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, 2013
5~11 (HPLC)
s (Synechococcus, Syn)
(Picoeukaryotes, PEUK)
(Chemotaxonomy, CHEMTAX) , ,
, CHEMTAX
, Syn CHEMTAX ( Syn chl a)
(P<0.01), PEUK CHEMTAX (  PEUK chl a)
(P<0.05); , (P>0.05) ,
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(autotrophic picoplankton, (Sendergaard, 1991) ,
APP, <2~3 pm) (Cyanobacteria) , a
(Picoeukaryotes) , (chl a) (Gaulke et al, 2010; Qiu et al, 2010)
(Synechococcus) (Prochlorococcus)
(Huang et al, 2002) APP ,
( , 2015), (Yan et al, 2020) 20 80 ,
(Bell et al, 2001, APP , s
Liu et al, 2007) (>3 pm) , APP
APP , ( , 1998; Yang et al, 2019) ,
(Peltomaa et al, 2012) (HPLC)
, APP 90% , 50 ( )
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, (fucoxanthin) (HABs)(
(peridinin) (alloxanthin) )( , 2021) Li (2019)
(zeaxanthin) b (chl b) 19" , APP
(19'-hex-fucoxanthin)  19"- 30% , (
(19'-but-fucoxanthin) )
(Paerl et al, 2003;
Barlow et al, 2008) (Huang et al, 2004; Gui et al, 2020),
, Chisholm (1988, 1992) HPLC
, , APP
( a), , APP ,
CHEMTAX
(Chemotaxonomy, CHEMTAX) , APP
(Latasa, 2007; ,2017)
¢ 1
(Diatoms) (Haptophytes) 1.1
(Chlorophytes) (Prasinophytes) 2013 (5 29 31 )
(Pelagophytes) (Cryptophytes) @8 4 6 ) (11 23 25 )
(Cyanobacteria) (Dinoflagellates)(Xu et al, , 17
2019) , , ()
, HPLC YSI 556 (YSI, )
R 5 L Niskon 0.5 m ,
APP s 200 pm s (<0.03
, MPa) 20 pm 2.7 pm
(Eker-Develi et al, 2008; Miranda-Alvarez et al, 2020; (GF/D) 0.7 um (GF/F)
Anil et al, 2022) 3L . ’
’ GF/F
’ ( 0.7~2.7 pm) “Pico 7
( . 100 mL
) , (Mai ’ 220 °C
et al, 2002) 20 70 , 20 um ’
(DIN) (DIP) (N/P) (1.3 mL) (2% ) 2 mL
> ’ 15 min,
( , 2019; Niu et al,
2020; Zhong et al, 2021) , 1.2
20 70~80 ’ [ Skalar San++
(Chaetoceros spp.) (NO;) (NO,) (NH)
(Skeletonema costatum)] , _ _
. 10 ’ : (DIP) DIN (NO;) (NO,) )
. (NHZ)(Strickland et al, 1972) , (NO;)
(Skeletonema costatum) (Heterosigma sp.)
(NO,) (NH3) (DIP)

(Noctiluca sp.)] (Huang et

al, 2004; Zhu et al, 2018) ,

0.02 0.02 0.03 0.013 pmol/L
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Fig.1 Sampling stations in the Zhujiang (Pearl) River Estuary and adjacent waters
1.3 HPLC (Lut) (Dino) (Viola)
HPLC Zapata (Neo) (Zea) (Pras)
(2000) , 3 mL 14
95% , APP FACSCalibur
5 min, 4°C 1500 ¢ 3 min (Becton Dickinson ), : FL1 (530/30
0.22 um PTFE , BP) FL2 (585/42 BP) FL3 (670 LP) FL4 (661/16
, BP)
, (PE-rich Syn)
HPLC Agilent 1200 , 1315C (PC-rich Syn)(Jiang et al, 2016)
, Waters Symmetry C8 ,
(Eclipse XDB, 150x4.6 nm, 3.5 pum), 440 nm
22 1.5 CHEMTAX
DHI R Mg DVP a CHEMTAX
(DV chl a) a (Pheide a) a a (Mackey et al, 1996;
(Phe a) a(chla) chlb chlc2 chle3 Wright et al, 2009)
(Fuco) 19'- (Hex- (Schliiter et al, 2000; Henriksen et al, 2002)( 1)
Fuco) p- (B, p-Car) (Peri) 19'- ,
(But-Fuco) 60 3
(Diadino) (Allo) (Diato) CHEMTAX
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%1 CHEMTAX E{THIAERILE
Tab.1 The initial input pigment ratios for CHEMTAX run

chl ¢3 chl c2 But-Fuco Fuco Hex-Fuco Pras Allo Zea chl b Peri chla
0.115 0.299 0.78 1
0.152 0.139 0.008 0.073 0.685 1
0.063 0.311 1
0.439 1.157 0.568 1
0.197 0.414 0.702 0.317 1
0.053 0.339 1
0.939 1
0.093 0.375 1
1.6 5 11 ( )Y 2) 11 ,
SPSS (IBM SPSS Statistics 23) ( 2
; (LSD) ( 2,
( P<0.05 ); , ,
« 2
; ( 2 ) (<1 m)
( ) chla (CHEMTAX ) ( 2) DIN
, 5 0 2),
CANOCO 5 ( 2 DIP
(RDA): , 1 ,3 DIP
CHEMTAX ( 2), DIP ( 2
, 2 (N/P) , (2
2.2 APP
2 , APP Syn
2.1 (PEUKS),
2 (Prochlorococcus) ( 2) Syn  PEUKs
, 8 ) 5 , 8~11 ; Syn

#2 WIAREBKPRERTFMEEEZHREYENTEHERER

Tab.2  Average values and ranges of environmental factors and picoplankton in surface seawater of the Zhujiang River estuary

5 8 11
°C 27.52 (25.40~30.04) * 29.85 (28.30~32.10) ° 22.19 (20.15~23.5)
16.45 (8.80~20.00) * 21.01 (9.14~31.09) ° 29.85 (19.35~35.70) ©
/m 1.09 (0.50~1.80) * 2.84 (0.50~5.00) ® 1.01 (0.50~1.80) °
/(mg/L) 10.67 (6.37~16.34) * 12.72 (3.99~30.87) * 21.43 (6.54~82.72)
DIN  /(umol/L) 86.28 (68.98~103.18) * 66.08 (23.42~105.69) ° 14.06 (3.67~33.79) ¢
DIP  /(umol/L) 0.28 (0.24~0.33) * 0.19 (0.10~0.54)° 0.29 (0.03~0.96) *
DIN/DIP 312.80(239.82~384.97) * 387.39 (172.78~778.55) ° 60.86 (21.66~177.59) ©
(10° cells/mL) 252.91 (3.26~716.33) ° 146.54 (6.60~715.36) * 10.44 (2.67~22.56) °

(10° cells/mL) 26.04 (4.48~72.28) * 3.63 (0.34~10.64) ° 1.40 (0.18~5.21) "




3 751
5 8 11
chla /(ng/L) 47.56 (2.18~179.82) * 39.57(1.81~335.53) ° 8.34 (0.48~20.44) °
Fuco /(ng/L) 144.35 (6.24~458.39) * 33.43 (0~101.94)° 17.26 (8.09~33.11)°
Zea /(ng/L) 69.50 (3.79~244.28) * 62.26 (6.41~419.60) * 6.65 (0.41~12.86) °
Pras /(ng/L) 49.34 (3.41~156.91) * 7.55 (0~29.24)° 7.33 (1.76~10.88) °
But-Fuco /(ng/L) 3.72 (0.86~7.91) " 0.38 (0~2.65)"° 0.23 (0~1.81)"
Peri /(ng/L) 5.36 (0~14.66) * 4.54 (0~21.21)* 0.13 (0~2.28)°
Allo /(ng/L) 5.98 (1.08~16.64) * 1.22 (0~6.44)° 1.00 (0~2.55)°
CHEMTAX
/(ng/L) 0.19 (0~2.18) * 0.10 (0~1.09)* 0.02 (0~0.27) ¢
/(ng/L) 1.39 (0.12~3.60) * 1.00 (0~6.68) * 0.04 (0~0.61)"°
/(ng/L) 16.23 (0.08~51.84)*" 6.17 (0.06~36.94) ® 3.71 (0.21~8.38)°
/(ng/L) 5.89 (0.46~18.16) * 2.29 (0~16.20)® 1.06 (0~3.36) °
/(ng/L) 424 (0~17.72)* 1.22 (0~3.26)° 0.46 (0~1.63)°
/(ng/L) 1.06 (0~17.16) * 10.38 (0~130.02) ° 0.33 (0~4.31) ¢
/(ng/L) 1.17 (0.18~2.64) * 0.15 (0~1.01)® 0.08 (0~0.68) °
/(ng/L) 20.06 (0.32~72.57) * 18.27 (0~150.37)* 2.64 (0.14~6.02) ®
(LSD , P<0.05)
SR I IR IR SR I IR S 38,6 .8 S 5 5 &
RSN IR SN A - 1=7i( ) RN IR RN A -7 RCIRCIRC NI R R RN AN - 1=7i )
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Fig.2 Seasonal distribution of temperature, salinity, Secchi depth, DIN and DIP in surface seawater of the Zhujiang River estuary
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Fig.3 Seasonal distribution of autotrophic picoplankton abundance in the Zhujiang River estuary
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Fig.4 Changes of picoplankton density and nutrient concentration under different temperature and salinity in three voyages

2.3 HPLC APP 2) a ,Fuco Zea Pras But-fuco
Chl a (47.56 ng/L), Peri  Allo
(8.34 ng/L), (P>0.05; ( 2) CHEMTAX , APP
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Fig.5 Contribution of picoplankton functional groups to chlorophyll a content in different seasons in the Zhujiang River estuary

2.4 APP
(Temp) (Sal) DIN DIP (SPM)
(SeccDept) N/P  APP

( 6 , RDA
91.69% Syn ( CHEMTAX

) CHEMTAX

, N/P PEUKs

CHEMTAX

, DIN

2.5 HPLC
HPLC
, Zea Syn R
(P<0.01; 7)
, Syn CHEMTAX
8) PEUK CHEMTAX
Syn (P<0.05; 9)
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3 Syn 0.70x10° cells/mL; Xia (2020) 2014
7 1.0x10° cells/mL
, APP
> Syn
’ (Yan et al, 2020),
APP (Ni et al, 2015; , 2015), ( 58 2)
, Comacchio & ( )
, APP Syn (3
Syn  PEUKs _— (microcystin)  B- -L-
( » 2013) (BMAA) (LPS) (sulfonolipid)
, APP ’ ’
8 ; (Sliwinska er al, 2018)  Syn
APP ,
APP , (Sunda et al, 2006)
> APP , Syn
Syn , Syn ,
0.72x10° cells/mL ( 5 S4 ) 2 3,5) ( 3, ,
,Li  (2019) 2015 6
*3 2KGERKERAEE
Tab.3 The sea areas of Synechococcus outbreak in the world
/(10° cells/mL)
1993.8~1997.10 5.0 Phlips  (1999)
2006.7~2007.12 32 Berry  (2015)
2017.7~2018.12 <2.1 Paerl (2020)
1986.1~1986.12 1.7 Kuosa (1991)
2002.9~2007.2 33 Wang  (2011)
Comacchio ¥ ( ) 2001 52.0 Sorokin  (2010)
1999.6~2001.11 3000 Murrell ~ (2004)
2015.6 0.7 Li  (2019)
2014.7 1.0 Xia  (2020)
2013.5 0.7
2015.8 2.9 Yan (2020)
) (>25 °C)
(Wang et al, 2018) Rajaneesh (2015) 21 ,
, ( ) Syn 1.5~5°C ,
27~30 °C s Syn
Syn 26~ ,
32°C ( 4 s (Murrell et al, 2004; Flombaum et al,
, Syn 23.0~26.1 °C 2013)
@8 ), Rajaneesh  (2015) (Eker-Develi et al, 2008; Wang et

Paerl (2009) s

al, 2018; Yan et al, 2020), CHEMTAX
APP
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8 s Syn DIN (Lomas et al, 2000)
APP , , , ,
Syn ; ¢ 35 ,
( 2 5) s s 5 um (Massana, 2011; , 2019)
APP
( , 2018), RDA (Tamm et al,
( 6 , Syn 2018)
DIN/DIP , HPLC ,
( NP ) Syn « 779 Zea
« 3, , (
, )(Mackey et al, 1998) , Zea
R Syn , Syn  APP
( ) R Zea
, (P<0.01) , Syn  APP
, , Syn Zea
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TEMPORAL AND SPATIAL DISTRIBUTION OF AUTOTROPHIC PICOPLANKTON IN
THE ZHUJIANG RIVER ESTUARY BASED ON HPLC PIGMENT METHOD AND FLOW
CYTOMETRY

LI Xiang-Yang', WANG Ya-Zhou', ZHANG Hui-Hui®, WANG Nan?, LIYu', JIANG Tao’

(1. School of Marine Technology and Geomatics, Jiangsu Ocean University, Lianyungang 222005, China; 2. School of Marine, Yantai
University, Yantai 264005, China)

Abstract To explore temporal and spatial distribution of marine autotrophic picoplankton in the Zhujiang (Pearl) River
estuary and its relationship with the environmental factors, HPLC pigment method and flow cytometry were used to
measure picoplankton in the surface water in three cruises during May-November, 2013. Results of flow cytometry showed
that autotrophic picoplankton was mainly composed of Synechococcus and picoeukaryotes. Synechococcus dominated in
the total cell abundance in all the cruises. Chemotaxonomy analysis (CHEMTAX) showed that the structure of autotrophic
picoplankton community had obvious seasonal changes. Synechococcus dominated the total picoplankton biomass in spring
and summer, while prasinophytes did in autumn. Significant correlation was found between CHEMTAX-calculated
Synechococcus-chl a and cell abundance of Synechococcus by flow cytometry during spring (May) and summer (August)
(P<0.01), while was not observed during autumn (November) (P>0.05). Similar results were also found for picoeukaryotes.
Redundancy analysis showed that temperature and nutrient concentration were important factors affecting the distribution
and composition of autotrophic picoplankton community. In addition, salinity, Secchi depth and suspended particulate
matter had certain effects on the distribution of autotrophic picoplankton.

Key words Zhujiang (Pearl) River estuary; autotrophic picoplankton; flow cytometry; Chemotaxonomy;
photosynthetic pigment



