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Abstract

Habitat loss is a leading cause of extinctions, which may occur even before species are recorded or formally described. On
the other hand, limitations in species distribution data and sampling biases can hamper inferences about patterns of species
richness that form the basis of conservation strategies. Insects, despite their crucial roles in terrestrial ecosystems, are still
largely neglected when dealing with biological inventories. Among insects, ants are of unique importance because of their
species richness, widespread distribution, and due to their key ecosystem functions such as seed dispersal, soil nutrient
cycling, predation, and biological control. In this study, we prioritize different Brazilian biomes and ecoregions for new
ant surveys based on information on the distribution of occurrence records and two estimates of habitat loss for the period
between 2000 and 2016. We compiled nearly 8000 ant occurrence records, including a total of 1170 species. The Caatinga
was the biome showing the greatest urgency for new inventories, whereas the Atlantic Forest had the lowest urgency. How-
ever, there were considerable differences of priority between ecoregions belonging to each biome, thus underscoring the
need to pay special attention to these geographical units and their characteristic associated with ant species. The prioritiza-
tion of poorly studied sites with an imminent risk of habitat loss can be a valuable starting point for filling knowledge gaps
and can help in formulating new strategies of conservation. The dataset provided here may also be useful in studies on the
distribution of ant diversity in Brazil.
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Introduction

After nearly a decade, the state-of-affairs identified by May
(2011) still rings true: “[w]e are astonishingly ignorant about
how many species are alive on earth today, and even more
ignorant about how many we can lose yet still maintain eco-
system services that humanity ultimately depends upon”.
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Alleviating this plight is particularly challenging given that
time and financial resources can severely limit the accumu-
lation of knowledge on biodiversity (Blackburn and Gaston
2003). As a consequence, our current understanding of bio-
diversity patterns might be biased by sampling dispropor-
tionately common species in more easily accessible areas
irrespective of the actual underlying species distributions
(Grand et al. 2007; Boakes et al. 2010). This is particularly
important, given that sampling biases and knowledge gaps
directly influence the interpretation of ecological studies
(Brown 1995; Blackburn and Gaston 2003; Vale and Jenkins
2012; Sousa-Baena et al. 2014), especially regarding local
and global diversity patterns (Boakes et al. 2010; Meyer
et al. 2015), thus hampering the design of more effective
conservation strategies (Boitani et al. 2011).

Habitat loss is the main cause of species extinctions
(Brooks et al. 2002; Hanski 2011; Barlow et al. 2016; Giam
2017) and biotic homogenization (McKinney 2006). These
impacts go beyond simple reductions in the composition of
local communities, as they also affect the functional and

@ Springer


http://orcid.org/0000-0002-9709-6154
http://orcid.org/0000-0002-1532-2016
http://orcid.org/0000-0001-9042-0129
http://orcid.org/0000-0001-8870-5192
http://orcid.org/0000-0002-2949-4871
http://crossmark.crossref.org/dialog/?doi=10.1007/s10841-020-00262-y&domain=pdf
https://doi.org/10.1007/s10841-020-00262-y

Journal of Insect Conservation

phylogenetic aspects of biological diversity (Arnan et al.
2018). This decrease in species richness, sometimes even
before the lost species can be formally described, is likely
to be more intense in environments susceptible to deforesta-
tion, particularly in the case of megadiverse groups, such as
many invertebrates.

Insects are rarely used in the design of conservation poli-
cies, despite performing essential ecosystem services. For
instance, ants not only can account for 25% of the animal
biomass in tropical rainforests (Schultz 2000), but also per-
form numerous ecosystem functions such as seed dispersal,
soil nutrient cycling and interactions with other organisms
(Folgarait 1998). These interactions include associations
with fungi (e.g. Currie 2001; Schultz 2008) and plants (e.g.
Frederickson et al. 2005; Dattilo et al. 2013; Ward and
Branstetter 2017), and biological control by predation (e.g.
Gonthier et al. 2013; Offenberg 2015). Some studies have
investigated worldwide data on ant occurrence records to
address questions dealing mainly with diversity distribution
patterns (Andersen 1995; Kaspari et al. 2000; Dunn et al.
2007, 2009). The distribution of ant diversity in Brazil has
been explored in studies on specific Brazilian biomes, in
Amazon forest (Vasconcelos et al. 2010), Atlantic Forest
(Silva and Brandao 2010, 2014), Cerrado (Vasconcelos et al.
2018), Caatinga (Leal et al. 2017), and Pampas (Drose et al.
2017), yet we are still far from a complete understanding of
the mechanisms governing ant diversity patterns.

Given the double challenge of incomplete knowledge
about ant distribution patterns and the pressing risk of habi-
tat loss, it is important to establish priorities for future ant
surveys to be carried out in areas that are both poorly stud-
ied and are under high risk of habitat loss. Indeed, Guénard
et al. (2012), through diversity prediction models, showed
that regions with high potential for new ant discoveries tend
to be under greater threat of deforestation. In this study we
compile a large-scale dataset of ant occurrence records in
Brazil and use it as a proxy for sampling effort throughout
the country. This information was compared to estimates
of habitat loss at two spatial levels, namely ecoregions and
biomes. We then provide a statistic—the urgency index—
that incorporates both sources of information and then
applied it to generate priority rankings for Brazilian biomes
and ecoregions, which can be used to establish priorities for
future surveys.

Materials and methods
Occurrence records
Ant occurrence records in Brazil were compiled between

2017 and 2018 in two ways, always including only records in
which ants were identified at the species level. Literature ant
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records were compiled through searching in the AntCat.org
database (Bolton 2020). This is the main online source of ant
taxonomic publications and contains all the original articles
related to each nomenclatural act performed in ant literature
since the publication of Linneus’ “Systema Naturae” (1758).
Given that the articles in this database are authored by taxo-
nomic authorities in the different ant taxa, all the papers col-
lected in this platform were deemed credible. Records were
then screened considering the occurrence of the ant species
in Brazil. Regarding the ecological literature, since not all
of the identifications could be verified, the occurrences were
used only when deemed credible (i.e., confirming taxa that
were already known to Brazil or removing the occurrence
when the author specialist certify that the record would be
improbable). Each entry in the list is backed by at least one
published reference or data source. The validity and author-
ity of species names follow Bolton (2020), as implemented
on AntCat.org. Species described as morphospecies and
specimens identified only to a level higher than species were
not included in the checklist. In addition, RMF, as ant tax-
onomist and co-author of this paper, revised species occur-
rences for all the papers considered eligible. When only the
city name was informed, we used the central coordinate of
the municipality as a reference point for the record. The col-
lection dates and corresponding citations were also included
in the dataset (Supplementary Material, Table S1).

In addition, ant records were obtained from the Ant-
web platform (https://www.antweb.org/, last accessed on
09/05/2019). This is an online platform in which photos and
additional information from a large number of ants collected
worldwide are maintained. Most specimens in this reposi-
tory were identified and curated by well-known researchers.
Existing records for Brazil were filtered and downloaded
using aw_data function in AntWeb package v. 0.6.7 (Ram
2014), implemented in R 3.4.4 (R Core Team 2018). Dupli-
cate records of the same species within a distance of 10 km
were excluded from the final dataset. Finally, all of our
records that had not been included in AntWeb were submit-
ted to their database and are now available in that platform.
The distribution of each record type is presented in Fig. S5
in the Supplementary Material.

Habitat loss data

We compiled data on deforestation and loss of natural veg-
etation cover for Brazil using two datasets: the mapping of
forest cover produced by Hansen et al. (2013) and the data
generated by the Annual Land Use and Land Cover Mapping
Project in Brazil—MapBiomas (http://mapbiomas.org/, last
accessed 08/20/2019). Both datasets were chosen because
they reflect complementary properties of habitat loss, dif-
fering mainly in the estimation of canopy loss. The loss of
natural cover calculated by the MapBiomas project considers
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the replacement of natural areas by other types of unnatural
vegetation, such as urban areas and agricultural activity, for
example. Open natural areas, therefore, were better repre-
sented by the MapBiomas estimates, given that differences
in canopy height are not considered. On the other hand,
given that data from Hansen et al. (2013) reports deforesta-
tion as loss of vegetation cover above 5 m, the loss of large
trees could be detected even within a matrix of preserved
native vegetation. In both cases, vegetation loss mapping
from 2000 to 2016 was used as a proxy for habitat loss.
This period reflects well the current state of Brazilian envi-
ronments considering the implementation of new policies
to combat deforestation in recent years (Arima et al. 2014;
Brancalion et al. 2016; Dupin et al. 2018), and therefore
are suitable to compare regions according to their imminent
danger of habitat loss. More information on these datasets
is provided in the Supplementary Material.

Analyses

All files with information on global deforestation for the
years 2000 to 2016 (Hansen et al. 2013) were joined using
the Mosaic operation. After joining the files, the Reproject
operation was used to convert the spatial resolution to about
1 km? per pixel, generating a raster of georeferenced defor-
estation information. Finally, a shapefile with the geographi-
cal limits of Brazil, made available by IBGE (Instituto Bra-
sileiro de Geografia e Estatistica), was used to truncate the
produced raster. Thus, the high coverage loss values (HCL)
proposed by Hansen et al. (2013) was calculated consider-
ing the percentage of deforestation cells recorded between
2000 and 2016.

MapBiomas natural vegetation cover loss data (MCL) per
year was obtained by the difference in natural vegetation
cover area between 2000 and 2016 generated directly from
the Google Earth Engine platform (https://code.earthengin
e.google.com/?accept_repo=users/mapbiomas/user-toolkit,
accessed on 10/15/2018), also at a resolution of 1 km per
pixel. Information available in the MapBiomas Collection 3
was used in this work, considering as loss of natural vegeta-
tion cover the decrease in the area composed of natural for-
est formations, savannas, mangroves and non-forest natural
formations, including non-forest wetlands, grasslands and
apicum.

Finally, the boundaries of Brazil’s biomes and ecore-
gions were used to calculate the habitat loss of these regions
from both layers. We considered 45 Brazilian ecoregions
(Olson et al. 2001) analyzed according to the updated limits
in shapefiles available on the Ecoregions 2017 platform ©
Resolve (https://ecoregions2017.appspot.com/, last accessed
05/08/2018). These same Ecoregions limits are available on
the official platform of the Brazilian Ministry of the Envi-
ronment (http://mapas.mma.gov.br/i3geo/datadownload.htm,

accessed on 06/01/2020). Ecoregion boundaries were used
because the structure of the environment reflects the type
of vegetation, which is an important determinant of faunal
composition, especially for ants (Lassau and Hochuli 2004).
More complex than biomes, ecoregion boundaries are also
defined based on soil type, hydrology and geographic forma-
tions, so that the use of these boundaries can demonstrate
variation in associated diversity with better refinement. We
therefore assume that habitat loss in different ecoregions
may lead to the loss of a different set of species. In addi-
tion, the limits of Brazilian biomes were also used, mainly
because they are political delimitations used in design-
ing conservation strategies or resource allocation for new
research. Layers of the biomes were obtained through the
governmental platform maps.mma.gov.br (last accessed
01/08/2018). All georeferencing operations were performed
using the open QGIS software (version 2.18).

With the occurrence data of Brazilian ant species com-
bined in the same dataset, a sampling pattern was generated
for Brazil, identifying the sampling density (records/km?)
for each area, between biomes and ecoregions. Using these
sampling density data and habitat loss data new urgency
indices (UI) were calculated for all biomes and ecoregions.
As the two vegetation loss data have different underlying
methodologies, the Ul index was calculated separately for
each one. This collection urgency index corresponds to the
percentage of habitat loss in each region, weighted by the
highest habitat loss value, divided by the corresponding
density of ant species records also weighted by the highest
calculated register density value. Thus, a region would have
a high UI when under a severe deforestation regime and/or
with a low sampling level. These weights were used in order
to keep the values at a comparable scale for comparisons. To
avoid negative or zero values, the habitat difference between
2000 and 2016 that was zero or below zero found by the
MCL estimate was replaced by 0.01. This has not affected
the order of priorities as we disregarded reforestation areas
for all regions. The UI was calculated as

P/P

I= max

D/D

max

where: P =percentage of habitat loss in the area (biome or
ecoregion), P, = highest percentage of calculated habitat
loss between areas; D =sampling density; D,,, = highest
calculated sampling density between areas.

Despite differences in magnitude, habitat loss values of
the ecoregions from HCL and MLC were concordant, with a
strong and positive correlation between the two Ul estimates
(r2 = 0.73, n=45, P<0.001; Fig. S1). Therefore, although
there were some differences in priorities between ecoregions
according to the type of habitat loss estimate, overall the
urgency of new collections followed a consistent pattern
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across different metrics. We therefore used the average
between the HCL and MCL UI values to list the ecoregions
according to their priority and categorize all ecoregions into
three groups of high, medium and low priority for new col-
lections according to the region’s rank. Finally, the collec-
tion date information included in the compiled dataset was
used to explore how occurrence records were distributed
temporally among Brazilian ecoregions. In particular, we
assessed whether there was a pattern of concentration or
increase of sampling in past few decades and if there were
fluctuations in the collection intensity in each ecoregion. It
is important to note that qualitatively similar patterns were
obtained omitting the AntWeb records (Table S2) and there-
fore will not be explored further here.

Results

The total set of compiled data involved 7804 occurrence
records (X = 8.52 + 13.48 records per species, median=4,
1-32 95% quantiles, Fig. 1), of which 5447 from the lit-
erature and 2357 from AntWeb. There were 1170 species
were from 113 genera sampled, of the approximately 1500
valid species with records confirmed for Brazil. This dataset
involved occurrence data on approximately 78% of all ant
species recorded for Brazil. All occurrence records used in
our study have been made available on the AntWeb platform.
By mapping occurrence data in a geographical context, the
heterogeneous distribution of records across the Brazilian
territory becomes clear (Fig. 2A). With the exception of the
far south, there is a concentration of ant occurrences in the
south and southeast regions, where the largest and oldest
research centers in the country are located. There are large

sampling gaps, mainly in the midwest region, and a low
number of records in the northeast. Caatinga was the biome
with the lowest number of records per area, whereas the
Atlantic Forest was the best sampled biome (Table 1).
Habitat loss values calculated from Hansen et al. (2013)
(HCL) and MapBiomas project (MCL) showed some dis-
crepancies between biomes and ecoregions, as expected
(Tables 1 and 2; Fig. 2b, Supplementary Material Fig.
S2A). Overall, habitat loss values were higher when cal-
culated using data from Hansen et al. (2013). However, for
native vegetation regions characterized by open areas such
as the Pampas, habitat loss values were higher when calcu-
lated from MapBiomas. When considering occurrences and
habitat loss data for both used estimates, the UI values on
the maps clearly highlight priority regions for future collec-
tion efforts (Table 1; Fig. 2¢c and d, Supplementary Material
Figs. S2B, C). In terms of biomes, Caatinga represents the
biome that should receive most special attention, whereas
the Atlantic Forest would have the lowest priority given the
considerable effort of collections already carried out along
its extension. Priority among the other biomes changes
according to the difference in HCL and MCL values.
When we evaluated UI values at the ecoregion scale for
both categories of cover loss, we can notice considerable
heterogeneity at the level of ecoregions within each biome
(Figs. 2d and S2C), as observed in western Amazonia. The
Guianan piedmont moist forests ecoregion has a high prior-
ity compared to other ecoregions with much lower UI, such
as the Japura-Solimdes-Negro moist forests area (Table 2).
The Gurupa varzea ecoregion has the highest collection pri-
ority for both habitat loss categories followed by the Mara-
nhdo Babagu forests and Mato Grosso tropical dry forests.
These three ecoregions are differentiated in terms of risk
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Fig.2 Maps containing information on: a Density of ant records
among Brazilian states containing all compiled occurrence points.
The kernel smoothing methodology was used for record interpolation,
with more intense blue color in regions with higher occurrence den-
sity; b Percentage of natural cover loss (MCL) calculated from Map-

Table 1 Number of occurrence
records per km?, percentages
of high coverage loss (PCA),
loss of natural coverage (PCN)
between 2000 and 2016 and
their respective Urgency Index
(UI) values and priority for new
collections for each Brazilian
biome

Habitat loss
11%

Biomas land cover data between 2000 and 2016. ¢ Urgency Index
(IU) calculated for Brazilian Biomes based on record density and
MCL values for each biome; d Urgency index calculated for Brazilian
ecoregions also based on record density and MCL values

Biome N°records’km?>  HCL (%) MCL (%) IUye, Uy Priority  Priority
HCL MCL
Amazon 1.01 6.92 3.44 343 1.98 3° 5°
Caatinga 0.22 3.33 241 7.58 6.37 1° 1°
Cerrado 0.57 6.95 5.31 6.06 5.38 2° 3°
Atlantic Forest ~ 3.51 5.01 0.67 0.71 0.11 6° 6°
Pampa 0.76 2.16 5.11 1.42 391 5° 4°
Pantanal 0.63 3.58 6.03 2.85 5.58 4° 2°
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Table 2 Number of occurrence records per km?, percentage of high coverage loss by Hansen et al. (2013; HCL), and natural coverage loss by
MapBiomas project (MCL), their respective urgency index (UI) values, and Priority of collection for each Brazilian ecoregion

Ecoregion N°records HCL MCL  Ulyg Ul Priority  Priority  Priority level
/km (%) (%) HCL MCL

Gurupa varzea 0.01 4.54 2.21 202.37  176.96  1° 1° High
Maranhéo Babagu forests 0.1 13.16  4.02 58.66 32.19 2° 3° High
Mato Grosso tropical dry forests 0.22 13.71  9.79 27.78 35.63 5° 2° High
Tapaj6s-Xingu moist forests 0.11 8.44 3.06 34.20 22.27 4° 4° High
Brazilian Atlantic dry forests 0.15 7.07 2.57 21.01 13.72 7° 5° High
Guianan piedmont moist forests 0.01 1.08 0.12 48.14 9.61 3° 10° High
Chiquitano dry forests 0.44 8.88 5.93 9.00 10.79 10° 8° High
Caatinga 0.18 3.29 24 8.15 10.68 12° 9° High
Madeira-Tapaj6s moist forests 0.49 9.68 5.99 8.81 9.79 11° 11° High
Pantepui forests & shrublands 0.01 0.4 0.09 17.83 7.21 8° 15° High
Northeast Brazil restingas 0.1 5.36 0.54 23.89 4.32 6° 19° High
Pantanal 0.38 3.53 6.05 4.14 12.75 22° 6° High
Xingu-Tocantins-Araguaia moist forests 1.06 15.09 11.09 6.35 8.38 17° 13° High
Iquitos varzea 0.58 9.35 4.43 7.19 6.12 16° 16° High
Pernambuco coastal forests 0.75 3.53 11.39  2.10 12.16 26° 7° High
Cerrado 0.55 6.62 5.44 5.37 7.92 19° 14° Medium
Tocantins Pindare moist forests 1.16 2046 5.13 7.86 3.54 14° 20° Medium
Southwest Amazon moist forests 0.2 2.81 1.09 6.26 4.36 18° 18° Medium
Humid Chaco 0.86 5.25 1025 272 9.54 25° 12° Medium
Purus véarzea 0.11 1.87 0.12 7.58 0.87 15° 24° Medium
Guianan highlands moist forests 0.04 0.41 0.02 4.57 0.40 21° 25° Medium
Uruguayan savanna 0.71 2.24 4.63 1.41 5.22 30° 17° Medium
Amazon-Orinoco-Southern Caribbean mangroves  0.63 5.38 0.92 3.81 1.17 24° 23° Medium
Pernambuco interior forests 1.47 5.23 3.8 1.59 2.07 29° 21° Medium
Caqueta moist forests 0.01 0.35 -0.02 15.60 -1.60 9° 45° Medium
Araucaria moist forests 342 7.07 5.27 0.92 1.23 32° 22° Medium
Guianan lowland moist forests 0.09 0.38 0.02 1.88 0.18 27° 27° Medium
Solimdes-Japura moist forests 0.01 0.18 0.01 8.02 0.80 13° 44° Medium
Negro-Branco moist forests 0.08 0.84 0.01 4.68 0.10 20° 38° Medium
Jurua-Purus moist forests 0.07 0.29 0.01 1.85 0.11 28° 31° Medium
Bahia interior forests 2.97 5.98 0.52 0.90 0.14 33° 28° Medium
Marajé varzea 0.25 2.23 0.01 3.98 0.03 23° 41° Low
Uatuma-Trombetas moist forests 1.54 2.68 0.13 0.78 0.07 34° 30° Low
Caatinga Enclaves moist forests 2.51 3.59 0.11 0.64 0.04 35° 32° Low
Purus-Madeira moist forests 4.33 4.22 1.7 0.43 0.31 42° 26° Low
Guianan savanna 3.99 4.55 0.41 0.51 0.08 40° 29° Low
Monte Alegre varzea 3.17 4.03 0.01 0.57 0.00 37° 34° Low
Bahia coastal forests 4.32 11.15 0.01 1.15 0.00 31° 42° Low
Japura-Solimdes-Negro moist forests 0.66 0.81 0.14 0.55 0.17 38° 39° Low
Campos Rupestres montane savanna 2.81 2.74 0.01 0.43 0.00 41° 37° Low
Serra do Mar coastal forests 9.12 4.26 0.26 0.21 0.02 45° 33° Low
Atlantic coast restingas 2.67 3.47 0.01 0.58 0.00 36° 43° Low
Alto Parana Atlantic forests 1.67 1.91 0.01 0.51 0.00 39° 40° Low
Southern Atlantic Brazilian mangroves 7.36 4.77 0.01 0.29 0.00 43° 36° Low
Campinaranas de Alto Rio Negro 2.34 1.18 0.01 0.22 0.00 44° 35° Low

Priority level categories were calculated by the average value of collection priorities between the two types of habitat loss
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status and knowledge of ant fauna. Although not under such
a severe habitat loss regime, the highest priority ecoregion,
Gurupa varzea, has no record of ants in our occurrence data
set, which highlights the need for surveys in that area. On the
other hand, the Maranhao Babagu forests and Mato Grosso
tropical dry forests have shown high levels of deforestation
in recent years, where canopy cover fell by 13% between
2000 and 2016. Even though these areas do not have rela-
tively low numbers of occurrence records, much of the vege-
tation is being lost. Thus, we notice that our index highlights
equally worrying areas due to either the low knowledge of
the fauna or the imminent loss of habitat.

Results relating to the temporal distribution of occurrence
records are presented in Supplementary Material (Figs. S3
and S4). No period of consistent increase or decrease has
been observed for all ecoregions for the last decades. How-
ever, even with fluctuations, some areas were consistently
poorly sampled while others showed oscillations within a
higher sampling margin, such as western Amazonia and
southeastern Brazil, respectively.

Discussion

The extensive compilation of occurrence records carried
out in this study is a breakthrough in our understanding of
the large-scale distribution of ants in Brazil. While such
extensive compilations provide important information
about distribution patterns, they can be even more informa-
tive about data deficiency, directing strategies for addressing
biodiversity knowledge gaps more efficiently (Brito 2010).
Therefore, our data set not only identifies the regions with
collection biases, but also indicates which regions have the
least studies and the most limited knowledge on its ant fauna
and possibly other invertebrate groups. This is particularly
valuable, given that biological sampling is not evenly distrib-
uted across the globe (Grand et al. 2007), being concentrated
in areas near research centers and large cities, as well as
those with easier access to collection sites (Kadmon et al.
2004; Carneiro et al. 2008; Boakes et al. 2010; Oliveira et al.
2016), as seems to be the case in our study. Moreover, simi-
lar concentration of sampling in different Brazilian biomes
has also been observed for other arthropods (see Oliveira
et al. 2016), with the Atlantic Forest and the Caatinga being
the most and least sampled biomes, respectively.

The numerous impacts of deforestation and fragmentation
scenarios on biotas are a constant cause of concern (Laur-
ance et al. 2009; Clark et al. 2010; Caro et al. 2014). For
ants, many studies show changes and decreases in diver-
sity along fragmented, disturbed or regenerating gradients
(Floren and Linsenmair 2001; Ribas et al. 2005; Silva et al.
2007). According to both habitat loss estimates observed
here, Caatinga is the biome with the greatest need for new

ant inventories. Although considered as one of the main
dry tropical forest areas in the world with a unique biologi-
cal composition (Mittermeier et al. 2002) and high diver-
sity, Caatinga is still poorly studied (Overbeck et al. 2015;
Oliveira and Bernard 2017) and quite neglected in terms of
taxonomic studies (Santos et al. 2011) and knowledge of
biodiversity, especially for insects (Oliveira et al. 2016). As a
major contribution to fill some of this gap, Leal et al. (2017)
provide a multi-faceted approach on the composition of ant
species in the Caatinga and its intrinsic relationship with
anthropogenic expansion and environmental changes. As
demonstrated in that study, (1) ants and their provided ser-
vices are very sensitive to human disturbances in this biome,
(2) remnants of native Caatinga vegetation are small and
fragmented (see also Prado 2003), and (3) the recent habi-
tat loss in this biome is also of concern, as protected areas
account for only 7.5% of total area (data from the Brazilian
Ministry of the Environment, https://www.mma.gov.br/areas
-protegidas.html. Accessed on 01/03/2019). The work by
Arnan et al. (2018) suggests a decrease in the functional and
phylogenetic diversity of Caatinga ants with increasing of
anthropogenic disturbance, emphasizing the sensitivity of
these organisms and their intrinsic relationship with different
areas, even within the same biome.

According to our prioritization rates, some areas of the
Caatinga, when considered as more specific ecoregion
domains, do not present such an alarming scenario, whereas
areas located north of the biome are among the sites with
the highest priority. The same is true in the Amazon, where
intense sampling biases, especially near major research cent-
ers, dilute the priority of the biome as a whole. When one
considers the ecoregions of the biome, it is possible to iden-
tify priority sites on a more refined scale. This shows that
considering the total area of the biome in terms of sampling
and habitat loss may not provide as accurate information
as considering more heterogeneous environments such as
ecoregions.

Recently, using new technologies and integration of
various data types, Smith et al. (2018) demonstrated that
ecoregions represent very robust biological units. It has
been tested and confirmed that currently used limits delin-
eate terrestrial biodiversity standards well. Thus, we can
assume that the results based on ecoregion delimitations
might better reflect the urgencies in the need for knowl-
edge of the different ant communities. Still, we emphasize
that the boundaries of Brazilian biomes are also important,
as they reflect more political strategies in decision mak-
ing, especially for resource allocation for conservation
and research. In 2015, the Ministry of Environment, in
partnership with the LIFE Institute, published a Technical
Notebook (Available at: https://institutolife.org/material/
caderno-tecnico-vol-3-ecorregioes-do-brasil-prioridade
s-terrestres-e-marinhas/, Accessed: 10/06/2018) which
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contains information about Brazilian ecoregions, including
the cities belonging to each ecoregion, thus facilitating the
knowledge of the characterization of the entire territory.

We also underscore that the prioritization of areas for
new inventories was based on two important criteria -
prior ant knowledge and current habitat loss - but these
are not the only factors that highlight areas in need of
further research. The determination of knowledge hotspots
for ants, as argued by Guénard et al. (2012) indicates the
choice of priority areas for further studies according to the
ant diversity potential. They used climate modeling and
diversity interpolation to estimate which sites would be
most unknown in terms of diversity on a global scale. The
results of this research showed that the Brazilian Northeast
is among the world regions with the highest ant knowl-
edge potential, especially the states of Piaui, Sergipe, Rio
Grande do Norte, and Paraiba. Most of these areas belong
to the Caatinga biome, which presented the highest prior-
ity for new samples according to our results. In addition, a
very recent study (Jory and Feitosa 2020) presented a list
of species of Piaui and showed that in two collecting expe-
ditions in national parks, 58 new records were obtained for
the state, eight for the northern region and one for Brazil.
These results reaffirm the potential for diversity discover-
ies in the region.

Normally, strategies for conservation focus on more
diverse environments and/or areas with high rates of end-
emism (Myers et al. 2000; Butchart et al. 2010). Despite
great efforts in developing remediation strategies to reduce
sampling bias in different types of studies (e.g. Garcia 2006;
Costa et al. 2010; Engemann et al. 2015), biodiversity data-
bases still have limitations for many poorly studied sites and
organisms (Soberén et al. 2000, 2007; Hortal et al. 2007).
This lack of knowledge impacts the conservation of spe-
cies, given that regions with less sampled diversity may also
be environments with less focus on conservation strategies.
Other works with the same approach proposed here may
guide new sampling efforts for different groups and directly
influence the delimitation of priority areas for conservation.

Although sampling in most ecoregions fluctuate without
any obvious temporal pattern, the most sampled ecore-
gions had a more consistent increase in sampling from the
2000s onwards (Supplementary Material, Fig. S4). Even
though these temporal data were only analyzed until 2015,
due to the slow processing of collected material, much
of this sampling effort of the last decade still awaits in
collections to be properly analyzed. We expect this small
increase to reflect more robust ant knowledge numbers in
recent years. In particular, investing in the knowledge of
ant faunas is a valuable tool for conservation planning,
given that ants are important bioindicators of environ-
mental disturbance (Andersen 1997; Andersen et al. 2002;
Brandao et al. 2011) and can provide good monitoring of
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environmental conditions, mainly in their species compo-
sition (Kaspari and Majer 2000; Ribas et al. 2012; Under-
wood and Fisher 2006).

There is an important caveat for our use of the Ul: by
integrating two different variables into the same index,
we are giving equal weight to sampling effort and habitat
loss, which are very distinct types of data. Meanwhile,
the weight given to each variable can be easily changed
according to different emphases for prioritization. We fully
acknowledge this limitation and we advise its use with the
appropriate caution and good judgement. However, it is
important to note that this is not a limitation that is exclu-
sive of the UI. For the sake of argument, let us assume we
were focusing exclusively on habitat loss. One could raise
similar concerns despite that reduction in scope given that,
for instance, habitat loss from logging would have different
consequences from burning or mining. In addition, meas-
uring habitat loss might not properly describe whether
the impact is acute or chronic, or the existence of selec-
tive logging. Likewise, often conservation priorities are
based largely on vertebrates, which might not reflect the
remaining local biota (Donaldson et al. 2016). However,
we still do rely on such summary statistics in spite of their
limitations for two main reasons: (1) they are operational,
as they provide a convenient way to rapidly compare and
contrast different conditions of interest, and (2) they are
likely to lead—more often than not—to informed decision
making. We would not advise researchers to use our index
as the sole criterion for new ant surveys, but we believe
that it might provide important insight to design future
surveys in a more strategic fashion.
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