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Fig. S1. Goose-beaked whale acoustic presence (Zc, blue) and mid-frequency active sonar (MFAS, red) at the off-range site. Detections are plotted in 1-min segments across an entire day, with the light purple shading indicating nighttime periods. Dark gray horizontal boxes indicate periods of no recording effort.
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Fig. S2. Goose-beaked whale acoustic presence (Zc, blue) and mid-frequency active sonar (MFAS, red) at the core-range site. Detections are plotted in 1-min segments across an entire day, with the light purple shading indicating nighttime periods. Dark gray horizontal boxes indicate periods of no recording effort.
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Fig. S3. Goose-beaked whale acoustic presence (Zc, blue) and mid-frequency active sonar (MFAS, red) at the broader-range site. Detections are plotted in 1-min segments across an entire day, with the light purple shading indicating nighttime periods. Dark gray horizontal boxes indicate periods of no recording effort.
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Fig. S4. Mean acoustic presence and 95% CI of goose-beaked whale in 1-min segments in relation to a) non-sonar variables and b) sonar-related variables divided into 25 equi-width bins at the off-range site. Colored dots indicate the sample size within the bin (green: > 100, yellow: ≤ 100, orange: ≤ 20, red: ≤ 10). Gray shading indicates period with no recording effort.
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Fig. S5. Mean acoustic presence and 95% CI of goose-beaked whale in 1-min segments in relation to a) non-sonar variables and b) sonar-related variables divided into 25 equi-width bins at the core-range site. Colored dots indicate the sample size within the bin (green: > 100, yellow: ≤ 100, orange: ≤ 20, red: ≤ 10).
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Fig. S6. Mean acoustic presence and 95% CI of goose-beaked whale in 1-min segments in relation to a) non-sonar variables and b) sonar-related variables divided into 25 equi-width bins at the broader-range site. Colored dots indicate the sample size within the bin (green: > 100, yellow: ≤ 100, orange: ≤ 20, red: ≤ 10).
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Fig. S7. Autocorrelation of the dependent variable over time. Each subplot shows the autocorrelation of the dependent variable per site. The inset plots show a y-axis zoomed in view. Lag indicates the autocorrelation of 1-min segments.
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Fig. S8. Pearson correlation matrix to assess the collinearity among explanatory variables for model building per site. The dark-shaded blue and red colors represent high positive or negative correlation among the variables, respectively, while the light-shaded ones represent low correlation. Refer to Table S3 for variable abbreviations.
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Fig. S9. Probability of acoustic presence of goose-beaked whale in 1-min segments in relation to significant predictors of a) natural variability and b) MFAS disturbance between 2009 to 2014 for cross-site comparison at three sites: off-range, a lower-exposure site; and the core-range and broader-range, high-exposure sites within the Southern California Offshore Range. Each panel shows the average predicted response (black solid line) with 95% confidence intervals (orange dash line), estimated for the uncertainty in fixed effects only. The shaded area at the bottom represents the raw data distribution along the predictor gradient. Each site was modeled separately; panels are omitted where a predictor was not significant for that site. Note that the y-axis scales differ between panels.


Table S1. Glossary of variables used in the models, including descriptions, calculation details, and model-specific usage. GEE = Generalized estimating equation models; GLM = generalized linear models.

	Variable
	Short name
	Description
	Calculation details
	Model details

	Goose-beaked whale (Ziphius cavirostris):

	Acoustic presence
	zcPres
	Binary (1/0):
Presence/absence of echolocation frequency-modulated (FM) pulses
	0 if no pulses in that 1-min segment, 1 if at least 1 FM pulse
	Used as the response in GEEs, and as a predictor in GLMs.

	Mid-frequency active sonar (MFAS):

	Sonar presence
	sPres
	Binary (1/0):
Presence/absence of sonar pings
	0 if no sonar in that 1-min segment, 1 if at least 1 sonar ping
	Used as dummy variable in interaction terms in GEEs

	Sonar lag
	sLag
	Integer: number of 1-min segments since last sonar ping
	Each 1-min segment = 0 where sPres = 1; otherwise as lag in minutes since last 1-min segment with sonar. Periods after no sonar effort are NA until first sonar ping.
	

	Consecutive time with sonar presence
	consPres
	Integer: number of 1-min segments with consecutive presence
	Each 1-min segment = 0 where sPres = 0; otherwise as consecutive minutes with sonar presence.
	

	Peak-to-peak received sound pressure levels (RL)
	maxRLpp
	Maximum RL per 1-min segments
	0 if no pings, if multiple pings fall in 1-min segment, result in the maximum RL.
	To accommodate 1-min segments without pings we used interaction with sPres in GEEs.

	Cumulative sound exposure level (SEL)
	cumSEL
	Cumulative SEL for 1-min segments
	Adding up values (SEL) from different pings in the same 1-min segment:
bels = SEL/10
intensity = 10bels
cumSEL = 10 * log10(sum(intensity)) 
	To accommodate 1-min segments without pings we used interaction with sPres in GEEs.

	Proportion of sonar
	sProp
	Proportion of 1-min segments with sonar
	Sum of duration of all pings (secs) that fall within 1-min segments / 60 secs
	Scaled to percentages to have all predictors on similar scales.

	Temporal variables:

	Year
	year
	Year of recording
	
	As factor in GEEs; linear term in GLMs.

	Julian day
	jd
	Date in integers
	Consecutive day of year: 1-365
	

	Normalized time of day
	timeofd
	Normalized proportion of time from sunrise and sunset
	0 the minute at sunset, and -1/1 at sunrise; negative values representing minutes from sunrise to sunset, and positive values from sunset to the following sunrise, scaled by period length
	Scaled to percentages to have all predictors on similar scales.


Table S2. Deployment summary of High-frequency Acoustic Recording Packages (HARPs) in the Southern California Bight. Deployment details include deployment identification number, location, bottom depth, start and end date of effort, recording effort duration in days, and hydrophone crossover frequency between low- and high-frequency band sensor elements. All three sites had a common analysis effort between 2009-2014 with additional effort at the on-range sites.

	Site ID
	Latitude
(°N)
	Longitude
(°W)
	Depth
(m)
	Start date
(UTC)
	End date
(UTC)
	Recording duration
(days)
	Crossover frequency
(kHz)

	Off-range site:

	M 31
	33-30.582
	119-15.282
	895
	01/13/2009
	03/08/2009
	55
	2

	M 32
	33-30.579
	119-15.280
	1123
	03/11/2009
	05/04/2009
	54
	2

	M 33
	33-30.580
	119-15.253
	1120
	05/17/2009
	07/08/2009
	52
	2

	M 34
	33-30.927
	119-14.794
	902
	07/27/2009
	09/16/2009
	51
	2

	M 35
	33-30.923
	119-14.779
	912
	09/25/2009
	11/17/2009
	53
	2

	M 37
	33-30.915
	119-14.960
	891
	01/30/2010
	03/25/2010
	54
	2

	M 38
	33-30.897
	119-14.896
	917
	04/10/2010
	07/12/2010
	93
	2

	M 40
	33-30.891
	119-14.832
	909
	07/22/2010
	11/07/2010
	108
	2

	M 41
	33-30.897
	119-14.888
	919
	12/05/2010
	04/24/2011
	140
	2

	M 44
	33-30.887
	119-14.875
	928
	05/11/2011
	10/02/2011
	113
	2

	M 45
	33-30.886
	119-14.886
	927
	10/27/2011
	03/18/2012
	143
	2

	M 46
	33-30.826
	119-14.880
	926
	03/24/2012
	07/22/2012
	121
	2

	M 48
	33-30.599
	119-15.305
	907
	12/20/2012
	04/25/2013
	127
	2

	M 49
	33-30.607
	119-15.305
	882
	04/30/2013
	09/05/2013
	127
	25

	M 50
	33-30.584
	119-15.252
	907
	09/10/2013
	01/06/2014
	119
	25

	M 51
	33-30.577
	119-15.251
	877
	01/06/2014
	04/04/2014
	88
	25

	M 52
	33-30.595
	119-15.305
	890
	04/04/2014
	07/06/2014
	93
	25

	M 53
	33-30.842
	119-14.911
	900
	07/30/2014
	03/11/2014
	97
	25

	M 54
	33-30.837
	119-14.943
	900
	04/11/2014
	12/31/2014
	57
	2

	Core-range site:

	H 30
	32-50.754
	119-10.387
	1010
	01/01/2009
	01/12/2009
	12
	2

	H 31
	32.50.587
	119-10.170
	1004
	01/13/2009
	03/08/2009
	55
	2

	H 32
	32-50.587
	119-10.170
	935
	03/14/2009
	05/07/2009
	55
	2

	H 34
	32-50.569
	119-10.294
	992
	07/23/2009
	09/15/2009
	54
	2

	H 35
	32-50.564
	119-10.279
	995
	09/25/2009
	11/18/2009
	55
	2

	H 36
	32-50.550
	119-10.266
	997
	12/06/2009
	01/29/2010
	54
	2

	H 37
	32-50.554
	119-10.272
	992
	01/30/2010
	03/22/2010
	52
	2

	H 38
	32-50.555
	119-10.252
	989
	04/10/2010
	07/22/2010
	103
	2

	H 40
	32-50.552
	119-10.254
	1004
	07/23/2010
	11/08/2010
	108
	2

	H 41
	32-50.553
	119-10.247
	1002
	12/06/2010
	04/17/2011
	113
	2

	H 44
	32-50.558
	119-10.287
	989
	05/11/2011
	10/12/2011
	123
	2

	H 45
	32-50.537
	119-10.217
	1008
	10/16/2011
	03/05/2012
	126
	2

	H 50
	32-50.307
	119-10.006
	1000
	09/10/2013
	01/07/2014
	118
	25

	H 51
	32-50.307
	119-10.006
	960
	01/07/2014
	04/03/2014
	87
	25

	H 52
	32-50.800
	119-10.588
	986
	04/04/2014
	07/30/2014
	117
	25

	H 53
	32-50.693
	119-10.564
	900
	07/30/2014
	11/05/2014
	98
	25

	H 54
	32-50.775
	119-10.544
	1000
	11/05/2014
	02/04/2015
	92
	25

	H 55
	32-50.778
	119-10.584
	1000
	02/05/2015
	06/01/2015
	117
	25

	H 56
	32-50.777
	119-10.569
	1000
	06/02/2015
	10/03/2015
	123
	25

	H 58
	32-50.749
	119-10.620
	1000
	11/21/2015
	04/25/2016
	156
	25

	H 59
	32-50.703
	119-10.583
	1000
	07/06/2016
	11/09/2016
	126
	25

	H61
	32-50.752
	119-10.523
	1000
	02/22/2017
	06/06/2017
	104
	-

	H62
	32-50.754
	119-10.525
	1000
	06/07/2017
	10/04/2017
	119
	-

	H63
	32-50.728
	119-10.484
	-
	10/05/2017
	11/03/2017
	23
	-

	H65
	32-50.536
	119-10.249
	1000
	07/09/2018
	11/28/2018
	142
	-

	H66
	32-50.509
	119-10.023
	1013
	11/29/2018
	05/05/2019
	152
	2

	H67
	32-51.709
	119-08.432
	1270
	06/01/2019
	11/08/2019
	160
	10

	H68
	32-51.263
	119-08.928
	1131
	11/09/2019
	12/31/2019
	52
	2

	Broader-range site:

	N 31
	32-22.204
	118-33.908
	1369
	01/14/2009
	03/09/2009
	54
	2

	N 32
	32.22.205
	118-33.905
	1295
	03/14/2009
	05/07/2009
	55
	2

	N 33
	32.22.197
	118-33.893
	1295
	05/19/2009
	07/12/2009
	54
	2

	N 35 
	32-22.191
	118-33.887
	1295
	09/26/2009
	11/19/2009
	54
	2

	N 36
	32.22.186
	118-33.769
	1282
	12/06/2009
	01/26/2010
	51
	2

	N 37
	32-22.184
	118-33.768
	1280
	01/31/2010
	03/26/2010
	54
	2

	N 38
	32-22.180
	118-33.800
	1284
	04/11/2010
	07/18/2010
	98
	2

	N 41
	32-22.183
	118-33.802
	1271
	12/07/2010
	04/09/2011
	123
	2

	N 45
	32-22.199
	118-33.894
	1295
	10/16/2011
	02/13/2012
	121
	2

	N 46
	32-22.200
	118-33.903
	1292
	03/25/2012
	08/05/2012
	134
	2

	N 47
	32-22.157
	118-33.938
	1285
	08/10/2012
	12/06/2012
	119
	2

	N 48
	32-22.196
	118-33.917
	1300
	12/20/2012
	05/01/2013
	133
	2

	N 49
	32-22.194
	118-33.892
	1292
	05/02/2013
	09/11/2013
	131
	2

	N 52
	32-22.197
	118-33.913
	1154
	04/04/2014
	07/30/2014
	117
	25

	N 53
	32-22.185
	118-33.820
	1260
	07/30/2014
	11/05/2014
	98
	25

	N 54
	32-22.180
	118-33.951
	-
	11/05/2014
	02/05/2015
	92
	25

	N 55
	32-22.211
	118-33.937
	1000
	02/05/2015
	06/01/2015
	117
	25

	N 56
	32-22.223
	118-33.841
	1260
	06/02/2015
	10/03/2015
	124
	25

	N 57
	32-22.212
	118-33.871
	1260
	10/03/2015
	11/21/2015
	49
	25

	N 59
	32-22.251
	118-33.863
	1200
	07/07/2016
	11/08/2016
	125
	25

	N 60
	32-22.159
	118-33.848
	1200
	11/09/2016
	02/21/2017
	104
	-

	N 61
	32-22.256
	118-33.884
	1300
	02/21/2017
	06/07/2017
	106
	-

	N 62
	32-22.248
	118-33.852
	1300
	06/07/2017
	12/20/2017
	196
	-

	N 63
	32-22.230
	118-33.872
	1296
	02/04/2018
	07/09/2018
	155
	-

	N 64
	32-22.137
	118-33.874
	1290
	07/09/2018
	11/28/2018
	142
	-

	N 65
	32-22.161
	118-33.650
	1240
	11/29/2018
	01/23/2019
	55
	2

	N 66
	32-22.191
	118-33.907
	1285
	05/05/2019
	11/06/2019
	185
	25

	N 67
	32-22.177
	118-33.915
	1292
	11/08/2019
	12/31/2019
	53
	-



Table S3. Summary of acoustic presence of goose-beaked whale echolocation frequency-modulated (FM) pulses and mid-frequency active sonar pings by site (M, H, and N) and monitoring period. Control period (2009–2014) includes years with overlapping monitoring effort across all three sites, while the Decade period (2009–2019) represents the full study period (data available only for sites H and N). The table includes the total number of 1-min time bins with recording effort (converted to days), and the percentage of bins and days with presence. Presence per day in hours showing median and interquartile range (IQR), minimum and maximum, as well as the median (IQR) count of FM pulses or pings per bin. MFAS exposure is summarized per day as the median (IQR) of minutely sonar lag (sLag), consecutive sonar presence (consPres), and maximum peak-to-peak received levels (maxRLpp). Refer to Table S1 for exposure metric definitions.

	Site
	Monitoring period
	Effort 
bins
(days)
	Bins with presence 
(%)
	Days with 
presence 
(%)
	Presence hrs./day
	Signal count/bins
median (IQR)
	Exposure metric/day 
median (IQR)

	
	
	
	
	
	median (IQR)
	min-max
	
	sLag
(days)
	consPres
(hours)
	maxRLpp
(dBpp)

	Goose-beaked whales
	
	
	

	Off-range
	Control
	1728
	0.27
	30.31
	0.13 (0.05-0.32)
	0 – 1.10
	24 (6-73)
	-
	-
	-

	Core-range
	Control
	1449
	1.24
	74.30
	0.30 (0.12-0.55)
	0 – 2.22
	16 (5-53)
	-
	-
	-

	
	Decade
	2768
	1.59
	76.59
	0.37 (0.15-0.69)
	0 – 3.25
	18 (6-54)
	-
	-
	-

	Broader-range
	Control
	1451
	0.64
	44.63
	0.27 (0.12-0.47)
	0 – 2.07
	13 (4-38)
	-
	-
	-

	
	Decade
	2742
	0.56
	41.77
	0.25 (0.10-0.43)
	0 – 2.07
	14 (5-38)
	-
	-
	-

	Mid-frequency active sonar
	
	
	

	Off-range
	Control
	1728
	0.90
	20.24
	0.51 (0.13-1.29)
	0 – 9.90
	2 (1-3)
	3.38 (0.96-8.68)
	0.17 (0.07-0.42)
	117 (110-124)

	Core-range
	Control
	1449
	5.45
	42.08
	2.01 (0.67-4.63)
	0 – 19.35
	5 (2-9)
	1.39 (0.34-3.80)
	0.65 (0.25-2.48)
	134 (126-148)

	
	Decade
	2768
	5.37
	44.89
	1.82 (0.66-4.02)
	0 – 19.35
	5 (2-8)
	1.24 (0.31-3.39)
	0.58 (0.23-1.89)
	134 (126-148)

	Broader-range
	Control
	1451
	6.49
	42.10
	2.05 (0.77-5.24)
	0 – 23.95
	4 (2-8)
	1.07 (0.23-3.20)
	0.80 (0.28-1.95)
	133 (122-153)

	
	Decade
	2742
	6.75
	47.10
	1.87 (0.67-4.16)
	0 – 23.95
	4 (2-9)
	0.95 (0.22-2.96)
	0.67 (0.23-1.73)
	132 (121-152)




Table S4. Collinearity test with Generalized Variance Inflation Factor (GVIF) in different test runs for the selection of explanatory variables at each site. Each subsequent test run excluded the variables with GVIF > 3 (bold number values); while remaining variables (bold text) were selected as a subset of explanatory variables for model building. Refer to Table S1 for variable abbreviations.

	
	Off-range site
	Core-range site
	Broader-range site

	Variables
	Run 1
	Run 2
	Run 3
	Run 1
	Run 2
	Run 3
	Run 1
	Run 2
	Run 3

	year
	1.6
	1.6
	1.6
	1.7
	1.7
	1.7
	1.6
	1.6
	1.6

	jd
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	timeofd
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0

	sLag
	1.3
	1.3
	1.3
	1.5
	1.5
	1.5
	1.3
	1.3
	1.3

	consPres
	1.9
	1.9
	1.8
	2.8
	2.7
	2.5
	1.8
	1.8
	1.6

	maxRLpp
	904.0
	38.0
	1.8
	185090765.9
	8.2
	2.6
	22583181.8
	10.2
	1.7

	sProp
	19.7
	38.8
	
	10.3
	8.2
	
	9.8
	10.6
	

	cumSEL
	985.2
	
	
	224884529.0
	
	
	28648838.7
	
	




Table S5. Model selection based on p-value backward selection using drop1 function. Each subsequent test run excluded the variables with p-values > 0.05 (bold number values); while remaining variables (bold text) were selected as explanatory variables with the best model fit. Refer to Table S3 for variable abbreviations.

	
	Off-range site

	Variables
	Model 1
	Model 2
	Model 3

	
	χ2
	df
	P value
	χ2
	df
	P value
	χ2
	df
	P value

	year
	45.9
	5
	< 0.001
	45.9
	5
	< 0.001
	46.2
	5
	< 0.001

	jd
	68.8
	4
	< 0.001
	68.3
	4
	< 0.001
	68.3
	4
	< 0.001

	timeofd
	58.5
	4
	< 0.001
	58.7
	4
	< 0.001
	58.9
	4
	< 0.001

	sLag
	10.9
	3
	0.012
	10.9
	3
	0.012
	10.4
	3
	0.015

	consPres
	7.1
	1
	0.008
	0.9
	1
	0.341
	
	
	

	sPres:maxRLpp
	0.01
	1
	0.924
	
	
	
	
	
	



	
	Core-range site

	Variables
	Model 1
	Model 2

	
	χ2
	df
	P value
	χ2
	df
	P value

	year
	654.1
	10
	< 0.001
	655.3
	10
	< 0.001

	jd
	405.9
	4
	< 0.001
	406.5
	4
	< 0.001

	timeofd
	167.8
	4
	< 0.001
	168.0
	4
	< 0.001

	sLag
	8.4
	3
	0.038
	8.5
	3
	0.038

	sPres:maxRLpp
	57.4
	3
	< 0.001
	84.3
	3
	< 0.001

	consPres
	3.5
	3
	0.325
	
	
	



	
	Broader-range site

	Variables
	Model 1

	
	χ2
	df
	P value

	year
	245.0
	10
	< 0.001

	jd
	106.8
	4
	< 0.001

	timeofd
	20.0
	4
	< 0.001

	sLag
	142.0
	3
	< 0.001

	consPres
	24.7
	3
	< 0.001

	sPres:maxRLpp
	17.4
	3
	 < 0.001





Table S6. Summary of the generalized estimating equations (GEE) model used at the off-range site. A total number of 38,784 clusters were used to fit the model with maximum cluster size of 50 observations (1-min segments). Values shown include coefficient parameter estimates on the logit link scale, robust standard errors (SE), Wald statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the levels within the smooth and factor variables. The interaction terms with sPres allowed setting the respective covariate value to 0 for those 1-min segments with no sonar presence. For the polynomial splines, coefficients are given for the three B-spline bases; for the periodic splines, coefficients are given for the four periodic M-spline bases, which are a rescaled version of B-spline bases used to represent cyclic smooths. Refer to Table S3 for variable abbreviations.

	Parameter
	Estimate
	SE
	Wald statistic
	p-value

	Intercept
	-5.458
	0.387
	198.505
	< 0.001
	***

	Smooth terms
	
	
	
	
	

	bs(sLag)1
	-1.027
	0.481
	4.555
	0.033
	*

	bs(sLag)2
	0.016
	0.697
	0.001
	0.982
	

	bs(sLag)3
	0.517
	0.461
	1.259
	0.262
	

	mSpline(jd)1
	-97.381
	40.944
	5.657
	0.017
	*

	mSpline(jd)2
	-143.980
	30.229
	22.685
	< 0.001
	***

	mSpline(jd)3
	-46.862
	22.092
	4.499
	0.034
	*

	mSpline(jd)4
	-7.034
	27.343
	0.066
	0.797
	

	mSpline(timeofd)1
	24.408
	17.462
	1.954
	0.162
	

	mSpline(timeofd)2
	25.944
	11.651
	4.959
	0.026
	*

	mSpline(timeofd)3
	-21.806
	14.591
	2.234
	0.135
	

	mSpline(timeofd)4
	-27.480
	18.578
	2.188
	0.139
	

	Factor terms
	
	
	
	
	

	as.factor(year)2010
	-0.093
	0.241
	0.148
	0.701
	

	as.factor(year)2011
	-0.385
	0.201
	3.687
	0.055
	

	as.factor(year)2012
	-0.254
	0.206
	1.515
	0.218
	

	as.factor(year)2013
	0.565
	0.192
	8.613
	0.003
	**

	as.factor(year)2014
	0.446
	0.189
	5.540
	0.019
	*





Table S7. Summary of the generalized estimating equations (GEE) model used at the core-range site. A total number of 77,711 clusters were used to fit the model with maximum cluster size of 50 observations (1-min segments). Values shown include coefficient parameter estimates on the logit link scale, robust standard errors (SE), Wald statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the levels within the smooth and factor variables. The interaction terms with sPres allowed setting the respective covariate value to 0 for those 1-min segments with no sonar presence. For the polynomial splines, coefficients are given for the three B-spline bases; for the periodic splines, coefficients are given for the four periodic M-spline bases, which are a rescaled version of B-spline bases used to represent cyclic smooths. Refer to Table S3 for variable abbreviations.

	Parameter
	Estimate
	SE
	Wald statistic
	p-value

	Intercept
	-3.670
	0.129
	810.289
	< 0.001
	***

	Smooth terms
	
	
	
	
	

	bs(sLag)1
	-0.008
	0.169
	0.002
	0.963
	

	bs(sLag)2
	-0.643
	0.331
	3.785
	0.052
	

	bs(sLag)3
	0.764
	0.333
	5.273
	0.022
	*

	mSpline(jd)1
	-155.132
	10.794
	206.563
	< 0.001
	***

	mSpline(jd)2
	-4.814
	6.809
	0.500
	0.480
	

	mSpline(jd)3
	-55.414
	7.120
	60.580
	< 0.001
	***

	mSpline(jd)4
	-27.140
	10.256
	7.002
	0.008
	**

	mSpline(timeofd)1
	-12.372
	5.016
	6.083
	0.014
	*

	mSpline(timeofd)2
	-6.789
	3.655
	3.450
	0.063
	

	mSpline(timeofd)3
	-32.557
	3.714
	76.854
	< 0.001
	***

	mSpline(timeofd)4
	11.472
	4.866
	5.559
	0.018
	*

	Factor terms
	
	
	
	
	

	as.factor(year)2010
	0.331
	0.078
	18.012
	< 0.001
	***

	as.factor(year)2011
	0.201
	0.077
	6.828
	0.009
	**

	as.factor(year)2012
	0.386
	0.118
	10.692
	0.001
	**

	as.factor(year)2013
	-0.102
	0.112
	0.840
	0.359
	

	as.factor(year)2014
	-0.013
	0.081
	0.025
	0.874
	

	as.factor(year)2015
	0.229
	0.079
	8.385
	0.004
	**

	as.factor(year)2016
	1.087
	0.072
	228.344
	< 0.001
	***

	as.factor(year)2017
	0.386
	0.081
	22.473
	< 0.001
	***

	as.factor(year)2018
	0.301
	0.093
	10.500
	0.001
	**

	as.factor(year)2019
	0.856
	0.072
	143.409
	< 0.001
	***

	Interaction terms
	
	
	
	
	

	sPres:bs(maxRLpp)1
	-6.658
	2.208
	9.095
	0.003
	**

	sPres:bs(maxRLpp)2
	8.211
	1.912
	18.435
	< 0.001
	***

	sPres:bs(maxRLpp)3
	-7.633
	1.211
	39.753
	< 0.001
	***





[bookmark: _Hlk216081386]Table S8. Summary of the generalized estimating equations (GEE) model used at the broader-range site. A total number of 73,124 clusters were used to fit the model with maximum cluster size of 50 observations (1-min segments). Values shown include coefficient parameter estimates on the logit link scale, robust standard errors (SE), Wald statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the levels within the smooth and factor variables. The interaction terms with sPres allowed setting the respective covariate value to 0 for those 1-min segments with no sonar presence. For the polynomial splines, coefficients are given for the three B-spline bases; for the periodic splines, coefficients are given for the four periodic M-spline bases, which are a rescaled version of B-spline bases used to represent cyclic smooths. Refer to Table S3 for variable abbreviations.

	Parameter
	Estimate
	SE
	Wald statistic
	p-value

	Intercept
	-4.162
	0.185
	506.723
	< 0.001
	***

	Smooth terms
	
	
	
	
	

	bs(sLag)1
	2.023
	0.247
	67.115
	< 0.001
	***

	bs(sLag)2
	-0.794
	0.431
	3.398
	0.065
	

	bs(sLag)3
	2.425
	0.366
	43.953
	< 0.001
	***

	bs(consPres)1
	-6.756
	3.349
	4.070
	0.044
	*

	bs(consPres)2
	-6.631
	7.320
	0.821
	0.365
	

	bs(consPres)3
	1.881
	0.836
	5.061
	0.025
	*

	mSpline(jd)1
	-106.898
	16.276
	43.135
	< 0.001
	***

	mSpline(jd)2
	-82.611
	12.883
	41.121
	< 0.001
	***

	mSpline(jd)3
	-1.541
	10.371
	0.022
	0.882
	

	mSpline(jd)4
	-53.055
	17.130
	9.593
	0.002
	**

	mSpline(timeofd)1
	-0.423
	8.822
	0.002
	0.962
	

	mSpline(timeofd)2
	-8.034
	6.312
	1.620
	0.203
	

	mSpline(timeofd)3
	-16.702
	6.292
	7.046
	0.008
	**

	mSpline(timeofd)4
	3.402
	8.518
	0.160
	0.690
	

	Factor terms
	
	
	
	
	

	as.factor(year)2010
	-0.336
	0.099
	11.509
	0.001
	***

	as.factor(year)2011
	-1.904
	0.172
	122.581
	< 0.001
	***

	as.factor(year)2012
	-0.856
	0.112
	58.775
	< 0.001
	***

	as.factor(year)2013
	-1.350
	0.154
	76.467
	< 0.001
	***

	as.factor(year)2014
	-0.664
	0.111
	35.753
	< 0.001
	***

	as.factor(year)2015
	-0.845
	0.122
	47.716
	< 0.001
	***

	as.factor(year)2016
	-0.265
	0.123
	4.635
	0.031
	*

	as.factor(year)2017
	-0.772
	0.096
	65.162
	< 0.001
	***

	as.factor(year)2018
	-0.884
	0.109
	65.509
	< 0.001
	***

	as.factor(year)2019
	-0.523
	0.110
	22.455
	< 0.001
	***

	Interaction terms
	
	
	
	
	

	sPres:bs(maxRLpp)1
	-23.254
	12.550
	3.433
	0.064
	

	sPres:bs(maxRLpp)2
	26.794
	12.561
	4.550
	0.033
	*

	sPres:bs(maxRLpp)3
	-23.309
	9.199
	6.421
	0.011
	*





Table S9. Summary of the generalized linear models (GLM) used at the core-range site between 2009 and 2019. Values shown include coefficient parameter estimates on the log link scale, standard errors (SE), t statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the models fitted with the sonar-related variable as the response. Refer to Table S3 for variable abbreviations.

	Response
	Parameter
	Estimate
	SE
	t statistic
	p-value

	sLag
	Intercept
	1.290
	0.001
	902.58
	< 0.001
	***

	
	year
	-0.044
	< 0.001
	-187.09
	< 0.001
	***

	
	as.factor(zcPres)1
	0.138
	0.012
	11.28
	< 0.001
	***

	
	year:as.factor(zcPres)1
	-0.020
	0.002
	-11.02
	< 0.001
	***

	consPres
	Intercept
	0.435
	0.006
	73.71
	< 0.001
	***

	
	year
	-0.056
	0.001
	-55.00
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.307
	0.054
	-5.70
	< 0.001
	***

	
	year:as.factor(zcPres)1
	0.004
	0.009
	0.482
	0.630
	

	maxRLpp
	Intercept
	4.805
	< 0.001
	12727.47
	< 0.001
	***

	
	year
	< -0.001
	< 0.001
	-11.84
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.031
	0.004
	-8.97
	< 0.001
	***

	
	year:as.factor(zcPres)1
	< -0.001
	< 0.001
	-1.46
	0.145
	

	cumSEL
	Intercept
	4.999
	< 0.001
	14998.54
	< 0.001
	***

	
	year
	< 0.001
	< 0.001
	-5.746
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.030
	0.003
	-9.80
	< 0.001
	***

	
	year:as.factor(zcPres)1
	-0.001
	< 0.001
	-1.53
	0.125
	

	sProp
	Intercept
	1.449
	0.003
	474.11
	< 0.001
	***

	
	year
	0.003
	< 0.001
	6.24
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.233
	0.028
	-8.36
	< 0.001
	***

	
	year:as.factor(zcPres)1
	-0.006
	0.005
	-1.32
	0.187
	





Table S10. Summary of the generalized linear models (GLM) used at the broader-range site between 2009 and 2019. Values shown include coefficient parameter estimates on the log link scale, standard errors (SE), t statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the models fitted with the sonar-related variable as the response.

	Response
	Parameter
	Estimate
	SE
	t statistic
	p-value

	sLag
	Intercept
	1.143
	0.002
	771.21
	< 0.001
	***

	
	year
	-0.050
	< 0.001
	-206.65
	< 0.001
	***

	
	as.factor(zcPres)1
	0.512
	0.016
	31.79
	< 0.001
	***

	
	year:as.factor(zcPres)1
	-0.017
	0.003
	-6.16
	< 0.001
	***

	consPres
	Intercept
	0.315
	0.007
	48.77
	< 0.001
	***

	
	year
	-0.013
	0.001
	-11.76
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.539
	0.187
	-2.89
	0.004
	**

	
	year:as.factor(zcPres)1
	-0.138
	0.029
	-4.78
	< 0.001
	***

	maxRLpp
	Intercept
	4.794
	< 0.001
	10656.50
	< 0.001
	***

	
	year
	0.001
	< 0.001
	13.74
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.069
	0.013
	-5.28
	< 0.001
	***

	
	year:as.factor(zcPres)1
	-0.002
	0.002
	-0.85
	0.394
	

	cumSEL
	Intercept
	4.987
	< 0.001
	12437.99
	< 0.001
	***

	
	year
	0.002
	< 0.001
	22.36
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.068
	0.012
	-5.90
	< 0.001
	***

	
	year:as.factor(zcPres)1
	-0.001
	0.002
	-0.57
	0.57
	

	sProp
	Intercept
	1.326
	0.003
	433.10
	< 0.001
	***

	
	year
	0.024
	< 0.001
	46.81
	< 0.001
	***

	
	as.factor(zcPres)1
	-0.850
	0.089
	-9.60
	< 0.001
	***

	
	year:as.factor(zcPres)1
	0.051
	0.014
	3.73
	< 0.001
	***





Table S11. Collinearity test with Generalized Variance Inflation Factor (GVIF) in different test runs for the selection of explanatory variables per site between 2009 and 2014 for the cross-site comparison analysis. Each subsequent test run excluded the variables with GVIF > 3 (bold number values); while remaining variables (bold text) were selected as a subset of explanatory variables for model building. Refer to Table S3 for variable abbreviations.

	
	Core-range site
	Broader-range site

	Variables
	Run 1
	Run 2
	Run 3
	Run 1
	Run 2
	Run 3

	year
	2.0
	2.0
	2.0
	1.5
	1.5
	1.5

	jd
	1.6
	1.6
	1.6
	1.6
	1.6
	1.6

	timeofd
	1.0
	1.0
	1.0
	1.0
	1.0
	1.0

	sLag
	1.6
	1.6
	1.6
	1.4
	1.4
	1.4

	consPres
	1.6
	1.6
	1.5
	1.9
	1.8
	1.7

	maxRLpp
	167544914.4
	10.3
	1.6
	65025656.2
	10.2
	1.8

	sProp
	14.1
	10.6
	
	10.5
	10.8
	

	cumSEL
	210337700.3
	
	
	79286780.3
	
	





Table S12. Model selection based on p-value backward selection using drop1 function per site between 2009-2014 for the cross-site comparison analysis. Each subsequent test run excluded the variables with p-values > 0.05 (bold number values); while remaining variables (bold text) were selected as explanatory variables with the best model fit. If variables were non-significant after reevaluation of models using ANOVA test, p-values are indicated (*). Refer to Table S3 for variable abbreviations.

	
	Core-range site

	Variables
	Model 1
	Model 2

	
	χ2
	df
	P value
	χ2
	df
	P value

	year
	66.6
	5
	< 0.001
	66.3
	5
	< 0.001

	jd
	352.9
	4
	< 0.001
	353.2
	4
	< 0.001

	timeofd
	90.1
	4
	< 0.001
	90.0
	4
	< 0.001

	sLag
	10.5
	3
	0.015
	10.4
	3
	0.015

	sPres:maxRLpp
	28.9
	3
	< 0.001
	36.4
	3
	< 0.001

	consPres
	0.9
	1
	0.335
	
	
	



	
	Broader-range site
	

	Variables
	Model 1
	

	
	χ2
	df
	P value
	

	year
	209.7
	5
	< 0.001
	

	jd
	36.2
	4
	< 0.001
	

	timeofd
	27.4
	4
	< 0.001
	

	sLag
	97.5
	3
	< 0.001
	

	consPres
	32.7
	3
	< 0.001 
	*Model reevaluation (ANOVA test; p-value = 0.1)

	sPres:maxRLpp
	22.2
	3
	< 0.001
	





[bookmark: _Hlk216081984]Table S13. Summary of the generalized estimating equations (GEE) model used at the core-range site between 2009 and 2014 for the cross-site comparison analysis. A total number of 39,933 clusters were used to fit the model with maximum cluster size of 50 observations (1-min segments). Values shown include coefficient parameter estimates on the logit link scale, robust standard errors (SE), Wald statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the levels within the smooth and factor variables. The interaction terms with sPres allowed setting the respective covariate value to 0 for those 1-min segments with no sonar presence. For the polynomial splines, coefficients are given for the three B-spline bases; for the periodic splines, coefficients are given for the four periodic M-spline bases, which are a rescaled version of B-spline bases used to represent cyclic smooths. Refer to Table S3 for variable abbreviations.

	[bookmark: _Hlk216082014]Parameter
	Estimate
	SE
	Wald statistic
	p-value

	Intercept
	-2.590
	0.182
	201.598
	< 0.001
	***

	Smooth terms
	
	
	
	
	

	bs(sLag)1
	-0.206
	0.246
	0.706
	0.401
	

	bs(sLag)2
	0.203
	0.423
	0.230
	0.632
	

	bs(sLag)3
	0.674
	0.354
	3.626
	0.057
	

	mSpline(jd)1
	-329.402
	18.347
	322.334
	< 0.001
	***

	mSpline(jd)2
	-36.696
	10.277
	12.749
	< 0.001
	***

	mSpline(jd)3
	-139.186
	10.050
	191.803
	< 0.001
	***

	mSpline(jd)4
	-153.422
	16.029
	91.618
	< 0.001
	***

	mSpline(timeofd)1
	-11.056
	7.694
	2.065
	0.151
	

	mSpline(timeofd)2
	-8.568
	5.489
	2.437
	0.119
	

	mSpline(timeofd)3
	-37.720
	5.616
	45.110
	< 0.001
	***

	mSpline(timeofd)4
	12.297
	7.600
	2.618
	0.106
	

	Factor terms
	
	
	
	
	

	as.factor(year)2010
	0.358
	0.083
	18.628
	< 0.001
	***

	as.factor(year)2011
	0.226
	0.081
	7.748
	0.005
	**

	as.factor(year)2012
	0.621
	0.125
	24.704
	< 0.001
	***

	as.factor(year)2013
	-0.172
	0.116
	2.216
	0.137
	

	as.factor(year)2014
	-0.002
	0.087
	0.001
	0.981
	

	Interaction terms
	
	
	
	
	

	sPres:bs(maxRLpp)1
	-10.324
	3.836
	7.182
	0.007
	**

	sPres:bs(maxRLpp)2
	11.568
	3.309
	12.225
	< 0.001
	***

	sPres:bs(maxRLpp)3
	-9.675
	2.102
	21.180
	< 0.001
	***





Table S14. Summary of the generalized estimating equations (GEE) model used at the broader-range site between 2009 and 2014 for the cross-site comparison analysis. A total number of 36,623 clusters were used to fit the model with maximum cluster size of 50 observations (1-min segments). Values shown include coefficient parameter estimates on the logit link scale, robust standard errors (SE), Wald statistics, and p-values (significance level: * P ≤ 0.05, ** P ≤ 0.01, *** P ≤ 0.001) for each of the levels within the smooth and factor variables. The interaction terms with sPres allowed setting the respective covariate value to 0 for those 1-min segments with no sonar presence. For the polynomial splines, coefficients are given for the three B-spline bases; for the periodic splines, coefficients are given for the four periodic M-spline bases, which are a rescaled version of B-spline bases used to represent cyclic smooths. Refer to Table S3 for variable abbreviations.

	Parameter
	Estimate
	SE
	Wald statistic
	p-value

	Intercept
	-3.973
	0.210
	358.805
	< 0.001
	***

	Smooth terms
	
	
	
	
	

	bs(sLag)1
	1.942
	0.327
	35.275
	< 0.001
	***

	bs(sLag)2
	-0.460
	0.507
	0.825
	0.364
	

	bs(sLag)3
	2.436
	0.390
	39.031
	< 0.001
	***

	mSpline(jd)1
	-127.914
	24.315
	27.675
	< 0.001
	***

	mSpline(jd)2
	-61.420
	20.724
	8.783
	0.003
	**

	mSpline(jd)3
	-26.197
	13.959
	3.522
	0.0606
	

	mSpline(jd)4
	-53.696
	17.670
	9.235
	0.002
	**

	mSpline(timeofd)1
	-4.080
	11.653
	0.123
	0.726
	

	mSpline(timeofd)2
	-17.074
	8.349
	4.182
	0.0409
	*

	mSpline(timeofd)3
	-24.459
	8.386
	8.506
	0.004
	**

	mSpline(timeofd)4
	2.722
	10.985
	0.061
	0.804
	

	Factor terms
	
	
	
	
	

	as.factor(year)2010
	-0.240
	0.104
	5.349
	0.021
	*

	as.factor(year)2011
	-1.926
	0.172
	125.279
	< 0.001
	***

	as.factor(year)2012
	-0.841
	0.115
	53.464
	< 0.001
	***

	as.factor(year)2013
	-1.327
	0.158
	70.831
	< 0.001
	***

	as.factor(year)2014
	-0.698
	0.116
	36.160
	< 0.001
	***

	Interaction terms
	
	
	
	
	

	sPres:bs(maxRLpp)1
	-30.159
	17.286
	3.044
	0.081
	

	sPres:bs(maxRLpp)2
	32.088
	16.966
	3.577
	0.059
	

	sPres:bs(maxRLpp)3
	-29.425
	12.053
	5.960
	0.015
	*
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