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~1M Insects

~300k Plants

  ~400k Coleoptera

     ~62k Weevils

     ~220k estimated
Oberprieler et al. 2007
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Shin et al. 2018 - Phylogenetic tree of weevils
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- Co-diversification with flowering 
plants (Angiosperms)

Haran et al. 2023b - Phylogenetic tree of weevils

- Niche conservatism

Dead wood

Reproductive
structures

Stems
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Zelvelder et al. 2026 - Phylogenetic tree of Smicronychini tribe

Gentianaceae

Orobanchaceae

Convolvulaceae

- Co-diversification with flowering 
plants (Angiosperms)

- Niche conservatism
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Li et al. 2023 - Phylogenetic tree of weevils

Hard to resolve systematic classification
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Toussaint et al. 2017 - Trigonopterus

Johnson et al. 2018 - Scolytinae

Few phylogenetic studies
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Nunes et al. 2018
Haran et al. 2021, 2022, 2023a-b
Hsiao et al. 2023, Dao et al. 2023
Rocamundi et al. 2024
Ibañez et al. 2025, Haran et al. 2025
Haran et al. 2026, De Meideros et Perris 2026, Wu et Chen 2026

Antagonism and mutualism 
among weevils
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- Visiting flowers to lay their eggs 
and feed their larvae

Pollination by weevils

= Brood-site pollination
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Brood-site pollination mutualism

Suetsugu et al. 2026 - Diptera, CecidomyiidaeXiao et al. 2013 - Hymenoptera, Agaonidae

Tröger et al. 2013 - Lepidoptera, Prodoxidae

Fig-Fig wasps

Yukka-Yukka moths

Cecidomyiid flies
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Dao et al. 2023

- Evolution of a trade-off between plant 
tissue consumption and pollination
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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
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- Fleshy tissues
- Odorant volatile compounds
- Thermogenesis
- Dioecy
- …

Floral traits of the 
Cantharophilous/Ciophilous
pollination syndrome:

Adam et al. 2011Silberbauer-Gottsberger et al. 2003, Hsiao et al. 2023

Brood-site pollination by weevils
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- Odorant volatile compounds
- Thermogenesis
- Dioecy
- …

Floral traits of the 
Cantharophilous/Ciophilous
pollination syndrome:

Silberbauer-Gottsberger et al. 2003, Hsiao et al. 2023

Brood-site pollination by weevils
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- Small size
- Reddish-yellowish color
- Good flight capacity
- Thin hairs
- …

“Morphotype” of pollinating 
weevils:

Brood-site pollination by weevils

Haran et al. 2023a
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Haran et al. 2023a

- Numerous morphological and 
ecological traits in both plants 
and weevils

Brood-site pollination by weevils
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regions
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- Numerous morphological and 
ecological traits in both plants 
and weevils

- Especially favored in tropical
regions

- Overlooked due to a 
long-standing paradigm

Brood-site pollination by weevils

Haran et al. 2023a

18



Material &
MethodsOchyromerini Synthesis Results Discussion

Conclusion & 
PerspectivesIntroduction

Plant families 
involved
x16

…and much more to 
discover

Haran et al. 2023a
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Pollinating weevil 
lineages
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Haran et al. 2023b Haran et al. 2023a

Plant families 
involved
x16

20



Material &
MethodsOchyromerini Synthesis Results Discussion

Conclusion & 
PerspectivesIntroduction

Ecological and evolutionary history of Ochyromerini weevils: 

insights into the emergence of brood-site pollination in the 

tropics

Haran et al. 2023b

Unique pattern of repeated 
evolution towards mutualismPollinating weevil 

lineages
x12
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Haran et al. 2023b

Ecological and evolutionary history of Ochyromerini weevils: 

insights into the emergence of brood-site pollination in the 

tropics

Pollinating weevil 
lineages
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- Both mutualist and antagonist 
species

Ligustrum spp. (Oleaceae), Ochyromera ligustri

Annona senegalensis (Annonaceae), Endaeus castus

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini
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Dao et al. 2023
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- Both mutualist and antagonist 
species

- Numerous host plant families

Clusiaceae (Allanblackia)

Sapotaceae (Mimusops)

Pinaceae (Tsuga)

Schisandraceae (Illicium)
Phyllanthaceae (Glochidion)

Annonaceae (Annona) Theaceae (Schima)

+

Kojima, Marshall, Miwa, Momose, Morimoto, Oberprieler, Voss, Wray…

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

24
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+

+ Oberprieler 2003 
(Afrique)

+ Kojima 
1995a-f,1996a-b 
(Asie)

-
- Very poorly known and inaccessible 

knowledge

Caldara et al. 2014

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

- Both mutualist and antagonist 
species

- Numerous host plant families
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+

+ Oberprieler 2003 
(Afrique)

+ Kojima 
1995a-f,1996a-b 
(Asie)

Caldara et al. 2014

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

-
- Very poorly known and inaccessible 

knowledge

- Difficult to sample, although very 
abundant

- Both mutualist and antagonist 
species

- Numerous host plant families

Sprick et Floren 2018
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Bibliographic synthesis

Voss 1937, Hustache 1956, Oberprieler 1993

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini
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Voss 1937, Hustache 1956, Oberprieler 1993, Kojima 1997

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

Bibliographic synthesis
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2740 specimens identified 
and databasedLocation of all museum samples

Complete survey of entomological collections

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini
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Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

Systematic 
review of all 
genera
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2740 specimens identified

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

Described  in litteris   Morpho-   Estimated
                                   species

?Number of 
species

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini
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>600 morphospecies identified! ?

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

2740 specimens identified

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

Described  in litteris   Morpho-   Estimated
                                   species

Number of 
species
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175 
interactions

39
families

Annonaceae (Annona)

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini
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Annona senegalensis (Annonaceae), Endaeus floralis & E. castus

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…

Dao et al. 2023

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini
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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

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

Confirmed mutualism
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Confirmed antagonism

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

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

   Tribe: Ochyromerini

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

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…

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

   Tribe: Ochyromerini

Confirmed antagonism

Confirmed mutualism
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Probable mutualism

Probable antagonism

- Niche conservatism of closely related 
species

- Naturalist expertise (convergent traits, 
larval habits, adult behavior)

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

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…

Order: Coleoptera
     Family: Curculionidae

   Tribe: Ochyromerini

Confirmed antagonism

Confirmed mutualism
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    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families
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    ☐     Monophyly of pollinating Ochyromerini

Evolutionary hypotheses
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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 Antagonism?
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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

2740 specimens

Sub-sampled to 540 specimens 
representing the Ochyromerini diversity

- 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

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

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

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

Gorcenco et al. 2020

- Whole genome with low coverage

“Fresh” samples with better 
DNA quality
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- Thousands of targeted genomic regions

Gorcenco et al. 2020

- Whole genome with low coverage

“Fresh” samples with better 
DNA quality

Numerous museum 
samples with more or less 

degraded DNA

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

- Thousands of targeted genomic regions?- Whole genome with low coverage

“Fresh” samples with better 
DNA quality

Numerous museum 
samples with more or less 

degraded DNA

Library construction: WGS and Target capture
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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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- 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

Haddad et al. 2018, Shin et al. 2018, Li et al. 2023, Haran et al. 2023b
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We need a new set of more 
numerous and adapted markers 
specifically designed 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

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

Temporary probes

- Identifies ultraconserved 
elements (UCE) that still lack 
phylogenetic resolution

- Strong bias due to the single 
genomic reference

Faircloth 2016

Genomes

Reference genome

Simulating reads
and mapping 

them on a 
reference taxon

Validating probes 
across more taxa
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Temporary probes

New method I developed during this thesis:
GABBI

- Genome Alignment-based Bait 
Inference (GABBI)

- No single genomic reference 
thanks to the genome alignment

- Targeted region identification is 
less constrained than a stringent 
read mapping procedure

Genome alignment

Identify shared and 
homologous regions

Validating probes 
across more taxa

Enriching the probe 
set with ancestral 
sequences

Zelvelder et al. 2026 (preprint)

47
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Enriched with 
ancestral sequences

=

Current method to identify target capture markers:
PHYLUCE

Temporary probes

Genomes

Reference genome

Simulating reads
and mapping 

them on a 
reference taxon

Validating probes 
across more taxa

New method I developed during this thesis:
GABBI

Temporary probes

Genome alignment

Identify shared and 
homologous regions

Validating probes 
across more taxa

Enriching the probe 
set with ancestral 
sequences

48
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PhastCons

MAFfilter
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Enriched with 
ancestral sequences

=

Current method to identify target capture markers:
PHYLUCE

Temporary probes

Genomes

Reference genome

Simulating reads
and mapping 

them on a 
reference taxon

Validating probes 
across more taxa

New method I developed during this thesis:
GABBI

Temporary probes

Genome alignment

Identify shared and 
homologous regions

Validating probes 
across more taxa

Enriching the probe 
set with ancestral 
sequences

PHYLUCE markers for weevils GABBI markers for weevils

4630 loci shared by >80% spp. 4255 loci shared by >90% spp.
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ta
xo
ns

cdsnc

70%, 
80%, 
...

- Assembling reads
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

- Phylogenetic inferences of gene trees and 
species trees

IQTREE, ASTRALw, CASTER, Phylobayes

Phylogenomic analyses
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Anthribidae

‘Early 
diverging 
lineages’

CEGH

Curculioninae II

Scolytinae

Ceutorhynchinae

Curculioninae I
+ Molytinae

!
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Zelvelder et al. 2026 (preprint)

Maximum likelihood 
framework with 
MFP+MERGE
model PHYLUCE markers

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

Markers:  3,568
Supermatrix size:  1,156,568
Proportion of parsimony
informative sites:  0.45
Total tree length:  8.77
5 nodes not supported
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data from Van Dam et al. 2023, Syst. Bio.

!

PHYLUCE markers

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

Markers:  1,335
Supermatrix size:  266,716
Proportion of parsimony
informative sites:  0.10
Total tree length:  0.65
21 nodes not supported
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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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Degraded DNA in recent specimens

Target capture results
- Median of 3 827 loci assembled

in our 460 museum samples
= 90% of all markers !
(WGS reach 95% of all markers assembled)

55

Still hundreds of markers in specimens that “failed”!



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Type species Eusynnada plaxoides
MNHN, 1897

(129 years old)

!

Target capture results

Degraded DNA in recent specimens
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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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Few months!
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- Quicker but more approximatives 
analyses on the entire sample
CASTER-site, CASTER-pair, wASTRAL

Phylogenetic inferences
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- Quicker but more approximatives 
analyses on the entire sample
CASTER-site, CASTER-pair, wASTRAL

Defining ‘stable’ clades

Phylogenetic inferences
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- More thorough analyses 
on the reduced dataset and 
the complete dataset
IQTREE avec MFP+MERGE, 
wASTRAL, Phylobayes
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58



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

- More thorough analyses 
on the reduced dataset and 
the complete dataset
IQTREE avec MFP+MERGE, 
wASTRAL, Phylobayes

a
b
c

d
f

i
h

l

k

j

g
p

m
o
n

q
r

wASTRAL 50%

e

b2

b3

b4

c
d

e
f

b1

j

o
m

h 
k
l

n

i

g
p
q
r

IQTREE MFP+MERGE 50%

b2

b3

b4

c
d

e
f

j

o
m

h 

k
l

n

i

r

p

g
q

Phylobayes CAT-GTR 90%

b1complete dataset

reduced dataset

IQTREE MFP+MERGE 70%

a
b

c
d

e

h
i

k
l

j

g

p

m
n1

o

q
r

f

n2

a a

Phylogenetic inferences

58



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Outgroups

Aedenus

Ochyromerini

Drepanoscelus

Heterochyromera

Eusynnada
Chyoromera
Eugryporrhynchus

Minyrus
Lepidimerodes

cf. Aedenus sp. 1
Katsurazo

Endaenidius sp. 12

Synnadophila
TychiusOutgroups

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

Hexeria
Heterendaeus

Ochyromera gr. hiramatsuiOchyromera gr. hiramatsui
Ochyromera gr. hirokawaiOchyromera gr. hirokawai

Ochyromera gr. sp. 108
Ochyromera gr. n. sp. 1

ParendaeusParendaeus
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. japonicaOchyromera gr. japonica

SH-aLRT < 80 & UFBS < 95

UFBS < 95
Agryporrhynchus* gr. n. sp. 2

Morimotozo

59



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Outgroups

Aedenus

Ochyromerini

Drepanoscelus

Heterochyromera

Eusynnada
Chyoromera
Eugryporrhynchus

Minyrus
Lepidimerodes

cf. Aedenus sp. 1
Katsurazo

Endaenidius sp. 12

Synnadophila
TychiusOutgroups

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

Hexeria
Heterendaeus

Ochyromera gr. hiramatsuiOchyromera gr. hiramatsui
Ochyromera gr. hirokawaiOchyromera gr. hirokawai

Ochyromera gr. sp. 108
Ochyromera gr. n. sp. 1

ParendaeusParendaeus
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. japonicaOchyromera gr. japonica

SH-aLRT < 80 & UFBS < 95

UFBS < 95
Agryporrhynchus* gr. n. sp. 2

Morimotozo

59



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Aedenus

Ochyromerini

©
Pl

an
t.H

un
te

r

Theaceae (Schima)

@
po

rtr
ai

tla
nd

sc
ap

e

Pinaceae (Tsuga)

©
ke

rk
w

it

Lauraceae (Litsea)

Phyllanthaceae (Glochidion)

©
na

tu
ra

lis
t_

ko
be

Drepanoscelus

Heterochyromera

Eusynnada
Chyoromera
Eugryporrhynchus

Minyrus
Lepidimerodes

cf. Aedenus sp. 1
Katsurazo

Endaenidius sp. 12

Synnadophila
Tychius

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

Hexeria
Heterendaeus

Ochyromera gr. hiramatsuiOchyromera gr. hiramatsui
Ochyromera gr. hirokawaiOchyromera gr. hirokawai

Ochyromera gr. sp. 108
Ochyromera gr. n. sp. 1

ParendaeusParendaeus
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. japonicaOchyromera gr. japonica

©
ag

ne
st

re
kk

er

Podocarpaceae (Podocarpus)

SH-aLRT < 80 & UFBS < 95

UFBS < 95
Agryporrhynchus* gr. n. sp. 2

Morimotozo

Outgroups
Outgroups

59



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Tychius

Aedenus

Ochyromerini

©
Pl

an
t.H

un
te

r

Theaceae (Schima)

@
po

rtr
ai

tla
nd

sc
ap

e

Pinaceae (Tsuga)

©
ke

rk
w

it

Lauraceae (Litsea)

Phyllanthaceae (Glochidion)

©
na

tu
ra

lis
t_

ko
be

Drepanoscelus

Heterochyromera

Eusynnada
Chyoromera
Eugryporrhynchus

Minyrus
Lepidimerodes

cf. Aedenus sp. 1
Katsurazo

Endaenidius sp. 12

Synnadophila
Tychius

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

Hexeria
Heterendaeus

Ochyromera gr. hiramatsuiOchyromera gr. hiramatsui
Ochyromera gr. hirokawaiOchyromera gr. hirokawai

Ochyromera gr. sp. 108
Ochyromera gr. n. sp. 1

ParendaeusParendaeus
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. japonicaOchyromera gr. japonica

©
ag

ne
st

re
kk

er

Podocarpaceae (Podocarpus)

SH-aLRT < 80 & UFBS < 95

UFBS < 95

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

Agryporrhynchus* gr. n. sp. 2
Morimotozo

Outgroups
Outgroups

59



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

?

Daeneus

Synnada sp. 26Synnada* gr. sp. 26

EndaenidiusEndaenidius gr. ikezakii

Morimotozo

MorimotozoSynnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaeus gr. canangaeEndaeus gr. canangae
Endaenidius sp. 10

Endaenidius sp. 17
Heterimerodes

Adelus

Synnada sp. 30Synnada* gr. sp. 30
Synnada* cf. flavoapicalis

Synnada sp. 45Synnada* gr. sp. 45
Synnada* gr. sp. 3

Synnada* sp. 24
Endaeus gr. sp. 124

Endaeus gr. sp. 67
Endaeus gr. sp. 243

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2

Omphasus
Endaeus gr. sp. 47

Daeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64
SH-aLRT < 80 & UFBS < 95

UFBS < 95

60



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

?

Daeneus

Synnada sp. 26Synnada* gr. sp. 26

EndaenidiusEndaenidius gr. ikezakii

@
st

ev
en

89
93

1

Annonaceae (Annona)

Polygonaceae (Persicaria)

©
fe

ro
©

ad
ac

ha
o

Primulaceae (Maesa)

Shisandraceae (Illicium)

©
m

at
ej

_n
ol

an

Morimotozo

MorimotozoSynnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaeus gr. canangaeEndaeus gr. canangae
Endaenidius sp. 10

Endaenidius sp. 17
Heterimerodes

Adelus

Synnada sp. 30Synnada* gr. sp. 30
Synnada* cf. flavoapicalis

Synnada sp. 45Synnada* gr. sp. 45
Synnada* gr. sp. 3

Synnada* sp. 24
Endaeus gr. sp. 124

Endaeus gr. sp. 67
Endaeus gr. sp. 243

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2

Omphasus
Endaeus gr. sp. 47

Daeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64
SH-aLRT < 80 & UFBS < 95

UFBS < 95

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

60



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

?

Daeneus

Synnada sp. 26Synnada* gr. sp. 26

EndaenidiusEndaenidius gr. ikezakii

@
st

ev
en

89
93

1

Annonaceae (Annona)

Polygonaceae (Persicaria)

©
fe

ro
©

ad
ac

ha
o

Primulaceae (Maesa)

Shisandraceae (Illicium)

©
m

at
ej

_n
ol

an

Morimotozo

MorimotozoSynnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaeus gr. canangaeEndaeus gr. canangae
Endaenidius sp. 10

Endaenidius sp. 17
Heterimerodes

Adelus

Synnada sp. 30Synnada* gr. sp. 30
Synnada* cf. flavoapicalis

Synnada sp. 45Synnada* gr. sp. 45
Synnada* gr. sp. 3

Synnada* sp. 24
Endaeus gr. sp. 124

Endaeus gr. sp. 67
Endaeus gr. sp. 243

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2

Omphasus
Endaeus gr. sp. 47

Daeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64
SH-aLRT < 80 & UFBS < 95

UFBS < 95

Endaeus canangae

Haran et al. 2026

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

61



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

?

Daeneus

Synnada sp. 26Synnada* gr. sp. 26

EndaenidiusEndaenidius gr. ikezakii

@
st

ev
en

89
93

1

Annonaceae (Annona)

Polygonaceae (Persicaria)

©
fe

ro
©

ad
ac

ha
o

Primulaceae (Maesa)

Shisandraceae (Illicium)

©
m

at
ej

_n
ol

an

Morimotozo

MorimotozoSynnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaeus gr. canangaeEndaeus gr. canangae
Endaenidius sp. 10

Endaenidius sp. 17
Heterimerodes

Adelus

Synnada sp. 30Synnada* gr. sp. 30
Synnada* cf. flavoapicalis

Synnada sp. 45Synnada* gr. sp. 45
Synnada* gr. sp. 3

Synnada* sp. 24
Endaeus gr. sp. 124

Endaeus gr. sp. 67
Endaeus gr. sp. 243

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2

Omphasus
Endaeus gr. sp. 47

Daeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64
SH-aLRT < 80 & UFBS < 95

UFBS < 95

Teinomphasus

Caldara et al. 2014

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

62



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

?

Daeneus

Synnada sp. 26Synnada* gr. sp. 26

EndaenidiusEndaenidius gr. ikezakii

@
st

ev
en

89
93

1

Annonaceae (Annona)

Polygonaceae (Persicaria)

©
fe

ro
©

ad
ac

ha
o

Primulaceae (Maesa)

Shisandraceae (Illicium)

©
m

at
ej

_n
ol

an

Morimotozo

MorimotozoSynnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaeus gr. canangaeEndaeus gr. canangae
Endaenidius sp. 10

Endaenidius sp. 17
Heterimerodes

Adelus

Synnada sp. 30Synnada* gr. sp. 30
Synnada* cf. flavoapicalis

Synnada sp. 45Synnada* gr. sp. 45
Synnada* gr. sp. 3

Synnada* sp. 24
Endaeus gr. sp. 124

Endaeus gr. sp. 67
Endaeus gr. sp. 243

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2

Omphasus
Endaeus gr. sp. 47

Daeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64
SH-aLRT < 80 & UFBS < 95

UFBS < 95

Nychiomma
Zhu et Kojima 2018

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

63



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

?

Daeneus

Synnada sp. 26Synnada* gr. sp. 26

EndaenidiusEndaenidius gr. ikezakii

@
st

ev
en

89
93

1

Annonaceae (Annona)

Polygonaceae (Persicaria)

©
fe

ro
©

ad
ac

ha
o

Primulaceae (Maesa)

Shisandraceae (Illicium)

©
m

at
ej

_n
ol

an

Morimotozo

MorimotozoSynnadichnus
Endaenidius gr. maetoi

Nychiomma*

Endaeus gr. canangaeEndaeus gr. canangae
Endaenidius sp. 10

Endaenidius sp. 17
Heterimerodes

Adelus

Synnada sp. 30Synnada* gr. sp. 30
Synnada* cf. flavoapicalis

Synnada sp. 45Synnada* gr. sp. 45
Synnada* gr. sp. 3

Synnada* sp. 24
Endaeus gr. sp. 124

Endaeus gr. sp. 67
Endaeus gr. sp. 243

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

cf. Aedenus sp. 1
Katsurazo

Agryporrhynchus* gr. n. sp. 2

Omphasus
Endaeus gr. sp. 47

Daeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64
SH-aLRT < 80 & UFBS < 95

UFBS < 95

Adelus

Marshall 1926a

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

64



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

0.05

?

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

Omphasus
Endaeus gr. sp. 47

DaeneusDaeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64

Endaeus staminicolaEndaeus staminicola
Endaeus gr. carinifronsEndaeus gr. carinifrons
Endaeus gr. sp. 171

Endaeus gr. sp. 160
Endaeus gr. gruveli

Synnada* sp. 44
Endaeus gr. rufescens

Endaeus gr. sp. 106
Endaeus gr. spretus

Endaeus gr. sp. 83
Endaeus gr. elongatulus

Endaeus gr. sp. 168
Endaeus gr. fuscirostris

SH-aLRT < 80 & UFBS < 95

UFBS < 95

65



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

0.05
Clusiaceae (Allanblackia)

©
su

nn
y1

az
@

lin
da

lo
ffl

er

Sapotaceae (Mimusops)

Fabaceae (Baikiaea)

@
jo

na
th

an
20

97
 

?

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

Omphasus
Endaeus gr. sp. 47

DaeneusDaeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64

Endaeus staminicolaEndaeus staminicola
Endaeus gr. carinifronsEndaeus gr. carinifrons
Endaeus gr. sp. 171

Endaeus gr. sp. 160
Endaeus gr. gruveli

Synnada* sp. 44
Endaeus gr. rufescens

Endaeus gr. sp. 106
Endaeus gr. spretus

Endaeus gr. sp. 83
Endaeus gr. elongatulus

Endaeus gr. sp. 168
Endaeus gr. fuscirostris

SH-aLRT < 80 & UFBS < 95

UFBS < 95

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

65



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Endaeus gr. bauhiniae

0.05
Clusiaceae (Allanblackia)

©
su

nn
y1

az
@

lin
da

lo
ffl

er

Sapotaceae (Mimusops)

Fabaceae (Baikiaea)

@
jo

na
th

an
20

97
 

?

Endaeus gr. setulosus
Eutecheus

Endaeus gr. sp. 73

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. xylopiae
Teinomphasus

Endaeus gr. lenticulatusEndaeus gr. lenticulatus

Endaeus gr. castus
Endaeus gr. floralis

Omphasus
Endaeus gr. sp. 47

DaeneusDaeneus
Endaeus gr. bauhiniae

Endaeus gr. sp. 64

Endaeus staminicolaEndaeus staminicola
Endaeus gr. carinifronsEndaeus gr. carinifrons
Endaeus gr. sp. 171

Endaeus gr. sp. 160
Endaeus gr. gruveli

Synnada* sp. 44
Endaeus gr. rufescens

Endaeus gr. sp. 106
Endaeus gr. spretus

Endaeus gr. sp. 83
Endaeus gr. elongatulus

Endaeus gr. sp. 168
Endaeus gr. fuscirostris

SH-aLRT < 80 & UFBS < 95

UFBS < 95

Endaeus staminicola

Haran et al. 2026

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

66



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Discussion 

67



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

    ☐     Monophyly of pollinating Ochyromerini

68



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

    ☐     Monophyly of pollinating Ochyromerini

Ochyromerini

Outgroups

68

Most recent common ancestor



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

    ☐     Monophyly of pollinating Ochyromerini

✔

Ochyromerini synapomorphies

New 
synapomorphy

69

Ochyromerini

Outgroups

Most recent common ancestor



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

✔    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

    ☐     Monophyly of pollinating Ochyromerini

70



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families
- Not enough ecological data

- Independant colonisation or ancestral 
association with Annonaceae?

✔

@
st

ev
en

89
93

1

Annonaceae (Annona)

©
Ju

lie
n 

H
ar

an

Annonaceae (Cananga)

✗

?✔

70



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

✔

?✔

71



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

✔

?✔
a

b

c
d
e
f

h
i 
j
k
l

g

p

m
n
o

q
r

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

Outgroups

71



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

✔

?✔
a

b

c
d
e
f

h
i 
j
k
l

g

p

m
n
o

q
r

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

Outgroups

71

- Antagonism and Mutualism much more labile 
than expected

✗



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

✔

?✔

- Antagonism and Mutualism much more labile 
than expected

- More labile than the host plant conservatism

✗

Probable mutualism

Probable antagonism
Confirmed antagonism

Confirmed mutualism

71



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction 72

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

✔

?✔

✗

- Lability of the antagonism - mutualism spectrum

- Morphological convergence between pollinated plants

- High number of plant families involved



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

            Evolution through ecological opportunities
    driven by pollination syndromes☐     

72

    ☐     Monophyly of pollinating Ochyromerini

    ☐     Monophyly of Ochyromerini

    ☐     Niche conservatism of host plant families

✔

?✔

✗

- Lability of the antagonism - mutualism spectrum

- Morphological convergence between pollinated plants

- High number of plant families involved



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

            Evolution through ecological opportunities
    driven by pollination syndromes☐     

1. Ciophilous 
pollination 
syndrome

73



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

1. Ciophilous 
pollination 
syndrome

            Evolution through ecological opportunities
    driven by pollination syndromes☐     

73



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

2. Host plant 
shifts

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

1. Ciophilous 
pollination 
syndrome

            Evolution through ecological opportunities
    driven by pollination syndromes☐     

73



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

3. Diversification
(Ehrlich et Raven 1964)

1. Ciophilous 
pollination 
syndrome

            Evolution through ecological opportunities
    driven by pollination syndromes☐     

73

2. Host plant 
shifts

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



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

3. Diversification
(Ehrlich et Raven 1964)

4. Return to 
antagonism?

1. Ciophilous 
pollination 
syndrome

            Evolution through ecological opportunities
    driven by pollination syndromes☐     

73

2. Host plant 
shifts

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



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

Conclusion

74



Material &
MethodsOchyromerini Synopsis Results Discussion

Conclusion & 
PerspectivesIntroduction

 G A B B I
- B A S E D   B A I T   I N F E R E N C E

G E N O M E   A L I G N M E N T - 
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Mochizuki et Kawakita 2018

Aucuba japonica (Garryaceae),
Euonymus spp. (Celastraceae),
Disanthus cercidifolius (Hamamelidaceae), 
Micranthes fusca (Saxifragaceae),
Streptopus streptopoides (Liliaceae) 
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           Backbone AHE topology
           Grafted COI sequences
   *       Specimen from dry collections

Non parasitic host plant

Hemiparasitic host plant

Holoparasitic host plant

 Ancestral host plant 
estimated probabilities

Zelvelder et al. 2026
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Host plant shifts inferred:

Parasitic    to    Non-parasitic

Parasitic      to      Parasitic

Parasitic    to    Hemiparasitic

?

? ● Spatial     ✅
● Temporal     ✅
● Detection     ✅
● Structural     ✅
● Chemical     ✅

= ecological opportunity that 
can lead to host plant shifts











Endaeus xylopiae Haran & Zelvelder Endaeus jaculifer Haran & Zelvelder

Endaeus convexiculus Haran & ZelvelderHaran et al. 2026

Xylopia aethiopica (Dunal) A.Rich.



Endaeus inexpectatus Hsiao & Kojima

Annona squamosa (introduced in Vietnam)
Hsiao et al. 2025
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PHYLUCE probe set

GABBI probe set
Markers:  3,239
Supermatrix size:  1,381,713
Proportion of parsimony
informative sites:  0.50
Total tree length:  12.83
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Anthribidae

Markers:  3,568
Supermatrix size:  1,156,568
Proportion of parsimony
informative sites:  0.45
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PHYLUCE probe set

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

Markers:  1,335
Supermatrix size:  266,716
Proportion of parsimony
informative sites:  0.10
Total tree length:  0.65
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cf. Eudela castanea Lea Endaeus castus Schoenherr


