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Abstract Data shortfalls on species distribution affect

species differently, but it is frequent among insects. Spe-

cies distribution models (SDMs) are important tools to fill

biogeographic deficits and provide support for practical

conservation actions, particularly for cryptic or hard to

survey species. We employed SDMs to evaluate one such

species, the long-horned beetle (Macrodontia cervicornis),

listed as ‘vulnerable’ in the IUCN’s Red List of Threatened

Species. Given new distributional data for this species, we

applied three different SDMs to: (1) provide the first

assessment of this species’ distribution and potential dis-

persal routes; (2) evaluate the effectiveness of the current

South American protected areas system for its conserva-

tion; and (3) discuss its potential distribution, as well as

historical, biogeographical, and taxonomic issues related to

it. Our models reached fair True Skilled Statistics values

(TSS[ 0.5), with the core area for M. cervicornis located

in the Amazon forest, although suitable areas were also

predicted along the Atlantic forest. Areas in the dry diag-

onal South American corridor (dry biomes of Cerrado,

Caatinga, and Pampas) in South America were not pre-

dicted as suitable. The preference of M. cervicornis for

humid areas with high temperatures may guarantee a better

physiological control for dehydration, considering that

large insects are more affected by water loss. In general,

approximately 15 % of the distribution of M. cervicornis is

in humid protected areas. The disconnected distribution of

the long-horned beetle may be an indication of the exis-

tence of cryptic species under the same classification. We

suggest that similar studies with other insect groups (e.g.

butterflies, bees) should be conducted to properly assess

their distributions, conservation status, and responses to

hot-humid gradients throughout South America.

Keywords Ecological niche � South American dry
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Introduction

Among all biological data shortfalls concerning species

biological knowledge (e.g. Hutchinsonian, Prestonian,

Darwinian, Linnean; Whittaker et al. 2005; Cardoso et al.

2011; Diniz-Filho et al. 2013; Hortal et al. 2015), the

Wallacean shortfall—the lack of proper knowledge on

species distribution (Whittaker et al. 2005)—is the largest

knowledge gap hindering effective conservation practices

at large geographic scales, since species distributions are

the main variable considered in analyses for practical

conservation actions (Myers et al. 2000; Brooks et al.

2006). Biological data shortfalls may affect all species, but

in different manners based upon a species’ detectability.
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For instance, species distributions for vertebrates are far

more common compared to invertebrates (Diniz-Filho et al.

2010; Newbold 2010; Pyke and Ehrlich 2010; Cardoso

et al. 2011). Yet, even for well-known insect groups (i.e.

butterflies, ants, dragonflies, bees), the lack of distribu-

tional knowledge is common (Diniz-Filho et al. 2010;

Cardoso et al. 2011).

Despite the ecosystemic and economic importance of

insects (e.g. Losey and Vaughan 2006), and also their

striking biological diversity (Mora et al. 2011), these ‘‘little

things that run the world’’ (Wilson 1987) have been

neglected in practical conservation planning for a long

time, especially given the lack of knowledge on their dis-

tribution ranges (Diniz-Filho et al. 2010; Cardoso et al.

2011). Nonetheless, given recent improvements in biodi-

versity data availability (Graham et al. 2004; Newbold

2010; Pyke and Ehrlich 2010), and the use of species dis-

tribution models (SDMs hereafter), more and more insect

species are being considered in the framework of Conser-

vation Biogeography (Whittaker et al. 2005).

Although species distribution is determined by the inter-

section of abiotic and biotic conditions, in addition to reach-

able environments by the species itself (BAM diagrams;

Soberón and Peterson 2005; Soberón 2007), the biotic com-

ponents of the niche are usually underrepresented in SDMs.

As a consequence, there is a great debate in the related liter-

ature as to whether these techniques correctly represent the

spatial projection of a species range (Doko et al. 2011;

McInerny and Etienne 2012a, b, c; Virkkala et al. 2013; Russo

et al. 2014). Still, SDMs are able to fill knowledge gaps

regarding species distribution and are an important tools for

the application of practical conservation actions involving

species with limited distribution information (Almeida et al.

2010; Bosso et al. 2013; Silva et al. 2013).

These techniques are increasingly being used with insect

species to (1) determine potential distributions upon the

discovery of new occurrences and areas for future sam-

plings (Almeida et al. 2010; Serra et al. 2012; Bosso et al.

2013; Silva et al. 2013; 2014a); (2) indicate important areas

for the implementation of new protected areas (Nóbrega

and De Marco 2011; Bosso et al. 2013; Russo et al. 2015);

(3) predict the potential invasion of exotic species (Da

Mata et al. 2010; Silva et al. 2014a); (4) assess the potential

effects of future scenarios of climate changes on the dis-

tribution of insect species (Giannini et al. 2012; Ferro et al.

2014; Martins et al. 2015); and (5) understand insect spe-

cies diversification patterns (Silva et al. 2014b). Consid-

ering the worldwide rising concerns on biodiversity loss

(Dirzo et al. 2014), studies evaluating insect species

potential distribution are important to prioritize areas for

new populations and conservation efforts, likewise to

support practical conservation decisions and assure future

protection of the focal species (Guisan et al. 2013).

The large-bodied beetles from the genus Macrodontia

occur all along Central and South America, from Guate-

mala to Argentina. Macrodontia cervicornis Linnaeus,

1758 (Coleoptera: Cerambycidae; Fig. 1a) has reported

occurrences from Colombia, Ecuador, Peru, Bolivia, in

both Guianas, and Brazil. Its larvae (*21 cm long)

develop within the bark of dead or dying softwood trees for

up to 10 years, whereas the adults only live for the few

months needed to reproduce. This species is large (up to

17 cm in body length), with unique elytral color patterns

and large mandibles which make them valuable to the

souvenir trade, an increasing exploitive practice that may

eventually threaten this species. For these biological fea-

tures and anthropogenic pressures, M. cervicornis is cur-

rently listed as ‘‘Vulnerable’’ on IUCN’s Red List of

Threatened Species (IUCN 2006). Considering the global

concern of species protection and global efforts to protect

at least 17 % of the continental surface of the planet

(COP10—Convention on Biological Diversity; Mitter-

meier et al. 2010), and considering that M. cervicornis is a

vulnerable species, it is critical to determine whether a

similar portion of its potential habitat is covered by the

current South American protected areas system.

Within this context, our aims in this study were three-

fold, to: (1) estimate the potential range of M. cervicornis,

indicating the potential areas for its dispersal in South

America; (2) evaluate the effectiveness of different SDMs

algorithms on detecting a new occurrence ofM. cervicornis

sampled by one of the authors of this manuscript (A.G.

Aguiar; Fig. 1a); and (3) discuss priority areas for further

studies and the implementation of practical conservation

actions for the protection of M. cervicornis. In addition,

historical/biogeographical, taxonomic and physiological

determinants of the known distribution of this species were

reviewed throughout the study.

Methods

Macrodontia cervicornis occurrence data

The new occurrence data was obtained from Guar-

aqueçaba, state of Paraná, Southern Brazil (the yellow star

in Fig. 1b), and was complemented with occurrence data

for M. cervicornis obtained from online sources [CRIA’s

SpeciesLink (http://www.splink.org.br), Global Biodiver-

sity Information Facility—GBIF (http://www.gbif.org)]

and literature (Escalante 1973; Salazar 2008; Martins et al.

2009; Menezes et al. 2012). Intensive searching for other

occurrence records in the abovementioned data sources and

related coleopterist literature was conducted using ISI Web

of Science (http://www.webofscience.com), Google Scho-

lar (http://www.scholar.google.com) and SciELO (http://
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www.scielo.org) databases. In these databases, we identi-

fied other 31 occurrences from the literature (white circles

in Fig. 1b) for M. cervicornis from Colombia (n = 11),

Peru (n = 6), French Guiana (n = 1), and Brazil (n = 13).

For the records lacking exact georeferenced information,

we used Google Earth (Google Inc. 2015) to obtain city

center coordinates as surrogate localities for the sampling

sites of M. cervicornis. Therefore, with the new Guar-

aqueçaba occurrence, we identified 32 species occurrences,

all of which are available in the Supplementary Materials.

Based on the spatial resolution of our environmental vari-

ables (*4 km at the Equator; see below), we filtered the

occurrences we obtained and considered them to be spa-

tially unique/independent ones.

Environmental data, algorithms, and modeling procedures

The environmental data used in this study follows that

applied by Silva et al. (2014a), in which all of the 19

climatic variables from WorldClim (http://www.worldclim.

org/; Hijmans et al. 2005) were used as input variables in a

Principal Components Analysis (PCA hereafter). From the

resulting 19 orthogonal Principal Components (PCs here-

after), the first seven PCs (*98 % of the original climatic

variation) were used as the new predictor variables of the

distribution of M. cervicornis. Methods to reduce the

dimensionality of the predictor variables are advisable to

avoid model overfitting that may cause unreliable species

distributions (Jiménez-Valverde et al. 2011). The models

were trained with a spatial resolution of 2.5 arc-min

(0.041� & 4 km) and using the whole South American

continent as the study extent.

Different methods of SDMs are naturally variable (Elith

et al. 2006; Araújo and New 2007; Diniz-Filho et al. 2009)

and by using the same occurrence data and climatic vari-

ables, different distribution models may be obtained.

Therefore, we used three different methods [Maximum

Entropy (Phillips et al. 2006; Phillips and Dudı́k 2008),

Support Vector Machines (SVM; Schölkopf et al. 2001;

Tax and Duin 2004), and Genetic Algorithm for Rule-set

Prediction with best subsets (GARP; Stockwell and Peters

1999)] in our modeling procedures. All algorithms we used

are considered as artificial intelligence algorithms, which

are generally complex and tend to better predict the mod-

elled species’ known occurrences with better success than

envelope or statistical algorithms (Rangel and Loyola

2012). The Maximum Entropy is a machine-learning

method based on presence-background data that produces

reliable distribution predictions for target species, espe-

cially for those with small amounts of occurrences (Her-

nandez et al. 2006; Pearson et al. 2007). The Genetic

Algorithm for Rule set Production (GARP) is a non-de-

terministic modeling algorithms that uses random sets of

mathematical rules as limiting environmental conditions

determining a given species distribution (Stockwell and

Peters 1999). The Support Vector Machines (SVM) is also

a machine-learning algorithm from the generalized linear

classifiers that minimizes structural risk and dimension to

find reasonable alternatives between species adaptability

and complexity, producing the most probable distributions

Fig. 1 Overall information on

M. cervicornis. a The specimen

sampled in Guaraqueçaba, state

of Paraná, Brazil (photo rights:

A.G. Aguiar). b The 31 unique

occurrences for M. cervicornis

obtained from all surveyed

research papers and online

databases (white circles) and the

new occurrence for M.

cervicornis (yellow star) are

shown. The grey gradient in

Fig. 1b is related to the altitude,

where darker colors refer to

higher areas. (Color

figure online)
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with limited amounts of occurrences (Schölkopf et al.

2001; Tax and Duin 2004; Duan et al. 2014).

Maximum Entropy is implemented in MaxEnt 3.3.3.k

(Phillips et al. 2006; Phillips and Dudı́k 2008) and all

default settings were activated except for ‘‘product fea-

tures’’, ‘‘threshold features’’, ‘‘hinge features’’, and ‘‘auto

features’’, the so-called MaxEnt LQ (Anderson and Gon-

zalez 2011; Elith et al. 2011; Souza and De Marco 2014).

Both SVM and GARP are implemented in openModeller

Desktop v.1.1.0 (Muñoz et al. 2011), for which we used the

default settings of these algorithms generally used in this

software. Pseudo-absences and background data were

randomly generated throughout the whole study’s extent.

We jackknifed the occurrences of M. cervicornis creat-

ing n subsets of n-1 occurrences as input for the distribu-

tion modeling algorithms combined with the climatic

variables. In the first modeling round, the new occurrence

data was not included in the models. Each one of these

subsets was used to generate the distribution of the species

and to evaluate the resulting distributions. We used the

threshold that maximizes both omission and commission

errors to cut the suitability matrices into presence/absence

and determine the distributions for M. cervicornis in each

algorithm/training subset we used (Liu et al. 2005, 2011).

We applied the True Skilled Statistics (TSS; Allouche et al.

2006) to evaluate the performance of the models, which is

a threshold-dependent statistic that varies from -1 to ?1.

Negative values and those near zero are no better random

distributions while values near ?1 represent a perfect fit

between the known distribution of the focal species and

that predicted by the SDMs. Fair models usually reach TSS

values around 0.5. After all these steps, we included the

new occurrence data for M. cervicornis in the second

modeling run and produced its distribution again.

We used the summed distribution of all M. cervicornis’

distributions obtained with the different algorithms

obtained in the second run to represent its final distribu-

tion (a progressive scenario). Later, using this map, we

assessed the coverage of the current system of protected

areas in South America (categories I to IV & strict

reserves), from IUCN’s World Database on Protected

Areas website (http://www.protectedplanet.net/), using a

gap-analysis framework (e.g. Rodrigues et al. 2004;

Nóbrega and De Marco 2011). We also produced a more

restrictive scenario to evaluate the coverage of the current

protected areas reserve system on protecting M. cervi-

cornis. In this scenario, only areas that were predicted as

suitable by all three algorithms in a strict consensus were

classified as presence, while those predicted by only two

or even one algorithm was considered as absences of M.

cervicornis. A summary of all methods employed in the

study is depicted in Fig. 2.

Finally, given the gathered occurrences for M. cervicor-

nis, careful considerations on spatial autocorrelation (SAC

hereon) are needed to be addressed. SAC is known to cause

pervasive effects upon the results obtained with the methods

employed with SDMs (Veloz 2009; Miller 2012; Kramer-

Schadt et al. 2013; Record et al. 2013; Diniz-Filho et al.

2016). While dealing with autocorrelation of a species’

occurrences, environmental autocorrelation is also an

important characteristic to be considered in SDMs, and has

been shown to significantly increase predictability of the

modelling algorithms if properly controlled for (i.e. Varela

et al. 2014; de Oliveira et al. 2014). Nonetheless, here we are

dealing with a rare insect species, and previous studies from

these poorly-sampled areas have already shown that every

sampled occurrence available matters, being capable sig-

nificantly improving in the distribution predictions for the

target species (see Almeida et al. 2010; Silva et al. 2013 for

some examples on how a few additional occurrences are

important for thesemethods). Therefore, given this sampling

bias and general lack of entomological knowledge in biodi-

verse Neotropical areas (Diniz-Filho et al. 2010; Newbold

2010; Pyke and Ehrlich 2010), here we did not control for

SAC at first. Nonetheless, while considering the more

restrictive scenarios, where only the strict consensus for the

species is used, we believe the pervasive effects of SACwere

controlled for.

Results

In the first modeling run, the distribution models for M.

cervicornis attained fair TSS values (0.585 ± 0.078;

mean ± standard deviation) and an average omission rate of

13.612 % ± 6.548)with respect to theROC threshold. SVM

reached the highest average TSS values, followed by Max-

Ent, and GARP (Table 1). In the first modeling run, for both

GARP and MaxEnt, all of the n-1 subsets ofM. cervicornis

occurrences failed to predict its new occurrence in Southern

Brazil. SVMwas able to predict the new occurrence in nearly

50 % of the n-1 occurrences subsets (Fig. 3). In the second

modeling run, this pattern was similar to that encountered in

the first run and only SVM was able to predict the new

occurrence, although GARP also showed suitable areas near

the new occurrence (Fig. 4).

All algorithms predicted thatM. cervicornis has the core

of its distribution within the Amazon, whereas suitable ar-

eas also occur in some portions of the northeastern Atlantic

Forest, along the Brazilian east coast (Figs. 3 and 4). All

algorithms predicted the absence of M. cervicornis in the

Caatinga biome in northeastern Brazil, although there were

some areas predicted as suitable. Additionally, the South

American diagonal corridor of dry biomes, comprising the

614 J Insect Conserv (2016) 20:611–620
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Caatinga (in northeastern Brazil), the Cerrado Savanna

(central Brazil), and the Chaco (central-south South

America, covering Brazil, Argentina, and Paraguay) was

not indicated as suitable for the long-horned beetle. How-

ever, some portions near the Chaco region in southern

Brazil were predicted as suitable for the species. Addi-

tionally, M. cervicornis was not predicted in arid regions of

northwestern Venezuela and northern Colombia.

Considering the progressive conservation scenario,

approximately 15.74 % of M. cervicornis’s distribution is

protected by the current South American reserve system

(Fig. 5a). In the more restrictive scenario for the species’

protection, considering only the strict consensus for M.

cervicornis, the percentage of protected areas was similar

to the progressive scenario: *15.53 % (Fig. 5b).

Discussion

According to our results, the suitable areas for M. cervi-

corinis are in core regions from the Amazon Forest and in

some portions of the Brazilian Atlantic Forest. Most of the

potential distributions we ran for M. cervicornis did not

predict the new occurrence of M. cervicornis as suitable.

Additionally, the majority of the models showed poor

predictions for this species in the South American dry

diagonal area, the corridor formed by the dry South

American biomes of Cerrado, Caatinga, and Pampas.

Despite the potential anthropogenic pressure upon M.

cervicornis, based on the potential distribution obtained

from the SDMs and the current South American reserve

system, this species is relatively protected, considering the

COP10’s aims of protection of 17 % of world’s continental

areas up-to 2020 (Mittermeier et al. 2010).

The lack of predicted occurrences in the South

American dry diagonal corridor was a consistent pattern

of all models, even though different types of SDMs are

known to produce contrasting results due to their different

built-in methods and correlative statistics (Barry and Elith

2006; Diniz-Filho et al. 2009; Rocchini et al. 2011),

especially in the Caatinga, Cerrado, and Pampas biomes.

These South American biomes are naturally dry (Ab’Sa-

ber 1977; Veloso et al. 1991; Sampaio 1995) with ubiq-

uitous vegetation physiognomies that separate the two

largest forest formations in the continent: Amazon and

Atlantic rainforests, both of which were predicted as

suitable for M. cervicornis. Given the potential distribu-

tion obtained here, the known occurrences for this spe-

cies, and the existence of the dry diagonal corridor in

South America, what are most likely to be the main

determinants of the modeled and known distribution

patterns we observed for M. cervicornis?

Fig. 2 Summary of all methods employed in the study

J Insect Conserv (2016) 20:611–620 615
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The water loss ofM. cervicornis to the environment may

be the main explanation for the lack of suitable areas

predicted in the dry diagonal corridor. Dehydration/desic-

cation is an important issue for insects (Chown and Ter-

blanche 2006). Although larger species are more resilient

to the effects of water loss than smaller ones, even they

may be impaired in environments with high temperature

and low humidity, such as those found in the dry corridor.

Consequently, the lack of suitable potential habitats for M.

cervicornis in this area was expected. Although GARP

predicted some humid areas potentially reachable by M.

cervicornis in central Brazil (within the Brazilian Pan-

tanal), the natural climatic seasonality of this biome may

discourage the occurrence of the species. Consequently, the

potential dispersal routes for M. cervicornis from the

Amazonian forest to the Atlantic one (and vice versa) need

to be discussed.

The dispersal of M. cervicornis could take place via

gallery forests within the Cerrado biome, a vegetation type

already proven to serve as a dispersal route for Amazonian

and Atlantic species, from several different biological

groups (Redford and da Fonseca 1986; Brown 1987, 1992;

Silva 1996; Méio et al. 2003; Aguiar and Melo 2007; Silva

et al. 2013). The lack of suitability for M. cervicornis in

Cerrado itself rules out its vegetation physiognomies as a

viable dispersal route. Yet, the high suitability of coastal

areas in northeastern Brazil, predicted by some occurrence

subsets of M. cervicornis (see Figs. 3 and 4), brings up the

question as to whether this species uses the dry corridor to

disperse along the Brazilian East Coast. Dispersal routes

for species inhabiting Amazonian areas and the Atlantic

Forest through the Atlantic shores have already been raised

in the biogeographic literature of South America before

(De Oliveira et al. 1999). We believe that for such a large-

bodied species as M. cervicornis, dispersal near humid

areas are more likely than through areas within the dry

corridor in the continent. Yet, such a hypothesis remains to

be better evaluated for this species with the concomitant

use of past distribution predictions using SDMs and

investigation on M. cervicornis’ genetic profile, and also

phylogeography studies.

In light of our results, a few notes should be stressed.

The first is in regards to the availability of entomological

data in the tropics. Macrodontia cervicornis is a large

species and, most likely, there are certainly many more

occurrence records that were sampled throughout South

America than those we were able to find. For instance, one

of the authors (D.P. Silva) is aware of several specimens

being spotted along the Atlantic Forest biome sampled by

users from a Brazilian Facebook entomological group. This

(and other) social medias have already proven to be

important tools to gather updated distribution information

for species elsewhere, such as Argentinean burrowing owls

(Cavalli et al. 2014), or citizen science projects gathering

occurrence data for (native and exotic) bumblebees in

Chile, such as ‘‘Salvemos Nuestro Abejorro’’ (Save our

Bumblebee; https://salvemosnuestroabejorro.wordpress.

com/). Even so, much of these occurrences (either from

collections or from internet discussion groups) still remain

unavailable for modelers to use in studies like ours (Diniz-

Filho et al. 2010), which certainly limits our results. For

instance, the inclusion in SDMs of previously unknown

Table 1 Summary of the results obtained with each method while

predicting the potential distribution of M. cervicornis in South

America. SD: Standard deviation

Algorithm TSS (±SD) Omission rate (±SD)

GARP 0.503 (±0.087) 16.33 % (±8.929 %)

MaxEnt 0.564 (±0.004) 14.77 % (±3.886 %)

SVM 0.673 (±0.055) 12.79 % (±5.492 %)

Fig. 3 Predictions for the

distribution of M. cervicornis

obtained in the first modeling

run with different algorithms.

The values correspond to the

percentage of models that

predicted a given area within

each map as presence or

absence forM. cervicornis [dark

green = 0 % of the subsets

predicting M. cervicornis as

‘‘presence’’; red =[80 % of

the subsets predicting M.

cervicornis as ‘‘absent’’). The

new occurrence data is depicted

as a star. (Color figure online)
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occurrences of a given species may increase its potential

reachable area by several thousand square kilometers (e.g.

Almeida et al. 2010; Silva et al. 2013). Availability of

digital records of specimens by museums’ curators should

be continuously increased in order to ensure SDMs mod-

elers are provided with precise data to predict the distri-

bution of target species. Additionally, citizen science

projects, such as Bug Guide (bugguide.net), but mainly

Facebook entomology groups, should encourage their

members to make their findings available to the scientific

community in order to make the entomological diversity of

poorly known Tropical regions to be better known. Citizen

science projects elsewhere in the world are showing very

interesting, promising, and updated information on the

biodiversity from the countries where they are being

developed (e.g. Hochachka et al. 2012; Lucky et al. 2014)

The predicted Amazonian-Atlantic distribution of M.

cervicornis is another source of concern. In the past, both

of these South American rainforest formations were con-

nected before at least in three different periods, with the

last one around 12 Kyrs before present (De Oliveira et al.

1999). Later, after climatic conditions changed, they were

separated by the open vegetation in the current diagonal

dry corridor, a past climatic event that shaped the biolog-

ical communities within both forests today (see Silva et al.

2014b for a brief review). Therefore, as observed for other

insect species in both forest formations, the taxonomic

entity currently denominated as M. cervicornis may rep-

resent cryptic species. This scenario is plausible due to the

lack of consistent suitable areas for the dispersal of M.

cervicornis from the Amazon to the Atlantic Forest and

vice versa, except for some Brazilian northeastern regions.

Fig. 4 Predictions for the

distributions of M. cervicornis

obtained in the second modeling

run with different algorithms.

The new occurrence data is

depicted as a star. (Color

figure online)

Fig. 5 Conservation coverage

of M. cervicornis considering

the current system of South

American reserves. The

considered scenarios were

a restrictive and b progressive.

Black areas correspond to

protected areas where M.

cervicornis was predicted as

present at least once in (a) or by

all three algorithms in (b).

(Color figure online)
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Therefore, specimens from both biomes should be revisited

in order investigate this possibility, as already observed for

other Amazonian-Atlantic related species pairs (de Vivo

1997; Costa 2003; Batalha-Filho et al. 2012; Silva et al.

2014b).

Although the SDMs may show a variety of results with

contrasting patterns (Barry and Elith 2006; Diniz-Filho

et al. 2009), the main results we obtained with different

SDMs were congruent. Criticism of SDMs are related to

the lack of biological reliability these methods may pre-

sent, especially because much of the biological (e.g. per-

spectives related to demography, species interactions, and

source-sink metapopulation dynamics) and biogeographic

components of a given species’ ecological niche are not

properly covered by SDMs techniques (Soberón and

Peterson 2005; Soberón 2007; Peterson et al. 2011;

McInerny and Etienne 2012a, b, c).

The use of all available independent/unique occurrences

for M. cervicornis as the input data to generate our models

may be criticized, since SAC may have pervasive effects on

the distribution models produced by any algorithm used in

the field of species distribution modelling (Veloz 2009;

Record et al. 2013; Diniz-Filho et al. 2016). On the other

hand, M. cervicornis is a beetle species rarely sampled in

South America, and for a first distribution prediction for this

species, even single additional occurrences may cause

important changes to the modelling results. For instance,

Silva et al. (2013) showed that the inclusion of additional

records for a rare Amazonian orchid bee sampled in the

Cerrado into their SDMs caused significant changes to the

obtained geographic predictions for this species, subse-

quently this species was found considerably further to the

east of its historical distribution (Martins et al. 2016). In

another study, Almeida et al. (2010) showed the impact of

adding more occurrences to the distribution models of rare

damselflies South American species, which were signifi-

cantly underestimated before the discovery of these new

occurrences. Therefore, we kept all unique occurrence

records we could find in our results and advocate for the

maintenance of all available occurrences for rare species in

SDM studies.

Notwithstanding, given the conservation scenario con-

sidered here (*15 % of its distribution is covered by pro-

tected areas) and assuming the species as being currently

only one, wemay consider that the species is protected. Still,

the public concern about the human pressure and species

conservation is an important topic among researchers,

especially considering current rates of deforestation, down-

grading, downsize, and functional loss of legal protection for

an entire protected area (due to degazetting and downsizing)

from the South American reserve system (Loyola 2014;

Ferreira et al. 2014). In consequence, the potential impacts of

human pressure on insect biodiversity (M. cervicornis

included) need to be continually evaluated. For this purpose,

SDMs are important tools that provide support for practical

conservation actions, despite their methodological and the-

oretical limitations (Diniz-Filho et al. 2010; Cardoso et al.

2011; Guisan et al. 2013).

Given our results, we believe M. cervicornis is protected

with regard to the available system of South American

protected areas. Yet, a taxonomic review of this species is

necessary to conclude adequate protection, since the

occurrences in the Amazon and the Atlantic forest may

represent (at least) two different species. Additionally, as

new records of M. cervicornis are accumulated, new

modeling procedures are required to (1) continuously

assess M. cervicornis conservation status in South Amer-

ica, (2) shed light on the potential existence of cryptic

species under the name of M. cervicornis, and (3) inform

potential dispersal routes in South America for this species.
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Avulsos Zool do Mus Zool da Univ São Paulo 49:229–247

Martins AC, Silva DP, De Marco Jr P, Melo GAR (2015) Species

conservation under future climate change: the case of Bombus

bellicosus, a potentially threatened South American bumblebee

species. J Insect Conserv 19:33–43

Martins DC, Albuquerque PMC, Silva FS, Rebêlo JMM (2016) First
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