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 There is another way to have species 1 dominant, even overwhelmingly so, in the balmy uplands,  
yet the rarer close to sea level. Take the advantage parameter a as fixed and vary the fraction of good years  
f. At higher elevations f can be equal to 1 and decrease as we go down hill. Numbers are given in table 2  
below and portrayed in the adjacent figure:  
                           Table 2.  a= 2.0  Original model with f decreasing  

                                         f                                          

  
                                        1                                         1    
                                        0.95                                    0.9  
                                        0.9                                      0.8  
                                        0.85                                    0.7  
                                        0.8                                      0.6  
                                        0.75                                    0.5  
                                        0.7                                      0.4  
                                        0.65                                    0.3  
                                        0.6                                      0.2  
                                        0.55                                    0.1  
                                        0.5                                      0  
  

 This is reasonable enough, in that species 1 is as dominant as desired at high elevations and has  
become the rarer as the fraction of good years f drops with descending altitude to a value of about 0.7. We  
would suppose that is about Chamela altitude. The uncomfortable thing about it is that the fraction of good  
years decreases at lower elevations (in table 2 above the advantage factor is independent of elevation at a  
value of 2). If the advantage factor a grew with increasing harshness, then the fraction  would drop less  
rapidly with f.  
 There is in fact a way of varying  over the full range from 1 at high elevations to values typical of  
Chamela without varying either the fraction of good years f or the advantage of species 1 over species 2  
during good years. In the original model it was supposed that during bad years species 1 could not recruit at  
all, that is the advantage parameter in bad years is zero. If this assumption is relaxed so that in bad years  
species 1 is at a competitive disadvantage (that is, the parameter a < 1) then the full range is covered for f  
considerably less than 1. In this development of the original model the variation of  can be assigned to  
variation of its degree of disadvantage as conditions get harsher. For the fraction f the advantage of species  
1 is  ( > 1) and for 1-f the advantage parameter is  ( < 1). I solved the lottery equations for this  
extended model back in 2003 or 04 – the analytic solution is more complicated than the solution for the  
original model.  
 The extended two-component lottery model has an analytic solution valid under the same  
conditions as the original.  The model differs from the original only in that the more sensitive species is  
able to recruit during bad times.  The fraction of good times is  and during these times, the more sensitive  

species has the advantage  over the slow but steady species.  In bad times, the advantage factor is   
(less than 1).  Then the population fraction  of the sensitive species is given by the expression  
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The formula could be written in various ways, but this best suits its current use. Figure 1S below serves as  
an illustration of this more complex model.  
  
Figure 1S.  Changing relative abundance in the complex lottery model.  In this figure x1 = the  
proportional abundance of the more sensitive species 1, f = the frequency of good years and a+ represent  
the relative competitive advantage of species 1 over the less sensitive species 2.  
  

  

  

  

  

  

  

  

  

  

  

  
  
Figure 1S shows that it is perfectly possible to have the same time structure in environmental conditions at  
all elevations, maintain the Chamela results at Chamela elevations and yet have the more sensitive species  
as dominant as desired at the highest (most benign) elevations, even though in hard times it is at a  
significant disadvantge relative to the more tolerant species.  
 Obviously, some mixture of these effects here treated individually could be constructed to match  
exactly output with observation, but the point here is general agreement with expectations, with further  
development of the theory in a more appropriate treatment dedicated to it specifically. The essential point is  
that the time structured lottery model can account for the more competitive of a pair of congeneric species  
being very dominant high up where the environment is less water-stressed, and yet the rarer at sea level, the  
hottest and driest environment.  
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Appendix B. General patterns of taxa distribution relative to elevation.    
Figure 1. Number of taxa by elevation. a. Number of species in the full tree (hollow circles) and in the  
non-Fabaceae (filled circles) and Fabaceae (hollow diamonds) subtrees.  b. Number of genera in each of the  
three trees.  c. Number of families in the full and non-Fabaceae trees.  Solid line = full tree; fine dashed line  
= non-Fabaceae tree; coarse dashed line = Fabaceae.  See following table for regression equations.  Salient  
points are that all three trees show no significant change in taxa numbers across elevation (Figs. 1a & b)  
and that the Fabaceae occurs in all plots (Fig 1c).  
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Table 1.  Regression equations of taxon numbers relative to elevation.  

Elevation vs Full tree Fabaceae Non-Fabaceae 
Number of species = 37.771 – 0.005m 

p = 0.495 
= 10.48 – 0.004m 
p = 0.195 

= 27.291 – 0.001m 
p = 0.922 

Number of genera = 31.196 + 0.005m 
p = 0.402 

= 8.291 – 0.001m 
p = 0.779 

= 22.905 + 0.006m 
p = 0.225 

Number of families = 21.081 + 0.003m 
p = 0.321 

NA = 20.081 + 0.003m 
p = 0.321 
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Appendix C.  Phylogenetic tree of Oaxacan tropical dry forest (TDF) trees   

Oaxaca TDF Phylogeny – Backbone   
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Oaxaca TDF Phylogeny - Fabaceae  
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Oaxaca TDF Phylogeny – Eurosids I and Myrtales without Fabaceae  
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Oaxaca TDF Phylogeny – Eurosids II  
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Oaxaca TDF Phylogeny – Euasterids  
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Appendix F. Assessing the relationship between NRI and NTI using generalized linear models (GLMs).   

Table 1. The effect of S/G and the CV of S/G on the relationship between NRI and NTI.  The sums of squares are calculated first 
sequentially, with the variance partitioned among the variables according to order of entry; corresponding individual sums of squares 
are then determined for each variable only after all other variables have been entered. The table shows that once S/G is entered into the 
model, NTI is able to account for a significant proportion of the remaining variation in NRI for both the full and non-Fabaceae trees; in 
all three trees, where the addition of S/G does not have a significant impact on the NRI/NTI relationship, there is still an increase in the 
proportion of remaining variation in NRI for which NTI is able to account (shown as increase between sequential and adjusted sum of 
squares for NTI). 

NRI versus:               
  Full      Fabaceae    Non-Fabaceae   

Source DF Seq SS Adj SS Adj MS F p  Seq SS Adj SS Adj MS F P  Seq SS Adj SS Adj MS F P 
NTI 1 2.381 10.813 10.813 14.48 <0.001  0.1178 1.9208 1.9208 2.54 0.119  1.5971 3.4389 3.4389 6.31 0.016 
S/G 1 34.509 34.509 34.509 46.21 <0.001  7.8932 7.8932 7.8932 10.43 0.002  11.0663 11.0663 11.0663 20.31 <0.001 
Error 40 29.873 29.873 0.747    30.2708 30.2708 0.7568    21.7943 21.7943 0.5449   
Total 42 66.763      38.2818      34.4577     
 R2 55.26%      20.93%      36.75%     
                   
NTI 1 2.381 4.293 4.293 4.12 0.049  0.1178 0.5397 0.5397 0.65 0.423  1.5971 1.5882 1.5882 2.49 0.122 
CV of 
S/G 

1 22.692 22.692 22.692 21.77 0.016  5.171 5.171 5.171 6.27 0.016  7.3822 7.3822 7.3822 11.59 0.002 

Error 40 41.69 41.69 1.042    32.993 32.993 0.8248    25.4784 25.4784 0.6370   
Total 42 66.763      38.2818      34.4577     
 R2 37.55%      13.82%      26.06%     
                   
NTI 1 2.381 10.856 10.856 14.30 0.001  0.1178 2.1063 2.1063 2.73 0.106  1.5971 3.2971 3.2971 5.9 0.02 
S/G 1 34.509 34.509 34.509 15.91 <0.001  7.8932 2.9227 2.9227 3.79 0.059  11.0663 11.0663 11.0663 6.62 0.014 
CV of 
S/G 

1 0.261 0.261 0.261 0.34 0.561  0.2005 0.2005 0.2005 0.26 0.613  0.0131 0.0131 0.0131 0.02 0.879 

Error 39 29.612 29.612 0.759    30.0703 30.0703 0.771    21.7811 21.7811 0.5585   
Total 42 66.763      38.2818      34.4577     
R2 R2 55.65%      21.45%      39.79%     

 

 




