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Abstract: The Amazon contains many economically important native fruit trees, including
Myrciaria dubia, popularly known as camu-camu or cagari. This plant is noted for its
nutritional properties, including a high ascorbic acid concentration in its fruits. The
flowering of camu-camu is an important source of resources for bees in the Amazon
and the species depends on bees for successful pollination. In this study, we compare
camu-camu flower visitors and the structure of interactions in the natural environment
and in agricultural plantation. From October 2018 to January 2019, we use pollen analysis
to build qualitative matrices for analysis of pollination interaction networks. The natural
environment camu-camu population interacted with a more diverse guild of bees
(24 species) than that in the cultivated (14 spp.). However, the network metrics were
similar in each area, though the most generalist species were different (Scaptotrigona
nigrohirta in the natural versus Apis mellifera in the cultivated area). Although the
structure of interactions is similar, the predominance of Apis mellifera, thus effectively
take on the role of the native pollinator species may be of concern. In conjunction
with the reduction in total visitor richness, cultivated systems may demonstrate greater
fragility and less stability in pollination.
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The Amazon is the largest tropical forest in the
world (Cardoso et al. 2017) and contains native
populations of many economically important
fruit species (Neves et al. 2012). Among these,
Myrciaria dubia (Kunth) McVaugh (Myrtaceae),
popularly known as camu-camu or cacari,
is widely grown due to its notable nutritional
properties, including a very high ascorbic acid
(1600 to 2900 mg/100g) concentration in its
fruits (Barros et al. 2018). This acid is higher than
that found in acerola (Malpighia emarginata
DC, Malpighiaceae) or lemon (Citrus limon (L)

Osbeck, Rutaceae) (Vidigal et al. 2011). Camu-
camu is also considered to have a very high
potential for use in food (as a juice) and other
products, such as cosmetics (Barros et al. 2018).
In Amazonia, the species occurs naturally in
periodically flooded ecosystems (Yuyama et
al. 2002). However, in Brazil it is economically
cultivated in never-flooded areas (Silva &
Oliveira 2018).

Camu-camu has hermaphrodite, subsessile
and white flowers, arranged in axillary
inflorescences. Anthesis occurs around 5 AM,
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with flowers receptive to pollination for some
4 to 5 hours (Villachica 1996, Maués & Couturier
2002). The stigma is exposed before the flower
opens completely; thus, cross-pollination
is promoted even though self-pollination
and later self-fertilization is not completely
excluded (Nascimento 2022). As far as is known,
reproductive success in both native (seasonally
flooded forests) and in agricultural camu-camu
populations primarily involves bee-based cross-
pollination (Peters & Vasquez 1987, Maués &
Couturier 2002, Delgado et al. 2020).

The first study of camu-camu reproductive
biology was carried out in a natural population
in Peru and reported the stingless bees
Melipona fuscopilosa Moure & Kerr, 1950 and
Scaptotrigona postica (Latreille, 1807) (cited as
“Melipona fuscopilara” and “Trigona portica”) to
be effective pollinators (Peters & Vasquez 1987).
More recently, another study in Peru (Delgado
et al. 2020), recorded pollination in cultivated
camu-camu by nine species of stingless bees
(Meliponini) and the exotic species Apis mellifera
Linnaeus. In the Brazilian Amazon, the main
visiting bees in cultivation in Para state were
Nannotrigona punctata (Smith) and Trigona
pallens (Fabricius) (Maués & Couturier 2002). For
camu-camu thereis a clear relationship between
fruit set success and the presence of pollinating
social stingless bees (Peters & Vasquez 1987,
Maués & Couturier 2002, Delgado et al. 2020),
thus potentiating management actions in cases
where there is a pollination deficit.

For crops, it is not only necessary to
understand the autecological interactions of the
species under study, but to understand which
of the other regional plant species contribute
to the maintenance of the local pollinator
community (Absy et al. 2018). Understanding this
aspect of pollination systems can be achieved
via interaction networks, which provide a
representation of the functions of the various
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plant and animal species within the community
(Elle et al. 2012). In camu-camu, pollen acts as
the greatest reward for floral visitors (Maués
& Couturier 2002) and, accordingly, its analysis
can supplement direct observation as a means
of understanding which components of the
local flora are used by bees (Ferreira et al. 2021,
Rezende et al. 2021).

Given the increase in the area under camu-
camu cultivation, both in Amazonia and beyond,
it is clearly important to identify not only the
native pollinators but also the structure of
their interaction networks, in areas with natural
and cultivated populations. This allows the
possible impacts on diversity and changes of
pollinators in growing conditions to be assessed.
Accordingly, the current study was designed to
compare the species of bees visiting flowers
of camu-camu in natural population and in
agricultural cultivation, and to identify also
the plants they visited in areas surrounding
the sampling sites. For this, the operational
assumptions were that: (1) the visiting bees
species carrying camu-camu pollen at the
height of flowering are its potential pollinators;
(11) the composition of the assemblage of floral
visitors in natural environment and cultivation
are different; (II1) network size, specialization,
connectivity and nestedness are expected to
be greater in the natural environment than in
cultivated setthings.

MATERIALS AND METHODS

Study area

The study was conducted in two study areas,
one camu-camu population in a natural
environment and another under agricultural
cultivation. The first was located in a seasonally
flooded environment (Igap0), with access via
Chacara Mariju (3°5'39.37"S; 60°22'11.08"W), km
29 on the AM-070, on the Japonés sideroad, in
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Iranduba municipality (Fig. 1a). The secdond
was located never-flooded land (Terra Firme),
with access via the KXK Agroindustria farm
(3°1417.09"S; 60°36'1.31"W), at km 70 on the AM-
070, in Manacapuru municipality (Fig. 1b). The
study areas are located approximately 42 km
apart.

In the natural study population, individual
camu-camu plants were distributed within the
seasonally-flooded igap0 forest, on the banks
of the Rio Negro. In the commercially cultivated
population, there were some 1,800 individuals,
all planted in 2007, in an area of some 2.8 ha
of terra firme (never-flooded) forest. Once a
year, treatments with chemical fertilization

-60°22,2"

-60°22,1'

-60°22,0

-3°5,6"

-60°22,2" -60°22,1' -60°22,0"

-60°36,2" -60°36,0 -60°35,9°

-60°36,2" -60°36,0 -60°35,9

INTERACTIONS POLLINATORS OF CAMU-CAMU

and pruning are carried out, without the use
of pesticides, according to the owner. Areas of
secondary vegetation (capoeiras) bordered the
latter area and contained a variety of herbs and
pioneer trees and shrubs, including those from
the genera Cecropia, Solanum, and Vismia.

Collecting camu-camu floral visitors

Camu-camu floral visitors were collected
at the peak flowering period of the species
when flower production is the most abundant.
Collection occurred across for 5 days, in different
days at each of the two study sites (natural and
cultivated population), between October 2018
and January 2019. For each collection, the floral
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Figure 1. Location of sites within the state of Amazonas; main map: location of camu-camu (Myrciaria dubia (Kunth)
McVaugh) study areas, outlined in white. a: Population in natural environment at Chacara Mariju, Iranduba; b:
Cultivated population, KXK Agroindistria, Manacapuru. Modified from Google Earth.
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visitors to two flowering plants were sampled
by a pair of collectors, totaling 20 individuals
selected randomly. Collections were actively
performed for 15 minutes at 30 minutes intervals,
between 06:00 and 10:00 h (a total of eight
collection events). Floral visitors were captured
with an entomological net directly from the
camu-camu flowers (Fig. 2), placed individually
in microtubes and euthanized with fumes of
ethyl acetate, then labeled. In the laboratory,
the pollen was removed from the body of each
insect with tweezers and pins and placed in
microtubes with 1 ml of 70% ethanol. The insects
were pinned, dried, and labeled. The bees were
identified at the Hymenoptera Laboratory
of the Instituto Nacional de Pesquisas da
Amazonia (INPA), Manaus, Amazonas, Brazil, by
specialists, using the Michener classification
(2007). Sample specimens were deposited in
the INPA Invertebrate Collections. The Species
accumulation curves of bees were plotted for
each site, using the specaccum function of the
“Vegan” package in R software (Oksanen et al.
2013, R Development Core Team 2021).

Palynological analysis

Pollen samples obtained from the pollinating
insects bodies were homogenized, centrifuged
and the pollen grains acetolyzed following the
method of Erdtman (1960), with the following
modification: the samples were centrifuged for
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10 minutes at 2,000 RPM. Pollen samples from
more than one individual of the same species,
from the same collection day were grouped
by bee species. Semi-permanent study slides
were produced by sealing mounted pollen with
colorlessnail polish.Identification ofthe material
was carried out by comparison with a reference
database of 23 species from 15 families, based
on flowering plants in the study areas and on
images available in the Online Pollen Catalogs
Network (RCPol). Analysis was conducted in the
laboratory of the Centre for Advanced Studies
on the Functioning of Ecological Systems and
Interactions (CAFESIN), from the Universidade
Federal dos Vales do Jequitinhonha e Mucuri,
Diamantina, Minas Gerais state, Brazil. To
identify the plant species providing the pollen,
fertile individuals present in the areas adjacent
to the study sites were collected and make
into exsiccates, which were identified by INPA
herbarium parataxonomist José Ferreira Ramos,
and subsequently deposited in the collection.

Interaction network and statistical analysis

Interaction networks analysis was carried out
only with bees carrying pollen for acetolysis, this
being nine species from the natural and seven
in cultivated environments. These species are
shown in Table I. Since the volume of pollen on
the body of the studied animals may not reflect
the intensity of the interaction, we built binary

50 um

mellifera; c: Myrciaria dubia (Myrtacae) pollen grain. Photos: Cristiane Krug.
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Table I. Floral visitor bees to camu-camu (Myrciaria dubia (Kunth) McVaugh) in natural population (Igapé) and
cultivation (Terra Firme), collected between October 2018 and January 2019.

Natural | Agricultural

Family/Tribe Species Habitat | Cultivation
Halictidae
Augochlorini Augochloropsis sp. 8 2
Megalopta amoena (Spinola, 1853)* 1
Megalopta sp. 2
Pereirapis sp 1
Xenochlora spa1* 1
Apidae
Apini Apis mellifera Linnaeus, 1758* 31 116
Exomalopsini Exomalopsis auropilosa Spinola, 1853 3
Meliponini Cephalotrigona femorata (Smith, 1854)* 1
Frieseomelitta aff. flavicornis (Fabricius, 1798) 1
Frieseomelitta longipes (Smith, 1854)* A
Melipona interrupta Latreille, 1811 3
Melipona brachychaeta Moure, 1950* 15 1
Melipona merrillae Cockerell, 1919* 26 72
Partamona ferreirai Pedro & Camargo, 2003 1
Partamona testacea (Klug, 1807)* 1
Ptilotrigona lurida (Smith, 1854) 2
Scaptotrigona nigrohirta Nogueira & Santos-Silva, 2022 * 291
Scaptotrigona spl 26
Schwarzula timida (Silvestri, 1902) 3 1
Tetragona clavipes (Fabricius, 1804) 1 1
Trigona amazonensis (Ducke, 1916)* 1 4
Trigona dallatorreana Friese, 1900* 1 95
Trigona guianae Cockerell, 1910* 8
Trigona williana Friese, 1900* 5
Trigonisca sp 1 1
Tapinotaspidini Paratetrapedia duckei (Friese, 1910) 2
Paratetrapedia sp.7 1
Paratetrapedia testacea (Smith, 1854) 1
Tropidopedia sp. 1

*bee species used for palynological analysis.
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matrices (presence/absence) for the pollen
found on the body of the flower visitors for
each study area. For the networks, the following
structural descriptors were used: connectivity,
nestedness using a NODF and modularity. These
were calculated with the bipartite package using
the R environment (Dormann et al. 2008, R
Development Core Team 2021). The significance
value ofthese metricswas obtained by comparing
the observed values with the values from the
null model using Patefield’s algorithm (Patefield,
1981). In this model, null matrices are generated
that maintain the total number of interactions
of the matrix and fix the marginal values of
the original matrix. Network size represents
the number of interactions between bees (b)
and plants (p). Multiplication of these variables
(b*p) corresponds to the number of possible
connections (c) in the network. Connectivity is
calculated by the size of the network divided by
the number of possible connections. Nestedness
is a metric that evaluates the progression of
inclusive sets and reveals the intensity with
which specialist species on one side interact with
generalists or specialists on the other side of
the network (Lewinsohn et al. 2006). Modularity
occurs when subsets of species, called
modules, are weakly interconnected with each
other, while the species comprising individual
modules are strongly connected (Olesen et
al. 2007). Complementary specialization (H2')
was also calculated, as it provides a measure
of how much the interactions of each species
differ from others in the interaction network.
This index ranges from 0 (all bees interacting
with the same plants) to 1 (each bee interacting
with a different subset of plants). To compare
the structure of networks between natural and
cultivated, environments, we used a t-test for
significance of connectivity, nestedness and
modularity. Bipartite graphs were plotted using
the Bipartite (Dormann et al. 2008), Igraph
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(Csardi & Nepusz 2006) and Network (Butts 2015)
packages of R environment. Similarity between
the bee community and the plant community in
each of the two areas was calculated using the
Jaccard Index (j), which indicates the proportion
of species shared between the two samples.
These indices were calculated using the program
PAST (Paleontological Statistics) version 3.14
(Hammer et al. 2001).

RESULTS
Camu-camu floral visitors

In total, 794 camu-camu visiting insects were
collected. However, in all analyzes only bees
were used, which were most captured insects
(773 individuals, 97.35%). Bees were also the
insect visitors to have pollen on their bodies
and thus were used for palynological analyses.

In the natural environment population, 408
bees from 24 species were collected, while 365
from 14 species were recorded in cultivation.
There were 9 species common to both areas
(Table I). Within the family Apidae, Meliponini
was the most commonly-encountered tribe,
both in natural population and in cultivation,
with 603 individuals belonging to 18 species
(75.94% of the total sample). At the species level,
Scaptotrigona nigrohirta Nogueira & Santos-
Silva and Apis mellifera Linnaeus were the most
abundant visitors to natural and cultivated
populations, respectively.

The bee species accumulation curves
exhibited similar trends across both
environments (Figure 3); sample from natural
population and the cultivated one displaying
a slope which declined without reaching an
asymptote. In the natural environment, the floral
visitor community remained marginally larger,
displaying greater diversity than that from the
cultivated areas.
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Figure 3. Species accumulation curves for each study
area of camu-camu.

Palynological analysis

The 773 bees collected while visiting camu-camu
flowers, pollen samples were obtained from 510
individuals (277 in natural population and 233
in cultivation), representing 68% and 64% of the
total, respectively. The material collected and
transported by the bees contained 31 pollen
types belonging to 17 plant families (see table
I and I1).

Camu-camu pollen was the most frequent
type of pollen recorded, being found on 12
species of visiting bees, followed by Solanum
paniculatum identified in seven bee species;
Borreria hyssopifolia and Eugenia egensis on
five; Byrsonima chrysophylla, Clidemia hirta, and
type Vochysiaceae on four; Senna allata and
Piriqueta cistoides on three. The other pollen
types were mostly observed on a single bee
species.

The most generalist bee species of the native
habitat population were Melipona merrillae and
Scaptotrigona nigrohirta. In addition to camu-
camu, M. merrillae carried pollen from 12 other
plant species, while S. nigrohirta carried 10. Of
these, seven pollen types were shared by the
two bee species (Figure 4).

At the cultivated site, Apis mellifera and
Melipona merrillae were the most generalist
species. In addition to pollen from camu-camu,
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A. mellifera carried pollen from nine other
plants, while M. merrillae carried six. Of these,
four pollen types were shared by the two species
(Figure 4).

Interaction networks

There were nine bee species (b) and 20 plant
species (p) in the natural network. The number of
possible connections (c) was 180 and the network
size was 44. Thus, 24.44% of possible interactions
were happening in this environment. There
were seven bee species (b) in the cultivation
network and 18 plant species (p). There were
126 possible connections (c) and the network
size was 38. Thus, 30.16% of possible interactions
were happening in this environment. Both
networks have higher nestedness, modularity,
and connectivity than expected by chance.
Complementary specialization (H2') values were
similar in both areas (p < 0.001), while similarity
between areas was low for both bee and plant
species (Table II).

In the natural environment, four plant
species were responsible for 21 interactions
within the network (46.66%); M. dubia (camu-
camu itself), B. hyssopifolia, E. egensis and
S. paniculatum. Among the bees in this
environment, four species were responsible
for 37 interactions in the network (82.22%), with
M. merrillae interacting with 13 plant species,
S. nigrohirta with 12, with A. mellifera and M.
brachychaeta with 6 each (12.24%).

At the cultivated site, five plant species were
responsible for 20 interactions in the network
(50%), namely M. dubia, S. paniculatum, B.
chrysophylla, C. hirta and Vochysiaceae type.
Regarding bees in cultivation, four species were
responsible for 31 interactions in the network
(77.50%), with A. mellifera interacting with the
largest number of plant species (N = 11), followed
by M. merrillae (N = 9), F. longipes (N = 6) and T.
dallatorreana (N = 5).
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Melipana merrillae

Solanum.paniculatum
Byrsonima chrysophylla
Scaptotrigona nigrohirta
Solanum paniculatum < Ciidemia hirta
Tipo Vochysiaceae
Desmodium.incanum
Apis melifera
Mitracarpus hirtus
Nephelium lappaceum
Piriqueta cistoides
Melipona brachychaeta
Solanum.crinitum
Borreria latifolia
Trigona guianae
ngona gi Cuphea gracilis
Cocos nucifera
Hibiscus rosa sinensis.
Croton sp
Trigona willana Indet 4
Indet 1
Mimosa pudica
Melanthera latolia
Partamona testacea Mimosa rufescens
Tipo Melastomataceae
Stachytarpheta cayenensis
Mimosa pudica
Megalopta amoena Urena lobata
Piriqueta cistoides
Xenochlora sp1 Stachyarrhena spicata

NATURAL CULTIVATED

Figure 4. Network of qualitative visitor-pollen interactions at the peak of camu-camu flowering in natural (igapo)
and in cultivation (in terra firme) environments. The dark blocks on the left-hand-side represent the bee species
and the gray blocks on the right are pollen types found on the bees, except for the blue block which represents
camu-camu. The gray lines represent interactions between bees and plants identified from pollen grains.
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Table II. Values of metrics for the camu-camu (Myrciaria dubia (Kunth) McVaugh) interaction networks in natural

and cultivated environments.

. NODF Modularity
Environment (p-value) (p-value)
Natural 54.87 (<0.01) 0.36 (<0.05)
Cultivated 4499 (<0.01) 0.35 (<0.05)
DISCUSSION

The high diversity of floral visitors to camu-
camu growing in two different habitats (natural
and cultivated) in the Amazon was in line with
that previously recorded in the region (Rech
et al. 2011, Absy et al. 2018). High beta diversity
and intense pollen niche partitioning were
also present with few species of floral visitors
(23,68%) shared between the study areas or
among the bees even from the same area.
Although we found that the interaction networks
between floral visitors of camu-camu and other
synchronopatric plants were similar in overall
structure, we recorded strong variation in bee
species composition between sampled areas, as
well as the replacement of the most generalist
native species (S. nigrohirta) in the natural area
by an exotic and naturalized species (A. mellifera)
at the cultivated site. The species accumulation
curve tends toward stability without reaching it,
indicating that the full species set had not been
sampled. This is likely due to the virtual absence
of two diverse groups (solitary Halictidae and
Apidae: Tapinotaspidini) from the cultivated
area.

The tribe Meliponini comprises the eusocial
stingless bees. It is abundant in the tropics and
is the most species diverse tribe within the
family Apidae (Roubik 2023). Members of this
group are mostly generalists, foraging on several
plant families, including Myrtaceae, which have
floral characteristics that favor visitation for
pollen collection: open corollas, many stamens,
and longitudinally open anthers with nutritious

Connectance T Similarity-
(p-value) Similarity-Bees Plants
0.25 (<0.01)

0143 0.286

0.30 (<0.01)

pollen (Bueno et al. 2021). The high frequency of
camu-camu pollen on the bodies of bees was
due to the collection by visitors to this flower.
Even so, during its peak flowering period, it
constitutes an important, but not unique, source
of pollen, for stingless bees in both natural and
in cultivated environments.

In the natural environment, stingless
bees had the highest richness of body-born
pollen, with those from the genera Melipona
and Scaptotrigona being the most generalist.
This generalist pattern may be associated with
colony size, high rate of offspring production
and food demands (Ferreira & Absy 2015). For
M. merrillae and S. nigrohirta there was overlap
in some pollen types so, although they have
different niches and in general the niche is
quite segregated, certain pollen types are likely
to be key for the maintenance of colonies and
so used by multiple species. This pattern was
also observed for these species by Rezende et
al. (2018).

In the cultivation area, A. mellifera and
M. merrillae had the highest pollen richness.
The first collected pollen and nectar from
a great diversity of flowers, especially the
families Fabaceae, Myrtaceae and Rubiaceae,
groups considered important food resources
in the Neotropical region (Ramalho et al. 1990,
Hennessy et al. 2021). The nests of A. mellifera
are much larger (60.000 to 80.000 individuals)
than those of stingless bees (on average 5.000
individuals) (Pinho 1998, Palumbo 2015). Most
of the solitary bees from Halictidae and all
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Tapinotaspidini were absent from the A. mellifera
dominated landscape. The bees belonging to the
Halictidae family nest primarily on the ground
(Antoine & Forrest 2020). Ground-nesting bee
species may be more threatened, particularly in
areas where intensive agriculture has resulted
in habitat loss and less floral diversity (Pollidori
et al. 2010). In parallel, the high proportion of
A. mellifera can suppress the activity of native
bees, at least in areas with more open or even
altered vegetation (Oliveira & Cunha 2005, Page
& Williams 2023). Thus, several factors can
influence the foraging activities of native bees
in camu-camu cultivation.

The interaction networks metrics, in the
natural and cultivated environments were,
in general, very similar values. In natural
populations, the species in the network have
been coevolving for a longer period, so a
greater availability and diversity of resources
in this area was expected, with higher levels
of specialization (Souza et al. 2018). However,
the specialization index (H2') showed little
specialization by bees in either areas, with
each bee species in the network tending to
visit multiple plant species, and in very similar
proportions (Blithgen et al. 2008). Connectivity
rates were high, with low modularity, which is
expected for networks of smaller sizes (Olesen
et al. 2007; Carstensen et al. 2016). Our analyses
used qualitative data, requiring more sampling
in the areas to further compare the properties
of the networks. One future possibility in these
cases will be to use individual bee as a proxy
in network interaction quantification. Moreover,
pollinator networks show variability at different
temporal scales, demonstrating the flowering
phenology of plants and the flight period of
the constituent pollinators at the system’s time
scale (Burkle & Alarcon, 2011, Souza et al. 2018).

The nested structuring pattern was the same
in both networks, so that pollen types with a

INTERACTIONS POLLINATORS OF CAMU-CAMU

small number of interactions tended to be linked
with those bee species that interacted with many
plant species. For colonies of a bee species
possessing this pattern, the survival advantage
is that they are less likely to suffer total diet
resource failure in the event of any disturbance
to the local plant community (Pigozzo & Viana
2010). Furthermore, the presence of this pattern
may indicate the movement of pollinators
between the study area and adjacent natural
environments, which can have important effects
on pollinator networks and has already been
observed for a variety of other insect-pollinated
crops (Gilpin et al. 2022, Reynolds et al. 2022,
Willcox et al. 2019). Thus, implementation of
appropriate management systems, including
preservation of adjacent wild habitat, can help
guarantee pollination, and hence good fruit
production, for commercially-exploited camu-
camu plants.

Comparisons of camu-camu fruit
production in natural populations (Peters &
Vasquez 1987) and under cultivation (Maués &
Couturier 2002) show that production is higher
in the former. This likely occurs because native
bees, which are numerous in the species native
environment, are more efficient in pollinating
the species than introduced ones (Garibaldi et
al. 2013, Travis & Kohn 2023). In this context, a
study of acai (Euterpe oleracea Mart.) carried
out by Campbell et al. (2018), found that insect
native pollinator species richness was lower in
cultivated populations than in natural areas.
It would be interesting to know whether A.
mellifera be directly or indirectly influences the
foraging of native pollinator species in cultivated
camu-camu populations, as negative impacts
have been reported by Silva & Pinheiro (2007)
have reported this species negatively impacts
on native pollinators of Eugenia, a close relative
of camu-camu.
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When considering the introduction of
management techniques for native and exotic
bee species to optimize camu-camu production,
the native stingless bees may offer some
advantages in terms of management, since they
are docile bees and require less investment for
their creation than do exotic species (Venturieri
et al. 2003). It is also important to emphasize
that A. mellifera tend to be less effective as a
pollinators of native plant species that it may
require to fulfill energy accordingly, A. mellifera
is not recommended for use as a supplemental
pollinator in plantations, as it may also
negatively impact nearby native areas (Travis &
Kohn 2023).

Although bees from a total of two families
and five tribes were collected on camu-camu,
considering visitation data and palynological
analyses, the most important potential
pollinators at the height of flowering were
native stingless bees (Meliponini). At least seven
species of these showed effective pollinator
behavior in a previously study with camu-
camu in Para (Maués & Couturier 2002). Thus,
it would be valuable to have further studies of
how alterations in the dominant bee species
in natural and cultivated areas might impact
camu-camu fruiting intensity and associated
nutritional properties would be valuable, as
would investigations of the possible effects
of functional complementarity between the
different groups of flower-visiting bees, including
solitary, native stingless and exotic species.

CONCLUSIONS

Camu-camu is an important floral resource for
bees in the Amazon region in both natural and
cultivated environments. The complementary
role of floral resources offered by camu-camu
and other plants co-occurring in natural and
cultivated areas is clear, as is the need for active
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management to maintain the associated flora.
In addition, despite the interaction networks
having similar properties between cultivated and
natural areas, there was an important difference
in the most frequent species and the presence
of solitary bees between the two study areas.
While a native bee dominated in the natural
area, an exotic bee was the main pollinator
in the cultivated area. Moreover, solitary bees
were mostly absent from the cultivated area.
The management of native species may offer an
important opportunity to integrate agriculture
production and nature protection. Sustainability
achievement in these systems demand deep
knowledge of species production requirements
and possible impacts of land use change on
the properties of the entire agroecosystem, as
learned from camu-camu.
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