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Reconstructing the evolutionary history

Phylogeny

- “Clade”

@ Most recent common ancestor



Intfroduction

Reconstructing the evolutionary history

Phylogeny
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Lifestyle?

Morphological trait?

@ Most recent common ancestor
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The weevil superfamily

“Curculionoidea”

R. Allio & B. Zelvelder
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The weevil superfamily

“Curculionoidea”

plants

~1M Insects

protists e S ~300k PIO nTS

insects only

excluding insects
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The weevil superfamily

“Curculionoidea”

plants

~1M Insects

~300k Plants

~400k Coleoptera
~62k Weevils
~220k estimated

excluding insects insects only Oberprieler et al. 2007

© Encyclopaedia Britannica, Inc.

R. Allio & B. Zelvelder




Intfroduction

Co-diversification with flowering
plants (Angiosperms)
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Co-diversification with flowering
plants (Angiosperms)
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- Co-diversification with flowering
plants (Angiosperms)
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Cucujidse Cucujus
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Curculionidae

Hard to resolve systematic classification
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Rivnchophorie
N

Atmynchophoried

© » 9% o probainy

Chamorro et al. 2021 - Dryophtorinae

B. de Medeiros

Toussaint et al. 2017 - Trigonopterus
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Antagonism and mutualism

among weevils
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Antagonism and mutualism

among weevils

@bsteer

B. de Medeiros

Nunes et al. 2018

Haran et al. 2021, 2022, 2023a-b

Hsiao et al. 2023, Dao et al. 2023

Rocamundi et al. 2024

Ibafiez et al. 2025, Haran et al. 2025

Haran et al. 2026, De Meideros et Perris 2026, Wu et Chen 2026

@gillessanmartin
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Introduction

Pollination by weevils

= Brood-site pollination

Visiting flowers to lay their eggs
and feed their larvae

B. Zelvelder
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Brood-site pollination mutualism

Fig-Fig wasps

Xiao et al. 2013 - Hymenoptera, Agaonidae Suetsugu et al. 2026 - Diptera, Cecidomyiidae
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Brood-site pollination mutualism

- Evolution of a trade-off between plant
tissue consumption and pollination

Dao et al. 2023
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Brood-site pollination mutualism

- Evolution of a trade-off between plant
tissue consumption and pollination

= When pollen limitation is high
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Brood-site pollination mutualism

- Evolution of a trade-off between plant
tissue consumption and pollination

= When pollen limitation is high
and plants population density is low

= Through host specificity

Sakai 2002, Haran et al. 2023a

B. Zelvelder
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Brood-site pollination by weevils

Floral traits of the
Cantharophilous/Ciophilous
pollination syndrome:

- Fleshy tissues

- Odorant volatile compounds
- Thermogenesis

- Dioecy

e |banez et al. 2025

Silberbauer-Gottsberger et al. 2003, Hsiao et al. 2023
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Brood-site pollination by weevils

day feeding

oviposition

Floral traits of the larvl development
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Brood-site pollination by weevils

“Morphotype” of pollinating
weevils:

- Small size

- Reddish-yellowish color
- Good flight capacity

- Thin hairs

Haran et al. 2023a
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Brood-site pollination by weevils

- Numerous morphological and
ecological traits in both plants
and weevils

- Haranetal. 2023a
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- Especially favored in tropical
regions

- Haranetal. 2023a




Introduction

Brood-site pollination by weevils

- Numerous morphological and
ecological traits in both plants
and weevils

- Especially favored in tropical
regions

- Overlooked due to a
long-standing paradigm

- Haranetal. 2023a
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Ecological and evolutionary history of Ochyromerini weevils:

insights into the emergence of brood-site pollination in the

tropics

Unique pattern of repeated
Pollinating weevil  evolution fowards mutualism
lineages

x12

Haran et al. 2023b
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Ecological and evolutionary history of Ochyromerini weevils:
1

Pollinating weevil
lineages

x12

Haran et al. 2023b




Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

@acnestis & @skitterbug

- Both mutualist and antagonist
species

Annona senegalensis (Annonaceae), Endaeus castus

Dao et al. 2023



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

- Both and antagonist
species

- Numerous host plant families

N3 J
Kojima, Marshall, Miwa, Momose, Morimoto, Oberprieler, Voss, Wray... Annonaceae (Annona) JTheaceae (ﬁlma?




Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

e

+ Oberprieler 2003

Tribe: Ochyromerini il  (Afrique)
+ Kojima
1995a-f,1996a-b
i (Asie)
- Both and antagonist
species Caldara et al. 2014

- Numerous host plant families

- Very poorly known and inaccessible
knowledge



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

o caurTEs

+ Oberprieler 2003

Tribe: Ochyromerini oecox or zootoo I UNITVIIEY
SOEOSTERA Seres + Kojima
1995a-f,1996a-b
i (Asie)
- Both and antagonist
species Caldara et al. 2014

- Numerous host plant families

- Very poorly known and inaccessible
knowledge

- Difficult to sample, although very
abundant

Sprick et Floren 2018



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Ein weiterer Beitrag zur Kenntnis der
Curculioniden Javas
(65. Beitrag zur Kenntnis der Curculioniden)
EDUARD VOSS

Berlin-Charlottenburg
Mit 4 Abbildungen im Text nach lddmngu des Verfassers.

Auch die vorliegende Arbeit stitzt sich im wuenlllcllen
auf Material, das mir von Herrn F. C. Drescher. Ban-
doeng auf Java zur Bearbeitung iibergeben wurde.
Gleichzeitig bilden die hier gegebenen Beschrenbuugen von

und eine E: N in
dieser Zeitschrift, (Vol. 78, 1935, p. 95—125), bﬂeiu be-
handelten Arten Beziglich der hier angefiihrten Fundorte
kann daher auf die dort gegebene Umschreibung derselben
verwiesen werden.

Bei der Bestimmung der ibrigen Curculioniden verdanke
ich wesentliche Unterstiitzung Herrn Hofrat Prof. Dr. K.
M. Heller. und Herrn Dr. K. Ginther am Dresdener

Elnalchnwhme verschiedener Typen, Beiden
ich hiermit verbindlichst, ganz besonders Hermn
her, dem ich die M&glnchken verdanke, das
aterial studieren zu kénnen ; ausserdem auch

New taxa of Ochyromerina from Africa, with : Ueberlassung von Belegexemplaren.
comments on the subtribe and description of
immature stages (Col

Curculioninae : Tychiini)

Bibliographic synthesis

C AR % ninae,
plera @ Curg : 1a javanica n. sp.

er den Augen abgeschniirt: letztere kriftig
i exzentrisch, Rissel solang wie der Hals-
tze hin gleichmissig schwach verbreitert, seit-
anzen Lange scharf gekielt : oben matt cha-
er extrem basal eingelenkt. Schaftglied reich-
Roll G. OBERPRIELER lang wie breit, gekeult ;: 1. Geisselglied wenig
h verkehrt kegelférmig ; die lolgengen Glieder
s 8. Glied von gleicher Form und Lin,
= it AR _ = 2. Glied so lang wie dll 1. Glied : die olg:n-
twas kiirzer und in der Lange wenig diffe-
1 Glied am kiirzesten, 1. Glied der Keule

«.-.r: und so lang wie das 7. und
and ©
e qu&-‘ :‘l’vnnn"-‘n(&m osdi - o Wy
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Voss 1937, Hustache 1956, Oberprieler 1993



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Ein weiterer Beitrag zur Kenntnis der
Curculioniden Javas
(65. Beitrag zur Kenntnis der Curculioniden)
EDUARD VOSS

Berlin-Charlottenburg.
Mit 4 Abbildungen im Text nach Zeichnungen des Verfassers.

Auch die vorliegende Arbeit stitzt sich im wesentlichen
auf Material, das mir von Herrn F. C. Drescher. Ban-
doeng auf Java zur Bearbeitung ubergeben wurde.
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Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Complete survey of entomological collections

FONEY
.
s

L | 2740 specimens identified

Location of all museum samples and databased



Ochyromerini Synopsis

Intfroduction
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Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

2740 specimens identified

29 genera out of 37 described
85 species out of 258 described

Synnada

Adelus

8.5%

Ochyromera

1.9%
Endaenidius

22.6%
Nipponochyromera

1.7%

Endaeus

1.9%
Morimotozo

3.9%
Minyrus

34.2%

Hexeria

5.2%

Number of
species

Described in litteris Morpho- Estimated
species

1.4%



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

2740 specimens identified

29 genera out of 37 described
85 species out of 258 described

>600 morphospecies identified!

Synnada

Adelus

8.5%

Ochyromera

1.9%
Endaenidius

22.6%
Nipponochyromera

1.7%

Endaeus

1.9%
Morimotozo

3.9%
Minyrus

34.2%

Hexeria

5.2%

Number of
species

Described in litteris Morpho- Estimated
species

1.4%



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Theaceae
3.4%
Sapotaceae
3.4%
Rubiaceae
4.0%
Pinaceae
2.3%
Orchidaceae
4.0%
Oleaceae
4.6%
Malvaceae
2.3%
Loranthaceae
2.3%

Anacardiaceae 3
4.0% r

s
Al
Clusiaceae J
2.3% '
Dipterocarpaceae
51%

A Ebena;%aof Annonaceae (Annona)
. 0

Annonaceae

175 30.9%

interactions

39

families

%
4

g
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Fabaceae
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Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Confirmed mutualism

Momose et al. 1998, Ratnayake et al. 2006, 2007,
Lau et al. 2016, 2017, Watanabe et al. 2017,
Saunders 2020, Dao et al. 2023...

Annona senegalensis (Annonaceae), Endaeus floralis & E. castus Dao et al. 2023



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Momose et al. 1998, Ratnayake et al. 2006, 2007,
Lau et al. 2016, 2017, Watanabe et al. 2017,
Saunders 2020, Dao et al. 2023...

Saunders 2020



Introduction Ochyromerini Synopsis

Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Confirmed mutualism

Momose et al. 1998, Ratnayake et al. 2006, 2007,
Lau et al. 2016, 2017, Watanabe et al. 2017,
Saunders 2020, Dao et al. 2023...

@acnestis & @skitterbug

. Confirmed antagonism

Marshall 1926b, Miwa 1940, Wray 1961, Kojima et Morimoto
1996a, Tokuda et al. 2000, Kojima 2011a-b, Kallekkattil et al.
2020, Hsiao et al. 2025...

Kang et al. 2024

Ligustrum spp. (Oleaceae), Ochyromera ligustri
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Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Momose et al. 1998, Ratnayake et al. 2006, 2007,
Lau et al. 2016, 2017, Watanabe et al. 2017,
Saunders 2020, Dao et al. 2023...

. Confirmed antagonism

Marshall 1926b, Miwa 1940, Wray 1961, Kojima et Morimoto

19964, Tokuda et al. 2000, Kojima 2011a-b, Kallekkattil et al.
2020, Hsiao et al. 2025...

@harumkoh

Abies spp. (Pinaceae), Parendaeus abietinus
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Order: Coleoptera
Family: Curculionidae

Tribe: Ochyromerini

Confirmed mutualism Probable mutualism

Momose et al. 1998, Ratnayake et al. 2006, 2007, o
Lau et al. 2016, 2017, Watanabe et al. 2017, v Probable anfagonism
Saunders 2020, Dao et al. 2023...

- Niche conservatism of closely related

. Confirmed antagonism species

Marshall 1926b, Miwa 1940, Wray 1961, Kojima et Morimoto B Naturalist expertlse (Convergent tralts,

1996a, Tokuda et al. 2000, Kojima 2011a-b, Kallekkattil et al. larval habits, adult behavior)
2020, Hsiao et al. 2025...
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Evolutionary hypotheses
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Evolutionary hypotheses

[0  Monophyly of Ochyromerini

[0 Niche conservatism of host plant families

Host plants
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Evolutionary hypotheses
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_"tz; [0  Monophyly of Ochyromerini
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@ |
— . O
% -g [0 Niche conservatism of host plant families
ii ! E [J Monophyly of pollinating Ochyromerini
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Objectives

Reconstruct the evolutionary history of Ochyromerini
to better understand the emergence of mutualism in this tribe
and ultimately the evolution of brood-site pollination in the tropics

Mutualistim A’—?\ Antagonism
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Material and Methods
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Taxon sampling

2740 specimens

Sub-sampled to 540 specimens
representing the Ochyromerini diversity

- 29 Ochyromerini genera
- 348 species and morphospecies
- 31 outgroups
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Taxon sampling

lBo:;\e:;‘ ;.:,..: A‘é ah
Proring Hot Sp
2740 specimens

20-26. L)% 19’5‘:‘?
H. XKojima leg.
A |
Oec ,.,; omera ’
Sub-sampled to 540 specimens | ’\",T’,‘;_‘:",‘,"",‘N"'. '
representing the Ochyromerini diversity e x (ﬂ s '
- 29 Ochyromerini genera

348 species and morphospecies
31 outgroups

. \
>700 specimens dissected and mounted &‘
back for museum collections
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DNA extraction

- Non-destructive DNA extraction

EZ-10 Spin Column Animal Genomic DNA Miniprep Kit (BioBasic)

- Fine-tuned protocol for degraded
and quantitatively sparse DNA (<1ng/uL)

Santa Cruz Reaction (SCR; 42 specimens; Kapp et al. 2021)
NEBNext Ultra II DNA Library Prep Kit for [llumina (New England BioLabs)
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Library construction: WGS and Target capture

Whole Genome Sequencing (WGS)

-l—E-

- Whole genome with low coverage

“Fresh” samples with better
DNA quality

Gorcenco et al. 2020
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Library construction: WGS and Target capture

Whole Genome Sequencing (WGS)

Targeted Sequencing (TS)

exon

intron intergenic region

Gene 1
—— e e O e ) e

I

Gene 2
=—— I ——— - —_— . — |
P DN DN D D . —_——
L8 B B &N __§B __§ __§N |
LB B N =N &N __§N N ___}]
N N DN N N O S D ——

Off target reads

Whole genome with low coverage Thousands of targeted genomic regions

“Fresh” samples with better Numerous museum
DNA quality samples with more or less
degraded DNA

Gorcenco et al. 2020
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Library construction: WGS and Target capture

Whole Genome Sequencing (WGS)

Targeted Sequencing (TS)

exon

intron intergenic region

Gene 1

Gene 2
—— e e O e ) e =—— I ——— - —_— . — |
P DN DN D D . —_—— P N . ——
L8 B B &N __§B __§ __§N | = ——— = — - — .}
L B B &N =& __§N __§N __§N __} ] — s T s
N N DN N N O S D ——

I

Off target reads

Whol ith | i i
ole genome with low coverage Thousands of targeted genomic regions?

“Fresh” samples with better Numerous museum
DNA quality samples with more or less

degraded DNA

Gorcenco et al. 2020
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Target capture markers for weevils

Haddad et al. 2018, Shin et al. 2018, Li et al. 2023, Haran et al. 2023b
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Target capture markers for weevils

- Genomic markers designed for Coleoptera
(400k spp.) with only 7 reference genomes

!

- Too conserved, not enough phylogenetic
resolution

[

Ll |

fr

- Quantitatively insufficiant to cope with data
loss and filtrations

¥
£

=75
%
g )
¥ Y
g

Carculionini
7z,

Tychiini 11

Fllescini
Storcin 5. sr.
&xlatl

o

Mecinini

Deminacini
Molytinac
Mesoptilii - Molytini

e

S Molytinac Lixini

0.1

Haddad et al. 2018, Shin et al. 2018, Li et al. 2023, Haran et al. 2023b
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Target capture markers for weevils

- Genomic markers designed for Coleoptera
(400k spp.) with only 7 reference genomes

- Too conserved, not enough phylogenetic
resolution

- Quantitatively insufficiant to cope with data
loss and filtrations

We need a new set of more
numerous and adapted markers
specifically designed for weevils

Haddad et al. 2018, Shin et al. 2018, Li et al. 2023, Haran et al. 2023b
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Current method to identify target capture markers:

PHYLUCE
Genomes Q 7 - Identifies ultraconserved
—— K — ) elements (UCE) that still lack
Simulating reads —_— == —— . .
and mapping = —  — —— — phylogenetic resolution
themon a —
reference taxon — - Strong bias due to the single
—= e genomic reference
Reference genome _ S——
o——a o——a

Validating probes
across more taxa ~ e

Faircloth 2016
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New method | developed during this thesis:
GABBI

n}

1

O

- Genome Alignment-based Bait Genome alignment
ProgressiveCactus
Inference (GABBI) Q

 — MAFfilter

- No single genomic reference Q

- dentify shared and
thanks to the genome alignment entify shared an

— homologous regions
PhastCons

- Targeted region identification is
less constrained than a stringent o—ao o—a
. Temporary probes
read mapping procedure

Validating probes
across more taxa

oo bQ oo oo

e — Enriching the probe
set with ancestral
_ — sequences

Zelvelder et al. 2026 (preprint)
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Current method to identify target capture markers:

New method | developed during this thesis:

PHYLUCE GABBI
Genomes 7 S — Genome alignment
K ) Q - o ProgressiveCactus
Simulating reads —___—__:_ —— = —— —— MAFfilter
and mapping e =
themon a o Q Identify shared and
reference taxon — — homologous regions
p— == PhastCons
Reference genome — i —
O—-a O—-a (m) u| [m) u|

Validating probes
across more taxa

Enriched with
ancestral sequences

Temporary probes

Validating probes
across more taxa

Enriching the probe
set with ancestral
sequences
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Current method to identify target capture markers: New method | developed during this thesis:
PHYLUCE ‘ GABBI
PHYLUCE markers for weevils GABBI markers for weevils

4630 loci shared by >80% spp. 4255 loci shared by >90% spp.
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Phylogenomic analyses

taxons
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- Assembling reads

Phylogenomic analyses JTRAM. SPADES, BLAST
_______________________

taxons
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. - Assembling reads
PhYlOgenomlC analyses aTRAM, SPADES, BLAST

- Filtering contaminations by detecting clusters of

sequences
Custom R script using ape and igraph

taxons
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- Assembling reads

PhYlOgenomiC analyses aTRAM, SPADES, BLAST

- Filtering contaminations by detecting clusters of

sequences
Custom R script using ape and igraph

- Aligning sequences from each marker
MAFFT

taxons
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Assembling reads

PhYlOgenomiC analyses aTRAM, SPADES, BLAST

- Filtering contaminations by detecting clusters of

sequences
Custom R script using ape and igraph

- Aligning sequences from each marker

I MAFFT
‘nc ¢ . .
| - Cleaning alignements
o OMM_MACSE, HmmCleaner, AMAS
70%,
80%,

taxons
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. Assembling reads
PhYlOgenomlC analyses aTRAM, SPADES, BLAST

- Filtering contaminations by detecting clusters of

sequences
Custom R script using ape and igraph

- Aligning sequences from each marker
MAFFT

- Cleaning alignements
OMM_MACSE, HmmCleaner, AMAS

- Building the character matrix (supermatrix)
AMAS

taxons
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Assembling reads

PhYlOgenomiC analyses aTRAM, SPADES, BLAST

- Filtering contaminations by detecting clusters of

i l sequences
_——— Custom R script using ape and igraph

- Aligning sequences from each marker
MAFFT

- Cleaning alignements
OMM_MACSE, HmmCleaner, AMAS

- Building the character matrix (supermatrix)
AMAS

- Phylogenetic inferences of gene trees and

species trees
IQTREE, ASTRALw, CASTER, Phylobayes

taxons




. - . Material &
Introduction Ochyromerini Synopsis

Results
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Maximum likelihood I
framework with |
MFP+MERGE

model PHYLUCE markers

Markers: 3,568

Supermatrix size: 1,156,568
Proportion of parsimony
informative sites: 0.45

Total tree length: 8.77

5 nodes not supported

0.2

|

70% spp.

GABBI markers

Markers: 3,239
Supermatrix size: 1,381,713
Proportion of parsimony
informative sites: 0.50

Total tree length: 12.83

1 node not supported

Curculionoidea superfamily

0.2

Zelvelder et al. 2026 (preprint)

Anthribidae

‘Early
diverging
lineages’

CEGH

Curculioninae Il

Scolytinae
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Maximum likelihood

framework with
MFP+MERGE
model

Pachyrhynchini tribe
70% spp.

PHYLUCE markers

Markers: 1,335
Supermatrix size: 266,716
Proportion of parsimony
informative sites: 0.10
Total tree length: 0.65

21 nodes not supported

GABBI markers

Markers: 1,161
Supermatrix size: 261,147
Proportion of parsimony
informative sites: 0.20
Total tree length: 1.51

14 nodes not supported

data from Van Dam et al. 2023, Syst. Bio.

[ ——

- : Material &
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0.02
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Target capture results

New set of shared homologous
regions (SHR) for target enrichment
of weevils (Coleoptera, Curculionoidea)
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Target capture results
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Dataset
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L J
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Median of 3 827 loci assembled
in our 460 museum samples

= 90% of all markers !
(WGS reach 95% of all markers assembled)
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Target capture results

- Median of 3 827 loci assembled

4000 . : in our 460 museum samples
= 90% of all markers !
— E  as (WGS reach 95% of all markers assembled)
- o % po° Dataset
38 S P
8 &~ g® .: ® apr2026
E ° . .: ® dec2025
& 20001 o oL * probet2
< : .'.", s * WGS
L J .. P~ ..
1004 : X % | | | |
g .« % ot Still hundreds of markers in specimens that “failed”!
»® «?
og°® ‘
i3 2 o < > c

0 v v T
1900 1925 1950 1975 2000 2025
Date
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Target capture results

Assembled loci

4000 4

3000 4

2000 1

1000 -

o % Ly Dataset

Y. 9.9 ®  apr2026
® dec2025
® probel2
L ]

WGS

0 T
1900

1925
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Median of 3 827 loci assembled
in our 460 museum samples

= 90% of all markers !
(WGS reach 95% of all markers assembled)
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Target capture results

Assembled loci

4000 4

3000 4

2000 1

1000 -

- Median of 3 827 loci assembled
in our 460 museum samples

= 90% of all markers !
(WGS reach 95% of all markers assembled)

Dataset
® apr2026

Type species Eusynnada plaxoides
MNHN, 1897
(129 years old)

o 8
f.“\

1900

1925

1950 1975 2000 § 2025
Date
Degraded DNA in recent specimens
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Phylogenetic inferences
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Phylogenetic inferences

Few days
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Phylogenetic inferences

Cl-) Few days

Few months!
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Phylogenetic inferences

- Quicker but more approximatives

analyses on the entire sample
CASTER-site, CASTER-pair, WASTRAL
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Phylogenetic inferences

- Quicker but more approximatives

analyses on the entire sample
CASTER-site, CASTER-pair, WASTRAL

Defining ‘stable’ clades




. - . Material &
Introduction Ochyromerini Synopsis

Phylogenetic inferences

- More thorough analyses reduced dataset
a
on the reduced dataset and complete dataset » 2 o
the complete dataset
IQTREE avec MFP+MERGE,

WASTRAL, Phylobayes

IQTREE MFP+MERGE 70%  wASTRAL 50% IQTREE MFP+MERGE 50% Phylobayes CAT-GTR 90%
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Phylogenetic inferences

- More thorough analyses
on the reduced dataset and

complete dataset

the complete dataset
IQTREE avec MFP+MERGE,
WASTRAL, Phylobayes

a
b
Cc
d
=
f
9

IQTREE MFP+MERGE 70%

=7 a

WASTRAL 50%

reduced dataset

IQTREE MFP+MERGE 50% Phylobayes CAT-GTR 90%
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Outgroups {/

Outgroups

Synnadophila

cf. Hexeria gr. sp. 2
Nesendaeus n. sp. 2
Hexeria

Heterendaeus

Ochyromera gr. hiramatsui
Ochyromera gr. hirokawai

—— Ochyromera gr. sp. 108

L Ochyromeragr.n.sp. 1

4 Parendaeus

Ochyromera gr. sp. 79

Ochyromerini Ochyromera gr. sp. 126

# Ochyromera gr. sp. 60
Nipponochyromera gr. sp. 2

Ochyromera gr. n. sp. 6

Opseoscapha

Agryporrhynchus*
Ochyromera gr. rufescens
Ochyromera gr. japonica

Endaenidius sp. 12

=

Drepanoscelus

Eusynnada
Chyoromera
Eugryporrhynchus

Heterochyromera

[ Minyrus
L Lepidimerodes

Aedenus
cf. Aedenus sp. 1

O UFBS <95 Katsurazo

Agryporrhynchus* gr. n. sp. 2
@ SH-aLRT <80 & UFBS < 95 Morimotozo




Material &

Introduction Ochyromerini Synopsis Methods Results

Outgroups {/

Outgroups

Synnadophila

cf. Hexeria gr. sp. 2
Nesendaeus n. sp. 2
Hexeria

Heterendaeus

Ochyromera gr. hiramatsui
Ochyromera gr. hirokawai

—— Ochyromera gr. sp. 108
L Ochyromeragr.n.sp. 1

é Parendaeus
Ochyromera gr. sp. 79
Ochyromerini Ochyromera gr. sp. 126
//// () Oclﬁyromera gr. sp. 60
Nipponochyromera gr. sp. 2
Ochyromera gr. n. sp. 6

Opseoscapha

Agryporrhynchus*
Ochyromera gr. rufescens
Ochyromera gr. japonica

Endaenidius sp. 12

=

Drepanoscelus

Eusynnada
Chyoromera
Eugryporrhynchus

Heterochyromera

[ Minyrus
L Lepidimerodes

Aedenus
cf. Aedenus sp. 1

O UFBS <95 Katsurazo

Agryporrhynchus* gr. n. sp. 2
@ SH-aLRT <80 & UFBS < 95 Morimotozo
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L2

Outgroups
Outgroups

Synnadophila

cf. Hexeria gr. sp. 2

Nesendaeus n. sp. 2

%

Hexeria

Heterendaeus
Ochyromera gr. hiramatsui
Ochyromera gr. hirokawai

—— Ochyromera gr. sp. 108
L Ochyromeragr.n.sp. 1
f Parendaeus
Ochyromera gr. sp. 79
Ochyromerini Ochyromera gr. sp. 126

# Ochyromera gr. sp. 60

Nipponochyromera gr. sp. 2

Ochyromera gr. n. sp. 6

¥

Opseoscapha

-

Agryporrhynchus*
Ochyromera gr. rufescens
Ochyromera gr. japonica

Endaenidius sp. 12

Eusynnada

Chyoromera
Eugryporrhynchus
[ Minyrus

L Lepidimerodes

T

Aedenus
cf. Aedenus sp. 1 -
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O UFBS <95
@ SH-aLRT <80 & UFBS <95

Agryporrhynchus* gr. n. sp. 2
Morimotozo
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L2

Ochyromerini

/]
17

Outgroups
Synnadophila
T cf. Hexeria gr. sp. 2
Nesendaeus n. sp. 2
Hexeria
Heterendaeus

——— Ochyromera gr. hiramatsui

—— Ochyromera gr. hirokawai

—— Ochyromera gr. sp. 108
L Ochyromeragr.n.sp. 1

Parendaeus
Ochyromera gr. sp. 79

Ochyromera gr. sp. 126
Ochyromera gr. sp. 60

Nipponochyromera gr. sp. 2
Ochyromera gr. n. sp. 6

'_ Opseoscapha
Agryporrhynchus*

Ochyromera gr. rufescens

Ochyromera gr. japonica

Endaenidius sp. 12

- Drepanoscelus

Eusynnada

Yy Probable antagonism
B Confirmed antagonism
Probable mutualism

Confirmed mutualism
O UFBS <95

@ SH-aLRT <80 & UFBS <95

—— Chyoromera
Eugryporrhynchus

Heterochyromera
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cf. Aedenus sp. 1
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cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2
Morimotozo

Synnadichnus
Endaenidius gr. maetoi

*

C}) Nychiomma*

Endaenidius gr. ikezakii
Endaenidius sp. 10
L Endaeus gr. canangae

Endaenidius sp. 17

Heterimerodes

_— Adelus
Synnada* gr. sp. 26

Synnada* gr. sp. 30
4’_; Synnada* cf. flavoapicalis _
Synnada* gr. sp. 45

Synnada* gr. sp. 3 \
Synnada* sp. 24

Endaeus gr. sp. 124

Endaeus gr. sp. 67 1)
: Endaeus gr. sp. 243
Endaeus gr. setulosus
— |: Eutecheus /
Endaeus gr. sp. 73
Endaeus gr. lenticulatus

Teinomphasus

Endaeus gr. xylopiae

Endaeus gr. castus

Endaeus gr. floralis
Omphasus

Endaeus gr. sp. 47
O UFBS <95 Endaeus gr. bauhiniae

@ SH-aLRT <80 & UFBS < 95 ! T Daeneus
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cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2
Morimotozo

Synnadichnus
Endaenidius gr. maetoi

C}) T Nychiomma*

Endaenidius gr. ikezakii
Endaenidius sp. 10
—— Endaeus gr. canangae

Endaenidius sp. 17

Heterimerodes

—— Adelus

['Synnada*gr. sp. 30 |
4’_; Synnada* cf. flavoapicalis _
Synnada* gr. sp. 45

Synnada* gr. sp. 3 \
Synnada* sp. 24

Endaeus gr. sp. 124

Endaeus gr. sp. 67 1)
: Endaeus gr. sp. 243
Endaeus gr. setulosus
— |: Eutecheus /
Endaeus gr. sp. 73
—— Endaeus gr. lenticulatus

W—— Teinomphasus

Yy Probable antagonism Endaeus gr. xylopiae
W Confirmed antagonism —— Endaeus gr. castus
Probable mutualism —— Endaeus gr. floralis
Confirmed mutualism Omphasus
Endaeus gr. sp. 47 ‘Annonaceae (Amzona)

O UFBS <95 Endaeus gr. bauhiniae
@ SH-aLRT <80 & UFBS < 95 ! T Daeneus

CinAAantiico mr o LA
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cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2
Morimotozo

Synnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaenidius gr. ikezakii

Endaenidius sp. 10

—— Endaeus gr. canangae
Endaenidius sp. 17

ﬂ‘—1— —— Adelus
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['Synnada*gr. sp. 30 |

4'_; Synnada* cf. flavoapicalis _
Synnada* gr. sp. 45

Synnada* gr. sp. 3
Endaeus canangae Synnada* sp. 24

Heterimerodes

Endaeus gr. sp. 124
Haran et al. 2026 — Endaeus gr. sp. 67
Endaeus gr. sp. 243
Endaeus gr. setulosus
_: Eutecheus

Endaeus gr. sp. 73

—— Endaeus gr. lenticulatus

W—— Teinomphasus

Yy Probable antagonism Endaeus gr. xylopiae
W Confirmed antagonism —— Endaeus gr. castus
Probable mutualism —— Endaeus gr. floralis
Omphasus

Confirmed mutualism
Endaeus gr. sp. 47

O UFBS <95 Endaeus gr. bauhiniae
@ SH-aLRT <80 & UFBS < 95 ! T Daeneus
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Teinomphasus

Caldara et al. 2014

Yy Probable antagonism
B Confirmed antagonism
Probable mutualism

Confirmed mutualism
O UFBS <95

@ SH-aLRT <80 & UFBS <95

Material &
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cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2
Morimotozo

Synnadichnus
Endaenidius gr. maetoi

d|) Nychiomma*

Endaenidius gr. ikezakii

Endaenidius sp. 10

—— Endaeus gr. canangae
Endaenidius sp. 17
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Endaeus gr. sp. 67

—: Endaeus gr. sp. 243

Endaeus gr. setulosus

|: Eutecheus

Endaeus gr. sp. 73

—— Endaeus gr. lenticulatus

Teinomphasus \ {
Endaeus gr. xylopiae “ .
——— Endaeus gr. castus d v 7
—— Endaeus gr. floralis ' { h\
Omphasus
Endaeus gr. sp. 47 ‘Annonaoeae (A'nnona)

Endaeus gr. bauhiniae

Daeneus

r{ CinAAantiico mr o LA



Material &

Introduction Ochyromerini Synopsis Methods Results

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2
Morimotozo

Synnadichnus
ndaenidius gr. maetoi

Nychiomma*

ndaenidius gr. ikezakii
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)

Endaeus gr. sp. 124

Endaeus gr. sp. 67
—: Endaeus gr. sp. 243
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Nychiomma —L Eutecheus
Endaeus gr. sp. 73
Zhu et Kojima 2018 ——  Endaeus gr. lenticulatus *

W—— Teinomphasus

Yy Probable antagonism Endaeus gr. xylopiae
W Confirmed antagonism —— Endaeus gr. castus
Probable mutualism —— Endaeus gr. floralis
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Endaeus gr. sp. 47 Annonaceae (Amzona)

O UFBS <95 Endaeus gr. bauhiniae
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Endaenidius sp. 10

—— Endaeus gr. canangae
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Endaeus gr. floralis
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_‘_‘:Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. lenticulatus
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Endaeus gr. xylopiae

: \ |J é
Endaeus gr. castus I

Endaeus gr. floralis
Omphasus 4

Endaeus gr. sp. 47

Endaeus gr. bauhiniae

Daeneus
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L.— Endaeus gr. carinifrons
Endaeus gr. sp. 171
Endaeus gr. sp. 160
Endaeus gr. gruveli

Synnada* sp. 44 Sapotageae (Mimusops)
Endaeus gr. rufescens
Endaeus gr. sp. 106
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Endaeus gr. sp. 83
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@ SH-aLRT <80 & UFBS <95
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Endaeus staminicola
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_‘_:Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. lenticulatus
Teinomphasus

Omphasus

Endaeus gr. sp. 47

Endaeus gr. bauhiniae

—u—
Endaeus gr. sp. 64

——— Endaeus staminicola
4’:— Endaeus gr. carinifrons
Endaeus gr. sp. 171
Endaeus gr. sp. 160

Endaeus gr. gruveli
Synnada* sp. 44

Endaeus gr. rufescens
Endaeus gr. sp. 106

Haran et al. 2026

Endaeus gr. spretus

Endaeus gr. sp. 83
Endaeus gr. elongatulus

0.05
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B Confirmed antagonism
Probable mutualism

Confirmed mutualism
O UFBS <95

@ SH-aLRT <80 & UFBS <95

Endaeus gr. sp. 168

Endaeus gr. fuscirostris

Endaeus gr. xylopiae
Endaeus gr. castus
Endaeus gr. floralis
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( .
\ Fabacede (Baikiaea) A

Clusiaceae (. Hlanblackia).
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K Monophyly of Ochyromerini

- Not enough ecological data

4

- Independant colonisation or ancestral
association with Annonaceae?

?K Niche conservatism of host plant families

Amnmonaceaef(dnnopa)
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K Monophyly of Ochyromerini
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w Monophyly of pollinating Ochyromerini

- Antagonism and Mutualism much more labile
than expected

V¥ Probable antagonism
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?K Niche conservatism of host plant families

Endaeus gr. sp. 73

Endaeus gr. lenticulatus

W Teinomphasus
w Monophyly of pollinating Ochyromerini Endaeus gr. xylopiae
Endaeus gr. castus
_| Endaeu
- Antagonism and much more labile Endueusigicp. 41
than expected -
. .
- More labile than the host plant conservatism T
—— —— Endaeus staminicola
L0 Endaeus gr. carinifrons
V¥ Probable antagonism Endaeus gr. sp. 171

B Confirmed antagonism
Probable mutualism
Confirmed mutualism
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Morphological convergence between pollinated plants

A

High number of plant families involved
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K Monophyly of Ochyromerini
?K Niche conservatism of host plant families

w Monophyly of pollinating Ochyromerini

- Evolution through ecological opportunities
driven by pollination syndromes

Lability of the antagonism - mutualism spectrum

A

Morphological convergence between pollinated plants

High number of plant families involved
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(Zelvelder et al. 2026,
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Evolution through ecological opportunities
driven by pollination syndromes

2. Host plant

shifts
(Zelvelder et al. 2026,
Haran et al. 2022)

3. Diversification
(Ehrlich et Raven 1964)
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Evolution through ecological opportunities
driven by pollination syndromes

2. Host plant

shifts
(Zelvelder et al. 2026,
Haran et al. 2022)

3. Diversification
(Ehrlich et Raven 1964)

"
| * * 4. Return to
antagonism?
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A new method and set of markers

—— New set of shared homologous
—— regions (SHR) for target enrichment
—— of weevils (Coleoptera, Curculionoidea)

GENOME ALIGNMENT-

GABBI

-BASED BAIT INFERENCE

Fully automated and open-source
pipeline available on Github



Conclusion &

. - . Material & . .

The importance of entomological collections

Perspectives

T
L . MmGsayoacs
Borneo Is., S ah
Poring Hot Spring
20-26-. 4ii. 1993
H. Xojima leg-
A /
|
Oechyvomera '

Opseoscaphoides alterman,

det B Zelvelder 2024

mes met

|

DNA EXTRACTION
Leg o




Intfroduction

A leap in our knowledge of Ochyromerini

Ochyromerini Synopsis

Material &

Methods

Results

1850 1900

Ontetrorus Faus 1555

Lo 1563 ekl sl 134
oo i " Mbcnaione

My Sehoenber 1556
Lathiphraras Schosaher 1343

Adeh Schoschesr 1836

e S

Herorio ascoe 1955

Higher clussification

Pronomesizse
Corelionimse/ CCOMS
Rampn-comple ().
Tyetiges [ -nae nersies Marhatl
Ambonomides 120
ihinides vt
Fugnomides/ -12¢

Cosorinae

1573

Eutscheus Seimenters 1543
Thamaobins Schocre 1536
Zei

o 1874

Ty it |
Nesendaens Marshall 1931 i
Ty Eadee
T
T
e i
Zeion P 1871 . b
e
Gchyromera Pascoe 1574 -
otrmecs | | | nm———
R
e

A, o
e

Ml 11345

1850 1900

1950

Voo 584

Sebincicraerpuis Vo 1944

i Vos 1957

|
|

e | PN

2000

Sarpperhynchas Kojims 1997 o )
Smochyomera Koy 199 i it
Hetrendacopss Kojma 1997 i )

Chivrommea Keiima 1997 i tic)

] 3
Tl

Katartzo Kjina 1997

e
5 e
£

O 1903 illowiog Kt 1995

il
Acsspi | dedenis Vo 1953
Oncephianta Vo 1957

Snadichmc oss 1

Neusynada Vo 1957

s
|

e 1936
Ao, | i, Endsc

1950

2000

pr—

Closronera

b & K

7 J——
. s
adet

Simogi
-
oo
Cumimian Osproupei

Kasarozo

P —

Heerntyromera

Lepiameres

&

. Horimerodes

Dacne

e

—

Siechens

Zeiantha

Nesendaeus

o Moriaaiza
Endaenidis

-

o

[ —

Drepanorestur
- tosoa
Odoniobarus

- Monecopes

Outgroups

Discussion

¥ Suscened antagonat

W Vortied antagonet
Scaected mussan
Vertted munaes

*) Caten g 4)

1 Py toved ebeowe o

T arservas soyment kusontoes
UFBS <95

@ SHALRT <808 UFES <36

Conclusion &
Perspectives



. o . Material & - : Conclusion &
Introduction Ochyromerini Synopsis Results Discussion

$E¥

W Ngaro-transposon W ¥

Perspectives

- Genomic signature of morphological
convergence and mutualist lifestyle

DL j= -l P> B

. -.—4”\.--.»«.‘:-‘-‘.._4,:»..._...,,... .
) & o i »7 o
o —d , :
\ S Ngaro-transposon & & . iﬁp Sp

DL O HO =




: o . Material & . : Conclusion &
Introduction Ochyromerini Synopsis RENUIES Discussion

Perspectives

- Genomic signature of morphological
convergence and mutualist lifestyle
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Polygonaceae (Persicaria)
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Perspectives

- Genomic signature of morphological
convergence and mutualist lifestyle

- Many ecological interactions to discover
- Improving phylogenomic inferences

- Taxonomic and systematic revision of
Ochyromerini

Haran et al. 2026
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Aucuba japonica (Garryaceae),

Euonymus spp. (Celastraceae),

Disanthus cercidifolius (Hamamelidaceae),
Micranthes fusca (Saxifragaceae),
Streptopus streptopoides (Liliaceae)

Mochizuki et Kawakita 2018




Syngonium hastiferum:

Heat production, and chemical
attraction of pollinators

in the morning hours

Syngonium schottianum & other Araceae:
Heat production, and chemical attraction

of pollinators and florivores

in the evening hours
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H adhering to plant bugs
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Plant bugs in
pollination chamber

Beetles, but no plant bugs
Etl et al. 2022 in pollination chamber




Non parasitic host plant -
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Host plant shifts inferred:

@ — @00

Parasitic to Non-parasitic

e Spatial

e Temporal

e Detection = ecological opportunity that
e Structural can lead to host plant shifts
e Chemical



1850 1900 1950 2000 ) Present study
Curculioninae, Ochyromerini
i % s o
Kojima I‘gj{;:;““:c’zrg:; L’ ‘:‘) i Agrypporhynchus Kojima 1997 (in lit.) Agrvpporhynchus
Ochyromerini 1 §y5chyromera Kojima 1997 (in lit.) Synochyromera
i
! Heterendaeopsis Kojima 1997 (in lit.) Heterendacopsis
i
3 Chyoromera Kojima 1997 (in lit.) Chyoromera Chyoromera
foss 16 ' 2
tg:: L : fn“ ' Alonso-Zarazaga | Kojima & Idris 2004 Watanabe & Kojima 2018
AR : & Lyal 1999 Ochyromerini / Tychiini Ochyromerina
Voss 1944 :
Anthonomini | Sphincticraeropsis Voss 1944 : Acalyptini 3 Sphincticraeropsis
i
Ontoctetorus Faust 1895 5 Ellescini + Ontoctetorus
Lacordaire 1863 Schenkling & Marshall 1934 - : ] ; : ;
“Anthonomides vrais” Anthonominae Minyrophilus Voss 1957 | : Ellescini " * Minyrophilus
T
Minyrus Schoenherr 1836 \i Ellescini * Minyrus
) i
Lathiphronus Schoenherr 1843 !,
T e
Adelus Schoenherr 1836 i " | Anthonomini Adelus
Voss 1937 ; | e . 5
r\tl\n:n(nmm; Synnadophila Voss 1937 i Anthonomini £ ¥ Synnadophila
] &
Voss 1957 ! g .
Rhyl\j\t&nim Exotorrhamphus Voss 1957 i Incertae sedis ; = Exotorrhamphus
Hexeria Pascoe 1885 | Incertae sedi 5 * Hexeria
]
: A -, aga et al, 21
' Alonso-Zarazaga & Lyal 1999 AlonsbZamzagaccal. 2017
1 : g S ) 2 Curculioninae, Ochyromerini
| Curculioninac, Tychiini, Ochyromerina
Higher classification i =
& Katsurgzo Kojima 1997 # Katsurazo
Prionomerinae Kojima & Morimoto 1996a-b Fu:/'f.'nduew Kojima & Morimoto 1996 Parendaeus
Ochyromerini ]
Curculioninae / CCCMS Nipponochyromera Kojima & Morimoto 1996 Nipponochyromera
|
Ramphini-complex (in /it.) Hdterochyrgmera Kojima & Morimoto 1996 Heterochyromera
1
i
Tychiides / -nae Imerodes Marshall 1926 ‘:
Anthonomides / -nac Kojima & Morimoto 1995a-f | 4 mdi‘ynﬁmd(’s Kojima & Morimoto 1995 Lepidimerodes
5 Tychiinac? Ochyromerini !
Erirhinides / -nac = Eygry ;‘lunr'l)vlu hus Kojima & Morimoto 1995 * Eugryporrhynchus
£ i
Eugnomides / -nae > Heterimerodes Kojima & Morimoto 1995 * Heterimerodes
- = Oberpricler 1993 (following Kuschel 1995) A
Cossoninac Homacalyptus Voss 1953 (o) inae, T i, Ochy ina | Daenpus Dbefpricler 1993 Y Daeneus
i
i
Acalyptini | Aedenus Voss 1953 J Aedenus
i
Quzephianta Voss 1957 * i Storeini
Jekel 1873 '
Eugnomides Synnadichnus Voss 1957 * i " Synnadichnus
i
Eutecheus Schoenherr 1843 N i & Eutecheus
i
1 Kojima & Moris 2002
Thamnobius Schoenherr 1836 . i ? \:i:;;;:“ i
Zephiantha Pascoe 1874 3 = Zephiantha
i
Neosynnada Voss 1937 i Neosynnac
z
Clark etal. 1977 3 3
Tychiinae, Endacini = !
B3 |
i
Nesendaeus Marshall 1931 J Nesendaeus




Zephiantha Pascoc 1874

Neosynnada Voss 1937

Clark et al. 1977
Tychiinae, Endaeini

Nesendueus Marshall 1931

Morimoto 1962
Tychiinac, Endaeini

Sphinxioides Voss & Chiajo 1960

s,

Mgy, b

Sphinxis Roclofs 1875 i

Winkler 1932
Gryporrhynchus Roelofs 1875 C (::sn;nﬂe
Klima 1934 Hustache 1936 Endaenidius Morimoto 1962
Tychiinae Erirhinini, Endaeus .
¥ ) Heterendaeus Morimpto 1962
Lacordaire 1863 Marshall 1933 Schenkling & Marshall 1936
Tychiinides, groupe Elleschides™ N 4T Prionomerinae, Endacini

Endaeus Schoenherr 1826
Endaeopsis Champion 1914
Nychiomma Pascoe 1872
Synnada Pascoe 1874
Eusynnada Heller 1925

Zeiona Pascoe 1871
Omphasus Pascoe 1871

Ochyromera Pascoc 1874

Opseoscapha Faust 1888

Voss 1935
Prionomerini,
Ochyromerina

Jozena Heller 1925
Neochyromera Heller 1910
Odontobarus Faust 1888

Menecopes Faust 1896
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62)

Barovee 2013 (Catalogue) &
Caldara et al. 2014 (Notes)
Curculioninae, Ochyromerini

999

ol

i
g™

Zephiantha

Nesendaeus

Morimotozo
Endaenidius
Heterendaeus
Teinomphasus

Endaeus

Eusynnada
Zeiona
Omphasus
Ochyromera
Opseoscapha
T
Drepanoscelus
Jozena
Neochyromera
Odontobarus

Menecopes

Voss 1937 Hustache 1956 | Kissinger 1964 | Burke 1973-1976

Anthonominae, Prionomerini, Prionomerinae, | Anthonominae, | Tychiinae, Endaeini
Ochyromerina Endaeini Endaeini *%* AR
Marshall 1941-1948 Voss 1953
Prionomerinae, Anthonominae,
Endaeini Endacini

1850 1900 1950 2000

* Those genera were omitted by the author (i.e. due to a geographic restriction of the publication) but should follow the taxonomic reassignation of the tribe.

** It is unclear why these genera were not treated by K. Morimoto. He might have omitted them because they have been already synonymised to £ndaeus by Voss or because they do not occur in Japan. Similarly, Clark et al. 1977 consider these
genera to be valid regardless of the synonymy formulated by Voss, which makes Synnada appear as a synonym of Endaeus in Oberprieler 1993 but not in Clark e al. 1977.

*##* Kissinger transferred many genera from Tychiini to Endaeini (Anthonominae) in a broad sense, including Lignyodini and Ellescini. For its complexity and brevity, this event is not represented on this timeline.

i%¥ Hoffmann (1968) suggested that the genus Endaeus was better placed within the Anthonomini rather than the Tychiini, without further consideration
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Xylopia aethiopica (Dunal) A.Rich.

Haran et al. 2026 Endaeus convexiculus Haran & Zelvelder



Endaeus inexpectatus Hsiao & Kojima

Annona squamosa (introduced in Vietnam)

Hsiao et al. 2025
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cf. Eudela castanea Lea Endaeus castus Schoenherr



