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Text S1 Material and Methods 8 

Calculations for bulk ammonium cycling, N2- and C-fixation 9 

Rates ρ of bulk N2-fixation, C-fixation and net ammonium assimilation were calculated following 10 

reference [1], as 11 
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where A is the isotope atom% in the dissolved N2 pool (AN2), DIC pool (ADIC) or particulate material 15 

(APN, APC); PN and PC are the amounts of particulate N and C, respectively, and R the 15N-16 

ammonium atom% excess in the dissolved ammonium pool. R was calculated by accounting for 17 

the exponential decrease in 15N-ammonium concentrations due to concurrent ammonium 18 

assimilation and regeneration following references [2].  19 
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where R0 is the 15N-ammonium atom% excess at time zero, t the incubation time and k a constant 21 

determined from the exponential decrease of R over time: 22 

  R = R0 × exp-kt     (5) 23 

Besides ammonium assimilation rates (accounting for 15N-PON on GF/F filters, equation 3), we 24 

also calculated gross consumption rates which accounted for the actual 15N-ammonium decrease 25 

in the water  26 

   ρ 
NH4

 +
consumption

gross
 = 

�C0 - Ct�
(R × t)

      (6) 27 

where Ct and C0 are the 15N-ammonium concentrations measured at time zero and time t. 28 

Production rates were calculated differently for incubations during which ammonium 29 

concentrations either remained stable (equation 7) or changed significantly over time (equation 8).  30 
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where P is the mean ammonium concentration (initial 14N- plus added 15N-ammonium) during 33 

incubations and (Pt-P0) the difference in ammonium concentrations between time points. 34 

Ammonium production was specified to derive either from ammonium regeneration or from new 35 

production as ammonium release during N2-fixation. The latter was assumed to account for half of 36 

the N2-fixation rates, as shown for cells sampled concurrently with the ones herein [3] and during 37 

previous years [4, 5]. Parts of the new N might have also been released as DON (see discussion in 38 

main text). Rates were calculated for the initial ≤2 h of each incubation since 15N-ammonium 39 

concentrations decreased rapidly, often getting depleted before the final sampling point (especially 40 



in August). The turnover time of ammonium was defined as P0-15N (initial ammonium concentration 41 

before 15N-ammonium addition) divided by gross production rates. 42 

 43 

Calculations of single-cell assimilation rates 44 

Single-cell N-specific ammonium assimilation and C-specific C-fixation rates after SIMS analyses 45 

were calculated as 46 

N-specific NH4
+ assimilation �h-1� = Asample cell- Acontrol cell

R × t
  (9) 47 

C-specific C-fixation �h-1� = Asample cell- Acontrol cell

�ADIC sample - ADIC control) × t
  (10) 48 

where A is the 15N- and 13C-atom%, respectively. 49 

Note that single-cell rates may be closer to gross rather than net activities, due to our short 50 

incubation times and the coupling of assimilation and release processes.  51 

 52 

Due to the 15N-ammonium additions, bulk concentrations increased by 5–46%, potentially 53 

stimulating ammonium assimilation. We therefore corrected all rates by accounting for ammonium 54 

uptake kinetics, as done previously [6, 7]: 55 

   ρ 
NH4

 +
 assimilation

corrected =
ρ 

NH4
 +

assimilation

measured

P0/(Ks+P0)×(Ks+P0-15N)/P0-15N
    (11) 56 

where P0-15N and P0 are the ambient ammonium concentrations before and after 15N-ammonium 57 

additions, respectively, and Ks is the half-saturation constant which we assumed to be 50 nM, in 58 

the upper range of literature values of 15–60 nM [7-9]. The resulting overestimations were 8% for 59 

June incubations (after 20±5% 15N-ammonium additions, n=36), 0.4% for the morning incubations 60 



in August 2013 (5.0±0.2% 15N-additions, n=9) and 39% for the remaining incubations in August 61 

(46±6% 15N-additions, n=27). All ammonium consumption, production and assimilation rates 62 

(including bulk and single-cell data) were corrected according to those percent overestimations. 63 

 64 

Ammonium fluxes constrained by diffusion-limited ammonium supply to single Synechococcus 65 

cells were calculated from the analytical solutions of diffusion to a sphere [10]  66 

Q
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= 4πDr0�C∞-C0�      (12) 67 

where Qmax is the potential ammonium uptake rate (nmol s-1) of a cell with the equivalent spherical 68 

radius r0, D the ammonium diffusion coefficient in water (1.57 x 10-5 cm2 s-1 at 16°C and salinity 69 

of 6) [11], C0 the ammonium concentration at the cell surface (assumed to be zero) and C∞ the 70 

concentration in the ambient water. Maximum ammonium fluxes to Chaetoceros were calculated 71 

for cylindrical cell-chains [12] 72 

Q
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where l is the length and d the diameter of diatom chains with at least 2 and up to 17 cells (as 74 

observed under the microscope).   75 



 76 

 77 

Figure S1. Solar irradiance during incubations in June 2012 and August 2013. Light intensities in 78 

air are shown as grey circles/dashed outline, while light at 0.5 m water depth is highlighted in 79 

yellow. A light attenuation coefficient of 0.37 was applied. Incubation periods are highlighted as 80 

grey-shaded bars. Data derive from the Swedish Meteorological and Hydrological Institute (SMHI) 81 

and were produced with support from the Swedish Radiation Protection Authority and the Swedish 82 

Environmental Agency. 83 
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 85 

 86 

Figure S2a. CTD profiles recorded at station B1 on 27/06/2012 (upper panel) and 27/08/2013 87 

(lower panel). PAR - Photosynthetically active radiation   88 



 89 

Figure S2b. Nutrient concentration profiles at Station B1, recorded by the Swedish National 90 

Marine Monitoring Program (SNMMP), at dates which coincided closest with our own water 91 

sampling. Nutrient data from the actual incubation water (sampled at 1–3 m depth, red data points) 92 

are plotted in comparison to the profiles (black lines). Monitoring data were extracted from the 93 

public database available online  94 

(http://www.smhi.se/klimatdata/oceanografi/havsmiljodata/marina-miljoovervakningsdata). 95 

 96 



 97 

Figure S3. Particulate organic carbon and nitrogen (POC and PON measured on GF/F filters), as 98 

well as C-biomass and community composition of the bacterio- and phytoplankton during 99 

incubations. The bacterio- and phytoplankton biomass (ca 250 µg C L-1 during both samplings) 100 

comprised mainly Cyanobacteria (45–56% of the C-biomass), heterotrophic bacteria (23–49%) and 101 

to a lesser extent Dinophyta (0.3–12%) and Bacillariophyceae (4%), Ciliophora (1–4%, including 102 

only Mesodinium rubrum as autotrophic ciliate), Cryptophyceae (0.4–0.9%) and others (<1%, 103 

Haptophyceae, Zoomastigophora, Chlorophyta).  104 



 105 

Figure S4. Carbon fixation rates measured during June 2012 and August 2013 in parallel incubated 106 

bottles enriched with 15N2-gas or 15N-ammonium. Similar rates in both incubations indicated no 107 

stimulation of C-fixation due to ammonium additions. Shown are average ± stdev (n=3). 108 



Table S1. Dimensions and C-/N-contents of the analysed phyto- and bacterioplankton. The cellular 109 

biovolume and biomass of the various plankton groups were calculated sensu [13, 14] and the 110 

HELCOM guidelines used within the Baltic Sea monitoring program [15, 16]. ESD – Equivalent 111 

spherical diameter 112 

 113 

 

Cell size 

(µm) 

ESD 

(µm) 

Biovolume 

(µm-3) 

N-content 

(pmol N cell-1) 

C-content 

(pmol C cell-1) 

 Reference 
Calculation of  

C and N 
content 

 d1 h d2  
    

Aphanizomenon 4.3 8.4  6.2 122.0 0.34±0.07 2.13±0.41 [13] 

N. spumigena 10.4 3.5  8.3 297.3 0.82±0.17 5.19±1.09 [13] 

Dolichospermum 5.3   5.3 78.0 0.22±0.08 1.36±0.51 [13] 

Pseudanabaena 1.5 6.9  2.9 12.2 0.029±0.002 0.19±0.02 [16] 

Colonial picocyanobacteria 
Aphanocapsa 

1.5   1.5 1.8 0.009±0.002 0.059±0.016 [14] 

Colonial picocyanobacteria 
Cyanodictyon  

1.0 1.2  1.2 0.9 0.005±0.001 0.034±0.010 [14] 

Colonial picocyanobacteria A. 
paralleliformis 

0.9 1.8  1.3 1.1 0.006±0.002 0.041±0.011 [14] 

Unicellular picocyanobacteria 
Synechococcus 

0.7 1.1  0.9 0.4 0.003±0.001 0.017±0.004 [14] 

Heterotrophic bacteria 0.45 0.60  0.52 0.072 0.0004±0.0001 0.0017±0.0003 [16] 

Diatom Chaetoceros 13.0 5.1 6.6 8.7 344 0.4±0.1 2.7±0.9 [16] 

Dinoflagellates Dinophysis 34.0 48.0 24.3 34.1 20753 30.0±4.8 198.9±32.1 [16] 

Dinoflagellates Heterocapsa 16.5 23.1  14.7 1646 2.8±1.7 18.9±11.0 [16] 

  114 
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