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Abstract. The precise phylogenetic position of the weevil subfamily Platypodinae continues to be one of the more contentious issues in 
weevil systematics. Morphological features of adult beetles and similar ecological adaptations point towards a close relationship with the 
wood boring Scolytinae, while some recent molecular studies and larval morphology have indicated a closer relationship to Dryophthori
nae. To test these opposing hypotheses, a molecular phylogeny was reconstructed using 5,966 nucleotides from ten gene fragments. Five of 
these genes are used for the first time to explore beetle phylogeny, i.e. the nuclear protein coding genes PABP1, UBA5, Arr2, TPI, and Iap2, 
while five markers have been used in earlier studies (28S, COI, CAD, ArgK, and EF-1α). Bayesian, maximum likelihood and parsimony 
analyses of the combined data strongly support a monophyletic Curculionidae (the advanced weevils with geniculate antennae), where 
Brachycerinae, Platypodinae, and Dryophthorinae formed the earliest diverging groups. Dryophthorinae and core Platypodinae were sister 
groups with high support, with the contentious genera Mecopelmus Blackman, 1944 and Coptonotus Chapuis, 1873 placed elsewhere. 
Other lineages of wood boring weevils such as Scolytinae, Cossoninae, and Conoderinae were part of a derived, but less resolved, clade 
forming the sister group to Entiminae. Resolution among major curculionid subfamilies was ambiguous, emphasizing the need for large 
volumes of data to further improve resolution in this most diverse section of the weevil tree. 

Key words. Weevils, molecular phylogeny, Platypodinae, Scolytinae, Dryophthorinae, ambrosia beetles, TPI, UBA5, PABP1, Arrestin2, 
Iap2.

1.  Introduction

The weevil superfamily Curculionoidea represents one 
of the most diverse groups of insects, with more than 
60,000 described species (Oberprieler et al. 2007). Clas
sification of the group has changed considerably over 
the past centuries, as can be expected for such a tre
mendously diversified group. Recent revisions of higher 
taxa (AlOnsO-ZArAZAgA & lyAl 1999; Oberprieler et 
al. 2007) have highlighted considerable uncertainty tied 
to the placement and rank of certain taxa, but have also 
pointed towards a gradually unified classification, largely 
founded on, and confirmed by, recent phylogenetic anal
yses (Kuschel 1995; MArvAldi et al. 2002; McKennA et 
al. 2009; JOrdAl et al. 2011; hArAn et al. 2013; gillett 
et al. 2014; gunter et al. 2015). 
 There is now a certain consensus that orthocerous 
weevil families (weevils with straight antennae) form a 

variety of older diverging lineages, including Nemony
chidae, Anthribidae, Attelabidae, Belidae, Caridae, and 
Brentidae. Most of the controversy is therefore associ
ated with the placement and rank of the advanced wee
vils which are characterized by geniculate antennae – the 
megadiverse family Curculionidae sensu Oberprieler et 
al. (2007) (Fig. 1). The generally low phylogenetic reso
lution obtained so far may be a consequence of limited 
molecular data per taxon unit, as well as the high number 
of species, with speciesrich clades requiring larger data 
volumes to obtain resolution. The type of data used in 
previous analyses has mainly been of ribosomal or mito
chondrial origin, with no more than five nuclear protein 
coding genes applied to date (FArrell et al. 2001; Mc-
KennA et al. 2009; JOrdAl et al. 2011; riedel et al. 2016). 
A commonly used ribosomal marker, the 18S gene, has 
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Fig. 3. Phylogenetic consensus tree of dataset I, divided into seven partitions (by codon position in mitochondrial and nuclear genes, and 
28S). Bayesian posterior probability values are shown above nodes, and parsimony bootstrap values below nodes. 
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Coptonotus, forming largely a polytomy. Conoderinae 
was monophyletic (PP = 0.79) and was closely related 
to the molytine tribe Amorphocerini (PP = 0.54). In 
both the Bayesian and parsimony analyses, Coptonotus 
grouped together with part of a paraphyletic Scolytinae. 
 Separate analyses of the five established markers 
combined, and the five new markers combined, resulted 
in less resolved tree topologies compared to the analyses 
of all data (Electronic Supplement Fig. S5). In each case 
Curculionidae was monophyletic. The most significant 
difference between the two smaller datasets was a sister 
relationship between Platypodinae and Dryophthorinae 
that was supported by the new markers only (PP = 0.95). 
In the nucleotide analyses of individual genes (Electronic 
Supplement Figs. S6 – S9), the Platypodinae-Dryophthor
inae clade was supported by the ArgK and UBA5 data, 
and nearly so by the TPI data. All Dryophthorinae were 
lacking Arr2 data, while Iap2 indicated a more derived 
position for Dryophthorinae, separate from Platypodinae. 
Amino acid translated data revealed largely paraphyletic 
groups for most of the genes, except COI, Arr2, TPI, and 
Iap2, which were all monophyletic for Platypodinae, 
whereas TPI grouped Platypodinae and Dryophthorinae 
as sister groups (Electronic Supplement Fig. S7).

4.  Discussion

4.1.  Weevil relationships

This study provides the clearest evidence to date for a 
sister relationship between Dryophthorinae and the core 
Platypodinae (sensu JOrdAl 2015). Previous molecular 
studies have suggested similar topologies, but these had 
generally lower node support, including for this particu
lar node (McKennA et al. 2009; gillett et al. 2014). With 
maximum support in the various analyses presented here, 
it seems prudent to conclude that these two subfamilies 
are indeed sister groups. Our molecular data therefore 
refute a close relationship between Scolytinae and Platy
podinae which has been proposed repeatedly over the last 
centuries (blAndFOrd 1897; schedl 1972; WOOd 1978; 
Kuschel 1995; Kuschel et al. 2000; bright 2014), even 
in mixed molecular- and morphology-based analyses 
(MArvAldi et al. 2002; JOrdAl et al. 2011). 
 Previous comparative analyses of morphological data 
focussed to a large extent on adult head structures (WOOd 
1978, 1986; MOriMOtO & KOJiMA 2003), features that 
are heavily modified through adaptation to wood boring 
and therefore not necessarily homologous in taxa with 
similar feeding behaviour (e.g. lyAl 1995). Several other 
features associated with wood tunnelling show extensive 
homoplasy, including the shape of legs with hooks and 
denticles used for substrate attachment, for instance in 
unrelated groups such as Campyloscelini (Conoderinae) 
and in Araucariini (Cossoninae, see e.g. Kuschel 1966; 
JOrdAl et al. 2011). Larval anatomy, which may be less 

prone to wood boring adaptations, supports a sister re
lationship between Platypodinae and Dryophthorinae 
at the base of Curculionidae (MArvAldi 1997). A more 
detailed review of the historical development of morpho
logy-based classifications of Platypodinae and Scolyti
nae can be found in JOrdAl (2014). 
 Our molecular data corroborate recent studies that 
excluded Mecopelmus from Platypodinae, supporting a 
more narrowly defined subfamily that corresponds to the 
core Platypodidae sensu WOOd (1993) or Platypodinae 
sensu JOrdAl (2015). This is generally consistent with 
morphological characters, in particular the male genita
lia and associated abdominal structures, which are very 
different in Mecopelmus (see thOMpsOn 1992; Kuschel 
et al. 2000; JOrdAl 2014). Larvae are unfortunately not 
known for this genus, which could potentially have clari
fied the relationship to other weevil groups. The position 
of Mecopelmus therefore appears to be one of the major 
remaining challenges in weevil phylogenetics, and re
quires considerably more sequence data to solve. 
 Several molecular studies have indicated that Platypo
dinae and Dryophthorinae are, together with members of 
the Brachycerinae, distinct basal lineages in Curculioni
dae (McKennA et al. 2009; gillett et al. 2014). The split 
between these three groups and the remaining Curculio
nidae (including Entiminae) is supported by major dif
ferences in the male genitalia – with Entiminae and other 
derived Curculionidae having a pedal form as opposed 
to the ancestral pedotectal type seen in Dryophthorinae 
and Brachycerinae (thOMpsOn 1992). The male genitalia 
of Platypodinae are highly reduced and therefore diffi
cult to assess, but they have tentatively been associated 
with the more primitive type of genitalia. Molecular data 
strongly support the assertion that the platypodine aedea
gus is derived from the pedotectal type. Brachycerinae, 
Dryophthorinae and Platypodinae are ranked as subfami
lies in the Oberprieler et al. system (2007), while given 
full family status in the AlOnsO-ZArAZAgA & lyAl sys
tem (1999). In light of the recent phylogenetic results, 
it is understandable that such discrepancies in rank oc
cur. Without defined auxiliary criteria, such as the time 
banding criterion (vences et al. 2013), the rank seems 
largely subjective. A reconciled solution would need ad
ditional information on the Brachycerinae in particular, a 
group which may consist of multiple unrelated lineages 
(McKennA et al. 2009; gillett et al. 2014) and, hence, 
will be simultaneously affected by changes in the rank of 
Dryophthorinae and Platypodinae (see also JOrdAl et al. 
2014).
 Our study also confirms a long-standing hypothesis 
that Entiminae form part of a distinct lineage of broad-
nosed weevils placed among the more advanced Cur
culionidae. Data on mitochondrial genomes have also 
shown that Cyclominae and Hyperinae (sensu AlOnsO-
ZArAZAgA & lyAl 2009) belong to this lineage (gillett 
et al. 2014; gunter et al. 2015). Together they form the 
sister group to all other advanced weevils, including Cos
soninae, Scolytinae, a broadly defined Molytinae, Curcu
lioninae, and Baridinae (see also McKennA et al. 2009). 
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The advanced weevil clade also includes the genus Cop
tonotus, which therefore has a very distant relationship 
to Mecopelmus – both of which have been placed in the 
same family Coptonotinae by some authors (e.g. schedl 
1962; WOOd 1993; WOOd & bright 1992). Molecular 
data were indecisive in placing Coptonotus which seems 
to be an old isolated lineage consisting of only four 
known species (sMith & cOgnAtO 2016). 
 The limited resolution of the major lineages of ad
vanced weevils is not very surprising given the enormous 
diversity characterising this part of the weevil tree. Rela
tionships among Curculioninae, Molytinae, and Baridinae 
(sensu Oberprieler et al. 2007) were largely unresolved 
also in previous molecular studies, including those based 
on mitochondrial genomes (hArAn et al. 2013; gillett et 
al. 2014). Most of the incongruence found in our study is 
mainly associated with the deepest nodes in each of these 
subfamilies, reflecting potential problems with the broad 
concept of classification proposed by Oberprieler et al. 
(2007). The AlOnsO-ZArAZAgA & lyAl (1999) system is 
on the other hand more finely divided into many more 
subfamilies and each of these is therefore less likely to 
be polyphyletic. Consistent with the latter system we re
covered separate clades for the ‘baridine’ groups Ceuto
rhynchinae and Conoderinae, and separate clades for the 
‘molytine’ groups Lixinae, Cryptorhynchinae, and Mo
lytinae sensu stricto. However, our taxonomic sampling 
was limited to just a few genera for each of these groups 
and can therefore not provide a proper test of monophyly. 
A recent molecular study on Cryptorhynchinae illustrat
ed, for instance, the many problems with placing atypical 
members of ‘molytine’ subgroups (riedel et al. 2016). 

4.2.  Application of novel molecular 
  markers

The optimization and application of five new molecular 
markers in weevil phylogenetics was promising despite 
a variable degree of PCR amplification. A modest in
crease in new molecular data – less than doubling the 
number of nucleotides – gave increased node support 
for the DryophthorinaePlatypodinae clade in particular, 
but also in the node connecting Scolytinae, Cossoninae, 
Curculioninae, and the broadly defined Baridinae and 
Molytinae (compared to McKennA et al. 2009; gillett 
et al. 2014). Several deeper nodes on the other hand ap
peared to conflict with well-established topologies, indi
cating high substitution rates in many of these markers. 
They therefore seem to have limited potential in resolv
ing older weevil relationships (see pistOne et al. 2016). 
More over, we obtained low resolution in the most di
verse clade of Curculionidae, similar to recent phyloge
netic studies based on complete or partial mitochondrial 
genomes (hArAn et al. 2013; gillett et al. 2014; gunter 
et al. 2015). In general, it appears difficult to obtain reso
lution in this most diverse section of the weevil tree, and 
is likely a consequence of high diversity, involving tens 
of thousands of species (Oberprieler et al. 2007).

 Low resolution could also be due to missing data, 
particularly in TPI, Arr2, and Iap2, which were prob
lematic to amplify across all Curculionoidea. These gene 
fragments sometimes contained very long introns that 
may require further optimization of PCR extension times 
and improved primer design. Furthermore, some primers 
appear to be taxon specific, such as Iap2, which mainly 
amplified species of Anthribidae, Molytinae, Baridinae, 
and Cossoninae; TPI, which mainly amplified species 
of Molytinae, Baridinae and Dryophthorinae; while the 
Arr2 and TPI primers did not amplify any Entiminae. 
The same three genes were also problematic to align, in 
part due to the irregular length of introns, and in Iap2 and 
Arr2 this was also due to length variable coding regions. 
These length variable regions may be informative for cer
tain clades (pistOne et al. 2018), but their signature varies 
considerably among weevil taxa and is generally known 
to be rather homoplasious across families and orders of 
insects (AJAWAtAnAWOng & bAldAuF 2013; hArdy 2007). 
 Incongruence of single genes may also contribute to 
reduced resolution in the weevil tree topology. The single 
most deviant gene in this respect was Iap2, which placed 
Dryophthorinae in a highly supported derived position 
separate from Platypodinae. However, this strong sup
port faded when the data were translated to amino acids 
and became more similar in topology to the TPI data. 
There is a slight possibility that some of the genes in
clude a mixture of multiple gene copies, which is known 
for some genes such as Elongation Factor 1-alpha in bark 
beetles (JOrdAl 2002). Different copies of this gene can 
nonetheless be detected by different intron structure and 
highly divergent sequences, but were not observed in our 
dataset. Among the other 9 genes we could not detect any 
signs of paralogous copies based on OrthoDB analyses 
using all available Coleoptera and Hymenoptera sequenc
es. It is therefore not very likely that paralogous copies 
are responsible for the observed incongruence across in
dividual genes. Rather, it is anticipated that single genes 
are not able to provide phylogenetic signals that corre
spond to comprehensive multi-gene analyses (McKennA 
et al. 2009; gillet et al. 2014). Instead, we observed a 
significant increase in resolution and node support with 
a stepwise addition of five new markers. The clearest in
dication of such accumulative effects from the new data 
was the better resolution of the core Platypodinae, which 
was monophyletic or nearly so for Arr2, UBA5, Iap2, and 
TPI, while only 28S among the established markers sup
ported monophyly of the subfamily. 
 To enable a more complete resolution in the phylo
geny of main weevil groups, larger volumes of genomic 
data are required. New data are currently being processed 
as a part of the 1-Kite project where a broadly sampled 
weevil phylogeny will be reconstructed from more than 
1,000 loci (McKennA et al. unpubl. data) obtained by 
anchored hybrid enriched sequence capture (leMMOn et 
al. 2012). This approach will likely become the stand
ard procedure in large scale phylogenetics in the future, 
which could make PCR-based Sanger sequencing redun
dant (brAdy et al. 2014; FAirclOth et al. 2015). Howev
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er, most phylogenies made in connection with taxonomic 
work are more practically obtained with smaller data 
volumes. Given that PCR amplification of few genes and 
individuals is still much faster and cheaper than next gen
eration sequencing, the Sanger method will still be need
ed for small-scale routine phylogenetics such as DNA 
barcoding and integrative taxonomy. Thus, our twofold 
aim here was to develop primers and protocols for new 
molecular markers, and to use the new data to test one 
particularly interesting relationship – the one between 
Dryophthorinae and Platypodinae. We believe the new 
data obtained have demonstrated considerable promise in 
achieving these aims.
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