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Abstract – In the semiarid region of Northeastern Brazil, populations of native bees can be jeopardized by future
climate change. The present study aims to analyze the impact of climate change on a native stingless bee (Melipona
subnitida Ducke). This species is a locally important pollinator of wild and crop plants, also exploited for honey
production by regional beekeepers. Using species distributional modeling, we assessed the effects of climate change on
the geographic distribution of M. subnitida . We found a potential shift in future areas where species can find
climatically suitable habitats toward the edges of the current pollinator distribution with a consequent central
disconnection, which can threaten species dispersal and gene flow. We propose to reconnect the remaining suitable
areas through conservation and restoration programs based on the distribution of the plant species that are used by this
bee as source of pollen and nectar and propose also, other strategies that aim to increase the welfare of local people

conservation / economy / landscape ecology /Melipona subnitida / pollination / restoration / sustainability

1. INTRODUCTION

Bee pollinators are under threat from environ-
mental degradation demanding effective strategies

and policies to protect them (Potts et al. 2016).
Changes in climate can jeopardize bee species
richness and abundance (Papanikolaou et al.
2016), phenology synchronization (Stevenson
et al. 2015), and diurnal activity patterns of polli-
nators (Rader et al. 2013), impacting interaction
networks (Hegland et al. 2009; Burkle et al. 2013)
and forcing species to shift their distribution ranges
(Bartomeus et al. 2013; Kerr et al. 2015). This is
particularly important since pollination services
provided by native bees are important to the main-
tenance of ecosystem diversity and on resources
and food production (Costanza et al. 2014).
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Programs to protect pollinator and their inter-
active plants are urgently in need. Successful
conservation/restoration practices must consider
the definition of priority areas that could facilitate
pollinator settlement and mobility (Menz et al.
2011), including features such as landscape prop-
erties, deforestation, habitat fragmentation, pres-
ence of agricultural areas, or other types of an-
thropogenic disturbances (Carvalheiro et al. 2011;
Kennedy et al. 2013; Garibaldi et al. 2014, 2016).
Additionally, conservation/restoration practices
should rely on climate change studies because it
may not be worthwhile to protect or reintroduce
species that will not find suitable habitats in the
near future (Harris et al. 2006).

The Northeast of Brazil is a semiarid region
that was originally covered by Tropical Dry For-
ests, known regionally as BCaatinga^ (Krol et al.
2001; Prado 2003). The regional climate is very
hot semiarid tropical, with a long dry season of 8
to 9 months in some areas; the rainy season is
short and irregular and the average annual rainfall
is low (300–800 mm). Biodiversity in these areas
must support long periods of water stress, and
there is a relatively high level of endemism, espe-
cially of plants and invertebrates (Leal et al. 2003;
Albuquerque et al. 2012). In addition to the harsh
climate conditions, inadequate land use practices
have increased the risk of desertification in the
Caatinga region. Deforestation is advancing on
natural areas due to livestock, agriculture, and
the use of firewood and charcoal, and the natural
vegetation remains at only 54% of the original
area, being the average rate of deforestation equal
to 2700 km2 per year (MMA 2011). The soil of
these deforested areas becomes drier and more
compacted, leading to desertification (Castelletti
et al. 2004; Leal et al. 2005; Santana 2007). More-
over, climate change predictions for the Caatinga
region are alarming. The average temperature in-
crease in the area is estimated to be between 3.5
and 4.5 °C by 2100, and precipitation may suffer
average reductions of up to 40–50% (PBMC
2013), which reinforces the tendency to desertifi-
cation (Marengo 2011).

Most municipalities in the Caatinga region
have a human development index (HDI) ranging
from medium to very low (The Brazilian Institute
of Geography and Statistics database for the year

2010). In a socioeconomic context of poverty,
climate change can bring severe problems due to
the small capacity of populations to adapt and
accommodate to it. In fact, reports from the Food
and Agriculture Organization of the United Na-
tions (FAO 2010) argued that even small changes
in climate can have negative impacts in the
poorest rural communities, which already live in
precarious conditions (see also Poppy et al. 2014).
In addition to being more economically and so-
cially fragile, these communities are more depen-
dent on ecosystem services and natural resources
for their survival (MEA 2005). For example, 25–
30% of the energy used in Northeastern Brazil
comes from its natural vegetation (Riegelhaupt
and Pareyn 2010), which leads to intense pressure
on the ecosystem. Family farming also is based on
local fruit and vegetables that are usually depen-
dent on pollinators (Giannini et al. 2015a).

Our case study uses Melipona subnitida , a
stingless bee popularly known as Bjandaira.^ It is
a key species for the pollination of both native
plants and commercial crops. Previous studies
have indicated that these bees are pollinators of
pepper (Cruz et al. 2004) and annatto (Mesquita
2008) and can be used in greenhouses (Silva et al.
2005). In addition, M. subnitida is an important
species traditionally used for honey production in
the Caatinga region, providing extra income for
farmers and rural families (annual mean of
US$1300 per stingless beekeeper and annual
maximum value equal to US$15,500) (Jaffé
et al. 2015). This species is well adapted to local
conditions and can support dry periods, differently
from Apis mellifera L. that is a common species in
the region and usually migrates during droughts
(Maia-Silva et al. 2015). Thus, breeding this na-
tive bee is important for the local economy and
can be considered an example of activity related to
sustainable development.

The main objective of this study is to analyze
the impact of climate change on a stingless bee
(Melipona subnitida Ducke) managed by local
people. We also aim to discuss strategies of con-
servation and restoration of priority areas to pro-
tect the species based on its interacting plant spe-
cies (used to collect pollen and nectar and to build
its nest). As our study area comprises a region
with low societal development, we also aim to
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discuss how to protect a species, and at the same
time, promote human socioeconomic develop-
ment under climate change.

2. MATERIALS AND METHODS

The study area encompasses Northeastern Bra-
zil under the biome originally classified as Trop-
ical Dry Forest (Figure 1). At the beginning of this
study, the geographical distr ibution of
M. subnitida was poorly known and few records
were available on a data provider of Brazilian
biodiversity (speciesLink website). To fill this
information gap, an extensive survey was con-
ducted during the years 2012–2014 that produced
almost 250 new records (Figure 1). We used this
novel data and the records found on speciesLink
(9 records) to perform species distribution model-
ing (SDM).

SDM is used to determine potential areas of
species occurrences and to forecast future poten-
tial distribution (Franklin 2009). In addition to
occurrence points, SDM uses environmental var-
iables to determine suitable areas for species po-
tential distribution. We used climatic variables
obtained from Worldclim (Hijmans et al. 2005)
with a resolution of 5 arc-minutes (approximately
10 × 10 km cell size at the equator). From the 20
topoclimatic variables available under current

climatic conditions, we calculated the nine least
correlated variables for the study area, retaining
variables with a Pearson’s pair-wise correlation
coefficient higher than 0.7 (Aguirre-Gutierrez
et al. 2013): altitude, mean diurnal range,
isothermality, mean temperature of driest quarter,
annual precipitation, precipitation of driest month,
precipitation seasonality, precipitation of warmest
quarter, and precipitation of coldest quarter. We
used the same variables to forecast future potential
distribution, but projected for the year 2050 by the
Met Office Hadley Centre (HadGEM2-CC) and
the University of Tokyo and collaborators
(MIROC-ESM-CHEM). We built the ensemble
forecasting of both projections following Araújo
and New (2007). We used the Representative
Concentration Pathways (RCP) 8.5, which spec-
ifies a likely global mean surface temperature
increase by the end of the twenty-first century of
2.6 to 4.8 °C (IPCC 2014). Despite being consid-
ered the most pessimistic scenario, it is also con-
sidered the most plausible, since it suggests that
the emission of greenhouse gases will continue to
grow in the same way than in recent years (IPCC
2014).

To perform SDM, we used the maximum en-
tropy algorithm (Maxent) (Phillips et al. 2006).
This algorithm is particularly useful because it can
be applied to data sets using only presence-

Figure 1. a Study area, b occurrences of Melipona subnitida bees, c the same spot in the Caatinga during dry
(above) and wet (below) seasons at the Experimental Farm of the Federal Rural University of the Semi-Arid–
UFERSA, Mossoro, Rio Grande do Norte.
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records of species (as opposed to other algorithms
that require absence data) (Wisz et al. 2008). We
used the area under the curve (AUC) of the
receiver-operator graph to estimate the accuracy
of the modeling process in a test data set (20% of
total occurrence data) (Fielding and Bell 1997)
and selected the models with values of AUC
higher than 0.9.

M. subnitida interacts with plant species
(Figure 2) and we analyzed the current and future
potential distribution of its main resource plants to
determine the best future conditions for the polli-
nator (Giannini et al. 2013a). Therefore, we also
analyzed the impact of climate change on 18
foraging plants (used to provide pollen and nectar)
determined in a previous work (Maia-Silva 2013,
2015) (Figure 2). Because M. subnitida builds its
nests mostly in a few tree species, we also ana-
lyzed the potential distribution of eight plants used
as nesting sites (Martins et al. 2004) (Figure 2).
The occurrences of all plant species were retrieved
from speciesLink (Online Resource S1) and were
modeled using the same procedure as described
above. At the end of the modeling process, we
normalized and merged all models obtained for
theM. subnitida bee, foraging plants (18 species)
and nesting plants (8 species), which resulted in
one model of potential distribution for current
conditions and one for future conditions (the en-
semble forecast of the Had andMIROC scenarios)
(following procedure of Giannini et al. 2013b,
2015b). These final models were considered to
represent the main areas where bees could find
the most suitable climate conditions and mutual-
istic interactions both now and in the future. All
these procedures were performed using the raster
package (Hijmans and Etten 2012) of R (The R
Project for Statistical Computing).

To create maps informing decision-making, we
perform a pixel-by-pixel analysis. Therefore, we
first reclassified the above mentioned models to
analyze the areas that had more than 50% occur-
rence probability, that means, the pixels where,
according to models, species showed at least 50%
chance of occurring (Online Resource Fig. S2A).
At this stage, we also evaluated (in percentage) the
variation in the size of suitable areas detected by
the reclassified models considering current and
future scenarios to determine if the total amount

of potential occurrence area will increase or de-
crease. Second, we compared current and future
models to determine the shift of suitable areas
during the time-period analyzed (Fig. S2B).
Third, we analyzed deforestation in the same re-
gion using a global land cover map from the
European Space Agency (ESA GlobCover) for
2009 (Fig. S2C). We reclassified the original data
as follows: (i) we considered as being the ‘natural
vegetation class’ the types of land cover with no
or with minor (<50%) human intervention (e.g.,
broadleaved forest, shrubland, herbaceous vege-
tation) and (ii) we considered as being the ‘no
natural vegetation class’ the types of land cover
that were related to human modification (e.g.,
rainfed, post-flooding or irrigated croplands, arti-
ficial areas) and the non-vegetated areas (e.g.,
water bodies, bare areas). After reclassification,
we downscaled the data from the original resolu-
tion (300 × 300 m) to the topoclimatic variables’
resolution (10 × 10 km), considering the majority
of the class type inside the original set of pixels.
We considered the potential priority areas for con-
servation to be the locations having natural vege-
tation and, for restoration, the areas with no natu-
ral vegetation. Moreover, we used the values of
the human development index (HDI) for each
municipality to assess the regional socioeconomic
vulnerability. These last data were retrieved from
The Brazilian Institute of Geography and Statis-
tics (IBGE) for the year 2010 (Fig. S2D). All the
analyses were performed only on the Northern
area of the Caatinga region because this is the
most important occurrence area for M. subnitida
(Figure 1), and strategic plans for conservation
and restoration to protect this bee are currently
being considered. All procedures were performed
using ArcGIS (Esri Inc.).

3. RESULTS

The best currently suitable areas for
M. subnitida bees and their plants are located on
the northern portion of Caatinga, encompassing
mainly the northeastern part of Piauí State and a
wide area covering almost the entire extent of Rio
Grande do Norte, Paraíba and Pernambuco States,
except for a large easternmost belt following the
coastline of these three States (Figure 3a). Models
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Figure 2. Plants used for nectar and pollen foraging: a Alternanthera tenella Colla; b Chamaecrista duckeana (P.
Bezerra & Afr. Fern.) H. S. Irwin & Barneby; c Mimosa quadrivalvis L.; d Anadenanthera colubrina (Vell.)
Brenan; e Chamaecrista calycioides (DC. ex Collad.) Greene; f Mimosa tenuiflora (Willd.) Poir.; g Borreria
verticillata (L.) G. Mey.; h Croton sonderianus Müll. Arg.; i Myracrodruon urundeuva Allemão; j Senna
obtusifolia (L.); k Ipomoea asarifolia (Desr) Roem. & Schult.; l Pityrocarpa moniliformis (Benth) Luckow &
R.W. Jobson;m Mimosa arenosa (Willd.) Poir.; n Mimosa caesalpiniifolia Benth.; o Senna trachypus (Benth.) H.
S. Irwin & Barneby; p Senna uniflora (Mill.) H. S. Irwin & Barneby; and q Sida cordifolia L.; r Turnera subulata
Sm. Plants used for nesting: s Anadenanthera colubrina (Vell.) Brenan; t Aspidosperma pyrifolium Mart.; u
Cnidoscolus quercifolius Pohl; v Commiphora leptophloeos (Mart.) J. B. Gillett; w Poincianella pyramidalis
(Tul.) L. P. Queiroz; and x Spondias tuberosa Arruda. Bee: y Melipona subnitida Ducke (jandaíra) on Senna
obtusifolia . Licania rigida Benth. and Piptadenia gonoacantha (Mart.) J. F. Macbr were also included in the
modeling procedure as nesting plants (no photo included).
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show that these two major western and eastern
areas are mainly connected in western Pernambu-
co State by a wide central area with high suitabil-
ity crossing the east of Ceará State.

Future climate indicates that the most suitable
areas of occurrence are similar in size (the area
increases by 1.4% under the future scenario), but
their location will shift toward the external borders
of the study area with respect to their previous
distribution (Figure 3b; Fig. S2B). The main ex-
ternal areas coincide with the elevated areas pres-
ent in the border of Piauí and Ceará states and also
in the western areas of Rio Grande do Norte,
Paraíba, and Pernambuco (Figure 3b), which
comprise much of the Ibiapaba, Araripe, and
Borborema Plateaus. However, the main central
corridor of suitable areas detected in the current
climatic scenario is likely to decrease because
most of the region between them will become less
suitable due to climate change. However, small
patches of highly suitable areas can still be found.
The best region for reconnecting the two main
suitable areas from now to the future are located
on the southern belt of the suitable areas (the
borders of the Pernambuco, Paraíba, and Piauí
states) because the distance between both main
areas is the smallest.

Most of the western and eastern regions with
high suitability still have natural vegetation
(Fig. S2C) and also medium to high values of
HDI (darker blue areas on Figure 4). However,
the southern portions of areas exhibiting high
suitability contain several locations that no longer
have natural vegetation and that coincide with
lower HDI areas (light orange areas on
Figure 4). The strategic area that may connect
both areas in the middle-south has natural vegeta-
tion and a slightly higher HDI (Figure 4, Fig. S2C,
and S2D)

4. DISCUSSION

Our results indicate that the total area suitable
forM. subnitida will change little in consequence
of the predicted future climate change. This, how-
ever, does not mean that climate change will have
no impact whatsoever on the distribution of this
stingless bee species, given that the location of the
best environmentally suitable areas will shift to-
ward the edges of their current distribution. This
shift follows higher altitudes where both the bees
and their plant resources likely find suitable cli-
mate conditions under future scenarios of climate
warming. This tendency was reported for some

Figure 3. The most suitable areas forMelipona subnitida bees and their nesting and foraging plants considering a
current and b future climatic conditions. The future scenario accounts for 2050 and RCP8.5 emissions.
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species that have already changed their distribu-
tion toward milder climatic conditions at higher
altitudes when facing climate-forced dispersal
(Parolo and Rossi 2008; Chen et al. 2009). The
predicted loss of suitable habitat in the central area
of study region will likely result in a shift of the

geographic occurrence of M. subnitida popula-
tions, causing a disruption of the currently con-
nected main occurrence areas. This central area is
an important area for the models of current poten-
tial occurrence, presenting also, several records of
M. subnitida . This poses a considerable problem

Figure 4. Priority areas for conservation and restoration using potential distribution models, socioeconomic
vulnerability, and land cover.
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for the preservation of this species by contributing
to the isolation of populations and reducing the
gene flow between them.

Traditional strategies for preventing isolation
could be used, such as the implementation of
ecological corridors. However, most of the central
areas show low future suitability and, consequent-
ly, may not provide proper environmental condi-
tions to ensure their permanence. The most appro-
priate area predicted for this kind of strategy is
located at the southern part of the future geograph-
ic distribution of M. subnitida , given that it pre-
sents both a high degree of suitability and only a
small gap of occurrence. This area could be con-
sidered as a priority area for conservation and
restoration strategies.

HDI demonstrated that the priority area ana-
lyzed for restoration and conservation is inhabited
by human populations with different socioeco-
nomic profiles. As mentioned earlier, areas with
higher levels of poverty need attention, as popu-
lations are potentially more vulnerable to climate
change and are also dependent on natural re-
sources. Thus, these areas should be targeted by
different conservation and restoration strategies,
aiming not only to protect biodiversity but also to
improve human well-being. Biodiversity-friendly
agroecosystems could be suggested (Dicks et al.
2016). The agricultural areas could be enriched
with plants that are used by bees to forage and as
nest sites (Buckley and Nabhan 2016) forming
Bnectar corridors^ (Allen-Wardell et al. 1998),
thus helping the bees to find suitable conditions
for survival, as well as providing potential re-
sources to human welfare. Other strategies for this
agroecosystem areas could be to increase bee-
keeping practices, which can be adopted as a
profitable and sustainable alternative (Quezada-
Euan et al. 2001; Cortopassi-Laurino et al. 2006;
Jaffé et al. 2015). Ecotourism could also be im-
proved, especially in well preserved areas with
high scenic value (Nahuelhual et al. 2013) or
cultural heritage (Bushell and Eagles 2007).

Additionally, in the priority southern area, one
can find natural sites protected by law as national
areas for conservation. The proposed priority area
for conservation and restoration could also con-
tribute to the reconnection of these areas. Bee
diversity in this priority southern area, reported

on biological collection and retrieved from
specieslink website, comprises 76 species. From
those, there are important species already quoted
as crop pollinators in Brazil (Giannini et al.
2015c), such as those belonging to Meliponini
tribe (28 species), Centris (12), Bombus (1), and
Xylocopa (3) genera. Currently, only 14% of the
Caatinga is protected by law as national areas of
conservation (Gariglio et al. 2010; Sparovek et al.
2010). Therefore, establishing ecological corri-
dors that connect protected areas could facilitate
the dispersal and migration of species and contrib-
ute to mitigate the loss of biodiversity and en-
hance sustainable development in rural
communities.

The impact of climate change on crop pollina-
tor bees in Brazil was so far investigated with
pollinators of passionfruit (Giannini et al. 2013b)
and coffee (Giannini et al. 2015b). The only study
related to Northeastern Brazil showed that Centris
hyptidis Ducke, 1908 and Centris trigonoides
Lepeletier, 1841 (two oil collecting bees that pol-
linate acerola and cashew) as well Melipona
scutellaris Latreille, 1811 (another stingless bee
that pollinates avocado and guava) presented 9–
35% of potential reduction in their occurrence
areas, depending on the future scenario analyzed
(Giannini et al. 2012). This is even more worrying
given that the Caatinga presents a lower bee rich-
ness when compared to other areas of South
America (187 species and 77 genera) (Zanella
2000), which makes its native bee species special-
ly important as ecosystem service providers.
Thus, strategies aiming to restore or conserve
areas on Northeastern Brazil are urgent in order
to contribute on safeguarding pollinators against
climate change.

5. CONCLUSION

The effects of climate change on species distri-
bution have already been reported, and they re-
quire strategic measures for protecting biodiversi-
ty. Conservation and restoration strategies aiming
to protect biodiversity should consider the types
of land use and also the socioeconomic develop-
ment in the region. Therefore, the use of
biodiversity-friendly agroecosystem strategies,
beekeeping, and ecotourism in key areas, enriched
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with the plants used by bees to forage and nesting,
are suggested to provide additional economic in-
come while protecting the pollinator species. By
implementing these strategies, it may be possible
to conserve or restore species biodiversity and
ensure the ecosystem services delivered by polli-
nators, as well as increase the economic income
and welfare of the local population.
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