Appendix S6.  Species interactions and climatic distributions

We also tested how each species (S. clarkii, S. jarrovii) may have impacted the climatic distribution of the other, using unpaired t-tests. We first compared climatic data for the highest locality sites for S. clarkii in mixed ranges (those with both species) relative to clarkii-only ranges, using unpaired t-tests. If S. jarrovii prevents S. clarkii from colonizing cooler and/or wetter sites, we predict that S. clarkii would have cooler and/or wetter values for climatic variables in clarkii-only ranges (relative to those ranges in which both species are present). We also compared the lowest S. jarrovii sites in mixed ranges relative to jarrovii-only ranges, again using unpaired t-tests. We predicted that if S. clarkii prevented S. jarrovii from colonizing hotter and/or drier sites, S. jarrovii should have hotter and/or drier values for climatic variables in those mountain ranges where it occurred alone, relative to those in which both species are present. Results are shown in Appendix S6, Table 1.
[bookmark: _GoBack]For S. clarkii, we found that the highest-elevation localities in clarkii-only ranges did not differ significantly in temperature from the highest sites of S. clarkii in mountain ranges with S. jarrovii. Temperatures were either slightly higher in clarkii-only ranges (MAT, DD_0 [fewer days below zero]), or slightly lower (MWMT). Precipitation variables, showed higher values in clarkii-only ranges, but only MSP approached significance (P=0.0510). Overall, these results are consistent with our analyses showing that S. clarkii extends its range into higher elevations in clarkii-only ranges, with higher precipitation at higher elevations. The lack of consistent differences in temperature is consistent with our finding that clarkii-only ranges may be somewhat warmer than mixed ranges (e.g. for DD_0). However, it is important to note that the extent to which S. clarkii can occur in cooler or wetter conditions in clarkii-only ranges is strongly limited by the height of these ranges. For many of the tallest clarkii-only ranges, we found S. clarkii at or near the highest elevations in these ranges (Fig. 3). Therefore, it is unable to colonize cooler or wetter conditions in these ranges, simply because cooler or wetter conditions are not present. In contrast, cooler and wetter conditions are present in mixed-species ranges, but it appears that S. clarkii is limited in its upward elevational expansion by S. jarrovii. 
The main competing hypothesis would be that S. clarkii fails to colonize higher elevations in mixed-species ranges because higher elevations are climatically unsuitable, rather than because they are prevented by competition with S. jarrovii. This competing hypothesis seems less likely. This hypothesis might be supported if we found that S. clarkii extended its range to different elevations in different ranges such that it converged on similar low temperatures and high precipitation values at its highest elevation sites in  different mixed-species mountain ranges. For example, the coldest MAT for S. clarkii among the sites in our study occurs in some mixed ranges (Winchesters: 14.0; Huachucas: 14.2). If upward movement was limited by this variable, then S. clarkii should extend to much higher elevations in other mixed ranges, but there are higher temperatures at the highest sites for S. clarkii in other mixed-species ranges, such as the Santa Ritas (16.0) and Dragoons (16.3). Thus, if S. clarkii were limited in its upward movement primarily by low MAT (and not S. jarrovii), it should be able to extend its range higher into the Santa Ritas or Dragoons (i.e. until it reaches elevations with the lowest temperatures that it can tolerate). There are similar patterns in MWMT, with low values in some mixed-species ranges (Winchesters: 22.8; Huachucas: 23.1) but warmer temperatures in others (Baboquivaris: 24.9; Santa Ritas: 24.5; Dragoons: 25.3). For MAP and MSP, many of the highest values for the highest-elevation sites for S. clarkii are in clarkii-only ranges, strongly suggesting that upward movement of S. clarkii is not constrained by limited tolerance to high values of this variable in mixed-species ranges. For DD_0, many of the highest values (most days below zero per year) are in mixed ranges (Winchesters: 52; Pinalenos: 51; Huachucas: 48), but if this were the factor limiting the upward spread of S. clarkii, then S. clarkii should be able to extend to higher elevations in other mixed-species ranges (Santa Ritas: 31; Galiuros: 34; Baboquivari: 26). For CMD, some of the lowest values (least moisture deficit, or wetter) are in clarkii-only ranges, (northern Santa Ritas: 619; Sierritas: 739), whereas mixed ranges show a broad range of values, from relatively low (Baboquivaris: 703; Santa Ritas: 762) to very high (Chiricahuas: 1056; Dragoons: 1010). Overall, we find little evidence from these variables that S. clarkii is constrained in its upward elevational range by limited tolerances to cool or wet climatic conditions that are shared across mountain ranges. However, we acknowledge that these arguments may seem abstruse and ad hoc. Of course, the interpretation would be most straightforward if S. clarkii occurred at significantly colder and wetter sites in clarkii-only ranges. Yet, if the highest elevations of these ranges were higher, colder and wetter, they would most likely have S. jarrovii, and so would not be clarkii-only ranges (given that we find that clarkii-only ranges are significantly lower in maximum elevation and have significantly lower values of DD_0).  
For S. jarrovii, we found that the lowest-elevation localities in the two jarrovii-only ranges were (on average) warmer and drier than the lowest elevation localities in ranges with S. clarkii. However, none of the temperature variables were significantly different.  Two precipitation variables were significantly different (MAP, P=0.0418; CMD, P=0.0093). This suggests that S. clarkii prevents S. jarrovii from colonizing drier sites in mountain ranges where these species occur together. However, several lines of evidence argue against this. We did find that S. jarrovii occurs in relatively warm and dry conditions at the lowest-elevation site in the Dos Cabezas, a jarrovii-only mountain range. Based on our results, this is the lowest-elevation site for S. jarrovii in the region. Nevertheless, in the only other jarrovii-only range in the region (Perillas), S. jarrovii occurs at above-average elevations (lowest elevation for Perillas=1833 m, mean of lowest elevation for all 17 ranges=1630 m), under conditions that are not exceptionally warm or dry. For example, even though the lowest site in the Perillas has below-average precipitation, drier sites (for MAP and CMD) occur in mixed ranges (Chiricahuas, Little Dragoons) and for MSP in the Chiricahuas, Little Dragoons, Galiuros, Pinalenos, and Santa Teresas (all mixed ranges). The four driest sites for MAP and CMD for S. jarrovii occur in the two single-species ranges (Dos Cabezas [MAP:341, CMD:1234] and Perillas [478, 1047]), and two of the mixed-species ranges (Chiricahuas [410, 1068] and Little Dragoons [393, 1113]), with drier conditions in the mixed-species Little Dragoons than in the single-species Perillas (lower MAP, higher CMD). Importantly, the Chiricahuas, Dos Cabezas, and Perillas are in relatively close proximity to each other at the southeastern edge of the study area (Fig. 1). Thus, the low precipitation values in the lowest S. jarrovii populations in these three ranges presumably reflect their occurrence in this area, not the absence of S. clarkii. Furthermore, if S. jarrovii could extend its range into much drier conditions in the absence of S. clarkii, it would presumably do so in the Perillas. Instead, based on our observations, S. jarrovii occurs only at high elevations in this range (Fig. 3), those having the coolest and wettest conditions, and S. jarrovii actually occurs under drier climatic conditions in the nearby Chiricahuas, where it co-occurs with S. clarkii. Overall, we suggest that the presence of S. clarkii does not prevent S. jarrovii from extending its range into drier conditions at lower elevations in mixed-species ranges.  


Appendix S6, Table 1.  Results of unpaired t-tests comparing climatic distribution of S. clarkii in mountains with (mixed) and without (clarkii only) S. jarrovii, and of S. jarrovii in ranges with (mixed) and without S. clarkii (jarrovii only). Data are from Dataset S2.


	Species
	Climatic variable
	Means
	P-value

	S. clarkii
	MAT
	clarkii-only = 15.83
	0.6161

	
	
	mixed = 15.59
	

	
	MWMT
	clarkii-only = 24.36
	0.7321

	
	
	mixed = 24.53
	

	
	MAP
	clarkii-only = 568.29
	0.1181

	
	
	mixed = 521.20
	

	
	MSP
	clarkii-only = 318.29
	0.0510

	
	
	mixed = 275.00
	

	
	DD_0
	clarkii-only = 32.14
	0.3344

	
	
	mixed = 36.60
	

	
	CMD
	clarkii-only = 837.14
	0.2586

	
	
	mixed = 895.40
	

	
	
	
	

	S. jarrovii
	MAT
	jarrovii-only = 16.50
	0.2497

	
	
	mixed = 15.40
	

	
	MWMT
	jarrovii-only = 25.95
	0.0820

	
	
	mixed = 24.28
	

	
	MAP
	jarrovii-only = 409.50
	0.0418

	
	
	mixed = 528.53
	

	
	MSP
	jarrovii-only = 221.00
	0.1202

	
	
	mixed = 278.87
	

	
	DD_0
	jarrovii-only = 31.50
	0.4932

	
	
	mixed = 38.33
	

	
	CMD
	jarrovii-only = 1140.50
	0.0093

	
	
	mixed = 875.00
	



