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Overview of Project:

The objective of this project was to determine photosynthetic parameters (Pmax, alpha, beta) using a small-bottle, short-time 14C incubation method to allow modelling of primary production.  The original plan was to contrast the effects of high and low iron waters on primary production, photosynthetic parameters, and potential limitation of phytoplankton growth by one or more nutrients.  The low iron found throughout the site meant that the iron contrast could not be done.

Sampling strategy

Samples were taken at the Stock stations along the three transects to obtain photosynthetic parameters and primary production rates on the Kerguelen Plateau and the nearby open ocean zone.  A minimum of five, but usually 7 depths were sampled between the surface and 125m to obtain the photosynthetic parameters with depth.  Incubations were done at the stock CTD casts at the repeat sites (A3 and C11) to examine the variation in parameters during the bloom.  
Data description


Parameters and methodology


We obtain water-column, gross-production estimates by measuring photosynthetic parameters using a small-bottle, short-time 14C incubation method [Griffiths (in prep); Griffiths et al (1999)].  Up to 7 depths (typically 5 in the mixed layer, and two depths below the mixed layer) between the surface and 125m were sampled from niskins on the CTD.  The samples were incubated in liquid scintillation vials at 21 different light intensities in a photosynthetron (range from zero to ~500 micromoles sec-1 with at least 9 intensities below 100 (mol m -2 s-1) for one hour, and then unfixed 14C was removed by acidification of the samples and shaking for 2-3 hours. The photosynthetron is described in Mackey et al., (1995, 1997). The samples had Aquassure liquid scintillation fluid added, and were counted in a liquid scintillation counter.  Time zero blanks were subtracted from the results.  The data was examined for obvious outliers, which were removed.  Curves were fitted using a non-linear regression technique to fit the models of Platt et al., (1980) in the statistics package Systat.  If the standard error of the estimates was greater than 30% (40% where photoinhibition was present) the data were examined for outliers and these points removed.  The curve fitting routine was then run again.  If the standard errors could not be reduced to these limits, the depth was not included in the results.  Some deep samples were rejected due to erratic carbon uptake, usually coinciding with very low chlorophyll-a concentrations. 


The parameters resulting from non-linear curve fitting of the P vs E data are:

	Parameter
	Units

	Pmax (maximum rate of carbon uptake)
	mg Carbon [mg Chlorophyll-a]-1 hr-1.  

	Alpha (initial slope of the P vs E curve)
	mg Carbon [mg Chlorophyll-a]-1 hr-1 [Irradiance]-1.

	Beta (estimate of photoinhibition parameter)
	mg Carbon [mg Chlorophyll-a]-1 hr-1 [Irradiance]-1.

	Intercept (non-zero curve fitting).
	mg Carbon [mg Chlorophyll-a]-1 hr-1.


The gross, daily integrated water-column production at 1 m intervals to 125m will be estimated using a simple model incorporating the photosynthetic parameters (alpha, 
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 beta), attenuation coefficients, fluorescence profiles (converted to chlorophyll-a profiles) and surface irradiance. The fluorescence profiles were be converted to chlorophyll-a profiles using a regression between fluorescence when the niskins bottle closed, and the corresponding chlorophyll-a from that niskin bottle on a CTD cast by CTD cast basis.  During production modelling, the photosynthetic parameters were linearly interpolated between sampling depths. Depth-integrated production was calculated in two ranges: from the surface to the upper boundary of the mixed layer and from the upped boundary of the deep chlorophyll maximum to 125m including.  The gross production estimates does not include the intercept, and make no allowance for respiration.  Vertically integrated daily production was calculated using the climatological average PAR following Bishop and Rossow (1991) and data available since on the SeaWiFs website, and PAR measured during the cruise.  For the climatological PAR, surface irradiance as function of time of day was calculated for clear-sky irradiance following Kirk (1983), and the effects of cloud cover were incorporated by adjusting the theoretical clear-sky irradiance to match the monthly mean irradiance estimates for the station latitude and longitude produced by Bishop and Rossow (1991).  Photosynthetically active radiation (PAR) was calculated as 50% of the surface irradiance. 

The second PAR data set used was daily PAR, averaged in 15 minute time periods, measured on board the Marion Dufresne using a combination of the Alec PAR sensor of Brian Griffiths, and the downwelling irradiance measured with the TriOS optical sensor of Merijn Sligting.  There were separate problems with each data set, but they were blended together to give PAR at 15 minute intervals during each day. 
Data file description

Five data files are attached.


The file named “Chlorophyll profiles used for P vs E production modelling.xls contains the fluorescence profiles converted to chlorophyll-a equivalents as described above.  The number in the first column and first row is the number of stations in the data set.  The remaining values in the first row (A03_7, A11_10, etc) give the site the sample was taken at (A03) and the CTD station the samples came from (7). Depth is given in 1 metre steps in the first column, second row to row 127.  The chlorophyll-a equivalents are given in the remaining columns. 


The P vs E parameters are given in the file called “PvsE parmeters plus standard errors with HPLC chlorophylls.xls”  The standard errors in this file are the standard errors from the curve fitting process, not from repeated measurements at the same depth.  There were two depths (Station A03, CTD 7) where the photosynthetic parameters Pmax and alpha were judged too large to be physiologically sensible, and these were not included in the daily production calculation.  


The third data set (called “Composite TriOS radiometer and Alec sensor combined 15 minute PAR for modelling.xls”) gives the daily shipboard PAR that was used in the production estimate. 


The fourth data set is the modelled primary production using the shipboard PAR and the other files described above.  The file is called “Keops daily primary production using shipboard PAR and mixed layer depth.xls”. The column headings are mainly self-explanatory.  The Assimilation numbers are a measure of photosynthetic efficiency, and are calculated by dividing the gross production by the chlorophyll-a over the same depth interval.


The fifth data set is the modelled primary production using the Climatological PAR calculated as described above. The file is called “Keops daily primary production using Climatological PAR and mixed layer depth.xls”.  The “Cloud Cover” column gives the percentage clear sky used in the calculation of primary production at each station for the months of January or February.  


The modelled primary production table in the two primary production files has the column headings and units shown in Table 1.  People wishing to express the daily primary production in mM C should divide the production numbers by 12.
Table 1.
	Parameter
	Units

	Mixed_layer_depth
	metres

	Maximum_depth production integrated to
	metres

	Cloud_cover
	Percent clear sky

	PAR
	Moles PAR day-1

	Chl_in_ml
	Chlorophyll-a, mg m-2

	Chl_below_mixed layer
	Chlorophyll-a, mg m-2

	Chl_below_mixed layer
	Chlorophyll-a, mg m-2

	Column_chlorophyll
	Chlorophyll-a, mg m-2

	Gross_production_in_ml
	Mg Carbon m-2 d-1

	Gross_production_below_ml
	Mg Carbon m-2 d-1

	Column_gross_production
	Mg Carbon m-2 d-1

	Column_Assimilation_number
	Mg Carbon/ Mg Chlorophyll-a 

	Mixed_Layer_Assimilation_number 
	Mg Carbon/ Mg Chlorophyll-a 

	Below_mixed_layer_Assimilation_number
	Mg Carbon/ Mg Chlorophyll-a 
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