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(Olson et al, 1990)
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1.2
-80 °C , ,
(BD FACSVantage SE, Becton
(Synechococcus, SYN)
(Picoeukaryotes, PEUK),
(Prochlorococcus, PRO),

Dickinson, USA)

SYN PEUK 2 mL
s 2 um (Polysciences)
, 3min SYN PEUK ,
(FSC)
(SSC) FSC-SSC (FL2)
(FL3) FL2-FL3
SYN  PEUK(Zhao et al, 2016)
1.3
CTD(AAQ
1183-1F) , a

(GB12763.6-91)( , 1991)
, Turner Designs Model 7200
(NO;, NO,, NHj, PO; , SiO; )
QuAAtro-SFA Analyzer (Bran-Lubbe Co., Germany)
(Yin et al, 2013)

(DIN) (NO;, NO,, NHZ)
a
CTD (SEB19-CTD) , a Turner 11
( , 2011),
14
CellQuest (Version 3.3, Becton Dickinson)
R SYN PEUK
(SYN PEUK 250 fg Clcell
1 500 fg C/cell) (Zubkov et al, 1998)
a R 50
(Krempin et al, 1981)

1.5
- (Kruskal-Wallis)

U (Mann-Whitney U Test)

(Spearman correlation)

log(x+1)
Origin Pro 2015
SPSS 23.0
- U
2
2.1 a
2.55~23.53 °C  1.85~
26.40 °C ,
( 2a, 1)
30.54~32.27  28.52~31.69,
( 2b, 1)
a 5
( 2, 1 DIN  PO;
: DIN PO}
) (  2d,2e, 1)
( 2f 1)
U
PO} (P<0.01,
1); DIN (P<0.01,
1);
(P>0.05, 1)
2.2
SYN 0.05x10°~120x10°
cells/mL , (11.82+7.35) x10° cells/mL
(n=130)( 3a, 2) SYN ,
(Kruskal-Wallis, P<0.01, 2)
> > > ( 3b)
SYN 0.02x10°~61.8x10° cells/mL ,
(4.0822.39)x10° cells/mL (n=142) (  3a,
2) SYN ,

(Kruskal-Wallis, P<0.01, 2)
> > > ( 3b)
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Fig.2 Seasonal comparison of environmental parameters and related biological factors in Zhangzi Island Area and Jiaozhou Bay
ra: ;b ;ce a ;d: (DIN) ;e (PO?{ )  f
F1 EFLEEMRMNTEOFECEFRBXEYEFHE
Tab.l Environmental parameters and related biological factors in four seasons of Zhangzi Island Area and Jiaozhou Bay
/C) 3.88+0.57 19.91+1.41 16.61+0.24 5.23+1.04 12.7340.92
8.82+1.27 22.78+1.05 20.83+1.20 4.26+1.05 14.21+1.24
32.10+0.19 30.88+0.47 31.62+0.09 32.17+0.14 31.53+0.26
31.55+0.22 31.01+£0.33 29.98+0.87 31.41+£0.34 30.97+0.50
a 0.36+0.25 0.83+0.73 0.60+0.33 0.26+0.11 0.67+0.48
(ng/L) 0.45+0.66 1.06+0.92 0.73£0.52 0.440.28 0.69+0.70
DIN 1.3240.67 2.88+1.39 4.89+1.17 7.26+1.24 4.05+1.15
/(umol/L) 12.65+8.31 6.44+5.19 14.05+14.98 10.27+11.5 10.85+9.99
POi’ 0.21+0.05 0.19+0.04 0.49+0.06 0.59+0.10 0.37+0.08
/(pmol/L) 0.38+0.31 0.17+0.09 0.25+0.14 0.32+0.14 0.26+0.22
281.26£191.20 442.56+423.82 26.94+16.04 84.69+40.40 214.92+429.80
/(ind./L) 99.57+23.37 18.23+32.3 12.51£6.37 100.51+63.78 82.7£118.96
PEUK 0.01x10°~ (Kruskal-Wallis, P<0.01, 2)
18.76x10° cells/mL , (3.33+1.68) x10° > > ( 3d)
cells/mL(n=130) ( 3c, 2) PEUK ,
, (Kruskal-Wallis, P<0.01, SYN (Mann-Whitney U Test,
2) > > > ( P<0.01), SYN ( 2y
3d) PEUK 0.25x10°~95.57x10° PEUK (Mann-Whitney
cells/mL , (5.1£4.43)x 10° cells/mL U Test, P>0.05, 2)

(n=142) (3,

2) PEUK
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Fig.3 Monthly and seasonal variation in picophytoplankton abundance in Zhangzi Island Area and Jiaozhou Bay
s a: ;b ;ce ;d: ; SYN: ; PEUK:
R PEUK SYN,
S SYN ; s SYN
PEUK  ( 4) ( 5b)
2.3
(7.95+4.03) ng C/L,
SYN PEUK (8.67£6.9) ug C/L ( 2)
> , 5
0.16~22.87 ng C/L , ( (Mann-Whitney
5a), SYN PEUK 43.52% U Test, P>0.05,
56.48%, PEUK s PEUK
( 5b) ,
SYN > > 39.01%, s
> , PEUK SYN s 54%, S 10%;
> > > 39.44%,
0.72~30.61 pg C/L , , 67%, . 26.15%(  5c)
( 5a), SYN PEUK 2.4
0.34% 99.66%, PEUK PEUK

, SYN
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Fig.4 Seasonal variation in composition of picophytoplankton abundance in Zhangzi Island Area and Jiaozhou Bay
Fz2 BETFHEBEHMRMNEIONEMMEZHRENEE. £
Tab.2 Abundance and biomass of picophytoplankton in four seasons of Zhangzi Island Area and Jiaozhou Bay
SYN / 0.28+0.15 15.5+6.6 27.28+11.26 3.98+1.28 11.82+7.35
(x10° cells/mL) 0.160.07 10.4+4.7 4.78+2.14 0.87+0.56 4.08+2.39
PEUK / 0.34+0.1 5.13+1.6 4.44+1.72 2.13+0.31 3.33+1.68
(x10° cells/mL) 8.749.2 5.1042.3 4.872+4.03 2.56+0.45 5.1+4.43
SYN / 0.07+0.06 3.44+2.02 5.71+3.79 0.98+0.41 2.95+1.84
(ng C/L) 0.04+0.03 2.59+1.4 1.2240.8 0.23£0.15 1.0240.6
PEUK / 0.51£0.23 6.33+2.36 7.41£5.19 3.84+1.08 4.99+2.53
(ng C/L) 12.02+14.93 7.66+4.33 7.7246.57 3.240.73 7.65+6.64
PICO / 0.58+0.24 9.77+4.15 13.1148.26 4.82+41.33 7.95+4.03
(ng C/L) 12.06+14.93 10.2+5.37 8.94+6.53 0.78+1.41 8.67+6.9
SYN: ; PEUK: ; PICO:
| | |
a
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Fig.5 Seasonal variation in composition of picophytoplankton biomass in Zhangzi Island Area and Jiaozhou Bay
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Tab.3 Spearman correlation analysis of picophytoplankton abundance and physicochemical factors

T S DIN PO}
SYN 0.686** ~0.340%* 0.177* 0.188* ~0.278%*
PEUK 0.439%* —469%* 0.189* ~0.252%*
SYN 0.765%* ~0.569%* -0.172%
PEUK 0.449%*
:SYN: ; PEUK: ;T ;S ; DIN: ; POY : R
SYN R R s
; PEUK ,
( 3 ( , 2019),
3
3.1 ,
, (
,2009)
> 3.2
) SYN
(Yin et al, , ( , 2005;
2013) (2012) , 2012) (Zhao et al, 2016; ,
(DIN  PO}) 2018; ,2020) ( ,2017)
, (Shimada et al, 1995; Katano et al, 2005;
Kamiyama et al, 2009) (Calvo-Diaz et
, al, 2006) SYN
, < < < SYN
, , ( : R=0.686, P<0.01;
, , ( . R=0.765, P<0.01)( 3) ,
2012), SYN S SYN
9 ,
, , SYN
R ( R (Agawin et al, 1998; Bec et al, 2005; Fu et al, 2007)
1995) DIN  PO; , SYN
( : R=-0.340, P<0.01;
R=-0.569, P<0.01)( 3), SYN DIN PO;
SYN

, DIN PO; , SYN ,
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SYN :
PEUK
PEUK 34
> > > , SYN
PEUK
> > > , s SYN s
PEUK ( PEUK , PEUK
R=0.439, P<0.01; : R=0.449, P<0.01) (  3)
PEUK 39.01%+25.3%, ,
, 54%, ;
PEUK , 39.44%+35.57%,
PEUK i , 67%,
PEUK
PEUK , , (Bec et al, 2005,
, Calvo-Diaz et al, 2006)
PEUK , : 30%; :
40%
, PEUK (Katano et al, )
2005) PO; ;
,DIN , PEUK 80% (Li et al, 1983),
60%~80% (Platt et al, 1983), ,
3.3 30% (Modigh et al,
1996) , ,
, 1.84%~8.91%,
, SYN : 5.32%, (
,  PEUK ( 4 SYN ,2012) , PEUK
PEUK R SYN , 21.46%~27.74% ,
PEUK , 6.39%; SYN R 6.82%,
, SYN , 1.5% (Zhao et al, 2016)
, SYN , 7~9
, SYN , 54%,
SYN 67%,
( 2d,2e, 1)
. SYN ’ Bt AR FRT HifRELRAEFET K&

(Agawin et al, 2000)
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COMPARISON IN SEASONAL VARIATION OF SURFACE PICOPHYTOPLANKTON
ABUNDANCE AND BIOMASS IN THE ZHANGZI ISLAND AREA AND THE JIAOZHOU
BAY

LI Su-Heng" %3, DONG Yi"** ~ZHAO Yuan"** ~SUN Xiao-Xia"**° ~ZHANG Guang-Tao>*>,
ZHAO Li"**,  ZHANG Wu-Chang"** ~ XIAO Tian"**

(1. CAS Key Laboratory of Marine Ecology and Environmental Sciences, Institute of Oceanology, Chinese Academy of Sciences,
Qingdao 266071, China; 2. Laboratory for Marine Ecology and Environmental Science, Pilot National Laboratory for Marine Science
and Technology (Qingdao), Qingdao 266237, China; 3. University of Chinese Academy of Sciences, Beijing 100049, China; 4. Center for
Ocean Mega-Science, Chinese Academy of Sciences, Qingdao 266071, China; 5. Jiaozhou Bay Marine Ecosystem Research Station,
Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China)

Abstract To understand the seasonal variation of picophytoplankton in the Yellow Sea, monthly investigations were
conducted in the Zhangzi Island area from July 2009 to June 2010 and in the Jiaozhou Bay from January to December 2010.
Synechococcus and picoeukaryotes were discriminated in flow cytometry, whereas Prochlorococcus was not detected in
this study. In the Zhangzi Island area, the abundance of Synechococcus ranged from 0.05x10° to 120x10° cells/mL, and
maximum abundance occurred in autumn. The abundances of picoeukaryotes ranged from 0.01x10° to 18.76x10° cells/mL,
and the maximum abundance occurred in autumn. In the Jiaozhou Bay, the abundance of Synechococcus ranged from
0.02x10° to 61.8x10° cells/mL and picoeukaryotes ranged from 0.25x10° to 95.57x10° cells/mL, with maximum
abundances in summer and spring, respectively. Around the Zhangzi Island area, picophytoplankton was dominated by
mainly Synechococcus abundance, whereas in the Jiaozhou Bay, it was dominated by picoecukaryotes abundances.
Picoeukaryotes were the major contributors to picophytoplankton biomass compared to Synechococcus in both areas.
Statistical analysis showed that Synechococcus was mainly affected by temperature in the two areas. Around the Zhangzi
Island area, picoeukaryotes were mainly regulated by temperature, while in the Jiaozhou Bay, picoeukaryotes were mainly
affected by temperature and nutrients. In this study, the contribution of picophytoplankton to phytoplankton biomass was
significantly higher than those in other temperate coastal areas, indicating the importance of picophytoplankton in the
Zhangzi Island area and the Jiaozhou Bay.

Key words Synechococcus; Picoeukaryotes; seasonal comparison; regional comparison; Zhangzi Island Area;
Jiaozhou Bay



