
Original ArticleNeotropical Ichthyology https://doi.org/10.1590/1982-0224-2021-0050

Neotropical Ichthyology, 19(3): e210050, 2021
Special Issue
Human impacts on fish diversity

SUPPLEMENTARY MATERIAL S5

s5.1

FIGURE S5 | Assessment of model assumptions and model quality of the linear model with rarefied 

species richness as the response variable. Assessment of homogeneity of variance (A), normality of 

residual distribution (B) and presence of influential observations (C).

We assessed the relationship between EH and urbanization with species diversity 
(Srarefied) or local contribution to beta diversity (LCDB) with linear models. Srarefied or 
LCBD were the response variables and distance to median (a quantitative proxy to EH) 
and the proportion of impervious surface in a buffer of 500m (a quantitative proxy to 
urbanization) were the explanatory variables. We transformed distance to median by 
loge(x) to improve the linearity of the relationships. 

For Srarefied as a response, we used an ordinary least squares model (OLS). Considering 
that LCBD values are bounded to 0 and 1, we used a beta-regression (Ferrari, Cribari-
Neto, 2004; Douma, Weedon, 2019) to relate LCBD and both explanatory variables. 
For beta-regression we used a logit link function (Ferrari, Cribari-Neto, 2004; 
Cribari-Neto, Zeileis, 2010). We assessed the assumption of homogeneity of variance 
with dispersion plots with residuals and fitted values, and the presence of influential 
observations with the Cook’s distance (Quinn, Keough, 2002; Zuur et al., 2010). We 
assessed for spatial autocorrelation in the residuals with Mantel correlogram and bubble 
plot of model residuals (Zuur et al., 2009; 2010; Legendre, Legendre, 2012).

We estimated Pearson correlation coefficient (r) between distance to median and 
proportion of impervious surface. We considered a correlation coefficient greater 
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than |0.6| as indicative on multicollinearity (Zuur et al., 2010; Dormann et al., 2013). 
Multicollinearity was not an issue in all linear models because there was low correlation 
between the explanatory variables (Srarefied as response, r = -0.07, P = 0.627; LCBD as 
response, r = -0.08, P = 0.642).

We assessed the assumption of homogeneity of variance with dispersion plots with 
residuals and fitted values, the normality of residuals with quantile plots of standardized 
residuals with fitted values, and the presence of influential observations with a plot 
with standardized residuals in function of leverage and with Cook’s distance thresholds 
(Quinn, Keough, 2002; Zuur et al., 2010). We assessed for spatial autocorrelation in 
the residuals with Mantel correlogram and bubble plot of model residuals (Zuur et 
al., 2009; 2010; Legendre, Legendre, 2012). For Mantel correlogram we first built a 
spatial connectedness matrix computing watercourse distance among sampled streams 
(Landeiro et al., 2011). Then, we computed Mantel correlation between the matrix of 
watercourse distance and an Euclidean distance matrix computed with model residuals. 
We established distance classes for the Mantel correlogram following Sturges (1926), 
computed significance of Mantel correlations with 999 permutations and applied Holm 
correction for multiple testing. We ran all analyses in the R software (R Core Team, 
2020), with “vegan” (Oksanen et al., 2019), “adespatial” (Dray et al., 2020), “riverdist” 
(Tyers, 2020), “betareg” (Cribari-Neto, Zeileis, 2010) and “lmtest” (Zeleis, Hothorn, 
2002). We adopted a 5% significance level for all analyses.

The distribution of residuals from the model with Srarefied as response variable against 
the fitted values did not show any systematic variation, which indicates that this 
model attended the assumption of homoscedasticity (Fig. S5A). The relation between 
standardized residuals and the expected value from a normal distribution also do not 
show substantial deviation from normality (Fig. S5B). Furthermore, the model with 
Srarefied as response variable did not present influential observations considering Cook’s 
distance threshold (Fig. S5C). Finally, both Mantel correlogram (Fig. S6A) and bubble 
plot (Fig. S6B) indicates that spatial autocorrelation was not an issue in model residuals.
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