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42	Table S1: Table presenting the seabird populations at our three study sites.


	
	
Surprise
	
Tromelin
	Grande

Glorieuse

	








Breeding seabird species
	Red-footed boobies (Sula sula), Masked boobies (Sula dactylatra), Brown boobies (Sula leucogaster),
Noddies (Anous minitus, Anous stolidus), Frigate birds (Fregata sp.),
Terns (Sterna bergii, Sterna sumatrana, Sternula nereis, Gygis alba, Onychoprion fuscatus),
Tropicbirds (Phaeton lepturus, Phaeton rubicauda),
Wedge-tailed shearwater (Ardenna

pacifica) (Spaggiari et al. 2007).
	Red-footed boobies (Sula sula), Masked boobies (Sula dactylatra),
White tern (Gygis alba), Brown boobies (Sula leucogaster) (Le Corre et al. 2015)
	









-

	Breeding pairs
	14,000 (Thibault et al. 2022)
	2,000 (Le Corre et al. 2015)
	-

	Area (km²)
	0.3
	1
	7

	Birds density

(pairs m-2)
	
47
	
2
	
0
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44 Table S2: Table compiling the water properties data used in this study. Urea, ammonium

45 [NH4+] and nitrate [NO3-] concentrations, δ15N, δ18O-NO3- and (NO3-+NO2-) and δ18O-H2O

46 from the different end-member considered in our mixing model and along transect. The

47 contribution of each defined end member to the δ15N-(NO3-+NO2-) observed at each site

48 along the transect is given per site and date and averaged between sampling dates in Fig. 6.
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50 Fig. S1: Temperature salinity plot offshore Surprise Island, Coral Sea. Several water masses

51 were identified in accordance with the literature (Emery 2003; Talley et al. 2011): below 500

52 m depth, the AntArctic Intermediate Water (AAIW) mixes with warmer, more saline waters

53 to form the SAMW (Sub-Antarctic Mode water). This latter water mass mixes with the

54 STUW (Sub-Tropical Upper Water), formed by subduction of thick winter mixed layer, to

55 create the WSPCW: Western South Pacific Central Water. The ocean-water end member used

56 in our mixing model corresponds to the STUW (see Fig.s 4 and 6).

57 Text S1: Water masses identified offshore of Surprise Island

58 The main oceanic NO3--pool, by concentration, is the Subantarctic Mode Water (SAMW,

59 salinity of 34.6±0.2; 8.4±2.1 °C, Supporting Information Table. S3), identified at 500 m

60 depth, with a δ15N-NO3--only of 7.19±0.04 ‰ and a concentration of 14.90±0.10 µM

61 (Supporting Information Table. S3). Low salinity, high nutrient SAMW originates from the

62 equatorward migration of Circumpolar Deep Water (CDW) subducted at the Subantarctic

63 Front (SAF) in the Southern Ocean (Rafter et al. 2013; Rafter and Sigman 2016). Diapycnal

64 mixing of SAMW with the warmer and fresher waters of the subducting North Caledonian Jet

65 (identified as the Subtropical Upper Water, STUW; 35.5-36.0 of salinity, 18.0-25.0 °C;

66 Supporting Information Table. S3), forms Western South Pacific Central Water (WSPCW;

67 Table 3) (Emery 2003; Gourdeau et al. 2008; Couvelard et al. 2008; Talley et al. 2011;

68 Kessler and Cravatte 2013; Cravatte et al. 2015). These water masses can be identified in a

69 temperature and salinity plot, which means that we can characterize their respective N

70 isotopic fingerprints in the Coral Sea for the first time.


71 Table S3: Table presenting the water masses identified in the Coral Sea and their

72 corresponding properties (See Supporting Information Fig. S1, Text S1).


	
Water mass
	
Layer/depth
	Temperature (°C)
	
Salinity
	
[NO -] (µM)
3
	
δ15N-NO - (‰)
3
	
δ18O-NO - (‰)
3
	
δ18O-H2O (‰)

	
STUW
	Upper

100-200 m
	
18.0–25.0
	
35.50–36.00
	
1.22±0.01
	
6.76±0.04
	
8.87±2.1
	
0.1±0.1

	

WSPCW
	
Upper

0–500 m
	

6.0–22.0
	

34.50–35.80
	

6.56–11.80
	

6.90–7.35
	

2.75–3.85
	

0.1–0.2

	
SAMW
	
Upper

0-600 m
	
8.4±2.1
	
34.60± 0.20
	
11.80 - 14.90
	
7.23±0.08
	
3.90± 0.17
	
-0.2±0.1

	
AAIW
	
Intermediate 500-1200 m
	
5.2±0.5
	
34.42±0.02
	
22.30±4.50
	
6.0±0.3
	
-
	
-
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76 Fig. S2: Plotting the seawater data in a δ15N-(NO3-+NO2-) vs NO3- concentrations space

77 highlights the various isotopic end-members (large black markers) present in the system and

78 the processes controlling the δ15N of (NO3-+NO2-) across the reef flat (solid circles, color is

79 based on the distance from shore). The large concentration difference between groundwater

80 and water on the reef hides the mixing between the groundwater and water from CTD-100 m

81 Subtropical Upper Water, STUW), the ocean end-member in our mixing model. The grey

82 dashed line models the curve resulting from the mixing of two sources of (NO3-+NO2-) with

83 different concentrations (log fit).

84 Text S2: N transformations in the water column offshore of Surprise Island

85 The δ15N-(NO3-+NO2-) decrease observed below the mixed layer depth may indicate
86 that a portion of the (NO3-+NO2-) pool derives from the remineralization of newly fixed N, a

87 process most likely occurring on a regional basis (Liu et al. 1996; Karl et al. 2002; Knapp et

88 al. 2005). However, this δ15N decline is weaker after NO2- removal leaving the upper δ15N to

89 be only 0.4 ‰ lower relative to deep waters (Fig. 3), pointing to an additional overlapping

90 process occurring at 100 m. The elevation of δ18O-NO3- (to 8.87±2.10 ‰; Fig. 3) at 100 m
91 suggests a role for NO3- assimilation, but this process would also elevate the δ15N of NO3- and
92 (NO3-+NO2-) (Granger et al. 2004; Fawcett et al. 2015).

93 We suggest the following interpretation. The (NO3-+NO2-) in STUW has a low δ15N

94 (4.72±0.22 ‰) because of the remineralization of diazotrophic N. Upon exposure of this

95 water to the base of the euphotic zone, NO3- assimilation by phytoplankton raises the δ15N and
96 δ18O of the NO3- and (NO3-+NO2-) pools. The assimilated N is eventually exported and
97 regenerated back to NO2- and ultimately NO3-. However, at the time of sampling, the NO2--to-

98 NO3- oxidation was likely incomplete, resulting in the presence of low δ15N-NO2- in our

99 samples. This would explain why the low δ15N signature of diazotrophic N is not found in the

100 NO3- pool (Fig. 3). In this interpretation, the δ15N of the long term (NO3-+NO2-) supply to the
101 euphotic zone is approximately that of the δ15N of (NO3-+NO2-) at 100 m depth from the CTD
102 sampling, 4.72±0.22 ‰ (Fig. 3). Other offshore data also point to a δ15N-(NO3-+NO2-) decline

103 upward through the shallow thermocline (Yoshikawa et al. 2015), consistent with our

104 interpretation of the oceanic (NO3-+NO2-) supply to Surprise Atoll.


105 Text S3: Seabird density and groundwater N properties

106 The link between seabird density and the properties of the groundwater for a given

107 tropical island may yield insight into the role of seabird population in shaping the size of the

108 NO3- reservoir of the water table. There is not much existing information regarding the NO3-

109 concentration or the dual isotopic composition of NO3- for the groundwater of tropical islands;

110 our measurements represent the first observations of these parameters across three islands of

111 varying seabird density: Grande Glorieuse and Tromelin (Eparses Islands, Western Indian

112 Ocean; Fig. 1) and Surprise (Western Pacific Ocean). The groundwater at Grande Glorieuse,

113 where the seabird population was eradicated by the introduction of rats (Russell and Le Corre

114 2009), provides a comparison for the two other locations. Glorieuse groundwater (NO3- =

115	8.13±0.01 µM; δ15N-NO3- = 10.23±0.01 ‰; δ18O-NO3- = 5.27±0.05 ‰) had NO3-

116 concentrations around 300 and more than 4,000 times lower than Tromelin and Surprise,

117 respectively (Fig. 5). The trend is consistent with the higher bird density found at Surprise (20

118 times that of Tromelin), suggesting that seabird density contributes to NO3- concentration in

119 the groundwater of tropical islands. The δ15N-NO3- of groundwater turned out to be a less

120 robust indicator of the seabird population, with values found at the seabird nesting islands

121 (Tromelin and Surprise) higher by 3 and 6 ‰ respectively, relative to bird-less island (Grande

122 Glorieuse) (Fig. 6). The decoupling between isotopic fractionation and NO3- concentration

123 supports the hypothesis of an isotopic enrichment driven by an abiotic process (i.e., NH3

124 volatilization), while the build-up of NO3- in the groundwater appears to be mainly controlled

125 by the supply of N (i.e., bird density).

126 In addition to bird density, differences in breeding seabird species nesting on the island might

127 play a role in governing the N inputs to the island. While Surprise and Tromelin Islands host

128 similar seabird species, noddies and wedge-tailed shearwaters were only found on Surprise

129 Island (Supporting Information Table S1). These species are thought to be responsible for

130 higher N inputs relative to other species (Staunton Smith and Johnson 1995; Graham et al.

131 2018). However, observations regarding seabird density and species distribution do not seem

132 to govern groundwater concentration of NO3- everywhere. For instance, Heron Island supports

133 a healthy population of noddies and wedge-tailed shearwaters and has a seabird density 5

134 times higher than that of Surprise Island, but has a groundwater NO3- concentration that is 15

135 times lower (Staunton Smith and Johnson 1995; McMahon and Santos 2017). These

136 observations indicate that the relationship between seabird population and groundwater

137 properties may be affected by local variables beyond the seabird species, such as water

138 retention time, island topography, climatology and land-use changes.

139 

140 

141 Text S4: Potential routes for explaining elevated δ15N of guano

142 The elevated δ15N values of guano have been hypothesized to not only arise from the

143 trophic level or the diet of seabirds, but also from the strong isotopic effects associated with

144 abiotic NH3 volatilization, varying from 24.5 ‰ to 60 ‰, (Högberg 1997; Robinson 2001;

145 Bedard-Haughn et al. 2003). These strong isotopic effects are due to the propensity of NH3 to

146 volatilize at elevated temperatures, high wind speeds and frequent but small volumes of rain

147 (Demmers et al. 1998; Riddick et al. 2014, 2017). The average annual air temperature (25 °C),

148 humidity (75 %) and the prevailing Easterly winds in the Coral Sea suggest that the conditions

149 for NH3 volatilization are met at Surprise Island. Abiotic fractionation of NH3 due to

150 volatilization thus helps explaining the observed N isotopic enrichment of the guano with age

151 (from 7 ‰ to 18 ‰), as well as the broad range in guano-δ15N values observed between

152 studies of similar islands (9.9 ‰ at Heron Island, 13.9 ‰ on Palmyra Atoll, up to 18 ‰ on

153 Reynard Islet; Schmidt et al. 2004; Young et al. 2010; Lorrain et al. 2017).

154 The moderate δ15N elevation in the groundwater NO3- observed at Surprise Island,

155 relative to the strong isotopic effect of NH3 volatilization also appears to apply to other

156 seabird nesting islands with similar environmental contexts. For instance, we found elevated

157 NO3- concentrations (2500 µM) and moderate δ15N-NO3--only values (16.40±0.01 ‰, Fig. 5;

158 Supporting Information Table S2) at Tromelin Island. The consistency of this pattern suggests

159 that NH3 volatilization is incomplete on both islands, which would enable the transfer of

160 remaining NH4+ from the soil layer quickly into the water table of the island where NH3

161 volatilization is suppressed. Depending on the topography of the island and the vegetation

162 cover, the magnitude of NH3 volatilization may vary, which would partly explain the range in

163 groundwater δ15N-NO3- values and NO3- concentrations observed across the different islands

164	(Fig. 5).

165
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