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visualization; see Supp Fig. S9 (online only) for tree with outgroups). Select tribes (including the subfamily Meropachyinae) that are nonmonophyletic are color-

coded. Values at nodes represent bootstrap support that are less than 100%.

(Supp Figs. S11 and S15 [online only]). Given this incongruence
among analyses, we tested if our estimated gene trees were con-
sistent with the multispecies coalescent model. While most of
our gene trees matched the species tree (46.64%), we detected
asymmetry among our minority gene trees (33.40 and 18.26%;

P < 0.05), suggesting incongruence was not driven by incomplete
lineage sorting.

When poorly supported branches (BS < 50%) were collapsed in
our estimated trees based on all loci, we recovered an additional
polytomy in our majority-rule consensus tree among the Discogastrini
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Fig. 3. Majority-rule consensus tree of all optimal trees (left) and all trees when branches with bootstrap support < 50% are collapsed (right) across maximum
likelihood and summary coalescent analyses and data sets including GC-rich and heterogeneous loci (outgroups pruned for visualization). Species names are
provided on the left tree, while the names of the corresponding tribes are provided on the right tree. Select tribes (including the subfamily Meropachyinae) that
are nonmonophyletic are color-coded. Red stars at nodes indicate the location of polytomies in the majority-rule consensus trees. Numbers below branches
indicate the proportion of all eight trees that recovered the corresponding clade; branches without numbers were recovered in 100% of trees.

+ Nematopodini + Spathophorini (Fig. 3). The only sampled spe-
cies of Discogastrini was more often recovered as the sister to the
nematopodine genera Nematopus Berthold + Grammopoecilius

Stal with weak to moderate support (BS = 38-78%) (Supp Figs.
$2-S8, S10, S12, S14, and S16 [online only]), but several analyses
recovered this tribe as sister to all Nematopodini + Spathophorini
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Fig. 4. Bootstrap support for select Coreinae + Meropachyinae branches from Fig. 3 that exhibit conflict and/or low support across all analyses including all loci.

Abbreviations: BS = bootstrap support; HL = Hypselonotini Lineage.

with 100% support (Fig. 2, Supp Figs. S1, S9, S11, S13, and S15
[online only]). Furthermore, the position of the nematopodine
genera Melucha Amyot & Serville + Thasus also varied across ana-
lyses, either recovered as the sister group of all other Nematopodini
+ Discogastrini + Spathophorini (BS = 100%) (Supp Figs. S2-S8,
$10, S12, S14, and S16 [online only]), all remaining Nematopodini
+ Spathophorini (BS = 97-100%) (Supp Figs. S1 and S10 [online
only]), or Ouranion Kirkaldy + Piezogaster Amyot & Serville +
Mozena Amyot & Serville + Spathophorini (BS = 75-100%) (Fig. 2,
Supp Figs. S9, S11, S13, and S15 [online only]).

The meropachyine tribe Merocorini was typically found to be
sister to Hypselonotus Hahn + Chariesterini (BS = 78-100%) (Fig. 2,
Supp Figs. S2, S4-S16 [online only]). In 50p and 70p summary co-
alescent analyses based on all loci, Merocorini was recovered as the
sister to Hypselonotus (Supp Figs. S1 and S3 [online only]). However,
support for this relationship exhibited drastically different values:
support was 82% for our 50p total evidence data set, whereas it was
27% for the 70p total evidence data set.

Nonmonophyly of Coreine Tribes

At the tribal level, we found support for the nonmonophyly of sev-
eral tribes of Coreinae (Fig. 2-4, Supp Figs. S1-S16 [online only]).
Nematopodini was consistently not monophyletic with respect to
Spathophorini or Spathophorini + Discogastrini. The Coreini were
polyphelytic, with Haidara Distant highly supported as the sister
to Phyllomorphini + Gonocerini + Coreus and Coreus rendered
Gonocerini paraphyletic with weak to strong support. Weak to high
support for a paraphyletic Daladerini with respect to Latimbini was

observed across all analyses, except for a poorly supported mono-
phyletic Daladerini recovered in our GC-low 50p 25% most inform-
ative gene tree summary coalescent analysis (Supp Fig. S6 [online
only]). Our results also recovered a polyphyletic Hypselonotini with
five distinct lineages throughout Clade C, as well as a polyphyletic
Anisoscelini with two lineages.

While relationships within other tribes (or larger clades) gen-
erally remained unchanged across our different analyses, we did
recover a few conflicting results. For example, the phylogen-
etic positions of genera Dianomictis O’Shea, Plectropodoides
Schouteden, and Mygdonia Stdl varied within the Mictini, with
all recovered hypotheses generally well supported in ML analyses
and relatively weakly supported in coalescent analyses. One other
clade, the Hypselonotini Lineage 1, also exhibited two competing
hypotheses in the phylogenetic position of Villasitocoris Brailovsky,
but all of our analyses, except our 50p total evidence coalescent
analysis, support the placement of this genus as sister to all other
sampled taxa in this clade.

Genus-Level Phylogenetic Results

Our results supported most sampled genera as clades comprised of
their respective conspecifics with strong support (Figs. 2-4, Supp
Figs. S1-S16 [online only]). Only a few genera were not monophy-
letic. Leptoglossus Guérin-Méneville was paraphyletic with respect
to Phthiacnemia Brailovsky, and Paryphes Burmeister rendered
Anasa Amyot & Serville paraphyletic, both with high support. We
also found evidence for a paraphyletic Plectropoda Bergroth with
respect to Elasmopoda Stal with weak to high support.
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Discussion

Here, we robustly reconstructed shallower (i.e., intra- and inter-
tribal) hemipteran relationships in the speciose coreid subfamily
Coreinae, demonstrating the broad utility of these hemipteran
UCEs. Our study recovered many highly supported clades among
and within coreine tribes and genera that were largely congruent
across our ML and summary coalescent analyses, although uncer-
tainty still exists among the clades at deeper branches (i.e., Clades A,
B, and C in Fig. 3) and within certain lineages, such as the Mictini.
Most of our recovered relationships were novel, though a few were
congruent with previous studies (e.g., Schaefer 1965, 1968; O’Shea
1980a, b; Li 1996, 1997; Forthman et al. 2019; Kieran et al. 2019).
Additionally, several tribes and genera—as well as the subfamilies
Coreinae and Meropachyinae—were recovered as para- or polyphyl-
etic, often with robust support; the taxonomic status of these groups
should be evaluated further to revise classification.

The incongruence among Clades A, B, and C and differences
in support of some other nodes between our species trees and ML
analyses might be attributed to model violations and/or ILS con-
ditions. Although concatenation approaches reduce sampling error
and reveal ‘hidden’ support (Barrett et al. 1991, Gatesy et al. 1999,
Philippe et al. 2011, Foley et al. 2016), studies have shown that
these approaches can overestimate support for the incorrect species
tree when incorrect models and gene tree discordance due to high
levels of ILS are present (Degnan and Rosenberg 2006, Kubatko and
Degnan 2007, Mirarab et al. 2014, Mirarab and Warnow 2015).
Alternative species tree estimation methods have been developed
under the multispecies coalescent, which can produce more accurate
phylogenetic estimates in the presence of ILS and gene tree discord-
ance (Degnan and Rosenberg 2009). However, our results suggested
that the incongruence among Clades A, B, and C is not due to ILS
causing gene tree discordance. Thus, our concatenation approaches
may not be overestimating support for artefactual relationships.
Instead, the source of this incongruence and lower support in our
species trees may be due to gene tree estimation error, which has
been shown to negatively impact summary coalescent methods (e.g.,
Patel et al. 2013, Gatesy and Springer 2014, Hosner et al. 2016,
Springer and Gatesy 2014).

Some studies have demonstrated negative impacts of sampling
loci with high GC heterogeneity or GC skews (e.g., Romiguier et al.
2013, Bossert et al. 2017). Here, we accounted for potential GC
bias in both summary coalescent and concatenation approaches and
found relatively modest ranges of GC content and degrees of hetero-
geneity in our data sets. Our results based on GC-low loci continued
to be largely congruent with more GC-rich data sets even though
conflicting nodes often exhibited both increases or decreases in sup-
port without a clearer majority of species trees converging on a top-
ology. This suggest that future studies may not need to consider GC
content and heterogeneity in analyses (see also Duchéne et al. 2018,
Sato et al. 2019).

Coreinae Paraphyly and Meropachyinae Polyphyly

Although Meropachyinae have rarely been included in phylogenetic
analyses that sample Coreidae, there has been morphological and
molecular evidence for the paraphyly of Coreinae with respect to
this subfamily (Li 1996, 1997; Forthman et al. 2019; Kieran et al.
2019), which we corroborate. We found paraphyly of Nematopodini
with respect to the meropachyine tribe Spathophorini, as in previous
UCE studies (Forthman et al. 2019, Kieran et al. 2019). Additionally,
the close relationship between Merocorini (Meropachyinae),
Chariesterini, and Hypselonotus we recovered is largely consistent

with previous cladistic (Li 1996, 1997) and noncladistic (Schaefer
1965, Hepburn and Yonke 1971) studies. Both subfamilies have
historically been delimited from the other coreid subfamilies by the
presence of a dorsally sulcate tibia (see Forthman et al. 2019). In the
taxonomic literature, the two subfamilies have been diagnosed from
each other primarily by the presence (Meropachyinae) or absence
(Coreinae) of an apical spine or tooth on the hind tibiae, as well
as the shape of the hind femora and location of the metathoracic
scent gland orifices. Our results indicate that these traits are likely
homoplastic.

Uncertain Phylogenetic Placement of Clades A, B,
and C

Our study finds robust support for a clade comprised of Dasynini,
Homoeocerini, Coreini, Phyllomorphini, and Gonocerini (Clade
A). The phylogenetic position of Clade A, however, remains un-
certain. In our summary coalescent analyses, this clade was sister
to Clade B (Daladerini, Latimbini, Cloresmini, Colpurini, and
Mictini; see Fig. 3) with high support, while the ML analyses
recovered two alternative topologies involving the large Clade
C (Hypselonotini, Acanthocerini, Merocorini, Chariesterini,
Anisoscelini, Placoscelini, Acanthocephalini, Chelinideini) with
weaker support.

The internal branches around the polytomy we recovered are very
short relative to other branches at deep nodes (Supp Figs. S9-S16
[online only]). The short, successive branches suggest that this region
of the tree might be in an anomaly zone, i.e., a region of the spe-
cies tree where discordant gene trees are more common than gene
trees that are concordant with the species tree due to incomplete lin-
eage sorting (Degnan and Rosenberg 2006, Liu and Edwards 2009).
However, our test of minority gene tree asymmetry suggests that our
estimated gene trees are inconsistent with the multispecies coales-
cent model. Thus, discordance around these branches is likely due
to other processes.

Nonmonophyly of Nematopodini

A paraphyletic Nematopodini with respect to Spathophorini has
also been supported by Kieran et al. (2019) and Forthman et al.
(2019). However, in some of our analyses, Discogastrini was re-
covered within Nematopodini rather than as the sister group of
Nematopodini + Spathophorini. This was not dependent on the
analytical method or type of data set used. Thus, Discogastrini may
render Nematopodini (including Spathophorini) not monophyletic.
To our knowledge, there are no previous hypotheses for a relation-
ship between these three taxa.

Amyot and Serville (1843) included some members of
Discogastrini within the Nematopodini based on the presence of
enlarged, armed hind femora in males (although, in type images
of several genera, the legs of Discogastrini appear slender and
unarmed). Discogastrini was subsequently treated as a distinct
group from the Nematopodini by Stdl (1867), primarily due to
the position of the abdominal spiracles. In his comparative mor-
phological study, Schaefer (1965) included the Discogastrini,
Homoeocerini, and Latimbini in his Homoeocerus-group (each
tribe treated as a separate subgroup) based on the structure of
the conjunctiva, metathoracic scent gland opening, laterotergites,
and external genitalia (Nematopodini not examined). Our results
are more in line with Amyot and Serville’s (1843) classification,
although the shape and armature of the hind femora may not
be synapomorphies for Discogastrini + Nematopodini (including
Spathophorini).
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Clade A and the Nonmonophyly of Coreini and
Gonocerini

The taxonomic history of the Coreini has undergone drastic changes
over the last decade. Many of the genera once classified in Coreini are
now treated as members of Hypselonotini and other tribes, which we
followed here (see CoreoideaSF Team 2019). Our results provide ro-
bust support for the exclusion of these genera from the Coreini, but
we do not find evidence for a monophyletic Coreini. The relatively
close relationship of Coreini and Gonocerini—which is paraphyletic
in our study—is congruent with Pan et al. (2007) and Pan et als
(2008) Cytb phylogenies but contradicts Li’s (1997) morphological
and Fang and Nie’s (2007) COII phylogenies. Schaefer (1965) placed
the Coreini (which included genera now in other tribes) with sev-
eral others (including Gonocerini and Dasynini) in his large Coreus-
group. Our phylogenetic result provides limited support to Schaefer’s
(19635) study but does not recognize the placement of many other
tribes within his Coreus-group. Thus, the characters Schaefer (1965)
used to diagnose and describe his Coreus-group and subgroups are
likely plesiomorphic or homoplastic synapomorphies based on our
molecular phylogenetic hypothesis.

The tribe Phyllomorphini had not been included in previous
phylogenetic analyses. Past precladistic morphological studies led
some authors to propose Phyllomorphini as a distinct subfamily due
to the absence of a dorsal tibial sulcus, as well as several genitalic
and abdominal traits (Schaefer 1965; Ahmad 1970, 1979). However,
we find support for the inclusion of this tribe within the Coreidae.

Lastly, the sister group relationship between Dasynini and
Homoeocerini recovered from our analysis is novel. Schaefer (1965)
did not consider these tribes to belong to the same group in his mor-
phological study. Li (1997) included several species of Dasynini and
found this tribe to be paraphyletic, but none of the sampled species
were found to be closely related to Homoeocerini.

Novel Relationships of Clade B, the Paraphyly of
Daladerini, and Phylogenetic Position of Colpurini
The relationships recovered within our well-supported Clade B do
not strictly agree with previous studies (Schaefer 1965, Li 1997,
Fang and Nie 2007). Daladerini and Latimbini were recovered as the
sister of all other tribes within Clade B. We found support for a clade
comprised of Cloresmini, as well as its sister group relationship with
Colpurini + Mictini that has not been previously proposed. Schaefer
(1965) included Cloresmini within his Coreus-subgroup C with
other tribes not recovered in this clade (although Mictini was in-
cluded in a separate Coreus-subgroup within a larger Coreus-group).
Amyot and Serville (1843) described and classified Dalader in
the same family-group as genera from Mictini, but it was subse-
quently treated as a distinct group by Stdl (1873). Li’s (1997) mor-
phological phylogenetic hypothesis suggests that the Daladerini are
sister to Acanthocerini and Acanthocephalini, in support of Stal’s
(1873) treatment of the tribe as separate from the Mictini. Our re-
sults also support the exclusion of the sampled daladerine genera
from Mictini but predominately find new evidence for the paraphyly
of this tribe with respect to Latimbini, which has a drastically dif-
ferent gross morphology. Schaefer (1965) assigned Daladerini to his
Coreus-subgroup B; he assigned the Latimbini to the Homoeocerus-
group but recognized that the position of Latimbini was uncertain.
Our results for the phylogenetic placement of Colpurini and treat-
ment as a tribe within Coreinae is contradictory with all other studies
(Stys 1964, Kumar 1965, Schaefer 1965, Ahmad 1970, Li 1997).
Past studies have characterized the Colpurini as ‘primitive’ but with
many characters (primarily genitalia) suggesting an ‘intermediate’

phylogenetic position between Pseudophloeinae, Hydarinae, and
other Coreinae (see Stys 1964; Kumar 1965; Schaefer 1965; Ahmad
19705 Li 1996, 1997). Thus, our results are novel and suggest that
genitalic features, as well as external features, should be reevaluated
in light of our molecular hypothesis.

Polyphyly of Hypselonotini

With 356 species, the Hypselonotini is the most speciose tribe within
the family Coreidae. This tribe has not been formally described or
diagnosed even when it was first recognized by Bergroth (1913). Over
the last three decades, a number of genera currently recognized within
the Hypselonotini (CoreoideaSF Team 2019) have been previously
treated as members of the Coreini (e.g., Brailovsky 1988, 1990, 1995,
2016; Packauskas 1994). Members of this tribe have not been included
in published phylogenetic analyses and, to our knowledge, appear to
have only been examined by Schaefer (1965) in his comparative mor-
phological study (treated as part of Coreini). Our study supports the
exclusion of the sampled hypselonotine genera from the Coreini but
not the monophyly of this large tribe; five independent lineages were
robustly supported in our analyses. Of these, only the taxonomic
position of Hypselonotus within the Hypselonotus + Chariesterini +
Merocorini was not congruent across analyses. It is evident from our
results that the taxonomic status of Hypselonotini is in further need of
evaluation. Including additional genera of this tribe will provide fur-
ther insights into the extent of hypselonotine polyphyly.

Polyphyly of Anisoscelini

The tribe Anisoscelini is a moderately sized group, with 183 species
that exhibit a diversity of color patterns and morphology, particu-
larly with the shape and size of the foliaceous expansions on the hind
tibiae. Members of Anisoscelini were once divided among two tribes
(Anisosceledini [or Anisoscelini] and Leptoscelidini), primarily based
on the presence or absence of hind tibial expansions (e.g., Stal 1867,
Schaefer 1965, Packauskas 1994). Schaefer (1965, 1968) classified
both of these former tribes as members of the Acanthocephala-group
with Acanthocephalini and Placoscelini. We find some support for
Schaefer’s (1965, 1968) scheme, but we do not support his exclusion
of Chelinideini and Hypselonotini from the Acanthocephala-group.
The two distinct anisosceline lineages we recovered do not appear to
correspond to previously proposed tribal classifications and phylo-
genetic hypotheses nor appear to be separated based on the presence
of tibial expansions. Like Hypselonotini, careful evaluation of this
tribe is needed to understand the extent of anisosceline polyphyly.

Phylogenetic Position of Chelinideini

We support a sister group relationship between Chelinideini and our
Hypselonotini Lineage 5 + Anisoscelini Lineage 2 clade (Fig. 3), con-
trary to previous studies. Li’s (1997) phylogenetic hypothesis found
a close relationship between Chelinideini and Homoeocerini. Based
on a survey of genitalic morphology, Schaefer (1965) placed this
tribe in a Coreus subgroup (subgroup C) that included Gonocerini,
Acanthocorini (part), Cloresmini, and Coreini. In fact, Chelinideini
was once classified within the Coreini, but was elevated to tribal
rank by Blatchley (1926). Thus, our results on the phylogenetic pos-
ition of Chelinideini are novel and require further comparative work
to identify and test potential synapomorphies.

Paraphyletic Genera

The genera Plectropoda and Elasmopoda are two of several genera
comprising the Elasmopoda complex (Linnavuori 1978, O’Shea
1980c¢) and share many morphological similarities. Both genera have
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been treated as separate groups since Stal (1873), but some species
have historically experienced changes in generic assignment be-
tween these two groups. Linnavuori (1978) revised the Elasmopoda
complex but noted that some features used to diagnosis Elasmopoda
are also observed in some Plectropoda species. This may suggest that
one or both genera are not monophyletic, and our study supports
the paraphyly of Plectropoda with respect to Elasmopoda. This indi-
cates that the taxonomic limits of these genera should be evaluated
further.

The genus Leptoglossus is an agriculturally important group
(Schaefer and Mitchell 1983, Jankevicius et al. 1993, Fernandes et al.
2015), with many of the 62 species distributed throughout the New
World, while two species, L. gonagra (Fabricius) and L. occidentalis
Heidemann, occur worldwide (CoreoideaSF Team 2019). Our study
recovered a paraphyletic Leptoglossus, with L. gonagra recovered
as sister to Phthiacnemia picta (Drury), both of which were sam-
pled from the New World. Based on our survey of the taxonomic
literature and the Coreoidea Species File (CoreoideaSF Team 2019),
these two genera have never been treated as or hypothesized to be
the same. Allen (1969) created two divisions within Leptoglossus—
Divisions A and B. While we do not support the monophyly of this
genus, we do find limited support for Allen’s (1969) separate treat-
ment of his Division A (i.e., L. gonagra) from those of Division B
(i.e., L. phyllopus [Linnaeus], L. clypealis Heidemann, L. concolor
[Walker]).

The hypselonotine genus Anasa is a large genus comprised of
77 New World species (CoreoideaSF Team 2019), with several of
economic importance (Schaefer and Mitchell 1983, Fernandes et al.
2015). We also found evidence for the paraphyly of Anasa with re-
spect to the hypselonotine genus Paryphes. The close relationship
between these two genera have not been previously shown. Stil
(1867) provided a framework to separate the two genera based on
the curvature of the head and the structure of the antennal segments.
In this same publication, Stal (1867) transferred a single species from
Paryphes to Anasa. Since then, the taxonomic literature has recog-
nized these two genera as distinct without suggestion that they are
potentially the same.

Additional Observations

We observed a ~1.5-2x increase in contig assembly and UCE re-
covery when implementing our TE-touchdown protocol. Such an
increase may be due to the moderate reduction in hybridization
temperature (i.e., from 65 to 62°C) and/or the sonication method
associated with our target capture approach. However, this obser-
vation may have been confounded by the DNA extraction methods
employed and/or by the early termination of our initial hybridiza-
tion, although baits from the first hybridization should have been
ineffective during the second attempt. Future UCE capture studies
in invertebrates should continue exploring touchdown hybridization
approaches in more controlled experiments to test for improve locus
recovery.

Our sample size of successfully sequenced degraded museum ma-
terial was exceptionally low. Four were recently collected (2015-
2016), whereas one was much older (collected in 1946). Our recent
samples recovered a relatively large number of UCEs compared to
our historical sample. While our low sample size cannot afford any
conclusions, we noted an increase in UCE recovery and locus lengths
when the DNQIA extraction protocol was used; however, the tis-
sues sampled among taxa may confound this observation. Although
freshly preserved specimen material is ideal for UCE capture studies,
such tissues may be limited for some taxonomic groups (e.g., rare

tribes missing in this study). Thus, future UCE capture studies should
continue exploring alternative approaches to improve UCE recovery
of more historical museum specimens through rigorous analyses.

Conclusion

The results of our phylogenomic analysis suggest para- and
polyphyly of several genera, tribes, and subfamilies of Coreidae,
indicating that the taxonomic classification of this diverse family
and its largest subfamily, the Coreinae, is in critical need of evalu-
ation and future revision. We were able to robustly reconstruct
relationships at shallower phylogenetic scales within the coreid
subfamily Coreinae, demonstrating that invertebrate UCEs
are suitable at a variety of scales (i.e., subfamily to congeners).
Additional capture studies within the Hemiptera are needed to test
the utility of UCEs at more recent times scales, e.g., with greater
taxon sampling within genera and populations within species. Our
results additionally highlight areas of the phylogeny that should
be further tested with increased taxon sampling, including large
and/or diverse clades (e.g., Daladerini, Nematopodini, Mictini,
etc.), as well as taxa for which fresh tissue samples are not com-
monly available.

Supplementary Data

Supplementary data are available at Insect Systematics and
Diversity online.

Table S1. Taxon sampling and summary information on mo-
lecular protocols.

Table S2. Summary data for sequence reads, contigs, and
ultraconserved element loci generated in this study.

Table S3. Summary of informative sites and number of UCE loci
for each data set.

Table S4. GC content for each UCE concatenated alignment (un-
informative sites excluded from calculations).

Table S5. GC content for each taxon in the concatenated
alignments (uninformative sites excluded from calculations).
Abbreviations: TEv, total evidence; 25MI, 25 % most informative loci.

Table S6. GC content and heterogeneity for each UCE locus
alignment (uninformative sites excluded from calculations).

Table S7. Symmetric distances across all optimal trees based
on data sets including GC-rich and heterogeneous loci (outgroups
excluded).

Table S8. Symmetric distances across all trees after branches
with less than 50% bootstrap support in optimal trees were col-
lapsed based on data sets including GC-rich and heterogeneous loci
(outgroups excluded).

Figure S1. ASTRAL-III species tree generated from all 50p gene
trees (i.e., total evidence), including GC-rich and heterogeneous loci.
Values at nodes represent bootstrap support.

Figure S2. ASTRAL-III species tree generated from the 25% most
informative 50p gene trees, including GC-rich and heterogeneous
loci. Values at nodes represent bootstrap support.

Figure S3. ASTRAL-III species tree generated from all 70p gene
trees (i.e., total evidence), including GC-rich and heterogeneous loci.
Values at nodes represent bootstrap support.

Figure S4. ASTRAL-III species tree generated from the 25% most
informative 70p gene trees, including GC-rich and heterogeneous
loci. Values at nodes represent bootstrap support.

Figure S5. ASTRAL-III species tree generated from all GC-low
50p gene trees (i.e., total evidence). Values at nodes represent boot-
strap support.
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Figure S6. ASTRAL-III species tree generated from the GC-low
25% most informative 50p gene trees. Values at nodes represent
bootstrap support.

Figure S7. ASTRAL-III species tree generated from all GC-low
70p gene trees (i.e., total evidence). Values at nodes represent boot-
strap support.

Figure S8. ASTRAL-III species tree generated from the GC-low
25% most informative 70p gene trees. Values at nodes represent
bootstrap support.

Figure S9. RAXML best tree generated from the 50p gene trees
(i.e., total evidence), including GC-rich and heterogeneous loci.
Values at nodes represent bootstrap support.

Figure S10. RAXML best tree generated from the 25% most in-
formative 50p gene trees, including GC-rich and heterogeneous loci.
Values at nodes represent bootstrap support.

Figure S11. RAXML best tree generated from the 70p gene trees
(i.e., total evidence), including GC-rich and heterogeneous loci.
Values at nodes represent bootstrap support.

Figure S12. RAXML best tree generated from the 25% most in-
formative 70p gene trees, including GC-rich and heterogeneous loci.
Values at nodes represent bootstrap support.

Figure S13. RAXML best tree generated from the GC-low 50p
gene trees (i.e., total evidence). Values at nodes represent bootstrap
support.

Figure S14. RAXML best tree generated from the GC-low 25%
most informative 50p gene trees. Values at nodes represent bootstrap
support.

Figure S15. RAXML best tree generated from the GC-low 70p
gene trees (i.e., total evidence). Values at nodes represent bootstrap
support.

Figure S16. RAXML best tree generated from the GC-low 25%
most informative 70p gene trees. Values at nodes represent bootstrap
support.
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