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Abstract; Picophytoplankton (0.2—3.0 wm), composed of prokaryotes such as Synechococcus ( Syn), Prochlorococcus
(Pro) , and picoeukaryotes ( Picoeuk) , are distributed ubiquitously in all types of waters of varying trophic states. Among
picophytoplankton, Syn is ubiquitous in both oligo- and meso-trophic oceanic and coastal areas; Pro has been found to be
more abundant in oligotrophic waters than in eutrophic waters; Picoeuk are generally less abundant, although they can be
large contributors to biomass and production. Picophytoplanktonassemblages are the major contributors to primary production
and organic carbon, and form the base of complex microbial food webs. The small picophytoplankion have a competitive
growth advantage, especially in oligotrophic waters, because of their higher surface to volume ratios. In recent years,
picophytoplankton in the southern South China Sea (SCS) have received increasing attention, as they account for the
majority of primary productivity in this water. The picophytoplankton in SCS open areas are dominated by Pro, Syn, and

Picoeuk. The majority of studies of picophytoplankton dynamics in the SCS have been biological investigations investigating
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chlorophyll @ ( Chl @), phytoplankton productivity, blooms, and community structure; however, information about the
distribution of the picophytoplankton community and its driving factors, especially mesoscale eddy, are relatively scarce. In
this study, we investigated the wintertime spatial distribution of picophytoplankton groups along the 113 °E meridian in the
southern SCS in 2011 using flow cytometry, and discussed the relationship between picophytoplankton distribution and
environmental factors. The results showed that the depth-integrated abundances ofPro, Syn, and Picoeuk were(1.71 £ 0.
47) x 10*, (1.50 + 0.72) x 10%and (1.30 = 0.50) x 10°cells/mL, and Pro abundance was 1 and 2 orders of magnitude
higher than Syn and Picoeuk, respectively. Three types of picophytoplankton showed different distribution patterns, Pro
dominated the upper 100 m, Syn dominated the upper 75 m and peaked in the 25 m layer; Picoeuk was mainly distributed
in the upper 100 m and formed a subsurface maximum layer of 25 to 75 m, similar to the subsurface Chl ¢ maximum layer.
Between 9 and 11°N, the maximum layers of Pro and Syn were up-shifted, making their maximal values significantly lower
than the surrounding water, potentially as a resulted of the upwelling induced by a mesoscale cold eddy; Picoeuk appeared
at a subsurface maximum value with a higher abundance than the surrounding water, between 11 and 13 °N, which was
possibly caused by downwelling and induced by a mesoscale warm eddy. In addition, our results showed that Pro, Syn, and
Picoeuk carbon biomass accounted for (59.16 = 13.74)%, (23.86 = 10.83)%, and (16.97 = 5.51)% of the total
picophytoplankton carbon biomass, indicating that Pro was the main contributor to carbon biomass in this area. In addition,
a correlation analysis showed that there was a positive correlation between Syn abundance and temperature, indicated that
the higher temperature favored the growth of Syn; meanwhile, Syn abundance was negatively correlated with salinity, which
might be caused by land-derived runoffs from the Menkong River, which often lowered salinity but increased nutrient levels.
Picoeuk was significantly negatively correlated with nitrate and phosphate, indicating the presence of complicated inter-
effects with other environmental factors. The response of picophytoplankton population distribution to mesoscale cold and

warm eddies is a subject requiring further research to elucidate fully.

Key Words: southern South China Sea; picophytoplankton; carbon biomass; mesoscale eddy
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Fig. 1 Study area and sampling stationsin the southern SCSin winter of 2011

1.2 BT
1.2.1 Chla %
7K 28 33 e U8 S5 K 800mLL /K F B 2s ZE i € 3] WhatmanGF/F JE X ( Whatman , Inc. , Flortham Park, NJ,

http ; //www.ecologica.cn



4 A E = 36 &

USA;0.7um, @25 mm) , SR )5 F45 T8 ARALUF A — 20°C ¥ ZRARAT , JT R 25 3R 0] 31 52 56 28 57 B E A7, Chl «
e P AN 52 2R FH ¢ 640 W14 ( Turner Designs 10-AUfluorometer) , I 5 22 51 56 H 90% PR i 75 BA G ER 45 v 24h DX
SEAHRE, M AL T
122 EFREEME

TERAEEFREAE AT, SE VBB T U8 | SR 5 R DB B A 80mL SR AR IR IR 1 , 37 RV VR DR AE T -20°C 5%
PR LR ZE o Il 21 52 56 2= 37 B AT 40 B Ik, I B SR v R ARE AR R, R B SR AR A B e A Ok
( Quickchem 8500, Lachat Instruments, USA)MAE il FRER Wl iR £ | ik 2 £k e B, A I FR 43 %31 J& 0.014,0.005
1 0.075mol/ L, ELAAR Iy 1 WL 3CHR ™
1.2.3  REDGEEY N E

ARG S AWK AE S e 20wm BB T 8 5 26 A 2mL YR VR, A2 50l 2o 8 1Y 22 5 W TR
A1, FEE R T UE 8—10min, SR 5 B T AL AF I B AR | A —80°C W L i R A7, A il S 3 = 37 RV FH
AN

TR A= U A T HEOR ] 9 =X A0 A ( BD FACScalibur, 488nm ) #4743 A1, B 0.5mL #¢ &4 A A5
1umYG ZEE/NER (Polysciences Co., USA) ,iR%21, MIERS , BH R vk IR B /KB vk i T &g ik s,
A A ES T () T A B I A, A LA TR s B as AT, A 32 B A € R BE A ME 2 16 /R
A, MRS FL2 (W (5856 ) X FL3 (ZL 6550 ) LA KA ] BURHE (SSC) X FL3 (LA 5%) Y RHIER [X 433X
RO AZERE, it CellQuest B (BDCo. ) AR LR-IE SRR >
1.3 sk

TR P AR ) =F B 5 A8 IR 0 R S PR 23 B R Pearson AH M 2280 ¢, Fr A& B4 1 G2 11 o Ar 7
SPSS 18. 0 #ffF LT,

2 ERES

2.1 AR EERNER R ERZ b p 1) b8 AR

WF 581 IX 32 B R AU 20 XU RN T80 RE R BE R 2 AE 25—100m 7K IR 2 [ ZUAR Ak (18] 2) |, 62N iR
RIRZ R EIAE (7—13°N) B #i AR A 4 A AT

& 2a TR ST 0 A K E )2 25m HATE 27.5°C L) |, 25—100m 22 7] i B8 G FAR (RIR 2 ) , B2
100 m VR EERES] 20°C, X 5 HTAPFFEASRARM &5 L £ 9—11°N Z ) (37 kj34—38 Z ) , S iR A7 Bl i
] A A%, i DX A7 7K e B I BE R DK AR BEAIG, L AnAE 3R 2 Sm, B kj36 (27.47°C) Lb R 3k 47 kj34
(28.44°C) BHIK 1°C, 76 EOCJZ KT 200m BRI 2°C(Hi# 14.23°C, 54 15.98°C) ; 5L R, 76 11—13°N
Z I (Rl kj30—34) , 7£ 100m VAL, S5k ) A28, 78 100m DL SRR N R, 2 i, % X a7 1
JE KU R AR TR 2 R B, DLZ I K32 s 22 Sm Rl iR Ky 27.37°C, T R K A
h 28.44°C (kj34) , [RIIHHE EOE)ZIEFE 200m , kj32 s iEE 17.02°C , 1M J& AR IR EE Ry 15.98°C (kj34) . LI E
PIAN DX 388 A5 TR AR A% AR AL ARRAIE , 15 1R A PT R8RS T 0122 DX A7 A v ROBEVR I8 ( e 43 ) , N I
FH A S 2K IR RIER)Z , S BOK R L AR ; 115 5 SR A AR 5 McGillicuddy S84 38 152X
AKIRARW A I AR K IR 2 p o5 2 B2 0 R 21y 23 R 2 AR VR IR A — A 5 B AR BRI MR A 4

Hy &l 2b BT, R B 3 A LA 5 R — 3, BITE 9—11°N Z[A] DL Mz 11—13°N Z ()& 48 B 2k i) F A 8%, AN[)
2, #E 11—13°N X3RN, DL 100m 7K )20 FERR, JF 00 Hh 30 0 28 1 R 23 N 2 1 i 28 B K2 40 B 1 R, T 2
— 5 LA,
22 BRI

Bl 3 Won iRl BEMRER A AR MR +h R Z VR A IR ERZ B 3R & i B B3 K MR R K2 7E 75m 23R

http ; //www.ecologica.cn



6 1] EER AT I S RO IR A SO R R 5

vl Stations
o K43 K42 K41 K40 ki3 K38 K37 ki3 k35 ki34 k33 ki32 ki3l ki30

150

N
2
&
N
g
I
s
E
dC B

¥ Depth/m
g
&
B
=

150

£
S
g
=
N
3
Q
s
H
3
St

200 - 32,0

7° 8° 9° 10° 11° 12° 13°N

B2 ZFEiGEE13E BEEMRE (a) EE(b) BESH
Fig. 2 Vertical profiles of temperature(a)and salinity ( b) alongthe transect 113°Ein the southern SCS in winter
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Fig. 3 Vertical profiles of nitrate(a) , phosphate(b)and silicate( ¢) alongthe transect 113°Ein the southern SCS in winter
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Table 1 The depth-integratedChl acontent and picophytoplankton abundancesalongthe transect 113°Ein the southern SCS

UL M2 a RERE itesze R A I Ek B TR
Sta. Chla Syn Pro Picoeuk Pro/Syn
kj30 0.0692 1.32 13.95 0.17 10.54
Kj31 — — - -
kj32 0.0584 2.05 16.25 0.23 7.95
kj33 — — — —
kj34 0.0383 0.55 23.77 0.08 43.20
kj35 0.0490 0.55 17.71 0.08 31.98
kj36 — — — —
kj37 0.0490 0.55 17.71 0.08 31.98
kj38 — — —
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Table 2 Comparisonsof picophytoplankton abundances and its carbon biomass percents in different parts of the SCS

B STREF I %%Sf*?ﬁﬁ JRERER W@EH
Study area Sampling date U Pro Picoeuk
Y e (X 10°4~/mL) (X 10*4~/mL) (X 10°4~/mL)

AL ER 1999 4% 8 H 50+76 4.6+£4.2 1.8+1.1
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(T'ffllg;”? 1997411 A 1.6 5.4 0.7

110—118°F) (n=34) (8%) (60%) (32%)
[EeRArepa 2011 4E 12 A 3.63+2.18 1.42+0.63 0.27+0.16
(A5 A I (41%) (34%) (25%)
(5—13°N, (n=27)

110—118°E) 113 °E Wi 1.50+0.72 1.71£0.47 0.13+0.05

(n=14) (24%) (58%) (18%)
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Table 3 Correlation coefficients betweenpicophytoplankton abundancesand environmental factors
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Coefficient Temperature Salinity Nitrate Phosphate Silicate
RERHEE Syn 0.528** -0.556** 0.096 0.073 0.19

JREREREE Pro -0.002 0.05 -0.184 0.01 -0.192
TSR FAZ Picoeuk 0.386 -0.25 -0.419" -0.491* -0.255
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Fig. 7 Warm eddy (A) and cold eddy (B) crossing the transect113°E in winter during the sampling
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