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The Neotropical tribe Dorynotini is characterized by a conspicuous tubercle or spine adorning the elytra, which,
along with a few other characters, has been used to differentiate its recognized five genera and two subgenera.
However, relationships among these taxa and the evolutionary origin of the pronounced tubercle remain speculative.
Here we present the first total-evidence phylogenetic reconstruction of Dorynotini to investigate the homology and
evolution of the elytral tubercle. Our analyses are based on 89 discrete morphological characters and DNA sequence
data from three gene regions. Phylogenetic relationships were inferred using Bayesian inference, maximum likelihood and maximum parsimony. Our analyses support the respective monophyly of Dorynotini and its genera and
subgenera, except the paraphyletic Dorynota s.s. Species endemic to the Greater Antilles form a clade with three
distinct morphotypes. Omoteina aculeata (Boheman, 1854) nov. comb. is transferred from the genus Dorynota,
and Paratrikona Spaeth, 1923 nov. syn. is found to be congeneric with Omoteina Chevrolat, 1836. The spiniform
projection is found to be plesiomorphic within Dorynotini and convergently reduced/lost in different lineages of the
tribe. Some morphological characters defining dorynotine taxa are homoplastic, requiring re-evaluation guided by
molecular analyses for more accurate classification and an improved understanding of taxon evolution.

ADDITIONAL KEYWORDS: ancestral character reconstructionn – Caribbean – Insecta – insect phylogeny –
molecular systematics – Neotropical – phylogenetic systematics – phylogenetics, Bayesian analysis – phylogenetics,
maximum likelihood – taxa, new classification – taxonomy – total-evidence phylogenetic reconstruction.

INTRODUCTION
Cassidinae s.l., commonly known as tortoise beetles, is
the second largest subfamily of leaf beetles, with ~6300
described species worldwide (Borowiec & Świętojańska,
2018). The tribe Dorynotini Monrós & Viana, 1949 is
an exclusively Neotropical clade of cassidines (Chaboo,
2007) distributed from central Mexico to northern
Argentina, including the Greater Antilles (Borowiec &
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Świętojańska, 2018). The tribe currently contains 56 species distributed in five genera: Dorynota Chevrolat, 1836,
Heteronychocassis Spaeth, 1915 (one species), Omoteina
Chevrolat, 1836 (one species), Paranota Monrós & Viana,
1949 (five species) and Paratrikona Spaeth, 1923 (seven
species). The most diverse genus, Dorynota, is further
split into two subgenera: Dorynota s.s. (18 species) and
Akantaka Maulik, 1916 (24 species) (Bouchard et al.,
2011; Simões, 2014; Simões & Sekerka, 2014; Simões &
Sekerka, 2015; Borowiec & Świętojańska, 2018).
Chevrolat (in Dejean, 1836) first proposed the
genus Dorynota for Neotropical cassidines with a
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Solving a thorny situation: DNA and morphology
illuminate the evolution of the leaf beetle tribe
Dorynotini (Coleoptera: Chrysomelidae: Cassidinae)
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Figure 1. A–E, dorsal and lateral habitus of the five morphotypes found within the tribe Dorynotini.
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post-scutellar spiniform projection. Later, Maulik
(1916) erected two additional genera, Akantaka and
Trikona, based on the presence and shape of the postscutellar projection on the elytra and provided an identification key, where the shape of the scutellum was
also proposed to distinguish the three genera. Monrós
& Viana (1949) considered the classification proposed
by Chapuis (1835) as better supported by morphological characters, and revalidated the tribe (= group;
Chapuis, 1835) ‘Batonotites’, changing its name to
Dorynotini, characterized by: (1) the presence of insertion pockets (for the posterior margin of the pronotum) on the anterior margin of the elytra; (2) the
presence and shape of a vertical post-scutellar spine/
tubercle on the elytral suture; and (3) the symmetry
and angle between pretarsal claws. The genera in this
tribe were grouped mostly based on the presence or absence and shape of the elytral spine/tubercle, forming
five conspicuous, recognizable morphotypes (Figs 1, 2).
Moreover, Monrós & Viana (1949) described the genus
Paranota and recognized six other genera in the tribe:
Akantaka, Dorynota, Heteronychocassis, Omoteina,
Paratrikona and Eremionycha Spaeth, 1911.
Hincks (1952) downgraded Akantaka to a subgenus
of Dorynota and synonymized the genus Trikona with
Omoteina for sharing the type species (Cassida humeralis Olivier, 1808), a classification that was accepted in
later works (Borowiec, 1999; Borowiec & Świętojańska,
2018). In 1999, Borowiec transferred Eremionycha to
the tribe Cassidini Gyllenhal, resulting in the current
composition of Dorynotini.
Multiple cladistic analyses based on adult morphology (Borowiec, 1995; Chaboo, 2007; López-Pérez
et al., 2017) and molecular data (12S mitochondrial
DNA; Hsiao & Windsor, 1999) have supported the
monophyly of the Dorynotini. However, phylogenetic
relationships among genera remain unresolved, and
insights about the homology and function of the elytral
spine/tubercle are still lacking.
Spaeth (1923) observed that members of the tribe
lacking the post-scutellar projection or with a tubercle-shaped projection are restricted to the Greater
Antilles (Omoteina and Paratrikona) and the Amazon
Basin region (Akantaka), whereas species with a spiniform post-scutellar projection occur throughout the
Neotropics, with their diversity concentrated in the
southern part of the tribal range. Based on this distribution pattern, he suggested that the presence and
prominence of the post-scutellar projection would be
correlated with environmental gradients across the
distribution of the clade, allowing the species with the
spine to invade cooler areas of the Neotropics. Simões
et al. (2017) rejected the hypothesis posed by Spaeth
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(1923), concluding that morphological divergence
occurs with high levels of environmental overlap, and
suggested that the presence of the post-scutellar projection could be related to biotic interactions, perhaps
as camouflage to guard against predation.
The tribe Dorynotini was last reviewed by Monrós
& Viana (1949), and no systematic work has been
conducted at the tribal level since. Here, we combine
morphological and molecular data to (1) test the monophyly of the tribe; (2) test the monophyly and relationships among the genera within the tribe; (3) elucidate
biogeographical patterns; and (4) investigate the homology and evolution of the post-scutellar projection and
other key characters using ancestral character state
reconstruction (ACSR). This is the first systematic
attempt to resolve relationships among dorynotine
lineages, allowing further insight into their intriguing
evolution and morphology.

MATERIAL AND METHODS
Taxon sampling
For morphological and molecular datasets, we sampled 16 species of Dorynotini, including four of the five
genera and both subgenera (Supporting Information,
Table S1). We were unable to include the monotypic
genus Heteronychocassis, from French Guiana. The
species is known only from the heavily damaged holotype, deposited at The Manchester Museum (Simões &
Sekerka, 2014). Although sampling of in-group species is
limited, we sought to cover the diversity of genera within
the tribe, in which species are extremely rare in the field
and in collections, usually known only from short series
of specimens (Blake, 1939; Borowiec, 2009; Simões, 2017).
We sampled a broad selection of outgroup taxa because the relationships among tribes of Cassidinae

remain contentious (Borowiec, 1995; Hsiao & Windsor,
1999; Chaboo, 2007). We sampled 15 species representing the tribes that had been recovered in past
studies as closely related to Dorynotini, Cassidini
Gyllenhal, 1813, Ischyrosonychini Chapuis, 1875 and
Mesomphaliini Chapuis, 1875 (Borowiec, 1995; Hsiao
& Windsor, 1999; Chaboo, 2007; Lopez et al., 2017)
(Table 1). Specimens for sequencing were obtained
during fieldwork in Bolivia, Brazil, the Dominican
Republic, French Guiana and Panama.

Morphological characters
Eighty-nine phylogenetically informative adult morphological characters were used to assess interspecific morphological differences and build a discrete
data matrix (Supporting Information, Appendix S1
and Table S2). They include 85 external anatomical
characters and four internal anatomical characters
(Supporting Information, Appendix S1).
To prepare for the morphological examinations of
the exo- and endoskeleton including wings, specimens
were placed in a heated aqueous solution of 10% potassium hydroxide (KOH) for 7 min. Structural terminology follows Monrós & Viana (1949), Borowiec (2005)
and Chaboo (2007), with the following exceptions:
hind wing venation, which follows Suzuki (1994); and
the metendosternite, which follows Crowson (1938)
and Hübler & Klass (2013). All character states were
treated as unordered in all analyses. Missing characters states were scored as ‘?’.

Extraction of DNA and gene sequencing
Total genomic DNA was extracted from legs or thoracic
tissue of specimens preserved in 96% ethanol using a
Qiagen DNeasy extraction kit (Qiagen, Valencia, CA,
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Figure 2. A–C, adult Dorynotini. A, male and female of Dorynota (s.s.) pugionata (Germar) copulating. B, Omoteina humeralis (Olivier). C, Dorynota (Akantaka) funesta (Boheman). [Phototographs: A, Victor Chaves Machado; C, alapi973 (Flickr:
https://www.flickr.com/people/83287919@N00/)].
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Table 1. List of specimens used in this study
Genus

Cassidini

Coptocycla

Species

Code

Locality

MVPS32B Brazil, Rio de
Janeiro
Cassidini
Charidotella
quadrisignata MVPS22B Dominican
Republic, Santo
Domingo
Cassidini
Deloyala
fuliginosa
MVPS28B Dominican
Republic, Santo
Domingo
Cassidini
Eremionycha
bahiana
MVPS13B Brazil, Rio de
Janeiro
Cassidini
Metriona
elatior
MVPS08B Brazil, Rio de
Janeiro
Cassidini
Plagiometriona ambigena
MVPS35B Brazil, Rio de
Janeiro
Cassidini
Plagiometriona inscripta
MVPS23B Brazil, Rio de
Janeiro
Cassidini
Syngambria
bisinuata
MVPS31B Brazil, Minas
Gerais
Dorynotini
Dorynota
pugionata
MVPS09B Brazil, Minas
Gerais
Dorynotini
Dorynota
aculeata
MVPS17B Dominican
Republic,
Barahona
Dorynotini
Dorynota
bidens
MVPS16B Brazil, Rio de
Janeiro
Dorynotini
Dorynota
boliviana
MVPS01B Bolivia, Andres
Ibanez
Dorynotini
Dorynota
collucens
MVPS05B Bolivia, Florida
Dorynotini
Dorynota
distincta
MVPS11B Panama
Dorynotini
Dorynota
funesta
DW7829
French Guiana,
Patawa
Dorynotini
Dorynota
insidiosa
MVPS04B Panama, Chiriqui
Dorynotini
Dorynota
monoceros
DW0515
Brazil, Colombo
Dorynotini
Dorynota
parallela
MVPS20B Brazil, Minas
Gerais
Dorynotini
Dorynota
truncata
MVPS06B French Guiana
Dorynotini
Omoteina
humeralis
MVPS18B Dominican
Republic,
Barahona
Dorynotini
Paranota
minima
MVPS07B Bolivia, Andres
Ibanez
Dorynotini
Paranota
rugosa
MVPS14B Brazil, Mato Grosso
Dorynotini
Paranota
spinosa
MVPS15B Brazil, Mato Grosso
Dorynotini
Paratrikona
rubescens
MVPS19B Brazil, Mato Grosso
Mesomphaliini Cyrtonota
sexpustulata
MVPS41B Brazil, Rio de
Janeiro
Mesomphaliini Mesomphalia
variolaris
MVPS46B Brazil, Bahia
Mesomphaliini Stolas
conspersa
MVPS44B Brazil, Rio de
Janeiro
Mesomphaliini Stolas
modica
MVPS43B Brazil, Rio de
Janeiro
Physonotini
Eurypepla
calachoroa
MVPS56B USA, Florida
Physonotini
Physonota
attenuata
MVPS53B Nicaragua, Granada
Physonotini
Physonota
gigantea
MVPS52B Nicaragua, Granada
arcuata

CO1

CAD

28S

MH717727 MH717755 MH744688
MH717726 MH717754 MH744687

MH717729 MH717757 MH744690

MH717740 MH717767 MH744702
MH717742 MH717770 MH744705
MH717750 MH717779 MH744714
MH717749 MH717778 MH744713
MH717753 MH717782 MH744717
MH717730 MH717758 MH744691
MH717731 MH717759 MH744692

MH717732 MH717760 MH744693
MH717733 MH717761 MH744694
MH717734 MH717762 MH744695
MH717735 MH717763 MH744696
–
–
MH744697
MH717736 MH717764 MH744698
MH717737
–
MH744699
MH717738 MH717765 MH744700
MH717739 MH717766 MH744701
MH717743 MH717771 MH744706

MH717744 MH717772 MH744707
MH717745
–
MH717746
MH717728

MH717773
MH717774
MH717775
MH717756

MH744708
MH744709
MH744710
MH744689

–
MH717769 MH744704
MH717751 MH717780 MH744715
MH717752 MH717781 MH744716
MH717741 MH717768 MH744703
MH717747 MH717776 MH744711
MH717748 MH717777 MH744712

Classification follows Borowiec & Świetojańska (2018). GenBank accession codes for each successfully sequenced or downloaded gene fragment will
be provided once the paper is accepted.
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Table 2. List of primers used to amplify the gene fragments used in this study
Gene Location

Primer

Direction Sequence

Reference

Mitochondrial
Mitochondrial
Nuclear

Jerry
Forward
Pat
Reverse
NLF184-21 Forward

CAACAYTTATTTTGATTTTTTGG
ATCCATTACATATAATCTGCCATA
ACCCGCTGAAYTTAAGCATAT

28S

Nuclear

LS1041R

Reverse

TACGGACRTCCATCAGGGTTTCCCCTGACTTC

CAD

Nuclear

CD439F

Forward

TTCAGTGTACARTTYCAYCCHGARCAYAC

CAD

Nuclear

CD688R

Reverse

TGTATACCTAGAGGATCDACRTTYTCCATRTTRCA

USA). We used the primers listed in Table 2 to amplify and sequence one mitochondrial gene fragment,
cytochrome oxidase subunit 1 (CO1, 588 bp), and
two nuclear gene fragments, 28S (995 bp) and carbamoylphosphate synthetase (CAD, 723 bp).
Polymerase chain reactions (PCRs) consisted of the
following cycling steps: initial denaturation for 4 min
at 95–98 °C; 30–40 cycles of denaturation for 30 s at
95–98 °C, annealing for 30 s at different temperatures
depending on the primer pair (see below), and extension for 1–1.5 min at 72 °C; with a final extension for
5–10 min at 72 °C. The annealing temperatures for each
gene fragment were as follows: 50–51 °C for CO1 (Baca
et al., 2017) and 50 °C for 28S. Fragment 1 of CAD was
generated using a ‘touchdown’ PCR with the following
conditions: initial denaturation at 95 °C (3.5 min); six
cycles of 95 °C (30 s), 50 °C (30 s) and 72 °C (1 min); ten
cycles of 95 °C (30 s), 51 °C (30 s) and 72 °C (1 min); ten
cycles of 95 °C (30 s), 52 °C (30 s) and 72 °C (1 min); six
cycles of 95 °C (30 s), 53 °C (30 s) and 72 °C (1 min); four
cycles of 95 °C (30 s), 54 °C (30 s) and 72 °C (1 min); four
cycles of 95 °C (30 s), 55 °C (30 s) and 72 °C (1 min); four
cycles of 95 °C (30 s), 56 °C (30 s) and 72 °C (1 min); and
six cycles of 95 °C (30 s), 57 °C (30 s) and 72 °C (1 min).
GenBank accession numbers, specimen voucher numbers and collection data are provided in the Table 1.

Sequence alignment and phylogenetic analysis

Sequence alignment
Sequence data were aligned and concatenated using
Geneious R v.9.0.5 (Biomatters, http://www.geneious.
com/). Protein-coding gene fragments (CO1 and CAD)
were aligned using MUSCLE (Edgar, 2004), and the
ribosomal gene fragment (28S) was aligned using
MAFFT v.7.017 (Katoh & Standley, 2013) with default settings (algorithm: Auto; scoring matrix: 200
PAM/k = 2; gap open penalty: 1.53; and offset value:
0.123). The reading frames of protein-coding gene
fragments CO1 and CAD were checked in Geneious R

Simon et al. (1994)
Simon et al. (1994)
Van der Auwera
et al. (1994)
Wild & Maddison
(2008)
Wild & Maddison
(2008)
Wild & Maddison
(2008)

v.9.0.5 to ensure the absence of stop codons or other
alignment problems.

Phylogenetic analyses
We performed analyses using three combinations of
data: morphology only, molecular only and a third
with both molecular and morphological datasets combined (total-evidence dataset). For the morphologyonly dataset, we conducted an equal-weight maximum
parsimony (MP) analysis in TNT v.1.5 (Goloboff &
Catalano, 2016) using a New Technology Search with
10 000 trees held in memory, and 1000 parsimony
ratchet iterations performed (Nixon, 1999), followed
by 100 cycles of tree drifting and 100 rounds of tree
fusing (Goloboff, 1999). Branch support was calculated
with the bootstrap (BS, nona: 1000 replications, option
‘mult*100; hold/100’). A BS ≥ 70 is considered as indicating strong support for a given node (Felsenstein,
1985).
For the molecular-only and total-evidence datasets, phylogenetic relationships were investigated
using maximum likelihood (ML) and Bayesian inference (BI). Individual gene trees of each fragment
were inferred with both ML and BI analyses (via
analysis methods described below). The concatenated
molecular dataset was partitioned a priori by codon
position for protein-coding gene fragments (CO1
and CAD), with the ribosomal gene fragment (28S)
treated as a single whole partition, resulting in a total
of seven partitions. Optimal partitioning schemes
(Supporting Information, Table S2) and models for
BI analyses were estimated with PartitionFinder v.2
(Lanfear et al., 2016) using the ‘greedy’ search algorithm, the ‘MrBayes’ set of models, and the Bayesian
information criteria (BIC) metric for model selection
and scheme comparison; for ML analyses, we specified the partitions a priori and used the ‘Auto’ function to find the best partitioning scheme (ModelFinder;
Kalyaanamoorthy et al., 2017) and using the in W-IQTREE v.1.5.4 (Nguyen et al., 2015). For the totalevidence dataset, the morphological partition was
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Ancestral character state reconstruction
The analysis of morphological character evolution
was conducted through ACSR with Mesquite v.3.10
(Maddison & Maddison, 2015) using the ML tree, because it offered a sounder hypothesis of the relationship between taxa (see ‘Monophyly and systematic
placement of Dorynotini within Cassidinae’).
The MP approach was used to account for the incompleteness of sampling within the representatives
of the tribe (Joy et al., 2016). We reconstructed all 85
external anatomical characters and four internal anatomical characters, with a focus on the few characters
that were used by previous authors to characterize
different genera. The reconstructed characters states
were as follows: antennal calli (absent; present, poorly
developed; and present, well developed; character 28);
shape of scutellum (triangular or diamond shaped;
character 46); anterior margin of elytra with insertion pocket (character 49); shape of lateral margins
(concave or convex/straight; character 53); presence of
post-scutellar projection (character 56), and its shape
(conical-shaped tubercle; triangular-shaped tubercle;
and spiniform; character 57); angle formed at the base
of pretarsal claws (obtuse; straight; acute; and subparallel with no angle near the base; character 82);
and their symmetry (symmetrical; inconspicuously
asymmetrical; and conspicuously asymmetrical;
character 83).

RESULTS
Phylogenetic analyses
The concatenated molecular matrix comprised 2291
aligned base pairs. Analyses of the morphological dataset (MP) and the individual-gene and total-evidence
datasets (under both ML and BI) produced topologies
with low nodal support at nearly all nodes. All gene
trees and total-evidence analyses recovered broadly
similar phylogenetic patterns, with heterogeneous
values of nodal support depending on the optimality
criterion and dataset (see Supporting Information,
Appendix S2, Figs S89–S96).
Both analyses (ML and BI) of the concatenated molecular dataset recovered Cassidini as the sister group
to Dorynotini with strong support (UFBoot = 100,
PP = 1.0). Cassidini is decisively paraphyletic, as previous phylogenetic reconstructions have demonstrated
(Chaboo, 2007; López-Pérez et al., 2017). A representative of Cassidini was recovered as sister taxon
to Dorynotini in all analyses (Fig. 3), Syngambria
bisinuata (Boheman, 1855) in the ML analysis and
Eremionycha bahiana (Boheman, 1855) in the BI analysis (Fig. 4).
Dorynotini was strongly supported as monophyletic
in all concatenated molecular analyses (UFBoot = 100,
PP = 1.0). The genus Paranota was also recovered as
monophyletic with strong support (UFBoot = 100,
PP = 1.0), and the ML and BI topologies were congruent
with respect to intrageneric phylogenetic relationships. The genus Dorynota was recovered as polyphyletic in all analyses (Fig. 4; Supporting Information,
Appendix S2, Figs S89–S96), although there was
some consistent structuring within the genus. The
subgenus Akantaka was recovered as monophyletic
with strong support (UFBoot = 99, PP = 0.98), albeit the intrasubgeneric phylogenetic relationships
received low support and exhibited areas of conflict
across analyses (Fig. 4). The subgenus Dorynota s.s.
was recovered as paraphyletic with respect to other
genera, with its members emerging in three different clades within the tree: (1) a strongly supported
clade of South American Dorynota s.s. species (‘clade
1’; UFBoot = 99, PP = 1.0) was recovered as sister to
the rest of Dorynotini (UFBoot = 88, PP = 1.0); (2)
Dorynota (s.s.) aculeata, was recovered as sister to
Paratrikona (UFBoot = 97, PP = 0.87), together with
Omoteina forming a clade endemic to the Greater
Antilles, with high support (‘clade 2’; UFBoot = 100,
PP = 1.0); and (3) Dorynota (s.s.) bidens was recovered
as sister to the subgenus Akantaka, with high support
(‘clade 3’ UFBoot = 99, PP = 0.99) (Fig. 3).
The MP analysis of morphological data (Supporting
Information, Appendix S2, Fig. S95) recovered a wellresolved strict consensus tree, collapsed from the
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analysed using the MK model (Lewis, 2001) and run
using MrBayes v.3.2.6 (Ronquist et al., 2012).
The BI analyses were conducted in MrBayes v.3.2.6
(Ronquist et al., 2012) using the BEAGLE library
(Ayres et al., 2012) on the CIPRES Science Gateway
server (Miller et al., 2010). We used two independent
runs of eight Markov chain Monte Carlo (MCMC)
chains (one cold and seven incrementally heated),
each running for 20 million generations, with sampling every 1000 generations. After checking for convergence of the runs in Tracer v.1.5 (http://BEAST.bio.
ed.ac.uk/Tracer) and applying a conservative burn-in
of 25%, we used the command sump in MrBayes to
calculate the posterior probabilities (PP) and sumt to
produce a 50% majority rule consensus tree.
The ML analyses were carried out in IQ-TREE
v.1.5.4 as implemented in W-IQ-TREE (http://iqtree.
cibiv.univie.ac.at/; Trifinopoulos et al., 2016). We performed 1000 ultrafast bootstrap replicates (UFBoot;
Minh et al., 2013) to investigate nodal support across
topologies, using the SH-aLRT test (Guindon et al.,
2010). A posterior probability (PP) ≥ 0.95 and an
UFBoot ≥ 95 were recognized as indicating strong support for a given node (Erixon et al., 2003; Minh et al.,
2013).
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16 shortest trees [length = 319, consistency index
(CI) = 0.418, retention index (RI) = 0.752]. The topology recovered is congruent, in part, with results of
the molecular dataset analyses. The tribe Dorynotini,
the genus Paranota and subgenus Akantaka were
recovered as monophyletic, with high nodal support
(BS = 98, BS = 80 and BS = 49, respectively); and clades

2 and 3 were strongly supported (BS = 82 and BS = 80,
respectively). Dorynota s.s. was recovered as paraphyletic, with representatives emerging independently in
two clades along the tree: (1) within clade 2, with high
nodal support (BS = 82); and (2) in a poorly supported
clade (BS = 13), including the subgenera Dorynota s.s.
and Akantaka, where D. (s.s.) pugionata and D. (s.s.)
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Figure 3. Phylogeny of the tribe Dorynotini based on maximum likelihood analysis of the concatenated molecular dataset
comprising two nuclear (28S, CAD) and one mitochondrial (CO1) gene fragment. Nodal support values represent bootstraps
of the maximum likelihood analysis and posterior probabilities of the Bayesian inference. Nodes that were not consistently
recovered in all phylogenetic analyses are indicated by ‘*’. Adult Cassidinae photographs (top to bottom): Physonota attenuata Boheman; Stolas modica (Boheman); Eremionycha bahiana (Boheman); Dorynota (s.s.) pugionata (Germar); Omoteina
humeralis (Olivier); and Dorynota (Akantaka) truncata (Fabricius).
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parallela are recovered as a clade, sister to D. (s.s.)
monoceros and clade 3.

Ancestral character state reconstruction
For Dorynotini, the diamond-shaped scutellum
(Supporting Information, Appendix S1, Figs S53,
S54) and the spiniform post-scutellar projection
(Supporting Information, Appendix S1, Figs S2, S52)
were recovered as synapomorphies. The diamondshaped scutellum exhibits a single reversal to triangular shaped (Supporting Information, Appendix
S1, Figs S3, S51) in the Greater Antillean clade
(Supporting Information, Appendix S1, Figs S3, S51),
and the spiniform post-scutellar projection was lost
in Omoteina humeralis and underwent transitions

in Paratrikona rubescens and Akantaka to conical or
triangular-shaped tubercles (Fig. 5A, B). The straight
angle between the pretarsal claws was recovered as
the plesiomorphic state within Dorynotini, which
evolved to subparallel once in Dorynota (s.s.) pugionata + Dorynota (s.s.) parallela, and to an acute angle
in the clades Dorynota (s.s.) aculeata + Paratrikona
rubescens and Paranota (Supporting Information,
Appendix S1, Figs S81–S83). Based on our results, the
symmetry and angle at the base of the pretarsal claws
are correlated characters within Dorynotini: subparallel claws are inconspicuously asymmetric, acuteangled base of claws are distinctly asymmetric, and
obtuse-angled base of claws are symmetric (Fig. 5C).
The presence of well-developed antennal calli was
recovered as a synapomorphic character for the
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Figure 4. Mirrored topologies recovered using maximum likelihood (left) and Bayesian inference (right) analyses.
Conflicting nodes between both analyses and respective nodal support values are depicted.
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tribe, with one reversal to being poorly developed in
Paranota + clade 3.
The ancestral character state reconstruction analysis also revealed other characters that appear to
have a phylogenetic significance as potential synapomorphies for the tribe, which are as follows: w-shaped

posterior angle of pronotum (character 25); the protibial apex depressed on the internal margin (character 40); presence of insertion pocket in the anterior
margin of the elytra (character 49); presence of humeral ridge on the elytra (character 50); presence of
locking system at the elytral suture (character 64);
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Figure 5. A–C, ancestral character state reconstruction (ACSR) of selective characters traditionally used to classify different genera of Dorynotini. The tribe stem node is indicated by an arrow. Branch colours highlight the results of the ACSR
parsimony reconstruction. A, elytra dorsum with post-scutellar projection (character 56). B, shape of post-scutellar projection (character 57). C, symmetry of pretarsal claws (character 83). Adult Cassidinae species represented (left to right): Stolas
modica (Boheman); Dorynota (s.s.) pugionata (Germar); Omoteina humeralis (Olivier); Dorynota (s.s.) aculeata (Boheman);
Paratrikona rubescens Blake; Paranota minima (Wagener); Dorynota (s.s.) bidens (Fabricius); and Dorynota (Akantaka)
truncata (Fabricius).
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Taxonomic classification
Clade 2 is consistently recovered as monophyletic
in all analyses, with high nodal support (see Fig. 3;
Supporting Information, Appendix S2, Figs S89–
S96). It is composed of the three species endemic to
the Greater Antilles: O. humeralis, D. (s.s.) aculeata
and P. rubescens. Based on ACSR, this clade presents
a general pattern of reversal of states considered
plesiomorphic within Dorynotini. It is characterized
by sharing the following character states: antennomere V wider at apex (character 8); pronotum with
truncate posterior angle (character 25); absence of
hypomeron depression (character 36); triangularshaped scutellum (character 46); epipleural ridge
tooth not conspicuously elevated (character 67);
large, deep elytral punctuation (character 71); and
metasternum strongly elevated (character 74) (see
Supporting Information, Appendix S3, Figs S99,
S100, S103, S111–S113).
To address the incongruence of the current classification with our results, we propose a nomenclatural
reorganization of clade 2, by proposing the synonymy
of the genus Omoteina with Paratrikona syn. nov.,
and the transfer of its species and D. (s.s.) aculeata to
the genus Omoteina. As a result, the clade is composed
of Omoteina aculeata (Boheman, 1854) comb.
nov., Omoteina blakae (Simões, 2017) comb.
nov., Omoteina lerouxii (Boheman, 1854) comb.
nov., Omoteina ovata (Blake, 1938) comb. nov.,
Omoteina rubescens (Blake, 1939) comb. nov.,
Omoteina turrifera (Boheman, 1854) comb. nov.,
Omoteina turritella (Blake, 1837) comb. nov. and
Omoteina variegata (Blake, 1939) comb. nov.
For the remaining recovered clades, we do not propose any taxonomic changes. The Greater Antilles
clade is the only clade that is consistently recovered with high support and presents a distributional
pattern that offers another line of evidence supporting the clade as an independent lineage within
Dorynotini.

DISCUSSION
Monophyly and systematic placement of
Dorynotini in Cassidinae
Borowiec (1995) was the first to provide a cladistic
test of the tribal relationships within the subfamily
Cassidinae, based on 19 adult morphological characters that were previously used by Hincks (1952).
In this seminal work, Borowiec (1995) recovered
Dorynotini as part of a polytomy with the tribes
Cassidini and Ischyrosonychini. However, he did not
provide additional discussion on its placement or possible relationships with other tribes. Hsiao & Windsor
(1999) used molecular data (12S mitochondrial DNA)
to test the relationships between Hispinae and
Cassidinae, but, only one species of Dorynotini was
included, which was recovered as nested in Cassidini.
Chaboo (2007) conducted a phylogenetic analysis of
Cassidinae s.l., based on morphological data of adults
and immatures, including Dorynota and Paratrikona.
Her analysis recovered Dorynotini + Ischyrosonychini
as sister to Stolaini (= Mesomphaliini Chapuis, 1875).
Lopez et al. (2017), based on 96 adult morphological
characters, recovered the Dorynotini as sister to the
Mesomphaliini + Cassidini s.l., whereas in our results
we recovered Cassidini as paraphyletic. In the present
study, the two species recovered as sister to Dorynotini
in the BI or ML analyses are currently placed within
Cassidini: Eremionycha bahiana (Boheman, 1855) and
Syngambria bisinuata (Boheman, 1855). Both species
present different morphologies regarding the presence
of the post-scutellar tubercle. Given the results of the
parsimony ACSR on the ML tree, the most recent ancestor of Dorynotini had a cone-shaped tubercle postscutellar projection (Fig. 5A, B), with the spiniform
post-scutellar projection a synapomorphy for the tribe,
secondarily lost in O. humeralis and convergently
reduced to a tubercle in P. rubescens (cone shaped) and
Akantaka (triangular shaped). Syngambria bisinuata, recovered as the sister taxon of Dorynotini in our
ML analysis, has a conical tubercle post-scutellar projection, allowing for speculation on the transition to
the elongate post-scutellar projection within the stem
Dorynotini. In the BI analysis, E. bahiana is recovered
as sister to Dorynotini and, although previously placed
within the tribe, its morphology does not offer support
for such a placement.
The w-shaped posterior angle of the pronotum varied
from well marked to soft marked in our analysis. The
shape of the posterior angle of the pronotum is generally associated with the presence of a diamond-shaped
scutellum, a synapomorphy for the tribe, and the development of both characters is likely to be associated. The depressed internal margin of the protibia is
possibly involved in antennal rubbing, as observed in
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epipleural ridge tooth (character 65); metasternum
with elevated posterior margin (character 74); and
protibial apex depressed on internal margin (character 40) (see Supporting Information, Appendix S3,
Figs S98, S101, S104, S105, S109, S110, S113). The
morphological characters traditionally used for diagnosing genera of the tribe were not recovered as
synapomorphies but represent plesiomorphies or convergent characters. These characters include the scutellum shape, presence and shape of a post-scutellar
spine/tubercle, and the disposition and asymmetry of
the pretarsal claws.
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Conflicts over morphological characters
used for taxonomic classification in the tribe

Dorynotini
Considering currently available evidence and based
on our total-evidence approach, our results conflict
with the morphological taxonomic system of Monrós &
Viana (1949). This suggests that some morphological
characters currently used for taxonomic classification
are homoplastic and are therefore inapplicable for
characterizing natural clades.
The genus Paranota and the subgenus Akantaka
were recovered as monophyletic in our study. Paranota
was characterized by having antennae with five glabrous basal antennomeres, six pubescent apical antennomeres, and asymmetric, parallel or subparallel
pretarsal claws (Monrós & Viana, 1949). Simões (2014)
compared the genus with the subgenus Dorynota s.s.
and concluded that instead, Paranota should be characterized as presenting the following: slightly inserted
pronotum in the internal margin of the anterior elytral angle; diamond-shaped scutellum; tarsomere IV
slightly extending past III; and asymmetrical and subparallel claws. Based on our ACSR, we could not recover any of those characters as synapomorphies for
the genus.
The subgenus Akantaka was described based
on the presence of straight or convex lateral elytral margins and a triangular-shaped post-scutellar
projection. Based on the ACSR, we recovered the

triangular-shaped post-scutellar projection as a synapomorphy for the subgenus.
Omoteina (sensu priori), as a previously monotypic
genus, was characterized by presenting gibbous elytra,
deeply punctuate (Maulik, 1916), triangular scutellum
and divergent symmetric claws (Monrós & Viana,
1949). Based on ACSR, the triangular-shaped scutellum was a reversal from the diamond shape found
within Dorynotini, and symmetric claws are plesiomorphic in the tribe.
Species previously in Paratrikona (now in Omoteina,
syn. nov.; comb. nov.) are rare in the field and in collections, usually known from short series of specimens
(Simões, 2017). The genus is characterized by possessing elytra with coarse and regular punctuation and a
short tubercle-like post-scutellar projection. Here, the
genus is represented by a single species; therefore, its
monophyly could not be tested. Results from the ACSR
indicate that the coarse and regular punctuation are
not diagnostic, but the tubercle post-scutellar projection is unique among Dorynotini and, based on our
ACSR, it is a modification of the plesiomorphic spiniform post-scutellar projection found within the tribe.
The subgenus Dorynota s.s. was diagnosed by possessing a spiniform post-scutellar projection, the pronotum partly inserted in the elytral anterior margin,
and subequal pretarsal claws (Monrós & Viana, 1949).
In our analysis, we recover the subgenus Dorynota s.s.
as paraphyletic, with representatives dispersed in
three separate clades (Fig. 3). Clade 1 is recovered as
sister to all other Dorynotini, grouping with a wide
geographical range throughout central and southwest
South America. The ancestral character state reconstruction did not recover potential synapomorphies
for the clade. However, its internal sister taxa, D. (s.s.)
parallela + D. (s.s.) pugionata, share two synapomorphies: mesoscutellum with transverse ridges poorly
developed (character 44) (see Supporting Information,
Appendix S3, Fig. S102), and parallel asymmetric pretarsal claws. Clade 2 is composed of species endemic
to the Greater Antilles, O. humeralis, D. (s.s.) aculeata
and P. rubescens (see ‘Taxonomic classification’ and discussion above). Clade 3 is composed of D. (s.s.) bidens
recovered as sister to the subgenus Akantaka. Based
on the ACSR, clade 3 shares many convergent characters with clade 1 (e.g. depressed surface of scutellum),
and D. (s.s.) bidens and the subgenus Akantaka share
characters that are plesiomorphic for the tribe (e.g.
elevated posterior margin of metasternum). The lack
of recovered synapomorphies for clade 3 highlights the
need for further investigation of morphological characters and extended taxon sampling. However, it is
noteworthy that Akantaka still forms a clade that is
robustly delineated by an ambiguous synapomorphy,
the triangular elytral post-scutellar projection.
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other groups of insects, where the foreleg rubs along
the antenna in mid-air anterior or lateral to the head
(Valentine, 1973). The presence of the insertion pocket
in the anterior margin of the elytra helps to accommodate the pronotum, as the anterior margin of the
elytra is expanded anteriorly and laterally, which
also contributes to the formation of the conspicuous
humeral angles. The locking system observed in the
elytral suture could potentially be associated with the
spiniform post-scutellar projection (synapomorphic for
the tribe), because it is found in all dorynotine species but not in the outgroups. Monrós & Viana (1949)
described the epipleural ridge tooth in the diagnosis of
the genus Dorynota, ‘dentículo elitral’ (= elytral tooth).
In the present study, all members of Dorynotini present this character, varying from conspicuous to poorly
conspicuous, and it could be another character contributing to the elytral locking mechanism. The elevated
posterior margin of the metasternum is another feature that could potentially have a defensive function,
facilitating the accommodation of retracted meso- and
metalegs. The characters mentioned above need further examination to determine their adaptive function
for members of the tribe.
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The Creater Antillean clade

indicate these necessities, and future investigations
would thus strongly benefit from the guidance of molecular analyses. In this vein, we show that the presence of the post-scutellar spine, the most conspicuous
character of Dorynotini, is a synapomorphy of the
tribe and has been reduced and transformed in some
of its lineages.
Our study offers substantial progress in resolving
phylogenetic relationships among Dorynotini (and
Cassidinae). Future work should focus on the addition of new morphological characters and increase
the taxon and gene fragment sampling to improve our
understanding of the systematics and evolution of tortoise beetles.
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Conclusions
This study represents the first attempt to investigate
relationships within Dorynotini in a total-evidence
phylogenetic framework. Here, we reaffirmed the reciprocal monophyly of the tribe Dorynotini, the genus
Paranota and the subgenus Akantaka. However, with
other dorynotine groups found to be para- or polyphyletic, our study shows that a revision of the classification of Dorynotini and a re-evaluation of the
traditional morphological diagnostic characters are
needed. The fact that almost all characters traditionally used for classifying genera in the tribe do not
follow the pattern of natural groupings of the tribe
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