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Estimation of isotopic ranges of N2O produced by each microbial process
	Ranges shown as rectangles in Fig. 4 were calculated based on isotopic fractionation ( values, Table S2) and isotope ratios of substrates of N2O (Table S3) in the literature. For example, the range for N2O from NH3 oxidation via NH2OH by nitrifying bacteria (Table S4) was estimated as follows.
	15Nmin = 15NNH4min + (15N)AOBmin,
	15Nmax = 15NNH4max + (15N)AOBmax,
18Omin = 18OO2min + (18O)AOBmin,
18Omax = 18OO2max + (18O)AOBmax,
while SP values were same as those in Table S2 assuming that they do not depend on N values of substrates (Toyoda et al., 2005; Sutka et al., 2006).
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Table S1. List of observational data used in this study.


Table S2. Isotopic fractionation or SP values during N2O production and consumption by bacteria and archaea



Table S3. Range of nitrogen and oxygen isotope ratios for substrates of N2O production.



Table S4. Estimated range of isotopocule ratios of N2O produced at concentration maximum and in deep ocean.



Fig. S1. Production and consumption processes of N2O in the ocean　(Modified from Toyoda et al. 2017).
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N2O concentration maximum Values in  water deeper than 2000 m Notes
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Northern North Pacific (NNP) 8 42.18 146.09Jul

–

Aug 2007 27.377 830 37.23 8.69 65.36 30.36 1066 26.57 3.89 9.20 0.30 55.08 3.16 na na 7 This work

12 41.67 146.53 27.228 573 33.41 9.99 63.99 34.97 1055 24.51 2.37 10.00 0.17 51.86 1.60 22.66 1.22 9 This work

16 40.63 147.21 27.331 800 37.19 8.88 65.77 30.54 1044 26.82 4.55 9.21 0.16 54.00 2.05 na na 9 This work

21 40.02 148.40 27.371 971 35.64 10.17 61.79 31.37 1037 25.63 3.48 10.05 0.15 52.03 1.75 23.34 1.37 8 This work

25 41.26 150.36 27.332 800 38.09 8.17 63.19 30.27 1028 25.62 3.62 9.23 0.20 53.24 1.13 na na 8 This work

40 47.00 162.26 27.245 600 36.35 8.76 65.28 33.17 1002 25.70 5.04 9.21 0.25 54.47 2.33 23.67 2.63 9 This work

44 46.99 166.74 27.136 403 40.58 8.28 63.82 30.16 971 25.27 2.81 9.17 0.14 53.88 1.78 na na 9 This work

58 47.00 176.09 27.342 802 37.00 8.49 64.91 33.50 963 26.17 5.67 8.72 0.63 52.96 2.39 22.62 2.359/8 This work

60 47.00 178.30 27.329 799 39.95 8.75 64.50 30.24 972 25.41 2.99 9.19 0.17 54.24 1.95 na na 9 This work

62 46.99 -179.43 27.330 769 41.84 8.54 64.18 31.50 984 25.67 3.34 9.01 0.20 53.71 1.62 23.76 1.739/7 This work

66 47.01 -174.95 27.332 799 38.56 8.95 64.15 30.38 985 26.65 5.25 9.18 0.26 54.67 2.32 na na 10 This work

70 47.00 -170.43 27.358 831 38.47 8.87 65.53 31.87 974 27.16 4.16 9.47 0.27 55.52 2.09 24.29 2.78 9 This work

74 47.01 -168.98 27.307 771 39.31 9.07 65.11 30.38 974 26.32 3.77 9.70 0.26 55.54 1.77 na na 8 This work

79 47.00 -160.36 27.408 1071 45.17 8.72 60.41 30.79 1011 27.91 6.16 9.52 0.26 55.74 2.32 24.70 1.80 7 This work

83 46.99 -155.86 27.375 970 42.04 9.07 63.03 30.07 1011 26.81 4.79 9.61 0.39 54.97 1.51 na na 8 This work

87 47.00 -151.42 27.300 832 40.21 8.75 64.34 29.82 1019 27.40 6.55 9.59 0.25 55.70 2.53 24.84 1.82 8 This work

91 47.00 -146.93 27.370 969 46.59 8.36 58.09 29.90 1028 29.45 4.77 9.47 0.43 55.74 2.38 na na 7 This work

95 47.01 -142.44 27.381 1001 52.84 8.77 61.96 28.31 1052 29.82 8.24 9.41 0.16 56.88 1.93 23.36 2.48 7 This work

99 46.99 -137.96 27.268 829 48.89 8.15 58.25 29.59 1077 33.08 5.92 9.51 0.21 56.74 1.57 na na 6 This work

105 47.01 -131.23 27.260 832 46.34 8.66 61.17 26.25 1094 33.86 3.67 9.44 0.10 58.90 0.41 25.80 0.41 3 This work

110 46.99 -127.20 27.233 801 46.32 8.32 60.26 29.04 1113 33.30 3.81 9.40 0.05 59.17 0.43 na na 3 This work

Equatorial Pacific (EQP) 6 0.00 160.00Jan 2003 26.775 398 35.37 6.13 48.25 18.78 786 22.82 1.11 9.52 0.14 54.13 0.51 20.72 0.79 2 This work

9 0.00 175.00 26.768 398 34.03 6.56 48.47 12.89 914 21.19 1.49 9.48 0.43 53.10 0.97 20.96 0.43 2 This work

12 0.00 -170.00 26.556 298 36.31 4.93 46.12 13.05 925 19.69 1.88 8.96 0.28 51.77 1.93 20.94 0.84 3 This work

14 0.00 -160.00 26.596 298 42.06 4.91 46.67 12.55 863 19.43 1.62 8.89 0.30 51.56 1.65 21.52 0.89 3 This work

Southern Ocean (SO) 12 -65.00 140.00Jan 2002 27.139 20 8.53 -0.53 51.62 na 308 18.10 na 7.11 na 49.80 na na na 1 This work

13 -64.00 140.00 27.648 99 8.63 6.63 49.41 19.01 310 16.60 1.40 8.15 0.42 48.40 0.61 20.35 2.34 3 This work

14 -63.00 140.00 27.638 148 9.25 7.54 48.24 na 313 17.98 0.38 8.33 0.29 49.18 0.67 na na 4 This work

15 -62.00 140.00 27.582 198 9.84 6.43 48.13 na 309 18.15 0.79 8.04 0.47 49.45 0.62 na na 4 This work

16 -61.00 140.00 27.534 198 10.40 6.91 44.82 10.78 316 18.24 0.13 8.46 0.15 49.50 0.25 20.33 0.76 5 This work

Southeastern Indian Ocean (SIO) 18 -54.00 140.00Jan 2002 27.545 692 9.19 8.89 51.15 na 358 18.10 0.77 8.51 0.19 49.75 0.21 19.15 na 4/1

This work, SP was

determined only for the

bottom depth

19 -50.00 140.00 27.530 1235 9.11 8.77 51.39 na 372 18.53 0.29 8.62 0.16 49.23 0.79 20.98 0.294/2

This work, SP was

determined only for the

two bottom depths

20 -47.00 140.00 27.462 1482 6.88 9.92 55.94 22.66 463 18.80 0.32 8.71 0.33 50.86 0.73 20.96 0.775/4 This work

Western North Pacific (WNP) KNOT 44.00 155.00Oct 2000 27.315 593 25.12 9.98 71.82 36.47 1025 19.06 3.10 9.31 0.72 55.76 1.67 24.35 2.59 6 Toyoda et al., 2002

KN14 41.00 159.00 27.256 793 20.07 10.93 68.56 na 1073 19.94 1.02 9.80 0.24 53.68 1.35 24.90 0.566/3 Toyoda et al., 2002

Subtropical North Pacific (STNP) ALOHA 22.75 -158.00Jul 1999 27.311 901 34.05 8.82 57.91 27.38 1037 23.05 2.96 9.84 0.27 55.36 1.54 22.71 1.365/4 Popp et al., 2002

Eastern tropcial North Pacific (ETNP) 5 16.00 -107.00May–Jun 2000 25.022 64 77.05 2.64 48.08 12.05 na na na na na na na na na naYamagishi et al., 2007

27.266 801 44.61 7.11 63.92 22.88 na na na na na na na na na na

Eastern South Pacific (ESP) EGY -31.90 -91.41Oct

–

Dec 2004 26.621 350 14.33 5.67 44.10 7.53 701 19.11 2.16 9.40 0.26 50.61 0.59 18.71 3.12 4 Charpentier et al., 2007

GYR -26.07 -113.99 26.565 400 8.14 3.72 39.12 4.70 740 19.10 1.94 9.34 0.03 50.99 0.23 21.53 0.79 3 Charpentier et al., 2007

Eastern subtropical North Pacific (ESNP) 28 30.00 -122.60Nov 2005 27.139 699 26.94 9.09 62.03 19.30 1112 17.39 2.53 9.88 0.14 56.33 1.45 21.33 2.50 4 Fujii et al., 2013

42 26.20 -127.60 27.373 1002 22.70 9.60 63.73 25.89 1098 16.37 1.00 9.76 0.35 55.94 1.41 24.24 1.17 2 Fujii et al., 2013

69 24.20 -138.80 27.160 700 30.41 9.53 61.36 22.13 1088 20.54 3.75 9.67 0.41 54.92 2.20 21.64 2.08 5 Fujii et al., 2013

77 24.30 -142.60 27.092 698 28.76 9.17 60.07 25.77 1084 21.27 3.35 9.64 0.44 55.15 1.98 22.35 1.61 4 Fujii et al., 2013

94 24.30 -149.20 27.102 701 27.25 9.28 60.88 na 1056 18.57 2.03 9.47 0.20 53.70 1.20 23.50 1.697/6 Fujii et al., 2013

118 24.30 -157.50 26.978 699 26.06 9.53 58.66 23.40 1042 19.67 1.59 9.59 0.30 54.86 1.32 24.09 1.14 3 Fujii et al., 2013

Tropical South Atlantic (TSA) 5 -12.00 -20.00Nov–Dec 2007 27.041 399 16.04 6.80 40.39 13.87 na na na na na na na na na naFrame et al., 2014

6 -12.50 -17.50 27.042 400 21.70 6.43 40.93 12.42 na na na na na na na na na na

7 -12.50 -15.00 27.074 300 20.46 6.13 39.12 9.40 na na na na na na na na na na

8 -12.50 -12.50 27.042 400 21.58 6.58 40.32 10.76 na na na na na na na na na na

9 -12.50 -10.00 27.033 300 32.67 5.77 38.15 7.44 na na na na na na na na na na

10 -12.50 -7.50 27.172 169 28.04 5.38 36.57 6.00 na na na na na na na na na na

11 -12.50 -5.00 26.764 199 29.20 5.24 36.67 5.82 na na na na na na na na na na

12 -13.25 -2.50 27.024 399 24.05 6.76 40.64 11.03 na na na na na na na na na na

13 -13.25 0.00 26.689 199 32.40 5.02 36.84 6.19 na na na na na na na na na na

14 -13.75 2.50 26.750 199 34.35 5.06 36.86 5.77 na na na na na na na na na na

na, not available

Negative value means southern latitude or western longitude.

Concentration and isotopocule ratios for excess N2O

calculated from observed values and  those in the seawater

equlibrated with the atmosphere.

Average, 1sigma, and number of data below 2000m. When data number for SP is smaller than other parameters due to no sampling

or analytical problem, it is shown after slash.
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2

OH by
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-68 -18.3 -3.7 3.1 27.9 38.7

Yoshida (1988), Jung et al. (2014), Frame &

Casciotti 2010
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3
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archaea (AOA)

-17.3 7.6 -2.2 13.2 19.4 31.5 Jung et al. 2014, Santoro et al. 2011

NO

2

−

 redcution by AOB

(nitrifier-denitrification)

-39.5 -31.4 7 9.8 -13.6 1.8 Sutka (2003, 2006), Frame & Casciotti 2010
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3

−
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2

−
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-37 -10 4 40 -6.9 1.4

Yoshida (2010), Sutka et al. (2006), Toyoda et al.

(2005), Casciotti et al. (2002)

N

2

O consumption

Reduction by dnitrifying

bacteria

-26 -4.1 -42 -11 -16.4 -5 0.99 1.4 0.452 0.55

Yoshida (1984), Whalen and Yoshinari (1985),

Ostrom et al. (2007), Yamagisi et al. (2007)
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Compounds  §'°N (%) 5'%0 (%o) Sites Source
min max__ min max
NH," 0 7 Below euphotic zone, Saanich Inlet (Canada) Bourbonnais et al. (2013)
8 16 Anaerobic bottom water, Saanich Inlet Bourbonnais et al. (2013)
Subsurface O,/H,S interface in Black Sea, Framvaren .
8 20 Velinsky et al. (1999
Fyord (Norway), and Saanich Inlet elinsky et al. ( )
5 10 Belcvy 500 m in Black Sea, Framvaren Fyord, and Velinsky et al. (1999)
Saanich Inlet
4 9 dN of "Tcdf_:l dissolved N-NO; " in the bottom layer of Granger et al. (2011)
eastern Bering Sea
0 10 Assumed range in this work
NO;~ 3.6 6.6 13 6.9 Chukchi Sea Hirota et al. (2009)
5 6 2 3 South Atlantic Casiotti et al. (in prep, 2014)
1.5 71 0.7 3 Station ALOHA (Hawaii) Casiotti et al. (2008)
-0.5 6 Western tropical Pacific Liu et al. (1996)
5 1 0 6 Subarctic Pacific Casciotti et al. (2002)
2 5 Bermuda Atlantic Time Series station Knapp et al. (2005)
1 5 Sargasso Sea Karl et al. (2002)
0 10 0 5 Assumed range in this work
North Pacific, eastern equatorial Pacific, North N N
0, 24.05 375 Atlantic, South Pacific Kroopnick & Craig (1976)
NO,~ -39.8 -0.6 Estimated from 5N-NH,4 and & value & value from Casciotti et al. (2003)
2 15.5 Estimated from 80-0O,, §0-H,0 and ¢ values ¢ values and other parameteres from Buchwald et al. (2012)
H,O -0.5 0.5 Epstein and Mayeda (1953)





