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Abstract – Bee surveys bring valuable information regarding species distribution, phenology, and their interac-
tions with host plants, and thus are important to bee conservation, especially in the present scenario of drastic 
declines reported worldwide. The Brazilian bee fauna has been surveyed intensively since the late 1960s, but the 
state-of-the-art of this research topic has not been explored in detail. Our main goal is to analyze the scientific 
literature through a systematic review of Brazilian bee surveys, describing (i) spatial sampling gaps; (ii) preferred 
sampling frequency and methods; (iii) species identification and vouchering practices; (iv) gender participation; 
and (v) how the studies are distributed among scientific journals. Our review includes 213 published studies, of 
which half targeted the entire bee fauna (Apoidea: Apidae sensu lato) while the other half targeted the orchid 
bees (Euglossini). Sampling sites are predominant in eastern Brazil, particularly within the Atlantic Forest. Hand 
netting bees for 1 year long was the most frequent sampling protocol to capture bees. Taxonomic identification 
and voucher deposition practices were mentioned in most of the papers. Men and women published almost the 
same number of papers, but women were less frequent as lead or senior authors and appeared less as prolific 
researchers. Most papers were published in a few Brazilian journals. We highlight that surveys in understudied 
areas are needed, especially in Amazon. Monitoring bees in previously surveyed locations is also encouraged 
to investigate temporal changes in bee assemblages, such as population declines, impacts of land-use changes, 
and effects of climate change.
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1. INTRODUCTION

Bees are facing drastic declines worldwide, as 
well as other insects (Hallmann et al. 2017; Vogel 
2017; Sánchez-Bayo and Wyckhuys 2019; Zattara 
and Aizen 2021), what represent a major concern 
to biological conservation, especially considering 
the human dependence on their ecological service 
of pollination (Winfree et al. 2009; Goulson et al. 
2015). Anthropic causes, such as agrochemicals 
and habitat loss, have been linked to declines in 

bee populations worldwide and the increasing 
evidence reinforces the urgent need for conserva-
tion (Potts et al. 2010; Goulson et al. 2015). Bio-
diversity knowledge is crucial to propose robust 
conservation programs in which biodiversity 
inventories play an important role, especially in 
understudied well-conserved areas. These studies 
provide a scientific basis for conservation pro-
jects and support science-based decision-making 
(Lovett et al. 2007; Gezon et al. 2015; Packer and 
Darla-West 2021; Rosa et al. 2021). Biodiversity 
surveys allow the compilation of a huge amount of 
information about species geographic distribution, 
raw abundance and phenology, and interactions 
between different organisms — what is crucial 
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to develop conservation strategies (Silveira et al. 
2010; Meineke et al. 2018; Rosa et al. 2021).

Another aspect of bee surveys is that the col-
lected specimens are generally deposited in bio-
logical collections, where it can be of potential 
interest for taxonomic studies (Meineke et al. 
2018). Biological collections are of essential 
importance to biodiversity knowledge, as well as 
to understand ecological responses to the global 
change impacts in the Anthropocene (Meineke 
et al. 2018). The voucher specimens deposition 
is essential to document biological research 
and to ensure the principle of repeatability in 
science, allowing verification, refutation, and 
repetition of previous studies (Huber 1998; 
Tuney et al. 2015). Inventories also contribute 
to directly overcome the three main biodiversity 
shortfalls: (1) Linnean: collected material can be 
useful for taxonomic studies, such as descrip-
tions of new species (Meineke et al. 2018); (2) 
Wallacean: collected data improves what is 
known about species geographic distribution 
(Bini et al. 2006; Packer and Darla-West 2021); 
(3) Darwinian: collected material, correctly 
identified, can be used in phylogenetic studies of 
understudied taxa (Diniz-Filho et al. 2013; Assis 
2018). Also, other biodiversity shortfalls can be 
overcome by inventories, such as the Eltonian 
shortfall (biotic interactions), Prestonian (rela-
tive to species abundance), and Raunkiæran 
(species traits) (Hortal et al. 2015).

Brazil is the fifth largest country in the world 
and has about 10% of the 20,507 known bee spe-
cies of the world (Ascher and Pickering 2020), 
distributed in several terrestrial ecosystems 
(Silveira et al. 2002). The country is even con-
sidered as the most biologically diverse in the 
world (Mittermeier et al. 1997; Convention on 
Biological Diversity 2021), recognized by its 
huge diversity of ecosystems and biomes, such 
as forests (Amazon, Atlantic Forest), savannas 
(Cerrado), the largest tropical wetland area in the 
world (Pantanal), lowlands (Pampa), and xeric 
shrublands (Caatinga) (Soares-Filho et al. 2014; 
Oliveira et al. 2017). Nonetheless, this unique 
biodiversity is mainly endangered by fire foci, 
deforestation, cattle raising, and extensive mono-
culture farming (Silva-Junior et al. 2020).

The Brazilian bee fauna has been studied 
since the beginning of the twentieth century, 
when the first local and regional species lists 
were provided by pioneer foreign entomologists 
(e.g., Cockerell 1900; Schrottky 1902; Ducke 
1906; Friese 1910). Later, Father Jesus Santiago 
Moure (1912–2010), in his earlier contributions, 
made substantial advances on bee taxonomy by 
studying specimens from local sampling points 
(ex. Moure 1943; 1944). On the other hand, bee 
surveys with well-described and standardized 
sampling protocols were not available until the 
late 1960s, when Sakagami et al. (1967) sampled 
bees using insect nets in flowers for a limited 
time of observation (5–10 min), 3 days a month, 
4 h per day, during one entire year. The sampling 
was carried out in random walks in delimited 
sites with a few hectares. This sampling design 
was a milestone for local bee surveys in Brazil 
with dozens of studies using modified versions 
of the protocol (Pinheiro-Machado et al. 2002).

The identification of chemical compounds 
associated to male orchid bees (Euglossini) 
attraction (Dodson 1962; Dodson et al. 1969) 
was also an important milestone in Brazilian bee 
surveys. These finds led to the development of a 
specific sampling protocol to Euglossini males 
with scent-baits (e.g., Dressler 1982; Faria et al. 
2015). Since then, more and more surveys were 
conducted focusing on Euglossini, which led to 
a better understanding of biological aspects of 
this group and also to achieve a relatively good 
taxonomic status (Faria et al. 2015; Gonçalves 
and Faria 2021). These factors combined with 
the exclusively Neotropical distribution of these 
bees raised the interest in studying Euglossini in 
Brazil, especially considering its potential role 
as ecological bioindicators of habitat disturbance 
in tropical forest areas (Faria and Melo 2020; 
Gonçalves and Faria 2021).

A previous literature review about bee surveys 
in Brazil was published by Pinheiro-Machado 
et al. (2002), focusing on spatial distribution 
of bee surveys and representation of taxonomic 
groups. After two decades, several studies were 
published and new methodological approaches 
were incorporated, outdating the previous 
review. Moreover, the scientometric aspects 
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— concerning the study of quantitative features 
of the scientific literature (Hood and Wilson 
2001) — of bee surveys were not previously 
addressed.

Our main purpose is to analyze the scientific 
literature to recognize spatio-temporal patterns 
in Brazilian bee surveying. The specific aims are 
to find spatial gaps and priority areas to survey; 
to summarize preferred sampling frequency and 
sampling method; to evaluate the gender partici-
pation and how the studies are distributed among 
scientific journals; and to determine species 
identification by taxonomists and vouchering 
practices.

2.  MATERIAL AND METHODS

We conducted a systematic literature search 
within the Scopus database — the largest abstract 
and citation database of peer-reviewed literature 
(https:// www. scopus. com) — to assess bee sur-
veys in Brazil, covering published studies since 
the seminal article of Sakagami et al. (1967). The 
PRISMA protocol for systematic reviews (Moher 
et al. 2009) was followed to minimize bias, allow 
reproducibility, and produce reliable sources of 
information (Cochrane Library 2021). We used 
the following terms and Boolean operators in 
the Scopus search: “bee*” AND “sampling” OR 
“fauna” OR “inventory” OR “list of species” OR 
“species list” AND “Brazil”; combined with the 
equivalent terms in Portuguese: “abelha*” AND 
“amostrage*” OR “coleta” OR “levantamento*” 
OR “fauna” OR “lista de espécies” AND “Bra-
sil.” The search was completed in November 
2020, covering a time span from 1967 until 2019. 
Only publications written in English or Portu-
guese were considered. The results were filtered 
considering only articles and book chapters.

We considered the following inclusion criteria 
to select the reviewed literature: (1) the study must 
be original, including fieldwork and sampling of 
bees; (2) present a list or the number of species; 
and (3) present a precise geographic location 
(coordinates or location descriptions, i.e., coor-
dinates could be found in Google Maps). Studies 
with bee sampling based only in trap-nests were 

not included, due to limitations of this method col-
lecting only punctual groups of few species (Costa 
and Gonçalves 2019; Prendergast et al. 2020) — 
also, there is a recent-published literature review 
about Neotropical trap-nesting bees (Costa and 
Gonçalves 2019). The references section of each 
paper was checked in order to include studies not 
found in the database, following the same inclu-
sion criteria. This procedure was made to include 
the most papers possible and to consider studies 
on journals not indexed in the Scopus database.

Our sampling unit varied among different 
topics because multiple counts were made per 
paper when needed (e.g., several sampling sites 
or methods within a single paper). The follow-
ing information was obtained from each publi-
cation included in this review: year of publica-
tion; target taxon (see below); journal (in case 
of articles); study area coordinates; sampling 
method (e.g., netting; scent-baits; bowl traps); 
sampling frequency (see below); study type (i.e., 
fauna survey; landscape ecology; interactions 
network); vouchering institution (if mentioned: 
yes/no); identification by taxonomist; citation of 
species-level identification key (yes/no); gender 
of authors; and keywords. All the collected data, 
as well as the complete reference list of studies 
included in this review, are presented in Supple-
mentary Material 1.

Bee surveys can comprise the bees broadly, 
we use the single-family classification pro-
posed by Melo and Gonçalves (2005), as well 
as bee surveys focused on more restricted taxon 
(e.g., Euglossini — orchid bees; Meliponini — 
stingless bees). For bee surveys using scent-
baits to attract male orchid bees, we opt to 
not consider the specificities of the method 
(i.e., if the bees were collected actively, with 
insect nets, or using traps) — such specifici-
ties are discussed in a recent study by Faria 
et  al. (2015), in which Brazilian Euglossini 
researchers were interviewed about how they 
have been sampling orchid bees. For sampling 
frequency, we considered as systematic those 
surveys regarding periodic and long-term sam-
pling (monthly and at least 1 year duration), 
those with medium-term (less than 1  year, 
few months) and few sampling expeditions we 
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categorized as intensive, and those with casual 
sampling during a short-term we categorized 
as opportunistic.

In “identification by taxonomist,” we con-
sidered as a taxonomist the researchers that 
published at least one taxonomic review or 
species description as first author — for this 
purpose, we searched the curriculum (CNPq 
Lattes Curriculum) of each researcher men-
tioned as responsible for the taxonomic identi-
fications (one of the authors and/or an external, 
non-author specialist). For citations of species-
level identification keys, it was considered only 
when the key was in the references list.

For each author, we obtained gender infor-
mation (based on the first name, CNPq Lattes 
Curriculum, and ResearchGate), and the num-
ber of publications by order of authorship (lead 
author and last, senior author). The gender 
information for 11 authors was not found (first 
name abbreviated) and the paper was excluded 
for this specific analysis. Keywords were col-
lected manually through the “keywords” sec-
tion in every article/book chapter. Portuguese 
keywords were translated to English, whenever 
keywords were available only in Portuguese. 
After collection, raw keywords were standard-
ized manually in order to remove all synonyms, 
variant forms (e.g., singular/plural), and key-
words with the same concept (Ravikumar et al. 
2015). Standardized keywords are presented in 
Supplementary Material 1. A word cloud was 
generated in R, language and environment for 
statistical computing, version 3.6.2 (R Devel-
opment Core Team 2019), using the “word-
cloud” function from “wordcloud” R package 
(Fellows 2018). For this purpose, we used a 
data frame of the standardized keywords and 
their frequencies, considering a minimum of 
two frequencies.

The histogram of studies per year and the 
bar graph of most frequent journals were gen-
erated in R, using the “ggplot2” R package 
(Wickham et al. 2021). The maps depicting bee 
surveys distribution were made in QGIS 3.16 
with GRASS 7.8.5, plotting the coordinates of 
each bee survey in Brazilian terrestrial biomes 
shapefile, available in Instituto Brasileiro de 

Geografia e Estatística (IBGE — https:// www. 
ibge. gov. br).

3.  RESULTS

The search on the Scopus database resulted 
in 217 records, of which 88 matched the inclu-
sion criteria. Additionally, 125 studies found in 
the references list were added. The final data-
base was composed of 213 published studies, 
being 204 journal articles and 9 book chapters 
(see Supplementary Material 2). Surveys that 
targeted the entire bee fauna (Apidae) and those 
that focused on orchid bees (Euglossini) were 
the most frequent (respectively: n = 100, 47%; 
n = 99, 46.5%). A sum of eight studies targeted 
on Meliponini (3.8%) — even if seven of them 
have also sampled Bombus and Apis mellifera 
Linnaeus, 1758. Other target taxa were also rep-
resented in few surveys: the oil-collecting bees’ 
tribe Centridini (n = 1); crepuscular bees genus 
Megalopta (n = 1); the Apinae subfamily (n = 1);  
and three studies focusing on the non-corbiculate  
Apinae bees. No paper was published in the  
1970s and only four papers were published dur-
ing the 1980s. The number of studies per year 
began to increase after these decades, reach-
ing a peak in 2013, when twenty papers were 
published. When categorizing studies by target 
taxa, Apidae surveys were more frequent in the 
2000 decade, while Euglossini surveys showed 
an increase in the beginning of the 2010 decade 
(Figure 1).

A sum of 355 different localities (with identi-
fied coordinates) were surveyed in the 213 stud-
ies. There is a predominance of bee surveys in 
eastern Brazil, particularly in Atlantic Forest, 
Caatinga, and Cerrado biomes, with few studies 
in Amazon, Pampa, and Pantanal (Figure 2). If 
the surveys are categorized by taxon, a similar 
pattern is observed. Atlantic Forest is the most 
surveyed biome for both target groups, followed 
by some portions of Caatinga and Cerrado. This 
latter is more surveyed for Apidae as a whole, 
and no Euglossini studies were performed in the 
core area of Cerrado (Figure 2). Surveys in the 
Pampa are limited to the northern portion of the 
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biome. Only Apidae surveys were conducted in 
Pantanal, while only Euglossini surveys were 
carried out in the Amazon (except for a few 
studies in Cerrado-Amazon transitional areas).

Studies were performed through eight differ-
ent capture methods, disregarding Euglossini 
surveys (n = 99), which are based on scent-baits 
for capture. Hand netting was the most frequent 

capture tool in 100 studies (77.5%), followed 
by bowl traps (n = 17; 13%) and Malaise traps 
(n = 5; 3.9%). Most studies used only one capture 
method (n = 101, 89.1%), while a few (n = 13, 
10.9%) combined two or even more. Consider-
ing the 355 sampled localities, systematic (peri-
odic and long-term) methodology was the most 
applied (n = 167; 47%), followed by intensive 

Fig. 1  Stacked histogram of bee surveys carried out in Brazil per year by target groups. Studies surveying Apinae, 
Centridini, Megalopta, Meliponini, and non-corbiculate bees are represented in “other” target groups. Double slashes 
indicate a decade without published studies

Fig. 2  Spatial distribution of Brazilian bee surveys by target group (A: Apidae, blue dots; B: Euglossini, green dots) 
with indication of terrestrial biomes  (1: Amazon; 2: Caatinga; 3: Cerrado; 4: Atlantic Forest; 5: Pampa; 6: Panta-
nal) in different shades of gray
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(n = 103; 29%), and opportunistic (n = 85; 24%). 
Studies essentially focused on the survey of bees 
were the vast majority (n = 201; 94.4%), while 
papers dealing with plant-pollinator interaction 
networks were seven (3.3%), and landscape ecol-
ogy totalized only five (2.3%). The first study 
presenting an interaction network was published 
in 2010 (Pigozzo and Viana 2010), while the first 
focusing on landscape ecology appeared 6 years 
later, in 2016 (Antonini et al. 2016).

Voucher specimen deposition in biologi-
cal collections was indicated by 180 studies 
(84.5%). Taxonomic identification was done by 
taxonomists in most studies (176; 82.6%). In 52 
surveys (24.4%), the identification was made by 
one or more authors, while external (non-author) 
taxonomists were responsible for identification 
in more than a half of studies (n = 110; 51.6%). 
In some cases, the taxonomic identification was 
made by both the study authors and external tax-
onomists (n = 14; 6.6%). In relation to species-
level identification keys, most studies (n = 164; 
77%) did not mention any source in the main 
text. From those, in more than a half (n = 87), 
the specimens were sent to external taxonomists. 
When species-level keys are mentioned (n = 49), 
almost a third (n = 15) did not reference the key, 
while the keys are referenced in 34 papers, most 
papers targeting Euglossini bees (n = 32).

From the 361 authors, 181 are men (50%), 
169 are women (47%), and 11 (3%) could not 
be assigned to a gender (Figure 3). Most authors 
authored only one paper (267 authors), while 
94 researchers (26%) published more than one 
study. A sum of 27 studies had a single author 
while 186 had multiple authors. Women were 
lead authors in 85 of the 213 published stud-
ies (40%), and their leading position is also 
biased in the last decade (38.2%). Similarly, 
women were the senior authors in 76 multiau-
thored papers (41%). All five researchers that 
authored 10 or more papers are men (100%), and 
of the 24 researchers that authored five or more 
papers, 15 are men (62.5%) and nine are women 
(37.5%). All the more prolific authors have aca-
demic researcher positions. The complete list of 
authors, gender, and number of published studies 
(classified as first and last author) is presented in 
Supplementary Material 1.

A sum of 290 keywords were obtained after 
the standardization of raw keywords (n = 944 
observations; 195 publications with keywords). 
The word cloud (Figure 4) summarizes the most 
frequent keywords, highlighting “Euglossini” 
(n = 70), “diversity” (n = 45), “Atlantic Forest” 
(n = 36), “Apoidea” (n = 34), and “bees” (n = 31) 
as the five most frequent terms. Scientific arti-
cles were published in 63 different journals, 29 

Fig. 3  Gender participation on Brazilian bee surveys. Legend: na: not assigned to a gender; 5 + researchers that pub-
lished 5 or more studies, 10 + researchers that published 10 or more studies
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journals (46%) published only one bee survey. 
More than half of the papers (n = 111 from 204; 
54.4%) were published in the ten most frequent 
journals (Figure 5). Except for Apidologie, all 
journals are maintained by universities and aca-
demic societies from Brazil. Neotropical Ento-
mology was the journal with the most publica-
tions (n = 25) (Figure 5). Considering these top 
10 academic journals, seven had studies in all 
the three last decades, one did not publish bee 
surveys in the last decade (Acta Amazonica), 
one published only in the last two decades (Biota 
Neotropica), and one published only in the last 
decade (Sociobiology) (Figure 5).

4.  DISCUSSION

In summary, we found that half of the 
included studies targeted the entire bee fauna 
while the other half targeted Euglossini bees. 
There is a predominance of sampling sites in 
eastern Brazil, especially within the Atlantic 
Forest. The sampling protocol most frequently 
used to capture the bees was hand netting, dur-
ing 1 year long, as suggested by Sakagami et al. 
(1967). Surprisingly, the frequencies of voucher 
deposition and species identification by taxono-
mists were very high, practices mentioned in 
most of the papers. Overall, men and women 

Fig. 4  Word cloud for most common standardized keywords found in Brazilian bee surveys. Each word’s frequency 
is correlated with font size (minimum = 2, maximum = 70)
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published almost the same; however, women 
were less frequent as lead or senior authors and 
appeared less as prolific researchers. The papers 
were published predominantly in a few Brazilian 
journals.

The herein analyzed 213 bee surveys add a 
high increase in the amount of data when com-
pared with Pinheiro-Machado et al. (2002), in 
which 46 bee surveys were reported. It is impor-
tant to highlight that there are several unpub-
lished studies, mostly from graduate thesis, that 
were not included here but were considered by 
the previous study. Despite its inherent problems, 
the gray literature should be consulted to fill 
some knowledge gaps, as the geographic cover. 
In the first decades after Sakagami et al. (1967), 
few bee surveys were published — it increased 
only from the 1990s. It can be related to a time 
lapse of the formation of Brazilian melittologists 
and the establishment of research groups in the 
country. Also, budget incentives for science in 
Brazil grew substantially in the 2000s, support-
ing graduate programs with the formation of 
melittologists in this research topic, which could 
explain the increase from the 2000s. Conserva-
tion programs supporting fauna and flora surveys 
were also important, as the BIOTA-FAPESP 
(www. biota. org. br) created in 1999 with the aim 
to support biodiversity studies in São Paulo state. 

Other examples are the research calls focused on 
biodiversity by governmental research agencies 
(e.g., Coordenação de Aperfeiçoamento de Pes-
soal de Nível Superior — CAPES; Conselho 
Nacional de Desenvolvimento Científico e Tec-
nológico — CNPq), as well as investments from 
non-governmental institutions.

Unfortunately, since 2015, several cuts in sci-
ence budget threaten and make unfeasible fauna 
and flora surveys in Brazil, especially in remote 
and well-preserved areas (Westin 2020). The 
scenario is even worse considering the tragic 
losses in biodiversity recently noticed, such as 
the breaking records of fire foci and deforestation 
(INPE 2020a, b). Another aspect hindering bee 
surveys is the competition with emergent fields, 
as meta-analysis of published data (Anderson 
et al. 2021). Besides being cheaper than field-
work surveys, it allows to analyze a huge amount 
of data and to investigate patterns on larger spa-
tio-temporal scales. As observed, bee surveys are 
more often published in Brazilian journals, with 
a more local scope. Thus, taking into account all 
the mentioned aspects, bee (and other organisms) 
descriptive surveys are currently out of fashion, 
being replaced by more data-driven multidisci-
plinary fields focused on applied environmental 
issues (Anderson et al. 2021). Paradoxically, 
meta-analysis and other data-driven research are 

Fig. 5  Stacked histogram of the 10 most frequent journals publishing bee surveys carried out in Brazil in the last 
three decades
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intrinsically dependent on solid databases, which 
in biodiversity sciences are constructed by natu-
ral history studies and biodiversity inventories 
(Cotterill and Foissner 2010).

In relation to the taxonomic sampling, the 
Brazilian surveys were predominantly focused 
on Apidae as a whole or specifically in Eugloss-
ini. The focus on bees is expected to fulfill the 
inventory purpose of characterizing the fauna of 
a given locality — what is observed since the 
pioneer bee studies in Brazil (e.g., Cockerell 
1900; Schrottky 1902). Also, the traditional use 
of insect nets in flowering plants, as formalized 
in Sakagami et al. (1967), allows the sampling 
of a wide variety of bees, without the taxonomic 
bias of alternative methods (Prado et al. 2017).

The first Euglossini survey article detected 
in our search was Powell and Powell (1987). 
Pinheiro-Machado et al. (2002) listed only one 
Euglossini study; however, we found 16 orchid 
bee surveys published before 2002. The num-
ber of published Euglossini surveys per year 
increased in the 2000s and 2010s decades (Fig-
ure 1). The most recent interest in surveying 
orchid bees can be explained by a combination of 
three aspects: biogeographical occurrence, stand-
ard sampling method, and their use as ecological 
indicators. The Euglossini contains around 240 
described species distributed in the Neotropi-
cal region, more diverse in forest areas near the 
tropics (Faria and Melo 2020). The males are 
attracted to fragrances from plants and are par-
ticularly known for the relation they have with 
orchids (Dressler 1982; Faria and Melo 2020). 
From the middle of the last century, a lot of stud-
ies investigated the relation of Euglossini males 
and orchid flowers, leading to the identifica-
tion of the chemical compounds (Dodson 1962; 
Dodson et al. 1969). These finds allow the use 
of artificial compounds with soaked cotton (i.e., 
scent-baits) to attract male orchid bees, even from 
long distances (Dressler 1982; Faria et al. 2015). 
Before that, orchid bees were rare in biologi-
cal collections and this sampling procedure led 
to the increase in Euglossini surveys in Brazil 
(Faria et al. 2015). The relative ease to attract 
and collect orchid bees, and their more resolved 
taxonomy — when compared to other bees — can 

explain the great number of papers. Also, there 
is an interest in the last decades on orchid bees’ 
role as ecological bioindicators of habitat distur-
bance, particularly in tropical forests (Gonçalves 
and Faria 2021).

The stingless bees (Meliponini) are remark-
able within the Brazilian fauna due to their 
eusocial behavior, role of pollinators of diverse 
crops, and meliponiculture (Almeida and Porto 
2014; Melo 2020). These bees are easily col-
lected with insect nets in flowering plants and 
some species are frequently the most abundant 
in Apidae surveys (e.g., Lorenzon et al. 2003). 
Yet, the tribe can be surveyed using nest location 
protocols (Silva et al. 2013; Werneck and Faria-
Mucci 2014). But even considering these issues, 
the tribe is not a common target group in Brazil-
ian studies. Regarding the few surveys focused 
on other taxonomic groups (Gaglianone 2003; 
Carvalho et al. 2012), they can be classified as 
circumstantial, and discussing them here is not 
relevant in this context.

The word cloud of keywords evidenced pre-
dominant terms in bee surveys in Brazil, such 
as taxonomic classifications (e.g., Euglossini, 
Apoidea, Apidae, Hymenoptera, and Insecta), 
localization (e.g., Atlantic Forest, Cerrado, 
Neotropical, and Brazil), and basic ecology and 
conservation terms (e.g., diversity, biodiversity, 
richness, abundance, conservation, commu-
nity, niche, pollination, fauna, and seasonality). 
Euglossini have considerably more occurrence 
than Apidae, probably due to the historical 
absence of a formal name to the bees (Melo and 
Gonçalves 2005), so many studies use the ver-
nacular names or Apoidea to refer to the group. 
“Scent-baits” were the only sampling method to 
appear in the most frequent keywords, character-
istic from orchid bee studies. “Atlantic Forest” 
being the most frequent biome in the keywords 
reinforces that this biome was the most studied 
in Brazilian bee surveys. These predominant 
keywords indicate that historically the studies 
focused on the sampled taxonomic group rather 
than on methodological approaches or ecology 
questions, being classical fauna inventories.

With the growth of this research topic, 
the number sampled localities have strongly 
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increased since the review of Pinheiro-Machado 
et al. (2002), especially in Caatinga and Cerrado. 
As expected, bee surveys in Brazil are still more 
concentrated near large cities and research insti-
tutions, which even explain the relatively better 
sampled Atlantic Forest. There are large areas 
understudied in the other biomes, especially 
in Amazon and Pampa. This is also true when 
examining the Euglossini surveys, despite the 
tribe having few sampling points in the Amazon. 
The pattern was expected based on literature, as 
observed in other insect groups in Brazil such as 
butterflies (Santos et al. 2008) and insect galls 
(Araújo 2018). Santos et al. (2008) found that the 
presence of butterfly inventories was correlated 
to the human demographic density and Araújo 
(2018) found a similar pattern in insect galls 
inventories, indicating a positive bias towards 
Southeast Brazil, the region historically with 
more research centers in Brazil.

We highlight that the less sampled biomes in 
bee surveys are those more endangered by fire and 
deforestation recently (INPE 2020a, b). Oliveira 
et al. (2019) identified relevant priority areas for 
biodiversity conservation by modelling highly 
biodiverse areas in Brazil; several of those are in 
Amazon, Caatinga, Cerrado, and Pantanal, in the 
same regions we identified knowledge shortfalls 
regarding the bee fauna. Thus, we emphasize the 
need for conservation programs (considering sev-
eral taxonomic groups) and research incentives 
for surveys in priority areas in Amazon, Caat-
inga, Cerrado, and Pantanal — highly endangered 
biomes in which there are several poor-studied 
biodiversity hotspots with unique biotas — where 
further studies should be conducted (Myers et al. 
2000; Noriler et al. 2018; Oliveira et al. 2019).

Most surveys considered only one capture 
method and the use of combined methods are 
rare. Recent studies investigating sampling effi-
ciency of different capture methods suggested 
the combination of two or more methods, in 
order to decrease sampling bias and to include 
groups underrepresented in certain methods, 
but well-represented in others (Prado et  al. 
2017; Prendergast et al. 2020). The predomi-
nance of surveys using insect nets reflects the 
tradition in using them for actively collecting 

bees in flowering plants (Arun and Vijayan 
2004), as well as the influence of the methodo-
logical procedure proposed by Sakagami et al. 
(1967). Besides that, insect nets are cheap, easy 
to handle, and are indicated to estimate species 
richness and abundance (Laroca and Orth 2002; 
Prado et al. 2017). There are some disadvan-
tages in using insect nets in bee surveys, as bias 
related to collector’s ability and the labor inten-
sity (Portman et al. 2020), but this technique is 
commonly more effective to catch a diversity of 
bees when compared to other sampling meth-
ods, such as bowl traps, vane traps, and trap-
nests (Prendergast et al. 2020) — although, in 
some exceptional cases, bowl traps were more 
efficient (e.g., Franceschinelli et al. 2019). To 
avoid sampling bias, it is indicated the use of a 
standardized sampling procedure by a sampling 
unit, such as transects (Laroca and Orth 2002).

Even if the use of passive methods remains 
rare in Brazil, it is worth highlighting some of 
those. Bowl traps are interesting due to their 
low cost and are not dependent on the collec-
tor’s ability (Droege 2015). Another advantage 
is that there are sampling protocols well-defined 
in relation to distance between each trap in a 
transect (Droege et al. 2010). In contrast, some 
bee groups are more attracted to bowl traps than 
others, particularly the smaller ones (Souza and 
Campos 2008), which implies several limita-
tions and drawbacks for bowl traps in monitoring 
bees (Portman et al. 2020). Also, bowl traps are 
one of the most used sampling methods, espe-
cially in recent years, in the USA (Portman et al. 
2020), a trend that was not observed in Brazil-
ian surveys, considering that few studies used 
bowl traps (n = 17; 13%). We found that pitfalls 
and malaises were only used together with other 
methods (Gruchowski et al. 2010; Perillo et al. 
2020). The few studies that used Malaise traps 
indicate low predilection for this method for 
bees, explained by its low selectivity, vulnerabil-
ity to weather conditions, and damages caused 
by other animals (Prado et al. 2017). Also, the 
experimental use of scent-baits was found to by-
catch nocturnal bees (Carvalho et al. 2012), and 
the use of carrion-traps for eusocial bees and 
wasps (Silveira et al. 2005).
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The influence of the sampling procedure for-
malized in Sakagami et al. (1967) is also present 
in the duration and periodicity of bee surveys. 
Almost half of the reviewed literature collected 
bees monthly during one entire year (system-
atic), this is crucial in tropical and subtropical 
areas where bees are active during most of the 
year. However, this procedure is expensive and 
time-consuming, especially in remote areas from 
research institutions. Otherwise, for Euglossini 
surveys, using scent-baits for males is more 
recommended to sample during the months in 
which orchid bees are more active (from October 
until March) (Nemésio 2012; Tosta et al. 2017). 
Almost all the studies in the present review were 
classified as essentially based on fauna surveys 
(94.4%), limited to basic diversity metrics, as 
richness and abundance. The other two study 
types detected (plant-pollinator interaction net-
works and landscape ecology) are very recent, 
both appearing only in the last decade. Pigozzo 
and Viana (2010) explored the network struc-
ture of bee-flower interactions on a study area 
in the Caatinga biome, while Antonini et  al. 
(2016) investigated the responses of orchid bee 
assemblages to habitat complexity on a study 
area in Cerrado. Considering how recent these 
approaches are in Brazil, there is a lot to be 
explored in plant-pollinator interaction networks 
and landscape ecology regarding bees. Thus, it is 
expected that studies of these types will increase 
in the next few years.

Indications of voucher specimen deposit were 
surprisingly high (84.5%), which shows that this 
information is traditionally informed in Brazil-
ian bee surveys. In contrast, Packer et al. (2018), 
analyzing articles from international journals of 
entomology in 2016, found that this posture is 
rare — specimen deposit information was found 
in only 24% of the articles. Turney et al. (2015), 
in a study assessing the frequency of voucher 
specimen deposition in peer-reviewed literature 
from 1989 until 2014, found an overall rate under 
25% for arthropods and under 48% for insects. 
Historically, Brazilian bee surveys place great 
value on voucher specimen deposition, a prac-
tice that ensures the principle of replicability 
in science and preserves the research efforts for 

future generations (Turney et al. 2015; Packer 
et al. 2018). We reinforce that this practice must 
be encouraged across different fields of study, 
and even policies to require statements of depo-
sition of voucher specimens should be adopted 
by editorial boards and journals to publish the 
papers. Another quite frequent practice found in 
our review was the sending of the collected spec-
imens to taxonomists, with the proper acknowl-
edgment, for taxonomic identification. Despite 
this practice, many of the identifications fail to 
attribute species names or simply leave many 
species undetermined (the morphospecies) due 
to the lack of published taxonomic knowledge 
for several groups. Linked to this, recent taxo-
nomic advances (i.e., taxonomic revisions and 
new species descriptions) can make some of the 
species lists in older surveys out to date. The 
high frequencies of the aforementioned practices 
point out that most bee surveys in Brazil generate 
high-quality and verifiable data.

Otherwise, species-level taxonomic keys were 
rarely mentioned, particularly in Apidae surveys 
(n = 2), contrasting to the findings in Packer et al. 
(2018), in which 57% of the articles mentioned 
the use of taxonomic keys (even considering 
non-referenced keys or taxonomic keys for dif-
ferent geographical regions). Partially, what we 
found can be justified by the high number of 
studies that send collected specimens to special-
ists allied to the laborious listing of dozens of 
references. Considering the high rates of voucher 
specimen deposition and taxonomist identifica-
tion, we infer that the non-citation of taxonomic 
keys is not necessarily linked with the lack of 
importance given to a proper taxonomic iden-
tification. Another factor can be the practice of 
not referencing the taxonomic keys used for iden-
tifications, since that is generally not requested 
by journals. In fact, some journals have a limit 
of allowed page and reference numbers, and a 
partial resolution is to bring the list of keys in 
supplementary materials. The lack of citation of 
identification literature lamentably contributes to 
the relatively low citation of taxonomic studies 
(Venu and Sanjappa 2011; Zeppelini et al. 2021). 
We highlight that, to increase the reliability of 
taxonomic identifications, clear descriptions 
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of how identifications were made should be 
requested by journals, as well as where the 
specimens were deposited. Accurate taxonomic 
identifications are essential for biodiversity/eco-
logical studies, without which the research would 
be irreproducible, and thus non-scientific (Packer 
et al. 2018).

Women represent about 30% of authors in 
ecology and other related research fields, being 
even underrepresented in the last author position 
(Fox et al. 2018). Several sociological aspects 
may be related to the underrepresentation of 
women, as reported for several areas of sciences, 
such as structural sexism, gender biases in hiring 
practices, and the lack of incentives to achieve 
gender equality in academia (Penner 2015; Lundine  
et al. 2019; Azoulay and Lynn 2020). At first  
glance, based on the absolute number of authors, 
it seems to be a gender equality in the bee survey 
literature, perhaps mirroring a large number of 
female melittologists in Brazil, a hypothesis to 
be tested. However, men are more frequent as 
the lead author than women and the proportion 
in lead authorship was the same in the last dec-
ade, suggesting lasting inequality in this research 
topic. The same was observed for the article’s last 
authors, a position often occupied by the research 
leader that supervisioned the study. The gender 
inequality was stronger when we consider the 
researchers who published the most — all of 
them became employed academic researchers 
(currently in activity or retired). This is expected 
since gender inequality increases along the aca-
demic trajectory due to uneven career length 
between men and women (Huang et al. 2020).

Most of the papers were published in jour-
nals maintained by Brazilian institutions, a simi-
lar observation was found in a literature review 
about insect galls in Brazil (Araújo 2018). For 
example, the journal Sociobiology was published 
by California State University since its founda-
tion in 1975 until 2013, when the editorial and 
production offices were transferred to Feira de 
Santana University, in Bahia, Brazil — this may 
have contributed to more Brazilian studies being 
submitted and published in the journal, as only 
one Brazilian bee survey was published in Socio-
biology before 2013.

The local scope of the studies and the ten-
dency to choose journals in which similar studies 
have been published can explain the prevalence 
of Brazilian hosted journals. Most bee survey 
articles sample one site and do not explore the 
collected data far beyond the species list, abun-
dance, and richness, and, thus, generally did not 
fit in the scope of high-impact biodiversity jour-
nals. Studies that incorporate several sites rep-
licates or broad scales to answer specific ques-
tions, as spatial gradient responses and statistical 
tools from emergent fields, such as landscape 
ecology, could maximize ecological prediction 
success in modern ecology (Schweiger et  al. 
2016; Anderson et al. 2021) and improve the 
chance to be accepted in higher impact journals 
that follow the same logic. Despite the polemic 
about impact factors, this index is still one of 
the main criteria to choose where to publish an 
article and is a metric to evaluate researchers 
throughout their careers (McKiernan et al. 2019). 
Finally, we highlight that more than a half of the 
included papers were not found in the Scopus 
database; it points to a limitation on scientomet-
rics studies that rely only on databases from large 
publishing companies.

5.  CONCLUSION

The state-of-the-art of bee surveys carried out 
in Brazil were herein investigated and the main 
tendencies and gaps were identified. Brazil may 
be one of the countries with more bee surveys, 
due especially to the establishment of bee research 
groups and the training of specialists in the last 
decades. Despite the huge amount of new bee sur- 
veys, we emphasize that there is much to be studied  
about bees in Brazil, particularly in well-conserved  
understudied regions of highly endangered 
biomes. Local surveys are fundamental mainly to 
avoid future lack of original natural history data 
and to allow quantitative and meta-analysis-style 
research. In addition, monitoring bees on already 
surveyed locations is encouraged to investigate 
temporal changes in bee assemblages, as popula-
tion declines, impacts of land-use changes, and 
climate change. Among the main obstacles to 
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filling the gaps, there is the high financial cost of 
long-term surveys and the limited budget. Also, 
the little academic recognition of studies essen-
tially based on inventory is a barrier to new bee 
surveys in the country. Finally, we recommend 
that journals request more rigorous descriptions 
of how the taxonomic identifications were made, 
ensuring reliability and reproducibility.
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