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ABSTRACT

Davis, Donald R., and Gerfried Deschka. Biology and Systematics of the North American
Phyllonorycter Leafminers on Salicaceae, with a Synoptic Catalog of the Palearctic Species
(Lepidoptera: Gracillariidae). Smithsonian Contributions to Zoology, number 614, 89 pages,
451 figures, 6 maps, 4 tables, 1 graph, 2001.—Eleven leaf-mining species of Phyllonorycter
are recognized as being restricted to the host plant genera Populus and Salix in North America,
including Mexico. Previously described species and their new synonyms include the following:
P. apicinigrella (Braun); P. apparella (Herrick-Schiffer.) (=P. atomariella (Zeller), P. tremu-
loidiella (Braun), P. ontario (Freeman)); P. nipigon (Freeman); P. populiella (Chambers); P.
salicifoliella (Chambers) (=P. kenora (Freeman)); and P. scudderella (Frey and Boll) (= P. sali-
civorella (Braun)). The following new species are proposed in this study: P. acanthus, P. deser-
ticola, P. erugatus, P. latus, and P. mildredae. Only P. acanthus and P. deserticola are known to
occur in Mexico. Three species groups are recognized primarily on the basis of their similar
morphology and, to a lesser extent, on their host preference: the apparella group (including P.
apparella, P. deserticola, P. latus, and P. nipigon), which are almost entirely restricted to Popu-
lus; the salicifoliella group (including P. acanthus, P. erugatus, P. mildredae, and P. salicifo-
liella), which feed mostly on Salix and secondarily on Populus; and the hilarella group
(including P, apicinigrella, P. populiella, and P. scudderella), which feed primarily on Salix but
with one species restricted to Populus. The known life stages of each species are fully illus-
trated and described, and their distributions are plotted on maps. A synoptic catalog of the 24
Old World species of Phyllonorycter reported from Salicaceae is also provided, wherein P.
eophanes (Meyrick) is synonymized under P. iteina (Meyrick). Tentative association of the
Palearctic species, based on male genital morphology, with the three proposed species groups
is summarized in Table 1.
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Biology and Systematics of the North
American Phyllonorycter Leafminers on
Salicaceae, with a Synoptic Catalog of
the Palearctic Species
(Lepidoptera: Gracillariidae)

Donald R. Davis and
Gerfried Deschka

Introduction

The leaf-mining genus Phyllonoryter constitutes one of the
most successful lineages within the Holarctic Gracillariidae.
Approximately 275 names have been proposed, including 82
currently recognized species for America north of Mexico.
Nearly 20 plant families have been reported to include hosts,
with the Fagaceae, Betulaceae, Leguminosae, and Salicaceae
especially favored by Phyllonorycter, and the Caprifoliaceae,
Ericaceae, and Rosaceae utilized to a slightly lesser extent. As
summarized herein, 34 species of Phyllonorycter are known to
feed on Salicaceae, and all are confined to the Holarctic region.
All 34 species are restricted to this host family except two: P.
comparella, which has been questionably associated with
Pyrus malus; and P. hilarella, which normally feeds on Salix
and less commonly on Populus, but which has been reported
once from Alnus.

Within the North American Phyllonorycter, the species re-
stricted to Salicaceae have presented probably the greatest tax-
onomic confusion, even though these taxa have been subjected
to two previous separate studies (Braun, 1908b; Freeman,
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1970) over the past century. Because of this confusion, some of
the most detailed investigations involving members of this
complex have been marred by the misidentification of the her-
bivore. For example, the most detailed life history and larval
morphology studies of any member of this group actually fo-
cused on P. apparella (and possibly to a much lesser extent on
P. nipigon) and not P. salicifoliella as stated (Martin, 1956;
Watson, 1956). Fortunately, voucher specimens from these
classic studies are still available and were examined by the se-
nior author (DRD). Similarly, extensive studies on the biology
and host relationships of what was thought to be P. salicifo-
liella (Alberts, 1989; Auerbach, 1991; Auerbach and Alberts,
1992; Auerbach and Fleicher, 1995) involved instead P. ap-
parella and P. nipigon, as determined from voucher material
kindly provided by Auerbach. Future research, especially on
the Palearctic fauna, should show whether the conclusions
reached in the current study will be in need of still further taxo-
nomic change.

The Nearctic Phyllonorycter that mine Salicaceae comprise a
polyphyletic assemblage of at least three distinct species
groups, each with Old World components. With the possible
exception of the apparella group, each group also contains al-
lied species restricted to other plant families. These groups
were only partially resolved in an early review of the evolution
of the genus based on wing pattern (Braun, 1914). A prelimi-
nary alignment of the 24 Palearctic species known to feed on
Salicaceae, together with the 11 Nearctic species, is proposed
in Table 1. Affinities of the taxa were determined primarily on
male genitalic characters (discussed below). Associations of
some Palearctic species remain tentative pending examination
of material currently unavailable. Three names, considered
herein as nomina dubia, currently cannot be associated with
any of the three groups. No type material is presently known to
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TABLE 1.—Species groups of Phyllonorycter leafminers on Salicaceae.

apparella group salicifoliella group hilarella group nomina dubia

apparella (Herrick-Schiffer) armeniella (Kuznetzov) dentifera (Noreika) crocinella (Sorhagen)
latus Davis and Deschka comparella (Duponchel) quinqueguttella (Stainton) graeseriella (Sorhagen)
nipigon (Freeman) chiclanella (Staudinger) connexella (Zeller) salincolella (Sorhagen)
deserticola Davis and Deschka populi (Filipjev) populiella (Chambers)

populifoliella (Treitscke) pruinosella (Gerasimov)

sagitella (Bjerkander) viminetorum (Stainton)

salicifoliella (Chambers) apicinigrella (Braun)

acanthus Davis and Deschka scudderella (Frey and Boll)

erugatus Davis and Deschka hilarella (Zetterstedt)

mildredae Davis and Deschka
pastorella (Zeller)

iteina (Meyrick)

populicola (Kuznetzov)
populialbae (Kuznetzov)

rolandi (Svensson)
salicicolella (Sircom)
dubitella (Herrick-Schiffer)
salictella (Zeller)

exist of these names, and no additional material has been un-
questionably associated with them since their original discov-
ery. Designation of neotypes for these names eventually may
be necessary in order to decide their proper status (see article
75 of the International Code of Zoological Nomenclature, 4t
edition, 1999).

Much of the difficulty encountered within the Nearctic mem-
bers of this complex involves those species most allied to P.
salicifoliella (i.e., P. acanthus, P. erugatus, P. mildredae). Syn-
apomorphies of the male genitalia defining this group include
the following: (1) presence of a short, tubular process (AP, Fig-
ure 248) at the ventral apex of the cucullus, which bears a
minute, apical/subapical pore (Figures 270-272, 274-276,
278-280, etc.), which is present in all three groups (Figures
337, 340); (2) presence of a subapical cluster or brush (SB, Fig-
ures 248, 270, 273, 277, etc.) of 4—>30, elongate, spinose setae;
and (3) elongate aedoeagus (1.5-2.0x length of valva), which
attains its greatest relative length in the Indian species, P, iteina
(Figure 388). Some of the confusion within the salicifoliella
complex has been fostered by the loss of critical type material
(Freeman, 1970). Clemens (1861) proposed the name P. salici-
Joliella without describing the insect or its mine other than not-
ing its host (Salix vitellinae var. alba (L.)) and the location of
the mine. The species was not formerly described until Cham-
bers (1871) provided a detailed account of adults reared from
Salix babylonica. Because all material studied by both authors
has disappeared, a neotype reared from S. babylonica has been
proposed in this study. As discussed later in more detail, P.
salicifoliella demonstrates a broad array of genital variation
that approximates a comparable range shown within the newly
proposed sister species, P. erugatus. Accurate identification of
these species, as well as those of the apparella species group,
on the basis of their similar, variable wing patterns is impossi-
ble without careful examination of genitalic characters. For ex-
ample, a large series of Phyllonorycter identified as P, salicifo-
liella by Annette Braun, our foremost early worker on
Gracillariidae, was discovered upon dissection to contain four
other species in this complex and only a single specimen of P.
salicifoliella.

Freeman (1970) recognized eight species in his review of the
North American leaf-mining Phyllonorycter on Salicaceae, of
which five are synonymized herein. One name was found to
represent a more widely distributed holarctic species. He did
not treat P. salicifoliella, except to mention under his descrip-
tion of P. kenora (herein synonymized under the foregoing
name) that it was impossible for him to apply the name salici-
Jfoliella to any known species.

The apparella species group feeds on Populus and possesses
elongate, slender valvae in the males (Figures 233, 236, 239,
242) and relatively short aedoeagi (<0.75x the length of valva).
Included Nearctic species are P. apparella, P. deserticola, P. la-
tus, and P, nipigon. Phyllonorcter apparella is the only member
of this group represented in the Palearctic region, and it is the
only Salicaceae-mining Phyllonorycter species currently
known to be Holarctic in distribution.

Males of the hilarella group (Figures 260-268, 394-422) are
characterized by their asymmetrical valvae, with a large, often
curved spine typically arising near the apex of the left, more
enlarged valva. Two of the three Nearctic species (P. apicini-
grella, P. scudderella) mine Salix, and the third (P. populiella)
feeds on Populus. A complex of eight, almost exclusively
Salix-feeding species, which exhibit similar to nearly identical
male genital morphology, are currently recognized within the
hilarella group. Included within this subgroup are P. apicini-
grella and P. scudderella in North America, and P. dubitella, P.
hilarella, P. rolandi, P. salicicolella, P. salictella, and P. vimine-
torum from the Holarctic region. The most notable genital
character distinguishing these species involves the relative de-
velopment of the male saccus (Svensson, 1997)—varying from
indistinct in P. apicinigrella (Figure 266) and P. viminetorum
(Figure 405) to elongate and slender in P. salictella (Figure
420). Although the morphology of the male genitalia of P. du-
bitella, P. hilarella, P. rolandi, and P. scudderella are particu-
larly similar, their wing patterns are usually distinct (Ffennell,
1970; Watkinson, 1985; Svensson, 1996, 1997). For example,
the forewing of P. hilarella differs from its siblings in possess-
ing a complete basal fascia (sometimes also evident in P. salici-
colella), in lieu of a strongly oblique pair of costal and dorsal
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strigulae variably present in the other three species. Although
sometimes treated as a subspecies of the widespread, variably
colored P. salictella, P. viminella of Great Britain is synony-
mized under the former on the basis of their identical genitalia
(Karsholt and Skou, 1987; Buszko, 1992). More investigation
on population variation among the members of this complex
needs to be pursued, including the utilization of life history,
molecular, and morphological data.

General Biology

Leaf-mining insects can be excellent subjects for examining
interactions among three tropic levels involving the host plants,
herbivores, and predators/parasitoids (Price et al., 1980; Faeth,
1985, 1986; Abrahamson, 1989; Auerbach, 1991; Ohgushi,
1997). The plant family Salicaceae, with their sometimes toxic
concentrations of secondary chemicals (i.e., those not neces-
sary for primary metabolism), have been particularly utilized in
such investigations (Zucker, 1982; Smiley et al., 1985; Rowell-
Rahier and Pasteels, 1992). Controversy still persists as to the
relative effects of host-plant chemistry compared to other fac-
tors (e.g., plant anatomy or degree of enemy-free space) in de-
termining the host-plant range of herbivorous insects (see Ber-
nays and Graham, 1988, and associated responses; Auerbach
and Alberts, 1992). Previous studies have involved a relatively
limited assortment of herbivores with little reference to Phyl-
lonorycter leafminers on Salicaceae. Tritrophic-level interac-
tions involving Phyllonorycter salicifoliella have been investi-
gated on two North American Salix hosts (S. sericea Marshall;
S. eriocephala Michx.) and their interspecific hybrids (Fritz,
1995; Fritz et al., 1997; Fritz et al., 1998). These studies sup-
ported the prediction of tritrophic interaction theory that plant
genotype can affect natural enemy impact. Significant variation
in P. salicifoliella survival and eulophid parasitism was found
over two years of observation among genotypes within taxa in
the field and in common garden experiments.

The general components within the Nearctic Salica-
ceae—Phyllonorycter association are briefly summarized.

HosT PLANTS.—The Salicaceae are a predominantly north
temperate, taxonomically isolated family of dioecious trees and
shrubs, consisting of 350 species grouped into as many as four
genera: Populus, Salix, Chosenia, and Toisusu (Heywood,
1993). It should be noted that one of the leading workers on
Salix has estimated as many as 400 to 500 species in that genus
alone (Argus, 1986). Populus and Chosenia are wind polli-
nated, and Salix and Toisusu are pollinated by insects. Chemi-
cally the family is characterized by the presence of phenolic
glycosides in the bark of all species and in the leaves of some
species (Rowell-Rahier and Pasteels, 1992). Salicin and, to a
lesser extent, salicortin are particularly prevalent and are diag-
nostic for the family (Palo, 1984). Salireposide and tremulacin
are largely characteristic of the genus Populus, although other
phenoglycosides occur in this genus, some of which are shared
with various species of Salix (Palo, 1984). No secondary me-

tabolites other than phenolics have been identified in the leaves
of Salicaceae. Studies have shown that the concentration and
composition of the different phenolic mixtures are species spe-
cific in Salix (Tahvanainen et al., 1985); however, the concen-
tration of phenoglycosides can vary considerably within Sali-
caceae, not only between taxa, but also according to an
individual’s sex, age, season, altitude, among individual leaves,
and even to the time of day (Palo, 1984; Horn, 1985).

LEAFMINERS.—The general life history of all members of
this complex is believed to be similar to that described for P.
apparella (Martin, 1956), which also is typical for most Phyl-
lonorycter (Needham et al., 1928; Miller, 1973, Davis, 1987;
Landry and Wagner, 1995). The eggs are flat (with the micro-
pylar axis parallel to the substratum), approximately 0.3 mm in
length, 0.2 mm in width, and are lightly cemented to the lower
leaf surface. Eggs of three species (P. apparella, P. nipigon, P.
salicifoliella) have been examined in detail by DRD (Figures
1-17). These show specific differences, with the eggs of P. ap-
parella being less flat, possessing the broadest circumferential
fringe, and with the upper surface minutely papillate (Figure
2). Numerous aeropyles are present over the upper half above
the fringe, usually at the intersections of a reticulum of low
ridges (Figure 2). The lower half of the egg, which is mostly in
contact with the leaf, is smooth. Two or three micropyles are
present at the anterior pole and are surrounded by a network of
8-10 cellular partitions (Figures 5, 6). Eggs of P. salicifoliella
essentially lack a circumferential fringe but do possess a sub-
medial zone of rugose tissue that demarcates the upper and
lower surfaces (Figures 13, 14).

All species are believed to possess three early sap-feeding
and two later tissue-feeding instars. The apodal, prognathous,
sap-feeding instar initiates a slender, serpentine to wedge-
shaped, subepidermal tract on the underside of the leaf. The
succeeding two instars continue feeding in the spongy paren-
chyma, which, by the third instar, is enlarged to form a blotch.
The eruciform, hypognathous, tissue-feeding larvae typically
do not enlarge the area of the mine, but they feed deeper into
the leaf, removing most of the palisade tissue within the elon-
gate blotch. Possessing a fully functional spinneret, this larval
form lays a layer of silk across the lower epidermis of the mine,
which, upon contracting, draws the edges of the mine closer to-
gether, resulting in a tentiform mine with a single (rarely 2 or
3) longitudinal, epidermal fold (Figures 18-26). By the fourth
and fifth instars the larval frass appears granular and is typi-
cally collected at one end of the mine where it is secured by
silk (Martin, 1956). Pupation occurs within the mine in a silken
cocoon that is often located near the center.

An individual female of P. apparella normally deposits no
more than one egg per leaf (Auerbach, 1991). During periods
of high moth density, multiple oviposition by several females
on preferred, younger leaves can result in several mines per
leaf. As these mines enlarge, some will inevitably coalesce.
Typically when this occurs, one intruding larva will kill the
other by biting into the abdomen and partially ingesting the
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FIGURES 1-12.—Egg morphology. Phyllonorycter apparella: 1, dorsal view (120 pm); 2, detail of dorsal surface
(23.1 pm); 3, ventral view (120 pm); 4, anterior (micropylar) end (86 pm); S, detail of micropyle in figure 4
(17.6 pm); 6, variation of micropylar ridges (15 pm). Phyllonorycter nipigon: 7, dorsal view (120 pm); 8, lateral
view (86 pm); 9, detail of dorsal surface (17.6 pm); 10, ventral view (120 pm); 11, anterior (micro,py,lar see
arrow) end (100 pm); 12, detail of micropyle in Figure 11 (12 pm). (Length of bar scale in parentheses.) ,
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FIGURES 13-17.—Egg morphology. Phyllonorycter salicifoliella: 13, dorsal view (100 pm); 14, lateral view
(100 pm); 15, detail of dorsal surface (20 pm); 16, anterior (micropylar, see arrow) end (50 pm); 17, detail of
micropyle in Figure 16 (10 pm). (Length of bar scale in parentheses.)

body fluids (Martin, 1956). Because only the third and possibly
second instars actually enlarge the mine horizontally, only
these stages display this aggression—a behavior Auerbach
(1991) has termed larval interference. In heavy infestations,
larval mortality to interference can reach as high as 58% in P.
apparella, as compared to 36% mortality to parasitism within
the same sample (Martin, 1956). Auerbach found in his study
of P. apparella that larval interference, along with parasitism
and unknown causes, were responsible for most mortality, and
that the former was the only consistently spatially density-de-
pendent source of mortality.

Although the larval mines of most Phyllonorycter develop
on the underside of the leaf, some exceptions have been noted
among those feeding on Salicaceae. Phyllonorycter dentifera
mines only the upperside of the leaf (Noreika and Puplesis,
1992a); P. pruinosella most frequently mines the upperside
(E.M. Hering, 1957); P. populicola mines both leaf surfaces
(Kuznetzov, 1975); and P. connexella, P. pastorella, and P. pop-
ulifoliella rarely mine the upper surface (Sorhagen, 1886; E.M.
Hering, 1957). Because the larva is usually restricted in its
mining by the midrib and larger veins, the relative dimensions

of the blotch mine typically varies according to the shape and
venation of the leaf. The mines on Populus (Figures 18-20)
tend to be broader and more oval to nearly circular (6-10 mm
wide and 10-25 mm long) in contrast to the more slender and
elongate mines on Salix (2.5-8 mm wide and 11-40 mm long;
Figures 21-23, 25, 26). Because the edge of the mine fre-
quently borders the edge of the leaf on Salix, these mines tend
to cause the leaf edge to curl slightly under.

Both the sap-feeding and tissue-feeding instars of the ap-
parella group studied (P. apparella, P. deserticola, P. nipigon)
are similar in morphology to those of the salicifoliella group (P.
mildredae and P. salicifoliella examined). No larvae of the hi-
larella group were available for comparison. The morphology
of all five instars and pupa of P. apparella was studied in detail
by Watson (1956). No conspicuous structural differences have
been discovered to distinguish the forementioned species, al-
though minor differences in setal positions have been noted.
Some of these may later prove to be the result of normal
within-species variation. Full chaetotaxal drawings of three of
the most commonly encountered species are provided to show
both the overall similarity between species within this complex
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FIGURES 18-26.—Leafmines, ventral view: 18, Phyllonorycter apparella on Populus tr loides; 19, Phyll

luc hal

rycter nipigon on Pop ifera; 20, Phyllonorycter deserticola on Populus fremontii; 21, Phyllonorycter
salicifoliella on Salix bebbiana; 22, Phyllonorycter salicfoliella on Salix babylonica; 23, Phyllonorycter salici-
Joliella on Salix monticola; 24, Phyllonorycter erugatus on Populus balsamifera; 25, Phyllonorycter acanthus
on Salix bonplandiana; 26, Phyllonorycter mildredae on Salix nigra. (All scales = 2 cm.)

as well as possible characters for future analyses whenever  neret and labial palpi are absent. All legs, prolegs, and crochets

more material becomes available. are absent. Paired ambullatory callosities are present both dor-
In the flattened sap-feeding instars, the labrum is promi-  sally and ventrally on all three thoracic segments (Figures 102,

nently bilobed, with the anterior margin serrated (Figures 44, 103, 168, 169), ventrally on abdominal segments 35 (Figures

95, 138, 162). Three pairs of stemmata are present in a well- 51, 104, 170), and ventrally on the tenth abdominal segment

separated, lateral row (Figures 49, 166). The mandibles are flat,  (Figure 172).

with elongate, acute cusps (Figures 95, 100, 101). The spin- All last instar larvae examined agree in lacking setae AF1,






