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Abstract

From September 2018 to December 2019 and between July and November 2021 we conducted a study on the association of Melipona
eburnea bees with fruit-producing trees in seasonally flooded small agroforestry systems in the Peruvian Amazon. We found 40 plant
species that were used by Melipona eburnea: 22 flowering species that were visited by the bees as a source for food, 15 species that were
used as nest habitat, and 8 species that were used by the bees for their resin.

The plant species most visited as a food source wereEugenia stipitata with 45 (16.9% of total) individuals,Myrciara dubia with 37
individuals (13.9% of total) and Inga edulis with 32 individuals (12% of total). The species most used as nesting habitat were
Calycophyllum spruceanum with 31 individuals (32% of total) Maquira coriacea with 15 individuals (15.5% of total), together
representing 47.5% of the total number of individuals. We recorded eight plant species that are used as a resin source: Croton lechleri,
Protium apiculatum, Copaifera officinalis, Mangifera indica, Anacardium occidentale, Garcinia macrophylla and two species of Vismia.
M. eburnea is an important bee species that depends on a large diversity of plants for its survival. An effective conservation strategy will
have to take into account all of the different uses of plants by the bees.
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Introduction

Globally, there are more than 500 species of stingless bees in the tribe Meliponini (Michener 2013), with the great majority (391 species)
described from the Neotropics (Camargo and Pedro 2008, Freitas et al 2009). In Peru, more than 175 different species of bees are known,
not including many undescribed species (Rasmussen, personal communication); a recent study reported 69 species of stingless bees for the
Department of Loreto, in the Amazonian lowlands of Peru (Rasmussen and Delgado 2019).

Melipona eburnea

Is distributed in the Amazonian region in Boliva, Brazil, Colombia, Ecuador, Peru and Venezuela (Camargo and Pedro 2008, Obregon and
Nates-Parra 2014). In Colombia, the species is reported from 50 to 2100 masl (Nates-Parra 2001), and in Peru up to 950 masl (Rasmussen
and Gonzales 2009). The species is locally known as ronsapilla, pacucha or boca de sapo (toad mouth), and it is the most favored species
for indigenous communities and other rural people in the region for the quality and quantity of honey that it produces (Rasmussen and
Castillo 2003, Rasmussen and Delgado 2019, Delgado et al 2020).

The stingless bees from the tribe Meliponini maintain a strict association with a wide variety of plant species, because plants provide food,
nesting sites that are appropriate for some but not all kinds of bees (Roubik 1989, Barquero-Elizondo et al 2019) and resins for nest
construction or use as defenses against predators and pathogens (Shanahan and Spivak 2021); and at the same time the bees play an
important role in pollination, leading to fruit and seed production of many plants (Batista et al 2016, Frankie et al 2018).

Although some studies have documented the visits of stingless bees to flowers (Roubik 1989, Heard 1999, Gaona et al 2019, Ribeiro de
Souza et al 2019, Lopez-Roblero 2021), very few studies have described all three forms of association, including nesting and resin use of
plant species by bees. Obregon and Nates-Parra (2014) in the Colombian Andes reported 92 kinds of pollen in the honey and pollen
analysis of M. eburnea, with the largest amounts belonging to the Myrtaceae family (>94%). Bardales and Bardales (2021) in a study in
Loreto, Peru found 82 kinds of pollen in the corbiculae of M. eburnea, with Melastomataceae, Fabaceae, and Myrtaceae (21.1%),
representing the most common families.

Delgado et al (2020) reported M. eburnea as the most common stingless bee species pollinating the flowers of the camu-camu bush,
Myrciaria dubia (Myrtaceae). The objective of this study is to document the association of Melipona eburnea with the species of plants
that are used as food sources, resin sources, and nest habitat in the agroforestry systems found in the seasonally-flooded forests of the
Peruvian Amazon, with the aim of establishing a baseline to support strategies for the conservation of this important honey-producing bee.
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Materials and methods

The study was conducted between September 2018 and December 2019 and between July and November 2021, in 9 communities from the
Department of Loreto. These were located in two main areas: first, in the mouth of the Marafion River, in the district of Nauta, province of
Loreto; second, on the Ucayali River, in the district of Bagazan, province of Requena (Figure 1)
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Figure 1. Location map of the communities studied, in the basins of the Marafion and Ucayali rivers
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All of these sites are found on nutrient-rich soils and with a flat topography that is inundated for three or four months each year with the
rise of the river due to Andean snowmelt (Photo 1, 2). The climate is tropical humid with two well-defined seasons: The lower (or dry)
season of the river, which coincides with the time of lowest precipitation (May to October) and the growing season (or winter season)
which coincides with the greatest rainfall (November to April).
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Photo 1. Floodable agroforestry system 15 years old in the community of Photo 2. Four-year-old floodable agroforestry system in the community
Chingana, with soils 51 days under water (Photo: César Delgado) of Sapuena, with soils above water (Photo: César Delgado)



The average annual temperature is 25.9°C + 2.0, relative humidity is 90% and annual rainfall is 2750 mm (Kvist and Nebel 2001). The
inhabitants have managed and adapted their crops for hundreds of years to this environment. These agroforestry systems include a large
diversity of plant species, including plants for food, medicinal use, timber, firewood, etc., and together with the surrounding natural
vegetation, constitute an abundant and diverse source of floral resources for the bees throughout the year.

The evaluation of plant species used by M. eburnea for food sources was carried out in 21 agroforestry plots each of which averaged 1 ha
in size. Bees were collected only on fruiting trees at anthesis, from 5.30 to 10 am (peak hours of bee flying activity). For the collection, we
used a 5m long (40 cm diameter) telescopic entomological net. The collection was standardized by taking two sweeps with the net on each
fruit tree. Once identified, the collected bees were released to the natural environment. Fruit species were identified in-situ with the help of
a community member. Some specimens were transported to the laboratory of the Research Institute of the Peruvian Amazon, for
confirmation by botanists.

For the evaluation of plant resources used by bees as nesting habitat and as a source of resins, we conducted brief interviews was
conducted with beekeepers and honey extractors from the community, then we took guided visits with community members to visit the
places where the population cares for the beehives and extracts honey from the forest. To identify the sources of resins, a spatula was used
to extract small amounts of resins present in the entrance and in the internal part of the hive. With the help of the beekeeper, the resin
sample was identified to plant species according to the texture, smell and taste of the resin. As combinations of resins were collected on
several occasions making identification difficult, we also made some direct observations of the bees visiting plants to extract resin on
known species reported by the community members.

Results and discussion

In our study we found 40 plant species from 18 different families that were used by Melipona eburnea: 22 plant species were used as a
food source, 15 as nesting habitat and eight to extract resin. Four species were used both for food and to obtain resin, one as both a food
source and nesting habitat, and no species was recorded used for all three purposes (Table 1).



Table 1. Diversity of plant species used by stingless bees as a source of food, resins and nesting habitat
in nine communities located in floodplains in the lower basin of the Maranon and Ucayali rivers

Species / Family I\II:)C]::;/ Resin 1;::::;%
Anacardium occidentale L. Anacardiaceae X X

Mangifera indica L. Anacardiaceae X X

Spondias dulcis Parkinson Anacardiaceae X

Guatteria chlorantha Diels Annonaceae X
Bixa orellana L. Bixaceae X

Protium apiculatum Swart Burceracea X

Matisia cordata Bonpl. Bombacaceae X

Garcinia macrophylla Mart. Clusiaceae X X

Rheedia floribunda Planch. Clusiaceae X

Croton lechleri Muell-Arg Euphorbiaceae X X

Inga edulis Mart Fabaceae X

Inga feuilleei Mart Fabaceae X

Inga spp Fabaceae X

Copaifera officinalis (Jacq.) Fabaceae X
Macrolobium acaciifolium (Benth.) Fabaceae

Schizolobium spp Fabaceae

Vatairea guianensis Aubl Fabaceae

Cedrelinga cateniformis Ducke Fabaceae

KX K KX

Campsiandra angustifolia Spruce Ex Benth Fabaceae

Vismia gracilis Hieron. Hypericaceae X
Vismia spp Hypericaceae X
Eschweilera juruensis Knuth Lecythidaceae

Ficus insipida Willd. Moraceae

Magquira coriacea (Karst.) Moraceae

Poulsenia armata (Miq.) Moraceae

RO K KX

Artocarpus altilis Fosberg Moraceae
Campomanesia lineatifolia R. et P. Myrtaceae
Eugenia stipitata Mc Vaugh Myrtaceae
Mpyrciaria Dubia (H.B.K.) Myrtaceae

Plinia clausa Mc Vaugh Myrtaceae

XX R XX

Psidium guajava L. Myrtaceae
Minquartia guianensis Aubl. Oleaceae X

>

Averrhoa carambola L. Oxalidaceae
Calycophyllum spruceanum (Benth.) Rubiaceae X
Genipa Americana L. Rubiaceae

Citrus x paradisi Macfad Rutaceae

Citrus sinensis Osbeck Rutaceae

Pouteria caimito (Ruiz et Pavon) Sapotaceae X

XXX X X

Pourouma cecropiifolia Mart. Urticaceae
Cecropia spp Urticaceae X

In our agroforestry plots, we collected 266 individuals of M. eburnea from the flowers of 22 species of fruit trees, from 12 different
families. The Myrtaceae family represents the greatest diversity with 5 species. The families that represent the greatest abundance of
individuals are the Myrtaceae with 114 individuals (43.1% of total) and the Fabaceae with 70 individuals (26.3%), these two families
together represent 69.3% of the total individuals collected. The species with the highest abundance of bees were Eugenia stipitata with 45
(16.9% of the total) individuals, Myrciara dubia with 37 (13.9% of the total) and Inga edulis with 32 (12% of the total). Other important
species were Matisia cordata, Pouteria caimito, Citrus x paradisi, Anacardium occidentale and Genipa americana (Figure 2, Photo3).
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Figura 3. Diversity and abundance of plant species used

Figure 2. Diversity and abundance of plant species used
as nesting habitat by M. eburnea

as a food resource by M. eburnea.
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Photo 3. Plant species most used by M. eburnea in agroforestry systems: as a source of pollen and
nectar, a) Eugenia stipitata, b) Myrciaria dubia, ¢) Inga edulis and as a nesting habitat,

d) Calycophyllum spruceanum (Photo: Gladis Atias and César Delgado)

The low diversity of plant species recorded for M. eburnea as a food source in our study, compared to the higher diversity of species
reported from the Colombian Andes by Obregon and Nates-Parra (2014), and in Loreto - Peru by Bardales and Bardales (2021), must be
taken into account with the different methodology used in the three different studies. Our study captured bees in the flowers of fruit trees
in a field study, while the previous cited studies cited were carried out using techniques identifying pollen from honey and corbicular
pollen load; These techniques make it possible to identify (almost) all the plant species that are used by bees in their environments.
However, even with these large differences in methodology, similar to the previous studies we found that the families Myrtaceae and
Fabaceae were the most preferred for M. eburnea. This high diversity of plant species and preferences for the botanical families Myrtaceae
and Fabaceae, were also observed in other regions for species of the genus Melipona (Antonini et al 2006, Ramalho et al 1989).



To learn about which plant trees were being used as nesting habitat, we interviewed 19 people dedicated to bee breeding and honey
extraction from the forest. The informants identified 16 plant species from nine different families. The most diverse families were
Fabaceae with 5 (31.2% of total) species and Moraceae with 4 (25% of total), which together represent 56.2% of the plant species used by
M. eburnea as nesting habitat. The most used species were Calycophyllum spruceanum (Rubiaceae) with 31 individuals (32% of total)
Magquira coriacea (Moraceae) with 15 individuals (15.5% of total), both representing 47.5% of the total number of individuals (Figure 3,
Photo 3). Other minor species were Artocarpus altilis, Guatteria chlorantha, which represented 3% of the total individuals.

Regarding the use of resins, we identified resin from eight plant species from six different families. The number of identified species must
be considered a large underestimate, because bees probably collect resins from many different plant species on the same day. Therefore, in
any given nest there will be combinations of resins from various species of trees, not all of which could be identified by the informants.
Despite the low number of confirmed species, this work contributes to the general knowledge of plant species that are important for bees
in the construction and protection of their nests, In addition, for the people living in these communities, these plant species represent an
important contribution of their local economies, due to their medicinal use, as is the case for sangre de grado ( Croton lechleri), copal
(Protium apiculatum), cobaiba (Copaifera officinalis), among others. The use of copal resins collected by bees has been recorded by other
authors (Roubik 1989). We observed M. eburnea collecting copal resin secreted by wounds made on the tree by the beetle Papista sp
(Coleoptera: Curculionidae).

In agroforestry systems in Indonesia, the stingless bee Tetragonula laeviceps was reported using nectar and pollen from 22 plant species,
with the Fabaceae family being the most preferred (Agussalim et al 2020), and three species as a source of resin (propolis) (Erwan et al
2021), of which two species are reported in our study (Table 2). Agroforestry systems in Indonesia and Peru share many cultivated plant
species (Table 2). However, when we compare these data with our study, we observe a low similarity of plant species visited for nectar and
pollen between the two geographic regions. Regarding the use of resins, unlike Indonesian stingless bees, it is very common to find M.
eburnea using A. occidentale and M. indica, but it was not found in Musa sp. despite the fact that this plant species is very abundant in the
plots studied.



Table 2. Diversity of plant species used by stingless bees as a source of food (X) and resins (O)
in Agroforestry systems of Peru and Indonesia (Agussalim et al 2020 and (Erwan et al 2021).

. . In the present In
Species / Family study Indonesia
Anacardium occidentale L. Anacardiaceae X,0 (0]
Mangi fera indica L. Anacardiaceae X,0 X,0
Spondias dulcis Parkinson Anacardiaceae X
Stelechocarpus burahol (Blume) Annonaceae X
Cichorium intybus L. Asteracea X
Helianthus annuus L. Asteraceae X
Bixa orellana L. Bixaceae X
Canarium sp Burseraceae X
Protium apiculatum Swart Burseracea (0]

Matisia cordata Bonpl. Bombacaceae X

Garcinia macrophylla Mart. Clusiaceae X,0

Rheedia floribunda Planch. Clusiaceae X

Terminalia catappa L. Combretaceae X
Croton lechleri Muell-Arg Euphorbiaceae X,0

Gliricidia sepium (Jacq.) Fabaceae X
Inga edulis Mart. Fabaceae X

Inga feuilleei Mart. Fabaceae X

Inga spp Fabaceae X

Indigofera tinctoria L. Fabaceae X
Copaifera officinalis (Jacq.) Fabaceae O

Calliandra sp. Fabaceae X
Medicago sativa L. Fabaceae X
Tamarindus indica L. Fabaceae X
Vismia gracilis Hieron. Hypericaceae (0]

Vismia spp Hypericaceae O

Ceiba pentandra (L.) Malvaceae X
Campomanesia lineatifolia R. et P. Myrtaceae X

Mussa sp. Musaceae X,0
Eugenia stipitata Mc Vaugh Myrtaceae X

Myrciaria dubia (H.B.K.) Myrtaceae X

Plinia clausa Mc Vaugh Myrtaceae X

Psidium guajava L. Myrtaceae X X
Syzygium samarangense (Blume) Myrtaceae X
Averrhoa carambola L. Oxalidaceae X X
Averrhoa bilimbi L. Oxalidaceae X
Genipa Americana L. Rubiaceae X

Citrus limon L. Rutaceae X
Citrus x paradisi Macfad Rutaceae X

Citrus sinensis Osbeck Rutaceae X

Nephelium lappaceum L. Sapindaceae X
Pometia pinnata Sapindaceae X
Pouteria caimito (Ruiz et Pavon) Sapotaceae X X
Capsicum frutescens L. Solanaceae X
Pourouma cecropiifolia Mart. Urticaceae X

Several plant species used by M. eburnea are rapidly declining due to selective logging for commercial extraction purposes including
construction, firewood, charcoal, honey extraction, as well as general deforestation for monoculture agriculture. A notable case is
Calycophyllum spruceanum which has been heavily logged since the rubber era (1882-1912), due to the quality of the wood, which is
considered the best charcoal. In the rubber boom it was used to run steamships; today, it is harvested in large quantities for brick factories,
bakeries, restaurants and chicken roasters in the largest cities of the Peruvian Amazon. Another factor observed and commented on by the
local population, are the increasingly frequent floods in the past decade, which have caused changes in the phenology and death of
individuals of some important tree species, which do not have sufficient tolerance for prolonged flooding.

Conclusions

e Melipona eburnea is one of most economically-important stingless bee species, and it uses a large diversity of plants as a source of
food resources, obtaining resins and as nesting habitat.

¢ The Myrtaceae and Fabaceae families represent the plant species with the greatest diversity and abundance for food sources, while
the Fabaceae and Moraceae families are most important for nesting habitat.

¢ Conservation strategies for M. eburnea, in addition to the important food source and nesting habitat plants should also include
prioritize the protection of the trees Croton lechleri, Protium apiculatum and Copaifera officinalis, due to the biological activities of
their resins.



Acknowledgement

This research was financed by the National Council for Science, Technology and Technological Innovation (CONCYTEC), in agreement
with the Peruvian Amazon Research Institute (ITAP). We want to thank the technician Wilson Gonzales for his support in the field work.
We also thank the authorities of the communities for their consent to the study, and to all the people that took part in the study for sharing
with us valuable information and help

References

Agussalim, Nurliyani, Umami N and Agus A 2020 The honey and propolis production from Indonesian stingless bee: Tetragonula laeviceps. Livestock Research
for Rural Development, 32(8): #121. http://www.lrrd.org/lrrd32/8/agus32121.html

Antonini Y, Costa R G and Martins R P 2006 Floral preferences of a neotropical stingless bee, Melipona quadrifasciata Lepeletier (Apidae: Meliponina) in an
urban forest fragment. Brazilian Journal of Biology, 66(2a): 463-471. https://doi.org/10.1590/S1519-69842006000300012.

Bardales J L and Bardales J E 2021 Analisis palinologico a nivel de familia de polen corbicular y superficie pilosa de Melipona eburnea 'y Melipona illota (Apidae:
Meliponini). Revista de Investigaciones Agropecuarias, 47(2): 198-208.

Barquero-Elizondo A I, Aguilar-Monge I, Méndez-Cartin A L, Herndndez-Sanchez G, Sanchez-Toruiio H, Montero-Flores H W, Herrera-Gonzélez E,
Sanchez-Chaves L A, Barrantes- Vasquez A, Gutiérrez-Leiton M, Mesén-Montano I and Bullé-Bueno F 2019 Asociacion entre abejas sin aguijon (Apidae,
Meliponini) y la flora del bosque seco en la region norte de Guanacaste, Costa Rica. Revista de Ciencias Ambientales, 53(1): 70-91. http://dx.doi.org/10.15359/rca.53-
1.4.

Batista M, Abreu B, Dutra R, Cunha M, do Amaral F, Torres L, and Ribeiro M 2016 Chemical composition and antioxidant activity of geopropolis produced by
Melipona fasciculata. (Meliponinae) in flooded fields and cerrado areas of Maranhao State, northeastern Brazil. Acta Amazonica, 46 (3): 315-322.
https://doi.org/10.1590/1809-4392201600034.

Camargo J M F and Pedro S R M 2008 Meliponini. /n: J. S. Moure, Urban D and Melo G A R (Eds), Catalogue of bees (Hymenoptera, Apoidea) in the Neotropical
region . Sociedade Brasileira de Entomologia, Curitiba (Parana), pp. 272-578.

Delgado C, Mejia K and Rasmussen C 2020 Management practices and honey characteristics of Melipona eburnea in the Peruvian Amazon. Ciéncia Rural, 50(12):
€20190697. http://doi.org/10.1590/0103-8478cr20190697

Delgado C, Rasmussen C and Mejia K 2020 Association between stingless bees (Hymenoptera: Apidae: Meliponini) and camu camu (Myrciaria dubia: Myrtaceae),
in the Peruvian Amazon. Livestock Research for Rural Development, 32 (8): #128. http://www.lrrd.org/Irrd32/8/cdelga32129.html.

Erwan, Suhardin, Syamsuhaidi, Purnamasari D K, Muhsinin M and Agussalim 2021 Propolis mixture production and foragers daily activity of stingless bee
Tetragonula sp. in bamboo and box hives. Livestock Research for Rural Development, 33(6): #82. http://www.lrrd.org/Irrd33/6/3382apis.html

Frankie G W, Coville R E, Pawele J C, Jadallah C C, Vinson S B and Martinez L E S 2018 Bee-Flower-People Relationships, Field Biologists, and Conservation
in Northwest Urban Costa Rica and Beyond. Zoosymposia, 12, 018—028. Doi: 10.11646/zoosymposia.12.1.4

Freitas M B, Imperatriz-Fonseca V L, Medina L. M, Matos-Peixoto A, Galetto L, Nates-Parra G and Quezada-Eua J J G 2009 Diversity, threats and
conservation of native bees in the Neotropics. Apidologie, 40 (3): 332-346. Doi:10.1051/apido/2009012.

Gaona F P, Guerrero A, Gusman E, and Espinosa C I 2019 Pollen Resources Used by Two Species of Stingless Bees (Meliponini) in a Tropical Dry Forest of
Southern Ecuador. Journal of Insect Science, 19(6): 22. Doi: 10.1093/jisesa/iez125

Heard T 1999 The role of stingless bees in crop pollination. Annual Review of Entomology, 44: 183-206. https://doi.org/10.1146/annurev.ento.44.1.183.

Kvist L P and Nevel G 2001 A review of Peruvian flood plain forests: ecosystems, inhabitants and resource use. Forest Ecology and Management, 150 (1-2):3-26.
Doi: 10.1016/S0378-1127(00)00679-4>.

Loépez-Roblero E, Espinoza-Toledo C, Lopez-Garcia J A, Grajales-Conesa J, Quiroz-Garcia D L 2021 Floral resources collected by four native bees species in
southern Mexico. Grana, 60(1). https://doi.org/10.1080/00173134.2020.1767195.

Michener C D 2013 The Meliponini. In: P. Vit, S. R. M. Pedro & D. W. Roubik (Eds), Pot-Honey: A legacy of stingless bees. Springer, New York, pp. 3-17
Nates-Parra G 2001 Las Abejas sin Aguijon (Hymenoptera: Apidae: Meliponini) de Colombia. Biota Colombiana, 2(3): 233-248

Obregon D, Nates-Parra G 2014 Floral Preference of Melipona eburnea Friese (Hymenoptera: Apidae) in a Colombian Andean Region. Neotropical Entomology.
43: 53-60, Doi: 10.1007/s13744-013-0172-y

Ramalho M, Kleinert-Giovannini A, Imperatriz-Fonseca B L 1989 Utilization of floral resources by species of Melipona (Apidae, Meliponinae): floral
preferences. Apidologie, 20(3): 185-195.

Rasmussen C and Castillo P S 2003 Estudio preliminar de la Meliponicultura o apicultura silvestre en el Pert (Hymenoptera: Apidae, Meliponini). Revista Peruana
de Entomologia, 43: 159-164.

Rasmussen C and Gonzalez V H 2009 Abejas sin aguijon del Cerro Escalera, San Martin, Pera (Hymenoptera: Apidae: Meliponini). Sistema Agroecologico y
Modelo Biomatematico, 2(2): 26-32

Rasmussen C and Delgado C 2019 Abejas sin aguijon (Apidae: Meliponini) en Loreto, Pertl. Lima (Pera): IIAP. 70p. Available from:
<http://repositorio.iiap.org.pe/bitstream/ IIAP/396/1/Delgado_libro_2019a.pdf>.



Ribeiro de Souza R, Vanessa Holanda Righetti de Abreu V and Santos de Novais J 2019 Melissopalynology in Brazil: a map of pollen types and published
productions between 2005 and 2017. Palynology, 43(4): 690-700. Doi: 10.1080/01916122.2018.1542355

Roubik D W 1989 Ecology and Natural History of Tropical Bees. Cambridge University Press, Cambridge, New York

Shanahan M and Spivak M R 2021 Use by Stingless Bees: A Review. Insects, 12: 719. https://doi.org/10.3390/insects12080719

Received 22 June 2022; Accepted 12 September 2022; Published 1 November 2022



