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Table S1: Correlation amongst variables and their Pearson score in parenthesis and if variables were retained for model fitting. Variables that have “No*” were only used temporarily to assess if some correlated static variables contributed to driving the model. Abbreviations: eastward (EW), northward (NW), eddie kinetic energy (EKE), distance (dist), isobath (iso) 
	Environmental variable 
	Correlations
	Retained in models

	Surface temperature
	Chlorophyll (-0.78)
	Yes

	Mid temperature 
	 
	Yes

	Deep temperature 
	 
	Yes

	Surface salinity
	 
	Yes

	Mid salinity 
	 
	Yes

	Deep salinity 
	 
	Yes

	Surface EW current velocity
	Mid EW current velocity (0.79)
	Yes

	Surface NW current velocity
	Mid NW current velocity (0.75)
	Yes

	Surface EKE
	 
	Yes

	Mid EW current velocity
	Surface EW current velocity (0.79)
	No

	Mid NW current velocity
	Surface NW current velocity (0.75)
	Yes

	Mid EKE
	 
	No

	Deep EW current velocity 
	 
	Yes

	Deep NW current velocity
	 
	Yes

	Deep EKE
	NA's
	Yes

	Sea bottom temperature 
	Distance to 200m iso (-0.77), dist. to 500m iso (-0.81), dist. to 1000m iso (-0.81), depth (-0.90)
	Yes

	Sea bottom salinity
	Sea bottom temperature (0.916), depth (-0.759), dist. to 200m iso (-0.703), dist. 500m iso (-0.71).
	No

	Sea surface height
	 
	No

	Chlorophyll 
	Surface temperature (-0.78)
	

	Distance to coast
	Distance to 200m iso (0.86), dist. 500m iso (0.74), dist. 1000m iso (0.72)
	Yes

	Distance to 200m isobath
	Dist. coast (0.86), dist. 500m iso (0.84), dist. 1000m iso (0.84), depth (0.73)
	No

	Distance to 500m isobath
	Dist. coast (0.75), dist. 200m iso (0.84), dist. 1000m (0.96), depth (0.80)
	No

	Distance to 1000m isobath
	Dist. coast (0.72), dist. 200m iso (0.84), dist. to 500m iso (0.96), depth (0.81)
	No*

	Depth
	Sea bottom temperature (-0.90), dist. 200m iso (0.73), dist. to 500m iso (0.80), dist. 1000m iso (0.81).
	No*

	Slope
	 
	No*

	Distance to seamounts  
	 
	Yes

	Distance to seamounts Large
	 
	No

	Distance to seamounts Small
	 
	No



Table S2 Summary output of all GAMM models tested. 
Abbreviations: temperature (temp), salinity (sal), sea water velocity (curr), eastward (EW), northward (NW), eddie kinetic energy (EKE), sea surface height (SSH), seamounts (smnts), distance (dist). 
	
	
	
	One Pres. /Pseudo-Abs. dataset
	Across 40 Simulations

	Type
	Model Name
	Description
	AIC
	Dev. explained
	Mean AUC 
	Mean SD of AUC

	Multiple Variable

	Model 1
	Temp (x3depths), Sal (x3depths), surface curr (EW, NW), mid NW curr, deep curr (EW, NW), Deep EKE, Bottom Temp, SSH, Dist Coast, dist smnts SM
	4655.337
	43.4%
	0.9160
	0.0133

	
	Model 1b
	Model 1, minus smnts
	4799.077
	41.3%
	0.9105
	0.0146

	
	Model 1c
	Model 1, minus smnts, swap coast w slope
	5752.358
	29.0%
	0.8723
	0.0211

	
	Model 1d
	Model 1, minus smnts, swap coast w Dist Iso 1000m
	5663.105
	30.2%
	0.8808
	0.0195

	
	Model 1e
	Model 1, minus smnts, incl. dist to coast and dist to Iso 1000m
	4754.763
	42.1%
	0.9124
	0.0143

	
	Model 1.2
	Temp (x3depth), Sal (x3depths), Surface Curr (EW, NW), Surface EKE,Mid NW Curr, Deep Curr (EW, NW), Deep EKE, Bottom Temp, SSH, Dist Coast, Dist Smnts SM; but remove mid EKE and slope
	4648.654
	43.5%
	0.9165
	0.0132

	
	Model 1.2a
	Model 1.2 minus smnts
	4787.72
	41.5%
	0.9110
	0.0146

	
	Model 1.2b
	Model 1.2 minus smnts, swap coast with depth
	5606.908
	31.1%
	0.8935
	0.0248

	
	Model 1.2c
	Model 1.2, minus mid EKE, minus smnts, swap coast with depth, minus seabottom temp 
	5647.513
	30.4%
	0.8705
	0.0208

	Interactions
	Model 2
	Model 1.2 with 3 interactions of temp and sal at all depths
	4426.925
	47.1%
	0.9253
	0.0122

	
	Model 2a
	Mod. 1.2 with Interaction of temp. & sal at Surface 
	4606.968
	44.0%
	0.9175
	0.0132

	
	Model 2b
	Mod. 1.2 with Interaction of temp. & sal at Mid
	4658.694
	43.6%
	0.9176
	0.0131

	
	Model 2c
	Mod. 1.2 with Interaction of temp. & sal at eep
	4576.399
	44.7%
	0.9175
	0.0132

	 
	Model 3
	Model 1 minus EKES, minus NW velocities 
	4648.654
	43.50%
	0.9164
	0.0133

	Simple


	Model 4a
	All temperatures, salinities, sea surface height, dist to coast, sea bottom temp
	5002.643
	38.2%
	0.8991
	0.0163

	
	Model 4a1
	Model 4a, swap dist coast with Depth
	5958.458
	26.0%
	0.8513
	0.0238

	
	Model 4a2
	Model 4a, swap dist coast with Depth, minus seabottom temp
	8823.923
	24.4%
	0.8423
	0.0249

	
	Model 4b
	Model 4a, but swap sea bottom temp w depth
	4951.63
	38.8%
	0.8993
	0.0160

	
	Model 4c
	Model 4a, swap coast with slope
	6076.077
	24.4%
	0.8532
	0.0241

	
	Model 4d
	Model 4a, swap coast with dist iso 1000m
	5947.353
	26.1%
	0.8595
	0.0224

	
	Model 4_IntS
	Model 4 with an Interaction Surface
	4845.712
	40.4%
	0.9049
	0.0158

	
	Model 4_IntS wK5
	Model 4 with an Interaction Surface with K=5
	5269.038
	33.7%
	0.88
	0.018

	
	Model 4_IntS_a
	Model 4_Ints swap Dist Coast with Depth
	5775.95
	28.6%
	0.8620
	0.0236

	
	Model 4_IntS_b
	Model 4_Ints swap Dist Coast with Depth, minus sea bottom temp
	5822.383
	27.8%
	0.8583
	0.0242

	
	Model 4_IntM
	Model 4 with an Interaction Temp and Sal at Mid
	4952.206
	39.1%
	0.9023
	0.0156

	
	Model 4_IntD
	Model 4 with an Interaction of Temp and Sal at Deep
	4915.89
	39.5%
	0.9015
	0.0156

	
	Model4a_IntCoTemp
	Model 4a, with an interaction Dist Coast with Surface temp
	4781.244
	41.4%
	0.9016
	0.0175

	
	Model4a_IntCoSal
	Model 4a, interaction Dist Coast with Surface salinity
	4890.557
	39.7%
	0.8990
	0.0154



Table S3 Summary of total, average (± standard deviation (SD)) and daily average (±SD) of movement metrics (displacement, speed, step lengths, and move persistence) per tagged sperm whale.

	Tag ID
	Max Displacement (km)
	Step lengths (km)
	Speed (km/hr)
	Move Persistence (g)

	
	
	Total
	Daily Average (SD)
	Min Daily
	Max Daily
	Average (SD)
	Min
	Max
	Average (SD)
	Min
	Max

	244381
	182.09
	3263.65
	44.1 (±22.51)
	0
	125.06
	1.88 (±1.24)
	0.08
	6.54
	0.59 (±0.04)
	0.53
	0.65

	244382
	124.26
	1743.43
	41.51 (±20.52)
	2.18
	102.87
	1.79 (±1.04)
	0.17
	5.59
	0.71 (±0.14)
	0.28
	0.88

	244383
	435.12
	2726.97
	63.42 (±29.84)
	0
	131.15
	2.71 (±1.46)
	0.08
	7.01
	0.83 (±0.12)
	0.43
	0.99

	244385
	221.24
	7340.89
	44.76 (±21.26)
	0
	109.97
	1.89 (±1.19)
	0.1
	7.82
	0.53 (±0.12)
	0.34
	0.75

	244386
	2650.91
	6522.31
	95.92 (±38.13)
	0
	311.79
	4.07 (±1.71)
	0.06
	14.9
	0.89 (±0.09)
	0.71
	0.98

	244387
	65.20
	524.26
	32.77 (±13.54)
	6.75
	52.09
	1.51 (±0.95)
	0.04
	3.88
	0.35 (±0.12)
	0.18
	0.52

	244388
	183.98
	3626.94
	41.69 (±16.21)
	6.52
	83.02
	1.76 (±1.02)
	0.08
	7.03
	0.3 (±0.12)
	0.12
	0.53

	244389
	475.18
	4044.79
	47.59 (±29.98)
	0
	123.07
	2.02 (±1.41)
	0.02
	6.31
	0.75 (±0.07)
	0.56
	0.86

	244390
	465.43
	1636.75
	41.97 (±28.75)
	0
	134.86
	1.83 (±1.24)
	0.02
	6.43
	0.94 (±0.02)
	0.87
	0.99

	57935
	296.69
	1345.29
	67.26 (±27.13)
	2.07
	119.9
	2.99 (±1.7)
	0.13
	9.2
	0.28 (±0.13)
	0.12
	0.47

	57937
	345.80
	676.93
	52.07 (±25.1)
	28.54
	108.3
	2.3 (±1.55)
	0.13
	9.65
	0.52 (±0.03)
	0.47
	0.57

	57938
	47.80
	82.95
	20.74 (±18.97)
	3.4
	47.78
	1.06 (±0.86)
	0.08
	2.98
	0.79 (±0.01)
	0.78
	0.81

	57941
	130.26
	392.20
	49.02 (±29.6)
	0
	97.49
	2.42 (±2.01)
	0.2
	8.32
	0.36 (±0.05)
	0.3
	0.45













Table S4. Summary results of a similar GAMM as the selected model but without interactions of surface and temperature(Model 4a in Table S2), including mean deviance explained (SD), mean AIC (SD), mean AUC (SD) across 40 simulations. N-significant is based on significance of the variables with p values less than 0.1 across 40 simulations. 
	Variable
	edf
	Ref.df
	Chi.sq
	n-significant (n/40) 

	Log Surface temperature
	8.356
	8.853
	131.91
	40/40

	Mid temperature
	7.542
	8.484
	238.86
	40/40

	Deep temperature 
	8.336
	8.801
	153.01
	38/40

	Surface salinity
	8.842
	8.992
	401.14
	40/40

	Mid salinity
	8.378
	8.889
	363.69
	40/40

	Deep salinity 
	8.629
	8.956
	309.4
	40/40

	Log Sea bottom temperature 
	8.647
	8.963
	44.02
	36/40

	Sea surface height
	8.314
	8.776
	86.7
	40/40

	Sqrt Distance to coast
	8.199
	8.83
	1158.15
	40/40

	Tag ID
	10.685
	11
	438.41
	40/40

	R2: 0.44 (0.05); AIC: 4842.41 (338.43), AUC: 0.90 (0.02)

















Table S5 Examples of SDM studies on sperm whales and other cetacean species. Summary on type of data sources used, modeling approach, type of environmental covariates (static, dynamic or both) and model performance output. Acronyms: Generalized Additive Model (GAM), Generalized Linear Model (GLM), Generalized Estimating Equations (GEE), Multivariate Adaptive Regression Spline (MARS), Root Mean Squared Error (RMSE)
	Target species
	Reference
	Region
	Location 
	Type of Data used
	Modeling approach
	Variable Type
	Model performance

	Sperm whales
	[1]
	Mediterranean Sea
	Balearic Islands (Ibiza, Mallorca, Menorca)
	Hydrophone, transect and follow
	Logistic GAM, GEE
	Both
	AUC 0.77 for all data, and 0.86 grouped behaviours

	
	[2]
	Eastern Caribbean
	St.Kitts & Nevis, Grenada. 
	Boat observations and acoustic monitoring
	GEE
	Both
	50.6% predictive accuracy and 69.8% goodness of fit.

	
	[3]
	Pacific
	Galapagos
	Field observations and acoustic monitoring
	GAMs and GEE
	Both
	For 1980s (GOF=85.2%), for 2010s (GOF 87%)

	
	[4]
	Mediterranean Sea
	Mediterranean Sea
	Acoustic transects lines via boat
	GAM
	Both
	Dev. exp. 38.8% 

	
	[5]
	Atlantic
	Bay of Biscay 
	Visual and aerial surveys
	GAM 
	Both
	Dev exp: 24.3%, RMSE: 0.36

	
	[6]
	Pacific
	Hawaii
	Acoustic transect lines
	GAM
	Both
	Dev. exp: 7.53% (foraging), 9.21% (non-foraging)

	
	[7]
	Pacific
	Indonesia
	Historical data
	GAM, Maxent
	Static
	AUC 0.793

	Multispecies
	[8]
	SW Indian Ocean  
	Madagascar, Comoros, Mauritius, Reunion & Seychelles
	Aerial surveys  
	GAM
	Both
	Dev. exp. 4.0 %

	
	[9]
	Mid Atlantic
	Azores
	Fisheries dependent observations and Photo ID
	MaxEnt
	Both
	Train AUC 0.772, Test AUC 0.760, test AUC SD 0.44

	
	[10]
	Mediterranean Sea
	Pelagos Sanctuary
	Visual surveys and acoustic data
	GAM, GLM, MARS
	Static
	For GAM 0.85 AUC; GLM AUC>0.7

	
	[11]
	Atlantic
	Madeira
	Long term opportunistic data
	Maxent
	Both
	AUC 0.73

	
	[12]
	Pacific
	California Current
	Survey data
	GAM
	Both
	Dev. exp. 13.3%, 0.61 AUC

	
	[13]
	Atlantic
	US E Coast & Gulf of Mexico
	Transect lines
	GAM
	Both
	CV 0.12 (East Coast), 0.08 GOM

	
	[14]
	Atlantic
	All west, mid and east
	Visual surveys
	GAM 
	Both
	Dev. exp. 20.6, Akaike weight 0.76

	
	[15]
	Atlantic
	All west, mid and east
	Visual surveys and aerial surveys
	GAM  
	Both, prey 
	Dev Exp: 31.1% (enviro), 19.3 (prey layer), 31.9 % (combined layer)



Figures
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Figure S1 Raw tracking positions of sperm whales tagged in 2018 (left) and in 2023-2024 (right). 
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Figure S3. Map of presence (red) and pseudo-absences (blue) data points generated for individual sperm whale. 

[image: ]
Figure S2. Daily raw detection rate plot by Julian day and month for each sperm whale across tagging periods (2018, 2023, 2024). 
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Figure S3 Density plots for sperm whale preference across environmental covariates present in our multivariate and simple models (see Table S2). Presence type is original and pseudo-absence (CRW). Variables are: a) sea surface temperature, b) mid temperature, c) deep temperature, d) sea bottom temperature, e) surface sea water salinity, f) mid sea water salinity, g) deep sea water salinity, h) sea surface height, i) distance to coast, j) surface eastward (EW) current velocity, k) surface northward (NW) current velocity, l) surface EKE, m) mid NW current velocity, n) deep EW current velocity, o) deep NW current velocity, and p) deep EKE.
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Figure S4: Variable importance (%) contributing habitat preference for a) simplified model without interactions, structural similar to the selected model in this study (Model 4a, Table S2) and b) a more complex model with additional variables for comparison (Model 1.2a, Table S2). Note: The method used to calculate variable importance does not accommodate interactions (see Methods). Thus, a comparable model excluding interactions is presented to facilitate interpretation of variable contributions to habitat preference
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Figure S5: Spatial distribution of the standard error of the predicted habitat derived from the GAM across all years for selected model (Model 4_IntS wK5, Table S2). Higher values indicate greater model uncertainty in the estimated mean response for given environmental conditions.
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Figure S6. Predicted habitat preference of sperm whales for the tracking periods of 2018, 2023 and 2024 for selected model (Model 4_IntS wK5, Table S2). Scale is 0-1 with 1 being the highest probability of sperm whales occurring.  Dots represent the tracks for sperm whales 
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Figure S7. Prediction map of sperm whale distribution based on environmental variables used in Model 1.2 (Table S2).  Scale is 0-1 with 1 being the highest probability of sperm whales occurring. Dots represent the tracks for sperm whales. 
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