Late Quaternary habitat suitability models for chimpanzees (Pan troglodytes) since the Last Interglacial (120,000 BP): Supporting Information
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Fig. S1. Background points used to construct ensemble species distribution models for full species and each subspecies separately. Orange dots represent presence points, black dots are background points (randomly generated from within a 0.5 decimal degree radius of presence points). Country borders (dark grey lines) and chimpanzee subspecies ranges (green lines, Humle et al., 2018) also shown. A) Based on the 10 km rarefied spatial data as presences for species distribution models, B) Based on the 25 km rarefied spatial data as presences for species distribution models.


Fig. S2. Contemporary species distribution models for chimpanzees (0= low suitability to 1=highest suitability) using our final ensemble models. Country borders (grey lines) and chimpanzee subspecies ranges (green lines, Humle et al., 2018) also shown. A) Based on the 10 km rarefied spatial data as presences for species distribution models, B) Based on the 25 km rarefied spatial data as presences for species distribution models.
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Fig. S3. Predictor variable permutation importance for chimpanzee contemporary species distribution models. Upper panels of each quartet show histograms of variable importance averaged across modelling algorithms, lower panels show variable importance per modelling algorithm. Left panels of each quartet show AUC permutation importance, Right panels show COR permutation importance. Axes represent variable importance (y axis), per modelling algorithm (x axis), bioclim_01 = mean annual temperature, bioclim_04 =  temperature seasonality, bioclim_12 = mean annual precipitation, bioclim_16 = precipitation of the wettest quarter, bioclim_17 =  precipitation of the driest quarter, human = human density. A) Based on the 10 km rarefied presence points, B) Based on the 25km rarefied presence points. for species distribution models. [image: ]
Fig. S4. Stability of chimpanzee habitat suitability (0= low suitability stability to 1=high suitability stability, for each subspecies modelled separately) over 62 snapshots of paleoclimate reconstructions representing the past 120,000 years using the Dynamic stability approach (dispersal rate of 5 m/year, amounting to a total possible dispersal of 600 km over the 120,000 years) compared to previous estimates of forest refugia (dotted black lines, Maley, 1996). A) Based on the 10 km rarefied presence points for species distribution models, B) Based on the 25 km rarefied presence points for species distribution models. Country borders (grey lines) and chimpanzee subspecies ranges (green lines, Humle et al., 2018) are also shown.
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Fig. S5.  Stability of chimpanzee habitat suitability (0= low suitability stability to 1=high suitability stability, for each subspecies modelled separately) over 62 snapshots of paleoclimate reconstructions representing the past 120,000 years using the Static stability approach compared to previous estimates of forest refugia (dotted black lines, Maley, 1996). A) Based on the 10 km rarefied presence points for species distribution models, B) Based on the 25 km rarefied presence points for species distribution models. Country borders (grey lines) and chimpanzee subspecies ranges (green lines, Humle et al., 2018) are also shown.

Table S1. Performance of each individual modelling algorithm based on five replicates for full species (P. troglodytes) and each of the four currently recognised subspecies using presence points rarefied to minimum 25 km distance from one another. Numbers indicate Area Under the Curve of a Receiver Operating Characteristics plot  (AUC) and True Skill Statistic (TSS) for each modelling algorithm. Bold italic values represent AUC < 0.8 or TSS < 0.5, the minimum threshold we set for that modelling algorithm to be included in the ensemble models. Modelling algorithm abbreviations – bioclim: Bioclim, bioclim.dismo: Bioclim from the dismo R package, brt: Boosted Regression Trees, cart: Classification and Regression Trees, fda: Flexible Discriminant Analysis, gam: Generalized Additive Model, glm, Generalized Linear Model, mars: Multivariate Adaptive Regression Spline, maxent: Maximum Entropy, maxlike: Maximum Entropy-like, mda: Mixture Discriminant Analysis, rf: Random Forest, rpart: Recursive Partitioning and Regression Trees, svm, Support Vector Machine.

	modelling algorithm
	P. troglodytes
	 
	P. t. verus
	 
	P. t. ellioti
	 
	P. t. troglodytes
	P. t. schweinfurthii

	evaluation metric
	AUC
	TSS
	AUC
	TSS
	AUC
	TSS
	AUC
	TSS
	AUC
	TSS

	bioclim
	0.59
	0.17
	0.61
	0.3
	0.8
	0.49
	0.72
	0.41
	0.7
	0.36

	bioclim.dismo
	0.68
	0.33
	0.73
	0.44
	0.84
	0.66
	0.87
	0.72
	0.8
	0.58

	brt
	0.81
	0.51
	0.83
	0.59
	0.95
	0.88
	0.87
	0.65
	0.88
	0.6

	cart
	0.77
	0.56
	0.74
	0.59
	0.83
	0.69
	0.86
	0.69
	0.78
	0.59

	fda
	0.81
	0.52
	0.82
	0.55
	0.97
	0.87
	0.83
	0.65
	0.88
	0.65

	gam
	0.86
	0.61
	0.85
	0.61
	0.91
	0.81
	0.94
	0.8
	0.91
	0.71

	glm
	0.81
	0.5
	0.8
	0.54
	0.97
	0.86
	0.87
	0.65
	0.89
	0.63

	mars
	0.86
	0.59
	0.84
	0.61
	0.96
	0.9
	0.93
	0.76
	0.9
	0.67

	maxent
	0.85
	0.58
	0.86
	0.61
	0.97
	0.89
	0.94
	0.79
	0.92
	0.71

	maxlike
	0.81
	0.54
	0.82
	0.56
	0.97
	0.88
	0.84
	0.68
	0.88
	0.66

	mda
	0.82
	0.53
	0.8
	0.51
	0.98
	0.91
	0.87
	0.69
	0.86
	0.64

	rf
	0.89
	0.68
	0.85
	0.61
	0.96
	0.91
	0.95
	0.83
	0.95
	0.78

	rpart
	0.72
	0.57
	0.78
	0.61
	0.88
	0.76
	0.91
	0.73
	0.79
	0.62

	svm
	0.76
	0.63
	0.59
	0.59
	0.78
	0.84
	0.94
	0.79
	0.87
	0.64

	Total n models in ensemble
	9
	 
	9
	 
	13
	 
	13
	 
	11
	




Table S2. Pearson’s correlation coefficients between contemporary habitat suitability models, static stability and dynamic stability for full species (P. troglodytes) and each of the four currently recognised subspecies (10 km rarefied presence points vs. 25 km rarefied presence points). 

	
	Contemporary habitat suitability
	Static stability
	Dynamic stability

	P. troglodytes (full species)
	0.967
	0.977
	0.983

	P. t. verus
	0.975
	0.976
	0.98

	P. t. ellioti
	0.971
	0.98
	0.986

	P. t. troglodytes
	0.976
	0.985
	0.99

	P. t. schweinfurthii
	0.975
	0.98
	0.989
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