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ABSTRACT

Spathodea campanulata Beauv. (Bignoniaceae) is a plant frequently employed in the
ornamentation of public squares and gardens, attributed to its rapid growth and showy
flowers. However, its use is controversial due to the potentially toxic nectar, which can
lead to significant mortality rates among various stingless bee species in Brazil, posing a
risk to native biodiversity and disrupting natural ecosystems. The aim of this study was
to quantify and identify the species of stingless bees found dead within the flowers of the
Spathodea campanulata plant. This investigation was conducted at the Ondina Campus
of the Federal University of Bahia (UFBA), Brazil. Over a 15-day flowering period, 86
flowers from three specimens of this species were collected. After flower collection, the
dead insects found within the flowers were extracted, stored, and identified at the
Laboratory of Insect Bionomics, Biogeography, and Systematics (BIOSIS) at UFBA. The
analysis revealed that all floral visitors were Hymenoptera insects, with 98.1% identified
as bees (Apidae and Meliponini). In conclusion, S. campanulata flowers contain toxic
compounds with insecticidal properties, leading to increased mortality among certain
Melipona bee species. Melipona scutellaris and Apis mellifera bees are occasional visitors
of the S. campanulata flowers; hence the lower mortality rates of these species. Given the
damage caused by S. campanulata on native biodiversity, it is advised to avoid cultivating
it in public squares, gardens, or in proximity to bee hives.
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RESUMO

Spathodea campanulata Beauv. (Bignoniaceae) € uma planta frequentemente utilizada na
ornamentacgdo de pragas publicas e jardins, atribuida ao seu rapido crescimento e flores
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vistosas. No entanto, seu uso é controverso devido ao néctar potencialmente toxico, que
pode levar a taxas significativas de mortalidade entre varias espécies de abelhas sem
ferrdo no Brasil, representando um risco para a biodiversidade nativa e interrompendo 0s
ecossistemas naturais. O objetivo deste estudo foi quantificar e identificar as espécies de
abelhas sem ferrdo encontradas mortas dentro das flores da planta Spathodea
campanulata. Esta investigacdo foi conduzida no Campus de Ondina da Universidade
Federal da Bahia (UFBA), Brasil. Durante um periodo de floragdo de 15 dias, foram
coletadas 86 flores de trés espécimes desta espécie. Apds a coleta das flores, os insetos
mortos encontrados dentro delas foram extraidos, armazenados e identificados no
Laboratdrio de Bionomia, Biogeografia e Sistematica de Insetos (BIOSIS) da UFBA. A
analise revelou que todos os visitantes florais eram insetos Hymenoptera, com 98,1%
identificados como abelhas (Apidae e Meliponini). Em conclusdo, as flores de S.
campanulata contém compostos toxicos com propriedades inseticidas, levando a um
aumento da mortalidade em certas espécies de abelhas Melipona. As abelhas Melipona
scutellaris e Apis mellifera séo visitantes ocasionais das flores de S. campanulata;
portanto, apresentam taxas de mortalidade mais baixas. Dado o dano causado por S.
campanulata na biodiversidade nativa, é aconselhavel evitar o seu cultivo em pragas
publicas, jardins ou préximo a colmeias de abelhas.

Palavras-chave: abelha sem ferrdo, planta toxica, toxicidade, mortalidade de abelhas
INTRODUCTION savannas of Equatorial and Western
Africa (Francis, 2000).

The introduction of plant species into
novel geographic locales often grants
them competitive edges over endemic
plants (Daehler, 2023; Mooney et al.,
2005). Such advantages manifest when a
non-native species, upon introduction to
a new habitat, adopts competitive
strategies to secure its establishment and
proliferation. These strategies may
include accelerated growth rates,
resistance to predation, and superior
efficiency in resource utilization —
encompassing nutrients, sunlight, and
water — when compared to indigenous
plant species (Park et al., 2003).

Nonetheless, the presence of these non-
native species can pose significant
threats to native biodiversity, potentially
disrupting ecological balance (Hierro et
al., 2005; Reaser et al., 2007; Kueffer et
al., 2010). One notable example is
Spathodea campanulata Beauv.
(Bignoniaceae), popularly known as the
African tulip, a secondary forest tree
found in tropical forest margins and

Its introduction to landscaping and the
ornamentation of public squares and
parks worldwide has been so effective
that it now proliferates in tropical forests,
degraded regions, and abandoned
agricultural lands. As per Pouteau et al.
(2015), S. campanulata has been
described as an invasive species across
Australia, Brazil, Puerto Rico, and
several Pacific islands such as the Cook
Islands, Fiji, French Polynesia, Guam,
Hawaii, New Caledonia, and Vanuatu.
The encroachment of S. campanulata
into new territories endangers native
biodiversity by  inhibiting  the
development of local species, earning it
a highlighted spot in the list of the “100
of the World's Worst Invasive Alien
Species” by the Invasive Species
Specialist Group (Lowe et al., 2000).
While the timing of introduction of S.
campanulata to Brazil remains
unknown, its adoption was certainly for
ornamental purposes, given its flowering
at the branch tips that persists for several
months in a row.
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However, its wusage has sparked
controversy due to the potential threat it
poses to native bee populations, with
high mortality rates attributed to its
flowers (Nogueira-Neto, 1970).
According to Queiroz et al. (2014), these
effects may stem from substances found
in the buds and inflorescences of the
plant.

On the other hand, bees native to the
varied biomes of Brazil serve as primary
pollinators due to their diverse pollen-
gathering behaviors (Silva & Paz, 2012).
Their ability to pollinate numerous
flower types is crucial for supporting the
biodiversity of local flora. Quigley et al.
(2019) suggest that highly biodiverse
ecosystems reduce natural disasters
caused by the introduction of invasive
species and human exploitation. This
highlights the need to identify the
pollinating insects impacted by S.
campanulata, which may be found in
houses, gardens, urban parks, and city
squares, to inform urban planning and
restrict its cultivation in public areas.
Research has explored the impact of S.
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campanulata on the mortality of
stingless bees (Nogueira-Neto, 1997;
Trigo & Santos, 2000; Noguera, 2014;
Queiroz et al., 2014). However, to our
knowledge, no studies have specifically
examined its effects on the native bees of
Bahia, Brazil, despite the known
diversity of these species in the state.
Therefore, the objective of this study was
to quantify and identify the species of
dead stingless bees found within the
flowers of the plant species Spathodea
campanulata Beauv., present on the
Federal University of Bahia (UFBA)
campus.

MATERIALS AND METHODS

The research was conducted at the
Ondina campus of UFBA, located at
coordinates 12°59'37” S and 38°31'13"
W. Flowers of the S. campanulata
species were collected from three plants
(Figure 1) over a 15-day period from
August 25 to September 10, 2022,
coinciding with the flowering period.
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To ensure no predators could “steal” the
floral visitor samples from within the
flowers, potentially skewing the results,
collections were performed for all
flowers found on the ground at 08h00
and 17h00. Immediately afterward, the
floral visitor samples were transported to
the laboratory for examination. Dead
visitors were then removed from the
flowers and preserved in 70% alcohol
(Carvalho & Vieira, 2001; Garbelotto &

Figure 1. Buds and flowers of the Spathodea campanu‘lkata Beauv. (Bignoniaceae) plant
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Campos, 2014) for later taxonomic
classification of species at the
Laboratory of Insect Bionomics,
Biogeography, and Systematics
(BIOSIS) at UFBA.

The floral visitors (Figure 2) were
identified and classified by scientific
name, genus, and common name. The
number of species found in the samples
was described in percentage terms.
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Figure 2. Spathodea campanulata Beauv. (Binoniaceaey) Iower with the preéence of
dead stingless bees

RESULTS AND DISCUSSION

Over the 15-day period, 104 dead floral
visitor insects were retrieved, with
numbers per flower ranging from 1 to 18

across the 86 S. campanulata flowers
examined, evidencing a significant
occurrence of pollinator mortality (Table
1).

Table 1. Species of pollinating insects found dead within the flowers of Spathodea
campanulata Beauv. (Bignoniaceae)

Scientific name Genus Frequency, %  Common name

Trigona spinipes Trigona 52 50.0 Abelha irapua
Partamona helleri Partamona 25 24.0 Abelha boca de sapo
Nanno_trlgopa Nannotrigona9 8.7 Abelha irai

estaceicornis

Tetragonisca angustula  Tetragonisca 7 6.7 Abelha jatai

Apis mellifera. L Apis 5 4.7 Abelha Apis africanizada
Dialictus opacus Halictinae 4 3.9 Abelha solitéria

Polistes versicolor Polistes 2 1.9 Marimbondo

The S. campanulata flowers proved
highly alluring to floral visitors, 98% of
which were identified as Hymenoptera
insects (Table 1).

This mortality rate aligns with findings
by Trigo & Santos (2000), who reported
345 dead insects within 445 S.

campanulata plants. Their study noted
that 97% of these insects were from the
tribe Meliponini, predominantly
Scaptotrigona  postica, with  the
remaining comprising 1.7% Diptera and
Hymenoptera from the family Vespidae,
1% from the family Formicidae, and
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0.3% Orthoptera. Similarly, Noguera
(2014) documented a majority of
meliponine bees (71% out of 66
collected insects) dead within the
flowers of the African tulip. These
findings  highlight the particular
susceptibility of this bee group to the
harmful effects of S. campanulata.
Additional research has also documented
a large number of insects killed by this
plant, predominantly stingless bees.
Queiroz et al. (2014) and Nogueira-Neto
(1997) reported significant losses among
various Meliponini bee species within S.
campanulata  flowers, highlighting
Plebeia droryana (Friese), Tetragonisca
angustula (Latreille), S. postica, Trigona
spinipes  (Fabricius), and Friesella
schrottkyi (Friese).

Table 1 reveals that among the 104 dead
floral visitors, 50% corresponded to 143
individuals of the genus Trigona,
specifically, Trigona spinipes,
commonly known as the Irapua bee.
Barbola et al. (2000) describe T. spinipes
(Fabricius) as a widespread generalist
native bee that frequents different types
of flowers in search of food, found
throughout Latin America. Generalist
bees are those which are not very
demanding in their choice of plant
species for gathering resources like resin,
nectar, and pollen (Braga et al., 2012).
Trigona spinipes colonies are notably
populous and possess a very efficient
communication  system,  enabling
foraging over extensive distances from
their hives (Neves & Viana, 2002). In
addition to the fact that it is a generalist
bee, it is also noteworthy that the
prevalence of T. spinipes fatalities in S.
campanulata flowers may relate to the
abundance of colonies of this species
situated near the research area.
According to Santos et al. (2017), nests
of this species are external colonies and
are not built within cavities or crevices of
trees, rendering them easily identifiable.

The second most frequently encountered
floral visitor found dead within the
flowers was from the genus Partamona,
specifically Partamona helleri (“boca de
sapo”), constituting 24.0% of the total
(Table 1). This stingless bee species is
known for constructing unique entrance
structures to their colonies, facilitating
access for foragers, with colonies
typically housing 1000 to 3000
individuals (Michener, 2000).
Observations in the study area identified
numerous Partamona helleri colonies
established in trees and structures,
explaining their presence in the S.
campanulata flowers.

Other identified species found in smaller
numbers were also stingless bees (Table
1): of the genus Nannotrigona,
Nannotrigona testaceicornis (lrai) at
8.7%; of the genus Tetragonisca,
Tetragonisca angustula (Jatai) at 6.7%;
of the genus Apis, Africanized Apis
mellifera at 4.7%; and of the genus
Halactini, Dialictus opacus (a solitary
bee known for collecting mucilaginous
substances and essential oils) at 3.9%. It
is plausible these bees were attracted to
the mucilaginous content within the
flower buds of S. campanulata.

The S. campanulata flower exhibits
appeal to a variety of Melipona bee
species. However, few Apis bees
(Africanized Apis mellifera) were seen
flying over these flowers, an observation
corroborated by the low number of these
bees found dead within the S.
campanulata flowers. This limited
attraction may stem from the floral
resources provided by this plant being
less appealing to this bee genus. It was
noted that a significant portion of this
species opted for floral resources from
alternative plants or were drawn to soda
cans and glasses within the enclosure.
Michener (2000) mentioned that A.
mellifera bees have a diet that includes
plants from the most diverse groups to
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support their populous and generalist
colonies,  necessitating  substantial
resource intake. These colonies are the
most numerous in number of individuals
among social bee species.

A comparable situation was observed
with Urugu stingless bees (Melipona
scutellaris), as no dead specimens were
discovered within the S. campanulata
flowers. This observation is particularly
notable given the presence of an
experimental meliponary housing over
30 Melipona scutellaris colonies at the
research site. This indicates a tendency
of these bees to favor alternative food
sources over the flowers of S.
campanulata.

For both Urucu stingless bees and Apis
bees, further investigation is required to
determine why S. campanulata flowers
hold little allure for these species.

The detection of dead Polistes versicolor
wasps (1.9%) within the S. campanulata
flowers may suggest opportunistic
behavior. Termed “illegitimate visitors”
(Genini et al.,, 2010), these insects
exploit floral resources such as water,
plant fiber, nectar, and pollen, not for
pollination, but to "hunt" insects to feed
their young. According to Andrade &
Prezoto (2001) and Prezoto et al. (2006),
floral visits by wasps are sporadic and
primarily driven by their predatory
nature.

Historical accounts of bee mortality
linked to the toxicity of S. campanulata
flowers date back to Portugal-Araujo
(1963), with subsequent confirmation by
researchers such as Nogueira-Neto
(1970), Roubik (1989), and Barker
(1990). The authors concluded that the
toxic effect may be present in the pollen
or nectar of the flowers. This aligns with
Nogueira-Neto  (1997), who also
reported the toxic impact of S.
campanulata inflorescences on other
stingless bee species, including Plebeia
droryana, Tetragonisca angustula,

Scaptotrigona postica, Trigona spinipes,
and Friesella schrottky.

Several theories have been proposed
regarding the causes of insect mortality
associated with S. campanulata flowers.
Research conducted by Valter et al.
(2020) demonstrated that both flowers
and leaves of this species contain
substances with antioxidant potential,
making them a significant source of
antioxidants,  irrespective  of the
geographic location of the plant in
Brazil.

Trigo & Santos (2000) indicated that the
mucilaginous substances found in the
flower buds of S. campanulata contain
toxic alkaloids, which can be lethal to
bees and, in many instances, even to
larger animals such as hummingbirds.
Therefore, it can be stated that these
secretions serve as a defense mechanism
for the plant, leading to the death of bees
and other insects. Recent investigations
by Alarcon-Noguera & Penieres-Carrillo
(2013), Queiroz et al. (2014), and Franco
et al. (2015) identified toxic compounds
such as terpenes and steroids in the
mucilage of the buds and flowers of S.
campanulata, which can leach into the
nectar and exhibit insecticidal properties.
Supporting this, Valter et al. (2017)
found that the insecticidal efficacy of the
S. campanulata nectar is attributable to
its chemical constituents.  These
substances, encompassing secondary
metabolites and specific protein classes,
provide biochemical defense to the plant
and impact insect metabolism (Seo et al.,
2013; Santos et al., 2017). Distributed
throughout the plant, these secondary
compounds play a crucial role in warding
off herbivore predation (Adler, 2000)
and are often detected in the floral nectar,
especially in the flower, a portion critical
for species reproduction and survival
(Levin, 1976).

Ferreyra et al. (2013) and Valter et al.
(2017) identified compounds such as
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peptides from the glycosyl transferase
and serine-threonine-protein
phosphatase families in the nectar of S.
campanulata. These enzymes may
contribute to the biosynthesis of
insecticidal ~ secondary = compounds,
either directly or indirectly.

The toxic effects on Melipona bee
colonies might be an adaptive strategy by
the plant to deter bees from utilizing its
pollen as a food source, thus preventing
pollen collection without achieving
pollination (Hargreaves et al., 2009).

In Brazil, the “barbatimao” plants,
Stryphnodendron  polyphyllum  and
Stryphnodendron  adstringens, also
exhibit insecticidal effects on Apis bees.
The disease associated with these effects,
known as Brazilian sacbrood (Message
& Silva, 1995), is not caused by a
pathogen but by a toxin related to tannins
found in the “barbatimdo” pollen
(Santos, 2000). The onset of the disease
occurs when nurse bees of the
Africanized Apis mellifera species feed
their larvae with this toxic pollen,
poisoning them and thereby interrupting
their development to the pupal stage,
ultimately resulting in larval mortality.
Symptoms indicative of mortality in bee
broods resemble those caused by the
Sacbrood Virus (SBV), characterized by
the sac-like appearance of dead larvae
upon removal from brood cells through
the head region, a result of ecdysial fluid
accumulation (Carvalho & Message,
2004).

Research by Castagnino et al. (2011)
suggests that Africanized Apis mellifera
bee colonies typically do not have a
preference for the pollen of S.
polyphyllum and S. adstringens,
resorting to these sources only in the
absence of alternative foraging options.
Bee brood mortality in such scenarios is
attributed to the ingestion of these floral
resources. One management strategy to
mitigate brood mortality in A. mellifera

involves providing a pollen substitute via
collective feeders approximately 15 days
prior to the flowering of "barbatimao",
thereby diverting foraging bees from
these toxic plants and reducing the
consumption of harmful pollen.

In cases where bee mortality is linked to
foraging on S. campanulata
(Bignoniaceae) flowers, it has been
identified that Invasive Alien Species
contribute to the global decline of
pollinating insect populations. Measures
to manage and mitigate this impact
include the prevention and eradication of
such invasive plants (Dainese et al.,
2019).

Another alternative is to provide
pollinating insects with a diverse array of
floral resources throughout the year. This
can be achieved by planting trees that
provide floral resources to stingless bees,
offering them a variety of foraging
options and, consequently, minimizing
the toxic impact of this plant by reducing
their reliance on their pollen.

In summary, Spathodea campanulata
flowers have been implicated in the
mortality of various bee species, notably
the stingless bees Trigona spinipes
(50%) and Partamona helleri (24%).
Despite the attraction of these flowers to
several stingless bee species, other floral
resources were available in their
environment.
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