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Figure S1. Completeness of the higher taxonomy of kingdoms of life on Earth. Columns 1 to 6 indicate the 
temporal accumulation of the number of taxa at each taxonomic rank (blue lines). The horizontal red lines indicate the 
consensus mean on the number of taxa (see Methods). The plots on the far right show the relationship between the 
number of taxa and the numerical rank (y-axis is in double log10). Vertical red areas indicate the 95% prediction 
interval on the number of species. Blue symbols indicate the currently cataloged number of taxa and red symbols the 
consensus mean. Where only blue symbols are shown the catalogued and consensus means overlapped. Note that 
predictions of the number of species are based on weighted averages of multiple models (see Materials and Methods).  



Cont. Figure S1. Completeness of the higher taxonomy of kingdoms of life in the ocean. 

  

 



Figure S2. Sensitivity analysis due to changes in higher taxonomy. One potential caveat in our approach is the 
degree to which estimations of the number of species may change if higher taxonomy changes. To test this effect we 
performed a sensitivity analysis in which the number of species was calculated after altering the number of higher taxa. 
We used Animalia as a test case. For each possible combination of taxonomic levels, we added or removed a random 
proportion of taxa from 10 to 100% of the current number of taxa and recalculated the number of species using the 
method described in this paper. The approach was repeated 1000 times and the average and 95% confidence limits of 
the simulations are shown as points and dark areas, respectively. Light gray lines and boxes indicate the currently 
estimated number of species and its 95% prediction interval, respectively. Our current estimation of the number of 
species appear remarkably robust to changes in higher taxonomy. As noted, results were only sensitive to changes in the 
number of phyla, and only when this number changed by over 50% relative to the number of currently described phyla. 
For all other taxonomic levels, expected changes led to predictions that remain within the confidence intervals of the 
currently estimated number of species. 



Figure S3. Assessing the effects of data incompleteness. Since higher taxonomic levels are described more 
completely (Figure 1A-E), the resulting error from incomplete inventories should decrease while rising in the 
taxonomic hierarchy. Therefore, rerunning our higher taxon approach without lower taxonomic ranks could allow to 
spot kingdoms for which incomplete inventories could be an issue. Thus, we recalculated the number of species 
using our higher taxon approach without the number of genera. We did not remove higher levels because this led to 
considerable less data whose range was farther away from the level to predict and this is known to the yield erratic 
predictions and large errors. The new estimates without genera data were within the intervals of our original 
estimates for most kingdoms. However, chromista (on Earth and in the ocean) and fungi (in the ocean) were 
exceptions, having inflated predictions without the genera data (see plots below). The fact that the genera data has a 
strong effect in those three cases likely reflects the fact that the genus data on those cases are considerably 
incomplete and therefore drags down the predicted number of species when the genus data are considered. We are 
aware that the data for chromista currently catalogued in the database we used is very incomplete (e.g. Adl et al [1], 
surveying expert opinions, reported that the number of described species of chromista could be in the order of 
140,000 species, while the number currently catalogued is not more than 14.000, see Table 1). These results suggest 
that incomplete inventories do have an important effect for chromista and fungi in the ocean and that our predictions 
will improve as a more complete database becomes available for those groups. Error bars indicate standard errors. 
The red line indicates the 1:1 ratio. 
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Figure S4. Comparison of the fits of the hyperexponential, 
exponential and power functions to the relationship between 
the number of higher taxa and their numerical rank. For all 
kingdoms but Chromista, the hyperexponential function was 
chosen as the best function whereas the exponential function 
was commonly the best one among the smaller groups used in 
the validation approach. Hyperexponential functions and their 
analogous hyperbolic functions have been recently used to 
model temporal trends in the size of the world’s human 
population [1] and evolutionary rates of biological 
diversification [2]. These functions are used to describe self-
accelerating processes and patterns during a long period in 
which there is a transition from zero growth to the exponential 
one; these same patterns can also be seen as a long term 
sequence of exponential steps [3]. We presume then that the 
variable importance of hyperexponential and exponential 
functions between kingdoms and smaller groups likely obeys to 
the fact that the latter uses a very restricted set of data (a short 
“step” of the pattern) and therefore it is better described with 
the exponential function. We are aware that the data for 
Chromista is significantly incomplete (see section of Caveats), 
and therefore, the selection of a different model to the 
hyperexponential in that case may well be due to incomplete 
data. The higher taxonomy of this group is also not fully agreed 
upon [4]. So to prevent errors in the incorrect selection of 
models due to data inaccuracy, we assume that the relationship 
between the number of higher taxa and their numerical rank 
follows a hyperexponential pattern and therefore as a rule of 
thumb we used the hyperexponential function for all kingdoms 
whereas the exponential function was used for the validation 
groups due to the small subset of their data. Using multimodel 
averaging of all functions combined yielded almost identical 
results for all kingdoms but Chromista. For Chromista, the 
selection of the exponential function weighted the final 
prediction in favour of the estimates of that function yielding a 
predicted number of species of 5,770 (+/- 26 SE), which is a 
clear underestimation of the number of species in this group and 
which reasonably can be argued is due to the wrong model 
selected. Red circles indicate the predicted number of species 
whereas the green circle the currently catalogued number of 
species. 
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