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Figure S1: Design of the electroshock experiment used in this study. 



Table S1: Environment and watershed characters of each sampling site for the field survey.
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Table S2: (A) Correlation coefficient and (B) variance inflation factors (VIF) among all variables of the sampling site. There was a high degree of collinearity and VIF scores between the shrimp presence and the elevation and between the shrimp presence and shrimp density. Therefore, we excluded the shrimp presence from the analyses.
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Table S3
Effect of shrimp presence 
ANOVA table electroshock experiment lmer() block as random effect
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Table S4. Top models with ΔAICc<4 and the confidence set used for model averaging. df is the
number of parameters in each model including the intercept and error terms, logLik is the log-likelihood, ΔAICc is the difference between the top model AICc value and subsequent model AICc values and weight is the model weight for each model.
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Site ID Stream Forest rate (%) Natural forest (%)

Drainage area (km

2

)

Elevation (m)

Shrimp density (ind m

-2

)

1 Takase 100 34 7.3 20 39.2

2 Tonda 100 10 1.6 180 10.4

3 Tonda 98 23 10.4 75 16.8

4 Tonda 98 26 7.2 160 36.0

5 Hiki 95 26 7.4 50 12.0

6 Hiki 100 32 2.7 260 0.0

7 Hiki 100 18 3.2 350 0.0

8 Koza 100 40 5.3 40 0.8

9 Koza 95 30 2.6 40 4.0

10 Koza 100 27 2.2 30 10.4

11 Koza 100 16 0.8 120 0.0

12 Koza 100 25 2.2 365 0.0

13 Koza 100 19 1.5 350 0.0
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(A)

Forest rate Natural forest Drainage area Elevation log shrimp density Shrimp presence

Forest rate 1.00 -0.18 -0.38 0.44 -0.41 -0.48

Natural forest -0.18 1.00 0.37 -0.43 0.14 0.32

Drainage area -0.38 0.37 1.00 -0.45 0.66 0.58

Elevation 0.44 -0.43 -0.45 1.00 -0.67 -0.82

log shrimp density -0.41 0.14 0.66 -0.67 1.00 0.88

Shrimp presence -0.48 0.32 0.58 -0.82 0.88 1.00

(B)

Forest rate Natural forest Drainage area Elevation log shrimp density Shrimp presence

Forest rate Inf 1 1 1 1 1

Natural forest 1 Inf 1 1 1 1

Drainage area 1 1 Inf 1 2 2

Elevation 1 1 1 Inf 2 3

log shrimp density 1 1 2 2 Inf 4

Shrimp presence 1 1 2 3 4 Inf
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Sum sq Mean sq NumDF DenDF F value Pr(>F)

BFPOM 2542.1 2542.1 1 11 6.7089 0.02513*

Chla 35.34 35.34 1 11 16.584 0.001844**

Mallotus japonica decomposition 0.000577 0.000577 1 11 0.4829 0.5015

Quercus serrata decomposition 0.000298 0.000298 1 14 0.1012 0.755

Heptageniidae 8.58E-07 8.58E-07 1 11 0 0.9979

Leptophlebiidae 0.85764 0.85764 1 11 2.3646 0.1524

Baetidae 1.6383 1.6383 1 11 5.684 0.03624*

Perlidae 0.001169 0.001169 1 14 0.0011 0.9745

Athricidae 0.39278 0.39278 1 11 2.7206 0.1273

Chironomidae 3.8804 3.8804 1 11 6.4048 0.02794*
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Model df logLik AICc ΔAIC weight

NO

3

-

Shrimp density 4 -29.1 68.0 0.0 0.51

Elevation+Shrimp density 5 -28.0 68.9 0.9 0.33

Shrimp density+Natural forest 5 -29.3 71.6 3.6 0.09

Drainage area+Shrimp density 5 -29.5 71.9 3.9 0.07

NH

4

+

Forest rate 4 -53.5 116.8 0.0 0.17

Drainage area+Forest rate 5 -52.0 116.9 0.1 0.16

Drainage area 4 -53.7 117.3 0.5 0.14

Natural forest 4 -53.9 117.7 0.8 0.11

Shrimp density 4 -54.1 118.1 1.3 0.09

Elevation 4 -54.3 118.5 1.7 0.07

Drainage area+Natural forest 5 -52.9 118.7 1.9 0.07

Forest rate+Shrimp density 5 -52.9 118.8 2.0 0.06

Drainage area+Elevation 5 -53.6 120.2 3.3 0.03

Elevation+Shrimp density 5 -53.7 120.4 3.5 0.03

Forest rate+Natural forest 5 -53.7 120.4 3.6 0.03

Elevation+Forest rate 5 -53.9 120.8 4.0 0.02

PO

4

3-

Drainage area + Elevation 5 -22.0 57.0 0.0 0.42

Elevation + Shrimp density 5 -22.0 57.1 0.1 0.4

Drainage area 4 -24.9 59.7 2.7 0.11

Elevation 4 -25.2 60.4 3.4 0.08

Chl.a Drainage area 3 -23.2 55.0 0.0 0.55

Drainage area+Elevation 4 -21.8 56.6 1.6 0.25

Drainage area+Shrimp density 4 -22.6 58.1 3.1 0.12

Drainage area+Forest rate 4 -22.9 58.8 3.8 0.08

Benthos total dry mass Drainage area 4 -53.2 116.2 0.0 0.32

Natural forest 4 -53.9 117.7 1.5 0.15

Shrimp density 4 -54.3 118.5 2.3 0.1

Elevation 4 -54.3 118.6 2.4 0.1

Forest rate 4 -54.4 118.6 2.4 0.09

Drainage area+Elevation 5 -53.0 119.0 2.8 0.08

Drainage area+Shrimp density 5 -53.0 119.0 2.8 0.08

Drainage area+Forest rate 5 -53.5 120.1 3.9 0.05

Drainage area+Natural forest 5 -53.6 120.1 3.9 0.04

Heptageniidae Drainage area 4 -45.1 100.1 0.0 0.5

Drainage area+Shrimp density 5 -44.6 102.2 2.0 0.18

Drainage area+Elevation 5 -45.3 103.7 3.5 0.09

Natural forest 4 -46.9 103.8 3.6 0.08

Drainage area+Natural forest 5 -45.4 103.8 3.6 0.08

Drainage area+Forest rate 5 -45.6 104.1 4.0 0.07

Chironomidae Elevation 4 -50.1 110.0 0.0 0.26

Forest rate 4 -50.4 110.6 0.6 0.19

Shrimp density 4 -50.7 111.3 1.3 0.13

Natural forest 4 -50.9 111.8 1.7 0.11

Drainage area 4 -51.0 111.8 1.8 0.1

Elevation+Natural forest 5 -49.9 112.8 2.8 0.06

Drainage area+Elevation 5 -50.1 113.3 3.2 0.05

Elevation+Shrimp density 5 -50.2 113.4 3.4 0.05

Elevation+Forest rate 5 -50.2 113.5 3.4 0.05

Baetidae Shrimp density 4 -50.4 110.7 0.0 0.18

Forest rate 4 -50.6 111.2 0.4 0.15

Elevation 4 -50.6 111.2 0.4 0.14

Drainage area 4 -50.8 111.5 0.7 0.12

Natural forest 4 -50.9 111.7 0.9 0.11

Drainage area+Shrimp density 5 -49.4 111.8 1.1 0.1

Forest rate+Shrimp density 5 -50.0 113.1 2.3 0.06

Elevation+Forest rate 5 -50.3 113.6 2.8 0.04

Elevation+Shrimp density 5 -50.5 114.1 3.3 0.03

Drainage area+Elevation 5 -50.6 114.1 3.4 0.03

Shrimp density+Natural forest 5 -50.8 114.6 3.9 0.03

Perlidae Drainage area+Elevation 5 -48.6 110.2 0.0 0.66

Drainage area 4 -51.1 112.2 1.9 0.25

Drainage area+Shrimp density 5 -50.6 114.1 3.9 0.09

Leptophlebiidae Drainage area 4 -51.4 112.7 0.0 0.44

Shrimp density 4 -52.2 114.3 1.6 0.2

Elevation 4 -52.8 115.6 2.9 0.1

Drainage area+Elevation 5 -51.4 115.9 3.2 0.09

Drainage area+Shrimp density 5 -51.5 116.0 3.3 0.09

Drainage area+Natural forest 5 -51.7 116.4 3.7 0.07


