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Figure S1-1. Changes in flow rate and precipitation around site O1 from two days
before to the day of sample collection in Nov. 2019 (A), Dec. 2019 (B), Jan. 2020 (C),
and Feb. 2020 (D). Arrows indicate the time of sampling (10:30-12:30).



Precipitation rate
(mm/hour)

o

O~ ANMITUOOMNWOD
o

O~ N MIT OO N~
!
T

Precipitation rate

(mm/hour)
e

00:¢e
00:61
00:91
00:€l
00:0l
00:2

00:¥

00:¢ce
00:61
00:91
oo:€l
00:01
00:2

00:¥

00:¢e
00:61
00:91
00:€l
00:01
00:L
00:¥
Q0:]

F 2020/3/8 F 2020/3/9

2020/3/7

o
©

o O O O o
nu < ®© N -

(4noy/cw) s3es moj4

o

<

Precipitation rate
(mm/hour)
o

O+~ NM I IOO©MNOWOO «—
P T T S T T R S

00z 022
00:61 0061
009k w09k N
0el 8 ol 5
oL & Y ooor 8
00:L 00
00:22 00:22
00:61 00:61
00:9h 2 009 &
el S ol 5
0L & ool N
00:L 002
00:¥ 00:%
loo:L 0Q:
00:¢C 00:22
00:61 0061
00:91 m 00:9L %
00-€L N e 5
00-0L Q oo:0L S
00:2 00:/ N
00 00:¥%
Q0:L 00:1.
8883888898° o o
(Inoy/eWw) e3el Moj4 m (4noy/¢w) a1es moj4 o

Precipitation rate

(mm/hour)
e

0123456—/89
——————+—+—

<>

00:¢ce
00:61
00:91
00:€l
00:01
00:2

00:v

00:¢ce
00:61
00:91
00:€l
00:01
00:2

00:v

00:¢ce
00:6}
00:9}
00:€l
00:0}
00:2
00-v
00:L

F 2020/8/23 F 2020/8/24

2020/8/22

W O© ¢ N O 0 © I N O
- - —

- -

(4noy/cw) ayes moj4

Figure S1-2. Changes in flow rate and precipitation around site O1 from two days
before to the day of sample collection in Mar. 2020 (A), June 2020 (B), July 2020 (C),

and Aug. 2020 (D). Arrows indicate the time of sampling (10:30-12:30).
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before to the day of sample collection in Sept. 2020 (A), Oct. 2020 (B), Nov. 2020
(C), and Dec. 2020 (D). Arrows indicate the time of sampling (10:30-12:30).

Figure S1-3. Changes in flow rate and precipitation around site O1 from two days
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Figure S1-4. Changes in flow rate and precipitation around site O1 from two days
S5

before to the day of sample collection in Jan. 2021 (A)
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Figure S1-5. Changes in flow rate and precipitation around site O1 from two days

June 2021 (B), July 2021 (C),

and Aug. 2021 (D). Arrows indicate the time of sampling (10:30-12:30).
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before to the day of sample collection in May 2021 (A)
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Figure S1-6. Changes in flow rate and precipitation around site O1 from two days



Figure S2. Averaged abundance values of each animal species-like sequence reads
obtained from the samples at each site. Only positive samples were used to calculate
the averaged abundance values, and if a particular species-like read was not obtained

from the sample of interest, the value within that sample was set to 0.
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Table S1. Primer sequences for the metabarcoding assay in this study.

Supplementary Tables

Temperature for

Assay Name Function® Sequence (5' 2> 3" annealing and Reference
extension
. . TTTCTGTTGGTGCTGATATTGCGGGTTGGT 65 °C and 72 °C .
Metabarcoding MiMammal-U-F F AAATTTCGTGCCAGC Ushio et al., 2017
. TTTCTGTTGGTGCTGATATTGCGGGTTGGT .
MiBird-U-F F AAATCTTGTGCCAGC Ushio et al., 2018
MiMammal-U-R/ ACTTGCCTGTCGCTCTATCTTCCATAGTGG .
g, R Miya et al., 2015

MiBird-U-R GGTATCTAATCCCAGTTTG
qPCR — F ACAAAGTTTGGATTGCTACTGACC 60°C LOD: <10 copies  Verreault et al. 2010
phiX 174 R CGGCAGCAATAAACTCAACAGG PCR eff’.: 104%

Tp HEX-CTCTCGTGCTCGTCGCTGCGTTGA- R2: 1.00
TAMRA

qPCR - HF183 F ATCATGAGTTCACATGTCCG 56 °C LOD: < 10 copies Green et al., 2014
HF183 BacR287 R CTTCCTCTCAGAACCCCTATCC PCR eff.: 105%

BacP234MGB TP*2 CTAATGGAACGCATCCC R?0.99
qPCR - Pig-2-Bac41F F GCATGAATTTAGCTTGCTAAATTTGAT 60 °C LOD: < 10 copies Mieszkin et al., 2009
Pig-2-Bac Pig-2-Bac163Rm R ACCTCATACGGTATTAATCCGC PCR eff.: 78%

Pig-2-Bac113MGB TP*2 TCCACGGGATAGCC R 0.99
qPCR - BacR_f F GCGTATCCAACCTTCCCG 60 °C LOD: <10 copies Reischer et al., 2006
BacR BacR_r R CATCCCCATCCGTTACCG PCR eff.: 81%

BacR_p TP*2 CTTCCGAAAGGGAGATT R?:0.99

@ F, R, and TP denote forward primer, reverse primer, and TagMan probe, respectively. TagMan probes were labeled with 5’-HEX (hexachlorofluorescein) and 3°-TAMRA
(6-carboxytetramethylrhodamine) (*!) or 5’-FAM (6-carboxyfluorescein) and 3’-MGB-NFQ (minor groove binder-non fluorescent quencher nonfluorescent quencher) (*?).

b: Underlined sequences were substituted from the original sequences to allow annealing of barcoding primers used in the second round PCR.
¢: LOD stands for the limit of detection, which is defined as the copy number that can be detected with a 95% probability.
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4. PCR eff. stands for PCR efficiency, which was calculated as follows; PCR eff. (%) = 100 x (10¢1/slope) — 1) where “slope” refers to the slope value for the standard curve.
¢: The coefficient of determination for the standard curve.
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Table S2. Averaged number of species observed from the samples at each site.

0O1 02 03 J S
(N=23) (N=23) (N=23) (N=20) (N=19)

No. of positive samples 13 17 15 15 14
No. of positive species (Average + SD) 62+1.8 46+1.9 5.1+04 64+24 49+19

S11



Table S3. Positive rates and abundance values of each human-, livestock (pig, cattle, and chicken)-, and Bacterial 16S rRNA

gene-like sequence read obtained by the metabarcoding assay from surface water samples (N = 108).
All sites o1 02 03 J S
(N=108) (N=23) (N=23) (N=23) (N=20) (N=19)
Any? No. of 74 (69%) 13 (57%) 17 (74%) 15 (65%) 15 (75%) 14 (74%)
No. of reads? 5,975 (606- 3,975 (787- 6,994 (2,147- 4,519 (606-9,491) 9,400 (2,189- 4,483 (651-
Human No. of 73 (68%) 13 (57%) 16 (70%) 15 (65%) 15 (75%) 14 (74%)
Abundance¢ 44.0% (1.1- 54.4% (5.1- 24.5% (2.6-76.5%) 55.0% (11.8- 45.6% (17.0- 43.3% (1.1-
Pig/ No. of 66 (61%) 12 (52%) 17 (74%) 13 (57%) 12 (60%) 12 (63%)
wild boar Abundance 19.3% (0.5- 11.2% (2.5- 54.1% (4.1-93.7%)  7.2% (0.5-37.8%)  4.6% (0.5-18.5%)  5.7% (1.4-19.4%)
Cattle No. of 23 (21%) 7 (30%) 3 (13%) 5 (22%) 7 (35%) 1 (5%)
Abundance 1.9% (0.5-10.5%)  1.8% (0.5-7.4%) 0.7% (0.6-0.8%) 0.7% (0.5-1.0%) 3.5% (0.6-10.5%) 0.9%
Chicken No. of 47 (44%) 11 (48%) 12 (52%) 13 (57%) 10 (50%) 6 (32%)
Abundance  4.1% (0.5-85.7%)  1.8% (0.5-6.1%)  9.0% (0.6-85.7%)  2.8% (0.6-9.4%)  3.3% (0.9-11.4%)  2.9% (0.8-8.7%)
Bacterial No. of 15 (14%) 3 (13%) 3 (13%) 3 (13%) 1 (5%) 5 (26%)
rRNA gene  Abundance  4.0% (0.6-19.9%)  2.8% (1.6-5.1%)  0.9% (0.6-1.1%)  5.4% (1.5-12.9%) 5.2% 5.5% (0.9-19.9%)
4: Including target animal other than human or livestock, i.e., terrestrial mammalian and avian species.

b.c; Averaged values (minimum value-maximum value) among positive samples are shown.
¢: Abundance was calculated by subtracting number of the animal-like reads from number of total reads.
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Table S4. Positive rates and abundance values of terrestrial mammal-like sequence read obtained by the metabarcoding assay
from surface water samples (N = 108).

All sites 01 02 03 J S
(N=108) (N=23) (N=23) (N=23) (N =20) (N=19)
Any? No. of 74 (69%) 13 (57%) 17 (74%) 15 (65%) 15 (75%) 14 (74%)
No. of reads® 5,975 (606- 3,975 (787- 6,994 (2,147- 4,519 (606-9,491) 9,400 (2,189- 4,483 (651-
Sika No. of 26 (24%) 4 (17%) 5 (22%) 2 (9%) 7 (35%) 8 (42%)
deer Abundance®  4.0% (0.5-20%)  1.2% (0.5-2.5%)  3.3% (0.5-12.8%) 0.5 (0.5-0.6%) 8.0% (0.7-20%)  3.2% (0.7-10.6%)
Civet No. of 20 (19%) 4 (17%) 3 (13%) 5 (22%) 6 (30%) 2 (11%)
Abundance  4.7% (0.5-44.7%)  1.0% (0.8-1.3%)  4.0% (0.6-10.0%) 11.2% (0.8- 3.4% (0.6-13.5%)  0.7% (0.5-0.8%)
Raccoon No. of 8 (7%) 1 (4%) 0 (0%) 3 (13%) 3 (15%) 1 (5%)
dog Abundance 20.8% (0.5- 67.6% - 4.9% (0.7-9.3%)  0.9% (0.5-1.1%) 81.9%
Serow No. of 13 (12%) 4 (17%) 1 (4%) 1 (4%) 3 (15%) 4 (21%)
Abundance  2.4% (0.6-11.6%)  3.6% (0.6-11.6%) 7.3% 1.5% 1.5% (0.6-3.3%)  0.8% (0.6-1.1%)
Vole No. of 11 (10%) 1 (4%) 2 (9%) 1 (4%) 5 (25%) 2 (11%)
Abundance  2.8% (0.6-9.6%) 0.8% 2.7% (1.8-3.6%) 1.9% 1.5% (1.5-9.6%)  2.9% (0.6-5.2%)
Field No. of 1 (1%) 0 (0%) 1 (4%) 0 (0%) 0 (0%) 0 (0%)
Abundance 1.9% - 1.9% - - -
Rat No. of 5 (5%) 0 (0%) 3 (13%) 0 (0%) 2 (10%) 0 (0%)
Abundance  1.6% (0.5-3.7%) - 1.2% (0.5-2.4%) - 2.3% (0.9-3.7%) -
Dog No. of 8 (7%) 5 (22%) 0 (0%) 1 (4%) 2 (10%) 0 (0%)
Abundance  2.9% (0.5-13%)  3.5% (0.5-10.9%) - 0.8% 2.2% (0.7-3.7%) -

4: Including target animal other than terrestrial mammalian, i.e., human, livestock, and avian species.
b.c: Averaged values (minimum value-maximum value) among positive samples are shown.
¢: Abundance was calculated by subtracting number of the animal-like reads from number of total reads.
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Table S5. Positive rates and abundance values of wild bird-like sequence read obtained by the metabarcoding assay from surface
water samples (N = 108).

All sites 01 02 03 ] S
(N =108) (N=23) (N=23) (N=23) (N =20) (N=19)
Any*  No. of positive 74 (69%) 13 (57%) 17 (74%) 15 (65%) 15 (75%) 14 (74%)
No.ofreads’ 5,975 (606-78,603) 3,975 (787-10,991) 6,994 (2,147-40,449) 4,519 (606-9,491) 9,400 (2,189-78,603) 4,483 (651-11,138)
Duck  No. of positive 70 (65%) 13 (57%) 14 (61%) 14 (61%) 15 (75%) 14 (74%)
Abundance® 10.5% (0.8-84.1%)  6.9% (1.0-38.4%) 7.4% (0.9-28.2%) 12.5% (1.3- 13.1% (0.8-44.2%)  12.0% (0.8-84.1%)
Coot  No. of positive 6 (6%) 1 (4%) 1 (4%) 0 (0%) 3 (15%) 1 (5%)
Abundance 2.6% (0.6-5.5%) 1.7% 0.6% - 3.2% (1.9-5.5%) 3.9%
Mergin  No. of positive 3 (3%) 1 (4%) 0 (0%) 0 (0%) 2 (10%) 0 (0%)
Abundance 1.4% (0.8-1.9%) 1.5% - - 1.4% (0.8-1.9%) -
Ardea  No. of positive 12 (11%) 3 (13%) 1 (4%) 2 (9%) 3 (15%) 3 (16%)
Abundance 1.9% (0.5-6.0%) 0.7% (0.5-1.1%) 0.7% 0.6% (0.6-0.7%) 4.3% (1.5-6.0%) 2.0% (0.5-4.3%)
Pigeon  No. of positive 8 (7%) 2 (9%) 2 (9%) 1 (4%) 4 (20%) 0 (0%)
Abundance 3.3% (0.6-23.3%) 0.6% (0.6-0.6%) 0.6% (0.6-0.6%) 0.6% 6.7% (0.6-23.3%) -
Crow No. of positive 1 (1%) 0 (0%) 0 (0%) 1 (4%) 0 (0%) 0 (0%)
Abundance 1.0% - - 1.0% - -

4: Including target animal other than wild bird, i.e., human, livestock, and terrestrial mammalian species.
b.¢; Averaged values (minimum value-maximum value) among positive samples are shown.
¢: Abundance was calculated by subtracting number of the animal-like reads from number of total reads.
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Table S6. P values obtained with Tukey’s multiple-comparison test to determine whether the normalized numbers of MST
markers and corresponding animal-like sequence reads were significantly different over the sampling sites.

Combination of the sites HF183 Human Pig-2-Bac Pig BacR Cattle
02-01 0.000¢ 0.001 0.594 0.204 0.059 0.100
03-01 0.873 0.994 0.823 0.682 0.070 0.164
J-01 0.108 0.986 0.157 0.057 0.355 1.000
S-01 0.847 0.988 0.000 0.955 0.836 0.012
03-02 0.000 0.000 0.996 0.004 1.000 1.000
S-02 0.000 0.000 0.000 0.033 0.450 0.860
J-02 0.000 0.000 0.002 0.000 0.000 0.092
J-03 0.006 1.000 0.007 0.576 0.000 0.156
S-03 0.263 1.000 0.000 0.972 0.480 0.794
S-J 0.583 1.000 0.003 0.244 0.033 0.010

@: The colored columns indicate that the p value is < 0.05.
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