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Introduction 

Because of polar amplification, the effect of climate change is most pronounced in polar regions, particularly the 
Arctic, where sea ice extent has been decreasing by 13.2% per decade (McMillan et al. 2016). Sea-ice retreat and 
increased meltwater flux is leading to profound perturbations of marine ecosystems, impacting light availability 
(Arrigo et al., 2008), water-column stratification, and nutrient inventories/biogeochemistry (Arrigo et al., 2012; 
2017; Boetius et al., 2015). We propose to deploy high-resolution underway instruments to study how glacial melt 
influences the flow of energy and matter across Arctic oceanic ecosystems. 

Objective 1 : How does ice melt influence net community production in the Arctic ? 

The rapidly melting Arctic glaciers and sea ice release freshwater and nutrients to the ocean surface, likely 
enhancing primary productivity at the ocean surface. Very little is known about the factors limiting growth in Arctic 
waters, with some studies arguing for the potential for iron limitation (Arrigo et al. 2017) while others providing 
evidence for macronutrient limitation (Kanna et al 2018) (Hopwood et al 2018). To address this question, we 
propose to estimate NCP from sea-to-air fluxes of biogenic oxygen, as measured from underway high-frequency 
measurements of dissolved O2/Ar. pCO2 and O2/Ar will be measured with the latest generation of Equilibrator 
Inlet Mass Spectrometers (EIMS) (Cassar et al, in prep.). 

Our work also has multiple synergies with the other group who will be on the Charcot. Dr. Marion Fourquez will be 
conducting measurements of O2 and CO2 flux. Our underway high-resolution estimates of biological O2-based net 
community production will be of direct relevance to Dr. Fourquez’s observations. 

Objective 2: Does using high frequency and real-time measurements reveal significant BNF in the Arctic, proving 
past assumptions about BNF incorrect? 

Biological nitrogen (N2) fixation (BNF), the microbially-catalysed reduction of atmospheric N2 to ammonium, is a 
central pathway for new nitrogen, influencing terrestrial and oceanic fertility and the global carbon cycle. BNF 
therefore has profound biogeochemical implications, yet we have poor constraints on its magnitude and 
controlling factors, due to unexplored niches and methodological limitations. By tackling both of these issues, this 
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proposed work will improve the representation of BNF in our projections of a changing climate. Because BNF is an 
energetically expensive process, it was believed that nitrogen fixers would only have an advantage in nitrogen 
depleted, warm, oligotrophic waters (Zehr et al 2020). However, recent groundbreaking research has found 
evidence of BNF in the polar oceans (Shioaki et al 2018, Shiozaki et al 2020, Harding et al 2018), which would have 
important implications in light of the amplified effects of climate change in polar regions. 

We propose to explore Arctic BNF by deploying the very first method to allow underway high-frequency and near 
real-time measurements of BNF (Cassar et al. 2018). We hypothesize that BNF in the Arctic is biogeochemically 
significant, but sporadic and patchy. Previous studies have been unable to capture data with high enough 
resolution to determine if the BNF occurs at significant levels. Using the method we’ve developed, we can collect 
more data on a single cruise than exists in the literature. 

Prior to the cruise, PI Cassar will be in the Arctic studying N2 fixation in mosses and lichens in Alaska, Greenland 
and Svalbard. We also propose to sample mosses and lichens for the study of terrestrial BNF whenever the Charcot 
stops at terrestrial sites. Mosses and lichens are often the dominant source of new nitrogen in Arctic terrestrial 
ecosystems. The opportunistic sampling will allow us to increase the return on investment for the study of both 
terrestrial and marine environments. We will have permits to sample these ecosystems. 

Methods 

There is increasing evidence that biological events at the ocean surface are episodic and spatially heterogeneous, 
and that discrete observations cannot capture this patchwork. The methods we have developed allow us to sail 
with a biogeochemical compass to constrain the fluxes of energy and matter at unprecedented resolution (Cassar 
et al. 2009, Cassar et al. in prep., Huang et al. 2013, Huang et al. 2015, Cassar et al. 2012, Cassar et al., 2018). Our 
sampling does not require any additional ship-time, and samples are collected while the vessel is in transit. 

O2/Ar: Ecosystem energetic-Redox balance, biological O2, and Net Community Production: Because of the central 
role O2 plays in biological redox reactions at the ocean surface, the biological O2 budget reflects the net energetic 
balance of ecosystems. Ecosystems where the photochemical energy input is greater than the loss of potential 
energy have a positive internal energy balance. Our measurements estimate NCP at high resolution, where NCP is 
equal to gross primary production minus community respiration. Equilibrator Inlet Mass Spectrometry (EIMS): 
Seawater from the ship’s underway system will be pumped through a gas equilibrator, the headspace of which will 
be connected to a quadrupole mass spectrometer for continuous pCO2 and O2/Ar ratio measurements, from 
which the biogenic O2 supersaturation will be estimated. From the O2/Ar supersaturation, the piston velocity, and 
the O2 concentration at saturation, NCP will be calculated as in Cassar et al. (2009), correcting for vertical mixing 
using N2O observations using the calculation methods presented in Cassar et al. (2014). 

N2 fixation: Our real-time method will allow us to capture the sensitive variations that lead to the heterogeneity in 
BNF to further elucidate the biogeography of marine N2 fixation. Flow-through Acetylene Reduction Assays by 
CRDS (FARACAS): In our real-time method, underway seawater goes through a flow-through incubation chamber 
for acetylene reduction estimates of N2 fixation. We will use the underway line with the Charcot’s peristaltic 
pump, which is less damaging to cells than the centrifuge pump. Prior to the chamber, high-purity acetylene is 
continuously added to the flowing seawater. Downstream of the incubation chamber, a contactor cell is used to 
strip the ethylene out of solution and into the CRDS (Cassar et al. 2012, Cassar et al. 2018). 



ARICE-PONANT CALL FOR SHIP-TIME PROPOSALS 2022 

Access to the Arctic Ocean on board the Polar Expedition  

Ship "Le Commandant Charcot" (PONANT, France) 

 

 

Page 3 of 4 

 

References 

Arévalo-Martínez, D. L., Beyer, M., Krumbholz, M., Piller, I., Kock, A., Steinhoff, T., … Bange, H. W. (2013). A new 
method for continuous measurements of oceanic and atmospheric N2O, CO and CO2: Performance of off-axis 
integrated cavity output spectroscopy (OA-ICOS) coupled to non-dispersive infrared detection (NDIR). Ocean 
Science, 9(6), 1071–1087.http://doi.org/10.5194/os-9-1071-2013 

Arrigo, K. R., van Dijken, G., & Pabi, S. (2008). Impact of a shrinking Arctic ice cover on marine primary production. 
Geophysical Research Letters, 35(19), 1–6. http://doi.org/10.1029/2008GL035028 

Arrigo, K. R., Perovich, D. K., Pickart, R. S., Brown, Z. W., van Dijken, G. L., Lowry, K. E., … Swift, J. H. (2012). Massive 
phytoplankton blooms under Arctic sea ice. Science (New York, N.Y.), 336(6087), 1408. 
http://doi.org/10.1126/science.1215065 

Arrigo, K. R., Dijken, G.L., Castelao, R.M., Luo, H., Rennermalm, A.K., Tedesco, M., Mote, T.L., Oliver, H., Yager, P.L. 
(2017) Melting glaciers stimulate large summer phytoplankton blooms in southwest Greenland waters. 

Geophys. Res. Lett.44, 6278–6285 

Boetius, A., Anesio, A. M., Deming, J. W., Mikucki, J. A., & Rapp, J. Z. (2015) Microbial ecology of the cryosphere: 
sea ice and glacial habitats. Nature Reviews Microbiology, 13(11), 677–690. http://doi.org/10.1038/nrmicro3522 

Cassar, N., Barnett, B. A., Bender, M. L., Kaiser, J., Hamme, R. C., Tilbrook, B. (2009) Continuous high-frequency 
dissolved O2/Ar measurements by Equilibrator Inlet Mass Spectrometry (EIMS). Analytical Chemistry 81(5): 1855-
1864. https://doi.org/10.1021/ac802300u 

Cassar, N., Bellenger, J.-P., Jackson, R. B., Karr, J., & Barnett, B. A. (2012) N2 fixation estimates in real-time by cavity 
ring-down laser absorption spectroscopy. Oecologia, 168(2), 335–342. http://doi.org/10.1007/s00442-011-2105-y 

Cassar, N., Nevison, C. D., Manizza, M. (2014) Correcting oceanic O2/Ar-net community production estimates for 
vertical mixing using N2O observations. Geophysical Research Letters, https://doi.org/10.1002/2014GL062040. 

Cassar, N., Tang, W., Gabathuler, H., & Huang, K. (2018). Method for High Frequency Underway N 2 Fixation 
Measurements: Flow-Through Incubation Acetylene Reduction Assays by Cavity Ring Down Laser Absorption 
Spectroscopy (FARACAS). Analytical Chemistry, 90(4), 2839–2851. http://doi.org/10.1021/acs.analchem.7b04977 

Hopwood, M. J., Carroll, D., Browning, T. J., Meire, L., Mortensen, J., Krisch, S., & Achterberg, E. P. (2018). 
Nonlinear response of summertime marine productivity to increased meltwater discharge around Greenland. 
Nature Communications, 9(1), 3256. http://doi.org/10.1038/s41467-018-05488-8 

Huang, K., Cassar, N., Wanninkhof, R., Bender, M. L. (2013) An isotope dilution method for high frequency 
measurements of dissolved inorganic carbon in the surface ocean. Limnology and Oceanography: Methods 11: 
572-583. 



ARICE-PONANT CALL FOR SHIP-TIME PROPOSALS 2022 

Access to the Arctic Ocean on board the Polar Expedition  

Ship "Le Commandant Charcot" (PONANT, France) 

 

 

Page 4 of 4 

 

Huang, K., Cassar, N., Jonsson, B., Cai, W.-J., Bender, M. L. (2015) An ultra-high precision, high frequency dissolved 
inorganic carbon analyzer based on dual isotope dilution and cavity ring-down spectroscopy. Environmental 
Science & Technology, 49 (14): 8602–8610 

Kanna, N., Sugiyama, S., & Ohashi, Y. (2018). Upwelling of Macronutrients and Dissolved Inorganic Carbon by a 
Subglacial Freshwater Driven Plume in Bowdoin Fjord , Northwestern Greenland, (Dic), 1666–1682. 
http://doi.org/10.1029/2017JG004248 

McMillan, M., Leeson, A., Shepherd, A., Briggs, K., Armitage, T. W. K., Hogg, A., … Gilbert, L. (2016). A 
highresolution record of Greenland mass balance. Geophysical Research Letters, 43(13), 7002–7010. 
http://doi.org/10.1002/2016GL069666 

Shiozaki, T., Fujiwara, A., Inomura, K., Hirose, Y., Hashihama, F., Harada, N. (2020) Biological nitrogen fixation 
detected under Antarctic sea ice. Nature Geoscience, 13, 729-732. https://doi.org/10.1038/s41561-020-00651-7 

Zehr, J.P., Capone, D.G. (2020) Changing perspectives in marine nitrogen fixation. Science, 368, 729, 
http://doi.org/10.1126/science.aay9514 


	PI, Lead Institution
	Abstract


