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Data was collected during the MALINA cruise carried out on board the vessel Amundsen between July and August 2009 in the Arctic Sea. Twenty four stations were sampled for nutrient concentrations, biomass, carbon fixation, nitrogen assimilation and nitrogen regeneration. Productivity measurements were always conducted in deck incubators, but in situ incubations were carried out at stations 135, 235 and 345.
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1. Inorganic nutrients 

Nutrient samples for nitrate, nitrite, phosphate and silicate determination, were collected into polyethylene flasks immediately poisoned with mercuric chloride (1µg.ml-1), according to Kirkwood (1992), and stored for subsequent laboratory analysis. Nutrients concentrations were determined in the laboratory on a Technicon AutoAnalyzer® II according to the procedure of Tréguer and LeCorre (1975). Nitrate and nitrite concentrations in the nanomolar range (lower detection limit = 3 nmoles.l-1) were obtained using the sensitive method of Raimbault et al. (1990).
Ammonium concentrations (20 ml collected into 20 ml polycarbonate tubes) were measured on board using the sensitive fluorescent method of Holmes et al. (1999) having a detection limit of 5 nmoles.l-1. 

To ensure the reproducibility of nutrient measurements between analyses, in-house standards were used, which were regularly compared to the commercially available products (OSIL: http://www.osil.co.uk/Products/SeawaterStandards). Precision was also tested, through participation in the European inter-calibration exercise QUASIMEME (http://www.quasimeme.marlab.ac.uk/).

2 Dissolved organic nutrients

Samples for total organic matter determination were collected directly from the Niskin bottles into 50 ml Glass Schott bottles. Samples were immediately acidified with 100µl H2SO4 0.5N and stored for analytical determination in the laboratory. Prior to oxidation, samples were bubbled with a high purity oxygen/nitrogen gas stream for 15 minutes. Persulfate wet-oxidation was used to digest the organic matter in these unfiltered samples, according to Raimbault et al. (1999b). The calibration was made according to the range of the marine content observed. Total organic nitrogen and total organic phosphorus was calculated as total nitrogen and phosphorus minus dissolved inorganic nitrogen (nitrate+nitrite+ammonium) or phosphate measured in the same samples. 
Dissolved organic carbon (DOC), dissolved organic nitrogen (DON) and dissolved organic  phosphorus (DOP)  were calculated  from these total organic fractions by subtracting values of POC, PON and POP obtained from the >GF/F fractions (see above). The analytical accuracy was close to 5, 0.5 and 0.05 µmole.l-1 for DOC, DON and DOP, respectively. Deep Sargasso Sea reference water was used to verify the analytical calibration of DOC (45 µmolesC.l-1 ± 0.5 SE, Hansell Laboratory, Bermuda Biological Station for Research). All reagents and sample blanks were prepared using fresh Millipore Milli-Q plus® water. 
3. Particulate organic nutrients

Samples for particulate organic carbon (POC), particulate organic nitrogen (PON) and particulate organic phosphorus (POP) were filtered onto a Whatman GF/F filter. Between 580 to 1200 ml of sample was filtered, dependant on the quantity of particulate matter in the sample. The filters were then stored in 25 ml Schott glass bottles for subsequent laboratory analysis.  Blank filters were prepared for each set of samples by filtering 100 ml of <0.2 µm seawater. Determination of POC, PON and POP was carried out simultaneously on the same sample using the wet-oxidation procedure according to Raimbault et al. (1999a). 
4. Carbon fixation and nitrogen assimilation

At each sampled station, rates of carbon fixation (primary production), nitrate and ammonium uptake were measured using a dual 13C/15N isotopic technique. 600 ml samples were collected 6 to depths between the surface and 1-0.3% light irradiance/ incidence and poured into acid-cleaned polycarbonate flasks. Bottles were rinsed after use with 10% HCl, then with distilled water from a Milli Q ion exchange unit. Labelled 13C sodium bicarbonate (NaH13CO3 - 6g.250 ml-1 deionized water - 99 at % 13C, EURISOTOP) was added to each bottle in order to obtain ≈ 10% final enrichment (0.5 ml/580 ml-1 sea water). 

Nitrogen 15N-tracer additions, K15NO3 or 15NH4Cl (99% at 15N), were 17 nmoles l-1 for 15N-NO3 and 43 nmoles l-1 for 15N-NH4, respectively, in nutrient impoverished waters. In repleted-nutrient waters, 43 to 100 nmoles l-1 for 15N-NO3 and 86 to 200 nmoles l-1 for 15N-NH4 were added. For nitrogen fixation, 15N2 gas (99 at % 15N, EURISOTOP) was then bubbled into gas tight bottles (2 ml of gas 1200 ml-1 sea water). 
 Incubations were carried out immediately following tracer addition, in on-deck incubator. This consisted of 6-8 opaque boxes, each with a blue light and nickel screen, allowing 50%, 25%, 15%, 8%, 4%, 1% and 0.3% light penetration. The incubator was maintained at sea-surface temperature (close to 0°C) with ice packs. At 4 experimental sites, incubations were simultaneously performed on a drifting rig, samples being then situated at the same depth before collection (see additional works).
After 24 hours, samples were filtered through precombusted (450°C) Whatman GF/F filters (25 mm in diameter, nominal porosity ≈ 0.7µm) using a low vacuum pressure (< 100 mm Hg). These filters were used to determine the final 15N /13C enrichment ratio in the particulate organic matter and the concentrations of particulate carbon and particulate nitrogen. These filters were used to determine the final 15N /13C enrichment ratio in the particulate organic matter and the concentrations of particulate carbon and particulate nitrogen.
The 15N-NH4 filtrates were collected in Duran Schott glass flasks and poisoned with 1 ml HgCl2 (6 g l-1) in order to prevent bacterial activity during storage. These filtrates were used to determine the final 15N-NH4 and 15N-NO3 to determine the rates of ammonium regeneration and of nitrification, respectively.

The dual isotopic enrichment analysis were performed on an Integra-CN mass spectrometer calibrated using glycine references every batch of 10-15 samples. The accuracy of our analytical system was also regularly verified using reference materials from the International Atomic Energy Agency (AIEA, Analytical Quality Control Services). The mean 15N atom% did not vary between 0.2 and 10 µmoles N. Thus, the low background of the system gave an accurate analyse for samples containing low nitrogen concentrations (0.1-0.2 µmole), values often observed in surface oligotrophic waters. The 15N isotope enrichment of a sample is reported in terms of the ratio of 15N atom % excess overtime, over the 15N atom% in non-enriched samples taken from the same phytoplankton population at time zero. The value of time zero enrichment is vital and was determined using samples (same volume as the incubated sample) which were filtered immediately after isotope addition.
The transport rate of 15N-labelled dissolved inorganic nitrogen (DIN), from the DIN pool to the PON pool, i.e., the net DIN uptake (
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 in nmoles l-1 d-1) was computed, according to Dugdale and Wilkerson (1986), from equation (1):
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Where RPON and RDIN represent the 15N atom% excess enrichment in the PON and DIN pools respectively, [PON] represents the final PON concentration and T represents the incubation time(in days). To correct ammonium uptake rates for isotopic dilution, we made RDIN in Eq. (1) equal to the mean value obtained between initial and final RNH4. According to these experimental conditions, the detection limit for nitrogen uptake, calculated from significant enrichment (0.014% in excess) and lowest particulate nitrogen (0.2 µmole N), is estimated from equation (1) to be 0.03 nmol.l-1.d-1 for nitrate and ammonium uptake in nutrient-depleted waters.

Carbon fixation rates were calculated according to Slawyk and Collos (1984), with a time 0 enrichment of 1.085% ± 0.009% (n =15). This time 0 value is little higher than the natural abundance for phytoplankton (1.089), due to residual traces of 13C tracer. Fixation rates for 13C, i.e. primary production, were calculated from the mean of 2 replicates and are expressed in µgC l-1 24h-1. Applying a similar calculation as that for nitrogen, the detection limit is estimated to be 0.35 mg C.m-3.24h-1.
GF/F filtrates from the 15NH4 incubations were used to measure the final 15N enrichment 1) in the ammonium pool and 2) in the nitrate pool, as outlined by Raimbault et al. (1999c). In this procedure, all forms of inorganic nitrogen are removed from the sample as (NH4)2SO4, by successive diffusion and reduction processes. The first diffusion step enables us to quantify the final 15N enrichment of the ammonium pool, and the estimation of the isotope dilution of the tracer due to NH4 regeneration. During the second diffusion, the 15N enrichment of the nitrate pool in the ammonium filtrates enables us to quantify the oxidation of ammonium to nitrate (nitrification). 
Ammonium regeneration rates (rNH4 in nmoles.l-1.d-1) were estimated according to Laws (1984): 
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Where [NH4]I and [NH4]F represent initial and final concentrations of ammonium during the incubation experiment. RoNH4 and RfNH4 are the initial and final excess enrichments in 15N-NH4 for the incubation period. 

Nitrification rates (NIT in nmoles.l-1.d-1) were computed according to Raimbault et al. (1999c):
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Where RNO3 is the 15N atom% excess enrichment in the (NO3- + NO2-) pool, RNH4 is the mean 15N atom% excess enrichment of the NH4+ pool, and [NO3] is the final NO3- concentration in the filtrate.
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Spiked nutrient additions in nutrient-limited waters could stimulate 13C fixation. Thus samples enriched with 15N-N2, which did not significantly change the N2 concentration of the samples, were used as a control for the stimulation of primary production by 15N-tracer additions in oligotrophic waters. The regression coefficient of 1.02 reveals no significant stimulation of primary production by tracer additions, at least over the 24 hours experiments. 
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N°


Symbol
 Unit 


method

Nitrate




30028


NO3

µmoles.l-1

Raimbault et al. (1990)

Nitrite




30029


NO2

µmoles.l-1

Raimbault et al. (1990)

Ammonium



30225


NH4

µmoles.l-1

Homles et al. (1999)

Phosphate



30031


PO4

µmoles.l-1

Tréguer et LeCorre (1975)

Silicate



30033


SiOH4

µmoles.l-1

Tréguer et LeCorre (1975)

Particulate Organic Carbon

30131


POC

µmolesC.l-1

Raimbault et al. (1999b)

Particulate Organic Nitrogen

30134


PON

µmolesN.l-1

Raimbault et al. (1999b)

Particulate Organic Phosphorus
30049


POP

µmolesP.l-1

Raimbault et al. (1999b)

Total Organic Carbon


2517


TOC

µmolesC.l-1

Raimbault et al. (1999a)

Total Organic Nitrogen

2518


TON

µmolesN.l-1

Raimbault et al. (1999a)

Total Organic Phosphorus

2519


TOP

µmolesP.l-1

Raimbault et al. (1999a)

Dissolved Organic Carbon

30147


DOC

µmolesC.l-1

Raimbault et al. (1999a)

Dissolved Organic Nitrogen

30061


DON

µmolesN.l-1

Raimbault et al. (1999a)

Dissolved Organic Phosphorus
30060


DOP

µmolesP.l-1

Raimbault et al. (1999a)
Primary production (C fixation)
2528


Prim Prod
mgC.m-3.24h-1

Raimbault et al. (1999c)
Nitrate assimilation


2521


NO3

nmoles.l-1.24h-1
Raimbault et al. (1999c)

Ammonium assimilation

2527


NH4

nmoles.l-1.24h-1
Raimbault et al. (1999c)

Nitrogen fixation


2467


NO2

nmoles.l-1.24h-1
Garcia et al. 2004
Ammonium regeneration

2466


rNH4

nmoles.l-1.24h-1
Raimbault et al. (1999c)

Nitrate regeneration


2464


rNO3

nmoles.l-1.24h-1
Raimbault et al. (1999c)
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