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Resumo

A histéria natural contribuiu para a histéria humana, desde a sobrevivéncia dos primeiros
hominideos até a compreensdo atual do mundo natural. Apesar de sua importancia, assistimos ao
seu declinio, como a diminuigao de cursos, de publicacGes na area e de financiamentos de estudos
focando historia natural, principalmente onde os dados biogeogréaficos sdo escassos. Para atenuar
este Ultimo, pode-se aplicar ferramentas estatisticas, como modelos de distribui¢do de espécies
(SDM), para prever areas potencialmente adequadas para a ocorréncia de espécies usando dados
ambientais e registros de ocorréncia de espécies, otimizando o escasso orgamento disponivel. No
trabalho a seguir, utilizamos SDMs correlativos, 0 método de entropia méxima implementado no
MaxEnt, para duas formigas carpinteiras, Camponotus rufipes e C. renggeri, duas espécies
amplamente distribuidas, mas bastante estudadas basicamente no Cerrado. Os modelos mais bem
suportados indicaram areas de alta adequacdo em diferentes biomas, como Amazbdnia, Mata
Atlantica, Cerrado, Pampa, Pantanal, Chaco e ecossistemas associados, mas encontramos
distribuicbes projetadas contrastantes para cada espécie. A contribuicdo das varidveis
bioclimaticas variou entre as espécies, reforcando suas diferencas ecoldgicas. Finalmente,
encorajamos 0 uso dos mapas de distribuicdo previstos descritos neste estudo para pesquisas
futuras sobre histdria natural e levantamentos de inventario cujos organismos-alvo incluem C.

rufipes e C. renggeri.



Introducéo Geral

A histéria natural pode ser definida como a observacéo e descricdo do mundo natural e
das relacdes dos organismos com o meio (Tewksbury et al. 2014). Praticada pelos primeiros
hominideos cagadores e mais tarde por alunos do ensino fundamental, a historia natural esteve e
esta presente na vida de todas as pessoas, a mais antiga tradicdo humana continua (Fleischner
2011). Classificar e descrever novos taxons, seus comportamentos e interagdes inter-
intraespecificas e com o ambiente fazem parte do escopo da historia natural e sdo de extrema
relevancia para a ciéncia da conservacdo (Hampton & Wheeler 2011). Apesar de tal importancia,
a falta de atengdo e investimento na que foi ja considerada a ‘mae da ecologia’ reflete em lacunas
do conhecimento para solugdes de problemas sociais e de recursos naturais (Hampton & Wheeler
2011).

O declinio da histéria natural nas Gltimas décadas é testemunhado pela consolidacao (e
ndo o aumento) de herbérios, diminui¢do de disciplinas de graduagdo e de programas de pos-
graduacdo em cursos de biologia relacionados a histéria natural (Tewksbury et al. 2014), bem
como de oportunidades para aprimorar observaces em campo e habilidades em museus
(Fleischner et a. 2017). O financiamento de museus, instituicbes académicas e pesquisas de
historia natural sdo insuficientes tanto para manutencdo das cole¢bes biolégicas como para
estudos de longa duracdo (Suarez & Tsutsui 2004). A falta de investimento limita trabalhos de
campo fundamentais para a compreensdo do mundo natural e descobertas de novos organismos,
refletindo em menos publicac¢Bes de histdria natural para algumas areas (McCallum & McCallum
2006).

Além disso, trabalhos de campo sdo muitas vezes enviesados a locais de facil acesso,
préximos a centros urbanos e instituicdes de ensino e pesquisa (Kadmon et al. 2004, dos Santos
et al. 2008, Boakes et al. 2010, Oliveira et al. 2016), por vezes concentrando-se em areas ja
consolidadas para estudos, como o caso de duas espécies das formigas carpinteiras neotropicais,
Camponotus rufipes (Fabricius, 1775) e C. renggeri (Emery, 1894). Muito do que sabemos sobre
a ecologia, estrutura de coldnia e genética dessas espécies restringem-se a dados obtidos no
Cerrado (Azevedo-Silva et al. 2015, 2020, Ronque et al. 2016, 2018), mesmo estas espécies
ocorrendo desde a Venezuela até a Argentina (Janicki et al. 2016). Afim de pesquisar possiveis
respostas para diferentes ambientes para C. rufipes e C. renggeri, um trabalho recente descreveu
alguns atributos de historia natural para estas espécies em remanescente de Mata Atlantica
(Romeiro & Vanin https://doi.org/10.1101/2021.06.21.449232), com intuito de compara-los com
caracteristicas ja descritas para estas espécies no Cerraddo e Cerrado sensu strictu (Ronque et al.
2016, 2018).

Diversos foram os desafios para a realizacdo desse estudo, tanto com relagdo a

caracteristicas intrinsecas as espécies estudadas, como horéario de atividade quase exclusivamente



noturno e abandonos rapidos e frequentes de ninhos, quanto dificuldades em campo, como clima
e seguranca da equipe. Primeiramente, procurar por pequenos animais, como formigas, em uma
paisagem complexa e muito vegetada como a Mata Atlantica, ndo é uma tarefa trivial. Foram
necessarios muitos dias de buscas por ninhos embaixo de sol e encontros constantes com
diferentes animais, muitas vezes 0s quais apresentavam perigo a equipe. Ainda, o abandono de
quase todos os ninhos entre as estacBes tornaram o trabalho ainda mais desafiador, sendo
necessarias novas buscas de ninhos, inclusive em outras Unidades de Conservacao, o que exigiu
a obtencdo de novas autorizagfes de coleta pelos 6rgdos responsaveis, elevando o tempo
necessario e os gastos de recursos para finalizagdo da proposta de projeto. Segundo que, a
seguranca em campo muitas vezes ndo é garantida. Dentro das UCs, a visita do publico é
frequente. Essas visitas podem ser motivadoras, enquanto oportunidade de educacdo ambiental,
porém em contrapartida, visitas por pessoas ma intencionadas podem tornar a experiéncia dos
estudantes e pesquisadores assustadora, por exemplo pessoas portando armas de fogo no Parque
Estadual Xixova-Japui (Romeiro & Vanin, observacao pessoal).

Desta maneira, diante dos desafios de atividades em campo e importancia de estudos de
historia natural, algumas ferramentas como modelos de distribuicdo de espécies (SDM, do inglés
species distribution models) (Guisan & Thuiller 2005, Austin 2007, Elith et al. 2010) podem
otimizar o tempo e outros recursos ao direcionarem os esforcos in situ em regiGes mais provaveis
de se encontrar espécies de interesse (Raxworthy et al. 2003, Bourg et al. 2005). A premissa dos
SDMs é de que a distribuicdo observada de uma espécie fornece informagdes Uteis sobre seus
requisitos ambientais basicos, como niveis de temperatura e precipitacdo (Pearson & Dawson
2003). Desta maneira, os modelos relacionam varidveis ambientais com registros de presenca,
presenga-auséncia ou abundancia de uma espécie alvo, registradas por observagdo de campo ou
colec@es de historia natural, incluindo banco de dados online (Graham et al. 2004, Pearson et al.
2007, Fois et al. 2015). Os dados sdo submetidos a diversas func¢des atreladas ao algoritmo de
interesse e especificacBes definidas pelo modelador com relacdo a ecologia do organismo (Guisan
& Zimmermann 2000), podendo incluir, por exemplo, pardmetros relacionados a capacidade de
dispersdo e a presenca de predadores (Guisan & Thuiller 2005).

Dessa forma, os SDMs podem ser projetados no especo geografico gerando mapas de
adequabilidade ambiental que se refletem na probabilidade de distribuicdo geogréafica, os quais
podem ser utilizados para diferentes praticas a conservacao. Alguns exemplos de sucesso foram:
o delineamento de areas prioritarias para criagdo de UCs com intuito de proteger grandes
carnivoros ameagados de extingdo, como a onga pintada (Panthera onca) (Morato et al. 2014); a
constatacdo de novos locais provaveis de ocorréncia da espécie vegetal rara Dimorphandra
wilsonii Rizzini no Cerrado e Mata Atlantica (Fernandes & Rego 2014), os quais ndo séo
protegidos; e a descoberta das pequenas areas adequadas ndo protegidas para o pato-mergulhdo

(Mergus octosetaceus), espécie ameagada de extin¢do (Bovo et al. 2021).



Os exemplos acima mostram diferentes possibilidades de aplicacdo dos SDMs, como
descoberta de novas espécies e populagbes (Raxworthy et al. 2003, Bourg et al. 2005) e
planejamento de conservacdo (Aradjo et al. 2011). Além dessas possibilidades, hd também a
atencdo as areas potenciais para espécies invasoras (Peterson et al. 2008, Elith et al. 2010),
previsdo dos efeitos das mudancas climéticas na distribuicdo das espécies (Araujo et al. 2005,
2011, Araljo & Rahbek 2006, Elith et al. 2010) entre outras. As diversas aplicaces desses
modelos fizeram que nos Gltimos 20 anos mais de 3000 estudos aplicassem os resultados obtidos
pelos modelos para avaliar a biodiversidade (Aradjo et al. 2019).

Neste projeto, nosso objetivo foi desenvolver SDMs para C. rufipes e C. renggeri,
identificando areas de maior adequabilidade para ambas as espécies com finalidade de
contribuir com futuros estudos que envolvam a amostragem e coleta destas espécies de
formigas. Assim, esperamos diminuir gastos decorrentes da logistica de campo e poupar energia
dos pesquisadores, uma vez que a probabilidade de sucesso de amostragem nas primeiras

tentativas de busca serd aumentada.
Espécies de estudo

Formigas sédo insetos eusociais, ou seja, apresentam trés caracteristicas fundamentais: (i)
sobreposicao de geracdes entre individuos que convivem no grupo, (ii) cuidado cooperativo a
prole e, (iii) divisdo de trabalho, que se da pela existéncia de castas reprodutivas e nédo
reprodutivas (Ricklefs 2010). Essa estrutura de organizacdo pode variar entre espécies e dentro
de uma mesma espécie, como em Myrmecocystus mendax Wheeler, 1908, que apresenta
predominio de colbnias poliginicas (mais de uma rainha funcional para um Gnico macho por
colénia) ou poliandricas (uma unica rainha funcional para mais de um macho por coldnia)
dependendo da regido de ocorréncia nos EUA (Ericksson et al. 2019).

Além das variagbes na estrutura de coldnia, atributos de histéria natural em formigas
variam amplamente entre as mais de 16 mil espécies catalogadas (Teles et al. 2003). Por exemplo,
a nidificagdo (comportamento de construgdo dos ninhos) pode ocorrer em diferentes substratos
como solos, fendas e plantas ou parte delas. Da mesma forma, os materiais utilizados para a
construcao também sdo diversos, como madeira, terra, folha, palha e outros (Steiner et al. 2010).
Os habitos alimentares também variam, como desde generalistas, incluindo onivoria, carnivoria
e canibalismo (Bluthgen & Feldhaar 2010), até dietas bastante especializadas, como as dos
géneros Atta (Fabricius, 1804) e Acromyrmex (Mayr, 1865), que cultivam fungos para sua
alimentacdo (Gadau et al. 2012). Ainda, a alta variedade de histérias de vida em formigas também
englobam forrageamento, reconhecimento, defesa, organizagdo social entre muitos outros

comportamentos especializados (Holldobler & Wilson 1990).



Para duas espécies de formigas carpinteiras neotropicais, C. rufipes e C. renggeri,
pertencentes a subfamilia Formicinae, esforgos recentes descreveram diferencas em algumas
caracteristicas de historia natural entre col6nias distribuidas no Cerrado e Mata Atlantica. Apesar
das semelhancas morfoldgicas e comportamentais entre as espécies, a area de vida foi menor em
colonias estudadas em fragmento de Mata Atlantica (Romeiro & Vanin
https://doi.org/10.1101/2021.06.21.449232) em comparagao as col6nias em ambiente de Cerrado

e Cerrado strictu sensu (Ronque 2016, 2018). Da mesma forma, pequenas diferencas no horario
de atividade e estrutura dos ninhos também foram observadas (Romeiro & Vanin
https://doi.org/10.1101/2021.06.21.449232).

Estes achados sdo de extrema importancia para a compreensdo da plasticidade
interespécies e formulacdes de novas hipdteses evolutivas, ecolégicas e genéticas. A ampla
distribuicdo de C. rufipes e C. renggeri é testemunhada pelos registros de ocorréncia (ainda que
poucos) que abrangem diferentes ambientes além do Cerrado, savana brasileira, como Caatinga,
Amaz6nia, Mata Atlantica, Pantanal e outros (Janicki et al. 2016, Guénard et al. 2017). Poucos
sdo os estudos de historia natural com estas espécies em outros ambientes que nao o Cerrado. Em
parte, isto se deve as dificuldades de encontrar estes animais na natureza, principalmente em
vegetacGes mais altas e fechadas, como a Mata Atlantica. Desta maneira, acreditamos que 0s
SDMs desenvolvidos servirdo para se aumentar a abrangéncia geografica da amostragem destas
espécies de formigas, permitindo ndo apenas a obtengdo de registros desses organismos, mas

também os mais variados estudos que os envolvam, como os de Historia Natural.
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Abstract

Species distribution models (SDM) are widely used methods for assessing biodiversity. Among
the different application possibilities, the prediction of potential areas for species currents is an
extremely relevant field for the conservation and optimization of research efforts. Among the
several algorithms, MaxEnt is one of the most used, its high performance can generate reliable
models and then contribute to several researches, especially those that use model organisms
whose geographic distribution is little known. So, in this work we used correlative SDMs, the
maximum entropy method implemented in MaxEnt, for two carpenter ants, Camponotus rufipes
and C. renggeri, two widely distributed species best documented in the Cerrado savannah. The
best supported models indicated areas of high suitability in different biomes, such as the Amazon,
Atlantic Forest, Cerrado, Pampa, Pantanal, Chaco, and associated ecosystems, but we found
contrasting projected distributions for each species. The contribution of bioclimatic variables
varied between species, reinforcing their ecological differences. Finally, we encourage the use of
the predicted distribution maps described in this study for future research on natural history and

inventory surveys whose target organisms include C. rufipes and C. renggeri.

Keywords: Carpenter ants, geographic distribution, correlative model, maximum entropy



Introduction

Species distribution models (SDM), also known as ecological niche models, bioclimatic
envelopes or habitat models (Elith and Graham 2009, Aradjo and Peterson 2012) are
mathematical models that aim to explain the observed patterns of species occurrence in nature
(Guisan and Zimmermann 2000, Elith and Graham 2009, Araujo and Peterson 2012). In the last
20 years, more than 3000 studies used SDM to address biodiversity assessments (Aradjo et al.
2019), encompassing different areas of knowledge, such as landscape ecology (Amici et al. 2015),
biogeography (Carvalho and Del Lama 2015), conservation biology (Raxworthy et al. 2003,
Aradjo et al. 2011, Bernardes et al. 2013, Brambilla et al. 2013), marine sciences (Crafton 2014,
Bouchet and Meeuwig 2015), paleontology (Stigall and Brame 2014), evolutionary biology
(Kozak et al. 2008), plant ecology (Bourg et al. 2005, Gelviz-Gelvez et al. 2015) and restoration
ecology (Fernandez and Morales 2016). Usually, these models are used as tools to locate a target
species in new areas (Raxworthy et al. 2003, Bourg et al. 2005), plan conservation actions (Araujo
et al. 2011), monitor potential areas for invasive species (Peterson et al. 2008, Elith et al. 2010),
predict the effects of climate change on species distribution (Aradjo et al. 2005, 2011, Aradjo and
Rahbek 2006, Elith et al. 2010) and estimate the species’ environmental niche (Warren and Seifert
2011).

Among the various purposes of SDMs, the prediction of potential species occurrence
areas for regions for which there are no occurrence records is a commonly explored field (Aradjo
et al. 2019). For this aim, the most used tool among researchers (more than 1,000 publications
between 2009 and 2015) is the machine learning method known as maximum entropy algorithm,
implemented in the MaxEnt program (Hijmans et al. 2017, Morales et al. 2017). The software is
supplied with coordinates of the species records (presence or biotic data) and environmental
variables associated with these areas (abiotic data). The premise is that the observed distribution
of a species provides useful information about its basic environmental requirements, essential for
limiting its ecological niche (Hutchinson 1957, Begon et al. 2007), such as temperature and
precipitation levels (Pearson and Dawson 2003). The data submitted to the MaxEnt algorithm
results in models that estimate a potential geographical range of probability of occurrence of the
target species (Phillips et al. 2006).

Many researches can benefit from the models predicted by MaxEnt, especially those that
use model organisms whose geographic distribution is little known (Guisan and Zimmermann
2000, Raxworthy et al. 2003, Bourg et al. 2005). Camponotus rufipes (Fabricius, 1775) and C.
renggeri (Emery, 1894) are two morphologically similar species of carpenter ants with
contrasting natural history traits and that comprise independently evolving lineages (Azevedo-
Silva et al. 2015, 2020, Ronque et al. 2016, 2018, De Aguiar et al. 2017). They are known to be

widely distributed, occurring from northern Venezuela to Argentina, occurring in contrasting



biomes, but most of the data obtained is restricted to the Brazilian Savannah, the Cerrado. To
facilitate the discovery of these species in biomes other than the Cerrado, such as the Atlantic
Forest, we used a probabilistic geographic distribution map using the MaxEnt method, to assist

future investigative field work aiming for these species.
Materials and Methods
Species occurrence and bioclimatic data

In order to build a model of environmental suitability for C. rufipes and C. renggeri and project
it to the geographic space, 111 filtered records from species georeferenced data (78 for C. rufipes,
33 for C. renggeri) were collected on four digital platforms: Global Biodiversity Information
Facility (GBIF, www.gbif.org), speciesLink network (www.splink.org.br), AntWeb
(www.antweb.org) and Global Ant Biodiversity Informatics (GABI, www.antmaps.org) and eight
scientific papers selected from Google Scholar searches using the words ‘Camponotus renggeri’
and ‘Camponotus rufipes’ (Oliveira and Freitas 2004, Cantarelli et al. 2015, Miranda et al. 2015,
Ronque et al. 2016, 2018, Imirzian et al. 2019, Jory and Feitosa 2020, Monteiro et al. 2020)
(Figure 1).

Climatic data were collected from the WorldClim 2.1 database (www.worldclim.org.)

(Fick and Hijmans 2017) with a spatial resolution of 2.5 arcmin (approximately 4.5 km from
equator). Nineteen bioclimatic variables derived from precipitation and temperature variables
were used. We assessed the degree of correlation between variables using Pearson’s correlation
coefficients (p), considering the maximum threshold of p < 0.8. Of each correlated group, only

one variable was chosen (see Results).
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Figure 1. Distribution map of the occurrence records of Camponotus rufipes (red circles) and C. renggeri
(yellow lozenges) in South America, highlighting the biomes of Brazil. Data were collected from four

online databases (GBIF, speciesLink, GABI and Antweb) and eight scientific papers.
Modelling species’ potential distribution

We defined the background based on performance evaluation in terms of complexity and
explanatory power of SDM built with different number backgrounds points (500, 5.000 e 10.000).
Background points provide statistical contrast with the area of presence for downstream analyses
(Soberén and Peterson 2005). The calibration area used in the analyses preferably are large
enough to include the potential colonization ranges (Barve etal. 2011), thus, we selected the South
American continent, given the geographic distribution of the species reported in the literature
(Janicki etal. 2016) (Figure 1). The best performance was achieved with 5.000 background points,
which was used to calculate the final SDM.

To reduce sampling bias of the selected occurrence records, we partitioned them using
the ‘Block’ and ‘Checkerboard 1’ methods implemented in the ENMeval package (Muscarella et
al. 2014). Based on ad hoc criterion (see Results), ‘Checkerboard 1’ performed better given the
test data. The complexity of the models was adjusted to avoid overfitted or underfitted models.
We performed the models adjustment based on transformations of environmental predictors
(feature classes) and penalization via regularization multipliers (Muscarella et al. 2014) (Table
2). The adjusted models were selected based on the lowest value of the Akaike Information
Criterion corrected for small samples sizes (AlCc) (i.e. the AlCc difference between models,
AAICc = 0) (Warren and Seifert 2011). The contribution of each environmental variables used

was calculated with ENMeval package (Muscarella et al. 2014).



We performed 10 bootstraps replicates of the models that had the best predictive
performance evaluated by the area under the curve (AUC) metric implemented in the ENMeval
package (Muscarella et al. 2014). The final models for C. rufipes and C. renggeri were projected
into the geographical space and summarized according to the average, maximum and minimum
values of environmental suitability. All analyzes were performed in the R 3.5.0 (R Core team
2013).

Results

After filtering for correlated environmental variables, correlated variables grouped in nine groups,
and the percentage of contribution of each group to MaxEnt’s model is shown in Table 1. There
were clear differences in contribution between species as Precipitation of Wettest Quarter
(BIO16) and Precipitation of Warmest Quarter (B1O18) groups contributed more to C. rufipes,
whereas Mean Temperature of Wettest Quarter (BIO8) and Precipitation of Coldest Quarter
(BIO19) groups were more important for C. renggeri SDM. Only three bioclimatic variables
provided minor contributions to the predictions: Mean Diurnal Range (BIO2), Precipitation of
Driest Month (B1014) and Precipitation Seasonality (BIO15). Only BIO16 was not important for
C. renggeri.

The AICc and AUC values of output species distribution models for C. rufipes and C.
renggeri are summarized in table 2. The selection of models with the best fit (i.e., AAICc = 0),
were also the models with the highest AUC values, with the exception of a quadratic linear
parameter test with the lowest fit of occurrences for C. reggeri (AUC = 0.72). The most likely
models of the environmental suitability of both species cover different geographic regions,
including biomes such as Atlantic Forest, Cerrado, Pantanal, Amazon, and ecotones between
these environments. In addition, for C. reggeri, suitable regions include the Pampa and Chaco

biome.

Table 1. Nine groups of bioclimatic variables (provided by WorldClim 2.0) collinear for C. rufipes and C.
renggeri. Highlighted (gray shading), the nine variables drawn and selected for modeling and their

percentage contributions to the models predicted for each species.

Groups  Variable Description of variables % C. rufipes % C. renggeri
BIO1 Annual Mean Temperature
BIO6 Min Temperature of Coldest Month
' BIO9 Mean Temperature of Driest Quarter 19.85 19.07

BIO11 Mean Temperature of Coldest Quarter




BIO5 Max Temperature of Warmest Month - -

BIO8 Mean Temperature of Wettest Quarter 11.08 26.97
BIO10 Mean Temperature of Warmest Quarter - -
B1012 Annual Precipitation - -
B1013 Precipitation of Wettest Month - -
B1016 Precipitation of Wettest Quarter 14.29 0.00
B1014 Precipitation of Driest Month 2.32 3.41
BI1017 Precipitation of Driest Quarter - -
B1015 Precipitation Seasonality 231 6.59
B1018 Precipitation of Warmest Quarter 24.55 7.25
B1019 Precipitation of Coldest Quarter 3.54 26.86
B102 Mean Diurnal Range 2.70 0.61
BIO3 Isothermality - -
Bl1O4 Temperature Seasonality 19.32 9.20

BIO7 Temperature Annual Range - -




Table 2. Values of the metrics used as validation (AICc and average AUC) of the different species
distribution models tested for C. rufipes and C. reggeri. The parameters L, Q and LQ represent linear,
quadratic and both models, respectively. Values from 0.5 to 2.0 indicate how well the models were fitted
to the species record data, the higher the value, the more fitted the model. Highlighted (gray shading), the

best models according to the AlCc criterion.

Camponotus rufipes Camponotus renggeri
Parameters AlCc (delta) AUC (avg) AlCc (delta) AUC (avg)
L (0.5) 113.42 0.78 17.00 0.65
Q (0.5) 124.46 0.77 0.00 0.69
LQ (0.5) 1.42 0.86 21.11 0.72
L (1.0) 113.70 0.78 13.53 0.64
Q (1.0 124.97 0.77 1.19 0.67
LQ (1.0) 0.00 0.86 8.57 0.68
L (1.5) 111.67 0.78 10.55 0.61
Q (1.5) 125.76 0.77 3.04 0.65
LQ (1.5) 213 0.85 7.31 0.65
L (2.0) 112.33 0.78 7.71 0.60
Q (2.0 126.76 0.77 5.39 0.65
LQ (2.0) 7.49 0.85 7.26 0.65

Few occurrences were not recovered by the best selected model (Figure 2). Regarding C.
rufipes, part of the records near the Andes Mountains at different latitudes, including regions of
the Amazon, and a single point in the northeast region of Brazil. For C. renggeri, only two records
in the Caatinga were not retrieved by our models. As expected, in general, the areas of greatest
environmental suitability were also the regions with the highest concentration of records, the
southeast region of Brazil and the Cerrado and Chaco regions, for C. rufipes and C. renggeri,

respectively (Figure 2)
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Figure 2. Average predictions of potential suitable habitats for C. rufipes and C. renggeri projected from
the species distribution model (MAXENT). The output of the fitted models shows two main, close and
distinct areas of high probability of occurrence for each particular species. Colored areas represent the
probability of occurrence, the greener the area, the greater the probability of occurrence. Blank areas
represent completely unsuitable habitats. The black dots represent the occurrence records of the species.
The figure was created in the R program (R Team Core, 2013) and edited with Inkscape
(https://inkscape.org/).

Discussion

Extensive areas of higher environmental suitability occurrence of C. rufipes and C. renggeri were
recovered by our models, covering different biomes and ecoregions, remarkably for C, renggeri.
The predictions roughly correspond to the wide distribution of records of these species across the
South American continent (Janicki et al. 2016). There are also notable differences in
environmental suitability between C. rufipes and C. renggeri, probably related to their ecology as
these ants exhibit differences in attributes of natural history (such as home range, activity schedule
and nesting habitats) depending on the environment in which they were sought (Tavares et al.
2008, Ronque et al. 2016, 2018, Romeiro and Vanin etal., 2021). These ecological variations can
be responses to the complexities of the habitat they occupy, and they allow these species to occupy
environments differentially, such as those selected by the models predicted here. For example, C.
renggeri commonly nests in dead trunks in the Cerrado (Ronque et al. 2018), however, nests
composed of straw and twisted leaves of bushes were more frequent in the Atlantic Forest,
probably due to the abundance of these resources in this environment (Romeiro and Vanin et al.
2021).



Despite the use of four widely used databases, including global (GABI, GBIF, Antweb)
and regional (Specieslink) collection, few records (< 100) for these widespread ants were
recovered. Thus, although within the acceptable limit for obtaining robust models (see Wisz et al.
2008 for more details), our models were built based on few presence records, mainly for C.
renggeri, which may have influenced the predictive power of our models. Divieso and
collaborators (2020) recently modeled areas with an imminent risk of habitat loss and poorly
understood in terms of ant species. Among the neglected places, the Caatinga and dry tropical
forests in the state of Mato Grosso have a higher priority for conservation and for new
myrmecological inventories. Our results support their findings and indicate these environments
as areas potentially suitable for C. rufipes and C. renggeri (except for Caatinga biome for C.
rufipes), becoming promising areas for research that use the species studied as target organism.

In addition to the absence of records for these species, the areas where the species were
sampled present biases, often related to logistical limitations. In fact, biological sampling is not
evenly distributed across the globe (Grand et al. 2007), as the search for species is concentrated
mainly in easily accessible areas, such as close to urban centers (Kadmon et al. 2004, Oliveira et
al. 2016) and higher education institutions (dos Santos et al. 2008, Boakes et al. 2010). This
explains, in part, the high environmental suitability of areas where there is a higher concentration
of occurrence records. In addition, sampling of species in more heterogeneous environments does
not represent the total sampling of the inserted biome and may dilute the absence of data for the
entire biome in a misleading manner, as in the Amazon (Divieso et al. 2020). On one hand, these
issues set limitations to correlative SDM, on the other hand, the lack of physiological, ecological,
and behavioral data precludes researchers to model the distribution of C. renggeri and C. rufipes
mechanistically.

Our results represent the first maps of potential distribution specifically modeled for C.
rufipes and C. renggeri. We expect that they may allow researchers to better plan their research
projects and we encourage their use as a starting point for future fieldwork involving these
species. We raised the urgency of research focused on the Caatinga biome and tropical dry forests
in the state of Mato Grosso particularly aimed at surveying ant species, especially C. renggeri.
Our contribution adds to the knowledge of distributional range of insects, a taxonomic group
poorly explored with SDM, except for butterflies (Fois et al. 2018). Finally, we showed
differences in the relevance of bioclimatic variables for these species of neotropical ants, allowing

the generation of ecological hypotheses that can be tested from a physiological perspective.
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