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Introduction

The Brazilian Atlantic Forest is one of the world’s most 
diverse tropical forests, housing numerous species of plants, 
animals, and microorganisms (Myers et al., 2000; Marques et 
al., 2021; Barbosa et al., 2022). Stingless bees play a crucial 
role in this ecosystem by providing essential pollination 
ecological services to plant species (Lorenzon & Morgado, 
2008). Among the native stingless bee species, Melipona 
scutellaris Latreille, 1811 stands out as a remarkable species 
for the environmental ecology and economy of the Atlantic 
Forest regions in the Northeast of Brazil (Alves et al., 2012).

Stingless bees have been reported to live in association 
with several fungal species, which are vital for the bees’ 
survival. Conversely, the bees facilitate the dispersion of fungal 
propagules (Cano et al., 1994; Gilliam, 1997; Rosa et al., 2003; 
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Pagnocca et al., 2008; Menezes et al., 2015; Barbosa et al. 
2016, 2017, 2018). Yeasts appear to play an essential role in 
bee nutrition and protection against harmful organisms that 
could jeopardize the colony’s survival (Gilliam et al., 1990; 
Gilliam, 1997). Over the years, studies have explored the 
diversity of yeasts associated with various hosts/substrates, 
including bee species (Pimentel et al., 2005; Ganter, 2006; 
Meireles et al., 2022). Efforts to increase knowledge about 
the richness and diversity of yeasts associated with different 
substrates of stingless bee’s nests in tropical environments are 
crucial due to the bees’ role in the ecosystem.

In Brazil, few studies have been conducted to investigate 
the mycobiota associated with stingless bees. For instance, 
Camargo et al. (1992) demonstrated Ptilotrigona lurida employs 
yeasts of the genus Candida to dehydrate stored pollen, a 
crucial process preventing deterioration and protecting against 

RESEARCH ARTICLE - BEES

Home Sweet Home: Yeasts Living in Substrates Associated with Melipona scutellaris in  
the Brazilian Atlantic Forest

Renan do N. Barbosa1, Jadson D. P. Bezerra2, Joana C. de Moura1, José EWERTON F. dos Santos1

Isaias OLIVEIRA Junior1, Cristina M. de Souza-Motta1, Neiva T. de Oliveira1

1 - Universidade Federal de Pernambuco, Centro de Biociências, Departamento de Micologia, Recife-PE, Brazil
2 - Universidade Federal de Goiás, Instituto de Patologia Tropical e Saúde Pública, Departamento de Biociências e Tecnologia, Goiânia-GO, Brazil



Renan do N. Barbosa et al. – Yeasts Living in Substrates Associated with Melipona scutellaris2

organisms like phorid (Phoridae), ensuring colony well-being. 
Rosa et al. (2003) explored yeast communities linked to 
stingless bees and o demonstrated a strong connection with 
Tetragonisca angustula and Frieseomelitta varia with the 
yeast Starmerella meliponinorum and Melipona quadrifasciata 
with Candida apicola. Meireles et al. (2022) reported several 
yeasts from the nests of the bees Melipona interrupta and 
Cephalotrigona femorata, native to Central Amazonia. Beux 
et al. (2022) found S. meliponinorum, Candida magnoliae, 
and Zygosaccharomyces bailli in samples of honey and pollen 
pots from T. angustula. Most recently, de Paula et al. (2023) 
examined brood cell samples from 19 Brazilian stingless bee 
species, isolating the osmophilic yeast Zygosaccharomyces 
from eight bee species. The yeast exhibited unique 
characteristics, forming pseudohyphae and accumulating 
ergosterol in lipid droplets, similar to the pattern previously 
observed for Scaptotrigona depilis. 

In the Northeast region of Brazil, Barbosa et al. (2016) 
examined the richness of yeasts associated with honey 
obtained from stingless bees living in the Brazilian tropical 
dry forest (Caatinga). They observed 12 yeast species 
primarily belonging to the genera Candida, Debaryomyces, 
Dekkera, Pichia, and Kloeckera, most of which were classified 
under the phylum Ascomycota. As part of a project initiated 
in 2014 to study the mycobiota associated with pot-honey, 
pot-pollen, and the interior (surface) of Melipona scutellaris 
bee nests in Atlantic Forest areas of Northeastern Brazil, 
Barbosa et al. (2017) examined the occurrence of Monascus 
species. They described three new species isolated from bee-
related substrates. Barbosa et al. (2018) identified twenty-one 
Penicillium species and six Talaromyces species, including 
seven new species. The species Blastobotrys meliponae (Crous 
et al., 2016), Castanediella meliponae (Hyde et al., 2019), 
and Penicillium nordestinense (Barbosa et al., 2022) were 
also new species described during this project. The published 
results thus far suggest that the mycobiota associated with 
native bees is an area that deserves attention, as it holds the 
potential for taxonomic novelties, ecological interactions, and 
biotechnological developments.

The association between fungi and bees in the tropical 
rainforest of Brazil remains a knowledge gap that we are 
actively working on to comprehend their relationship and 
contribution to the Atlantic Forest biome in the Northeast 
region of Brazil (Barbosa et al., 2017, 2018). Building 
upon this existing knowledge and aiming to enhance our 
understanding of this relationship, this paper focuses on the 
diversity of yeasts associated with pot-honey, pot-pollen, and 
the inner surface of Melipona scutellaris nests in the Atlantic 
Rainforest of Brazil. 

Material and Methods 

Study area 

The study was conducted in the Parque Estadual Dois 
Irmãos, Recife, Brazil. This Park, a state conservation unit, 
is one fragment of the Atlantic Forest located in a densely 
populated area of the northwest of the city of Recife, 
Pernambuco state (8°7ʹ30ʺS, 34°52ʹ30ʺW and 8°40 3600S, 
34°570 3400W). The Park has an area of about 1,161 ha and 
is one of the most representative fragments of the Atlantic 
Forest in Recife. This Atlantic Forest conservation unit 
also harbors the municipal zoo (SEMAS et al., 2021). The 
Parque Estadual Dois Irmãos administration authorized the 
collections and under the supervision of the Associação de 
Apicultores e Meliponicultores de Pernambuco (APIME).

Sampling of substrates

Samples of pot-honey, pot-pollen, and surface of 
storage pot were collected from nests of Melipona scutellaris 
(CEPANN 7714) in the Parque Estadual Dois Irmãos, 
Pernambuco state, Brazil, between January and June 2014 
(totaling six collections). In each collection, three nests were 
used, and in each four samples of each substrate were collected 
(pot-honey, pot-pollen, surface of storage pot). See Figure 1.

Yeast Isolation

The obtention of yeasts (isolation) from each substrate 
was performed as Barbosa et al. (2017) described. Briefly, 

Fig 1. Sampling of diverse substrates from a Melipona scutellaris nest. (A) Pot-honey, (B) Honey samples collected by suction with syringes, 
(C) Pot-pollen, and pollen samples collected, (D) collection in surface of pots with swab.
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in each collection, for the pot-honey and pot-pollen samples, 
25 g (obtained in each collection) of each was suspended in  
225 mL peptone water (0.1 %), and decimal dilutions were 
made up to 10−3. For the collection of the samples’ inner 
nest surface, a sterile cotton swab (1 for each nest, in each 
collection) was used to sample the surface of the pollen and 
honey pots, and brood cells. The swab was soaked in 3 mL 
peptone water (0.1 %) and vortexed vigorously. Subsequently, 
1 mL of each dilution was spread on the surface of Petri dishes 
with dichloran 18% glycerol agar (DG18) (Himedia) and malt 
extract agar (Himedia) supplemented with chloramphenicol 
(0,05g/L). The same nests were sampled throughout the study. 
All culture media were prepared according to their respective 
manufacturer.

Yeast identification

Initially, yeast isolates were classified into 
morphological groups based on macroscopic and microscopic 
characteristics, including cell type, colony color, colony 
shape, margins, and elevation (Lacaz, 2000; Kurtzman et al. 
2011a). Additionally, physiological properties were examined 

using standard yeast identification methods outlined in 
Kurtzman et al. (2011a). Representative isolates with uncertain 
morphophysiological identification underwent molecular 
identification. According to the manufacturer’s protocol, DNA 
extraction was performed from 7-day-old cultures grown 
on malt extract agar (MEA, Oxoid) using the UltraClean 
Microbial DNA kit (MoBio Laboratories, Solana Beach, CA, 
USA). To amplify a portion of the nuclear ribosomal large 
subunit (LSU) rDNA, a polymerase chain reaction (PCR) 
was carried out with the NL1 and NL4 primers (O’Donnell, 
1993). The PCR products were then purified using the 
PureLink - PCR Purification Kit (Invitrogen®) and sequenced 
bidirectionally with the same primers. Assembled contigs 
were generated by aligning forward and reverse sequences 
with the same protocols used in de Barbosa et al. (2017). 
We used the BLASTn tool at NCBI to assess the similarity 
of strains’ D1/D2 domain within yeast species. Strains were 
categorized using a 99% LSU region identity threshold, 
following Kurtzman et al. (2011b), which indicates the same 
species. Newly generated sequences were deposited in 
GenBank and assigned accession numbers (Table 1). 

Yeasts Pot-honey Pot-pollen Storage 
pot surface LSU GenBank 

Ascomycota

Aureobasidium pullulans A P P OR568054,OR568055

Blastobotrys chiropterorum P P P OR568056,OR568057

Blastobotrys terrestris P P P OR568058,OR568059,OR568060, OR568061

Blastobotrys meliponae P A A KR779215,KR779216,KR779217

Candida  cf. pseudointermedia P P P OR568062,OR568063

Debaryomyces  cf. nepalensis P P P OR568064, OR568065

Kodamaea ohmeri P A P OR568066,OR568067,OR568068

Metschnikowia koreensis P P P OR568069,OR568070,OR568071

Meyerozyma  cf. guilliermondii P P P OR568072,OR568073

Meyerozyma caribbica P A A OR568958,OR568959,OR568960

Priceomyces melissophilus P P P OR568074,OR568075,OR568076

Starmerella bombicola P P P OR568077,OR568078,OR568079

Starmerella etchellsii P P P OR568961, OR568962,OR568963,OR568964

Torulaspora delbrueckii P P P OR568080,OR568081,OR568082

Wickerhamomyces anomalus P A A OR568083,OR568084,OR568085

Basidiomycota

Pseudozyma hubeiensis P P P OR568086, OR568087, OR568088, OR568089

Cutaneotrichosporon jirovecii A P P OR568090, OR568091

Moniliella carnis P A A OR568092, OR568093, OR568094

Moniliella suaveolens P P A OR568095, OR568096, OR568097

Sakaguchia sp . P P A OR568098
Richness 18 15 14

P = fungal taxon present (observed). A = fungal taxon absent (not observed).

Table 1. List of identified yeast taxa isolated from pot-honey, pot-pollen, and storage pot surface inside the nest of Melipona scutellaris 
living in a Brazilian Atlantic Forest, Pernambuco state, Brazil. 
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Ecological and statistical analyses 

Yeast abundance was assessed through the total 
number of colonies (colony-forming units, CFU), and the data 
underwent ANOVA using the F test with a significance level 
of 1%. Significant results were tested using post hoc Tukey’s 
test at a significance level of 5%. The following ecological 
analyses were performed by selecting only species identified, 
at least, at the genus level based on presence and abundance 
data. The species richness (S) (Shannon & Weaver, 1971) 
for the yeasts collected across the substrates (bee pollen, 
nest surfaces, and honey) was estimated. All analyses were 
performed using the software R v. 4.1.0 (R Core Team, 2021), 
along with packages “vegan”, “agricolae”, “lsmeans”, 
“emmeans”, and “ggplot2” (Graves et al., 2015; Lenth, 
2016; Oksanen et al., 2020; Mendiburu, 2021). A Venn 
diagram was constructed using the online tool 
“InteractiVenn” (Wickham, 2016) to visually represent 
identified species’ logical distribution and relationships 
among observed samples.

Results

Yeasts identification

The fungal isolates were identified through DNA 
sequence analysis of 65 representatives selected based on 
morphological and physiological features. Using sequences 
of the D1/D2 domain of the LSU rDNA region, we iden-
tified 20 yeast species representing 15 genera, of which 11 
were ascomycetes and four were basidiomycetes (Table 1). 

The ascomycetous genera were represented by 15 taxa, 
while basidiomycetes by five taxa. All yeast species are 
being reported for the first time in association with Melipona 
scutellaris, except for Blastobotrys meliponae, a new species 
previously described (Crous et al., 2016).

Species distribution and diversity

A total of 1,375 colony-forming unit (CFU) yeast isolates 
were obtained from substrates related to M. scutellaris. 
Among these, the fungal abundance varied, with 709 CFU/mL 
detected in pot-honey, 232 CFU/g in pot-pollen, and 434 CFU 
on the nest surface (Table 1). Regarding species richness, 
honey exhibited the highest diversity (18 species) compared 
to pot-pollen (15 species) and surfaces of storage pots (14 
species). Notably, B. meliponae, M. caribbica, and W. anomalus, 
along with M. carnis, were exclusively isolated from honey. 
Furthermore, specific species were solely found in combination 
with pot-honey and pot-pollen (Moniliella suaveolens and 
Sakaguchia sp.), honey and the nest surface (Kodamaea 
ohmeri), and pot-pollen and the nest surface (Aureobasidium 
pullulans and Cutaneotrichosporon jirovecii).

The Venn diagram (Figure 2) illustrates yeast species 
across the analyzed samples, demonstrating that eleven species 
are commonly shared among the three substrates. These species 
include Blastobotrys chiropterorum, Blastobotrys terrestris, 
Candida cf. pseudointermedia, Debaryomyces cf. nepalensis, 
Metschnikowia koreensis, Meyerozyma cf. guilliermondii, 
Priceomyces melissophilus, Starmerella bombicola, Starmerella 
etchellsii, Torulaspora delbrueckii, and Pseudozyma hubeiensis.

Fige 2. (A) Bar chart based on species richness and (B) Venn diagram showing yeast species among the studied samples. 
Nest surface and pollen had no exclusive species.
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Discussion

In Brazil, few mycological studies have explored 
fungi in substrates related to bees (Barbosa et al., 2016, 2017, 
2018; Souza et al., 2018; Meireles et al., 2022; Santos et al., 
2023). Most focus on the microbiological quality of bee-
associated substrates like honey (e.g., Souza et al., 2009; Gois 
et al., 2010). A significant knowledge gap exists regarding 
the association between tropical bees and fungal species, 
especially yeast diversity. Blackwell (2011) emphasized the 
largely unexplored diversity of fungi associated with insects, 
highlighting our limited understanding of this aspect. This 
observation still holds today, as the fungal diversity associated 
with insects remains largely undocumented, making insects a 
cryptic biome in terms of their fungal associations. 

The yeast community structure differed among the 
studied substrates (pot-honey, pot-pollen, and nest surface), 
likely due to substrate chemical composition and interactions 
with other microorganisms, especially bacteria, which could 
act as limiting factors (Olaitan et al., 2007). Notably, only a 
few yeast species were common across substrates, suggesting 
that their locations might not be their active growth sites but the 
survival points during transitions between habitats where they 
thrive (Starmer & Lachance, 2011). It is essential to mention 
that some yeast colonies didn’t remain viable on artificial 
media during isolation and identification. Additionally, some 
colonies were overtaken by fast-growing filamentous fungi, 
obstructing identification. Therefore, future research should 
consider using culture-independent methods to understand 
yeast diversity better and surpass limitations linked to culture-
based approaches.

The prevalent yeasts isolated in this study belong 
to the Ascomycota phylum. Meyerozyma guilliermondii 
(= Pichia guilliermondii), one of the most abundant yeasts 
in our study, is widespread and not tied to a specific host 
insect (Zacchi & Vaughan-Martini, 2002). Another instance 
is Wickerhamomyces anomalus (= Hansenula anomala and 
Pichia anomala). This species is a mutualistic symbiont in 
various insect species, including dipteran disease vectors. It 
has been discovered in numerous samples of foraging bees and 
is also prevalent in many substrates, including flowers, leaves, 
food, and aquatic habitats (Cappelli et al., 2021). The genus 
Debarromyces is closely related to Pichia and is also linked to 
insects (e.g., D. robertsiae = Pichia robertsiae), appearing to 
be associated with carpenter bees (van der Walt, 1959; Batra 
et al., 1973). The species D. hansenii has been isolated from 
adults and garbage pellets of Melipona quadrifasciara and 
propolis of Tetragonista angustula (Rosa et al., 2003).

Metschnikowia species have been documented in 
association with insects from orders Diptera, Coleoptera, and 
Hymenoptera (Lachance et al., 2003; Lachance, 2011) and 
fruits, flowers, insects, and nectar (Nguyen et al., 2006; Vega 
et al., 2012; Kaewwichian et al., 2012). A study conducted by 
Good et al. (2014) discovered that microbial growth in nectar 
can significantly affect the foraging choices of honeybees 

(Apis mellifera). Bees tend to avoid nectar containing 
bacterial species, whereas the presence of yeast species 
like M. reukaufii does not alter their feeding preferences. 
Furthermore, research into the co-speciation hypothesis 
between the yeast M. gruessii and bumblebees (Bombus) 
revealed a remarkable morphological adaptation in this yeast 
species, allowing it to adhere to the trichomes located in the 
buccal region of bees (Brysch-Herzberg, 2004). While our 
study did not identify these specific taxa, it underscores the 
intriguing ecological dynamics within this genus. 

Previous investigations on native bee species in 
Brazil consistently identified Starmerella species as the most 
frequently isolated yeasts (Detry et al., 2020). This genus 
encompasses about 50 species, most associated with bees 
and their floral habitats (Santos et al., 2018; Gonçalves et 
al., 2020). The Starmerella clade includes two teleomorphic 
species and several asexual Candida species, found in honey, 
provisional pollen, nectar, and waste deposits in hives and bee 
nests (Golonka & Vilgalys, 2013). For example, S. bombicola, 
isolated in our study, is linked to Apis florea and other insect 
pollinators (Rosa & Lachance, 1998; Rosa et al., 2003; 
Brysch-Herzberg, 2004; de Paula et al., 2021). Starmerella 
etchellsii, associated mainly with stingless bees, has been 
isolated from nest debris and adult bees of Tetragonisca 
angustula (Rosa et al., 2003). The precise nature of the 
potential symbiotic relationship is not fully understood, but it’s 
believed to impact pollen maturation (Starmer & Lachance, 
2011). Starmerella species display nutritional specialization, 
utilizing a limited range of carbohydrate and nitrogen sources 
(Rosa & Lachance, 1998). Furthermore, numerous species 
produce significant amounts of sophorolipids, which might 
function as extracellular storage materials, aiding adaptation 
to high osmotic pressure due to elevated sugar concentrations 
(Hommel et al., 1994). The repeated isolation of numerous 
Starmerella species from bees strongly suggests their 
metabolic activity holds importance in this ecosystem and 
within host organisms (Detry et al., 2020). 

Another commonly associated genus with bees, 
Blastobotrys, was the yeast most frequently isolated in this 
study, encompassing species previously categorized under 
Arxula and Sympodiomyces. Certain species were reported 
from insects, such as B. attinorum (= Sympodiomyces attinorum) 
from ants of the Attini tribe (Carreiro et al., 2004). In 2016, we 
introduced B. meliponae as a new species isolated from the bee 
M. scutellaris honey collected in the Brazilian Atlantic Forest 
(Crous et al., 2016). Given our study’s substantial number of 
isolates, this genus might interact ecologically with this bee, 
warranting investigation into their ecological relationship 
to understand their ecological role better. Our study also 
encountered a significant cluster of yeasts belonging to the 
genus Moniliella. Species within this genus possess xerophilic 
and fermentative abilities, commonly associated with honey, 
pollen, tobacco, human sputum, and spoiled foods (de Hoog 
et al., 1998). For instance, M. pollinis was first isolated 
from fresh pollen within a honeycomb (Dooms et al., 1971), 
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M. byzovi from flowers (Thanh et al., 2013), and M. mellis 
from honey (Rao & De Hoog, 1975).

Moreover, we identified Kodamaea ohmeri in our 
study. This yeast species can be found in various substrates 
and is frequently carried by larvae of the small hive beetle 
(Amos et al., 2018). Previous research has indicated that when 
K. ohmeri grows on pollen collected (bee-bread) by bees, 
it emits volatile compounds similar to honey bee alarm 
pheromones (Torto et al., 2007; Benda et al., 2008). These 
same compounds attract small beetles to the colony, rendering 
the hive uninhabitable for bees (Torto et al., 2007b; Benda 
et al., 2008). It is noteworthy that during our study, no hive 
damage was observed.

Other researchers have also identified Candida, 
Wickerhamomyces, Priceomyces, and Torulaspora yeasts 
when studying various insects (Rosa et al., 2003; Fleet, 2011). 
Candida species are commonly found in insect substrates 
(Fleet, 2011; Santos et al., 2020), including Brazilian stingless 
bees (Rosa et al., 2003; Barbosa et al., 2016; Costa Neto & 
Morais, 2020). Barbosa et al. (2016) reported many Candida 
isolates among their yeast findings in a study of honey s 
amples from stingless bees living Brazilian Caatinga forest. 
Our study also noted a high occurrence of C. pseudointermedia 
in honey samples. Isolates from the C. intermedia clade are 
commonly associated with insects (Nguyen et al., 2007; 
Nakase et al., 2011), although this yeast hadn’t been previously 
reported in honey samples from stingless bees. Another 
noteworthy observation was the presence of Wickerhamomyces 
anomalus in honey samples. Various Wickerhamomyces 
species have been associated with stingless bees, including 
W. anomalus and W. pijperi (Costa Neto & Morais, 2020) 
and W. sydowiorum in Brazil (Echeverrigaray et al., 2021). 
Species from the Priceomyces genus are also commonly 
linked with insects (Kurtzman et al., 2011a; Crous et al., 2016). 
For example, P. melissophilus (= Pichia melissophila) was 
initially identified in honey samples from South Africa (van 
der Walt, van der Klift, 1972). Our study obtained similar 
outcomes, reporting P. melissophilus in honey samples. 
Torulaspora delbrueckii was another species observed in our 
study. These yeasts are often associated with stingless bees 
(Costa et al., 2020) and honey samples (Barry et al., 2018; 
Echeverrigaray et al., 2021). The frequency of these isolates 
indicates that these yeasts are widespread among insects, 
primarily because they are found in food sources like nectar 
and pollen for these insects (Pimentel et al., 2005; Canto et 
al., 2017; Santos et al., 2020).

Our study obtained few basidiomycetous yeasts in 
honey. This observation might stem from the fact that 
basidiomycetes yeasts generally struggle to tolerate high 
sugar concentrations compared to ascomycetous yeasts 
(Buzzini et al., 2018). For instance, Brysch-Hetzberg (2004) 
noted the prevalence of ascomycetous yeasts among seven 
Bombus bee species and floral resources visited by bees.  

In our investigation, the distribution of yeast species across 
substrates (honey, pollen, and surface) implies that their 
presence could be occasional rather than consistent settlers. 
The relatively limited number of yeast species identified, 
particularly within the Basidiomycota, might indicate restricted 
diversity or reflect challenges in cultivating many of these 
species outside their nest environments.

While a few studies, including next-generation 
sequencing of fungal bee microbiota, have been conducted 
(Cornman et al., 2012; Yun et al., 2018), a knowledge gap 
remains in understanding molds and yeasts in bees substrates 
and nests, as well as their significance in the ecosystem. 
This study revealed that specific yeast genera were present 
in pot-pollen and pot-honey. Stingless bees prefer fermented 
pollen as food, but the specific role of yeasts in the metabolic 
conversion of nutrients in pollen and honey remains 
unresolved (Vollet-Neto et al., 2016). The mutual benefits of 
the fungi-insect association have piqued continuous interest, 
implying a connection involving cellular protection and 
dispersion (Douglas & Smith, 1989; Nicoletti & Becchimanzi, 
2022). Other potential yeast functions include detoxification of 
harmful substances, defense against biotic stresses, chemical 
communication, and nutritional contributions, as yeasts are 
rich in B vitamins (B3 and B5), proteins, metals, amino acids, 
and other nutrients (Gibson & Hunter, 2010; Witzgall et al., 
2012; Engel & Moran, 2013).

Although initial studies exist, the microbiota linked 
to microenvironments within nests of stingless bees living in 
the Atlantic Forest remains incompletely understood (Barbosa 
et al., 2017, 2018). Information about yeasts’ involvement in 
food fermentation of Melipona scutellaris and their impact 
on immune health is lacking. The architectural design of 
the stingless bee’s nests, featuring storage pots combined 
with elevated humidity and temperature, establishes an 
optimal setting for a natural bioreactor, creating a favorable 
environment for the growth of yeasts and other microorganisms 
with potential biotechnological applications in the future 
(Barbosa, personal observation).

The distinct yeast communities observed across the 
three studied substrates emphasize the importance of conducting 
bee-associated surveys to uncover yeast species diversity 
linked to various hosts and substrates within the Atlantic 
Forest in Brazil. Similar studies are urgent and crucial for 
comprehending the broader significance of the ecology of 
Brazilian forests and bees, thereby contributing to local and 
global yeast diversity estimations (Boekhout et al., 2022). 
Given the global decline of bee populations, it is essential to 
understand the potential impact of yeasts on their well-being 
and lifestyles, especially within key species like those found 
in tropical rainforests. This knowledge can provide insights 
into whether and how yeasts play a role in supporting these 
essential pollinators and contribute to the overall health of 
these ecosystems.  



7

Acknowledgments

We thank Fundação de Amparo à Ciência e Tecnologia 
do Estado de Pernambuco (FACEPE) and the Conselho 
Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq) for scholarships and financial support. We also thank the 
Associação Pernambucana de Apicultores e Meliponicultores 
(APIME) on behalf of Mr. Alexandre Jorge Pimentel Moura 
and Mr. Adgerlan Codácio, and the Parque Estadual Dois 
Irmãos for their invaluable assistance in the sample collection 
process. We thank the Editor and anonymous reviewers for 
their suggestions and comments to improve our manuscript.

Authors’ Contributions

RNB: Conceptualization, Methodology, Formal analysis, 
Investigation, Data Curation, Writing-original Draft, Writing-
review & Editing, Visualization.
JDPB: Data Curation, Writing-original Draft, Writing-review.
JCM: Data Curation, Writing-original Draft, Writing-review.
JEFS: Investigation, Data Curation, Writing-original Draft, 
Writing-review & Editing, Visualization
IOJ: Data Curation, Writing-original Draft, Writing-review.
CMSM: Funding acquisition, Supervision, Writing-original 
Draft, Writing-review.
NTO: Project administration, Supervision, Writing-original 
Draft, Writing-review.

References

Alves, R.M.O., Alfredo, C., Souza, B.A. & Santos, W.S. (2012). 
Areas of natural occurrence of Melipona scutellaris Latreille, 
1811 (Hymenoptera: Apidae) in the state of Bahia, Brazil. 
Anais da Academia Brasileira de Ciencias, 84: 679-688. 
https://doi.org/10.1590/s0001-37652012000300010

Amos, B.A., Leemon, D.L., Hayes, R.A., Cribb, B.W. & 
Furlong, M.J. (2018). Associations between the small hive 
beetle and the yeast Kodamaea ohmeri throughout the host 
life cycle. Journal of Economic Entomology, 111: 1501-1508. 
https://doi.org/10.1093/jee/toy121

Barbosa, R.N., Bezerra, J.D.P., Souza-Motta, C.M., Frisvad, 
J.C., Samson, R.A., Oliveira, N.T. & Houbraken, J. (2018). 
New Penicillium and Talaromyces species from honey, pollen 
and nests of stingless bees. Antonie van Leeuwenhoek, 111: 
1883-1912. https://doi.org/10.1007/s10482-018-1081-1

Barbosa, R.N., Bezerra, J., Souza-Motta, C., Gomes, B.S., 
Costa, C. & Melo, H. (2016). Prospection on yeasts from 
stingless bees honey in Brazilian Tropical Dry Forest 
(Caatinga). Gaia Scientia, 10: 151-159. 
https://doi.org/10.21707/gs.v10.n04a11

Barbosa, R.N., Leong, S.L., Vinnere-Pettersson, O., Chen, 
A.J., Souza-Motta, C.M., Frisvad, J.C., Samson, R.A., Oliveira, 
N.T. & Houbraken, J. (2017). Phylogenetic analysis of Monascus 
and new species from honey, pollen and nests of stingless 

bees. Studies in Mycology, 86: 29-51. 
https://doi.org/10.1016/j.simyco.2017.04.001

Barbosa, R.N., Santos, J.E.F., Bezerra, J.D.P., Istel, Ł., 
Houbraken, J., Oliveira, N.T. & Souza-Motta, C. M. (2022). 
Brazilian Atlantic Forest and Pampa biomes in the spotlight: 
an overview of Aspergillus, Penicillium, and Talaromyces 
(Eurotiales) species and the description of Penicillium 
nordestinense sp. nov. Acta Botanica Brasilica, 36: e2021 
abb0390. https://doi.org/10.1590/0102-33062021abb0390 

Barry, J., Metz, M., Hughey, J., Quirk, A. & Bochman, M. 
(2018). Two novel strains of Torulaspora delbrueckii isolated 
from the honey bbee microbiome and their use in hhoney 
Fermentation. Fermentation, 4: 22. 
https://doi.org/10.3390/fermentation4020022. 

Batra, L.R., Batra, S.W.T. & Bohart, G.E. (1973). The mycoflora 
of domesticated and wild bees (Apoidea). Mycopathologia et 
Mycologia Applicata, 49: 13-44. 
https://doi.org/10.1007/bf02057445

Benda, N.D., Boucias, D., Torto, B. & Teal, P.  (2008). 
Detection and characterization of Kodamaea ohmeri 
associated with small hive beetle Aethina tumida infesting 
honey bee hives. Journal of Apicultural Research, 47: 194-201. 
https://doi.org/10.3827/ibra.1.47.3.07

Beux, M.R., Ávila, S., Surek, M., Bordin, K., Leobet, J., 
Barbieri, F., Ferreira, S.M.R. & Rosa, E.A.R. (2022). Microbial 
biodiversity in honey and pollen pots produced by Tetragonisca 
angustula (Jataí). Brazilian Archives of Biology and Technology, 
65: e22210440. https://doi.org/10.1590/1678-4324-2022210440

Blackwell, M. (2011). The fungi: 1, 2, 3 ... 5.1 million species? 
American Journal of Botany, 98: 426-438. 
https://doi.org/10.3732/ajb.1000298

Boekhout, T., Amend, A.S., El Baidouri, F., Gabaldón, T., 
Geml, J., Mittelbach, M., Robert, V., Tan, C.S., Turchetti, B., 
Vu, D., Wang, Q.-M. & Yurkov, A. (2021). Trends in yeast 
diversity discovery. Fungal Diversity, 114: 491-537. 
https://doi.org/10.1007/s13225-021-00494-6

Brysch-Herzberg, M. (2004). Ecology of yeasts in plant-
bumblebee mutualism in Central Europe. FEMS Microbiology 
Ecology, 50: 87-100. 
https://doi.org/10.1016/j.femsec.2004.06.003

Buzzini, P., Turchetti, B. & Yurkov, A. (2018). Extremophilic 
yeasts: the toughest yeasts around? Yeast, 35: 487-497. 
https://doi.org/10.1002/yea.3314

Camargo, J.M.F., Garcia, M.M.B. & Castrillon A. (1992). 
Notas prévias sobre a bionomia de Ptilotrigonalurida 
(Hymenoptera, Apidae, Meliponinae): Associação de 
leveduras em pólen estocado. Boletim do Museu Paraense 
Emílio Goeldi – Série Zoologia, 2: 391-395.

Cano, R.J., Borucki, M.K., Higby-Schweitzer, M., Poinar, 
H.N., Poinar, G.O. & Pollard, K.J. (1994). Bacillus DNA in 



Renan do N. Barbosa et al. – Yeasts Living in Substrates Associated with Melipona scutellaris8

fossil bees: an ancient symbiosis? Applied and Environmental 
Microbiology, 60: 2164-2167. 
https://doi.org/10.1128/aem.60.6.2164-2167.1994

Canto, A., Herrera, C.M. & Rodriguez, R. (2017). Nectar-
living yeasts of a tropical host plant community: diversity 
and effects on community-wide floral nectar traits. PeerJ, 5: 
e3517. https://doi.org/10.7717/peerj.3517

Cappelli, A., Favia, G. & Ricci, I. (2021). Wickerhamomyces 
anomalus in Mosquitoes: A Promising Yeast-Based Tool 
for the “Symbiotic Control” of Mosquito-Borne Diseases. 
Frontiers in Microbiology, 11: 621605. 
https://doi.org/10.3389/fmicb.2020.621605

Carreiro, S.C., Pagnocca, F.C., Bacci, M., Lachance, M.-A., 
Bueno, O.C., Hebling, M.J.A., Ruivo, C.C.C. & Rosa, C.A. 
(2004). Sympodiomyces attinorum sp. nov., a yeast species 
associated with nests of the leaf-cutting ant Atta sexdens. 
International Journal of Systematic and Evolutionary 
Microbiology, 54: 1891-1894. 
https://doi.org/10.1099/ijs.0.63200-0

Cornman, R.S., Tarpy, D.R., Chen, Y., Jeffreys, L., Lopez, 
D., Pettis, J.S., van Engelsdorp, D. & Evans, J.D. (2012). 
Pathogen webs in collapsing honey bee colonies. PLoS ONE, 
7: e43562. https://doi.org/10.1371/journal.pone.0043562

Costa Neto, D.J. & Morais, P.B. (2020). The vectoring of 
Starmerella species and other yeasts by stingless bees in a 
Neotropical savanna. Fungal Ecology, 47: 100973. 
https://doi.org/10.1016/j.funeco.2020.100973

Crous, P.W., Wingfield, M.J., Richardson, D.M., Leroux, 
J.J., Strasberg, D., Edwards, J., Roets, F., Hubka, V., Taylor, 
P.W.J., Heykoop, M., Martín, M.P., Moreno, G., Sutton, 
D.A., Wiederhold, N.P., Barnes, C.W., Carlavilla, J.R., Gené, 
J., Giraldo, A., Guarnaccia, V. & Guarro, J. (2016). Fungal 
Planet description sheets: 400-468. Persoonia – Molecular 
Phylogeny and Evolution of Fungi, 36: 316-458. 
https://doi.org/10.3767/003158516x692185

de Hoog, G.S. & Smith, M.T. (1998). Moniliella Stolk & 
Dakin. In: C.P. Kurtzman, J.W. Fell & T. Boekhout (Eds), The 
Yeasts Taxonomic Study 4th edn (pp. 785-788). Amsterdam: 
Elsevier.

de Paula, G.T., Menezes, C., Pupo, M.T. & Rosa, C.A. (2021). 
Stingless bees and microbial interactions. Current Opinion in 
Insect Science, 44: 41-47. 
https://doi.org/10.1016/j.cois.2020.11.006

de Paula G.T., Melo, W.G.P., Castro, I., Menezes, C., Paludo, 
C.R., Rosa, C.A. & Pupo, M.T. (2023). Further evidences of 
an emerging stingless bee-yeast symbiosis. Front. Microbiol. 
14:1221724

Detry, R., Simon-Delso, N., Bruneau, E. & Daniel, H.-M. 
(2020). Specialisation of Yeast Genera in Different Phases of 
Bee Bread Maturation. Microorganisms, 8: 1789. 
https://doi.org/10.3390/microorganisms8111789

Dooms, L., Hennebert, G L. & Verachtert, H. (1971). Polyol 
synthesis and taxonomic characters in the genus Moniliella. 
Antonie van Leeuwenhoek International Journal of General 
and Molecular Microbiology, 37: 107-118.
https://doi.org/10.1007/bf02218471

Douglas, A.E. & Smith, D.C. (1989). Are endosymbioses 
mutualistic? Trends in Ecology & Evolution, 4: 350-352. 
https://doi.org/10.1016/0169-5347(89)90090-6

Echeverrigaray, S., Scariot, F.J., Foresti, L., Schwarz, L.V., 
Rocha, R.K.M., da Silva, G.P., Moreira, J.P. & Delamare, 
A.P.L. (2021). Yeast biodiversity in honey produced by 
stingless bees raised in the highlands of southern Brazil. 
International Journal of Food Microbiology, 347: 109200. 
https://doi.org/10.1016/j.ijfoodmicro.2021.109200

Engel, P. & Moran, N.A. (2013). The gut microbiota of insects 
– diversity in structure and function. FEMS Microbiology 
Reviews, 37: 699-735. 
https://doi.org/10.1111/1574-6976.12025

Fleet, G.H. (2011). Yeast spoilage of foods and beverages. 
In: C.P. Kurtzman, J.W. Fell & T. Boekhout (Eds), The 
Yeasts (Fifth Edition) (pp.53-63). Cambrigde: Cambridge 
University Press.

Ganter, P.F. (2006). Yeast and invertebrate associations. In: G. 
Péter, C. Rosa (Eds), Biodiversity and ecophysiology of yeasts 
(pp. 303-370). Berlin, Heidelberg: Springer Berlin Heidelberg.

Gibson, C.M. & Hunter, M.S. (2010). Extraordinarily 
widespread and fantastically complex: comparative biology 
of endosymbiotic bacterial and fungal mutualists of insects. 
Ecology Letters, 13:  223-234.
https://doi.org/10.1111/j.1461-0248.2009.01416.x

Gilliam, M., Roubik, D.W. & Lorenz, B.J. (1990). 
Microorganisms associated with pollen, honey, and brood 
provisions in the nest of a stingless bee, Melipona fasciata. 
Apidologie, 21: 89-97. 
https://doi.org/10.1051/apido:19900201

Gilliam, M. (1997). Identification and roles of non-pathogenic 
microflora associated with honey bees1. FEMS Microbiology 
Letters, 155: 1-10. 
https://doi.org/10.1111/j.1574-6968.1997.tb12678.x

Gois, G.C., Carneiro, G.G., Rodrigues, A.E., Silva, E.O. & 
Campos, F.S. (2010). Qualidade microbiológica do mel de 
abelhas Melipona scutellaris. Pubvet, 4. 
http://ojs.pubvet.com.br/index.php/revista/article/view/2637

Golonka, A.M. & Vilgalys, R. (2013). Nectar Inhabiting 
Yeasts in Virginian Populations of Silene latifolia 
(Caryophyllaceae) and Coflowering Species. The American 
Midland Naturalist, 169: 235-258. 
https://doi.org/10.1674/0003-0031-169.2.235

Gonçalves, P., Gonçalves, C., Brito, P.H. & Sampaio, J.P. 
(2020). The Wickerhamiella/Starmerella clade – A treasure 



9

trove for the study of the evolution of yeast metabolism. 
Yeast, 37: 313-320. https://doi.org/10.1002/yea.3463

Good, A.P., Gauthier, M.-P. L., Vannette, R. L. & Fukami, 
T. (2014). Honey Bees Avoid Nectar Colonized by Three 
Bacterial Species, But Not by a Yeast Species, Isolated from 
the Bee Gut. PLoS ONE, 9:  e86494.
https://doi.org/10.1371/journal.pone.0086494

Graves, S., Piepho, H-P., Selzer, L. & Dorai-Raj, S. (2023). 
Package “multcompView” Title Visualizations of Paired 
Comparisons. https://cran.r-project.org/web/packages/multcomp 
View/multcompView.pdf (accessed date: 20 October 2023)

Heberle, H., Meirelles, G.V., da Silva, F.R., Telles, G.P. & 
Minghim, R. (2015). InteractiVenn: a web-based tool for the 
analysis of sets through Venn diagrams. BMC Bioinformatics, 
16. https://doi.org/10.1186/s12859-015-0611-3

Hommel, R.K., Weber, L., Weiss, A., Himmelreich, U., Rilke, 
O. & Kleber, H.P. (1994). Production of sophorose lipid by 
Candida (Torulopsis) apicola grown on glucose. Journal of 
Biotechnology, 33: 147-155. 
https://doi.org/10.1016/0168-1656(94)90107-4

Hyde, K.D., Tennakoon, D.S., Jeewon, R., Bhat, D.J., 
Maharachchikumbura, S.S.N., Rossi, W., Leonardi, M., 
Lee, H.B., Mun, H.Y., Houbraken, J., Nguyen, T.T.T., Jeon, 
S.J., Frisvad, J.C., Wanasinghe, D.N., Lücking, R., Aptroot, 
A., Cáceres, M.E.S., Karunarathna, S.C., Hongsanan, S. & 
Phookamsak, R. (2019). Fungal diversity notes 1036–1150: 
taxonomic and phylogenetic contributions on genera and 
species of fungal taxa. Fungal Diversity, 96: 1-242. 
https://doi.org/10.1007/s13225-019-00429-2

Kaewwichian, R., Yongmanitchai, W., Kawasaki, H. & 
Limtong, S. (2012). Metschnikowia saccharicola sp. nov. 
and Metschnikowia lopburiensis sp. nov., two novel yeast 
species isolated from phylloplane in Thailand. Antonie van 
Leeuwenhoek, 102: 743-751. 
https://doi.org/10.1007/s10482-012-9774-3

Kurtzman, C.P., Fell, J.W. & T Boekhout. (2011a). The 
Yeasts (Fifth Edition). Amsterdam: Elsevier, p 2354.

Kurtzman, C.P., Fell, J.W. & Boekhout T. (2011b.) Gene 
sequence analyses and other DNA-based methods for yeast 
species recognition. In: C.P. Kurtzman, J.W. Fell & T. 
Boekhout (Eds), The Yeasts (Fifth Edition) (pp. 137-144). 
Amsterdam: Elsevier.

Lacaz-Ruiz, R. (2000). Manual Prático de Microbiologia 
básica. São Paulo: EDUSP.

Lachance, M.A., Bowles, J.M. & Starmer, W. T. (2003). 
Metschnikowia santaceciliae, Candida hawaiiana, and Candida 
kipukae, three new yeast species associated with insects of 
tropical morning glory. FEMS Yeast Research, 3: 97-103. 
https://doi.org/10.1111/j.1567-1364.2003.tb00144.x

Lachance, M.A. (2011). Starmerella Rosa & Lachance (1998). 
In: C.P. Kurtzman, J.W. Fell & T. Boekhout (Eds), The Yeasts 
(Fifth Edition) (pp. 811-815). Amsterdam: Elsevier. 

Lenth, R. V. (2016). Least-Squares Means: The R Package 
lsmeans. Journal of Statistical Software, 69. 
https://doi.org/10.18637/jss.v069.i01

Lorenzon, M.C. & Morgado, L. (2008). Mel com 
biodiversidade. Ciência Hoje. 42: 65-67. Retrieved from: 
http://www.ufrrj.br/abelhanatureza/paginas/docs_abelha_nat/
Mel_Biodiversidade.pdf 

Marques, M.C., Trindade, W., Bohn, A. & Grelle, C.E. (2021). 
The Atlantic Forest: an introduction to the megadiverse forest 
of South America. In: M.C.M. Marques, C.E.V. Grelle 
(Eds). The Atlantic Forest. Switzerland (pp. 3-23). Berlim: 
Springer Cham.  

Meireles, S.F., Santos, S.F., Rafael, M.S., Mota, A.J. & Silva, 
C.G.N. (2022). Yeasts from the nests of two Amazonian 
stingless bees: screening and PCR-RFLP molecular analysis. 
Symbiosis, 87: 153-163. 
https://doi.org/10.1007/s13199-022-00865-w

Mendiburu, F. de. (2021). Agricolae: Statistical Procedures 
for Agricultural Research. R-Packages. https://cran.r-project.
org/package=agricolae (accessed date: 10 October 2023).

Menezes, C., Vollet-Neto, A., Marsaioli, A.J., Zampieri, D., 
Fontoura, I.C., Luchessi, A.D. & Imperatriz-Fonseca, V.L. 
(2015). A Brazilian Social Bee Must Cultivate Fungus to 
Survive. Current Biology, 25: 2851-2855. 
https://doi.org/10.1016/j.cub.2015.09.028

Myers, N., Mittermeier, R.A., Mittermeier, C.G., da 
Fonseca, G.A.B. & Kent, J. (2000). Biodiversity hotspots for 
conservation priorities. Nature, 403: 853-858. 

Nakase, T., Jindamorakot, S., Am-In, S., Lee, C.F., Imanishi, 
Y. & Limtong S (2011). Three novel species of the anamorphic 
yeast genus Candida in the Candida intermedia clade found in 
Japan, Thailand and Taiwan. Journal of General and Applied 
Microbiology, 57: 73-81. https://doi.org/10.2323/jgam.57.73

Nguyen, N. H., Suh, S.O. & Blackwell, M. (2007). Five novel 
Candida species in insect-associated yeast clades isolated 
from Neuroptera and other insects. Mycologia, 99: 842-858. 
https://doi.org/10.3852/mycologia.99.6.842 

Nguyen, N.H., Suh, S.O., Erbil, C.K. & Blackwell, M. (2006). 
Metschnikowia noctiluminum sp. nov., Metschnikowia 
corniflorae sp. nov., and Candida chrysomelidarum sp. nov., 
isolated from green lacewings and beetles. Mycological 
Research, 110: 346-356.
https://doi.org/10.1016/j.mycres.2005.11.010

Nicoletti, R. & Becchimanzi, A. (2022). Ecological and Molecular 
Interactions between Insects and Fungi. Microorganisms, 10: 96. 
https://doi.org/10.3390/microorganisms10010096



Renan do N. Barbosa et al. – Yeasts Living in Substrates Associated with Melipona scutellaris10

O’Donnell, K. (1993). Fusarium and its near relatives. In: D.R. 
Reynolds, J.W. Taylor (Eds), The fungal holomorph: mitotic, 
meiotic and pleomorphic speciation in fungal systematics (pp. 
225-233). Wallingford: CAB International.

Oksanen, J., Blanchet, F.G., Friendly, M., Kindt, R., Legendre, 
P., McGlinn, D., Peter, R., Minchin, P.R., O’Hara, R.B., 
Simpson, G.L., Solymos, P., Stevens, M.H.H., Szoecs, W. 
& Wagner, H. (2020). Vegan: Community Ecology Package 
(R package Version 2.5-5). https://CRAN.R-project.org/
package¼vegan (accessed date: 01 October 2023).

Olaitan, P.B., Adeleke, O.E. & Ola, I.O. (2007). Honey: a 
reservoir for microorganisms and an inhibitory agent for 
microbes. African Health Sciences, 7: 159-165. 
https://doi.org/10.5555/afhs.2007.7.3.159

Pagnocca, F.C., Rodrigues, A., Nagamoto, N.S. & Bacci, M. 
(2008). Yeasts and filamentous fungi carried by the gynes of 
leaf-cutting ants. Antonie van Leeuwenhoek, 94: 517-526. 
https://doi.org/10.1007/s10482-008-9268-5

Pimentel, M.R., Antonini, Y., Martins, R.P., Lachance, M.A. 
& Rosa, C.A. (2005). Candida riodocensis and Candida 
cellae, two new yeast species from the Starmerella clade 
associated with solitary bees in the Atlantic rain forest of 
Brazil. FEMS Yeast Research, 5: 875-879.
https://doi.org/10.1016/j.femsyr.2005.03.006

R Core Team. (2021). R: The R Project for Statistical 
Computing. R-Project.org. https://www.r-project.org (accessed 
date: 20 August 2023).

Rao, V.G. & Hoog, G.S. (1975). Some notes on Torula. 
Persoonia, 8: 199-206.

Rosa, C.A., Lachance, M.A., Silva, J.O., Teixeira, A.C.P., Marini, 
M.M., Antonini, Y. & Martins, R.P. (2003). Yeast communities 
associated with stingless bees. FEMS Yeast Research, 4: 271-
275. https://doi.org/10.1016/s1567-1356(03)00173-9

Rosa, C.A. & Lachance, M.A. (1998). The yeast genus 
Starmerella gen. nov. and Starmerella bombicola sp. nov., 
the teleomorph of Candida bombicola (Spencer, Gorin & 
Tullock) Meyer & Yarrow. International Journal of Systematic 
Bacteriology, 48: 1413-1417. 
https://doi.org/10.1099/00207713-48-4-1413

Santos, A.C.C., Borges, L.D.F., Rocha, N.D.C., Azevedo, 
V.A.C., Bonetti, A.M., Santos, A. R., Fernandes, G.R., Dantas,
R.C.C. & Ueira-Vieira, C. (2023). Bacteria, yeasts, and fungi
associated with larval food of Brazilian native stingless bees.
Scientific Reports, 13: 5147.
https://doi.org/10.1038/s41598-023-32298-w

Santos, A.R.O., Lee, D.K., Ferreira A.G., Carmo M., Rondelli, 
V.M., Barros, K.O., Hsiang, T., Rosa, C. A. & Lachance, M.
(2020). The yeast community of Conotelus sp. (Coleoptera:
Nitidulidae) in Brazilian passionfruit flowers (Passiflora

edulis) and description of Metschnikowia amazonensis sp. 
nov., a large-spored clade yeast. Yeast, 37: 253-260. 
https://doi.org/10.1002/yea.3453

Santos, A.R.O., Leon, M.P., Barros, K.O., Freitas, L.F.D., 
Hughes, A.F.S., Morais, P.B., Lachance, M.A. & Rosa, C.A. 
(2018). Starmerella camargoi f.a., sp. nov., Starmerella 
ilheusensis f.a., sp. nov., Starmerella litoralis f.a., sp. nov., 
Starmerella opuntiae f.a., sp. nov., Starmerella roubikii f.a., 
sp. nov. and Starmerella vitae f.a., sp. nov., isolated from 
flowers and bees, and transfer of related Candida species to 
the genus Starmerella as new combinations. International 
Journal of Systematic and Evolutionary Microbiology, 68: 
1333-1343. https://doi.org/10.1099/ijsem.0.002675 

SEMAS-Secretaria de Meio Ambiente e Sustentabilidade 
de Pernambuco. Plano de Manejo – Parque Estadual de 
Dois Irmãos (2014). www.cprh.pe.gov.br. Retrieved from:  
http://www.cprh.pe.gov.br/ARQUIVOS_ANEXO/1%20PLANO 
%20DE%20MANEJO%20com%20lei%2011%20622.pdf

Shannon, C.E. & Weaver, W. (1971). The mathematical 
theory of communication. 14th ed. Chicago: University of 
Illinois Press, 140 p.

Souza, B.A., Marchini, L.C., Dias, C.T.S., Oda-Souza, M., 
Carvalho, C.A.L. & Alves, R.M.O. (2009). Avaliação 
microbiológica de amostras de mel de trigoníneos (Apidae: 
Trigonini) do Estado da Bahia. Ciência E Tecnologia de 
Alimentos, 29: 798-802. 
https://doi.org/10.1590/s0101-20612009000400015

Souza, J.R.S., Sarquis, M.I.M., Pantoja, M.C., Neto, P.Q.C., 
Pereira, J.O., Galvão, R.M.S. & Silva, M.I.L. (2018). Occurrence 
of filamentous fungi associated with stingless bees Melipona 
in meliponaries at the metropolitan region of Manaus, 
Amazonas. Revista da Biologia, 18: 1-5. 
https://doi.org/10.7594/revbio.18.01.01

Starmer, W.T. & Lachance, M-A. (2011). Yeast Ecology. In: 
C.P. Kurtzman, J.W. Fell & T. Boekhout (Eds), The Yeasts 
(Fifth Edition) (pp. 137-144). Amsterdam: Elsevier.

Thanh, V.N., Hien, D.D. & Thom, T.T. (2013). Moniliella 
byzovii sp. nov., a chlamydospore-forming black yeast isolated 
from flowers. International Journal of Systematic and 
Evolutionary Microbiology, 63: 1192-1196. 
https://doi.org/10.1099/ijs.0.049767-0

Torto, B., Boucias, D.G., Arbogast, R.T., Tumlinson, J.H. & 
Peter. (2007). Multitrophic interaction facilitates parasite-host 
relationship between an invasive beetle and the honey bee.  
Proceedings of the National Academy of Sciences, 104: 
8374-8378. https://doi.org/10.1073/pnas.0702813104

van der Walt, J.P. & van der Klift, W.C. (1972). Pichia 
melissophila sp.n., a new osmototolerant yeast from apiarian 
sources. Antonie van Leeuwenhoek, 38: 361-364. 
https://doi.org/10.1007/bf02328106



11Sociobiology 71(2): e10359 (June, 2024) 

van der Walt, J.P. (1959). Pichia robertsii nov. spec. A new 
haploid homothallic yeast. Antonie van Leeuwenhoek, 25: 
337-343. https://doi.org/10.1007/bf02542859

Vega, C., Guzmán, B., Lachance, M., Sandy-Lynn Steenhuisen, 
Johnson, S.D., Herrera, C.M.  (2012). Metschnikowia proteae 
sp. nov., a nectarivorous insect-associated yeast species from 
Africa. International Journal of Systematic and Evolutionary 
Microbiology, 62: 2538-2545. 
https://doi.org/10.1099/ijs.0.040790-0

Vollet-Neto, A., Maia-Silva, C., Menezes, C. & Imperatriz-
Fonseca, V.L. (2016). Newly emerged workers of the stingless 
bee Scaptotrigona aff. depilis prefer stored pollen to fresh 
pollen. Apidologie, 48: 204-210.
https://doi.org/10.1007/s13592-016-0464-4 

Wickham, H. (2016). Data Analysis. Use R!. Springer 
International Publishing, 189-201.
https://doi.org/10.1007/978-3-319-24277-4_9

Witzgall, P., Proffit, M., Rozpedowska, E., Becher, P.G., 
Andreadis, S., Coracini, M., Lindblom, T.U.T., Ream, L.J., 
Hagman, A., Bengtsson, M., Kurtzman, C.P., Piskur, J. & 
Knight, A. (2012). “This is not an Apple” – Yeast 
Mutualism in Codling Moth. Journal of Chemical Ecology, 
38: 949-957. https://doi.org/10.1007/s10886-012-0158-y

Yun, J.-H., Jung, M.-J., Kim, P.S. & Bae, J.-W. (2018). Social 
status shapes the bacterial and fungal gut communities of the 
honey bee. Scientific Reports, 8. 
https://doi.org/10.1038/s41598-018-19860-7

Zacchi, L. & Vaughan-Martini, A.J.A.O.M. (2002). Yeasts 
associated with insects in agricultural areas of Perugia, 
Italy. Annals of Microbiology, 52: 237-244.




