
Supplement of Biogeosciences, 17, 851–864, 2020
https://doi.org/10.5194/bg-17-851-2020-supplement
© Author(s) 2020. This work is distributed under
the Creative Commons Attribution 4.0 License.

Supplement of

No nitrogen fixation in the Bay of Bengal?
C. R. Löscher et al.

Correspondence to: Carolin R. Löscher (cloescher@biology.sdu.dk)

The copyright of individual parts of the supplement might differ from the CC BY 4.0 License.

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by OceanRep

https://core.ac.uk/display/287739117?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


Model experiment 1 

The model framework is based on Canfield’s 5-box model (Boyle et al. 2013; Canfield 2006), using available 2 

measurements for the BoB from our cruise and other literature (Tab. M1, the complete code will be released 3 

on Pangaea). The model is classically based on the identification of the limiting nutrient for euphotic primary 4 

production under Redfield conditions. Primary production provides the basis for determination of export 5 

fluxes under consideration of respiration first using oxygen, followed by nitrate and sulfate according to the 6 

following stoichiometry: 7 

C6H12O6 + 6O2 -> 6CO2 + 6H2O 8 

2.5 C6H12O6 + 12NO3
- -> 6N2 + 15CO2 + 12OH- + 9H2O 9 

CH3COO- + SO4
2-+ H2O -> H2S + 2HCO3

- + OH- 10 

Export production is estimated as the sum of organic carbon respiration (R) of the three above mentioned 11 

processes: 12 

EP = Raerobic + Rdenitrification + Rsulfate_reduction 13 

For nitrate-based primary production, i.e. if nitrate is available above Redfield conditions, primary and 14 

export production directly depend on upwelling of bioavailable nitrogen. Surface N2 fixation is based on 15 

Redfield stoichiometry and on Fe availability (Fe > 0). If 16 

Nox - rN:P P < 0  17 

is true, export production is proportional to phosphate upwelling to the euphotic zone. 18 

The model was further modified to explore OMZ N2 fixation, which we suggest adding a source of reduced N 19 

(NR) to the OMZ. This pool of NR would upon mixing or upwelling to the oxic surface promote nitrification 20 

and primary production.  21 

OMZ N2 fixation has been shown not to be limited by Redfield constraints Redfield stoichiometry as 22 

suggested by Bombar, Paerl, and Riemann (2016). This leads to a modification of the previous OMZ model 23 

(Boyle et al, 2013) with the Redfield control of N2 fixation being replaced by a phosphorous only control with 24 

P > 0 constantly allowing for N2 fixation and export production scaling with phosphate and Nox + NR upwelling.  25 

 26 

 27 



Tables 28 

Tab M1: Concentrations used in the model experiment, data taken from Bristow et al. (2017), Grand et al. 29 

(2015) and (Chinni et al. 2019) 30 

 31 

 32 

Table S1: OTU counts of primary producers from a metagenome from station #4, 84m. 33 

 34 



Table S2: POC and PON distribution at stations 1 (17.9970°N, 88.9968°E), 4 (16.9828°N, 89.2063°E) and 5 35 
(17.2075°N, 89.4282°E).36 

 37 

 38 

Table S3: nifH qPCR quantification [copies L-1], clusters which did were detectable by PCR but not 39 
quantifiable (below the detection limit of 4 copies L-1) are not shown. 40 

 41 

  42 



Figures 43 

 44 

Figure S1: Phytoplankton distribution in the BoB during the time of the cruise: (A) diatoms, (B) chlorophytes, 45 

(C) coccolithophores, and (D) cyanobacteria in mg m-3. Data obtained from a combination of the Sea-viewing 46 

Wide Field of view Sensor (SeaWiFS), the Moderate Resolution Imaging Spectroradiometer (MODIS-Aqua), 47 

and the Visible Infrared Imaging Radiometer Suite (VIIRS) satellite product as available from 48 

https://giovanni.gsfc.nasa.gov have been averaged from 15 Jan to 15 Feb, 2019. The combination of those 49 

sensors allows for covering a range of different wavelengths useful to identify different phytoplankton clades. 50 

The maps have been generated using the NASA Ocean Biogeochemical Model (NOBM, Gregg and Casey 51 

(2007)) using the most recent version of NASA ocean color data product (R2014), which represents 52 

circulation/biogeochemical/radiative processes in a 2/3° latitude spatial resolution as described in Gregg, 53 

Rousseaux, and Franz (2017). NOBM is designed to represent open ocean areas, with water depths greater 54 

than 200 m. It contains four phytoplankton groups, diatoms, chlorophytes, cyanobacteria, and 55 

coccolithophores, to represent diversity in the global oceans. Total chlorophyll is the sum of the 56 

phytoplankton groups. 57 

https://giovanni.gsfc.nasa.gov/


 58 

Figure S2: Time-averaged (15 Jan to 15 Feb, 2019) POC distribution as monitored via MODIS-Aqua 59 

(https://giovanni.gsfc.nasa.gov) on an 8-daily basis, with a 4km resolution, POC concentrations in mg m-3, 60 

concentrations in the cruise area were between 7.7 and 12.9 mg m-3 and are consistent with our in-situ 61 

measurements. 62 

 63 

Fig. S3: Both, (A) δ15N-NO3
- (data from Bristow et al., 2017) and (B) δ 15N-PON show slightly lighter isotope 64 

signatures in the upper 100 m of the water column (samples were collected between 3 and 2300 m water 65 

depth), however, this signal does not clearly indicate N2 fixation. 66 

https://giovanni.gsfc.nasa.gov/
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