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Introduction

Abstract

Spathodea campanulata is an African plant introduced into South America and other
tropical and subtropical areas for ornamental purposes. This plant has been linked to
insect mortality, bees included. However, its effects on the Neotropical Melipona are as
yet unknown. Thus, the aim of this study was to evaluate the effect of S. campanulata
nectar and pollen on the survival of Melipona fasciculata Smith and Melipona seminigra
Friese workers. A total of 120 newly emerged workers of each species were divided into
groups of 10 individuals and confined in boxes. They were submitted to the following
diet treatments: S. campanulata nectar or 11% sucrose solution (nectar control); 11%
sucrose solution and S. campanulata pollen or 11% sucrose solution and the species’
original pollen (pollen control). A higher mortality of workers was detected in the
groups fed with toxics nectar and pollen (M. fasciculata, p<0.01; M. seminigra, p<0.01)
than on the respective controls. Our results demonstrate that nectar and pollen from
S. campanulata affected the survival of M. fasciculata and M. seminigra worker bees.
We thus recommend that S. campanulata should not be provided as food source for
stingless bees.

for several animals is normally due to the secondary compounds
found in all plant parts, especially on those most important

Nectar and pollen collected from plants are the main food
resources of social bees. Pollen is used mainly as a protein source
and nectar a carbohydrate source (Roubik, 1989). Some plants,
however, are reported as toxic for bees, and the potentially toxic
compounds may be present in the pollen or nectar (Roubik,
1989). Many plant species may poison bees due to the toxicity
of pollen or nectar, extrafloral nectaries, tree sap or honeydew
(Barker, 1990). Pollen or nectar toxicity for bees is a widespread
phenomenon, although it is poorly understood. Thus, many
hypotheses have been proposed to explain this phenomenon.

According to Adler (2000), toxic nectar would promote
pollinator specialization, prevent nectar theft and degradation, and
corrupt pollination behaviors. Johnson et al. (2006) demonstrated
that secondary compounds in nectar are effective visitor filters,
which lead to a specialization in the pollination system. Toxicity
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for survival and reproduction (Levin, 1976). These secondary
compounds associated with resistance to herbivory have been
frequently observed in floral nectar. Adler (2000) detected
nectar that was toxic or had secondary compounds in at least 21
different plant families. According to Ott (1988), at least three
psychoactive phytotoxin categories occurred in toxic honeys,
and, consequently, in the nectar from which it was produced.
Toxins found amongst some plants are nicotine, rotenones,
pyrethrins and tannins (Bueno et al., 1990). Dimorphandra mollis
Benth. (Fabaceae; popularly called in Brazil “fake barbatimao")
and Stryphnodendron adstringens (Martius) Coville (Fabaceae;
the “real barbatimao”), are rich in tannins and may cause serious
losses to beekeepers due to larvae mortality and a reduction
in adult Apis mellifera Linnaeus longevity. The toxicity of
barbatimao is attributed to the pollen and nectar, and the pollen is
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considered more harmful (Carvalho & Message, 2004; Santoro
et al., 2004; Cintra et al., 2005).

Spathodea campanulata Beauv. (an exotic species of
African origin introduced for ornamental purposes [Nogueira-
Neto, 1997]) has been reported as toxic to stingless bees
(Tribe Meliponini, sensu Michener, 2007). Portugal-Aratjo
(1963) was one of the pioneers in reporting these effects.
He recorded dead stingless bees on S. campanulata flowers
in Gabon, along with Nogueira-Neto (1997) and Oliveira et
al. (1991) in Brazil. Trigo and Santos (2000) monitored dead
insects in S. campanulata flowers for to up to five days after
anthesis and stated that meliponine bees represented 97%
of the dead insects. Calligaris (2001) confirmed its nectar
toxicity on Scaptotrigona postica (Latreille) and 4. mellifera
worker bees in laboratory bioassays, although pollen toxicity
was not verified.

Thus, in this study we evaluated the effects of S.
campanulata nectar and pollen consumption on the survival of
two species of Melipona Illiger worker bees from the Brazilian
Amazon used in meliponiculture, Melipona fasciculata Smith
and Melipona seminigra Friese.

Material and Methods
Studied species and study site

We used M. seminigra and M. fasciculata workers
to study the effect of S. campanulata nectar and pollen on
the worker survival. M. seminigra occurs in the Brazilian
Amazon States of Acre, Amazonas, Maranhao, Mato Grosso, Para,
Rondénia, Roraima, Tocantins, and M. fasciculata in the Brazilian
States of Maranhdo, Mato Grosso, Para, Piaui and Tocantins
(Camargo & Pedro, 2012). All experiments were carried out
from January to May 2012 in the meliponary of Embrapa
Amazonia Oriental (1°26°11.52°°S, 48°26°35.50°’W). The
area is composed of secondary forests patches of native
plants (several hundred species, including trees and shrubs)
and several agricultural crops such as assai trees (Euterpe
oleraceae, Arecaceae) and other species.

Spathodea campanulata is a large tree (up to 20m)
with numerous large flowers, externally red and internally
yellow (Francis, 1990). In its region of origin (Africa),
S. campanulata is pollinated by birds and bats, but is
also visited by bees attracted by the abundant nectar and
colorful flowers (Ayensu, 1974; Rangaiah et al., 2004;
Corlett, 2005). In the study site, there was only one tree of
S. campanulata, situated 20 meters from the nests.

Experimental design
Effect of nectar and pollen on the survival of workers

To analyze the effect of S. campanulata nectar and pollen
on the survival of M. fasciculata and M. seminigra workers,
we used newly emerged workers, obtained from eight different

nests, four for each bee species. A total of 120 bees of each
species were used (30 from each colony), from which 60 were
destined for two control groups (30 for each species) and 60 for
each experimental group: S. campanulata nectar and pollen. The
workers were divided into groups of 10 individuals and confined
in polyethylene boxes (8 x 8 x 4 cm) without the queen, and. The
boxes were kept in a BOD incubator (model DL-SEDT 02) at 28
+ 1°C. Every day the number of live bees was checked, any dead
individuals were removed, the plastic box’s rubbish dump area
was cleared and water was added to maintain humidity (method
adapted from Costa & Venturieri, 2009).

Inflorescences with flower buds and newly opened
flowers were gathered from trees located at the research
campus — Embrapa Amazonia Oriental — to prepare the S.
campanulata nectar that was offered to M. fasciculata and M.
seminigra workers. The nectar was removed with an automatic
micropipette and the percentage of total sugars was measured
with a field refractometer adapted to small volumes (Bellinghan-
Stanley™). For pollen sampling, anthers of the flower buds were
removed and kept in 2 ml microtubes. A total of 1ml of water
with 11% sucrose was added to the tubes with the anthers (the
same concentration of sugar found in S. campanulata nectar) to
wash and assist pollen extraction. The material was centrifuged
for five minutes at 2000 rpm, the liquid part of the microtube was
drained and the accumulated pollen on the bottom was collected
and offered to the bees as protein source. A botanical sample of
the plant’s reproductive structures was identified and stored at
the IAN Herbarium (Embrapa) under the number 187659.

Workers were submitted to the following diet, according
to the treatment: NSc - bees fed on S. campanulata nectar;
NeC - bees fed on 11% sucrose solution; PSc - bees fed
on an 11% sucrose solution and S. campanulata pollen; PoC
- bees fed on 11% sucrose solution (nectar control) and its
own pollen (M. fasciculata or M. seminigra pollen; pollen
control). Workers were daily fed with: (1) NSc: 240 pL of
nectar and (2) NeC: 240 pL of 11% sucrose solution. The
workers from the PSc treatments were offered 240 pL of 11%
sucrose solution and 0.1 g of S. campanulata pollen daily.
For the PoC treatment, 240 uL of 11% sucrose solution and
0.1g of the species’ pollen was offered. The food was weighed
daily in an analytical balance with a 10-* g precision to check
the consumption of each item. The carbohydrate (11% sucrose
solution or S. campanulata nectar) and protein (pollen of S.
campanulata and M. fasciculata M. seminigra colonies) foods were
renewed whenever completely eaten (pollen), or daily (sucrose).

Analyses

Kaplan-Meier survival curves were made for each species’
different treatments. The survival of control workers (pollen and nectar)
was monitored until half or more of the treatment individuals died. A
Cox-Mantel test was carried out, using the software STATISTICA®
8.0, to compare the survival curves of the treatments used for each
species (5% significance level). The data regarding workers that
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were alive at the end of the experiment were treated as censured
and from the workers monitored until death as complete data for the
survival curve setting (Crawley, 2007).

Results

Effect of S. campanulata nectar and pollen on the survival
of workers

There was food consumption in all the studied groups
(Table 1). The death rate was high for the 30 M. fasciculata
bees that received S. campanulata nectar as a carbohydrate
source (NSc). Only nine bees from the group NSc remained
alive at the end of the experiment. Furthermore, from the
30 bees from group NeC, only three died on the second day,
so that 27 bees remained alive at the end of the experiment
(Fig 1a). A similar pattern of mortality due to S. campanulata
nectar was detected for M. seminigra (Fig 1b). Mortality of
M. fasciculata and M. seminigra workers was significantly
higher in the experimental group (S. campanulata nectar) than
in the control group (Cox-Mantel: M. fasciculata, p<0.01; M.
seminigra, p<0.01).

Only nine of the 30 M. fasciculata workers submitted
on the treatment with S. campanulata pollen (PSc) remained
alive at the end of the experiment. There was high mortality
on the four experiment days. Mortality was lower on the
pollen control group (PoC), with 24 live workers at the end of
the experiment (Fig 2a). Again, the pattern was similar for M.
seminigra (Fig 2b). For both species the survival of the control
group was significantly higher than for the experimental
group (S. campanulata pollen) (Cox-Mantel: M. fasciculata,
p<0.01; M. seminigra, p<0.01).

There was no difference on M. fasciculata survival
between S. campanulata nectar (NSc) and pollen (PSc)
treatments (Cox-Mantel, p=0.55). However, the intake of S.
campanulata nectar by M. seminigra had a stronger impact
on the survival of workers than pollen (Cox-Mantel, p<0.01).
There were no significant differences between the longevity
of bees that consumed 11% sucrose solution and pollen from
their own boxes for the control groups (NSc and PSc) (Cox-
Mantel: M. fasciculata: p=0.29; M. seminigra: p=0.45).

Table 1. Daily consumption rate per worker (mean+S.D.) of
Melipona fasciculata and Melipona seminigra, confined in groups
of 10 individuals and submitted to dietary treatments. NSc- bees
fed on Spathodea campanulata nectar; NeC- bees fed on 11%
sucrose solution; PSc - bees fed on an 11% sucrose solution and S.
campanulata pollen; PoC - bees fed on 11% sucrose solution (nectar
control) and its own pollen (pollen control).

Species/
Treatment NSc (ul) NeC (ul) PSc (mg) PoC mg)
M. fasciculata  19.62+1.91 29.73+£845 9.11+11.40 5.20+3.70
M. seminigra  27.01 £3.41 3024+6.81 5.00+3.70 1.40+0.70
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Fig 1. Survival curves for workers confined in groups of 10 individuals
and submitted to dietary treatments. NSc- bees fed on S. campanulata
nectar (filled circles); NeC- bees fed on 11% sucrose solution (empty
circles). A - Melipona fasciculata. B - Melipona seminigra.

Discussion

In this study we were able to prove the effect of S.
campanulata pollen and nectar in reducing the survival of two
meliponine species (M. fasciculata and M. seminigra) when fed
on it. Both pollen and nectar of S. campanulata reduced the
survival of worker bees undergoing these treatments. Since the
food was consumed in the experimental cages, this indicates
that the tested bee groups actually died due to S. campanulata
nectar and pollen ingestion, and due to starvation.

In general, S. campanulata nectar and flower bud secretion
are referred to as toxic, although little has been studied about its
pollen. Calligaris (2001) found S. postica and A. mellifera survival
reduction when S. campanulata nectar was added to the bees’ diet
in bioassays. Portugal-Aratijo (1963) attributed the death of insects
in S. campanulata flowers, including stingless bees, to floral bud
secretion toxicity. In a periodic survey, Nogueira-Neto (1997)
also reported many Meliponini bees in fallen flowers, highlighting
Plebeia droryana (Friese), Tetragonisca angustula (Latreille),
S. postica, Trigona spinipes (Fabricius) and Friesella schrottkyi
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Fig 2. Survival curves for workers confined in groups of 10
individuals and submitted to dietary treatments. PSc - bees fed on
11% sucrose solution and S. campanulata pollen (filled circles);
PoC- bees fed on 11% sucrose solution and its own pollen (empty

circles). A - Melipona fasciculata. B - Melipona seminigra.

(Friese). Stingless bees represented up to 97% of the dead insects
in the flowers, especially S. postica (Trigo & Santos, 2000).

Trigo and Santos (2000) tested different flower mucilage
concentrations on newly emerged S. postica workers, in laboratory
bioassays. Mucilage at a concentration of 25% reduced bee
longevity by 52.9%, while pure mucilage reduced it by 95.2%.
However, this last result is considered ambiguous, since there
is no evidence that bee feed on pure mucilage.

Both pollen and nectar of S. campanulata are considered
toxic. Calligaris (2001) did not detect a reduction in the survival
of S. postica and A. mellifera when fed on 5% pollen. However,
Oliveira et al. (1991) reported the death of 7. spinipes bees
due to the S. campanulata pollen found in its gizzard. In this
study we found a marked reduction of M. fasciculata and M.
seminigra survival rates when fed on pure pollen.

Trigo and Santos (2000) suggested the existence of a
defense mechanism in S. campanulata that protects flower buds
from nectar and pollen thieves. Otherwise these resources
could be stolen by some meliponine bees, such as S. postica,
or other efficient pillagers, before flower opening. In this case,

vertebrate pollination would be reduced or even prevented.
Indeed, Endress (1994) noted that some plants, including
Bignoniaceae, produce a mucilaginous or watery liquid to
protect juvenile flower organs before anthesis. Flower bud
secretion would thus be a plant defense system, of chemical or
physical nature, suffocating the bees (Trigo & Santos, 2000).
Considering these effects and the actual expansion of
meliponiculture in Brazil (Contrera et al., 2011; Venturieri et
al., 2012), the use of S. campanulata trees is not recommended
in areas foraged by stingless bees. Such a recommendation has
already been made regarding 4. mellifera (Modro et al., 2011).

Acknowledgements

We thank the two anonymous referees for the
comments that improved our manuscript. We also thank
Elisangela Régo, Lourival Lucas and Miguel Nascimento
for technical assistance. Funding was obtained from the
Fundacdo Amazdnia Paraense de Amparo a Pesquisa
(FAPESPA) and the Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPq). We also thank the Dean
of Research and Post-Graduate studies of UFPA (Pro-
Reitoria de Pesquisa e Pos Graduagdo - PROPESP/UFPA)
and Foundation for Research Support and Development
(Fundag¢do de Amparo e Desenvolvimento de Pesquisa -
FADESP), for the support for through the Program of
Qualified Publication Support (Programa de Apoio a
Publicacdo Qualificada - PAPQ).

References

Adler, L.S. (2000). The ecological significance of toxic nectar.
Oikos 91:409-420. doi:10.1034/j.1600-0706.2000.910301.x

Ayensu, E. S. (1974). Plant and bat interactions in West
Africa. Ann. Miss. Bot. Gard. 61: 702-727.

Barker, R.J. (1990). Poisoning by plants. In R. A. Morse
& R. Nowogrodzki (Eds.), Honey Bee Pests, Predators and
Diseases (pp. 309-315). New York: Cornell University Press.

Bueno, O.C., Hebling-Beraldo, M.J., Aulino-Silva, O., Pagnocca,
F., Fernandez, J.B. & Vieira, P.C. (1990). Toxic effect of
plants on leaf-cutting ants and their symbiotic fungus. In R.K.
Jaffé & K.A. Cedeno (Eds.), Applied Myrmecology: a world
perspective (pp. 420-426). San Francisco: Westview Press.

Calligaris, I.B. (2001). Toxicidade do néctar e do pélen de Spathodea
campanulata  (Bignoneaceae) sobre operarias de Apis mellifera
(Hymenoptera: Apidae) e Scaptotrigona postica (Hymenoptera: Apidae).
Dissertation, Universidade Estadual Paulista Jalio de Mesquita Filho.

Camargo, J.M.F. & Pedro, S.R.M. (2012). Meliponini Lepeletier,
1836.InJ.S. Moure, D. Urban & G.A.R. Melo (Orgs) Catalogue
of Bees (Hymenoptera, Apoidea) in the Neotropical Region -
online version. http://www.moure.cria.org.br/catalogue. (accessed
date 27 August, 2013).



540 ACM Queiroz, FAL Contrera, GC Venturieri - Effects of Toxic Pollen and Nectar on Bee Survival

Carvalho, A.C.P. & Message, D. (2004). A scientific note on
the toxic pollen of Stryphnodendron polyphyllum (Fabaceae,
Mimosoideae) which causes sacbrood-like symptoms.
Apidologie 35:89-90. doi: 10.1051/apido:2003059

Cintra P., Malaspina, O. & Bueno, O.C. (2005). Plantas
toxicas para abelhas. Arq. Inst. Biol. 72:547-551.

Contrera, F.A.L., Menezes, C. & Venturieri, G.C. (2011).
New horizons on stingless beekeeping (Apidae, Meliponini).
Rev. Bras. Zootec. 40(suppl. esp.): 48-51.

Corlett, R. T. (2005). Interactions between birds, fruit bats
and exotic plants in urban Hong Kong, South China. Urban
Ecosyst. 8: 275-283.

Costa, L. & Venturieri, G.C. (2009). Diet impacts on Melipona
flavolineata workers (Apidae, Meliponini). J. Apicult. Res.
48(1): 38-45. doi: 10.3896/IBRA.1.48.1.09.

Crawley, M.J. (2007). The R book. Wiley & Sons Ltd, West
Sussex, 1051p.

Dafni, A. & Kevan, P.G. (2003). Field Methods in Pollination
Ecology. Cambridge: Ecoquest.

Endress, P.K. (1994). Diversity and evolutionary biology of
tropical flowers. Cambridge: Cambridge University Press, 511p.

Erdtman, G. (1960). The acetolysis method. A revised
description. Sven. Bot. Tidskr. 54:561-564.

Francis, J.K. (1990). African tulip tree (Spathodea
campanulata Beauv.) Res. Note SO-ITF-SM-32. http://www.
fs.fed.us/global/iitf/Spathodeacampanulata.pdf. (acessed date
1 February, 2013).

Johnson, S.D., Hargreaves, A.L. & Brown, M. (2006). Dark,
bitter-tasting nectar functions as a filter of flower visitors in a
bird-pollinated plant. Ecology 87: 2709-2716.

Levin, D.A. (1976). The chemical defenses of plants to
pathogens and herbivores. Annu. Rev. Ecol. Syst. 7:121-159.

Michener, C.D. (2007). The Bees of the World. 2nd Ed.
Baltimore: The Johns Hopkins University Press.

Modro, A.F.H., Message, D., Luz, C.F.P. & Meira-Neto,
J.A'A. (2011). Flora de importancia polinifera para Apis
mellifera (L.) na regido de Vigosa, MG. Rev. Arvore 35:
1145-1153. doi:10.1590/S0100-67622011000600020.

Nogueira-Neto, P. (1997). Vida e criagdo de abelhas indigenas
sem ferrdo. Sao Paulo: Ed. Nogueirapis, 446p.

Oliveira, R.M., Giannotti, E., Machado, V.L.L. (1991).
Visitantes florais de
(Bignoniaceae). Bioikos 5:7-30.

Spathodea campanulata Beauv.

Ott, J. (1988). The delphic bee: bees and toxic honeys as
pointers to psychoactive and other medicinal plants. Econ.
Bot., 52 (3): 260-266.

Portugal-Aratijo, V. (1963). O perigo de disperséao da tulipeira
do gabao (Spathodea campanulata Beauv.). Chacaras e
Quintais 107: 562.

Rangaiah, K., Rao, P.S. & Raju, A.J.S. (2004). Bird-
pollination and fruiting phenology in Spathodea campanulata
Beauv. (Bignoniaceae). Beitr. Biol. Pflanz. 73(3):395-408.

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

Santoro, K.R., Vieira, M.E.Q., Queiroz, M.L., Queiroz, M.C. &
Barbosa, S.B.P. (2004). Efeito do tanino de Stryphnodendron
spp. sobre a longevidade de abelhas Apis mellifera L. Arch.
Zootec. 53:281-291.

Trigo, JR. & Santos, W.F. (2000). Insect mortality in
Spathodea campanulata Beauv. (Bignoniaceae) flowers. Rev.
Bras. Biol. 60:537-8.

Venturieri, G.C., Alves, D.A., Villas-Boas, J.K., Carvalho,
C.A.L., Menezes, C., Vollet-Neto, A., Contrera, F.A.L.,
Cortopassi-Laurino, M., Nogueira-Neto, P. & Imperatriz-
Fonseca, V.L. (2012). Meliponicultura no Brasil: situagio
atual e perspectivas futuras para uso na poliniza¢do agricola.
In: V.L. Imperatriz-Fonseca, D.A.L. Canhos, D.A. Alves
& A.M. Saraiva (Orgs.), Contribui¢do e perspectivas para
a biodiversidade, uso sustentavel, conservagdo e servigos
ambientais (pp.213-236). Sdo Paulo: EDUSP.




