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DNA-Based Identification of Introduced Ermine Moth Species
in North America (Lepidoptera: Yponomeutidae)

FELIX A. H. SPERLING,! 2 JEAN-FRANCOIS LANDRY,® AND DONAL A. HICKEY!

Ann. Entomol. Soc. Am. 88(2): 155-162 (1995)

ABSTRACT Three sibling species of European small ermine moths of the Yponomeuta
padella complex have been collected in North America. To allow identification of fresh as well
as dried specimens without host data, we examined these three species for diagnostic differ-
ences in their mitochondrial DNA (mtDNA). We report the sequence for a 2.3-kb region of
mtDNA that includes the cytochrome oxidase I and II and transfer RNA (tRNA) leucine
genes. The mtDNA of Y. malinellus Zeller showed 0.8-0.9% divergence from that of the other
two species, Y. padella (L.) and Y. cagnagella (Hiibner). The latter two species had divergences
of only 0.0-0.2%. A survey of restriction sites in 44 collections demonstrated that Y. malinellus
has distinct, diagnosable mtDNA in North America, whereas Y. padella and Y. cagnagella were
not distinguished from each other by this method. The recent establishment and range ex-
pansion of Y. malinellus and Y. padella in western North America is currently being monitored
by pheromone traps that potentially have some degree of cross-attraction. Restriction sites in
amplified mtDNA should allow rapid confirmation of species identities of such dried collec-
tions. The method used to generate the particular diagnostic reported here can be expanded
readily to include new species and populations.

KEYWORDS Yponomeuta malinellus, Yponomeuta cagnagella, Yponomeuta multipunctella

IN EUROPE, SMALL ERMINE moths of the genus
Yponomeuta Latreille constitute a well-studied
group of nine species. Five of these species belong
to the Yponomeuta padella complex and are char-
acterized by their close morphological similarity,
but show differences in host preferences and other
biological traits (Menken et al. 1993).

Three species of this complex have been intro-
duced into North America and have become pests.
Their foliage-feeding larvae live communally in

sightly damage to ornamental shrubs. Yponomeuta

- cagnagella (Hiibner) has been recorded from
- northeastern North America since the 1970s; it
~ feeds on introduced species and varieties of Eu-
1 onymus L. (Celastraceae) and is a cosmetic pest of
| these ornamental shrubs. Yponomeuta malinellus
1 Zeller has been established in British Columbia
1 8 alld_»_Washington since the early 1980s (Anonymous
- 1885); it feeds on Malus Miller and Pyrus L. (Ro-
| Siceae) (Menken et al. 1993) and is now a pest of
| 8pple orchards in western North America (Unruh
b et al. 1993). Yponomeuta padella (L.) has recently
en found in southwestern British Columbia

- (Wood & Van Sickle 1994); it feeds on various

- Woody Rosaceae (Prunus L., Crataegus L., Sorbus

_ 'L, and Amelanchier Medikus) (Menken et al.
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large webs, causing losses to fruit orchards and un-.

1993) and could become a pest of cultivated cherry
and plum. Both Y. malinellus and Y. padella were
recorded from numerous counties in New York
during 1909-1912 (Parrot & Schoene 1912) but
these early eastern introductions seem to have dis-
appeared (Herrebout & Menken 1990).

Yponomeuta multipunctella Clemens is the only
species in the genus that is native to North Amer-
ica and that is at all similar to the members of the
Y. padella complex (Heppner & Duckworth 1983;
J.-F.L., unpublished data). A fourth European spe-
cies, Y. plumbella (Denis & Schiffermiiller), has
been recorded in North America from a single
specimen collected in Massachusetts in 1949
(Hoebeke 1987). Both Y. multipunctella and Y.
plumbella feed on species of Euonymus, but are
easily distinguished from the members of the Y.
padella complex by their wing coloration (Dyar
1900, Hoebeke 1987). Neither species is consid-
ered part of the Y. padella complex (Menken et al.
1993).

Although multidisciplinary studies have demon-
strated their distinct status, the three introduced
species of the Y. padella complex are extremely
similar to one another in morphology and allozy-
mes. Accurate identification of adults is still ulti-
mately dependent on knowledge of the host asso-
ciations of the larval stage, which is considered the
most reliable means of confirming species identi-
fications (Menken et al. 1993). Discriminant func-
tions based on genitalia measurements have been
developed for the separation of adults of these spe-
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cies but the proportion of specimens correctly
identified to species ranges from 58 to 97%, de-
pending on the sex of the specimen, characters
available and the species distinguished (Povel
1984). Allozyme differences among the three spe-
cies indicate a degree of genetic similarity that is
normally found only among intraspecific popula-
tions (Menken 1989). Nonetheless, individuals
from sympatric populations of the most similar pair
of species, Y. malinellus and Y. padella, can still be
identified by a complete allele substitution at one
locus and show highly significant allele frequency
differences for three other loci (Menken 1982, Ar-
duino & Bullini 1985). Unfortunately, allozymes
degrade easily and cannot be used to identify dried
material (Menken & Ulenberg 1987). The species
of the Y. padella complex also produce different
sex pheromones (Lofstedt et al. 1991). Pheromone
traps containing the primary chemical components
are used to monitor populations (Unruh et al.
1993), but the possibility of a small degree of in-
terspecific cross-attraction must be considered for
such traps.

Consequently, there is a clear need for diagnos-
tic characters that can be used to confirm identi-
fications of dried adult material such as pinned
museum specimens without host data and samples
collected in pheromone traps. It is particularly im-
portant to be able to distinguish Y. malinellus and
Y. padella because these two species currently co-
occur in British Columbia and are being monitored
to determine whether they will expand their range
(Wood & Van Sickle 1994; E. LaGasa, personal
communication). Pheromone trap data have con-
tributed to decisions to variously restrict the move-
ment of apple nursery stock in Washington, Ore-
gon, and British Columbia since 1986 (E. LaGasa,
personal communication). The presence of Y. pa-
della in the same region implicates a different set
of hosts, including cherry and plum, and under-
scores the need for diagnostic information that will
allow more effective focusing of control strategies.

In this study, we attempted to develop a DNA-

based means to identify the introduced species of
the Y. padella complex in North America. For
three reasons, we chose to survey mitochondrial
DNA (mtDNA) for differences between these spe-
cies. First, the mtDNA molecule occurs as multi-
ple, relatively stable copies in each genome (Avise
1991), which should increase the chances of an ac-
curate assay of degraded material. Second, muta-
tion rates of mtDNA are relatively fast and have
already allowed effective identification of lepidop-
teran races and sibling species (Bogdanowicz et al.
1993, Brower 1994, Brown et al. 1994, Sperling &
Hickey 1994). Third, interspecific hybrids in Lep-
idoptera generally show more inviability or infer-
tility in females than in males (Haldane 1922). Be-
cause mtDNA is inherited maternally, any
tendency toward differential elimination of female
interspecific hybrids should make mtDNA a good
marker of species limits (Sperling 1993).
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We sequenced a 2.3-kb region of mtDNA from
one unambiguously identified, representative spec-
imen of each of the three introduced species, in
an effort to find sequence differences that could
be assayed in small fragments amplified from de-
graded DNA. We then tested potential diagnostie
restriction sites and surveyed for differences in ma.
terial collected across the current ranges of thege
three species in North America. To clearly estah.
lish species identities, we restricted our survey to
reared, wild-collected specimens for which the lar-
val host had been identified. Our results show that
three small fragments of amplified mtDNA can be
used to separate dried specimens of Y. malinellys
from Y. padella and Y. cagnagella, as well as to
identify the more distantly related native species,
Y. multipunctella. Because of the close similarity of
the mtDNAs of Y. padella and Y. cagnagella, the
method does not currently distinguish these two
species from each other.

Materials and Methods

We began our search for potential diagnostic dif-
ferences %)y sequencing a relatively large region of
mtDNA in one specimen of each species. Identi-
fication was based on larval host plant, which is
considered the best character for distinguishing
these species (Menken et al. 1993). We reasone
that it would be easier to find restriction site dif:
ferences between the very similar mtDNAs that
such sibling species were likely to contain if we
simply sequenced part of their mtDNA instead of
testing for differences in restriction sites by assay-
ing restriction enzymes at random. Furthermore,
because we used heterologous primers designed
for different families of insects {Bogdanowicz et al.
1993, Simon et al. 1994, Sperling & Hickey 1994),
we wanted to provide the option of eventually de-
signing primers that are an exact match to the
Yponomeuta sequences. In addition, we wanted to
lay a foundation that would allow a diagnostic
method to be expanded to include new species
without having to survey for new restriction sites
in old species. F inally, because we were examining
a region of mtDNA that had already been se-
quenced in a number of other families of Lepi-
doptera (e.g., Liu & Beckenbach 1992, Bogdanow-
icz et al. 1993, Brower 1994, Brown et al. 1994,
Sperling & Hickey 1994), we wanted to contribute
sequence data that would potentially be useful in
higher-level phylogenetic comparisons.

The adult moths used for sequencing the 2.3-kb
region were frozen live in 1993 and stored at
—70°C for several months before extracting their
DNA. The three specimens included one Y. pa-
della from Victoria, British Columbia, ex Crataegus
monogyna Jacq.; one Y. malinellus from Victoria,
British Columbia, ex Malus sp.; and one Y. cag-
nagella from Ottawa, Ontario, ex. Euonymus san-
guinea + alata X europaea. Methods for DNA ex-
traction, amplification using the polymerase chain
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March 1995 Sp)
-------- Primer I -
3L tacaatttatcgcctaaac
g1 ATATTTTAT’E.‘TTTGGAAT'
161 GATCATTAATTGGTGATC.
241 CCAATTATAI.\TTGGA(:GA'
321 TAATATA}_\GATTTTGGTT
---- Primer II -
vy
481 TTAGCTGGAATTTCTTCT
561 TGATCAMT}'\CCATTAT'I
641 CTATTACTA&'ATTACTTP
721 CAAC ATTTA’i‘TTTGATT'I
801 TTCTCAAcﬁép:c_;{«_;c_;A;i
881 TTGTTGTTTGAGCTCATC
961 ATTGCTGTT&CAAC AGGI
1041 TTTATGAAGI‘\TTAGGAT'.
1121 TTTCTTTAC l.\TGATAC A’
1201  GGATTTATTCATTGATT
1281  TATTGGAGTAAATTTAA
1361  ATGCTTATATTTGTTGA
1441 ATTTGAGAA’i‘CATTTAT
1521 CCCACCATC I.KGAAC ATT
1601 ACCCC ATTTI'\TAAAGGT
1681  TAATAGAACAAATCATT
1761 ATTAATTTA'}.‘TTTTTM
1841 AGCAATTAC'i‘TTAATT']
$----- Dral
1921 CTTTAAAATCTATTGG!
2001 AT:‘CC AAGAAAAGAAA'.‘
2081 AATTCGTAT'i‘ATAGTN
2161  CAGGACGTTTAAATCA.
2241  AACCATAGATTTATAC!
<--=--=- Primer
2321 agatgactgaaagcaa
Fig. 1. DNA sequences for
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———————— Primer I -------> . . . - . # .
1 tacaatttatcgectaaact tcagccATTTTATTAGCGAAAATGATTATATTCAACAAATCATAAAGATATTGGAACATT
81 ATATTTTAT ; TTTGGAATT lhALL 1bGAA‘i‘AGTAGGTACl.&TCCCTAAGA&'TATTAAT'I‘&&:;GE;;%II\ATTAGGAAATCCTé
161 GATC ATTAA'i‘TGGTGATGA‘i‘CAAATTTATAATACTATTG&'TACAGCTCA';.‘GC TTTTATTATAATTTTTT&'TATAGTTATI.\
241 CcC. AATTATAI-\TTGGAGGAT&'TGGMATTG;\:"I‘;C_;';‘ngg‘i‘TAATATTAGC‘;AGC TCC! TGA’i'ATAGCTTTgéCACGTATAAA
321 TMTATA'AGATTTTGQTTA'}TACCTCC ATéCTTAACAC TI.&TTAATTTC TF.\GAAGAATTG'}.‘AGAAAA(”:GGAGCTGGAAC Aé
401 (;;';(;Aié;‘[GnnglI\%‘Cé;‘éé ';‘C TATCATC TAATATCGC ACI'\g AGAGGAAGI.\TC TGTAGAT’i‘TAGC AATTT'i'C TCATTAC A'i‘
481  TTAGCTGGAATTICTTC Tzlxﬁ'r';';E:C_:AC_;ZAATTAATTTTATTAC AACTATTATTAATATAAAAAGTAATGGTATATCATT
561 TGATCAAATI.\CCATTATTTC.;T;TGAGC TG’i‘AGGAATTAC I.\GC ATTATTA'}.'TATTATTATC.T TTTAC! CTGTI-\C TAGCTGGAé
641 CTATTACTA'J.:'ATTACTTAC ;\GATCGMAT&‘TAAATAC TTé TTTTTTTGAC.TCCTGC TGGAéGGGG:(;;\';‘(:‘é TIB\;%;ATA:‘
721 CAACATTTA&'TTTGATTTT’JE‘TG&}#\C-I;(_:(-:CIB\(a;xGTATATATTTTAATTT‘i'ACC TGGATT&'GGAATAATT&‘CACATATTA&‘
801 T’I‘C‘I‘CAAGAAAGAGGAAA}.\AAAGAAACAT'i‘TGGAAATTT;\GGAATAATC‘i‘ATGCCATAA’i‘AGCAATTGG’i‘TTACTTGGA’i‘
881 TTGTTGTT;(;;(-;(; ';éA;é;?Ie\;Aéng—\(_: 'I‘C.;‘;‘TGGTATAGATATTGATAC;\CGAGCTTAT'i’TTAC ATC TGéAAC TATAAT‘i‘
961 ATTGCTGTTéC AAC AGGAAT.‘TAAAATTTT&‘AGTTGATTA(:;C AACTTTACI'\TGGAACTCA;&ATTAATTATI.\GTCCTTCAA&'
1041 TTTATGAAGI.\TTAGGATTTC';TATTTTTAT'i‘TAC AGTAGGAGGATTAACAC';GAGTAATC T'i‘AGC TAATTC 'i‘TCTATTGAT(:}
1121 TTTCTTTAC ATGATAC ATA'i‘TATGTAGTAéC TCATTT:‘CATTATGTTTTI‘\TC TATAGGA(.;C TGTATTTGéTATTATAGCA
1201 GGATTTATT(':ATTGATTTC(‘: TTTATTTAC, AGGACTAACA&‘TMA??CCTT;\TTTATTAAAAATTCMTTT’I-.‘TMCTATAT&
1281 TATTGGAGTAAATTTAACA’].:‘TTTTTCC TCI.\ACAC TTTTTAGG(‘;TTAGCT&GTATACC TCéACGTTACTC'i‘GATTATCCTé
1361 ATGC TTATA':[‘TTGTTGAAA&‘ATTATTTCT'%C TTTAGGAT(:.‘CTATATTTCATTTTTAGCAATTATAATAA’.E‘ATTAATTA’I‘;.‘
1441 ATTTGAGM'i‘CATTTATTT&TCMCGMTAATTTTATTT&C ATTAAAC A’i‘ACC TTCTTC'i‘%TTGAATGAé 'ICCMAAAT'i‘
1521 CCCACCATC. AGMC ATTCA&'ATMTGAAC ‘i‘TCC:‘AT TTTAAGMACTT&;‘;;\';‘;’;‘(S&Cié;g ;;TXT&';‘AA’I‘&(_;;TTTAA
1601 ACCCCATTTATAAAGGTTAATCCTTTTTT'..I‘AGAAATGGCI‘&ACATGAAATAATTTAAATTi‘ACMAAT(;(;;ng';ggéc"lq‘
1681 'I';;’I‘;\;;;EAAATCATTTT&'TTTC Agé;';(-: ;ngiéTM'i‘TATTTTAAT'i'ATMTTAC AI-\TC TTAGTAG(-;ATATTTAAT;\
1761 ATTAATTTA’i‘TTTTTAATmTATATTAA’]E‘CGATTTTTA’E‘TAGAAGGAC I.\MTAATTGAATTAATTTGAI.\CAATTTTAC(.:
1841 AGCAATTAC&'TTMTTTTTI.\TTGC TC! TT(:.'é ATCTC TTCG'i‘TTATTATAT’i‘TATTAGATGI‘\AC TTAATAA'i'CC TTTAATTI.\
1921 CT';";‘;\;;\Agé;;TTGGTCA&';AA’;‘(;A’?;’;‘?;;AZ%%‘A’;‘(;;ATATTCAGA&‘TTTMTAATA’ITCAATTTGATTCTTATAT;\
2001 AT:‘CC AAGAAAAGAAATAAAATTTAATGAATTTCGATTA&'TAGATGTAGATAATCGTAT&‘ATTC TTCCg ATAAATAACC A
2081 AATTCGTAT'i‘ATAGTMC AéC AAC AGATG'i‘AAT TCATTC 'i‘TGAAC AGT'I'(.TC ATC TTTAGéAGTTAAAAT’i‘GATGC TAAT(::
2161 CAGGACGTT'i‘AAATCAAACAAATTTTT’I‘Cl.\TTAATCGTC(.:TGGATTATT’i‘TATGGACAA’i‘GTTCTGAAA'i‘TTGTGGAGC;\
2241 AACCATAGA’i‘TTATACC TA'i'TGTAATTGAAAGAATTTCAATTAA’:‘AATT’;.‘TATTAAATGAATTAATAAT&‘ACTCTTCA'I'i‘
<m—=—-ee Primer VIII ------
2321 agatgactgaaagcaagtaatggtctc
Fig. 1. DNA sequences for Y. malinellus across mitochondrial COJI, COII, and tRNA leucine genes. End primers
lower case) are included to make fragment sizes consistent with Fig, 3. Number signs (#) are above bases that are
ﬁ:flt in Y. padella or Y. cagnagella. Diagnosically informative restriction site primer locations are indicated by

.;leacti(m (PCR), and sequencing follow Sperling et

i (1994). Mitochondrial DNA was sequenced
Ver @ 2,994 hage

1,461-3,771 in Drosophila yakuba Burla (Clary &
Wolstenholme 1985). Overlapping sections of this

pair (bp) region that begins in region were PCR-amplified using heterologous

: ee gene for tRNA tyrosine, extends through the primers primarily developed for use with the
*%h:iix%ffymhmme oxidase subunits 1 and 2 and  spruce budworm (Sperling & Hickey 1994). Most

€ gene.

leucine gene, and ends in the tRNA ly-

of these primers had one mismatch to the Ypono-
This region is homologous to bases

meuta sequence. The fragments were then se-
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111111122,
123334457770123579002
7470382480249542502073
5119671125042853462395

Y. malinellus AGTCGCCCTATAATCGTCTTCT
Y. padella GACTATTTGACGTCTACTACTC
Y. cagnagella GATTGTTTGGCGTCTATTACTC

Fig. 2. Mitochondrial DNA sites that vary among three Yponomeuta specimens sequenced over a 2,294-bp region,

Numbering of sites corresponds to Fig. 1.

quenced directly using ABI automated sequencing
with fluorescent dye terminators (Applied Biosys-
tems, Foster City, CA). The three sequences were
searched for potential diagnostic restriction site
differences using 129 recognition sequences in the
MicroGenie sequence analysis program (Beckman
Instruments, Palo Alto, CA).

Subsequent analyses were done using specimens
from 41 additional collections, most of which were
air dried. These were museum specimens collected
five or less years ago, except for one specimen col-
lected in 1972. In total, 25 collections of Y, mali-
nellus, 14 of Y. padella, and 5 of Y. cagnagella were
sampled. Only adults reared from wild-collected
larvae were used, and identifications were based
on the larval host. Because ermine moth females
lay their eggs in batches and, therefore, collections
from a single plant are likely to be siblings, only a
single specimen is reported for each locality, host,
or period. However, two to three additional sib-
lings were assayed for some batches to confirm un-
usual genotypes and lack of variation within batch-
es. Only the head, thorax, and legs of each
specimen were used for DNA extraction. The re-
maining body parts, including wings and abdomen,
were placed in a gelatin capsule and deposited in
the Canadian National Collection as vouchers.

The DNA from dried specimens was extracted
using the protocols of Bogdanowicz et al. (1993)
or Saghai-maroof et al. (1984), but without using
proteinase K. Both extraction methods produced
DNA that was sufficiently intact to consistently al-
low amplification of three different fragments of
=~400-bp length. Four specimens could not be am-
plified over one region using a primer pair that
would have produced a fragment of 392 bp, but
were successtully amplified using a primer pair giv-
ing a fragment of 293 bp. The three separate frag-
ments used for diagnostics each contained two
variable restriction sites. All three fragments were
amplified separately from each specimen, which
gave an internal control for sample identity and
restriction site variants. Restriction site digestions
were performed as per manufacturer specifications
(New England Biolabs, Beverly, MA), and frag-
ments were visualized with ethidium bromide
staining of 1.5% agarose gels. To find further vari-
ation within the Y. padella complex, two additional

specimens of each species were sequenced over
the first 373 bp of the COI gene. One Y. multi.
punctella was also sequenced over this region and
characterized with restriction enzymes over the
same three regions as the other species. This ¥
multipunctella specimen was collected in Cass
County, Michigan.

Results

Sequence Variation. The full sequence of 2,294
bp is reported here for Y. malinellus (Fig. 1), and
has been deposited in GENBANK under accession
no. UO9206. In total, 22 sites differed among the
sequences of Y. malinellus, Y. padella, or Y. cag-
nagella (Fig. 2). The most similar pair was Y. pa-
della and Y. cagnagella, which had only four nu-
cleotide differences (0. 2% divergence). Y. padella
and Y. cagnagella had 21 and 19 differences from
Y. malinellus, respectively (0.9 and 0.8% diver-
gence). Only 3 of the 22 variable sites showed
transversions, and the sequences had an A+T pro-
portion of 74.5%. All substitutions were synony-
mous and 20 were at third position sites whereas
two were at the first position in a leucine codon.
There were no insertions or deletions. Thus the
pattern of sequence divergence was consistent
with that observed for the earliest stages of diver-
gence in the mtDNA of Drosophila and spruce
budworm moths (Beckenbach et al. 1993, Sperling
& Hickey 1994).

No new genotypes were found in the six addi-
tional specimens of the Y. padella group that were
sequenced over 373 bp. In contrast, preliminary
sequence analysis showed that Y. multipunctella
had >6% divergence from the Y. padella complex
over this region. We did not sequence Y. multi-
punctella further, because restriction site differ-
ences were already apparent with the enzymes that
were used to distinguish among members of the Y.
padella complex.

Restriction Site Survey. Genotypic differences
among collections of the Y. padella complex were
assayed using six restriction sites in three frag-
ments (Fig. 3). Four of these sites distinguished Y.
malinellus from both Y, padella and Y. cagnagella,
whereas one (Spe I in fragment 1) distinguished
some specimens of Y. padella from the other two
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plified fragments, diagnostic re-
primers used to assay genotypes within
the Y. padella complex. Primer sequences are given be-
low and are followed by their locations in the sequence
of Drosophila yakuba (Clary and Wolstenholm 1985).
Primer VI is included as an alternate to primer V. I, 5'
TACAAT'I'TATCCCCTAAACTTCAGCC 3'(3'@ 1460
=s); 11, 5’ AGGAGGATAAACAGTTCA(C/T)CC 3' (3'@
LI, 5 GCTGGAATTTCTTCTATTTTAG-
(3'@ 1949 —s); IV, 5" ACTGTAAATATATGAT-
(3'@ 2329 —a); V, 5' CTAATATGGCA-
3’ (3'@ 3038 —s); VI, 5

TAGAACA 3' (3'@ 3138 —s);
VI, 5 TCATAAGTTCAA/GTATCATTG 3' (3'@ 3389
a); VI, 5 GAGACCATTAATTGCTTTCAGTCATCT

(BamHI in fragment 2) distin-

gnagella from some Y. padella and all
s. In combination, these six sites gave
Benotypes in the Y. padella group. A sixth ge-
e ) n Y. multipunctella (not illus-

), which had only the Bcl I site of the six
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diagnostic sites in the Y. padella group. It also had
a new Taqgl site that cut fragment 1 into two pieces
of 52 and 367 bp.

Four restriction site genotypes were found in
material assayed from North America (Table 1);
the fifth genotype (B) was found in European ma-
terial. The 25 collections of Y, malinellus all had
the A genotype. The five Y. cagnagella assayed all
had the E genotype, including one European and
four North American specimens. In contrast, all
five genotypes were found in specimens identified
as Y. padella on the basis of host affiliation.

Most collections of Y, padella had a C genotype,
but two had an E genotype as in Y. cagnagella. One
of these two was also sequenced over fragment 1
and showed the same sequence as Y. cagnagella.
The identity of the two collections of Y. padella
that had the E genotype is supported by wing col-
oration characteristics. Several specimens in each
of these two collections had a smoky suffusion ex-
tending to the base of the wings, a characteristic
that is found only in Y. padella. The D genotype
was found in two collections of Y. padella, includ-
ing one from the Bellingham area of Washington
(collected by Levi Strauss, Washington State De-
partment of Agriculture). The Washington sample
represents the first confirmed Y. padella from the
western United States.

One collection from Boundary Bay, BC, was la-
beled as Y. padella from hawthorne, but had the A
genotype that was otherwise characteristic of Y.
malinellus. This was confirmed by assaying a total
of three specimens (presumably siblings) from the
same collection. As a further check, we dissected
the genitalia of eight specimens from Boundary
Bay collections (one male and one female reared
from Malus sp. and two males and four females
reared from Crataegus sp.) and assigned identifi-
cations using discriminant functions and keys pro-
vided in Povel (1984). The results were inconclu-
sive, although it should be noted that Povel (1984)
found that only 58-92% of Y. padella and Y. mal-
inellus were correctly identified with these discrim-
inant functions, depending on sex and suite of
characters considered. None of the specimens in
this collection had the smoky wing suffusion that
clearly identifies some specimens of Y. padella.

Discussion

Dried adult specimens of the Y. padella complex
are currently very difficult to identify without host
data (Menken et al. 1993), and yet the distinct na-
ture of these species must be taken into account
in any effort to control them. Of the three species
introduced to North America, Y. cagnagella prob-
ably represents the most benign problem, because
it is only an occasional pest on ornamental shrubs
(Hoebeke 1987). However, Y. malinellus has al-
ready reached damaging numbers in apple or-
chards in Washington and British Columbia (Un-
ruh et al. 1993), and Y. padella has caused
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Table 1. Mitochondrial genotypes and larval hosts of reared samples, grouped by hosts characteristic for each

Yponomeuta species

Larval Host

Genotypes, no. independent collections, and locations

Y. malinellus (n = 25)

Malus pumila Mill.

Malus diversifolia (Bong.) Roem
Malus sp.

A X 14 (British Columbia: Barrier, Cache Creek, Comox, D’
Fort, Lund, Lytton, Malakwa, Saanichton, Sardis, Sechelt, Spuzzum, Vancouver)

A X 2 (British Columbia: Shawnigan Lake, Sidney)

A X 9 (British Columbia: Boundary Bay, Duncan, Ganges, Ladysmith,
Ontario: Whilby; Nova Scotia: Kentville; Washington: Bellingham)

Arcy, Kamloops, Little

Y. padella (n = 14)

Amelanchier alnifolia Nutt.

X
Crataegus monogyna Jacq. X

—_

C

B
Crataegus laevigata (Poir.) C X
Crataegus sp. A X
Prunus cerasifera J.E.Ehrh. C X
Prunus insititia L. C x
Prunus sp. E X
Sorbus aucuparia L. C X

1 (British Columbia: Sidney)

2 (Netherlands: Leiden, Bierlap), C X 1 (British Columbia Victoria), D X 1
Washington: Bellingham), E X 1 (British Columbia: Ladner)

1 (British Columbia: Victoria)

1 (British Columbia: Boundary Bay), D X 1 (British Columbia: Boundary Bay)
2 (British Columbia: both at Victoria)

1 (British Columbia: Victoria)

1 (British Columbia: Boundary Bay)

1 (British Columbia: Victoria)

Y. cagnagella (n = 5)

Euonymus europaea L. E
Euonymus sp. E

X 2 (Ontario: Ottawa; Massachusetts: Lincoln)
X 3 (Ontario: Ottawa; Michigan: East Lansing; Austria: Vienna)

economic losses on cherry and plum trees in Eu-
rope (Menken et al. 1993). The collection of haw-
thorne—feeding Yponomeuta from Washington now
confirms the presence of Y. padella in the western
United States as well as in Canada, and emphasizes
the need for additional means to distinguish Y. pa-
della from Y. malinellus.

Diagnostic identification based on mtDNA ap-
pears to effectively distinguish Y. malinellus and Y.
padella in North America (Fig. 4). In fact, three
separate, informative fragments can readily be am-
plified from DNA extracted from museum speci-
mens. This diagnostic method can easily be im-
proved by designing primers that give a perfect
match with the Yponomeuta sequence (F ig. 1) and
that are also better located to give distinct frag-
ment patterns. Although one collection of haw-
thome-feeding Yponomeuta from Boundary Bay

Y. malinellus

Y. padella

Y. cagnagella

+ BamHI

Y. multipunctella

(outgroup) +Tagl

Fig. 4. Dendrogram depicting genetic relationships
among mtDNA genotypes found in Yponomeuta. Restric-
tion site gains (+) or losses (-) are optimized using Y.
multipunctella. Of the six sites surveyed in the Y. padella
complex, Y. multipunctella had only the Bell site and a
new Taql site at bp 367.

had the A genotype, which characterizes Y, mali-
nellus (Table 1), we suggest that this collection may
have been mislabeled. Identification of this mate-
rial using morphological characters was ambigu-
ous, a situation that is common for collections of
these two species (Povel 1987). A follow-up collec-
tion of larvae from hawthorne from the same area
in 1994 gave specimens with a genotype that was
more typical of Y. padella. Continued monitoring
of the Boundary Bay area remains the simplest way
to determine whether rare Y. padella individuals
may indeed contain a mtDNA genotype that is
more typical of Y. malinellus. Because Y. malinellus
has been shown to accept no host plants of Y. pa-
della (Kooi 1988), we do not consider it likely that
Y. malinellus simply has a wide host range in this
area.

Yponomeuta padella has only been recorded in
British Columbia since 1992 (Wood & Van Sickle
1994). However, at least three mtDNA genotypes
are found in these populations. In fact, the geno-
types occur in different areas. All collections made
near Victoria (Victoria and Sidney) had the C ge-
notype, whereas the collections made near Van-
couver, BC, (Ladner and Boundary Bay) and in
Washington had the D or E genotype. Thus, the
progeny of at least three different females appear
to have been introduced into British Columbia or
Washington in recent years, and we suggest that
separate introductions may have been made to two
different areas.

Although most of the specimens of Y. padella
and Y. cagnagella had different mtDNA genotypes,
a small number of Y. padella had mtDNA that was
not distinguished from that of Y. cagnagella (Table
1; Fig. 4). The two European specimens of Y. pa-
della support the close similarity of the species,
because they had a genotype that may have
branched off before the divergence of the geno-
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types that are found in North America. It is also
clear from their low mtDNA sequence divergence
that the two species are very closely related. None-
theless, it is possible that other regions of mtDNA
or other methods, such as single-strand confor-
mational polymorphism analysis (Lessa & Apple-
baum 1993), will reveal substitutions that allow a
clearer distinction to be made between Y. padella
and Y. cagnagella.

The close relationship between the mtDNA of
Y. padella and Y. cagnagella does not support ear-
lier hypotheses of relationship within the species
complex. Extensive examination of morphology
and allozymes, as well as host associations, had led
to the conclusion that Y. padella and Y. malinellus
are the most closely related pair of species in the
complex (Menken et al. 1993). Nonetheless, both
morphology and allozymes indicate that all three
species are very closely related (Menken 1982, Ar-
duino & Bullini 1985, Povel 1987). In contrast,
mtDNA clearly shows the closest relationship be-
tween Y. padella and Y. cagnagella among North
American Yponomeuta. One explanation for this
discrepancy is that the mtDNA phylogeny of these
Yponomeuta species may legitimately be different
from their species phylogeny (=average gene phy-
logeny). Incongruent phylogenies are plausible be-
cause mtDNA is only a single linked locus, and
therefore gene introgression and retained ancestral
polymorphism can cause it to have a different phy-
logeny from the average gene phylogeny (Avise
1991).

Although the mtDNAs of Y, malinellus and Y,
padella + Y. cagnagella were distinct, with 0.8
0.9% sequence divergence between them, this de-
gree of divergence is relatively small in comparison
to that found within other species of Lepidoptera.
1-2% have been ob-

the western spruce budworm, Choristoneura oc-
Gidentalis Freeman; hemlock looper, Lambdina fis-
 cellaria (Guenée); and dingy cutworm, Feltia ja-
- culiferq (Guenée) (Sperling & Hickey 1994,
-~ unpublished data), and divergences of >2% have
- been estimated for races of the gypsy moth, Ly-
‘Mantria. dispar (L.) (Bogdanowicz et al. 1993).
i _HOWever, Choristoneura pinus Freeman shows
= only 0.6-0.89 divergence from its sister species,
: C occidentqlis (Sperling and Hickey 1994). There-
- 0%, we believe it will be particularly important to
Uy the mtDNA of the species of the Y. padella
- ©mpley iy Europe before any further conclusions
Suh drawn regarding their mtDNA phylogeny.
~ pueng Survey could potentially give a more precise
A tion for the source of introductions of these
Jpecies from Europe and will certainly contribute
104 better understanding of the mode of specia-
L 'éano 2 well-studied group of model insects.
Y n'sthﬂe’ the ability to differentiate dried spec-
'um"; Y. malinellus from Y, padella in British
14, Washington, and Oregon should allow
expandmg distributions of these species to be
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mapped more precisely and control measures to
be focused more effectively.
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