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Abstract

Abstract

In the marine ecosystem, the phytoplankton photosynthesis in the sunlit layer
drive the transmission of substance and energy in the ecosystem. The photosynthesis
of phytoplankton play a critical role in global carbon cycles and regulating the earth’s
climate. Size structure is an important biological feature of the phytoplankton. The
study of size structure and photosynthetic physiology of phytoplankton contribute to
the further analysis of the structure and function of marine ecosystem. In this study,
size-fractionated (>2 um and <2 pm) photosynthesis-irradiance experiments coupling
temperature, irradiance, phytoplankton community structure were conducted in the
temperate monsoon-driven Taiwan straits during November 2015, March-April 2016,
July 2016 and August 2016, respectively. Our study explored the seasonal variability
and control on size-dependent photosynthetic parameters of phytoplankton in the
temperate monsoon-driven Taiwan Strait. The main results were:

(1) The depth-integrated primary production in the euphotic layer ranged from
242.7 ~ 1174.1 mg C m2d? in autumn, 171.4 ~ 1000.0 mg C m d! in spring and
129.3 ~ 4328.3 mg C m2 d* in summer, respectively. The depth-integrated primary
production showed positive correlation with the euphotic layer depth-integrated Chl a
(p <0.001). Moreover, the depth-integrated primary production was significantly
correlated with the contribution of >2 um phytoplankton biomass to total biomass (p
<0.001). The size-dependent euphotic layer depth-integrated Chl a and primary
production revealed obviously seasonal variation in the Taiwan Strait. The >2 pum size
phytoplankton contributed mostly of depth-integrated Chl a and primary production
during autumn, the contribution of <2 um size phytoplankton increased during spring,
moreover, <2 um size phytoplankton contributed most of biomass and primary
production except the coastal stations which influenced by physical process during
summer.

(2) The phytoplankton assimilation numbers were significantly correlation with
the phytoplankton size structure, assimilation numbers were positive correlated to >2
um phytoplankton contribution to total biomass in summer (p <0.01), whereas showed
negative relationship in spring (p <0.05). P2 and a showed the highest value during

autumn cruise, which might associated to the lowest irradiance during autumn and
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Abstract

low-light acclimation accelerating the phytoplankton photosynthetic pigment
synthesis and enzymatic reactants (ATP, NADPH). In addition, the P2 and a® were
similar in size during autumn, which might correspond to the constrain to PSI and
PSII in both size phytoplankton. P2 and a of pico-phytoplankton were greater than
large phytoplankton during spring, which might in related to the package effect that <
2 um phytoplankton own the higher light absorption coefficient. However, The P2
of > 2 um phytoplankton sustained higher than pico-phytoplankton and a was similar
in size in summer, suggesting the absorption of irradiance might not the effect that
constrain the photosynthesis and the higher P2 might associated to the higher PSII
efficiency or the higher nutrient storage ability of >2 um phytoplankton. The Ex of >2
um phytoplankton was significantly greater than the pico-phytoplankton, which may
indicate that causing the package effect, the pico-phytoplankton have lower irradiance
requirements than large size class phytoplankton to saturate photosynthesis. In
addition, the APP index increased with the irradiance, and Ek showed positive
correlation to the APP index. In autumn cruise, the P2 and o demonstrated no
significantly discrepancy in optical depth, whereas both size of P% and « was
decreased with optical depth increased in spring and summer (P2: p <0.05, a: p <0.05,
Spring; P2:p <0.001, a: p <0.001, Summer, Mutil-ANOVA Analysis), suggesting the
distinct photoacclimation mechanism in mixing water and stratification water.

(3) The variation of P and o in related to temperature and irradiance
demonstrated distinct tendency. The leas clear variation of « in relate to temperature,
indicating that « represent the photochemical process and not direct influenced by
temperature. In addition, a revealed size-related difference variation with irradiance,
which might associated with the variation with phytoplankton pigments. Temperature
or irradiance might be a good indicator of phytoplankton photosynthetic performance
in Taiwan Strait. The P2 and o of >2 um phytoplankton showed no significantly
correlation with diatom to total Chl a rate in eutrophic autumn, spring and summer
stations in our results, however, The P2 and a of <2 um size class in oligotrophic
summer stations were significantly negatively correlated with the concentration of
prochlorococcus to total Chl a (P2: p <0.05, a: p <0.05), suggesting the
phytoplankton community structure might be an important control on the

phytoplankton photosynthetic performance in Taiwan Strait.
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Key Words: P-E curve; Primary production, Photosynthetic parameters,
Phytoplankton size-related structure; Taiwan Strait.
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2H:0" + i Sy AH" + 4e + O2° (1.2)
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JeE AR RIS SN FE N -
CO2 + 4H" + 4e RUBISCO L CH,0 + H20 (1.4)

SR G SR I S [ R, 6 S SR BRI [ B B iR iR (ATP)
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TG SBE ™ AR f1) ADP AT Pi A0l S N i ATP 44 Rk
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3 1%H3k b EIREY R, ATTER T ARk — (K250 Pg Cat) MBIk
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Fig. 1.1 Global annual NPP (g C m™ a?) calculated from the VGPM model
(Field et al., 1998)
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LG 45 K S o I REL ARV T B AR A SRR AL, VR AL RL R 5 R AT ) 3
PR RS RO R SE KA D fie BT BB ) o FE VAT RRLADRE R 250 1) R 7 e
b, JEH PL>20 pm /N ANFFIEY) (microphytoplankton), DL 2 ~ 20 um A
FEUETEY) (nanophytoplankton), V<2 pm NS I#TEY) (picophytoplankton)
(Sieburth et al., 1978). J34t, VU AR ZE ) 5 1 e A D FoE 9 1) SIS A AL R
DIFRDS, TR SR RN R R R, T R~ e s, BIEFLAR
W Vo7 UiFE R P S AL RS A B 3 i AL A L AR 25 DR /DN x5 A FH 3 28 A AR K G i
FEIZ ) ik A o e R S AT ' A AR 8, T 0 88 ) B, AT 6 6 1 FH T R
K (Marafn, 2015) ( 1.2).

SR R YOG S E R EE R R —, SRR YOS 1E
FULE A KT 6 B2 AE (Richardson et al., 1983). FIFAEPIXT Y&
HIMRIS RE ) 53T BRI 5%, FT 000N 2 4R 40 i N C 3R A1 ) 2 B 54 S B O
RE VI BRAG, Hoom s 5P RIRIgOR N 20K (Bricaud et al., 1995), [t
FHBCT KRLR R AR, /KL A0 T 6 BRI RS 3 B
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Fig. 1.2 The relationship between phytoplankton size and cell-specific
photosynthetic rate, the resulting linear fits is y = 0.87x — 1.86 (r? =0.96, n=20,
p<0.001) (Mararin, 2015)
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Table 1.1 General ecological and biogeochemical properties of phytoplankton in

different size class (Mararfn, 2009)
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