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There is a great need for further biodiversity inventories within the Brazilian PAs. Our results based on species 
occurrence points indicate that PAs protect a considerable part of the known Brazilian biodiversity, encompassing 
roughly half of the species and phylogenetic endemism, and much of the phylodiversity. This is remarkable, espe-
cially considering the low sampling in PAs and their low geographic coverage outside the Amazon. Indigenous 

Figure 1.  Density of species distribution records within PAs in Brazil (a). The pie chart (b) shows the 
percentage of the Brazilian territory within each record density category (number above legend represents the 
number of records per km2). The bar graph (c) shows the areal percentage per record density class within each 
Brazilian biome. Numbers above the bars represent the areal percentage of each biome covered by PAs. The 
insets show the Caatinga (d) and the southeastern Atlantic Forest (e), which are covered by particularly small 
conservation units. The lower graph (f) shows the average and standard deviation of the sampled area in each 
PA category. Map created in ArcGIS 10.1 (http://www.esri.com).

Figure 2.  Median and percentiles (25–75%) of the index of endemism (WE) of the species within protected and 
unprotected areas. The blue bars show values for the sampling effort-corrected WE index.
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lands in particular play an important role in biodiversity protection, as well as climate change mitigation4 given 
that these areas strongly deter deforestation31. In this regard, relaxation of Brazilian environmental laws to allow 
mining within PAs32 poses a threat to their rich biodiversity, which still remains only scarcely mapped.

Brazilian PAs, however, are apparently not protecting most endemic species and lineages. Species outside PAs 
were, on average, more restricted in distribution than those occurring within PAs (Fig. 2). This could be due to 
bias in our knowledge on species endemism11, especially considering that most PAs are poorly sampled. However, 
sampling effort does not differ between the majority of PAs and unprotected areas. In this case, results also indicate 
the same pattern, with endemic species distribution better represented outside PAs. This is particularly worrisome 
given that endemic species and lineages are more susceptible to extinction33 in the face of climate change34, 35.  
In sum, species recorded in our database are poorly represented inside the Brazilian PAs, considering both the 
empirical knowledge on species distribution and the results of predictive models (SDMs). Yet we must account 
that both methods are affected by sampling bias and thus present an incomplete view of the biodiversity realm. 
This problem equally affects all taxonomic groups, including vertebrates and angiosperms, whose distribution is 
better known than that of arthropods22.

Although the arthropod protection gap is usually attributed to the lack of knowledge on this group22, evi-
dences indicate that knowledge shortfalls are more similar between vertebrates, angiosperms and arthropods 
than anticipated11. Even though different groups have similar sampling problems, they do not present the same 
geographic distribution pattern11. These results speak against the use of taxonomic surrogates for planning con-
servation priorities based on the argument that a group (e.g. vertebrates) has a better-known geographic distri-
bution than those of other groups. Because much more data on invertebrate diversity and distribution are now 
available than ten years ago9, we argue that there is no justification for the use of a few taxa as surrogates for 
the entire biodiversity spectrum. Conservation prioritization assessments should therefore rely on analyses that 
encompass most information on vertebrates, invertebrates and plants to effectively protect biodiversity.

Our results show that the expansion of PAs before the 2000s is closely related to the increase in the protection 
of biodiversity. On the other hand, the recent expansion in PAs in Brazil has not resulted in a comparable increase 
in biodiversity protection (Fig. 5). This may be related to low sampling effort in the recently designated PAs as well 

Figure 3.  Proportion of protection for each dimension of biodiversity (species, endemism, phylodiversity and 
phylogenetic endemism) inside each PA category. The endemism is the proportion of the sum of the index of 
endemism of all Brazilian species and lineages analysed. Results are shown for the entire Brazilian territory (a) 
and for each Brazilian biome (b). Each circular chart indicates a biodiversity dimension inside each quadrant 
(SP = species, PD = phylogenetic diversity, SE = species endemism, PE = phylogenetic endemism. The smaller 
graphs show the results for each taxonomic group separately (angiosperms, arthropods and vertebrates). Map 
created in ArcGIS 10.1 (http://www.esri.com).
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Figure 4.  The increment in PA and biodiversity protection in Brazil over time. PAs are categorized according 
to their date of creation. The numbers on the curves indicate the slope of the time interval in degrees. Colors 
represent the same time intervals on the chart and on the map. PE: Phylogenetic endemism, SE: Species 
endemism. Map created in ArcGIS 10.1 (http://www.esri.com).

Figure 5.  Median and percentiles (25–75%) of the percentage of species ranges inside PAs, as estimated by 
species distribution models. The numbers above indicate the value of Kruskall-Wallis’ H. The letters indicate the 
significant differences between the taxonomic groups in each algorithm.
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