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Abstract

Knowledge of the pollen dispersal distance (PDD) is crucial for delimitating the collection radius of subpopulations
in seed collection areas used as germplasm sources for genetic breeding, conservation, and restoration projects.
Some studies have reported the PDD of trees, but these are scattered throughout the literature. Therefore, the
objective of this study was to systematically review and report as many PDDs as possible found in the literature
on native Brazilian tree species. In the present study, we identified the most and least studied species, temporal
trends in publications, geographic distribution of studies, mating systems, and pollinator types for each species.
A systematic review protocol was established, and the search criteria were improved, resulting in 543 articles.
Forty-four articles contained information on native species, and 319 PDD from 41 tree species were extracted. The
most investigated species for pollen dispersal were Cariniana estrellensis (Raddi) Kuntze (Jequitiba-branco) and
Araucaria angustifolia (Bertol.) Kuntze (Araucaria). The PDD values ranged from 9 m to 5229 m, averaging 543.9273
m. The five species with the highest average PDDs were Centrolobium tomentosum Guill. ex Benth. (Arariba),
Swietenia macrophylla King (Mogno-brasileiro), Hymenaea courbaril L. (Jatoba), Dipteryx alata Vogel (Baru) and
Hymenaea stigonocarpa Mart. Ex-Hayne (Jatoba do Cerrado) at 3191 m, 1472 m, 1450 m, 1215.12 m, and 1086.81
m, respectively. Theobroma cacao L. and llex paraguariensis A.St.-Hil. had the shortest PDDs averages at 28 m
and 15.9 m, respectively. This work provides a valuable PDD database that will expand the possibilities for new
research and guide projects related to seed collection, forest restoration, germplasm conservation, and genetic
breeding of native Brazilian trees.
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is crucial for seed collectors to organize their expeditions
and correctly carry out the collection and production of
seedlings to be used in forest conservation, breeding,

1. Introduction

Knowledge of the pollen dispersal distance (PDD) is

crucial for delimiting seed collection areas (SCAs) and
the radius of tree subpopulations. SCAs are important
germplasm sources for genetic breeding programs, con-
servation, and restoration projects involving trees (Mori
et al., 2015). Studies on the PDD of trees are scarce
due to the difficult to investigate pollen biology, ecology
and dispersion of many tree native species. It is very
important to know the distance that plant gametes travel
via wind or dispersers, as this information is linked to the
ability of trees to interbreed and therefore form a single
subpopulation. The delimitation of these subpopulations

or restoration projects. Therefore, collecting and orga-
nizing pollen information from the literature into a single
repository is imperative for easy access and application.
Systematic reviews have been widely used in many ar-
eas of science and provide a standard method for storing,
systematizing, and analyzing information, such as PDD
(Donato & Donato, 2019). A systematic review of PDD is
urgently needed, as it can provide pollen information for
many Brazilian tree species and orientate forest projects.

The demand for seeds of forest species to restore de-
graded areas and establish germplasm banks has been
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growing in recent years due to climate change and the
global need for reforestation. It is essential to understand
and consider the genetic and ecological factors involved
in establishing forest populations to ensure the success
of these restoration projects (Freitas et al., 2015). Knowl-
edge of the gene flow radius within forest populations
and subpopulations is crucial for delineating SCAs. It is
possible to estimate the distance of gamete change and
crossings among trees of different subpopulations using
PDD. Information on pollen dispersal distance can assist
researchers in establishing SCAs and structuring future
populations for planting in restoration areas or germplasm
banks. Therefore, well-defined, and structured popula-
tions contribute to expanding the genetic base of planted
forests and avoiding inbreeding depression caused by
genetic bottlenecks (Sebbenn et al., 2011; Nunes, 2021).

Brazil is one of the most abundant plant biodiversity
locations worldwide (Mittermeier et al., 2005). Many stud-
ies have reported the significant role of forests in reducing
pollution levels and greenhouse gas emissions (Ribeiro &
Pinheiro, 2022). Native forests are crucial for preserving
plant and faunal biodiversity, safeguarding water, and soil
resources, and serving as a source of income and em-
ployment. Because of the importance of native forests,
their preservation and propagation from seed populations
are essential to ensure ecosystem services. Therefore,
understanding genetic dynamics and population genetics
is vital for the sustainable management of these services
and resources (Nunes, 2021).

Compared with that of exotic species, the economic
potential of Brazilian native species is underexplored,
and there is a lack of research on silviculture, genetic
improvement, and pollen biology (Moura et al., 2019).
Knowledge of genetic diversity is essential for developing
conservation strategies. Assessment of PDD is funda-
mental in population genetics and has significant impli-
cations for the management and conservation of native
species (Collevatti et al., 2013). Collecting genetic mate-
rial from trees must be well-oriented to guarantee genetic
conservation, ensuring genetic diversity in planting areas.
Genetic diversity influences the adaptation of populations
to environmental challenges (Ribeiro & Rodrigues, 2006;
Nunes, 2021). Geographical obstacles can restrict gene
flow between populations, leading to mating between
close relatives and inbreeding depression (Costa et al.,
2015; Pilakouta & Smiseth, 2016). In this context, a
systematic review of PDD is fundamental in providing
support for research on Brazilian native species, for the
delineation of SCAs, and for the genetic structure of forest
populations. Besides, this kind of research is recognized
as a reliable and high-quality source as it consolidates
the results of primary studies on a given topic (Galvao
& Pereira, 2014; Donato & Donato, 2019). Despite the

Pollen dispersal distance of Brazilian native tree species: a systematic

review — 2/12

importance of organizing information and providing an
applied source for PDD, no systematic reviews have re-
ported this information for native Brazilian trees.

Therefore, providing such information to support sil-
vicultural projects, restoration of degraded areas, and
correct assembly of germplasm banks from a genetic
and ecological point of view is critical. Then, collecting
and organizing pollen information from the literature into
a single repository is imperative for easy access and ap-
plication. Considering these aspects, the objective of this
study was to systematically review and report as many
published PDDs of native Brazilian tree species as possi-
ble. This study has identified the most and least studied
species, temporal trends in publications, geographic dis-
tribution of studies, mating systems, and pollinator types
of each species.

543 articles identified in

the databases (Web of
Identification Science, Scopus;

SciELO, and PubMed).

505 articles assessed
Web of Science: 315
Selection Scopus: 111
PubMed: 69
SciELO: 10

38 articles excluded due
to duplication.

461 full articles excluded
as they did not address
the main question after a

44 full articles on the
topic that address the
main question.

Eligibility

partial  review (title,
abstract, and results).

Inclusion 44 articles included for

detailed analysis.

Figure 1. PRISMA 2020 adapted flowchart

2. Material and Methods

2.1 Materiais que foram usados texto texto

Four databases were selected for this study: Scopus,
Web of Science, Scielo, and PubMed. Bibliographical
materials in English, Spanish, and Portuguese were in-
cluded, and a search string was developed in English.
Articles on diseases, infections, or weeds were excluded.
Searches were conducted in October 2024, and articles
published between 1993 and 2024 were considered.

After this stage, adjustments were made to refine the
search. The following string was developed: ("pollen
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flow”) OR ("gene dispersal’) OR ("pollen distance”) OR
("pollen dispersal’) AND (tree) AND (brazil) AND NOT
(disease) AND NOT (infection) AND NOT (weed). The
search resulted in 543 articles, and 38 duplicates were
removed, resulting in 505 eligible studies, 44 of which
contained information on native species. Of the 505
articles analyzed, 315 were from Web of Science, 111
were from Scopus, 69 were from PubMed, and ten were
from Scielo (Figure 1).

The information extracted from the relevant articles,
including article type, author names, year, scientific name,
common name, pollen distance, geographic location, and
important complementary information, was tabulated in
an electronic spreadsheet. Data were analyzed through
descriptive statistical analysis using R software (R Core
Team 2024), and graphs were generated using the gg-
plot2 package (Wickham, 2016). For a detailed descrip-
tion of the process, a flowchart adapted from PRISMA
2020 (Figure 1) was developed (Galvao et al., 2022;
Mendes, 2022).

3. Results

From the 44 articles with information, 319 PDD data
points from 41 native tree species were extracted, as
some articles addressed more than one species as a
theme. The species with the most information was Carini-
ana estrellensis (Raddi) Kuntze (Jequitiba-branco), with
46 PDDs, followed by Araucaria angustifolia (Bertol.)
Kuntze (Araucéria) with 44 PDDs. Species such as
Acrocomia aculeata (Jacq.) Lodd. Ex Martius and Aspi-
dosperma polyneuron Miill.Arg had only one PDD dataset
(Figure 2).

The articles mainly conducted their experiments within
the national territory, with only two conducted abroad: in
Costa Rica (Boshier et al., 1995) and Guiana (Hardy
et al., 2006). Considering the papers in Brazil, most
studies were concentrated in the southeast and south
of the country, with nine articles featuring the Tapajos
National Forest, Para, and others spread across Ceara
and Goias states (Figure 3). The articles were published
between 1995 and 2024, with most publications concen-
trated between 2007 and 2016. The other years had
an average of two publications (Figure 4). The PDD
values ranged from 9 m to 5229 m, with an average of
543.9273 m. The five species with the highest average
PDDs were Centrolobium tomentosum Guill. ex Benth.
(Arariba), Swietenia macrophylla King (Mogno-brasileiro),
Hymenaea courbaril L. (Jatobd), Dipteryx alata Vogel
(Baru) and Hymenaea stigonocarpa Mart. Ex-Hayne (Ja-
toba do Cerrado) at 3191 m, 1472 m, 1450 m, 1215.12
m, and 1086.81 m, respectively. Theobroma cacao L.
and llex paraguariensis A.St.-Hil. had the shortest PDDs

averages at 28 m and 15.9 m, respectively. Of the 41
native species with PDD information, 17 had only one
record of pollen distance information; therefore, we could
not report the standard deviation, maximum, or minimum
values. The other 24 species had more than one mea-
surement for analysis (Table S1). Bees were the most
frequent pollinators, acting on 23 species. The greatest
pollen dispersal distance average was observed for C.
tomentosum Guill. ex Benth, at 3191 meters, and the
shortest distance was observed in llex paraguariensis
A.St.-Hil. at 15.9 m. All 41 studied species were predom-
inantly crossing (Table S1).

4. Discussion

Notably, there is a lack of pollen information for Brazil-
ian native trees. Considering the importance of knowing
the PDD to orient seed collection, further studies should
investigate pollen dispersal, ecology, and genetic factors.
Seed collection from trees is a difficult task, and many
factors must be considered to guarantee the success
of future forests. Knowledge of the gene flow radius
within forest populations and subpopulations is crucial
for delineating seed areas (Telles et al., 2010). The dis-
tance of gamete changes and crossings among trees
of different subpopulations can be estimated using PDD
(Gongalves et al., 2010). In genetic conservation projects,
the decision maker frequently needs to know the distance
between two or more subpopulations of a species. This
information determines the quality of assembling future
plantations as it can influence a population's genetic con-
servation degree.

The PDD repository assists forest initiatives by pro-
viding average distances for SCA delimitation. Conser-
vaGen software (Nunes, 2021) can assist germplasm
conservation projects by calculating population genetic
parameters. It can be used for both in situ and ex situ
germplasm conservation and assist decision-making in
these projects. ConservaGen enables the estimation of
the genetic diversity of a future plantation and requires
information about the number of subpopulations visited
for seed collection. Thus, the researcher can define the
distance separating each species' subpopulation using
the PDD repository and the software. In some cases, it is
possible to use the average PDD and analyze the types
of pollinators and reproductive systems to better estimate
the SCA radius of species with no exact information.

The need of published articles on PDD is more pro-
nounced when biomes are analyzed. Most articles were
found in the Tapajés National Forest, and study clusters
were observed around Brazil. The Tapajos National For-
est was established in the western state of Para in 1974
and is a federal conservation unit mainly characterized
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Figure 2. Number of pollen dispersal distance (PDD) records per species

by dense ombrophilous forests (Melo & Franceschinelli,
2016). Since then, this location has been the subject of
scientific studies for various purposes, including floristic
and phytosociological composition (Espirito-Santo et al.,
2005), timber potential, and biodiversity of microorgan-
isms (Rocha et al., 2017). Despite the importance of the
Tapajos Forest, a notably high concentration of studies
displayed in groups. Brazilian biomes are of great im-
portance to biodiversity because of the combination of
high species richness and endemic species (Aleixo et al.,
2010). With such species richness, research on pollen
dispersal distance is lacking in some biomes, such as the
Pantanal, where no publications have been found, and
in the Caatinga, Cerrado, and Pampa biomes, each with
only one article on the topic.

Despite the scarcity of PDD research, the repository
generated in the present study is useful and can orient
future projects for the species analyzed. Some species
have a higher PDD than others, which is relevant and
must be highlighted in the SCA delimitations. C. estrel-
lensis (Jequitiba-branco) had the largest PDD dataset
with 46 records. This species is a multipurpose species
because of its wide range of applications, including tim-
ber, and handicrafts. A. angustifolia (Araucaria) was the

second most cited species with 44 PDD records. This
species is highly valued for its utility in carpentry, timber
sector and use of almonds traditionally sold and produced
in southern Brazil. All these species have silvicultural po-
tential and can be used in forest restoration initiatives in
Brazil.

Another important silvicultural tree, C. fomentosum,
had only one pollen dispersal source, whereas H. stigono-
carpa (Jatoba do Cerrado) had 16 records, with a PDD
minimum of 25 m observed in the presence of clustered
trees and a maximum of 5229 m with isolated trees in pas-
tureland. This difference between the observed minimum
and maximum values resulted in a high standard devi-
ation (1591.87 m). The species Dinizia excelsa Ducke
had an average pollen dispersal distance of 860.5 me-
ters, with a minimum distance of 212 m, a maximum of
1509 m, and a standard deviation of 917.12 m. Pollen
distances were obtained under conditions similar to those
of H. stigonocarpa. The intensity of pollen flow is influ-
enced by many factors, including the amount of pollen
produced and the presence of physical barriers, such
as forests, mountains, buildings, and terrain topography
(Costa et al., 2018). Forest fragmentation, which causes
various alterations in ecosystem functioning also plays a
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role (D “Arrochella, 2020). Fragmentation creates barriers
that hinder dispersal between forest fragments, resulting
in a decline in gene flow and genetic variability among
species. Consequently, the ability of these species to
adapt is negatively affected (Thiago et al., 2020). Further-
more, pollinator fauna may decline when associated with
habitat loss, significantly compromising the pollination
process (Mariot et al., 2014).

Collecting data on population structure and reproduc-
tive behavior is crucial because the distribution patterns
of genetic variability are closely related to the reproduc-
tive system. Except for autogamous species, pollination
is entirely dependent on animals or abiotic agents such
as wind or water to occur (Rocha & Polatto, 2017). Native
species rely on pollinating agents for reproduction. Pol-
lination is an ecosystem service (Barbosa et al., 2017),
and flowers are the main source of food for wasps, but-
terflies, beetles, bees, and flies, making feeding needs
responsible for most flower visits (Agostini et al., 2014).
However, there are differences between floral visitors and
pollinators. To be an effective pollinator, visitors must
transfer pollen from the anthers to the stigma of the same
species of plant. Bees play a fundamental role as primary
pollinators of plants (Souza et al., 2007).

The interactions between plants and their pollinators
are guided by floral attributes, including morphology, col-

oration, nectar trails, and fragrance glands, which indicate
the availability of floral resources (Depra & Gaglianone,
2018). Bats appeared to be pollinator agents for all three
native species. Among the three native species, the max-
imum distance observed was for H. stigonocarpa Mart.
ex-Hayne at 5229 m, and the minimum distance observed
was 9 min C. estrellensis (Jequitiba-branco). Bats play a
vital role in ecosystems, acting as pollinators of fruit trees
and seed dispersers.

All the species analyzed are predominantly crossing.
The mating system in trees can be classified as auto-
gamy (self-fertilization with at least 80%); outcrossed
(cross-fertilization with at least 80%); or as a mixed mat-
ing system when cross-fertilization occurs between 20 to
80% (Goodwillie et al., 2005). Crossing species seek effi-
cient pollen and seed dispersal mechanisms to achieve
reproductive success (Siqueira et al., 2010). For crossing
species, pollination is a prerequisite for cross-fertilization
(Depra & Gaglianone, 2018). However, pollinator com-
petition influences the distribution patterns and abun-
dance of species involved in plant-pollinator interactions
(Bar6nio et al., 2016). Examples of patterns suggesting
competitive mechanisms in pollination biology include
asynchronous flowering among plant species pollinated
by the same pollinators and pollinator partitioning among
synchronous plant species (Mitchell et al., 2009).
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Figure 4. Total number of published articles per year containing pollen dispersal distance (PDD)

The systematic review protocol provides an essen-
tial repository of information on the PDD of Brazilian
tree species. Some species have a higher PDD than
others, and ecological and genetic factors, such as pol-
linators and reproductive systems, must be considered
for SCA delimitations. In practical terms, this review
serves to alert governments to establish public policies
to promote more research on gene flow. There is no
standard from government agencies that guide the col-
lection of seeds for forest conservation or restoration pur-
poses. Embrapa Florestas collects seeds from 25 to 30
healthy mother trees per population, approximately 100
m, to avoid closely related individuals (Carlos & Medeiros,
2006). This is a standard strategy used by many re-
searchers in Brazil; however, several studies show that
this number of mother trees is insufficient to sample the
genetic base of the original population. As reported in
a literature review, the number of mother trees for seed
collection ranged from 29 to 76 for reforestation purposes
(Sebbenn, 2006). PDD is related to subpopulation de-
limitations to seed collection from mother tree sampling.
Thus, our study provides a valuable PDD database that
can be easily used as a guide to orient new academic
research and projects related to seed collection, forest

restoration, germplasm conservation, and genetic breed-
ing of native Brazilian trees. Considering the average
value of PDD found in our study, subpopulations should
generally have a radius of at least around 543.9273 m.
However, each species must require a greater or lesser
value of subpopulation delimitation for seed collection,
which may vary from 9 m to 5229 m, according to the
species reported in our study.

5. Conclusion

The PDD database generated in our study supports
new academic initiatives and forest projects for seed col-
lection, forest restoration, germplasm conservation, and
genetic breeding of native Brazilian trees. The PDD value
of each species should be used as a radius value for sub-
populations delimitations in seed collection. Brazil has
great biodiversity in its biomes, and more information is
needed information for establishing standards by gov-
ernment agencies to guide the collection of seeds on
reforestation and genetic conservation purposes. Re-
garding the species reported in our study, subpopulations
should generally have a radius of around 543.9273 m,
which may vary from 9 m to 5229 m. Therefore, it is es-
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sential to sample more tree species from different biomes
and environmental conditions to contribute to the present
database and assist in appropriately establishing seed
collection strategies.
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Table S1. Descriptive statistical analysis of pollen dispersal distance (PDD) data from the species.

) Standard o )
. Common Mating ] Average o Minimum Maximum
References Species Pollinator* deviation
name system* (m) (m) (m)
(m)
Centrolobium tomentosum o _
Sujii et al. (2021) ) Arariba Crossing Bees 3191 - 3191 3191
Guill. ex Benth.
o Swietenia macrophylla Mogno- _ Bees and
Oliveira et al. (2020) ] o Crossing 1472 - 1472 1472
King brasileiro moths
) ] ] _ Bats and
Carneiro et al. (2011) Hymenaea courbaril L. Jatoba Crossing o 1450 908.3 100 2800
hummingbirds
Guimarées et al. (2019); ) _ Bees and
) Dipteryx alata VVogel Baru Crossing _ 1215.12  1478.32 135.37 2900
Tarazi et al. (2009) small insects
Moraes & Sebbenn ) )
Hymenaea stigonocarpa Jatoba do _
(2011); Zaruma et al. Crossing Bats 1086.81 1591.87 25 5229
Mart. ex Hayne Cerrado
(2024)
) Roupala montana var. Carvalho- _
Pereira et al. (2024) Crossing Bees 938.75 932.54 25 3000

brasiliensis Brasileiro



Dick et al. (2003)

Manoel et al. (2021)

Degen & Roubik
(2004); Vinson et al.
(2015)

Guidugli et al. (2016);
Souza et al. (2018)

Silva et al. (2008)
Carneiro et al. (2007);
Hardy et al. (2006)

Degen & Roubik
(2004); Hardy et al.
(2006); Vinson et al.
(2015)

Hardy et al. (2006)

Souza et al. (2018);

Tambarussi et al. (2015)

Dinizia excelsa Ducke

Astronium fraxinifolium
Schott

Dipteryx odorata (Aubl.)

Forsyth f.

Cariniana estrellensis
(Raddi) Kuntze

Bagassa guianensis Aubl.

Symphonia globulifera L. F

Jacaranda copaia (Aubl.)

D.Don

Virola michelii Aubl.

Cariniana legalis Mart. O.

Ktze

Angelim-
Vermelho

Gongalo-alves

Cumaru

Jequitiba-

branco

Tatajuba

Guanandi

Jacaranda

copaia

Casca-de-

vidro

Jequitiba-rosa

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Small insects

Bees

Bees

Bees and
small insects
Wind and
thrips
Birds, bats,
and

lepidopterans

Bees

Small insects

Bees

860.5

850

837.72

714.26

634.5

629.71

539.65

505

503.69

917.12

1400.82

323.44

983.15

461.74

372.81

343.61

550.95

212

50

335.6

308

141

147.9

505

20

1509

5000

1092

4000

961

963

1180

505

2928



Baldoni et al. (2017);
Martins et al. (2018)

Gaino et al. (2010)

Cloutier et al. (2007b);
Hardy et al. (2006)

Hardy et al. (2006)

Bittencourt & Sebbenn
(2007); Bittencourt &
Sebbenn (2008);
Medina-Macedo et al.
(2015)

Hardy et al. (2006)
Potascheff et al. (2019)

Boshier et al. (1995)

Oliveira Melo &
Franceschinelli (2016)

Hardy et al. (2006)

Hardy et al. (2006)

Bertholletia excelsa Bonpl.

Myracrodruon urundeuva
M. Allemao

Sextonia rubra (Mez) van
der Werff

Chrysophyllum

sanguinolentum L.

Araucaria angustifolia
(Bertol.) Kuntze

Eperua grandiflora Aubl.
Qualea grandiflora Mart.
Cordia alliodora (Ruiz &
Pav.) Cham

Cabralea canjerana (Vell.)
Mart.

Dicorynia guianensis
Hamshoff

Moronobea coccinea Aubl.

Castanha-do-

para
Aroeira

Louro
vermelho
Bapeba-

veludo

Araucaria

Muirapiranga

Pau-terra
Louro-Freijo

Cedro-
canjerana
Angélica do
Para

Bacuri

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Bees

Bees and

small insects

Small insects

Bees

Wind

Bees
Moths

Moths

Moths

Bees

Small insects

491.42

427.27

414.5

413

352.84

323
292.8

280

206

203

195

306.25

294.42

464.57

472.2

327.96

100

50

86

413

25

323
60.9

280

206

203

195

1000

900

743

413

2200

323
524.7

280

206

203

195



Almeida-JUnior et al.
(2018)
Hardy et al. (2006)

Hardy et al. (2006)

Cloutier et al. (2007a)

Sebbenn et al. (2011)

Buzatti et al. (2012)

Ramos et al. (2016)

Araujo et al. (2017)

Aguiar et al. (2020)

Baldauf et al. (2014)
Rodrigues et al. (2016)

Chaves et al. (2016)

Annona crassifora Mart. Marolo

Carapa procera Aubl Andiroba

Vouacapoua americana )

Acapu

Aubl.

Carapa guianensis Aubl. Andiroba

Copaifera langsdorffii .
Copaiba

Desf.

Dalbergia nigra (Vell.) Jacaranda-da-

Allemao ex Benth bahia
Astrocaryum aculeatum y
Tucuma
G.Mey
Acrocomia aculeata (Jacq.)
) Macauba
Lodd. ex Martius
Balfourodendron _
o Pau-marfim
riedelianum (Engl.) Engl.
Himatanthus drasticus
Janaguba
(Mart.) Plumel
Eugenia dysenterica DC. Cagaita
Aspidosperma polyneuron
Peroba

Mull.Arg

Crossing
Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing

Crossing
Crossing

Crossing

Bees and
beetles

Bees

Small insects

Bees and

small insects

Bees

Bees and

small insects

Bees

Bees and

beetles

Small insects

Small insects

Bees

Moths

188.38

182

176

150.6

137.5

116.5

110.1

105

97.5

87.5

80.45

65

111.72

105.84

75.69

38.89

60.5

54.08

52.6

16

182

176

69

25

89

20

105

15

10

80.45

65

360

182

176

268

250

144

200

105

180

200

80.45

65



Manilkara huberi (Ducke)

Azevedo et al. (2007) Macaranduba Crossing Bees 47 - 47 47
A. Chev.
Silva et al. (2011) Theobroma cacao L. Cacaueiro Crossing  Small insects 28 - 28 28
Ilex paraguariensis A.St.- ) )
Wendt et al. (2009) Hil Erva-mate  Crossing Small insects 15.9 - 15.9 15.9
il.

*Adapted from Carvalho (2006).
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