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S1.  Nitrite interference on the combined Nitrite+Nitrate isotopic measurement 
This study reports measurements of δ15N and δ18O of the combined pool of NO3-+NO2- and interprets the seasonal decoupling between N and O isotopes in the mixed layer as a significant input of nitrate by nitrification (i.e., early spring Δ(15-18) minus late summer Δ(15-18) = 0.53  0.30 ‰). We assume a negligible bias induced by the small and invariant NO2- contribution to the NO3-+NO2- pool (1.2 ± 0.5 %). In the discussion, the NO3-+NO2- δ15N and δ18O values are taken to reflect the NO3- δ15N and δ18O values. However, several recent studies highlighted that the inclusion of NO2- in measurements of the isotopic composition of NO3-+NO2- can have a significant impact on the results even if nitrite is present at extremely low levels [Rafter et al., 2013; Fawcett et al., 2015; Smart et al., 2015]. The sensitivity differs in regard of N and O isotopes and can, therefore, have an impact in the assessment of the decoupling between N and O isotopes as follows:
- O isotopes: During the reduction of NO3- and NO2- to N2O in the denitrifier method, O atoms can be transferred to the subsequent nitrogen oxide pool (ultimately to N2O) or lost as water with an isotopic fractionation [Casciotti et al., 2002]. For NO3-, this effect is corrected with a calibration curve based on analyses of NO3- isotopic reference materials [Casciotti et al., 2002]. Because NO2- reduction to N2O represents a smaller fractional loss of oxygen atoms than NO3-, the N2O generated from NO2- by the denitrifier method is 25 ‰ lower in δ18O than N2O generated from NO3- with the same initial δ18O [Casciotti et al., 2007; Smart et al., 2015]. For the given NO2- contribution to the NO3-+NO2- pool (1.2 ± 0.5 %), this methodological bias is the same for both early spring and late summer samples (underestimation of NO3- δ18O by 0.3‰). In addition to this methodological bias, ambient NO2- δ18O is likely to differ from NO3- δ18O. Though we are not aware of any studies reporting direct measurements of NO2- 18O for the surface ocean, ammonium oxidation leads to the production of NO2- with δ18O values between -3 and 14 ‰ [Casciotti et al., 2010; Buchwald and Casciotti, 2013]. Such range implies a further underestimation of  the NO3  δ18O of  0.0  0.1 ‰ ( 0.3  0.1 ‰ including the methodological bias). 
- N isotopes: Since every N atom in both NO2- and NO3- is transferred into N2O with the denitrifier method, the interference from NO2-  is only dependent on the ambient NO2- δ15N and its relative contribution to the NO2-+NO3- pool (i.e., no methodological bias). The N atoms of NO2- in the mixed layer are mainly produced from ammonium oxidation (AmO) and are consumed by nitrite oxidation (NiO) and nitrite uptake (NiU). NO2- δ15N will thus depend on the contribution of isotope effects (i.e., 15ε (‰) = ((14k/15k)-1) * 1000; where nk is the rate coefficient for the nN-containing reactant), the relative importance of which are weighted by the relative contribution of their fluxes to ammonium and NO2- removals as follows [Fripiat et al., 2015]:

(1)
where org. N is organic N, R remineralization, AmU ammonium assimilation, AmO ammonium oxidation, NiU nitrite uptake, NiO nitrite oxidation, and where x and y are AmU/Amo and NiU/AmO, respectively. For a given system with relatively constant physical and biogeochemical properties, we can reasonably assume that the isotope effects associated with the different processes should not varied significantly with time. By taking the optimum guess for the combination of isotope effects (2 ‰ for the remineralization; 5 ‰ for NH4+ assimilation; 15 ‰ for NH4+ oxidation; 0 ‰ for NO2- assimilation; -13 ‰ for NO2- oxidation), NO2- δ15N lies between -8.6 and -23.1‰ [Hoch et al., 1992; Waser et al., 1997; Pennock et al., 1998; Casciotti, 2009; Casciotti et al., 2003; Santoro and Casciotti, 2011; Möbius, 2013; Vo et al., 2013; and reference therein]. Given this range and the relative NO2- contribution to the NO2-+NO3- pool (1.2 ± 0.5 %), such interference implies an underestimation of the NO3- δ15N of  0.3  0.1 ‰. We also tested the range of nitrite 15N given by Smart et al. [2015] in the winter Southern Ocean (-20 to -40 ‰). This range induce an underestimation of the NO3- δ15N of  0.5  0.1 ‰.
Since (i) we are looking to the seasonal changes in both δ15N and δ18O, and (ii) there is no significant change in the contribution of NO2- into the NO3-+NO2- pool (1.2 ± 0.5 %), an interference from an invariant NO2-  δ15N and δ18O will have no effect on our assessment of the decoupling between N and O isotopes (i.e., early spring Δ(15-18) minus late summer Δ(15-18) = 0.53 ‰). It is only if NO2- δ15N and δ18O vary significantly between early spring to late summer that a bias in our assessment could occur. By taking the range for both NO2- δ15N and δ18O and the methodological bias for O isotopes, the seasonal decoupling between N and O isotopes is 0.56  0.22 ‰ (i.e., early spring Δ(15-18) minus late summer Δ(15-18)). Such range is indistinguishable to the average and precision given by the observations (0.53  0.30 ‰), implying a negligible impact of nitrite interference on the estimation of the contribution of nitrification to nitrate assimilation. The single-box model is optimized by fitting the model outputs to the observations by taking into account their associated uncertainties. Although that an underestimation of NO3- 15N and 18O is likely, this is not clearly seen with the initial vertical profile (20th October) showing the near full range in nitrite concentration but with no significant variations with depth in both NO3-+NO2- 15N and 18O (Fig. S1).  
S2.  Vertical 1-dimensional box model: surface vs. subsurface nitrification
We use a time-dependent 1-dimensional vertical box model (0-250 m; 50 layers; Fig. S2) to qualitatively assess, from NO3- δ15N-δ18O distribution, if nitrification occurs only below the mixed layer (case a) or both in the mixed layer and below (case b). 
The model simulates the change in NO3- concentration, δ15N, and δ18O for each layer, in the timeframe given by the observations (~20th October to ~13 February). Three processes, that present contrasting vertical distribution are considered (Fig. S2): (i) vertical mixing between each layer (with mixing rates in the mixed layer higher than in the underlying water column), (ii) NO3- assimilation in the mixed layer only (with an isotope effect of 5 ‰ for both 15N and 18O) [Granger et al., 2004; DiFiore et al., 2010], and (iii) nitrification, either considered to represent a fraction of NO3- assimilation in the mixed layer (mixed layer nitrification) or to decrease with depth from a subsurface maximum at the base of the mixed layer (subsurface nitrification) [Berelson, 2001]. Recently nitrified NO3- δ15N and δ18O have the isotopic composition of the PN (average for both KEOPS 1 & 2; 1.9 ‰) and the ambient water plus 1.1 ‰ (0.6 ‰ over the Kerguelen plateau, taking H2O δ18O in the Antarctic surface waters = -0.5 ‰) [Archambeau et al., 1998; Casciotti et al., 2008; Sigman et al., 2009; Rafter et al., 2013], respectively. The mass and isotopic balance for each layer (i) is given by:  

	(2)

	(3)

	(4)
where S, S, NaU, and Nitr are the upward mixing fluxes (representing a fraction of each layer which is mixed upward at each time step), the downward mixing fluxes (representing a fraction of each layer which is mixed downward at each time step), NO3- assimilation, and nitrification, respectively. S equals S to respect the water balance (set at 0.25 in the mixed layer, the maximum in term of water balance, and 0.05 below in the control run). The model is run for N time steps (i.e., 1000) of length dt, consuming at each time step an amount of ∫NaU/N (= NaU) and adding nitrate from nitrification ∫Nitr/N (= Nitr), where ∫NaU and ∫Nitr are the integrated NO3- assimilation and nitrification, respectively. We tested two scenarios: (a) nitrification below the mixed layer only and (b) nitrification in the mixed layer and below. 
For case (a), ∫NaU equals more or less the observed seasonal NO3- drawdown, 7.1 and 6.3 ± 1.5 µmol l-1, respectively. Exported PN (=∫NaU) is remineralized and nitrified, following an attenuation with depth (using the average oceanic depth attenuation coefficient, 0.82, in a power law) [Berelson, 2001]. For case (b), ∫NaU equals case (a) plus the nitrification in the mixed layer. We took a contribution of nitrification to NO3- assimilation in agreement with the best fit (0.7) as detailed for the single box model (see section “Surface contribution of nitrification to NO3- assimilation”). Such rationale implies the same seasonal NO3- drawdown in both cases (a and b). Nitrification below the mixed layer is parameterized as for case (a). In both cases, the computed vertical net NO3- supply (upward  – downward) into the mixed layer is 0.2 mol m-2 (with upward and downward fluxes at 7.2 and 7.0 mol m-2, which represents already a significant mixing rate in comparison with other rates, e.g., nitrate uptake, ammonium uptake, PN export, …), similar to the estimated vertical NO3- diffusive flux (0.2 ± 0.2 mol m-2; see section “Biogeochemical properties”).    
The model sensitivity to the different parameters is shown in Figure 6. The Vertical Δ(15-18) distribution is highly sensitive to the assigned nitrified NO3- δ18O (from -1.5 to 1.3 ‰) [Buchwald et al., 2012]. On the other hand, the model is neither very sensitive to the depth attenuation coefficient (from 0.6 to 1.3, i.e., the oceanic range) [Berelson, 2001], nor the vertical mixing rates (S and S below the mixed layer from 0.005 to 0.1; representing a net nitrate supply varying from 0.03 to 0.3 mol m-2 and an upward fluxes from 0.15 to 14.5 mol m-2). This range for the vertical mixing rates is unrealistically large in comparison with other fluxes (e.g., nitrate and ammonium uptake). This was motivated to see how fast a subsurface signal can be propagated into the mixed layer. The small variations in the net supply result from the small vertical nitrate gradients (5.2 ± 3.4 mol l-1; between 0-100 and 140-160 m depth stratum), implying nearly equal upward and downward fluxes. 
S2.  Single box model: contribution of nitrification to NO3- assimilation
We use a time-dependent geochemical one-box model of the mixed layer to constrain the relative rate of nitrification from the observed NO3- and PN concentrations, NO3- and PN δ15N, and NO3- δ18O. The model simulates the change in the concentration of the fixed N pools (NO3-, NO2-, NH4+, PN) and their isotopic composition (δ15N for all of them and δ18O for NO3-), in the timeframe given by the observations (~20th October to ~13 February). We tested the range given in the literature for the different isotope effects: 5 ‰ for NO3- assimilation (1), 0-2 ‰ for the remineralization (PN,DON  NH4+) [Möbius, 2013; and reference therein]; 0-5 ‰ for NH4+ assimilation [Hoch et al., 1992; Pennock et al., 1998; Vo et al., 2013], 15-22 ‰ for NH4+ oxidation [Casciotti et al., 2003; Santoro and Casciotti, 2011], 0 ‰ for NO2- assimilation [Waser et al., 1997], and 0 - -13 ‰ for NO2- oxidation [Casciotti, 2009]. NO3- assimilation discriminates N and O isotopes to the same extent (15ε ≈ 18ε) [Granger et al., 2004, 2010; Karsh et al., 2012]. Recently nitrified NO3- δ18O has the isotopic composition of the ambient water plus 1.1 ‰ (0.6 ‰ over the Kerguelen plateau, taking the H2O δ18O of the temperature minimum layer) [Archambeau et al., 1998; Casciotti et al., 2008; Sigman et al., 2009; Rafter et al., 2013]. The mass and isotopic balance is given by:
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where NiO is nitrite oxidation, S vertical nitrate diffusivity, NaU nitrate assimilation, AmU ammonium assimilation, AmO ammonium oxidation, R remineralization, and E export of PN. The model is run for N time steps of length dt, transforming at each time step an amount of the integrated rate (e.g., NaU = ∫NaU/N). Since the integrated rates for NaU, AmU, E, and S are known (see section “Surface contribution of nitrification to NO3- assimilation”) and since we assume steady state conditions for both NH4+ and NO2- (consumption = production), this leaves us with two unknowns, AmU/R and NiU/AmO ratios (Fig. 5). We solve the model differential equations by varying AmU/R and NiU/AmO, targeting the best agreement between the observations {NO3-(i), PN(i), δ15NNO3-(i), δ18ONO3-(i), δ15NPN(i)} at the collapse of the bloom (KEOPS1) and the model counterparts {NO3-(m), PN(m), δ15NNO3-(m), δ18ONO3-(m), δ15NPN(m)}. To measure this agreement, we use the minimum cost function, searching for the lowest standardized residual (SR) [Elskens et al., 2007]:

 	(14)
where σconc, σδ15N and σδ18O express the standard deviation for the concentration (1 µmol l-1), δ15N (0.2‰), and δ18O (0.2‰), respectively. Standardized residuals account for the different units of the two variables, in this case concentration and δ15N-δ18O. One typical example of a sensitivity test for one configuration of both isotope effects and rates is shown in Fig. S3. Satisfying solutions correspond to combinations of AmU/R and NiU/AmO ratios that result in a SR lower than ~30. Results from all simulations that fulfill this criterion have a final simulated NO3- concentration, NO3- δ15N, NO3- δ18O, and PN δ15N within the error range (2sd) of the observations (KEOPS1). Adding DON to the PN pool, assuming that it is an actively cycling N pool, allows the final simulated PN concentration to fall also within the error range (2sd) of the observations. 
We tested the sensitivity to the prescribed integrated rates (NaU = 2.2 ± 1.0 mmol m-2, AmU = 0.5 ± 0.3 mmol m-2, E = 0.2 ± 0.2 mmol m-2, and S = 0.2 ± 0.2 mmol m-2; see section “Surface contribution of nitrification to NO3- assimilation”), as well as for the values for each isotope effect (348 simulations in total). The contribution of nitrification to NO3- assimilation is the most sensitive to NaU, with lower contribution at lower rates. The best fits (within the error range of the observations; 147 simulations) are always found with high NiO/NaU ratio (min. SR; 0.4 to 0.8; Fig. S4), low AmU/R ratio (min.SR; 0.1 to 0.5; Fig. S4), and low NiU/NiO ratio (min.SR; 0.0 to 0.5). The average (± sd) of these simulations for final NO3- concentration, PN concentration, NO3- δ15N and δ18O, and PN δ15N, are given in Figs. 2a and 2b. We tested further the sensitivity to the NO3- supply terms (Fig. S5), from 0 to 1.0 mol m-2 yr-1. From this analysis, the model cannot find a good fit with nitrate supply above 0.6-0.8 mol m-2 yr-1. 
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Figure S1: Observed vertical distributions of concentrations and isotopic compositions for the first profile (A3-1; 20th October). Profiles of NO2- concentration (black circles), NO3-+ NO2- δ15N (green circles), NO3-+ NO2- δ18O (purple triangles), and Δ(15-18) (green squares). Error bars = 1 sd for the replicates. 
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Figure S2: Conceptual scheme of the vertical 1-dimensional multi-layer box model (0-250m, 50 layers of 5m deep). 
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Figure S3: Standardized residuals in function of nitrification/nitrate assimilation (panel a) and ammonium assimilation/remineralization (panel b) ratios, for a typical optimization scheme, by varying both AmU/R and NiU/AmO ratios, with one configuration of isotope effects and prescribed flux rates. The lower the standardized residuals, the better the fit with the observations. The gray zone corresponds to the simulations within the error range (2 sd) of the observations (KEOPS1). 

[image: ]
[bookmark: _GoBack]Figure S4: Nitrification/Nitrate assimilation (filled black circles) and Ammonium uptake/Remineralisation (empty black circles) ratios given by every simulation (n = 147) with model outputs within the error bars (± 2sd) of the observations (KEOPS1). The red circle represent the averages. 
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Figure S5: Model sensitivity to the vertical nitrate supply term (from 0 to 1.0 mol m-2 vegetative season-1). The X-axis is the nitrite oxidation (i.e., nitrification)/Nitrate assimilation ratio and Y-axis is the fit between the model outputs and observations (standard residual = difference between model outputs and observations). The area below the dashed line represents the simulation with the model outputs within 2sd of the observations.  
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