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DNA barcoding as a useful tool in the systematic study
of wild bees of the tribe Augochlorini (Hymenoptera:
Halictidae)

Rocio Ana Gonzdlez-Vaquero, Arturo Roig-Alsina, and Laurence Packer

Abstract: Special care is needed in the delimitation and identification of halictid bee species, which are renowned
for being morphologically monotonous. Corynura Spinola and Halictillus Moure (Halictidae: Augochlorini) contain
species that are key elements in southern South American ecosystems. These bees are very difficult to identify due
to close morphological similarity among species and high sexual dimorphism. We analyzed 170 barcode-
compliant COI sequences from 19 species. DNA barcodes were useful to confirm gender associations and to detect
two new cryptic species. Interspecific distances were significantly higher than those reported for other bees.
Maximum intraspecific divergence was less than 1% in 14 species. Barcode index numbers (BINs) were useful to
identify putative species that need further study. More than one BIN was assigned to five species. The name
Corynura patagonica (Cockerell) probably refers to two cryptic species. The results suggest that Corynura and
Halictillus species can be identified using DNA barcodes. The sequences of the species included in this study can be
used as a reference to assess the identification of unknown specimens. This study provides additional support for
the use of DNA barcodes in bee taxonomy and the identification of specimens, which is particularly relevant in
insects of ecological importance such as pollinators.
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Résumé : Un soin particulier est requis lors de la délimitation et de I'identification des espéces d’abeilles de la famille
des Halicitidae, lesquelles sont reconnues pour étre monotones sur le plan morphologique. Les genres Corynura Spinola
et Halictillus Moure (Halictidae : Augochlorini) comprennent des espéces qui constituent des composantes clés des
écosystémes de la portion australe de '’Amérique du Sud. Ces abeilles sont trés difficiles a identifier en raison de la
grande similarité morphologique entre les espéces et d'un fort dimorphisme sexuel. Les auteurs ont analysé
170 séquences conformes de codes a barres de ’ADN provenant de 19 espéces. Les codes a barres ont permis de
confirmer les associations entre les genres et pour déceler deux nouvelles especes cryptiques. Les distances
interspécifiques étaient significativement plus grandes que celles rapportées chez d’autres especes d’abeilles. La
divergence intraspécifique était inférieure a 1 % chez 14 espéces. Des numéros d’index de codes a barres (BIN) se
sont avérés utiles pour identifier des espéces putatives nécessitant des études plus poussées. Plus d’un BIN ont été
assignés a cing espéces. Le nom Corynura patagonica (Cockerell) réféere vraisemblablement a deux espéces cryp-
tiques. Les résultats suggeérent qu’il est possible d’identifier les espéces des genres Corynura et Halictillus au moyen
de codes a barres. Les séquences des espéces issues de ce travail peuvent servir de référence pour identifier des
spécimens inconnus. Cette étude fournit une preuve additionnelle de I'utilité des codes a barres de ’ADN pour des
fins de taxonomie chez les abeilles et pour I'identification des spécimens, lesquelles sont particuliérement perti-
nentes chez des insectes pollinisateurs ayant une grande importance écologique. [Traduit par la Rédaction]

Mots-clés : codes a barres de ’ADN, espéces cryptiques, Chili, Argentine.

Introduction play a key role in most terrestrial ecosystems as the main

Bees (Hymenoptera: Apoidea: Anthophila) are a di- pollinators of many wild and cultivated plants (Klein
verse group of insects, with more than 20 000 species et al. 2007; Ollerton et al. 2012). The family Halictidae are
distributed worldwide (Ascher and Pickering 2015). They often the most frequently collected bees in surveys (e.g.,
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Grixti and Packer 2006; Gravel 2010; Le Féon et al. 2016).
This family is known to include several highly speciose but
morphologically monotonous genera such as Lasioglossum
Curtis (Gibbs 2009a, 2009b, 2010). This lack of distin-
guishing morphological characters is a common prob-
lem in bee taxonomy (Packer et al. 2009).

Molecular techniques like DNA barcoding (Hebert et al.
2003a) are increasingly being used by taxonomists to aid
species delimitation (Smith et al. 2008; Butcher et al.
2012) and identification (Sheffield et al. 2009). In wild
bees, DNA barcodes have proven to be a powerful tool for
associating the sexes in dimorphic species (Gibbs 2009q;
Sheffield et al. 2009), delimiting morphologically difficult-
to-distinguish species (Gibbs 2009a; Rehan and Sheffield
2011; Williams et al. 2011), and identifying specimens in
surveys (Murray et al. 2008; Bertsch 2009; Sheffield et al.
2009; Magnacca and Brown 2010, 2012). It has proven to
be highly successful in correct identification of speci-
mens to species in well-known faunas (Schmidt et al.
2015). Nonetheless, there remain some issues in some
studies with respect to experimental design and analyti-
cal methods (Collins and Cruickshank 2013).

Corynura Spinola, the halictid genus with the most species
in Chile (Montalva and Ruz 2010), is endemic to Chile and
the Andean Nothofagus-dominated forests of north-west
Patagonia in Argentina. Corynura is composed of two sub-
genera, Corynura (19 spp.; Gonzdlez-Vaquero 2015) and
Callistochlora Michener (3 spp.; Gonzdlez-Vaquero and
Galvani 2016), very different in appearance but similar in
many morphological characters (Gonzdlez-Vaquero 2015).
This genus is closely related to Halictillus Moure (6 spp.;
Gonzdlez-Vaquero 2010), also restricted to southern South
America, and the clade comprised of both genera is sister
to the remaining genera of the tribe Augochlorini (Danforth
and Eickwort 1997; Engel 2000; Gongalves 2016).

The species of these genera exhibit strong sexual di-
morphism: the males have very long antennae, reaching
beyond the posterior of the mesosoma in most species,
while those of the female are short. In both Halictillus as
well as the subgenus C. (Corynura) the male metasoma is
strongly petiolate whereas that of the female is of a nor-
mal ovoid shape. In addition, males and females are very
different in surface sculpture. As it is details of surface
sculpture that usually permit separation of closely re-
lated halictine species (e.g., Gibbs 2009a, 2009b, 2010),
this makes gender associations even more difficult. Many
species show intraspecific variation in colour, while at
the same time being extremely similar in other morpho-
logical traits, making species delimitation a challenging
task (Gonzdlez-Vaquero 2015).

Corynura and Halictillus are very abundant throughout
their geographic ranges and are key components of southern
South American ecosystems. Corynura (Callistochlora) chloris
(Spinola) is very important for Chilean agriculture, being
a major pollinator of some crops (De Ugarte Serra 1991;
Viscarra Torrico 1996; Miranda Villalén 2002) and native
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plants (Lehnebach and Riveros 2003; Cares-Sudrez et al.
2011; Espinoza et al. 2012). These genera are also frequent
visitors of native wildflowers in Argentina (Gravel 2010;
Gonzdlez-Vaquero et al. 2014).

We used DNA barcoding as a tool in the systematic
study of Corynura and Halictillus to associate males with
their conspecific females and to aid in species delimita-
tion. New tools to correctly identify the species of these
early-branching genera of Augochlorini should be very
useful for future ecological studies.

Materials and methods

Taxon sampling and molecular protocols

We attempted to collect fresh specimens of all Argen-
tinean species of Corynura and Halictillus, performing
field trips to Neuquén and Rio Negro near the Andes
(National Parks Lanin and Nahuel Huapi), Buenos Aires
province, and La Rioja between 2010 and 2012. These
were supplemented with specimens collected by Lau-
rence Packer and Anne-Isabelle Gravel in different re-
gions of Chile and in Chubut (Argentina), between 2000
and 2009. The specimens were collected with entomolog-
ical nets or pan-traps and kept in 96% ethanol. After
pinning the bees in the laboratory, the right midleg was
removed and processed for DNA extraction. Whenever
possible, we analyzed multiple female and male individ-
uals of a species to check gender associations and to
detect intraspecific sequence divergences among speci-
mens obtained from distant localities. Most tissue sam-
pling was performed during the workshops “Extending
and Enhancing DNA Barcoding Research in Argentina
and Neighboring Countries: Third/Fourth Leading Labs
Training Workshop, 2011/2012”. The barcoded vouchers
are housed at the Museo Argentino de Ciencias Naturales
“Bernardino Rivadavia” (MACN), Buenos Aires, Argen-
tina, and the Packer Collection at York University (PCYU),
Toronto, Ontario, Canada. Collection information and
lateral or dorsal photographs of the specimens are avail-
able in the project file “Southern South American Augo-
chlorini” (CORYN) in the Completed Projects section of
the Barcode of Life Data Systems (BOLD, www.boldsystems.
org; Ratnasingham and Hebert 2007).

The specimens were identified by comparison to the
type specimens, with the use of morphological keys and
the original descriptions of the species (see Gonzdlez-Vaquero
2010, 2015). Although C. aureoviridis (Friese) was listed as a
synonym of C. chloris (Moure 2007), it must be considered
a valid species (Gonzdlez-Vaquero and Galvani 2016). The
five morphospecies mentioned in Table 1 are new to sci-
ence and are being described elsewhere (Gonzdlez-Vaquero
and Roig-Alsina, and Gonzdlez-Vaquero et al. in preparation).

DNA extraction and amplification were performed
either at the Canadian Centre for DNA Barcoding (CCDB)
at the University of Guelph, Guelph, Ontario, Canada, or
at the Laboratorio de Codigos de Barras Genéticos MACN-
CONICET at MACN. All sequences were obtained at the
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Table 1. Maximum within-species variation and distance to nearest neighbour (NN) of DNA barcodes from

Corynura and Halictillus.

Intraspecific Distance Sample No. of No. of
variation (%) to NN (%) size localities BINs

Corynura (Corynura) ampliata (Alfken) 0.15 9.00 18 8 ARG 1
C. (Callistochlora) aureoviridis (Friese) 0.65 8.70 15 10 ARG 1
C. (Co.) bruchiana (Schrottky) 0 12.60 10 6 ARG 1
C. (Co.) chilensis (Spinola) 6.86, 0.71* 9.25 1 4 ARG, 1CHI 2
C. (Ca.) chioris (Spinola) 0 8.70 3 3 CHI 1
C. (Co.) corinogaster (Spinola) 0.19 9.53 3 1ARG, 2 CHI 1
C. (Co.) herbsti (Alfken) 0.31 5.53 10 3 CHI 1
C. (Co.) lepida Alfken 0.15 9.03 3 2 CHI 1
C (Co.) patagonica (Cockerell) 415 7.27 6 2 ARG, 2 CHI 2

C. (Co.) rubella (Haliday) 2.50, 0.507 5.53 18 8 ARG, 1 CHI 2
Corynura (Co.) spl 0.93 11.51 1 5 ARG, 1 CHI 1
Corynura (Co.) sp3a 0.93 7.36 4 3 ARG 1
Corynura (Co.) sp3b 0 7.36 7 4 ARG 1
Corynura (Co.) sp5 0.93 9.00 10 4 ARG 1
Corynura (Co.) sp9 0.17 8.67 5 2 CHI 1
Halictillus amplilobus Gonzdlez-Vaquero 0.50 14.00 8 4 ARG 1
H. badiclypeus Gonzdlez-Vaquero 2.98 13.84 9 2 ARG 3
H. reticulatus Gonzdlez-Vaquero 3.46, 0.62% 5.39 12 8 ARG 2
H. verissimus Gongalves 0 5.39 7 1CHI 1

Note: ARG, Argentina; CHI, Chile.
*Not considering specimen MACN-En 8136.

TNot considering specimens MACN-En 8208 and CCDB-10040 A11.

¥Not considering specimens MACN-En 9718 and MACN-En 9719.

CCDB. Laboratory procedures followed the standard pro-
tocols applied by the CCDB, which are available online
(www.ccdb.cafresources.php), using the PCR primers LepF1/
LepR1. Sequences were examined for indels and stop
codons as a check against pseudogenes. Only barcode-
compliant sequences (>500 bp, <1% ambiguous bases,
two trace files) were used for the analyses.

Data analyses
BOLD delineates molecular operational taxonomic units

(MOTUs), which are recognized through sequence varia-
tion in their DNA barcodes. Since MOTUs have a close
concordance to actual species (Schmidt et al. 2015), a
barcode index number (BIN) is automatically assigned to
each MOTU and to each new animal barcode record as it
is incorporated into BOLD (Ratnasingham and Hebert
2013). All sequences obtained in this study have been
deposited in GenBank (accession numbers in the supple-
mentary data, Table S1Y).

The program MEGA v.6 (Tamura et al. 2013) was used to
align the sequences (function “Align by ClustalW (codons)”,
default options) and then to estimate sequence diver-
gences among specimens, using the Kimura 2-parameter
distance model (Kimura 1980), with pairwise deletion of
missing data. Maximum, minimum, and mean diver-
gences were subsequently calculated for both conspe-
cific specimens and congeneric species. A tree was obtained

using the neighbour-joining algorithm (Saitou and Nei
1987) to visualize genetic divergences. Inkscape v.0.48
(www.inkscape.org) was used to edit the tree. Nearest
neighbour distances (the smallest pairwise distance to a
member of a different species) were calculated using the
“Barcode Gap analysis” function of BOLD, with pairwise
deletion of missing data. Voucher specimens identified
by morphology as a single species, which were grouped
in more than one BIN, were re-examined morphologi-
cally.

Parsimony (PA) and maximum likelihood (ML) analy-
ses were performed to assess the phylogenetic relation-
ships among the species. A specimen of Rhinocorynura
crotonis Ducke (BOLD number BOFTW147-08; GenBank
accession number KU983470) was used to root the tree
based upon earlier phylogenetic research on Augochlo-
rini (Engel 2000). TNT v.1.1 (Goloboff et al. 2008) was used
for the parsimony analysis. We performed a traditional
search of 100 replications, saving 10 trees per replication,
using the TBR algorithm. MEGA v.6 (Tamura et al. 2013)
was used for ML, using a TN 93+G+I model of substitution
as suggested by the program (function “Find best-fit sub-
stitution model”, default options; model with the lowest
BIC score). Branch support was assessed by bootstrap-
ping with 1000 replicates in both analyses.

1Supplementary data are available with the article through the journal Web site at http://nrcresearchpress.com/doi/suppl/10.1139/gen-

2016-0006.
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Fig. 1. Intra- and interspecific divergence values for all pair-wise comparisons of Corynura and Halictillus.
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Results

We obtained 170 barcode-compliant sequences from
15 species of Corynura and four species of Halictillus
(Table S1)t. After trimming the ends, a sequence align-
ment of 654 base pairs was used for analyses. Overall,
391 positions were conserved, and 263 were variable. Of
the latter, 254 were phylogenetically informative. All se-
quences had a similar GC% (mean 29.24; min. = 26.52,
max. = 32.11), with a particularly high AT% at the third
codon position (mean 86.93; min. = 78.90, max. = 91.79).
Mean interspecific distances were 13.72% (5.53%—17.71%)
for Corynura and 14.20% (5.39%-17.25%) for Halictillus (see
Tables S2-S3! for all species comparisons; Fig. 1). Both
genera were recovered separately in the distance-based
trees (Figs. 2-3). Within Corynura, the species with the
most similar barcode sequences were C. herbsti (Alfken)
and C. rubella (Haliday) (minimum pairwise interspecific
divergence 5.53%), C. rubella and C. patagonica (Cockerell)
(7.27%), and Corynura sp3a and Corynura sp3b (7.36%).
While C. herbsti, C. patagonica, and C. rubella can be easily
identified by morphology alone, the other two species
are cryptic. In Halictillus, the minimum interspecific di-
vergence was between H. reticulatus Gonzdlez-Vaquero
and H. verissimus Gongalves (5.39%), two partially sympa-
tric species with very similar morphology. The distribu-
tion of these species overlaps in the Chilean regions of
Araucania and Los Lagos. When we compared any other
pair of specimens from different species of Halictillus, the
divergence varied from 14.00% to 17.25%.

This analysis helped us to detect two cryptic species
that could not initially be separated by morphology. The
specimens first identified as Corynura sp3 were separated
into two groups according to their DNA barcodes. The
minimum sequence divergence between them was 7.36%,
while the maximum intragroup divergence was 0.93%.
After a detailed study of morphological structures, we
found subtle differences in sculpture and pilosity be-

W Inter Corynura W Inter Halictillus

tween individuals from the two clusters, and we consid-
ered them as two separate species, herein termed
Corynura sp3a and Corynura sp3b.

The maximum within-species variation was less than
1% in 14 out of the 19 species studied (Table 1; Fig. 1). The
clusters agreed with the previously identified morpho-
logical species, and no BIN was associated with more than
one species (except, initially, for the case of Corynura sp3 men-
tioned above). Three species had high intraspecific vari-
ation, which resulted in them being given more than
one BIN assignment. A total of five specimens (C. chilensis
(Spinola): MACN-En 8136; C. rubella: MACN-En 8208 and
CCDB-10040 A11; H. reticulatus: MACN-En 9718 and 9719)
caused these additional BINs to be allocated. Only one of
these sequences were considerably shorter than the rest
(511 bp, C. rubella CCDB-10040 A11). These specimens had
not been collected in distant places and did not exhibit
morphological differences when compared to the other
individuals identified as being conspecific. In Corynura
there was an overlap of the maximum intraspecific and
minimum interspecific divergence values between 5.53%
and 6.86%, due to the outlier specimen of C. chilensis
(MACN-En 8136). The distance to the nearest neighbour
surpassed the maximum intraspecific variation in all
species (Table 1; Fig. 4).

Another species that showed a high maximum intras-
pecific divergence was H. badiclypeus Gonzdlez-Vaquero.
Three clusters with different BINs but little intra BIN
divergence were detected: BIN: BOLD:ACG2192 with 0%—
0.32% divergence, BIN: BOLD:ACG2191 with 0%-0.15% di-
vergence, and BIN: BOLD:ACG2552 with 0.46%-0.92%
divergence. Each BIN was represented by three barcodes.
In contrast, the divergences among any pair of speci-
mens from different clusters were always greater than
2% (from 2.12% to 2.98%, Table 1). We have not found
morphological differences among these specimens, which
were collected in nearby areas of La Rioja (Argentina).

< Published by NRC Research Press
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Fig. 2. Neighbor-joining tree for Corynura individuals, distances calculated using the Kimura-2-parameter model. The scale
represents the number of substitutions per site. In orange are two clusters of C. patagonica that diverge up to 4.15% from each other.
In red are specimens of C. rubella and in purple specimen of C. chilensis whose sequences differ considerably from the others.
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Fig. 3. Neighbor-joining tree for Halictillus individuals, distances calculated using the Kimura-2-parameter model. The scale
represents the number of substitutions per site. In green are three clusters of H. badiclypeus that diverge up to 2.98% from each
other. In blue are specimens of H. reticulatus whose sequences differ considerably from the others.
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We thus consider this species to have high intraspecific
variability but suggest that additional sampling and se-
quencing of nuclear genes, as well as additional morpho-
logical study, should take place.

Corynura patagonica showed distance ranging from
3.95% to 4.15% when specimens from Chile were com-
pared to specimens from Argentina; each cluster was
allocated to a separate BIN. The intracluster divergence
was less than 0.34%. These specimens were re-examined,
and we found no differences in morphology between
members of different BINs. However, the specimens had
been collected in different biogeographic regions. The
three Chilean specimens barcoded were collected in Na-
tional Park Puyehue (Los Lagos region), 500-550 m a.s.l.,
in the temperate and humid Subantartic subregion, Val-
divian forest district (Morrone 2015), while the female
and the two males from Argentina came from drier areas
of National Parks Lanin and Nahuel Huapi (Neuquén and
Rio Negro provinces), 1000 m a.s.l., in the transition area
between the Patagonian steppe and the Nothofagus-

dominated Andean forest (Patagonian subregion; Morrone
2015).

The association of males and females of Corynura sp3a
and Corynura sp3b was made by means of their DNA bar-
codes. This technique was useful to confirm gender asso-
ciations in 15 of the 19 species analyzed, since only
females were barcoded in the remaining species.

In the phylogenetic analyses the basal branches were
not resolved, showing very low bootstrap values (<36% in
PA, <42% in ML), failing to support the monophyly of
either genus. In spite of this, some pairs of species were
recovered as well supported sister species, bootstrap val-
ues in parenthesis: H. reticulatus and H. verissimus (PA 96%,
ML 99%), Corynura sp3a and Corynura sp3b (PA 92%, ML 97%),
C. herbsti and C. rubella (PA 87%, ML 98%), and C. chloris and
C. aureoviridis (PA 79%, ML 97%). Two pairs of sister species
supported by the ML analysis showed a low bootstrap
value in the PA analysis but reasonably high values with
ML: C. ampliata (Alfken) and Corynura sp5 (PA 36%, ML
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Fig. 4. Scatterplot showing the maximum intraspecific variation versus the distance to the nearest neighbour. Each point of

the scatterplot is a species.

16
14
)
o~
N’
5 12
o
Qo
S
o 1
c
b7
® 8
@©
]
C 6
ie]
c a4
8
RZ]
(]
24
0

0 2 4 6

8

10 12 14 16

Maximum intraspecific variation (%)

88%) and C. corinogaster (Spinola) and C. chilensis (PA
19%, ML 80%).

Discussion

The results obtained for Corynura and Halictillus agree
with previous findings in that DNA barcoding has proven
to be a useful tool for bee species delimitation and spec-
imen identification (Gibbs 2009a, 2009b; Sheffield et al.
2009; Schmidt et al. 2015). This approach relies on the
finding that there is a significant difference between the
degree of intra- and interspecific variation (Hebert et al.
2003a): the so-called “barcode gap” (Meyer and Paulay
2005). A 2%-3% sequence divergence threshold has been
suggested to indicate closely related species (Hebert et al.
2003b), but this cutoff value is known to vary consider-
ably among taxa (Hebert et al. 2004a, 2004b; Gibbs 2009b,
2010; Gibbs et al. 2013), and each case needs to be consid-
ered on its own merits.

In five species of Lasioglossum, previously considered as
one due to close morphological resemblance, the mean
interspecific divergence was 3.1%, while the minimum
was 1.7% (Gibbs 2009a). Similar low values were found in
genera of Apidae, such as in the small carpenter bees
Ceratina Latreille (Rehan and Richards 2008; Rehan and
Sheffield 2011) and in the meliponines Liotrigona Moure
(Koch 2010) and Scaptotrigona Moure (Hurtado-Burillo
et al. 2013). However, identical DNA barcodes have been
found between some morphologically distinguishable species
(e.g., L. versatum (Robertson) and L. callidum (Sandhouse);

Gibbs 2010), while in some cases, deep divergences con-
sistent with multiple species have not been related to
geography (e.g., L. cressonii (Robertson); Gibbs 2010) or
morphology (e.g., L. ruidosense (Cockerell); Gibbs 2010). As
reported for Lasioglossum (Gibbs 2010; Gibbs et al. 2013)
and for the genera studied herein, problematic taxa
showing high intra-specific divergences apparently are
not rare in halictids.

In Corynura and Halictillus we found deep divergences in
both inter- and intraspecific divergences. A maximum
intraspecific distance higher than 2% was found in five
out of the 19 species examined. Each of these species
resulted in two (C. chilensis, C. patagonica, C. rubella,
H. reticulatus) or three (H. badiclypeus) BINs. BINs sup-
ported the view that these were cases of either high in-
traspecific divergence or cryptic species. Multiple BINs
per species have been reported for many bee taxa from
Central Europe (Schmidt et al. 2015), although in a lower
proportion (11% of all species barcoded) than that found
in the present study (26%). On the other hand, multiple
species can share a particular BIN due to low interspecific
divergence (Schmidt et al. 2015). Identification through
DNA barcodes can still be possible in these cases pro-
vided either that the differences among the sequences
allow the discrimination of specimens in neighbour join-
ing trees, within a particular BIN, or there are diagnostic
base substitutions or combinations of substitutions
(Gibbs 2010). We found no BIN-sharing species in Corynura
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and Halictillus, but in all “species” that were comprised of
more than one BIN, the BINs clustered together.

Since DNA barcodes do not always distinguish closely
related species (Kuhlmann et al. 2007; Gibbs 2010), mor-
phological traits and geographical distribution were
given priority in our delimitation of species. If we had
considered BINs as actual species, we would have counted
25 species instead of 19. We believe that the high diver-
gence observed in C. patagonica suggest either the pres-
ence of genetic lineages in different populations that are
geographically separated by the Andes, or the existence
of cryptic species for which we have not been able to
detect morphological differences. Further study is neces-
sary before taking a decision on the other species that
occupied more than one BIN. In contrast, BINs separated
what was initially considered to be one species (Corynura
sp3) into two (Corynura 3a and Corynura 3b) for which
distinguishing morphological characteristics were sub-
sequently discovered (Gonzdlez-Vaquero 2015). In our re-
search, BINs provided a useful basis for subsequent
studies, highlighting the cases that need to be investi-
gated further through integrative taxonomy, which
would take into account morphological, molecular, geo-
graphical, and behavioural data, where available (Dayrat
2005). In this view, the delineation of species has to be
assessed on the combined merits of all data sources.

In some cases phylogenetic relations can be inferred
from DNA barcodes. For example, this technique permit-
ted the detection of parallel changes in the diversifica-
tion of Homalictus Cockerell species on three different
Pacific Island archipelagoes (Groom et al. 2014). In the
present study, both parsimony and maximum likelihood
analyses resulted in poorly supported trees and a lack of
monophyly for either Corynura (with TNT) or Halictillus
(with ML), both of which largely resulted from groupings
that had very low support. However, DNA barcode-based
phylogenies did support the sister group relationships of
four pairs of species, in agreement with results obtained
from morphological phylogenies (Gonzdlez-Vaquero 2015).
These findings support the view that the barcode region
may be useful for phylogenetic analysis of recently di-
verged taxa but is of limited use for divergences that are
older than a few million years (Klopfstein et al. 2010; Kjer
et al. 2014).

The proper identification of wild bees is essential in all
research involving these important pollinators. Because
of this, DNA barcode libraries are particularly useful for
studies of crop pollination because the use of such data-
bases provide a fast and economic identification mecha-
nism, especially in areas where the bee fauna is poorly
understood and there are few taxonomists capable of
accurately identifying the species. DNA barcode libraries
have been published for Nova Scotia (Sheffield et al.
2009), Ireland (Magnacca and Brown 2012), and Europe
(Schmidt et al. 2015), but they are badly needed for other
regions. The public database presented here can be used

Genome Vol. 59, 2016

for identification because it includes all the species of
these two genera except those that are very rare, repre-
sented only by the type specimen or a few old museum
specimens. These data should be very useful for ecologi-
cal studies in Chile and Argentina, given the abundance
of these species in the field (Gonzdlez-Vaquero et al.
2014).
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