BGC-Argo float reveals regime shifts in nitrogen-carbon cycling in an oxygen-deficient zone
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Figure S1. Oxygen anomalies in suboxic waters of the ETNP. Time series of oxygen anomalies relative to the mean O2 concentration where O2 < 1 µmol kg-1. The apparent temporal pattern in the anoxic layer reflects a known optode offset drift artifact at very low O₂.
[image: ]Figure S2. Snapshots of monthly sea surface chlorophyll-a levels for the year 2022. The black circle symbolizes the approximate location of the BGC-Argo float in that month. Notice that July was the month when we started observing the most productive period of the time series, spanning from 07/30/2022 to 10/11/2022.

[image: ]Figure S3. Snapshots of monthly sea surface chlorophyll-a levels for the year 2023. The black circle symbolizes the approximate location of the BGC-Argo float that month.
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Figure S4. Snapshots of monthly sea surface chlorophyll-a levels for the year 2024. The black circle symbolizes the approximate location of the BGC-Argo float that month.
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Figure S5. TS diagrams for the Eastern Tropical North Pacific. Water masses are shown for the upper 2000 m depth during (a) low-nitrite (stations 30-97, between 11/11/2022 and 01/10/2024) and (b) high-nitrite (stations 1-29, between 01/15/2022 and 11/01/2022) conditions. Z-axes are colored by NO2- concentrations (µmol kg-1).
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Figure S6. Modeled nitrogen transformation rates under three different conditions in the ETNP ODZ. Different shades of blue denote the fractional contributions of DNRN, anammox, denitrification, nitrite oxidation, and CaCO3 dissolution to changes in DIC during the high-nitrite regime (January-November 2022, light blue), high POC episode (July 2022 and October 2022, medium blue) and low nitrite regime (November 2022-October 2024, dark blue). Black stars indicate one standard deviation from Monte Carlo uncertainty propagation. The dashed vertical line denotes the approximate boundary depth of the upper ODZ, when O2 < 1 µmol kg-1. 
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Figure S7. Modeled production rates. (a) Rate of nitrite production, (b) rate of nitrate production, (c) rate of DIC production determined from equation 5 versus density anomaly sigma theta and time. (c) Nitrite production rates on 5 individual profiles (48 to 52) in May and June of 2023 versus density anomaly. (d) The 5 nitrite profiles shown in (c) versus density anomaly. (e) Nitrate production rates as in panel (c). (f) Density aomaly profiles in panel (c) versus depth. (g) Nitrate profiles as in panel (d). (h) Oxygen profiles as in panel (d).





Table S1: Stoichiometries for each of the five key reactions included in the model, based on an organic matter stoichiometry of C113.1HaObN11.23P. We solve for the stoichiometry of each reaction based on the stoichiometry of the organic matter being respired, following Cinay et al. (2022).
	Process
	Reaction

	DNRN
	

	Denitrification
	

	Anammox
	

	NO2- Oxidation
	

	CaCO3 Dissolution
	



Table S2: Cycling regimes and associated stations and dates. The data are broken down into three key biogeochemical regimes and eight density layers (see Figure S5), within which the importance of different nitrogen cycle reactions is assumed to be constant.
	Cycling Regime
	Stations
	Dates

	Low POC, high NO2-
	1-19, 28-29
	1/15/22-7/20/22, 10/21/22-11/1/22

	High POC
	20-27
	7/30/22-10/11/22

	Low POC, low NO2-
	30-71
	11/11/22-1/10/24



Table S3: Theoretical Dtracer/DDIC for each of the five key reactions included in the model.
	Tracer
	DNRN
	Denitrification
	Anammox
	NO2- Oxidation
	CaCO3 Dissolution

	DNO3-/DDIC
	-1.62
	0.00
	2.91
	46.30
	0.00

	DNO2-/DDIC
	1.62
	-1.08
	-1.20
	-46.30
	0.00

	DN*/DDIC
	0.10
	0.10
	-9.09
	0.00
	0.00

	DTA/DDIC
	0.09
	1.17
	0.18
	0.00
	2.00

	DDIC/DDIC
	1.00
	1.00
	-1.00
	-1.00
	1.00
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