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Blowflies are important!

Ecologicalroles
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Project Focus

Subfamily Calliphorinae

Carrion-breeding species

Calliphoridae

Calliphorinae

Carrion-breeding species



The problem: Australian blowfly relationships
are a mess!

 Extreme diversity: subfamily Calliphorinae
iIncludes ~50 species & possibly more

* Cryptic morphology: Species are difficult to
Identify — morphology is subtle & inconsistent

* Uncertain relationships: No study has ever
analysed all species together




Cryptic morphology

| Calliphora macleayi

Calliphora centralis



The solution: genitalia characters

Calliphora macleayi Calliphora centralis



The solution: molecular data

Calliphora macleayi - Calliphora centralis



Project Aims

1. Integrate morphology & molecular data to
determine the species boundaries in the
Australian carrion-breeding Calliphorinae

evolutionary relationships in the Australian

2. Use phylogenetic analysis to understand the r
carrion-breeding Calliphorinae




Methods
1. Morphological analysis/

——

2. Molecular bioinformatics

3. Phylogenetic analysis [ #




Morphological analysis

* Thousands of museum species & freshly
collected specimens

* Adult specimens & genitalia analysed
under microscopy

e Genitalia dissection & chemical
processing

* Diagnostic images taken using focus
stacking techniques

Over 20 characters described on
the head alone




Molecular Bioinformatics

 Sequencing data quality control

* Whole mitogenome assembly

)

* Species delimitation using DNA barcodes
(ASAP)

ASAP

(Assemble Species by Automatic Partitioning)




Mitogenome Assembly Pipeline
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Mitogenome Assembly Pipeline
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Gene Alignment

All 13 protein coding
genes (PCGs)
extracted

Genes aligned

Species delimitation

ASA?

ASAP
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Phylogenetic analysis
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Phylogenetic Analysis

« Maximum likelihood analysis PCGs using an
evolutionary model

* Partitioned by gene & codon position

* Included taxa from the northern hemisphere
& New Zealand

* First phylogeny to include all Australian
carrion-breeding species of Calliphorinae

Yad




Results

Morphological Analysis

* The first taxonomic key to all species of Australian
carrion-breeding Calliphorinae

* Extensive morphological documentation of adults &
male genitalia of each species

* Diagnostic photographs of each species




Results ASAP analysis partitions
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ASAP Species Delimitation

* New barcodes combined with online reference data

* 18 species identified in the best ranked partition

« Distance threshold = 0.0201 (2.01% o sl
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What does this mean? me

* Molecular data supports morphology!
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Results

Phylogenetic Analysis

* Strong statistical support for key nodes

e Several clades

* Clades not monophyletic

Xenocalliphora




Clades

C. hilli Clade il

C. macleayi Clade
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Clades cannot be easily defined
using adult morphology

All flies are
golden




Clades

C. hilli Clade

C. macleayi Clade

5%

C. stygia Clade

o4

Clades cannot be easily defined
using adult morphology

All flies are
golden

Genitalia
morphology required
for support




Unstable Species Some species are not well supported

molecularly

ASAP analysis
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Phylogenetic analysis
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Hybridisation?

Phylogenetic analysis

AS-centralis

AT-fulvicoxa

AB-fulvicoxa

Calliphora vicina

Morphology does not always support
synonymisation

Some unstable species could suggest
hybridisation

But hybrids undetectable using
mitogenomes due to maternal inheritance

C. fulvicoxa may be a hybrid of C. vicina

Calliphora ??

Calliphora fulvicoxa




Future Directions

SNP population genetics studies

Clarify species boundaries
Determine population structures
Reveal hybridisation events

Breeding experiments
Investigate hybridisation within
the Calliphorinae
Which species are likely to
hybridise?

Understand hybrid morphology




Conclusion

Australian species are divided into
several clades & some species may
be the same

Big implications for forensically &
agriculturally important species

Future research should test species
boundaries & hybridisation
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Flies make up 10% of the

world’s biodiversity!

(Marshall, 2012; Smith & Mayfield 2015)
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~160,000 described
species

~600,000 undescribed!

(Huang et al, 2022)

L 57 7 3
Huangetal., (2022).Ecol Evo}, 12(1). https://doi.org_/1 0.1002/ece8.8535



What are blowflies?

* Family Calliphoridae
* Calyptrate flies
* Prawn chip calypters

From: Wiegmann, B. M., et al. (2011).
https://doi.org/10.1073/pnas.1012675108
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What are blowflies?

* Family Calliphoridae
* Calyptrate flies

* Prawn chip calypters

From: Wiegmann, B. M., et al. (2011).
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What are flies?

* Belonging to the insect order Diptera

Di + Ptero = two wings
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* Modified hindwings, “halteres”
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What are flies?

* Belonging to the insect order Diptera

Di + Ptero = two wings

* Modified hindwings, “halteres”

* Modified mouthparts

* Complete metamorphosis




Even the genera are unstable

Broader taxon sampling supports
my phylogenetic analysis

Resolves uncertain phylogenetic
relationships

Calliphora flexipenis gp

Onesias s. str. spp.

2 spp.

Polleniopsis spp.

Calliphora ochracea
Calliphora nigrithorax

Xenocalliphora

Calliphora quadrimaculata

Calliphora s. str.

Calliphora sternalis  gp.

Calliphora stygia gp.

Ptilonesia auronata

Eggiops, Melinda

Sarconesia magellanica

Lucillinae

Chrysomyinae




Even the genera are unstable

Broader taxon sampling supports
my phylogenetic analysis

Resolves uncertain phylogenetic
relationships

Confirms non-monophyly of the
Australiasian calliphora

Calliphora flexipenis gp

Polleniopsis spp.

2 spp.
Calliphora sternalis gp.

Calliphora nigrithorax
Xenocalliphora

Ptilonesia auronata
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Calliphora flexipenis gp

Even the genera are unstable ———— Aphysuma (OR771697)

Broader taxon sampling supports Calliphora tibialis gp.
. . Onesias s. str. spp.
my phylogenetic analysis

e 2 spp. Polleniopsis spp.

12 spp. Calliphora sternalis  gp.

Tospp. | Calliphora stygia gp.

Resolves uncertain phylogenetic R

3 spp.
relationships =T Calliphora stygia gp.
Calliphora ochracea
. o Calliphora nigrithorax
Confirms non-monophyly of the Twp | Xenocalliphora

Ptilonesia auronata

Australiasian Calliphora

Calliphora quadrimaculata

29 spp. | Calliphora s. str.

S u p p O rtS C l'a d es Sarconesia magellanica

Lucillinae

Eggiops, Melinda

Chrysomyinae
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The problem

All species grouped
together

Malloch, J. R. (1927). Proceedings of the Linnean Society of New South Wales, 52.



The problem

All species grouped Species split up
together into sub-groups

(Malloch,1927) (Kurahashi,1971)

Malloch, J. R. (1927). Proceedings of the Linnean Society of New South Wales, 52.
Kurahashi, H., (1971). Pacific Insects, 13(1), 141-204.



The problem

All species grouped Species split up First molecular
together into sub-groups analyses

(Malloch,1927) (Kurahashi,1971) (Wallman & Donnellan, 2001)
(Wallman et al., 2005)
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