Pink salmon productivity is driven by watershed hydrogeomorphology and can decline under a changing climate
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SUPPORTING INFORMATION
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Figure S1. Temporal changes in spawner abundance in each stream. 
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Figure S2. Temporal changes in the daily number of fry in each stream. 
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Figure S3. Stream temperature in relation to air temperature as predicted by generalized additive models. The shaded area indicates the 95% confidence interval.
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Figure S4. Pearson correlation coefficients between explanatory variables. WS, average watershed slope; MDP, maximum daily precipitation; PD, predator density; SP, stream power; AT, average autumn temperature; WT, average winter temperature; ST, average spring temperature; AS, area available for spawning per individual.


Table S1. Results of generalized additive models testing the effects of air temperature on stream temperature for each stream.




Table S2. Mean ± SD (range) autumn (September - October), winter (December - February), and spring (April - May) water temperatures (°C). Year, the year of spawning.
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Intercept

s(air temperature)

Stream . Adjusted R’
Estimate se ) edf  Ref.df P
Shoji 1.70 0.00 <0.0001 8.50 8.90 <0.0001 0.912
Mosekarubetsu 1.80 0.00 <0.0001 8.08 8.74 <0.0001 0.913
Oshorokko 1.79 0.00 <0.0001 8.57 8.94 <0.0001 0.920
Kamoiunbe 1.06 0.01 <0.0001 8.49 8.92 <0.0001 0.957
Kanayama 1.82 0.01 <0.0001 8.93 9.00 <0.0001 0.782










Estimate se p edf Ref.df p

Shoji 1.70 0.00 < 0.0001 8.50 8.90 < 0.0001 0.912

Mosekarubetsu 1.80 0.00 < 0.0001 8.08 8.74 < 0.0001 0.913

Oshorokko 1.79 0.00 < 0.0001 8.57 8.94 < 0.0001 0.920

Kamoiunbe 1.06 0.01 < 0.0001 8.49 8.92 < 0.0001

Kanayama 1.82 0.01 < 0.0001 8.93 9.00 < 0.0001 0.782
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				Table S1

				Stream		Intercept								s(air temperature)						Adjusted R2

						Estimate		se		p				edf		Ref.df		p

				Shoji		1.70		0.00		< 0.0001				8.50		8.90		< 0.0001		0.912

				Mosekarubetsu		1.80		0.00		< 0.0001				8.08		8.74		< 0.0001		0.913

				Oshorokko		1.79		0.00		< 0.0001				8.57		8.94		< 0.0001		0.920

				Kamoiunbe		1.06		0.01		< 0.0001				8.49		8.92		< 0.0001		0.957

				Kanayama		1.82		0.01		< 0.0001				8.93		9.00		< 0.0001		0.782
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Year

Stream

Autumn

Winter

Spring

2020

Aidomari
Chienbetsu
Funbe
Kamoiunbe
Kennebetsu

Kuzurehama

Mosekarubetsu

Oshorokko
Shoji

11.92 + 2.67 (6.98-18.33)
9.90 + 1.23 (7.18-13.08)
11.80 + 3.50 (5.96-19.85)
11.27 + 2.54 (6.37-17.09)
9.61 + 1.47 (6.37-14.23)
10.41 + 2.15 (5.24-15.47)
10.18 + 2.30 (4.84-15.22)
10.54 + 2.30 (4.37-16.43)
9.78 +2.33 (4.26-15.17)

1.47 + 0.82 (0.01-4.10)
3.36 + 0.78 (0.45-5.45)
0.54 + 0.42 (0.12-2.62)
0.98 + 0.74 (0.12-3.47)
1.90 + 0.95 (0.01-4.42)
1.63 + 0.93 (0.12-4.52)
2.60 + 0.67 (2.12-6.06)
2.30 + 0.65 (1.78-5.73)
1.87 + 0.74 (1.32-5.55)

5.79 + 1.87 (1.87-11.53)
6.47 + 1.68 (2.73-11.33)
5.53+2.19(1.11-11.82)
5.99 + 2.69 (0.85-15.47)
5.87 + 1.67 (2.09-11.14)
5.64 + 1.44 (1.76-9.96)

5.62 + 1.42 (2.52-10.26)
5.70 = 1.80 (2.09-11.92)
5.52 + 1.68 (1.44-10.85)

2021

Aidomari
Chienbetsu
Funbe
Kanayama
Kennebetsu
Oshorokko
Shoji

10.98 + 1.91 (6.47-14.90)
9.30 + 1.10 (6.37-11.72)
10.74 + 2.65 (4.62-15.76)
9.18 + 2.63 (3.40-16.34)
9.33 + 1.34 (5.96-12.21)
10.01 + 1.57 (5.96-13.27)
9.89 + 1.72 (5.76-13.27)

2.31 + 1.39 (0.23-8.98)
3.69 + 1.16 (0.01-8.28)
0.97 + 0.97 (0.12-8.48)
0.96 + 1.51 (0.07-9.58)
244+ 1.21 (0.12-7.48)
2.34 + 1.31 (0.12-8.38)
1.79 + 1.26 (0.12-7.78)

561+ 1.51 (3.47-10.85)
6.44 + 1.64 (3.58-11.82)
5.63 +2.13 (1.76-12.50)
6.34 + 2.43 (1.76-15.28)
5.70 = 1.47 (3.15-10.36)
5.57 + 1.80 (2.84-11.62)
5.33 + 1.53 (2.73-10.85)










Year Stream Autumn Winter Spring

2020 Aidomari 11.92 ± 2.67 (6.98–18.33) 1.47 ± 0.82 (0.01–4.10) 5.79 ± 1.87 (1.87–11.53)

Chienbetsu 9.90 ± 1.23 (7.18–13.08) 3.36 ± 0.78 (0.45–5.45) 6.47 ± 1.68 (2.73–11.33)

Funbe 11.80 ± 3.50 (5.96–19.85) 0.54 ± 0.42 (0.12–2.62) 5.53 ± 2.19 (1.11–11.82)

Kamoiunbe 11.27 ± 2.54 (6.37–17.09) 0.98 ± 0.74 (0.12–3.47) 5.99 ± 2.69 (0.85–15.47)

Kennebetsu 9.61 ± 1.47 (6.37–14.23) 1.90 ± 0.95 (0.01–4.42) 5.87 ± 1.67 (2.09–11.14)

Kuzurehama 10.41 ± 2.15 (5.24–15.47) 1.63 ± 0.93 (0.12–4.52) 5.64 ± 1.44 (1.76–9.96)

Mosekarubetsu 10.18 ± 2.30 (4.84–15.22) 2.60 ± 0.67 (2.12–6.06) 5.62 ± 1.42 (2.52–10.26)

Oshorokko 10.54 ± 2.30 (4.37–16.43) 2.30 ± 0.65 (1.78–5.73) 5.70 ± 1.80 (2.09–11.92)

Shoji 9.78 ± 2.33 (4.26–15.17) 1.87 ± 0.74 (1.32–5.55) 5.52 ± 1.68 (1.44–10.85)

2021 Aidomari 10.98 ± 1.91 (6.47–14.90) 2.31 ± 1.39 (0.23–8.98) 5.61 ± 1.51 (3.47–10.85)

Chienbetsu 9.30 ± 1.10 (6.37–11.72) 3.69 ± 1.16 (0.01–8.28) 6.44 ± 1.64 (3.58–11.82)

Funbe 10.74 ± 2.65 (4.62–15.76) 0.97 ± 0.97 (0.12–8.48) 5.63 ± 2.13 (1.76–12.50)

Kanayama 9.18 ± 2.63 (3.40–16.34) 0.96 ± 1.51 (0.07–9.58) 6.34 ± 2.43 (1.76–15.28)

Kennebetsu 9.33 ± 1.34 (5.96–12.21) 2.44 ± 1.21 (0.12–7.48) 5.70 ± 1.47 (3.15–10.36)

Oshorokko 10.01 ± 1.57 (5.96–13.27) 2.34 ± 1.31 (0.12–8.38) 5.57 ± 1.80 (2.84–11.62)

Shoji 9.89 ± 1.72 (5.76–13.27) 1.79 ± 1.26 (0.12–7.78) 5.33 ± 1.53 (2.73–10.85)
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Number of fry
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