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Supplementary figures 
 

 
Figure A1: Examples of relationships between PSR and a trait given different distributions of 
error. Red lines show the 1:1 “true” relationship. As error increases, the ability to recover the 
true relationship declines. Panel headers are the standard deviation of the error term. 
 



 
Figure A2: Performance of the Chao2 estimator for subsets of the GMPD. Violin plots show 
values of 50 simulations; points show means across these 50 simulations. For all parameters not 
shown in each plot, values of other parameters were held constant at the values shown in Table 1 
in the main text. The exception is for parasite groups, where we used a maximum true PSR of 
500 (because this value should be lower for individual groups than for all parasites combined). 
(A) Performance improves when including only better-studied species. (B, C, D) There is little 
effect of considering single groups of hosts or parasites or a different distribution. (E) Estimates 
improve with a lower presumed minimum PSR. Note the different y-axis scale in each panel. 
 



 
Figure A3: Bias of methods of controlling for sampling effort, measured using the fit coefficient 
(b) of a linear model predicting true PSR from estimated PSR using each method. Points show 
means across these 50 simulations. The four panels represent different subsets of hosts, included 
based on citation cutoffs or a minimum number of citations required for inclusion in the analysis.  
 



 
Figure A4: Bias of methods of controlling for sampling effort, measured using the fit intercept of 
a linear model predicting true PSR from estimated PSR using each method. Points show means 
across these 50 simulations. The four panels represent different subsets of hosts, included based 
on citation cutoffs or a minimum number of citations required for inclusion in the analysis. 
 



 
Figure A5: Bias of methods of controlling for sampling effort, measured using the difference in 
slope (b) between a linear model predicting true PSR from estimated PSR and a linear model 
with the intercept forced through the origin. Points show means across these 50 simulations. The 
four panels represent different subsets of hosts, included based on citation cutoffs or a minimum 
number of citations required for inclusion in the analysis. 
  



 
Figure A6: Chao2 is more accurate for better-studied species. “Error in Chao2” is the absolute 
difference between estimated and true richness, where a value of 0 would be a perfectly accurate 
estimate. Each point represents the mean and the bar represents the standard deviation of error 
across the 50 simulated datasets, with parameters in Table 1. Each line shows the modeled linear 
relationship for the 25%, 50% and 75% quantiles of PSR. Error was positively related to true 
PSR (Table A2). 
 



Supplementary tables  
 
Table A1: Model results predicting estimator precision (R2 value) from estimator and simulation 
parameters. Chao2 is the reference level for estimators. Variables not included in the model were 
held constant at the values shown in Table 1 (i.e., all host groups, all parasite groups, minimum 
PSR of 10, right-skewed distribution). 
 
Variable Estimate Std. Error t p 
(Intercept) 0.028 0.007 4.183 <0.001 
jack2 0.08 0.009 9.258 <0.001 
ice -0.126 0.009 -14.541 <0.001 
jack1 0.048 0.009 5.539 <0.001 
citation_residuals -0.052 0.009 -6.06 <0.001 
boot 0.005 0.009 0.544 0.587 
rarefaction -0.115 0.009 -13.274 <0.001 
raw -0.04 0.009 -4.588 <0.001 
PSR_max <0.001 <0.001 13.324 <0.001 
minCitations 0.045 <0.001 109.022 <0.001 
sampling_bias -0.028 0.006 -4.865 <0.001 
jack2:PSR_max <0.001 <0.001 -26.473 <0.001 
ice:PSR_max <0.001 <0.001 -9.079 <0.001 
jack1:PSR_max <0.001 <0.001 -25.014 <0.001 
citation_residuals:PSR_max <0.001 <0.001 -11.21 <0.001 
boot:PSR_max <0.001 <0.001 -19.14 <0.001 
rarefaction:PSR_max <0.001 <0.001 -5.432 <0.001 
raw:PSR_max <0.001 <0.001 -11.46 <0.001 
PSR_max:minCitations <0.001 <0.001 -75.383 <0.001 
PSR_max:sampling_bias <0.001 <0.001 2.751 0.006 
jack2:minCitations 0.002 <0.001 4.532 <0.001 
ice:minCitations 0.004 <0.001 8.993 <0.001 
jack1:minCitations -0.003 <0.001 -5.891 <0.001 
citation_residuals:minCitations -0.003 <0.001 -7.303 <0.001 
boot:minCitations -0.008 <0.001 -16.024 <0.001 
rarefaction:minCitations -0.011 <0.001 -22.974 <0.001 
raw:minCitations -0.012 <0.001 -25.741 <0.001 
jack2:sampling_bias 0.008 0.006 1.347 0.178 
ice:sampling_bias 0.03 0.006 4.838 <0.001 
jack1:sampling_bias 0.01 0.006 1.549 0.122 
citation_residuals:sampling_bias 0.012 0.006 1.915 0.056 
boot:sampling_bias 0.009 0.006 1.468 0.142 
rarefaction:sampling_bias 0.017 0.006 2.796 0.005 



raw:sampling_bias 0.01 0.006 1.595 0.111 
minCitations:sampling_bias <0.001 <0.001 1.162 0.245 



Table A2: Error in Chao2 (true-estimated) as predicted by number of citations and true PSR of 
each species. 
 
Variable Estimate Std. Error t p 
Intercept 90.065 1.528 58.930 <0.001 
Log sampling effort -55.940 0.535 -104.615 <0.001 
True PSR 0.722 0.004 170.562 <0.001 

 
  



Table A3: Type I error rates for each regression method and citation cutoff. 
 
Method Citation cutoff Type I error 95 percent CI 

True PSR 2 0.08 [0.003, 0.157] 
 5 0.02 [-0.02, 0.06] 
 10 0.04 [-0.015, 0.095] 
 15 0.1 [0.015, 0.185] 
Chao2 (weighted) 2 0.06 [-0.007, 0.127] 
 5 0.06 [-0.007, 0.127] 
 10 0.04 [-0.015, 0.095] 
 15 0.08 [0.003, 0.157] 
Chao2 (univariate) 2 0.06 [-0.007, 0.127] 
 5 0.08 [0.003, 0.157] 
 10 0.04 [-0.015, 0.095] 
 15 0.08 [0.003, 0.157] 
Chao2 (covariate) 2 0.06 [-0.007, 0.127] 
 5 0.06 [-0.007, 0.127] 
 10 0.06 [-0.007, 0.127] 
 15 0.08 [0.003, 0.157] 
Raw (weighted) 2 0.12 [0.028, 0.212] 
 5 0.14 [0.042, 0.238] 
 10 0.04 [-0.015, 0.095] 
 15 0.02 [-0.02, 0.06] 
Raw (univariate) 2 0.06 [-0.007, 0.127] 
 5 0.14 [0.042, 0.238] 
 10 0.06 [-0.007, 0.127] 
 15 0.04 [-0.015, 0.095] 
Raw (covariate) 2 0.06 [-0.007, 0.127] 
 5 0.04 [-0.015, 0.095] 
 10 0.06 [-0.007, 0.127] 
 15 0.02 [-0.02, 0.06] 

 
  



Table A4: Assessments of species richness estimators from prior studies. Studies used a range of 
methods and assessment metrics, but all tested at least three different species richness estimators 
on simulated or empirical datasets. We gathered these studies by searching for ‘"species richness 
estimators" comparison’ on Google Scholar and filtered most results to 2005-present because 
Walther and Moore (2005) reviews studies prior to 2005. 
 
Reference Study type  Estimators 

tested* 
Best estimators Notes 

Hortal et al. 
2006 

Empirical  15 estimators: 
asymptote 
estimation, 
nonparametric, 
species-area, 
incidence, 
abundance 

ACE, Chao1, 
Jackknife1 and 2 
and Bootstrap 

Free-living 
species 

Chiarucci et al. 
2003 

Empirical, 
simulated 
sampling 

Jackknife2, 
Jackknife2, 
Chao2, Bootstrap, 
raw 

Jackknife2 at low 
sample sizes 

Jackknife 
estimators 
negatively 
biased, Chao2 
and bootstrap 
positively biased 

Walther and 
Moore 2005 

Literature 
review 

Many (literature 
review) 

Chao2, jackknife  

Walther and 
Morand 1998 

Empirical and 
simulated 

9 methods: 
nonparametric 
estimators, M-M 
asymptote 
estimation 

Chao2, jackknife1  

Poulin 1998 Simulated 3: Chao, 
Jackknife, 
Bootstrap 

Chao and 
jackknife 

All estimators 
overestimate 
richness when 
many species 
are rare 

Rajakaruna et al. 
2016 

Simulated Chao, Jackknife, 
ICE, ACE 

Chao2 with low 
variation, 
jackknife with 
high variation 

Lognormal 
dist’n of 
richness 
assumed 

O’Hara 2005 Empirical Chao, ACE, 
accumulation 
curves (x8) 

No conclusion Nonparametric 
estimators had 
lower estimates 
than parametric 

King and Porter 
2005 

Empirical Jack2, ICE, 
Lognormal, 
MMMean 

Jackknife and 
ICE, but no 
estimators were 
stable 

 



Unterseher et al 
2008 

Empirical ACE, ICE, 
Chao2, Bootstrap, 
Jack1, M-M 

Chao2, but only 
with larger 
sample sizes 

 

Williams et al 
2006 

Empirical ICE, Chao2, 
Jack1, Jack2, 
Bootstrap, 
MMMean 

Jack1  

Wei et al 2010 Empirical Power, Logistic 
curve, Logarithm 
curve, jack1, 
jack2, Bootstrap, 
Chao1, Chao3 

Logistic and 
logarithm curve 

 

Beck and 
Kitching 2007 

Empirical Chao2, ICE, F3, 
F5, M-M 

F3, Chao2  

*Abbreviations: Incidence-based Coverage Estimator (ICE); Michaelis-Menten (M-M); 
Abundance-based Coverage Estimator (ICE); 
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