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Abstract 

Brazilian fruit trees are vital for food security, and their pollination is crucial. This study aimed to build a database 
of edible fruit trees and their pollinators in Brazil, integrating ethnobotanical and pollination ecology research. The 
database was built from an integrative review of ethnobotanical records of edible fruit plants and pollination biol-
ogy research in Brazil. The data were then statistically treated with the Wilcoxon test to understand the influence 
of the origin factors (native and exotic) on species richness associated between the groups. In total, 175 ethnobotani-
cal scientific articles were collected, and these cited the food consumption of 557 species of fruit trees. A total of 557 
fruit tree species were identified, with only 29.4% having recorded pollinators. Exotic pollinators tend to prefer exotic 
plants, while native pollinators show greater versatility. Hymenoptera, especially bees, are the most important pollina-
tors. A significant knowledge gap remains regarding the diversity of pollinators and their interactions with fruit trees. 
Increased research is needed to address this and ensure the conservation of these important food plants. The data 
presented in this study can provide a solid foundation for future research focused on pollination ecology and the con-
servation of important food plants in Brazil.
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Introduction
Edible plants generally encompass all vegetables used by 
humans to compose their diet [1]. This group includes all 
plants that, in some way, are part of the diet of rural or 
urban communities, even if they are not consumed daily 
by most of the population, and whether they participate 

or not in the national production chain of a region or 
country [2].

These plants are crucial for the subsistence of tradi-
tional communities in Brazil facing food insecurity, given 
that they provide essential nutrients during times of 
extreme hunger and financial scarcity [3].

Of all plant-derived resources, fruits are the primary 
dietary component for Brazilians, consumed both raw 
and processed into various culinary preparations such as 
juices, sweets, cooked dishes, among others. [4, 5].

The term “edible fruit-bearing plant”, used in this 
research, refers to all plants that produce edible fruits 
cited by Brazilian human communities, whether these are 
true fruits, pseudofruits, or if the consumption is in the 
form of by-products (oils) or parts (aril, mesocarp) that 
are consumed. For this list, there was no discrimination 
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regarding the origin of the plant, or whether it partici-
pates in agricultural production chain processes.

Most fruiting plants require external factors for pol-
lination. This essential ecosystem service can be accom-
plished by non-living factors like wind or by living 
organisms, primarily animals. Those are the most impor-
tant pollinators and encompass the most well-known 
plant species in this system, with plants being more or 
less dependent on their activity [6, 7]. In extreme cases of 
codependency, reproduction only occurs in the presence 
of a specific pollinator species, as seen in some species of 
Ficus and Agaonidae wasps [8–10].

Insects are the primary group of modern pollinators, 
particularly bees, beetles, flies, and moths. However, they 
are not the only animals to perform this task; some plant 
families have adapted to attract birds, mammals, and 
other arthropods [11–13].

The coevolutionary process between these groups 
has led to the development of specialized floral struc-
tures designed to attract pollinators through visual cues 
(e.g., color, shape), olfactory (e.g., scent), and by offering 
rewards such as nectar, pollen, and resin [7, 14]. These 
factors have shaped highly specialized mutualistic rela-
tionships, particularly among native species of agricul-
tural importance [15, 18].

The growing demand in the agricultural and food 
markets has led to an expansion of exotic plant crops in 
Brazil, with pollination services primarily provided by 
generalist native species [18, 19]. In the context of pol-
lination, the introduction of Apis mellifera L. and the 
expansion of exotic crops in Brazil provide an opportu-
nity to investigate the mechanisms shaping new plant–
pollinator interaction networks, as well as the ecological 
and evolutionary impacts of these interactions [15–17]. 
Moreover, the capacity of A. mellifera to effectively pol-
linate native plants remains controversial for certain 
domestic cultivars [19].

Pollinator populations are facing a severe decline glob-
ally [20, 21], with Brazil being particularly affected, where 
the central-western, southeastern, and southern regions 
show the worst population reduction metrics. These 
areas are most affected by intensive agriculture, indis-
criminate use of natural resources, and pesticide dump-
ing [22].

The intensification of industrial agriculture, with its 
reliance on monocultures and pesticides, has been iden-
tified as a primary driver of habitat loss and landscape 
fragmentation, directly impacting pollinator popula-
tions. Environmental changes, climate change, land use, 
and water regimes also contribute to the decline of native 
species in the country [22, 23].

A direct consequence of declining pollinator popula-
tions is a decrease in the local productivity of agricultural 

areas that depend on this ecosystem service, directly and 
indirectly affecting food availability and prices. Further-
more, in Brazil, the COVID-19 pandemic has pushed 
the country back into the hunger map, which may lead 
to increased pressure on natural systems as people seek 
alternative sources of food and income [24, 25].

Fruits, as the primary consumed parts of plants, play a 
fundamental role in sustaining traditional communities 
and ensuring food security [26, 27]. Therefore, studying 
the fruit-bearing plants used by predominantly marginal-
ized communities in Brazil also involves recognizing the 
ecosystem services provided by pollinators (both native 
and exotic) that contribute to the production of food used 
locally to achieve food security and generate income.

Based on these premises, the following research ques-
tions guided this study: (1) What are the edible fruit spe-
cies used by communities in Brazil and their pollinators? 
(2) Is there an effect of fruit plant origin on pollinator 
richness? And (3) What is the effect of pollinator origin 
on the richness of visited fruit species? The hypotheses 
tested for the second question were: (1) native plants 
have higher total pollinator richness than exotic plants; 
(2) native plants have a higher richness of native pollina-
tors; (3) exotic plants have higher richness of exotic pol-
linators The hypotheses for the third question were: (4) 
exotic pollinators visit a greater number of fruit species 
than native pollinators; (5) even without considering Apis 
mellifera L., exotic pollinators still visit a greater number 
of fruit species than native pollinators.

The objective of this study was to compile a database on 
the utilization of fruit-bearing plants in the diets of Bra-
zilian rural, traditional and urban communities, including 
information on their pollinators, to highlight the signifi-
cance of ecological interactions for food production. This 
database was used to: (1) demonstrate the importance 
of recognizing ecosystem services supporting Brazilian 
food production; (2) assess the impact of these resources 
on the food security of rural Brazilian communities; and 
(3) determine estimates of pollinator species richness per 
plant and plant species richness per pollinator.

Materials and methods
Data collection
The first step of the research was the creation of a data-
base containing information about food plants consumed 
by the Brazilian population. A systematic literature 
review was conducted using the PRISMA 2020 protocol 
[28] to identify ethnobotanical studies that reported on 
the food uses of plants. The search was conducted on 
the following indexing platforms: Web of Science, Sco-
pus, SciELO, and Google Scholar between October 13th, 
2023, and December 9th, 2023.
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The following descriptors were used in the search: 
("Food Plants" AND "Brazil"; PANCs AND Brazil; "Wild 
food Plants" AND Brazil; "Unconventional Food Plants" 
AND Brazil). These search terms were translated into 
Portuguese, English, and Spanish.

The inclusion criteria were: (1) articles published up 
to 2023 that focused on the ethnobotanical use of fruit-
bearing plants in the human diet, covering all regions and 
communities of Brazil; (2) articles written in Portuguese, 
English, or Spanish; (3) the study should have addressed 
primary data on the use of plants in the diet and provided 
a complete list of food plants, properly identified at the 
species level; those species identified only at the genus 
level were excluded from the analysis of this review.

Studies were excluded from the analysis if they failed 
to at least one of the inclusion criteria outlined above, or 
if they contained duplicate data on plant species, that is, 
when a single data source was used in multiple scientific 
articles.

The screening process began with the identification 
and removal of duplicate records using the Mendeley 
reference management software. Subsequently, titles, 
abstracts, and keywords were examined, and articles that 
did not meet the inclusion criteria were excluded. Finally, 
the full texts of the remaining articles were analyzed to 
extract the necessary data for this review.

To supplement the published data on this topic, addi-
tional publications were identified through cross-refer-
encing among the previously selected articles, following 
the same inclusion and exclusion criteria outlined above. 
Given the exploratory nature of this review, which sought 
to comprehensively gather information on Brazilian 
food plants, a formal risk of bias assessment was not 
performed.

The second stage involved searching for pollinator data 
of the plant species mentioned in the selected studies. 
An initial search was conducted utilizing the Thematic 
Report on Pollination, Pollinators, and Food Production 
in Brazil, a comprehensive resource compiled by the Bra-
zilian Platform on Biodiversity and Ecosystem Services 
[12], which provides information on pollinators of Brazil-
ian food crops.

For plant species not found in the report, individual 
searches were carried out in Web of Science, Scopus, 
SciELO, and Google Scholar, using the following descrip-
tors: ("Species Name" AND "pollin*") in both Portuguese 
and English.

Inclusion criteria for this second phase were: publica-
tion and indexing in one of the searched databases; being 
either an article or other academic publications (such as 
undergraduate, master’s, or doctoral theses, books, sci-
entific notes, etc.); providing primary data on pollination 
between animals and the target plant species; and being 

conducted in Brazil Similar to the ethnobotanical article 
inclusion criteria, there was no publication period limit 
or bias assessment. Only the animals identified in the 
studies as pollinators were included in the database for 
each plant investigated.

Publications that did not address the topic, relied on 
secondary pollination data, lacked proper identification 
of animal or plant species, were conducted outside of 
Brazil, or failed to explicitly identify the pollinator spe-
cies within the text were excluded from the dataset.

For each selected ethnobotanical study, information on 
the research period, collection site, participating com-
munity, and inventoried plant species (family, species, 
common name, part consumed, and form of use) was 
extracted. From the pollinator studies, faunal information 
on the species identified by the research was extracted.

The scientific names and author abbreviations were 
carefully verified and updated based on the most recent 
information available from the Flora of Brazil [29], Global 
Biodiversity Information Facility [30], and Catalog of 
Taxonomic Fauna of Brazil [29] portals. Additionally, 
the Brazilian origin and growth habit of each plant spe-
cies were confirmed, if not explicitly stated in the original 
studies. For this study, we employed a binary classifica-
tion for plants, considering them either native or exotic 
to Brazil. The ’exotic’ category encompasses both species 
introduced for cultivation and those that have established 
themselves spontaneously in the environment. Data from 
the selected studies were extracted, compiled, and pro-
cessed in Excel spreadsheets for descriptive analysis.

To assess the effect of plant origin (native or exotic) 
on pollinator richness, we calculated the total richness 
(Sit), native pollinator richness (Sin), and exotic pollina-
tor richness (Sie) for each plant species. Richness was 
defined as the total number of distinct pollinator species 
visiting each fruit species. To test hypothesis 1 (native 
plants have higher Sit than exotic plants), we used the 
Wilcoxon signed-rank test to compare Sit between the 
groups of native and exotic fruit plants. The same test 
was applied to hypotheses 2 (native plants have higher 
Sin) and 3 (exotic plants have higher Sie), comparing Sin 
and Sie, respectively, between the native and exotic plant 
groups. The dataset was filtered to include only interac-
tions where the pollinator origin was known (native or 
exotic) and identified at least to the subgenus level.

To understand the effect of pollinator origin (native or 
exotic) on the richness of fruit plants visited, we calcu-
lated fruit plant richness (Sf ), defined as the number of 
distinct plant species visited by each pollinator. A Wil-
coxon signed-rank test was used to compare Sf between 
native and exotic insects. Due to the high number of spe-
cies visited by Apis mellifera L., we conducted two sepa-
rate analyses.
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The first analysis included A. mellifera, testing hypoth-
esis 4 (exotic pollinators visit higher Sf than native pol-
linators). In the second analysis, we excluded this species 
and assessed the remaining exotic species to test hypoth-
esis 5 (excluding A. mellifera, exotic pollinators also visit 
higher Sf than native pollinators). This exclusion was 
necessary because the high frequency of A. mellifera in 
the pollination records skewed the mean Sf of exotic pol-
linators, underestimating the visitation potential of other 
exotic species. By excluding A. mellifera, we aimed to iso-
late the contribution of the remaining exotic species and 
infer the specific contribution of A. mellifera to Sf. Fur-
thermore, permutation tests were performed to confirm 
the marginal significance of the results.

All analyses were performed using R statistical soft-
ware, version 4.3.0 [31]. The car package [32] was 
employed to assess the assumption of homoscedastic-
ity, while the coin package [33] was used for permuta-
tion tests Spatial distribution maps were generated in 
software QGIS 3.32.3 using modified geographic data 
obtained from the Brazilian Institute of Geography and 
Statistics [34].

The present research is conducted in accordance with 
Brazilian legislation that safeguards traditional knowl-
edge associated, Law No. 13.123/15, and is duly reg-
istered in the National System for the Management of 

Genetic Heritage and Associated Traditional Knowledge 
(SISGen) under registration number A32DDC6. The defi-
nition and recognition of the types of the Brazilian tradi-
tional communities followed the predefinition of Decree 
No. 8.750/2016.

Bibliometric results
The initial database search produced a corpus of 2169 
records. After screening and selection, 96 articles meet-
ing the inclusion criteria were retained. Subsequently, 
cross-referencing among these articles yielded an addi-
tional 79 articles. Therefore, a total of 175 articles were 
selected for this study (Fig. 1).

Results
The oldest article in this database was published in 1977 
by Anderson, investigated the names and uses of native 
palm trees among the Yanomami people (Additional 
file 1). While the topic was relatively unexplored in Brazil 
during the following decades, it saw a significant increase 
in research interest from the early 2000s, culminating in 
a peak of publications in the 2010s, which accounted for 
74.28% of the total output analyzed in this review (Fig. 2).

The geographical distribution of ethnobotanical 
research on the dietary use of plants in Brazil shows a sig-
nificant concentration in the northern and northeastern 

Fig. 1 Flowchart detailing the selection and inclusion process of scientific articles focused on food ethnobotany that were published in Brazil
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regions, which account for approximately 53% of the 
scientific output in this field. The participating commu-
nities, mostly (78.3%), are in rural areas, encompassing 
settlements, rural communities, agricultural producer 
groups, and traditional communities (Fig. 3).

A knowledge gap is observed in the production of 
knowledge about the consumption of food plants in the 
central-western and southern regions of the country, 
which harbor a rich biodiversity and unique phytogeo-
graphic domains, such as the flooded plains of the Panta-
nal wetlands and the plains and grasslands of the Pampas.

Non-traditional rural communities were the most fre-
quently targeted for ethnobotanical research, particularly 
in the north and northeast regions. Studies conducted in 
urban areas are associated with research on the flora and 
social structure of home gardens as maintainers of com-
mon vegetables.

Of the 11  types of traditional communities inven-
toried, Quilombolas (or Maroons) were the most fre-
quently studied, representing 28.8% of all articles in this 
database focusing on traditional communities. These 
studies spanned all Brazilian regions except the south. 
Conversely, ethnobotanical research on Indigenous and 
riverine communities concentrated primarily in the 
north, particularly the Amazon, reflecting the region’s 
high biodiversity and rich cultural heritage.

A significant knowledge gap exists regarding the food 
practices of Indigenous communities in Brazil, as only 
13 ethnicities have had their dietary habits documented. 
Furthermore, except for the Pankararé, all documented 

ethnicities reside in the Amazon Forest region or tran-
sitional areas between it and other biomes. This concen-
tration of studies underscores a lack of information on 
the food practices of indigenous groups in the rest of the 
country. Moreover, the same situation occurs with other 
smaller groups of traditional communities, such as the 
Azoreans, Caboclos, Geraizeiros, Rubber tappers, and 
Seasonal farmers.

Records of edible fruit trees in Brazil
The literature reviewed reported a total of 557 fruit spe-
cies utilized in Brazil Native species exhibited higher 
richness than exotic species, accounting for 448 species 
(80.4%) and 109 species (19.6%), respectively (Additional 
file 2). The phytogeographic domains of the Atlantic For-
est, Amazon, and Cerrado were the primary focus of 
these studies (Fig. 4).

The geographic distribution of fruit consumption in 
Brazil reveals distinct patterns based on the species’ ori-
gin. The northern states of Amazonas and Pará, along 
with the central-western state of Mato Grosso, concen-
trate a higher proportion of native fruit species. Con-
versely, the southeastern states of São Paulo and Minas 
Gerais, as well as the northeastern state of Bahia, exhibit 
a higher concentration of exotic fruit species (Fig. 5).

Among the botanical families, Myrtaceae (81 
spp./14.5%) stands out as the most represented, followed 
by Arecaceae (72 spp./12.9%), Fabaceae (33 spp./5.9%), 
and Solanaceae (26 spp./4.6%). The genera Eugenia L. and 

Fig. 2 Temporal distribution of scientific publications on food ethnobotany in Brazil
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Annona L. are particularly rich in edible species, account-
ing for 4.4% and 3.4% of the total, respectively.

Shrubs and trees were the most frequently reported 
fruit sources Anacardium occidentale L. (15.9%) 
(Cashew), Eugenia uniflora L. (Pitanga) and Psidium gua-
java L. (15.3% each) (Guava), Carica papaya L. (14.7%) 
(Papaya), Mangifera indica L. (13.0%) (Mango), and 
Cocos nucifera L. (11.9%) (Coconut) were the most fre-
quently mentioned species. Notably, three species from 
the sampled dataset were listed as endangered in both 
the Brazilian Ministry of Environment’s (MMA, 2022) 
and Red List and the IUCN Red List (2024): Butia erio-
spatha (Mart. ex Drude) Becc., Campomanesia hirsuta 
Gardner, and Inga maritima Benth.

Pollinators species
Pollinator data were available for only 29.4% of the fruit 
trees species. These animals were distributed across 24 
orders, 164 families, 351 genera, and 527 species of effec-
tive, occasional, or secondary pollinators. Of these, 24 
were exotic, 441 were native, and 62 had undetermined 
origins, meaning there was insufficient information to 
determine the species’ origin (Additional file 3).

Most pollinators identified in this study were classified 
within the Class Insecta or other arthropods. Hymenop-
tera is the largest order with 324 cited species (61.4%), 
followed by Lepidoptera (11.1%), Coleoptera (11.0%), and 
Diptera (4.3%). Vertebrate pollinators were concentrated 
in Aves (Apodiformes, Passeriformes, Psittaciformes, 
and Piciformes), which were the most cited, totaling 84% 
of the quantity, and Mammals were represented by bats 
(Phyllostomidae—12.5%) and small marsupials (Didel-
phidae, Caluromys spp.—3.5%) (Fig. 6).

Pollinator–fruit tree relationships
Regarding the relationship between insect pollinators 
and plants, Apis mellifera L. was the most cited pollinator 
of Brazilian fruit trees. Moreover, it exhibited the broad-
est range of species visited, being associated with 85 fruit 
trees in 30 families. Figure  7 illustrates the interaction 
network, constructed from the species data collected in 
the review, between fruit tree species and animal polli-
nators. This network visually demonstrates the impact of 
the presence of A. mellifera and the extent to which it is 
cited as a pollinator of food species in Brazil.

Fig. 3 Overview of the participation of Brazilian communities in ethnobotanical research on food plants, addressing their distribution by groups, 
ethnicities, and geographical regions. A Distribution of research among the main community groups. B Information on the traditional community 
groups involved in the research. C Indigenous ethnicities with recorded knowledge about food customs. D Representation of the distribution 
of studies in Brazilian geographical areas: NE (northeast), N (north), SE (southeast), S (south), and CW (center-west)
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The most cited native pollinator species belong to the 
family Apidae: Trigona (Trigona) spinipes (Fabricius, 
1793) (associated with 53 botanical species), Tetrago-
nisca angustula (Latreille, 1811) (31), Bombus (Thora-
cobombus) morio (Swederus, 1787) (23), and Xylocopa 
(Neoxylocopa) frontalis (Olivier, 1789) (17). The genus 
Centris (Apidae), native to Brazil, holds the greatest spe-
cies richness (30), but appears to be less sampled and 
have a smaller distribution than those mentioned above 
(Fig. 8).

Our dataset consisted of a paired list of 557 fruit tree 
species reported for Brazil and 527 pollinator species, as 
well as data on genus, family, origin (native and exotic), 
consumed parts, use form, and vernacular names. 
Records of plants with missing pollinator data, such as 
origin, were excluded from all statistical analyses.

The overall richness of pollinators did not differ sig-
nificantly between native and exotic plants (W = 2608.5, 
p = 0.898). Similarly, the richness of native pollinators 
did not differ significantly between the two plant groups 
(W = 1902.5, p = 0.127). However, the richness of exotic 
pollinators was significantly higher in exotic plants com-
pared to native ones (W = 3208.5, p < 0.001). On average, 
exotic plants hosted approximately 68% more exotic pol-
linators than native plants (Table 1, Fig. 9).

The violin plots below provide a visual representation 
of the distribution of richness data, while the box plots 

summarize the central tendency (median) and variability 
(quartiles). Letters above the boxes indicate significant 
differences in comparisons (Wilcoxon test), where groups 
with the same letter do not differ significantly.

There was no significant statistical difference in the 
relationship between the diversity of plants visited and 
the origin of pollinators (W = 3.3265, p = 0.051; Z = 1.684, 
p = 0.093). However, when Apis mellifera L. was excluded 
from the analysis, a significant statistical difference was 
observed in the number of plants visited by native and 
exotic pollinators (W = 2.9785, p = 0.016).

On average, native insects visited twice as many plant 
species (110.26%), then exotic insects when the fac-
tor A. mellifera was excluded from the clusters (Table 2, 
Fig. 10). For this analysis, richness was measured by the 
number of fruit species visited by pollinators and is pre-
sented in the graph as log (richness + 05) to normalize the 
data and improve visualization.

Our results supported only hypothesis 3, showing that 
exotic fruit species host more exotic pollinators than 
native species. The collected dataset suggests a similar 
richness of pollinators between the two plant groups ana-
lyzed (exotic and native). Additionally, exotic plants tend 
to host a higher richness of exotic pollinators than native 
plants. However, the same pattern was not observed 
when analyzing the relationship between native plant and 
animal data, refuting hypotheses 1 and 2. The exclusion 

Fig. 4 Spatial distributions of scientific articles on food plants, including fruit-bearing species, across Brazilian phytogeographic domains from 1970 
to 2023
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of Apis mellifera revealed the significant influence of this 
species on the observed patterns, highlighting the pol-
lination potential of both native species and A. mellifera 
and negating hypotheses 4 and 5.

Discussion
The database for this review was constructed with infor-
mation on the dietary use of 557 species of Brazilian fruit 
trees, consumed in both rural and urban areas. Data on 
pollinators of approximately 1/3 of these plants (29.3%) 
were found, totaling 527 species, with most species native 
to Brazil associated with the class Insecta, order Hyme-
noptera, and family Apidae. This data analysis allows us 
to identify ecological patterns and trends in the richness 
of the pollinator–plant interaction network and the use 
of these plants for food.

The current understanding of pollinator interactions 
with economically important species is still limited, hin-
dering the development of effective conservation strate-
gies and the assessment of ecosystem services crucial 
for sustaining agricultural and extractive industries [35]. 
This research underscores a notable knowledge gap in 

pollination mechanisms, as 70.7% of the species investi-
gated lack documented information on their pollinators 
and pollination syndromes.

Regarding the hypotheses tested, only the third was 
supported, namely, exotic plants have greater diver-
sity of exotic pollinators compared to native plants. The 
other hypotheses about the relationships between species 
origin and pollinator richness (1—native plants have a 
higher total pollinator richness than exotic plants and 2—
native plants have a higher richness of native pollinators) 
were not supported by the data.

It is important to highlight the limitations of this 
research. Firstly, the data on plants were collected only 
from scientific articles, which limits the scope of knowl-
edge accessed in other forms of publications. There is 
an irregular geographical distribution of studies in the 
country, with some areas much more known than others, 
in addition to the lack of data in the literature regarding 
pollinators of the food plants investigated.

Apis mellifera L. has proven to be a key pollinator of 
native and introduced fruit species in Brazil, including 
star fruit (Averrhoa carambola L.), coffee (Coffea arabica 

Fig. 5 Comparative distribution maps of fruit species in Brazil: A total fruit species; B exotic edible fruit species; C native edible fruit species
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L.), and lemon (Citrus limon (L.) Osbeck). Its activity 
appears to fulfill the pollination needs of a large propor-
tion of Brazilian cultivars and wild plants, especially in 
agricultural areas [35, 36], thus becoming a central pol-
linator in Brazil.

This species was introduced to Brazil in the 1950s 
to increase honey production and other beekeeping 
resources [37]. Subsequent swarm escapes, coupled with 
its high adaptability to the Brazilian environment and 
associated economic value, were the elements that pro-
moted its national conservation [37].

It is crucial to highlight that, despite its significance, 
A. mellifera can negatively impact plant–pollinator net-
works and pollinator richness in the field [38]. Studies 
have shown that this species exhibits dominant social 
behavior over pollen resources near their nests, hinder-
ing other bees from accessing these resources, leading 
to population decline and even the complete replace-
ment of native bees in areas near A. mellifera nests [39, 

40]. In extreme cases, its ecological replacement is the 
only way to meet the pollination demands of plants due 
to the decline of native insects [39, 40].

In anthropic environments such as agricultural 
areas, the abundant and generalized supply of floral 
resources seems to favor the activity of generalist pol-
linators. Species like Trigona spinipes (Fabricius, 1793) 
and A. mellifera are examples of generalist pollinators 
that actively exploit these environments, competing 
for resources with other pollinators, both native and 
exotic. This ecological behavior likely explains the high 
richness observed in the quantitative data collected in 
this study.

This result contradicts hypotheses 4 and 5, which 
attribute to exotic pollinators a superiority in terms of 
visitation richness and pollination breadth. The wide dis-
tribution and generalist behavior of A. mellifera virtually 
increase the contribution of other pollinator groups, both 
native and exotic, to Brazilian pollination.

Fig. 6 Distribution of identified species from the two main classes of animal pollinators of Brazilian fruit trees

(See figure on next page.)
Fig. 7 Plant–pollinator network containing information on the association of 557 fruit species and 527 pollinators. A Interaction network 
between native (green) and exotic (purple) Apidae bee species and native (light green) and exotic (blue) fruit species, indicating the four most 
important species; B Interaction network between the others animals’ pollinators, indicating the groups found and native (green) and exotic (blue) 
fruit tree species. Line thickness corresponds to the number of species visited by a particular animal or the number of animal visitors to a specific 
fruit species
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Fig. 7 (See legend on previous page.)
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Both Apis and non-Apis bees plays a crucial role in 
enhancing fruit production in Brazilian crops, with simi-
lar increases in productivity observed in plantings visited 
by both groups [19, 41]. Among native pollinators, sting-
less bees (non-Apis) are the most diverse group of species 
in Brazilian pollination (81 spp.). The highest concen-
tration of these bees is in the Neotropical region, where 
approximately 47% of all species are described in Brazil, 
further justifying their relevance in local pollination [42, 
43]. Asteraceae, Fabaceae, Lamiaceae, and Malvaceae are 

Fig. 8 Pollinator–plant interaction network highlighting the main Apidae bees and Brazilian fruit trees. A Interaction between exotic bees (purple) 
and native (green) and exotic (blue) fruit trees. B Interaction between native bees (green) and fruit trees. C Interaction network between exotic fruit 
trees and native and exotic bees. D Interaction network between native fruit trees and native and exotic bees

Table 1 Descriptive statistics of exotic pollinator richness visiting 
native and exotic fruit plants (W = 3.2085, p < 0.001) n = number 
of observations (n) of fruit plant richness for each pollinator 
origin group

Origin of the 
fruit tree

Mean Median Standard 
deviation

n

Exotic 1.080 1 0.571 49

Native 0.641 0 0.944 92
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the botanical families most frequently visited by stingless 
bees, with Trigona and Melipona being the most diverse 
and important genera [43].

The functional diversity of pollinators is crucial for 
maximizing agricultural yields. Although bees are the 
primary pollinators, recent studies [44–46] have demon-
strated the significance of other pollinator groups, such 
as beetles, flies, wasps, butterflies, and moths. These 
groups, which visit 25–50% of cultivated plant species 
worldwide, can significantly increase agricultural pro-
duction by promoting a higher frequency of floral visits, 
even if they are less efficient than bees in this role. The 
synergy between different pollinator groups can enhance 
fruit production, leading to increased plant productivity 
or larger fruit size, highlighting the importance of con-
serving and promoting pollinator diversity in agroecosys-
tems [45, 46].

Insect populations, including pollinators, have experi-
enced significant declines in recent decades, impacting 
major orders like Coleoptera, Lepidoptera, Hymenop-
tera, and Diptera. These declines are widely attributed 
to anthropogenic activities, as documented in numerous 
countries, particularly the United Kingdom [47, 48].

Our understanding of the effects of human activities 
on insect diversity in tropical regions, which currently 
harbor the largest extent of deforestation for agriculture 
and extensive livestock farming, remains limited. This 
scenario is concerning, given that the greatest diversity 
of animals and plants on the planet is in the tropics yet, 
have been comparatively less studied than other regions 

Fig. 9 Pollinator richness A total, B native, and C exotic associated with native and exotic fruit plants in Brazil

Table 2 Descriptive statistics of fruit plant richness visited by 
native and exotic pollinators in a scenario without Apis mellifera 
(W = 3.2085, p < 0.001) n = number of observations (n) of fruit 
plant richness for each pollinator origin group

Origin of the 
fruit tree

Mean Median Standard 
deviation

n

Exotic 1.170 1 0.230 23

Native 2.460 1 4.650 348

Fig. 10 Richness of fruit plants visited by exotic and native 
pollinators in Brazil, considering A the total number of pollinators 
and B a scenario without Apis mellifera 
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[47, 48]. This lack of knowledge not only hinders our abil-
ity to accurately assess species diversity in the tropics but 
also prevents us from quantifying the impact of environ-
mental pressures induced by human activities on local 
species.

Beyond heightened competition for plant resources, 
various factors contribute to the systematic decline of 
pollinator insect populations. Synthetic pesticides are 
implicated in the decimation of entomofauna diversity in 
agricultural landscapes. These pesticides can induce col-
ony collapse disorder in social bees, contaminate water 
bodies, and kill larval stages, among other indirect effects 
on insects [49, 50].

Furthermore, the findings of this review highlight 
the abundance of food-producing fruit trees utilized by 
Brazilian communities. These species are accessed both 
through agricultural production and direct extraction 
from natural environments.

This situation highlights the need to seek wild food 
sources to supplement daily meals [51]. Rural com-
munities have been the most studied in published arti-
cles, especially those in the northern and northeastern 
regions, which have the highest concentration of people 
with low monthly incomes and a higher predisposition to 
food insecurity in the country.

Additionally, Brazilian ethnobotanical research tends 
to prioritize the exploration of traditional knowledge 
and use of plants in rural environments [2, 52, 53], and 
preferentially in traditional communities (indigenous, 
quilombola, fishermen, riverine people, etc.). Further-
more, research on the use of food plants predominantly 
focuses on communities situated within the phytogeo-
graphic zones of the Atlantic Forest and Amazon biomes. 
This emphasis neglects the knowledge generated in 
urban areas of the country, where, when such research 
is conducted, it concentrates on the topic of urban home 
gardens. Consequently, this focus exacerbates the infor-
mation gap concerning this fundamental portion of the 
nation.

Quilombola communities have been a focal point in 
ethnobotanical research. These communities, formed by 
descendants of enslaved Africans who escaped during 
Brazil’s slavery era, have historically relied on surround-
ing natural resources for sustenance and food [54, 55]. 
However, there remains a significant gap in our under-
standing of food plant consumption in Brazil.

This is particularly concerning given the country’s rich 
diversity of 305 indigenous ethnicities [56], of which only 
13 (4.26%) have been included in ethnobotanical studies. 
Given the uneven geographical distribution of ethnobot-
anical studies within the country, with some areas being 
considerably more extensively researched than others, 

there is a lack of data in the literature concerning the pol-
linators of the food plants under investigation.

For traditional communities such as quilombolas and 
indigenous peoples in rural areas, food security is intrin-
sically linked to the availability of wild resources. Food 
insecurity increased in Brazil from the second half of the 
2010s, due to the convergence of several factors, includ-
ing the economic crisis, the discontinuation of public pol-
icies promoting food security in vulnerable populations, 
the disruption of food transfers to low-income popula-
tions, and the health crisis exacerbated by the COVID-
19 pandemic in 2020 [24, 25, 57, 58], leading to increased 
pressure on wild resources.

This literature review highlights the importance of fruit 
trees in the Brazilian diet, given their high biodiversity 
found in Brazilian hotspot areas, such as the Amazon 
Rainforest, the Atlantic Forest, and the Cerrado, as a cru-
cial factor for the food security of these communities.

Natural areas play a fundamental role in ensuring 
food security for both rural communities, which depend 
directly on natural resources for their subsistence, and 
urban communities, which benefit from agricultural pro-
duction and the supply of food from these areas [35, 36]. 
Traditional communities, in turn, are crucial agents in 
promoting environmental conservation in these regions 
[53], being essential for the dissemination of good prac-
tices in land use with sustainable family agricultural pro-
duction that respects the limits of the environment.

Our results align with those found on literature who 
indicate a consistent preference for certain plant families 
among traditional Brazilian communities [27]. As in their 
study, the Anacardiaceae, Arecaceae, Fabaceae, Myrta-
ceae, Passifloraceae, and Solanaceae families were the 
most frequently cited in our analysis, evidencing a con-
sistent pattern in the choice of food forest resources.

The relevance of insects as pollinators is confirmed by 
the expressive diversity of species found in this research, 
corroborating previous studies [15, 35, 36]. These results 
reaffirm the importance of insects in the pollination of 
modern plants and highlight their crucial role in main-
taining biodiversity and the food production chain, 
essential for food maintenance and the promotion of 
food security in rural and urban communities.

Conclusion
The recovery of traditional knowledge about the food 
use of plants is fundamental for biodiversity conserva-
tion and food security. In Brazil, ethnobotanical research 
has primarily focused on traditional communities in 
rural areas of the northern and northeastern regions, 
revealing a rich knowledge about the use of plants, with 
a highlight on those from the Anacardiaceae, Arecaceae, 
Fabaceae, Myrtaceae, Passifloraceae, and Solanaceae 
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families. However, there is a need to expand these studies 
to other regions, like south and center-west poorly study, 
and social groups like indigenous ethnics, to build a more 
complete picture of the diversity of food plants used in 
the country and to guarantee the valorization of this 
ancestral knowledge.

This research compiled the largest amount of published 
ethnobotanical data on edible fruits in communities and 
their respective pollinators in Brazil. These plants play a 
fundamental role in the food security of Brazilian com-
munities, as is evident from the richness of fruits recov-
ered in this review, with 557 species, 80% of which are 
native.

The Brazilian pollinator is generally characterized as 
a small to medium-sized arthropod of the order Hyme-
noptera from  the family Apidae, since  this group is asso-
ciated with the pollination of a quarter of the total fruit 
species studied.

Based on these data, we can estimate that Apis mel-
lifera Linnaeus, 1758, Bombus (Thoracobombus) morio 
(Swederus, 1787), Tetragonisca angustula (Latreille, 
1811), Trigona (Trigona) spinipes (Fabricius, 1793), and 
Xylocopa (Neoxylocopa) frontalis (Olivier, 1789) are the 
pollinator species with the greatest richness of associated 
fruit species.

The results of this review corroborate the hypothesis 
that exotic pollinators tend to visit exotic plants. Native 
pollinators have demonstrated a greater ability to polli-
nate a wider variety of botanical species, both native and 
exotic, underlining their importance for maintaining bio-
diversity and food security.

Despite the advances, scientific knowledge on the sub-
ject in Brazil is still incipient, given that there is no infor-
mation on the pollinators of 393 fruit species, one-third 
of the total investigated, which highlights the need for 
more research in this area.

The data about the pollinator groups associated with 
these plants are essential for the conservation of endan-
gered species, such as Butia eriospatha, Campomanesia 
hirsuta and Inga maritima. Understanding the interac-
tions between plants and pollinators is fundamental for 
developing effective conservation strategies and ensuring 
the sustainability of ecosystems. Therefore, it is impera-
tive to deepen knowledge on the subject, focusing mainly 
on those plants that have not yet been studied, using the 
evidence of this research as a basis for future research 
choices of groups or local of study.
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