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Estimation of Phytoplankton Productivity Using Chlorophyll Fluorescence

Tetsuichi Fujiki and Toshiro Saino
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ETORBEENOREMNWEE T LD FEHICEHS P TAI LD HELTHA .

Variability in in vivo chlorophyll fluorescence is related to the efficiency of photochemical reaction in photosystem II, and
hence can be used for estimating the photosynthetic rate (primary productivity). The chlorophyll fluorescence technique is useful
because primary productivity can be conveniently and continuously estimated without the need for time-consuming bottle
incubations. In addition, since the instrument for measuring chlorophyll fluorescence can be operated from platform systems such -
as buoys and floats, this technique enables the long-term measurement of primary productivity in the ocean. Here, we describe
the theory underlying the natural fluorescence method and fast repetition rate fluorometry, which have frequently been used to

estimate in situ primary productivity. The utilization of these methods is expected to facilitate significant progress in our

understanding of the spatial and temporal variability in primary productivity in the ocean.
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Fig.1 Simplified diagram of photosystems. PS: photosystem, Q,: the first electron acceptor, Q, : the
second electron acceptor, PQ : plastoguinone, bs/f : cytochrome be/f, PC : plastocyanin.
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Fi(2)=4rn-[kear (z)+a (2)]- Lu (2) (1)

Z T, An EBAMTER (str), kear (2) 13 9% F400—700 nm
DHA AR RS PAR ODTEHERE (m™), a(z)idkE
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5., £72, a(@)d, BAREILOHLER TH 5683 nm
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(683, Z)m HIZE L,

a (683) = aw (683) + a» (683)+aq (683)+ay (683) (2)
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NIEE63nm IZBIFAK, W77 7 v, BEY
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Smith and Baker (1981)%|Z & o THIE &#1720.46 m™!
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—EH (0.52m™) & LTHRET A LHFHERE. L
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i, B THLUIETRDLZ EDHFES,
E (z)=E (0)-exp(—krar-2z) (3)
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quantam™2s7!) TH 5. an(683) Laa(683)1x, 7 7 A
77 A N=T 4 ) —% F\7z QFT ¥ [quantitative filter
technique] (Sosik, 1999'%) THlEHH 5.

Fh, HREKT 5 v 2 AFR(2)ix, #7527 b
YR L 72 & Fa(z)mol quanta m™3 s™ & D E
FYLE $¢(z) mol quanta fluoresced (mol quanta absorbed) ~!
DL LTHREND (K4).

Fa(z) $:(z) (4)
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D ETINE be (z)mol C mol quanta™'DFEE L THET
MRS (X5).

Fi(z)=

Pe(z)= Fu(z) ¢ (2) (5)
#oT, WREGCHIRATE L, O)XPESNS.
P(z)= ¢c(2)1¢:(2) Fi (2) (6)
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(g)itﬁ‘f? bilh.
Pe(2) = (¢e/ds) oy et/ [ et + E (2)]- Fi(2) (8)
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Westberry

BX7 7y Y afiEENE (FRRIE)

1990FEAR I K E D Z. Kolber 512 L » THRE I N7
FRR % (Kolber et al., 1998%2) &, W75 > 7 b v 1C
POtz @i A3 % & & T Kautsky 87 % (Kautsky and
Hirsh, 1931%) LIHENL 7007 1 VKO FHEH L
RBHEES (Fig.3). o2 0n 7 4 Lo
i, IR L7200 f L F -0 TR EERIBICFE &S h
LEGICHERL, R, B HEROBIRELIIGOIR
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Fig.3 Representative fluorescence transients in the dark (a) and
under ambient light (b), measured with the FRR
fluorometer (FAST%2 Chelsea Instruments Ltd.).
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%683 nm {35 O AEINFE (PILO®R S 12 2 IO
M) oMb ES S (BfEiR). JoBETHL
BT AL, QUEERLLEIAT, BEXINTZD0D
EEPREIHT 20, FRPERIIRA TN 5. &
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# % (Falkowski et al., 19862 ; Kolber ef al., 1988%).

QP EAICE LRI 2 ) R ROESPEFFE LN
#%, [6 U B3k 250100 ps @ g T2058 13 & 8 fi 4T
L, QBRI 2BEIEORL CMET 5 (%
MEFR). Co—EOTatA%, WMHTT o LU
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\&, Suggett ef al. (2003%,2005%) %3\, FmEdpE))
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22T, ovsn IFHEMTHE SR T OFERE
WX FE (A% quanta '), Fo/FYIZHS&METoO R LS
R OR=ERE (dimensionless) T, RAOTEINS,

Fq’/Fv/:(Fm/’“F/)/(Fm,_FO/) (10)

ZIT, BTG RA—F— 20w Ti}, Fig. 3% 8L T
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WTRD A Z L2 H K S (Oxborough and  Baker,
1997%9),
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