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Abstract – The stingless bee genus Scaptotrigona is widely distributed across tropical Mexico and
includes economically important species used in stingless beekeeping. As Scaptotrigona colonies are
currently or potentially translocated across regions, it is important to analyze the extent of genetic diversity
from different populations. Herein, every analyzed Scaptotrigona individual was correctly assigned through
DNA barcoding to the three recognized species (Scaptotrigona mexicana, Scaptotrigona pectoralis, and
Scaptotrigona hellwegeri). Intraspecific divergence showed a mean value of 0.70 %, whereas the
interspecific value was 2.79 %. As predicted by traditional taxonomy, sequence analyses demonstrated the
close affinity of S. mexicana with S. hellwegeri. However, this also suggested the existence of cryptic species
within S. mexicana, one of the stingless bees exploited for honey production in Mesoamerica. These results
confirm the hypothesis that the DNA barcoding technique may at least differentiate stingless bee taxa
accepted by current taxonomy.

stingless bees / Scaptotrigona / barcoding / cryptic species / Mesoamerica

1. INTRODUCTION

Stingless bees (tribe Meliponini, Michener
2007) are eusocial insects with an absent
functional sting (Wille 1983) that are distributed
in tropical regions with the highest concentra-
tion and diversity in the Amazon basin in South
America. These bees have great importance as
extensive pollinators in Neotropical ecosystems
(Roubik 1989; Michener 2007; Freitas et al.
2009) and as an alternative to the domestic
honey bee Apis mellifera Linnaeus for agricul-
tural pollination purposes (Slaa et al. 2006;

Quezada-Euán 2009). In contrast to A. melli-
fera, stingless bees have several advantages:
they are less harmful to humans and domesti-
cated animals, and are also effective pollinators
in glasshouses (Kakutani et al. 1993; Heard
1999; Del Sarto et al. 2005). Despite this, they
also have disadvantages, such as a poor level of
domestication technologies and the low growth rate
compared with A. mellifera (Quezada-Euán 2005).

The genus Scaptotrigona is composed of 24
species distributed from Mexico to Argentina
(Michener 2007). Among them, only three
Scaptotrigona species are currently reported
for Mexico (Ayala 1999): Scaptotrigona hell-
wegeri Friese, Scaptotrigona mexicana Guérin,
and Scaptotrigona pectoralis Dalla Torre
(Ayala 1999). S. hellwegeri is endemic to
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Mexico across the Pacific coast between
Oaxaca and Sinaloa, from the sea level to
1,500 m. S. mexicana is distributed from
Chiapas to Tamaulipas across the Mexican
Gulf coast from the sea level to 1,000 m. S.
pectoralis is distributed throughout southeast
Mexico in Chiapas, the Yucatan peninsula, and
in the Gulf coast to Veracruz up to 1,200 m
(Ayala 1999). The distribution of the latter two
species continues through Guatemala. Both S.
pectoralis and S. mexicana have a high degree
of efficiency in pollinating crops such as
avocado (Ish-Am et al. 1999). On the other
hand, S. mexicana is one of the two stingless
bees traditionally exploited for honey produc-
tion in Mesoamerica and its use in stingless
beekeeping is now increasing (Albores-
González et al. 2011).

Due to the extensive deforestation of many
regions, urban areas have become an alternative
microhabitat for these bees. In fact, they have
been encountered in wall cavities, although
these bees usually nest in hollow trunks. The
decline of the stingless bees' habitats is mainly
due to anthropogenic factors such as habitat
fragmentation and loss, parasites and pathogens,
massive pesticide use, or invasive and emergent
species like A. mellifera (Stout and Morales
2009). Managed colonies are also subject to
translocation among different regions as sting-
less beekeeping gains interest across the country
(Quezada-Euán 2005). The effect of such
practices on the diversity of stingless bee
species is unknown but could be potentially
detrimental (Quezada-Euán et al. 2012). Given
these threats, a rapid and accurate method for
the identification of the bee species and their
diversity is required to conserve native bee
fauna (Gotelli 2004).

Barcoding is a useful technique for charac-
terizing described and unknown biodiversity
(Hebert et al. 2003). In animals, this method is
based on the sequence data of a segment of 658
base pairs of the mitochondrial gene cyto-
chrome oxidase I or cox1, and has been used
as an accurate way to assess global diversity
(Waugh 2007). In relation to bees, DNA
barcoding has proven to be an essential tool in

delimiting morphologically non-distinguishable
species (Rehan and Sheffield 2011), to group
individuals by sex in dimorphic species (Packer
et al. 2008), to associate castes in species with a
high sexual dimorphism between queens and
workers, and to detect cryptic species (Sheffield
et al. 2009). Focusing on stingless bees (tribe
Meliponini), DNA barcoding has highlighted
the existence of isolated reproductive units in S.
hellwegeri (Quezada-Euán et al. 2012) as well
as in other Melipona species such as Melipona
yucatanica Camargo, Moure and Roubik (May-
Itzá et al. 2010) and Melipona beecheii Bennett
(May-Itzá et al. 2012).

The aim of this study was to evaluate the
DNA barcode technique in order to identify
Mexican Scaptotrigona species and assign
individuals classified by morphology (including
non-classified individuals) to the barcode-
defined species. The intra- and interspecific
genetic variation within S. mexicana, S. hellwe-
geri, and S. pectoralis were also described to
investigate the possible existence of cryptic
species (Silveira et al. 2002) as suggested by
Quezada-Euán et al. (2012) in S. hellwegeri.
The opening hypotheses were that (1) DNA
barcoding would at least differentiate stingless
bee taxa accepted by current taxonomy, and that
(2) according to classical taxonomy (Ayala
1999), S. mexicana would be evolutionarily
closer to S. hellwegeri than to S. pectoralis.

2. MATERIALS AND METHODS

2.1. Samples

As part of an ongoing study of Mesoamerican
stingless bee diversity, 88 Scaptotrigona colonies (38
of them identified as S. mexicana, 33 as S. pectoralis,
14 as S. hellwegeri, and 3 as Scaptotrigona sp) were
sampled in different locations throughout their distri-
bution range (Figure 1), from both managed and feral
colonies (Table I). Each sample consisted of three to
five worker bees collected from each colony (one to
ten colonies per site) and preserved in absolute ethanol
at −20 °C. Given the maternal inheritance of the
mitochondrial DNA molecule, all of the individuals
within each colony (workers and drones) share the

2 M. Hurtado-Burillo et al.



same queen molecule; therefore, just one worker bee
per colony was used to characterize the whole colony.

2.2. DNA extraction and PCR amplification
of the barcoding region

Genomic DNA was extracted using a non-
destructive protocol, from two right legs dissected from
each individual with the DNeasy tissue kit (QIAGEN)
following the manufacturer's instructions. Total dilution
volume was 100 μl. Vouchers from each colony
preserved in ethanol were deposited in the stingless
bee collection at the Zoology Laboratory at the
Veterinary Faculty (University of Murcia, Spain).

Primers used for the amplification of the cox1
region were LepF (5′-ATTCAACCAATCATAA
AGATATTGG-3′) and LepR (5′-TAAACTTC
TGGATGTCCAAAAAATCA-3′) (Sheffield et al.
2009). PCR reactions were carried out in 12.5 μl
volume with PureTaq TM Ready-To-Go TM PCR
beads (GE Healthcare) in a PTC-200 Thermal Cycler
(Biorad). PCR conditions involved an initial denatur-
ation at 96 °C for 2 min, then 35 cycles of 96 °C for
30 s, 50 °C for 30 s, 72 °C for 1 min and a final
extension of 72 °C for 10 min. Amplified PCR
products were electrophoresed in 1.5 % agarose gels
and then purified with isopropanol and ammonium
acetate. Sequencing was performed in both directions

using the standard protocol for ABI BigDye(r)
Terminator v3.1 Cycle sequencing kit (Applied
Biosystems).

2.3. Sequence analysis

DNA sequences of the cox1 region were unam-
biguously aligned with MEGA 4. Low-resolution
ends were eliminated to get a final matrix of 629 bp.
Sequences were deposited in GenBank. Nucleotide
content was calculated with the MEGA 4 program.
DNAsp v. 5.0 program (Librado and Rozas 2009)
was used to evaluate genetic variability and calculate
the number of haplotypes or identical sequences, their
diversity, and the nucleotide diversity.

2.4. Species delimitation

Sequences were compared by the neighbor-
joining (NJ) method by applying the correction
of the model Kimura 2-parameter (K2P) (Kimura
1980) as recommended by the Consortium of
Barcode of Life (CBOL, http://www.barcoding.
si.edu/protocols.html). The analysis of confidence
estimates of the relations in the NJ trees was
performed with a bootstrap analysis of 2,000
replications with the program MEGA 4.0.2
(Tamura et al. 2007). The strict tree-based method

Figure 1. Location of the sampled Mesoamerican Scaptotrigona colonies. S. mexicana is marked with circles;
S. hellwegeri is marked with squares, while S. pectoralis is outlined with triangles. Letters correspond to the
locations in Table I.
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(Ross et al. 2008) was followed for the identification
of unclassified and misidentified individuals. This
method assumed that query sequences belonged to a
specific species if they were incorporated within a
cluster (Pettengill and Maile 2010).

In order to compare the cluster delimitation of the
tree-based method, the generalized mixed Yule
coalescent (GMYC) method (Pons et al. 2006;
Fontaneto et al. 2007) was applied. This method
identified genetic clusters as independently evolving
entities by using a maximum likelihood approach to
optimize the shift in the branching patterns of the gene
tree from interspecific branches (Yule model) to
intraspecific branches (neutral coalescent). Sequences
were collapsed to haplotypes with ALTER (González-
Peña et al. 2010) and an ultrametric tree was generated
with BEAST v. 1.5.4 (Drummond and Rambaut 2007)
using a relaxed lognormal clock model, a GTR+I+α

substitution model and a coalescence (constant size)
tree (Monaghan et al. 2009). The cluster delimitation
analysis was carried out using the R package SPLITS
(SPecies Lmits by Threshold Statistics) available at
http://r-forge.r-project.org/projects/splits/. Both single
and multiple threshold optimizations (Monaghan et
al. 2009) were analyzed.

TaxonDNA v. 1.5 (Meier et al. 2006) was used to
obtain the distribution frequency of intra- and
interspecific genetic variability and to evaluate the
adequacy of barcoding in identifying stingless bee
individuals at the species level. The proportion of
correct matches followed three distance-based identi-
fication criteria: Best Match (BM), Best Close Match
(BCM), and All Species Barcodes (ASB) as described
by Meier et al. (2006). The distance below which
95 % of all intraspecific distances are found was used
as the cutoff value.

Table I. Sampling data of the analyzed Scaptotrigona individuals.

Species Sampling location N Colony

S. mexicana Petén, Guatemala (A) 7 Managed

S. mexicana Tuxtla Chico, Chiapas, Mexico (B) 10 Managed

S. mexicana Tapachula, Chiapas, Mexico (C) 6 Managed

S. mexicanaa Tlaltetela, Veracruz, Mexico (D) 1 Managed

S. mexicana Coatapec, Veracruz, Mexico (E) 6 Managed

S. mexicana Coyulta, Veracruz, Mexico (F) 7 Managed

S. mexicanab San Isidro, Jalisco, Mexico (G) 1 Feral

S. pectoralis Tapachula, Chiapas, Mexico (C) 8 Feral

S. pectoralis Tuxtla Chico, Chiapas, Mexico (B) 9 Feral

S. pectoralis Montes Azules, Chiapas, Mexico (H) 3 Feral

S. pectoralisc Tlaltetela, Veracruz, Mexico (D) 5 Feral

S. pectoralis Yucatán, Mexico (I) 8 Feral

S. hellwegeri San Isidro, Jalisco, Mexico (G) 2 Feral

S. hellwegeri Guerrero, Mexico (J) 10 Feral

S. hellwegeri Nayarit, Mexico (K) 2 Feral

Scaptotrigona spd San Isidro, Jalisco, Mexico (G) 3 Feral

Letters in brackets correspond to the locations indicated in Figure 1

N number of colonies sampled in each location
a This colony was identified as S. pectoralis after barcoding analysis
b This colony was identified as S. hellwegeri after barcoding analysis
c One of these five colonies was identified as S. mexicana after barcoding analysis
d These colonies were identified as S. hellwegeri after barcoding analysis
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3. RESULTS

3.1. Nucleotide variation analysis

The final analyzed matrix included 629 posi-
tions with 592 conserved, 37 variable, and 35
phylogenetic informative positions. Average nu-
cleotide composition showed an A+T bias (T=
46.4 % and A=32.2 %, C=11.3 %). No
insertions or deletions were observed that could
lead to a disruption of the reading frame in the
translation, thereby confirming the absence of
pseudogenes or NUMTs (López et al. 1994). In
total, 15 haplotypes were found (eight in S.
mexicana, three in S. hellwegeri, and four in S.
pectoralis) with an overall haplotype diversity of
0.907 and nucleotide diversity of 0.019
(Table II). The sequences have been submitted
to GenBank under the accession numbers
JQ783136-JQ783157.

3.2. Species delimitation

The NJ tree allowed the identification of
three undetermined individuals that corre-
sponded to S. hellwegeri, and another three
individuals previously misidentified by mor-
phometry were reclassified. In the end, two
individuals initially identified as S. mexicana
were molecularly assigned one to S. hellwegeri
and a second one to S. pectoralis. Likewise, an
individual identified as S. pectoralis was mo-
lecularly assigned to the clade formed by S.
mexicana individuals (Figure 2). These results

were confirmed by observation of some diag-
nostic morphological characteristics such as the
color of the tergites after sequence analyses. All
of the analyzed sequences were properly
assigned to their respective clade corresponding
to one of the three species following the strict
tree-based method (Ross et al. 2008).

Genetic K2P distance analyses showed that
every species formed a monophyletic group in
the NJ tree (Figure 2). The three species formed
well-supported clades with high bootstrap values:
99 (S. hellwegeri), 82 (S. mexicana), and 100 (S.
pectoralis). S. hellwegeri and S. mexicana
formed a supported clade (89). Furthermore, at
least two clades were observed within each
species, each of them corresponding to popula-
tions from separated localities within the distri-
bution area of each species.

GMYC analyses showed that both single
(LGMYC=85.3911) and multiple threshold
(LGMYC=85.3911) models had a higher likeli-
hood than the null model (L0=83.3653). Both
analyses yielded three clusters that agreed with
the morphological species. It is noteworthy that
the second single threshold model recovered
with a higher likelihood two clusters within S.
mexicana.

The intraspecific divergence values for these
three species ranged from 0.00 to 1.90%, whereas
the interspecific divergence values ranged from
1.37 to 3.70 %. There was an overlap of the intra-
and interspecific divergence values in the ana-
lyzed individuals between 1.37 and 1.90 %,
corresponding to 12.14 % of the values of
divergence (Figure 3). The limit or “cutoff”
between intra and interspecific variation was
1.58 % of divergence with 95 % of probability.
The mean value of intraspecific divergence in S.
hellwegeri was 0.30 % (0.00–0.63 %), in S.
pectoralis was 0.5 % (0.00–1.10 %) and in S.
mexicana 0.8 % (0.00–1.90 %). S. mexicana
individuals from Veracruz showed a higher
divergence value than the cutoff when compared
to the samples from Chiapas.

The proportion of correct matches with
Best Match, Best Close Match, and All
Species Barcodes criteria reached 100 % of
the samples.

Table II. Number and diversity of cox1 haplotypes
and nucleotide diversity in Scaptotrigona species.

Species N hap Hd Pi

S. mexicana 8 0.862 0.008

S. hellwegeri 3 0.601 0.003

S. pectoralis 4 0.612 0.006

Total 15 0.907 0.019

N hap number of observed haplotypes, Hd haplotype
diversity, Pi nucleotide diversity
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4. DISCUSSION

These findings on the use of DNA barcoding
confirm that this technique provided reliable
identification of the Mexican species of the
stingless bee genus Scaptotrigona in congru-
ence with the results obtained for other
Hymenoptera taxa (Packer et al. 2008; Gibbs
2009; Sheffield et al. 2009). It is also an
efficient tool for the unequivocal reassignment
of individuals previously defined by current
taxonomy. In this sense, the DNA obtained
from a single leg allows the re-examination of
morphological characteristics after molecular
analysis. Thanks to the non-destructive DNA
extraction method, the vouchers were perfectly
conserved, which allowed the re-examination of
undetermined or misidentified individuals.

The ability of DNA barcoding to distinguish
among species is supported by low values of
intraspecific variation and relatively high levels
of interspecific variation (Packer et al. 2008).
The results for the genus Scaptotrigona fulfilled
this guideline, as the mean percentage of
interspecific variation (2.79 %) was four times
higher than the intraspecific value (0.70 %).
These values are comparable to those obtained
i n a comp r ehen s i v e s t udy o f b e e s
(Hymenoptera: Apoidea) from Nova Scotia
(Sheffield et al. 2009). In that study of 144
bee species, intraspecific cox1 divergences
averaged 0.49 %, which was an expected value
due to the elevated mitochondrial evolution
rates observed in honey bees (Crozier et al.
1989) and other hymenopterans (Hebert et al.
2003). A ten times higher interspecific diver-
gence than intraspecific divergence has been
proposed as a criterion for barcode species
identification (Hebert et al. 2004), which was

Figure 2 Neighbor-joining tree for Mesoamerican
Scaptotrigona individuals using Kimura-2-parameters
distance. Bootstrap values (2,000 replicates) are
shown above each branch. Black circles indicate the
clades corresponding to each species, arrows indicate
individuals assigned through DNA barcoding to its
corresponding species and those with an asterisk
correspond to misidentified individuals.

�
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Figure 3. Mean intraspecific (a) and interspecific (b) divergence values for Scaptotrigona individuals.
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not addressed in the present study. However, the
proportion of correctly identified individuals
under the Best Match, Best Close Match, and
All Species Barcodes criteria reached 100 % of
the samples, which shows that barcodes are
useful in identifying species within this tribe.

The analysis of the cox1 sequence variation
was also helpful in revealing species complexes
within taxa with close morphologies, such as S.
mexicana. In this study, TaxonDNA analysis
showed that some intraspecific divergence
values within S. mexicana (1.58–1.90 %)
exceeded the interspecific cutoff (1.58 %), thus
suggesting the existence of cryptic species or
genetic lineages within this species. These
values were found when comparing individuals
sampled in Veracruz and Chiapas; these two
regions are located in opposite extremes of the
species distribution range. This finding is in
congruence with genetic distance clustering and
the second best solution of the single threshold
model. The clustering obtained in the NJ tree
also suggested some degree of differentiation
within S. hellwegeri and S. pectoralis supported
by high bootstrap values (95 and 98, respec-
tively), although both species showed intraspe-
cific divergence values that did not exceed the
specific cutoff obtained with TaxonDNA. In a
previous study performed with samples of the
endemic S. hellwegeri, significant morphomet-
ric differences coupled with complementary
analysis of microsatellite loci and the cox1
region resulted in a marked differentiation
among populations, which is in accordance with
the diversity of habitats occupied by these bees
(Quezada-Euán et al. 2012). Given these results,
they proposed the existence of genetic lineages
(possibly resembling cryptic species) within S.
hellwegeri. The finding of this hidden diversity
requires the implementation of appropriate
conservation measures to preserve the popula-
tions in their environments and avoid trans-
locations of colonies between distant areas.
These criteria should be specifically applied to
S. mexicana, a species experiencing increasing
management for honey production.

The intraspecific divergence found for S.
mexicana and S. hellwegeri might be reflecting

unrecognized isolation-by-distance phenomena
within morphological species. In addition, it is
expected that the genetic intraspecific diver-
gence would also be reflected in phenotypic
differences. In other stingless bee species,
morphometric analyses have supported the
existence of genetic lineages (M. yucatanica,
May-Itzá et al. 2010; M. beecheii Francoy et al.
2011, May-Itzá et al. unp. data). The morpho-
metric study of S. mexicana and S. hellwegeri is
currently in progress to corroborate this hypoth-
esis. Complementarily, microsatellite analysis of
a wider sampling covering the whole distribu-
tion range will provide new insights in relation to
the extent of the gene flow. This is an important
aspect to study given the low dispersal rate in
Meliponini due to the reduced dispersion of
swarms and short flight distances (Engels and
Imperatriz-Fonseca 1990).

Although the main aim of the barcode analysis
was to delineate species boundaries, a phyloge-
netic signal from the cox1 sequence data could be
observed. In this sense, the NJ phylogram and the
General mixed Yule Coalescent (GMYC) results
correctly delineated the three species described
with traditional morphological analysis and sup-
port the hypothesis stated by Ayala (1999)
concerning the close evolutionary affinity of S.
mexicana to S. hellwegeri, with S. pectoralis as a
more distantly related taxon.

In conclusion, Meliponini represents another
tribe for which DNA barcoding is a tool for
species identification and that provides new
insights into the diversity of this group of bees.
The main problem in Mesoamerica related to bee
conservation is the scarce studies or registers
about biodiversity, richness, and the impact of
human activities. At present, describing the
genetic diversity of organisms spread throughout
important biodiversity hotspots like Mesoamerica
plays a pivotal role in the scenario of dramatic bee
declines and pollination-dependent systems of
both wild and managed bees.
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