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The phylogeny of the corbiculate bees, which include
the major groups of highly eusocial bees, is controversial. In an attempt to resolve the controversy, Ascher
et al. (2001) argued that they have expanded a prior
phylogenetic analysis of the corbiculate bees based on
opsin (LW Rh) sequences reported by Mardulyn and
Cameron (1999) ‘‘to more critically assess opsinÕs phylogenetic utility.’’ They contended that all previous
molecular studies of corbiculate bee phylogeny suﬀer
from including too few outgroup taxa. Several additional conclusions stand out in their paper. One is that
the monophyly of the ingroup (the corbiculate bees)
cannot be unequivocally substantiated, just as Mardulyn
and Cameron (1999) and, more recently, Cameron and
Mardulyn (2001) found in their analyses. Second, in
contrast to Mardulyn and Cameron, Ascher et al. stated
that their expanded opsin data set shows little support
for relationships among the ingroup corbiculate tribes.
Third, they found that when they combined their data
set with morphological and behavioral data for the
corbiculate bees, the results supported the classical view
of relationships among the tribes (((Apini + Meliponini) + Bombini) + Euglossini).
We take issue with each of these claims and stand by
our original conclusions that LW Rh is useful to infer
phylogenetic relationships of corbiculate bees. The opsin
gene clearly contains phylogenetic information to resolve relationships among the tribes of corbiculate bees
and, more importantly, this phylogenetic information is
consistent with all other genes thus far studied in this
group (28S, cytochrome b, and 16S; see Cameron and
Mardulyn, 2001; Ef-1a, Sipes, Danforth, and Cameron,
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unpublished data). Moreover, Rokas et al. (2002) recently found this gene to be one of the most useful
markers for within-tribe divergences of gallwasps
(Hymenoptera: Cynipidae). It therefore seems a promising gene for higher level phylogenetics of insects.
While it is desirable to increase the number of available outgroups to the corbiculate clade, adding as many
as 52 new outgroup taxa from 21 new tribes as done by
Ascher et al. (2001), is unnecessary for the aim of resolving relationships among the four corbiculate tribes
(although these data would be useful to further test the
phylogenetic utility of the opsin fragment at higher
taxonomic levels for bees in general). Moreover, opinion
concerning the closest outgroups to the corbiculate bees
has varied. Until recently (Roig-Alsina and Michener,
1993), the Xylocopinae were thought to be among the
closest relatives (Sakagami and Michener, 1987), and
based on sequences from diﬀerent genes, this may still be
the case. We contend that much work still needs to be
done to resolve the corbiculate bee outgroup question.
With respect to the issue of monophyly of the corbiculate clade, Ascher et al. argued (p. 78) that their use
of multiple outgroup exemplars from 21 additional
apine tribes would enable them to test ingroup monophyly. A few pages later (p. 81) they stated that
‘‘monophyly of the corbiculate bees is uncontroversial.’’
Why the need to test if it is uncontroversial? In fact,
Ascher et al.Õs inclusion of more outgroup taxa than in
previous molecular studies has resulted in the paraphyly
of the corbiculate bees, as one (parsimony analysis) or
two (maximum likelihood) outgroup taxa fell within the
ingroup. This is an interesting result, already noted by
Mardulyn and Cameron (1999) and again in Cameron
and Mardulyn (2001), using multiple outgroups and
multiple genes. We have not been able in our own research to pinpoint a speciﬁc bias responsible for this

1055-7903/$ - see front matter Ó 2003 Elsevier Science (USA). All rights reserved.
doi:10.1016/S1055-7903(03)00055-1

S.A. Cameron, P. Mardulyn / Molecular Phylogenetics and Evolution 28 (2003) 610–613

surprising outcome (Cameron and Mardulyn, 2001).
Although the speciﬁc outgroup falling within the ingroup varies from one gene to another (i.e., we cannot
determine a consistent pattern of non-monophyly), and
the combined data support monophyly (Cameron and
Mardulyn, 2001), the paraphyly of the corbiculate bees
should at least be considered as a plausible alternative
hypothesis. Instead, Ascher et al. (2001) treated their
result of non-monophyly as evidence that opsin is
problematic.
The unweighted parsimony analyses reported by
Ascher et al. (2001) did not provide strong support for
most of the higher level bee relationships, and in particular for the relationships among the corbiculate tribes
inferred by Mardulyn and Cameron (1999). However,
Mardulyn and Cameron (1999) showed that transitions
in third positions were saturated, and that weighted
parsimony and maximum likelihood analyses, which are
known to correct for saturation, resulted in much higher
support for the clade grouping Bombini and Meliponini
together (87 and 71% bootstrap support, respectively).
When Ascher et al. accounted for saturation, support
for a Bombini + Meliponini clade increased from <50 to
76%. (Although they ﬁrst stated (p. 78) that they
downweighted transversions (TVs) by 1/4, and then (p.
87) that they downweighted transitions (TNs) by 1/4, we
assume that they used, as they mentioned, the weighting
scheme of Mardulyn and Cameron (1999); i.e., that TNs
in third positions were given four times less weight).
Ascher et al.Õs simultaneous parsimony analysis of the
morphology + behavior + opsin data sets does not seem
appropriate because it excluded two-thirds of the
available molecular data; sequences of both 16S and
cytochrome b were available from GenBank at the time
of their study, but were disregarded. Instead, the authors combined 20 morphological characters and two
correlated behavioral characters with a fraction of the
molecular characters available (i.e., those for opsin). If
the idea was to analyze all available characters together,
why did they not include the other sequence data? If 16S
and cytochrome b sequences were unavailable for all of
the 52 new outgroups, they could have selected a few
outgroups that were available and performed a simultaneous analysis with all available data (at least for the
purpose of resolving relationships within the corbiculate
bees). This was remedied in the above-cited paper by
Cameron and Mardulyn (2001), in which data from four
genes plus morphological characters from Roig-Alsina
and Michener (1993) were analyzed simultaneously, resulting in strong support for a Bombini + Meliponini
clade.
Another concern with their simultaneous analysis is
the manner in which the authors carried out their test of
character congruence (pp. 88–89). The problem with
their methods was the use of an incomplete morphology + behavior data set for the 52 outgroup taxa they
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included in their comparative analyses. They presented a
character matrix for the corbiculate bees taken from the
literature (Schultz et al., 1999). Parsimony analysis of
those characters resulted in the M44 tree (their Fig. 1a)
containing an Apini + Meliponini clade. However, rather than coding all the outgroup taxa for additional
relevant characters, the authors merely assigned 0Õs and
?Õs to the 52 outgroups for this limited data set. This
would obviously lead to a complete lack of resolution
among the outgroups, essentially constraining any possibility for resolution to only the corbiculate bees.
Hence, it is not surprising that the tree length (TL) they
reported for the morphology-based parsimony analysis
is only 27 steps. Their ‘‘simultaneous’’ analysis resulted
in the M44 tree, with a TL of 1717 (four steps longer
than the sum of the two independent TLÕs, which represents 0.24% of the total tree length, not 0.0024% as
written by Ascher et al.). From this result they concluded that there is only weak incongruence between the
two data sets, with the additional conﬂict coming from a
slight increase in homoplasy in the opsin partition. As a
result of their incomplete character resolution for their
52 outgroups, they did not give the morphology much
chance to have homoplasy across the taxa, whereas the
DNA had to resolve itself across all 69 taxa. It would
therefore seem more appropriate if the authors had done
one of the following: (a) reduced the number of taxa to
include only the corbiculate bees and the two outgroups
used in Mardulyn and CameronÕs (1999) study, then run
an ILD analysis, or (b) included additional morphology
and behavior characters in the data matrix for resolution of outgroup relationships, not just assign 0Õs and ?Õs
to outgroups for a limited data set. Such character data
were available from Roig-Alsina and Michener (1993).
The lack of support for relationships among any of
the corbiculate tribes found by Ascher et al. in their
equal weights parsimony analysis, the paraphyly of the
corbiculate bees observed in all their analyses, and
the results of their combined analysis, were used by the
authors as arguments in their discussion to reject the
phylogenetic relationships among corbiculate tribes inferred in the study of Mardulyn and Cameron (1999).
Their conclusion is not supported by the data. Indeed,
all published molecular studies to date, using four
diﬀerent genes (28S, 16S, cytochrome b, and opsin),
support the same Bombini + Meliponini clade. Ascher
et al.Õs study does not contradict this ﬁnding, as this
clade is also present in their parsimony and ML trees
(Figs. 3, 6, 7, and 10). The poor jackknife and bootstrap
support found for this clade in their equal weight parsimony analysis appears to be due to the fact that that
analysis did not take into account saturation of transitions at third position sites. Therefore, although their
inclusion of many more outgroups resulted in paraphyly
of corbiculate bees, the authors did not show that
the use of more outgroups decreased support for the
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Bombini + Meliponini clade found in Mardulyn and
CameronÕs (1999) study.
Ascher et al. suggested that the placement of Apis
outside the ((B + M) + E) clade was due to a long branch
problem coupled with a skewed base composition
problem. They did not, however, test speciﬁcally for
these biases. We tested those potential biases (Cameron
and Mardulyn, 2001), using parametric bootstrapping
(Huelsenbeck, 1997) and spectral analyses on LogDet
distances (Steel et al., 2000), and found no evidence for
them in any of the four molecular data sets included in
that study (of course, other biases may exist that we are
not aware of). Ascher et al.Õs conclusion that their simultaneous analysis provided strong support for a
monophyletic highly eusocial Apini + Meliponini clade
is contradicted by the far more comprehensive simultaneous analysis of Cameron and Mardulyn (2001), which
soundly rejected an A + M clade and showed strong
support for a B + M clade.
To further test this result, we have conducted likelihood ratio tests separately on three molecular data sets
(opsin, 28S, and cytochrome b) published in Cameron
and Mardulyn (2001). For this purpose, we performed
ML analyses with PAUP* version 4.0b10 (Swoﬀord,
1998) on each data set (HKY 85 model; Ti/Tv ratio,
proportion of invariable sites and gamma shape parameter to be estimated; use of empirical frequencies),
with and without the constraint of an A + M clade. A
Kishino–Hasegawa (KH) test (Kishino and Hasegawa,
1989) was conducted using PAUP (RELL approximation, 1000 replicates) to compare the best overall ML
tree that includes a B + M clade (hypothesis inferred by
Cameron (1993) using 16S sequences), with the best ML
tree containing an A + M clade (hypothesis suggested by
morphological characters). All three KH tests resulted
in signiﬁcant p values (0.026 for opsin, 0.048 for 28S,
and 0.007 for cytochrome b), rejecting the null hypothesis that there is no diﬀerence between the two topologies. It is not appropriate to perform a KH test on the
16S data set analyzed in Cameron and Mardulyn (2001)
as most of those sequences were used in Cameron
(1993), which ﬁrst suggested the B + M hypothesis (a
posteriori testing, see Goldman et al., 2000).
Ascher et al. also suggested that Mardulyn and
Cameron (1999) ignored numerous instances of incongruence between their favored tree (see Ascher et al.Õs
Fig. 1d) and their trees based on diﬀerent modeling
approaches, such as maximum likelihood or weighted
parsimony, or trees based on diﬀerent genes. Ascher
et al.Õs Fig. 1 shows a tree (Fig. 1g) that is supposed to
represent a putative ‘‘incongruent’’ opsin ML tree from
Mardulyn and CameronÕs paper. This tree is in fact not
the ML tree from Mardulyn and Cameron (Fig. 5).
Instead, they show a tree with a B + E clade in place of
the correct B + M clade. This is an error, given that
the actual opsin ML tree reported in Mardulyn and

CameronÕs Fig. 5 recovers a B + M clade with 71%
bootstrap support.
Ascher et al.Õs introductory claim that ‘‘not a single
morphological character has ever been reported that
would support Bombini + Meliponini’’ (technically inaccurate—see data set of Roig-Alsina and Michener,
1993) oﬀers nothing to discount Mardulyn and CameronÕs results. All molecular data sets thus far analyzed,
going back to the earliest attempts to sequence the
corbiculate bees in the late 1980s, to recent analyses
(reviewed in Cameron and Mardulyn, 2001), are entirely
consistent in their ﬁndings that Bombini + Meliponini
form a clade. The number of genetic markers showing
this relationship is now up to ﬁve, including a preliminary EF-1a data set (Sipes, Danforth and Cameron,
unpublished data).
In summary, the major goals of Ascher et al. were to
analyze corbiculate bee relationships with multiple outgroups, and to examine the phylogenetic signal present in
the opsin gene. However, the authors provide no new
perspective. Their inability to recover monophyly of the
corbiculate clade is mirrored by other genes, and the
opsin gene in fact (even in their analyses) corroborates
the Bombini + Meliponini relationship inferred for the
corbiculate tribes using all other genes, independently or
combined. Their yardstick for success appears to be
whether molecular results are concordant with tree topologies based on prior morphological character sets
(primarily Roig-Alsina and Michener, 1993). As that
previous study contained many clades with relatively low
support (as Roig-Alsina and Michener discuss), this is
not a robust approach to measuring phylogenetic accuracy. Accuracy can only be determined with reference to
a known, or at least strongly corroborated, phylogeny.
At present, this is provided only by the molecular data.
In conclusion, none of the molecular data sets from
diﬀerent genes, all of which are entirely consistent
among one another, are concordant with the most deﬁnitive morphological data set (Roig-Alsina and Michener, 1993) for the corbiculate bees. The more signiﬁcant
question is why? (Lockhart and Cameron, 2001). Determining the cause of this lack of concordance will only
be achieved by collecting additional data from diverse
sources, including morphology and DNA, and analyzing them rigorously. Of key interest is to understand
what is going on with the non-monophyly of the corbiculate bees: Is this the result of a long branch attraction problem (Mardulyn and Cameron, 1999 tested for
this), some other kind of bias, or are the corbiculate bees
indeed not monophyletic?
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