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[bookmark: _Hlk96068844]Appendix S1. Details of study region and sites
[bookmark: _GoBack]Spatial arrangement of study sites and landscape compositions in this region.
[image: ]
Fig. S1. Distribution of study sites and landscape compositions. Yellow, orange, red, and blue bold lines represent sites of clear-cut, medium-level retention (50 trees/ha), high-level retention (100 trees/ha), and unharvested plantations, respectively. Triangles indicate sampling points with bat detectors in each site. The light-gray background represents conifer plantations, the dark-gray one represents broad-leaved natural forests, and the white one represents other land uses, mainly farmlands and pastures.

Appendix S2. Consideration for different sets of random effects
To include appropriate random effects into models, we considered multiple combinations of random effects potentially affecting the results.

Table S2. Comparison among GLMMs with different combinations of random effects. We treated the activity of each group and genus richness as response variables, treatment as an explanatory variable. In analyses for activity, log (the number of survey nights) was added as an offset term. Values in the table indicate the AIC of each model. Site ID was a random effect that considers six data derived from the same site (3 sampling points × 2 seasons) as one group, accounting for site differences in bat activity and pseudo-replication among samples. Season ID was a random effect that considers all sampling points in each season as one group, accounting for seasonality in bat activity. SeasonSite ID means the interaction term between Season ID and Site ID, treating three sampling points in the same site during the same season (i.e., same date) as one group. Sample ID was a random effect that considers each sampling point in each season as one group, accounting for over-dispersion due to large variation in bat activity data. A Cross indicates that models did not converge. Abbreviation: Cluttered-space, cluttered-space species; Open-space, open-space species.

	Random intercept
	Cluttered-space
	Edge species
	Open-space
	Genus richness

	SeasonSite ID + Sample ID
	510.5
	765.4
	717.9
	317.9

	Site ID + Sample ID
	516.7
	781.2
	733.0
	321.6

	Season ID + Sample ID
	516.7
	781.2
	729.4
	317.6

	Site ID + Season ID + Sample ID
	512.5
	×
	730.6
	319.3

	SeasonSite ID
	2196.8
	8975.4
	4601.1
	315.9

	Site ID
	3124.5
	14313.6
	7557.0
	319.6

	Season ID
	4908.8
	24607.3
	9201.1
	315.6

	Site ID + Season ID
	2963.5
	14097.4
	7237.1
	317.3



Results and interpretation
In the analyses for activities of all three groups, the model containing SeasonSite ID and Sample ID as random effects showed the lowest AIC. This suggests that three data obtained in the same site during the same season were similar, and variation among each sampling point of bat activity was also large. In the analysis for genus richness, the model containing Season ID as a random effect showed the lowest AIC; however, the model considering the SeasonSite ID random effect also performed well (ΔAIC<2). Moreover, the models including Sample ID show higher AIC, which suggests that the variation among each sample was smaller compared to those of the activity of each group/genus. Based on these results, we added SeasonSite ID as a random effect for all analyses and added Sample ID in analyses for activity.

Appendix S3. Analysis for the effects of treatment on the number of feeding buzzes and comparison with the pattern of commuting passes
We conducted preliminary analyses on the buzzes of each bat group and genus to confirm that patterns of feeding buzzes and commuting passes were similar. 
Table S3. Results from GLMMs for preliminary analyses the effects of treatment on feeding activity [(a) cluttered-space species, (b) edge species (Myotis spp.), (c) open-space species, (d) Murina spp., (e) Nyctalus spp.]. We treated the number of buzzes of each group and genus as response variables, treatments as explanatory variables, and SeasonSite ID and Sample ID as random variables (See details of random variables in Appendix S2). Sample ID was excluded for model convergence in the analysis for cluttered-space species. 95CI.l and 95CI.u represent upper and lower limits of 95% confidence intervals, calculated by ‘confint.merMod’ function. For the analyses of the edge species (Myotis spp.), open-space species, Murina spp., and Nyctalus spp., the default setting of the method for computing the confidence intervals, “profile” did not produce results, so “Wald” was used. Dashes indicate that the treatment was not included in models (no buzzes were recorded in CC). We did not analyze for genera recorded in a few treatments (Japanese long-eared bat Plecotus sacrimontis, Japanese barbastella Barbastella pacifica, Rhinolophus spp., Northern bat Eptesicus nilssonii, Vespertilio spp.). Abbreviation: Estimate, partial regression coefficient; SE, standard error; SD, standard deviation; CC, clear-cutting; MR, medium-level dispersed broad-leaved tree retention; HR, high-level dispersed broad-leaved tree retention; UC, unharvested plantation control.

	(a) Cluttered-space species

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	―
	―
	―
	―

	MR
	−3.19
	1.36
	−6.80
	−0.71

	HR
	−2.74
	1.33
	−6.35
	−0.31

	UC
	−2.75
	1.23
	−5.88
	−0.33

	Random effects

	
	Variance
	SD

	SeasonSite ID
	7.14
	2.67



Table S3, continued

	(b) Edge species (Myotis spp.)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−4.14
	1.03
	−6.16
	−2.13

	MR
	−1.67
	0.85
	−3.33
	0.00

	HR
	0.31
	0.79
	−1.23
	1.86

	UP
	0.62
	0.78
	−0.91
	2.14

	Random effects

	
	Variance
	SD

	SeasonSite ID
	3.01
	1.73

	Sample ID
	1.6
	1.3



	(c) Open-space species

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−4.23
	0.99
	−6.18
	−2.29

	MR
	−1.84
	0.79
	−3.39
	−0.29

	HR
	−0.50
	0.74
	−1.95
	0.95

	UC
	−2.56
	0.81
	−4.14
	−0.98

	Random effects

	
	Variance
	SD

	SeasonSite ID
	2.27
	1.5

	Sample ID
	1.99
	1.4



	(d) Murina spp.

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	―
	―
	―
	―

	MR
	−4.93
	1.69
	−9.67
	−1.96

	HR
	−3.57
	1.68
	−8.76
	−0.69

	UC
	−5.60
	1.80
	−10.70
	−2.63

	Random effects

	
	Variance
	SD

	SeasonSite ID
	8.75
	2.96

	Sample ID
	3.27
	1.81


Table S3, continued

	(e) Nyctalus spp.

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−4.24
	1.00
	−6.20
	−2.29

	MR
	−1.93
	0.80
	−3.51
	−0.36

	HR
	−0.66
	0.75
	−2.12
	0.81

	UC
	−2.57
	0.81
	−4.16
	−0.98

	Random effects

	
	Variance
	SD

	SeasonSite ID
	2.28
	1.51

	Sample ID
	2.01
	1.42
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[bookmark: _Hlk80287833][bookmark: _Hlk81846827][bookmark: _Hlk78805202]Fig. S3.1. Comparison of patterns between passes (left) and buzzes (right) for cluttered-space species. Closed dots and solid bars indicate the expected values (the estimates of the mean value) and its 95% confidence intervals, respectively. Red translucent dots represent each of the observations (i.e., the color becomes darker when a similar value is recorded). Letters of alphabet attached to the right shoulder of the bar indicate statistical significance, and two treatments with a significant difference do not contain the same letter. Note that the outlier values of the activity in MR were not shown [buzzes of this group and Murina spp (37.17), and passes of Murina spp. (54.50)]. See abbreviations of each treatment in Table S3. See results on passes in Appendix S6, S7. In addition, the buzzes of Rhinolophus spp. were not recorded on any sites.
[bookmark: _Hlk78805026][bookmark: _Hlk78805027]Fig. S2.1. 林内種の採餌活動と処理の関係を示す散布図。黒丸は期待値（平均値）を、バーは95％信頼区間を表す。赤い半透明な丸は、観測値を表している（同じ値が観測された場合に色が濃くなる）。グループ全体とMurina spp.では、SMにおける外れ値（31.17）は表示されていないことに注意。略称はTable S1を参照。
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Fig. S3.2. Comparison of patterns between passes (left) and buzzes (right) for open-space species. Closed dots and solid bars indicate the expected values (the estimates of mean value) and its 95% confidence intervals, respectively. Red translucent dots represent each of the observations (i.e., the color becomes darker when a similar value is recorded). Letters of alphabet attached to the right shoulder of the bar indicate statistical significance, and two treatments with a significant difference do not contain the same letter. See abbreviations of each treatment in Table S3. See results on passes in Appendix S6, S7.
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Fig. S3.3. Comparison of patterns between passes (left) and buzzes (right) for edge species (Myotis spp.). Closed dots and solid bars indicate the expected values (the estimates of the mean value) and its 95% confidence intervals, respectively. Red translucent dots represent each of the observations (i.e., the color becomes darker when a similar value is recorded). Letters of alphabet attached to the right shoulder of the bar indicate statistical significance, and two treatments with a significant difference do not contain the same letter. See abbreviations of each treatment in Table S3. See results on passes in Appendix S6, S7. 


Results and interpretation
From the results of GLMMs, we interpreted the overall trend as common between passes and buzzes. However, possibly there were some differences for Japanese barbastella Barbastella pacifica and open-space species. 
The buzzes of Barbastella pacifica were recorded only in UP, in contrast to the case of passes that were also recorded in MR and HR. For the group of open-space species and Nyctalus spp., the expected number of buzzes was highest in HR, followed by MR, UP, and CC, and the value was lower in CC and tended to be low in UP compared to in HR. Of open-space species, no buzzes of Northern bat Eptesicus nilssonii were recorded in UP, even though their passes were recorded frequently in this treatment. 

Appendix S4. Sensitivity analysis for the effects of temporal autocorrelation in bat activity
To examine the effects of temporal autocorrelation, derived from the situation that many calls of the same individual were recorded in the same place in a short duration, we constructed the models using the data where multiple series of calls of the same species within one minute were counted as one and compared the result to that using original data.

[bookmark: _Hlk83213464]Table S4. Comparison of GLMMs using original data and the data dealing with temporal autocorrelation. We considered the number of passes of each group as response variables, treatments as explanatory variables, and SeasonSite ID and Sample ID as random variables (See details of random variables in Appendix S2). Abbreviation: Estimate, partial regression coefficient; SE, standard error; CC, clear-cutting; MR, medium-level dispersed broad-leaved tree retention; HR, high-level dispersed broad-leaved tree retention; UP, unharvested plantation control.

	Group
	
	Treatment
	Original data
	
	Data considering autocorrelation

	
	
	
	Estimate 
	SE 
	
	Estimate 
	SE

	Cluttered-space species
	
	CC
	−4.50
	0.90
	
	−4.51
	0.88

	
	
	MR
	−0.70
	0.60
	
	−0.74
	0.56

	
	
	HR
	0.51
	0.58
	
	0.43
	0.54

	
	
	UP
	2.08
	0.57
	
	1.96
	0.53

	Edge species
(Myotis spp.)
	
	CC
	−1.59
	0.84
	
	−1.54
	0.79

	
	
	MR
	0.99
	0.78
	
	0.84
	0.73

	
	
	HR
	2.72
	0.76
	
	2.44
	0.72

	
	
	UP
	2.80
	0.76
	
	2.52
	0.71

	Open-spaced species
	
	CC
	−1.61
	0.85
	
	−1.63
	0.77

	
	
	MR
	0.85
	0.79
	
	0.65
	0.71

	
	
	HR
	2.13
	0.77
	
	1.81
	0.69

	
	
	UP
	2.06
	0.76
	
	1.86
	0.69




Results and interpretation
The expected values of activity (estimates of the mean value) and differences among treatments were nearly identical when using either data. We, therefore, considered that the effects of this temporal autocorrelation on results were negligible.


Appendix S5. Consideration for the effects of survey efforts on genus richness
For analysis of genus richness, the relationship between observed richness and the number of survey nights is likely to be not directly proportional because the richness can increase for a short term and then level off when most genera are observed. Thus, we constructed three types of models and examined the effects of the number of survey nights.

Table S5. Comparison of GLMMs with differently treating the number of survey nights, in the analysis for genus richness. We considered genus richness as the response variable, treatments as explanatory variables, and SeasonSite ID as a random variable (See details of random variables in Appendix S2). We constructed the model containing log (the number of survey nights) as an offset term, the model adding it as an explanatory variable, and the model not considering the number of survey nights. Dashes indicate that log (the number of survey nights) was not included as an explanatory variable in models. Abbreviation: Estimate, partial regression coefficient; SE, standard error; SD, standard deviation; CC, clear-cutting; MR, medium-level dispersed broad-leaved tree retention; HR, high-level dispersed broad-leaved tree retention; UP, unharvested plantation control.

	
	Not considering difference in survey days (AIC: 315.9)
	
	Considering as explanatory variables (AIC: 317.4)
	
	Considering as offset terms (AIC: 327.9)

	Explanatory variable
	Estimate
	SE
	
	Estimate
	SE
	
	Estimate
	SE

	CC
	0.36
	0.23
	
	0.73
	0.54
	
	−1.42
	0.30

	MR
	1.43
	0.17
	
	1.84
	0.55
	
	−0.49
	0.24

	HR
	1.60
	0.16
	
	2.02
	0.56
	
	−0.28
	0.24

	UP
	1.67
	0.15
	
	2.11
	0.58
	
	−0.28
	0.23

	log(days)
	―
	―
	
	−0.22
	0.29
	
	―
	―

	Random effects

	
	Variance
	SD
	
	Variance
	SD
	
	Variance
	SD

	SeasonSite ID
	0.08
	0.28
	
	0.08
	0.27
	
	0.26
	0.51




Results and interpretation
Adding log (the number of survey nights) as an explanatory variable or an offset term did not lead to a decrease in AIC. Based on this result, we considered that the effects of the number of survey nights were negligible for the analysis of genus richness.

Appendix S6. Details of results on genus richness and the activity of each group

[bookmark: _Hlk83216424]Table S6. Results of GLMMs for examining the effects of treatment on genus richness and the activity of each group (the number of passes/night) [(a) genus richness, (b) cluttered-space species, (c) edge species (Myotis spp.), (d) open-space species]. We considered SeasonSite ID as a random variable for all analyses and added Sample ID for analyses for activity (See details of random variables in Appendix S1). For analyses for activity, we also added log (the number of survey nights) as an offset term. Abbreviation: Estimate, partial regression coefficient; SE, standard error; 95CI.l, lower limits of 95% confidence intervals; 95CI.u, upper limits of 95% confidence intervals; SD, standard deviation; CC, clear-cutting; MR, single broad-leaved tree retention in medium amount; HR, single broad-leaved tree retention in large amount; UP, unharvested plantation control.

	(a) Genus richness

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	0.36
	0.23
	−0.15
	0.78

	MR
	1.43
	0.17
	1.03
	1.75

	HR
	1.60
	0.16
	1.25
	1.93

	UP
	1.67
	0.15
	1.33
	2.00

	Random effects

	
	Variance
	SD

	SearonSite ID
	0.08
	0.28



	(b) Cluttered-space species

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−4.50
	0.90
	−6.55
	−2.88

	MR
	−0.70
	0.60
	−2.00
	0.51

	HR
	0.51
	0.58
	−0.73
	1.71

	UP
	2.08
	0.57
	0.88
	3.27

	Random effects

	
	Variance
	SD

	SearonSite ID
	1.45
	1.20

	Sample ID
	1.49
	1.22




Table S6, continued
	(c) Edge species (Myotis spp.)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−1.59
	0.84
	−3.44
	0.04

	MR
	0.99
	0.78
	−0.69
	2.56

	HR
	2.72
	0.76
	1.13
	4.31

	UP
	2.80
	0.76
	1.22
	4.38

	Random effects

	
	Variance
	SD

	SeasonSite ID
	2.82
	1.68

	Sample ID
	1.95
	1.40



	(d) Open-space species

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−1.61
	0.85
	−3.49
	0.04

	MR
	0.85
	0.79
	−0.84
	2.43

	HR
	2.13
	0.77
	0.52
	3.72

	UP
	2.06
	0.76
	0.47
	3.65

	Random effects

	
	Variance
	SD

	SeasonSite ID
	2.79
	1.67

	Sample ID
	2.07
	1.44




Appendix S7. Details of results on the activity of each genus/species
Table S7. Results of GLMMs for examining the effects of treatment on the activity of each genus (the number of passes/night) [cluttered-space species: (a) Japanese long-eared bats Plecotus sacrimontis, (b) Japanese barbastelle Barbastella pacifica, (c) Murina spp., (d) Rhinolophus spp.; open-space species: (e) Nyctalus spp., (f) Northern bat Eptesicus nilssonii, (g) Vespertilio spp.]. We considered SeasonSite ID and Sample ID as random variables, and added log (the number of survey nights) as an offset term. For the analysis of Plecotus sacrimontis, when calculating 95% using ‘confint.merMod’ function, the default setting of the method for computing the confidence intervals, “profile” did not produce results, so “Wald” was used. Dashes indicate that the treatment was not included in models (no passes were recorded in CC). Abbreviation: Estimate, partial regression coefficient; SE, standard error; 95CI.l, lower limits of 95% confidence intervals; 95CI.u, upper limits of 95% confidence intervals; SD, standard deviation; CC, clear-cutting; MR, single broad-leaved tree retention in medium amount; HR, single broad-leaved tree retention in large amount; UP, unharvested plantation control.

	(a) Plecotus sacrimontis (cluttered-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−4.62
	0.89
	−6.37
	−2.88

	MR
	−2.14
	0.62
	−3.35
	−0.93

	HR
	0.00
	0.55
	−1.07
	1.08

	UP
	1.93
	0.53
	0.89
	2.96

	Random effects

	
	Variance
	SD

	SeasonSite ID
	1.09
	1.05

	Sample ID
	1.67
	1.29



	(b) Barbastella pacifica (cluttered-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−5.42
	1.20
	−8.54
	−3.45

	MR
	−1.75
	0.60
	−3.07
	−0.55

	HR
	−1.91
	0.61
	−3.23
	−0.69

	UP
	−1.73
	0.62
	−3.10
	−0.54

	Random effects

	
	Variance
	SD

	SeasonSite ID
	1.54
	1.24

	Sample ID
	0.67
	0.82


	(c) Murina spp. (cluttered-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	―
	―
	―
	―

	MR
	−2.66
	1.01
	−4.95
	−0.63

	HR
	−2.63
	1.06
	−5.14
	−0.62

	UP
	−2.56
	1.04
	−5.04
	−0.58

	Random effects

	
	Variance
	SD

	SeasonSite ID
	4.11
	2.03

	Sample ID
	2.36
	1.54


Table S7, continued












	(d) Rhinolophus spp. (cluttered-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	―
	―
	―
	―

	MR
	−4.70
	1.15
	−8.26
	−3.04

	HR
	−5.44
	1.36
	−9.61
	−3.43

	UP
	−3.88
	0.97
	−7.15
	−2.52

	Random effects

	
	Variance
	SD

	SeasonSite ID
	0.07
	0.27

	Sample ID
	1.41
	1.19



	(e) Nyctalus spp. (open-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−1.74
	0.88
	−3.67
	−0.04

	MR
	0.72
	0.81
	−1.03
	2.34

	HR
	1.94
	0.79
	0.28
	3.57

	UP
	1.60
	0.79
	−0.04
	3.23

	Random effects

	
	Variance
	SD

	SeasonSite ID
	2.18
	1.48

	Sample ID
	2.95
	1.72



Table S7, continued
	(f) Eptesicus nilssonii (open-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	−3.28
	0.76
	−5.07
	−1.92

	MR
	−1.94
	0.61
	−3.29
	−0.74

	HR
	−0.56
	0.57
	−1.80
	0.60

	UP
	0.38
	0.55
	−0.79
	1.54

	Random effects

	
	Variance
	SD

	SeasonSite ID
	1.12
	1.06

	Sample ID
	1.88
	1.37



	(g) Vespertilio spp. (open-space species)

	Treatment
	Estimate
	SE
	95CI.l
	95CI.u

	CC
	―
	―
	―
	―

	MR
	−3.08
	0.73
	−4.80
	−1.72

	HR
	−1.55
	0.64
	−3.03
	−0.29

	UP
	−2.88
	0.70
	−4.46
	−1.53

	Random effects

	
	Variance
	SD

	SeasonSite ID
	1.34
	1.16

	Sample ID
	1.75
	1.32



image2.tiff
Cluttered-space species

()]
o
I

ey
o
I

N. of passes/night
N w
o o

-
o
I

o
I

o
>

“bc
_._:i:I

CC MR HR UP
Treatment





image3.tiff
N. of buzzes/night

Cluttered-space species

1 one outlier (37.17) is not shown

LT AT

CC

MR HR UP
Treatment





image4.tiff
)
_°

N. of passes/night
w
o

Plecotus sacrimontis

o

201
10
a gzab be
of —oZ —e——8—
¢cc MR HR UP

Treatment





image5.tiff
Plecotus sacrimontis

N. of buzzes/night
o o S o
N () w i

o
o

CC MR HR upP
Treatment





image6.tiff
N. of passes/night

Murinaspp.

1 one outlier (54.50) is not shown

N

CC MR HR UP
Treatment





image7.tiff
N. of buzzes/night

Murinaspp.

CC

1 one outlier (37.17) is not shown

:8:I=!:

MR HR UP
Treatment





image8.tiff
N. of passes/night

Barbastella pacifica

~>

I e

CC MR HR UP
Treatment





image9.tiff
Barbastella pacifica

o o o
N w EN
L | L

N. of buzzes/night

°
i

o
o

T T

T T
CcC MR HR UpP
Treatment





image10.tiff
Open-space species

N. of passes/night
2 © P o
22 °

w
@

2

1807\,,(

g

b b
el 1
\a T T T
cC MR HR UP

Treatment





image11.tiff
N. of buzzes/night

Open-space species

Treatment





image12.tiff
Nyctalusspp.

180

£ 150

4
X
@

N. of passes/night
3

O N

Treatment

up





image13.tiff
N. of buzzes/night

Nyctalusspp.

T T
CcC MR HR
Treatment





image14.tiff
N. of passes/night

Eptesicus nilssonii

15+

12+

N o

b
A T
CcC MR HR upP

Treatment





image15.tiff
N. of buzzes/night

Eptesicus nilssonii

o
i

o
@

o
@

o
<

[ ] [ J [ ] [ ]
T T

T T
CcC MR HR UpP
Treatment





image16.tiff
N. of passes/night

Vespertiliospp.

. :':I:.:

CC MR HR UP
Treatment





image17.tiff
Vespertiliospp.

_\
e

. of buzzes/night
o o o
S

N
o
i

o
<

[ J
[ ] [ ] [ ] ®
cC MR HR up

Treatment





image18.tiff
Myotis spp.

210+

o

-
-

b b
iab I i
T a T T T
CC MR HR UP

Treatment





image19.tiff
N. of buzzes/night

Myotis spp.

30-
20 °
10 b b
lab : i
07 T a T T T
cc MR HR uP

Treatment





image1.tiff




