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Biosecurity and DNA barcoding

DNA barcoding provides a rapid
and universal alternative to
morphological or ad hoc molecular
methods of species identification

now numerous examples where
DNA barcoding has facilitated, or
is being employed for, the
recognition of non-indigenous
species from the background
diversity of native fauna




Progress since Mexico 2009

LBAM ID

Tools for diagnosing light brown apple moth
and related western U.S. leafrollers

protocol: Floyd et al. 2010

diagnostic tools and libraries, e.g. LBAM ID,
deWaard et al. 2010

provenance assignment and invasion genetics

e.g. Rubinoff et al. 2011

combining species delimitation & biosurveillance: TGS AR NEASURES
Boykin et al. 2012

DIAGNOSTIC PROTOCOLS FOR REGULATED PESTS

International Plant Protection Convention (IPPC)
and Quads paying attention DN L

o ¥
QBOL and iBOL assembling libraries



IBOL Lepidoptera of North America campaign

lots of contributors and

types of contributors /\7

active field collection and ’ X RA
museum harvesting — L N
completing data releases specimens barcoded: 11 8428
(e.g. Hebert et al. 2010)

and regional libraries (e.qg. species barcoded: §644

deWaard et al. 2011)
unnamed barcode 1841
clusters found:
putting names to a
unnamed barcode clusters



Other Lepidoptera campaigns

aerman

assisted by fantastic progress
elsewhere, such as in:

National Organization

SSC Representative

Germany — Axel Hausmann

ZFMK Bonn
& colleagues SSC Alternate
(Hausmann et al. 20113,b) 25M Munich

Finland — Marko Mutanen &
colleagues

National Organization
FinBOL

SSC Representative

(Mutanen 2011 abstract)

University of Oulu

SSC Alternate

University of Helsinki



Detection of new records

during library construction & validating,
finding new records in two ways:

1) unnamed barcode clusters are
matching taxa from other national
projects

2) additional barcode clusters are
showing up after regional libraries are
complete

* analogous to biosecurity applications

Winter moth Operophtera
brumata (Linnaeus, 1758)
detected in Middle East
(Rajaei et al. in press)



Detection of new records

not all new records are non-
indigenous

native range extensions

arise from correcting
synonymies

refining our Nearctic native
faunal list

Water carpet,
Lampropteryx suffumata
([Denis & Schiffermiller],
1775) found in Canada and
to be Holarctic (deWaard
et al. 2009)



30 new Nearctic species

1. Coleophora albidella ([D
2. Coleophora vitisella Gre
3. Coleophora squamosell:
4. Coleophora granulatella
5. Anthophila fabriciana (Li
6. Altenia perspersella (Wo
7. Sophronia gelidella Norg
8. Parornix betulae (Staintc
9. Stigmella salicis (Stainto
10. Lyonetia pulverulentell:
11. Plutella hyperboreglla
12. Paraswammerdamia c(
13. Lampropteryx suffumat

14. Coleophora atriplicis M

15. Tinea svenssoni Opheil.

jae)
represent 13 families fcidao)
lae)
28 are “tiny nasty little microleps” [*
e)
limited study, expertise, taxonomic |
resources eutidze

5) (Yponomeutidae)

only ~2 were suspected prior to
barcode detection

Seometridae)

all morphologically confirmed

e p— )|



30 new Nearctic species

1. Coleophora albidella ([Denis & Schiffermiiller], 1775) (Coleophoridae)

2. Coleophora vitisella Gregson, 1856 (Coleophoridae)

3. Coleophora squamosella (Stainton, 1856 ) (Coleophoridae)

4. Coleophora granulatella (Zeller, 1849) (Coleophoridae)

5. Anthophila fabriciana (Linnaeus, 1767) (Choreutidae)

6. Altenia perspersella (Wocke, 1862) (Gelechiidae)

7. Sophronia gelidella Nordman, 1941 (Gelechiidae)

8. Parornix betulae (Stainton, 1854) (Gracillaridae)

9. Stigmella salicis (Stainton, 1854) (Nepticulidae)

10. Lyonetia pulverulentella Zeller, 1839 (Lyonetidae)

11. Plutella hyperboreglla Strand, 1902 (Plutellidae)

12. Paraswammerdamia conspersella (Tengstrdm, 1848) (Yponomeutidae)
13. Lampropteryx suffumata ([Denis & Schiffermiiller], 1775) (Geometridae)
14. Coleophora atriplicis Meyrick, 1928 (Coleophoridae)

15. Tinea svenssoni Opheim, 1965 (Tineidae)

first ~15 are Holarctic
species neglected or
overlooked (last 2
tentatively)

localities, host, barcode
divergence and type
specimens can help
determine if native

revising native faunal list in
the process (i.e. synonyms)



30 new Nearctic species

last ~15 are non-
indigenous species
(NIS) (last 2 tentatively)

mostly on introduced
hosts

mostly on woody plants

often perfect match with
barcoded specimens
from native range

16. Coleophora bernoulliella (Goeze, 1783) (Coleophoridae)

17. Oegoconia deauratella Herrich-Schaffer, 1855 (Autostichidae)

18. Depressaria depressana (Fabricius, 1775) (Elachistidae)

19. Phyllonorycter maestingella (Miiller, 1764) (Gracillaridae)

20. Caloptilia suberinella (Tengstrdm, 1848) (Gracillaridae)

21. Triaxomera parasitella (Hibner, 1796) (Tineidae)

22. Argyresthia pruniella (Clerck, 1759) (Yponomeutidae)

23. Paraswammerdamia lutarea (Haworth, 1828) (Yponomeutidae)
24. Paraswammerdamia albicapitella (Scharfenberg, 1805) (Yponomeutidae)
25. Prays fraxinella (Bjerkander, 1784) (Yponomeutidae)

26. Gypsonoma aceriana (Duponchel, 1843) (Tortricidae)

27. Dichelia histrionana (Frélich, 1828) (Tortricidae)

28. Eupithecia pusillata ([Denis & Schiffermiiller], 1775) (Geometridae)
29. Nemapogon cloacella (Haworth, 1828) (Tineidae)

30. Scrobipalpa acuminatella (Sircom, 1850) (Gelechiidae)



10. Lyonetia pulverulentella Zeller, 1839
(= Lyonetia saliciella Busck 1904 syn. nov.) ai:so

Lyonetia pulverulentella|Finland
Lyonetia pulverulentella|Finland

o Lyonetia saliciella|Canada.British Columbia
Lyonetia saliciella|Canada.British Columbia

Lyonetia saliciella|Canada.British Columbia
Lyonetia saliciella|Canada.British Columbia
Lyonetia saliciella|Canada.British Columbia

Lyonetia saliciella|Canada.British Columbia
Lyonetia saliciella|Canada.British Columbia
Lyonetia saliciella|Canada.British Columbia
Lyonetia saliciella|Canada.British Columbia

p

S

Known distribution: Europe and Russia
to Ukraine.

New Records: Canada (British
Columbia).

Host: various Willows (Salix spp.).

10-JDWBC-4945 (Canada: BC)

example of a Palearctic
taxon unknowingly re-

described; synonymy
identified and revised




11. Plutella hyperboreella Strand, 1902

Plutella hyperboreella|Finland
-_1P1Lt°lla hyperboreella|Finland.Lappi

Plutella hy

= e
3 ‘g

ellal|Finland

1 3\
la|Canada.Nunavut

M I
M
o
[®]

5 o Plutella hyp
s ) - ¥
Plutella

reel
hyperboreella|Canada.Nunavut

Plutella reel
Plutella
Plutella
Plutella hyperboreella|Canada.Nunavut
Plutella hyperboreella|Canada.Nunavut -
Plutella hyperboreella|Canada.Nunavut 'ﬁi-fr
Plutella hyperboreella|Canada.Nunavut

S [ON—

hyperbor la|Canada.Nunavut
hyperboreella|Canada.Nunavut MMO04155 (Finland)
hyperboreella|Canada.Nunavut i

CNCLEP00043312 (Canada: Nunavut)

Known distribution: Northern Europe

and Arctic Russia. £ = example where barcode
New Records: Canada (Nunavut). § T locality data sufficient

| toclassify as ‘new
(Brassicaceae). holarctic’

Host: unknown, possibly Draba




12. Paraswammerdamia conspersella (Tengstrom, 18438)

Paraswammerdamia conspersella|Canada.Quebec —
Y hee 5
Paraswammerdamia conspersella|Canada.Quebec i 4 _/ﬁ, 'u_'.gj
| 2 2 | Paraswammerdamia conspersella|Canada.Quebec E f‘gﬁ e
FParaswammerdamia conspersella|Canada.Quebec ﬁf
r-'Paraswammerdamia conspersella|Canada.Quebec E
Paraswammerdamia conspersella|Canada.Quebec ]
l-—Paraswammerdamia conspersella|Sweden MM00705 (Finfand
Paraswammerdamia conspersella|Finland
Paraswammerdamia conspersella|Sweden

Paraswammerdamia conspersella|Finland

Paraswammerdamia conspersella|Finland

CNCLEP00001776 (Canada : QC)

Known distribution: Northern Europe

and Northwestern Russia. typica| dive rgence
New Records: Canada (Quebec, A pattern for holartcic
Magdalen Islands). '~ SpECiES (d — 1_1%)

Host: Empetrum nigrum (Circumpolar).

min




14. Coleophora atriplicis Meyrick, 1928
(=Coleophora cervinella McDunnough, 1946 syn. nov.)

/{Coleophora cervinella|306[0n]bp|Canada.Alberta
Coleophora cervinella|132[0n]bp|Canada.Nova Scotia |TYPE
Coleophora cervinellal|663[6n]bp|Canada.Alberta
Coleophora cervinella|669[0n]bp|Canada.Alberta i ;
Coleophora cervinella|663[0n]bp|Canada.Alberta Y et
Coleophora cervinella|642[0Onlbp|Canada.Alberta ;_;'
Coleophora atriplicis|669[0n]bp|Finland AT R

Coleophora cervinellal|669[1n]bp|Canada.British Columbia M
Coleophora cervinella|669[1nlbplCanada.Nova Scotia MM18817 (Finland)
Coleophora atriplicis|660[0n]bp|Finland !)
Coleophora atriplicis|669[0n]bp|Finland &”f
Coleophora atriplicis|669[0n]lbp|Finland
2 2 = oy g'
| 2 :i
. . L ‘ "
Known distribution: Northern and , -
. e ! .
central Palaearctic. B CNCLEP00018030/(Canada ; Nova Scotia)

New Records: Canada (Nova Scotia,

Alberta, British Columbia). demonstrates Ut”ity Of

barcoding types —

Host: Halimione portulacoides, Suaeda,
Salicornia and Atriplex littoralis (salt
marsh species). C. cervinella host is
unknown; types collected in a salt marsh.

holotype analyzed here




15. Tinea svenssoni Opheim, 1965

Tinea svenssoni|Finland
Tinea svenssoni|Finland

: 1 Tinea svenssoni|Finland

ITinea Canada.Quebec

Tinea svenssoni|Finland
qETinea svenssoni|Finland

—_

Tinea svenssoni|Finland

CNCLEP00027522 (Canada : QC)
Known distribution: Northern Europe

and Russia.

uncertain whether
| native orintroduced;
Host: larvae live in the nests of the Ural more data needed

Owl (Strix uralensis), not present in NA
(host switch to another bird?)

New Records: Canada (Quebec).




20. Caloptilia suberinella (Tengstrom, 1848)

} 3 4 ——Caloptilia suberinellal|Finland

[Caloptilia suberinella|Finland
Caloptilia suberinella|Finland
-1-Ca;optilia sp. nr. strictella|Canada.British Columbia]

. . . 10-JDWBC-4569 (Canada: BC)
Known distribution: Northern and

Central Europe, Russia to China.

straightforward

New Records: Canada (British :
example of introduced

Columbia).

leafminer on introduced |
platyphylla (introduced to NA). hOSt

Host: Asian White Birch, Betula




30. Scrobipalpa acuminatella (Sircom, 1850)

Scrobipalpa acuminatella|United Kingdom.England } If‘ ;3 11
Scrobipalpa acuminatella|Canada.Quebec -
Scrobipalpa acuminatella|Canada.Quebec
Scrobipalpa acuminatella|United Kingdom.England
Scrobipalpa acuminatella|United Kingdom.England g ! |
Scrobipalpa acuminatella|Italy.Abruzzi

Scrobipalpa acuminatella|Italy.Abruzzi ‘ ‘Jcp‘ Phyl
Scrobipalpa acuminatella|Canada.Quebec

Scrobipalpa acuminatella|Canada.Quebec MMO03835 (Finland)
Scrobipalpa acuminatella|Canada.Quebec -
Scrobipalpa acuminatella|Canada.Ontari
Scrobipalpa acuminatella|United Kingdom.England
Scrobipalpa acuminatella|Austria.Steiermark
Scrobipalpa acuminatella|Italy

Scrobipalpa acuminatella|Austria.Vorarlberg
Scrobipalpa acuminatella|Finland.Aland
Scrobipalpa acuminatella|Finland
Scrobipalpa acuminatella|Finland
Scrobipalpa acuminatella|Finland
Scrobipalpa acuminatella|Finland

CNCLEP00067527 (Canada: QC)

Known distribution: Widespread in . | d
Europe, West and Central Asia, Siberia typlca IVE rgence

and Eastern China. 4 pattern for NIS (9 of 15
New Records: Canada (Quebec). :',' NIS have exact barcode
match in Palearctic)

Host: Various Asteraceae.

Y



28. Eupithecia pusillata ([Denis & Schiffermuller], 1775)

BCZSMLep22832 |
BC ZSM Lep 22831

in completing

MMO00781 _
MMo1785 | Fi reference library
,:F,Efj::-wﬂ Eupithecia pusillata fO I B C (d ewa d rd
CA:BC
ENT991-012573 et al 20108),
BC ZSM Lep 03633 DE
J BC ZSM Lep 21945 IT unnamed cluster
il became apparent

—— PFC-2007-0259

Dun-08-073 ‘ CA:BC _
CNCLEP00035444 E. niphadophilata B O L D l D
e tentatively
Dun-08-081 ) :
CGWC-1141 aSS|gned it the
CGWC-1155 | CA:BC | E. interruptofasciata . . .
—i e Eurasian juniper
CGWC-1205 pug based On
identical matches

0.01

Fig 1 from deWaard et al. 2010b




28. Eupithecia pusillata ([Denis & Schiffermuller], 1775)

Fig 2 from deWaard et al. 2010b

again confirmed by
genitalic dissection

collection in urban
Vancouver and not inland
BC suggests introduction

old introduction:
associated
documentation points to
an established population
of 34 years




25. Prays fraxinella (Donovan, 1793)

LToLBo59-08 | Prays epsilon
LON302-08

— M LON303.08
I LON607-08
LON304-08

LON298-08
{’ CGUKC711-09

LTOL170-06 .
FBLMS082.05 Prays fraxinella
LBCS551-07

LON306-08
CGUKD133-09

— LL%I\II\I301—08
300-08

2% L "T0N299-08

I i Unknown Specimen

modified BOLD-ID tree, Nov. 2010

example of a recent
introduction —ash
bud moth

at the time of
detection (deWaard
et al. 2009), only two
close barcode
matches (blue)

today, 103 barcoded
specimens from 15
species on BOLD




25. Prays fraxinella (Donovan, 1793)

—r G

“6'Ri’chmon'd

2007 detectioL
1
2011 reared adults

o 2011 larvae el = 47 |arvae
' B = from 7 Fraxinus spp.

= 17 collections




To put 15 NIS In context...

Langor et al. 2009 (all insects and mites; woody plant feeders only):
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10 of 15 are woody plant feeders



To put 15 NIS In context...

Langor et al. 2009 (all insects and mites; woody plant feeders only):
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10 of 15 are woody plant feeders; add 10% to Lepidoptera NIS historic list of 92



Conclusions

constructing and refining national
reference libraries and faunal lists is
making an impact now

BOLD is becoming even more useful
over time, but continual curation and
validation is necessary

if detection by 4 nerds + barcodes for
3 years = total detection of Canadian
insects over 8 years previous, this
certainly would be a powerful toolin = i
the hands of biosecurity agencies
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