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Inland waters are the largest natural source of methane (CH4), a potent greenhouse gas, but 1 

models and estimates of aquatic CH4 cycling and emissions were developed in soft-water 2 

ecosystems and may not apply to globally abundant salt-rich inland waters. Here we show 3 

that elevated salinity constrains microbial CH4 cycling restricting aquatic emissions at large 4 

scales. Our survey of the Canadian Prairie ecozone demonstrates that salinity interacts with 5 

organic matter availability to shape CH4 patterns across aquatic networks (rivers, lakes, 6 

wetlands, and agricultural ponds). Current empirical models, biased toward solute-poor 7 

surface waters, overestimated CH4 concentrations and emissions measured in hardwater 8 

systems by up to several orders of magnitude, with discrepancies strongly linked to salinity. 9 

Models were particularly inaccurate for bubble-mediated emissions from small lentic 10 

systems, one of the largest sources of aquatic CH4 globally. Elevated salinity reduced aquatic 11 

CH4 emissions by an estimated 81 % in the Canadian Prairies, and could result in a 7.8 % 12 

overestimation of global lentic emissions. Widespread salinization of inland waters under 13 

future land use and climate regimes could further restrict methane emissions. 14 

 15 

Methane (CH4) is a potent greenhouse gas responsible for 16 % of current atmospheric 16 

radiative forcing1. Inland waters are the largest natural source of CH4 globally, emitting 398.1 17 

(±79.4) TgCH4 yr-1 2,3. However, this number is largely based on measurements performed in 18 

solute-poor waters2,4–6, despite salt-rich systems representing nearly half of the global inland water 19 

volume7. There is increasing evidence to suggest that salinity, particularly as sulfate (SO4
2-), 20 

inhibits CH4 production through multiple mechanisms, which may lead to lower CH4 emissions 21 

from these systems8–11. The paucity of empirical data from salt-rich inland waters raises questions 22 
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about our current understanding of aquatic CH4 regulation, and about the accuracy of global 23 

emissions estimates.   24 

The salinity of aquatic ecosystems shapes microbial communities12, in particular the 25 

abundance and distribution of methanogens and methanotrophs13,14. Methanogenesis is the least 26 

energy-efficient carbon (C) mineralization process in the redox chain. An abundance of ions favors 27 

more energetically efficient reactions, with sulfate (SO4
2-) and iron (Fe3+) reducers outcompeting 28 

methanogens for labile C substrate and hydrogen ions11,15,16. The reduction of SO4
2-, nitrate (NO3

-
29 

), and Fe3+ ions can be coupled to anaerobic CH4 oxidation17–23, further supressing ambient CH4 30 

concentrations at high salinity levels. Salinity can also interact with other key CH4 controls, with 31 

organic C availability modulating the SO4
2- inhibition of methanogenesis11,18,24,25, and nutrient 32 

availability changing with salt content due to sorption to sediments18,26. Salinity thus integrates 33 

multiple pathways of CH4 suppression. The inhibition of CH4 by salinity (especially SO4
2-) has 34 

been demonstrated in coastal and salt-rich wetlands9,10,27–31, as well as in one lacustrine 35 

experiment8, suggesting a potentially significant effect on CH4 across salt-rich inland waters. 36 

However, the impact of this fine-scale salt regulation on regional and global CH4 emissions is 37 

unknown.  38 

Here we survey 193 rivers, lakes, open-water wetlands, and agricultural ponds spanning a 39 

wide range in morphometry, hydrology, chemistry, and trophic status in the Canadian Prairies (Fig. 40 

1 and Table S1), a region with the highest density of salt-rich inland waters worldwide32. We show 41 

that salinity is a key driver of CH4, interacting with organic matter (OM) content to shape surface 42 

CH4 partial pressure (pCH4). Elevated salinity reduced CH4 emissions in small lentic waterbodies, 43 

especially through ebullition, by an average of three-fold relative to predictions from existing 44 

freshwater models, representing a flux reduction comparable to major components of the regional 45 
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CH4 budget. The negative effect of salinity on CH4 emissions, that we also identified in other 46 

hardwater regions, could lower global lentic emissions by 7.8 %.  47 

 48 

Fig. 1. Map of study area (Canadian Prairies) and sampled sites with density distribution plots of 49 

measured environmental properties by ecosystem type. See Table S1 for summary statistics.  50 
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 51 

Salinity-pCH4 link varies across ecosystem types 52 

Across all sampled sites, salinity had a strong negative effect on pCH4 in a multiple linear 53 

regression that also included temperature33–35, and common proxies for organic substrate (DOC 54 

and TP4,5,36,37) (Table S2 and Fig. S1 and S2). The effect of salinity on pCH4 varied among 55 

ecosystem types, from non-significant in rivers and lakes, to pronounced control of pCH4 in small 56 

lentic systems (surface area < 0.1 km2, wetlands and agricultural ponds) (Table S2 and Figs. S1 57 

and S2). In rivers, salinity, DOC, and nutrient concentrations were highly colinear (Pearson r > 58 

0.6), making salt-rich rivers also highly concentrated in organic matter (elevated DOC and nutrient 59 

content), and overriding a potential inhibitory effect of salinity on pCH4. Similarly, there was no 60 

significant influence of salinity in lakes (surface area > 0.1 km2), whereas ionic concentration was 61 

a key pCH4 predictor in small, often shallow, lentic waterbodies (Figs. S1 and S2). The enhanced 62 

effect of salinity in small and shallow waterbodies may reflect the closer connection between 63 

surface pCH4 and sediments methanogenesis, directly affected by salinity, compared to larger 64 

lakes where pCH4 is more susceptible to water column processes like mixing, oxidation, and 65 

pelagic production38,39. Importantly, the strong influence of salinity on pCH4 observed in small 66 

lentic waterbodies (Fig. S1 and S2) has the potential for large-scale impacts as these wetlands and 67 

ponds are the most abundant aquatic features in the regional Prairie landscape32,40,41 and a large 68 

source of CH4 globally2,3. 69 

 70 

 71 
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Interplay between salinity and OM regulates pCH4 72 

The positive correlation between pCH4 and the DOC/salinity ratio (p-value << 0.001 and 73 

R2
adj = 0.28, Fig. 2a) suggests that organic-rich systems (with elevated DOC concentrations) can 74 

compensate for the inhibitory effect of salinity on methanogenesis. pCH4 correlated similarly with 75 

ratios of TN or TP to salinity, supporting the use of DOC as a proxy for OM content. This 76 

correlation, in line with previous research, likely reflects the absence of competition for organic 77 

substrate between methanogenesis and other reduction pathways (namely SO4
2- reduction) when 78 

OM is abundant or when the low concentration of other electron acceptors limits alternative redox 79 

processes11,18,24. Conversely, low DOC/salinity ratios may favor alternative reduction 80 

reactions11,15,16 that outcompete methanogens for the limited organic substrate, resulting in lower 81 

pCH4. This inhibitory effect is likely mostly caused by SO4
2- ions, which correlated strongly with 82 

salinity (Fig. S3), in line with previous studies of brine composition in Canadian Prairie waters32. 83 

Our data suggest that the fine-scale interplay between ion and organic matter content shapes pCH4 84 

patterns across the aquatic network at sub-continental scales. 85 

OM availability and salinity have opposite effects on surface pCH4, however, these two 86 

drivers are positively correlated (Pearson r = 0.52). The concentration of OM, nutrients, and ions 87 

often covary due to common catchment sources (e.g., agricultural and urban inputs), hydrological 88 

transport, and evapoconcentration32,42–45. Accordingly, the highest salinity, DOC, TP, and TN 89 

concentrations were found in lentic waterbodies with long water residence time (WRT) favoring 90 

solute accumulation, while fast-flowing lotic systems were the most solute-poor (Fig. 1 and Table 91 

S1). Site-specific factors can decouple OM and ions, with groundwater inputs, local geology, and 92 

atmospheric depositions changing ionic water composition7,32,46, whereas internal metabolism 93 

independently regulates OM stocks47. This leads to a wide range in the ratio of DOC to salinity 94 
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observed in sampled sites (Table S1), that contribute to variance in pCH4 within and across 95 

ecosystem types (Fig. 1 and 2).  96 

Based on the empirical relationship in Fig. 2a, the modelled response of pCH4 to changes 97 

in salt content is non-linear, with the greatest sensitivity at low end of the salinity gradient (Fig. 98 

2b). The majority of sampled sites (78 %) in the Prairie landscape exhibited moderate salinity < 1 99 

ppt (Fig. 1 and Table S1), a range within which even modest salinity changes from year to year45,48 100 

could have a substantial effect on CH4 dynamics (Fig. 2b). For instance, at DOC = 10 mg L-1, 101 

increasing salinity from 4 to 4.5 ppt is predicted to result in an 11% decrease in pCH4 (from 51 to 102 

46 ppm) compared to a 50% reduction (407 to 203 ppm) when increasing salinity from 0.5 to 1 103 

ppt (Fig. 2b). The impact of doubling salinity at this level is comparable to that of halving the DOC 104 

concentration (Fig. 2b), highlighting the overlooked importance of salinity as a CH4 control in the 105 

Canadian Prairie landscape.  106 

 107 

 108 

 109 
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 110 

Fig. 2. a) Linear regression of pCH4 (ppm) as a function of the DOC (mg L-1) to salinity (ppt) ratio 111 

(p-value << 0.001, R2
adj = 0.28, equation (with standard errors): log10 (pCH4) = 1.34 (±0.19) + 0.98 112 

(±0.11) log10 (DOC / Salinity)). b) Modeled pCH4 as a function of salinity at varying levels of 113 

DOC based on the empirical equation model from panel a.  114 

 115 

Salinity lowers CH4 emissions 116 

Increased salinity lowered CH4 emissions from inland waters in the Canadian Prairies and 117 

in two other salt-rich landscapes49,50, particularly via ebullition from small lentic systems (Fig. 3). 118 

Diffusive CH4 fluxes ranged from 0.11 to 91 mmol m-2 d-1 in Prairie wetlands and ponds (Fig. 3 119 

and Table S1), within the global range reported in small (< 0.1 km2) waterbodies36. Ebullitive CH4 120 

fluxes, measured in 10 sites (5 wetlands and 5 agricultural ponds), spanned 6 orders of magnitude, 121 

with 70 % of measurements lower than the 1st quantile of globally reported ebullition rates for 122 

small lentic systems36. Both diffusive and ebullitive flux rates were negatively correlated with 123 

salinity (Fig. 3), although the regression slope was much steeper for ebullition than for diffusion 124 
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(-3.0 vs -0.7, respectively, on a log10 scale), with a 10-fold increase in salinity (0.1 to 1 ppt) leading 125 

to a 4.5 vs 1000-fold decline in diffusion vs ebullition, respectively. The stronger influence of 126 

salinity on ebullition infers an impact on sediment CH4 dynamics (CH4 production and anaerobic 127 

oxidation), whereas water column CH4 production, consumption, and physical mixing influence 128 

surface diffusion and weaken the effect of salinity on this flux pathway. Subsequent analysis of 129 

published data from lakes and ponds in Tibet and Mexico49,50 (Fig. 3) further suggest that salinity 130 

could restrict aquatic CH4 emissions from hardwater landscapes worldwide.  131 

 132 

 133 

Fig 3. Negative relationship between salinity and lentic CH4 emissions in different salt-rich 134 

landscapes. Data are from the Canadian Prairies (this study),  the Tibetan Plateau (18 lakes50), and 135 

the Cuarto Cienegas Basin in Mexico (5 ponds49). Statistics of linear regressions are as follow: p-136 

values = 0.04, << 0.001, 0.02, and 0.002; R2
adj = 0.19, 0.25, 0.47, and 0.69; slope = -0.8, -0.7, -3.0, 137 
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and -1.0; and intercept = -0.01, 0.24, -1.9, and -0.12 (on log10 scales) for Tibetan lakes, and for 138 

diffusion, ebullition, and total flux from Canadian sites, respectively. No statistics are presented 139 

for the Mexican ponds since one of the flux values was zero and could not be log-transformed. 140 

 141 

Existing empirical models5,34,35,37 weakly predicted CH4 dynamics in our study systems, 142 

and deviations from predictions were strongly linked to salinity (Fig. 5). The models we tested 143 

were developed based on regional and global data largely from freshwater systems5,34,35,37, and use 144 

typical CH4 drivers including water temperature, river discharge, lentic surface area, chlorophyll 145 

a, TN and DOC concentrations. These models captured a third of the observed variability in pCH4 146 

in our dataset (R2 = 0.32; Fig. 4a), and only weakly predicted diffusive and ebullitive emissions 147 

from small lentic systems (R2 = 0.15 and 0.03 respectively; Fig. 4b-c). Salinity, not included in 148 

these models, explained 20, 24, and 42 % of the deviation from predicted pCH4, diffusion, and 149 

ebullition, respectively (Fig. 4d-f). Model deviation was particularly large for ebullitive fluxes in 150 

wetlands and agricultural ponds, being on average ~3 orders of magnitude lower than predicted 151 

(Fig 4c,f; in line with results from Fig. 3) reflecting a particularly strong impact of salinity on 152 

sediment-related processes. The inclusion of salinity in CH4 models will therefore improve 153 

emissions estimates, particularly ebullition flux rates from small lentic systems. 154 
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 155 

Fig. 4. Observed versus predicted (based on published models5,34,35,37) values of CH4 partial 156 

pressure (a), diffusion (b), and ebullition (c) in sampled sites, and the corresponding deviations 157 

from predictions (measured - modeled) as a function of salinity (d-f). The grey dashed line 158 

represents a perfect correspondence between predicted and observed values. Linear regression 159 

lines (solid black) in d-f have p-values < 0.05, R2
adj = 0.20, 0.24, and 0.42, and slopes = -0.80, -160 

0.60, and -3.0 for CH4 partial pressure, diffusion, and ebullition, respectively.    161 

 162 
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Salinity impacts large-scale CH4 budgets 163 

Model simulation suggests that high salinity reduces total CH4 emissions by ~5-fold from 164 

small lentic systems in the Canadian Prairies. We tested the effect of two salinity levels: 0.5 vs 0.1 165 

ppt, respectively corresponding to the median of sampled small lentic sites (Table S1) vs a typical 166 

freshwater value, on the total (diffusion + ebullition) CH4 emission rate based on the empirical 167 

relationship in Fig. 3. This yielded a large difference in flux rate (1.57 vs 8.42 mmol m-2 d-1, 168 

respectively), consistent with the ~3-fold overestimation of total flux rates by existing freshwater 169 

models (Fig. 4). We applied this simulated difference in flux rate to three summer months and to 170 

a regional estimate of the area of small (< 0.1 km2) lentic systems, totalling 2,869 km2 in the 171 

Canadian Prairies. This resulted in a > 5-fold lower emissions in the actual salt-rich vs freshwater 172 

scenario (6,555 vs 35,169 Mg CH4). This difference of 28,613 Mg of CH4 (representing 0.97 173 

TgCO2eq) is regionally significant, equal, in terms of C footprint (CO2 + CH4 emissions), to ~11 174 

% of the beef cattle industry of the province of Saskatchewan51, or to the entire Canadian 175 

wastewater treatment sector52.  176 

Global CH4 emissions from lentic waterbodies2 could be overestimated by 7.8 %, since 177 

hardwater systems are underrepresented in current modeling and budgets. These estimates apply 178 

mean CH4 flux rates, compiled largely from freshwater sites, to the global lentic area. Yet, we 179 

tentatively estimate that 12.8 % of the global area of small-sized waterbodies is salt-rich (166,120 180 

km2), with an inherently lower emission rate (details in methods). Assuming the total CH4 emission 181 

rate of this fraction of the aquatic area is 2.15 mmol m-2 d-1 (measured mean in our hardwater 182 

survey) instead, yields annual emissions of only 2.1 vs 13.9 TgCH4 yr-1 in the current budget. This 183 

11.8 TgCH4 yr-1 difference represents a potential overestimation equal to 7.8 % of global lentic 184 

CH4 emissions. This discrepancy highlights the need to better characterize the salinity-CH4 link 185 
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and constrain emissions from hardwater systems, which could ultimately help resolve some of the 186 

discrepancy between top-down and bottom-up global CH4 flux budgets53.  187 

 188 

Future salinization  189 

Worldwide, SO4
2- pollution of inland waters is on the rise due to anthropogenic activities 190 

(mining, agriculture, urbanization, atmospheric deposition, climate change)31,42,54–60, which may 191 

further reduce aquatic CH4 emissions31. In the Canadian Prairies, SO4
2- concentrations have 192 

increased in 64 % of the 14 monitored lakes for which data are available over the past 30 years 193 

(Fig. S4). This is consistent with previous findings that, despite high-local variability, Prairie 194 

waters are generally becoming more saline42,61. A salinization trend was reported in several regions 195 

worldwide59,60,62, further emphasizing the need to examine the link between CH4 and ionic 196 

composition in different landscapes. Future global increases in temperature, eutrophication, and 197 

DOC content, expected to stimulate CH4 production34,36,63, may be counteracted by increases in 198 

salinity. To derive more accurate predictions, future emissions scenarios should consider changes 199 

in salinity along side other key variables and their interactive effects on aquatic CH4 cycling.  200 
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Materials and methods 221 

Sampling sites 222 

The study was conducted in the Canadian Prairie ecozone of the provinces of Alberta and 223 

Saskatchewan, covering 467,029 km2 (Fig. S1). The region is characterized by a cold continental 224 

to semi-arid climate64, with extreme seasonal temperature variability (monthly means from ~ 19 225 

°C in July to ~ -18 °C in January32, low annual precipitation, and strong winds65. Land use is 226 

largely agricultural, containing > 80% of Canada’s farmland area66. The region is known for its 227 

generally flat topography32,65, widespread endorheic drainage basins, and high evaporation to 228 

precipitation ratio, making hardwater lentic systems (wetlands, ponds, and lakes) largely dominant 229 

in the regional aquatic landscape32,40,41. The region exhibits the highest abundance and diversity of 230 

salt-rich lakes worldwide32, mostly driven by elevated concentrations of SO4
2- (Fig. S2)32.  231 

The survey covered a diverse range of system types and sizes, with 23 sampled rivers, 17 232 

lakes, 45 wetlands (shallow open water), and 108 agricultural ponds (Fig. S1 and Table S1), which 233 

are common features on the landscape67. Each site was sampled once in the summer (June to 234 

August, 2011 to 2021).  235 

 236 

Environmental parameters 237 

At each site, water temperature, dissolved oxygen concentration, pH, and specific 238 

conductivity were measured using a multiparameter probe. Salinity was either directly measured 239 

by the probe or derived from specific conductivity and temperature using the function ‘swSCTp’ 240 

from the package ‘oce’68 in R69. Water samples were collected at each sampling site (at < 0.5m 241 
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depth) in clean bottles and stored at cold temperatures until analyzed for DOC, TP, and TN 242 

concentrations. DOC analyses were performed on water samples filtered to 0.45 μm on site or in 243 

the lab (shortly after collection), then acidified (to remove inorganic carbon) before being 244 

processed on an organic carbon analyzer (Shimadzu TOC-L or 5000A, or Aurora 1030W). TP was 245 

analyzed by spectrophotometry on a Lachat QuickChem 8500 instrument using the standard 246 

molybdenum blue technique after persulfate digestion. TN was measured after chemical digestion 247 

on an Alpkem analyzer (IO analytical Flow Solution 3100), a Lachat QuickChem 8500, or a 248 

Dionex DX600 instrument. For some sites, TP and TN analysis were performed on filtered samples 249 

(0.45 μm) and thus represent the dissolved rather than the total P and N concentrations. However, 250 

where both the dissolved and total concentrations were measured, the dissolved fraction 251 

represented the vast majority of nutrient content (mean of 77 and 89% for P and N respectively). 252 

Therefore, we assumed the dissolved fraction to be representative of the total nutrient content in 253 

these samples. The small error that this introduces in the data was considered in the interpretation 254 

of results. Chlorophyll a concentration was measured in most lentic systems by spectrophotometry 255 

after filtration (on GF/F or GF/C filters) and alcohol extraction. Concentration of SO4
2- was 256 

measured in 118 sites using a SmartChem 200 discrete analyzer or a Dionex DX600 and ICS2500. 257 

River discharge data at time of sampling were obtained via the National Hydrological Services of 258 

Canada, and directly from both the Saskatchewan Watershed Authority and Alberta Environment 259 

and Parks. Stream velocity was estimated based on discharge following the relationship in 260 

Campeau & Del Giorgio (2014)37. 261 

 262 

 263 
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CH4 partial pressure and flux 264 

CH4 concentration in all samples was determined using the headspace technique, however, 265 

since the database is a post hoc combination of data collected independently by different research 266 

teams, details of the gas sampling method are not uniform. However, variation introduced by 267 

distinct methodologies is expected to be minor relative to the measured range of CH4 content 268 

across sites. Overall, water was collected in an airtight container (140 mL plastic syringe or 1.2 L 269 

glass bottle or 160 mL Wheaton glass serum bottle). An air headspace was created inside the sealed 270 

container, either on site or in the laboratory (after preserving the water with potassium chloride). 271 

The headspace consisted of ambient air at the sampling site or ultrahigh purity dinitrogen in the 272 

laboratory, and the air to water ratio varied between 0.05 and 0.25. To equilibrate the gas and water 273 

phases, the closed container was shaken for at least 2 min. The gas phase was then extracted and 274 

analyzed for CH4 concentration by gas chromatography on a GC Scion 456, a Varian 3800, or a 275 

Thermo Trace 1310 instrument, calibrated against multiple standards. The in-situ concentration of 276 

CH4 in the water was back-calculated based on the gas solubility (dependent on salinity and water 277 

temperature) before and after equilibration, local atmospheric pressure, and the headspace air to 278 

water ratio.   279 

Surface CH4 diffusive flux rates to the atmosphere were calculated in 139 wetlands and 280 

ponds using the following equation: 281 

𝐹 = 𝑘 (𝐶𝑒𝑞 − 𝐶𝑤)          (Eq. 1) 282 

Where F is the CH4 diffusive flux rate, k is the air-water gas transfer velocity, Ceq is the CH4 283 

concentration in the water at equilibrium, and Cw is the CH4 concentration measured in the water. 284 

The parameter k was estimated based on an empirical wind-based model70: 285 
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𝑘600 = 2.07 + 0.215 𝑈10    1.7           (Eq. 2) 286 

with k600 the normalized gas transfer velocity (converted to a CH4 specific k using the Schmidt 287 

number with an exponent of 0.6770), and U10 the average mean wind speed at 10 m at the time of 288 

sampling across sites. Direct floating chamber measurements were performed in a subset of 10 289 

ponds as described in a previous study71.  290 

CH4 ebullition flux rates were measured at 10 sites (5 natural wetlands and 5 agricultural 291 

ponds). In each site, bubbles were collected by deploying two inverse funnel traps (0.061 m2 and 292 

27.3 cm diameter), one in the shallow and one in the deep region of the waterbody, sampled at 293 

least 3 times from June to August to determine the volume of bubbles emitted. The CH4 content of 294 

bubbles upon ascension was determined by perturbing the sediments and collecting freshly emitted 295 

bubbles with funnel traps fitted with an airtight plastic syringe. Gas collected in the syringe was 296 

injected in 12 mL Labco vials and analyzed for CH4 concentration as above. Summer mean CH4 297 

ebullition rate was calculated for each site as the product of the total volume of bubble emitted and 298 

the concentration of CH4 in freshly emitted bubbles, converted to an areal daily flux rate (per m2 299 

of surface water).   300 

 301 

Statistical analyses 302 

All statistical analyses were performed in R69. Prior to analysis, data were log10 transformed 303 

if necessary to meet normality requirements. The links between pCH4 or flux and other variables 304 

were assessed via multiple linear regressions using the function ‘lm’, and verifying the 305 

homoscedasticity of the residuals with a Shapiro-Wilk test (function ‘shapiro.test’). The same 306 
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regression analysis was performed on standardized values (to a standard deviation of one) to 307 

compare effect sizes (coefficients) of explanatory variables (Fig. S2). A marginal effect analysis 308 

was performed for each system type using the R package ‘sjPlot’72 to visualize the effect of salinity 309 

on pCH4 when other variables are held constant (at dataset average).    310 

Measured pCH4, diffusive, and ebullitive fluxes were compared to predicted values based 311 

on existing literature models. We selected multiple models that use established CH4 predictors 312 

measured in our dataset, and that are based on empirical surveys in Canada or at the global scale. 313 

pCH4 was modeled based on surface area, temperature, and TN for lentic systems (lakes, wetlands, 314 

and ponds)35, and on temperature, velocity, and DOC concentration for lotic systems37. Both 315 

models are based on empirical linear relationships developed from large-scale surveys in the 316 

eastern Canada35,37. Predicted CH4 diffusive flux rate was calculated as the mean of two modeled 317 

values: a global model using area and Chl a concentration5, and a regional East-Canadian model 318 

using area and temperature35. Likewise, predicted CH4 ebullition was considered as the mean of a 319 

global model based on a global relationship with Chl a5, and a regional (East-Canada) model using 320 

sediment temperature34. The use of multiple models allows us to account for multiple controls of 321 

CH4 and reduce the bias associated with one particular model. 322 

 323 

Spatial upscaling  324 

To estimate the effect of salinity on CH4 emissions at a regional scale, we simulated CH4 325 

total flux rate using the regression model developed in Fig. 4 as a function of two salinity levels: 326 

0.5 ppt (median of sampled small lentic sites) vs 0.1 ppt (typical value in freshwaters). The 327 

regression model is based on 10 sites (5 wetlands and 5 ponds) with robust data on both diffusive 328 
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and ebullitive summer fluxes, providing well constrained total CH4 emissions from open-water 329 

environments (excluding emergent vegetation). The difference in CH4 flux rate between the two 330 

scenarios was applied to three months of summer (91 days) and to the regional surface area covered 331 

by small lentic waterbodies. We calculated the lentic surface area of the Canadian Prairie ecozone 332 

using a combination of geospatial layers: the Canadian Wetland Inventory (CWI)73, and the 333 

Alberta Biodiversity Monitoring Institute / Ducks Unlimited Canada Southern Saskatchewan 334 

Moderate Resolution Wetland Inventory (ABMI/DUC 2022; systems ≥ 0.0004 km2)74 for areas 335 

outside of the CWI layer coverage (45.9 %). We selected waterbodies of ‘shallow/open-water’ 336 

type and filtered out riverine wetlands (to exclude floodplains) to get a conservative areal estimate 337 

of lentic waterbodies of 8,843 km2, representing 1.9% of regional land cover. We restricted the 338 

upscaling exercise to lentic systems smaller than 0.1 km2 (totalling 2,869 km2) to remain in the 339 

size range of our empirical model. The product of this regional aquatic area by the difference in 340 

CH4 flux rate in hardwater vs freshwater scenarios represented the potential overestimation of CH4 341 

emissions from small waterbodies of the Canadian Prairies if these systems were considered as 342 

salt-poor (0.1 ppt). 343 

To assess the salt effect on CH4 flux at a global scale, we estimated the global area of salt-344 

rich small lentic systems and calculated their emissions based on the current CH4 budget2 vs a 345 

lower mean flux rate derived from our hardwater measurements. The area of 166,120 km2 was 346 

derived from the tentative lower-bound estimate of the global area of salt-rich inland waters 347 

(538,892 km2)75 multiplied by 0.31, the fraction of small (< 0.1 km2) systems based on the global 348 

size distribution of lakes76. The most recent budget estimates the annual emissions of small lentic 349 

systems (< 0.1 km2) to be 108 TgCH4 yr-1 2, from which 13.9 TgCH4 yr-1 is attributed to salt-rich 350 

systems, assuming the fraction of salt-rich to total area of small lentic systems is 12.8 %75,76. We 351 
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recalculated emission of this subset of systems by applying the average total CH4 flux rate 352 

measured in our hardwater study sites (2.15 mmol m-2 d-1) to the estimated global area of small 353 

salt-rich waterbodies, yielding 2.1 TgCH4 yr-1. The difference between the two values (13.9 – 2.1 354 

TgCH4 yr-1) was considered as the potential overestimation of emissions in the global aquatic CH4 355 

budget when not explicitly considering the lower emission rate due to salinity in hardwater 356 

systems.     357 

 358 

Temporal trends 359 

To explore temporal trends in SO4
2- concentration in the study region, we used a publicly 360 

available (Saskatchewan Water Security Agency), long-term monitoring dataset collected in 361 

southern Saskatchewan lentic systems between 1990 and 2020. A subset of sites was selected for 362 

long-term trend analysis based on the following criteria: 1) a minimum of 10 observations within 363 

the 1990 - 2020 time period, 2) observations span at least 5 years, 3) at least one recent observation 364 

after 2010. Where all three criteria were met, a Sen slope analysis was performed using R package 365 

‘zyp’77 to determine the trends in SO4
2- over the past 3 decades. For each Sen slope, a 95 % 366 

confidence interval (CI) was calculated and used to determine the significance of the slope, with 367 

trends considered significantly increasing or decreasing if the CI range was entirely positive or 368 

negative respectively (Fig. S4).  369 

 370 

  371 
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