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Figure 3-1. Map depicting collection sites and 6º x 6º subsample grids. 
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Figure 3-2. Schematic maps and example matrices to illustrate permutation schemes. a) hypothetical values 

for six individuals (each indicated by a different letter) belonging to three taxa (each indicated by a differ-

ent geometric shape), distributed in space as shown in the figure. Lines connect pairs that were considered 

sympatric. Morphological Distance (MD), Identity and Sympatry matrices were constructed based on val-

ues for each pair of individuals; b) permutation scheme for Mantel tests; for each permutation, the rows and 

columns of the MD matrix are rearranged, and a correlation is calculated between the new MD matrix and 

the matrices corresponding to Hypothesis 1 (increasing morphological distance from sympatric individuals 

of the same taxon to sympatric individuals of different taxa) and Hypothesis 2 (sympatric individuals of 

different taxa have the largest morphological distance); c) permutation scheme for sorting (Psort); MD ma-

trix is randomized as previously, and Identity matrix is rearranged in the same order; this scheme corre-

sponds to assigning individuals randomly to each position in the map; d) permutation scheme for character 

displacement (Pchd); individuals of each taxon are assigned randomly to positions where that taxon is ob-

served; note that Identity matrix does not change.
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Figure 3-3. a) Coding used to construct hypotheses matrices for Mantel correlations. Hypothesis 1 codes 

the combination of sympatry and identity with numbers 1 to 4, representing the expectation of increased 

morphological distances. Hypothesis 2 codes sympatric pairs of different varieties, expected to have the 

largest morphological distances, as 1, and all other pairs as 0. b-d) average morphological distances be-

tween sympatric and parapatric pairs of the same variety or different varieties within 6º x 6º grids, using 

residuals from CAR model. Lines connect means within the same grid; black lines identify sequences with-

in grids where distances did not follow the expectation from Hypothesis 1.



 

 

Table S-1. Location and number of measured collections per 6º x 6º subsample, and results of Mantel correlations between morphological distance and sympatry 

and identity using residuals of linear regressions (LM). Hypothesis 1 tests if morphological distances increase from sympatric pairs of the same variety to allopat-

ric pairs of different varieties (Fig. 3-1). Hypothesis 2 tests if sympatric pairs of different varieties show the largest morphological distances of all groups. Signifi-

cance codes for each region correspond to adjusted p-values after using the Benjamini-Hochberg correction to control for false discovery rate (Benjamini and 

Hochberg, 1995): *** P < 0.001; ** P < 0.01; * P < 0.05; • P < 0.10; n.s. P ≥ 0.10. 
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Hyp. 1 Hyp. 2 Hyp. 1 Hyp. 2 Hyp. 1 
Hyp. 2 

1 91ºW, 17ºN 53 10 48 0.300, P < 0.001*** 0.024, P = 0.205 n.s.   0.359, P < 0.001*** 0.031, P = 0.150 n.s. 

2 85ºW, 11ºN 34 1 31 0.643, P < 0.001*** 0.125, P = 0.001**   0.611, P < 0.001*** 0.098, P = 0.018* 

3 67ºW, 5ºN 57 38 50 0.304, P < 0.001*** 0.027, P = 0.189 n.s. 0.213, P < 0.001*** -0.010, P = 0.554 n.s. 0.512, P < 0.001*** 0.044, P = 0.069 n.s. 

4 61ºW, 5ºN 124 87 112 0.519, P < 0.001*** 0.090, P < 0.001*** 0.254, P < 0.001*** 0.006, P = 0.359 n.s. 0.608, P < 0.001*** 0.075, P < 0.001*** 

5 55ºW, 5ºN 46 28 43 0.485, P < 0.001*** 0.030, P = 0.195 n.s.   0.307, P < 0.001*** 0.092, P = 0.005* 

6 49ºW, 1ºS 36 27 36 0.484, P < 0.001*** 0.154, P = 0.001**   0.409, P < 0.001*** -0.007, P = 0.562 n.s. 

7 61ºW, 13ºS 33 18 27 0.492, P < 0.001*** 0.087, P = 0.047•     

8 49ºW, 13ºS 119 102 102 0.268, P < 0.001*** -0.001, P = 0.521 n.s. 0.088, P < 0.001*** 0.008, P = 0.354 n.s. 0.257, P < 0.001*** 0.057, P = 0.006* 

9 43ºW, 13ºS 72 31 69 0.243, P < 0.001*** 0.052, P = 0.023• 0.175, P < 0.001*** -0.088, P = 0.977 n.s. 0.269, P < 0.001*** -0.043, P = 0.976 n.s. 

10 49ºW, 19ºS 98 75 90 0.326, P < 0.001*** 0.039, P = 0.098 n.s. 0.153, P < 0.001*** 0.010, P = 0.394 n.s. 0.266, P < 0.001*** -0.007, P = 0.575 n.s. 

11 43ºW, 19ºS 120 74 100 0.298, P < 0.001*** 0.047, P = 0.024• 0.060, P < 0.001*** 0.011, P = 0.326 n.s. 0.164, P < 0.001*** 0.073, P = 0.010* 

12 55ºW, 25ºS 43 33 39 0.411, P < 0.001*** 0.036, P = 0.203 n.s. 0.343, P < 0.001*** 0.017, P = 0.334 n.s. 0.485, P < 0.001*** 0.031, P = 0.247 n.s. 

13 49ºW, 25ºS 31 25 30 0.365, P < 0.001*** 0.131, P = 0.013*   0.291, P < 0.001*** 0.094, P = 0.069 n.s. 
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Table S-2. Mantel correlations between morphological distance and sympatry and identity using residuals from generalized additive models (GAM). See Table 

S1 for locations of regions, number of measured collections, and explanation of hypotheses and significance symbols. 

Region 
Vegetative EFN Reproductive 

Hyp. 1 Hyp. 2 Hyp. 1 Hyp. 2 Hyp. 1 Hyp. 2 

1 0.207, P < 0.001*** 0.034, P = 0.120 n.s.   0.303, P < 0.001*** 0.026, P = 0.195 n.s. 

2 0.554, P < 0.001*** 0.132, P = 0.001**   0.584, P < 0.001*** 0.112, P = 0.009* 

3 0.295, P < 0.001*** 0.036, P = 0.125 n.s. 0.186, P < 0.001*** -0.005, P = 0.507 n.s. 0.461, P < 0.001*** 0.057, P = 0.031• 

4 0.484, P < 0.001*** 0.090, P < 0.001*** 0.276, P < 0.001*** 0.004, P = 0.405 n.s. 0.484, P < 0.001*** 0.092, P < 0.001*** 

5 0.445, P < 0.001*** 0.047, P = 0.092 n.s.   0.243, P < 0.001*** 0.107, P = 0.003* 

6 0.457, P < 0.001*** 0.149, P = 0.001**   0.395, P < 0.001*** -0.010, P = 0.592 n.s. 

7 0.490, P < 0.001*** 0.089, P = 0.044•     

8 0.261, P < 0.001*** 0.017, P = 0.197 n.s. 0.088, P = 0.001** 0.031, P = 0.077 n.s. 0.260, P < 0.001*** 0.071, P = 0.001** 

9 0.242, P < 0.001*** 0.044, P = 0.047• 0.176, P < 0.001*** -0.090, P = 0.976 n.s. 0.225, P < 0.001*** -0.024, P = 0.856 n.s. 

10 0.313, P < 0.001*** 0.053, P = 0.044• 0.150, P < 0.001*** 0.021, P = 0.299 n.s. 0.273, P < 0.001*** -0.008, P = 0.599 n.s. 

11 0.292, P < 0.001*** 0.064, P = 0.004* 0.053, P = 0.072• 0.025, P = 0.161 n.s. 0.167, P < 0.001*** 0.077, P = 0.007* 

12 0.407, P < 0.001*** 0.038, P = 0.198 n.s. 0.322, P = 0.001** 0.022, P = 0.31 n.s. 0.461, P < 0.001*** 0.048, P = 0.156 n.s. 

13 0.368, P < 0.001*** 0.141, P = 0.011*   0.304, P < 0.001*** 0.108, P = 0.049• 
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Table S-3. Mantel correlations between morphological distance and sympatry and identity using residuals from conditional autoregressive (CAR) models. See 

Table S1 for locations of regions, number of measured collections, and explanation of hypotheses and significance symbols. 

Region 
Vegetative EFN Reproductive 

Hyp. 1 Hyp. 2 Hyp. 1 Hyp. 2 Hyp. 1 Hyp. 2 

1 0.210, P < 0.001*** 0.031, P = 0.146 n.s.   0.423, P < 0.001*** 0.026, P = 0.194 n.s. 

2 0.567, P < 0.001*** 0.119, P = 0.002**   0.579, P < 0.001*** 0.111, P = 0.009* 

3 0.269, P < 0.001*** 0.048, P = 0.062• 0.163, P = 0.001** 0.006, P = 0.419 n.s. 0.427, P < 0.001*** 0.077, P = 0.006* 

4 0.497, P < 0.001*** 0.102, P < 0.001*** 0.269, P < 0.001*** 0.008, P = 0.344 n.s. 0.495, P < 0.001*** 0.097, P < 0.001*** 

5 0.456, P < 0.001*** 0.053, P = 0.074•   0.261, P < 0.001*** 0.106, P = 0.002** 

6 0.503, P < 0.001*** 0.191, P < 0.001***   0.410, P < 0.001*** 0.021, P = 0.337 n.s. 

7 0.490, P < 0.001*** 0.109, P = 0.022*     

8 0.265, P < 0.001*** 0.021, P = 0.143 n.s. 0.077, P = 0.001** 0.043, P = 0.026 n.s. 0.255, P < 0.001*** 0.078, P < 0.001** 

9 0.242, P < 0.001*** 0.060, P = 0.011* 0.170, P = 0.001** -0.090, P = 0.978 n.s. 0.205, P < 0.001*** -0.013, P = 0.708 n.s. 

10 0.304, P < 0.001*** 0.069, P = 0.015* 0.142, P < 0.001*** 0.046, P = 0.135 n.s. 0.256, P < 0.001*** 0.009, P = 0.381 n.s. 

11 0.268, P < 0.001*** 0.085, P < 0.001*** 0.028, P = 0.215 n.s. 0.029, P = 0.126 n.s. 0.153, P < 0.001*** 0.091, P = 0.002** 

12 0.356, P < 0.001*** 0.044, P = 0.163 n.s. 0.265, P = 0.002** 0.029, P = 0.258 n.s. 0.397, P < 0.001*** 0.064, P = 0.085 n.s. 

13 0.368, P < 0.001*** 0.146, P = 0.009*   0.300, P < 0.001*** 0.133, P = 0.024* 
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Table S-4. Number of varieties, number of pairs of different varieties, and difference D in mean morphological distance between sympatric and allopatric pairs 

of different varieties, using residuals of linear regressions (LM). Significance values derived from permutations to test for sorting (Psort) or for character dis-

placement (Pchd). See Table S1 for significance codes. 

Region 

Vegetative EFN Reproductive 

# 
V

ar
s 

# 
Pa

ir
s 

D Psort Pchd 

# 
V

ar
s 

# 
Pa

ir
s 

D Psort Pchd 

# 
V

ar
s 

# 
Pa

ir
s 

D Psort 
Pchd 

1 2 672 -0.140  0.693 n.s. 0.687 n.s.      2 540 -0.070  0.636 n.s. 0.629 n.s. 

2 2 288 0.609  0.003* 0.023 n.s.      2 240 0.310  0.100 n.s. 0.195 n.s. 

3 8 1320 0.077  0.330 n.s. 0.464 n.s. 7 560 -0.192 0.762 n.s. 0.802 n.s. 8 1016 0.154  0.181 n.s. 0.290 n.s. 

4 7 4710 0.591 <0.001** 0.471 n.s. 6 1859 -0.139 0.666 n.s. 0.682 n.s. 7 3927 0.289  0.009• 0.723 n.s. 

5 7 730 0.019  0.453 n.s. 0.961 n.s.      6 631 0.813 <0.001** 0.181 n.s. 

6 9 521 0.420  0.024• 0.397 n.s.      9 521 -0.243  0.920 n.s. 0.453 n.s. 

7 8 442 0.099  0.285 n.s. 0.784 n.s.           

8 14 6070 -0.138  0.880 n.s. 0.962 n.s. 14 4455 0.008 0.471 n.s. 0.682 n.s. 14 4476 0.228  0.036 n.s. 0.067 n.s. 

9 12 2278 0.345  0.025• 0.226 n.s. 12 423 -1.040 1.000 n.s. 0.837 n.s. 12 2092 -0.508  0.999 n.s. 0.965 n.s. 

10 12 4198 0.090  0.265 n.s. 0.792 n.s. 11 2421 -0.014 0.519 n.s. 0.141 n.s. 11 3503 -0.148  0.851 n.s. 0.794 n.s. 

11 11 5953 0.090  0.204 n.s. 0.090 n.s. 9 2205 0.041 0.386 n.s. 0.224 n.s. 11 4127 0.281  0.022• 0.557 n.s. 

12 5 527 -0.113  0.668 n.s. 0.502 n.s. 5 244 -0.106 0.645 n.s. 0.118 n.s. 5 463 -0.186  0.801 n.s. 0.464 n.s. 

13 6 385 0.485  0.038• 0.193 n.s.      6 362 0.295  0.114 n.s. 0.580 n.s. 
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Table S-9. Difference D in mean morphological distance between sympatric and allopatric pairs of same varieties, using residuals from CAR models. See Table 

S7 for number of varieties and number of pairs in each subsample, meaning of Psort and Pchd, and significance codes. 

 
 

Region 
Vegetative EFN Reproductive 

D Psort Pchd D Psort Pchd D Psort Pchd 

1 -0.054 0.412 n.s. 0.529 n.s.    -0.729 0.002* 0.003* 

2 -0.423 0.059 n.s. 0.042 n.s.    0.151 0.737 n.s. 0.781 n.s. 

3 -0.486 0.083 n.s. 0.039 n.s. -0.281 0.256 n.s. 0.478 n.s. -0.379 0.110 n.s. 0.087 n.s. 

4 -0.220 0.024• 0.060 n.s. -0.209 0.104 n.s. 0.117 n.s. -0.152 0.080 n.s. 0.067 n.s. 

5 -0.342 0.148 n.s. 0.295 n.s.    -0.205 0.307 n.s. 0.564 n.s. 

6 -0.766 0.002* 0.002*    -0.462 0.030 n.s. 0.084 n.s. 

7 0.051 0.591 n.s. 0.344 n.s.       

8 -0.311 0.018• <0.001** -0.363 0.019• 0.004* -0.268 0.050 n.s. 0.001** 

9 -0.177 0.299 n.s. 0.177 n.s. -0.575 0.183 n.s. 0.102 n.s. -0.363 0.150 n.s. 0.054 n.s. 

10 -0.590 <0.001** 0.683 n.s. -0.572 0.009• 0.456 n.s. -0.485 0.002* 0.183 n.s. 

11 -0.286 0.012• 0.007* 0.112 0.682 n.s. 0.880 n.s. -0.032 0.418 n.s. 0.219 n.s. 

12 -0.201 0.139 n.s. 0.066 n.s. -0.141 0.254 n.s. 0.247 n.s. -0.132 0.228 n.s. 0.246 n.s. 

13 -0.152 0.336 n.s. 0.223 n.s.    -0.426 0.113 n.s. 0.028 n.s. 

 

 

101 
 

A
ppendix - Supplem

entary Tables 
 


