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Table S1-Summary of char collection
The table reports the sample size and fish size (standard length, in mm) for the three field campaigns. 
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Table S2-Linear discriminant analysis loading
Loadings of the linear component analysis (LDA) based on the δ13C values of six essential amino acids (EAAs), which values are mean-normalized, of freshwater resident char and marine feeding char. The table reports the contribution of the six EAAs to the LD axis: Isoleucine (Ile), Leucine (Leu), Valine (Val), Phenylalanine (Phe), Threonine (Thr), and Methionine (Met).
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Table S3-Generalized model summary of trophic position 
Glm fitting trophic position (TP) in resident char in subsidized streams. TP was inferred by the amino acid method. For each model we report the best fit (first row, lowest AIC) and other considered models. Models are described by Aikake information criteria (AIC), ΔAIC (the difference between the model and the lowest AIC), degree of freedom (d.f.). Variables include the river type (River), i.e., proglacial or tundra river, and one continuous factor, the marine resource use (Marine), as inferred by mixing model of the essential amino acid carbon fingerprinting. 
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Table S4-Generalized model summary of marine subsidy use 
Glm fitting marine subsidy use (Marine) in resident char in subsidized streams. Marine subsidy use was inferred using mixing models of bulk carbon isotopes. For each model we report the best fit (first row, lowest AIC) and other considered models. Models are described by Aikake information criteria (AIC), ΔAIC (the difference between the model and the lowest AIC), degree of freedom (d.f.). Variables include the river type (River), i.e., proglacial or tundra river, and two continuous factors, standard body size in mm (Size), and day of the year at capture (DOY). 
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Figure S1. Counts of invertebrates of three standardized kick samples in three rivers. The bar plots show the cumulative counts of seven invertebrate categories. Proglacial river with migration was not sampled.   
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Figure S2. Predicted reliance on three clades of primary producers: algae (top), bacteria (middle), and plants (bottom). Predictions are made from bootstrapped LDA, see methods and (Saboret and others 2023). The plots show the distribution of reliance for the six different char cohorts (see legend). Dots show individual char, while segments around dots show one standard deviation of model prediction. 
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Figure S3. δ13C mean-centered values in six essential amino acids (from left to right and top to bottom: Isoleucine, Leucine, Valine, Phenylalaine, Threonine, and Methionine) for three groups of char. Letters show significant differences based on Kruskal-Wallis test, with post-hoc comparison using the criterion Fisher’s least significant difference. 
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Figure S4. Comparison between marine reliance of three mixing models: bulk raw δ13C, bulk lipid-corrected δ13C, and essential amino acid (EAA) fingerprinting. Panels (A), (B), and (C) show the relationship between the pairs of model estimates. Black lines depict the one-to-one lines. Dots represent individual fish, while segments around dots show one standard deviation around mean estimates. Panels (D), (E), and (F) display the distribution of mean differences between model estimates. Red dotted lines indicate zero.
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Figure S5. Char size distribution (standard length, in mm) in the two tributaries, with migration. 
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Figure S6. Relationship between marine subsidy reliance (y-axis) and char body size (x-axis), in tundra (dark green) or proglacial (light green) streams. Here, marine reliance is derived from the raw δ13C (i.e., no lipid correction) bulk mixing model. Dots show individual estimates from bulk mixing model. Lines with shaded area show the mean estimates and associated 95% confidence intervals from logistic regression.
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Figure S7. Comparison of δ13C in char muscle tissue after lipid extraction (y-axis), and values without lipid extraction (A), corrected with Hoffman mass balance approach (B), and corrected with global Post aquatic animal equation (C). Dot shapes and colors show char migratory strategy, and C:N molar ratio in muscle biopsy, before lipid extraction. 
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Figure S8. Comparison between isotopic ratio of carbon and nitrogen between anadromous mature char caught in proglacial (orange) or tundra (green) river. (A) Bulk stable isotope of carbon (x-axis) and nitrogen (y-axis). (B) and (C) show the relationship between char body length (x-axis) and bulk stable isotopes of nitrogen and carbon, respectively. 
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Figure S9. Comparison between maternal muscle and egg bulk isotopic composition. (A) (B), and (C) show relationship between egg (y-axis) and muscle (x-axis) isotopic ratios of carbon, carbon corrected for lipid depletion, and nitrogen, respectively. Lines show linear regressions. Dot colors show the carbon-to-nitrogen (C:N) molar ratio in eggs, see legend. (D), (E) and (F) show the distribution of the relative difference between egg and muscle isotopic ratios of carbon, carbon corrected for lipid depletion, and nitrogen, respectively.






Appendix
Appendix 1. River physical and chemical data
River temperature and conductivity were determined with a RBR Concerto CTD in 2022. Total dissolved phosphorus concentrations were determined by ICP-MS/MS (Agilent 8900) with In as an internal standard. Accuracy was confirmed with the standard reference material SRLS-6 (determined value = 172 ± 9 nmol/L, literature value = 167 ± 33 nmol/L, (Yeghicheyan and others 2019) and the detection limit, defined as three times the standard deviation of the blank, was 4 nmol/L.
Appendix 2. Bulk stable isotope analysis and lipid correction
We dried the samples at 60°C for at least two days. We homogenized the samples by grinding them using tungsten beads (3 min at 30 hertz). For bulk stable isotope analysis, we measured δ13C and δ15N using a Vario PYRO CUBE CN elemental analyser (Elementar, Langenselbold, Germany) connected to an isotope ratio mass spectrometer (IRMS, Elementar, Langenselbold, Germany). We weighed ~0.5 mg of the dorsal muscle. Every tenth sample we ran Urea and acetanilide standards with certified values (Schimmelmann, Indiana University). We corrected the measured stable isotope ratios for sample weight (i.e. considering peak intensity), and drift in the sequence, when we observed a significant drift (linear regression). The δ13C and δ15N values of all samples were normalized to the Vienna Pee Dee Belemnite (VPDB) and atmospheric air, respectively. The standard deviation of the acetanilide standard in one batch was at maximum 0.15‰ for both δ13C and δ15N. 
Biopsies were preserved in ethanol, which is well known to affect the isotopic composition of carbon, but has little effect on nitrogen (Arrington and Winemiller 2002). However, this effect is mainly driven by ethanol-extraction of lipids (Vizza and others 2013; Durante and others 2020); which we corrected for. 
We corrected fish δ13C for lipid depletion in 13C (Δδ13Clipid), using a mass balance approach (Hoffman and others 2015): 
[bookmark: _1t3h5sf]δ13Clipid free = δ13Cbulk – flipid . Δδ13Clipid, with flipid the fraction of lipids, given by: 
[bookmark: _4d34og8]flipid = 1 - C:Nlipid free/C:Nbulk , with C:N the molar C:N ratio. 
[bookmark: _2s8eyo1]We used Δδ13Clipid = 7 ‰, which is a common value reported on fish and salmonid (Post and others 2007; Hoffman and others 2015; Mumby and others 2018). We measured C:Nlipid free using anadromous and resident char of another study in a similar system in Southern Greenland. For this study, we had frozen-preserved muscle samples and we run elemental and bulk stable isotope analysis with and without lipid extraction by three extraction Methanol:Dichloromethane 1:1 (unpublished data). We found C:Nlipid free= 3.4, which was also the value that maximized the fit between lipid extracted and normalized δ13C. 
We compared this approach to the commonly used approach following (Post and others 2007), based on the global formula for aquatic animals:
δ13Clipid free = δ13Cbulk –3.32 + 0.99 * C:Nbulk 
In this equation, C:Nbulk is the mass ratio (instead of molar ratio, which we converted for this calculation).  
We observed a global increase in δ13C following lipid extraction (Fig. S7A, min: 0.1, max: 4.5, mean: 1.9), aligning with the removal of δ13C-depleted lipids. The mathematical mass balance approach yielded close estimates between mathematically corrected δ13C lipid-free values and actual δ13C lipid-free values (Fig. S7B, min: -0.8, max: 1.8, mean: 0.4). Additionally, correction using the global Post equation resulted in a closer fit compared to uncorrected δ13C values, albeit much less adequately than the former approach (Fig. S7C, min: 0.1, max: 3.2, mean: 1.5). Thus, we were confident that the mass balance approach was adequate to mathematically correct for lipid δ13C depletion. 
Appendix 3. Mixing models of marine reliance
We used Bayesian mixing models in MixSIAR  (Stock and others 2018) to estimate marine reliance, one based on the EAA δ13C fingerprinting, and two based on bulk δ13C, raw and lipid-normalized, to extrapolate the results to more fish. 
Source end-members
Setting baselines for mixing models is often a challenge; and primary consumers are often used instead (Post 2002). Here, we used as end-members the resident control for freshwater production (proglacial and tundra rivers), and the anadromous for marine production. This choice was driven by preliminary stomach content analysis that showed high diversity and seasonality in freshwater preys, making the freshwater baseline difficult to estimate. Likewise, the marine baseline was best described by anadromous char as we hypothesized that residents would feed on their eggs. 
To address if anadromous char returning to proglacial or tundra rivers differ in diet (and so in isotopic baselines that could affect the models), we compared bulk isotopes of mature individuals caught in the two streams (Fig. S8). We found that they did not differ in bulk δ15N (t.test, P=0.11), but differed in bulk δ13C (t.test, P=0.03, mean difference 0.21 ‰). However, this difference was driven by the interactive effect of body size on bulk δ13C in the proglacial stream (P=0.03), which alleviated the effect of tributary origin (P=0.11, generalized linear model, see Fig. S4B for illustration). Therefore, we considered that anadromous char returning to the two different type of rivers had similar isotopic ratios because the difference was small, and driven by small individuals in the tundra river that anyways produce much fewer eggs. 
Fingerprinting model
The model based on the EAA δ13C fingerprinting offered the advantage to directly estimate the contribution of proteins from primary producers, independent of δ13C baseline variation and trophic transfer uncertainty. The fingerprinting relies on the premise that different phyla of primary producers leave distinct δ13C offsets between EAA (Larsen and others 2009, 2013), which fingerprinting is transferred up the food chains through consumers (Manlick and Newsome 2022). The fingerprinting has proven as a powerful tool to estimate the relative reliance on primary production, disentangling green and brown food webs (Pollierer and others 2019; Manlick and others 2023), or allochthonous and autochthonous organic matter in freshwater food webs (Liew and others 2019; Besser and others 2022), or even different phyla of algae (Larsen and others 2013; Elliott Smith and Fox 2021; Stahl and others 2023). 
To distinguish marine and freshwater production, we used 6 EAA: Ile, Leu, Thr, Val, Phe and Met (Whiteman and others 2019). First, we maximized the fingerprinting difference between freshwater and marine end-members using a linear discriminant analysis (LDA). They showed a significantly different LD score (LD1), (Fig. 3B-C). The fact that resident fish had overlapping fingerprinting supported the assumption that they had a mixed reliance on the two productions. On the other hand, all freshwater control chars clustered together, supporting a similar freshwater fingerprinting in stream production.
However, going from fingerprinting measurements to mixing model estimates remains challenging. Here, we used a combination of Bayesian mixing model and linear discriminant analysis (LDA). In a two-dimension model, LD1 is a good proxy for source reliance (Fox and others 2019; Elliott Smith and Fox 2021), given that LD1 is a linear combination of the EAA normalized δ13C, which also scale linearly between the two end-members values. It is unclear how error measurement and small fractionation of EAA δ13C (Manlick and others 2023; Robinson and others 2023) could affect the model prediction. To address this question, we used the LD1 in a Bayesian mixing model, as recommended in (Manlick and Newsome 2022), in which we could account for measure uncertainty (set discrimination factor as mean=0; sd=0.5) and model the distribution of end-members setting process error in MixSIAR (Stock et al. 2018). 
Bulk isotope models
For bulk stable isotope mixing model, we considered δ13C as a marker of marine reliance, given the clear separation between the two end-members (Fig. 2B). However, there is debate about whether or not to correct δ13C for lipid depletion in mixing model. This is especially relevant as eggs are rich in fat, and some fats can be routed to synthesis of non-essential amino acids (Newsome and others 2014), therefore contributing to the “lipid-corrected” pool (Arostegui and others 2019). 
We were mainly interested in modelling the transfer and assimilation of proteins, as they are the most abundant macromolecules and we wanted to address the transfer of carbon flows between ecosystems. Thus, we implemented one model based on the lipid-corrected values. To ensure our findings were not biased due to routing of marine lipids in amino acid synthesis, we also implemented one bulk model based on the δ13C raw values. 
To address the maternal isotopic fractionation in eggs that we used as end-members, we analyzed bulk stable isotopes of 5-to-10 pooled eggs for 24 ripe anadromous individuals, collected in different streams of the area (see (Takatsu and others 2022) for data collection). We found no significant discrimination in δ13C (t.test, P>0.1) and high variability in δ15N (Fig. S9). For the raw δ13C model, we found a significant offset of 0.94‰ (t.test, P<0.02, Fig. S9), which we accounted for in the model. 
[bookmark: _17dp8vu]We did not consider δ15N in the bulk model because of high propagated uncertainty considering freshwater baseline, maternal egg δ15N discrimination and fish TP in freshwater. 
We considered small trophic fractionation of 13C between fish and their prey of 0.50 ± 0.13‰ (mean ± SD) (McCutchan and others 2003), and corrected the freshwater endmember by correcting by one trophic level discrimination (-0.5 ‰). We run two different models for tundra and proglacial tributaries, using resident controls of both tributaries as baselines. 
MixSIAR 
For the three mixing models, we did not consider continuous or fixed effects because we suspected that char show high individual variability in their feeding behavior. Rather, we considered individuals as “random” factors because we hypothesized that individuals randomly deviate from mean (Semmens and others 2009). 
[bookmark: _3rdcrjn]We input sources as means and standard deviations. We set the models using “long” run, meaning 300 000 iterations (burn-in = 200 000) on three parallel Monte Carlo Markov chains with a thinning interval of 300 using non-informative priors. We used “uninformative” priors (α=1). We reported for mixing models the mean, standard deviation and 95% confidence interval. We assessed model convergence using Gelman–Rubin (Gelman and others 2014) and Geweke diagnostics (Geweke 1991).
[bookmark: _db5bconhn4o8]
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