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AUSTRALIAN SPHINGIDAE
DNA BARCODES CHALLENGE CURRENT SPECIES

BOUNDARIES AND DISTRIBUTIONS
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1. CONTEXT & OBJECTIVES

« The world’s largest island: 7.69M km2, diversity of environments
 The Australian fauna is known for its endemism

The level of endemism varies among and within groups. It largely

depends:

* evolutionary history

« dispersal capacities

But also on:

« the accuracy and completeness of distribution data
(Wallacean shortfall)

* taxonomic maturity (Linnean shortfall)




1. CONTEXT & OBIJECTIVES

- Recent advances in integrative species delineation have revealed
overlooked or cryptic diversity
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1. CONTEXT & OBIJECTIVES

How about the diversity and distribution of
Australian Hawkmoths (Lepidoptera: Sphingidae)?

e

one of the best known family of Lepidoptera
mature taxonomy
A variety of distribution types

Comprehensive DNA barcode library for the
world fauna
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2. AN INTEGRATIVE APPROACH

We combined DNA barcoding, morphology and a nuclear marker
(28S rDNA) in selected cases




2. AN INTEGRATIVE APPROACH

~1200 samples processed, producing 1054 DNA barcodes for 72 species / subspecies
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Australia




3. THE DIVERSITY OF AUSTRALIAN SPHINGIDAE REVISITED

Description of 4 new Australian species

Psilogramma exigua Brechlin, Lane & Kitching, 2010
Psilogramma penumbra Lane, Moulds & Tuttle, 2011
Hopliocnema lacunosa Tuttle, Moulds & Lane, 2012

Hopliocnema ochra Tuttle, Moulds & Lane, 2012

A review of the hawk moth genus Hopliocnema
RoruscHiLp & JOrDAN, with the description of two
new species (Lepidoptera: Sphingidae)




3. THE DIVERSITY OF AUSTRALIAN SPHINGIDAE REVISITED

DNA barcode split within Acosmeryx miskini (Murray, 1873) confirmed the status and led to

the description of A. miskinoides Vaglia & Haxaire, 2007 from Papua New Guinea and
Indonesia (Maluku)

Acosmeryx miskimnll!  E008-06106-1 000081658[0n |bplAustralia New South Wales
Acosmeryx miskini[LLISA599-06106-NSWL-005991658[0n]bplAustralia New South Wales
Acosmeryx miskinilANIC344-06IANIC Gen No. 0005361658 [0n]bplAustralia.Queensland
Acosmeryx miskiniTMLQ907-08IM08-02591658[0n]bplAustralia. Queensland
Acosmeryx miskinilLI ISA220-06106-NSWL-002201658[0n]bplAustralia New South Wales
Acosmeryx miskiniNSWBB1204-08107-NSWBB-1204/658[0n]bplAustralia New South Wales
Acosmeryx miskiniNSWHM2140-11[BIOUG00961-E031658[On]bplAustralia New South Wales
Acosmeryx miskiniTMI.Q203-07IM07-00461658[0On]bplAustralia. Queensland
Acosmeryx miskinilSPTVA213-07IVAG-2024I658[0n]bplAustralia New South Wales
Acosmeryx miskinilSPTVA212-07IVAG-20231658[0n]bplAustralia New South Wales
Acosmeryx miskinilSPUEA045-07IBC-EMEMO00451658[0n]bplAustralia Queensland
Acosmeryx miskiniiNSWHM2169-111BIOUG00961-GO081658[ 1n]bplAustralia New South Wales
Acosmeryx miskiniIMLQ207-07(IM07-00601658[0n]JbplAustralia.Queensland
Acosmeryx miskinoideslSPUE.AOS3-O7IBC-E.\E.\{0053I6"1[On]bpﬂndonesia Maluku
Acosmeryx nﬁskinoideslSPUF.AOS2—07IBC-EMEMOOJ

Acosmeryx miskinoidesISML174-06[lUSNM ENT 001!
Acosmeryx miskinoidesISPTVA214-07IVAG-2025165!
Acosmeryx miskinoides HCPNO635-03[USNM ENT O %

Acosmeryx miskinoidesiGWORB946-07IBC ZSM Le
Acosmeryx miskinoidesiSML180-06[lUSNM ENT 00!
Acosmeryx miskinoidesISML182-06[lUSNM ENT 001
Acosmeryx miskinoides|SML179-06[lUSNM ENT 001
Acosmeryx miskinoidesISML176-06[lUSNM ENT 001
Acosmeryx miskinoidessHCPNO62-03[USNM ENT
Acosmeryx miskinoides|ISPUEA051-07[BC-EMEMO00
Acosmeryx miskinoides|ISPUEA048-07IBC-EMEMO00
Acosmeryx miskinoides|SPUEA050-07IBC-EMEMO00 :

Acosmeryx miskinoidesISML175-06[lUSNM ENT 0C Gul
Acosmeryx miskinoideslISML181-06[lUSNM ENT 00] _ fior
Acosmeryx miskinoides|SML178-06lUSNM ENT 00! ; - —-e - jlf -
Acosmeryx miskinoidesISML177-06lUSNM ENT 00196621!656[&1]bplpapua New Guinea Gulf
Acosmeryx miskinoideslHCPN064-03[USNM ENT 001960841600[0n]bp/Papua New Guinea Gulf

Acosmeryx miskinoideslHCPN063-03[USNM ENT 001960831617[0On]Jbp/Papua New Guinea Gulf
Acosmeryx miskinoidesISPUEA(047-07[BC-EMEMO00471631[0n]bpPapua New Guinea

Acosmeryx miskinoides|SPUEA049-07[BC-EMEMO00491658[0n]bpPapua New Guinea




3. THE DIVERSITY OF AUSTRALIAN SPHINGIDAE REVISITED

Hippotion johanna (Kirby, 1877), considered a synonym of H. brennus (Stoll, 1782), is a
valid species.

SPTMA922-09 |
HCPNO07-03
SPTMB497-11
SPTMB496-11
SPHJT147-11
SPTOL159.07

L SML159-06

L SML160-06

. SPTMAS23-09

- HCPNO08-03

L SPTMB495-11 Hippotion brennus
— HCPNO006.03 (Australia, Papua New Guinea,
West Papua, Moluccas)

SML161-06
SOWE237-07
[ SPTMC562-12
GWORB980-07
ANICCO030-08

- SPTMB509-11
@ ANICC031-08

SPTMA198-07
. E SOWE238-07
SOWE239-07

@ GWORY462-10
SPTMA197-07

ANICC092-08 Hiopotion b (ol like)
IppONON rennus yJjonannda-lKe
[
LOQIER-00 (Australia - QLD, NSW)

SPHIT149-11




3. THE DIVERSITY OF AUSTRALIAN SPHINGIDAE REVISITED

3 synonyms in genus Psilogramma (holotypes sequenced)

Psilogramma menephron[IMILR1170-11IM08-28321658[0n]bplAustralia.Queensland
SPUEB589-091BC-EMEM15291658[0n]bpl Australia Queensland
Psilogramma maxmouldsilIML Q157-07(IM06-05921658rThnl Anctralia Muaancland FSLOZIAMMA ArgosIS T

Psilogramma maxmouldsil. NSWE067-06l06-NSWE-0 ) ' 2
peilogt Sl fedesbe 4r|P51log,ramma argosIANICC072-08IANIC Gen No. 0032 3)I658[0n]prAustrahaI\orthem Teritory

Psilogramma maxmouldsiNSWHM2021-111BIOUGQ Psilogramma argosISPTMB093-09IBC-Mel 11051658[0n]bplAustralia Northern Termritory
Psilogramma maxmouldsilL NSWE042-06106-NSWE-C Psilogramma exigual SPTMB091-09IBC-Mel 11031658[0n]bplAustralia Northern Temitory
Psilogramma maxmouldsilSPHIT001-09IBC-JT-24Milé Psilogramma exigualSPHIT118-10IBC-LTM-1421658[0n]bplAustralia Northerm Temitory
Psilogramma maxmouldsi. NSWE071-06106-NSWE-( Psilogramma exigualSPHIT117-10[BC-LTM-1411658[0n]bplAustralia.Queensland
'Psilogramma maxmouldsil. NSWE038-06/06-NSWE-( Psilogramma exigualLOQTB045-07Igve6811-11L1643[1n]bplAustralia. Queensland
: SPHIT123-10BC-LTM-1471658[0n Psilogramma exigual SPTMB090-09IBC-Mel 11021658[0n]bplAustralia Northern Territory
Psilogramma penumbralSPHITIZ-10IBC-LTM-1451658{0n Psilogramma exigual SPHIT142-10[BC-LTM-1641658[0n]bplAustralia Northern Territory
|;=ﬁ°gfam’m Pen“mgmﬁf@éo—;;géx%gg”g'ﬁggﬂ Psilogramma exigualSPHIT120-10BC-LTM-1441658[0n]bplAustralia Northern Territory
e p— A ne Psilogramma exigual GWORI484-091BC ZSM Lep 132321658[0n]bplAustralia Northern Territory
sﬂog,ramma papuensisiSPHIT112-10IBC-LTM-1361658]( . . - i .
na abuensisilGWORC280-07IBC ZSM Lep 02( Psilogramma exigual SPTMBO088-09IBC-Mel 11001658[0n]bplAustralia Northern Termitory
Psilogramr Psilogramma exigual SPTMC623-12IBC-Mel26241658[0n]bplAustralia Northern Territory
i Psilogramma exigual SPTMC626-12/BC-Mel26271658[0n]bplAustralia. Northern Territory
Psilogramma exigual SPHIT119-10IBC-LTM-1431658[0n]bplAustralia Northem Temitory
Psilogramma exigualSPTMC627-12IBC-Mel26281658[0n]bplAustralia Northern Territory
Psilogramma exigual SPTMB092-09IBC-Mel 1104/651[0n]bplAustralia Northern Termritory
Psilogramma exigual SPTMBO089-09IBC-Mel 11011658[0n]bplAustralia Northemn Territory
Psilogramma exigual SPTMC624-12IBC-Mel26251630[0n]bplAustralia Northern Territory
SPZSMO052-08/BC-ZSMRR00521658[4n]bplAustralia New South Wales
Psilogramma casuarinaelSPHJT113-10IBC-LTM-1371658[0n]bplAustralia.Queensland
Psilogramma casuarinael AMWWO009-111K2907491658[0n]bplAustralia New South Wales
Psilogramma casuarinael AMWWO027-11IK2907671658[0n]bplAustralia New South Wales
Psilogramma casuarinaelNSWHMO027-11IBIOUG00851-H08I658[0n]bplAustralia New South Wales
Psilogramma casuarinaelNSWBB1203-08107-NSWBB-12031658[0n]bplAustralia New South Wales
Psilogramma casuarinaelSPTMA300-07IBC-Mel 03781658[0n]bplAustralia Queensland
Psilogramma casuarinaelIMI Q239-07IIM07-01931658[0n]bplAustralia Queensland
Psilogramma casuarinaelSPTMA296-07IBC-Mel 03741658 [0n]bplAustralia.Queensland
Psilogramma casuarinaelSPHIT092-10IBC-LTM-1161630[0n]bplAustralia Queensland
Psilogramma casuarinaelLNSWE010-06/06-NSWE-000101590[2n]bplAustralia New South Wales
Psilogramma casuarinae[L NSWE110-06/06-NSWE-00110I582[0n]bplAustralia New South Wales
Psilogramma casuarinaelSPHIT047-10BC-JT-00281407[0n]bplAustralia Victoria
Psilogramma casuarinaelL OQTE795-10Igve14173-1L1658[0n]bplAustralia. Queensland
Psilogramma casuarinaelNSWHJI076-10109-NSWHH-00891658[0n]bplAustralia New South Wales
Psilogramma casuarinaelLNSWEO085-06106-NSWE-000851657[0n]bplAustralia New South Wales
Psilogramma casuarinaelNSWHI088-10109-NSWHH-01011658[0n]bplAustralia New South Wales
Psilogramma casuarinaelL OQTB025-07Igve6799-1L1658[0n]bplAustralia.Queensland
Psilogramma casuarinaelL NSWE044-06106-NSWE-000441658[0n]bplAustralia New South Wales
ceeeeee. - JAPsilogramma casuarinaelNSWHI042-10109-NSWHH-00551658[0nIbplAustralia New South Wales
Psilogramma meneph.ron]GWORBB)(%O?IBC ZSM Lep 013’0I63°[0n]prAustraha Queensland
Psilogramma menephron|SPRBA338-08IBC-RBP-03381636[0n]bplAustralia. Queensland
Psilogramma menephroniGWORB867-07IBC ZSM Lep 013371632[0n]bplAustralia. Queensland
Psilogramma menephronIMLR1170-11IM08-28321658[0n]bplAustralia.Queensland




3. THE DIVERSITY OF AUSTRALIAN SPHINGIDAE REVISITED

75 species of
Australian Sphingidae
(2 awaiting description)




4. A BROADER PERSPECTIVE

Addition of 735 records of conspecific samples and closely related species from outside Australia
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4. A BROADER PERSPECTIVE

17. 9 Hippotion celerio




4. A BROADER PERSPECTIVE

19. 9 Hippotion scrofa

26. 9 Macroglossum hirundo errans, @ M. h. hirundo, § M. hirundo lifuensis



e 40 Australian taxa have ranges
extending outside the continent

* 10 of these with deep COI divergences
(2.1 to 8.25% K2P)




4. A BROADER PERSPECTIVE

Agrius convolvuli — « Convolvulus Hawkmoth »
5.37% divergence in COI; 28S rDNA congruent




e 40 Australian taxa have ranges
extending outside the continent

* 10 of these with deep COI divergences
(2.1 to 8.25% K2P)

e 28S rDNA support in Agrius convolvuli

* Morphological evidence found in 3 cases
already

e 1 split challenges a case of proposed
synonymy

* In 4 cases the genetic splits are
associated with range disjunctions of
several thousand kilometers that cross
major biogeographical boundaries

e 2 cases represent species complexes in
peed-of-taxonomic revisions




8 cases of « barcode sharing » with
distinct species/subspecies from outside
Australia

2 likely caused by mis-identifications

3 likely cases of synonymy

2 possible cases of introgression/
hybridization




4. A BROADER PERSPECTIVE

SPTMAG22-09
HCPN0O7-03
SPTMB497-11
(| sPTMB496-11
SPHJT147-11
SPTOL159-07
SML159-08
SML160-08
SPTMAG23.09
HCPN008-03

SPTMB495-11 Hippotion brennus
HCPN006-03 (Australia, Papua New Guinea
West Papua, Moluccas)
| SML16
SOWE237-07
SPTMCS562-12
GWORBS80.07
@ ANICC030-08
SPTMBS0S-11
—@ ANICC031-08 .
|
|
{

SPTMA198-07 Hippotion joicevi
(Papua New Guinea & West Pa

- SOWE238.07 4

|- sowez23s-07

@ GWORY462-10
SPTMA197-0

@ANIC
Hippotion brennus (johanna-like)

: 0
QTE455-09

38 :LO st (Australia - QLD, NSW)
SPHJT149-11

99 | SPTMAS24.09 ]
| sPTMB498-11

Hippotion brennus
(West Papua region)

SPTMB510-11

{EJ’TMBH'-I'

| SPTMB493-11
SPTMB491-11
| SPTMB492-11
SPTMB494-11
SPTMBS07-11 Hippotion brennus
SPTMB40011 (Moluccas)
SPTMBS506-11
SPTMBS05-11
SPTMBS508-11

SPTMB504-11
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Refined account of
the diversity of
Australian Sphingidae

75 species
(+10%)




Refined account of the
distribution of Australian

Sphingidae

35 endemic species



Refined account of the
distribution of Australian
Sphngidae

\

27 species also in
Malesia east of
Wallace’s Line
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Refined account of the
distribution of Australian
Sphingidae

6 species also in
Pacific Islands




Refined account of the

: distribution of Australian
Sphingidae
% « 6 species in
=)
“ \\\55 Melanesia west of
* Wallace’s Line
» 3 species in South-
- East Asia
s 1 broadly distributed

U R in the Old World
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10% increase in species
diversity
35% increase in number
of strict endemics



5. CONCLUDING REMARKS

Linnean and Wallacean shortfalls significant
L even in one of the best documented group of

insects

Overall:
Integrating DNA barcoding is a | | |
straightforward way to re-evaluate species * 10% Increase Iin species
boundaries and distribution diversity

* 35% increase in number
of strict endemics
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3. THE DIVERSITY OF AUSTRALIAN SPHINGIDAE REVISITED

Two species within Acosmeryx anceus (Stol, 1781)

28S rRNA

p——
0.5 change

Acosmeryx anceus
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