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Tropical regions are expected to suffer most from 
ongoing global climate changes (Hofmann et al., 2021) and are 
also under large-scale land use changes that negatively affect 

Abstract  
Assessing the extent of ongoing pollinator declines and predicting future changes is key 
to defining priorities and developing adequate policies to mitigate the consequences 
of such negative trends. Nevertheless, a lack of basic information on species identity, 
trends, traits, and requirements hinders our ability to make such assessments. Such 
knowledge gaps are particularly pronounced in tropical regions, which are expected 
to be severely affected in the upcoming years by climate change. Identifying which 
taxonomic groups and regions have greater gaps can help direct efforts. Recent studies 
proposed groups of knowledge to quantify the extent of our ignorance (shortfalls) 
and proposed methods to quantify them for pollinators. Here, we use Brazilian bees 
as a case study to evaluate the feasibility of applying these proposed methods to 
tropical pollinators and provide a first assessment of the extent of these knowledge 
gaps. While some adaptations were proposed, we evaluated for the first time all seven 
shortfalls (Linnean, Wallacean, Raunkiaerian, Eltonian, Prestonian, Darwinian, and 
Hutchinsonian) and the Keartonian impediment. We found that the Linnean shortfall of 
Brazilian bees is at least five-fold the one recently found for the European countries with 
the most outstanding shortfalls (i.e., an increase rate of 1% species per year, reaching 
3% for certain families). Also, more than half of Brazil’s land area (ca. 57.5% of the  
50x50 km pixels) lacks known bee records, and most species have less than ten spatially 
unique known records, indicating the extent of the Wallacean shortfall. Despite these 
gaps, important sources of information do exist and are just not accessible or spread 
out. Substantial compilation efforts would be necessary to unite existing information 
into unique databases. Considerable collaborative efforts and incentives to make 
standardized data accessible and public are crucial to advance in this field and guide 
actions to reduce the knowledge gaps.
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Introduction biodiversity and can worsen the impacts of climate change 
(e.g., loss of natural habitats, Ferreira et al., 2016; Strassburg 
et al., 2017). Investment in conservation and restoration 
policies and actions can reduce these negative impacts on 
biodiversity (Huang et al., 2019; Sexton & Emery, 2020; 
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Romanelli et al., 2022). However, these actions are still 
limited, and prioritization of certain regions, ecosystems, 
and species is often necessary (Silva et al., 2023). Significant 
shortfalls in our knowledge of tropical species greatly 
limit our ability to define priorities adequately. For a vast 
number of the described species, we lack information on 
their distribution (Wallacean shortfall), traits (Raunkiaerian 
shortfall), interaction patterns (Eltonian shortfall), population 
trends (Prestonian shortfall), evolutionary relationships 
(Darwinian shortfall), tolerance to different abiotic conditions 
(Hutchinsonian shortfall) (full description of shortfalls in 
Hortal et al., 2015). In addition, the number of undescribed 
and undetected species is vast in tropical regions (Linnean 
shortfall, Hortal et al., 2015), and most of those described lack 
visual representations (Keartonian impediment, Marshall et 
al., 2024) that can help guide monitoring programs that aim to 
reduce the shortfalls.

Pollinators are key ecosystem agents that sustain 
biodiversity by ensuring the reproduction and fruit production 
of the vast majority of plant species, hence being a vital biotic 
input for the productivity of many crops (Ollerton et al., 2011; 
Giannini et al., 2015; Siopa et al., 2024). Recent assessments 
in Europe (Marshall et al., 2024) and the US (Chesshire et 
al., 2023) showed that even in regions where bee knowledge 
is considered to be the most complete (Nieto et al., 2014; 
Leclercq et al., 2023), shortfalls are still vast. These regions 
still have high rates of newly described species, and many 
species lack robust distribution data and information on 
species traits (Marshall et al., 2024). These assessments help 
to plan future monitoring actions and research initiatives to 
address such knowledge shortfalls. While in Latin America, 
previous works have synthesized information on bee species 
occurrence at the country level (Silveira et al., 2002; Freitas 
et al., 2009; Galetto et al., 2022; Moure et al., 2022), it is still 
unclear how much information we have concerning species 
trends, abiotic thresholds, traits, interaction patterns, genetic 
information, among others. Here, we use the native bees of 
Brazil, which is home to ca. 10% of the described bee species 
worldwide (Ascher & Pickering, 2023), as a case study and 
evaluate the potential application of the approaches proposed 
by Marshall and collaborators (2024) to quantify the extent of 
the shortfalls highlighted by Hortal and collaborators (2015) 
and the Keartonian impediment (Marshall et al., 2024). We 
also discuss the implications of the current state of such 
shortfalls for evaluating and predicting the impacts of global 
environmental changes. 

How many species of bees are still to be described in Brazil? 
(Linnean shortfall)

To adequately evaluate how bee diversity is changing 
in response to global changes, we first need to know how 
many species exist (or existed) in a given region. Although 
Brazil has a long history of bee research, starting in the XVII 
century (Silveira et al., 2002; Pereira et al., 2021), the number 
of undescribed species (the Linnean shortfall, as defined by 

Hortal et al., 2015) is still vast. Specialists indicated that, at 
the beginning of the current century, at least a third of Brazil’s 
bee species were still to be described (Silveira et al., 2002). 
Defining metrics that allow us to compare the extent of this 
shortfall with other regions of the world and within Brazil (e.g., 
comparing biomes, states, or ecogeographic regions) is important 
for understanding and addressing these knowledge gaps.

The rate of newly described species can be used as an 
indicator of the Linnean shortfall (i.e., mean annual growth 
rate of the number of species, Marshall et al., 2024). A 
country-level assessment of newly described Brazilian bee 
species (information available in Moure et al., 2022) shows 
that, for all bee families, the increase in the number of species 
described in recent years is high (Fig 1). In 2002, Silveira 
and collaborators (2002) mentioned the existence of 1576 
species of bees described for Brazil. In 2007, the Moure’s 
Bee Catalogue listed 1678 species (Moure et al., 2007). Since 
then, many new species have been described, now reaching 
2061 species (Aguiar & Ramos, 2020; Mahlmann, 2020; 
Aguiar et al., 2021; Ribeiro et al., 2021, 2023, 2024; Santos, 
2021; Engel, 2022; Ferrari et al., 2022; Gonçalves & Pereira, 
2022; Moure et al., 2022; Nogueira et al., 2022a,b, Vivallo, 
2022a, 2022b; Melo, 2022, 2023; Mahlmann & Oliveira, 2023; 
Werneck, 2023; Lepeco, 2024; Urban & Melo, 2024). We can 
compare the newly described species from 1990 with those of 
other regions of the world. In Brazil, 606 species have been 
described since 1990, i.e., an increase of 41.9% (see Fig 1). 
Considering all bee species, there was a mean increase of 1% 
per year (reaching 3.5% for Andrenidae). This rate is much 
higher than in European countries (Greece has the highest value 
with 0.17% new species since 1990, Marshall et al., 2024).

The high rate of recently described species indicates 
that many bee species in Brazil remain undiscovered. Silveira 
et al. (2002) suggested that at least 3000 species are thought 
to occur in the country. However, much of the Brazilian 
territory remains poorly sampled (Freitas et al., 2009; Pereira 
et al., 2021). Indeed, by compiling the existing bee records 
on available databases and calculating data density per 50x50 
km pixel, we detected that records cover only ca. 42.5% of the 
Brazilian land area, with generally very low sampling effort 
within each unit (see Fig 2). Therefore, the total number of bee 
species occurring within Brazil could be much higher than 3000.

As a complement to the assessment of the Linnean 
shortfall based on the number of newly described species, 
evaluations that make use of methods based on accumulation 
curves using specimens registered in collections, surveys, and 
sampling events (Colwell et al., 2012; Chao et al., 2021) can be 
done. Despite the haphazard nature of these types of occurrence 
data, adjustments can be made to extract meaningful estimates 
from this type of data (e.g., Carvalheiro et al., 2013). Efforts 
turned to the large-scale digitalization of bee occurrence 
records from national and international databases, coupled 
with applying such methods to well-curated databases, are 
essential to reach more accurate estimates of the number of 
bee species in Brazil.
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In Europe, the Linnean shortfall was assessed at the 
country level (Marshall et al., 2024). Given the continental 
dimensions of Brazil, conducting assessments at the biome (or 
ecogeographical region) and state level would complement 
national level assessments, contributing to guiding future 
actions aiming to reduce knowledge gaps on this shortfall 
and all others. Such assessments can help identify where 
future surveys could most effectively reduce the Linnean 
and Wallacean (see below) shortfall. Nevertheless, the lack 
of taxonomists specialized in the different species groups 
and detailed keys with high-quality images of the important 
characteristics that separate species is still a significant 
limitation worldwide (see Isaac et al., 2004; Bortolus, 2008) 
and specifically for Brazilian bees. Therefore, such efforts 
must be accompanied by investments in forming new bee 
taxonomists in Brazil to conduct adequate revisions of the 
different taxonomic groups and develop informatics and genetic 
tools to help process large amounts of new information. 

Where are Brazilian bee species? (Wallaceaen shortfall)

Knowing species’ distribution range is essential to 
understanding which factors limit the probability of occurrence 
and extinction, as well as for predicting the impacts of climate 
change, such as changes in diversity patterns (including 
functional diversity) and ecosystem service provision (e.g., 
Giannini et al., 2020). To estimate the lack of information 
on bee species’ geographic distribution (Wallacean shortfall, 
Hortal et al., 2015), Marshall and collaborators (2024) proposed 
three methods. The first method compares the discrepancy 
between the database of wild bee observations and the national 
checklists for each country. For Brazil, the national checklist 
(Moure’s Bee Catalogue; Moure et al., 2022) is associated 
with information on geographical location (at the state or even 
municipality level). So, when integrating such information 
into databases, all species will have at least one geographically 
explicit record. A possible adaptation would be to assess 
the proportion of species in the checklist with more than a 

given number of acceptable records to assess its distribution 
correctly. It is well established that species distribution model 
(SDM) performance depends on the adequate spatial extent of 
species records (Elith et al., 2006), so the larger the number of 
well-distributed occurrence points, the better the performance 
of a distribution model. However, the minimum number of 
spatially unique records required to run an adequate species 
distribution model is debatable. In Brazil, 58% of bee species 
have less than ten spatially unique records, and 74% have 
less than 20, with many regions still being underrepresented 
(57.5% of the 50x50 km pixels within Brazil’s land area lack 
known bee records, Fig 2). These values indicate that the 
extent of this shortfall is large.

The second method proposed by Marshall and 
collaborators (2024) for accessing this shortfall involves 
comparing modeled predictions of taxonomic wild bee 
diversity against observed diversity based on occurrence 
records. In Brazil, distribution assessments based on SDMs 
were done for at least 271 species (Giannini et al., 2012, 2013, 
2015, 2017, 2020; Maia et al., 2020; Acosta et al., 2024). 
While this number could be extended to all species having 
an adequate number of spatially unique records, it is clear 
that for many bee species, we are still far from knowing their 
actual distribution. 

Finally, the third method is based on calculations 
of sampling completeness (coverage) for each spatial unit 
(Marshall et al., 2024), using the iNext package in R (Chao 
et al., 2021). This method could certainly be applied to the 
Brazilian bee dataset, but given that many records have an 
accuracy lower than 50 km (e.g., state-level or municipality 
level), it may be better to use a larger spatial scale than the 25 km 
used in Marshall et al. (2024).

How do species differ in terms of genes? (Darwinian shortfall)

Information on genetic diversity is fundamental for 
adequate evaluations of relationships between species and 
global diversity patterns (Miraldo et al., 2016). As an indicator 

Fig 1. Country-level assessment of newly described Brazilian bee species indicates the Linnean shortfall. Based on the information available 
in Moure et al. (2022), we present the accumulated number of described species (A - global; B - divided per bee family) from 1700 to the 
present date and the mean annual rate of newly described species since 1990 (C). Color codes in A and B match with color codes in C.
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of the absence of knowledge on the evolutionary relationship 
between species (Darwinian shortfall, Hortal et al., 2015) for 
European wild bees, Marshall et al. (2024) evaluated how the 
availability of publicly accessible gene sequences (COI gene 
sequences from the Barcode of Life Data System, BOLD, 
https://boldsystems.org/; Ratnasingham & Hebert, 2007) 
impeded building phylogenies. For Brazil, BOLD currently 
has 3752 records with sequences of Apidae (representing 
171 species), 24 sequences of Colletidae (representing eight 
species), 20 sequences of Megachilidae (representing nine 
species), 34 sequences of Halictidae (representing 19 species), 
eight sequences of Andrenidae (representing four species). 
This dataset encompasses 211 species, 10% of Brazilian bee 
species. While data from species that occur in Brazil may 
have been collected in other countries, just with this brief 
survey, it is clear that the size of this shortfall is substantial. 
As Marshall and collaborators (2024) point out, it is possible 
to build valuable phylogenies at a broad spatial scale using a 
selection of species (e.g., Almeida et al., 2023; Henríquez-
Piskulich et al., 2024) or using Linnaean taxonomic hierarchies 
(Vereecken et al., 2021a, 2021b; Leclercq et al., 2023). Given 
the high number of genera requiring revisions (Silveira et al., 
2002), this last option may pose a challenge in Brazil.

How are species populations changing? (Prestonian shortfall)

Assessments of bee declines solely based on richness 
patterns can miss important trends at the population level. 
Data on population dynamics is fundamental for the early 
detection of impacts of climate and other global changes. The 
lack of information on species population dynamics across 
time and space (the Prestonian shortfall, Hortal et al., 2015) 
is closely related to the lack of long-term data that allows to 
estimate changes in species abundance (Cardoso et al., 2011; 
Hortal et al., 2015) and predict what would happen under 
scenarios of environmental change. As in Europe (Marshall et 
al., 2024), the Prestonian shortfall is likely the most significant 
knowledge gap in wild bee knowledge in Brazil. The tribes 
Meliponini (stingless bees) and Euglossini (orchid bees) may 
have better data, as these groups have caught the interest of 
many researchers for a long time, and scent trap (used for 
Euglossini) can be used to access their density (e.g., Powell 
& Powell, 1987; Silva & Rebelo, 2002; Oliveira et al., 2013; 
Tavares et al., 2013; Nemésio et al., 2015; Tosta et al., 2017).

Given the absence of long-term data for most species, 
the IUCN Red List was used as a proxy for the absence of 
meaningful population data to quantify this shortfall in Europe. 

Fig 2. Indicators of the extent of the Wallacean shortfall for Brazilian bees. Maps represent the distribution and density of accumulated 
occurrence records of native bees in Brazil up to 1950 (A), 1990 (B), and 2024 (C) in each cell of 50 x 50 km. The number of spatially unique 
records (different coordinates) per bee species at the national level (D) is also presented. The dataset used to build this Figure combined all 
records with spatially explicit information from available public sources such as GBIF (https://www.gbif.org/), speciesLink (http://splink.
cria.org.br), SIBBR (https://www.sibbr.gov.br/), Moure’s Bee Catalogue (Moure et al., 2022, https://moure.cria.org.br/), plant-bee interaction 
database of the Associação Brasileira de Estudos das Abelhas (A.B.E.L.H.A.) (http://abelhaseplantas.cria.org.br). We also added information 
obtained from national and international entomological collections (Smithsonian National Museum of Natural History, Naturalis Biodiversity 
Center, Digital Bee Collections Network) and data from digitized scientific articles. All species names were cross-checked with the names and 
synonyms described in Moure’s Bee Catalogue (Moure et al., 2022). 

http://abelhaseplantas.cria.org.br
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In Brazil, only a few species are currently recognized as “in 
danger or vulnerable to extinction” (EN) including Melipona 
capixaba Moure & Camargo (1994), Melipona rufiventris 
Lepeletier (1836), Melipona scutellaris Latreille (1811) and 
Partamona littoralis Pedro e Camargo (2003) (ICMBIO/Brasil, 
2022). Most Brazilian bee species have not yet been evaluated, 
and most likely, data is lacking for many. Indeed, as the authors 
of the European study point out, data deficiency assessments 
based on the red list most likely underestimate the extent of this 
knowledge gap. As an alternative way to assess this shortfall, 

the European study calculated the number of species without 
a minimum of three observations for at least ten separate 
years after 1950 in each province and country to estimate this 
shortfall. By compiling data from public databases, we detected 
that in Brazil, only 540 bee species (35%) have occurrence 
records within Brazil from at least ten different years, the 
majority having data just for five or fewer years (Fig 3). Even 
among the bees with data for at least 10 years, if such data does 
not come from the same region (e.g., state or municipality) 
assessments on population dynamics are not reliable.

Fig 3. The number of species with enough data to evaluate temporal dynamics of population 
patterns indicates of the Prestonian shortfall for Brazilian bees at national scale. Data from public 
databases (same as those used for Fig 1). Histogram of number of years with occurrence data per 
bee species. The x-axis is presented in log-scale. Half (50%) of the species have data from 5 or less 
years, 25% have data from 2 or less years and 5% were only registered in a single year.

The extent of the lack of temporal series reinforces 
the importance of making data occurrence records public and 
investing more in monitoring schemes. Brazil has a program 
for long-term monitoring biodiversity (PELD) that started in 
1999 (https://www.gov.br/cnpq/pt-br/acesso-a-informacao/acoes
-e-programas/programas/peld). However, to our knowledge,
only a few sites have collected bee data using Malaise traps
or other methods. Investments in long-term schemes with
a wider taxonomic range would be important to expand
knowledge of such dynamics. Nevertheless, at least for some
regions, it may be possible to do these evaluations for some
species, and those would be very informative to understand
better how bees react to ongoing global changes.

How do species differ in terms of traits? (Raunkiaerian shortfall)

The sensitivity of organisms to climate and other 
environmental changes varies significantly between species 
(Burdine & McCluney, 2019), likely depending on their 
traits (i.e., species-level properties that can be assessed at 

the individual level). Indeed, species traits influence their 
response to environmental changes (response traits) and their 
effect on ecosystem functioning (effect traits) (Suding et al., 
2008). For example, body size and sociality level (and colony 
size) greatly influence species’ foraging range (Greenleaf et 
al., 2007; Grüter & Hayes, 2022; Kendall et al., 2022) and 
the ability to control body and nest temperature (Ostwald 
et al., 2022; Easton-Calabria et al., 2023; Harano & Hrncir, 
2023). Pilosity and vibration ability can also be important in 
thermoregulation (May, 1979; Heinrich, 1993). On the other 
hand, environmental changes can also affect species traits 
(e.g., selecting individuals with specific characteristics), 
affecting their role as ecosystem agents and their responses 
to future environmental changes. For instance, rising air 
temperatures can affect body and antenna size and fat content 
(Fliszkiewicz et al., 2012; Gérard et al., 2023). Therefore, the 
lack of information on functional trait variation within and 
between species (i.e., Raunkiaerian shortfall, as defined by 
Hortal et al., 2015) can hinder evaluations of the consequences 
of species loss for ecosystem functioning and the provision of 
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ecosystem services, such as crop pollination. Information on 
species traits can also help define ecological niches (McGill 
et al., 2006) and geographic ranges (Aguirre-Gutiérrez et al., 
2016), addressing other shortfalls mentioned above.

While the description of Brazilian bee fauna started 
in the XVII century, including important morphological trait 
data (e.g., size), this valuable information is frequently not 
publicly available and spread across academic documents, 
collections, and private annotations from naturalists and 
researchers. Compiling and standardizing this information in 
a single database is essential to adequately assess the extent of 
this shortfall and strategically invest resources to minimize it. 
Previous studies (Borges et al., 2020) presented compilations 
of trait data for Brazilian bees, including body size, flight 
range, distribution, importance as crop pollinators, and sociality. 
However, there are still important gaps of knowledge for 

nesting habits (including nesting method, aggregation, and 
colony size), buzzing capacity, and body size (Fig 4), and 
lack many other important traits. In Europe, the assessment of 
the Raunkiærian shortfall does include body size, sociality, and 
nesting habit, but also includes larval feeding specialization 
(pollen collection), voltinism (number of generations per year), 
and pollen transport method (Marshall et al., 2024). Strong 
collaborative efforts are needed to increase trait coverage of 
Brazil’s more than 2000 bee species. In addition, information 
on phenology is also important to better understand species’ 
susceptibility to climate changes. In Brazil, few studies have 
gathered information on phenology (but see Kamke et al., 2011, 
which gathered data for 64 species of Santa Catarina State). 
Compiling data from long-term monitoring schemes, where 
data is collected monthly (e.g., using Malaise traps), is essential 
for detailed evaluations of activity fluctuations through time.

Fig 4. Indicators of the extent of the Raunkiærian shortfall for Brazilian bees. Number of Brazilian bee species with at least some information on 
sociality, nesting habits, buzzing capacity, and body size listed in public datasets. The information was extracted from the largest compilation 
of bee trait data published so far in Brazil (Brazilian Bee Trait Database, https://colecaozoologica.icb.ufg.br/p/brazilianbeetraitdatabase). 
The percentual values indicate the proportion of species within each family with at least some trait information.

How tolerant are species? (Hutchinsonian shortfall)

Information on the extent of knowledge concerning 
the tolerance of species to changes in abiotic conditions 
(Hutchinsonian shortfall, Hortal et al., 2015) can be obtained 
via experimental work testing physiological responses (e.g., 
Vanderplanck et al., 2019) or evaluating the correlations between 

bee activity and an environmental gradient (e.g., de Oliveira 
et al., 2012). Some studies that focused on Brazilian bees 
evaluated the effects of environmental temperature (e.g., de 
Oliveira et al., 2012; Hrncir, 2019; Maia-Silva et al., 2021) 
and pesticides (Barbosa et al., 2015; Lima et al., 2016; Prado 
et al., 2023, see also Franceschinelli et al., 2023). However, 
the existing studies are limited to very few bee species, and 

https://colecaozoologica.icb.ufg.br/p/brazilianbeetraitdatabase
https://link-springer-com.ez49.periodicos.capes.gov.br/article/10.1007/s00359-016-1110-3#ref-CR5
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other environmental stressors are still to be evaluated, e.g., 
humidity, environmental eutrophication, and other sources 
of pollution (e.g., stratospheric ozone). Another possible 
approach to extract information on tolerance thresholds is 
through species distribution models (SDM, also called 
environmental niche models, ENM) (e.g., Marshall et al., 
2018). As mentioned above (Wallacean shortfall), SDMs have 
been run for more than 200 Brazilian bee species, and based 
on those, it would be possible to extract tolerance values for 
Brazilian bees related to climate. Further SDMs could be run 
for species with a sufficient number of records. 

With whom do species interact? (Eltonian shortfall)

Lack of information on interaction partners between 
species (the Eltonian shortfall, Hortal et al., 2015) dramatically 
limits our understanding of how bee species are affected by 
climate change and other ongoing environmental changes. 
Bees have multiple interaction partners. They are linked to 
a diverse set of plant species that they use as floral resources 
(pollinating or robbing them) and nesting resources in a 
commensal relation (Memmott et al., 2008). If such resource 
species are sensitive to specific environmental changes 
and reduce their abundance or even go locally extinct, the 
bees that feed on them will decline even if they are not 
directly affected by the original environmental change. 
Such propagation of effects through networks of ecological 
interactions can be even more accentuated if consumers are 
specialized and propagate to higher tropic levels, such as 
parasitoids or predators (Carvalheiro et al., 2010; Martins 
et al., 2024). Changes in such higher trophic levels can also 
negatively affect bee diversity, as important agents that control 
populations of bee species that may be more competitive are 
released, and species with less competitive advantage may go 
locally extinct due to apparent competition (Morris et al., 2004; 
Carvalheiro et al., 2008). Moreover, generalist bee species may 
be able to rearrange their diet in response to climate change 
(Endres et al., 2021; Morozumi et al., 2022). Overall, information 
on ecological interactions can be used to build networks and 
predict the impacts of several ongoing environmental changes, 
including climate, land use, or biological invasions (Memmott, 
1999; Carvalheiro et al., 2008, 2011).

In Brazil, substantial efforts have been made to gather 
information on flower visitation involving bees (Gazzoni et 
al., 2021; A.B.E.L.H.A., 2022; REBIPP, 2024). While this 
type of data can help define the specialization level of adult 
bees, not all flowers visited by adults will be used as pollen 
sources, which is the main source of protein for bee larval 
development (Vaudo et al., 2015). Indeed, the pollen diet of 
a given bee species may be more specialized than its flower 
visitation patterns (e.g., Melipona favosa was detected to 
forage on species from at least 27 families but likely only 
actively collected pollen from species of 17 families, Engel 
& Dingemans-Bakels, 1980). Defining the lectic status 

(monolectic, oligolectic, or polylectic) of bee species (pollen 
specialization) is an important trait used in many ecological 
studies, and future efforts in gathering information on pollen 
sources should be a priority when filling knowledge gaps. Some 
examples of first studies gathering this type of information for 
South American bees include Engel and Dingemans-Bakels 
(1980), Silva et al. (2014), and Barth (2004). In addition, 
several Brazilian bees from the genus Trigona evolved 
diverse diet strategies involving frugivory (Peruquetti et 
al., 2010) and necrophagy, some species being facultative 
necrophagous and some authors proposing that some species 
change to being obligatory necrophagous (Jarau, 2003; Mateus 
& Noll, 2004; Oliveira et al., 2013), even acting as predators 
(Mateus & Noll, 2004). Gathering information on such 
alternative sources of diet is also important.

For European bee species, the Eltonian shortfall 
was quantified as the number of species with at least one 
information of diet resources (Marshall et al., 2024). When 
combining several public sources that have information on 
bee-plant interactions, we detected information on flower 
visitation patterns for 676 Brazilian bee species, which means 
that for more than 67% of the species of bees, we have no 
information compiled (Fig 5). While further information on 
foraging habits of Brazilian bees could be obtained from 
databases from nearby countries that share some species 
with Brazil, such databases are scarce (but see López-Aliste 
et al., 2021; Muschett & Fontúrbel, 2022). Among these, 532 
species have polyphagous foraging habits, visiting multiple 
families of plants, and the remaining species do not have 
enough information to classify them. However, having 
information on just one interaction partner does not mean 
sufficient information on how a species is embedded in the 
complex network of ecological interactions. Moreover, 
interaction with plants for nesting is also part of this shortfall, 
as well as interactions between females of different species 
(e.g., cleptoparasitic bees and their hosts, Antoine & Forrest, 
2020) or males for protection overnight (Santos et al., 2014). 
Finally, information on predators and parasites is crucial to 
understanding species susceptibility to environmental changes. 

In addition to identifying biotic interaction patterns, 
information on the frequency of interaction and factors 
that influence such interaction strength is also essential to 
understanding bee species’ susceptibility to environmental 
changes and consequences for ecosystem services. However, 
even before the interaction goes extinct, a change in its 
frequency may lead to intense declines in species fitness, 
preceding species extinction. Indeed, even if a plant is still 
visited by its main pollinator species if the frequency of such 
interaction is rare, it may change the community dynamics 
with effects on plant fitness (Lázaro et al., 2014; Benadi 
& Pauw, 2018). Therefore, the Eltonian shortfall could be 
divided into two components: the identification of partners 
(Eltonian basis) and the dynamics of such interactions 
(Eltonian-Hutchinson component). Gathering information on 
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quantitative interaction networks involving bees and other 
flower visitors is essential to cover this second component. In 
Brazil, there is an established tradition of studying ecological 
interactions (e.g., Viana et al., 1997; Schlindwein et al., 1998), 
and many researchers have gathered information on networks 
involving bees (Campbell et al., 2019). Yet, the comparability 
of patterns of such networks is compromised by differences in 
sampling methods and a lack of information on the abundance 
of resource species (a primary driver of bee choices, Carvalheiro 
et al., 2014).

What do species look like? (Keartonian impediment)

To cover all of the shortfalls discussed above, it is 
essential that more people correctly identify the bee species 
observed and collected. While we depend on professional 
taxonomists and advanced molecular methods to adequately 
identify species, the availability of visual representations of 
species in public sources and imaged-based identification apps 
can significantly contribute to that. Marshall and collaborators 
(2024) defined the Keartonian impediment as an indicator of 
the availability of visual representations of what a species 

looks like, and they use the absence of high-quality in-situ 
photographs as a measure using iNaturalist and Flickr.com 
as reference sources for photos validated by experts (research 
grade in iNaturalist). For Brazilian bees, at the time of 
this search (November 2024), iNaturalist had 8802 records 
marked as ‘research grade’ belonging to 58 native species 
belonging to nine tribes (Fig 6). In addition, at least 1132 
photographic registers of bees and their nests were available 
at the date of this data compilation in Cristiano Menezes  
Fonoteca (https://specieslink.net/col/FCM/). Central and North 
regions of Brazil are particularly poorly represented, and 
the tribes Meliponini and Euglossini are those with better 
representation. Stimulating citizen science programs that 
involve uploading images of bee species throughout the 
countries would be fundamental to reducing the extent of this 
shortfall. On that note, it is worth mentioning that any effort 
to reduce shortfalls involving non-academic public members, 
including traditional local communities that have substantial 
knowledge of native bees (BPBES/REBIPP, 2019), would 
benefit from a compilation of information on common names 
used across regions. 

Fig 5. Indicators of the extent of the Eltonian shortfall for Brazilian bees. Number of species with information on at least one interaction 
partner (only flower visitation events were considered), per bee family. Species with sufficient information were classified as polyphagous 
(visiting more than one family of plant species). All others do not have sufficient information to be classified in terms of flower visitation 
partners. Information was obtained from the interaction database of A.B.E.L.H.A (http://abelhaseplantas.cria.org.br/), the currently publicly 
accessible version of the interaction database of REBIPP (https://rebipp-db.jbrj.gov.br/) and Gazzoni et al. (2021).
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Concluding remarks

The lack of basic ecological, morphological, and 
taxonomic information significantly constrains our ability 
to define priorities for conservation and adequately evaluate 
and predict the impacts of ongoing global changes. The brief 
survey of data presented here certainly misses many records 
stored in non-public databases (including those of national 
and international museums and many private collections 
spread throughout Brazil). Nevertheless, the extent of shortfalls 
for Brazilian bees is much larger than that of other regions 
where these assessments have been previously done (e.g., 
Marshall et al., 2024). While the lack of knowledge may 
sound overwhelming, identifying which groups, regions, and 
information classes are most affected can help us direct 
future research and monitoring efforts. Should we prioritize 
information gathering for all tribes equally? Should the focus 
be different across biomes? How far are we to have good levels 
of completeness on traits that influence how species respond to 
climate change (e.g., body size, vibration ability)? To answer 
these questions, we need extensive collaborative efforts to 
(1) compile the thousands of fragments of information that
are spread across scientific literature, grey literature, and
databases, (2) check and standardize available information so
that it is comparable across species, (3) intensify efforts to
improve completeness in shortfalls (e.g., digitizing information
from individuals in collections within and outside Brazil),
defining complementary aims across research groups. Only
with that information can we adequately plan to increase field
surveys in strategically under-sampled locations.
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