and N :P ratio also increased from 19.1 :1
in 1981—1982 to 51.8:1 in 2010—2011. The structure of phytoplankton community has also experienced obvious variation
since 1980. The cells abundance increased from 5. 8%10° cells/m’ in 1981—1982 to 39.2x10° cells/m’ in 2010—2011,

and dominant species ( Coscinodiscus spp. was replaced by Skeletonema spp. ) of phytoplankton were also changed a lot.

Key Words: phytoplankton; environmental factor; monthly variation; canonical correspondence analysis ( CCA ) ;
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Fig.3 Monthly variation of nutrient concentration of surface waters in Dongtou Island during 2010—2011
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Fig.4 Monthly variation of nutrient ratios of surface waters in Dongtou Island during 2010—2011
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Table 1 Variation of species similarity index of phytoplankton in Dongtou Island during 2010—2011

H Month
1—2 2—3 3—4 4—5 5—6 6—7 7—8 8—9 9—10 10—11 11—12
Js 40. 66 39.13 28.09 37.50 44.92 27.00 43.2 32.62 25.60 40.82 34.48

2.2.3 HipERE

1A T BT U A A0 B T S R AR A A B S (1 6) AR AR 7—9 A, B A H B4R A X IG
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(3.98x10°P/m’) , AHEIAE AN 3= B A AF AR fh e 34 5 A M = B R 3 — 3,3 ARG, o 2. 32x10° 4/
m’,7—9 IS (E 6) . B4 M = B A 4 e AR, 2 AE B (E AR A L 0—3. 97x10°/m* 1 A
FH S 200 A 5 o s, SRS S R gl S R e L AR AR B, (LA i =F A1, 7F 10 —10°/m® /KF
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Monthly variation of total cells abundance and cell

abundance of every phyla in Dongtou Island during 2010—2011

F2 20102011 SF LB HENRBEMARRRBE
Table 2 Dominant phytoplankton species and their dominance in Dongtou Island during 2010—2011

s R A1 Month

Code Dominant species 8 H 9 A 10 A 11 A 12 A 1A
1 BB Skeletonema spp. 0. 066 0. 852 0. 598 0. 754 0.582 0.282
2 HIBEEF Plankioniella blanda — — — — — —
3 R ECIREETE Thalassionema frauenfeldii — — 0. 040 — 0.034 —
4 BZEILIE Nitzschia sigma — — — — — —
5 3253 Grammatophora marina — — — — — —
6 FFINZEIEBE Pseudo—nitzschia delicatissima 0. 497 — — - _ _
7 IHINZEIEHE Pseudo—nitzschia pungens 0.118 — 0.023 — — —
8 B YVIESEEE Thalassiosira excentrica — — — — 0.032 —
9 SRR THEHEE-TRAS R Coscinodiscus apiculatus var. ambigus — — 0.023 — — —
10 J\IREEFRBE Actinocyclus octonarius — — — — — —
11 GBI Chaetoceros pelagicus 0. 045 — — — — —
12 PUiEsE F BB Chaetoceros pseudocurvisetus 0. 026 — — — — —
13 R EHERE Melosira moniliformis — — — — — 0. 067
14 HAENAPLEE Paralia sulcata — — — — — 0.03
15 KEFAERT# Fragilariiopsis oceanica — — — — — 0.074
16 PRFHE B Navicula corymbosa — — — — — 0.022
17 R JEH$E Prorocentrum triestinum — — — — — 0. 206
18 WU 22 3 Protoperidinium bipes — — — — 0. 024 0. 059
19 BBIILHE Diplopsalis lenticula — — — — — —
20 WEIE Trichodesmium spp. 0.126 0.024 - — — —
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e HER A Month

Code Dominant species 2 3 4 5 6 7
1 ‘B4 Skeletonema spp. 0. 601 0.513 0. 383 0.284 — 0.163
2 HIEEFEE Planktoniella blanda — — 0. 089 0.076 — —
3 R R Thalassionema frauenfeldii 0. 048 0.037 — — — —
4 SR Nitzschia sigma — — — 0.027 — —
5 1A PESIE Grammatophora marina — 0.021 — — — —
6 FHEETE Pseudo-nitzschia delicatissima — — — _ _ _
7 IHHZEILHE Pseudo-nitzschia pungens 0.033 0.029 — — — —
8 BIUFNEHEFRE Thalassiosira excentrica 0.026 0.027 — — — —
9 SRR THEHEF-TRAS R Coscinodiscus apiculatus var. ambigus — — — — 0.025 —
10 JIRFRIHE Actinocyclus octonarius — — — — 0. 027 —
11 W EHE Chaetoceros pelagicus — — — — — —
12 PUiEsE 1 B3 Chaetoceros pseudocurvisetus — — — — — 0. 659
13 BERESEH: Melosira moniliformis 0.029 — 0.025 — — —
14 HAEWAHLEE Paralia sulcata — — — — 0. 401 —
15 KEEHWEHT# Fragilariiopsis oceanica — — — — — —
16 BERSPIEBE Navicula corymbosa — — — — — —
17 R JEH 3 Prorocentrum triestinum — — — — — —
18 WU Z2 B Protoperidinium bipes — — — — — —
19 BEBEFIE Diplopsalis lenticula — — 0.034 — — —
20 WEWE Trichodesmium spp. — — — — — —

R S AN XIARH P FORAEL A

2.2.5 HExZHMERRE

P AR IR T AL Y B 2 REE R BUE R A ZE AL I 7 7R, Shannon-Wiener $8 %0 ( H') FI¥ &) 45 5k
(J) FAEAR bR AA—5, H'(H 9 AR AU 0.73,4 A&k, 82,10, JIH9 A&, {0 0.22,4 A
B, 00.74, WNFETORE HEHF T (2.08) >4 (1.79) >HZF(1.73) >FZFE(1.20) ,J (HHFZ(0.70) >& ZF
(0.56)>H Z(0.52)>%Z(0.38)

35 1 12 -
3.0 1.0 ¢
25 F
08 |
20
E ~ 06
1.5
04
1.0 |
05 02
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
8 9 10 11 12 1 2 3 4 5 6 17 8§ 9 10 11 12 1 2 3 4 5 6 17
H 1 Month H 45 Month

B7 2010—2011 iFkigEiFHF4E4 Shannon-Wiener 155 ( 1) FI 5 EIRH () AT
Fig.7 Monthly variation of H' and J of phytoplankton in Dongtou Island during 2010—2011
2.3 PRI S AL T AR
TEFEAS A LRI (20 F) 1T CCA 34, A YA CA L3 2, 18 CCA P I i Sk R BT I 1, i
SIEL B R PR A S BRI TR OCHERI U . SR P A5 (Monte Carlo test) W], 27 1 Al A1 2238
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B P<0.05, 8 CCA /AT HEF &5 RS2 (51, CCA 2B H 9 9 AN IR R 7 1 i B 7 e A ) e V5 B 78 /e 1)
90.9% , %5 1 JhFIESE 2 BhEOEREAE 20510 0. 605 F10.293 , 31:4¢ F ke 1 35. 7% M1 17.3% By Rl s &, 45 1
SHFNER 2 BhAY Y Ah— IR A O R 000 51 0.998 F10.997 , 2 WA3% 9 MRS A 15 20 Ff 3 B PRI MR
MRS, EFREREE R R AR R TR A YRR M BB (R 8), A T (BBKEERF) S
Si N IR EEFIER BESS Y] TE A OG5 B SR b Mk BE A N P AR, 20 1T (IR A ) S5 4H 1 WIGr AR 2 5 41 1
(B AE R sl AT ) FILELAE A 7 5 (14) X PREE AR AR A TR 52 P it | B55 HREE | $h R 75 40 Mk R 45 4y S e A
TOHE I 5 T 23 (1) @ AR TR ARl 7292 0 8 2 2R 359 SRy AR 3l S0 A o J a5 BRI, A2 S 455 1R
F RN,
3 iFig
3.1 IRFUHEYIREE 5K R . 3P

N S i i = B/ TN LR [ e Db L LA b | I
YORARWMLA B, 5L BT 5 1 MR R B M ek, 9 Sat M,
BTN (BRI 29, 8—30. 1) BEKPERAI 2 g | T
EfE B ( Cerataulina pelagic ) , 1t 5 1 & ¥ ( C. r 612
distans ) FIDLIE RE 4 6 6 S5 90K T B B O 24 7 o
HAHE(C. massilionse) S I, b6 AP | Ry AN
WU RO I, BT R TR R AR | - ossey
( Gymnodinium sp. ) 7R, 5 B0 X P EEAL;9 HIF 06 ‘ ......... o
WA RN 3k 97 B, LA IR R £ (32 Ff) -1.0 10
& % ZWIHEER SYOKRREM S AR g smemms s REET R CCA A E
WEAT A XTI ER (ERE 26.8—28. 6) P (B ICIAIGHi 3% /i Fig. 8 CCA ordination of main phytoplankton species with
AU Ditylum brightwellii AN 345 ) AR environmental variables
IR S K R ( A £ L 9 ELR S B Pediastrum — Temp: L Temperature; Sal: #h & Salinity; DIN: ¥ f# TCHLA;
duplex var. echinatum FVEFFT#E Synedra sp. 55) , DIP: FRREALHLBE; DSi: MR

TR A A 2 B o A 3 b T 3K B TE
7 F8 H 2RI X 430 5 PAREEE M B e AN 2SR S R AR KA G, UIEEE A B B K A IS A Y
KA TEE HEESAM AR TGP BTt & B, SUTEHE F 6 e 78 VIR S8 ) 3 25 A0 i 550, 4
fifL = 3 ik 2289. 87X 104/ m* S 4 i 55 T LA AR Al PO ZE I e B AR R S LR A AR 2 P
multiseries NP7 2258 (DA) FF R ™ ZEARIE X & BLAY Ph 28 98 8 3 B AR O 25 00 o A 2 59 Ph 38 08 3, 1%
BRI RAN (HAE TR A X R AE 8 A AR R, R 128, 16x10° A/ m’ | M X B 29. 9°C , #h R
30.1,N:P SR 20. 8—29. 4, 3K G EA T4 X K5 O 22 T 88 AU B F2 R AR DL, Al (T T IA S R I0 v 8
FE (DN ZETE e AT RE R FEERD N =P 3 F 20518 25.0—30.0 °C \28.9—31.3 F16.2—32.9, %40, ZIRF+H
JE#E ( Navicula corymbosa ) 55 it A M S R AR IR BN M 44 B/ B F BB &, X 2 i F A 38 35 i o
( Sargasum fusiforme) FE5E B9 JF A

VR ) 22 REME TT LSRR BRI e M Y AR MR it RO SR Fh g 22 | TCOR 3R 28 Hh i Fp
B ZRETE AR R R 12 Bk BB AN T (S BAR (B 7) 435002 1.20 F10. 38 , 52 i T LR 3R o
— A XTI (e 2) s HM T AR J IR X B AT IR AR R I AL i R AR
3.2 EFEERXITRIAE Y A R

CCA S5 E IS LB R AR BEE ) N Z . Redfield ™ B4 1 PRI E KA
WG Si NP ER 16:16:1,24 N:P>16:1 B, J& THERR G, N :P<16:1 B, J& TR/ MRS ; 24 Si :N>1:1 B, J& TA
BRI, Si cN<1:1 BF, J8 T REFR] . AW AE NP BASE (>25:1) , NI IF ik 4 00 A K 2 e BR okl . — e i

N/P
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H AN A SE B Dinophysis S X BRI SR B0 2 PR, BRI AU AR K, AR RS L)
A, WL 3 B SRR FE B U IE ARG 1 A BEIR SRR BE 40151 (1. 30 wmol/L) , WA HY B BE A g, Y
B TR 6 Wk e R AT IS, Y - A, s DhZ I i AR P22 I 5 Si s N B UIIEAH O, Y Si =N Jh iy,
JE T i Hlaili 5025 D Dh 20 S B R 4 R B T i OS2 T 8 A KA A 3T R e PRy Ph 22
TEBER S IETEIEFE T KR B AL, S 8Si N Fhr, NI B P2 IR S F B8 S Si N S IEARSCI B S . U
TS # T i U A i T R ER M B AR ) A B e 1 2 B SR S D IEAR G, S IR SR (RERRER A
TSR ER B VI SRR OC . — )™ A Ao 4o JEL A L 7 98 25 A A MR AR, B G0 B 5 R 7 1 A8 A AN BURK 32 P 55 52 T
BN,

T 30 4ER R Sk R A M AR A B A B IR (3R 3) o BRI R AE 20 THE4D 80 AR A28 WY
DB, HAERK A F G RN, EERZE A BRI THBE (C. spinosus ) s HEA 90 4FACUS | [BITH BEATIOR 9 1 UiF
A I IEVR 1 32 20 0 53, AL 32 A Sy Bt G IR 0 s N R B 7 988 ( €. ocudus-iridlis ) , 1 H. 1990 4F- 75 2= AN
P H AL ( Noctiluca scientillans ) WX ; 224 ACHE IR G e A 2R B2 (16 Fh) AH A= FERUR, A FRAL
IACFEFPRE B AL 20 THEZC 80 H190 AEAUANM F BE B, AAE A il 22749 (L A3 mAE AW 58 i A 1], ©
A A i b R B AR R A, O SR AR B R AR 80 AR —E AL, B R A
(C. fusus) FISCIRFAHE(C. furca) WG EHEEEAPT T, ARUWIHA B, AR BR 2 (10 ) HAH
o5 B I TLAR A% i 3o P O AR 2 AR R g [

£3 ARBAEERRLEHEFRBBENF R ZHEVNEESY

Table 3 Nutrient concentration and community parameters of net-phytoplankton at different years in Dongtou Island

] FH 7L Nutrient/ ( pmol/L) ] PS4
Time P()}( _p SiO%’ —Si NO3-N Dominant species Reference

B w8 (48, 2%); PR ZE 40 OA ¥

1981-12 1.26 1.11 25.2 1
% 5 5-29 Leptocylindrus danicus(31.2% ) [15]
DN 32T 9 (52. 4% ) 5 I 0 9 U8 (24,
1982-05 0.19 14.29 5.93 -
0% ) ; F¥ )R Ceratium (11.2% )
NS ES A | L A2 e .
1982-07 0.68 14.68 357 UM 4% ) BAM23.9%) 5
FEIUGFEREE T, nitzschioides(9.9% )
1982-10 0.74 34.39 16.79 G i e s (57.2% ) ; FABEJE (18.7% ) [31]
NS ont . o) . &l %
1990-05 0.61 32.79 21.36 TG EE N, scientillans (50. 3% ) ; & fifi ¥
(39.5%)
Rl 7% e . 39 . kB S : SLL
1990- 10 1.06 40.86 3036 PR (58, 3%) 5 B Sl G fusus
(9.4% )
2006-05 1.42 — 108.21 — SN EE Personal data
2007-01 1.32 — 75.43 —

HABE(59.8% ) IRIRIFLLBE(4.7% ) ;2R o
2010- 10 1.29 55 74.07 RN (2.7 ) AU A

BAPE(48. 4% ) s WU £ H#E (4. 2% ) 5

2010-12 1.42 44.46 74.43 R EHEL S (4.0% ) This paper
FARBE(41.3% ) ; BIL I HE (9. 8% ) ; &

2011-05 0.65 30.46 41 Sl
FIHE(4.2%)

2011-07 0.61 21.25 21 TUERE A B (65.9% ) ;B 5 (16.3% )

155 B A AN = B2 o PR A S R A T O3 b

AR AR TR Sk R B R R O O T Zhou B BIFSEIN R T 50 AR IR ER S5 AL (VR EE KL
1511y B9 kA R ARV I U S T AL~ B T v RS 2 Bl e A 2N, AR 3 T LR Y 3 30 4Rk,
WA Eh AN AR FRER W AR LA, T AM IR £ 7 B2 2 R34 i, 80 AR AA0 Y], P45 BEA 12,89 wmol/ L, 7EAR IR
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AT, P VR BE A 52,63 wmol/L, RIS , PR A G 3ARi AL b [52 7 356 1] 1 A 9 5 U0 8, Wang 2570 9 F

?ﬁﬁﬁdﬂ BT R B ER R B B (AR AR ) SRR (P B AR BRI ZE T B AE)
R, J3Oh, E E AR AR I S SR K i RN 2

iﬁ(iﬁ# TP A M RE K P RTINS R RS W2 RS ESAT B MR T AR B

SIS P 4 2 DI o S S A T
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