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Morphology is problematic

e Morphological science is supposed as purely
descriptive and uses , historical” data
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Morphology is problematic

e Morphological science is supposed as purely
descriptive and uses , historical” data

 Morphological characters are complex and
time consuming to study
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Abstract

We present the largest morphological character set ever compiled for Holometabola. This was made possible through an
optimized acquisition of data. Based on our analyses and recently published hypotheses based on molecular data, we discuss higher-
level phylogeny and evolutionary changes. We comment on the information content of different character systems and discuss the
role of morphology in the age of phylogenomics. Microcomputer tomography in combination with other techniques proved highly
efficient for acquiring and documenting morphological data. Detailed anatomical information (356 characters) is now available for
30 representatives of all holometabolan orders. A combination of traditional and novel techniques complemented each other and
rapidly provided reliable data. In addition, our approach facilitates documenting the anatomy of model organisms. Our results show
little congruence with studies based on rRINA, but confirm most clades retrieved in a recent study based on nuclear genes:
Holometabola excluding Hymenoptera, Coleopterida (= Strepsiptera + Coleoptera), Neuropterida excl. Neuroptera, and
Mecoptera. Mecopterida (= Antliophora + Amphiesmenoptera) was retrieved only in Bayesian analyses. All orders except
Megaloptera are monophyletic. Problems in the analyses are caused by taxa with numerous autapomorphies and/or inapplicable
character states due to the loss of major structures (such as wings). Different factors have contributed to the evolutionary success of
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Morphology + molecules
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Morphology + molecules

ANNALS OF CARNEGIE MUSEUM

VoL. 77, NUMBEER 1, Pp. 147-193 20 JuLy 2008

SYSTEMATICS OF THE NORTH AMERICAN BEETLE SUBGENUS PSEUDOPERYPHUS
(COLEOPTERA: CARABIDAE: BEMBIDION) BASED UPON MORPHOLOGICAL, CHROMOSOMAL,
AND MOLECULAR DATA

Davip R. MADDISON
Department of Entomology. University of Arizona, Tucson, Arizona 85721
beetle@ag.arizona.edu

ABSTRACT

The subgenus Pseudoperyphus Hatch of Bembidion Latreille is revised. External structure, male genitalia, chromosome number, and DNA sequenc-
es from seven genes (285 rDNA, 185 tDNA, cytochrome oxidase I, wingless, CAD, arginine kinase, and RNA polymerase IT) reveal the presence
of nine species. Five of the species belong to the B. chalceum subgroup: B. chalceum Dejean, B. rothfelsi, new species (type locality: Bridgewater,
Vermont), B. bellorum, new species (type locality: Tygart Valley River near Valley Head, West Virginia), B. anfiguum Dejean, and B. lounisella,
new species (type locality: North Aspy River near Cape North, Nova Scotia). The remaining species belong to the B. honestum subgroup: B.
honestum Say, B. arenobilis, new species (type locality: Danville, Virginia), B. infegrum Casey, and B. rufotinctum Chaudoir. The group is most
diverse in Vermont, where seven species live. The geographic ranges of many species overlap: of the 36 possible species pairings, 28 are found in
sympatry. The morphological character system most closely correlated with species boundaries, as indicated by DNA sequences, is shape of the
flagellum of the male genitalia, and it is likely involved in reproductive isolation. The shape of the pronotum is also implicated as important for
species recognition. Two species, B. chalceum and B. rothfélsi, show derived haploid chromosome numbers distinct from the typical n=12 found
in other Pseudoperyphus and most other Bembidion, with n=13 and n=17 respectively. Each of the nine species is inferred to be monophyletic
in the Bayesian gene tree of at least one gene, but five of the species are paraphyletic for at least one gene, with two species (B. anfiguum and B.
arenobilis) being paraphyletic for as many genes as they are monophyletic. Evidence for nuclear copies of cytochrome oxidase I (COI) in several
species makes inference of the COI gene tree difficult, and is one reason that COI is not the gene of choice to identify Pseudoperyphus specimens,
confrary to standard DNA barcoding protocols. The best single gene for species identification is 285 rDNA; the two worst are COI and wingless.
A key to species and geographic distribution maps are provided.

KEY WORDS: barcode, Bembidiini, Carabidae, chromosomes, cryptic species. gene tree, morphology, numts, Pseudoperyphus

INTRODUCTION

Members of the carabid genus Bembidion Latreille, subge- between the n=13 and n=17 specimens made it clear that
nus Pseudopeszp}ms Hatch, are abundant beetles on gravel two distinet species were involved, and that what has typi-
or cobble river shores throughout North America east of  cally been called “Bembidion chalceum™ 1s a mixture of at
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Morphology + molecules
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Systematic Entomology 38:
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Organized stridulatory file
on sides of abdomen
in hydrophilid beetles

Short & Fikacek (2013):
Systematic Entomology 38:
723-752




Understanding evolutionary history

&

Acraea

A

Acraea

Actinote stratonice
Actinote surima
Cethosia cyane
Cethosia cydippe
Cethosia myrina
Podotricha telesiphe
Podotricha judith
Dryadula phaetusa
Dryas iulia
Philaethria wernickei
pygmalion

i consfan!rnc

i d:qtoplca
Philaethria neitdi
Philaethria ostara
Agraulis vaniilae
Dione juno

Dione glycera
Dione moneta

02 |

0.3

-04
25

20

10

sepieng

sniuoolaH

#

Eueides aliph
Eueides tales
Eueides lybia
Eueides isabella
Eueides lineata
Eueides h

=

—
-

Eueides procula
Eueides pavana
Eueides lampeto
Eueides vibilia
Heliconius hortense
Heliconius clysonymus
Heliconius telesiphe
Heliconius hecalesia
Heliconius hermathena
H. erato petiverana
Heliconius himera

H. erato erato

H erato favorinus
eliconius eratosignis
Heliconius demeter
He con/us peruvianus
onius charithonia

ncrm
h

I i

on.
conius sara
iconius hewitsoni
iconius sapho

i congener
eliconius eleuchia

onius acede

onius godmani
Heliconius hecuba
Heliconius doris
Heliconius hierax
Heliconius xanthocles

egena

L
=

Eocene

Oligocene

Miocene

|Pio [aua

50.0

40.0

L)
30.0

20.0

10.0

0.0

H astraea
Heliconius burneyi
Heliconius wallacei
H. melpomene malleti
H. m. melpomene FG
H. melpomene rosina
Heliconius cydno
Heliconius pachinus
Heliconius timareta
Heliconius tristero
Heliconius heurippa
HP iconius i

eliconius numata
Heliconius besckei
Heliconius nattereri
He ethilla
Heliconius atthis
Heliconius hecale
Heliconius elevatus
Heliconius pardalinus
Heliconius luciana

Heliconius butterflies

Krzysztof M. Kozak et al. Syst Biol 2015;64:505-524



Understanding evolutionary history
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Integrating fossil data
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Integrating fossil data
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Integrating fossil data
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Integrating museum specimens
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Integrating museum specimens

Tormissus guanicola (Hydrophilidae):
* described in 1904 from Bounty Islands
* in 1950s collected in masses in penguin colonies

* recent expeditions failed to find any single specimens




Additional benefits

e.g. saving your money and time for lab activities
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honey bee (Apis mellifera)



Easy to present morphology data

ZooKeys 328: 47-57 (03 Sep 2013) & — B
doi: 10.3897/z00keys.328.5768 E w w

Rotational Scanning Electron Micrographs (rSEM):
A novel and accessible tool to visualize and
communicate complex morphology
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Easy to present morphology data

n Syrphidae Community Website

Description:

Taxonomic name:
Licence:

Creator:

Sphecomyia vittata (Wiedemann)

Male, dorsal view.

Photographer: Mengual, Ximo. Publisher: Mengual, Ximo.

Sphecomyia vittata (Wiedemann) (Syrphidae)
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© Mengual, Ximo

Description:

Taxonomic name:
Licence:

Creator:

Sphecomyia vittata (Wiedemann)
Male, lateral view.

Photographer: Mengual, Ximo. Publisher: Mengual, Ximo.

Sphecomyia vittata (Wiedemann) (Syrphidae)
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