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INTRODUCTION

Coastal waters undergo considerable changes in 
environmental conditions due to shallow 
topography, physical processes and human 
interferences viz., anthropogenic input and 
aquaculture practices. Evaluation of primary 

production of considerable variability in such an 
environment is a major challenge. The 
conventional bottle incubation is time consuming 
and laborious thus limiting spatio-temporal 
coverage. Bio-optical approaches such as active 
fluorescence (by PAM1 -3 and FRRF-fast repetition 
rate fluorometry4,5) and natural fluorescence 

(passive fluorescence) are recent alternate 
techniques adopted to determine the primary 

production. These approaches enable rapid and 
continuous measuremnt. However, 

quantification of various bio-optical parameters is 
needed. Among them, the non-photochemical 

quenching (NPQ) of in vivo fluorescence is 
important. PAM allows the quantification of the 
photochemical efficiency of photosystem H and 
relative electron flow rates6. We used PAM to 
evaluate the seasonal variations in NPQ and 
maximum quantum yield to determine the 

primary production in Otsuchi Bay, a subarctic ria 
in the northeastern Japan.

MATERIALS AND METHODS

Samples were collected during spring (17 to 29 

May 2000), summer (4 Jul to 4 Aug 2000) and 

winter (19 Feb to 9 Mar 2001). Six stations 

were selected in Otsuchi Bay, five located in the 

inner bay and one at the bay mouth . 

Photosynthetic rate (PB) was obtained from the P

E curves using 14C uptake measurements7 at 21 

light intensities up to 2500 ƒÊmol M-2 s-1. Light 

absorption co-efficient of phytoplankton (a*) was

 estimated by the quantitative filter technique 

(QFT)8. PAM measurements were made using 
the fluorometer (OS5-FL and AMF, Opti Science, 
UK) after dark adaptation of the samples for 15 
minutes. Ancillary data on water temperature, 
salinity and irradiance were monitored 
continuously in the central part of the bay.

RESULTS

NPQ obtained after dark adaptation of the 
samples varied considerably between 0 and 0.34 
during spring. In summer and winter, the NPQ 
was less variable in a narrow range of 0 and 0.2. 
ETR, electron transport rate calculated from NPQ 
and a* was between 0.5 and 3 µmol electrons 

(mgChl a)-1 s-1 with relatively higher values 
during the diatom dominated spring and winter 
seasons.

Fig. 1. Relationship between Ymax and irradiance

Maximum quantum yield (Ymax) showed a 
significant negative correlation (P<0.001) with 
mean irradiance of past five days, indicating 

photo-acclimation of Y, (Fig. 1). ETR
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showed significant correlation with PB (Fig. 2). 
The good correlation found at both 1 and 7.5-m 
depths in winter and spring and at a 7.5-m depth 
in summer shows PB is estimated from ETR. 
However, surface population in summer showed 

poor correlation, although the correlation is 
significant (p<0.001). The correlation of each 
obaservation was good, but the slope was highly 
variable between days.

Fig. 2. Relationship between relative ETR and 

photosynthetic rate (PB)

DISCUSSION

To date, only a few studies have used PAM for 
the estimation of photochemical efficiency of 
natural and cultured phytoplankton1"3. We 
applied this technique for quick and efficient 
evaluation of primary productivity in Otsuchi Bay 
for evaluation of the carrying capacity of which 
depends on the magnitude of primary production 
and material cycling9. From the present study, it 
was possible to predict the variations in Y from 
mean solar irradiance based on the relationship 
obtained between these two parameters. The 

photoacclimation of Ymax we observed was in 
accordance with that reported for the coral 

photosymbionts10. Higher variations in NPQ 
during spring coincided with the variations in

phytoplankton biomass (in terms of chlorophyll 
a). This parameter could thus be used as a vital 
signal to determine the primary production in 
coastal waters. For robust interpretation of ETR 
as an indication of P$ further inverstigation is 
needed for the observed variations in the 
relationship between ETR and PB in the surface 

populations in summer.
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