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Appendix 1 

Additional figures 

 

 

	

Figure A1. Location of the study area in São Paulo, Brazil, showing the five stream sites. The focal 

sites (A, B and C) included samples of stones in riffles, leaves in pools, submerged roots of 

terrestrial plants and mosses attached to boulders sampled in March 2004. Stones in riffles of focal 

streams were also available for the summer and winter seasons in 1997 to 2001. Sampling in riffles 

in 2004 also included two other stream sites (D and E). 



	

Figure A2. Schematic representation of the sampling design for a focal community. For each focal 

sample (A) we sampled: at the same period and stream, three other habitat types (B), at the same 

habitat (riffles) and period, four other stream sites (C) and at the same site and habitat, samples 

twice a year over five years (D).



	

Figure A3. Percentage of rarity explained in relation to abundance used to classify common species 

(x-axis) and rare species (y-axis). Each line of each diagram shows the portion of rare species 

explained exclusively by environment [E], space [S], time [T] or shared among them. Each column 

of diagrams shows the results for each focal community A, B and C, respectively. The arrow and 

associated value shows the combination of criteria for rarity (≤0.5%) and commonness (≥3%) used 

to obtain the observed explained rarity described in the main text and shown in Table 1 and Fig. 4.



	

Figure A4. The effect size of explained rarity in relation to abundance used to classify common 

species (x-axis) and rare species (y-axis). Each line of each diagram shows the effect size of 

explained rarity by environment [E], space [S], time [T] or shared among them. Each column of 

diagrams shows the results for each focal community A, B and C, respectively. The arrow and the 

associated value shows the combination of criteria for rarity (≤0.5%) and commonness (≥3%) used 

to obtain the effect size of the observed explained rarity described in the main text and shown in 

Table 1 and Fig. 4. 



	

Figure A5. The p-values of explained rarity in relation to abundance used to classify common 

species (x-axis) and rare species (y-axis). Each line of each diagram shows the p-value for the 

portion explained exclusively by environment [E], space [S], time [T] or shared among them. Each 

column of diagrams shows the results for each focal community A, B and C, respectively. The 

arrow and the associated value shows the combination of criteria for rarity (≤0.5%) and 

commonness (≥3%) used to obtain the effect size of the observed explained rarity described in the 

main text and shown in Table 1.



Appendix 2 

Type I error of the null model employed in analyses 

Methods 

Type I error is related to the proportion or probability that a null model (or any other statistical test) 

detects a statistically significant pattern when the null hypothesis is true. We assessed the 

robustness of our null model regarding type I error by generating random matrices with properties 

similar to those observed in our three focal matrices (A, B and C; see Methods in main text). 

Random matrices were created, maintaining several internal (species occurrence, matrix fill) and 

external (grand total abundance, number of sites occupied per species, species richness per sample, 

number of samples and species richness in total matrix) properties of our focal matrices. We 

removed the potential biological effect of these matrices in two ways, as follows.  

Random RM-1 matrices were created simply by permutation of abundance values 

equiprobably among all non-empty cells of the entire observed matrix. This was repeated for all 

three focal matrices (Fig. A6A, A6C and A6E). Random matrices maintained the original species 

occurrence, richness per site and the total abundance of the entire matrix, whereas the total 

abundance per sites (row sums) and total abundance per species (column sums) changed (Fig. A6A, 

A6C and A6E). 

Random RM-2 matrices were created by assigning individuals among the non-empty cells of 

the entire matrix with probability proportional to observed row and column total abundances (Fig. 

A6B, A6D and A6F). We first included one individual in all non-empty cells and then sequentially 

assigned the remaining individuals among non-empty cells with probability proportional to 

observed row and column total abundance. The procedure continued until the total abundance in the 

original observed matrix was reached (Fig. A6B, A6D and A6F). The total abundance in the entire 

matrix, the original occurrence per species and richness per site were maintained similar to the 

original matrix, whereas the original abundance values in cells, total abundance per site (row sums) 

and total abundance per species (column sums) changed (Fig. A6A, A6D and A6F).  

For each observed matrix corresponding to each focal sample (A, B and C) we generated 

1000 RM-1 and 1000 RM-2 matrices totaling 6000 random matrices. Next, for each random matrix, 

we applied our null model, described in the main text, to generate 999 simulated matrices. We 

evaluated the proportion of the simulated matrices generated by our null model that produced a 



statistically significant pattern (p ≤ 0.05). We considered that the null model test was robust to type 

I error when the null hypothesis was rejected (at a significance level of 0.05) in a proportion lower 

than 0.05 (<50 out of 1000 matrices) in its positive tail.  

 

Results 

The null model had a satisfactory type I error, correctly identifying random patterns in more than 

98% of the random matrices as random (Table A1). Specifically, for random RM-1 matrices, our 

null model failed to indicate random matrices as random in two cases (proportion >0.05, Table A1). 

On the other hand, for random RM-2 matrices, our null model correctly identified the random 

pattern for all matrices (Table A1). In this sense, we concluded that our model is robust to type I 

error. 

 

 

 

Table A1. Proportion of random matrices in which our null model detected a statistically 

significant pattern for each partition of the original data. 

Random matrix E S T E+S S+T E+T E+S+T 

RM-1A 0.014 0.021 0.043 0.010 0.030 0.023 0.018 

RM-2A < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

RM-1B 0.008 0.022 0.080 0.005 0.043 0.012 0.014 

RM-2B < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 

RM-1C 0.017 0.036 0.042 0.015 0.060 0.013 0.011 

RM-2C < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001 



 

 
Figure A6. Procedure used to generate random RM-1 matrices (C and E) and RM-2 matrices (D and 

F) from observed data (A and B). In RM-1 matrices, the abundance (Abund.) values are reshuffled 

among all non-empty cells equiprobably in the entire matrix (C and E). For RM-2 matrices, the 

individuals are assigned among all non-empty cells with a probability proportional to row and 

column sums (D and F). Note that for both models (RM-1 and RM-2), the number of occupied sites 

by the species (Occup.), local richness (richness) and total abundance in the entire matrix are fixed, 

while species abundance and local abundance changes. 


