A new molecular phylogeny of
Noctuoidea reveals robust
family-level relationships
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Introduction

Owlet moths (Noctuoidea) include seven families
and 42,000 described species!. The classification
of the superfamily is still very unstable, mainly
due to the lack of morphological apomorphies
and analyses based solely on genetic data,
resulting in different taxonomic hypotheses
supported by multiple different authors?3.

Given the complexity of this mega-diverse
superfamily, we undertook the first and most
comprehensive phylogenomic analysis of the
Noctuidae family (Noctuidae sensu stricto and
Noctuidae sensu Iato). Additionally, we
performed one of the most rigorous
morphological examinations in the past two
decades to describe or redescribe these family-
group clades and identify their apomorphies?.

Figure 1 (A-G). Important morphological characters for
classification. A. Eggs; B. Chaetotaxy; C. Legs; D. Pupa; E.
Tympanal organs; F. Wing patterns; G. Palps.

Methods

In order to unravel the deep-level evolutionary
relationships among Noctuidae clades, we
employed two complementary approaches. First,
we conducted an extensive phylogenetic analysis
using multiple genomic datasets (including
anchored hybrid enrichment, transcriptomes,
and genomes) from 322 noctuoids (247 putative
noctuids and 75 non-noctuids) and 27 outgroup
taxa, utilizing our LEP1 probe kit5. Also, we
examined morphological characters of 284
genera and 454 species.

We conducted the phylogenetic analyses using
Maximum Likelihood with IQ-TREE2 and multi-
species coalescent analyses through ASTRALS,7.
Additionally, we performed an Ancestral State
Reconstruction using the R package Phytools8.
Finallyy, we employed the TNT software for
parsimony analyses9.
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Figure 2 . Maximum likelihood tree constructed using 792 loci from 247 putative noctuid and 75 other noctuoid
specimens. Node support values were calculated using the Shimodaira—Hasegawa-like approximate likelihood
ratio test (SH-aLRT) and ultrafast bootstrap approximation (UFBoot).

Results & Discussion

Utilizing both genomic and morphological data,
we successfully differentiated Noctuidae sensu
stricto from Noctuidae sensu lato. We

recommend  elevating seven  subfamilies
(Bagisaridae, Cobubathidae, Diphtheridae,
Dyopsidae, Eustrotiidae, Pantheidae, and

Plusiidae) to full family status. Furthermore, 40
putative apomorphic characters were identified.

This study serves more as a complement to
previous works rather than a disagreement with
them. While earlier studies on Noctuoidea
systematics understandably simplified the
classification, they also conflicted with
evolutionary history research that lacked
comparative morphological data'®1l, Ultimately,
the entire superfamily Noctuoidea requires
further study, as this work only begins to uncover
how this group evolved.

The

Acknowledgements

We extend our gratitude to the Florida Museum of Matural History at the University of Florida for providing the facilities for this study, and
to the University of Florida Research Computing for offering computational resources and support. We are also deeply indebted to the
countless museums, educational institutions, and private collections that provided the specimens used in this research.

References

van Mieukerken E, Kaila L, Kitching LJ, Kristensen NF, Lees DC, Minet J, Mitter C, Mutanen M, Regier IC, Simonsen Tl, Wahlberg N.
et al. (2011) Order Lepidoptera Linnaeus, 1758. Zootaxa 3148: 212-221.

Lafontaine 1D, Schmidt BC. (2010). Annotated check list of the Noctuoidea (Insecta Lepidoptera) of North America north of
Mexico ZookKeys 40: 1-239,

Yela JL, Kitching 11. (1999) La Filogenia De Moctuiods Revisada (Insecta: Lepidoptera: Noctuidae). Boletin de la Sociedad
Entomoldgica Aragonesa 26: 485-520.

Fibiger M, Lafontaine JD. (2005) A review of the higher classification of the Moctuoidea (Lepidoptera) with special reference to
the Holarctic fauna. Esperiana, Buchreihe zur Entomologie 11: 7-92.

Breinholt JW, Earl C, Lemmon AR, Lemmon EM, Xiao L, Kawahara AY. (2017) Resolving relationships among the megadiverse
butterflies and moths with a novel pipeline for anchored phylogenomics. Systematic Biology 67: 78-93.

Minh BQ, Schmidt HA, Chernomor O, Schrempf D, Woodhams MD, Von Haeseler A, Lanfear R. (2020) IQ-TREE 2: New models
and efficient methods for phylogenetic inference in the genomic era. Molecular Biology and Evolution 37(5): 1530-1534.

Zhang C, Sayyari E, Mirarab 5. (2017) ASTRAL-lll: increased scalability and impacts of contracting low support branches.
INRECOMEB international workshop on comparative genomics. Springer Cham. 53-75.

Revell L). (2012). phytools: an R package for phylogenetic comparative bioclogy (and other things). Methods in ecology and
evolution, (2): 217-223.

Goloboff PA, Farris JS, Nixon KC. (2008). TNT, a free program for phylogenetic analysis. Cladistics, 24(5): 774-786.

Zahiri R, Kitching 1), Lafontaine JD, Mutanen M, Kaila L, Holloway JD, Wahlberg M. (2010) A new molecular phylogeny offers hope
for a stable family level classification of the Moctuocidea (Lepidoptera). Zoologica Scripta 40(2): 158-173.

. Keegan KL, Rota |, Zahiri R, Zilli A, Wahlberg N, Schmidt BC, Lafontaine ID, Goldstein PZ, Wagner DL. (2021) Toward a Stable

Global Noctuidae (Lepidoptera) Taxonomy. Insect Systematics and Diversity 5(3):1.
12,

@Jose_IMartinez

Florida Department
of Agriculture and

Consumer Services

\ 4 2801 _FLORIDA BIODIVERSITY

FLORIDA
MUSEUM.

FOUNDATION



	Slide 1

