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The introduction of species is an important global threat to native ecosystems and yet little is known about invasion
risks of non-native bees. Moreover, urbanization is increasing rapidly around the world with impact on the bee
fauna. The city of Curitiba (Brazil) could be considered a model system for studies under this scope, with historical
samplings and monitoring programs since the 1940s. This paper aims to quantify the current ecological impact
of the non-native bee species present in Curitiba by using an integrative measure of impact and to define their
current population status by classifying them into a unified framework for biological invasions. Ten sites were
actively sampled in the metropolitan area of Curitiba during ten months. In addition to Apis mellifera Linnaeus,
1758, we found two others non-native species, Anthidium manicatum (Linnaeus, 1758) and Melipona scutellaris
Latreille, 1811. None of them changed the native bee community structure, but they got different values of impact
due to their ranges and abundances. While the honeybee is a known invasive species, A. manicatum was also
considered invasive and has persisted in the city since the 1940s, interacting with the non-native plant Leonurus
Japonicus Houtt. M. scutellaris, a cultivated stingless bee species, had its first record for the city and fits the casual
non-native category. We suggest monitoring the non-native bee species and actions centered on beekeepers to
avoid future illegal introductions. The honey production or hobby interest on stingless bees can offer additional

obstacles for species conservation when decoupled of scientific knowledge.

Introduction

There are at least 80 bee species recorded as introduced somewhere
in the world (Russo, 2016), and these non-native bee species per sehave
been considered one of the main threats to native bees (Freitas et al.,2009).
However, the quantification of bee invasion impacts on the whole biota
is not an easy task, as for other organisms (Paini, 2004; Didham et al.,
2007). Impact is a complex invasion metric beclouded by a mix of
ecological factors (i.e. population dynamics and species interactions),
economic and social importance of non-native species, and judgments
of “good,” “bad,” “helpful,” and “harmful” traits (Simberloff et al., 2013).
There has been a remarkable effort in the last decades to decompose
these impacts in order to get a better understanding of them. The vast
majority of studies on bees have focused on Apis mellifera Linnaeus,
1758 (e.g. Santos et al., 2012; Valido et al., 2019) and Bombus Latreille,
1802, and limited attention has been given to other non-native species
(Russo, 2016). Given that bees are an immensely diverse group in terms
of feeding habits, social, and ecological behaviors, it is unlikely the

* Corresponding author.
E-mail: leticiagraf@yahoo.com.br (L.V. Graf)

https://doi.org/10.1590/1806-9665-RBENT-2020-0006

impacts attributed to A. melliferaand Bombus can be extended to other
groups of bees (i.e. solitary or stingless bees). Thus, it is necessary to
evaluate the impacts of non-native bee species on native ecosystems
in terms of their species-specific biology and population dynamics so
that the relative weight of life-history traits, population dynamics, and
ecological interactions are clearly distinguished.

Several bee species have been intentionally introduced to the
Americas, and the most remarkable case is the Africanized honeybee
A. mellifera. The subspecies A. mellifera scutellatawas brought to Brazil
in 1956 and it has since spread to most of the continent, except the
extremes southern and northern parts of South and North America,
respectively (Schneider et al., 2004; Santos and Mendes, 2016).
In spite of the public concern about A. mellifera declines worldwide
(VanEngelsdorp et al., 2009), its introduced populations can offer risks
to plant reproduction as well as to native bee species by competing
with flower resources and by spreading diseases (Santos et al., 2012;
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Geldmann and Gonzélez-Varo, 2017). Valido et al. (2019) found that
A. melliferareduces the diversity of wild pollinators and have a negative
impact on the interaction links in the pollination networks, but in
contrast Moritz et al. (2005) found no evidences that feral honeybees
can actually cause the extinction of native bees. Cane and Tepedino
(2017) estimated that an apiary with 40 colonies collects the amount
of pollen equivalent to four million wild bees’ larval provisions, an
undeniable influence on resource sharing.

With regard to other non-native bee species, little is known about
their impact on the environment and on native bees. Some species
were introduced for crop pollination, for example Megachile rotundata
(Fabricius, 1787), used as the pollinator of the alfalfa (Medicago satival.)
in the United States (Pitts-Singer and Cane, 2011). In South America, the
bumble bees Bombus ruderatus(Fabricius, 1775) and Bombus terrestris
Linnaeus, 1758 were introduced in Chile for crop pollination and have
become invasive in both Chile and Argentina (Aizen et al., 2018). Bees
have also been introduced accidentally, for example, in Brazil there are
three known cases: Anthidium manicatum (Linnaeus, 1758), Hylaeus
punctatus(Brullé, 1832), and Lithurgus ruberiDucke, 1907 (Strange et al.,
2011; Silva et al., 2014; Russo, 2016). Among the accidentally introduced
bees in the Americas, A. manicatum(Megachilinae, Anthidiini) has the
largest distribution. It is a solitary bee originally from Europe, northern
Africa and western Asia (Gibbs and Sheffield, 2009; Strange et al., 2011)
and now occurs in several Brazilian states (Fig. 1c) (Urban and Moure,
2012) as well as in Argentina and Uruguay (Moure and Urban, 1964).
In North America, the first record of this species is from the 1960s, in
New York, where it was introduced by an accidental event, independent
from that happened in South America (Gibbs and Sheffield, 2009).
A. manicatum is called the wool carder bee, as the female collects
trichomes from leaves and stems for nest construction, especially
from Lamiaceae plants (Miller et al., 2002; Michener, 2007). Its male is
known to aggressively defend floral territories attacking heterospecific
pollinators, causing resource exclusion (Graham et al., 2019).

Beekeepers and researchers have also introduced stingless bee species
that are native to some parts of South America to others regions of the
continent where they are not native. This information is not usually
scientifically reported, even though it is possible, in Brazil, to buy
online stingless bees’ hives from any region of the country. For instance,
Melipona (Michmelia) scutellaris Latreille, 1811 (Apinae, Meliponini),
known as “Urucu nordestina”, is an eusocial native bee that occurs in
northeastern Brazil (Camargo and Pedro, 2013) and is broadly used in
meliponiculture (Evangelista-Rodrigues et al., 2005; Alves et al., 2012).
There are records for the species outside its natural range for Goias,
Minas Gerais, and Sdo Paulo (Fig. 1e). In Uberlandia (Minas Gerais),
it hybridizes with its closely related species, Melipona (Michmelia)
capixaba Moure & Camargo, 1994 (Nascimento et al., 2000), which
represents an additional genetic threat to native species, especially
to endangered ones, and consequently to biodiversity (Wolf et al.,
2001; Todesco et al., 2016). Both species are in the Brazilian red list
(Silveira et al., 2008; ICMBio, 2016).

Arecent study showed that urbanization is correlated with increased
prevalence of non-native bees, demonstrating that cities can be suitable
environments for bee invasion, attributable to trait-matching between
characteristics of some exotic bees, such as cavity-nesting habit, and
abundance in urban environments (Fitch at al., 2019). Besides this
study, the introduction of non-native bee species on highly anthropic
environments, such as cities, is not well documented. This is a crucial
topic when we consider that currently 54% of the human population lives
in cities and is expected to rise to 66% approximately in 2050 (United
Nations, 2018). The city of Curitiba, capital of the State of Paran4, located
in southern Brazil, has one of the largest metropolitan areas in the
country, with a population of almost three million people (IBGE, 2017).

Owing to historical bee samplings dating from the 1940s, and three
monitoring programs since the 1960s, there is relevant information
on the historical bee fauna and on the arrival of non-native species
to the city. These monitoring programs have already shown a decline
of 30% in species richness and abundance between 1975 and 1993 in
one monitoring site (Taura and Laroca, 2001), a decline of 22% in bee
richness in a second site after 40 years of study (Martins et al., 2013),
and the disappearance of almost half of the species during a period
of 34 years in a third site (Cardoso and Gongalves, 2018).

Considering that urbanization is increasing rapidly with impact
over the environment and is recognized as an important factor for the
loss of biodiversity (Kowarik, 2011; Fragkias et al., 2013; Deguines et al.,
2016), along with the lack of information on non-native bees and their
impacts in urban ecosystems, our goals here were to: 1. quantify the
current ecological impact of the three non-native bee species present
in Curitiba (A. manicatum, A. mellifera and M. scutellaris) by using a
integrative measure of impact proposed by Parker et al. (1999), in order
to try to disentangle the difficult question of measuring the impacts
of non-native species; 2. merge our data with literature distributional
records to define the current population status of these non-native bee
species by classifying them under the unified framework for biological
invasions proposed by Blackburn et al. (2011).

Material and methods
Site descriptions

We sampled ten sites in the metropolitan area of Curitiba
(Sate of Parand, southern Brazil), where the climate is subtropical
(average temperature, summer: 22° C, winter: 17° C, average rainfall:
1480 mm; INMET- Instituto Nacional de Meteorologia) and original
plant phytophysiognomies are a mix of Araucaria forests and natural
grasslands within the Atlantic Forest ecoregion (Zonta et al., 2012).
The ten sampling sites were distributed in five public parks, a University
Campus site, three Army protected areas and the Curitiba International
Airport (Table S1 of the Supplementary material). All sampling sites
are inside the urban matrix and at least one and a half kilometers of
distance apart, sufficient to guarantee site independency for bee studies
(Ferreira et al., 2015).

Data collection

Bees were actively collected on flowers with insect nets following
Sakagami et al. (1967) methodology. According to this protocol the
sampling area is randomly searched for bees in flowers during the time
of high bee activity, usually from 9h30 AM to 3h30 PM. One collector
(LVG did all fieldwork) sampled one site per day. Each site was visited
once per month, from August 2017 to May 2018, summing up to 600 hours
of data collection. The main purpose of this sample design was to
investigate the urban landscape effect on bee community. Specimens
of A. mellifera were not collected, because this would jeopardize the
methodology due the time-consuming collection and processing of
honeybees.

In the laboratory, bees were sorted, pinned, and identified by
comparison with collection specimens. Voucher bees are deposited
in the collection Colecdo Entomoldgica Pe. Jesus Santiago Moure
(DZUP). Host plants were also collected, identified and vouchers are
deposited in Herbdrio do Departamento de Botdnica (UPCB). DZUP
collection and SpeciesLink(http://www.splink.org.br/) were examined
for records of A. manicatum and M. scutellaris in Brazil. Brazilian
Bee-Plant Interactions Database (BBPID, http://abelhaseplantas.cria.
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org.br/) was checked for host records. Bipartite network from R package
‘bipartite’v.2.08 (Dormann et al., 2008) was used to illustrate the bee
and host plant sampled in this study.

Statistical analyses

The impact (I) of each species was determined following Parker et al.,
(1999) by multiplying metrics of range (R), abundance (A), and per
capita effect in the studied region (E). Range was calculated as the
percentage of sites where each species occurred. Abundance was
calculated as the relative abundance of each non-native bee species
from the total number of bees collected on the plant species where
those non-native bees were sampled. In the case where the non-
native bee occurred in more than one area, the mean of the relative
abundance was calculated. The per capita effect was calculated as
the difference in bee diversity in the presence and the absence of
each non-native species (AH’). The Shannon diversity index (H’) was
used as a metric for bee diversity at each plant species. When there
was more than one plant species where the bee species occurred, the
average of H' was taken instead.

As we did not collect A. melliferain the ten selected sites described
above, we decided a posteriorito use a bee-plant web from a previous
study conducted at the Curitiba International Airport (Martins et al.,
2013) during the years 2004 and 2005, which followed the same sample
methodology (Sakagami et al., 1967). The aim here is to use this data
as an exploratory and new approach to try to disentangle the different
invasion impacts (invasion range, species abundance and per capita
effect) and not to compare the impact values among the three non-native
species. It also serves the purpose of verifying the value of the formula
itself as an integrative measure of impact for non-native species.

The relative abundance of A. melliferawas calculated from the total
number of bees collected in the plants where bee species occurred, just
as it was calculated for the other non-native bees. As we had data for
only one site, we compared the bee diversity indexes among different
plant species considering the plants where A. melliferawas detected and
plants where it did not occur. Differently from the way we calculated
the impact for the other two non-native species, where the AH’ was
obtained from the same plant species from different areas, with and
without their presence. We then used the non-parametric Wilcoxon
Rank Sum to see if floral visitor diversities (H') in the presence and
absence of the non-native species were different at a. = 0.05. To confirm
the statistical results for A. mellifera we also ran a generalized linear
model (GLM) with an inverse link function and Gamma distribution
to test floral visitor diversities (H’) in the presence and absence of the
non-native species.

Finally, the population status of each non-native species was
defined following the unified framework for biological invasions
(Blackburn et al., 2011). This classification takes into account the stages
of the invasion process, considering that in each stage there are barriers
that need to be overcome for a species or population to pass on to the
next stage. It helps to determinate which management interventions
each non-native species needs at the moment.

Results

From the 8,973 bees sampled in Curitiba, 15 specimens represented
the non-native species A. manicatum (Fig. 1b) and M. scutellaris(Fig. 1d).
Four specimens of A. manicatum (two females and two males) were
sampled in three sites: one was caught on flight and the others were
found only visiting Leonurus japonicus Houtt. (Lamiaceae). L. japonicus
occurred in six sites, hosting eight bee species (Fig. 1a). Eleven specimens

of M. scutellaris(ten females and one male) were caught at only one site,
visiting five plant species, all native ornamental shrubs. These plants
also occurred in other seven sites and hosted a total of 43 bee species,
including both solitary and eusocial bees (Fig. 1a). A complete list of
individual bees sampled in the six host plants is given in Table S2 and
additional information is given in Table S3. This is the first record of
M. scutellaris for Curitiba.

With regard to the relative abundance (p,) of the non-native bee
species, A. manicatumwas not a dominant species visiting L. japonicus.
It was the second most abundant species (out of five), in the site where
it was collected twice (p, = 0.22), but it was the least abundant at the
other two sites (p;, = 0.06 and p, = 0.25). Its mean relative abundance
was 0.18. M. scutellaris was the second most abundant species in the
plants where it occurred (p, = 0.21). The other most abundant bees
at the same site (in the plants where M. scutellaris visited), were
also stingless bees, Paratrigona subnudaMoure, 1947 (p, = 0.24) and
Melipona quadrifasciata Lepeletier, 1836 (p, = 0.15). Regarding the
bee-plant web of the Curitiba International Airport, A. mellifera was
the most abundant bee species (59% from 3,061 individuals) including
at the host plants where it was recorded (p, = 0.61). As in the present
study A. mellifera was observed everywhere in the studied region
(in all ten sites), its range, for a purpose of an exploratory analysis of
the formula proposed by Parker et al. (1999), was considered 100%.
Also, other field samples held in Curitiba also detected the presence
of A. mellifera.

The Shannon diversity indexes for A. manicatum for presence and
absence as plant visitor were H'=1.03 + 0.2 SE and H'=0.3 + 0.3 SE,
respectively. By these values, bee diversity in L. japonicus was not
significantly different in the presence of A. manicatum(W=8, P=0.18).
Its per capita effect value (E = AH’) is then 0.73. For M. scutellaris
the values were H'=1.85 + 0.3 SE and H’=0.94 + 0.4 SE for presence
and absence respectively. Again, bee diversity was not significantly
different (W=20, P=0.14) and its per capita effect value is 0.91. With
both non-native bee species present in the system, the diversity was
higher than without them and they did not have a clear per capita
effect on the bee community (P>0.05). It is important to note that
in both cases the number of plants was low for both presences and
absences (n < 5). For A. mellifera, the mean bee diversity was obtained
from the 56 plants species out of 100. When A. was present, its value
was H’'=1.01 + 0.1 SE and when it was absent was H'=0.73 + 0.1 SE
and its per capita effect value is 0.28. Albeit not clearly different,
bee diversity was slightly higher in the presence of A. mellifera
(W=1003.5, P=0.05 for the Wilcoxon test and t=2.06, P=0.04 for the
GLM). When the invasive bee was removed from the data for the
analyses and only the native bee community matrix was analyzed,
the effect became slightly stronger (P=0.04 for the Wilcoxon test
and P=0.02 for the GLM).

The impact value of A. manicatum was therefore 3.94, and of
M. scutellaris was 1.91, whereas for A. mellifera the impact value
was 17.08 (Table 1). As we interpreted the data of A. manicatum and
M. scutellaris from ten different sites and comparing the Shannon
diversity index differently from the way we are doing for A. mellifera,
these values are not comparable among them, only between A. manicatum
and M. scutellaris. Also, the impact value proposed here does not reflect
whether or not there is a significant difference between them. In regard
to the classification of the non-native species into the unified framework
for biological invasions proposed by Blackburn et al. (2011), given the
current literature knowledge on the distribution and biology of these
species, added to the range and abundance values obtained in this study,
their population status category were defined as: E (fully invasive) for
A. mellifera, D2 (self-sustaining population distant from introduction
point) for A. manicatum and B2 (in cultivation) for M. scutellaris.
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Figure 1 Bipartite network and non-native bees sampled in Curitiba. a) Bipartite network, non-native plant and bees colored, b) Anthidium manicatum, female; c) Distributional
range of A. manicatum (SpeciesLink); d) Melipona scutellaris worker on Calliandra brevipes; e) Distributional range of M. scutellaris (SpeciesLink), natural records in green.

Table 1

Invasion metrics for Anthidium manicatum, Apis mellifera and Melipona scutellaris across 10 green urban areas in Curitiba, southern Brazil. Per capita effect is the mean H’
for the floral bee visitors in the presence and absence of the non-native species. Impact was calculated following Parker et al. (1999) as I = R x A x E. Population statuses were

categorized according to Blackburn et al. (2011).

Percentage of the number

Mean relative abundance

Non-native bee species of sites (R) (A) Per capita effect (E) Impact value (RxAxE) Population status
Anthidium manicatum 30 0.18 0.73 3.94 Invasive (D2)
Apis mellifera 100 0.61 0.28 17.08 Invasive (E)
Melipona scutellaris 10 0.21 0.91 191 Casual (B2)

Discussion

Integrating data on species range, abundance and per capita effect
is a relatively new approach to determine the impact of invasive bee
species. This approach allowed us to disentangle the relative weight
of population size and individual effects to show that the impact of
non-native bees on native bee communities seem to come from their
large numbers and spread rather than the per capita effect. We encourage
other researchers to obtain data that fit in the integrative formula
proposed by Parker et al. (1999) in order to improve our understanding
of how each one of the factors affects the overall invasion process itself.
This flexible approach to measure impact can take many forms with
different metrics for per capita effect (e.g. pollination rate, aggressive

behavior and pollen removal) that are directly comparable across sites
and species and that can be easily scaled up to include a larger region
or number of populations or down to examine the effects of bees on
individual plant species.

None of the non-native bees structurally change the native bee
community, as observed by the per capita values, so it is presumable
that none of them compete with the native bees for resource. According
to a recent study carried out in Michigan (USA), despite the fact that
non-native bees were positively correlated with urbanization, their
success was not related with the decrease of native bees (Fitch et al.,
2019). However, trial studies on competition should be carried out for
abetter understanding of this issue, as pointed out by Goulson (2003).
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Furthermore, there are two important factors potentially mediating
the values observed here. Firstly, A. mellifera and A. manicatum are
present in the region for at least several decades and it is possible
that their greatest impact may have occurred during the first years
of establishment and invasion. Studies assessing bee communities
prior and post arrival of A. mellifera showed important changes in
native bee community structure soon after the arrival of the species
(e.g. Valido et al., 2019). Secondly, urbanization in the area has been
shown to dramatically affect native bee communities with pronounced
declines in bee richness and abundance over the past 40 years (Taura
and Laroca, 2001; Martins et al., 2013; Cardoso and Gongalves, 2018).
It is possible that urbanization and non-native species residence
time may be synergistically acting as regulators of native bee current
community structure and dynamic.

The integrative impact approach gives a good measure to the unified
framework proposed by Blackburn et al. (2011). In this study A. mellifera
got a high impact value mainly because it was recorded in all sampled
sites and also for having high abundance in the Airport samples.
This data, combined from literature records of dense populations of
honeybees almost all over the Americas (Schneider et al., 2004; Moure,
2012; Santos and Mendes, 2016), provide enough support to consider
A. mellifera a fully invasive species in category E. This means that it
has transposed all the barriers of the invasion process: captivity or
cultivation (introduction), survival and reproduction (establishment),
dispersal and environmental spread (Blackburn et al., 2011). Despite the
difficulty to address the impact of honeybees on wild bees (Moritz et al.,
2005), several studies show the multiple risks that A. mellifera offers
to native fauna, especially in sites close to large apiaries (Santos et al.,
2012; Cane and Tepedino, 2017; Geldmann and Gonzalez-Varo, 2017;
Valido et al., 2019). The State of Parana Environmental Institute already
considers the honeybee as invasive in the category of “useful species
under specific regulations” (IAP, 2015).

Itis possible to directly compare the impact values of A. manicatum
(3.94) and M. scutellaris(1.91) as we used the same sample and analytical
methodology. This difference in values largely results from the fact that
the first species occurred in three sites whereas the second in just one.
The range of A. manicatumreflects its capacity to be actually established
in the city of Curitiba, as itis a solitary bee that is not kept in cultivation.
Also, historical data shows that this species is broadly distributed in
eastern Brazil (Fig. 1¢), and that it has been in the country since the
beginning of the 20t Century (Schrottky, 1903), being present in Curitiba
at least since the 1940s (Moure, 1943). Although registered in different
sites around the country, there are no records of large populations of
A. manicatum, as corroborated with the data of this survey. In fact, it has
not been sampled in Curitiba after 1965 (unpublished data from DZUP;
Taura and Laroca, 2001; Martins et al., 2013; Cardoso and Gongalves,
2018). This new information enables us to classify A. manicatum as
invasive under the category D2 (self-sustaining population distant
from introduction point). This means that it has overcome all the
invasion process barriers, but that it has not thrived so intensely,
probably because of its solitary behavior and restricted floral resources
it utilizes in the places it is established in the country. Furthermore,
as described by Strange et al. (2011), the poor predictive capability of
the South American invasive models of A. manicatum may be guided
by the availability of floral resources found in urban gardens rather
than by bioclimatic variables. Nevertheless, because of the fact that
A. manicatumis a non-native species, the Parand State Environmental
Institute considers it in the category of “forbidden transport, cultivation,
propagation and commercialization” (IAP, 2015).

With respect to the floral resources, A. manicatum was found
only at L. japonicus (Lamiaceae), the same plant species from the

first records of this bee in Sdo Paulo (Schrottky, 1903), at that time
erroneously recorded as L. sibiricus Linnaeus, 1758 (see Harley and
Paton, 2001). Interestingly, L. japonicus is also a non-native species,
originally from Asian and Mediterranean countries (Duarte and Lopes,
2005). Although also less recorded on Anthirrhinum majus (Lamiales,
Plantaginaceae) and Duranta repens L. (Verbenaceae) (Moure and
Urban, 1964; BBPID), the reliance of A. manicatumon L. japonicus may
suggest that the persistence and spread of this bee species may be the
result of an invasional meltdown (Simberloff and Von Holle, 1999).
Invasional meltdown occurs when nonindigenous species can facilitate
one another’s invasion in various ways, including pollination and plant
dispersion. However, L. japonicus can also be a resource for native bees
and help to support local pollinators (Lowenstein et al., 2018).

M. scutellaris was detected at only one location and thus considered
justacasual alien species (B2, in cultivation). It was probably transported
to Curitiba for breeding purposes, and is maintained by beekeepers in
rational hives with heating system (unpubl. data). A modelling study
suggested that M. scutellarishas low probability to occur in the Curitiba
region in the next century even with climate change (Giannini et al.,
2012) but further monitoring or controlled experiments would be
required for a proper evaluation of the potential of the species to
stablished self-sustaining populations in the wild and become invasive
in the region. As a generalist species (Souza et al., 2015; BBPID) with a
considerably long flight ranges (Aradjo et al., 2004), M. scutellaris has
potential to invade warmer regions of the country. In fact, data from
SpeciesLink (Fig. 1e) show its current distribution in the Midwest and
Southeastern Brazil, areas where it should be monitored for its potential
to become invasive. After 2017, the meliponiculture in Parana started to
be regulated by Law (Law Number 19152) (Parand, 2017), which forbids
the introduction, breeding and commercialization of M. scutellaris in
the State (MMA, 2004; Parana, 2017).

The enthusiasm on Meliponini beekeeping as a hobby, including
within the cities, and also for honey production, can be negative to
conservation when decoupled with scientific knowledge, especially in
terms of species introduction and hybridization. The vulnerable and
endangered species have its own pressures as deforestation increases
and climate change, and their conservation is not necessarily linked
to the beekeeping practices outside of their natural distributional
range. In Curitiba, eight native species can be used for meliponiculture:
Melipona bicolor schencki Gribodo, 1893, Melipona marginata
Lepeletier, 1836, M. quadrifasciata, Plebeia droryana (Friese, 1900),
Plebeia emerina (Friese, 1900), Plebeia remota (Holmberg, 1903),
Scaptotrigona bipunctata (Lepeletier, 1836) and Tetragonisca fiebrigi
(Schwarz, 1938) (Laroca, 1974; Barbola and Laroca, 1993; Cardoso and
Gongalves, 2018). Stingless beekeeping should be economic and but
also ecological viable (Venturieri et al., 2012).

Further additional information about competition, predation,
hybridization, transmission of diseases and parasitism, would be
useful for helping us to classify these non-native bees under the
unified classification of alien species based on the magnitude of their
environmental impacts proposed by Blackburn et al. (2014). After
Blackburn et al. (2014), other researchers have outlined the importance
of the classes of impact to help us globally monitor non-native species
(Hawkins et al., 2015; Latombe et al., 2017). For those found in Curitiba,
literature data demonstrates that M. scutellaris can hybridize with its
closest related species (Nascimento et al., 2000) and that A. mellifera
transmit diseases to other bees (Fiirst et al., 2014). But a precise
classification can only be done with a more refined research to fill all
gaps of impact criteria proposed here.
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Conclusions

By disentangling the ecological impact of the non-native bee species
currently occuring in Curitiba by their range, abundance and per capita
effect, we were able to measure the relative weight of each of them. None
of the species structurally changed the native bee community, as observed
by their per capita values. A. melliferashowed a high impact value because
it was recorded in all studied sites and also for having high abundance
everywhere, which, coupled with literature data of its distributional records,
can be considered a fully invasive species in the category E according to
Blackburn et al. (2011). A. manicatum and M. scutellaris did not occurred
in all sampled sites and both had low abundance values, which, coupled
with literature data, gave us support to consider them, in the studied area,
in the category D2 (self-sustaining population distant from introduction
point) and B2 (in cultivation) respectively.

As pointed out by Goulson (2004), unlike many of the other impacts
that man has done on the environment, introduction of alien species
is usually irreversible, so the precautionary principle for biological
invasions recommends the continuous monitoring of the species in
the urban environment. A. manicatum and its host plant L. japonicus
should be monitored in the city parks for possible changes in bee and
plant populations and impact on the native biota. Beekeeping should
prioritize native bees, at least inside and around urban areas, and the
feral honeybee populations should be monitored. We suggest that the
risks of beekeeping non-native stingless bees should reverberate to
beekeepers to avoid future introduction and associated risks. The gap
between bee research and beekeeping is a good example of the weak
link between academia and society in Brazil.
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