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Spatial and temporal variation of picophytoplankton in the Pearl River Estuary

ZHANG Xia, HUANG Xiaoping” , SHI Zhen, YE Feng, LIU Qingxia
State Key Laboratory of Tropical Oceanography, South China Sea Institute of Oceanology, Chinese Academy of Sciences, Guangzhou 510301, China

Abstract: Picophytoplankton are distributed worldwide and are ubiquitous in all types of waters of varying trophic state.
They are the major players in carbon production and form the base of complex microbial food webs. It is generally known
that picophytoplankton have a competitive advantage when nutrients are limited. In recent years, picophytoplankton (0.2—
2 um) have received increasing attention in coastal and nutrient-rich waters. However, information on the dynamic of the
picophytoplankton community and the response of picophytoplankton along the environmental gradient induced by river
discharge are relatively scarce in the Pearl River Estuary (PRE). In this study, the abundance and distribution of
picophytoplankton were studied in the PRE during two cruises in August 2010 (high river discharge) and January 2011
(low river discharge) using epifluorescence microscope technique. The associations between picophytoplankton, size-
fractioned chlorophyll @ and phytoplankton, salinity, nutrients and other environmental variables were examined. Multiple
linear regression analysis was also used to determine which environmental factors were significantly correlated with the
abundance of phytoplankton and picophytoplankton in the two distinct seasons. Our results showed that phytoplankton
community generally was dominated by some freshwater algal species in the upper estuary while estuarine species
Skeletonema costatum in the middle and downstream of the estuary. In the summer, phytoplankton density was significantly
related with phosphate concentration and N/P ratios were much lager than 30 simultaneously. It suggested that the growth of

phytoplankton was limited by P in the summer in PRE. Temporally, the averaged density of picophytoplankton was always
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higher in the summer (2.67%10*cells/mL) than in the winter (1.60x10%cells/mL) , which probably due to high turbidity
and low temperature in winter. Consistent with other studies, picophytoplankion abundance was positively correlated with
temperature in PRE. It maybe reflect the growth of picoplankion was strongly dependent on water temperature.
Picophytoplankton numbers in our study were much lower than that in the Chesapeake Bay, the Changjiang Estuary while
higher than the Jiaozhou Bay. These differences may be attributed to various light regime, nutrient structure and
zooplankton predation between these estuarine ecosystems. In the present investigations, picophytoplankton density was very
low near the Humen outlet and increased along the salinity gradient, to reach its maximal value at southernmost stations in
two seasons. The abundance of picophytoplankton was positively related with salinity and inversely with inorganic nutrients,
implying the negative influence of the riverine and coastal waters on picophytoplankton and the oligotrophic ecological niche
of picophytoplankton. And hence, it presented such spatial distribution pattern. As with picophytoplankton abundance, the
proportion of pico-chl. a of total chl. @ increased from the upstream of the estuary to the near-shore open water ( Wanshan
islands) , where picophytoplankton growth was probably promoted by high light intensity and low levels of nutrients. The
average and maximum proportion of pico-chl. @ in summer was 11.9% and 26.3% , respectively. Our results suggested
that picophytoplankton assemblage was an important primary producer in the PRE. Multiple linear regression equations of
picophytoplankton revealed that phosphate and suspended solid concentration ( SSC) were the crucial factors shaping
picoalgae distribution in the PRE. In our observation, picophytoplankton was negatively related to phytoplankton,
suggesteda potential competition between these two groups or their diverse ecological niches adapted to specific environment
conditions. How light and nutrients involved in interaction of these two groups are considered as a direction requiring further

research.

Key Words: Pearl River Estuary; phytoplankton and picophytoplankton ; seasonal and spatial variation; lineal correlation ;

Multiple linear regression

FET R A (0.2—2 pm) 2G4 & B /N A RO A AT IR AL S R Bk
( Synechococcus) \Jﬁﬁéf*ﬁ( Prochlorococcus) GHR B R TR Y ( pico-eukaryote ) , B 20 tH:42 70 ALK gk
RILVIK | 25 I BIFFE#00 HAE K A 28 R GE TP i 3 A AR IO R 1 R N ER AR A BRI Y2
S A FALEE AR N A BlK PR T 26 0 A AN BB d it sl b R 2 T o AR FH T MR R 3 T A
PIRh RO ELAT T /NG 7 SRRSO A 0 B e A R DRI e B SR e A B AR
PRGN AR AWy i AT AEATY SR T DLAERRAR S 3 12 7 ) o JUHAE SR I8 19 R vh o OB PRI AL o L
TRUIHAE Y 0 GRS 85, R Gk 7 AR B R STk

Ve B 3R B 1 W P i A WA E S ) (AN 3R G sl B ) SR B R HEA B W EF , FE
e AT IS LR PRSI A B A S LB Y ) i DR SR PR AR ) TR AR R AR BE LS e g el e e,
I BRI PRI A e T AR S R G A E IS 2 s B AL, FRE A 20 T4l 90 ARAU T 4R 1 I
R PRI YIRS B AR ) AR DS S B IR O R AR GG, G RIS X el 45 3 [
M) EE ) R RIS e O R YT O Y AR AR R, T A S R G
BB PR ) BT AR T 2

AR Z2 ] AL FEBRIT. L VR A4 4 0 32 B2 PR DR TSR Wi R R RO (0 TR 6 B D)X 7 T A
(1425 [ 43 A S 2 e PE R PE T o RO VR I A 4 2 15 5 O b P2 0 R ) — 32 300 3K S B B TR 7 (1 7 4%
BTS20 wm) (R (3—20 wm ) PR TR Y 5 2R AT, iox BRI ik 5 ik DR A )l

ASBIFSE 3 32 ) A RV AR SRR 2K S0 PR A A b 2 2H I R 5 R R R BE A AE SRR L R A )
PR A3 A e ey B PR BE PR AEAIL PRI [FPRLAR /N B PR AL ) 2 [B) Y 5 3R TEAS [R] B 219 1 438 ) P 45
Foe AR, SR R GE TSI T 0 R0 1 DXt B ) o0 445 K 1) 2 () o 2 5 AR A S (IR TR

http ; //www. ecologica. cn



2202 2 R

2
He

Eild 33 %

1 #MREAZE
1.1 BT IR AIRE 5 oR 4

2010 4E 8 H 13—8 H 17 H(E )M 2011 4E 1 J 6—11 H (4Z%) TEBRIL DM EEAT T WS 0O
BE 3 AR, Z AT 21 SRS (A1—A8, BI—B7, C1—C6) ,%4Z= 19 > (B7, C6 HRAHARRK) ,
S A B LI 1, A WA TAAT FE B, ST T4 2207 11 5 5 B Wi o7 AT HE P 50, S22 i s A1 52
M) 4 35 5 C WT TS T 2 I 3, Ve s F /R R o 3 S o
1.2 FERCREEMAL R

'S L Niskon R/KZRERIZAME, HTEMITEFAGYHEU KL 20 wm TH2838 085 , SEEIFEA 2
mL A, N 40% JCRURL RS [ 5, BEAN b 1 3 A PATHE A TR AR AE 2 01 S5 30 % 5 e #5120 C
VKFE R RAF 25001 (3 DA WSER) . TR RIS TR0 1 LA A S5 R, G IAT

FHE S B LS L 1) Whatman GF/ F B ISEFAEJE NI UE 0. 5—1 LKKEE, IEREUEWOR VR IRAE, B T
TEHUE FRER AT E | UE R T B R R B 3 R S 3 AR AR 20 pm 3 um F10. 7 pm 43
Gtk (R, 0.2—3 pum; M. 3—20 pm; /NEEES20 pum) 10 B AU 1—2 L, B R
At

1.3 BULE A —

KR 45 1 45 T YSISS TR K ke (76 55 ° > A
BRI KA R B TR TR B 20w o
CEFPEALE AR B 7, AR NO,-N R Zn-

Cd &5k AERR R NO,-N HIZR & ey OBV . 20

TR NH,-N AR A0 66 HE e Bl ek Bl 4 i

e B RE AT IR WM @ HOOAOENIE R e | AWYD:

W ey TP !
1.4 PRI s | T e g

IR 1L ACRERS BLYLTE 24 b R, Bk B2 Y
L BETTTE AR 30—50 mL, KERATIFIORERTES  200e | o st 7
FEAT, A 0. 1 mL, TEAGCRCHE, 725 BB, 1L 40 45 Be w vy o
Wy TS, B R I RO | o, O
I EEOT AR A AL 5 6 W45 Mg I
JHAE) S (GB/T12763.6—2007) ' #EAT, IR 4 mL Al | -

SR K RE, ZALFE R 0.2 um B9 (5 B AL U8 B A e
(Whatman ) 385 i o 2035 7 T =20 °C UKARV Uk s ! ! ! ! !
ﬁﬁiﬁ*ﬁ[m] 5 FH Olympus 51 %Eﬁ%%iiﬁi‘f‘ﬁ,ﬁ 113.2° 113.4° 113.6° 113.8° 114.0°E
23:56.(510—560nm ) B K& ,40 1595 R WL, 4 5 Bl WRRKERR R

KT 20 PHLET Fig.1 Study area and sampling stations

1.5 Hdaabr

R IR VT WA B, | TR TR ) 2 B 5 85 PR A P 2 BT R Pearson AH G M R4, 11 22 0 26 M [l
A5 R A ST 1E FH A AP 1k 8 B AR £, DL P<0. 05 FIWTBE R A5 0], A B00s i Ge it 2 A 7E SPSS 17..0 3k
T,

2 #R
2.1 YHREINE
BRI O KR AR IEF A 29. 5—32.6 °C,3F1730.6 °C I TA] 1 21300 16 35 58 B W A%, 101 1)K iR 4

http ; //www. ecologica. cn



7 1 FREE S ERVT R TR AR A 2 A SO SR I F IO &R 2203

VLR X 1—2 °C, AZERIT O KR 13.8—17.8 °C, ) 15.6 °C, Wl _E /K IR H R IEmg AR,

B 7 BRI /K g 28 K F R O A E AR iR A L i i 74N 1 i, PR B ZE R AR
T&ZE, AEIFREIME N 14,0, 28 LTEE 0. 2—28. 3, 3h BF S ARAE L BRAE BRI RFHIT , 11 T0] 11 i) 40 34 i 44
e A&FRPER A RILA WNELEEIE R 25. 7, B ARER BB BUAE B 457 , S (ELTE T LA 5 = 7 K
LT AR Y €5 3, oA 33.4 (K 2) .

230N Bt NG54 23.0°N =
\ i 7 _ N
Nemoa | 2010-08 N 2
~E) Bk
22.8° a2 S /NY 22.8° | =
St W i
A % 30
2260 b 226
) 24
| Fy
3 £
o Ay ° =
224 PN g 224 3
\®] M
o | o b
22 L 1o 222
200 [ L R 6 20
21.8° L L L L 0 21.8° I I ‘ f 0
113.2° 113.4° 113.6° 113.8° 114.0° 1142°E 1132° 1134° 113.6° 113.8° 114.0° 114.2°E
230N = TN % 3 23.0°N Ne ~
O 77" 2010-08 N 7 2011-01
Mo\ A =\ WA
e A 60 o wdl A 300
228 = QN 228 = LM 3
[ I — ~
B 3
52 i 20 £
22.6° 226° A E
[ Qe
“ 180 & £
22.4° . 22.4° R
23
) @ 36 1 5
‘ 5. (@ 120 g8 =
2220 | GJ 2220 L e
.\ - A = 3
o 28 <
A @ by S\, 60 5
22,00 - o - . ) 22.0° =
- o A =
20 @
0
21‘80 | | 1 | 21.80 | | | |
1132° 1134° 113.6° 113.8° 114.0° 114.2°E 113.2° 1134° 113.6° 113.8° 114.0° 114.2°E

B2 HRIOBEMEZHHNYRES®

Fig.2 Horizontal distribution of salinity and suspended solid content at the surface water
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Table 1 Pearson’s correlation coefficients between picophytoplankton abundance and environmental factors in January 2011 of the PRE

DIN PO,-P  Si0,-Si T Sal SSC Depth  Micro-chl. a Nano-chl. a Pico-chl.a  Pico Phyto
ﬁﬁfiﬂinl( sitrogen DIN 0.85 0.98 -0.54 -0.92 0.49 -0.54  =0.72  -0.71 -0.49
WifeEh Phosphate PO,-P 0.85 0.80 -0.53 —0.66 -0.54  -0.76  -0.74  -0.49
kLD Silicate Si0,-Si 0.98  0.80 -0.69 -0.95 0.49 -0.77  -0.79
7K Temperature T -0.54 -0.53 =0.69 0.63 -0.65 0.64 -0.57 0.81
LI Salinity Sal -0.92 -0.66 -0.95  0.63 -0.68 0.51 0.68 0.67  0.58
éﬁjﬁiioh { concentration S 0.49 0.499 -0.65 —0.68 -0.51 0.86  —0.57 -0.57 -0.58 -0.59
JKIR Water depth Depth 0.64 -0.51 -0.56 0.65
/NI 2 a Micro-chl. a -0.57 0.86 -0.56 -0.49
A4 a Nano-chl. a -0.54 -0.54 0.51 -0.57 0.70 0.62
FBMT4EEK a Picro-chl. a -0.72 -0.76 -0.77 0.68 -0.57 0.70 0.68
FRMALTREAEY Picophytoplankton Pico  -0.71  -0.74 -0.79  0.81  0.67 -0.58  0.65  -0.49 0.68
PRI HEY) Phytoplankton Phyto -0.49  -0.49 0.58 =0.59 0.62

MK P <0.01
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