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Figure S1. Spatial distribution of bat boxes and the six roosting areas defined at Bedfont Lakes Country Park. Individual bat boxes are shown as points and grouped into roosting areas (RA1–RA6) based on their spatial proximity and long-term patterns of interchange among boxes observed during the 12-year monitoring period.
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Table S1. Summary of bat box installations at Bedfont Lakes Nature Reserve, including box number, grid reference, box type, and orientation and roosting area.
	Box number
	Grid Reference
	Box Type
	Orientation
	Roosting Area

	b1
	TQ 07885 72672
	2F-DFP
	SE
	3

	b2
	TQ 07830 72838
	2F-DFP
	E
	1

	b4
	TQ 07833 72841
	2F-DFP
	E
	1

	b7
	TQ 07875 72688
	2F-DFP
	NE
	3

	b8
	TQ 07774 72644
	2F-DFP
	NW
	6

	b9
	TQ0787972665
	2F-DFP
	 NE
	4

	b10
	TQ 07850 72624
	2F-DFP
	W
	5

	b11
	TQ 07794 72636
	2F-DFP
	SW
	6

	b12
	TQ 07789 72641
	2M conv
	NW
	6

	b14
	TQ 07800 72634
	2F-DFP
	E
	6

	b15
	TQ 07836 72669
	2M conv
	NE
	4

	b16
	TQ 07855 72682
	2F-DFP
	N
	4

	b17
	TQ 07832 72667
	2F-DFP
	NNE
	4

	b18
	TQ 07897 72679
	2F-DFP
	SW
	4

	b21
	TQ 07839 72742
	2F-DFP
	SE
	3

	b22
	TQ 07888 72662
	2FN
	NE
	4

	b23
	TQ0792872704
	 2FN
	NE
	4

	b24
	TQ 07870 72754
	1FD
	S
	3

	b25
	TQ0787072732
	Apex
	SE
	4

	b26
	TQ 07844 72618
	2F-DFP
	NW
	5

	b27
	TQ 07873 72749
	2F-DFP
	W
	3

	b28
	TQ 07848 72764
	2F-DFP
	SE
	3

	b29
	TQ 07862 72756
	1FD
	SE
	3

	b31
	TQ 07877 72761
	2F-DFP
	SE
	3

	b32
	TQ0787472766
	 2F-DFP
	 SW
	2

	b33
	TQ 07793 72638
	Latvian
	E
	6

	b34
	TQ 07844 72853
	2F-DFP
	NW
	1

	b40
	TQ 07948 72818
	Wooden slots
	SW
	2

	b44
	TQ 07882 72703
	Harlech WoodStone
	SE
	4

	b48
	TQ 07834 72836
	2F-DFP
	NW
	1

	b50
	TQ0793372797
	2F-DFP
	NW
	2

	b51
	TQ 07792 72638
	2F-DFP
	SE
	6

	b58
	TQ 07822 72830
	2F-DFP
	N
	1

	b69
	TQ 07846 72755
	2F-DFP
	SE
	3

	b99
	TQ 07832 72666
	2F-DFP
	SW
	4

	b103
	TQ 07908 72782
	2F-DFP
	SSW
	2

	b203
	TQ 07920 72779
	2F-DFP
	SW
	2

	b238
	TQ 07885 72655
	2FN
	NE
	4

	b251
	TQ 07902 72674
	1FF
	SE
	4

	b252
	TQ 07870 72730
	2F-DFP
	NW
	3

	b288
	TQ 07860 72757
	2F-DFP
	SE
	3

	b303
	TQ 07896 72765
	 2F
	 E
	2

	b403
	TQ 07918 72762
	2F-DFP
	SW
	2

	b503
	TQ 07915 72746
	2F-DFP
	SW
	2

	b703
	TQ 07905 72771
	2F-DFP
	E
	2

	b803
	TQ 07924 72831
	2F-DFP
	SE
	2

	b903
	TQ 07850 72765
	2F-DFP
	SE
	3

	b1003
	TQ 07925 72822
	2F-DFP
	NE
	2

	bHIB
	TQ 07871 72752
	1F HIB
	S
	3






Table S2. Negative binomial GLM testing effects of year, box orientation and type on Pipistrellus nathusii box counts in available bat boxes (2012–2024, n = 1,854 checks across 37 boxes). Coefficients are presented as regression estimates (β) with associated standard errors (SE), test statistics (z), and p-values. Incidence-rate ratios (IRR = exp(β)) and their 95% confidence intervals are also reported. Reference categories were North and 2F-DFP box type. Year was centred, scaled and modelled as second-order polynomial. Model fit: AIC = 1654.7; logLik = −818.4; McFadden Pseudo-R² = 0.054; Nagelkerke Pseudo-R² = 0.066. DHARMa diagnostics indicated no overdispersion (dispersion ratio = 0.979 , p = 0.966) and zero inflation (ratio = 1.00, p = 1.00). 
	Predictor
	Estimate (β)
	SE
	z
	p
	IRR
	IRR 95% CI

	Intercept
	-2.709
	0.169
	-16.053
	<0.001***
	0.067
	0.048–0.093

	Year (poly1)
	-12.768
	5.959
	-2.143
	0.032*
	0.000003
	0.000000–0.337

	Year (poly2)
	-2.452
	5.789
	-0.424
	0.672
	0.086
	0.000001–7290.560

	Orientation: East
	0.406
	0.304
	1.337
	0.181
	1.502
	0.828–2.724

	Orientation: South
	0.092
	0.218
	0.420
	0.674
	1.096
	0.715–1.681

	Orientation: West
	1.082
	0.367
	2.953
	0.003**
	2.952
	1.439–6.055

	Box type: 1FD
	0.844
	0.370
	2.277
	0.023*
	2.325
	1.125–4.806

	Box type: Other
	-2.769
	0.473
	-5.854
	<0.001***
	0.063
	0.025–0.159






Table S3. Binomial GLMM testing effects of year, orientation, and box type on presence of Pipistrellus nathusii in available bat boxes (2012–2024, n = 1,854 checks across 37 boxes). Presence was modelled as a binary response (1= present, 0 = absent). We report effect estimates (β), standard errors (SE), test statistics (z) and p-values. Odds ratios (OR = exp(β)) and their 95% confidence intervals are also reported. Year was centred, scaled and modelled as a second-order polynomial. Box orientation and box type were included as categorical predictors, with North and 2F-DFP box type as reference categories. Box was included as a random intercept to account for repeated sampling. Significant effects (p<0.05) are marked with asterisks. Odd ratios and confidence intervals for polynomial year terms are not meaningful and are not interpreted. Model fit: AIC = 1299.3; log-likelihood = -640.7. The variance and standard deviation of the random intercept was 0.276 and 0.525, respectively.

	Predictor
	Estimate (β)
	SE
	z
	p
	OR (expβ)
	OR 95% CI

	Intercept
	-3.131
	0.223
	-14.068
	<0.001***
	0.044
	0.028–0.069

	Year (poly1)
	-6.938
	5.418
	-1.281
	0.200
	not meaningful
	not meaningful

	Year (poly2)
	-10.070
	5.207
	-1.934
	0.053
	not meaningful
	not meaningful

	Orientation: East
	0.425
	0.390
	1.089
	0.276
	1.530
	0.712–3.289

	Orientation: South
	-0.056
	0.281
	-0.199
	0.842
	0.946
	0.546–1.640

	Orientation: West
	1.000
	0.500
	2.000
	0.045*
	2.719
	1.020–7.252

	Box type: 1FD
	0.874
	0.496
	1.762
	0.078
	2.396
	0.906–6.336

	Box type: Other
	-2.413
	0.496
	-4.864
	<0.001***
	0.089
	0.033–0.239





[bookmark: _m3d6zx10tpis]
[bookmark: _gnvl8bdpf6sb]

Table S4. Negative binomial GLMM testing the effects of year, box orientation and type, and microclimate on Pipistrellus nathusii counts in boxes equipped with dataloggers. Coefficients are presented as regression coefficients (β), standard errors (SE), test statistics (z), p-values, and odds ratios (OR) with 95% confidence intervals. Incidence-rate ratios (IRR = exp (β)) and their 95% confidence intervals are also reported. Year was centred, scaled and modelled as a second-order polynomial. Box orientation and box type were included as categorical predictors, with North orientation and 2F-DFP box type as reference categories. Microclimate was represented by two PCA axis derived from temperature and humidity variables, with box ID included as a random intercept. Significant effects (p < 0.05) are marked with asterisks. Incidence-rate rations for polynomial year terms are not meaningful and are not interpreted. Model fit: AIC = 863.5; log-likelihood = -419.8. Model dispersion indicated no overdispersion (dispersion ratio = 0.89, p = 0.876) and no zero inflation (ration = 1.00, p = 0.978. The variance and standard deviation of the random intercept was 0.106 and 0.226, respectively.
	Predictor
	Estimate (β)
	SE
	z
	p
	IRR (expβ)
	IRR 95% CI

	Intercept
	-2.451
	0.316
	-7.759
	<0.001***
	0.086
	0.046–0.161

	Year (poly1)
	-6.565
	4.742
	-1.385
	0.166
	not meaningful
	not meaningful

	Year (poly2)
	-1.736
	4.704
	-0.369
	0.712
	not meaningful
	not meaningful

	Orientation: East
	0.051
	0.525
	0.097
	0.923
	1.052
	0.377–2.937

	Orientation: South
	0.088
	0.397
	0.221
	0.825
	1.092
	0.502–2.375

	Orientation: West
	1.776
	0.727
	2.442
	0.015*
	5.906
	1.421–24.52

	Box type: 1FD
	1.412
	0.915
	1.542
	0.123
	4.106
	0.676–24.94

	Box type: Other
	-2.614
	0.792
	-3.301
	0.001**
	0.073
	0.015–0.346

	Microclimate PC1
	0.048
	0.119
	0.407
	0.684
	1.050
	0.833–1.325

	Microclimate PC2
	0.278
	0.195
	1.427
	0.154
	1.321
	0.902–1.936






Table S5. Binomial GLMM testing monthly variation in Pipistrellus nathusii box use. Presence was coded as a binary response (1 = present, 0 = absent). Month was included as a fixed effect (March as reference), and box ID and year were included as random intercepts. Fixed-effect estimates (β) are presented on the logit scale with standard errors (SE), z-statistics, and p-values. Significant effects (p < 0.05) are marked with asterisks. Model fit statistics were AIC = 1243.1, BIC = 1306.0, and log-likelihood = −611.5 (n = 3,974). Random-intercept variances were 0.094 for year and 1.153 for box identity.
	Predictor
	Estimate (β)
	SE
	z
	p

	Intercept (March)
	−4.488
	0.507
	−8.861
	<0.001***

	April
	1.027
	0.510
	2.014
	0.044*

	May
	0.163
	0.536
	0.305
	0.761

	June
	−1.924
	1.107
	−1.738
	0.082

	July
	−0.761
	0.685
	−1.111
	0.266

	August
	1.451
	0.498
	2.918
	0.004**

	September
	1.845
	0.486
	3.793
	<0.001***

	October
	0.920
	0.507
	1.818
	0.069







Table S6. Binomial GLMMs testing seasonal differences in the sex composition of Pipistrellus nathusii box use. Separate models compared male-only versus female-only boxes and mixed-sex versus female-only boxes. Season was included as a fixed effect (autumn as reference), and year and box identity were included as random intercepts. The table shows parameter estimates (β), standard errors (SE), z-values, associated p-values, and odds ratios (OR). Negative coefficients for spring indicate lower odds of male-only or mixed-sex box use relative to female-only box use in spring compared with autumn. Significant effects (p < 0.05) are marked with asterisks.
	Comparison
	Predictor
	β
	SE
	z
	p
	Odds ratio

	Male-only vs Female-only
	Spring vs Autumn
	−3.309
	1.126
	−2.938
	0.0033**
	0.037

	Mixed-sex vs Female-only
	Spring vs Autumn
	−2.616
	1.148
	−2.278
	0.0227*
	0.073








Table S7. Node-level and network-level metrics from the area-based social network of Pipistrellus nathusii. Node-level metrics include degree (number of associates), strength (sum of association weights), and eigenvector centrality (influence within the network), along with permutation-based p-values derived from 1,000 pre-network permutations. Community membership was identified using the fast-greedy algorithm. Network-level metrics include modularity and average clustering coefficient, with associated p-values from permutation tests.
	Bat ID
	Degree
	Strength
	Eigenvector Centrality
	Degree p
	Strength p
	Eigenvector p
	Community

	H1255
	3
	1.367
	0.758
	≥ 0.999
	≥ 0.999
	0.072
	3

	H1275
	5
	1.211
	0.408
	≥ 0.999
	≥ 0.999
	0.042
	2

	H1279
	3
	1.367
	0.758
	≥ 0.999
	≥ 0.999
	0.045
	3

	H1290
	4
	1.236
	0.431
	≥ 0.999
	≥ 0.999
	0.001
	2

	H1294
	4
	0.976
	0.399
	≥ 0.999
	≥ 0.999
	0.012
	2

	H5217
	4
	0.851
	0.338
	≥ 0.999
	≥ 0.999
	0.001
	1

	J6355
	3
	0.75
	0.392
	≥ 0.999
	≥ 0.999
	0.045
	1

	J6364
	3
	1.268
	0.554
	≥ 0.999
	0.104
	0.104
	4

	J6365
	3
	1.268
	0.554
	≥ 0.999
	0.104
	0.088
	4

	J6366
	10
	2.146
	0.986
	≥ 0.999
	0.104
	0.507
	1

	J6368
	10
	2.148
	1
	≥ 0.999
	0.104
	0.735
	1





Table S8. MOTUS detections of Pipistrellus nathusii tagged at Bedfont Lakes in 2023 and 2024. Detection records from automated stations, showing the timing and location of signals from tagged individuals. 
	Motus tag ID
	Motus ID
	Ring number
	Date of detection
	Detection time (UTC)
	Station name
	Latitude
	Longitude

	75531
	45594
	H8556
	16/04/2023
	21.55
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	16/04/2023
	20.30
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	16/04/2023
	21.25
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	16/04/2023
	23.30
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	17/04/2023
	20.05
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	17/04/2023
	22.06
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	30/04/2023
	20.32
	Bedfont Lakes
	51.4414
	-0.4524

	75532
	45595
	H8554
	30/04/2023
	23.02
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	16/04/2023
	17.50
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	16/04/2023
	19.50
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	18/04/2023
	22.02
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	25/04/2023
	21.05
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	26/04/2023
	21.30
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	29/04/2023
	22.20
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	29/04/2023
	22.40
	Bedfont Lakes
	51.4414
	-0.4524

	75533
	45596
	J6368
	03/05/2023
	21.11
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	16/04/2023
	21.50
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	17/04/2023
	21.52
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	21/04/2023
	21.55
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	28/04/2023
	21.25
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	29/04/2023
	01.15
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	30/04/2023
	00.35
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	30/04/2023
	23.50
	Bedfont Lakes
	51.4414
	-0.4524

	75534
	45597
	H8557
	04/05/2023
	21.02
	Dungeness Bird Observatory
	50.9169
	0.9652

	74927
	45598
	H8552
	16/04/2023
	19.40
	Bedfont Lakes
	51.4414
	-0.4524

	74927
	45598
	H8552
	16/04/2023
	23.45
	Bedfont Lakes
	51.4414
	-0.4524

	74927
	45598
	H8552
	17/04/2023
	00.10
	Bedfont Lakes
	51.4414
	-0.4524

	74927
	45598
	H8552
	17/04/2023
	20.01
	Bedfont Lakes
	51.4414
	-0.4524

	74927
	45598
	H8552
	22/04/2023
	21.14
	Bedfont Lakes
	51.4414
	-0.4524

	74927
	45598
	H8552
	26/04/2023
	20.19
	Bedfont Lakes
	51.4414
	-0.4524

	74928
	44942
	J6356
	16/04/2023
	19.40
	Bedfont Lakes
	51.4414
	-0.4524

	74928
	44942
	J6356
	16/04/2023
	20.50
	Bedfont Lakes
	51.4414
	-0.4524

	74928
	44942
	J6356
	17/04/2023
	20.10
	Bedfont Lakes
	51.4414
	-0.4524

	74928
	44942
	J6356
	30/04/2023
	20.58
	Bedfont Lakes
	51.4414
	-0.4524

	74928
	44942
	J6356
	01/05/2023
	22.50
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	02/05/2023
	00.50
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	02/05/2023
	21.05
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	05/05/2023
	20.15
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	05/05/2023
	21.04
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	06/05/2023
	20.50
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	05/05/2023
	20.55
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	06/04/2023
	20.45
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	06/04/2023
	20.55
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	07/04/2023
	20.11
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	07/04/2023
	20.59
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	07/04/2023
	21.42
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	09/04/2023
	21.00
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	09/04/2023
	21.15
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	74928
	44942
	J6356
	09/04/2023
	21.51
	Sandwich Bay Bird Observatory
	51.2678
	1.3743

	66056
	45599
	J6392
	16/04/2023
	17.52
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	16/04/2023
	19.45
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	18/04/2023
	00.20
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	18/04/2023
	22.25
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	19/04/2023
	21.15
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	21/04/2023
	22.10
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	22/04/2023
	23.00
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	22/04/2023
	23.10
	Bedfont Lakes
	51.4414
	-0.4524

	66056
	45599
	J6392
	04/05/2023
	21.32
	Landguard Bird Observatory
	51.9378
	1.3209

	66056
	45599
	J6392
	05/05/2023
	00.27
	WUR Brouwersdam sluis
	51.7486
	3.8259

	66056
	45599
	J6392
	05/05/2023
	00.34
	WUR Oostvoorne
	51.9159
	4.0605

	66056
	45599
	J6392
	05/05/2023
	23.41
	RUG Linnaeusborg
	53.2414
	6.5391

	66056
	45599
	J6392
	06/05/2023
	00.40
	Emssperrwerk
	53.3226
	7.3134

	66056
	45599
	J6392
	06/05/2023
	00.58
	Emssperrwerk
	53.3226
	7.3134

	66056
	45599
	J6392
	06/05/2023
	01.04
	Emssperrwerk
	53.3226
	7.3134

	66057
	45600
	H8555
	16/04/2023
	22.28
	Bedfont Lakes
	51.4414
	-0.4524

	66057
	45600
	H8555
	04/04/2023
	20.20
	WUR Minsmere 2
	52.2468
	1.6154

	66057
	45600
	H8555
	04/04/2023
	20.24
	WUR Dunwich
	52.2533
	1.6278

	66057
	45600
	H8555
	04/04/2023
	20.50
	Benacre NNR
	52.3999
	1.727

	66057
	45600
	H8555
	04/04/2023
	20.57
	WUR Benacre Pump Station
	52.3999
	1.727

	66057
	45600
	H8555
	04/04/2023
	21.07
	Lowestoft - CEFAS
	52.2468
	1.6154

	66058
	45601
	H6393
	16/04/2023
	17.50
	Bedfont Lakes
	51.4414
	-0.4524

	66058
	45601
	H6393
	16/04/2023
	23.01
	Bedfont Lakes
	51.4414
	-0.4524

	66058
	45601
	H6393
	17/04/2023
	01.50
	Bedfont Lakes
	51.4414
	-0.4524

	66058
	45601
	H6393
	17/04/2023
	22.25
	Bedfont Lakes
	51.4414
	-0.4524

	66059
	45602
	H8553
	16/04/2023
	20.20
	Bedfont Lakes
	51.4414
	-0.4524

	66059
	45602
	H8553
	16/04/2023
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