Table S1. Detailed physicochemical characteristics for seven field campaigns.

313C-

g;i?gtary Time OTZ oH TSM? Poc_3 POG DIC 613CU:_DIC DoC Chl a TINS  NHs*  POs SO cr Na* Mg? K Caz*
titude (°C) (mg/lL)  (mgm?3) (%o) (mM) (%o) ®M)  (mgm?¥)  @M)  @M) (M)  (mM) (mM) (mM)
MLLO1 2020. Mar 180 839  29.29 134 276 2.25 3.7 22.10 NA 3.8 0.9 009 298 0.1 017 067 004  3.37
699 m 2020. May' 216  8.36 8.79 189 275 1.58 1.2 18.75 0.499 2.7 0.3 002 317 0.1 017 066 004  3.36
2020. Jul 259 882  76.95 1111 245 1.94 0.6 48.53 0.097 8.6 2.2 003 359  0.01 017 063 005 344
2020. Aug-1 235 833  236.16 3753 -24.1 1.87 1.2 25.65 0.002 135 2.1 0.11 NA NA 015 065 006  3.46
2020. Aug-2 246 835 NA NA NA NA 4.5 18.10 NA 7.8 NA 0.01 326  0.01 015 060 005  3.09
2020. Oct 195 795 NA NA NA 1.96 1.9 29.30 0.103 101 9.6 0.02 321 0.01 014 062 004 319
2021. Jan' 123 7.44 6.98 133 27.1 1.91 3.3 21.03 0.390 139 05 004 292  0.01 017 065 004 351
CWLO1 2020. Mar 19.5 8.3 32.92 252 -26.1 2.59 3.4 20.28 NA 47 25 0.06 165 006 077 046 004 216
375m 2020. May' 27.3 8.3 0.92 355 -26.3 1.88 0.1 26.67 2.052 1.7 2.0 0.05 157 005 075 043 004 205
2020. Jul NA NA NA 2454 215 2.02 4.3 55.11 0.841 5.0 33 0.03 157 004 047 032 003 181
2020. Aug-1 274 788  50.05 500 253 1.26 2.0 22.79 0.146 6.5 43 0.06 NA NA 0.51 036  0.05 205
2020. Aug-2 275  7.88 417 213 272 NA 3.2 21.23 0.374 5.8 NA 0.12 1.51 004 049 033 004 1.89
2020. Oct 233 778 NA NA NA 2.14 1.5 25.78 0.958 6.8 7.0 0.04 152 004 052 038 004 203
2021. Jan' 138 885 3.18 99 -28.0 2.06 2.9 24.93 0.616 9.3 3.1 0.01 1.61 004 046 034 003 209
DL 2020. Mar 212 829 3135 194 -26.3 2.80 2.1 17.71 NA 195 1.1 0.12 110 066 204 023 015  1.69
382m 2020. May' 295  8.41 1.95 198 -26.1 1.99 1.3 24.13 0.809 145 03 0.12 126  0.71 193 022 014 144
2020. Jul 25.5 8.4 217 273 -26.0 2.13 2.6 65.30 1.743 121 3.0 0.16 112 046 123 018 010  1.42
2020. Aug-1 276  8.05 6.70 308 -25.8 2.13 1.3 26.60 0.700 217 36 0.11 NA NA 105 020 009 151
2020. Aug-2 29.1 8.2 NA NA NA NA 2.8 25.35 NA 140 28 0.15 109 046 119 019  0.09  1.41
2020. Oct 24.1 7.1 NA NA NA 2.21 1.1 24.32 0.967 16.1  16.1 0.12 104 052 133 020 010  1.40
2021. Jan' 149 863 1.26 86 -26.9 2.50 2.4 18.95 0.475 200 29 0.23 103 045 118 020 009 153
LY04 2020. Mar 234 818  32.18 186 -28.0 1.97 -3.0 18.92 NA 5.9 1.6 0.07 135 006 067 082 008 214
238 m 2020. May' 256  8.26 3.33 214 274 2.24 -5.0 20.39 0.305 7.4 1.9 0.07 146 006 068 084 008  1.80
2020. Jul 282 819  377.09 6280 -20.2 2.50 -4.0 17.66 0.001 3.1 48 0.07 196 005 048 094 008 174
2020. Aug-1 296 797 619.95 12443 -20.6 1.86 1.2 23.93 0.003 131 59 0.08 NA NA 048 090 009  1.83
2020. Aug-2 276  8.16 NA NA NA NA -4.0 27.37 NA 116 NA 0.12 162 005 047 083 008 171
2020. Oct 24.1 7.87 NA NA NA 2.54 2.4 22.93 0.150 106 108  0.05 1.51 005 047 080 006 1.73
2021. Jan' 143  8.81 8.32 121 272 2.81 3.6 12.95 0.432 1.4 31 0.06 144 005 050 080 006  1.85
BNE 2020. Mar 253 822  31.05 277 -26.1 2.35 5.4 4258 NA 409 1.9 0.31 139 028 074 066 008 219
7m 2020. May' 256 847 1.90 296 27.0 1.87 5.8 40.18 1.427 295 15 0.26 142 027 073 067 007  2.09
2020. Jul 288 764  13.07 360 -26.0 2.79 6.3 76.94 0.293 140 34 008 206 028 074 074 009 220
2020. Aug-1 304 794  198.18 4204 240 2.06 1.3 44.39 0.095 483 4.1 0.29 NA NA 077 066 009 203
2020. Aug-2 286  7.75 NA NA NA NA 6.8 26.43 NA 332 53 0.18 177 024 073 069 009 211
2020. Oct 243 7.92 NA NA NA 2.88 -5.1 32.75 1.965 285 165  0.19 167 024 072 069 008 210
2021. Jan' 137  8.49 2.80 161 -26.0 1.86 5.7 24.09 2.039 19.9 17 0.17 157 022 072 065 007 220

" Parameters shown in bold are significantly different between two seasons (Wilcoxon test, p < 0.05).
' Dry seasons.
2 T: water temperature; TSM: total suspended matter.
3TIN includes nitrate and nitrite (nitrite was below detection limit).



Table S2. Metabolic rates of autotrophy and heterotrophy measured in this study.

Autotrophy Heterotrophy Ratio
Site Time Lig.h‘t Uptake Iiate Substrate HBEE If{ate Catabolici rate Catabolic/ assimilation rate
condition (mg-C m™ h) (mg-C m™ h) (mg-C m™h)
MLLO1 Mar 2020 Light 0.12 £ 0.03
Dark bdl
May 2020 Light 0.076 + 0.01
Dark 0.001
Aug 2020 Light 0.60 + 0.02 Gly 0.061 + 0.01 6.50 + 0.62 105.54
Dark 0.69 Leu 0.004 + 0.00 5.58 + 1.66 1295.70
Jan 2021 Light 0.03 +£0.017 Gly bdl 2717 £9.10 inf
Dark bdl Leu bdl 22.75+0.75 inf
CWL01 Mar 2020 Light 0.47 £ 0.04
Dark 0.05
May 2020 Light 0.18 £ 0.02
Dark 0.01
Aug 2020 Light 0.38 £ 0.08 Gly 0.02 £ 0.001 154.48 + 25.38 7701.82
Dark 0.02 Leu 0.005 + 0.0006 62.00 + 20.33 12431.40
Jan 2021 Light 0.05 + 0.01 Gly 0.001 + 0.0006 25.79 + 3.27 24883.41
Dark bdl Leu 0.01 £ 0.004 20.49+5.44 1688.73
DL Mar 2020 Light 0.46 + 0.09
Dark bdl
May 2020 Light 0.29 £ 0.02
Dark 0.02
Aug 2020 Light 0.25+0.01 Gly 0.048 + 0.003 63.86 + 30.78 1328.83
Dark bdl Leu 0.009 + 0.003 11.98 £ 1.01 1350.84
Jan 2021 Light bdl Gly bdl 4.57 +4.36 inf
Dark bdl Leu bdl 11.13 £ 10.44 inf
LYo4 Mar 2020 Light 0.11+0.01
Dark bdl
May 2020 Light 0.13 £0.02
Dark 0.01
Aug 2020 Light 1.10 £ 0.05 Gly 0.08 £ 0.03 63.61 +43.70 737.09
Dark 1.60 Leu 0.12+0.10 16.43 £ 3.79 134.06
Jan 2021 Light 0.09 + 0.01 Gly 0.001 + 0.001 7.39+277 5136.36
Dark 0.00 Leu 0.001 + 0.001 12.84 £ 3.77 9137.88
BNE Mar 2020 Light 1.04 + 0.03
Dark 0.03
May 2020 Light 0.89+0.19
Dark bdl
Aug 2020 Light 1.98+0.28 Gly 0.49 £ 0.079 67.31+18.12 137.06
Dark 0.19 Leu 0.07 £ 0.01 57.97 + 27.61 777.27
Jan 2021 Light 0.58 + 0.03 Gly 0.01 £ 0.002 62.97 + 25.66 4506.05
Dark 0.003 Leu 0.004+ 0.002 37.62+10.13 9362.04




Table S3. Read numbers and alpha diversities for environmental samples.

Sample Reads Olféa\r/vs ed Chao1 CShIZ:I 1 S?fggfn
BNE_Mar_2020 12236 209 226.27 10.23 4.43
BNE_May 2020 13956 291 340.04 18.18 4.43

BNE_Jul_2020 29426 708 801.15 19.24 5.25
BNE_Aug_ 2020 14994 338 345.50 4.27 4.88
BNE_Jan_2021 47690 1072 137043  41.73 5.99
CWLO01_Mar_2020 49887 1441 2037.99 62.61 6.10
CWL01_May_ 2020 37811 1299 1583.22  37.02 6.63
CWLO01_Aug_2020 40062 1690 2309.96  61.81 6.96
CWLO01_Jan_2021 18358 668 716.01 12.89 5.93
DL_Mar_2020 17139 716 783.08 15.57 5.77
DL_May 2020 22752 816 936.63 22.81 5.94
DL_Jul_2020 19271 719 774.03 14.03 5.99
DL_Aug_2020 18152 796 860.01 14.90 6.02
DL_Jan_2021 30383 747 859.99 22.13 5.15
LY04_Mar_2020 19578 948 1057.56  21.26 6.43
LY04_May_ 2020 28621 1265 1519.01  34.13 6.55
LY04_Jul_2020 5220 306 306.00 0.00 4.87
LY04_Aug_2020 7169 419 421.63 2.18 5.54
LY04_Jan_2021 40904 880 990.19 20.61 5.91
MLLO1_Mar_2020 10512 715 742.60 8.65 6.20
MLLO1_May_ 2020 14418 922 983.94 13.68 6.38
MLLO1_Jul_2020 9353 369 380.94 6.03 5.23
MLLO1_Aug_2020 13001 728 777.63 12.61 5.87
MLLO1_Jan_2021 11894 476 483.93 4.41 5.70

"Reads of CWL01_Jul_2020 was excluded from the analysis due to limited number.
' Standard error of Chao1 index.



Table S4

. Pearson correlation for the physicochemical characteristics.

T pH  TSM  POC gg% DOC  NHs Chla  DIC 5;:% TIN'  POZ  SO2  CF Na*  Mg*¥ K  ca®
T 1
pH 029 1
TSM 037 -0.19 1
POC 039 021  099% 1
§9C-POC  049* -020 089" 083 1
DoC 0.34* 009 -008 -002 020 1
NH.* 013  -0.56* 066" 067 067  0.00 1
Chia 012 010  -046 041 -031 016 011 1
DIC 012 000  -009 -011 -006 006 029 005 1
59C-DIC 009 006 022 021 015 -018 002 024 -039" 1
NOs +NO» 018 -045 003 005 002 026 014 014 018 -028 1
PO 022 -002 -003 -002 -004 023 001 031 017 -031 086" 1
so#  -015 005 015 010 005 001 -012 -042 -036 014 031 -051" 1
cr 022 007 -018 020 -005 015 004 033 024 004 049% 057 057 1
Na* 020 003 -022 020 -012 004 001 039" 032 008 030  041* -0.71% 094 1
Mg?* 003 000 048 043* 022 007 002 -032 009 -036* 003  -007 039" -060" -0.59% 1
K* 037* 009 013 011 009 008 003 009 033 -003 045 049% -052* 088* 084" -018 1
Ca?* 033 009 -002 -007 -014 004 022 -027 033 008 -018  -0.33* 094 -058* -071* 036° -0.55% 1

" Results with significant difference are indicated by asterisks (*: p < 0.05, **: p < 0.01).

"TIN includes nitrate and nitrite (nitrite is below detection limit).



Table S5. Estimates of catchment scaled CO2 emission based on the extrapolation of site incubation data.

Site &
AVE depth (m)

MLLO1
0.5m

CWL01
0.7m

DL
0.5m

LY04
0.5m

BNE
0.7m

Time

Substrate

Mar 2020
May 2020
Aug 2020
Jan 2021

Mar 2020
May 2020
Aug 2020
Jan 2021

Mar 2020
May 2020
Aug 2020
Jan 2021

Mar 2020
May 2020
Aug 2020
Jan 2021

Mar 2020
May 2020
Aug 2020
Jan 2021

Flux derived from incubation

Estimated flux and yield

Uptake rate' CO2 production' CO2zconsumption flux2 ~ COzproduction flux?>  River surface  Net emission* Total yield
(mol m2 day") (mol m2 day") (mol m2yr') (mol m2yrt area® (mol yr) (mol yr)
(m?)
DIC Gly Leu Gly Leu DIC Gly Leu
6.2E-05 0.13 6.14 5.16 1.22E+05 6.15E+05 7.89E+07
3.9E-05
6.5E-04 6.2E-05 4.3E-06 6.50E-03 5.59E-03
1.8E-05 bdl bdl 2.72E-02 2.28E-02
3.7E-04 0.09 46.15 21.11 2.82E+06 5.92E+07
1.3E-04
2.8E-04 2.0E-05 5.0E-06 2.16E-01 8.68E-02
4.0E-05 1.0E-06 1.2E-05 3.61E-02 2.87E-02
2.3E-04 0.05 12.52 4.22 1.41E+06 5.88E+06
1.6E-04
1.3E-04 4.8E-05 8.9E-06 6.39E-02 1.20E-02
0.0E+00 bdl bdl 4.58E-03 1.11E-02
6.0E-05 0.26 12.99 5.35 2.36E+06 1.20E+07
7.2E-05
1.4E-03  8.6E-05 1.2E-04 6.36E-02 1.64E-02
5.0E-05 1.4E-06 1.4E-06 7.40E-03 1.28E-02
7.5E-04 0.39 33.29 24 .44 5.17E+04 1.24E+06
6.3E-04
1.5E-03  4.9E-04 7.5E-05 9.42E-02 8.12E-02
4.1E-04 1.4E-05 4.0E-06 8.82E-02 5.27E-02

1CO- uptake rate per day = sum of DIC rate (light and dark) per hour (Table S2) x 12 hours x depth (m), or amino acid uptake rate per hour (Table S2) x 24 hours x depth. CO2 production per day=
amino acid catabolic rate per hour (Table S2) x 24 hours x depth.

2C02 consumption flux per year = {[average of DIC rate for dry season (Mar 2020 + May 2020 + Jan 2021) x 182 days + [DIC rate for wet season (Aug 2020)] x 183 days.
CO2 production flux per year = COz2 production rate per day of Jan 2021 x 182 days + CO- production rate per day of Aug 2020 x 183 days.

% River surface area was assumed to be 0.47% of the catchment area (following Raymond et al., 2013).

4Net emission= [CO: production flux per year (Leu) - CO2 consumption flux per year] x river surface area.

5Total yield was sum of net emission from individual tributary.




Table S6. River hydraulic parameters and estimates of CO. exchange fluxes at the air-river interface.

Site Tme  Velocty Slope e’ T Secoz  KCO2 Measured pCO:z — acoy’ Flux  Tributary rate*  Total rate?
(ms?) (mm') (m*s”) (md™") (md™") (atm) (atm) (mol m=d™) (mole yr) (mole yr)
CWLO1 Jan 2020 1.60 0.013 0.013 4.8 20.8 576.35 4.94 1.09E-02 3.57E-04 1.76 1.81E+09 3.15E+09
MLLO1 1.30 0.097 0.076 29.8 12.8 878.33 24.61 1.08E-02 3.52E-04 8.67 3.87E+08
DL 1.10 0.0066 0.004 3.3 271 423.64 3.90 4.30E-03 1.32E-04 0.52 2.66E+08
LY04 2.20 0.010 0.014 5.0 211 568.00 5.10 5.00E-03 1.56E-04 0.80 6.87E+08
BNE 0.40 0.0029  0.0004 1.4 18.2 656.07 1.38 5.16E-03 1.62E-04 0.22 4.21E+06
CWLO1 May 2020 1.80 0.013 0.015 5.1 27.3 419.25 6.07 1.95E-03 5.23E-05 0.32 3.26E+08 8.38E+08
MLLO1 0.70 0.097 0.035 11.7 21.6 554.41 12.16 2.24E-03 6.21E-05 0.76 3.37E+07
DL 1.30 0.0066 0.005 3.5 29.5 370.78 4.47 2.16E-03 5.96E-05 0.27 1.37E+08
LY04 1.20 0.010 0.007 3.9 25.6 457.01 4.46 3.00E-03 8.79E-05 0.39 3.38E+08
BNE 0.90 0.0029 0.001 23 25.6 457.01 2.58 2.69E-03 7.75E-05 0.20 3.77E+06
CWLO1 Jul 2020 1.90 0.013 0.016 5.2 26.7 432.47 6.10 8.37E-03 2.71E-04 1.65 1.70E+09 4.21E+09
MLLO1 1.90 0.097 0.118 49.9 259 450.26 57.54 9.25E-03 3.01E-04 17.30 7.72E+08
DL 1.90 0.0066 0.008 4.1 255 459.27 4.68 4.97E-03 1.55E-04 0.73 3.74E+08
LY04 2.50 0.010 0.016 5.2 28.2 399.49 6.39 7.59E-03 2.44E-04 1.56 1.35E+09
BNE 1.10 0.0029 0.002 25 28.8 386.29 3.06 9.02E-03 2.93E-04 0.90 1.69E+07
CWLO1 Oct 2020 2.00 0.013 0.017 5.3 233 510.90 5.73 1.69E-03 4.37E-05 0.25 2.57E+08 1.28E+09
MLLO1 1.30 0.097 0.076 29.8 19.5 614.46 29.43 7.15E-03 2.29E-04 6.75 3.01E+08
DL 2.20 0.0066 0.009 4.3 241 491.63 4.79 2.28E-03 6.36E-05 0.30 1.57E+08
LY04 1.30 0.010 0.008 4.0 241 491.63 4.45 4.66E-03 1.44E-04 0.64 5.54E+08
BNE 1.20 0.0029 0.002 2.6 243 486.91 2.83 4.19E-03 1.29E-04 0.36 6.87E+06
CWLO1 Jan 2021 1.90 0.013 0.016 5.2 18.5 646.13 4.99 1.60E-03 4.04E-05 0.20 2.07E+08 9.20E+08
MLLO1 1.80 0.097 0.111 46.4 14.5 798.47 40.22 3.31E-03 9.87E-05 3.97 1.77E+08
DL 1.40 0.0066 0.006 3.6 223 536.02 3.84 3.06E-03 9.02E-05 0.35 1.78E+08
LY04 2.10 0.010 0.013 4.9 18.3 652.73 4.67 2.96E-03 8.67E-05 0.41 3.50E+08
BNE 1.50 0.0029 0.003 2.8 214 559.79 2.90 4.83E-03 1.50E-04 0.44 8.21E+06

" ep, energy dissipation rate. ep = gSv m? s%; g, acceleration due to gravity; S, slope; v, velocity.
2. 8¢CO2: Schmidt number for CO2 (Wanninkhof 2014).

3 ACOz = measured pCOz - CO: (air) (4.1E-04 atm).
4 Tributory rate = flux x river surface area (1.22E+05 m? for MLLO1, 2.82E+06 m? for CWL01, 1.41E+06 m? for DL, 2.36E+06 m? for LY04, 5.17E+04 m? for BNE).

5 Total rate = sum of tributory rate for MLLO1, CWLO01, DL, LY04 and BNE.
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( ) Sampling site Longtitude Latitude Altitude (m)
A MLLO1 121.0346 ‘E  23.1721°N 699
CWLO1 1211193 °E  23.1343°N 375
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Figure S1. (A) Topographic map and information for sampling sites and weather stations. (B)
Precipitation data from individual weather stations. The histogram represents monthly precipitation
from January 2020 to March 2021, while the line represents the accumulated values over this period
(data sourced from the annual report of the Water Resource Agency, MOEA).
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Figure S2. Gene copy numbers of 16S rRNA gene for bacteria and archaea, and functional gene
cbbL for river samples. Sampling times are presented by colors. Values below the detection

limit are not shown (archaeal 16S genes for August samples from MLLO1 and LY04; cbbL genes
for August sample at LY04).
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Figure S3. Heatmap showing Pearson correlations between metabolic rates and

environmental factors. Environmental variables include nutrients (NH,*, SO,*, PO,*, NO;+NO,),
carbon related entities (DIC, POC, DOC and their 8'*C values), chlorophyll-a, total suspended matter,
and temperature. Only significant correlation values are displayed (p < 0.01).
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Figure S4. Ratios of catabolism-to-assimilation rates for incubations with amino acids
in log,, scale. Infinite ratios (<) for sites MLLO1 and DL were obtained given that the
assimilation rate was below the detection limit.



