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georgiou et al, 2007) ,

(PS ) (Schreiber et al, 1995)
(Bolhar-

Nordenkampf et al, 1989)

F/Fy
(Hader, 1998), F./Fy
s 0.65(Kolber et al,
1988),
FJ/Fy (Babin et al, 1996)

(Strzepek et al, 2004;
Jakob et al, 2005; Napoléon et al, 2012)

( , 1992),
( , 2005)
12 1
, 2
( , 2002; , 2005; , 2006;
,2007),

1
1.1
2012 12 12 12 13
; 10 ¢ b,
ULM-500 (Walz, Germany)
Niskin , 50mL
; 1000mL

Logul’s ;
500mL GF/F ,
(-20°C) a
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Fig.1 Sampling stations in the Jiaozhou Bay

1.2

Phyto-PAM(Walz, Effeltrich,
Germany) s Phytowin2.13(Walz)
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) 0.2pm
2mL )

10min, (Measuring
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Radiation) Fo, NPQ=(Fn—Fun')/ Fn'
(Saturation Pulse) Fo, Fy' , Fi
PSII F/Fo=(Fu—Fo)/Fn,
1.3
PAR 1pmol/(s'm?) , 20s 50mL (Hydro-
(Actinic Light) 100pmol/(s'm?) 2000umol/ Bios, Germany) 24h Olympus I1X51
(s'm?), RLC ,
Platt  (1980) 90% 12—24h Turner-Designs-
P=P, (1 _ o WxPAR/E, )efﬁxPAme Model 10 a
P , (ETR); (QuAAtro, Germany)
P 2
(tETRyax); @0 P-1 R
;B . P, o« 2.1
I 12
Dps (aP) (NO3-N)
(NPQ)(Bilger et al, 1990): (NO;-N) (NH;-N) (PO3-P)
Dps  =(Fu'—F)/Fu’ (Si057-Si) a(chl a) ;
qP=(Fu'=F)/(F'=Fo) ) !
R1 RMNZTAEWMESR. XB. EFL. HEEa
Tab.l Measurements of water temperature, salinity, irradiance, nutrients, and chlorophyll a in the bay stations
(°C) (umol/(s-m?)) (umol/L) (umol/L) (umol/L) (umol/L) (umol/L) (mg/m3)a
Al 3.586 30.749 213.5 19.052 2.714 9.45 0.968 9.543 0.59
A2 3.348 29.678 189.7 80.027 6.794 43.01 2.318 26.881 0.69
Bl 4.333 30.816 342.1 11.082 2.084 1.196 0.993 5.827 0.22
Cl 1.141 29.569 262.2 47.406 4.757 2.496 0.7 9.309 0.37
Cc2 8.263 30.795 281.7 11.793 2.018 3.397 0.632 6.016 0.43
C3 4.743 30.428 130.4 44.401 5.065 20.153 1.296 17.85 0.6
D1 8.692 30.795 457.9 11.053 1.854 2.887 0.768 5.77 0.34
D2 8.445 30.81 699.6 12.794 2.29 2.271 0.723 6.76 0.53
D3 8.895 30.839 574.9 8.765 1.736 4.109 0.871 5.17 0.32
D4 9.272 30.86 644.3 6.344 1.186 1.375 0.468 3.98 0.59
2.2 (Nitzschia paradoxa Gmelin)
, C2
R D1 D4 , ,
, 12 s , Al (
) R 2) 12 a
, ( 2 ,A2 Bl Cl1 C3 , 3
, 10x10%cell/m? , Cl 4
, 25.48x10%cell/m?, , 2.3 12
2.3.1 PSII Fy/Fy
(Skeletonema costatum) A2 Bl Cl1 C3 PSII F.J/Fy ,
D2 D3 , A2 0.8, C1 0.59,
50% ; (Asteronella kariana) 0.69 (95
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Tab.2 Species composition of phytoplankton in the Jiaozhou Bay

Skeletonema costatum (Grev.) Cleve
Schroederella delicatula

Paralia sulcata (Ehr.) Cleve
Rhizosolenia delicatula Cleve
Rhizosolenia setigera Brightwell
Biddulpha sinensis Greville

Ditylum brightwelli (West) Grunow

Thalasiosira rotula Meunier

Thalasiosira sp.

Melosira moniliformis

Chaetoceros densus Cleve

C. sp.

Nitzschia paradoxa Gmelin
N. lorenziana Grunow

N. closterium W. Smith

N. sp.

Pseudonitzschia pungens

Coscinodiscus granii

Coscinodiscus sp.

Cyclotella sp.

Asteronella kariana Grunow

Synedra sp.

Diploneis bombus Ehrenberg

Amphiprora alata (Ehr.) Kuetzing

Pinnularia sp.

Pleurosigma sp.

Ceratium fusus (Ehrenberg) Dujardin

Prorocentrum micans Ehrenb

Euglena sp.

Dictyocha fibula Ehrenberg

FEZ (x10%cell/m?)
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Tab.3 The photosynthetic parameters obtained from the rapid
light curves
(@)  tETR o (umol/(s'm?) L (umol/(s-m?)) >
Al 0.26 126.61 478.81
A2 0.33 109.52 327.25 2.3.5 qP qP
Bl 0.2 121.9 609.2
Cl 0.2 108.92 544.6 ’
C2 0.26 132.2 508.46 qP , PSII
C3 0.28 211.4 755 ’ (Kooten et
D1 0.2 113.7 568.5
<gP<
D2 0.26 1146 g al, 1990) 0=<qP<l, C3 D4 1
D3 0.19 101.3 533.16 ( )s qP
D4 0.23 139.6 606.96 , NPQ ,
0.8 A1 0.8
0.6
_ ?
& 0.4
g S
0.2
0.0 ) ) . 0.0
500 1000 1500 2000 0 500 1000 1500 2000 0 500 1000 1500 2000
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Fig.7 The actual photochemical efficiency of PSII in the light
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(Rosenbergl, 1993; Tamigneaux et al, 1999),

F/Fy ,
/ ,
« ”(package effect)(Kiorboe, 1993;
Raven, 1998; Sosik, 2002) F,/F
FJ/Fy
10—20m ,
PS

(Neale et al, 1991; Bergmann et al, 2002;
Bouchard et al, 2005), ,
PSII

(Bracher et al, 2000; Kaiblinger et al,

2007)
20—40m FJFy, 0.65,
FJ/F, Fu/Fy
20%—30%, 40m F,/F, ,
400m 0.1(McMinn et al, 2004)
Metz
FJ/F, (Vaillancourt et
al, 2003) ,
DIN/DIP DSi/DIP F,/Fpy
(Goto et al, 2008), ATP
s PSII
(Lippemeier et al, 2001), F,/F,



476 45

(Fy/Fp 0.65) 0.2, 1500pumol/(s'm?),
(McMinn et al, 2004),
, F/Fy, ( , 2012)
0.61,
(Suzuki et al, 2002) PS , F,/Fpy 0.125, o
FFn , 0.022, 385.1umol/(s'm?),
0.58—0.8, 0.69 ,
DIN 37.4umol/L( ,
), DIP 0.97umol/L, DSi  9.71umol/L, (McMinn et al, 2004)
DIN/DIP 38:1, DSi/DIP 10:1, DSi/DIN ,
0.26 (o) 0.2—0.3 ,
s Redfield ,
2000 DIN ,DIP  DSi , ,
( , I TETR pax
2011)
, PS
( , 2002b),
( , 1999), ,NPQ
R (Schreiber, 2004)
( 700pumol/(s'm?)), 20m , ,
12 ,
NPQ
RLC ( 9 , Opmol/(s'm?)
) 2000pumol/(ssm®) NPQ
, 1000—1500pmol/(s-m®) ,
, rETR
(tETR ax), 1500um01/(s~m2) (Olaizola et al, 1994; Kashino et al,
, , PSII  2002),
(White et al, 1999)
12
(Dugdale et al, 1998)
, (o)
0.2—0.3 , TETR o 100— , ,
150 ; () 537.30umol/(sm*) « / ,
, (Logan et al, 1989),
(Dubinsky et al, 2009), rETR , R

CO, ;
(Figueroa et al, 2003), I R s

>
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PHOTOSYNTHETIC CHARACTERISTICS OF PHYTOPLANKTON IN
WINTER IN THE JIAOZHOU BAY

LI Jun-Lei?, SUN Xiao-Xia!

(1. Jiaozhou Bay Marine Ecosystem Research Station, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract The photosynthetic characteristics of phytoplankton in Chinese offshore was less known because the studies
were few. In this paper , Phyto-PAM (Pulse Amplitude Modulation) was applied to measure F,/F,, (maximum quantum
yield of PSII), RLCs (rapid light curves), qP, and NPQ (photochemical and non-photochemical quenching of
phytoplankton). Phytoplankton community structure, distribution, and abundance, and the environmental parameters were
also investigated to study the in situ photochemical vitality of phytoplankton in December (wintertime) in the Jiaozhou Bay.
Results show that the photochemical vitality and potential of phytoplankton were active during this period; F./Fp,
maintained at about 0.69; most of the light utilization efficiencies (o) were between 0.2 to 0.3. Typical RLCs suggest that
saturated electron transport appeared at PAR of 1000pmol/(s'm®), when PAR rose to 1500umol/(s'm”), rETR (relative
electron transport rate) began to decline, @pg (the actual photochemical efficiency of PS ) reduced to the minimum and
NPQ increased. Excess light energy was dissipated in heat, protecting marine phytoplankton photosynthesis apparatus from
the damage of high intensity irradiation. Though phytoplankton abundance was extremely low in December. Strong
photochemical activity combined with relatively stable hydrological, biological environment, and rich nutrients would lead
to the peak of phytoplankton abundance in February in the Jiaozhou Bay.

Key words Jiaozhou Bay; phytoplankton; community structure; photosynthetic characteristics; nutrient
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