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Tab.1 Comparison of the historical data of phytoplankton species abundance and cell abundance in the South China Sea
_ N - , Y RS <EE
KL A RAE IR ! , i 4 X i3 % ’
R 5[] REEKIR /m p— 10° L-1) P X3, 7 SCHk
1998 4E 6 H *®Z 63 0. 830 5°00'~25°00" N,105°00"' ~120°00" E [12]
W4 (C>1 000 m)
1998 4£ 12 A =2 89 8. 460 5°00'~25°00" N,105°00'~120°00" E [12]
4
1999 4 8 H =2 58 181. 000 18°00'~22°00" N,105°00'~117°00" E [12]
T 4
2004 4F 2—3 H 0~-200 195 206. 404 18°00'~23°00" N,110°00'~117°00" E [13]
[ 3 (200~1 000 m) . %
2004 4 2—3 A *®Z 157 407.132 18°00' ~23°00" N,110°00'~117°00" E [13]
b3 g 7
2004 4= 8—9 H 0~200 162 115. 000 18°00"~22°00" N,110°00'~117°00" E [3]
Ffi 3 M 7
2004 4F 8—9 A *®Z 112 387. 000 18°00'~22°00" N,110°00"' ~117°00" E [3]
i 38 V6 7
2007 4FE 4 A 0~200 318 974. 900 17°17'~21°25" N,109°28' ~113°13" E [15]
48 (50~200 m) . Fifi 3k g 4
2008 4F 8—9 A 0~200 169 180. 600 18°00'~23°00" N,110°00' ~120°00" E [16]
[N
2009 4E 7—8 H 0~200 150 26.490 18°00'~22°30" N,109°00'~120°30" E [14]
[N A
20101 A 0~200 168 2. 690 17°00'~22°30" N,111°00' ~120°30" E [14]
[N
2012 4 8—9 H 0~200 206 666. 700 10°59'~25°30" N,110°30'~116°59" E [17]
it 42 | i 3% LV 7L
T LA L m R AN AR — AR B M MIBIB 2 1 B REEInihE
é iEe 475 , 3l == /—‘21:,#3“‘ 7 . . o N "
BICES BEREA Jed #S FAC RS A 555 3 W AL 1 L 4 O U L 00 5 45 M0 P O W 1 ) R

A3 28 AR K, PG 2 8 22 19 R HLASE 3 A5 A fE B 4
SR FL O A A Dl S L

2 HEigFEEYBEESMNRE

&l F

P T R ) T AR A A R A BEAL AR MR T R

T T35 T 2 T3 S B8 7K SCER S5, DR T 52 W 3 Ry ¥ 9EE S8
PRI v 45 M ) BRI PR S R G AR E Tk
S TR AR S RGN R EEAA Y Ak
Yy it 4 A5 T H i BB 5 IR 0 A S5 0 I
FEUFAE W) B R B A 3R AT g K pHL (B L 8 2 5
M 583 ) PR 3%

PRUZR e e e 522 ) 4 A 3 2l A G i ) A% S T
Wi 37 7 RFL0 119 A ) 0 2l 00 3T 4 TR 2 TR e R 0 1Y
Fhc it I BE S A 20~30 °C, — R B AT 30 °C L3 2E
25Tl A B 245 23 52 B — 72 R LA S BUE RS2 2
BIR . e e P 3 2 2= /K UL 32 2 4 R e AR AR W] X L A2 KB
LIPS A5 B R B S5 52 B 2 e T R AT 3 3 )2 K T 2
H 28~29 CRZETE 1 C AN 8 B OK IR 2 — X
T VAR 7 U AL 00 A B 5 MR R 58 5 T 4% 2 i 9 R R K
HMIEEI R i 22 TR ZE 28 °C,ild 22 8K X i i AR
Yy oA 22 S 52 MR A4 2 A IR R T R R T 2R
Ko PR ALY A W i e v T R TR RE T RE i e
T U AL R v 24 A M R 1 P 2 e A R R
PR, Tang 450 ) ] T2 08 S B R X S8 8 FR 88 1 B R 1



N JE T 2 4 CE SRR D

2019 4

Uk VG g S T a1 e A IR e R AT T, T B X
PR3 R G B K IS8 O — A P R IR Le 5D LE
AL RIS R R & B T VR R Y R R R AR
T 5 KO =2 ] A A B 3 UM DG OG R 45 G SeaWIFS
TR OO ) e VA B SR R a MR S TRMM i
D2 32 X YA % TR 79 43 BT o PR I T A R IR e R e
R o 7 - 1 B 2 [ O N s o I £ DO I VAR B R a8 2
HE ) A W)tk R) AKOIRLAE 8 0 1) BRE O 6 &R

£ X VT U AT W B U A M A A —
(R 52 T 5 A kg A0 A TR A ek o OO R IR R B V0 UKL i
FH S5 1T 9 S5 0T o B8 L 4 i 32 M 5 R I TR B
ERREVEFE Ny 24, 19~34. 59, f1 3T 2 B SN Bt 2 T K 3
JEE A7 30T A5 IR K R W) ) 55 . R B T 8 R . I Ui A
Wy e R S 0 200 L B 3 VT I R, P R A S 4 100 4 i
FREE T SRR Y B KT 30 B, VA A=
Y 5 R A DY g5 L IR Y Y
5K TR R B AR B R OGRS Bt T a2 R
S H A PR 2 B2 L 5 R A A DG PR BRI
2.2 EFH

BRI TR TR AR ) A K AT SR L
SR PERI A 7= K 1 B R 4 T e TR DA
Y o3 A I 00 F 228 R e, P AR AR B W4
PEROCHED ARy BURL R 21 B R R L M R B
FrFh B 32 TR VR AT Bl VR A TR 2T K T L B
A AR E SR ER 4 oL 20 R AR R R
O H B DR 2L 2R XUE AL DR 3R AR Y S T K SR
b v B M 2 B AR O i AN 5 AR A R A e
b Hp v B 22 A K.

W 2555 i B A5 UT 30 4F LK g IR A6 38 R
T I 0 PE AL DR U 45 0 5 8 IR R R A R L R LT
it TC ML 110 VA E S0 3 1 0, Rk R R I 52 NN R
7 2 BT % T v U A I VS VA S8 7 it A 4 1 R o R
2T 2 DR BRI e A2 Ry i 2 R B 5 A ik e A TR
YRR AR A B 32 S b AL Y ) R AD
W AT AR AL R B F T SR A5 R 0 AR AR R TR AR
TEVE A W AL ) s B X PR VDR B A A M X
o) [ A A% T S R T R B EEJR LR T 16 ¢ 1,
WS VR U A W 5 IR AR BRI Y F2 R, ok O RE
B K 25 X g T I v 1 ) A PR R L L Rk R
HREHA R MR EEAMG . T R R
LM G2 TR S S % e U 2 A 7 B R KRR AT
B RN B 1 DL 50 B IR SR I AR ) 0 R, R
YN0 B — 3 R I U AT A M R R T
e TR Es & W S I AR A A M R U Sk B B

FERT A5 ~20 %, 10 24 [5) B & & L RE S L JR AR KA
PP AL AN S R R A S R, R 0 A
TR 3 Y8 ELAE VR WA 0 R o e R L
V357 22 g SR AR IR A L HLE 3% R i & N A6 VR Vi A
W BE KA VR [R) B e T LA S i) 3 Ui A 4 B A
WA A . TR EREEARKFLT MR, B
R L R R A R 7 bR DR I Y 0 A
P K Rk R R 1 4 AT B A PR K R TL
1 35 R nT Bk 0 O a3 B 3R B R T 30 MY AR T Ah it
T S BB R T AR A A R 3 BT I A Y
FEER AT RE X &R T 1 I V7 VA ) 7 A S L BR R R R
A6 [ R0 Vi AL [ R P 6 T T 3R A T T A U Ui
FEW [ A % ) 5 SRR, P gk e R b B
Pt R B SR VR D o A, bR T AL B LRE .
B A BRI SR R AN B A WY R B A
R AR AR TR INE 2 AR U e T — S i
FE ) Bl 26 09 A= K, LT R A2 o ok L i A W SO AT 4
B 4E AL W TR L AIE 2% A W I
2.3 k& B

O B PR IFAR Y HEAT O G AE T 75 S5 40, 4%
R 2 I U AR B A W R RS SR T AL 2 BRAIK 4
JE DX 3, ¥ 7K T 37 S R L OF 106 BE R [R]85 K
Cheah %% Fi| H 151 6 335 6 5 11 A o 5 42 401 %6 2¢ o
T B T 2 T 1Y O A B R R R 4R R o S R
AT T B o, A 0 A U T VA P AR R Y AR AR R
BLZ 6 BRRE IR R VR B 1Y B2 . Sun 28U F 9E & BLER
433 g X2 00) 11 A PR ZR S, B AR R BRI HLUE R R

B o AEL R TR K RS L O R 25, VR A ) A0 i

F RN, HoOE R 3R 2 g KO i A ) A0 B T R e TR
2. BRSSO X GE G i, 21K
P P Y AL ) 32 5 O A AL TG UK 3R J2 U KR Ol IR i B
I BLIE AR P 0O A VR L O IR B A 2% 5 1 LA I
X B 3% 23 I Ui AL ) 400 M =F B v T 3R 2 [ B B 1Y
G HRAR S5 T IR B IR L o). 45 A R e s
) 08 A 5B R T U R 0 0 M R 2R AR Ak, T
Ot JEUE B 7 ¥ (8 5 0% Ui AR A A i SF R 5 OAE O b
A 38 b % b Vb ER A P A= AR R T RN R
MAEIFWHHEYOCEENERS TERB S E RN
AR B8 J3E 3o 0 AN AT 3 O 4 A 06, 4% AT L, O B
X V7 U FE 4 ) A ) i B B 5 O A R — R B A T
24 F R

7 AT T T 7 i AR 2R ) s S g3 A I R e 2 R
EUR(TRE B2 NN o) i DI () S = S OB A (RS



513

2L T P IR WA ) AR A S R © 5.

(= R 43 e A U TR AR A AR N e, HLL R
TR AN A3 () o3 A 2 22 2 KURN I P IR B Y g ), 27
T Ity A 22 BT A AR T B ik e RT g 1R R T 2R X
TE R 1 BB B4 AT T B 2 0 P4 1 2 XURI 24 2= 1Y
RICFERY . HEHF M ENN S ARAFFHRE 9
H G50, W 3R 216 7K 52 R 3 T8 1S S0 i
10 Ty A 2 Ze iy S W 2w R, R AL ER T AR R
T T 05 2R B S R R S R R A Bl 4 LA I S 9 T DX
BT R IR R B SR AR IZ SRR B K,
A 0 A BRI R B W B AR TR T T
AN G0 A= 7 D3 LR v U TG R S 0 R R O M X
R 30 00 0 45 R R B, A B 2RV R R I L T
TR YRR AR A W R A LT AR R
HERRHETE (Phaeocystis) BRI, T XY P me 2% XL 45
HHE, SR B 2 S5 T EA T RIE R 11 A
THUR AR 3 A 45 o) HAE Rl p ile R 2 MK 5 2
TR A S8 R A 2 IR 7E 2 2R B 7 6 8 A g i 5.
B2 I8 s 20 b Thia . i B2 IR A K& BT
MBI R g K 2 )2 1 37 #h R B — e b se AR L T
0 7 Ui A 4 10 2 TR b 2 XK i VA 1 5 i A
AR 2 5 2 i V8 O U AL A ) R TR R SR T
PEW B, FEAE ) 3—6 A A2 AR L 2 X5 74 R 3R X
(10 3 VB 30 A O A ) XL ) 22 A BB SCIR ALY AR 4
TE WU ol e — XOUE e Rr 22 B FH. Rla ih F IR
VG 22 AR 52 00 e VR S A 1 T B U T OGN 2
Hie 55 500 PR ot 2 R 30 ) e 9 R B AR R
EIKOF. Voss 5551 &k B, 4 7% 70 KUk T 391 1) 3 iR A )
[ 0 2% B At K Ak 27 AR 6 b B 2R 2R UG 10 . AH
Xof 2 B2 0 2 XA L o T A 2 2 KU 9 B 60 O A
WEFE AR 85/ AT 5 B8 22 1 OG0, AT B 4 by 1 il 2=
IAOKH B T AL ) 1 52 Wi
2.5 _EFFEMIREE

B R BT E A TR R AR AR
BRI T B AR L 6 T e T R BB R AR
I A R B R B VAL SN AR AR T
BRI 8 NS B ) 0 = = R S O R
F R VAU B 0 TR 3 v R g KR
LR T B R IR PG L 0 T B H B O Y OB PR R S
[ SR N T T 2 R G (R A DR = N R (I
BN RS, - TR U A AR AR I R AR A5 AR
b U AR HEIR WA W 0 AR KT B L — A S E SR
R AT — B A ) R ) R SR a VR (E
XU S B KA, B AR RE RS H
A LAWLSE 3] PR Ui A A 1) R O R B AR Y I

W b TH R VR A 0 G 3 AR AR O ke R 2
FH 35 R 0 S 6T T A v e e 2B O Vi R ) 1 Y
BT b TE K AR, B 2 N G TR R 4 B T AR
BRIE N 32 3 BT X 2 T i A W A v ) DA R A
BREE R DY A WS Kk R i B Y L T A a2
g A Wt (H R DR R X T O AR 0 0 5 ) S B
. A FRiE— 5.

TE R 3R J2 i 38 R SOl 7 4 B IS 5 N M
R s w VR T O < 1 o I R s | AR - A DR
A r BV EES AR . P RE NIRRT S RGN
52 0 DR LT D TR B v R 2 AR S A T 25 S 00 X B
Uit HP TR VA R TR R A A0 RN AR Y R S R
R 7K A B A% B0 A BT AS ] B8 30 RN T v A 3 A
FERE N aEE M ES R E R R E .
VAR S AR, R VR K G 7R AR
T B 00 11 25 A 17 0 0 W 4 A 2. Huang %67 3l
3o X e VAR B TR A B R R AT 5T, R BURE R 2 i AR T 4R
R i KAE)Z T 78, B2 308 v 09 77 T AR ) 4B W i X
Wl 5 AT W S AR A L H B T B 2 TP Y T Ui AR W
A A W 2 5, DB AR B A B iR rp AR
b A B s, 1 b R i DRJE B A 2 0 O0 A ok e
BEE. AHXT T IR S . R B IS L O B R
FE 5 R X R I N T DA 22 1) e
2.6 ASEAEEEMEE

bRE IR R DL EREE KR IN, B K
SRR TR I IS HoJE | B K AT S5 X Vi A 4 5 i AR
Xof 858 7N B AN S 3 VA 3 A B S R e Y R L Cud AR
i ok B b b 3 I e B R AR U I AT DA e T K
Vi TOHL RS U Al TTHLBE 0 EUAE . T 2K 1 B A AR AL
EARE TSR a MR, IR SRR TR VR AT 1) B
RUPF e AE W0 Af B L R L DN AR T VR Ui R ) B TR A
P AR AT S5 38 3 43 AT R VAR 2 b b T R B X
T 7K 3 i 28 KR 43 A A T L5 0, AT B2 1) e VA
TR Y A A ) S A S . Pan 4555 & B & KX
T TR VR U AR A B A K B I A5 A AR AL B — s
R — 21 & RUE O 5 A R AR A R W A )
Az B | AR VR U A P R T R v 0
W F AT S BIE A T AR I, 5 KA E
YERIE s 200 BT, B0k T8 R EE W Lis
B, MR T VR AR W AR K AL R T R
F R T REK B mR SR B R A
AR YE B B AR U U B 3 v 3 3 v MR A A A0 i
FE YR /D, T A T L R KM R s A R R A 40 i E R )
S BT R 0 TS S VAR VR i 0 R R A A



N JE T 2 4 CE SRR D

2019 4

TR AR Y R Z BRI as sh R 1 Ao, ik A
b R B8 2y, 8w R T K 3 2l TS Bl R I oK PTG
7 Ui R 00 A A LR R R K DA A RS B TR 5
Fedh BRI AR R AR Sh B Y
DXL AT K P Y A8l K MR B ZUR A R
K R IR B R 3 A T TR R e JR)
(7 e AR A o R A R R A AR L 2R T L i
Z TN BRI T T T A 2% B0 A AR R e S [R5 0 2 R
T 1 Ui AEL ) 1) A AR AL

3 ER[ETUXEIEFFEYIE

G BRAAGEAR A0 X B I Y 52 T2 IR B AR g K T
TR TR AL VT TE T L 58 AR S n ) S5 T
F 1977 4E LI, T 5 V7 A 0 0 A ok AR VR 2
MTERERTE A ARG M T e kAT
AR T G RS A AR Ak R B ) T i A ) T R 4
A i 2R R, Zhang S5Vl o 43 Hr ik 30 4F
KR ZRES MBS LR EERZREILT &
10 AEHE N 0. 194 °C, I WEAE Y oy A ya B b 9707, fE A
B AT S T R SRS SRR T T M R 2 IR
JE AR A 190 X6t 77 Yife R 40 A W) L % BR P VA VR U R
BEVE 25 K R A T W 5 8 A, J0 L2 R B R O i A 4 R
FH S8 I I K PR TR W R 4 ) AR R L IR I R a VR
WIS A G A 7 T AR KR R A DG R R AT
W5 22 SR A 136 K v, 304 i 45 00 465 Ak AR 0 1Y) 45
3 AR L RO AR 114 17 iFE A 0 L BT 78 7 i AL )
I PR R LK pHT R R AR A R 2 B
R B TR Y BEVR S AR RO B 2 R AR
R SE I, N 1970 45 FF b , BV V6 38 1) 36 F 1hT L) 2
B (3. 1440, 40) mm (9 3 T, 8 w0 R W R )
i 1 SEE v 7 5K L R WY R T K BRI 9 AR Bl 3 BT R
B RGE M ATEET . &R ARG M R R
V2 52 A5 B Jmy ¥ 2 A 06 v 2 R A7 4R AR S R 1
BRI WA ) ) T BB R A SIS, B
T 5 W g VR U R ) O TR 45 6 5 AN B S R L
58 DI S A Oy R I e 9 A ) A X T R B i 6

20 4 559 1 A T R R D )
ELAE O B R RS L 0 R AR 00 % L
TR R g A
4 HRIIRMERE

W 5 0 e VB 9 T B2 W ) R A 3 4 O

2% 1 1345 7 16 A F 5 AT BOAS T AR KRR A o R L R A
S X U PE VR R R BB 5. oR T A FRRE B T Uk 1 38
R 5T B4 AT B B AN T et L B R4 T — i i 3
TS S o R R R L (R AT T TR VR AR A 1 F 5
Pl B AT AR 2 B AR 22 BR ahl o it £ Jy T 1 17F 5% 473 SR AR
R, FERIAELT 3 4 H -

D) A7 AL G AT el ik 52 . 6V VR I R
Yy 5T B A B 4F L (E 2 N T R VTR U A A O A
7 AT 8K LAAG GE i W B S ol B L RERT B O L &
AR M i EL N SRy 58 25 A5 K (R I TR I 5 A A B =
FIERG. A5 A 2 A R T — S O faj 3 P BE A9
W AR AFAE AN JE Z AL R R S A AR S %
FEME LUK AR B A DNA 8 D 5% SO E R 4
TET T AS R VR A i %) 45, 4% Fh vk TR AN B o L A
LG UE N LA SE 3 5 18 R R AE S MRS T R R a W
JERRI G A 7= o g N Tz A8 B TR B S Bk it
YRR AT B A 32 SRR A AT VR R A 5 U A () 2B 4
& H A S B B 5T B b AR £ 0F 58 OR RE TR AT
JE AR 2 4598 To vk SE PR Bk . PR b R T R JR BR M 2k
EZ S SegdpLECS

2) WFFE H bR — ., T BN AR 45 4. B F g i v
R R BIE 9 22 O 5 R 2 2% 1R T 7 T L 00 B 9 4 A
B =F B A3 AT 0 R AT L AR 6 T AR A S A TR L T
TR i 3 4 2 At A W 25 B R 53 AT A AR R 2 ).
W 9% 07 1 b BE A 4% Pl 2 4 2 0 5 A8 IR AR W B 98
TET A )32 0 P S I T R A R A A A e R AL R
F 20 45 41 2 5 W B 0T 52 A 1 1 — 28 i, DA i 7 43
2 O A [ IS L R E R O | 3 o O
) K T

3) Bz KWW FAE R A AL R T kAR
AR AR T AR 4 5 e LG AR 22 B 5T L (H X T I 35
7 U 4 18 %k 4 R AR L BB ST O N 2, HoZ K
SO M7 Vi A A R A A Ak 18 e 1 R L HIL R AT AT
A A F R A A UL A RE R 2 TR 4538
X T A AR AL T8 A0 B B, 2055 857 25T 4
FL IR AR 5% R K P8 R F ) 3 40 AF 58 (BATS) F1 52 3
T 2 I R P 51 CHOT) (9 4 IR 58 36 407, B4 BF 98 3=
FAETAE 2R T WA () 5 0 (SEATS) 3 FF J s,
1 195 58 3% R G0 0 KA 52 5 W0 S & 52 77 Ui R
YIS BE N R AR Z R 2 Az Ak . AR &
A5 T i 4 W 2 2 RG] T VA I AL A R L H 2
IR I 0T 1) A7 S50 0 5 AN R 5 A 28kt e Vi I B8 Y
KA T & R 23 50 98 15 A& 554 K v 77
Ve WL ) 9 235 4 1 S )



513

2L T P IR WA ) AR A S R <7

Wit 5 BIF 5 7 1 1) AS DRI oCE i TR VR DA 0 A A
B9 20 B i R A BT ST, T, e )
HERRPE = R | AR A e W VR A ) £
FEVE B ZE R B3z D B R 1 B 1 15 A A
A 11 ) Bsf 3 et R S 4 B AN W i 5 L A T T 18S AN
B SR 1A] B DX CTTS) W 720 1 iy B, 328 20 9 8 3] 2 5
DR £ I00) i 5 e T O Ui A 9 22 A M 5T N Bl Gl
%) ZFEVETE [ Th BE £ B k. Uk DNA Il ¢ 5 RNA
DU B4 45 45 A0 1 T X 3 D A 0 ARV R i I L T
Ui AL 00 D) 48 0 BT S W K R o 2 o8 6 X o 98 2 U0 AL 40 1Y
I NN 2 = R0 R AN | 7 1 B2 SN - 1 )
PR, T3 45 A U R AT 328 SR T A - 45 3R KT
[ia] V7 Y078 AL A0 S i A KO 28 3 it L A Bl T S R
PRI G0 7 ) B Y A T A A A T 3 S M
BEAb AL AR 5 5 F BR BT 45 A 1 el K A AR R AR B 1
A E T TV Vi M ) 22 A I s S I W 1 2 R L T Ui
Y REVE SRR S A T S LA B oK AN W 58 3% L X T T
fift T Y K L) AR 7 D R R TR R U T R AT
W A R X

H Al i o 58 1 el 2 AR T e HE LR (147 N
PAAG) o oAt X35 11 45 ol 56 Al B3040 AU T 3 SR A HE K
Bz, PRI, 7E 6 e VR A A 5 b 7 R 5 R i
KA AE LA R I XU e 0T 4 T R A 9 F 52 [
BF 5 2 s oy A 25 G MO RS 7 I 25 & e ar T
il E 4 R AR Ab TS S5 VR I R R VR 5 AL 1Y VR R
BILT 2 4% T 16 T i L 40 1 A b 3 K W o R BB i AE
W EE 0 TR B R A% 8 LA A PR R I O O
PRI R RANE L ST B SR 0 A AL,

S 3CHk

[1] MORTON B, BLACKMORE G. South China Sea[]].
Marine Pollution Bulletin,2001,42(12) :1236-1263.

[2] SONG J M. Biogeochemical processes of the South China
Sea[ M // Biogeochemical processes of biogenic elements
in China marginal seas. Berlin:Springer,2010:529-626.

[3] LE F,SUN J.NING X,et al. Phytoplankton in the northern
South China Sea in summer 2004 [ J]. Oceanologia et
Limnologia Sinica,2006.,37(3):238-248.

[4] FALKOWSKI P G, BARBER R T, SMETACEK V.
Biogeochemical controls and feedbacks on ocean primary
production[ ] ]. Science,1998,281(5374) : 200-206.

[5] HECKY R E, KILHAM P. Nutrient limitation of
phytoplankton in freshwater and marine environments: a
review of recent evidence on the effects of enrichment[ ] ].

Limnology & Oceanography.1988,33(4):796-822.

[6] NING X, CHAI F, XUE H, et al. Physical-biological
oceanographic coupling influencing phytoplankton and
primary production in the South China Sea[J]. Journal of
Geophysical Research:Oceans,2005,110:C05015.

[7] UTERMOHL H. Zur vervollkommnung der quantitativen
phytoplankton-methodik[ J ]. Mitteilungen Int Ver Limnol,
1958,9:263-272.

[8] GOSSELAIN V,HAMILTON P B,DESCY ] P. Estimating
phytoplankton carbon from microscopic counts:an application
for riverine systems[ J]. Hydrobiologia, 2000, 438 (1/2/
3):75-90.

[9] SIERACKI C K, SIERACKI M E, YENTSCH C S. An
imaging-in-flow system for automated analysis of marine
microplankton[ ] ]. Mar Ecol Prog Ser, 1998, 168 (1):
285-296.

[10] SALDARRIAGA J F,TAYLOR F J,KEELING P J,et
al. Dinoflagellate nuclear SSU rRNA phylogeny suggests
multiple plastid losses and replacements[ ] ]. Journal of
Molecular Evolution,2001,53(3):204-213.

[11] XIAO W,WANG L,LAWS E,et al. Realized niches explain
spatial gradients in seasonal abundance of phytoplankton
groups in the South China Sea[J]. Progress in Oceanography,
2018,162:223-239.

[12] ZHU G H.NING X R,CAI Y M,et al. Studies on species
composition and abundance distribution of phytoplankton in
the South China Sea[ J]. Acta Oceanologica Sinica,2003,
25:8-23.

(130 PN RATHE R RURL, 5. 2004 4F 4 7% 1 1 L 3 77 AR
PILI ] V2 4, 2007,29(5) :132-145.

(141  Hgl. paiAC R r e Y R i 1 A B %5 (D] F 5
o [ K2, 2012:14-28,

[15] LING J. Ture characteristics of phytoplankton community in
northern South China Sea in the summer of 2008[]].
Journal of Biology,2012,29(2) :42-46.

(16] g, #h%E. 2 A ZEr gL i i e m W e vk FRae ) 1. 4=
M .2014,34(3) :621-632.

[17] Z4mh, 8 Bk, 4. 2012 48 5 2= p g 74 L &R 1)
SRV AL W R I A A (D], M VR 2R R SE L 2014, 32(3)
87-96.

[18] KE Z X,HUANG L M, TAN Y H,et al. Species composition
and abundance of phytoplankton in the northern South
China Sea in summer 2007 [J]. Journal of Tropical
Oceanography,2011,30(1):131-143.

[19] CHEN B, WANG L, SONG S, et al. Comparisons of
picophytoplankton abundance, size, and fluorescence
between summer and winter in northern South China Sea
[J]. Continental Shelf Research, 2011, 31 (14): 1527~
1540.



BT R 27 24 CHUAR B2 RO

2019 4

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

YU-HONG L I, ZHAO M X, ZHANG H L, et al.
Phytoplankton biomarkers in surface seawater from the
northern South China Sea in summer 2009 and their
potential as indicators of biomass/community structure
[J]. Journal of Tropical Oceanography,2012,31(4):96-
103.

CAI Y M,NING X R,LIU C G.et al. Distribution pattern
of photosynthetic picoplankton and heterotrophic bacteria in
the northern South China Seal ]J]. Journal of Integrative
Plant Biology,2007,49(3) :282-298.

ZEWH L, XIS BUAE L 55, 2008 4F B 22w 1 AL TR B i R AR
Wy R R 7 2 R0RR R S L2 R Y R AR AR iE W) B
(1. k#5842 ,2014(11) : 1016-1025.
RPME, B FOUE, F YD M EX FREYES
BURLT . Bl V2 41, 2010,31(6) : 1020-1025.

P, NS, B AR, o T R O S TR D A g X e RUBE
i g ey 1oz [ ], 9 L2 L 2013.31(2) £ 213-220.
FAN Y Z,HUANG L M,LIN S J,et al. Study of genetic
diversity of micro-planktonic eukaryotes in South China
Sea by ITS and 5. 8S rRNA gene cloning and sequencing
[J]. International Journal of Simulation: Systems, Science &
Technology,2015,16(2A) :1473-8031.

W XA BT T, 5F . )Rk R YD R I 1 S R R U
Y REEFHE R S A B F R M AESS
#,2013,24(12) :3553-3560.

MR P, X A 2, A7 U L A R 0 O R B A A R Y
R T[T ], W24 . 2009, 31(5) . 156-161.
LIN J] M, WANG W L,WANG L C,et al. Quaternary
oceanographic changes,based on the diatom fossil record
in the piston core MD972144 in the South China Seal J].
Western Pacific Earthences,2003,3(2):119-132.

TANG D, NI I, KESTER D, et al. Remote sensing
observations of winter phytoplankton blooms southwest
of the Luzon Strait in the South China Sea[ J]. Marine
Ecology Progress,1999,191(3) :43-51.

ARTE gl ROV, R T O A Y S R iR E E
WARAEAE AT [ ). W P25, 2012, 30(4) :46-54.
IR TABAT  INES A F I L & 77 W A 4 A K X E SR
AR, A 5% . 2006, 26(12) :3959-3968.

CAI W J,DAI M,WANG Y,et al. The biogeochemistry
of inorganic carbon and nutrients in the Pearl River
estuary and the adjacent Northern South China Seal JJ.
Continental Shelf Research,2004,24(12):1301-1319.
WU M L,WANG Y S,WANG Y T,et al. Scenarios of
nutrient alterations and responses of phytoplankton in a
changing Daya Bay, South China Sea [ J]. Journal of
Marine Systems,2017,165:1-12.

BMERKINE, T B, 2014 45 5 2= 5 5 03 8 0 0 7

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

WAt 43 A0 B 3R 5 B F 5w (). 1 4= 4, 2015, 37
(12) :56-65.

QIU D, HUANG L, ZHANG ], et al. Phytoplankton
dynamics in and near the highly eutrophic Pearl River
Estuary, South China Sea[ ] ]. Continental Shelf Research,
2010,30(2) :177-186.

KUSTKA A.CARPENTER E J,SANUDOWILHELMY $
A. Tron and marine nitrogen fixation: progress and future
directions. [ J]. Research in Microbiology,2002,153(5) :
255-262.

ZHOU L B, TAN Y H.HUANG L M.,et al. Aluminum
effects on marine phytoplankton: implications for a revised
iron hypothesis ( iron-aluminum hypothesis ) [ ] J.
Biogeochemistry,2018,139(2) :123-137.

CHEAH W, TAYLOR B B, WIEGMANN S, et al.
Photophysiological state of natural phytoplankton
communities in the South China Sea and Sulu Seal]].
Biogeosciences Discussions,2013,10(7) :12115-12153.
SUN J,LIU D Y, WEI H. The phytoplankton sampling
and analysis strategies in the study of the Bohai Sea
ecosystem dynamics[]]. Acta Oceanologica Sinica, 2003,
25:41-50.

PROGRE , BR HL . p it h 32 R a S A OGS AE T K
HE5RER 7 XRLT] ¥R, 1989, 11(3):
349-355.

B T X L A e L B ) A 7 T R
S PRI PR LRI L) ], M 274 . 2007 ,29(3) : 58-68.
JIAN Z,HUANG B,KUHNT W, et al. Late quaternary
upwelling intensity and East Asian monsoon forcing in
the South China Sea[ ]J]. Quaternary Research,2001,55
(3):363-370.

GAO S,WANG H. Seasonal and spatial distributions of
phytoplankton biomass associated with monsoon and
oceanic environments in the South China Sea[]]. Acta
Oceanologica Sinica,2008,27(6) :17-32.

LIU K K, CHAO S Y, SHAW P T, et al. Monsoon-
forced chlorophyll distribution and primary production in
the South China Sea:observations and a numerical study
[J]. Deep Sea Research Part [: Oceanographic Research
Papers,2002,49(8) :1387-1412.

TANG D L,KAWAMURA H,DIEN T V,et al. Offshore
phytoplankton biomass increase and its oceanographic
causes in the South China Sea[ J]. Mar Ecol Prog Ser,
2004,268(1):31-41.

TANG D L, KAWAMURA H, DOAN-NHU H et al.
Remote sensing oceanography of a harmful algal bloom
off the coast of southeastern Vietnam [ ] ]. Journal of

Geophysical Research Oceans,2004,109(C3) :C03014.



513

2L T P IR WA ) AR A S R © 9.

[47]

[48]

[49]

[50]

[51]

[52]

[54]

[55]

[56]

[57]

TANG D L, KAWAMURA H, SHI P, et al. Seasonal
phytoplankton blooms associated with monsoonal influences
and coastal environments in the sea areas either side of
the Indochina Peninsula [ J]. Journal of Geophysical
Research: Biogeosciences,2015,111(G1) :355-363.

XUZAS 250, BRUR . e 1 9 S T D A 0 0 A R A B BF 5
JELT]. ¥ b BT 5 5 DU 22 HB 3T, 2010(3) 1 133142,
CORRIGAN C E,RAMANATHAN V,SCHAUER ] J.
Impact of monsoon transitions on the physical and
optical properties of aerosols[J]. Journal of Geophysical
Research: Atmospheres,2006,111(D18) :D18208.
HWANG C, CHEN S A. Circulations and eddies over
the South China Sea derived from TOPEX/Poseidon
altimetry[ ] ]. Journal of Geophysical Research: Oceans,
2000,105(C10) :23943-23965.

VOSS M, BOMBAR D, LOICK N, et al. Riverine
influence on nitrogen fixation in the upwelling region off
Vietnam, South China Sea [ J]. Geophysical Research
Letters,2006,33(7) :872-879.

HAN A,DAI M,KAO S J,et al. Nutrient dynamics and
biological consumption in a large continental shelf
system under the influence of both a river plume and
coastal upwelling [ J ]. Limnology & Oceanography,
2012,57(2) :486-502.

SHAW P T, CHAO S Y, LIU K K, et al. Winter
upwelling off Luzon in the northeastern South China Sea
[J]. Journal of Geophysical Research: Oceans,1996,101
(C7):16435-16448.

ENE DA VA== R RS TR0 I N A R SR
#i2,2003,22(2) :269-277.

CHEN C C,SHIAH F K,CHUNG S W, et al. Winter
phytoplankton blooms in the shallow mixed layer of the
South China Sea enhanced by upwelling[]J]. Journal of
Marine Systems,2006,59(1):97-110.

HUANG B. XIANG W.ZENG X, et al. Phytoplankton
growth and microzooplankton grazing in a subtropical
coastal upwelling system in the Taiwan Strait [ ] ].
Continental Shelf Research,2011,31(6) :S48-S56.
BARTH J A, MENGE B A, LUBCHENCO ], et al.
Delayed upwelling alters nearshore coastal ocean ecosystems
in the northern California current[J]. Proceedings of the
National Academy of Sciences of the United States of
America,2007,104(10):3719-3724.,

WANG S F,TANG D L, HE F L,et al. Occurrences of
harmful algal blooms (HABs) associated with ocean
environments in the South China Seal]]. Hydrobiologia,
2008,596(1):79-93.

WU M L,WANG Y S,WANG D X,et al. Effects of coastal

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

upwelling on picophytoplankton distribution off the
coast of Zhanjiang in South China Sea[ J]. Oceanological
and Hydrobiological Studies,2014,43(3):283-291.
MCGILLICUDDY D J,ROBINSON A R,SIEGEL D A,
et al. Influence of mesoscale eddies on new production in
the Sargasso Sea[ ]]. Nature,1998,394(6690) :263-266.
CORREDOR J E, MORELL ] M, LOPEZ ] M, et al.
Cyclonic eddy entrains Orinoco River plume in eastern
Caribbean[ J ]. Eos Transactions American Geophysical
Union,2013,85(20):197-202.

MCGILLICUDDY D J,ANDERSON LL A,BATESN R,
et al. Eddy/wind interactions stimulate extraordinary
mid-ocean plankton blooms [ J ]. Science, 2007, 316
(5827):1021-1026.

BATTEN S D, CRAWFORD W R. The influence of
coastal origin eddies on oceanic plankton distributions in
the eastern Gulf of Alaska[]J]. Deep Sea Research Part
Il : Topical Studies in Oceanography, 2005, 52 (7).
991-1009.

SUN J.SONG S Q.FENG-FENG L E.et al. Phytoplankton
in northern South China Sea in the winter of 2004[]].
Acta Oceanologica Sinica,2007,29:132-145.

HUANG B, HU J,CAO Z. Phytoplankton community at
warm eddies in the northern South China Sea in winter
2003/2004 [ J]. Deep Sea Research Part Il : Topical
Studies in Oceanograph»2010,57(19) :1792-1798.

CUI D Y,WANG ] T,TAN L J,et al. Impact of atmospheric
wet deposition on phytoplankton community structure in
the South China Sea[ ] ]. Estuarine, Coastal and Shelf
Science,2016,173:1-8.

Bk AT, E T 1 IS b T X T A L T B RO I
S BRI [T ], Bedi AR ¥ 4, 1999, 15 (4) £ 289-
296.

PAN G.CHAI F.TANG D L.et al. Marine phytoplankton
biomass responses to typhoon events in the South China
based on physical-biogeochemical model [ ] J.
Ecological Modelling,2017,356:38-47.

GUO L, XIU P, CHAI F, et al. Enhanced chlorophyll

Sea

concentrations induced by Kuroshio intrusion fronts in
the northern South China Seal ]J]. Geophysical Research
Letters,2017,44(22) :11565-11572.

VIDEAU C,SOURNIA A,PRIEUR L,et al. Phytoplankton
and primary production characteristics at selected sites
in the geostrophic Almeria-Oran front system (SW
Mediterranean Sea) [ ]J]. Journal of Marine Systems,
1994,5(3/4/5) :235-250.

KELE , L2, LS. 2012 4545 25 5 08 7 3 A R 7K
VA 1 2 0 7 e 2 VR AR A3 A AT T W IR 4 M L) . i v



< 10 - JE T 2 4 CE SRR D 2019 4

B} ,2014(3) : 26-36. situ observations[ ] |. Science,2001,294(5543) :840-842.

[72] GERTEN D,ADRIAN R. Climate-driven changes in spring [79] HADER D P,KUMAR H D,SMITH R C,et al. Effects
plankton dynamics and the sensitivity of shallow of solar UV radiation on aquatic ecosystems and interactions
polymictic lakes to the North Atlantic Oscillation[ ]J]. with climate change[]]. Photochemical &. Photobiological
Limnology & Oceanography,2000,45(5):1058-1066. Sciences,2007,6(3) :267-285.

(73] BRI MR, 5. SRR AR = N R Y [80] WRFLL, Rk 49 2% = . AL AL W v A= ) 2 RE 1Y
REVE S5 B9 722 3l B HO A W R SR m sz L) 0. BT R W], B Ek,.2009,28(3) :437-444,

AR CHARBLE R L 2011,50(2) :402-410. (817 ZEMAAT, B Jo o o8 o K. T [ 300 6 1 40 30T g 1) ¥ 1 2R 0

[74] ZHANG L, REN G, BAOLEERQIMUGE, et al. X fo 3 A BR A AL AR B iR B [T ] K ARE 2. 2006 30
Climatology and change of the South China Sea surface (5):1019-1033.
temperature based on satellite observations[ J]. Marine [82] MRARAS, £k M EV], % B A Y DNA ZIEH U5
Pollution Bulletin,2017,13(3) ;189-197. BUIR5 R B[] ] Mg 4, 2014, 36 (12) : 1-17.

[75] PETERS R L. The greenhouse effect and nature reserves [83] WONG TF G,KU T L,MULHOLLAND M,et al. The
[J7]. Bioscience,1985,35(11) : 707-717. South East Asian Time-series Study (SEATS) and the

[76] JEZRE A0, S0 Wk, 25, op 5 X BVR R A W A biogeochemistry of the South China Sea: an overview
EXPEEARAL A ma B [T ] N PE S22 4R, 2017 (4) . [J]. Deep Sea Research Part Il : Topical Studies in
455-465. Oceanography,2007,54(14) . 1434-1447.

(77] RERaTt BREAR RO, % IR AL X 5 Y [84] XU D,LI R,HU C,et al. Microbial eukaryote diversity
FEBZRGEMW L RL]] Bl ). 2013, 58 (14) . and activity in the water column of the South China Sea
1307-1314. based on DNA and RNA high throughput sequencing

[78] CABANES C, CAZENAVE A.LE P C. Sea level rise [J]. Frontiers in Microbiology,2017,8:1121.

during past 40 years determined from satellite and in

Research progresses of phytoplankton ecology in the South China Sea

LI Hongfei, LIN Senjie”

(State Key Laboratory of Marine Environmental Science,College of Ocean and

Earth Sciences, Xiamen University, Xiamen 361102, China)

Abstract: Located in the tropical-subtropical region, the South China Sea is the largest marginal sea in the western Pasific Ocean.
Due to the complexity of the hydrological, physical as well as chemical environment of the South China Sea ecosystem, significant
variations exist in the abundance and productivity of the highly diverse phytoplankton community. So far,our understanding is still
limited about the spatial and temporal distribution of phytoplankton and its regulating mechanism in this area. In this review, we
gathered historical data, especially research results of the recent 20 years, summarizing and analyzing them in three perspectives,
spatiotemporal distribution,environmental regulatory factor and the impact of global climate change. We emphasized the advances in
the research methodology and important progresses in understanding phytoplankton ecology in the South China Sea. In addition, we
proposed future research directions and highlighted areas where efforts should be invested to bring the South China Sea

phytoplankton research up to speed with the equivalent ocean basins in the world.

Keywords: phytoplankton; South China Sea;community structure;environmental regulatory factor



