Morphology, phylogenyandevolutionarydevelopment in the weevils (Insecta: Coleoptera:
Curculionoidea)

By

Steven R. Davis

Submitted to the graduate degree prografEntomologyand the Graduate Faculty of the
University of Kansas in partial fulfillmemdf the requirements for the degree of Doctor of
Philosophy.

ChairpersoMichael S. Engel

Paulyn Cartwright

Mark Holder

Deborah Smith

Robert Ward

Date Defendedt4 April 2014



The Dissertation Committee f&teven R. Davis

certifies that this is the approved version of the following dissertation:

Morphology, phylogenyandevolutionarydevelopment in the weevils (Insecta: Coleoptera:
Curculionoidea)

ChairpersoMichael S. Engel

Date approvedi4 April 2014



Abstract

Weevils (superfamilyCurculionoidea) rank among the most diverse groups of extant
organisms, with ~60,000 described species. They are extremely important economically, being
of great agricultural significance because they associate with all major groups of plants, often
with negative consequences for crops. For these reasons, weevils are also of great systematic
interest: few weevil systematists remain active, and (to date) few phylogenetic studies have
focused on weevils and their relatives (Curculionoidea), all utilizingdewa (~150 taxa),
leaving knowledge of weevil relationships scanty at best. In this study, the densest taxon
sampling to date was implemented, consisting of 282 morphological characters scored for 577
taxa. It also represents the first study to incorgonatmerous fossils into a formal cladistic
analysis. In order to develop a more robust morphological character system for cladistic analysis
of the higher lineages and to gain a comprehensive understanding of rostrum structure prior to
developmental studéeexamining its formation, a comparative study also was conducted of
rostrum structure throughout Curculionoidea through examination ofte@msections. The
weevil rostrum, for example, is a key evolutionary innovation that has enabled this group to fee
on and oviposit in nearly all plant tissues, giving rise to diverse life histories and tremendous
diversity in rostrum form. Insights into comparative development of the rostrum will provide
insight into the evolution of this key innovation that may dmsponsible for the explosive
radiation of the lineage. Although weevils are an enormous group and countless species are
significant agricultural pests, no weevil species have been utilized in developmental studies. In
order to better understand the forroatand evolution of this structure, transcriptomes from the
developing head tissue of 4 weevil species, representing disparate clades and divergent rostral

forms, and 1 outgroup (nemeevil species) were generated. While there are difficulties in



assessingifferences among transcriptomes from divergent taxa, tests for differential expression
patterns of transcripts were performed and a refined list of candidate genes has been produced.
RNA interference experiments were performed on a subset of candidatetgeest function.

This study provided insight into the developmental underpinnings that produced the profound
phenotypic diversity observed in the rostrum and the genetic framework that permitted the

diversification of such an immense lineage as thewvile
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1. Phylogeny of Curculionoidea based on morphology

Abstract

Weevils (superfamily Curculionoidea) rank among the most diverse groups of extant organisms,
with ~60,000 described species. They are extremely important economically, bgregtof

agricultural significance because they associate with all major groups of plants, often with
negative consequences for crops. For these reasons, weevils are also of great systematic interest:
few weevil systematists remain active, and (to date) teylogenetic studies have focused on

weevils and their relatives (Curculionoidea), all utilizing few taxa (~100 taxa), leaving

knowledge of weevil relationships scanty at best. In this study, the densest taxon sampling to
datewasimplementegdconsisting o282 morphological characters scored for 577 taxa. It also

represents the first study to incorporate numerous fossils into a formal cladistic analysis.

Introduction
Weevil classification

The first weevils, including the iconic gen@sirculio, were desébed by Linnaeus
(1758).Since then, nearly 60,000 species have been described and classified within the weevil
superfamily Curculionoidea, a lineage estimated to possibly contain more than three times that of
the currently described fauna (Oberpriedeal. 2007).The first classifications came by Billberg
(1820) and Sainherr (1826), establishing a framework of which remnants are still visible.
Crowson(1955) made vast improvements by distilling scattered concepts and establishing more

cohesive groups.ubsequent classifications have worked on refining thes&derconceptsas



well as providing definition within specific grougs.g.,Davis 2011Franz 2012Kuschel 1995;
Kuschel and Leschen 2003, 20Mgrimoto 1962;Morimoto and Kojima 2003Dberprieér
2000;0berprieleret al.2007; Thompson 1992Vanat 2001Zherikhin & Gratshev 1995,
Zimmerman 1993, 1994a,,lgnd much disagreement has arisen in the hierarchical positions of
the various proposed groupinigglowing the integration of cladistic metda Most certainly

due to the massive size of the weevil clade, until recemblst studies have been based on fairly
small and geographically restricted sample sizes, causing disparity in character references and
contributing to the discordance betweeaugy conceptdncorporation of larval data is less

frequent due to the difficulties encountered in obtaining it, though despite these tribulations,
moderate success has been achieved in determining its phylogenetic utility (Marvaldi and
Morrone 2000; May 993).While morphological examination has provided foundational

structure to family level classification, and moderately to subfamily level, greater resolution
within the Curculionidae perhaps has recently been achieved through incorporation of molecular
sequence datdHaranet al.2013;Marvaldi et al.2002 McKennaet al.2009. Althoughthese

studies certainly are of great contributitimey all suffer from limited taxon sampling anmbstly
havedemonstrated the relative disorganization of the familyresedl for greater exploration of
accompanying morphological dateurthermorewith the exception of Legalov (2010ap

study has yet to incorporate fossil data in the analyses, perhaps adding extra dimensions of
incongruence in timealibrated studiesnlithis study, it therefore was a primary objective to
incorporate a broader taxon sampling and scour the largely unexplored internal anatomy of the

adult body foradditional phylogenetically informative data.

Fossil history



In comparison to other group$insects, in particular other beetles, the described weevil
fossil record is fairly extensive, albeit with many remaining gaps. This moderate abundance is
perhaps owing to their rostrum, a distinct feature often readily distinguishing them among other
compression fossil material. As great disparity often arises from failed attempts to link fossil
faunas to the extant lineages, it is of no surprise that weevil taxoalsmpears reminders of
such incongruities in gaand current classifications.

The Cemzoic and Mesozoic fossil record of weevils is quite \MA#tile some previous
authors have provided useful reviews of parts of this history (e.g., Gratshev & Zherikhin 2003;
Kuschel 1983; Legalov 204P, eachperiod isdeserving of its own review and diga revision.
Major Mesozoicamber types andeposits and the respective researchers who have worked on
them include Karatau, Kazakhstakrijoldi et al. 1977; Legalov 2009, 201) 201,k
Zherikhin 1993, Yixian Formation, Chinalfaviset al.2013, Daolugou, ChinaEl
Montsec/Sierra del Montsec, Spafarétshev & Zherikhin 2000&orianocet al. 2006; Zherikhin
& Gratshev 199y Santana Formation (Crato), BraZgntoset al.2007; Zherikhin & Gratshev
2004, and BurmeséCognato & Grimaldi 20090inar2006; Poinar & Brown 20Q9Lebanese
(Kirejtshuket al.2009;Kuschel & Poinar 1993 French Periset al.in press;Soriano 2009),
Spanish (Perist al.in press)Baltic (Kuschel 1992; Riedelt al.2012; Zherikhin 1971)and
New Jerseyambers Gratshev& Zherikhin 20000. In particular reference to the Karatau site,
hundreds of specimens have beesovered, possibly slightly more than half of theéascribed
and representing at least several lineages of Nemonychidae, Anthribidae, and Caridae. While
otherfamilies are reported in the literature from this éi€)., Legalov 2014}these
identifications are rather unclear. Although many specimens carry a certain gestalt and may

indeed represent certain taxa, explicit characters are often not visible anch#mbiguous



determinations unfortunately are unrelialllee Obrieniidae, for instance, is one lineage with a
weeviktlike gestalt, and as such, it occasionally has been included within Curculionoidea
(Legalov2012b;Zherikhin & Gratshev 1993however, lhe structure of at least the sternand
elytral striae appear to indicaté¢he a derived lineage of Archostata or basal lineage of
PolyphagaSome rather magnificent anthribids have recently come from Karatau (Legalov
201)), includingan interestingncorporation of the previously described Protoscelinae into
Anthribidae(Legalov 2013)Upon closer inspection, treemilarities of the Protoscelinae to some
extant lineages of Anthribidgénthribinae: Ptychoderini) is rather strikingcluding a loose
antennal club, sulbasal carinae on the pronotum, faint elytral striae, separate labrum, and
mediclongitudinal groove on the7Zabdominal tergite. The cerambydike appearance of these
groups, after accounting for their apparent old age, may indid¢aidyabasal position of this
group in the Anthribidae and entire Curculionoidea.

Although relatively less work has been accomplished on the Cenozoic fauna, particularly
recently, there are several amber types and deposits containing much undescribald mate
includingthe Green River and Kishenehn Formations, Colorado, URkfeld Maar, Germany,
the SkardsstrondVidkollsdalurandHredavatii StafholtFormations, Iceland, and Dominican
amber These faunas perhaps receive less attention due to their sorspwliat impact on
phylogeny, difficulty in identification (as many taxa are members of the largest radiation,

Curculionidae), and immense volume of material.

Materials and methods

Taxon sampling



Extant taxaTaxon sampling was directed utiliziddonso-Zarazaga and Lyal (1999)
Oberprieleret al.(2007) Zherikhin and Gratshev (19959nd Thompson (1998) order to
reduce any priori bias, thoughhe classification for taxon sampling follows thatAdénso-
Zarazaga and Lyal (1999)he final analysisncludeda total of577taxa(see Appendix B for
character matrix)exemplars from nearly aixtantsubfamilies within Curculionoidea were
sampledwith the exception of a few in Oxycorynidae (Oxycoryninae, Afrocoryninae,
Hispodinae, Metrioxeninae), Atdidae (Archolabinae), Brentidae (Pholidochlamydinae),
Apionidae (Myrmacicelinae, Rhinorhynchidiinae), Raymondionymidae (Myrtonyminae), and
Curculionidae (Xiphaspidinaeutgrouptaxa were few but considered adequate for rooting of
the tree, using one sges from Cucujidae, one from Orsodacnidae, and one from
Chrysomelidae

Fossil taxa: Taxon sampling of fossil taxa focused heavily on Mesozoic taxa, a large
proportion of which were from Karatau. All known material from the Yixian Formation was
included,as well as an undescribed specimen from Daohugou, and several specimens from
Mesozoic ambers were included. In total, 173 fossil specimens were coded for morphological
characters and included in subsequent analyses.

Taxa wereexamined at andorrowed fran the following institutions:
USNM National Museum of Natural History (United States National MugeBmithsonian

Institution, Washington, D.C., USA.
SEMCi Snow Entomological Museum, University of Kansas, Lawrence, Kansas, USA.
CMNC i Canadian Museurof Nature, Ottawa, Canada.
CNC - Canadian National Collection, Ottawa, Canada.

IOZ CASI Institute of Zoology, Chinese Academy of Sciences, Beijing, China.



CNU - Capital Normal University, Beijing, China.

CASI California Academy of Sciences, San Francigcalifornia, USA.

FMNH 1 Field Museum of Natural History, Chicago, Illinois, USA

ELKU - Entomological Laboratory, Kyushu University, Fukuoka, Japan.
NIAES - National Institute of AgreEnvironmental Sciences, Tsukuba, Japan.
TUA - Tokyo University of Agrculture, Atsugi, Japan.

ANIC - Australian National Insect Collection, CSIRO, Canberra, Australia.
NZAC - New Zealand Arthropod Collection, Auckland, New Zealand.

Pl RAS- Palaeontological Institute, Russian Academy of Sciences, Moscow, Russia.

Specimen disection and preparation
Body and genitalia dissection:

All dissections were performed agi an Olympus SZ60 microscoger each taxon in
which multiple specimens were available, a-hdldy dissection was done for the male and
abdominal dissection fahefemale (including genitaliajn some taxa, fulbody dissections
were not permited by the borrowing institution and thus only abdominal dissections were done
for those males.

For body dissections, specimens were first relaxed by soaking themnmweder for
~10-15 minutes, the duration depenglion the size of the specimérhe head, prohorax, meso
metathorax complex, ahabdomen were then separat@dfore digesting any internal tissues,
the elytra and hind wings were removed and storetygegn, as digesting was not required for
these partsThe remaining dissected parts were digested in a weak (~10%) KOH solution for 10

15 minutes, again dependion the size of the specimétollowing digestion, all remaining



internal tissues were remed andhe sclerotized parts cleanéthe meseand metanota were
separated from the mesepimera, metepisterna, and metepimera, and sdlysezpaated from
each otherThe terga were separated from the sterna along one side, and the genitalia removed

together with the '8tergum. After dissections were completed, all parts were stored in glycerin.

Mouthpart dissection:

Following dissection of the body, the head was digested further in 10% KOH #30~15
minutes, depending on specimen sizader themicroscope, the head was placed with th
ventral side facing upward®ne pair of finetipped forceps was used to stabilize the rostrum
while another pair was used to gently separate the postmentum of the labiutherom
submentum of the rostrurihe maxilae were subsequently removed in a similar fashion,
separating them from the submentunthat cardesubmentum junctiorilhe mandibles were then

removed, separatythem from the postcoila.

Hind wing and mouthpart preparation:
Following dissection of thaind wing from the thorax and mouthparts from the rostrum,
these parts were then mounted on glass microsdioes $or further examinatio©ne hind
wing from each body dissectiahe labium, maxilla, and mandibles from the sanecspen
were mountean a slide in Euparal mounting mediuifrhe slide was then placed on a slide

warmer to dry the mounting mediums.

Scanning Electron Microscopy:



All SEM images were gaured using a LEO 1550 FESEMpecimens were mounted on
an SEM stub using Leit-Plast adhase and an isopramotbased colloidal graphit§vhole
specimens were placed on insect pins or glued to paper points, securing the pin or point on a
SEM stub using LeiC-Plast.Dissected parts were mounted on a stub by securing them with a
thin layer ofcolloidal graphiteAfter the desired parts were mounted, coating was performed

using gold.

Character Discussion

A total of 282 morphological characters were coded from a diverse selection of adult
sclerotized structures throughout the body. Appendpta@vides this list of characters and brief
descriptions and explanations fdarity of character delimitatiorend their respective states.
While much of the specific character explanations are provided within this appendix, the more
general aspects oféke morphological features are described below, including some features
which may be of some phylogenetic significance but were not coded in this study.

Mouthpart morphology follows Morimoto (1962), Morimagbal. (2006), and Ting
(1936) Nearly 40charaters were extracted from the labium, maxillae, and mandibles @ig
3). Although the mouthparts have been studied by several authors and their diversity throughout
the superfamily fairly well documented (Calder 1989; Dennell 1942; Morimoto 1962; Ting
1936), one oral structure which has gone unnoticed is the pharyngeallpiatstructure is
visible in semithin sections as a broadly curved, sclerotized support immediately below the
pharynx and present only near the rostrum apex. After removing thépaoist from the oral

cavity, being careful not to separate them to their basal connections, the pharyngeal plate is



revealed to be a fairly large sclerotized area with anterior arms which support the basal
articulation of the maxillaeHigs. 422).

The mesonotum (Fig. 23) and metanotum (Figs2®4 are fairly unexplored areas of
adult morphology, both yielding many characters and apparently quite informative at the family
level and at the subfamily level within at least Curculionidae. Wood (1986), attérapts to
place Scolytidae and Platypodidae, was the only weevil researcher who gave attention to these
areas.

The hind wing venatio(Fig. 26)has been studied rather extensively, largely due to the
thorough work of Zherikhin and Gratshev (199H)is grand study examined the venation of
multiple exemplars in nearly every subfamily throughout the superfamily, extracting much
phylogenetic informatioifthough not analyzing it in a cladistic framewoskjd providing a
seminal reference for this morpholoagi structureThe axillary scleriteg¢Figs. 2762), however,
have not received such decisive attention, perhaps due to difficulty in their examination and the
relatively smaller amount of characters information they provide. The most detailed account was
provided by Shurtleff (1961) in his study of axillary sclerites in Coleoptera. While this area of
this hind wing is relatively stable with regards to morphological change, a few characters were

extracted which are indicative of higHewel relationships.

Phylogenetic methods

Two different matrices were analyzed in order to search for and identify possible
topological effects of included taxa containing greater than 60% missing data, namely the
compression fossil taxa. Such matrices were the full matdxeduced taxon matrix (RTM).

Character matrices were constructed in Mesquite (Maddison and Maddison 2011) and



phylogenetic analyses were performed udingeanalysis using New Technology (TNT;
Goloboffet al.2003) Runs in TNT consisted of implementisgctorialsearches (SS) with tree
drifting (TD) and tree fusingTF) and ratchet runs with TD and TF. The final sttimbsensus
trees (for both full and RTMwas computed using TNT by implementié@0 random addition

sequences, and8ratchet iterationsncluding 100 cycles of both TBnd TF per iteration.

Results

Phylogeny

Analysis of the full dataset resulted in 108 mpatsimonious trees of L=7468, Ci=6, Ri=80.

The strict consensus tree resulting from analysis of the full morphological dataketitigall

fossil taxa) is presented in figuré8, 64, 6568, yielding a tree of L=8221, Ci=6, Ri=77.%0%
majority rules treevas also computed for the full dataset and had L=7546, Ci=6, Ri=79.

Analysis of the RTM (excluding most compression fossil fa@aulted inl78 most

parsimonious trees of L=7356, Ci=6, Ri=77. The strict consensus tree resulting from the analysis
of the RTM is presented in figures-83, yielding a tree of L=7726, Ci=6, Ri=76. A 50%

majority rules tree was also computed for theVR(Figs. 7482) and had L=7395, Ci=6, Ri=77.
Results from both analyses illustrate the following relationships: a monophyletic Nemonychidae
sister to both Belidae and Anthribidae; Belidae appears paraphyletic with Nemonychidae and the
Oxycoryninae appeat the base of Anthribidae; Attelabidae is monophyletic, with sister groups
Attelabinae and Rhynchitinae; Caridae appears monophyletic, though with the taxa comprising
thenebuloudossil groupAbrocarina as sister; Ithyceridae is basal to the series abphgtetic
subfamilies included in Brentidae, the first being Brentinae, followed by a clade of reciprocally

monophyletic Nanophyinae and Apioninae; a monophyletic Brachyceridae comes next, then

10



combined clade of Raymondionymidae and Cryptolaryngidae;ifidde is polyphyletic before

the clade containing a monophyletic Bagoinae and Scolytidae + Platypodidae + Dryophthoridae;
the subsequent clade contains Curculioninae sister to Cossoninae and Entiminae, all
monophyletic groupexcepting parts of Entimingevhich contain taxa adjacent to Cyclominae)

the next grouping contains a paraphyletic Cyclominae with respeoctrie parts of Entiminae

and Hyperinae, these groups basa tmmbined clade of Molytinae + LixinaeMesoptilinae;
proceeding furthecomesan apparently monophyletic Cryptorhynchinae followed by a
polyphyletic Conoderinae which sits at the base of a clade containing the monophyletic

Baridinae and Ceutorhynchinae as sister groups.

Discussion
Congruence with past phylogenetic studies

While the general topology including several of the basal families is fairly consistent with
previous studies (e.g., Harahal.2013; Marvaldiet al.2002; McKennaet al.2009), the higher
Curculionidaes.l., beginning around Brachyceridae, is rather dissimilais incongruence
appears to be more of an artifact of taxon sampling, as several of the taxa within Curculionidae,
which undoubtedly belong to the same clades and should group together, are separated in
disparate clades. As with any phylogenetic studyoad sampling is integral towards the goal
of attempting to accurately determine evolutionary history, sampling which includes a range of
primitive and derived lineages with respect to their branching pattuh. a statement is of
even greater impont&e when considering very old clades or those which have great diversity

and size, such as Curculionoid@#hile the study herein may also contain areas of topological

11



error, the resulting relationships at least appe&e more consistent due to the miariger and

more diverse taxon sampling.

Implications towards weevil classification

As a result of including many fossil taxa, including several amber taxa from which a
comparatively greater number of characters could be extracted, the topology cfahe ba
curculionoid families appears fairly stable with the exception of Nemonychidae, Anthribidae,
and Belidae. While it is apparent that these lineages are most basal within the superfamily, the
topology at this basal area does not seem as clear as previdies have concluded. This slight
lack of clarity is mostly due to fexamination of described and some undescribed fossil material.
Although the topology of the higher Curculionidae appears problematic, this study shows a much
improved hypothesis foralineation of the several curculionid subfamileexl their
relationships. Many of the previously proposed clades show some amount of paraphyletic and
polyphyletic groups, and in these cases their delineation needs to be redefined. In a few cases
where petinations are observed at the base of the clades, such as in Conoderinae, it is possible
that these areas may see little improvement in terms of improved topological resolution, as they
often represent graded transition zones in the evolution of larges,mnmogeneous clades
(Davis 2011).

The position of Scolytidae and Platypodidae as sister to Dryophthoridae is somewhat
different to previous studies, in which Scolytidae has been placed more deeply nested within
Curculionidae. Although several molecuttndies have determined placement of Scolytidae and
Platypodidae in Curculionidae, the resulting relationships are not entirely consistent. Despite the

results presented herein, this result is still considered somewhat contentious due to a

12



comparatively lag branch on the Scolytidae + Platypodidae clade and the inability to more
completely sample the more primitive taxa within these clades. While long bramtihes
morphological datanay be entirely indicative ohcreased evolutionary rates and selective
pressures over relatively short periods of time; however, these topologies may also have been
reconstructed incorrectly due to gaps in taxon sampling, which had they been sampled, would
demonstrate branches of more moderate length. Such may be the cdbe twih

aforementioned clades. While most of the scolytine and platypodine taxa demonstrate highly
apomorphic morphologyncluding the two oldest known fossil taxa from the Mesqziew

taxa appear to retain plesiomorphic features which are fanalthetNemonychidae and
Anthribidae.A more robust conclusion perhaps only will be attained through further sampling of

a few additional primitive taxa.
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Figure legends

Figs. 1-3. Mouthparts oPiesocorynus sellatugnthribidae). 1, labium; 2, maxilla; 3, mandible.
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Figs. 4-8. Dissections and illustrations showing pharyngeal plage.photomicrographs
(Cyclominae). 4, dorsal aspect; 5, veh&tspect. 8, Tanyrhynchusp. (Entiminae). 6,
photomicrograph, ventral aspect; 7, illustration, ventral aspect; 8, illustration, lateral aspect.
Figs.9-12. lllustrations showing pharyngeal plafeegorhinus nodipenni€yclominae). 910,
ventral aspectl1-12, lateral aspect.

Figs.13-17. lllustrations showing pharyngeal plaBremnotrypes voraEntiminae). 1316,
ventral aspect; 17, lateral aspect.

Figs.18-22. Dissections and illustrations showing pharyngeal platd.918rachyderes
lusitanicus(Entiminae). 18, ventral aspect; 19, lateral aspecR2Qhotomicrographs, ventral
aspects. 2R hrissotrichum tubiferurfApionidae); 21 Heilipodus polygluttatugMolytinae); 22,
Gerstaeckeria lecontéCryptorhynchinae).

Figs.23-25. Thoracic structuredecomacer scambifslemonychidae). 23, photomicrograph of
mesonotum, dorsal aspect; 24, photomicrograph of metanotum, dorsal aspect; 25, illustration of
metanotum.

Figs.26-27. Hind wing. 26, illustration of hind wing and general venation in Curculionoiga.
photomicrograph of base of hind wing, showing axillary scler@esambyrhynchus schoenherri
(Anthribidae).

Figs. 28-33. Photomicrographs of base of hind wing, showing axillary scletitg€Sucujus
clavipes(Cucujidae) 2, Orsodacne atra childrer(Orsodacnidae)3, Fidia viticida
(Chrysomelidag)4, Cimberissp. (Curculionoidea: Nemonychida&) Cerambyrhynchus
schoenherr{Anthribidae) 6, Corrhecerussp. (Anthribidae).

Figs. 34-39. Photomicrographs of base of hind wing, showing axillary scletitddychoderes

sp.(Anthribidae) 2, Rhinotia sp(Belidae) 3, Dicordylus marmoratu¢Belidae) 4,
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Parallocorynus bicoloi(Belidae) 5, Attelabus nigripegAttelabidae) 6, Haplorhynchites aeneus
(Attelabidae)

Figs.40-45. Photomicrographs of base ahd wing, showing axillary scleriteg, Car sp.
(Caridae) 2, Brentus anchorag@Brentidae) 3, Noterapion meorrhynchuiiBrentidae) 4,
Dieckmanniellus nitidulu@Brentidae) 5, Nanophyes marmoratBrentidae) 6, Aporhinasp.
(Eurhynchidae)

Figs.46-51. Photomicrographs of base of hind wing, showing axillary scletitdthycerus
novemboracensidthyceridae) 2, Desmidophorus sgBrachyceridae)3, Notaris (Erirrhinus)
festuca(Erirhinidae) 4, Sphenophorus parvul®ryophthoridae)5, Scolytus muistriatus
(Scolytidae) 6, Phloeoborus punctatorufos@Scolytidae)

Figs.52-57. Photomicrographs of base of hind wing, showing axillary sclefitddylastes
parallelus(Scolytidae) 2, Schedlarius mexicany®latypodidae)3, Tesserocerus inermis
(Platypodidae) 4, Homalinotus dorsaligCurculionidae: Molytinag)5, Rhinochenus stigma
(Cryptorhynchinae)6, Tyloderma foveolaturfCryptorhynchinae)

Figs.58-62. Photomicrographs of base of hind wing, showing axillary scletité&anymecus
confusugEntiminae) 2, Anthonomus fulvu@urculioninae) 3, Zygops temporarius
(Conoderinae)4, Araucarius sp(Cossoninae)s, Hydronomus sinuatocolliB@agoinae)

Fig. 63. Strict consensus tree of 108 trees resulting from analysis of full dataset, L=8221, Ci=6,
Ri=77. Familylevel clades of Curculionoidea are labeled.

Fig. 64. Strict consensus tree of 108 trees resulting from analysis of full dataset, L=8221, Ci=6,
Ri=77.Clades within Curculionidaare labeled.

Fig. 65. Strict consensus tree of 108 trees resyitiom analysis of full dataset (part 1), L=8221,

Ci=6, Ri=77.
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Fig. 66. Strict consensus tree of 108 trees resulting from analysis of full dataset (part 2), L=8221,
Ci=6, Ri=77.

Fig. 67. Strict consensus tree of 108 trees resulting from analysis of taietgpart 3), L=8221,
Ci=6, Ri=77.

Fig. 68. Strict consensus tree of 108 trees resulting from analysis of full dataset (part 4), L=8221,
Ci=6, Ri=77.

Fig. 69. Strict consensus tree of 178 trees resulting from analysis of RTM (part 1), L=7726,
Ci=6, Ri=76

Fig. 70. Strict consensus tree of 178 trees resulting from analysis of RTM (part 2), L=7726,
Ci=6, Ri=76.

Fig. 71. Strict consensus tree of 178 trees resulting from analysis of RTM (part 3), L=7726,
Ci=6, Ri=76.

Fig. 72. Strict consensus tree of 178 seesulting from analysis of RTM (part 4), L=7726,
Ci=6, Ri=76.

Fig. 73. Strict consensus tree of 178 trees resulting from analysis of RTM (part 5), L=7726,
Ci=6, Ri=76.

Fig. 74. 50% majority rules tree of 178 trees resulting from analysis of RTM (par+7395,

Ci=6, Ri=77.

Fig. 75. 50% majority rules tree of 178 trees resulting from analysis of RTM (part 2), L=7395,
Ci=6, Ri=77.

Fig. 76. 50% majority rules tree of 178 trees resulting from analysis of RTM (part 3), L=7395,

Ci=6, Ri=77.
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Fig. 77. 50% majoity rules tree of 178 trees resulting from analysis of RTM (part 4), L=7395,
Ci=6, Ri=77.

Fig. 78. 50% majority rules tree of 178 trees resulting from analysis of RTM (part 5), L=7395,
Ci=6, Ri=77.

Fig. 79. 50% majority rules tree of 178 trees resultirggrfranalysis of RTM (part 6), L=7395,
Ci=6, Ri=77.

Fig. 80. 50% majority rules tree of 178 trees resulting from analysis of RTM (part 7), L=7395,
Ci=6, Ri=77.

Fig. 81. 50% majority rules tree of 178 trees resulting from analysis of RTM (part 8), L=7395,
Ci=6, Ri=77.

Fig. 82. 50% majority rules tree of 178 trees resulting from analysis of RTM (part 9), L=7395,

Ci=6, Ri=77.

Appendices
Appendix A. A list showing the 282 morphological characters and states encoded in this study.

Appendix B. Character matrix caaining 282 morphological characters scored for 577 taxa.
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