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Abstract. Bucculatrix ainsliella Murtfeldt, 1905 is for the first time reported from Europe: the Netherlands,
Belgium, and adjacent Germany. DNA barcodes confirm its identity. It is the first North American lepidop-
teran species feeding on northern red oak Quercus rubra ever found in Europe, and only the second North
American oak-feeding insect found in Europe. The species has regularly been found in the Netherlands
and northern Belgium since 2006, and in 2011 also in Nordrhein-Westfalen in Germany, adjacent to the
Dutch border, but the earliest records are from the Netherlands, Amersfoort in 1989 and 1990. Early stages,
leafmines, and the adult are described, illustrated, and diagnosed against oak-feeding Bucculatrix ulmella
Zeller, 1848 and other similar species. The biology and distribution are discussed. This species can be
abundant in Europe, but significant damage has not been observed.

Zusammenfassung. Bucculatrix ainsliella Murtfeldt, 1905 wird hier zum ersten Mal aus Europa gemel-
det. DNA Barcodes bestitigen die Identitéit. Die bisherigen Fundorte liegen in den Niederlanden, Belgien
und im angrenzenden Deutschland. Die in Nordamerika héufige Art lebt an Eichen (Quercus spp.), darun-
ter auch an Roteichen (Quercus rubra). Nachdem bereits eine Blattlaus den Sprung tiber den Ozean ge-
schafft hat, ist B. ainsliella nun die zweite Insektenart, die jetzt in Europa an den bereits im 17. Jahrhundert
eingefiihrten Roteichen vorkommt. Die ersten Nachweise stammen von Amersfoort in den Niederlanden
und wurden 1989—1990 gemacht. In Belgien taucht die Art 2006 auf, und in Nordrhein-Westfalen wird
sie 2011 erstmals gefunden. Die Art ist mittlerweile in den Niederlanden und Belgien weit verbreitet und
héufig, jedoch ohne Schidden anzurichten. Die Beschreibung und Abbildungen von Larvenstadien, Puppen
und Blattminen werden vorgelegt und mit denen von B. ulmella Zeller, 1848 verglichen, die ebenfalls an
Eiche lebt. Biologie und Verbreitung der Art werden ausfiihrlich diskutiert.

Introduction

Northern red oak (Quercus rubra L.) was introduced into Western Europe at the end of
the 17% century and became an economically important and widely planted timber tree
in Central and Western Europe during the 19" and 20" century (Bauer 1953; Géhre &
Wagenknecht 1955; GoBner et al. 2009; Magni Diaz 2004). Many authors noted that the
number of insect species feeding on red oak in Europe is still very small and consists
mainly of relatively polyphagous species (Csoka & Szaboky 2005; GoBiner & Brdu
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2004; Turdani et al. 2009). This is in sharp contrast to the very rich entomofauna on the
indigenous European deciduous oaks (in Northern and Western Europe mainly Q. robur
L. and Q. petraea (Matt.) Liebl.), on which hundreds of herbivore species are known to
feed (for Britain 423 species are cited: Kennedy & Southwood 1984; for Germany 699:
Brindle & Brandl 2001). The difference can probably be explained by the phylogeny of
the genus Quercus: the red oak belongs to a phylogenetically separate part of the genus
Quercus, the section Lobatae (commonly known as “red oaks™), only known from the
New World, whereas all European deciduous oaks belong to the so called “white oaks”
(Quercus sensu stricto) that include both North American, European, and Asian species
(Manos et al. 1999). Both groups of oaks harbour different faunas in North America
(e.g,. Robinson et al. 2002), and in other studies it was shown that introduced oaks
belonging to the same taxonomic group as native oaks received a considerably higher
number of herbivores than oak species from different taxonomic groups (e.g., Connor
et al. 1980). In the late 20" century, the first, and hitherto only, North American insect
attacking Q. rubra was recorded from Europe, the aphid Myzocallis (Lineomyzocallis)
walshii Monell, 1879 (Hemiptera, Aphidoidea). It has since become invasive and prob-
lematic in city areas (Havelka & Stary 2007; Modic 2010; Osiadacz & Wieczorek
2006; Perez Hidalgo et al. 2009; Pons & Lumbierres 2010). As far as we know until
now, no species of Lepidoptera restricted to red oaks have been found in Europe. We
here report first records of the oak skeletoniser Bucculatrix ainsliella Murtfeldt, 1905
from the Netherlands, Belgium, and Germany.

One of us (KJH) collected Bucculatrix specimens in a light trap in his garden in
Wezep (Netherlands, province Gelderland) that he did not recognise and thus presented
to JCK for dissection and identification. Because he also could not recognise these
specimens as belonging to any species known from the Netherlands, photographs of
the male genitalia were sent to WM, who identified it as the North American spe-
cies Bucculatrix ainsliella in 2011. After that, we started looking for early life stages.
From the life history in its original distribution area, we knew we had to look for a
species likely feeding on Q. rubra, the only red oak that is commonly planted in the
Netherlands. The search started in Wezep, near KJIH’s house, where Q. rubra is com-
mon. We found larvae and cocoons at two sites. After confirming the identity by breed-
ing adult moths from the larvae and cocoons, these findings prompted a press release on
13 July 2011 (http://www.naturalis.nl/nl/over-ons/pers/persberichten/2011/eerste-ves-
tiging-amerikaanse-eikenmot-europa) and a short online story in Dutch on a website
for Microlepidoptera (van Nieukerken & Doorenweerd 2011).

Very soon after this media coverage, it became apparent that various records of this
species were already available as misidentified or unidentified records on national
observers’ websites (http://waarneming.nl/contact.php; http://waarnemingen.be/index.
php), and several collectors, including some of us, were able to record the species from
more localities after knowing where and what to look for. Finally, searching collection
holdings resulted in recognising several older specimens, including some from 1989
and 1990.

Bucculatricidae is a rather small family with 297 described species (van Nieukerken
et al. 2011), most belonging to the very uniform genus Bucculatrix Zeller, 1839. In
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Europe, 55 species are known (Mey 2010), in North America more than 100 (Braun
1963; Opler 1974; Rubinoff & Osborne 1997), the majority feeding on Asteraceae.
Whereas there is only a single native Bucculatrix species feeding on oaks in Europe
(B. ulmella Zeller, 1848, a confusing name, since it does not feed on Ulmus), there are
at least 11 species associated with oaks in North America, which usually only feed on
a single Quercus species or a limited group of either white or red oaks (Braun 1963).
Most Bucculatrix species mine in their first larval instar, and later feed externally on
the parenchyma between veins, making small windows in the leaf. The ribbed cocoon
is one of the best characters and apomorphies for the genus. There is no single work
treating all European species, and only a few papers can be used for the identification
of a subset (Bengtsson & Johansson 2011; Langmaid et al. 2007; Mey 1999; Seksjaeva
1993; Svensson 1971), but a survey of European species is in preparation (Z. Tokar, per-
sonal information). All North American species are treated by Braun (1963), except the
few that were described later (Opler 1974; Rubinoff & Osborne 1997). Baryshnikova
(2008) provided the first phylogenetic analysis of the genus.

Material and Methods

Material

Specimens were either taken as adults collected at light, using various methods, or as
larvae or cocoons from Quercus rubra trees and shrubs. Later in the year, larvae and
cocoons were also found on fallen leaves, and cocoons were observed on tree trunks.
Rearing in small plastic containers proved easy for the summer generation, although
many parasitoids emerged as well. The material is either deposited in the collections
of the Naturalis Biodiversity Centre, Leiden, or in private collections. Many records
were identified from photographs provided by the observers. All data on specimens
and observations of B. ainsliella are given in Table 1, and for barcoded specimens
(also of other species) data are uploaded to the BOLD project “Lepidoptera of the
Netherlands — public [NLLA]” (http://www.barcodinglife.com), where also Genbank
Accession numbers can be found.

Morphological methods

Genitalia were dissected in the usual way (van Nieukerken 1985; Robinson 1976),
males were stained with phenosafranin and females with chlorazol black. Because the
valvae in the male genitalia of these species cannot be spread, we folded them down-
wards, whereas the socii remain in their posterior position (following Svensson 1971).
Photographs of moths, leafmines, genitalia slides, and wing slides were taken with a
Zeiss AxioCam digital camera attached, respectively, to a Zeiss Stemi SV11 stereo-
microscope, a motorised Zeiss SteREO Discovery.V12 or a Zeiss Axioskop H, us-
ing Carl Zeiss AxioVision software. In the field, various digital cameras were used.
Measurements of genitalia and mines were taken from photographs with AxioVision
software, and measurements of moths were taken with the stereomicroscope provided
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with a calibrated eyepiece graticule. The distribution map was prepared with the pro-
gram “Klasse” (Anonymous 2011).

DNA barcoding

DNA was extracted destructively from larvae preserved in 96% ethanol or adult legs.
Extractions were carried out with the Qiagen DNeasy Blood and Tissue kit. A 658 bp
fragment of the mitochondrial COI gene was amplified using as primers Lep-F and Lep-R
(Hebert et al. 2004), often tailed with T7 promotor [TAATACGACTCACTATAGGG]
and T3 [ATTAACCCTCACTAAAG]. Amplification was performed in volumes of
25 pl. The PCR cycle consisted of 3 min initial denaturation at 94°C, 15 sec denatura-
tion at 94°C, 30 sec at 50°C, 40 sec extension at 72°C for 40 cycles. After completion
of all cycles, there was a final extension at 72°C for 5 min. A negative control with no
template was included for each series of amplifications. The amplified products were
separated on a 1% agarose gel and visualized under UV following staining with eth-
idium bromide before clean-up and sequencing.

PCR clean-up and bi-directional sequencing was outsourced to MACROGEN
Europe on an ABI 3730XL. The chromatograms were checked with Sequencher (Gene
Codes Corporation) and the resulting sequences were aligned by eye with reference
to amino acids in BIOEDIT 7.0.9.0 (Hall 2004). Neighbor-joining (NJ) trees based
on DNA barcode sequences of all available specimens, supplemented with publicly
available sequences of Bucculatricidae, were calculated with PAUP* 4.0b10 (Swofford
2003), using uncorrected P distance (Srivathsan & Meier 2012). Inter- and intraspecific
distances between the COI barcodes were calculated with the species delimitation plug-
in v1.04 by Brad Masters & Howard Ross for Geneious (Drummond et al. 2011).

Results

Bucculatrix ainsliella Murtfeldt Figs 1,3-7, 13, 14, 17-19, 21-23, 26-30, 35

Bucculatrix ainsliella Murtfeldt 1905: 218. Holotype male: USA, Minnesota, Olmstead, cocoons, on/near
black oak [Quercus velutina], C.N. Ainslie, Type 65035 (USNM). [not examined]

B. ainsliella; Gibbons & Butcher 1961: 681 [biology], Braun 1963: 167 [redescription, taxonomy], Gelok et
al. 1999: 111 [recorded from British Columbia, phenology].

Material. See Table 1.

Diagnosis. Adults of Bucculatrix ainsliella can be distinguished from B. ulmella, the
other European oak-feeding species, by the more monochrome grey forewing with the
prominent elongate blackish brown spot on dorsum with white edging, the longer fore-
wings and the distinct separation of dark and pale areas in the frontal tuft. Further, B.
ainsliella is slightly larger. B. ulmifoliae (Hering, 1931) from Ulmus is also rather simi-
lar, has a rather similar frontal tuft, but the dorsal spot is more square and often much
smaller, and the antennal annulation is regular. In living specimens, the spot in B. ain-
sliella is distinctly rounded and rendered more apparent by white edging. In European
collections, B. ainsliella specimens were misidentified as B. bechsteinella (Scharfen-



Nota lepid. 35 (2): 135-159 139

Figs 1, 2. Bucculatrix species reared from Quercus rubra, Wezep, adult habitus. 1. B. ainsliella, male,
RMNH.INS.544410. 2. B. ulmella, female, RMNH.INS.544416. Right antenna in Fig. 2 reconstructed
from left antenna. Scales 2 mm.

berg, 1805), B. demaryella (Duponchel, 1840), and even B. cidarella (Zeller, 1839).
These species have smaller dorsal spots than B. ainsliella and different antennal an-
nulation. Photographs on observers’ websites had been identified earlier as B. ulmella,
B. albedinella (Zeller, 1839) or B. noltei Petry, 1912. Among other European Buccu-
latrix specimens, B. ainsliella usually stands out by its larger wingspan and elongate
wings with the distinct spot. Annulation of antenna and legs also separate B. ainsliella
and ulmella from various other Palaearctic species.

The male genitalia of B. ainsliella are large, bear a double row of cornuti in the bul-
bous basal part of the phallus, and the valva has a hooked apex. The male genitalia of
B. ulmella are much simpler and smaller, and those of B. u/mifoliae can be recognised
by the terminally hooked phallus and short socii (Fig. 16). Female genitalia are imme-
diately recognisable by the extremely long ductus bursae, several times longer than the
abdomen, presence of spines in ductus, and peculiarly shaped ostium and surrounding
sclerotisations.

Description. Adult (male, female) (Figs 1, 3—7). Forewing length 3.7—4.0 mm
(male), 3.4—3.9 mm (female), wingspan 7.6—8.8 mm (male), 7.6—8.4 mm (female).
Head: frons white, irrorate with some pale grey scales, vertex with tuft of hairscales
clearly separated in ferruginous central band and white lateral bands; neck tufts and
collar white; labial palpus hardly visible, white. Antenna with 56—62 segments in both
sexes; first flagellar segment strongly notched in male; scape dorsally white, irrorate
with greyish brown scales, ventrally shining white with greenish reflections, flagellum
dorsally greyish white, strongly annulated dark brownish grey, ventrally white, vaguely
annulated; annulation regular until 23 segments before tip, after that with characteris-
tic pattern as follows: segment formula (d=dark segment, w=white segment): 3d-1w-
5d-1w-1d-1w-5d-1w-1d-4w (Fig. 7). Thorax and tegulae white, irrorate with greyish
brown scales, thorax with two dark brown posterior spots. Legs: white on inner side;
fore- and midfemur, -tibia and first segment of tarsus dark brownish grey with whitish
irroration on outer side; hindfemur: whitish with pale grey irroration; tarsus segments
2—-4 of all legs white with dark brownish grey apical rings, tarsus segment 5 white,
apically tipped dark brownish grey, spurs dark greyish brown on outer side, white on
inner side. Forewing white, heavily irrorate with ochreous-grey to dark grey scales,
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especially from fold to costa, a large blackish brown elongate spot on dorsum from just
before 1/2 to 2/5, in- and outwardly edged whitish, a blackish brown inward oblique
streak from costa at one-half to tornus, outwardly edged with white, tufts of raised
blackish brown scales at dorsum near base, at inner edge of elongate spot and at dorsal
end of inward oblique streak, two blackish brown cilia lines encircling apex, cilia pale
grey. Hindwing shining grey, cilia pale grey. Underside: forewing shining dark grey,
more ochreous towards apex, outer cilia line distinctly visible, hindwing shining grey.
Abdomen dorsally shining grey, laterally shining pale grey, ventrally shining white,
anal tuft white; abdomen in female widened posteriorly, covered with one broad anal
tuft; in male tapering, anal tuft smaller, not completely covering external genitalia.
Male genitalia (Figs 13—14). In size almost twice as large as genitalia of B. ul-
mella. Socii long and slender, setose, narrowing apically, tip rounded. Vinculum more
or less rounded, wider in the middle. Valva long (435—-465 um), broad at base, narrow-
ing distally with narrowest part just beyond one-half, apex rounded and with a short
and slightly bent latero-ventral hook. Phallus long (ca. 650—730 pm), bulbous at base,
distal part tubular, one and a half times length of basal part, slightly narrowing distally
and upwardly bent. Vesica with double row of eight long spiny cornuti.

Female genitalia (Figs 17—19). Anal papillae setose, posterior apophyses short,
anterior apophyses absent. Tergite 8 with centrally elevated group of special scales.
Ostium tubular, opening more or less triangular; connected laterally on sternum 8 to two
semicircular excavations, broadly connected in the middle. Ductus bursae narrow and
extremely long (almost 5 mm), coiled, ca. twice as long as abdomen, abruptly widen-
ing before entering corpus bursae and with anterior rows of spines, more or less along
midline. Corpus bursae elongate, signa forming ring around posterior half, comprising
rows of spined ribs, spines directed anteriorly.

Immature stages (Figs 21, 26—30). Larva. Early instar in mine yellow, with
brown head capsule and prothoracic plate (Fig. 21). Free-living larva up to 5 mm long
(Fig. 26), with pale yellowish green body; prothoracic and anal plates concolourous,
head slightly more pale brownish. Pinacula not distinguishable, major setae appearing
dark against light body. Rear end of the body tapering towards long anal prolegs (typi-
cal for the genus); the four abdominal prolegs relatively long. The free-living larvae are
easily distinguished from those of B. ulmella by the absence of colouration. Larvae of
B. ulmella are greyish green, with several indistinct darker longitudinal lines, and with
about eight whitish spots on each body segment. Pupa (Figs 28—30). Only exuviae were
studied (one on slide). Tenth abdominal segment (A 10) with one pair of lateral tubercles,
similar to most Bucculatrix species, but unlike B. thoracella (Thunberg, 1794) which
has two pairs. Tergites A3—7 with 2—3 rows of rather coarse spines anteriorly, amidst a
strong network of microspines (Figs 29, 30). Macroscopically, T2 seems also to have an
indistinct row of spines, but this appears to be an indistinct row (or almost absent) when
studied in a slide under high magnification (Fig. 29). B. ulmella has only single rows of
large spines, none on T2, and the microspines are less strong (see also below).

Biology. Hostplants: Quercus velutina Lam. (eastern black oak) and Q. rubra L.
(northern red oak). Single records on chestnut oak (Quercus montana Willd.) (Drooz




























































