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ABSTRACT

A phylogeny for the Notodontidae was con-
structed based on cladistic relationships among 52
notodontid species. The study included taxa from
all previously recognized family group categories
and all biogeographic regions. Twelve species,
chosen from the rest of the Noctuoidea, served as
an outgroup. The data set consisted of 174 mor-
phological characters (100 from adults and 74 from
final instar larvae) comprising 437 character states.
Cladistic analyses using the Hennig86 parsimony
program produced eight equally parsimonious
trees, each with a length of853 steps, a consistency
index of 0.30, and a retention index of 0.66.

All morphological characters are described and
all character states are figured using line drawings,
photographs, and scanning electron micrographs.
Adult and larval habitus photographs for taxa used
in the analysis are also included.
The Notodontidae, as here defined, is a mono-

phyletic group. Six adult and five larval synapo-
morphies support monophyly, but none occur uni-
versally. The genus Doa Neumoegen and Dyar
(Doidae) is hypothesized to be the sister-group of
the Notodontidae. Oenosandra Walker, an Aus-
tralian genus formerly referred to the notodontid
subfamily Thaumetopoeinae, is instead placed as
the sister group of Doidae + Notodontidae. The
Oenosandridae, new family, is proposed.

In a reclassification of the Notodontidae, nine
monophyletic subfamilies are recognized: the
Thaumetopoeinae, Pygaerinae, Platychasmatinae,
Notodontinae, Phalerinae, Dudusinae, Hetero-
campinae, Nystaleinae, and Dioptinae. The Hem-
iceratini ofprevious authors is ofuncertain status,
and placement of the genus Lirimiris requires fur-
ther research. The new tribe Scranciini is placed
in the Dudusinae. A key to notodontid subfamilies
is presented, and apomorphic character states, as
well as diagnoses, are listed for each group.

General topics related to phylogeny of the No-
todontidae are discussed. First, the question of
whether taxon addition will affect the proposed
classification is addressed. Platychasma virgo But-
ler, previously placed in its own notodontid sub-
family, the Platychasmatinae, is used as a test case.
When added to the analysis this species arises as
a basal lineage in the Notodontidae. Topology in
the rest of the cladogram is unaffected. The sub-
family Platychasmatinae is retained.
The proposed hypothesis of relationships among

subfamilies is roughly similar to previous concepts
ofnotodontid phylogeny. For example, the current
scheme supports placement of the Thaumeto-
poeinae and Pygaerinae as basal groups and place-
ment of the Dioptinae and Nystaleinae as derived
sister groups. However, in most other respects this
new phylogeny differs from previous hypotheses.

Larval and adult data were also analyzed sep-
arately. Consensus trees for larvae and for adults
show poor resolution compared to the tree based
on all data. Monophyly ofsome subfamilies (e.g.,
the Dudusinae) is supported exclusively by adult
synapomorphies, and of others (e.g., the Hetero-
campinae) by larval characters. These results sug-
gest that constructing a stable classification for the
Notodontidae requires data from both life stages.
As a group, the Notodontidae do not show ob-

vious larval host association patterns. Neverthe-
less, cladistic analyses suggest that almost all Sal-
icaceae-feeders belong in a monophyletic group
and that, for the most part, Fagaceae specialists
are restricted to the Heterocampinae. The Diop-
tinae, unique among Notodontidae in being di-
urnal and in typically feeding on toxic plants, ap-
pear to have evolved from a nocturnal ancestor
that utilized nontoxic hosts.

INTRODUCTION

My interest in notodontid classification and
phylogeny arose through an ongoing study of
dioptine moths. Dioptines have been accord-
ed family status since Walker (1865), but Mi-
net (1983, 1986) and Weller (1989) recently
suggested that the group is subordinate with-
in the Notodontidae; both authors recog-
nized the tribe Dioptini within the subfamily
Notodontinae. My original intention was to
test these hypotheses with the hopes offirmly
establishing monophyly of the Dioptini and
precisely identifying their sister group in
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preparation for an analysis of generic rela-
tionships. It soon became apparent, however,
that our understanding of notodontid phy-
logeny is rudimentary and that the family
classification is in disarray. I decided that
firmly establishing the sister group of the
Dioptini would require a phylogenetic anal-
ysis of all major notodontid groups.

This research has three aims. The first is
to provide additional synapomorphies for the
Notodontidae. Only two are commonly cit-
ed: presence of two, rather than one, micro-
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scopic proprioceptor (MD) setae on segment
1 ofthe larval abdomen (Hinton, 1946; Com-
mon, 1979), and presence of a ventrally di-
rected metathoracic tympanum in adults
(Richards, 1932). However, dioptine larvae
have a single MD seta on the first abdominal
segment (Weller, 1989), the condition found
in all other Lepidoptera. Further, species of
the genus Doa (Doidae) possess a ventrally
directed tympanum (Richards, 1932). Thus,
neither apomorphy provides conclusive ev-
idence of membership in the Notodontidae.
Godfrey et al. (1989) discussed two apomor-
phic larval traits that are widespread among
notodontids: the presence of stipital lobes and
a smooth, rather than serrate, mandibular
margin. However, again neither character
provides unambiguous evidence for mono-
phyly of the family, since some notodontid
larvae have serrate mandibles, and thaume-
topoeines lack stipital lobes (Godfrey et al.,
1989).
The second aim ofthis project is to provide

a comprehensive analysis ofnotodontid adult
and larval morphology. The study of im-
mature stages, especially larvae, has played a
pivotal role in notodontid systematics since
Packard's (1895a) pioneering work on clas-
sification of North American species. Yet
since that time, there have been no detailed
comparative studies oflarval morphology for
the Notodontidae, even though our knowl-
edge of lepidopteran larval structure has ad-
vanced tremendously, especially with the ad-
vent of the scanning electron microscope.
Similarly, recent authors have discovered new
adult characters in various noctuoid groups,
but these have not been considered in a com-
prehensive study for the Notodontidae. In
addition to reexamining and reanalyzing pre-
viously available character information, in
this paper I describe new character systems.

Third, I propose a revised subfamilial clas-
sification for the Notodontidae. Because it is
a fairly large family (approximately 3500 de-
scribed species; Seitz, 1932; Weller, 1989),
my approach was to analyze cladistic rela-
tionships among a selected set of taxa. Fifty-
two species (table 1) were chosen to represent
previously recognized subfamilies and tribes
in the Notodontidae, including the Thau-
metopoeinae (or Thaumetopoeidae of some
authors) and Dioptini. Among the few exist-

ing studies ofnotodontid phylogeny and clas-
sification, none have treated the world fauna;
I attempted to include taxa from every bio-
geographic region. I performed parsimony
analyses of the morphological data set, and
the resulting cladograms are used as justifi-
cation for a revised classification. My clas-
sification is not intended to be definitive, but
it does represent an advance over previous
ones. I hope it can provide a stable frame-
work for a classification of the world noto-
dontid fauna.

In addition to the three main goals outlined
above, I address four questions of general
interest. First, I examine the effects on my
classification oftaxon addition using the spe-
cies Platychasma virgo Butler, which became
available late in my study, as an example.
Next, I discuss hypotheses of relationship
among notodontid subfamilies. Third, I com-
pare the topology ofcladograms produced by
data on larvae with those produced by data
on adults and discuss the implications for
classification of the Notodontidae. Finally, I
examine host associations in the Notodon-
tidae in light of my cladistic hypotheses to
see whether clear patterns emerge.

MONOPHYLY OF THE NOCTUOIDEA
I follow most authors (e.g., Forbes, 1923,

1948; Richards, 1932; Bourgogne, 1951;
Brock, 1971; Watson et al., 1980; Francle-
mont, 1983; Minet, 1983, 1986; Kristensen,
1985; Weller, 1989) in recognizing the su-
perfamily Noctuoidea to include the Noctui-
dae, Arctiidae, and Lymantriidae, plus the
Notodontidae and their relatives. Some
workers (e.g., d'Almeida, 1932; Kiriakoff,
1970a, 1970b; Pinhey, 1975; Common, 1979;
Tikhomirov, 1981; Barlow, 1982) have placed
the notodontids in a separate superfamily,
the Notodontoidea. Presence ofthe metatho-
racic tympanal organ shows that these fam-
ilies, including the Notodontidae, form a
monophyletic group (Nielsen, 1989). There
is little doubt that the noctuoid tympanum
is apomorphic within the Lepidoptera, and
at present I see no reason to question the
hypothesis that the structure is homologous
in all these groups.

Richards (1932) divided the noctuoid fam-
ilies into two categories: those with "trifid"

NO. 2044
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forewing venation and those with "quadri-
fid" venation. These terms refer to whether
the cubital vein system appears either three-
branched, with vein M2 approximately half-
way between Ml and M3, or four-branched,
with M2 arising close to the base ofM3 (see
Character 35). I follow Richards's terminol-
ogy. The trifid Noctuoidea have historically
included the family group categories Noto-
dontidae, Thaumetopoeidae (Thaumeto-
poeinae), and Dioptidae (Dioptini). The
quadrifid families thus include the rest ofthe
Noctuoidea and constitute the outgroup for
this study. These group names should not be
confused with the terminology that has been
applied to two major divisions of the Noc-
tuidae (see discussion in Kitching, 1984a). In
noctuids, "Trifidae" and "Quadrifidae" are
sometimes used to refer to a similar condition
of the cubital and medial veins in the hind
wing (see Character 42).
The only published branching diagrams of

noctuoid higher group relationships are those
of Forbes (1923) and Richards (1932). Both
authors argued that the trifid Noctuoidea are
more primitive than the quadrifids. Brock
claimed that the Notodontidae "show the least
modification in the superfamily [Noctuo-
idea]" (1971: 78). Subsequent workers have
followed this suggestion (e.g., Holloway et al.,
1987; Weller, 1989), and it is now generally
regarded that the notodontid lineage is the
sister group to the rest of the Noctuoidea. I
will discuss these hypotheses as they relate
to my results in the section entitled Classi-
fication of the Notodontidae.

THE TRIFID NOCTUOIDEA

Four family level groups have been placed
in the trifid Noctuoidea (Notodontoidea of
authors): the Thyretidae, the Thaumetopoei-
dae, the Dioptidae, and the Notodontidae.
As discussed above, proposed synapomor-
phies for these taxa include a tympanal mem-
brane that faces ventrally and two MD setae
rather than one on segment Al of the larva.
A third potential synapomorphy is the pres-

ence of socii in the male genitalia (Pierce and
Beirne, 1941; Tikhomirov, 1981). Each of
these characters is discussed in detail in the
section entitled Character Analysis, and syn-

apomorphies are summarized in the section

entitled Monophyly ofthe Notodontidae. Be-
low I give a brief overview for each of the
four groups.
The Thyretidae, first recognized by Kir-

iakoff (1949), is a fairly small family com-
prising approximately 200 species restricted
to Africa (Kiriakoff, 1953, 1960). Kiriakoff
(1949, 1953) proposed that they are related
to notodontids, arguing that both groups have
similar tympanal morphologies. He was fol-
lowed by Pinhey (1975) and Common (1979).
Minet (1983, 1986), with some reservations,
considered thyretids to be a subfamily of the
Notodontidae. However, even though Pin-
hey (1975) and Kiriakoff (1949) noted that
thyretids have quadrifid rather than trifid
forewing venation, neither questioned their
relationship to notodontids. Recent study has
shown that thyretid adults possess a mete-
pisternal tymbal organ (see Character 29), in-
dicating membership in the Arctiidae (Hol-
loway et al., 1987; Weller, 1989). Therefore,
the family will not be discussed further in
this paper.
The processionary moths, an Old World

group, have been recognized as either a no-
todontid subfamily (Aurivillius, 1889; Tur-
ner, 1903, 1922; Sick, 1940; Borner, 1944;
Bourgogne, 1951; Common, 1979; Minet,
1983) or a separate family, the Thaumeto-
poeidae (e.g., Staudinger and Rebel, 1901;
Forbes, 1948; Kiriakoff, 1970b; Pinhey, 1975;
Watson et al., 1980). The caterpillars spend
the day communally in a silk nest of up to
600 individuals and leave the nest at night
to feed (Holland, 1893a; Pinhey, 1975; Com-
mon, 1979). Larvae travel end-to-end in a
continuous "procession" (Bourgogne, 1951;
Pinhey, 1975; Carter, 1982), giving the group
its common name. The caterpillars bear dor-
sal tufts ofdeciduous setae that can cause skin
irritations (Common, 1979; Carter, 1982; see
Character 157).
The family name Dioptidae was first pro-

posed by Walker (1865), but the group's phy-
logenetic position has been controversial.
There are approximately 400 described diop-
tine species (Bryk, 1930), and all (with the
exception of one North American endemic;
see Miller, 1987a) are Neotropical in distri-
bution. Most are relatively small, diurnal, and
brightly colored (Hering, 1925), but the group
as a whole is extremely diverse in both ap-
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pearance and habit (K6hler, 1930). Dioptine
species are involved in numerous, widely dis-
parate mimicry complexes. Dioptines bear
little resemblance to other Notodontidae
(Jordan, 1923b) and early workers were un-
sure ofthe group's placement in lepidopteran
classification; according to Hering, "There is
probably no family that posed such great dif-
ficulties to the specialists of former times, as
the Dioptidae did" (1925: 501). Seitz claimed
that "mimicry chiefly caused this confusion,
because even expert specialists confounded
mimetic resemblance with phyletic resem-
blance" (1925: 499). Most early lepidopter-
ists relied entirely on superficial adult char-
acters, such as wing pattern, wing venation,
and shape ofthe labial palpi, in their attempts
to place species in natural groupings. The
study of lepidopteran genitalic morphology,
an important source of character informa-
tion, did not become common until the 1940s.
Dioptines were first considered to be close
relatives ofthe Geometridae (Packard, 1895a)
or Arctiidae (Dyar, 1896). Early workers, such
as Druce (1907) and Dognin (1916), de-
scribed many species in the geometrid sub-
family Cyllopodinae, but dioptines have also
been described in groups as far removed as
the Psychidae (see Miller, 1987a).

Interestingly, one ofthe first researchers to
notice a morphological similarity between the
Dioptidae and Notodontidae was Bodine
(1896) in his comparative study of lepidop-
teran antennae. Later, morphology of im-
matures provided convincing evidence of a
close relationship between the two groups
(Fracker, 1915; Mosher, 1916). Forbes
(1922a) originally thought that the metatho-
racic tympanum was absent in adult diop-
tines, and he therefore placed them at the
base of the Noctuoidea. A short time later
Forbes acknowledged that a tympanum does
occur and revised his assessment of the
group's phylogenetic position, stating that "at
present the family is not really distinguished
from the Notodontidae in any very tangible

way" (1922b: 71). This view has subsequent-
ly prevailed, and in fact, when the details of
adult and larval morphology are compared,
the similarities between dioptines and other
notodontids are clear (Kohler, 1930; Fran-
clemont, 1970; Minet, 1983, 1986; Miller,
1987a, 1988a; Weller, 1989).
The family name Notodontidae was first

proposed by Stephens (1829), whose familial
concept was remarkably accurate given the
rudimentary state of morphological knowl-
edge at that time. He provided a family di-
agnosis based on superficial adult and larval
characters, and placed 14 British genera in
the group. The taxonomic history of the No-
todontidae was recently reviewed by Weller
(1989), who estimated the group to include
3500 species. It is worldwide in distribution,
but over half the species occur in the Neo-
tropics (Seitz, 1932; Weller, 1989). It was
Dyar (1897) who first placed the family in
the Noctuoidea.
Among recent workers, the concept of the

family Notodontidae has broadened. The
Thaumetopoeidae are now often regarded as
being a subfamily and, a more controversial
issue, the Dioptidae are considered a tribe
(Dioptini) of the subfamily Notodontinae.
Brock may have been the first to suggest that
the Dioptidae should not be accorded family
status, briefly noting (without further expla-
nation) that dioptids "probably [belong] in
the Notodontidae" (1971: 33). Minet noted
that, like specialized notodontids, the larval
anal prolegs ofdioptids are reduced or absent
(1983: 368), and he therefore gave them tribal
status in the subfamily Notodontinae. Weller
(1989) regarded the Dioptini and Hemicer-
atini, the latter a Neotropical tribe (Forbes,
1939a), as sister groups. Further, those two
tribes together were considered to be the sis-
ter group of the Nystaleini. The hypotheses
of Minet and Weller will be discussed in de-
tail in my discussion of notodontid classifi-
cation.

PREVIOUS WORKS ON THE NOTODONTIDAE
This section is intended to familiarize the

reader with important taxonomic studies on
the Notodontidae. I leave detailed discussion
of previous classifications for a later section

(see Classification ofthe Notodontidae) where
I compare them with my own.
Dyar (1897) remains the only previous au-

thor to revise and classify the Notodontidae
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on a world level, treating the species ofNorth
America, Europe, and India, the only faunas
adequately known at the time. He discussed
65 genera, giving generic keys and lists of
included species. He divided the Notodon-
tidae of Packard (1895a) into three families:
the Ptilodontidae, the Melalophidae (= Py-
gaerinae), and the Eupterotidae (= Apatelod-
idae). The last, placed by most early workers
in the Notodontidae, is now considered a
family in the Bombycoidea (Forbes, 1939a;
Franclemont, 1983). Dyar based his generic
classification on superficial external adult and
larval characters. Gaede's (1934) catalog is
the only existing species list for the world
fauna. Although an extremely useful work, it
is outdated and badly in need of revision.
Almost all other studies on the family have
taken a regional approach. The vast majority
are essentially faunal lists with descriptions
of new taxa, and few authors have proposed
supergeneric classifications.
The North American notodontid fauna,

comprising 138 species (Franclemont, 1983),
has been examined in reasonable detail.
Packard's (1895a) volume is the most com-
prehensive study ever published on the No-
todontidae. Packard gave diagnoses and keys
for 69 species in 21 genera, providing adult
and larval descriptions, host-plant records,
drawings of pupae, color figures ofmany lar-
vae, and photographs of adults. His classifi-
cation remains one of the most detailed yet
proposed. Neumoegen and Dyar's (1894a,
1894b) work complements that of Packard,
but it is less comprehensive. They recognized
79 North American species in 23 genera.
Their classification differs little from Pack-
ard's.
Forbes (1948) and Franclemont, in Lepi-

doptera ofNew York and Neighboring States,
gave keys and diagnoses for 58 notodontid
species in 20 genera. Where known, larval
diagnoses and host-plant records were pre-
sented. Their work is particularly valuable in
that most of the species they discussed occur
throughout eastern North America. The fam-
ily classification proposed, based largely on
Packard (1895a), Dyar (1897), and Neumoe-
gen and Dyar (1894a, 1894b), is the one most
widely used today.
Godfrey and Appleby (1987) listed general

larval characters for the family and provided
diagnoses and photographs for caterpillars of

21 North American species in 16 genera.
Their work is a guide to larval identification
and does not address family classification.
Compared with the Notodontidae of

America north of Mexico, the fauna south-
ward is much larger (Seitz, 1932; Weller,
1989) and is poorly understood (Forbes,
1948). The Neotropical literature was re-
viewed by Weller (1989), so below I describe
only the major papers.
An important early work is that of Schaus

(1901). His key treated 113 genera, of which
40 were described as new. Although some of
these genera are North American, Schaus de-
ferred to Packard's (1895a) work concerning
those and instead concentrated on the Neo-
tropical taxa. Schaus described 75 Neotrop-
ical notodontid species, as well as the larvae
of several taxa. No family level categories
were discussed.
Druce (1887) listed 154 species (in 40 gen-

era) ofNotodontidae, 32 ofwhich were newly
described. However, some ofthe genera were
incorrectly placed; an example is the large
genus Gonodonta Hiibner, now in the Noc-
tuidae. For each species, Druce gave refer-
ence to the original description and provided
detailed locality information. In 1898, Druce
provided additional locality data for some
taxa and described 14 more species.
Dyar (1908) described 5 genera and 32 spe-

cies from the collections ofthe United States
National Museum. Sixteen of these new spe-
cies were in the large and taxonomically dif-
ficult genus Hemiceras Guenee, for which
Dyar presented a key to the 97 species known
at that time.

Draudt's (1932) study of the Neotropical
notodontid fauna treated close to 1500 spe-
cies, 67 newly described. He did not write a
generic key, but did outline diagnostic fea-
tures for 157 genera based largely on wing
venation. This remains the single most im-
portant work on Central and South American
Notodontidae and, because adults of many
taxa are figured, it provides the only means
for identifying species aside from reading the
original descriptions. Like Dyar (1908),
Draudt presented a key to the species of
Hemiceras, which by 1932 numbered over
150. Draudt's classification was rudimentary.
He placed three genera (Datana, Ichthyura,
and Rosema) in the subfamily Melalophinae
(= Pygaerinae), diagnosed by having "hairy
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larvae," and the other 154 genera in the No-
todontinae, with no distinguishing subfamil-
ial characters given.
Another extremely important study is that

of Forbes (1939a; see also Forbes, 1942). Al-
though the fauna of Barro Colorado Island,
Panama, is relatively small for the Neotrop-
ics (144 species in 46 genera), this remains
one of the few papers to address the classi-
fication of Neotropical Notodontidae. When
taken together, Forbes's 1939a and 1948
works provide a fairly complete classification
for New World Notodontidae. Forbes ac-
knowledged, however, that this classification
was "very largely artificial" (1942: 277). In
addition to giving keys, diagnoses, and flight
times for all taxa, Forbes (1939a) figured the
male genitalia of newly described species in
Tachuda Schaus and Apela Walker and the
wing venation of representative species in 38
genera. In another paper, Forbes (1930) gave
keys and diagnoses for five notodontid spe-
cies occurring in Puerto Rico.
The Notodontidae of Cuba were revised

by Torre and Alayo (1959). They treated 25
species, two newly described, the majority of
these belonging in the Nystaleini. For each
species, Torre and Alayo discussed general
external morphology of adults and gave de-
tailed distribution data. They figured male
genitalia of all species and female genitalia of
many.

Weller (1989) focused on understanding
generic boundaries and generic interrelation-
ships among members ofthe Neotropical tribe
Nystaleini (Notodontinae), first proposed by
Forbes (1948). Weller's paper was the first
study on Notodontidae to take a rigorous cla-
distic approach. It is also the most detailed
study to date concerning systematics of the
Neotropical fauna. After identifying apo-
morphic characters to support monophyly of
the Nystaleini, Weller placed 18 genera (ap-
proximately 250 species) in the tribe. Her
study was based on examination of adult
morphology, including legs, antennae, labial
palpi, the thoracic tympanum, and abdomi-
nal sterna and terga, as well as the male and
female genitalia. Weller provided morpho-
logical illustrations, keys to the genera (in-
cluding diagnostic genitalic features), and a
checklist for the species of Nystaleini.
The Old World notodontid fauna does not

include as many species as that in the New
World. Several regions have received rather
complete treatment, thanks largely to the var-
ious catalogs ofKiriakoff (1964, 1967, 1968,
1970a, 1970b). Unfortunately, few workers
on Old World Notodontidae have addressed
higher classification, and none of them have
attempted to combine their findings with what
is known concerning the New World. The
result is that not even a rudimentary world
classification exists. Below, I briefly review
the most significant works on Old World No-
todontidae.
An important early paper on South African

species (Janse, 1920) described adult mor-
phology in detail, although genitalia were not
studied at that time. Janse provided keys to
38 genera and 89 species (many newly de-
scribed) and figured wing venation, legs, an-
tennae, and heads of many taxa. He recog-
nized eight generic groups (numbered I-VIII).
Janse presented a branching diagram show-
ing a "phylogeny of the Notodontidae," but
his scheme is not interpretable in a cladistic
sense.
Gaede (1928) treated the entire African no-

todontid fauna, approximately 325 species at
that time. Each species was briefly discussed,
and adults ofmost taxa were figured in color.

Kiriakoff, by far the most productive no-
todontid worker in terms ofnumber ofpapers
published, revised the African fauna (1964,
1970a), including Madagascar (1 969a), and
described new taxa in smaller papers (e.g.,
Kiriakoff, 1962a, 1962b, 1963c). Kiriakoff is
best known for erecting hundreds ofnew gen-
era. For example, of the 174 genera he listed
for the African fauna (1964), Kiriakoff de-
scribed 97. However, Kiriakoffs generic con-
cepts have rarely been examined rigorously.
His works are valuable, first, because they
bring together the taxonomic literature for
these little-known moth groups, and, second,
because they provide keys. Although Kiriak-
offwas one of the few researchers to propose
family group names for the Notodontidae
(e.g., 1950c, 1969b), his views on classifica-
tion have frequently been criticized, and his
conclusions seem to vary from paper to paper
(Weller, 1989).
Pinhey (1975) gave a brief discussion of

notodontid adults and larvae, as well as short
diagnoses for the 59 species occurring in
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Southern Africa, with color photographs of
adults. Synonymies, distribution data, and
larval host plants (where available) were also
listed.
The Indo-Australian fauna was given com-

prehensive treatment by Gaede (1930), who
recognized approximately 400 species in 100
genera. Gaede gave a short diagnosis for each
species and figured adults of most taxa. The
only other complete treatment of the Indo-
Australian fauna was by Kiriakoff(1968). Al-
though few species had been described since
Gaede (1930), Kiriakoff recognized 228 rath-
er than 100 genera. Again, most ofthose new
generic names are attributable to Kiriakoff
himself.
An early work on the fauna of India and

surrounding regions was Moore's (1882). He
treated only 10 species (in 10 genera), but
was among the first to classify the Notodon-
tidae of that region. Moore recognized two
subfamilies: the Dicranurinae (= Cerurinae)
and the Notodontinae. Hampson (1892) pre-
sented a broader and more detailed treat-
ment. He covered 114 species (20 newly de-
scribed) in 37 genera and provided a short
definition of the Notodontidae, but did not
attempt to subdivide the family. In addition
to presenting a generic key based on wing
venation, Hampson gave a short synopsis for
each species. Bryk (1949) gave diagnoses and
distribution data for 51 species of Notodon-
tidae, 23 of which were newly described, oc-
curring in India and Burma.

Gardner's papers (1943, 1946), describing
larvae of 19 Indian genera, detail notodontid
larval morphology. Gardner provided keys,
as well as descriptions and figures of numer-
ous morphological structures, many ofwhich
he discovered. He did not address classifi-
cation, nor did he combine his findings with
what Hampson (1892) had found concerning
adults. Regardless, these are extremely im-
portant works.
The Australian Notodontidae, a relatively

small fauna (Holloway, 1983), were discussed
by Turner (1903), who recognized 31 species
in 19 genera. Ten species were newly de-
scribed. In the next two decades, the number
of taxa increased to 64 species in 33 genera,
divided between two subfamilies: the Cneth-
ocampinae (= Thaumetopoeinae) with nine
genera and the Notodontinae with 24 (Tur-

ner, 1922). Turner gave diagnostic features
for both subfamilies.
The notodontid fauna ofBorneo was treat-

ed by Holloway (1976, 1983). He provided
a useful general introduction to the family,
including briefdiscussions ofadult and larval
morphology, host-plant relationships, and
biogeography (Holloway, 1983), and gave di-
agnostic features for the 122 species of No-
todontidae occurring in Borneo. Male geni-
talia of all taxa were figured, and black-and-
white (1976) or color (1983) photographs of
adults were provided. Holloway discussed
everything known concerning the larvae of
each species. The works of van Eecke (1930)
and Bender (1985), covering the Sumatran
Notodontidae, supplement Holloway's. In the
first of these, 32 species in 15 genera were
recognized, while Bender, who followed the
generic nomenclature of Kiriakoff (1968),
recognized 176 species in 86 genera. Bender
(1985) figured male and female genitalia for
a few species, but adults ofall taxa were shown
in color.

Smaller papers discussing Indo-Australian
Notodontidae include Kiriakoff (1970d,
1974), Dierl (1976a, 1976b), Schintlmeister
(1981, 1987), Holloway and Bender (1985),
and Biinziger (1988a). Barlow (1982) pre-
sented brief discussions for 23 Southeast
Asian species.
The Notodontidae ofthe eastern Palearctic

region were treated by Leech (1889, 1898).
Leech listed 69 notodontid species in 33 gen-
era from China, Japan, and Korea. Eleven
species were newly described. In a more re-
cent work, Chistyakov (1977) discussed the
74 species of Notodontidae occurring in the
Maritime Territory of the eastern Palearctic.
An impressive early work on the Noto-

dontidae of Japan, Korea, and Taiwan was
published by Marumo (1920). He treated 115
species in 45 genera, with five new species
and five new genera. His paper gives a key
to the genera (for adults) based largely on
wing venation, palpi, and legs. In addition,
Marumo presented a detailed diagnosis for
each genus with a list ofincluded species. For
each species he summarized the taxonomic
literature, discussed distribution, and de-
scribed the immature stages (larval and pu-
pal) where these were known. Adult struc-
tures, including labial palpi, antennae,
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epiphyses, and wing venation, were beauti-
fully figured, and color illustrations of most
adults and some larvae were presented. Un-
fortunately, Marumo did not address classi-
fication of the Notodontidae above the ge-
neric level.
Matsumura described notodontid species,

genera, and subfamilies from Japan, Korea,
and Taiwan. Sugi (1979) cataloged Matsu-
mura's types (over 100 species), designated
lectotypes, and provided photographs. The
majority of Matsumura's papers described
species and genera without reference to no-
todontid classification or morphology. How-
ever, in two papers (Matsumura, 1925, 1929b)
he classified the Palearctic Notodontidae into
11 subfamilies, six of which were new, and
provided a subfamilial key. For three of
these-the Dudusinae, Stauropinae, and Cer-
urinae (= Dicranurinae)-Matsumura listed
generic keys and diagnoses, as well as species
checklists for Japan and Taiwan. The diag-
noses were based largely on wing venation,
as well as on antenna, proboscis, and leg mor-
phology.
More recently, Sugi (1982) cataloged the

Japanese Notodontidae, providing color
photographs and distribution data. He has
also described new species from Japan (e.g.,
Sugi, 1977, 1980). Color photographs of
adults and larvae for Japanese species, as well
as host-plant records, can be found in Issiki
et al. (1969) and Sugi (1987a).
Nam (1985) revised the same notodontid

subfamilies detailed by Matsumura (1929b)-
the Dudusinae, Stauropinae, and Ceruri-
nae-for the the fauna of Korea. His paper
(in Korean) also gives a key to the 11 sub-
families recognized by Matsumura (1929b).
Schintlmeister (1989) listed the entire Ko-
rean fauna, a total of 82 species.
The fauna of China was studied by Cai

(1979a, 1979b). Although 144 species in 50
genera were discussed, the larger of the two
papers (1979a) is in Chinese, making it in-
accessible to most workers. Cai also (1979a)
presented known host-plant records.
The western Palearctic notodontid fauna

has been studied extensively by Schintlmeis-
ter (1979, 1982, 1985). In the 1985 paper,
Schintlmeister analyzed 50 characters for 47
European species. Overall similarities be-
tween taxa were measured, and phenograms

were generated. Schintlmeister claimed that
"clearly the ranks of genera and subfamilies
are shown in the dendograms" (1985: 43). In
my section entitled Classification of the No-
todontidae, I reanalyze Schintlmeister's data
using parsimony methods and discuss the re-
sults. Schintlmeister et al. (1987) listed the
128 species ofNotodontidae known to occur
in the USSR. The authors made several tax-
onomic changes, including synonymizing one
of Kiriakoffs genera and reducing another to
subgeneric status.
The most recent treatment of the Western

Palearctic fauna is by de Freina and Witt
(1987), who covered 46 species in 24 genera.
Although they did not present keys, they dis-
cussed habitat and geographical distribution
and gave diagnoses. They included drawings
of male and female genitalia for almost all
species and color photographs ofadults. Their
contribution also summarizes the literature
on notodontid larvae. Carter (1982) treated
14 species ofNotodontidae. For each species
he showed a color photograph of the adult
and presented a short discussion of distri-
bution and life history, including known lar-
val hosts.
Two works have treated the Palearctic no-

todontid fauna in its entirety. The first work
was by Griinberg (1912). At that time, the
fauna comprised 167 species in 45 genera. In
the style typical of Seitz volumes, there were
no keys, but each genus and species was di-
agnosed and color illustrations ofadults were
included. For diagnostic features, Griinberg
employed the character systems (all based on
adults) traditionally used by early notodontid
workers: wing venation, shape of the labial
palpi, antenna morphology, number of pairs
of metatibial spurs, and whether the eyes are
"naked" or "hairy." He also discussed known
immature stages in some detail.
The second complete treatment of Pale-

arctic Notodontidae was by Kiriakoff(1967).
He presented a key to the genera and then
listed each with a diagnosis and included spe-
cies. Kiriakoff figured male genitalia for at
least one species in each genus and presented
photographs of adults representing 54 taxa.
The number ofrecognized species had almost
doubled, from 167 in Griinberg (1912) to 331
in Kiriakoff (1967). The number of genera
more than tripled, from 45 in Griinberg to
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169, with 46 new generic names attributable
to Kiriakoff and 22 to Matsumura. Many of
these newer genera are monobasic.

In most of the studies cited above, the
Thaumetopoeinae were not placed in a sep-
arate category. For example, Gaede (1930)
listed thaumetopoeine genera in the Noto-
dontidae without giving them special status.
Turner (1922), on the other hand, separated
them into the subfamily Cnethocampinae.
The family group name (as Thaumetopoein-
ae) dates back to Aurivillius (1889). The en-
tire group was revised and catalogued by Kir-
iakoff (1970b), who argued that it should be
accorded family status.
The Neotropical tribe Dioptini has re-

ceived relatively little attention from taxon-
omists. Prout (1918) and Hering (1925) listed

known species and revised the genera on the
basis of wing venation. The only available
catalog was written by Bryk (1930), while the
figures and diagnoses in Hering (1925) pro-
vide the best means for species identification.
Forbes (1931) gave preliminary keys to the
difficult genera Dioptis Hiibner and Josia
Hiibner. He later discussed the six species (in
four genera) collected on Barro Colorado Is-
land (Forbes, 1939a). Weller (1989), who used
two dioptine species, Scotura nervosa Schaus
and Erbessa celata Warren (=unimacula), as
outgroup exemplars in her study of the Nys-
taleini, figured wing venation and tympanal
structure for these. Additional discussions of
dioptine taxonomy and anatomy can be found
in Miller (1987a, 1988a, 1989) and Godfrey
et al. (1989).

METHODS

SPECIES EXAMINED (OUTGROUP)

The Noctuoidea is the largest lepidopteran
superfamily (Turner, 1946), with estimates
of over 50,000 described species (Weller,
1989). Our current understanding of rela-
tionships between the included families is ru-
dimentary. The potential outgroups for this
study include the Lymantriidae, Arctiidae,
and Noctuidae. Each of these is extremely
large and diverse, and each is, at present,
poorly defined. My approach was to select 12
taxa to represent the major non-notodontid
noctuoid lineages (table 1). These species were
chosen with the help of specialists on the
groups concerned. My outgroup list includes
representatives from most ofthe major quad-
rifid noctuoid subfamilies (see figs. 1-10).
The list also includes two genera, Diloba

Boisduval and Doa Neumoegen and Dyar,
that have historically been difficult to place
in any existing family or subfamily. Both
have, at one time or another, been referred
to the Notodontidae. Diloba contains a single
species, D. caeruleocephala Linnaeus (figs. 1 1,
12). Various authors have placed it in the
Notodontidae, Lymantriidae, Arctiidae, or
Thyatiridae, as well as in the noctuid sub-
families Acronictinae, Plusiinae, Pantheinae,
and Cuculliinae (Richards, 1932; Sick, 1935;
Pierce and Beirne, 1941; Watson et al., 1980;

Kitching, 1984a; Kristensen, 1985). Kiriakoff
(1970c), on the basis of tympanal morphol-
ogy, argued that the species belongs in its own
family, the Dilobidae. Duponchel (1845),
Fletcher (1972), and Carter (1982) consid-
ered it to be a notodontid. Most recently,
Kitching (1984a) and Kristensen (1985) have
followed Minet's (1983) recommendation that
D. caeruleocephala is not a notodontid, but
should (tentatively) be included in the Cu-
culliinae. Because of the controversy sur-
rounding this species and the possibility that
it might have affinities with the Notodonti-
dae, I included Diloba in my analysis.
Doa is another enigmatic genus. It has been

moved from the Arctiidae to the Lymantri-
idae to the Pericopinae (Arctiidae), back to
the Lymantriidae, and back again to the Per-
icopinae (Watson et al., 1980; Brown, 1990).
Franclemont (1983) placed it, along with the
genus Leuculodes Dyar, in a separate tribe of
the Pericopinae. After examining the larva of
D. ampla, Donahue and Brown (1987) ar-
gued that the genus does not belong in any
of these groups and, as an interim solution,
recognized the family Doidae for Doa and
Leuculodes. Doa contains five species (Bryk,
1934; Brown, 1990), with D. ampla (fig. 13)
occurring in North America and the others
ranging from Mexico south to Venezuela and
Colombia. Forbes (1923) first placed Doa as
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Figs. 1-6. Dorsal views of adult moths used in the study (outgroup species); FW = forewing. 1.

Dasychira dorsipennata Barnes and McDunnough, male (Maine, AMNH; FW length = 18 mm). 2.
Lymantria dispar (Linnaeus), male (New York, AMNH; FW length = 19 mm). 3. Hypoprepia miniata
(Kirby), female (New Jersey, AMNH; FW length = 14 mm). 4. Spilosoma virginica (Fabricius), male
(Illinois, AMNH; FW length = 18 mm). 5. Nycteolafrigidana (Walker), female (Missouri, AMNH; FW
length = 12 mm). 6. Nola pustulata (Walker), female (New Jersey, AMNH; FW length = 10 mm).
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Figs. 7-12. Dorsal views of adult moths used in the study (outgroup species). 7. Peridroma saucia

(Hiibner), male (Georgia, AMNH; FW length = 22 mm). 8. Acronicta americana (Harris), male (New
Jersey, AMNH; FW length = 25 mm). 9. Pantheafurcilla (Packard), female (Connecticut, AMNH; FW
length = 18 mm). 10. Alypia octomaculata Fabricius, male (New York, AMNH; FW length = 14 mm).
11. Diloba caeruleocephala (Linnaeus), male (West Germany, BMNH; FW length = 17 mm). 12. Diloba
caeruleocephala (Linnaeus), female (Greece, BMNH; FW length = 18 mm).
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Figs. 13-18. Dorsal views of adult moths used in the study. 13. Doa ampla Grote, male (Arizona,

AMNH; FW length = 15 mm). 14. Oenosandra boisduvalii (Newman), male (Australia, BMNH; FW
length = 23 mm). 15. Oenosandra boisduvalii (Newman), female (Australia, BMNH; FW length = 26
mm). 16. Traumatocampa pityocampa (Denis and Schiffermliler), male (Spain, AMNH; FW length =
16 mm). 17. Anaphe panda (Boisduval), male (W. Africa, USNM; FW length = 20 mm). 18. Epicoma
melanosticta (Donovan), male (Australia, AMNH; FW length = 17 mm).
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19 20
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23 24
Figs. 19-24. Dorsal views of adult moths used in the study (ingroup species). 19. Thaumetopoea

processionea (Linnaeus), male (Austria, AMNH; FW length = 13 mm). 20. Ptilophora plumigera (Denis
and Schiffermiuller), male (Germany, AMNH; FW length = 18 mm). 21. Spatalia jezoensis Wileman
and South, male (Japan, CU; FW length = 19 mm). 22. Fentonia ocypete Bremer, male (Japan, AMNH;
FW length = 21 mm). 23. Goacampa variabilis Schaus, male (Mexico, AMNH; FW length = 16 mm).
24. G. variabilis Schaus, female (Mexico, AMNH; FW length = 17 mm).
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Figs. 25-30. Dorsal views of adult moths used in the study (ingroup species). 25. Clostera albosigma

Fitch, male (Massachusetts, AMNH; FW length = 15 mm). 26. Lirimiris truncata Herrich-Schiiffer, male
(Arizona, AMNH; FW length = 26 mm). 27. Quadricalcarifera viridimaculata Matsumura, male (Taiwan,
USNM; FW length = 24 mm). 28. Liparopsis postalbida Hampson, female (Taiwan, CMNH; FW length
= 19 mm). 29. Notodonta scitipennis Walker, male (New Jersey, AMNH; FW length = 17 mm). 30.
Odontosia elegans Strecker, male (Wisconsin, AMNH; FW length = 25 mm).
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Figs. 31-36. Dorsal views of adult moths used in the study (ingroup species). 31. Pheosia rimosa
Packard, female (Utah, AMNH; FW length = 28 mm). 32. Gluphisia septentrionis Walker, female
(Ontario, AMNH; FW length = 14 mm). 33. Furcula borealis Guerin-Meneville, female (New Jersey,
AMNH; FW length = 21 mm). 34. Cerura liturata Walker, male (Philippines, USNM; FW length = 30
mm). 35. Stauropusfagi (Linnaeus), male (Germany, AMNH; FW length = 26 mm). 36. Cnethodonta
grisescens Staudinger, male (Japan, AMNH; FW length = 18 mm).
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Figs. 37-42. Dorsal views ofadult moths used in the study (ingroup species). 37. Harpyia microsticta
(Hampson), male (Malaysia, AMNH; FW length = 25 mm). 38. Heterocampa averna Barnes and
McDunnough, male (Arizona, AMNH; FW length = 20 mm). 39. Schizura biedermani Barnes and
McDunnough, male (Texas, AMNH; FW length = 25 mm). 40. Schizura unicornis (J. E. Smith), male
(Pennsylvania, AMNH; FW length = 14 mm). 41. Macrurocampa marthesia (Cramer), male (New Jersey,
AMNH; FW length = 22 mm). 42. Lochmaeus bilineata Packard, male (New Jersey, AMNH; FW length
= 18 mm).
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Figs. 43-48. Dorsal views of adult moths used in the study (ingroup species). 43. Datana ministra
(Drury), female (New Jersey, AMNH; FW length = 20 mm). 44. Phalera bucephala (Linnaeus), male
(Germany, AMNH; FW length = 23 mm). 45. Antheua simplex Walker, male (Cameroun, CMNH;
FW length = 25 mm). 46. Nadata gibbosa (J. E. Smith), female (Ontario, AMNH; FW length = 25 mm).
47. Peridea angulosa (J. E. Smith), female (Connecticut, AMNH; FW length = 24 mm). 48. Ellida
caniplaga Walker, male (New Jersey, AMNH; FW length = 18 mm).
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Figs. 49-54. Dorsal views of adult moths used in the study (ingroup species). 49. Crinodes besckei
(Hiubner), male (Peru, AMNH; FW length = 34 mm). 50. Dudusa synopla Swinhoe, male (Taiwan,
CMNH; FW length = 51 mm). 51. Tarsolepisjaponica Wileman and South, female (Taiwan, CMNH;
FW length = 35 mm). 52. Cargida pyrrha (Druce), female (Arizona, AMNH; FW length = 21 mm). 53.
Gargetta costigera Walker, male (Assamn, USNM; FW length = 20 mm). 54. Scrancia stictica Hampson,
female (South Africa, BMNH; FW length = 23 mm).
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Figs. 55-60. Dorsal views of adult moths used in the study (ingroup species). 55. Erbessa glaucaspis

(Walker), male (Ecuador, BMNH; FW length = 16 mm). 56. Phaeochlaena gyon (Fabricius), male (Brazil,
CMNH; FW length = 17 mm). 57. Phryganidia californica Packard, male (California, AMNH; FW
length = 18 mm). 58. Zunacetha annulata (Guerin-Meneville), male (Panama, USNM; FW length = 14
mm). 59. Cyanotricha necyria (Felder), male (Ecuador, USNM; FW length = 16 mm). 60. Josia ligata
Walker, female (Honduras, CMNH; FW length = 18 mm).
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Figs. 61-66. Dorsal views of adult moths used in the study (ingroup species). 61. Nystalea nyseus

(Cramer), male (Guyana, AMNH; FW length = 22 mm). 62. Dasylophia anguina (J. E. Smith), male
(New Jersey, AMNH; FW length = 17 mm). 63. Symmerista albifrons (J. E. Smith), male (Florida,
AMNH; FW length = 16 mm). 64. Hippia packardii Morrison, male (Arizona, AMNH; FW length =

14 mm). 65. Didugua argentilinea Druce (Texas, AMNH; FW length = 15 mm). 66. Hemiceras bilinea
Schaus, female (Mexico, AMNH; FW length = 21 mm).
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Figs. 67-74. Last instar larvae ofNotodontidae. 67. Traumatocampa pityocampa (Italy). 68. Anaphe

panda (Cameroun). 69. Odontosia elegans (Pennsylvania). 70. Gluphisia septentrionis (New York). 71.
Furcula borealis (Pennsylvania). 72. Liparopsispostalbida (Taiwan). 73. Quadricalcarifera viridimaculata
(Taiwan). 74. Peridea angulosa (Pennsylvania). Figure 67 (photographed by R. Lewington) courtesy of
David Carter (BMNH). All other photographs by John E. Rawlins (CMNH).
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Figs. 75-82. Larvae of Notodontidae (final instar except where noted). 75. Scrancia stictica (penul-
timate instar, Cameroun). 76. Crinodes besckei (penultimate instar, Costa Rica). 77. Macrurocampa
marthesia (Pennsylvania). 78. Heterocampa biundata (Pennsylvania). 79. Harpyia microsticta (Taiwan).
80. Stauropusfagi (Taiwan). 81. Hemiceras bilinea (penultimate instar, Costa Rica). 82. Hippia packardii
(Texas). Figures 76 and 81 photographed by George L. Godfrey (INHS). All other photographs by John
E. Rawlins (CMNH).
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Figs. 83-90. Last instar larvae of Notodontidae. 83. Pheosia rimosa (New York). 84. Notodonta
simplaria (New York). 85. Cerura tattakana (Taiwan). 86. Antheua simplex (Camreroun). 87. Ellida
caniplaga (Pennsylvania). 88. Nadata gibbosa (Pennsylvania). 89. Dudusa synopla (Taiwan). 90. Tar-
solepis japonica (Taiwan). All photographs by John E. Rawlins (CMNH).
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Figs. 91-98. Last instar larvae of Notodontidae. 91. Goacampa variabilis (Costa Rica). 92. Cneth-
odonta grisescens (Taiwan). 93. Schizura unicornis (Texas). 94. Lochmaeus bilineata (Pennsylvania). 95.
Dasylophia anguina (Pennsylvania). 96. Symmerista albifrons (Pennsylvania). 97. Phryganidia californica
(California). 98. Josia ligata (Ecuador). Figure 91 photographed by George L. Godfrey (INHS). All other
photographs by John E. Rawlins (CMNH).
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part ofan unresolved polytomy involving the
quadrifid Noctuoidea (see fig. 521), but later
stated, "It now appears that Doa is more
closely related to the Dioptidae than I showed
it" (1948: 203). On the basis of this sugges-
tion, I included Doa in my list.

This outgroup sample was intended to rep-
resent a wide range of morphological diver-
sity for the quadrifid Noctuoidea. However,
the Noctuidae is such a large family that its
representation in my analysis is, of necessity,
incomplete; 18 subfamilies are currently rec-
ognized for the North American fauna alone
(Franclemont and Todd, 1983). My approach
to selecting an outgroup can only be consid-
ered an approximation, but I believe it was
the only reasonable course to take (see dis-
cussions in Scoble, 1986, 1988; Weintraub
and Miller, 1987; Miller, 1988b). Further-
more, experimentation with cladogram root-
ing indicated that ingroup topology was large-
ly unaffected by composition ofthe outgroup
(see Cladistic Results).

SPECIES EXAMINED (INGROUP)
I selected 52 species to represent the No-

todontidae in my analyses. These are listed
in table 1 according to the classification I
propose. Adults of each are shown in figures
14-66, and representative larvae are illus-
trated in figures 67-98. The species were cho-
sen on the basis oftwo criteria. First, I wanted
to include representatives ofthe major groups.
Again, species were chosen with the help of
specialists on systematics ofthe family. I have
not focused on resolving placement of un-
usual and taxonomically troublesome spe-
cies, but instead I studied taxa that would
potentially represent major species radiations
and would provide a broad coverage of mor-
phological diversity and biogeographic dis-
tribution.
The second criterion for choosing species

was availability of larval material. Because
earlier notodontid taxonomists relied heavily
on morphology of the caterpillars, it was es-
sential that I include larval as well as adult
characters in my analysis. I therefore selected
only those taxa for which I could obtain last
instar larval specimens. This introduced lim-

itations. For example, larvae are unknown
for some of the largest and most important
dioptine genera, including the type genus of
the group, Dioptis Walker. The Neotropical
notodontid tribe Hemiceratini is poorly rep-
resented in my sample because immatures
are largely unknown. For the rest of the No-
todontidae, however, I was able to procure a
fairly good representation (see table 1). Un-
fortunately, I was unable to obtain earlier in-
stars or pupae for all the exemplar species.
These will perhaps provide fruitful ground
for future study (see Congruence Between
Adult and Larval Data).

Adults of many of the ingroup species I
used, as well as closely related species from
the same genera, have been figured (often in
color) in the works of Packard (1895a), Oka-
gaki (1958), Pinhey (1975), Holloway (1983),
and Bender (1985). Adults of species repre-
senting 15 of the genera used in this study
were figured by Sugi (1982). He treated the
following genera: Dudusa, Tarsolepis, Stau-
ropus, Quadricalcarifera, Cnethodonta, Cer-
ura, Furcula, Harpyia, Phalera, Pheosia, No-
todonta, Peridea, Odontosia, Gluphisia, and
Clostera. Habitus figures of larvae for many
of my exemplar species appear in Packard
(1895a), Kalshoven (1981), and Godfrey and
Appleby (1987). Issiki et al. (1969) figured
the larvae of species in the following genera
represented in my study sample: Stauropus,
Cnethodonta, Tarsolepis, Fentonia, Cerura,
Peridea, Ptilophora, Harpyia, Phalera, and
Clostera.

PREPARATION OF MATERIAL

For each species, I dissected the whole body
of male and female adults. Usually only a
single specimen of each sex was examined.
Wings were first removed, and the rest of the
body was soaked either in cold potassium
hydroxide for 24 hours or in hot potassium
hydroxide for 10 minutes. Scales and soft tis-
sues were then removed with a brush. Gen-
italia were left attached to the body except
where preparations were required for pho-
tographs, in which case they were mounted
on slides. Genitalic slides for North Ameri-
can Notodontidae, mounted in Canada bal-
sam, were kindly lent by J. G. Franclemont.
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TABLE 1
Species Included in the Cladistic Analysis

(Ingroup species arranged according to the proposed classification)

Larval localitiesa
Notodontidae
Thaumetopoeinae

Anaphe Walker
panda (Boisduval)

Epicoma Hiibner
melanosticta (Donovan)

Traumatocampa Wallengren
pityocampa (Denis and Schiffermiiller)

Thaumetopoea Hiubner
processionea (Linnaeus)

Pygaerinae
Clostera Samouelle
albosigma Fitch

Platychasmatinae
Platychasma Butler

virgo Butler

Notodontinae
Notodontini

Notodonta Ochsenheimer
scitipennis Walker

Odontosia Hiubner
elegans (Strecker)

Pheosia Hiibner
rimosa Packard

Dicranurini
Ptilophora Stephens
plumigera (Denis and Schiffermiiller)

Gluphisia Boisduval
septentrionis Walker

Furcula Lamarck
borealis (Guerin-Meneville)

Cerura Schrank
tattakana Matsumurab

Liparopsis Hampson
postalbida Hampson

Quadricalcarifera Strand
viridimaculata Matsumura

Phalerinae
Phalera Hiibner
bucephala (Linnaeus)

Datana Walker
ministra (Drury)

Antheua Walker
simplex Walker

Peridea Stephens
angulosa (J. E. Smith)

Nadata Walker
gibbosa (J. E. Smith)

S. Africa (BMNH)

S. Australia (BMNH)

Spain (BMNH)

"Europe" (CU)

Montana (CU)

Japan (S. Sugi)

New York (CU)

New York (CU)

Arizona (CU)

Switzerland (BMNH)

New York (CU)

New York (CU)

Taiwan (CMNH)

Taiwan (CMNH)

Taiwan (CMNH)

England (BMNH)

Illinois (INHS)

Cameroun (CMNH)

New York (CU)

New York (CU)
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TABLE 1-(Continued)

Larval localitiesv

Ellida Grote
caniplaga (Walker)

Dudusinae
Dudusini

Tarsolepis Butler
japonica Wileman and South

Dudusa Walker
nobilis Walker

Crinodes Herrich-Schiffer
besckei (Hiibner)

Cargida Schaus
pyrrha (Druce)

Goacampa Schaus
variabilis Schaus

Scranciini
Scrancia Holland

stictica Hampson
Gargetta Walker

costigera Walker

Heterocampinae
Spatalia Hubner
jezoensis Wileman and South

Fentonia Butler
ocypete Bremer

Heterocampini
Lochmaeus Doubleday

bilineata (Packard)
Schizura Doubleday
biedermani Barnes and McDunnough

Heterocampa Doubleday
obliqua Packard

Macrurocampa Dyar
marthesia (Cramer)

Stauropini
Schizura Doubleday

unicornis (J. E. Smith)
Cnethodonta Staudinger
grisescens Staudinger

Harpyia Ochsenheimer
microsticta (Hampson)

Stauropus Germar
fagi (Linnaeus)

Dioptinae
Erbessa Walker
glaucaspis (Walker)

Phaeochlaena Hubner
gyon (Fabricius)

Phryganidia Packard
californica Packard

New York (CU)

Taiwan (CMNH)

Taiwan (CMNH)

Costa Rica (INHS)

Arizona (CU)

Costa Rica (INHS)

Cameroun (CMNH)

Thailand (BMNH)

Japan (BMNH)

Japan (BMNH)

Illinois (INHS)

Arizona (CU)

Illinois (INHS)

New York (CU)

New York (CU)

Japan (BMNH)

Taiwan (CMNH)

Japan (BMNH)

Venezuela (BMNH)

Brazil (BMNH)

California (USNM)
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TABLE 1-(Continued)

Larval localitiesa

Zunacetha Walker
annulata (Gu6rin-Meneville)

Josia Hiibner
ligata Walker

Cyanotricha Prout
necyria (Felder)

Nystaleinae
Symmerista Hiibner

albifrons (J. E. Smith)
Didugua Druce

argentilinea Druce
Hippia Moschler
packardii (Morrison)

Nystalea Guen6e
nyseus (Cramer)

Dasylophia Packard
anguina (J. E. Smith)

Incertae Sedis
Lirimiris Walker

truncata (Herrich-Schiffer)
Hemiceras Guenee

bilinea Schaus

Doidae
Doa Neumoegen and Dyar
ampla Grote

Oenosandridae
Oenosandra Walker

boisduvalii (Newman)
Lymantriidae

Lymantria Hiubner
dispar (Linnaeus)

Dasychira Hiubner
dorsipennata Barnes and McDunnough

Arctiidae
Spilosoma Curtis (Arctiinae)

virginica (Fabricius)
Hypoprepia Hiubner (Lithosiinae)
miniata (Kirby)

Noctuidaec
Panthea Hiibner (Pantheinae)
furcilla (Packard)

Diloba Boisduval (Cuculliinae)
caeruleocephala (Linnaeus)

Alypia Hiibner (Agaristinae)
octomaculata (Fabricius)

Peridroma Hiibner (Noctuinae)
saucia (Hiibner)

Acronicta Ochsenheimer (Acronictinae)
americana (Harris)

Panama (AMNH)

Ecuador (SJW)

Colombia (AMNH)

Florida (CU)

Texas (USNM)

Arizona (CU)

Venezuela (BMNH)

Virginia (CU)

Ecuador (SJW)

Costa Rica (INHS)

Arizona (CU)

S. Australia (BMNH)

New York (CU)

Pennsylvania (ELQ)

New York (CU)

Pennsylvania (ELQ)

Pennsylvania (ELQ)

England (BMNH)

Pennsylvania (ELQ)

New York (CU)

New York (CU)
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TABLE 1-(Continued)

Larval localitiesa

Nycteola Hiibner (Sarrothripinae)
frigidana (Walker) Virginia (CU)

Nola Leach (Nolinae)
pustulata (Walker) Massachusetts (TLM)

a Abbreviations for museums and collections are as follows: American Museum ofNatural History (AMNH), British
Museum (Natural History) (BMNH), Canegie Museum of Natural History (CMNH), J. G. Franclemont Collection,
Cornell University (CU), Illinois Natural History Survey (INHS), Timothy L. McCabe Collection (TLM), Eric L.
Quinter Collection (ELQ), United States National Museum (USNM), Susan J. Weller Collection (SJW).

b Adult male characters based on Cerura liturata Walker.
c Subfamily assignments according to Franclemont and Todd (1983) and Kitching (1984a, 1987).

My own slide preparations were mounted us-
ing previously described techniques (Miller,
1987a). Photographs from slide mounts were
made using a Zeiss MC63 Polaroid camera
attached to a Zeiss SV8 stereomicroscope.
The following adult characters were ex-

amined with scanning electron microscopy
(SEM): features of the proboscis, the female
frenulum, tibial spurs, and the pretarsus. Lar-
val characters examined with SEM included
abdominal MD setae, tarsal claws and setae,
head microsculpture, cuticle microsculpture,
and mouthparts, especially the maxillary
complex. For adults, structures from dried
specimens were mounted on stubs in col-
loidal graphite or silver paint. Proboscises
were removed with forceps and the two ga-
leae separated. These were then rinsed and
lightly agitated in 70% ethanol and mounted
on stubs. For species with an extremely short
proboscis, the labial palpi were removed and
the entire head mounted. Two scanning elec-
tron microscopes (both at the AMNH) were
used during the course of my research: a
Cambridge Stereoscan 250 and a Ziess DSM
950. Larval parts were critical-point dried and
mounted following the procedures described
in Godfrey et al. (1989) and Grimes and
Neunzig (1986a, 1986b).

Preparation oflarval material for SEM, es-
pecially critical-point drying of soft parts, is
time consuming and produced inconsistent
results. The inconsistencies seem to result
from differences in both age and means of
preservation of the original sample. In ad-
dition, for some species I was able to obtain

only one or two larval specimens and was
hesitant to destroy them by preparation for
SEM. It was therefore impossible to study
each species with SEM, although doing so
would likely provide additional larval char-
acter data.

MORPHOLOGICAL TERMS

Nomenclature for general adult morphol-
ogy follows Forbes (1923), Ehrlich (1958a),
Hodges (1971), Davis (1986), and Weller
(1989). Genitalic terminology follows Klots
(1970), Miller (1987a, 1988a, 1989), and
Weller (1989, 1990). Wing veins are named
in accordance with the scheme of Common
(1979). Nomenclature for larval morphology
follows Gerasimov (1952), Peterson (1962),
and Stehr (1987a). Terms for more special-
ized adult and larval structures are discussed
under the appropriate character descriptions.
Of the adult and larval characters I used,

some had been studied in detail by earlier
workers, some had been only superficially ex-
amined, and some are described here for the
first time. In all cases, I examined the char-
acters firsthand; none of my interpretations
were drawn solely from literature descrip-
tions. For ingroup taxa I describe and/or fig-
ure all apomorphic character states except
those that have been well documented in oth-
er recent papers. I also describe some char-
acters that proved to be autapomorphic. My
rationale for doing so is that, because I ex-
amined few taxa relative to the number of
notodontid species and genera, states that are
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autapomorphic in my study may provide fu-
ture workers with characters for uniting larger
inclusive groups. Autapomorphic characters
were not included in my cladistic analyses. I
do not discuss outgroup characters in detail,
but instead treat features that bear on the
ingroup.

CLADISTIC ANALYSES
The data were analyzed using the Hennig86

parsimony program written by Farris (1988,
Version 1.5). Of the 174 characters used,
56 were multistates. Among these 56, the
number of states recognized per character was
generally small; 14 have three states and 18
have four. The largest number of states used
for any character was six (see Appendix I).
Thirty-seven ofthe multistate characters were
treated as nonadditive, but reasonable trans-
formational hypotheses could be proposed for
19 characters and those were treated as ad-
ditive. Missing data, as well as cases where I
was unsure concerning a character state as-
signment, were scored as "?"

Unfortunately, Version 1.5 of Hennig86
does not have a means for reading character
state trees (see Mickevich, 1982; Mickevich
and Weller, 1990). This had two conse-
quences for my analyses. First, each multi-
state character had to be treated as either
completely additive or completely nonaddi-
tive (see documentation for Hennig86). For
particular characters (e.g., Characters 9, 37,
86) that were coded as nonadditive, I would

SPhave preferred to impose at least partial ad-
ditivity. Second, inability to code character
state trees made it impossible to examine
character evolution hypotheses and perform
transformation series analysis (Mickevich,
1982; Mickevich and Weller, 1990). My data
will be studied using those methods of char-
acter analysis when future versions of either
Hennig86 or PAUP become available. The
results will be published in a separate paper.

I experimented with treating particular
characters as additive versus nonadditive and
different cladograms resulted. For example,
if all 174 characters are treated as nonaddi-
tive, there is almost no resolution with regard
to relationships among subfamilies. Further,
changes in treatment of relatively few char-

acters often had dramatic effects on clado-
gram topology, especially at the more basal
nodes. However, the classification I propose
in this paper would be largely unaffected by
these differences in results. Appendix I lists
the characters and specifies which character
coding was applied to each.
The complete data matrix employed 63

taxa. The cladogram was rooted using the
outgroup criterion. I searched for shortest
cladograms using the following method. First,
the "mhennig*" option constructed several
initial trees by making passes through the data.
Branch-swapping was performed on each of
these. The preliminary trees were then treat-
ed with the "bb*" command, which applies
extended branch-swapping to the trees found
by "mhennig*", generating all the clado-
grams it can find. The "bb*" option was em-
ployed (rather than "bb") because it utilizes
all available tree memory space to store its
results, although in my study relatively few
trees were found.

In certain cases, autapomorphic character
states appear in the data matrix. For example,
Character 101 describes the surface structure
of the larval head. In caterpillars ofLiparop-
sis postalbida the head is covered with large
spicules, a morphology unique among the
species in my study sample. I therefore rec-
ognized a separate character state for the lar-
val head surface of L. postalbida. Other ex-
amples of autapomorphic character states
include the greatly modified spinneret of
Cnethodonta grisescens (Character 126) and
the female eighth tergum ofPhryganidia cal-
ifornica (Character 53). When additional no-
todontid species are studied, all ofthese may
provide evidence of relationship.
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CLADISTIC RESULTS
Cladistic analysis of the final data set pro-

duced eight equally parsimonious clado-
grams, each with a length of 853 steps, a re-
tention index (RI) of 0.66, and a consistency
index (CI) of0.30. A strict consensus ofthose
eight trees is shown in figures 99 and 100.
The data were also analyzed using the most
recent version ofPAUP (Version 3.OE; Swof-
ford, 1990) and identical results were ob-
tained. In all analyses, characters were un-
weighted. The consensus tree is fully resolved
except for three trichotomies within other-
wise well-defined clades.
Formation of major monophyletic group-

ings in the Notodontidae and understanding
relationships among those were my primary
interests. Resolving the three trichotomies
was largely irrelevant to this study. However,
in an attempt to select one tree from among
the eight trees of equal length, I applied suc-
cessive approximations character weighting
(SACW; Farris, 1969; Carpenter, 1988). Af-
ter five iterations the SACW procedure pro-
duced nine rather than eight trees. When cor-
rected for increased weights, the SACW trees
were also longer than the original ones. I chose
to accept my initial unweighted results.

Carpenter (1988) noted that for SACW to
be effective, additive binary coding should be
applied to multistate characters so they do
not artificially receive greater weight. My data
were not coded in that manner.
The two types of analyses produced trees

of slightly different topology. Importantly,
these differences would require very little
change in the classification I propose. First,
in the SACW trees, the genus Hemiceras aris-
es as the sister group ofthe Dudusinae (Clade
27, fig. 100) rather than as the sister group
of Clade 35. However, I regard Hemiceras to
be incertae sedis, so this result is inconse-
quential. The only other significant difference
between the SACW and unweighted analyses
involves the position ofEllida. As a result of
the unweighted analysis I tentatively place
Ellida in the Phalerinae; it is the basal taxon
in Clade 22 (fig. 99). However, SACW sug-
gested that the genus arises one node farther
down, at Clade 21. This would remove Ellida
from the Phalerinae, and technically a new
family group category would have to be cre-

ated for it. Again, however, by all accounts
the position of this genus is ambiguous. The
status ofboth Ellida and Hemiceras is further
discussed in the section entitled Classifica-
tion of the Notodontidae.

In order to estimate how much of the ob-
served homoplasy is attributable to character
changes in the outgroup, I ran the data using
just one of the outgroup exemplars, Peridro-
ma saucia (Noctuinae), to root the clado-
gram. I chose that species on the rather ar-
bitrary grounds that its larva is not covered
with secondary setae (see Character 140),
since presence of these often obscures im-
portant primary setal characters. Rooting the
cladogram using P. saucia produced the same
eight trees as the original analysis that em-
ployed 1 1 outgroup taxa. Each of those trees
had a CI of 0.32, only slightly higher than
when the complete outgroup was used. To
further investigate this finding I performed a
series of experiments. First, I found that an-
other noctuid species, Alypia octomaculata
(Agaristinae), produced the same result as P.
saucia. I then eliminated all quadrifid noc-
tuoids from the matrix and designated Doa
ampla as the outgroup. Again the same eight
ingroup trees were generated. Finally, using
the four thaumetopoeine exemplars as an
outgroup yielded identical results regarding
the rest of the Notodontidae.
Two conclusions can be reached from these

rooting experiments. First, many authors have
stressed the importance ofcarefully choosing
outgroup species for cladistic analyses (e.g.,
Watrous and Wheeler, 1981). My results sug-
gest that, at least in some cases, such claims
are exaggerated; I could have found the same
trees for the Notodontidae using a single, quite
distantly related species as an outgroup. The
advantage of using a large outgroup is that
one obtains a better estimate of morpholog-
ical variation outside the clade of primary
interest. In addition, character optimizations
for basal nodes of the ingroup tree can be
more accurately determined. The second
conclusion I would draw is that, for the char-
acters used, little of the observed homoplasy
is attributable to character changes in the out-
group.

Before proceeding, I should comment on
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what may seem to be a low overall CI (0.30).
Sanderson and Donoghue noted that "low CI
values are widely considered to be sympto-
matic ofpoor character analysis and dubious
results" (1989: 1787). These authors recently
examined the general effects on cladogram CI
of the number of taxa included, the number
of characters used, the type of taxa studied
(animal or plant), and whether the data are
morphological or molecular. Sanderson and
Donoghue concluded that only the first of
these, taxon number, has any effect. They
showed that cladogram consistency indexes
are negatively correlated with increased tax-
on number. According to their regression of
CI on number oftaxa (based on 60 plant and
animal data sets), a CI of 0.30 is typical for
a study, such as mine, with approximately 60
terminal taxa.

Finally, I would like to make some general
points regarding my cladistic results. First, I
obtained the surprising result that Oenosan-

dra (figs. 14, 15), considered by previous au-
thors to be a member ofthe Thaumetopoein-
ae, is not a member of the Notodontidae. I
consider it to be the basal element ofthe trifid
noctuoid lineage. Further, I suggest that Doa
(fig. 13) is the sister group to the Notodon-
tidae, perhaps solving a long-standing prob-
lem concerning the status ofthe Doidae. Both
of these results are discussed in more detail
in the section entitled Classification of the
Trifid Noctuoidea. At least three synapo-
morphies support the monophyly of a clade
comprising Oenosandra, Doa, and the No-
todontidae (see p. 169). Both genera were
therefore treated as ingroup taxa for the final
analysis.
The cladogram shown in figures 99 and 100

will form the basis for subsequent discussion;
it is the phylogeny from which I derived my
classification of the Notodontidae. A com-
plete apomorphy list for that cladogram is
presented in Appendix III.

CHARACTER ANALYSIS
The following is a list of all the characters

used, arranged in order of life stage (adult or
larval) and tagma. For each character, I dis-
cuss observed variation, list the states rec-
ognized, and examine character state distri-
butions. A complete list of characters is
presented in Appendix I, the data matrix is
shown in Appendix II, and consistency in-
dices for each character are given in Appen-
dix IV.
When discussing species from my study

list, I do not always indicate their familial or
subfamilial ranking. The reader should refer
to table 1 in that regard.

ADULTS
There are few general treatments of noto-

dontid morphology. Arru (1965) published a
comprehensive examination of adult mor-
phology, larval morphology, and life-history
characteristics for Clostera anastomosis (L.)
in Italy. Weller (1989) presented an overview
ofnotodontid adult morphology, focusing on
structural variation in the Nystaleinae. Pa-
pers covering adult morphology in the Noc-
tuidae (e.g., Forbes, 1954; Callahan, 1969;
Oseto and Helms, 1976; Ryabov, 1988)

proved helpful for my research. Studies on
subgroups of the Noctuidae that present fair-
ly general morphological descriptions include
those ofLafontaine (198 1, 1987) for the Noc-
tuinae and Kitching (1987) for the Plusiinae.
Ferguson gave a useful introduction to ly-
mantriid morphology (1978), and discussed
general morphology of the Arctiidae (1985).

HEAD

Tentorium: Character 1. Shape ofthe Ten-
torial Crest. The tentorium, an internal bridge
in the head connecting the anterior and pos-
terior tentorial pits (Snodgrass, 1935), serves
as the site ofattachment for the antennal and
cibarial muscles (Ehrlich and Davidson, 1961;
Ehrlich and Ehrlich, 1962; Oseto and Helms,
1976; Chapman, 1982). Variation in shape
of the tentorium in Papilionidae was de-
scribed by Ehrlich (1958b) and has subse-
quently played an important role in papili-
onid tribal classification (see discussions in
Ehrlich, 1 958b; Munroe, 1961; Hancock,
1983; Miller, 1987b).
The tentorium of outgroup species and

most notodontids is roughly sinuate with a
dorsal swelling, the tentorial crest (Ehrlich,
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Lymantria
I Dasychira
r Spilosoma

Hypoprepia
Panthea
Diloba

Alypia
Peridroma
Acronicta
Nycteola
Nola

2 Oenosandra

4 Doa

_7-r Traumatocampa
_ Thaumetopoea

"3--6 Epicoma
Anaphe

L5- 9 Clostera

11 Lirimiris

L-aQ[20 { Furcula
8F-O-~Cerura

178Quadricalcarifera-17 -19
Liparopsis

-10- -16 Gluphisia
13- Ptilophora

Notodonta
14-t Odontosia

154 Pheosia

L12- Phalera
24 Datana

Antheua
23 Peridea

-22- Nadata

-21 Ellida

CLADE 26
Fig. 99. Results of Hennig86 analyses of 174 unweighted characters (100 from adults and 74 from

final instar larvae) for 63 species. A total of eight equally parsimonious trees were found (length = 854
steps, CI = 0.30, RI = 0.66). The strict consensus of those eight trees is shown in figure 99 (Clades 1
through 25) and figure 100 (Clades 26 through 53). Lymantria through Nola were designated as the
outgroup. For species names see table 1.
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CLADE 22

-32 Tarsolepis
Dudusa
Crinodes
Cargida
Goacampa

-28
- Gargetta

Scrancia
34 Hemiceras

Phryganidia
Zunacetha
Josia
Cyanotricha
Erbessa
Phaeochlaena

Symmerista
Didugua
Hippia
Nystalea
Dasylophia

Spatalia
Fentonia
Lochmaeus
Sch. beidermani
Heterocampa
Macrurocampa
Sch. unicornis
Cnethodonta
Harpyia
Stauropus

Fig. 100. Clades 26 through 53 from the analysis described in figure 99, where the remainder of the
tree is shown. For species names see table 1.

195 8a), at about its midpoint (e.g., figs. 101-
115). Some Notodontidae lack a crest, and
the tentorium is narrow with roughly parallel
sides. A narrow tentorium appears to be de-
rived. The derived state occurs in most Nys-
taleinae (fig. 1 12) and in the Dioptinae (figs.
1 10, I 1 1), as well as in the Scranciini (figs.
108, 109). There seems to be a rough corre-

lation between having a long proboscis and
lacking tentorial crests.

Frons: Character 2. FrontalProjections. The
frons of some adult Notodontidae protrudes
and is heavily sclerotized, often with sharp
anterior projections or teeth. This trait ap-
pears to have evolved at least two separate
times within the family: in the Thaumeto-

-21-

-26-

-33--

-35 -

-~45-

-36

371991



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

102

103

Figs. 10 1-104. Adult male heads in lateral view (anterior at left) with scales and antennae removed;
antennal sockets indicated by cross-hatching. For long-tongued species only the base of the proboscis is
shown. 101. Peridroma saucia (Noctuidae). 102. Notodonta pacifica. 103. Furcula borealis. 104. Doa
ampla (Doidae). E = eye. F = pilifer. L1-L3 = labial palpus segments 1-3. 0 = ocellus. P = proboscis.
T = tentorium. Scale lines = 0.5 mm.

poeinae and in the Dudusinae. A heavily
sclerotized frons occurs in Gargetta (fig. 108)
and Scrancia (fig. 109; see also Janse, 1920).
The frons ofGoacampa variabilis (Dudusini)
is remarkably modified, with sclerotized
wrinkles and projections (fig. 1 5). Ifmy hy-
pothesis is correct, that Scrancia and Gar-
getta (Scranciini) form the sister group of the

Dudusini, then there are two equally parsi-
monious possibilities: a sclerotized frons
could be primitive for the subfamily Dudu-
sinae but, among Dudusini, was lost in taxa
above Goacampa (see fig. 100), or it evolved
separately in both the Scranciini and Dudu-
sini.
Traumatocampa pityocampa has a frons
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Figs. 105-108. Adult male heads in lateral view (anterior at left) with scales and antennae removed;
antennal sockets indicated by cross-hatching. For long-tongued species only the base of the proboscis is
shown. 105. Anaphe panda. 106. Datana ministra. 107. Schizura biedermani. 108. Gargetta costigera.
Scale lines = 0.5 mm.

with huge ratchetlike teeth on it (fig. 113),
and similar modifications are found in other
thaumetopoeine genera (see figures in Bour-
gogne, 1951; de Freina and Witt, 1987). De
Freina and Witt divided the Thaumetopoe-
inae into two groups based on presence or
absence of the modified frons. The frons of

Thaumetopoea processionea, which I also
scored as having the derived state, is scler-
otized and bulges anteriorly, but it does not
have teeth.
The frons ofboth Alypia (Agaristinae) and

Oenosandra protrudes greatly and is highly
sclerotized. This condition is found through-
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110

111

Figs. 109-112. Adult heads in lateral view (anterior at left) with scales and antennae removed;
antennal sockets indicated by cross-hatching. For long-tongued species only the base of the proboscis is
shown. 109. Scrancia stictica (female). 110. Zunacetha annulata (female). 111. Phaeochlaenagyon (male).
112. Hippia packardii (male). Scale lines = 0.5 mm.
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113

Figs. 113-115. Adult male heads in lateral view (anterior at left) with scales and antennae removed;
antennal sockets indicated by cross-hatching. For long-tongued species only the base of the proboscis is
shown. 113. Traumatocampa pityocampa. 114. Ptilophora plumigera. 115. Goacampa variabilis. Scale
lines = 0.5 mm.

out the Agaristinae (Forbes, 1960; Kiriakoff,
1977). It also occurs in members of the noc-
tuid groups Armadini (Ophiderinae) (Bour-
gogne, 1951; Kuznetsov, 1967; Wiltshire,
1979), Amphipyrinae (Janse, 1939a), and
Heliothinae (Hardwick, 1970). The frons of
some desert-dwelling geometrids is remark-
ably similar to these (Rindge, 1959).
Though all the taxa above show slightly

different types of frons modifications, the
sclerotized protuberances may serve a similar
function in each. They may be an adaptation
to dry habitats with hard soils. The Armadini

and Heliothinae are often found in arid cli-
mates, and in both groups the structure is
thought to assist the adult moth as it breaks
through hard soil upon emergence from its
subterranean pupa (Bourgogne, 1951; Hogue,
1963; Wiltshire, 1979; Lafontaine, 1981; Ry-
abov, 1988). Alternatively, these frontal pro-
cesses may be used by the adult moth to break
through specialized pupal chambers (Dodd,
1902; G. Godfrey, personal commun.).
Labial Palpi: Size and shape of the labial

palpi, extremely variable within the Noto-
dontidae, have long been used as taxonomic
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117

119 /

Figs. 116-124. Male left labial palpus (anterior at left). 116. Clostera albosigma. 117. Gluphisia
septentrionis. 118. Phalera bucephala. 119. Cerura liturata. 120. Antheua simplex. 121. Ellida caniplaga.
122. Nadata gibbosa. 123. Peridea angulosa. 124. Lirimiris truncata. Scale line = 0.5 mm.

116
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130

Figs. 125-130. Male left labial palpus (anterior at left). 125. Dudusa synopla. 126. Tarsolepisjaponica.
127. Hemiceras bilinea. 128. Symmerista albifrons. 129. Didugua argentilinea. 130. Josia ligata. Scale
lines = 0.5 mm.
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135 134

Figs. 131-137. Male left labial palpus (anterior at left). 131. Lochmaeus bilineata. 132. Schizura
unicornis. 133. Cnethodonta grisescens. 134. Harpyia microsticta. 135. Stauropus fagi. 136. Spatalia
jezoensis. 137. Fentonia ocypete. Scale line = 0.5 mm.

characters (e.g., Stephens, 1829; Hampson,
1892; Dyar, 1897; Schaus, 1901; Turner,
1903, 1922; Nagano, 1916; Janse, 1920;
Marumo, 1920; Matsumura, 1929b). Ex-
tremes range from the Thaumetopoeinae,
where the palpi can be very small (fig. 113;
Janse, 1920), to the Nystaleinae, many of
which have extremely long palpi (figs. 112,
128, 129, 203; see also Weller, 1989).
Although labial palpi are of universal oc-

currence in Lepidoptera, their function is far
from clear (Bourgogne, 1951). In all species

there is a sensory pit, first discussed by vom
Rath (1887), at the apex ofthe third segment
(figs. 101-137). Recent authors have argued
that presence ofvom Rath's Organ is a syn-
apomorphy for the entire order Lepidoptera
(Kristensen, 1984; Nielsen, 1989). Bogner et
al. (1986) showed that the sensilla housed in
this organ are highly sensitive to carbon di-
oxide, but the authors acknowledged that the
biological significance of CO2 perception in
Lepidoptera is obscure.
The labial palpi show sexual dimorphism;
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male palpi are frequently longer and show
more striking variation than those offemales.
Males were therefore used for the three labial
palpus characters in my analysis.

Character 3. Length ofPalpus Segment 2.
I recognized four character states concerning
palpus segment 2. The first three measure
segment 2 length relative to that of segment
1 (Appendix I). These states are (a) segment
2 approximately one to 11/2 times as long as
segment 1, (b) segment 2 shorter than seg-
ment 1, or (c) segment 2 more than twice as
long as segment 1. The first (scored as "0")
is exemplified by Schizura beidermani (fig.
107), Antheua simplex (fig. 120), and others.
The second state (" 1") applies to species such
as Notodonta pacifica (fig. 102). The third
state, having an extremely long second seg-
ment, is best seen in members of the Nys-
taleinae (figs. 112, 128, 129), but occurs in
other species such as Clostera albosigma (fig.
1 6), Nadata gibbosa (fig. 123), and Scrancia
stictica (fig. 109).
Although most members of the outgroup

received a "0" score (e.g., Peridroma saucia,
fig. 101), there is significant variation in pal-
pus shape there as well. Doa (fig. 104), the
lymantriids, and Nola have a long second
segment, whereas that of Oenosandra is very
short.
A fourth character state is restricted to the

Dioptinae. In Erbessa, Phaeochlaena (fig.
111), and several other dioptine genera (K6h-
ler, 1930; J. Miller, unpubl. data), the labial
palpi are long and sickle-shaped with an el-
bowlike joint between the first and second
segments. In these species the palpi are typ-
ically held against the frons, sometimes ex-
tending posteriorly over the head as far as the
occiput. In contrast, the palpi ofPhryganidia
californica are relatively short (Miller, 1987a).

Character 4. Length ofPalpus Segment 3.
An elongate third palpus segment occurs in
many species currently placed in the Nystal-
einae (Weller, 1989). I scored segment 3 as

being elongate if it is as long as or longer than
segment 1 (figs. 112, 128, 129). Among the
species I examined, this occurs in four mem-
bers of the Nystaleinae. The trait cannot be
used as a synapomorphy for the entire sub-
family, however, because the palpi of Nys-
talea do not have an elongate third segment.
The derived state applies to one outgroup

taxon as well, the noctuid genus Nycteola
(Sarrothripinae). I recognized a second de-
rived state, found only in Erbessa and Phaeo-
chlaena among my species sample, in which
segment 3 is extremely short and oblong in
shape, with vom Rath's Organ located on the
segment's anterior surface (fig. 111). This
morphology occurs in other dioptine genera
as well (J. Miller, unpubl. data).

Character 5. Fusion of Palpal Segments.
The labial palpi ofalmost all Lepidoptera are
three-segmented. However, adults of some
Notodontidae have very small labial palpi
with the second and third segments appar-
ently fused so that the entire palpus appears
to be two-segmented. This is found in Li-
paropsis, Furcula (fig. 103), Cerura (fig. 119),
and Gluphisia (fig. 117), all members of the
subfamily Notodontinae. In addition, thau-
metopoeines exhibit a range of palpal devel-
opment from fairly large (e.g., Anaphe, fig.
105) to highly reduced; each labial palpus in
Epicoma tristis is represented by a single, tiny
lobe. Oenosandra and Panthea have small
palpi, but all three segments are clearly sep-
arated.
Fusion of labial palpus segments occurs in

other families of Lepidoptera, for example,
the Papilionidae (Miller, 1987b) and Hepi-
alidae (Nielsen and Kristensen, 1989). In each
case fusion appears to represent a derived
state.

Proboscis: In Lepidoptera, elongate galeae
ofthe maxillae interlock with legulae (fig. 149;
Callahan, 1969; Davis, 1986) to form a suck-
ing tube (figs. 146, 147), the haustellum or
proboscis (Snodgrass, 1935; Oseto and Helms,
1976). Comparative morphology of noto-
dontid proboscises provided a wealth ofphy-
logenetic information. Many ofthese features
were best observed by scanning electron mi-
croscopy. I examined the haustellum of all
study taxa with SEM, but most proboscis
characters could have been scored with a
compound microscope. For two species the
proboscises of conspecific males and females
were studied. None of the characters I de-
scribe exhibit sexual dimorphism. For taxa
lacking the haustellum (see Character 6), it
was necessary to score proboscis fine struc-
tural features as missing data ("?").

Character 6. Proboscis Length. Noctuoids
exhibit wide variation in the degree of de-
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Figs. 138-141. Adult proboscis. 138. Nola pustulata (Nolidae), lateral view (100 ,um). 139. Dasychira
obliquata (Lymantriidae), frontal view showing reduced galeae (GI) (50 ,im). 140. Schizura biedermani,
lateral view (200 gAm). 141. Cargida pyrrha, lateral view (200 gim). Scale lengths in parentheses.

velopment ofthe proboscis. For example, the
proboscis is long in Noctuidae and Nolidae
(fig. 138), but is reduced to two small lobes
in Lymantriidae (fig. 139). The Notodontidae
show a complete range of haustellum length.
It can be long (figs. 140, 156, 168), of mod-
erate length (figs. 141, 145), present as two
small lobes (figs. 105, 114, 143), or absent
(fig. 1 3). I attempted to categorize four char-
acter states (see Appendix I) based on pro-
boscis length relative to head and thorax
length. A long proboscis is characteristic of
species that feed extensively as adults, and
these probably have relatively long life spans
(Weller, 1989). All Dioptinae possess a long
tongue, and I have observed species of sev-
eral genera feeding at flowers during the late
afternoon in Ecuador (unpubl. data). Noto-
dontids with a reduced proboscis have pre-
viously been thought not to feed as adults,

suggesting that these live for shorter periods
of time. However, Adler (1982) showed that
adults of Gluphisia and Clostera, both of
which have a small proboscis, take in ex-
tremely large amounts ofwater from puddles.
For Gluphisia he found that puddling adults
pass huge quantities of water through their
system, up to 500 times their body weight
per hour. In Gluphisia, the legulae are large
and spatulate (figs. 148, 149) and loosely in-
terlock, perhaps forming a "strainer" when
the adult drinks.

Character 7. Proboscis Width. The haus-
tellum in Peridea angulosa, Odontosia ele-
gans, and Nadata gibbosa is unusually wide
relative to its length (figs. 144, 145). Although
in these genera the proboscis is fairly short,
short proboscises are not always wide (e.g.,
fig. 142).

Character 8. Proboscis Surface Sculptur-
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Figs. 142-145. Adult proboscis. 142. Furcula borealis, lateral view (200M,m). 143. Clostera albosigma,
dorsal view (100 ,m). 144. Peridea angulosa, lateral view (100 ,m). 145. Nadata gibbosa, lateral view
(100 Mm). Scale lengths in parentheses.

ing. The galeae ofthe lepidopteran proboscis
are composed of numerous sclerotized rings
joined by membranous bands (Eastham and
Eassa, 1955; Oseto and Helms, 1976; Com-
mon, 1979). Morphological variation in pro-
boscis surface sculpturing is used as a taxo-
nomic character for eumaeine lycaenids by
Robbins (in press) and was discussed by Da-
vis (1986) with regard to phylogeny of mon-
otrysian Lepidoptera. Notodontids exhibit
three distinct types of surface sculpturing
(which I designate Types I-III) on these scler-
otized rings. In Type I, also typical of the
outgroup, the surface is covered with apically
acute microprojections (e.g., figs. 138, 144,
150-155) that are usually dorsoventrally flat-
tened (figs. 152, 153). The extreme base of
the proboscis in all species I examined is cov-
ered with hairlike microprojections (fig. 161).
To assure that these were not confused with

Type I microprojections, I scored Character
8 by examining an area approximately half-
way between the head and the tip of the pro-
boscis.
Two apomorphic surface types were ob-

served, both unique to Notodontidae as far
as I am aware. In Type II there are no mi-
croprojections and each ring has a series of
distinct longitudinal ridges on its surface. The
ridges of one ring are aligned so that they
alternate with the ridges ofthe next (figs. 157,
158). Type II surface structure is character-
istic of Dioptinae (figs. 147, 158), as well as
most Nystaleinae (fig. 156) and Heterocam-
pinae (figs. 157, 164, 168).
Some Notodontidae exhibit Type III, in

which the galeae lack sculpturing altogether
and appear instead to be composed ofsmooth
rings (e.g., fig. 159). According to my anal-
ysis, Type III surface sculpturing has evolved
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Figs. 146-149. Adult proboscis. 146. Lirimiris truncata, mesal view of right galea showing internal
surface of sucking tube (100 ,um). 147. Josia ligata, mesal view of right galea (distal portion) showing
internal surface of sucking tube; note legulae (L) and internal sensillae (S) (50 ,um). 148. Gluphisia
septentrionis, mesal view of right galea showing spatulate legulae (L) (100 ,m). 149. Gluphisia septen-
trionis, ventral view of haustellum showing interlocking galeae (50 ,um). Scale lengths in parentheses.

separately in two subfamilies. First, it is a
synapomorphy for the Dudusini that I stud-
ied (e.g., Tarsolepis japonica, fig. 190). Sec-
ond, Type III occurs in the genus Nystalea
(figs. 159, 195) ofthe Nystaleinae, where Type
II is clearly the ground state.
Although I attempted to assign each taxon

to one of the three states described above,
some difficulties arose. Reduction of the
haustellum appears to have occurred inde-
pendently in almost every notodontid sub-
family (see Character 6), and in species with
a reduced proboscis, the surface sculpturing
tends to become obscured (e.g., fig. 148). Oc-
casionally, the sculpturing was not clearly one
type or the other. For example, I could not
assign a score to the proboscis of Spatalia

jezoensis in the Heterocampinae (fig. 165), so
this taxon received a "?" for Character 8.

Proboscis Sensilla: Two types of sensilla
occur on the lepidopteran proboscis. The first,
called "R2" by Borner (1939), appear to be
basiconic sensilla. Each consists of a short
body and what I term the sensory cone (fig.
166), following Bourgogne (1951). R2 sen-
silla are found scattered along the tongue's
entire length (figs. 167, 168). The second type
("Rl" of B6rner, 1939), found only on the
distal third of the haustellum, are large sen-
silla styloconica (Callahan, 1969; Davis,
1986). These sensilla, most numerous at the
proboscis tip (figs. 138, 144, 145, 156, 168),
show interspecific shape variation ranging
from squat to elongate (figs. 170, 176), but a
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Figs. 150-153. Surface of the adult proboscis (photographs taken at approximately the proboscis
midpoint). 150. Nola pustulata (Nolidae) (10 ,im). 151. Panthea furcilla (Noctuidae) (10 ,um). 152.
Scrancia stictica (10 ,m). 153. Hemiceras bilinea (5 ,um). Scale lengths in parentheses.

single specimen can also exhibit slight height
variation. Usually, each Ri sensillum con-
sists of an elongate body with five to seven
longitudinal flutes (fig. 171) and a relatively
short sensory cone (figs. 170-179). It is not
known whether these sensilla function as che-
moreceptors or mechanoreceptors (Bour-
gogne, 1951; Sellier, 1975). Both Callahan
(1969) and Ryabov (1988) claimed that they
are taste receptors, but neither author pro-
vided supporting evidence.

In each lepidopteran group where they have
been studied, R 1 sensilla exhibit remarkable
variation in shape (Bourgogne, 1951; Ikeu-
chi, 1962). Davis (1986) and Kitching (1987)
were perhaps the first to use such variation
for taxonomic purposes. Ryabov (1988)
stressed sensillum shape as a potential tax-
onomic character in Noctuidae. I recognized

two character states involving the presence
or absence of flutes (Character 9) and four
states involving overall shape of the R 1 sen-
silla (Character 10). With further study, more
taxonomic information could be obtained
from both character complexes. In some taxa
with an extremely reduced haustellum, such
as members of the Thaumetopoeinae, R2
sensilla occur, but R1 sensilla appear to be
absent. These received "?" scores (= missing
data) for Characters 9 and 10.

Character 9. FlutedRI Sensilla. Fluted RI
sensilla have been reported in families of the
Monotrysia (Davis, 1986), throughout the
Papilionoidea (Bourgogne, 1951; Sellier,
1975; Robbins, in press), and in the Noctui-
dae (Callahan, 1969; Wiltshire, 1979; Kitch-
ing, 1987, 1988; Ryabov, 1988). In addition,
Borner (1939) described them from families
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Figs. 154, 155. Surface of the adult proboscis (photographs taken at approximately the proboscis
midpoint). 154. Antheua servula (10 ,um). 155. Lirimiris truncata (10 ,um). Scale lengths in parentheses.

Fig. 156. Distal portion of the adult proboscis of Hippia packardii. Scale line = 100 ,m.
Fig. 157. Surface of the adult proboscis ofLochmaeus bilineata (photograph taken at approximately

the proboscis midpoint). Scale line = 10 ,um.

as widely divergent as the Castniidae, Tor-
tricidae, and Uraniidae. In Micropterix there
are two types of sensilla on the galeae: short,
basiconic sensilla similar to the R2 sensilla
in noctuoids, and lamellate sensilla that lack
the sensory cone (Chauvin and Faucheux,
1981). The presence of fluted styloconic sen-
silla on the haustellum may be an apomorphy
for all Lepidoptera above Micropterigidae.

In my study, fluted styloconic sensilla are
found throughout the outgroup (figs. 177,
178). Kitching (1988) proposed that these are
plesiomorphic within Noctuidae, and I re-
gard that shape to be plesiomorphic for No-
todontidae as well. A second state can occur
where the R 1 sensilla are smooth or the flutes
are highly reduced. There appears to be a
rough correlation between presence ofa small

proboscis and loss of the Rl flutes (e.g., see
Nielsen and Kristensen, 1989), a trend noted
by Ryabov (1988) for Noctuidae as well. In
Oenosandra, for example, the proboscis is
short and the flutes are barely visible (fig.
180). Similarly, most notodontids with a re-
duced proboscis have simple sensilla (figs.
181, 182; see also Clostera anastomosis in
Arru, 1965: fig. 3).

This derived state appears to have evolved
separately in five notodontid lineages. All
members of Clade 14 (Notodontini) that I
studied have rather squat, smooth R 1 sensilla
(fig. 181). There are small projections on the
body of the sensillum in Odontosia elegans
(figs. 184, 185), possibly homologous with
reduced flutes. Short, smooth sensilla also oc-
cur in some Dicranurini (fig. 182) and in the
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Figs. 158-160. Surface of the adult proboscis (photographs taken at approximately the proboscis
midpoint). 158. Phaeochaena gyon (10 ,um). 159. Nystalea nyseus (20 ,um). 160. Hapigia annulata (10
,um). Scale lengths in parentheses.

Fig. 161. Surface ofthe adult proboscis ofSchizura biedermani (photograph taken near the proboscis
base). Scale line = 10 ,um.

Pygaerinae (fig. 183). Tall, smooth RI sen-
silla are found in the genus Nystalea. Mono-
phyly of the Nystaleinae is well supported,
and other members of the tribe have typical
fluted sensilla (fig. 156). I examined another
Nystalea species (N. eutalanta Dyar; fig. 195)
to confirm that the sensilla of N. nyseus (fig.
189) are not unique in the genus.
Presence of smooth RI sensilla also pro-

vides a synapomorphy for the Dudusini
(Clade 29). Here, they are quite different from
those in Clade 14, being greatly elongate. In
Dudusa, Goacampa, and Cargida, the sen-
silla are cylindrical with tiny remnants of the
flutes distally (figs. 188, 192, 193, 198), while
they are completely smooth and laterally
compressed in Crinodes and Tarsolepis (figs.
186, 187, 191). Gargetta costigera has smooth

RI sensilla, but Scrancia stictica does not.
Character optimization could not resolve
whether smooth R1 sensilla originally evolved
in Clade 27 (Dudusinae) but reverted to the
plesiomorphic condition in S. stictica, or
whether smooth sensilla evolved separately
in the Dudusini (Clade 29) and Scranciini
(Clade 28).

Biinziger(1973,1983, 1987, 1988a, 1988b,
1988c, 1989; Biinziger and Fletcher, 1988),
in a fascinating series ofpapers, has described
Asian Lepidoptera feeding on mammalian
lachrymal secretions. He reported incidents
of lachryphagy in the Geometridae, Pyrali-
dae, Thyatiridae, Sphingidae, and Noctuidae.
Most important to this study, he has shown
that some Notodontidae are highly special-
ized tear drinkers (Biinziger, 1988a). His ob-
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Figs. 162-165. Surface of the adult proboscis (photographs taken at approximately the proboscis
midpoint). 162. Goacampa variabilis (20 usm). 163. G. variabilis (5 ,um). 164. Fentonia ocypete (5 ,um).
165. Spatalia jezoensis (20 ,um). Scale lengths in parentheses.

servations (Bainziger, 1973, 1983, 1988a) are
limited to relatively few notodontid genera.
These are Tarsolepis, Poncetia Kiriakoff, and
Pydnella Roepke. Of particular interest,
Shannon (1928) reported that adults of Cri-
nodes besckei in Argentina are attracted to
horses at night. He did not directly observe
tear drinking in C. besckei, but did in other
moths taken at the same time. Shannon pro-
posed two explanations for tear drinking in
moths. First, he suggested that such behavior
may result from a scarcity of flowers, making
another food source necessary. Second, he
thought that the moths might obtain essential
salts from mammalian tears.
The studies cited above have interesting

implications. My cladograms suggest that
Crinodes, Cargida, Goacampa, Dudusa, and
Tarsolepis belong in the tribe Dudusini (Du-

dusinae). Furthermore, these species have
specialized proboscis sculpturing (Character
8) and modified RI sensilla, morphological
traits perhaps related to tear-drinking behav-
ior. I would therefore predict that all Du-
dusinae with specialized proboscises are lach-
ryphagous, and that Crinodes and other New
World dudusines do indeed drink mamma-
lian tears. It will be interesting to see whether
Poncetia and Pydnella are dudusines and
whether they exhibit morphological special-
izations of the proboscis.

Character IO. Shape ofthe RI Sensilla. In
addition to presence or absence of flutes, I
recognized four states involving overall shape
of the RI sensilla (see Appendix I). Based on
morphology in the outgroup, moderately
elongate sensilla (figs. 169, 175, 179) repre-
sent the plesiomorphic state for Notodonti-
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Fig. 166. R2 sensillum on the proboscis surface of Cargida pyrrha. B = body. P = sensory cone.
Scale line = 2 ,um.

Figs. 167-169. Distal portion of the adult proboscis showing RI and R2 sensilla. 167. Schizura
biedermani (50 ,um). 168. Lochmaeus bilineata (50 Mm). 169. Nadata gibbosa (50 Am). Scale lengths in
parentheses.

dae. Goblet-shaped sensilla, exemplified by
those of Odontosia and Notodonta (figs. 181,
184, 185), were recognized as an apomorphic
state, while highly elongate, laterally com-
pressed sensilla, such as those found in some
Dudusinae (figs. 186, 187, 191), are a third
state. In the final derived state, the R 1 sensilla
are very short, hardly larger than R2 sensilla
(e.g., Clostera albosigma; fig. 183). They could
be distinguished from R2 sensilla only by their
location.

Character 11. Absence ofPilifers. The pil-
ifers, a pair of short, setose lobes above the
haustellum (fig. 101), function to clean the
proboscis. In some cases where the proboscis
is greatly reduced, the pilifers are absent. This
occurs in the Thaumetopoeinae (e.g., Trau-

matocampa pityocampa, fig. 1 13), some No-
todontinae (e.g., Ptilophora plumigera, fig.
1 14), and Clade 38 ("Stauropini") ofthe Het-
erocampinae.

Eyes: Character 12. Eye Size. Prout (1918)
noted that many dioptines have relatively
small eyes. Eye reduction appears to be cor-
related with diurnal activity in other lepi-
dopteran families (Powell, 1973; Davis,
1989), including day-flying Arctiidae (Fer-
guson, 1985). The same is very likely true for
the Dioptinae. Ferguson (1985) also noted
seasonal variation in eye size.

In dioptine species exhibiting the derived
state, the eye does not extend to the anterior
and ventral margins of the gena (fig. 111),
leaving a scaleless region that is covered with
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Figs. 170-173. RI sensilla located near the proboscis tip. 170. Peridea angulosa, lateral view (10

,um). 171. A single sensillum of Peridea angulosa, dorsal view, showing flutes (5 ,m). 172. Josia ligata
(2 ,m). 173. Schizura biedermani (5 Am). Scale lengths in parentheses.

microprojections (Miller, 1989). This trait is
not found in all Dioptinae, however. The eyes
of Zunacetha annulata are large and extend
to the genal margins (fig. 110), and Z. an-
nulata is atypical of Dioptinae in that it flies
almost exclusively at night (Wolda and Fos-
ter, 1978). This probably represents second-
ary loss of diurnal behavior because Z. an-
nulata is a relatively derived dioptine (J.
Miller, unpubl. data; and see fig. 100) and
more primitive species, like Phaeochlaena
gyon (fig. 111), have small eyes.

Character 13. Hairy Eyes. One of the his-
torically important characters in noctuid
classification is the presence or absence of
interfacetal setae on the eyes. So-called "hairy
eyes" have been used since Hampson (1903)
to define the noctuid subfamily Hadeninae.
However, according to Kitching (1984a) this
character shows a high level of homoplasy.

Among the Noctuidae I examined (which did
not include a hadenine), hairy eyes occur only
in Panthea. The functional significance ofin-
terfacetal setae is unknown.

This is also an important taxonomic char-
acter for the Notodontidae. Hairy eyes occur
in relatively few genera, but the trait has long
been used as a key character (e.g., Schaus,
1901; Nagano, 1916; Marumo, 1920; Janse,
1920). Presence of interfacetal setae has also
figured in discussions of notodontid higher
classification. Forbes described the Pygaeri-
nae as having "eyes hairy" (e.g., Clostera; fig.
200) and the Notodontinae as having "eyes
usually naked" (1948: 205). Exceptions in the
latter subfamily include Gluphisia and No-
todonta (figs. 201, 202). According to my cla-
distic results (fig. 99), the derived state has
arisen separately in these three genera.
Male Antennae: There are innumerable
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Figs. 174-177. Ri sensilla located near the proboscis tip. 174. Lirimiris truncata (10 ,um). 175.
Nadata gibbosa (10 ,um). 176. Zunacetha annulata (5 ,um). 177. Peridroma saucia (20 um). Scale lengths
in parentheses.

modifications of the male antennae among
Noctuoidea. Within the Dioptinae alone, the
antennae may be ciliate, bipectinate, or dou-
bly bipectinate (Miller, 1987a, 1989). Com-
parative SEM studies, especially focusing on
types and locations of antennal sensilla (e.g.,
Faucheux, 1989, 1990), would invariably lead
to a refinement ofmy character analysis and
would result in the discovery of additional
characters. Specialized antennal sensilla pro-
vide important characters for some lepidop-
teran groups (see Bodine, 1896), an example
being the ascoid sensilla of Opostegidae
(Nepticuloidea) (Davis, 1989). Lavoie-Dor-
nik and McNeil (1987), using SEM, identified
seven types ofsensilla on the antenna ofPseu-
daletia unipuncta (Noctuidae), and Faucheux
(1990) recognized 10 different types in Noc-
tua pronuba L. (Noctuidae). Flower and Hel-

son (1974) argued that placing sensillum types
into well-defined categories poses a difficult
problem. I did not attempt a detailed study,
but instead examined those antennal char-
acters discussed by previous authors on the
Notodontidae. I have attempted to refine our
knowledge of character state distributions.
One character, which I began to study but

which proved very difficult to score, involves
the relative length of pectinations on either
side of the antenna. It has been noted that,
in some Notodontidae, the pectinations are
shorter on one side (Nagano, 1916; Weller,
1989). The difference in length becomes par-
ticularly obvious in species, such as Antheua
simplex (fig. 212), where the pectinations
themselves are somewhat reduced. After
studying this character I discovered that the
tendency toward uneven length is universal
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8 1,181
Figs. 178-181. RI sensilla located near the proboscis tip. 178. Acronicta americana (20 Mim). 179.

Nola pustulata (5 Am). 180. Oenosandra boisduvalii (4 Mm). 181. Notodonta pacifica, tip of the proboscis
(20 Am). Scale lengths in parentheses.

among notodontids. In many species the
length difference is extremely subtle and was
beyond my ability to measure.

Character 14. Male Antennal Pectinations.
I used four states to describe superficial mor-
phology of male antennal pectinations. Male
antennae with pectinations ofmoderate length
(a score of "0") occur in almost every noto-
dontid subfamily. I recognized three addi-
tional states. First were those in which the
male antennae are almost smooth, without
pectinations. Only two examples ofthis, both
in the Dioptinae, occurred among my study
species. Next, I gave a separate score to spe-
cies in which pectinations are not present, but
in which each antennal segment bears a lat-
eral row of stout bristles (fig. 210). This state
exhibits a scattered distribution, occurring in
three species of the Phalerinae (Datana min-
istra, Phalera bucephala, and Peridea angu-

losa), in Nystalea nyseus (Nystaleinae), and
in Crinodes besckei (Dudusinae). Finally, I
gave a score of "3" to species, such as Li-
paropsis postalbida (fig. 205) and Ptilophora
plumigera (fig. 20), in which the antennal pec-
tinations are extremely long (Stephens, 1829;
Matsumura, 1929b). None of my categories
produced consistent character state distri-
butions. More detailed study would likely re-
veal that these states are not homologous
among subfamilies.

Further difficulty arises from the fact that
the outgroup species also exhibit a wide range
ofantennal types (see Appendix I). Antennae
without pectinations are as common among
my sample ofquadrifid noctuoids as are those
with pectinations. Kitching (1988) described
dramatic antennal variation among species
of Ocalaria (Noctuidae: Catocalinae), in
which one has very long pectinations and an-
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Figs. 182-185. RI sensilla located near the proboscis tip. 182. Furcula borealis, tip of the proboscis
(10 ,um). 183. Clostera albosigma (5 ,um). 184. Odontosia elegans (20 j,m). 185. A single sensillum from
figure 184 (5 Aim). Scale lengths in parentheses.

other lacks pectinations altogether. It is not
surprising, therefore, to find that antennal
character states as I have scored them are
extremely inconsistent (Appendix IV).

Character 15. Terminal Antennal Seg-
ments Simple. Males of many species have
antennae in which the pectinations end
abruptly approximately two-thirds out, the
remainder of the antenna being simple (figs.
206-21 1). This trait has long been used as a
diagnostic feature in the Notodontidae (e.g.,
Stephens, 1829; Neumoegen and Dyar,
1894a, 1894b; Packard, 1895a;Schaus, 1901;
Nagano, 1916; Matsumura, 1929b; Forbes,
1939a, 1948). I characterized the plesiom-
orphic state as being an antenna in which
there are fewer than 10 simple segments dis-
tally. In these, the antennae are usually pec-
tinate almost to the tip (figs. 204, 205). The
derived state applies to species with 15 or

more terminal segments simple. It is found
in various members of the Heterocampinae
(figs. 206, 207), Phalerinae, Dudusinae (fig.
209), and Nystaleinae. It also occurs in Lir-
imiris and Hemiceras. My analysis suggests
that there is much homoplasy regarding this
character (Appendix IV).

Character 16. Antennal Scale Tufts. A va-
riety of types of scale tufts can occur on the
antennal scape in male Notodontidae (Pack-
ard, 1 895a; Weller, 1989). Most species have
a small tuft located ventrally, and these ap-
pear to occur among the outgroup as well. A
few Notodontidae have a long dorsal scale
tuft in addition to the ventral one. When
Forbes erected the tribe Nystaleini, one ofhis
diagnostic characters was "male antennae
with a high plume on scape dorsally" (1948:
206). He referred two New World genera,
Symmerista and Dasylophia, to that tribe.

1991 57



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

Figs. 186-189. Ri sensilla located near the proboscis tip. 186. Crinodes besckei (10 ,um). 187. Crinodes
besckei, dorsal view ofa single sensillum (5 ,um). 188. Cargida pyrrha, tip ofproboscis showing cylindrical
RI sensillum (sensory cone missing) (10 ,um). 189. Nystalea nyseus (10 um). Scale lengths in parentheses.

First mention of this character (for Dasylo-
phia) seems to date back to Neumoegen and
Dyar (1894a). Todd noted the "large, erect,
dorsally-pointed scale tuft" (1973: 266) on
the antennal scape in his diagnosis for the
genus Nystalea. Weller (1989) further refined
the character and documented its distribu-
tion among nystaleine genera. I assigned the
derived state to species having a long, dorsal
tuft of stiff scales on the antennal scape. All
other types of antennae tufts were regarded
as primitive.
The dorsal scale tuft (figured in Weller,

1989) occurs in all five of the Nystaleinae I
studied, but it appears to have been lost in
some members of the subfamily (Weller,
1989). A nonhomologous case is found in
Schizura beidermani, but not in other het-
erocampines. Lirimiris truncata has a long
tuft of loose scales on the antennal scape,

again not homologous with the tuft of stiff
scales in nystaleines.

Character 17. Antennal Segments Joined
Obliquely. Species in the Thaumetopoeinae
have antennae in which the segments, when
viewed laterally, are joined obliquely (fig.
213). I did not observe this state elsewhere
in the Notodontidae, but a similar condition
occurs in Doa ampla.

Character 18. Antennal Spinules. Ferguson
(1978; see also Holloway et al., 1987) de-
scribed the presence of spinules at the end of
each antennal pectination as a defining char-
acter for the Lymantriidae. Spinules are pres-
ent in both of my study species from that
family, but they seem to occur in some Arc-
tiidae as well.
Female Antennae: Character 19. Presence

or Absence of Pectinations. I scored pecti-
nations in female antennae as being either
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Fig. 190. Surface of the adult proboscis of Tarsolepis japonica (photograph taken at approximately
the proboscis midpoint). Scale line = 10 ,um.

Figs. 191-193. Rl sensilla on the distal portion of the adult proboscis. 191. Tarsolepisjaponica (20
,um). 192. Dudusa synopla (40 um). 193. Two distal sensilla from figure 192 (10 ,um). Scale lengths in
parentheses.

present ("0") or absent ("1"). Even though
scoring did not present difficulties, the char-
acter shows poor consistency (Appendix IV).
My results suggest that absence of pectina-
tions on the female antennae is a synapo-
morphy for Clade 33 (fig. 100). Janse (1920)
showed that, even though the African genus
Antheua is well defined, within it there are
species in which the female antennae are sim-

ple and species where pectinations are pres-
ent.

Ocelli: Character 20. Presence ofOcelli. The
presence or absence of dorsal ocelli has his-
torically been important in theories of noc-
tuoid classification. For example, Hampson
(1900) recognized three arctiid subfamilies-
the Nolinae, Lithosiinae, and Arctiinae-and
argued that the first two are derived, having
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Figs. 194, 195. RI sensilla located near the proboscis tip. 194. Dasylophia anguina (10 ,um). 195.
Nystalea eutalanta Dyar (20 ,um). Scale lengths in parentheses.

Fig. 196. Proboscis of Hapigia annulata Schaus, distal portion. Scale line = 100 ,um.
Figs. 197-199. RI sensilla located near the proboscis tip. 197. Hapigia annulata (10 ,um). 198.

Goacampa variabilis (5 ,um). 199. Spatalia jezoensis (10 ,um). Scale lengths in parentheses.

lost the ocelli. As with hairy eyes (Character
13), however, the trait exhibits homoplasy.
Among the outgroup species in my study,
ocelli are present in all except Doa, the ly-
mantriids, Hypoprepia, and Nola.

Forbes wrote that the Notodontidae can
generally be characterized as having "strong
tongue and ocelli" (1939a: 235). He then list-
ed absence of ocelli as a defining character
for both the Cerurinae (my Clade 20) and
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Figs. 200-202. Eyes of adult male Notodontidae. 200. Clostera albosigma (100 ,um). 201. Gluphisia
septentrionis (40 ,lm). 202. Notodonta pacifica (100 ,um). Scale lengths in parentheses.

Fig. 203. Head of adult male Hippia packardii with antennae removed. Scale line = 1.0 mm.

Dioptidae (Dioptinae). Marumo (1920), on
the other hand, described ocelli as being
"rarely present" in Notodontidae. I found
that presence of well-developed ocelli is rel-
atively uncommon within the family. In an
attempt to refine the definition of this trait,
I recognized three character states: (a) ocelli
present ("0"), (b) ocelli rudimentary ("1"),
and (c) ocelli absent ("2").
Among Notodontidae, presence of large

ocelli is a synapomorphy for the subfamily
Dudusinae (e.g., Gargetta costigera [fig. 108],
Scrancia stictica [fig. 109], and Goacampa
variabilis [fig. 1 15]). My results suggest that
absence of ocelli is plesiomorphic for the No-
todontidae. Both the Thaumetopoeinae (figs.
105, 113) and Pygaerinae lack ocelli. The
Dioptinae (figs. 1 0, 11 1) can be character-
ized as having ocelli absent, but other sub-
families are not consistent; ocelli can be ei-
ther small or absent.

The dorsal ocelli of moths are important
in detecting ambient light levels, and they
play a role in periodicity (Eaton et al., 1983).
Wunderer and De Kramer (1989) have shown
that occlusion of the dorsal ocelli in an arc-
tiid, Creatonotos transiens, delays the onset
of mating activity.

THORAX

This study did not rely heavily on internal
thoracic skeletal morphology. Internal struc-
tures seem to exhibit subtle shape differences,
but in most cases these are difficult to define.
Similarly, there were only slight differences
in shape of the tegulae and pleural sclerites
on the pro- and mesothoracic segments. The
most comprehensive study of lepidopteran
thoracic anatomy is that ofWeber (1924), but
he did not describe the notodontid thorax.

Legs: Three potentially interesting char-
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Figs. 204-207. Photographs of male antennae (dorsal view) of Notodontidae. 204. Epicoma melan-
osticta, left antenna (1.0 mm). 205. Liparopsis postalbida (2.0 mm). 206. Stauropusfagi, right antenna
(1.0 mm). 207. Heterocampa averna, right antenna (1.0 mm). Scale lengths in parentheses.

acter complexes of the legs were not included
because preliminary work suggested that all
would require SEM analysis for each species,
which would be beyond the scope ofmy proj-
ect. The first two involve the pretarsus. I de-
scribe one basic difference in tarsal claw
structure (Character 28), but there appears to
be variation in shape ofthe unguitractor plate,
paronychium, and pulvillus as well, all of
which have been shown to be taxonomically
useful in other lepidopteran families (Roths-
child and Jordan, 1903; Davis, 1989). The
third character is presence of serrate ventral
margins on the tarsal claws. The plesiom-
orphic state appears to be smooth margins,
but within the Notodontidae there are species
with minute serrations (Jordan, 1923b; figs.
234, 236), as well as some, such as the thau-
metopoeines (fig. 235), with smooth tarsal
claws.

Weller (1989) detailed the structure of re-
markable scent organs found on the protho-
racic legs of some male Nystaleinae and
Hemiceratini. These can be complex. Among
my exemplar taxa, male foreleg scent organs
occur only in Nystalea, and Weller's work
should be consulted for a discussion ofthem.
Similar structures can be found in males of
some noctuid groups (Birch and Hefetz, 1987)
as well as throughout the Sphingidae (Roths-
child and Jordan, 1903). Rothschild and Jor-
dan (1903) noted that, in sphingids, the pres-
ence ofthese structures is extremely variable;
the structure can be present or absent in
closely related species. Their observation
seems to hold true for male scent organs of
all types.

Character 21. Elongate Foretarsi. One of
the characters that supports a sister-group re-
lationship between Scrancia and Gargetta is
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Figs. 208-213. Scanning electron micrographs of male antennae of Notodontidae. 208. Tarsolepis
japonica, ventral view near antennal midpoint (200 um). 209. T. japonica, lateral view of distal portion
(500 ,um). 210. Nystalea nyseus, ventral view near antennal midpoint (100 ,um). 211. N. nyseus, ventral
view near tip (50 ,um). 212. Antheua simplex, ventral view of right antenna (200 um). 213. Traumato-
campa pityocampa, lateral view (50 ,um). Scale lengths in parentheses.

the presence of extremely long foretarsi, de-
scribed by Janse (1920) for Scrancia. The first
tarsomere is as long as the others combined
(figs. 214, 217). In Gargetta, one tarsomere
of the foreleg appears to have been lost (fig.

214), apparently an autapomorphy for the
genus.

Character 22. Epiphysis Shape. Presence
of the foreleg epiphysis has been proposed as
a synapomorphy for the Lepidoptera (Kris-
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214

217

Figs. 214-216. Left legs of adult male Gargetta costigera. 214. Foreleg. 215. Middle leg. 216. Hind
leg. Scale line = 1.0 mm.

Fig. 217. Scrancia stictica, left foreleg. Scale line = 1.0 mm.

tensen, 1984; Nielsen, 1989). Both Michener
(1952) and Kuznetsov (1967) argued that the
epiphysis is an enlarged tibial spur that has
moved basally. The epiphysis exhibits a wide
variety of shapes among Lepidoptera, and
can sometimes vary within a single genus (e.g.,
Kitching, 1988). In the Notodontidae it is
typically rather short and apically acute (figs.
217, 220, 223, 224). I recognized a derived
state, found in almost all Notodontinae and
exemplified by Gluphisia septentrionis (fig.
222), in which the epiphysis is long and flat.
According to Weller (1989), the long flat type
of epiphysis also occurs in some Dasylophia
species (Nystaleinae). Marumo (1920) used
epiphysis shape as a taxonomic character. He
described and figured the epiphysis for at least
one representative species in each ofthe Asian

genera he discussed. Further, it was Marumo
who first noted the major shape difference I
have described here.

Character 23. Loss of the Epiphysis. Fe-
males of Gluphisia (fig. 221) and Epicoma
(Thaumetopoeinae) show no sign of the
epiphysis. It has been suggested that the
epiphysis is used to clean the antenna (Kuz-
netsov, 1967; Common, 1979), and one might
predict that the female antennae in these gen-
era should be ciliate rather than pectinate,
but such is not the case. These two cases of
epiphysis loss are convergent. A third case in
the Notodontidae involves females of Ptilo-
phora plumigera where the epiphysis is pres-
ent but highly reduced (fig. 225). Having de-
fined the derived state as reduced or absent
(Appendix I), I scored P. plumigera as "1".
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225

Figs. 218-225. Left legs of adult Notodontidae. 218. Phaeochlaena gyon male foreleg. 219. P. gyon
male middle leg; 220. P. gyon male hind leg. 221. Female foreleg of Gluphisia septentrionis. 222. Male
foreleg of Gluphisia septentrionis. 223. Male foreleg of Goacampa variabilis. 224. Male foreleg of Trau-
matocampa pityocampa. 225. Female foreleg of Ptilophora plumigera. Scale lines = 1.0 mm.
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My cladistic analysis suggests that the de-
rived state is homologous in Ptilophora and
Gluphisia, but that the female epiphysis was
regained in Clade 18 of the Dicranurini (No-
todontinae). This hypothesis should be fur-
ther tested.

Character 24. Foretibial Spurs. In three of
the notodontid species I examined, there is
a strongly sclerotized distal spur on the for-
etibia. Forbes (1948) noted this spur in his
diagnosis for the genus Datana (Phalerinae).
I found that the distal spur is present in Da-
tana ministra, but that it does not occur
throughout the closely related genus Phalera;
the foretibial spur is absent in P. bucephala.
Two other notodontids have a large spur on
the foretibia: Goacampa variabilis (Dudusi-
nae) (fig. 223) and Traumatocampa pityo-
campa (Thaumetopoeinae) (fig. 224).

Interestingly, considering cladistic rela-
tionships among the three taxa (figs. 99, 100),
all of these must have evolved separately.
Michener (1952), who described similar
spines on the foretibiae of some Saturniidae,
suggested that they are used to dig out of the
ground after emergence from the pupa. Ry-
abov (1988) observed a correlation between
presence offoretibial armature and head pro-
tuberances (see Character 2) among species
ofNoctuidae. This is known, for example, in
Heliothinae (Hardwick, 1970) and Stiriini
(Hogue, 1963). Ryabov (1988) argued that
the leg spines and head projection help the
newly emerged imago exit from hard soil in
arid habitats. It also appears likely that the
foreleg spurs in Goacampa and Traumato-
campa are used in conjunction with the fron-
tal protuberances of the adult head. Datana,
however, does not have a sclerotized frons.
Character 25. Legs Elongate. Long legs are

characteristic of, but not unique to, the Diop-
tinae. All three pairs tend to be long (figs.
218-220), but I scored the character using
hind legs only. In dioptines the hind tibia is
at least 1.5 times the length ofthe femur, and
the two pairs of spurs are widely separated
(fig. 218). The derived state also occurs in
Scrancia stictica (Janse, 1920) and Gargetta
costigera (fig. 216) (Scranciini), as well as in
Doa.

Character 26. Tibial Spur Apices Serrate.
The sclerotized tips of the tibial spurs are
serrate in the Notodontidae (fig. 226; Janse,
1920; Arru, 1965; Weller, 1987, 1989),

whereas they are smooth in most other noc-
tuoids. Serrate spurs are apparently apomor-
phic, but they also occur in the Lymantriidae
(fig. 227) and in Pantheafurcilla (Noctuidae:
Pantheinae). Doa ampla (fig. 228) and Oen-
osandra boisduvalii (fig. 229) have smooth
spurs, but in thaumetopoeines they are ser-
rate (Appendix I). Among trifid Noctuoidea,
therefore, serrate tibial spurs provide a useful
synapomorphy for the Notodontidae (but see
discussion of Platychasma in Addition of
Taxa).

Character 27. Tibial Spur Formula.
Throughout the Noctuoidea there is typically
an epiphysis on the prothoracic tibia, one pair
of tibial spurs on the mesothoracic legs, and
two pairs of spurs on the metathoracic legs.
This is often described as being a tibial spur
formula of 0-2-4 (e.g., Common, 1979), the
epiphysis not being considered a spur. The
0-2-4 formula occurs in most Notodontidae
(figs. 214-216, 218-220, 230), but there are
taxa in which only the distal pair of meta-
thoracic spurs is present (formula 0-2-2). In
species with the 0-2-2 formula, all spurs are
relatively small (Stephens, 1829; compare figs.
230-232). Spur number has been discussed
in most papers on taxonomy of the Noto-
dontidae (e.g., Schaus, 1901; Turner, 1903;
Nagano, 1916; Marumo, 1920; Matsumura,
1929a, 1929b).
The number of metathoracic tibial spurs

has also received attention as an important
character in notodontid classification. For ex-
ample, Borner (1939, 1944) defined the
Thaumetopoeinae and Cerurinae as having
only a single pair of metatibial spurs. The
rest of the family, which he placed in a single
subfamily (the Notodontinae), was defined
by the presence oftwo pairs. Packard (1 895a)
and Forbes (1948) characterized their Glu-
phisiini and Cerurinae (both ofwhich I place
in the Notodontinae) as having the distal spurs
only, but neither author recognized an as-
sociation between the two groups on that ba-
sis. My analysis suggests that presence of a
single pair of metathoracic tibial spurs is a
derived state for the Notodontidae that has
evolved in at least four separate groups: the
Thaumetopoeinae, the Dicranurini (Clade 16,
Notodontinae), some Dudusinae (Tarsole-
pis/Dudusa, Clade 32), and some Hetero-
campinae.
The latter subfamily is particularly inter-
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Figs. 226-229. Sclerotized tips of distal metatibial spurs. 226. Ellida caniplaga (40 ,um). 227. Ly-
mantria dispar (Lymantriidae) (100 Am). 228. Doa ampla (Doidae) (10 ,m). 229. Oenosandra boisduvalii
(20 Am). Scale lengths in parentheses.

esting with regard to tibial spur loss. Mem-
bers ofClade 39 (the "Stauropini") have only
a single pair of spurs (fig. 231), but both of
the Schizura species I examined show an ap-
parently intermediate state: the two proximal
spurs are very small and lack sclerotized tips.
Both spurs are still present in S. unicornis,
while S. biedermani has only a single tiny
spur in the proximal position (fig. 232). Spa-
talia jezoensis, a basal member of the Het-
erocampinae (fig. 100), also exhibits reduced
spurs. I scored the condition in Schizura and
Spatalia as being a separate character state,
intermediate between presence and absence
of spurs, and treated Character 27 as addi-
tive.

Character 28. Tarsal Claws Bifid. In most
Notodontidae there is a lobe at the base of
each tarsal claw (fig. 234). Weller (1987, 1989,
1990), who observed this condition in Lito-
donta hydromeli Harvey (Notodontidae:

Heterocampinae) and in some Nystaleinae,
termed such claws "bifid." This basal lobe is
ubiquitous throughout notodontid subfami-
lies except the Thaumetopoeinae (fig. 235)
and Notodontinae (fig. 236). However, the
basal lobe is frequently lost (Weller, 1989;
and see Appendix II). For example, among
the taxa I examined, all Dudusinae have bifid
tarsal claws with the exception of Dudusa,
and all Heterocampinae have bifid claws ex-
cept Stauropus and Harpyia.

Bifid tarsal claws occur in other members
ofthe Noctuoidea. I observed them in several
noctuid subfamilies (Appendix II; see also
Ryabov, 1988) and in both arctiid exemplars:
Spilosoma virginica (fig. 233) and Hypopre-
pia miniata. Mitter and Silverfine (1988) ob-
served simple tarsal claws in Catocala (Ca-
tocalinae: Noctuidae) and scored them as
derived relative to the bifid state. The com-
plex distribution of this trait suggests that
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Figs. 230-232. Right hind legs of adult male Notodontidae. 230. Cargida pyrrha. 231. Cnethodonta
grisescens. 232. Schizura biedermani. Scale lines = 1.0 mm.

bifid tarsal claws are not homologous in all
noctuoid groups.

Metathorax: I used two characters of the
metathoracic episternum. The first, de-
scribed by previous authors, relates to the
outgroup, and for that reason I do not provide
figures. The second is found only among
Dioptinae, and I describe it here for the first
time.

Character 29. Tymbal Organs. Presence of
metathoracic tymbal organs is a synapomor-
phy that unites most ofthe Arctiidae (Forbes
and Franclemont, 1957; Kitching, 1984a;
Ferguson, 1985; Minet, 1986). These struc-
tures occur in both arctiids that I examined,
one species of Arctiinae and one of Lithosi-
inae. Among more recent papers, the arctiid
tymbal organ has been figured by Fenton and
Roeder (1974), Watson (1975), Ferguson
(1985), and Surlykke (1990), all ofwhom dis-
cussed its function and taxonomic distribu-
tion in some detail. Fullard et al. (1979) sug-
gested that the clicks produced by arctiid
tymbal organs act to disrupt information pro-
cessing by hunting bats as they approach their
moth prey.

Fenton and Roeder (1974) discovered dif-
ferences in tymbal organ fine structure be-
tween arctiid genera, and they suggested that
such differences might be used as taxonomic
characters. Presence of a tymbal organ in
Thyretidae is the primary evidence for a re-
lationship between that group and the Arc-
tiidae (Holloway et al., 1987).

Character 30. Metepisternal Flange. In
some Dioptinae the ventral portion of the
metepisternum is heavily sclerotized and a
lateral flange is present (fig. 241). I have not
seen previous reference to this flange, and as
far as I am aware its function is unknown. It
is most highly developed in Josia and Cy-
anotricha and is absent in Erbessa. The ven-
tral portion of the metepisternum can be
sclerotized in species belonging to other no-
todontid groups, for example, Tarsolepis ja-
ponica (Dudusini). There, however, individ-
uals seem to vary in the degree of
sclerotization and no flange is present. I re-
stricted my treatment to presence or absence
of the lateral flange.
Character 31. Metafurcal Apophyses

Rounded. The furcasternum is an internal
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Figs. 233-236. Tarsal claws of adult Noctuoidea. 233. Spilosoma virginica (Arctiidae) (100 Am),
lateral view of pretarsus showing pulvillus (P). 234. Hippia packardii, mesal view of a single claw (C)
showing lobe (L); note serrations on claw margin (20 ,um). 235. Thaumetopoea processionea, distal view
of pretarsus (40 ,m). 236. Gluphisia septentrionis, distal view of pretarsus (50 Am). Scale lengths in
parentheses.

thoracic structure formed by fusion of the
sternal apophyses and invaginated sternum
(Weber, 1924; Snodgrass, 1935). For lepi-
dopteran groups in which they have been de-
scribed (e.g., Weber, 1924; Ehrlich, 1958b;
Davis, 1986, 1989), the metafurcal apophy-
ses are apically acute (fig. 242). All the No-
todontidae I examined have acute furcal
apophyses except the Dioptinae, which have
posteriorly rounded ones (fig. 243). In addi-
tion, the furcal base of dioptines is slightly
elongate compared to that of other notodon-
tids. The only other shape variation I ob-
served concerns Hypoprepia (Arctiidae: Lith-
osiinae), in which the furcal apophyses are
small (scored as "2"). The distribution ofthis
character state should be surveyed in the
Lithosiinae.
Tympanum: Brock claimed that "noctuoid

tympanal structures are now among the best
known regions of lepidopterous anatomy"
(1971: 78). Morphology of the metathoracic
tympanum has certainly been given inordi-
nate attention by workers on noctuoid phy-
logeny. Kiriakoffs classifications (1950a,
1950b, 1950c, 1963a, 1963b) rely almost ex-
clusively on tympanal characters. It was his
contention that "tympanic structures un-
doubtedly are the most significant single set
of characters that can be found in Lepidop-
tera" (1963a: 5).

Early works on the metathoracic tympa-
num include those of Forbes (1916, 1922a)
and the important studies of Eggers (1919,
1928) and Sick (1935, 1940). Richards's
(1932) analysis is the most comprehensive.
It covers 372 species from 300 genera, fo-
cusing on the Noctuidae, but also includes
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Fig. 237. Metathorax and first abdominal seg-
ment of female Peridroma saucia (Noctuidae) in
lateral view with anterior at left (hind wing base
shown with hatched lines). A = subalare. B = ab-
dominal bulla. C = eucoxa. Em = metepimeron.
Es = metepisternum. H = counter-tympanal hood.
M = metameron. MI = mesoscutellum. N = nod-
ular sclerite. Ps = metapleural suture. Pwp = meta-
pleural wing process. Sc = metascutum. SI =

metascutellum. Sp = first abdominal spiracle. S2
= sternum 2. T = tympanal membrane. Tl = ter-
gum 1. Scale line = 1.0 mm.

representatives of the other major noctuoid
lineages including the Arctiidae, Lymantri-
idae, and Notodontidae. Richards's conclu-
sions form the basis for most of our current
theories on relationships among noctuoid
families. Sick (1940), who studied tympanal
morphology in a large number of dioptine
species, included thaumetopoeines and other
notodontids in his analysis.
Roeder and Treat (1957), among the first

to investigate the function of the metatho-
racic tympanum, concluded that it could serve

two purposes. First, they suggested that the
noctuid tympanum is effective in detecting
high and low frequency cries of bats. They
also found that it would be capable of de-

tecting the presence of other flying insects,
such as individuals ofthe opposite sex. Span-
gler (1988) emphasized that acoustic com-
munication is being discovered in more and
more moth species. Sound production by
noctuoid adults is now known in Arctiidae
(Peter, 1917; Blest et al., 1963; Conner, 1987;
Krasnoffand Roelofs, 1990), in the noctuid
subfamilies Agaristinae (Common, 1979; Al-
cock et al., 1989; Surlykke, 1990), Helioth-
inae (Matthews, 1987), Chloephorinae (Hol-
loway, 1976), and Cuculliinae (Surlykke and
Gogala, 1986), as well as in the Dioptinae
(Forbes, 1922b; Miller, 1989).

Surlykke (1984) and Spangler (1988) re-
ported that the noctuid tympanal membrane
is innervated by two auditory A cells, where-
as the notodontid tympanum is innervated
by only one. The phylogenetic significance of
this trait remains uncertain because the char-
acter distribution is inadequately known
(Weller, 1989). Surlykke (1984; see also Treat,
1956) noted that notodontids lack a nodular
sclerite (Richards, 1932) and a "Biugel," a
specialized site of attachment for the non-
auditory B cell. On these grounds, she con-
cluded that notodontids possess the simplest
type of noctuoid ear. However, her research
showed that tympana of Notodontidae and
Noctuidae are equally sensitive and that both
groups show basically the same behavioral
responses to sound.
Considerable attention has been paid to the

internal structure ofthe noctuoid tympanum.
Richards (1932) first described variation in
the shape ofwhat he termed "pockets I-IV."
Most subsequent discussion has been obtuse,
and terminology between workers often con-
flicts (Weller, 1989). According to Richards
(1932), the thaumetopoeine tympanum lacks
pocket IV, a potential synapomorphy for the
group. Weller (1989), whose interpretations
ofpocket homology differ from those ofRich-
ards, stated that pocket IV in Thaumetopoea
processionea is present but reduced. Weller
(1989) also reported that pocket II is absent
in the dioptine species she studied. I chose
to use external rather than internal tympanal
characters. Those interested in the latter
should consult Weller (1989).

Character 32. Orientation ofthe Tympanal
Membrane. Orientation of the tympanal
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Figs. 238-240. Metathorax and first abdominal segment in lateral view with anterior at left (hind
wing base shown with hatched lines). For key to symbols see figure 237. 238. Doa ampla (Doidae) male.
239. Cnethodonta grisescens (Heterocampinae) male. As in most Notodontidae, the tympanal membrane
in this species forms the roof of the tympanal cavity (Tc). Note also the metascutal bulla (Bb; Character
34), and "membranous cup" (Mc) on Al (Character 46). 240. Josia ligata (Dioptinae) female. Scale
lines = 1.0 mm.

Fig. 241. Metathorax ofJosia ligata male in frontal view showing the metepisternal flange (Character
30). Symbols as in figure 237 with the addition of: F = metepisternal flange. Mf = metafurca. The
abdominal opening is shown with hatched lines. Scale line = 1.0 mm.
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Figs. 242, 243. Metafurcasternum and metadiscrimen (D) in mesal view (anterior at left), showing
furcal apophyses (Fa). 242. Cargida pyrrha male. 243. Phryganidia californica male, showing rounded
furcal apophyses of Dioptinae (Character 31). C = metaeucoxa. M = metameron. Scale lines = 0.5 mm.

membrane differs between notodontids and
the rest of the Noctuoidea (Richards, 1932;
Common, 1979; Fullard, 1984; Weller, 1989).
In notodontids the dorsal portion of the epi-
meron is strongly concave (Brock, 1971),
causing the membrane to face obliquely ven-
trally. The concave epimeron and ventrally
directed tympanal membrane also occur in
Doa (fig. 238). In quadrifid noctuoids (fig.
237) and in Oenosandra boisduvalii, the epi-
meron is not concave or is only moderately
sunken around the tympanum, and the mem-
brane faces posteriorly.

All authors who surveyed structure of the
thoracic tympanum have noted the unusual
tympanal morphology of Josia (Richards,
1932: fig. 153; B6rner, 1939: fig. 41; Sick,
1940: figs. 1-4; Kiriakoff, 1950a: figs. 9, 10).
In Josia, the metepimeron is deeply invagi-
nated so that the tympanal cavity is a large

internal pouch, almost as large as the epi-
meron itself (fig. 240). The tympanal mem-
brane forms the roof of the pouch, and the
cavity opening is very small. On the basis of
this highly derived condition, Sick (1940)
proposed "Group V" of the "Dioptidae" to
include eight genera (approximately 100 spe-
cies). These same genera were recognized by
Kiriakoff (1950a) as the subfamily Josiinae,
all other species being placed in the "Diop-
tinae." Among my list of exemplar taxa, the
large internal pouch occurs in Cyanotricha as
well as Josia.

Character 33. Nodular Sclerite Absent. The
nodular sclerite (Forbes, 1923; Richards,
1932; Surlykke, 1984), or "epaulette" (Eg-
gers, 1919, 1928; Callahan, 1969; Oseto and
Helms, 1976; Common, 1979), is a small
sclerite located between the epimeron and the
anterior margin of the tympanal membrane
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(fig. 237; Treat, 1956; Roeder and Treat,
1957). The structure can be morphologically
complex in some Noctuidae, and Treat (1956)
argued that in these cases it might serve as a
barrier to parasitic mites. A nodular sclerite
is found in all noctuoids except Doa and the
Notodontidae (figs. 238-240). Richards
(1932: 32) suggested that Doa has affinities
with the Notodontidae because he discovered
that it lacks the nodular sclerite and abdom-
inal counter-tympanal hood (Character 45,
below), but has a sunken tympanal region
(Character 32, above).
My results contradict those ofprevious au-

thors, all of whom have suggested that the
notodontid-type tympanum is primitive in
the Noctuoidea (e.g., see Common, 1975).
Taken together, the character data suggest that
Oenosandra boisduvalii is the sister group of
Doa + Notodontidae (Clade 2; fig. 99). Ifthis
cladistic hypothesis is correct, then absence
of the nodular sclerite, absence of the Al
hood, and presence of a sunken tympanal
region all represent apomorphic states. The
phylogenetic position of Oenosandra, obvi-
ously pivotal to such an argument, should be
studied in great detail. In the interim, I hope
my theories on noctuoid tympanal characters
will spur fruitful debate.

Character 34. Metascutal Bulla. In most
Notodontidae the region of the metascutum
above the tympanum is swollen to form a
bulla (Common, 1975, 1979; Holloway, 1983)
demarcated by a fine sulcus (figs. 239, 240).
Brock (1971) considered the metascutal bulla
to be diagnostic for the Notodontidae. This
structure, which may act as a counter-reso-
nating organ for the tympanum, does appear
to be unique to notodontids, but it is vari-
ously developed in the group. I recognized
four character states concerning size and shape
of the metascutal bulla (Appendix I). Pres-
ence of a teardrop-shaped bulla, character-
istic of almost all Notodontidae, was scored
as " 1 ". Two additional apomorphic states are
restricted to the Dioptinae, where the bulla
is highly developed (fig. 240; Sick, 1940).

Kiriakoff (1950b) erected the subfamily
Tarsolepidinae to include Tarsolepis and Du-
dusa, ignoring the fact that Matsumura
(1929b) had already erected the subfamily
Dudusinae for those same two genera. Kir-
iakofP's rationale was based on the observa-

tion that in both taxa the scutal phragma is
similar to Noctuidae ("type phalenoide"). If
my interpretation is correct, the scutal phrag-
ma of Kiriakoff (1950b) and Sick (1940) is
homologous with the metascutal bulla. The
Tarsolepis and Dudusa species I examined do
appear to have lost the bulla; a slight hump
is present, but the sulcus is absent. The same
is true of Cargida pyrrha, Goacampa varia-
bilis, and Crinodes besckei. Thus, although
these genera seem to exhibit the plesio-
morphic condition ofthe metascutal bulla, it
instead represents a case of derived loss and
provides evidence for monophyly of Clade
29, the tribe Dudusini.

Forewings: I did not use wing pattern in
this study. The research of Nijhout and col-
leagues (see, e.g., Nijhout, 1986; Nijhout and
Wray, 1988) could potentially provide ways
to identify homologous pattern elements.
However, such an approach would probably
be of little use in a study such as this, where
the taxa are quite distantly related and their
wing patterns are either highly divergent or
convergent. An example ofwing pattern con-
vergence in the Notodontidae is the distinc-
tive silver triangle seen on the forewing in
several genera. My studies show that the sil-
ver triangle pattern evolved separately in the
Heterocampinae (e.g., Spatalia jezoensis, fig.
21), Dudusinae (e.g., Tarsolepisjaponica, fig.
51), and Nystaleinae (e.g., Didugua argentil-
inea, fig. 65). An interesting problem will be
understanding how the mimetic wing pat-
terns of Dioptinae evolved from wing pat-
terns of other Notodontidae, particularly the
Nystaleinae.
Another character system that I did not

study is variation in the axillary sclerites at
the base ofeach wing. Sharplin (1963) showed
that the wing bases of primitive Lepidoptera
are very different from those ofmore derived
groups, but she found surprisingly little vari-
ation within superfamilies.
Wing venation has been used by almost all

previous notodontid researchers. For exam-
ple, both Schaus (1901) in his revision of
American notodontid genera and Prout
(1918), who revised the genera of Dioptinae,
based their works almost entirely on vena-
tion. Wing veins are relatively easy to see and
involve a minimum ofspecimen preparation
for study. However, they present difficult
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Figs. 244, 245. Right wings of Noctuoidea (FW lengths in parentheses). 244. Pantheafurcilla (Noc-

tuidae) male (18 mm). 245. Doa ampla (Doidae) female (15 mm). A = anal vein. Ac = accessory cell.
CuA = cubital vein. DC = discal cell. M = medial vein. R = radial vein. Rs = radial sector. Sc =
subcostal vein.

problems in homology. Workers attempting
to use venational characters in higher clas-
sification studies have often resorted to com-
plicated transformation theories (e.g., Brock,
1971). In addition, no matter how they are
interpreted, wing vein characters show a large
amount of homoplasy (Weller, 1989). Janse
(1920) demonstrated that notodontid wing
vein characters can vary dramatically within
well defined genera. In this study I employed
only those venational characters that have
figured prominently in previous discussions
on the Notodontidae.

Character 35. Forewing Trifid or Quadrifid.
One of the long-standing subdivisions of the
Noctuoidea has been based upon whether the
forewing cubital vein is trifid or quadrifid
(Packard, 1895a; Richards, 1932; Forbes,
1939a, 1948; see also Introduction). In trifid
venation, the base of M2 is positioned ap-
proximately midway between veins M1 and

M3 (figs. 245-249), whereas in the quadrifid
condition it touches M3 (fig. 244). The quad-
rifid forewing has long been assumed to be
apomorphic in the Noctuoidea, whereas tri-
fid venation has been considered plesiom-
orphic. Among the taxa I examined, trifid
forewing venation occurs in members of the
Notodontidae and in Doa (fig. 245). Oeno-
sandra boisduvalii clearly exhibits the trifid
condition. The only notodontid group with
a quadrifid forewing is the Platychasmatinae
(fig. 527; see Addition of Taxa).

Character 36. Forewing Accessory Cell. A
forewing accessory cell or "areole" (Schaus,
1901, 1939; Nagano, 1916; Marumo, 1920),
formed between veins R2 and R3, occurs in
many lepidopteran groups, including most
members ofmy outgroup (e.g., Panthea fur-
cilla, fig. 244). Ryabov (1988) considered its
presence to be characteristic of Noctuidae,
and Brock (1971) regarded the accessory cell
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246 247

Figs. 246-249. Right wings of Notodontidae (FW lengths in parentheses). 246. Hemiceras bilinea
male (22 mm); note lobe on anal margin of forewing (Character 39). 247. Thaumetopoea processionea
female (18 mm). 248. Josia ligata female (17 mm). 249. Phaeochlaena gyon female (17 mm).

as primitive for the Noctuoidea. In notodon-
tids the cell can be either present or absent
(figs. 246-249; see also Forbes, 1939a, 1948),
but both character states appear to be con-
stant within genera (Weller, 1989). The areole

was used as a key character by several early
notodontid researchers (e.g., Neumoegen and
Dyar, 1894a, 1894b; Dyar, 1897; Janse,
1920). Assigning character states to the var-
ious positions of R2 and determining ho-
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mologies for the different cell shapes is ex-
tremely difficult. I therefore opted for a
relatively straightforward interpretation.

I recognized three states for the origin of
vein R2. First, it may arise from the discal
cell when there is no accessory cell (e.g.,
Phaeochlaena gyon, fig. 249). Second, I rec-
ognized as a separate state cases where R2
arises from the discal cell, and there is a short
connecting vein between it and the other ra-
dials, forming an accessory cell (fig. 246). Fi-
nally, in taxa such as the Thaumetopoeinae
and Pygaerinae, R2 is fused with R3-R5 (fig.
247) and no accessory cell is apparent. I do
not have a transformational hypothesis con-

cerning this character complex, and so treat-
ed these states as nonadditive. It appears from
my results that the thaumetopoeine/pyga-
erine condition is plesiomorphic for Noto-
dontidae.
The three accessory cell states I used do

not fully describe variation within the No-
todontidae concerning branching patterns of
the radial system. In addition to differences
in the branching order of veins R2-R5, M1
can arise either from the discal cell (figs. 247,
249) or from the radial sector (figs. 246, 248).
I found both characters extremely difficult to
describe and score, and have excluded them
from my analysis. Furthermore, they may be
highly unstable. Nakamura (1973) has shown
that venation of the radial system can vary
within a species; in Phalera himalayana Nak-
amura, some specimens had an areole present
while others did not.

Character 37. Forewing Accessory Cell
Shape. The accessory cell varies in shape.
Some members of the Heterocampinae (the
taxa in Clade 42; fig. 100) have an unusually
long cell. This state was first noted by Packard
(1895a; see his fig. 80) for the genus Heter-
ocampa. Forbes (1939a, 1948) used an elon-
gate accessory cell as diagnostic for his Het-
erocampini. I also recognized an extremely
short accessory cell as a separate state. This
occurs in Hippia and Symmerista (Nystal-
einae). Finally, I recognized a fourth state for
species with a short and wide accessory cell,
referring in this case to Scrancia stictica and
Gargetta costigera (Scranciini).

Character 38. Fusion of Forewing Veins
M3 and CuA 1. Having forewing veins M3 and
CuAl fused (fig. 248), a trait used extensively

by Prout (1918) in his revision of the Diop-
tinae, appears to be apomorphic for that sub-
family (Miller, 1987a, 1989). However, ex-
cept for the few exemplar outgroup taxa
examined, I have not surveyed the quadrifid
Noctuoidea for this character state. Fusion
occurs in most dioptine genera (K6hler, 1930)
but not in Erbessa and Phaeochlaena (fig.
249), both ofwhich I regard as plesiomorphic
dioptines (fig. 100). The derived state is found
in only one other species among my study
sample, Anaphe panda (Thaumetopoeinae).

Character 39. Forewing Anal Margin with
a "Prominence. " The name Notodonta (from
Greek; notos = back, donta = tooth) was pro-
posed by Ochsenheimer (1810). Although he
did not specify whether he was referring to
the toothlike projection on the forewing of
some species or to the dorsal projections fre-
quently found on notodontid caterpillars (e.g.,
figs. 79, 84,93), most subsequent authors (e.g.,
Seitz, 1912, 1932) claim that the family name
is derived from the adult forewing projection.
The projection is formed from elongate scales
(fig. 250) attached to a rather shallow lobe on
the forewing's anal margin (fig. 246). When
the wings are folded over the body while the
moth is at rest, these two projections meet
dorsally to produce a tuft that breaks the in-
sect's outline and aids crypsis (Seitz, 1912).
The forewing "tooth" actually exhibits a

relatively limited distribution among Noto-
dontidae. In my study, it occurs only in No-
todonta, Odontosia, and Pheosia of the No-
todontinae, as well as in Peridea (Phalerinae),
Spatalia (Heterocampinae), and Hemiceras.
There are two projections on the forewing
anal margin in Platychasma virgo (figs. 525,
526). The tooth also occurs in other noto-
dontid genera that I did not study. My cla-
distic results thus suggest that the forewing
tooth evolved at least five times within the
family.

Character 40. Bar-shaped Retinaculum.
The retinaculum, which occurs in males of
almost all Lepidoptera, is a cuticular out-
growth from the forewing costa. It catches
the frenular bristle from the hind wing, and
together these function as a wing-locking
mechanism (Braun, 1919, 1924). Hampson
(1900) recognized a "bar-shaped" retinacu-
lum as diagnostic for the Arctiidae, in which
he included the Lithosiinae and Nolinae. In
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addition to those groups, the retinaculum is
long and bar-shaped in Sarrothripinae and
Chloephorinae (Kitching, 1984a), both of
which are subfamilies in the Noctuidae. I did
not find variation in retinaculum shape with-
in the Notodontidae.
Hind Wings: Character 41. Fusion of

Veins M3 and CuAI . Hind wing veins M3 and
CuAl are stalked (fig. 248) in five of the six
dioptine genera included in this study (see
also Prout, 1918; Kohler, 1930). Dioptinae
are unique in that over 70% of the species
have these veins fused in both the forewings
and the hind wings (Miller, 1987a). The only
other species in my sample with hind wing
veins M3 and CuAl stalked is Hypoprepia
miniata (Arctiidae), obviously a separate der-
ivation from the Dioptinae.

Character 42. Hind Wing Trifid or Quad-
rifid. Like the forewings, the hind wing cubital
vein can be either trifid or quadrifid (Turner,
1946; Forbes, 1954; Ryabov, 1988), in this
case related to both the position and devel-
opment of vein M2. A quadrifid hind wing
occurs only in some outgroup Noctuoidea.
Among my exemplar species the quadrifid
state is found in Spilosoma virginica, Panthea
furcilla (fig. 244), and the Lymantriidae. Po-
tential monophyly ofthe trifid Noctuidae has
recently been discussed by Kitching (1984a)
and Holloway (1989).

Character 43. Hind Wing Vein M2 Absent.
Forbes (1939a) defined the tribe Hemicera-
tini based on a single character: absence of
hind wing vein M2. A fold is present in the
position of M2 (fig. 246), but not a tubular
vein. Interestingly, absence ofhind wing vein
M2 is not restricted to the Hemiceratini, but
is much more widespread among Notodon-
tidae. The first mention of this trait dates
back to Schaus (1901), who used it in his key
to Neotropical notodontid genera. The list of
genera defined by his dichotomy ("vein 5 [=
M2j on secondaries absent" [Schaus, 1901:
263]) corresponds well with Forbes's concept
of the Hemiceratini. Goacampa variabilis
(Dudusinae) also fell out at that point in
Schaus's key. My examination confirmed that
G. variablis is, in fact, missing hind wing vein
M2. Forbes (1948) later used loss of M2 as a
diagnostic character for both the Pygaerinae
and Gluphisiini. I found that the vein is ab-
sent in Clostera (see also van Eecke, 1930),

Fig. 250. Left wings (dorsal) ofNotodonta sci-
tipennis male, showing "tooth" on posterior mar-
gin of forewing. Scale line = 3.0 mm.

Gluphisia, Ellida caniplaga, Goacampa, and
Hemiceras. Janse (1920) noted that in some
African notodontid genera this vein is re-
duced or absent. I conclude that hind wing
vein M2 has been lost at least five times in
the Notodontidae.

Character 44. Female Frenulum Bristle
Number. The number of bristles comprising
the female frenulum is extremely variable
within Notodontidae. There are over 20 bris-
tles in Anaphe panda, Thaumetopoea pro-
cessionea (fig. 251), and pygaerine species
(Arru, 1965). Other species have between four
and eight bristles (e.g., Peridea angulosa; fig.
253), and there are only two in Epicoma tris-
tis (Thaumetopoeinae), Dasylophia anguina
(fig. 254), and others. The dioptines I ex-
amined have from two to eight bristles. Mar-
shall (1922) showed that there is intraspecific
variation in female frenulum number, so I
did not attach particular importance to the
precise number observed in each of my ex-
emplar taxa. Rather, I used a form of gap
coding to score this trait, recognizing only
two states: female frenulum composed of 10
or fewer bristles, and frenulum composed of
more than 15 bristles. The latter is found in
all members ofClade 13 (e.g., Odontosia ele-
gans; fig. 252) except Liparopsis postalbida.
This species is unusual in that females lack
a frenulum. In both sexes the hind wing hu-
meral area is greatly expanded (fig. 28), anal-
ogous to the condition found in butterflies.
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Figs. 251-254. Female frenulum on hind wing of Notodontidae. 251. Thaumetopoea processionea
with scales removed (50 Am). 252. Odontosia elegans (500 um). 253. Peridea angulosa (100 ,um) with
scales and some frenular bristles removed. 254. Dasylophia anguina (500 ,um). Scale lengths in paren-
theses.

There is variation in female frenulum bris-
tle number among other noctuoids as well.
Doa, Oenosandra, and the Lymantriidae ex-
hibit the "1" state (more than 15 bristles),
whereas arctiid and noctuid species have ei-
ther two or three (score of "O"). Character
optimization thus suggests that presence of
15 or more frenular bristles is plesiomorphic
for the Notodontidae.
Although male Lepidoptera have what ap-

pears to be a single frenular bristle, it is ac-
tually composed of fused bristles (Braun,
1919), and the number of these is known to
vary (Marshall, 1922; Richards, 1981; Davis,
1986). I did not examine the male frenulum
because an analysis would require scanning
electron micrographs for all study taxa.

ABDOMEN (BOTH SEXES)

Segment 1: Character 45. Counter tym-
panal Hood. In quadrifid noctuoids there is
a membranous evagination on the first ab-
dominal segment termed the counter-tym-
panal hood (Eggers, 1919, 1928; Richards,
1932; Common, 1979). In previous discus-
sions of noctuoid classification (e.g., Forbes,
1954), much emphasis has been placed on
whether this hood is prespiracular or post-
spiracular in position (fig. 237; see also figures
in Common, 1979). A postspiracular hood is
restricted to the Noctuidae, whereas among
my study species a prespiracular hood occurs
in Nola, Spilosoma, and the lymantriids. In
some arctiids the prespiracular hood is very
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large. Kitching (1984a) noted that the Her-
miniinae are unusual among Noctuidae in
having a prespiracular hood.

Notodontids lack a hood, but they usually
have a membranous cup around the Al spi-
racle (Character 46 below). The hood is ab-
sent in Doa as well. Interestingly, in Oeno-
sandra, the genus that has until now been
placed in the Thaumetopoeinae, there is a
well-developed prespiracular hood (see Char-
acter 33 and The Status of Oenosandra).

Character 46. Al Membranous Cup. Ful-
lard (1984) detailed the morphology of the
"membranous cup" in Notodontidae, locat-
ed in the pleural membrane around the first
abdominal spiracle. The area of the cup is
usually sclerotized slightly, and the surround-
ing scales are appressed to form a smooth
cavity. Fullard suggested that the cup is ho-
mologous with the counter-tympanal hood of
other noctuoids and showed that it functions
to localize sounds coming into the tympa-
num.
Within the Notodontidae there is variation

in the degree to which this membranous cup
is developed (Jordan, 1923b). For example,
in members of the Dioptinae there is no sign
of a cup (Jordan, 1923b), whereas in some
Nystaleinae the cup is extremely large (Wel-
ler, 1989) and extends above the ventral mar-
gin of tergum 1. I recognized three character
states to describe this variation. The first, that
of having no cup around the spiracle, was
found in the Thaumetopoeinae and Dioptin-
ae (fig. 240). All other Notodontidae have a
cup. Those with one of moderate size re-
ceived a score of "I". It is large, extending
above the pleuron (score of "2"), in two spe-
cies of Nystaleinae I examined and in Cri-
nodes besckei.

Character 47. AI Sclerotized Bar. In Diop-
tinae there is a small, lightly sclerotized bar
in the pleuron of A- 1 dorsal to the spiracle
(fig. 240). This structure, found in both sexes,
is sometimes difficult to locate, but appears
to be diagnostic for the group.

Character 48. Al Abdominal Bulla. Some
Noctuidae have a large internal abdominal
bulla, formed from a deep invagination on
the anterior face ofAl. Among the outgroup
species I examined, it occurs in Diloba ca-
eruleocephala, Peridroma saucia (Noctuinae)

(fig. 237), and Alypia octomaculata (Agaris-
tinae), being most highly developed in the
latter. These three species belong to disparate
groups according to most noctuid classifica-
tions. Kiriakoff (1977) defined the Agaristin-
ae by presence of this structure, but Minet
(1986) showed that the abdominal bulla is
more widespread; he suggested this character
as a potential synapomorphy for the Noc-
tuidae. It certainly deserves study by future
workers.
A similar abdominal bulla occurs in Scran-

cia stictica and Gargetta costigera (Scranci-
ini). Cladistic results (figs. 99, 100) show that
the scranciine structure is not homologous
with that of Noctuidae. The taxonomic dis-
tiibution of this A1 bulla within Notodon-
tidae deserves further study. Minet (1986)
noticed it in the notodontid genus Pterosto-
ma Germar.
Segment 2: Character 49. Sternum 2 Apo-

demes Elongate. Anterolateral apodemes are
found on sternum 2 (figs. 238, 239) in almost
all Lepidoptera (Brock, 1971); it has been
suggested that their presence is a synapo-
morphy for the Ditrysia (Kyrki, 1983; Niel-
sen, 1989). These apodemes are particularly
long and thin in Erbessa and Phaeochlaena,
but not in other dioptines. I did not study
subtle differences in apodeme shape.
Segment 4: Holloway et al. (1987) sug-

gested that presence of a pair of pockets on
the fourth sternum may be a synapomorphy
for the Lymantriidae. Their figure of Redoa
Walker shows fine corrugations in the pock-
ets, and the authors suggested that this struc-
ture may produce sound. I did not find such
an organ in my two lymantriid taxa.

ABDOMEN (FEMALE)

Segment 7: In many notodontids and in a
few outgroup species, the female seventh seg-
ment is more heavily sclerotized than pre-
ceding ones. However, I was unable to reli-
ably score the trait.

Character 50. Anal Scale Tuft. The female
seventh tergum is sometimes large, membra-
nous (strongly wrinkled in Oenosandra), and
covered with a dense mass ofshort deciduous
scales (fig. 257). This was termed the "anal
tuft" by Common (1979). The tuft (not to be
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confused with that of some male Notodon-
tidae; see Character 77) occurs in thaume-
topoeines (Turner, 1922), as well as in Diloba
caeruleocephala (fig. 12). Its presence in Oen-
osandra boisduvalii (fig. 15) perhaps explains
why Turner (1922) referred the genus to the
Thaumetopoeinae. In addition, the anal tuft
of D. caeruleocephala is perhaps the reason
that this species has at times been placed in
the Notodontidae (Kitching, 1987). A female
scale tuft very similar to the one in thau-
metopoeines occurs in several dioptine gen-
era (Miller, 1989), but it must have evolved
there separately.

In addition to notodontids, a large anal
tuft occurs in females of the noctuid genus
Bellura (Levine and Chandler, 1976), as well
as in many lymantriids, such as species of
Euproctis (Ferguson, 1978). Females moths
in these groups are known to cover their egg
masses with the deciduous scales from their
anal tufts (Stephens, 1829; Nagano, 1916;
Levine and Chandler, 1976; Common, 1979),
presumably as a defense against egg parasit-
oids. This may also be their function in no-
todontid groups where female tufts occur.
Segment 8: The female eighth segment in

Notodontidae exhibits a wide range of mor-
phological variation, whereas in most noc-
tuoids it is unmodified. As with genitalic
structures, determining the homology ofthese
modifications is difficult because structural
variation can be so extensive, even within
genera.

Character 51. Pleural Region ofA8 Mem-
branous. The pleural region of segment 8 in
noctuoid females is typically sclerotized.
However, within Notodontidae it varies from
being membranous to being heavily sclero-
tized. I recognized three character states. A
sclerotized pleuron on segment 8 was given
a score of "0". If the pleuron was membra-
nous, that species received a score of " 1". In
females of Clade 24 (Phalerinae in the re-
stricted sense), the pleuron of segment 8 is
heavily sclerotized and is emarginate poste-
riorly. The entire eighth segment ofthese spe-
cies is fused into a sclerotized capsule (fig.
260).

Character 52. Dorsum ofFemale Tergum
8. The dorsum of female tergum 8 is usually
completely sclerotized (e.g., figs. 262, 269). I
found two apomorphic states among Noto-

dontidae. First, in some Dudusinae (e.g.,
Cargida pyrrha, fig. 263) there is a narrow,
membranous region in the tergal midline. The
other apomorphy is restricted to some genera
of the Dioptinae. In Josia and Cyanotricha
the female tergum 8 is reduced to two narrow
straps that meet dorsally. This modification
appears to allow the segment to expand dur-
ing insertion by the male of an unusually
broad aedeagus and vesica (Miller, 1988a). It
is a synapomorphy for the species related to
Josia, the "Josiinae" of Kiriakoff(I 950a; see
Character 32).

Character 53. Posterior Margin ofFemale
Tergum 8. I recognized four character states
for the posterior margin of female tergum 8,
but these only roughly describe structural
variation among taxa. Two ofthese states are
autapomorphic; tergum 8 in Phryganidia is
bifid with two long caudal protuberances
(Miller, 1987a), and the posterior margin of
tergum 8 in Cnethodonta grisescens has a sin-
gle long projection (fig. 261).
Beyond these obvious character states, the

situation becomes more difficult. The caudal
margin of tergum 8 shows tremendous vari-
ation in shape, but the differences were not
easy to characterize. I chose a simple scoring
system. Members of the outgroup exhibit a
sclerotized, often slightly emarginate margin,
scored as "0". I scored the ingroup in a con-
servative manner, giving most species the
plesiomorphic state even if the tergal margin
is heavily sclerotized (e.g., Hippia packardii,
fig. 264). Finally, I gave a "1" score to species
in which the caudal margin of tergum 8 is
crenulate or deeply emarginate (e.g., Peridea
angulosa, fig. 265). Clearly, my approach
could benefit from more detailed study.
Pheromone Glands: The ability to produce

female pheromones is almost universal in the
Lepidoptera (Nielsen, 1989; Wagner and Ro-
sovsky, in press). For some families, gland
chemistry appears to offer useful taxonomic
information (Roelofs and Brown, 1982; Hor-
ak et al., 1988; Renou et al., 1988). For ex-
ample, some tortricid tribes and subfamilies
are characterized by pheromones of partic-
ular chain lengths or, in some cases, by unique
chemical components (Horak et al., 1988).
Renou et al. (1988) claimed that three "del-
toid" noctuid subfamilies-the Catocalinae,
the Herminiinae, and the Rivulinae-have
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female sex attractants with a unique chemical
structure. The authors also suggested that
pheromone chemistry provides apomorphies
for particular genera. Male-emitted phero-
mones might also provide useful taxomonic
characters (Birch, 1972a, 1972b). Unfortu-
nately, characterization of noctuoid gland
morphology and chemistry is currently in-
adequate from a phylogenetic standpoint.
Data are unavailable for many groups. No-
todontidae are of little economic importance
so few workers have studied their pheromone
chemistry.

Hollander et al. (1982) discovered that in
females ofLymantria dispar (Lymantriidae),
both the dorsal and ventral regions of the 8/
9 intersegmental membrane produce phero-
mone. Similar results were obtained by Teal
et al. (1983) for Heliothis virescens (Noctui-
dae) and by Krasnoff and Roelofs (1990)
for Arctiidae. Percy-Cunningham and Mac-
Donald (1987) identified pheromone-pro-
ducing cells in the terminal segments of fe-
male Notodontidae representing eight species.
However, they noted that there was little con-
sistency between species in the location of
these cells. It therefore appears that in Noc-
tuoidea, female pheromone production is
generally associated with the 8/9 interseg-
mental membrane, but that two regions can
be involved.
My treatment of pheromone gland mor-

phology is superficial. Identifying glandular
tissue and determining gland homology re-
quires histological, behavioral, and chemical
research. For the purposes of character anal-
ysis I simply scored the presence or absence
ofa clearly visible, invaginated glandular area.
Two types of these occurred in the species I
examined.

Character 54. Ventral Female Pheromone
Gland. An invaginated glandular region oc-

curs on the ventral surface of the 8/9 inter-
segmental membrane in Lymantriidae, Arc-
tiidae, some Noctuidae, and in Oenosandra
boisduvalii. I was unable to give a score to
Doa, which has a complex membrane (fig.
304). Among ingroup species I found such a

structure only in the Thaumetopoeinae (figs.
267, 268). Character optimization suggests
that possession of a large, ventral, phero-
mone-producing region is plesiomorphic for
the entire Noctuoidea, but that this was lost

in Notodontidae above the Thaumetopoe-
inae (fig. 99).
Character 55. Dorsal Female Pheromone

Gland. Both ofthe arctiid species I examined
possess a female pheromone gland in the in-
tersegmental membrane between tergum 8
and the papillae anales. It is a paired struc-
ture, invaginated anteriorly, and is quite long
in Spilosoma. Studying the distribution of
this trait was obviously beyond the focus of
my paper, but judging from a perusal of the
literature (e.g., Franclemont, 1966; Ferguson,
1985; K6da, 1987, 1988), the gland is widely
distributed in the Arctiidae. It is a complex
structure apparently everted by blood pres-
sure and retracted by longitudinal muscles
(MacFarlane and Earle, 1970; Gupta, 1980).
Krasnoff and Roelofs (1988) described the
structure, chemistry, and mode of scent dis-
semination for the pheromone gland of Pyr-
rharctia isabella (Arctiinae).

Genitalia: I limited my study to external
genitalic characters. Petersen (1900) de-
scribed differences among lepidopteran fam-
ilies in structure of the internal male and fe-
male genitalia. He examined 10 species of
Notodontidae in his work, but did not find
dramatic differences among those.
Although external genitalic characters are

invaluable for distinguishing closely related
species, they are less useful in higher classi-
fication studies. Among my study taxa, fe-
males show extreme divergence in most fea-
tures. For example, signum shape and number
can vary dramatically. The problem with
these and other genitalic structures involves
determining homology. As a case in point,
there are numerous types of sclerotized
regions on the female corpus bursa in addi-
tion to the signum. Should the sclerotized
plate of Nystalea nyseus, with its unusual in-
ternal apodeme (figs. 255, 256), be consid-
ered homologous with the complex set of
spines found in the bursa of Zunacetha an-
nulata (fig. 262)? Perhaps a knowledge of
function will aid in determining homology,
but at present no such knowledge exists.

Because of these difficulties, I limited my
analysis of genitalic morphology to cases
where I had reasonable confidence concern-
ing the homology ofparticular structures and
to cases involving major structural modifi-
cations that are obviously uniquely derived,
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Figs. 255, 256. Female genitalia of Nystalea nyseus. 255. Lateral view, anterior at left. 256. Ventral
view, anterior at bottom. Aa = anterior apophysis. Ap = posterior apophysis. Cb = corpus bursae. Ds
= ductus seminalis. Lp = lateral process of postvaginal plate. Os = ostium. Pa = papillae anales. Pv =
postvaginal plate. Sg = signum. T8 = tergum 8. Scale line = 1.0 mm.
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Fig. 257. Female abdomen of Traumatocampa pityocampa segments 6-8 (anterior at right), showing

tuft of deciduous scales on segment 7. Scale line = 2.0 mm.
Figs. 258-260. Female genitalia ofNotodontidae. 258. Tarsolepisjaponica, lateral view with anterior

at left (2.0 mm). 259. T. japonica, detail showing sclerotized pleuron ofsegment 8 (1.0 mm). 260. Datana
ministra, ventral view with anterior at left (1.0 mm). Scale lengths in parentheses.

such as the stellate comuti of the male vesica
(Character 99). For a more detailed analysis
of male and female genitalic morphology in
Notodontidae, refer to Weller (1989, 1990).

Character 56. Modifications of the Ductus
Bursae. The ductus bursae is usually defined
as that region ofthe female genitalia between
the ostium and corpus bursae (Klots, 1970).
Degree of sclerotization and relative length
of the ductus bursae, as so defined, is an ex-
tremely variable trait in almost all groups of
Lepidoptera, including the Notodontidae. I
used three character states of the ductus bur-
sae. The first was for species with a mem-
branous and elongate ductus bursae, exam-
ples being Furcula borealis (fig. 266) and
Fentonia ocypete (fig. 269). This generally ap-
plied to outgroup species. The second was

given to taxa with the ductus bursae robust
and heavily sclerotized (e.g., fig. 275). I gave
a third score to taxa with a dorsoventrally
compressed ductus bursae, an example being
Ellida caniplaga (fig. 272).
None of these states was very consistent

(Appendix IV). The sclerotized condition is
typical of Phalerinae and some Notodont-
inae, but does not occur universally in either.
The compressed ductus is found in most Nys-
taleinae (Weller, 1989), in two dioptine spe-
cies, and in both arctiid exemplars.

Character 57. Posterior Margin ofthe Fe-
male Postvaginal Plate. The postvaginal plate
(PVP) exhibits numerous modifications. It is
usually sclerotized, but can be large or small,
and its posterior edge can be emarginate or
not. An emarginate posterior edge can show
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Db A

262Sg
Figs. 261,262. Female genitalia ofNotodontidae in lateral view with anterior at left. 261. Cnethodonta

grisescens. 262. Zunacetha annulata. Db = ductus bursae. For other symbols see figures 255 and 256.
Scale lines = 1.0 mm.

many types of modifications, although I do
not describe all of them here. My character
states are relatively simple interpretations of
the variation. The plesiomorphic condition
was considered to be a PVP that is not un-
usually large and is not emarginate. A derived
state was scored for species with a broad PVP
that does not have an emarginate posterior
margin. An example of this configuration is
Macrurocampa marthesia (fig. 275). The nys-

taleines I studied, with the exception ofSym-
merista albifrons, have a unique type ofPVP
with long, posterolateral processes (see figs.
255, 256, 273, 274). These processes, first
noted by Todd (1973), are found in addi-
tional nystaleine taxa (Weller, 1989). Finally,
a synapomorphy for the lymantriids in my
study is a cup-shaped PVP (see figures in Fer-
guson, 1978), a type I observed nowhere else.
In the phalerines, where the entire eighth seg-
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Figs. 263-265. Dorsal view of female tergum 8. 263. Cargida pyrrha, anterior at left (0.5 mm). 264.
Hippia packardii, anterior at bottom (0.5 mm). 265. Peridea angulosa, anterior at bottom (0.5 mm).
Scale lengths in parentheses.

Fig. 266. Female genitalia of Furcula borealis in ventral view with anterior at left. Scale line = 1.0
mm.

ment is fused into a sclerotized capsule (Char-
acter 5 1), I was unable to score this character
because the PVP boundaries are indistinct.

Character 58. Medial Projection of the
Postvaginal Plate. Some of the Heterocam-
pinae I examined have a large medial pro-
jection on the ventral margin of the ostial
opening (fig. 275). This apomorphy defines
Clade 42 (the "Heterocampini") of that sub-
family; it is not found in the taxa closely re-
lated to Stauropus (Clade 40) or in Schizura
unicornis. I have not seen this synapomorphy
used in reference to the Heterocampinae, but
it probably defines a fairly large monophy-
letic group.

Character 59. Surface of Corpus Bursae
Spiculate. The external surface of the corpus
bursae in Lepidoptera is almost always cov-

ered with numerous wrinkles. Sometimes
these crenulations are conspicuous (e.g., figs.
271, 272). They probably allow the corpus to
expand as the spermatophore is formed by
the male during copulation. I noticed that the
internal surface of the corpus bursae in two
notodontines, Gluphisia septentrionis (fig.
276) and Liparopsis postalbida, as well as in
Lochmaeus bilineata (Heterocampinae), is
minutely spiculate. I did not examine this
trait with SEM, and it is quite difficult to
score. Perhaps a more detailed study will re-
veal additional character states for the surface
of the corpus bursae and will show that this
apomorphy is more widely distributed.

Character 60. Two Signa Present. Some
authors (e.g., Stitz, 1901) thought that the
signum ofthe corpus bursae, a structure found

263 264
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Figs. 267-270. Female genitalia of Notodontidae with anterior at left. 267. Traumatocampa pityo-
campa (1.0 mm). 268. T. pityocampa, close-up showing glandular area below papillae anales (1.0 mm).
269. Fentonia ocypete (2.0 mm). 270. Goacampa variabilis (1.0 mm). Scale lengths in parentheses.

almost universally in Lepidoptera, is used for
breaking up the male's spermatophore. Oth-
ers have suggested that the signum functions
to hold the spermatophore in place (Petersen,
1907; Callahan, 1958). Both hypotheses re-
quire testing.
As noted above, signum shape varies wide-

ly among the taxa I studied. Further, the sig-
num is absent in some species. I did not ex-
amine morphology of this structure in detail.
In addition to the primary signum (at left in
fig. 277), a round hump-shaped signum oc-
curs in Schizura biedermani, Schizura uni-
cornis, and Lochmaeus bilineata. This struc-
ture is not found in the other Heterocampinae
I studied.
Character 61. Position ofthe Ductus Sem-

inalis. The ductus seminalis enters either on
the distal portion of the ductus bursae or on
the corpus itself. I regard the plesiomorphic

condition to be the first of these, as seen, for
example, in females of Cnethodonta grises-
cens (fig. 261). In species with the derived
configuration (e.g., Zunacetha annulata, fig.
262), the corpus bursae is frequently sclero-
tized near the point ofattachment ofthe duc-
tus seminalis. The sclerotized region can be
fairly large and well defined (e.g., Nystalea
nyseus, fig. 255), or it can be small and faint.
Among ingroup species examined, the de-
rived state occurs in five of the six dioptines
and in all Nystaleinae except Symmerista and
Didugua (fig. 273). The ductus seminalis at-
taches directly onto the corpus bursae in both
Arctiidae. The derived state is not restricted
to arctiids among quadrifid Noctuoidea how-
ever. It also occurs in many species of the
Noctuidae not represented on my exemplar
list (e.g., Euxoa species; Lafontaine, 1987).
Ryabov (1988) considered position of the
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271 272

273 - 274

Figs. 271-274. Female genitalia ofNotodontidae with anterior at left. 271. Hemiceras bilinea, lateral
view (1.0 mm). 272. Ellida caniplaga, ventral view (1.0 mm). 273. Didugua argentilinea, ventral view
(1.0 mm). 274. D. argentilinea, detail (anterior at bottom) showing lateral processes of postvaginal plate
(0.5 mm). Scale lengths in parentheses.

seminal duct to be an important character in
the higher level classification of Noctuidae.
Thiaucourt (1987) used position ofthe ductus
seminalis to separate Neotropical species of
Rifargia (Notodontidae).

Ovipositor Lobes: The female ovipositor
lobes have been termed the papillae anales
by most authors (e.g., Kuznetsov, 1967; Os-
eto and Helms, 1976), although Michener
(1952) called them the proctigers. They are
setose structures, thought to be derived from
the ninth and tenth abdominal segments
(Klots, 1970), through which the ovipore and
anus exit. The lobes themselves vary greatly
in shape among Noctuidae, and these differ-
ences are correlated with specialized ovipo-
sition behaviors (Ryabov, 1988). Weller
(1989) described variation in form of the pa-
pillae anales setae among Notodontidae, a

character complex that has provided taxo-
nomically useful information in other lepi-
dopteran groups (e.g., the Papilionidae; Mil-
ler, 1 987b), but I did not observe useful
variation in setal structure among my study
taxa. I used five characters involving the pa-
pillae anales, four of which relate to the in-
group.

Character 62. Papillae Anales Broad. The
papillae anales of four genera in the Noto-
dontinae (Liparopsis, Gluphisia, Cerura, and
Furcula) are broad, flattened, and membra-
nous (fig. 278). The lobe surface ofthese tends
to be finely creased. Papillae anales in other
taxa are of various shapes and sizes, but they
do not fit this description. The lobes in Clos-
tera albosigma are also broad, but this state
appears to have evolved separately.

Character 63. Base of Papillae Anales
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Figs. 275-278. Female genitalia ofNotodontidae. 275. Macrurocampa marthesia, ventral view with
anterior at left (1.0 mm). 276. Corpus bursae (ventral view) of Gluphisia septentrionis with signum at
upper left, showing spiculate surface (0.25 mm). 277. Corpus bursae of Schizura beidermani showing
two signa (0.5 mm). 278. Liparopsis postalbida, ventral view with anterior at left (0.5 mm). Scale lengths
in parentheses.

Sclerotized. In both Tarsolepis and Dudusa,
the basal portion of the papillae anales is
heavily sclerotized and smooth (fig. 259).
Again, there is a wide range of lobe types
among the study group, but this apomorphy
is easy to recognize. It adds further evidence
for what, on other grounds, is a strongly sup-
ported sister-group relationship between these
two genera.

Character 64. Posterior Edge of Papillae
Anales Emarginate. The papillae anales ap-
pear to be more heavily sclerotized in some
notodontids, and their posterior edges are
somewhat emarginate. This is exemplified by
the lobes of the heterocampines Stauropus
fagi and Schizura unicornis (fig. 279). Typical
lobes are membranous and have rounded
margins (e.g., fig. 280). Some species are in-

termediate between these two types and were
difficult to score. I found the derived state in
four species of the Heterocampinae, as well
as in females ofScrancia stictica (Scranciini).
Character 65. Dorsal Lobe of the Papillae

Anales. In some Notodontidae there is a small,
setose dorsal lobe in the membrane between
the papillae anales (fig. 280). The apomorphic
state (lobe present) exhibits an unusual tax-
onomic distribution. It occurs in Doa (fig.
304) and Gargetta, as well as in two species
ofthe Phalerinae. These likely represent three
separate derivations. Among the phalerine
exemplars, a dorsal lobe between the papillae
anales is found in Antheua simplex and Da-
tana ministra (fig. 280). Study of additional
phalerine species may reveal that presence of
the lobe defines a fairly large clade.
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Figs. 279, 280. Ovipositor lobes ofNotodontidae. 279. Schizura unicornis, ventral view (0.25 mm).

280. Datana ministra, dorsal view showing medial spiculate lobe (0.20 mm). Scale lengths in parentheses.

Character 66. Ventral Lobe ofthe Papillae
Anales. Females ofLymantria disparand Da-
sychira obliquata (Lymantriidae) have a pair
of small, ventral setose lobes at the base of
the papillae anales. Again, detailing the dis-
tribution of this character was beyond the
scope ofmy project, but I mention it because
it might prove to be an important synapo-
morphy for this family (see Pierce and Beirne,
1941). The lobes appear in additional ly-
mantriid species (e.g., figures in Pierce and
Beirne, 1941; Ferguson, 1978).

ABDOMEN (MALE)

Abdominal Hair Pencils: Abdominal an-
droconial organs are widespread in Lepidop-
tera. Whether they function solely as aph-
rodisiacs or also play a role in competition
between males remains controversial (Birch
and Hefetz, 1987; Birch et al., 1990). In No-
todontidae androconia can occur on almost
any segment; they have been reported on the
second, third, fourth, fifth, and eighth seg-
ments (Thiaucourt, 1983; Weller, 1989).
Among the species I studied, androconial
structures are found on the second (in Noc-
tuidae), third, and fourth (Dudusinae) ab-
dominal segments. I reserve discussion of
genitalic androconia for a later section.

Character 67. Stobbe's Gland. Males of
many Noctuidae (those with a "trifid" hind
wing; Forbes, 1954; Kitching, 1984a) possess
an elaborate brush-organ on the second ab-
dominal sternum (Kuznetsov, 1967; Birch,

1972a, 1972b; Ryabov, 1988; Holloway,
1989). Similar structures occur in the same
location in many Sphingidae (cf. Rothschild
and Jordan, 1903: pl. 63, fig. 1). In Noctuidae
the brushes are composed oflong androconia
that distribute scent produced by a pair of
glands, termed Stobbe's Glands (Varley,
1962a; Holloway, 1989) after their discoverer
(Stobbe, 1912), found on the second abdom-
inal segment. The brushes, held at rest in a
pleural fold, are everted by the male during
close-range courtship behavior (Birch, 1970;
Birch and Hefetz, 1987). Varley (1962a),
studying British Leucania (Noctuidae: Had-
eninae), used brush-organs as a taxonomic
character. Furthermore (1962b) he implored
lepidopterists to consider these structures in
their studies. Birch (1972a, 1972b) showed
that the noctuid brush-organ involves at least
five separate characters, and he argued con-
vincingly that their comparative morphology
and chemistry should prove to be extremely
informative from a phylogenetic perspective.
Unfortunately, noctuid taxonomists have not
followed up on the pioneering works of Var-
ley and Birch. Among my study taxa these
androconial organs occur in two noctuid spe-
cies, Peridroma saucia and Alypia octoma-
culata.

Character 68. Androconia on Segments A3
and A4. The pleura of abdominal segments
3 and 4 in males of Crinodes, Tarsolepis, and
Dudusa bear sclerotized lobes (fig. 281) to
which are attached brightly colored andro-
conia. The abdominal androconia of Tarso-
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Fig. 281. First through fourth abdominal segments of male Crinodes besckei in lateral view (anterior

at left) showing pleural lobes (L). Scale line = 2.0 mm.
Fig. 282. Fourth sternum of Schizura beidermani in ventral view showing cteniophore (C). Scale

line = 1.0 mm.
Figs. 283, 284. Eighth segment of Clostera albosigma male. 283. Tergum (T8) and sternum (S8) (1.0

mm). 284. Detail of C. albosigma, male sternum 8 (0.5 mm). Scale lengths in parentheses.
Fig. 285. Sternum 8 of Fentonia ocypete in ventral view, anterior at left. Scale line = 1.0 mm.
Fig. 286. Tergum 8 (left) and sternum 8 (right) of Spatalia jezoensis. Scale line = 1.0 mm.
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lepis species have been noted by previous au-
thors (Butler, 1872; Marumo, 1920; Roepke,
1944), and Weller (1989) described those of
Crinodes. The trait appears to be restricted
to Dudusinae but is absent in several genera
that I include in that subfamily.
Sternum 4: Character 69. Cteniophore

Present. The cteniophore, a structure unique
to males in the Notodontidae, was first de-
scribed by Jordan (1923a). It consists of two
winglike lateral flaps on sternum 4, each flap
bearing a set of coarse distal spines (fig. 282;
Holloway, 1983). Jordan claimed that a gland
is located at the base of the cteniophore and
that these structures constitute a male scent
organ, but evidence to support his theory is
lacking. I was unable to find a pleural gland,
and to date no one has demonstrated a func-
tion for the cteniophore.
The taxonomic distribution of this struc-

ture has made its use in notodontid classi-
fication problematical. Among my list of
exemplars, a cteniophore occurs in Hetero-
campa species, Schizura biedermani (fig. 282;
but not S. unicornis), Lochmaeus bilineata,
and Spatalia jezoensis, all belonging to the
Heterocampinae. The structure occurs
throughout the genus Spatalia (van Eecke,
1930). However, the cteniophore can be pres-
ent or absent in what otherwise appear to be
closely related taxa. For example, one occurs
in Heterocampa males but not in Macruro-
campa. Based on other characters, these gen-
era are very close. It is perhaps because of
such problems that most previous workers,
including Forbes (1939a, 1948), chose to ig-
nore the character completely. Jordan (1 923a)
and Weller (1989) noted that the cteniophore
of Hapigia, purportedly a member of the
Hemiceratini (Forbes, 1939a), is highly de-
veloped. The structure occurs in members of
Farigia Schaus (Thiaucourt, 1988b), a Neo-
tropical heterocampine, and Jordan (1923a)
and Holloway (1983) have reported it in some
Oriental Phalera species. A cteniophore is
not present in the phalerines I examined.

If Jordan's observations are correct, the
cteniophore evolved at least three times with-
in the Notodontidae. Further study may re-
veal associated characters, such as glands or
male scent chemicals, and perhaps the dis-
tribution of these will be more informative.

Jordan (1923a) described male hind wing
scaling and venational modifications that he
suggested are associated with the cteniop-
hore, but none of these occur in the species
I studied.
Segment 8: I showed (Miller, 1988a) that

Notodontidae are unusual among Lepidop-
tera because males of many species use seg-
ment 8 to grasp the female during copulation.
Concordant with this are the numerous mod-
ifications of male sternum 8. These provide
important characters in notodontid taxono-
my, as well as data for higher classification
(Holloway, 1983). The thaumetopoeines,
most notodontines, and Clostera have a sim-
ple eighth sternum (figs. 283, 284), whereas
in almost all other subfamilies there are var-
iously modified anterior apodemes, as well
as developments on the posterior margin (figs.
285-295) ofsternum 8. These characters have
been used by various workers to diagnose
notodontid species and genera (e.g., Forbes,
1948; Kiriakoff, 1970b; Mutuura, 1973; Nak-
amura, 1974, 1976a, 1976b; Thiaucourt,
1984, 1988b, 1988c). Franclemont (1946)
emphasized sternum 8 differences as a means
to distinguish species of Symmerista, and I
have used them to separate species in the
Dioptinae (Miller, 1987a, 1989). Kitching
(1988) and Holloway (1989) have shown that
the male eighth segment provides diagnostic
characters useful at the species and supra-
generic levels in many noctuid subfamilies.

Character 70. Anterior Apodemes on Male
Sternum 8. The anterior apodemes on male
sternum 8, a derived character among No-
todontidae, are probably sites of muscle at-
tachment. The muscles may assist in pulling
the female abdomen into that of the male
during copulation (see Miller, 1988a). I rec-
ognized four character states involving these
apodemes. Their absence in notodontids (fig.
284) is plesiomorphic. When present, the an-
terior apodeme can be a single narrow or
broad projection (figs. 287-289; scored as " 1")
or it can be bifid (Weller, 1989; figs. 290,292;
scored as "2"). A single apodeme occurs in
species representing most notodontid sub-
families, including the Notodontinae, Phal-
erinae, Heterocampinae, Nystaleinae (fig.
287), Dioptinae (figs. 288, 289), and Dudu-
sinae. Double apodemes, almost equally scat-
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Figs. 287-289. Sternum 8 of male Notodontidae in ventral view with anterior at left. 287. Hippia

packardii (0.75 mm). 288. Zunacetha annulata (0.5 mm). 289. Erbessa glaucaspis (0.75 mm). Scale
lengths in parentheses.

Fig. 290. Sternum 8 of Harpyia microsticta in ventral view with anterior at bottom. Scale line =
0.75 mm.

tered in distribution, are found in the No-
todontinae (Pierce and Beirne, 1941), the
Heterocampinae (fig. 290), and Gargetta.
Presence of double apodemes is character-
istic of Clade 24 in the Phalerinae (fig. 292).
Many heterocampines have a broad apodeme
on S8, sometimes medially emarginate, with
two foveae along the anterior margin (fig. 291;
and figures in Forbes, 1948). This state was
scored as "3".
A pair of long anterior apodemes occurs

on S8 in males oftwo outgroup species, Nyc-
teola and Nola, but they are not homologous
with the apodemes in Notodontidae. All oth-
er taxa in the outgroup list lack apodemes.
Mitter and Silverfine (1988) described simi-
lar modifications of male sternum 8 in some
Catocalinae (Noctuidae), but again these are
nOt homologous with the structures described
here.

Character 71. Medial Pits on Male Ster-
num 8. Forbes (1939a, 1948) listed the pres-
ence of paired pits on male sternum 8 in his
diagnoses of both the Heterocampinae and
Phalerinae, and speculated (1948) that the
character might indicate a close relationship
between the two groups. I regard the sternal
pits of Heterocampinae (figs. 286, 291) and
Phalerinae (fig. 292) to be nonhomologous,
based on differences in both their position
and shape. Paired invaginations occur on S8
of Spataliajezeonsis (fig. 286), a basal mem-
ber of the Heterocampinae (fig. 100). Torre
and Alayo (1959) showed that they are pres-
ent in members ofthe Neotropical genus Dis-
phragis Hiibner.

These pits can be either present or absent
in species that otherwise seem to be closely
related. For example, they are present and
absent within the genus Heterocampa (Forbes,

NO. 20492



MILLER: NOTODONTIDAE

1948) as currently defined (Franclemont,
1983). The pits are obviously involved with
copulation, but their precise function is un-
known.

Character 72. Posterior Margin of Male
Sternum 8. The most dramatic modifications
of male sternum 8 involve its posterior mar-
gin. Like the male genitalia proper, differ-
ences can often be used to separate species;
two closely related species of Cnethodonta,
grisescens (Staudinger) andjaponica Sugi, can
easily be separated by the shape of the pos-
terior margin on male sternum 8 (Sugi, 1980).
I did not attempt to use all observable vari-
ation, but instead tried to categorize the study
species into one of three basic groups. First
are those with the posterior margin of S8 un-
modified (fig. 284). The second character state
I recognized includes species having the pos-
terior margin of S8 sclerotized with a deep
notch (figs. 285,287,292). Third were species
with the margin sclerotized, but without a
notch (fig. 288). The posterior margin of S8
in Hemiceras bilinea has, instead of a notch
or sclerotized portion, a long medial strap
projecting into the intersegmental mem-
brane. I did not score this autapomorphy, but
instead gave H. bilinea a "?" score.

Forbes (1939a, 1948) divided the Noto-
dontidae into two groups, the Pygaerinae
without a posterior notch and the rest of the
family with a notch. He implied that pyga-
erines are the plesiomorphic sister group of
all other notodontids. He did not discuss the
Thaumetopoeinae, but I found that their male
S8 is unmodified. My results (fig. 99) there-
fore roughly corroborate those of Forbes.

Character 73. Internal Apodeme on Male
Sternum 8. A separate character was recog-
nized for Stauropus, which has a long internal
apodeme arising from the medial portion of
S8 (fig. 293). This does not appear to be ho-
mologous with the paired pits described
above. Pierce and Beirne (1941) and Tik-
homirov (1979, 1981) noted that all aspects
of the male genitalia in Stauropus are com-
plex and difficult to homologize with other
species. Male genitalic musculature of Stau-
ropus fagi was described by Tikhomirov
(1979).

Character 74. A8/A9 IntersegmentalMem-
brane Long. The membrane between seg-
ment 8 and the genitalia (segment 9) can be
extremely long in notodontid males (fig. 296).

./
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Fig. 291. Male sternum 8 of Macrurocampa

marthesia in ventral view, anterior at left. Scale
line = 1.0 mm.

Fig. 292. Male tergum 8 (left) and sternum 8
(right) of Datana ministra showing medial pits.
Scale line = 1.0 mm.

Fig. 293. Male sternum 8 of Stauropusfagi in
ventral view, anterior at left. Scale line = 1.0 mm.
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Using Cyanotricha necyria (Dioptinae) as an
example, I showed (Miller, 1988a) that this
long membrane facilitates a means of copu-
lation whereby, after clasping the female, the
male withdraws its genitalia into the abdo-
men, drawing the female in with them. The
male eighth segment applies dorsoventral
traction on female segment 7. Presence of a
long 8/9 intersegmental membrane appears
to be a synapomorphy for all Notodontidae
except Thaumetopoeinae. It does not occur
elsewhere in the Noctuoidea. This membrane
is relatively short in Doa and Oenosandra
(fig. 295). A convergent case was reported in
Acrocercops (Gracillariidae) by Kumata et al.
(1988). Males of that genus exhibit notodon-
tid-like modifications of segment 8 and have
similar genitalic androconia as well (see
Character 91).
There is an additional elaboration of the

8/9 membrane in some Notodontidae. Here,
the membrane is longer dorsally than it is
ventrally. When the genitalia ofthese species
are extruded, they are oriented in a ventral
direction (fig. 297). This apomorphy is found
in two genera of the Notodontinae (Liparop-
sis and Quadricalcarifera) and in two genera
of the Heterocampinae (Harpyia and Stau-
ropus). It thus appears to have evolved twice.

Character 75. Length ofMale Tergum 8.
In almost all notodontids, male tergum 8 is
longer that tergum 7 (figs. 296, 297). This is
true of species with a long intersegmental
membrane (Character 74) and a highly mod-
ified eighth sternum (Characters 70-72). The
only groups where it does not occur are the
Thaumetopoeinae, Scranciini, and Goacam-
pa variabilis (Dudusinae). Again, this modi-
fication may be related to the holding func-
tion of segment 8 during copulation.

Character 76. Anterolateral Apodemes on
Male Tergum 8. There are anterolateral apo-
demes on male tergum 8 in some Notodon-
tidae. These apodemes occur in three groups:
in some species of Notodontinae, in all Du-
dusini, and in Hemiceras (fig. 294). The trait
has therefore evolved a least three times in
the family.

Character 77. Terminal Scale Tuft. Pre-
vious authors have discussed the tuft of long
scales arising from the terminal abdominal
segments ofsome Notodontidae (e.g., Moore,
1882; Schaus, 1901; Marumo, 1920; Forbes,

1939a). I tried to refine the definition of this
character. I recognized four character states.
The plesiomorphic state is absence of a ter-
minal scale tuft. Almost all notodontids,
however, exhibit some type of terminal tuft.
If the terminal scales are long and hairlike
with simple apices, as for example in Clostera
albosigma (fig. 298), I scored the character as
"1". Although tufts are more prominent in
some, this state was found in the vast ma-
jority of notodontid species. A third state,
restricted to the Heterocampinae and Nys-
taleinae, applies to taxa with the scales ar-
ranged in a compact tuft that curves down-
ward. Finally, members of Clade 31 in the
Dudusinae have a terminal tuft composed of
long, pedicellate scales with spatulate apices
(fig. 299). Previous authors noted this trait
in Crinodes (Forbes, 1939a; Torre and Alayo,
1959) and Tarsolepis (Marumo, 1920; Mat-
sumura, 1929b), but none considered it ev-
idence of shared common ancestry.
The function of this terminal scale tuft is

unknown. Although not as well developed, it
occurs in females as well and could not, there-
fore, be androconial. Kitching (personal com-
mun.) noticed that when these moths are at
rest the abdomen is curved up and the tuft
is directed dorsally. He suggests that it may
function as camouflage.

I studied scale shape, but not the shape of
the tuft itself, which also seems to vary. Spe-
cies such as Spatalia jezoensis (fig. 21), Schi-
zura beidermani (fig. 39), and others (Schaus,
1901) have a distinctly bifid tuft.
Genitalia: Male genitalia are subject to the

same problems of homology interpretation
as female genitalia; differences are invaluable
for distinguishing between species, but useful
synapomorphies are difficult to identify. For
that reason I have not emphasized male gen-
italic characters. I tried to focus on features
that are phylogenetically conservative and
those that might represent major evolution-
ary innovations. There are few studies on the
Notodontidae in which genitalic morphology
has been used except in a descriptive context,
a noteworthy exception being the work of
Weller (1989).

Character 78. Presence of Socii. Socii are
paired setose structures located at the base of
the uncus (figs. 300-303). Pierce and Beirne
(1941) suggested that they may be a form of
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Fig. 294. Male tergum 8 (left) and sternum 8 (right) ofHemiceras bilinea (anterior at bottom), showing
anterolateral apodemes on T8. Scale line = 1.0 mm.

Figs. 295-297. Terminal abdominal segments of male Notodontidae (lateral view, anterior at left).
295. Segments A7 and A8 and genitalia of Oenosandra boisduvalii. 296. Segments A7 and A8 and
genitalia of Erbessa glaucaspis. 297. Segments A6, A7, and A8 and genitalia of Liparopsis postalbida.
Scale line = 1.0 mm.

gnathos, and Tikhomirov (1979, 1981) called
them together the "gnathos." However, ap-
plication of the two terms has historically
been confusing. Similarly located structures
have been called socii or gnathi in many fam-
ilies of Lepidoptera (Pierce, 1914; Klots,
1970).
Tikhomirov (1979, 1981) presented criti-

cal evidence that the socii of Notodontidae
are not homologous with structures in other
Lepidoptera. In Noctuidae, muscle Ml orig-
inates on the tegumen and inserts at the base
of the uncus (Forbes, 1939b). Tikhomirov
(1979) discovered that, unlike other Lepi-
doptera, Ml in Notodontidae inserts instead
on the socii. He proposed this trait as a syn-
apomorphy for the family (Tikhomirov,

1981). Following Tikhomirov's hypothesis, I
consider presence of socii in Notodontidae
to represent a derived state.

Socii exhibit tremendous interspecific shape
variation, but they are of almost universal
occurrence within the Notodontidae. They
do not occur in quadrifid noctuoid groups
(e.g., fig. 312; see also Pierce, 1909; Pierce
and Beirne, 1941; Oseto and Helms, 1976).

Socii are present in all thaumetopoeines
(figs. 313, 314). Interestingly, the male gen-
italia of Oenosandra boisduvalii exhibit socii
(figs. 295, 310, 311). Doa is problematical.
The male genitalia ofD. ampla (fig. 305) have
a structure arising from the base of the uncus
composed of two thin straps that are joined
medially. Because of its shape, most lepidop-
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Figs. 298, 299. Terminal scale tuft ofmale Notodontidae in dorsal view, anterior at left. 298. Clostera
albosigma (1.0 mm). 299. Crinodes besckei (2.0 mm). Scale lengths in parentheses..

terists would probably call this structure a
gnathos rather than socii (see Character 83).
Instead, I scored Doa as a question mark for
Character 78 (Appendix II). Based on this set
of interpretations, the socii of Oenosandra
and Notodontidae are homologous and their
presence is a synapomorphy for Clade 1 (fig.
99), the trifid Noctuoidea.

In two notodontine genera, Gluphisia and
Quadricalcarifera, the socii are fused into a
single process (fig. 318). I regarded this as a
separate character state. Furthermore, the so-
cii appear to have been lost in some species,
including Liparopsispostalbida (figs. 297,333)
and Scrancia stictica (fig. 309).
Character 79. Uncus/Socii Joint Fused. Al-

most all noctuoids have the uncus and te-
gumen separated by a distinct suture, with
the uncus capable of downward movement
on this joint. In notodontids, the entire un-
cus/socii complex is movable and the uncus
is inserted dorsally between the female pa-
pillae anales during copulation (Miller,
1988a). A few species among my study sam-
ple lack the suture. In these, the uncus and
socii are fused with the tegumen. The apo-
morphic state (fused) evolved at least twice
within the ingroup: inAnaphepanda (fig. 313)
and in the Scranciini (fig. 309). According to
Weller (1989), this character shows variation
in the Nystaleinae, even within the nystaleine
genus Calledema Butler. Among outgroup
species, the derived state occurs only in Oen-
osandra (figs. 310, 311).

Character 80. Uncus with an Apical Notch.
I did not attempt to describe all possible vari-
ation in uncus shape. Only two characters
were used. The uncus is typicaIly acute dis-
tally, although many exceptions exist. I scored
as derived an uncus, exemplified by that of
Gluphisia septentrionis (fig. 318), that is spat-
ulate distally with an apical notch. In addi-
tion to G. septentrionis, the apomorphic state
occurs in Odontosia elegans (fig. 319) and in
species ofPheosia (Pierce and Beirne, 1941),
all of which are members of the subfamily
Notodontinae.

Character 81. Uncus Large and Triangu-
lar. Species in Clade 24 (Phalerinae in the
restricted sense) have a characteristic uncus
shape. It is large, triangular, and fused with
the socii (fig. 320). In addition to Antheua
simplex, Phalera bucephala and Datana min-
istra, this condition is found throughout the
genus Datana (Forbes, 1948) and in other
Phalera species as well (e.g., see figures in
Kiriakoff, 1967; Nakamura, 1974, 1976a;
Holloway, 1983; de Freina and Witt, 1987).

Character 82. Uncus with Ventral Prongs.
Although the adult moths ofCrinodes besckei
and Cargida pyrrha are superficially very dif-
ferent (figs. 49, 52), their male genitalia are
remarkably similar. An obvious similarity is
the uncus shape, with a pair ofventral prongs
at its base and a ventrally directed brush of
setae (figs. 301, 321). The prongs are in ad-
dition to, not homologous with, socii. This
shape was not observed in other species.
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Character 83. Presence of a Gnathos. A
gnathos is usually defined as a pair of pro-
cesses arising from the tegumen below the
uncus (Klots, 1970). The arms are often fused
medially. Michener (1952) discussed confu-
sion between the terms gnathos and transtilla
as they are applied to the Satumiidae. Struc-
tures termed gnathi (also the "subscaphium"
of Pierce [1909]) are found throughout the
Lepidoptera, including some butterfly fami-
lies and the Tortricidae (Klots, 1970). As so
defined, a gnathos does not occur among the
ingroup, but in the outgroup one can be found
in Dasychira, Nycteola, Acronicta, Panthea,
and Alypia. Such a distribution suggests that
the gnathos is not homologous in these taxa.

Character 84. Tegumen Narrowed Dorsal-
ly. Among the nystaleines I examined, four
(Nystalea nyseus, Symmerista albifrons, Di-
dugua argentilinea, and Hippia packardii)
exhibit a unique configuration of the tegu-
men. In these, the dorsal portion of the te-
gumen narrows, forming a "neck" to which
the uncus/socii complex is joined (figs. 302,
324). This trait was discovered by Weller
(1989), who figured additional taxa and fur-
ther documented its distribution within the
Nystaleinae (see also figures in Torre and
Alayo, 1959).

Character 85. Presence of Penicilli. Peni-
cilli ("peniculi" of Pierce, 1909) are setose
lobate extensions on the ventral portions of
the tegumen (Forbes, 1954; Klots, 1970).
They occur in many Noctuidae, but I have
not seen the presence of penicilli used as a
higher classification character for the family.
Among the noctuids in my outgroup sample,
penicilli occur in Acronicta, Alypia, and Di-
loba. In Peridroma saucia (fig. 312) and in
the genus Euxoa (Lafontaine, 1987), nonse-
tose lobes, perhaps homologous with peni-
cilli, occur.

Character 86. Transtilla Shape. The tran-
stilla is formed by two transverse extensions,
often straplike in shape, arising from the cos-
tal base of each valve and passing above the
aedeagus (Michener, 1952). In many species
the two extensions are joined medially in the
diaphragma (e.g., fig. 303). This structure is
said to occur throughout the Lepidoptera
(Klots, 1970), but whether it is homologous
in all cases is uncertain. Judging from its sim-

ilar shape and position among these groups,
I suggest that the transtilla is homologous in
much of the Lepidoptera.

Transtilla shape is extremely variable. For
example, within the Dioptinae alone it ranges
from thin in Phryganidia (Miller, 1987a) to
a broad plate above the aedeagus in Cyano-
tricha necyria (Miller, 1 988a). I used six char-
acter states in an attempt to describe struc-
tural variation in the transtilla. Two ofthese,
scores "4" and "5" (below), are highly di-
agnostic for the Nystaleinae and Dudusinae,
respectively. Other transtilla types were hard-
er to define and proved to be of less taxo-
nomic value.

In the outgroup a transtilla is present in all
but the two lymantriids. However, it can oc-
cur as one of two states: the plesiomorphic
state (narrow bands joined medially above
the aedeagus) or the derived state (scored as
"'1"), in which the bands are present but do
not meet medially.
Among the ingroup species, I found com-

plexity in transtilla morphology, as well as
complexity in character state distribution. The
plesiomorphic score (two bandsjoined above
aedeagus) applies to all Dioptinae (figs. 303,
329, 330), as well as to individual species in
the Thaumetopoeinae (fig. 313), Notodontin-
ae, and Heterocampinae. The second state
("1") exhibits an equally scattered distribu-
tion. Absence of the transtilla (score of "2")
is typical of many Notodontinae (figs. 318,
319, 322), Phalerinae, and Heterocampinae
(fig. 327). A fourth state ("3" score) was ob-
served in Spatalia jezoensis and Heterocam-
pa averna (Heterocampinae). Here, there is a
long, curved projection fused to the base of
each valve (figs. 315, 325).
Two additional states provide reliable syn-

apomorphies for the subfamilies in which they
occur. Weller (1989, 1990) applied the term
"costulae" to the long, horn-shaped projec-
tions arising from the base of each valve in
Nystaleinae (fig. 324). These do notjoin above
the aedeagus. Forbes used presence of the
costula, which he described as "a large plate
connected with costa ofvalve and sometimes
inner face of valve and juxta" (1948: 206),
to define the Nystaleini. Unlike the transtilla
in Heterocampa averna, costulae appear to
be articulated with the valval costa. Differ-
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Figs. 300, 301. Male genitalia of Notodontidae in postenior view with aedeagus removed. 300.
Hemiceras bilinea. 301. Crinodes beseket. At =anal tube. Ax = apex of valve. Cs = costa of valve. Jx
= juxta. Sc = socii. Si sacculus. Tr =transtilla. Un = uncus. Scale lines = 2.0 mm.
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Figs. 302, 303. Male genitalia of Notodontidae in posterior view with aedeagus removed. 302.
Didugua argentilinea. 303. Phaeochlaena gyon. Sa = saccus. Tg = tegumen. Vn = vinculum. For other
symbols see figures 300 and 301. Scale lines = 1.0 mm.
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f_4>.
Figs. 304-306. Genitalia ofDoa ampla (Doidae). 304. Female in lateral view, anterior at left. 305.

Male in posterior view with aedeagus removed, showing a structure possibly homologous with the
"gnathos" (Gn?). 306. Aedeagus in lateral view, anterior at left. Scale lines = 1.0 mm.

ences in costula shape provide species-spe-
cific characters in the Nystaleinae (Torre and
Alayo, 1959; Todd, 1973; Weller, 1989,
1990). Among the nystaleines I studied, Sym-
merista albifrons lacks costulae, and I was
unable to interpret the complex structure of
Didugua argentilinea (fig. 302). It is possibly
formed by fusion of the costulae and juxta
(Forbes, 1948).

All taxa that I place in the Dudusini (Du-
dusinae) have a long thin strap arising from
the valval costa and curving down to connect

on the ventral portion ofthe juxta. I interpret
this structure as being homologous with the
transtilla. It appears in all Dudusa and Tar-
solepis species (see figures in Roepke, 1944;
Holloway, 1983; Sugi, 1987b; Biinziger,
1 988a), as well as in the New World taxa that
I have placed in the Dudusini- Crinodes (fig.
301; see also Torre and Alayo, 1959), Car-
gida (fig. 32 1), and Goacampa (fig. 316). Based
on figures in the literature, this feature is found
in other notodontid genera, perhaps indicat-
ing the existence of a fairly large clade. Un-
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Figs. 307-309. Genitalia of Scrancia stictica (Scranciini). 307. Female in lateral view with anterior
at left. 308. Aedeagus in lateral view with anterior at left. 309. Male genitalia in posterior view with
aedeagus removed. Scale lines = 1.0 mm.

fortunately, a similar morphology occurs in
one notodontid not belonging to the Dudu-
sini, Fentonia ocypete (fig. 317), which I place
in the Heterocampinae. Other characters,
particularly from the larvae, corroborate my
placement of F. ocypete, so I must conclude
that this type of transtilla arose separately in
the two groups (fig. 100).

Character 87. Apical Portion of Valve

C-shaped. Valve shape is difficult to use as a
taxonomic character. It is extremely variable,
even among closely related species. One trait
that appears frequently in Notodontidae is a
valve with a C-shaped distal portion. Here,
there is a medial costal process distally (per-
haps homologous with the "projecting blade"
of Nichols, 1989) and a valve apex that is
expanded and often curved in a ventral di-
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Fig. 310. Male genitalia of Oenosandra boisduvalii in lateral view, anterior at left. Scale line = 0.5

mm.
Figs. 311-313. Male genitalia of Noctuoidea in posterior view with aedeagus removed. 311. 0.

boisduvalii (0.75 mm). 312. Peridroma saucia (1.0 mm). 313. Anaphe panda (0.75 mm). Scale lengths
in parentheses.

rection. These two features give the distal
part of the valve a characteristic C-shape.
Examples are the valves ofPeridea angulosa
(fig. 326) and Macrurocampa marthesia (fig.
327), members of different subfamilies.
Because of the variety of shape differences

that can occur, scoring this character was dif-
ficult. I regarded the following species as hav-
ing the derived state: Datana ministra, Phal-
era bucephala, Antheua simplex, Nadata
gibbosa, Peridea angulosa, Schizura bieder-
mani, Macrurocampa marthesia, and Loch-
maeus bilineata. According to my subfamily
definitions, therefore, the derived state is re-
stricted to Heterocampinae and Phalerinae.
Figures in Forbes (1948) and Holloway (1983)
suggest that such valves occur in additional

Datana and Phalera species. This character
could benefit from further refinement of its
definition, but I am certain that it holds valu-
able phylogenetic information.

Character 88. Valve with a Basal Process.
In Notodonta and related genera (Clade 14),
as well as in Ptilophora plumigera, there is a
distinctive process located at the base of the
valve in the medial portion. In all cases it is
flattened and setose (figs. 319, 322). Because
ofits relatively consistent shape and location,
this structure is easily distinguished from
other valval processes. I scored a second de-
rived state, found only in Spatalia jezoensis
among my species sample, where there is a
large, pointed, sclerotized process at the base
of the valve (fig. 315) in roughly the same
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314 315

316 317
Figs. 314-317. Male genitalia ofNotodontidae in posterior view with aedeagus removed. 314. Thau-

metopoea processionea (0.5 mm). 315. Spatalia jezoensis (1.0 mm). 316. Goacampa variabilis (0.5 mm).
317. Fentonia ocypete (1.0 mm). Scale lengths in parentheses.

position as the structure found in Notodonta.
The two types of processes are clearly not
homologous.

Character 89. Distal Portion of Valve Bul-
bous. Another character state found in basal
members of the Notodontinae involves the
shape of the valve's distal portion. The de-
rived state is presence of a sclerotized, bul-
bous, valval apex (fig. 322). This configura-
tion is quite recognizable and appears to be
fairly consistent. In addition to Notodonta,
Pheosia, and Ptilophora, bulbous valval api-
ces occur in Nadata gibbosa, apparently a
separate derivation. A large number of other
shapes occur in the family, but I did not at-
tempt to characterize those.

Character 90. Central Portion of Valve
Membranous. The male valve in some Du-
dusini has a characteristic shape. The valve

is broad and completely membranous in the
central portion (figs. 301, 321). Its dorsal and
ventral margins are lined by sclerotized bands,
the ventral one usually with a projection about
midway out. The valve apex in these species
is simple and membranous with a fine series
of folds. Among my study sample, the only
species in the Dudusini that does not exhibit
this type of valve is Goacampa variabilis (fig.
316).

Character 91. Sacculus Pleated. A remark-
able genitalic modification found in Noto-
dontidae is the pleated sacculus. Barth (1955)
first described it in detail using Hemiceras
(fig. 300) as his example. The organ is com-
posed ofa membranous sacculus, rather than
a sclerotized one as occurs in other Lepidop-
tera (e.g., fig. 312), and a series of pleats that
can unfold like an accordion. The pleats,
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Figs. 318-321. Male genitalia of Notodontidae in posterior view with aedeagus removed. 318. Glu-
phisia septentrionis (1.0 mm). 319. Odontosia elegans (1.0 mm). 320. Phalera bucephala (1.0 mm). 321.
Cargida pyrrha (0.75 mm). Scale lengths in parentheses.

which enclose long hairlike androconia (figs.
296, 329, 330), are thought to unfold during
courtship, thus exposing these scent scales to
the female (Barth, 1955; Weller, 1989). The
pleated sacculus ofnotodontids has been dis-
cussed and figured by Forbes (1939a), Barth
(1955), Franclemont (1970), Holloway
(1983), Miller (1988a, 1989), Chistyakov
(1989), and Weller (1989, 1990). All of these
authors recognized the character as apomor-
phic for the Notodontidae, but the only one
who used it to define higher group categories
was Weller (1989, 1990).
Although the pleated sacculus has become

modified in many ways within the Notodon-
tidae, I chose to use a simple system of char-
acter states in an attempt to uncover broadly
distributed synapomorphies. I was only mar-
ginally successful. I recognized four character

states of the sacculus (Appendix I). The ple-
siomorphic state, based on outgroup com-
parison, is obviously a sacculus without pleats.
Ingroup taxa with a simple sacculus include
the Thaumetopoeinae (figs. 313, 314) and
most Notodontinae (figs. 319, 322). How-
ever, according to my analysis, complete loss
of the saccular pleats has occurred in species
belonging to almost every lineage of the No-
todontidae.

Species, such as Gluphisia septentrionis (fig.
318) and Zunacetha annulata (fig. 329), in
which the pleats are clearly present but the
sacculus itself is not highly modified, were
given a score of "1". In some taxa, such as
most Phalerinae (e.g., Phalera bucephala; fig.
320), the pleats are very faint and can be
observed only by careful inspection. I scored
this as "2". A final character state (scored as
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322 B

Figs. 322, 323. Male genitalia ofPtilophoraplumigera. 322. Genitalia in posterior view with aedeagus
removed. 323. Aedeagus in dorsal view, anterior at bottom, showing bifid distal portion (Bf). Scale line
= 1.0 mm.

"3") was applied to species in which the sac-
culus is huge and curls inward to enclose the
pleats. Although in figure 300 I show the sac-
culus of H. bilinea in an expanded position,
it is folded inward in its resting position. Wel-
ler (1989) restricted her definition of Barth's
Organ to a sacculus ofthe type found in Hem-
iceras (my state "3"). She argued that pres-
ence of Barth's Organ is a synapomorphy for
the Dioptinae (her Dioptini) and Hemicera-
tini. I address this hypothesis in detail in my
discussion on the status of the Hemiceratini.
Among the taxa I examined, the "3" score

occurs only in species belonging to the Nys-
taleinae, the Dioptinae (fig. 330), and the ge-
nus Hemiceras. It should be noted that rel-
atively few dioptines exhibit this type. Most
have only moderately developed saccular or-
gans (see fig. 329; also Miller, 1988a), and
the pleats can be completely absent, as for
example in Phryganidia, Phaeochlaena gyon
(fig. 303), and others (Miller, 1987a, 1989).
Many nystaleines, such as Didugua argentil-
inea (fig. 302), also appear to have lost the
saccular organs (discussed in Weller, 1989).

Valval androconia occur in other Lepidop-
tera. For example, in Acrocercops (Gracillar-
iidae) long androconia are found laterally on
the valves (Kumata et al., 1988). Based on
my results and those of Weller (1989), Char-
acter 91 exhibits a large amount of homo-
plasy. Perhaps the chemicals associated with
these saccular androconia will provide valu-
able data.

Character 92. Lateral Margin ofSacculus.
In some species the sacculus projects from
the valve's lateral margin (e.g., fig. 324). This
occurs in roughly the same species that pos-
sess Barth's Organ (score of"3" for Character
91). However, it is also found in some Nys-
taleinae, such as Symmerista species, in which
the saccular scent organ is only moderately
developed. I recognized this by defining a
separate character.

Character 93. Saccus Absent. According to
Mehta (1933), the saccus, an internal exten-
sion of the ventral portion of the vinculum
(Klots, 1970), is absent in notodontids (see
also Miller, 1988a). Among outgroup taxa,
the saccus is usually present as an elongate
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Figs. 324-327. Male genitalia ofNotodontidae in posterior view with aedeagus removed. 324. Hippia

packardii. 325. Heterocampa averna. 326. Peridea angulosa. 327. Macrurocampa marthesia. Scale lines
= 1.0 mm.

structure (fig. 312). Absence ofthe saccus ap-
pears to be a derived character state uniting
most of the Notodontidae. As a further re-
finement of this character, I recognized three
states, the first ("0") for species with a well-
developed elongate saccus. An elongate sac-
cus occurs sporadically within the ingroup. I
observed it in one species ofThaumetopoein-
ae (Epicoma tristis), as well as in some No-
todontinae (e.g., Liparopsis postalbida, fig.
333), Heterocampinae (Cnethodonta grises-
cens, fig. 332), and Dudusinae (e.g., see fig-
ures in Roepke, 1944). Although I scored each
of these as having the plesiomorphic condi-
tion, my analysis suggests that all represent
separate derivations within the Notodonti-
dae. Presence of the saccus is a synapomor-
phy for the genera Liparopsis, Quadricalcar-
ifera, and perhaps other close relatives that
I did not examine (see figures in Nakatomi,

1980, 1981). The saccus is absent in Doa am-
pla (fig. 305) and Oenosandra boisduvalii (figs.
310, 311). Its loss is therefore an important
synapomorphy for Clade 1 (fig. 99).
The third state ("2") refers to notodontid

species in which the saccus is essentially lost,
but that region has a characteristic configu-
ration. In these, what remains of the saccus
is two shallow humps with a medial inden-
tation. This apomorphy is found in phaler-
ines (e.g., Phalera bucephala, fig. 320; Peridea
angulosa, fig. 326) and three of my hetero-
campine exemplars (e.g., Macrurocampa
marthesia, fig. 327).

Character 94. Manica Sclerotized. The
manica is defined as that portion of the an-
nellar membrane where the aedeagus passes
through (Nichols, 1989). The manica is at-
tached to the aedeagus and holds it loosely
in place. A unique condition occurs in the
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Figs. 328-331. Male genitalia ofNoctuoidea in posterior view with aedeagus removed. 328. Clostera
albosigma (0.75 mm). 329. Zunacetha annulata (0.75 mm). 330. Erbessa glaucaspis (0.75 mm). 331.
Harpyia microsticta (1.0 mm). Scale lengths in parentheses.

Nystaleinae, where a heavily sclerotized
manica is fused to the juxta, the two forming
a single donut-shaped unit (figs. 302, 324).
The aedeagus is held tightly in the diaphrag-
ma so that, when trying to remove the ae-
deagus during dissection, it must be broken
in order to keep the juxta intact (fig. 334).
This derived state was found in all the nys-
taleines I studied and, based on the figures in
Weller (1989), may occur throughout the
group.

Character 95. Shape ofAedeagus, Anterior.
Not surprisingly, aedeagus shape is extremely
variable among the study taxa. I attempted
to define aedeagus characters so that each
represents a basic structural difference rather
than a subtle difference in shape. After lepi-
dopteran genitalia are treated with potassium
hydroxide, only the aedeagus, ductus ejacu-
latorius, and vesica remain. The ductus eja-

culatorius is composed of a cuticular and a
muscular portion (Callahan, 1958; Mitter,
1988), but the muscular portion dissolves
during preparation.

I recognized five character states involving
the anterior end of the aedeagus (Appendix
I). The ductus ejaculatorius usually enters near
the proximal end of the aedeagus (fig. 306).
This is the type found throughout the out-
group and I regarded it as plesiomorphic. In
some species, the ductus is located more dis-
tally so that the aedeagus appears to have an
anterior projection (e.g., fig. 335). For species
with the latter configuration, I recognized four
states. The anterior projection of the aede-
agus frequently forms a long, simple, closed
tube. This occurs in all Dudusinae (e.g., Cri-
nodes besckei, fig. 336), in Hemiceras (fig.
341), as well as in various species of the Het-
erocampinae (fig. 335) and Notodontinae. A
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Figs. 332, 333. Male genitalia of Noctuoidea in posterior view with aedeagus removed. 332. Cneth-
odonta grisescens. 333. Liparopsis postalbida. Scale lines = 0.75 mm.

Fig. 334. Aedeagus of Hippia packardii in ventral view (distal portion at left) after removal from
the manica and juxta. Scale line = 0.75 mm.

Fig. 335. Aedeagus of Schizura beidermani in lateral view with anterior at left. Scale line = 0.75
mm.

separate derived state was found in other no-
todontines, heterocampines, and all phaler-
ines. Here, the anterior projection is mem-
branous dorsally and roughly boat-shaped (fig.
342), rather than being a complete tube.

In Nystaleinae the anterior portion of the
aedeagus has a unique configuration. It is
broad, often with slight anterolateral projec-
tions (fig. 334), and is reflexed downward (fig.
343). Weller (1989) termed this stucture the
"callosum," and showed that it is a syna-
pomorphy for 25 Neotropical genera, 18 of
which she referred to the tribe Nystaleini. An
analogous structure is found on the aedeagus
of Cerura liturata.
A bulbous aedeagus (fig. 344) characterizes

a large group of dioptine species related to

Josia (Miller, 1988a). The other dioptines in
my species sample exhibit the plesiomorphic
state for Character 95 (fig. 346).

Character 96. Aedeagus with Distal Spines.
In several Notodontidae the distal portion of
the aedeagus bears a patch of short spines.
This occurs in two groups: Clade 19 of the
Notodontinae (Liparopsis + Quadricalcari-
fera) and Clade 44 of the Heterocampinae
(Lochmaeus bilineata [fig. 243 in Forbes,
1948] plus Schizura beidermani [fig. 335]).
According to my analysis, the patch ofspines
has evolved separately in these two subfam-
ilies.
Character 97. Shape of Aedeagus, Poste-

rior. Beyond the few characters above, I made
only a minor attempt to describe variation
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Figs. 336-340. Aedeagus and deciduous cornuti of Notodontidae. 336. Crinodes besckei aedeagus
and cornuti (enlarged). 337. Nystalea nyseus aedeagus with deciduous cornuti still attached, and cornuti
enlarged. 338. Cornuti ofEllida caniplaga. 339. Cornuti ofAntheua simplex. 340. Cornuti of Goacampa
variabilis. C = patch of deciduous cornuti. DE = ductus ejaculatorius simplex. V = base of vesica. Scale
lines for aedeagi = 2 mm; for cornuti = 0.4 mm.

in aedeagus shape. I recognized three derived
states for the distal portion of the aedeagus.
In the first, the distal part is much wider than
the middle. This characterizes the phallus of
most nystaleine exemplars (figs. 334, 343), as
well as that of Ellida caniplaga, a species I
tentatively place in the Phalerinae. A second
derived state is presence of a large ventral
tooth on the aedeagus, found in the same two
heterocampines, Lochmaeus bilineata (fig.
243 in Forbes, 1948) and Schizura beider-
mani (fig. 335), with the patch of spines on
the aedeagus (Character 96). The final state
applies to Pheosia rimosa and Ptilophora plu-
migera (Notodontinae), where the aedeagus
is strongly forked distally (fig. 323; Pierce and
Beirne, 1941).

Character 98. Vesica with Scobinate Cor-

nuti. There are innumerable modifications of
the vesica among Notodontidae. I treated only
those for which I have some confidence that
the structures described are homologous. The
proximal portion ofthe vesica in Goacampa,
Tarsolepis (fig. 345), and Dudusa bears a patch
of large scobinate cornuti. These have been
figured by Roepke (1944), Holloway (1983),
and Biinziger (1 988a). Possibly, the scobinate
patch is homologous in the genera above and
represents a synapomorphy for the Dudusini
(fig. 100) but was lost in Crinodes and Car-
gida. Two analogous cases occur, one in Fen-
tonia ocypete and one in Nadata gibbosa.

Character 99. Stellate Deciduous Cornuti.
Almost all Lepidoptera have some type of
comuti on the vesica ofthe aedeagus. Usually
they are simple spinelike structures. An un-
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Figs. 341-344. Aedeagus of Notodontidae in lateral view with anterior at left (vesica everted except
fig. 343). 341. Hemiceras bilinea (0.75 mm). 342. Macrurocampa marthesia (1.0 mm). 343. Didugua
argentilinea (0.75 mm). 344. Cyanotricha necyria (0.75 mm). Scale lengths in parentheses.

usual character, widely distributed among
notodontids, is the presence of deciduous
stellate cornuti on the vesica (Forbes, 1939a;
Pierce and Beirne, 1941; Franclemont, 1970;
Holloway, 1983; Holloway et al., 1987; Wel-
ler, 1989). Outside of the Notodontidae, the
only noctuoid species where these are known
is Westermannia superba Hiubner (Noctui-
dae: Chloephorinae) (S. Sugi, personal com-
mun.). These comuti become detached dur-
ing copulation and remain in the corpus
bursae of the female (figs. 347, 348; Pierce
and Beirne, 1941; Torre and Alayo, 1959).
Their sharp points can sometimes be found
lodged in the bursa membrane. The function
of deciduous comuti is unknown. Possibly
they serve to break up the male's spermato-
phore, or perhaps, like the sphragis of but-
terflies, they discourage subsequent males

from mating. Among taxa with these struc-
tures, cornutus shape varies (figs. 336-340).
In some cases shape differences might be use-
ful in separating closely related species.

Occurrence ofdeciduous stellate comuti is
widespread in the family, but the character
shows a complex taxonomic distribution. For
example, such cornuti are found in the Diop-
tinae (see below) but appear to have been lost
many times within that group. Stellate cor-
nuti occur in all Phalerinae (e.g., Ellida can-
iplaga, fig. 338; Antheua simplex, fig. 339),
in most Nystaleinae (e.g., Nystalea nyseus,
fig. 337), in Dioptinae (e.g., Erbessa glaucas-
pis, figs. 346-348), in Platychasmatinae (see
p. 197), and in some Dudusinae (e.g., Crinodes
besckei, fig. 336). Among the heterocampines
I examined, the only one with deciduous cor-
nuti is Fentonia ocypete, a basal member of
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Fig. 345. Aedeagus of Tarsolepis japonica (distal portion) showing scobinations at base of vesica.

Scale line = 0.5 mm.
Figs. 346-348. Genitalia ofErbessa glaucaspis in lateral view, anterior at left. 346. Aedeagus, showing

deciduous (d) and nondeciduous, spinelike (s) cornuti (0.75 mm). 347. Female genitalia (0.75 mm). 348.
Detail of female, showing corpus bursae containing deciduous cornuti of male (0.5 mm). Scale lengths
in parentheses.

that subfamily (fig. 100). The trait has clearly
arisen (or has been lost) repeatedly within the
Notodontidae.
Deciduous cornuti are known in additional

nystaleine (Weller, 1989, 1990) and Phalera
species (Holloway, 1983), as well as in nu-
merous dioptine genera (J. Miller, unpubl.
data). I have not done a detailed literature
survey, but, as far as I know, the only no-
todontid subfamilies where deciduous stel-
late comuti do not occur are the Thaume-
topoeinae and Notodontinae.

Character 100. Vesica with Distal Sclerite.
In some species there is a sclerite in the vesica
located at approximately the point where the
vesica narrows distally (figs. 335, 336, 341,

342). In phalerines, including Nadata gibbosa
and Peridea angulosa, the sclerite is some-
what cup-shaped and appears to hold the de-
ciduous comuti. In most other taxa with de-
ciduous comuti, they are attached directly to
the membranous portion of the vesica (figs.
337, 346).
Assuming that I have identified homolo-

gous structures, this sclerite exhibits a some-
what complex distribution. The distal sclerite
of the vesica unites all Phalerinae (broad
sense) except Ellida caniplaga, but also oc-
curs in some Heterocampinae. The sclerite is
found in Spatalia jezoensis and Fentonia
ocypete, basal heterocampines (fig. 100), as
well as in species belonging to Clade 42 (the
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"Heterocampini"). Along with other char-
acters, presence of this structure in Schizura
beidermani (fig. 335), but absence in S. uni-
cornis, is suggestive that the genus Schizura,
as currently conceived, is not monophyletic.
Finally, the apomorphic state is found in Cri-
nodes besckei (fig. 336) and in Hemiceras bil-
inea, where it protrudes somewhat (fig. 341).

LARVAE

In comparison with notodontid adult mor-
phology, there have been even fewer studies
of larval structure. Caterpillars of the Noto-
dontidae exhibit a remarkable diversity of
form (figs. 67-98). Seitz (1912) suggested that
many of the striking shapes and modifica-
tions have evolved to frighten predators, while
some larvae are undoubtedly cryptic. Pack-
ard (1895a) first demonstrated the taxonomic
significance of notodontid caterpillars, and
Nagano (1916) emphasized that comparative
study oflarvae could potentially uncover ob-
vious errors in the adult-based classification.
Packard's (1895a) monograph remains per-
haps the premier work on immatures for the
family, but from a morphological standpoint,
his larval characters were largely superficial.
Gardner's (1943, 1946) papers on larvae of
Old World Notodontidae presented more
morphological detail but examined fewer
species. Arru's (1965) study ofthe Italian no-
todontid Clostera anastomosis is comprehen-
sive, and Weller (1987) described the im-
mature stages of Litodonta hydromeli. The
best recent work is that of Godfrey and Ap-
pleby (1987), whose treatment of the North
American fauna provided diagnostic char-
acters and general descriptions for many of
the genera and species used in my study. Pa-
pers on specific larval structures are cited in
the appropriate character descriptions.

HEAD

Microsculpture: Character 101. Cranial
Surface Sculpture. Early workers noted that
the head surface of some notodontid cater-
pillars appears granulate (e.g., see Bell, 1935).
Nagano (1916) observed that some Phalera
larvae have a "punctured" head. Gardner
(1943), in his study ofIndian notodontid lar-

vae, recognized two character states concern-
ing the surface of the head. For some genera
he described it as being "rugulose" and
"closely granulate," while he called the head
of Phalera "coarsely pitted." His first state
applies to almost all the notodontid larvae I
examined. The rugosities tend to occur in
clusters (figs. 351, 352) and are usually most
prominent near the stemmata (figs. 353, 354).
Gardner's second state, coarsely pitted, ap-
pears to be a derivation ofthe granulate head
type. The pitted surface characterizes a subset
ofthe Phalerinae; it is found in larvae ofDa-
tana (figs. 355, 356) and Phalera (Clade 25),
but not in Antheua or other phalerines.

I have added the following states to those
defined by Gardner. The head of thaumeto-
poeines, Clostera, Crinodes, and Cargida is
almost smooth, but with numerous fine
creases (fig. 350). This character state (scored
as "0"), also typical of the outgroup (includ-
ing Oenosandra, fig. 349), is plesiomorphic
for the Notodontidae according to my inter-
pretation, with the head surface of Crinodes
and Cargida (also scored as "0") being sec-
ondarily derived. In the majority of dioptine
larvae that I examined, the head surface is
rugose, but the bumps are relatively small
and are much more numerous than in other
Notodontidae (figs. 357, 358). Another char-
acter state occurs in Cyanotricha and Didug-
ua, both ofwhich have an extremely smooth,
almost glassy, head surface. This trait is also
found in some Josia species, but not in the
ones I studied. The final state characterizes
the larval head ofLiparopsispostalbida, which
is covered with acute anteriorly directed spic-
ules (figs. 359, 360).
Beck (1960) and Godfrey (1980) have

shown that there is variation in larval head
surface microsculpture within the Noctuidae
as well. Careful study of cranial sculpturing
in that family may prove to be phylogeneti-
cally informative.

Shape: Notodontidae exhibit considerable
variation in larval head shape (Gardner, 1943;
McCabe, 1991). The head of some taxa is
broadly rounded, as is typical of most other
Lepidoptera caterpillars and members ofmy
outgroup (fig. 362). This is true, for example,
of Clostera (fig. 364) and the Thaumeto-
poeinae. In other notodontids, the head is tall
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Figs. 349-352. Larval head surface. 349. Oenosandra boisduvalii, frontolateral view showing bases
of P1 and P2 setae (100 um). 350. Clostera albosigma, frontal view showing secondary setae (50 ,um).
351. Schizura unicornis, lateral view with seta P2 in upper left (200 ,um). 352. S. unicornis detail, base
of seta P1 at lower left (50 ,um). Scale lengths in parentheses.

and the vertex is acute in lateral view (Ste-
phens, 1829). Sometimes there is a deep me-
dial groove on top of the head. Although the
head shape extremes were easy to character-
ize, taxa with intermediate shapes were dif-
ficult to score.

Character 102. Head Height. I defined head
height using only two states: head in lateral
view (excluding mouthparts) taller than tho-
rax (figs. 368, 370) and head not taller than
thorax (figs. 362, 364), the latter being prim-
itive. Usually, when the head is taller than
the thorax, it is wider than the thorax as well
(dorsal view).
The derived state occurs in some members

of the Notodontinae (fig. 368), Heterocam-
pinae, and Dioptinae, as well as in Hemicer-
as, Scrancia, and Gargetta. All Nystaleinae

(e.g., fig. 370) have the derived state. Defi-
nition of this character is unsatisfactory and
might benefit from a morphometric ap-
proach.

Character 103. Epicranial Notch. A second
head shape character involves the presence
ofa deep epicranial notch. The head ofsome
species has a depression above the epicranial
suture (frontal view) with the cranial halves
produced upward (fig. 447). The plesio-
morphic state is a head in which the cranium
is only slightly depressed at the epicranial
suture (e.g., Clostera, fig. 363). As with Char-
acter 102, the extremes were easy to recog-
nize, but the states often intergrade. It should
also be noted that, although Characters 102
and 103 are largely congruent, they are not
completely so. For example, larvae of Loch-
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Figs. 353-356. Larval head surface ofNotodontidae. 353. Heterocampa obliqua, lateral view showing
stemmata (300 ,um). 354. Schizura beidermani, lateral view (100 ,um). 355. Datana ministra, frontal
view (200 ,um). 356. Datana ministra, detail of pits (100 ,um). Scale lengths in parentheses.

maeus bilineata and Heterocampa averna
have heads that are not taller than the thorax
(score of "0" for Character 102), but they do
have a deep epicranial notch. Conversely, the
dioptine genera Erbessa and Phaeochlaena
exhibit the derived score for head height, but
they do not have a deep epicranial notch.

Setae: Lepidoptera caterpillars exhibit three
types ofbody setae: primary, subprimary, and
secondary (Fracker, 1915; Hinton, 1946; Pe-
terson, 1962; Stehr, 1987a). Primary setae are
relatively few in number and are quite con-
stant in position. Dyar (1894) was among the
first to use their location to classify Lepidop-
tera larvae. Subprimary setae are like pri-
maries but appear at the second instar. The
primary and subprimary setae are both
termed primaries in later instars because they
become difficult to distinguish (Stehr, 1987a).
A wide variety of nomenclatorial systems
have been applied to primary setae (see, e.g.,

the discussions in Janse, 1939b; Mutuura,
1956; MacKay, 1964), the most widely used
being those of Fracker (1915), Gerasimov
(1935), and Hinton (1946). For the most part,
I follow the nomenclature used by Stehr
(1987a), which is a slightly modified version
of Hinton's system, although in certain cases
my findings disagree with Stehr's. There are
two categories of primaries: the tactile setae,
which are macroscopic and usually long, and
the microscopic proprioceptor setae (Stehr,
1987a).
The head MD setae (fig. 361), equivalent

to the vertical ("V") setae of Hinton (1946),
were not used as characters because I found
them difficult to locate. Similarly, I did not
obtain character information from the vari-
ous head pores (fig. 361).
Secondary setae can occur in addition to

primary setae. Secondaries are more numer-
ous and are usually found scattered over the
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Figs. 357-360. Larval head surface of Notodontidae (lateral). 357. Phryganidia californica, seta LI
at bottom (100 ,um). 358. P. californica, detail (20 ,um). 359. Liparopsis postalbida, seta P1 at left (100
,um). 360. L. postalbida detail showing spicules, base ofseta P2 above (20 Am). Scale lengths in parentheses.

entire body (e.g., fig. 504). If secondary setae
are present, they often obscure the arrange-
ment of primaries and this causes confusion
when trying to score primary setal characters
(Fracker, 1915). First instar larvae often lack
such secondary setae (D. Lafontaine and D.
Wagner, personal commun.) and they could
potentially be used to score certain charac-
ters, but first intars were not available for this
study. Thus, for some species with secondary
setae in final instars it was necessary to score
primary setal characters as missing data ("?"
in Appendix II). For example, the last instar
larval head ofHarpyia microsticta is covered
with short secondary setae (fig. 447) that are
indistinguishable from the primaries. This
species therefore received "?" scores for char-
acters involving head primary setae. In con-
trast, the head of Clostera albosigma is cov-
ered with secondary setae (McCabe, 1991),
but the primaries are significantly longer and

more robust than the secondaries. Primary
setal characters of the head could therefore
be reliably scored for C. albosigma (figs. 363,
364). Fortunately, this was the case for most
ofthe Notodontidae I examined. Among out-
group taxa, primary setae on the heads of
Panthea (Noctuidae) and the lymantriids were
obscured by secondaries.
A similar situation obtained for characters

involving primary setae on the body. I could
not score them for Harpyia microsticta, where
the primaries are indistinguishable from sec-
ondary setae. However, in most taxa with
numerous secondary setae, it was possible to
distinguish the primaries because of their
larger size and because each is often associ-
ated with a small pinaculum (e.g., figs. 503,
504).
When present on the head, secondary setae

invariably occur on the thorax, abdomen, and
legs as well. However, the reverse is not true;
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'Pg
Figs. 361, 362. Final instar larva of Alypia octomaculata (Noctuidae). 361. Head in frontal view.

362. Head and first thoracic segment in lateral view. A = anterior seta. Aa = pore Aa. Ac = anteclypeus.
Af = adfontal seta. Afa = pore Fa. An = antenna. As = lateral adfrontal suture. C = clypeal seta. Cp =
clypeus. Cx = prothoracic coxa. D = dorsal seta. E = epicranial suture. El = ecdysial line. F = frontal
seta. Fa = pore Fa. Fr = frons. L = lateral seta (head). Lb = labrum. Lt = lateral seta (prothorax). M
= mandible. MD = dorsal proprioceptor seta. MDa = pore MDa. P = posteriodorsal seta. Pa = pore
Pa. Pb = pore Pb. Pg = prothoracic gland. S = stemmatal seta. Sa = stemmata. Sb = pore Sb. SD =
subdorsal seta. Sp = prothoracic spiracle. SS = substemmatal seta. SV = subventral seta. Ts = prothoracic
shield. XD = XD seta. Scale line = 1.0 mm.
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Figs. 363, 364. Final instar larva of Clostera albosigma (Notodontidae). 363. Head in frontal view.
364. Head and first thoracic segment in lateral view. Scale line = 1.0 mm.

Figs. 365, 366. 365. Final instar larva of Oenosandra boisduvalii (Oenosandridae); head in frontal
view. 366. Final instar larvae of Doa ampla (Doidae); head in frontal view. For key to symbols see
figures 361 and 362. Scale lines = 1.0 mm.
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369

Figs. 367-370. Final instar larvae of Notodontidae. 367. Head of Notodonta scitipennis in frontal
view. 368. Head and first thoracic segment ofNotodonta scitipennis in lateral view. 369. Head ofHippia
packardii in frontal view. 370. Head and first thoracic segment of Hippia packardii in lateral view. For
key to symbols see figures 361 and 362. Scale lines = 1.0 mm.

they are found less frequently on the head
than on the body. For example, secondary
setae occur on the thorax and abdomen, but
not the head, in Antheua and Datana (Phal-
erinae). Typically, when secondary setae oc-

cur, all setae, including the primaries, are
barbed (fig. 442; Bourgogne, 195 1).

Character 104. Head with Secondary Se-
tae. Packard (1 895a) suggested that presence
of secondary setae is primitive for the No-
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todontidae. Optimization of Characters 104
and 140 supports his claim. However, pres-
ence of secondary setae on the larval head is
an extremely homoplastic character state
among both the ingroup and the outgroup.
Taxa in the following notodontid subfamilies
exhibit such setae: the Thaumetopoeinae, Py-
gaerinae, Phalerinae, Heterocampinae,
Dioptinae, and Dudusinae. In my study,
however, most subfamilies contained only
one or two exemplar species with head sec-
ondary setae. This was true of the Dioptinae
(Cyanotricha necyria), Phalerinae (Phalera
bucephala), and Dudusinae (Goacampa var-
iabilis). Indications are that the character state
has arisen at least five times in the Notodon-
tidae.

I used three states for this character. Ab-
sence of head secondary setae was assigned
a "0" score, presence oflong secondary setae
was scored as " 1 ", and presence of short sec-
ondary setae (in Harpyia [fig. 447], Stauro-
pus, and Goacampa) was scored as "2".

Character 105. Location of Setae Pl and
P2. There are two "P" setae on the upper
portion ofthe larval face. There is some con-
fusion in the literature concerning the proper
nomenclature for these. Nakatomi (1977), in
his figures of Dudusa sphingiformis caterpil-
lars, labeled the dorsal one "V", perhaps mis-
interpreting Ripley (1923), Hinton (1946),
and Gerasimov (1952). The "V" setae ac-
tually refer to proprioceptor head setae
(equivalent to the "MD's" of Stehr, 1987a)
located near the cranial vertex (Gerasimov,
1952; Stehr, 1987a; Merzheevskaya, 1988).
I follow Stehr's terminology. In quadrifid
noctuoids, seta P2 is located further from the
epicranial suture than is P1 (fig. 361). This is
shown in many papers on the larvae ofNoc-
tuidae (e.g., Ripley, 1923; Williams, 1953;
Godfrey, 1972). In all Notodontidae, P2 is
closer to the epicranial suture than P1, and
P2 is usually relatively close to the the epi-
cranial notch (figs. 363, 367, 369; also fig. 50
in Arru, 1965). Interestingly, the same is true
of Doa caterpillars (fig. 366; see also Brown,
1990). In Oenosandra the two setae are ap-
proximately equidistant from the suture (fig.
365). I scored this species as a question mark

This seems to be an extremely reliable di-
agnostic feature for the Notodontidae and
provides important evidence that Doa is the

family's sister group. After discovering the
character, I found that Forbes (1910) had al-
ready described it. In discussing setae P1 and
P2 (his "setae i and ii"), Forbes noted that
P2 is high up on the head in notodontids and
that some species have P1 located lateral to
P2. I have not seen other references to this
character. Unfortunately, I could not deter-
mine the positions of P1 and P2 for thau-
metopoeines, because in that group, the pri-
mary setae are indistinguishable from the
numerous secondaries. Perhaps examination
of first instar thaumetopoeine caterpillars will
provide an answer.

Character 106. Distance Between Setae P1
and Cl. There are always two pairs ofclypeal
setae, the Cl and C2 setae, and two pairs of
adfrontal setae, Afl and Af2 (Stehr, 1987a).
Among members of the outgroup the dis-
tance between Cl and P1 is only slightly lon-
ger than the distance between Cl and Af2
(figs. 361, 365). Among Notodontidae and
Doa, however, the distance between P1 and
Cl is half again as long as the distance be-
tween Af2 and Cl (figs. 363, 366, 367, 369).
I scored the latter as being derived. Again,
some species having numerous head second-
ary setae, such as the thaumetopoeines, could
not be scored. The derived state also appears
in the outgroup taxa Hypoprepia and Nyc-
teola, and the plesiomorphic state applies to
Oenosandra (fig. 365). This character is prob-
ably correlated with head height, thus serving
as an alternative to the epicranial index of
Ripley (1923) and Beck (1960).

Character 107. Position of Seta SI. Lepi-
doptera larvae have three stemmatal, or "S",
setae on the head (figs. 368, 370; the stem-
mata are numbered in fig. 364). The position
of seta SI varies with respect to stemmata 3
and 4. It can be located closest to stemma 3
(scored as "1") or closest to stemma 4 (scored
as "0"). The first state (figs. 364, 368, 370,
394) is characteristic of all but a few of the
Notodontidae I examined, while the second
(fig. 362) is found more frequently in the
quadrifid Noctuoidea (Appendix II). Oeno-
sandra (fig. 365) exhibits the derived state,
indicating a relationship with the Doa/No-
todontidae clade. Nycteola (Noctuidae) also
has S1 closest to stemma 3. According to my
results, the plesiomorphic state has reap-
peared three separate times in the Notodon-
tidae.
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Stemmata: Character 108. Size ofStemma
3. There are six stemmata (sometimes incor-
rectly termed "ocelli"; e.g., Peterson, 1962)
on the larval head in Lepidoptera. Their rel-
ative positions can vary, and the number of
stemmata is sometimes reduced, especially
among leaf-mining groups (Stehr, 1987a).
Noctuoid larvae seem to show little variation
in stemmatal position, and I did not observe
number reduction. In most Lepidoptera lar-
vae the six stemmata are approximately equal
in size (e.g., fig. 362). In caterpillars of Sa-
tyrinae (Nymphalidae), particular stemmata
are enlarged relative to the rest (DeVries et
al., 1985). Within the Notodontidae, there
are species in which stemma 3 is enlarged.
This is characteristic of some Notodontinae,
including Gluphisia, Quadricalcarifera, and
Liparopsis (fig. 394), but the state occurs in
other groups, including Hemiceras, Ellida,
Clostera, and all but two dioptine genera.
The possible functional significance ofhav-

ing a single stemma larger than the others is
unknown. MacKay (1962) described a re-
markably similar condition in a tortricid.
Stemma 3 is enlarged in Cnephasia longana
Haworth (Tortricinae), but not in a closely
related species, C. virgaureana Treitschke. She
wondered whether this morphological differ-
ence is perhaps correlated with interspecific
differences in microhabitat (MacKay, 1964).

Antennae: Character 109. Antennal Length.
Larval antennae vary in length among no-
todontid species (figs. 373, 376-388). Gard-
ner (1943) noted the short antennae ofThau-
metopoeinae (fig. 376) and, in his 1946 paper,
described the long antennae ofHyperaeschra.
Dethier (1941), who included 11 notodontid
species in his comparative study of lepidop-
teran larval antennae, noted the unusually
long antennae of Symmerista species. Fol-
lowing Gardner (1946), I used the length of
segment 2 relative to its width to characterize
antennal length. I recognized two states: (1)
length of segment 2 less than or equal to 21/2
times its width, and (2) length of segment 2
greater than 21/2 times its width (e.g., figs. 384,
387).
This character showed low consistency.

Among my study taxa, at least one represen-

tative of each of the Notodontinae, Phaleri-
nae, Heterocampinae, Dioptinae, and Du-
dusinae exhibits the derived state.

I discovered that antennal surface structure

varies. It is typically smooth (fig. 393), but
in Liparopsis postalbida there is a scalelike
microsculpture covering the surface (fig. 392).
I observed this in larvae of other notodontid
taxa, but was unable to use the character be-
cause it could not be scored reliably without
SEMs.
Labrum: Character 110. Depth of Labral

Notch. The ventral margin of the notodontid
larval labrum can have either a shallow or a
deep notch (Gardner, 1943; Godfrey et al.,
1989). Most members of the outgroup have
a shallow curving labral notch (fig. 361), al-
though there is variation in notch depth
among Noctuidae (Crumb, 1956; Merzheev-
skaya, 1988). A shallow notch is found in
Oenosandra (fig. 365) and Doa (fig. 366). In
notodontids where the notch is deep, a me-
dial groove is also present. A relatively shal-
low notch occurs in the Thaumetopoeinae
(fig. 390; Gardner, 1943) and in Clostera (fig.
363; Arru, 1965), suggesting that this is ple-
siomorphic for Notodontidae. I character-
ized a deep notch, the derived state, as being
one that is greater than two-thirds the height
ofthe entire labrum. A deep labral notch (e.g.,
figs. 367, 369) occurs in all Notodontidae
above Clade 10 (fig. 99) and in two outgroup
taxa, Lymantria and Acronicta.
Godfrey et al. (1989) noted that first instar

notodontid caterpillars have a shallow labral
notch and that they skeletonize the leaf sur-
face. They suggested that a deep notch, pres-
ent only in later instars, all of which clip
through the entire leaf, appears to aid in hold-
ing the leaf margin during feeding. I did not
study the number and position oflabral setae,
although these might hold taxonomic infor-
mation.

Character 111. Labral Lobes Swollen. In
Nystalea nyseus, Cnethodonta grisescens, and
Liparopsis postalbida, the labral notch ex-
tends all the way to the anteclypeus so that
the halves of the labrum are completely sep-
arate (fig. 389). Furthermore, the two labral
lobes are greatly swollen and protrude ante-
riorly (fig. 391). According to my analysis,
this condition arose three separate times (see
figs. 99, 100). I am not familiar with the feed-
ing habits ofthese three species and so cannot
speculate concerning the functional signifi-
cance of the modification.

Anteclypeus: Character 112. Anteclypeus
with Dorsoventral Folds. The anteclypeus is
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Figs. 371-375. Left larval antenna of Noctuoidea in lateral view, anterior at left. 371. Dasychira
dorsipennata (Lymantriidae). 372. Peridroma saucia (Noctuidae). 373. Clostera albosigma (Notodonti-
dae). 374. Oenosandra boisduvalii (Oenosandridae). 375. Doa ampla (Doidae).

Figs. 376-384. Left larval antenna of Notodontidae in lateral view, anterior at left. 376. Trauma-
tocampa pityocampa. 377. Notodonta scitipennis. 378. Lochmaeus bilineata. 379. Antheua simplex. 380.
Gluphisia septentrionis. 381. Gargetta costigera. 382. Quadricalcarifera viridimaculata. 383. Ellida can-
iplaga. 384. Hemiceras bilinea. Segments numbered for D. dorsipennata. Only the base of the "long
hair" (Dethier, 1941; Peterson, 1962) is shown. Scale line = 0.4 mm.
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Figs. 385-388. Left larval antenna of Notodontidae in lateral view, anterior at left. 385. Nadatagibbosa (Phalerinae). 386. Crinodes besckei (Dudusini). 387. Nystalea nyseus (Nystaleinae). 388. Stau-ropusfagi (Heterocampinae). Scale lines = 0.4 mm.
Figs. 389, 390. Frontal region of larval Notodontidae. 389. Liparopsis postalbida (Notodontinae),

showing greatly swollen anteclypeus (Ac) and completely divided labrum (Lb). 390. Epicoma melanosticta
(Thaumetopoeinae), showing unmodified anteclypeus and labrum. For key to symbols see figures 361
and 362. Scale line = 0.5 mm.
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Fig. 391. Mouthparts and antenna of Liparopsis postalbida in lateral view (anterior at left). Scale
line = 500,um.

Figs. 392, 393. Left larval antenna ofNotodontidae. 392. Liparopsispostalbida, distal portion show-
ing surface sculpturing (50 ,um). 393. Schizura unicornis (100 ,um). Scale lengths in parentheses.

Fig. 394. First three stemmata and seta Sl ofLiparopsispostalbida (left side, anterior at left) showing
enlarged stemma 3. Scale line = 50 j,m.

a somewhat membranous portion of the face
located above the labrum and below the clyp-
eus (figs. 389, 390). In all Notodontidae ex-
cept the Thaumetopoeinae, the anteclypeus
is expanded and has several dorsoventral folds
(figs. 363, 367, 369, 389). When seen in lat-
eral view, this type of anteclypeus protrudes
from the face (figs. 391, 398). An unmodified
anteclypeus, exemplified by Alypia (Noctui-
dae; fig. 361), Doa (fig. 366), and Epicoma
(fig. 390), does not protrude, its upper and
lower margins are roughly parallel, and there
are no folds. The taxonomic distribution of
the swollen anteclypeus is roughly congruent
with presence of a deeply notched labrum
(Character 110 above), but appears one node
higher (in Clade 12; fig. 99) on my cladogram.
The anteclypeus of Liparopsis postalbida is
highly modified, being greatly swollen with

ventrolateral projections (fig. 389). The func-
tion of a swollen anteclypeus is unknown.

Mandibles: I used three mandible char-
acters. SEM study of all taxa might provide
additional information. For example, God-
frey et al. (1989) described a "transverse
ridge" on the oral surface of the mandible in
Heterocampa obliqua Packard and noted that
this ridge is complex in Crinodes besckei.
There appears to be additional variation in
ridge structure but I did not examine it in
detail, nor have I studied this character among
members of the outgroup.

Character 113. Smooth Mandibular Mar-
gin. Many notodontid larvae exhibit an on-
togenetic change in mandibular morphology
(Weller, 1987; Godfrey et al., 1989). Early
instars have serrate mandibles, usually with
three or four large teeth. During the final in-
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star, the mandibular cutting edge is smooth
(figs. 396, 397). Almost all quadrifid noc-
tuoids, on the other hand, have a deeply ser-
rate mandibular cutting edge in all instars
(e.g., see figures in Ripley, 1923; Crumb, 1956;
Beck, 1960; Godfrey, 1972, 1987b; Eichlin
and Cunningham, 1978; Merzheevskaya,
1988; McCabe, 1991). Serrate mandibles oc-
cur in Doa (Brown, 1990) and Oenosandra
(fig. 395).
The smooth notodontid mandible appears

to be apomorphic for the family, but it is not
found throughout (Godfrey et al., 1989;
McCabe, 1991). Among the ingroup, serrate
mandibles occur in three dioptine genera, as
well as in Gargetta and Scrancia. Cargida
pyrrha (Godfrey, 1984) and Crinodes besckei
(see figures in Godfrey et al., 1989) exhibit
the serrate mandible, but other Dudusini have
a smooth margin. The serrate notodontid
mandible is clearly secondarily derived from
that found in other Lepidoptera and appears
to have arisen at least twice (in dioptines and
dudusines) within the family.
A third state, which I found in Thaume-

topoea and Traumatocampa but not in other
thaumetopoeines, is characterized by having
the ventral portion ofthe mandibular cutting
edge smooth, but shallow dentations on its
dorsal margin. This appears to be a derivative
of the smooth mandibular margin.

Character 114. Mandibular Carina. A ca-
rina occurs on the ventrolateral mandibular
surface of some species. Unfortunately, this
was a difficult character to score. The carina
can be either weakly developed, as in Clostera
(fig. 396), or strongly developed, as is typical
ofthe phalerines I examined (fig. 397). Using
a conservative judgement as to the carina's
presence, I gave taxa with a strong carina the
derived score and those without one or with
a weakly developed one a "0" score. This
procedure was only marginally successful; the
character is extremely homoplastic. An ap-
parently homologous condition occurs on the
mandible of lymantriid larvae. A compre-
hensive SEM study of mandibular morphol-
ogy might provide better data for Character
114.
Character 115. Mandibles with Secondary

Setae. Gardner (1943) noted secondary setae
on the mandibles of Thaumetopoea cheela
Moore. I found secondary setae on the man-

dibles of all thaumetopoeines examined, but
nowhere else among the study taxa. There
are no secondary setae on the mandibles of
Oenosandra boisduvalii (fig. 395).
Maxillary Complex: The larval maxillary

complex was a particularly rich source of
character information. The superb SEM
studies of Grimes and Neunzig (1986a,
1986b) demonstrated tremendous variation
among Lepidoptera in both the location and
shape ofmaxillary sensilla. A detailed survey
for the Notodontidae would undoubtedly
provide information.

In Lepidoptera, each maxilla is composed
of a mesal lobe (= laciniogalea) and a max-
illary palpus. Grimes and Neunzig (1986b)
categorized the mesal lobe sensilla as follows:
the distal portion of each lobe bears three
sensilla trichodea (numbered STI-STIII), two
sensilla styloconica (MSS and LSS), and three
sensilla basiconica (see figs. 399-403). The
basiconic sensilla are relatively small, and I
could not obtain character information from
them without SEMs of all study species. The
sensilla trichodea and styloconica, on the
other hand, could be observed with a light
microscope, and both sets of sensilla provid-
ed characters.

Character 116. StipitalLobe Shape. Grimes
and Neunzig (1986b) first described the stip-
ital lobe, suggesting that it is unique to the
Notodontidae. The stipital lobe is a fleshy
protuberance, often minutely spiculate, aris-
ing from the base of the maxillary complex
and located dorsal to the mesal lobe and max-
illary palpus (fig. 398). Godfrey et al. (1989)
showed that the stipital lobe is a valuable
diagnostic character for the Notodontidae;
they reported these lobes in 92% of the 154
notodontid species examined. Further, God-
frey et al. (1989) documented distinct inter-
specific shape variation in stipital lobes.

I recognized four character states involving
shape and size of the stipital lobes: (1) absent
(fig. 399), the plesiomorphic state; (2) short
and broadly rounded (figs. 400, 402); (3) api-
cally acute (figs. 401, 403); and (4) large, ex-
tending beyond the rest of the maxilla (when
seen in dorsal view) (fig. 404). Interestingly,
a stipital lobe is present in Doa, the sister
group of the Notodontidae (fig. 99). The lobe
ofDoa is short, broad, and covered with long
spicules (fig. 410). Intact specimens of Oen-
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osandra boisduvalii exhibit a broadly round-
ed lobe, although its shape was not preserved
in my SEM preparation (fig. 41 1). The lobe
is absent in thaumetopoeines (Godfrey et al.,
1989), but according to my analysis this rep-
resents secondary loss. Notodontid taxa with
a broadly rounded stipital lobe include Clos-
tera, Phalera (fig. 400), Datana, and Nadata
(fig. 402). An apically acute lobe is the shape
most frequently observed. Usually these can
be seen in intact larval specimens, curving
up in front of the mandible's ventral margin
(fig. 408). The final state, a large stipital lobe,
has a somewhat scattered distribution. It is
found in species ofthe Heterocampinae, Nys-
taleinae, and Dioptinae (fig. 409), and in Li-
paropsis postalbida. The stipital lobe ofNys-
talea and Erbessa is extremely large, curving
so far dorsally that it touches the labrum
(Godfrey et al., 1989).
Grimes and Neunzig (1986b) proposed that

stipital lobes aid the mandibles during mas-
tication. Godfrey et al. (1989) have suggested
that they might form seals between the man-
dibles and maxillae, thereby helping to hold
leaf material in the oral cavity. Tests of these
hypotheses will require direct observation of
live notodontid caterpillars.

Character 117. Stipital Lobe Surface. As
described above, the surface of the stipital
lobe is minutely spiculate. In all heterocam-
pine exemplars except Lochmaeus bilineata
(fig. 404), the spicules are unusually large and
slightly melanized, making them more con-
spicuous (see fig. 6 in Godfrey et al., 1989).
Except for heterocampines, only Doa ampla
(fig. 410) exhibits large spicules.

Character 118. Sensilla of Mesal Lobe
Small. The sensilla trichodea and styloconica
ofthe mesal lobe are very small in some spe-
cies of notodontid caterpillars. Taxa with
small sensilla usually have the mesal lobe
broadly expanded (figs. 405, 406). Among
taxa with the primitive state, STI is as tall as
the maxillary palpus (figs. 399-404). How-

Figs. 395-397. Left mandible of final instar
larvae (ventral view with anterior at left). 395.
Oenosandra boisduvalii. 396. Clostera albosigma.
397. Datana ministra. Scale lines = 200 ,um.
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ML Mx H

Fig. 398. Head of Josiaflavissima Walker larva in lateral view. A = antenna. Ac = anteclypeus. H= hypopharynx. Lb = labrum. M = mandible. ML = mesal lobe. Mx = maxillary palpus. P1 = setaP1. P2 = seta P2. S = stipital lobe. Sp = spinneret (overlaid by labial palpus). Scale line = 1.0 mm.

ever, in species with the derived state, STI is
shorter than the palpus (figs. 405-407, 409).

This character provides an important syn-
apomorphy for the Nystaleinae + Dioptinae
(Clade 45); small sensilla trichodea and styl-
oconia occur in larvae of all the dioptines
examined as well as in all five of the nystal-

eines. Among these, only Josia did not ex-
hibit the broadly expanded mesal lobe (fig.
407). The derived state is not unique to Clade
45, however. It also occurs in Quadricalcar-
ifera and Liparopsis (Notodontinae).

Character 119. Tips of Sensilla Trichodea
Forked. Sensilla trichodea II and III on the
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Figs. 399-403. Right mesal maxillary lobe and maxillary palpus oflarval Noctuoidea, dorsoposterior
view (anterior at top). 399. Peridroma saucia (Noctuidae). 400. Phalera bucephala. 401. Hemiceras
bilinea. 402. Nadata gibbosa. 403. Crinodes besckei. LSS = lateral sensillum styloconicum. MP = segment
of maxillary palpus. MSS = medial sensillum styloconicum. ST = sensillum trichodeum. Scale line for
figures 399-402 = 200 ,um; for figure 403 = 400 ,um.
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Figs. 404-407. Right mesal maxillary lobe and maxillary palpus of larval Notodontidae, dorsopos-terior view (anterior at top). 404. Lochmaeus bilineata. 405. Symmerista albifrons. 406. S. albifrons
(ventral view). 407. Josia ligata. For symbols, see figures 399-403. Scale line for figures 404-406 = 400
,um; for figure 407 = 100 ,um.

mesal lobe have fork-shaped tips in three spe-
cies: Crinodes besckei (fig. 403), Goacampa
variabilis, and Cargida pyrrha, all members
of the Dudusini. Occasionally, three distal
points are observed on a single sensillum.
The derived state is restricted to New World
members of the Dudusini, but according to
my data these species do not constitute a
monophyletic group (fig. 100).

Character 120. Galeal Lobe Present. This
character relates only to the outgroup. In some
of the noctuid larvae I examined, the two

sensilla styloconica (MSS and LSS) are borne
on a raised extension of the mesal lobe (fig.
399). An apparently identical structure,
termed the "galeal lobe," occurs in larvae of
some Nymphalidae (Devries et al., 1985: fig.
1). Within Noctuidae, the galeal lobe may
provide an important synapomorphy for a
subset of lineages in the family. I found that
the structure occurs in Peridroma (Noctu-
inae), Alypia (Agaristinae), and Diloba. Beck
(1960) showed that it occurs in species of the
Herminiinae and Plusiinae as well. The fig-
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Fig. 408. Larval maxillary complex of Zunacetha annulata in frontal view with mandible intact,
showing position of stipital lobe. Scale line = 50 ,um.

Fig. 409. Hypopharyngeal and maxillary complexes of Phryganidia californica larva in dorsal view
with anterior at top. Scale line = 200 ,um.

Figs. 410, 41 1. Larval maxillary complexes of Noctuoidea in dorsoposterior view with anterior at
top. 410. Doa ampla (40 ,um). 411. Oenosandra boisduvalii (100 ,um). H = hypopharynx. M = mandible.
ML = mesal lobe. MP = maxillary palpus segment. Mx = maxillary palpus. SL = stipital lobe. Scale
lengths in parentheses.

ures in Grimes and Neunzig (1 986b) indicate
that the galeal lobe occurs in Plusiinae and
Heliothinae. Detailed study of this character
among additional members of the Noctuo-
idea is clearly warranted.

Character 121. Length ofMaxillary Palpus
Segment 3. I used two characters to describe
the relative length of the maxillary palpus.
The first was whether segment 3 is long and
thin. In three species of Nystaleinae, in Er-
bessa glaucaspis (Dioptinae), and in Hemi-
ceras (fig. 401), the third segment is elongate
and narrows distally.

Character 121, as currently conceived,
shows low consistency and I do not have much
confidence in it. The derived state represents

one of the few apomorphies that Hemiceras
shares with the Nystaleinae and Dioptinae.
However, the majority of character evidence
suggests that a direct relationship between
Hemiceras and the nystaleine/dioptine clade
is unlikely (see discussion in Classification of
the Notodontidae).

Character 122. Length ofMaxillary Palpus
Segment 2. The other character describing
maxillary palpus length concerns segment 2.
I gave the derived score (segment 2 elongate)
only to taxa, such as Hemiceras (fig. 401),
where there was no doubt. Contrary to ex-
pectation, species with a long third segment
(Character 121) were not the same as those
with an elongate second segment, with the
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Figs. 412-421. Larval labial complexes ofNoctuoidea. 412. Dasychira dorsipennata (Lymantriidae),
lateral view with anterior at left. 413. D. dorsipennata, dorsal view with anterior at bottom. 414. Josia
flavissima, lateral. 415. J. flavissima, dorsal. 416. Traumatocampa pityocampa, lateral. 417. T. pityo-
campa, dorsal. 418. Symmerista albifrons, lateral. 419. S. albifrons, dorsal. 420. Macrurocampa mar-
thesia, lateral. 421. M. marthesia, dorsal. LP1 = labial palpus segment 1. LP2 = labial palpus segment
2. Sp = spinneret. Scale line = 200,um.
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428 429

Figs. 422-429. Larval labial complexes ofNotodontidae in dorsal view with anterior at bottom. 422.
Clostera albosigma. 423. Gluphisia septentrionis. 424. Antheua simplex. 425. Gargetta costigera. 426.
Scrancia stictica. 427. Ellida caniplaga. 428. Notodonta scitipennis. 429. Cerura tattakana. Note mem-
branous medial flange (Fl) on labial palpi in figures 423, 425-427, and 429. Scale line for figures 422-
428 = 200 ,um; for figure 429 = 400 ,m.
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Figs. 430-435. Larval labial complexes ofNotodontidae in dorsal view with anterior at bottom. 430.
Nadata gibbosa. 431. Tarsolepisjaponica. 432. Stauropusfagi. 433. Cnethodonta grisescens. 434. Hem-
iceras bilinea. 435. Phalera bucephala. Scale line = 200 ,gm.

exception of Hemiceras. Segment 2 of the
maxillary palpus is also elongate in Dudusa,
Crinodes (fig. 403), and Lirimiris. As with
segment 3 (above), I have little confidence in
this character.
Hypopharyngeal Complex: The hypophar-

yngeal complex comprises the hypopharynx,

labial palpi, and spinneret (Godfrey, 1972;
Stehr, 1987a). I did not examine variation in
fine structure of the hypopharynx, but based
on the results of Godfrey (1972) and Beck
(1960) for Noctuidae, this character may
prove to be phylogenetically informative in
the Notodontidae. The nomenclature I fol-
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Figs. 436-439. Larval labial complexes of Noctuoidea. 436. Odontosia elegans, dorsolateral view
(50 Am). 437. Heterocampa obliqua, dorsal view (80 ,um). 438. Doa ampla, dorsal view-20(40 ,Am). 439.
Oenosandra boisduvalii, dorsal view (200 ,um). LP = labial palpus. Sp = spinneret. Scale lines in
parentheses.

Figs. 440, 441. Larval mouthparts of Didugua argentilinea in dorsal view, anterior at bottom. 440.
Maxillary and labial complex (100 ,um). 441. Spinneret and labial palpi (50 ,um). Sp = spinneret. Scale
lengths in parentheses.
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low is from noctuid workers (Ripley, 1923;
Crumb, 1956; Beck, 1960; Godfrey, 1972).

Character 123. Hypopharynx Expanded
Dorsally. I used only a single character in-
volving the larval hypopharynx, although
others undoubtedly exist. The character I used
does not require SEM for study. Larvae of
some Notodontidae have the hypopharynx
greatly expanded dorsally. In these it also
protrudes anteriorly, sometimes beyond the
tip of the spinneret. Among the taxa I ex-
amined, the apomorphic state occurs in three
closely related genera-Stauropus, Cnetho-
donta, and Harpyia-as well as in Schizura
unicornis, Erbessa glaucaspis (Dioptinae), and
Scrancia stictica. This trait indicates that the
genus Schizura is not monophyletic (Clade
39, fig. 100).
Character 124. Length of the Labial Pal-

pus. I recognized four character states in-
volving structure of the labial palpus, only
three of which relate to the ingroup. In eval-
uating length, I compared the labial palpus
to the length of maxillary palpus segment 1
because the two appear to vary indepen-
dently. In the majority of Notodontidae the
labial palpus is approximately equal in length
to segment 1 ofthe maxillary palpus (fig. 440).
This is also true of all outgroup species. A
derived state occurs in some Heterocampi-
nae, in all Dioptinae, and in Lirimiris. Here,
the labial palpus is small, much shorter than
segment 1 of the maxillary palpus. In a third
state, restricted to Datana and Phalera (fig.
435), the labial palpus is globose, wider dis-
tally than at its base. The final trait was ob-
served only in the larva of Oenosandra bois-
duvalii, where the palpus and terminal seta
are extremely long (fig. 439).

Character 125. Mesal Flange ofthe Labial
Palpus. I discovered a character of the labial
palpus that I have not seen previously de-
scribed or figured, and that occurs only in
Notodontidae as far as I am aware. Typically,
the palpi are parallel-sided and segment 1 is
entirely sclerotized. I observed a condition
in which there is a membranous flange on the
mesal margin of segment 1 in each palpus
(figs. 423,425-427,429). These flanged labial
palpi together with the spinneret seem to form
a scoop-shaped structure. It may be that the
flanges aid in applying silk during some sort

of specialized larval behavior, but I have no
direct evidence.
Although palpus flanges are fairly easy to

observe and I was confident in giving the
derived score (flanges present = "1 "), the tax-
onomic distribution of this trait conflicts
somewhat with other character information.
It provides corroborative evidence for the
monophyly of Clade 17, that subset of the
Notodontinae including Gluphisia and Fur-
cula (fig. 99). However, the derived state also
occurs in two anomalous positions on my
cladogram, in Gargetta and Scrancia (Scran-
ciini; figs. 425, 426), and in Ellida caniplaga
(theoretically a member of the Phalerinae).
The palpus flanges ofScrancia are highly de-
veloped, the largest I observed, and they are
clearly present in Ellida (fig. 427). The phy-
logenetic position of the Scranciini is quite
well supported, but that of Ellida is still far
from clear (see Classification of the Noto-
dontidae), and further research is required.

Character 126. Spinneret Length. Ripley
(1923), Crumb (1956), and Merzheevskaya
(1988) regarded spinneret morphology to be
a rich source ofcharacter information for the
Noctuidae. Ripley suggested that "this ap-
pendage offers more extensive variation in
caterpillars than any other structure" (1923:
20). Godfrey (1972) found that spinneret
morphology provides useful diagnostic char-
acters for some hadenine genera. I discovered
numerous differences in spinneret morphol-
ogy among notodontid species, and tried to
describe these using five character states.
However, I am not fully satisfied with my
understanding of this character complex.
Morphological differences in spinneret shape
are probably associated with specialized be-
haviors; Ripley (1923) suggested that in Noc-
tuidae, shape is correlated with mode of pu-
pation. Increased knowledge of such
specializations for notodontid caterpillars
might provide clues concerning the charac-
ters themselves.

Based on my study, the primitive spinneret
type is narrow in dorsal view and longer than
the labial palpi. In these, the spinneret and
palpi are not apposed. Examples are the spin-
nerets of Traumatocampa pityocampa (figs.
416, 417) and Clostera albifrons (fig. 422). A
derived state occurring in many Notodonti-
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dae is a spinneret that is shorter or barely
longer than the labial palpi, with the palpi
and spinneret apposed (scored as " 1 "). Taxa
with this configuration include Josia flavis-
sima (figs. 414, 415), Didugua argentilinea
(figs. 440, 441), most heterocampine larvae
(figs. 420, 421, 437), Cerura (fig. 429), Fur-
cula, and Lirimiris. The only species outside
the Notodontidae scored as " 1" is Doa ampla
(fig. 438). A third type, found in most Du-
dusini (e.g., fig. 431) and in Ellida caniplaga
(fig. 427), is a spinneret that is approximately
twice as long as labial palpus segment 1. Ac-
cording to my cladogram (figs. 99, 100), a
short spinneret evolved at least three times
in the Notodontidae: in Lirimiris; in Clade
20 of the Dicranurini; and in Clade 35, the
group comprised of the Dioptinae, Nystal-
einae, and Heterocampinae.

I recognized two additional states. The first
is autapomorphic for Cnethodonta grises-
cens, where the spinneret is greatly modified
with two huge winglike lateral flaps (fig. 433)
that are covered with grooves. In the final
character state, restricted to Oenosandra (fig.
439) and the Arctiidae, the spinneret is ex-
tremely long and narrow.
The only previous reference to notodontid

spinneret size can be attributed to Gardner,
who noted that in "many Notodontids the
spinneret is truncate apically and projects only
slightly beyond the basal segment ofthe labial
palpi" (1946: 141). He figured the spinneret
of Cerura liturata Walker as an example.
Gardner contrasted this with the spinneret of
Thaumetopoea cheela Moore, which he de-
scribed as being slender and projecting well
beyond the labial palpi. Other references to
notodontid spinneret shape are rare. Sugi and
Nakamura (1988) illustrated the spinneret and
labial palpi of Periergos magnus (Matusmu-
ra), a species with uncertain subfamilial
placement.
Beck (1960) and Godfrey (1987b) also used

relative lengths of the spinneret and labial
palpus as a character, both authors showing
that numerous differences exist among larvae
in the Noctuidae.

Character 127. Spinneret Dorsoventrally
Compressed. I further characterized spinner-
et shape. In the plesiomorphic condition, the
spinneret is roughly elliptical in cross section

and the opening is ovoid. This is true, for
example, of Clostera, Gluphisia, Antheua (figs.
422-424), and the outgroup (fig. 413; and see
fig. 28 in Beck, 1960). Some notodontid lar-
vae have a dorsoventrally compressed spin-
neret. Examples are Tarsolepis (fig. 431),
Gargetta (fig. 425), and Cerura (fig. 429). My
cladistic results indicate that a flattened spin-
neret evolved separately in two notodontid
subfamilies, the Notodontinae and Dudus-
inae.

Character 128. Hypopharyngeal Folds. In
some Heterocampinae, there is a series of
membranous folds located at the base of the
spinneret and extending up onto the hypo-
pharynx (fig. 437). This condition also occurs
in larvae ofQuadricalcarifera viridimaculata.
I did not observe such folds in other cater-
pillars.

Character 129. Submentum with a Medial
Cleft. According to Peterson, the spinneret
and labial palpi are attached to the "stipes
labii" (1962: fig. L4-G). Posterior to that are
the mentum and submentum. In larvae of
three notodontine genera (Odontosia, Pheo-
sia, and Liparopsis) and one phalerine genus
(Peridea), the submentum is swollen and has
a deep medial cleft. Species with the plesiom-
orphic state have a submentum that is essen-
tially flat, without a fold.

Character 130. Mentum Swollen. A mod-
ification of the mentum occurs in all nystal-
eine larvae I studied. Here the mentum is
swollen and its surface has a glandular ap-
pearance. I found a further modification in
two nystaleines, Nystalea nyseus and Dasy-
lophia thyatiroides, where the mentum is
swollen with two large lateral projections.
Similar projections have been reported in
earlier instars ofnotodontid caterpillars from
other subfamilies (Godfrey et al., 1989), but
for final instars I found them only in the two
species above. It is not known whether the
mentum of nystaleine larvae is truly glan-
dular, and, if so, what its function might be.

THORAX
Integument: Character 131. Larval Integ-

ument "Shagreened". Scanning electron mi-
crographs suggest that the larval integument
of notodontids is usually crenulate (e.g., fig.
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Fig. 442. Secondary setae on thoracic scolus of Spilosoma virginica (Arctiidae) larva. Scale line =100 ,um.
Fig. 443. Cuticular surface of Hippia packardii larva on eighth abdominal segment. Scale line = 20,um.
Figs. 444, 445. Cuticular surface ofZunacetha annulata larva. 444. Region near proleg base (segmentA3) showing long microprojections (40 ,m). 445. Bases of microprojections in figure 444 (10 ,um). Scalelengths in parentheses.

443). Even in cases where the cuticle appears
smooth when examined at x 60-100, SEM
reveals a crenulate microsculpture. I found
that all tagma except the head have the same
type of integument sculpturing. Crumb
(1956), Godfrey (1980, 1987b), and Mer-
zheevskaya (1988) illustrated differences in
skin texture between species of Noctuidae,
some being granulate or spiculate. Leidy and
Neunzig (1989) have demonstrated variation
in integumental microsculpture even among
closely related species of Dioryctria (Pyrali-
dae: Phycitinae). Unfortunately, it was not
possible to study the cuticle of all exemplar
species with SEM. I instead focused on two

unique modifications of the integument that
have been discussed in the literature.

All dioptine larvae have extremely long
microprojections covering the entire body
(figs. 444,445,519), a condition that has been
termed "minutely rugose" (Forbes, 1939a) or
"shagreened" (Peterson, 1962). Previous au-
thors, all of whom relied exclusively on ex-
amination of Phryganidia californica, con-
sidered this to be a unique character for the
Dioptinae (Fracker, 1915; Forbes, 1939a,
1948; Godfrey and Appleby, 1987). How-
ever, a similar integument structure occurs
in Clostera (fig. 494). There the microprojec-
tions are not as long as in dioptines. The
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larval skin of Doa shows unique "integu-
mental spinules" (Donahue and Brown, 1987;
Brown, 1990). Unlike the microprojections
of dioptines and Clostera, these appear to be
socketed. I therefore did not consider the
condition in Doa to be homologous with a
shagreened integument.

Cervical Gland: Character 132. Presence of
a Cervical Gland. A cervical gland, or ad-
enosma (Weller, 1989), occurs in larvae of
many noctuoids, but gland morphology and
chemistry have been most thoroughly stud-
ied for the Notodontidae (see discussion in
Godfrey and Appleby, 1987). The cervical
gland, located ventrally between the head and
prothoracic legs (fig. 448), is eversible and
produces a spray that contains formic acid
and ketones (Packard, 1895a; Herrick and
Detwiler, 1919; Eisner et al., 1972; Weller,
1987) shown to have a defensive function
(Eisner et al., 1972; but see Chow and Tsai,
1989). Some species can eject the spray rap-
idly, accurately, and for fairly long distances
(Packard, 1895b; Herrick and Detwiler, 1919;
Forbes, 1948; Hintze, 1969). Kearby (1975)
found that the formic acid in cervical gland
secretions of Heterocampa manteo (Double-
day) was concentrated enough to produce
fairly severe skin lesions.

Larval cervical glands are known from oth-
er families of Lepidoptera, including the
Yponomeutidae (Povel and Beckers, 1982),
as well as the butterfly families Hesperiidae,
Pieridae, and Nymphalidae (Bourgogne,
1951; Peterson, 1962). In each group, the
glands are thought to serve a defensive func-
tion. Bourgogne (1951) suggested that Di-
cranura (= Cerura) vinula larvae employ pro-
thoracic gland secretions during formation of
the cocoon, which is particularly tough in this
species.
Chemicals associated with the cervical

gland have not been described for members
of the quadrifid Noctuoidea, so they cannot
be compared with those of Notodontidae.
However, gland shape differs between noto-
dontids and other noctuoids. In the former,
the extruded gland is dorsoventrally com-
pressed and is strongly bifid (fig. 448; Ash,
1892; Gardner, 1943; Bourgogne, 1951;
Weatherston et al., 1979; Weller, 1987). In
contrast, the everted cervical gland of Noc-

tuidae (e.g., Alypia octomaculata, fig. 362) is
a simple smooth tube (Marti and Rogers,
1988) that is sometimes quite long. The cer-
vical gland of dioptines is unusual among
Notodontidae in having a noctuid-type shape.
Unfortunately, I was unable to use cervical
gland shape as a character for the ingroup.
Interesting differences appear to exist, but the
gland must be fully everted for such com-
parisons, and it was not possible to inflate
it manually in preserved material.
Among the notodontid larvae I examined,

a cervical gland is absent in the thaumeto-
poeines, Clostera (see also Godfrey and Ap-
pleby, 1987), Lirimiris, and Platychasma (see
p. 197). Some notodontid larvae exhibit a
well-defined groove where the cervical gland
is usually located, but no invagination. I was
able to study two species of Quadricalcari-
fera, and this was true for both. Larvae of
Hemiceras also lack a cervical gland invagi-
nation. Based on other character evidence,
and because a distinct groove is present, I
hypothesized that both of these genera have
lost the cervical gland, and therefore gave
them a second derived score ("2"). All other
notodontids have a large cervical gland and
were scored as "1". The cervical gland is ab-
sent in Doa (Brown, 1990) and Oenosandra.
Among outgroup species, it is restricted to
some Noctuidae (Appendix II).
My analysis indicates that the cervical

glands of Notodontidae and Noctuidae are
not homologous. The organs in these two
families should be critically compared. Fur-
thermore, a detailed comparative study ofthe
histology and chemistry of notodontid cer-
vical glands might provide data concerning
phylogenetic relationships within the family.

Prothoracic Shield: Godfrey and Appleby
(1987) noted variation in the size, amount of
pigmentation, and degree of sclerotization of
the notodontid prothoracic shield. I was un-
able to find many characters involving these
differences. Shield boundaries are often dif-
ficult to detect in alcohol-preserved material.
I therefore included only characters that were
relatively unambiguous.

Stehr (1987b) claimed that dioptines can
be distinguished from other notodontids by
the relative lengths of the XD and D setae
on the prothoracic shield (figs. 449, 450).
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Figs. 446-448. Final instar larva of Harpyia microsticta. 446. Habitus in lateral view. 447. Head,
frontal view. 448. Head and first thoracic segment in ventral view (anterior at top), showing bifid
prothoracic gland (Pg). A = abdominal segment. T = thoracic segment. Scale line for figure 446 = 5.0
mm; for figures 447 and 448 = 2.0 mm.

Dioptines purportedly have setae of equal
length, whereas in other notodontid larvae
the D setae are shorter than the XDs. I could
not find reliable differences in setal length.

Character 133. Prothoracic Shield with
Lateral Projections. Larvae belonging to two
subfamilies, the Heterocampinae and Noto-
dontinae, have lateral horns or bumps on the
prothoracic shield (Packard, 1895a; Forbes,
1948; Klots, 1967; Weller, 1987). In both

subfamilies, these protuberances bear the
XD 1 setae. The protuberances ofheterocam-
pine larvae are most pronounced during the
first instar; Packard (1895a) and Gerasimov
(1952) described the elaborate prothoracic
"antlers" in first instars ofsome Heterocam-
pa species and in Macrurocampa. Among no-
todontines, lateral prothoracic projections
occur in Quadricalcarifera, Cerura (Issiki et
al., 1969), and Furcula (fig. 453; Packard,
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449
T3 Al A2 A3

Figs. 449-451. Thoracic and first three abdominal segments of larval Noctuoidea in lateral view;
thoracic legs and planta of proleg not shown. 449. Peridroma saucia. 450. Josia ligata. 451. Doa ampla.
A = abdominal segment. D = dorsal setae. L = lateral setae. MD = dorsal proprioceptor setae. MSD
= subdorsal proprioceptor setae. SD = subdorsal setae. Sp = spiracle. SV = subventral setae. T = thoracic
segment. V = ventral seta. XD = "XD" setal group. Scale lines = 2.0 mm.

1 895a; Forbes, 1948). Packard showed that,
as in Heterocampinae, the projections are
more pronounced in early instars of Furcula
species, although they are never antlerlike.

He used this ontogenetic similarity to claim
that Furcula "has originated from the Het-
erocampinae" (1895a: 279). My results sug-
gest that prothoracic projections are not ho-
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Figs. 452, 453. Thoracic and first three abdominal segments of larval Notodontidae in lateral view;
thoracic legs and planta of proleg not shown. 452. Gluphisia septentrionis. 453. Furcula borealis. For
key to symbols see figures 449-451. Scale lines = 2.0 mm.

mologous in the two groups. There are
obvious differences in tubercle shape, those
of heterocampines being more acute and lo-
cated in a more dorsal position.

Character 134. Prothoracic Shield Smooth.
The prothoracic shield of Crinodes, Cargida,
and Goacampa is large, smooth, and strongly
sclerotized. It is almost square with an un-
pigmented medial line. Although a variety of
prothoracic shield shapes exist among No-
todontidae, none have such a configuration.
Two larval characters, this one and Character
1 19 (presence of fork-shaped sensilla tricho-
dea on the mesal lobe), indicate monophyly
of the New World Dudusinae, although so
far my data suggest otherwise (fig. 100).

Tactile Setae: I did not find variation in

number or shape for most primary setal
groups on the thorax. However, the subven-
tral (SV) thoracic setae provided three char-
acters. For species with numerous secondary
setae, these characters could not be scored
because it was impossible to distinguish the
SVs.

Character 135. SV Setal Formula. The
number ofSV setae on each thoracic segment
(progressing from segment T 1 to T3) is some-
times presented as a setal formula. These for-
mulae, which vary among Lepidoptera, have
been used as family level diagnostic features
(e.g., Godfrey and Appleby, 1987). The for-
mula typical of noctuid larvae is 2-1-1, as
found, for example, in Peridroma saucia (fig.
449). Note that, for reasons unclear to me,
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Figs. 454, 455. Thoracic and first three abdominal segments of larval Notodontidae in lateral view;
thoracic legs and planta of proleg not shown. 454. Nystalea nyseus. 455. Fentonia ocypete. For key to
symbols see figures 449-451. Scale lines = 2.0 mm.

Hinton (1946) gave the anterior SV seta on
TI the number "2".
Within the Notodontidae, the thoracic SV

setae occur in either of two setal formulas.
Most larvae exhibit the 2- 1 -1 condition (figs.
450, 452, 454) and these were scored as "O".
However, the SV setae ofall Heterocampinae
are in the formula 2-2-2 (figs. 455-457). This
state shows a taxonomic distribution similar
to the presence of protuberances on the pro-
thoracic plate (Character 133); in addition to
the Heterocampinae, it is found in Quadri-
calcarifera and Furcula (fig. 453). Again,
however, parsimony analysis suggests that the

2-2-2 SV formula evolved independently in
the Heterocampinae and Notodontinae.

I had originally assigned a second derived
state to the SV formula in Gluphisia septen-
trionis, which I characterized as being 3-2-2.
After further study I realized that there is an
additional seta (labeled "?" in fig. 452) in the
SV region on all body segments of that spe-
cies. I therefore amended my scoring so that
Gluphisia, like Liparopsis in the Notodont-
inae, received a "O" score (2-1-1). This is, I
believe, the correct interpretation.

Three outgroup species also exhibit the
2-2-2 formula. These are Doa ampla (fig. 451),
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Figs. 456, 457. Thoracic and first three abdominal segments of larval Notodontidae in lateral view;
thoracic legs and planta of proleg not shown. 456. Schizura unicornis. 457. Cnethodonta grisescens. For
key to symbols see figures 449-451. Scale lines = 2.0 mm.

Hypoprepia miniata (Lithosiinae), and Oeno-
sandra boisduvalii. Most arctiid caterpillars
exhibit the 2-2-2 arrangement. Character op-
timization suggests that a 2-2-2 formula oc-
curred in the common ancestor of Clade 2
(Doidae + Notodontidae). There are nu-
merous taxa in both the ingroup and the out-

group where presence of secondary setae ob-
scures the SV formula. These were given "?"
scores (Appendix II).

Character 136. Shape of the SV Setae on
Ti. One ofthe most reliable synapomorphies
for the Heterocampinae involves the shape
of SV2 on the thoracic segments. As de-
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scribed above, members of this subfamily
have a 2-2-2 SV formula, and, in all species,
SV2 on the first thoracic segment is short and
usually spatulate (figs. 455-457). I am not
certain whether modified SV2 setae occur in
earlier instars as well. I have seen only one
previous reference to these setae; Peterson
(1962: fig. L25-C) noted their presence in lar-
vae of Heterocampa manteo Doubleday.
As seems to be the case with almost every

character I have studied, this one does not
show complete consistency. In addition to
the Heterocampinae, a short SV2 on T1 oc-
curs in larvae of Liparopsis postalbida (fig.
460). There are two differences between the
condition found in L. postalbida and the Het-
erocampinae. First, in the former, SVY is also
short, whereas SV1 in heterocampine larvae
is as long as other primary setae (figs. 455-
45 7). Second, the modified setae are spatulate
in heterocampines (fig. 459) but round in L.
postalbida. These differences suggest that the
traits are not homologous. I did not study
interspecific differences in SV setal shape
among members of the Heterocampinae.

Character 137. Shape ofthe T2 and T3 SV
Setae. The SV2 setae on thoracic segments 2
and 3 are sometimes modified as well, their
shape being identical with the seta on TI de-
scribed above (Character 136). It appears that
T1 and T2/T3 can be considered separate
characters where presence of these special-
ized setae is concerned; there are species in
which a short SV2 occurs on TI but not on
T2 and T3, but if T2 carries a modified seta
T3 always does as well. I therefore recognized
a second character to describe the presence
ofa short SV2 seta on T2/T3 (figs. 458, 459).
This apomorphy occurs in all the heterocam-
pine larvae I studied except Stauropus fagi.
It does not occur in Liparopsis postalbida,
providing further evidence that the modified
seta on T1 is secondarily derived from the
one in Heterocampinae.

Character 138. Primary Setae on Chala-
zae. The primary setae are borne on chalazae
(Peterson, 1962; Merzheevskaya, 1988) in
four species of Heterocampinae. These cha-
lazae are particularly pronounced for the dor-
sal setae. Taxa exhibiting the apomorphic
state are Schizura biedermani, Schizura un-
icornis (fig. 456), Stauropusfagi, and Cneth-
odonta grisescens (fig. 457). Forbes (1948)

characterized three genera ofthe Heterocam-
pinae-Schizura, Hyparpax, and Oligocen-
tria -by the presence ofchalazae, so the trait
may be quite widely distributed in the sub-
family. I also found chalazae in Liparopsis
postalbida, and they occur in some noctuid
larvae (Appendix II).

Proprioceptor Setae: Character 139. Meta-
thorax with Two MD Setae. Hinton (1946)
argued that the families Noctuidae, Lyman-
triidae, Arctiidae (including Lithosiinae), and
Notodontidae (including Thaumetopoeinae)
are related based on the presence oftwo, rath-
er than one, MD proprioceptor setae on the
metathorax, a derived condition in Lepidop-
tera according to him. I found this condition
in all the taxa I examined (figs. 449-457). It
may be an even more reliable synapomorphy
for the Noctuoidea than presence of a me-
tathoracic tympanum in adults, which is lost
in some groups, such as members ofthe genus
Dioptis (Forbes, 1916, 1922a).
Secondary Setae: Character 140. Body with

Secondary Setae. Abbot (1927), who per-
formed a series of experiments on Datana
caterpillars, suggested that body secondary
setae are sensitive to sounds of various fre-
quencies.
Although the presence or absence of sec-

ondary setae has been accorded much phy-
logenetic significance in previous notodontid
classifications (see, e.g., Forbes, 1948), this
character shows an extremely high level of
homoplasy. Secondary setae have evolved at
least once in almost every major lineage. They
occur in Thaumetopoeinae, Clostera, Scran-
cia, and Lirimiris, as well as in most mem-
bers of the Phalerinae and in various genera
of the Heterocampinae (Stauropus and relat-
ed genera), Dioptinae (Cyanotricha), Nystal-
einae (Dasylophia), and Dudusini (Goa-
campa).

It is clear that not all of these cases are
homologous. In an attempt to make some
sense ofthis character, I tried to describe sec-
ondary setae in more detail than simple pres-
ence or absence by recognizing four character
states. I feel that my approach is an improve-
ment over previous discussions of the char-
acter, but it is still not entirely satisfactory.
Recognizing four states, this character has a
CI of 0.52.
A "0" score was given to species without
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Figs. 458-461. Modified thoracic setae of notodontid larvae. 458. Setae SV2 and SVl on segment
T3 of Schizura unicornis (200 ,um). 459. Detail of seta SV2 from figure 458 (10 ,um). 460. Setae SVI
and SV2 on segment TI of Liparopsis postalbida (50 ,um). 461. Coxal setae on segment T2 of Schizura
unicornis (20 ,um). Scale lengths in parentheses.

secondary setae. However, there was consid-
erable ambiguity involved in this decision,
the problem being that in some species the
body is not covered with secondary setae, but
individual setae occur for which there are no
primary setal names. Gluphisia septentrionis
is an example (fig. 452). In that species there
are from two to six setae on each body seg-
ment for which no names are available. I
chose to give species such as G. septentrionis
and Hemiceras bilinea (fig. 512) a score of
"0" (secondary setae absent) on the albeit
arbitrary grounds that the setae are not nu-
merous enough. Taxa regarded as having sec-
ondary setae present were those where the
setae are extremely numerous (e.g., Clostera
albosigma, fig. 504).
For species with secondary setae I recog-

nized three possible scores. First, the second-

aries are sometimes very long, but are grouped
only at primary setal locations. Among No-
todontidae, an example is Antheua simplex
(fig. 506). This is also the state typical of out-
group species where secondary setae occur
(Appendix II). A second state is exemplified
by the thaumetopoeines and Clostera (figs.
503, 504), where the body is covered with
secondary setae and the primaries are rep-
resented by groups oflonger setae, sometimes
borne on verrucae. In the final state, second-
ary setae are very short and are evenly scat-
tered over the body. This occurs in Clade 40
(the three genera related to Stauropus) and
in Goacampa variabilis. Whenever second-
ary setae occur either in the ingroup or the
outgroup, they are almost always barbed (see
discussion of head setae and fig. 442).
The presence or absence ofsecondary setae
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Figs. 462, 463. Coxal setae of Liparopsis postalbida shown with anterior at left. 462. Segment TI
(50 ,um). 463. Segment T2 (50 ,um). DS = dorsal coxal seta. Pr = pore. VS = ventral coxal seta. Scale
lengths in parentheses.

Figs. 464, 465. Modified SV setae on abdominal segments of Notodontidae. 464. Liparopsis pos-
talbida segment A2, showing the cluster of short SV setae (100 ,um). 465. Schizura unicornis segment
Al (50 ,tm). Scale lengths in parentheses.

has been given considerable taxonomic im-
portance in discussions ofquadrifid noctuoid
phylogeny, but I suggest that future workers
define the character in a more precise way.
Otherwise it should be regarded with caution.

Legs: Forbes noted the deeply cleft thoracic
claws of thaumetopoeines (1910: fig. 97). I
observed variation in claw shape among No-
todontidae, but lacking SEMs for each spe-
cies, I could not accurately characterize dis-
crete states. Beck (1960) and Merzheevskaya
(1988) showed that marked differences in claw
shape occur among various groups of the
Noctuidae.

Character 141. Shape of the Coxal Setae.
In all species I studied, the lateral surface of
each thoracic coxa bears two setae. Typically,

the dorsal of the two setae is elongate and
shaped like other primary setae, whereas the
ventral one is short (fig. 462). Weller (1987)
described an unusual condition in larvae of
Litodonta hydromeli Harvey (Heterocampi-
nae), where she termed the dorsal coxal seta
"spindle-shaped." I found this to be true of
all Heterocampinae examined (fig. 461) ex-
cept Lochmaeus bilineata, where the ple-
siomorphic state occurs. Two genera in the
Notodontinae also exhibit the derived state:
Liparopsis (fig. 463) and Cerura. Liparopsis
is unusual in that the modification occurs on
T2 and T3, but not on T 1. In Heterocam-
pinae it occurs on all three thoracic segments.

Caterpillars of Nystalea nyseus appear to
lack the ventral coxal seta. In addition, the
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dorsal one is greatly elongate with a spatulate
apex. The seta is located in a complex, ever-
sible, membranous fold. Its function is un-
known.

Character 142. Thoracic Legs Elongate.
Larvae of Stauropus are famous for their
greatly elongate thoracic legs (fig. 80; see also
figures in Moore, 1882; Bourgogne, 1951;
Gerasimov, 1952) and characteristic defen-
sive posture, giving them the name "lobster
moths" (Stephens, 1829; Griinberg, 1912;
Pinhey, 1975; Carter, 1982). These caterpil-
lars are thought to derive protection by mim-
icking spiders, although according to Sevas-
topulo, the first instar Stauropus caterpillar
is "a very good ant mimic both in appearance
and behavior" (1947: 583).
Larvae of Cnethodonta grisescens have

femora and tibiae that are almost identical
to Stauropus, and they assume the same pos-
ture (fig. 92; Issiki et al., 1969). In Harpyia
microsticta, the femora and tibiae are elon-
gate (figs. 79, 446), especially on the meta-
thorax, although the legs of H. microsticta
are not as highly modified as in Stauropus
and Cnethodonta.

Tarsal Setae: One of the most interesting
larval character complexes I studied involves
the shape of tarsal setae found at the base of
each claw (figs. 466-492). Although a no-
menclature for thoracic leg setae is not in
common usage, Beck (1960) did propose a
numbering system for noctuid larvae. In his
figure 80, he labeled the four tarsal setae sim-
ply "1, 2, 3, 4." Three of these are located
on the mesal surface of the tarsus (fig. 467).
Godfrey (1972, 1980), following Beck, ap-
plied the names "Tsl-Ts3" to them. The
fourth is lateral in position, and Godfrey did
not name it. I follow the systems ofBeck and
Godfrey, using the name "Ts4" for the lateral
seta (fig. 467).
As far as I can determine by examining the

literature, these four tarsal setae are found in
all Lepidoptera. Their location is constant
and setal homology can almost always be de-
termined. Ts 1 and Ts3 are more basal in po-
sition, while Ts2 is found in close proximity
to the claw. Beck (1960) noted that, in Noc-
tuidae, the basal tarsal setae, Ts 1 and Ts3,
are often broad, whereas Ts2 and Ts4 are
normal in shape. Similarly, I found that in
Notodontidae Tsl, Ts2, and Ts3 are modi-

fied; in almost all species they are flattened
to some degree and are broader than other
body setae. The lateral seta, Ts4, is always
thinner than the mesal ones and it does not
seem to show morphological variation. In my
study, Ts4 did not provide useful character
information.

I found few previous discussions of tarsal
setae for the Lepidoptera. They have been
figured on occasion (e.g., Forbes, 1910: fig.
101; Godfrey, 1972: figs. 392, 393; Godfrey,
1980: figs. 16, 23), but have rarely been de-
scribed in detail. Crumb (1956) and Mer-
zheevskaya (1988) illustrated modified tarsal
setae in various species of Noctuidae. God-
frey (1972) used the shape of Ts3 as a key
character to separate two species of Hom-
orthodes (Noctuidae: Hadeninae). Modified
tarsal setae are not restricted to the Noctuo-
idea. Carter used "tarsi of thoracic legs with
specialized flattened setae" ([with figure] in
Holloway et al., 1987: 200) as a key character
for the Agonoxenidae (Gelechioidea). This
indicates that modified tarsal setae occur
widely in the Lepidoptera. The only SEMs I
found in the literature were published by
MacKay (1972: fig. 52d), who showed mod-
ified tarsal setae in Bucculatrix (Lyonetiidae)
species. She also presented line drawings
showing shape variation among several mi-
crolepidopteran families. The function of
these setae is unknown.
The surface of notodontid tarsal setae can

be smooth (e.g., fig. 485) or sculpted, either
with many fine grooves (e.g., Heterocampa
obliqua, fig. 486; Liparopsis postalbida, fig.
489) or with a single shallow groove (e.g.,
Epicoma melanosticta, fig. 488). Close ex-
amination ofthe raised pad between Ts I and
Ts3 in Nystalea nyseus reveals that its surface
is minutely rugose (fig. 490), possibly glan-
dular. It should be noted that the setae are
soft rather than being heavily sclerotized.
Critical-point drying was necessary to pre-
pare them for SEM, otherwise they shriveled
when removed from ethanol. I did not find
variation in setal shape between legs on dif-
ferent thoracic segments, except that they are
present only on the prothoracic legs of Stau-
ropus and Cnethodonta (Character 145).
Within the Noctuoidea, the three mesal

tarsal setae exhibit a remarkable array of
shapes, many of which provide useful higher
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Figs. 466-473. Right pretarsus ofmesothoracic larval leg in mesal view. 466. Dasychira dorsipennata
(Lymantriidae). 467. Oenosandra boisduvalii. 468. Doa ampla. 469. Antheua simplex. 470. Quadrical-
carifera viridimaculata. 471. Cerura tattakana 472. Gluphisia septentrionis. 473. Notodonta scitipennis.
Cl = claw. Ts = tarsal seta. Scale lines = 200 ,um.
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Figs. 474-480. Right pretarsus of mesothoracic larval leg in mesal view. 474. Ellida caniplaga. 475.
Gargetta costigera. 476. Scrancia stictica. 477. Lochmaeus bilineata. 478. Cargida pyrrha. 479. Hetero-
campa averna. 480. Stauropus fagi (prothoracic leg). Scale lines = 200 ,um (top scale applies to figures
474-478).
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Figs. 481-484. Right pretarsus of mesothoracic larval leg in mesal view. 481. Hemiceras bilinea.
482. Didugua argentilinea. 483. Josiaflavissima. 484. Symmerista albifrons. Scale line = 200 Am.

group synapomorphies. I used three charac-
ters: one concerning various shapes of Tsl
and Ts3, which tended to look alike; one in-
volving Ts2, the shape of which seemed to
vary independently ofthe other two; and one
for the loss of tarsal setae.

Character 143. Shape ofTarsal Setae I and
3. I recognized six character states for the two
basal tarsal setae (Appendix I). The most fre-
quent shape among the species I studied was
lanceolate, with Ts3 slightly longer than Tsl
(figs.466-468,4741 476,478,482). This type
occurred in almost all outgroup species (see
below), and I regarded it as primitive for the
Notodontidae. Having the setae narrow (e.g.,
Antheua simplex, fig. 469) was considered a
derived state. A third state was recognized
for taxa in which the setae are parallel-sided
but apically acute (e.g., Lochmaeus bilineata,
fig. 477), found in five of the heterocampine
species studied. In some Heterocampinae, as
well as in Clade 18 of the Notodontinae, the
setae have a characteristic morphology: they
widen toward the end and have truncated
distal margins (figs. 470, 471, 479, 486, 489)

rather than being acute. In these, the surfaces
of Tsl and Ts3 are covered with many fine
striations and the distal portion is usually
minutely dentate (fig. 489). All dioptine lar-
vae so far examined have Tsl broad and short,
while Ts3 is extremely broad and leaf-shaped,
with its apex deflected toward the tarsal mid-
line (figs. 483, 487).
Among outgroup species, almost all exhibit

the lanceolate type (score of "O"), with two
exceptions. In Hypoprepia miniata (Lithosi-
inae), the tarsal setae are narrow (score of
"1") like those ofThaumetopoeinae (fig. 488).
Finally, I observed a unique setal shape in
larvae ofSpilosoma virginica (Arctiinae) and
Nycteola frigidana (Noctuidae: Sarrothripi-
nae). These have almost identical, paddle-
shaped tarsal setae (figs. 491, 492), a type
found nowhere else among my study taxa.
Crumb (1956) used tarsal setae "strongly
spatulate" as a diagnostic feature for the Sar-
rothripinae, and figured them for larvae of
Sarrothripus (= Nycteola) species. He showed
that similar paddle-shaped tarsal setae occur
in species of Epizeuxis (Noctuidae: Hermi-
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Figs. 485-488. Pretarsus of larval thoracic leg showing tarsal setae. 485. Clostera albosigma, left
mesothoracic leg in mesal view (100 ,um). 486. Heterocampa obliqua, right mesothoracic leg in mesal
view (200 ,um). 487. Erbessa glaucaspis, right mesothoracic leg in mesal view (40 ,m). 488. Epicoma
melanosticta, right prothoracic leg in lateral view (80 ,um). 1 = Tsl (tarsal seta 1). 2 = Ts2. 3 = Ts3 (see
text and figure 467). Scale lengths in parentheses.

niinae), but did not suggest that this character
unites the two subfamilies. Merzheevskaya
(1988) figured spatulate tarsal setae in larvae
ofHerminia Latreille (Herminiinae) and list-
ed that as a generic character. Similarly, God-
frey (1980) described spatulate tarsal setae in
Renia, another herminiine genus.

Character 144. Tarsal Seta 2 Short. The
tarsal seta nearest to the claw (Ts2) is typi-
cally narrower than Tsl and Ts3 and is usu-
ally curved toward the tarsus midline (e.g.,
figs. 466, 468, 471-473). In some Dioptinae
and Nystaleinae, Ts2 is short. I gave the de-
rived score to species, such as Didugua ar-
gentilinea (fig. 482) and Josiaflavissima (fig.
483), in which Ts2 is shorter than Tsl.

Character 145. Tarsal SetaeAbsent. A third
character for the tarsal setae involves their
loss on the meso- and metathoracic segments.

This occurs in only two of the taxa on my
study list, Stauropus fagi and Cnethodonta
grisescens, and is probably correlated with
the highly modified legs of these species (see
Character 142).

ABDOMEN

My discussion of abdominal morphology
is arranged in the following manner. First, I
list the proprioceptor, tactile, and secondary
setal characters. Next, I describe the nonsetal
characters used. For both sections, the char-
acter discussions are arranged in order from
anterior segments to posterior ones.

Proprioceptor Setae: The microscopic
"MD" proprioceptor setae are primary setae
located on the anterior margin of most body
segments (Stehr, 1 987a). They are thought to
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Figs. 489-492. Pretarsus of larval thoracic leg showing tarsal setae. 489. Liparopsis postalbida, left
mesothoracic leg in lateral view (50 ,tm). 490. Nystalea nyseus, right mesothoracic leg in dorsomedial
view (80 ,im). 491. Spilosoma virginica (Arctiidae), metathorcic leg in lateral view (50 gim). 492. Nycteola
frigidana (Noctuidae: Sarrothripinae), prothoracic leg in lateral view (20 gim). Scale lengths in parentheses.

sense movement between adjacent segments.
I used two characters involving MD setae.
The first concerns the number ofMD setae
on segment Al, a character that has been of
historical importance in discussions of noc-
tuoid phylogeny. The second character in-
volves a seta called "SD2" by almost all pre-
vious workers (e.g., Stehr, 1987a). I argue
below that this seta, which is found on the
abdominal segments in all lepidopteran cat-
erpillars, is not an SD seta at all but is instead
homologous with MSD2, a proprioceptor.

Character 146. Segment Al with TwoMD
Setae. Hinton (1946) first noted that there
are two MD setae on segment Al in noto-
dontids (figs. 493, 494, 496) and only one in
other Lepidoptera. Presence ofthe additional
seta has been cited by almost all subsequent
authors as a defining character for the No-
todontidae. In the majority of notodontid

species, these MD setae can be seen with a
dissecting microscope. Clostera albosigma
appeared to have a single seta on Al when
the dissecting scope was used, but SEM re-
vealed that a second very short one is present
(fig. 494).

Presence of two MD setae on larval seg-
ment Al remains one of the most reliable
diagnostic characters for the Notodontidae.
There is one major exception. All dioptine
larvae I examined have a single seta. This has
been noticed by other recent workers (Weller,
1989; J. Rawlins, personal commun.). To
confirm that Dioptinae lack the second MD
seta, I examined all six exemplar species with
SEM. The single MD on A1 of Zunacetha
annulata is shown in figure 495. Both Doa
(fig. 451) and Oenosandra exhibit the ple-
siomorphic condition.

Character 147. Position ofSeta MSD2. On
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ba-drA' /

V~~~~~~~~~~~~~b
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Figs. 493-496. Dorsal proprioceptor setae on segment Al ofnotodontid larvae, shown with anterior
at left. 493. Hippia packardii (40 ,um). 494. Clostera albosigma (40 ,um). 495. Zunacetha annulata (5
,um). 496. Liparopsis postalbida (20 Aim). 1 = MD1. 2 = MD2. Scale lengths in parentheses.

the thoracic segments in Lepidoptera there
are two MSD proprioceptor setae below the
MDs (e.g., see fig. 449). On the abdominal
segments there is a seta, located anterior to
the spiracle, usually called "SD2" in the lit-
erature (e.g., Stehr, 1987a; Godfrey, 1972).
This terminology seems to be attributable to
Hinton (1946). When SD2 is examined with
SEM, it becomes apparent that this seta is
morphologically identical to an abdominal
MD proprioceptor seta (compare figs. 495
and 498). Therefore, this seta could not be
serially homologous with SD2 of the thorax.
Kitching (1984b), studying danaine caterpil-
lars, and Singh and Goel (1987), in their study
of noctuid larvae, offered what I believe is
the appropriate interpretation. These authors
called SD2 ofother authors proprioceptor seta
"MSD2." I follow the nomenclature of
Kitching and Singh and Goel.

I found one informative character regard-
ing the position ofMSD2. In almost all larvae
from both the ingroup and outgroup, MSD2
on AI-A7 is located anterior to the spiracle,
approximately on a horizontal line with it
(e.g., figs. 489, 494). In members of the Du-
dusini, MSD2 is located anterodorsally to the
spiracle, on a horizontal line well above it
(fig. 511). This state does not occur in either
Scrancia or Gargetta.

Tactile Setae: There is probably more
character information in the abdominal tac-
tile setae than what I list below. However,
the problem of scoring primary setal char-
acters for species with numerous secondary
setae somewhat limits the usefulness ofthese
characters. Difficult homology problems ex-
ist, both between taxa and between abdom-
inal segments (serial homology), but the rel-
ative positions oftactile setae are remarkably
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Figs. 497-500. Proprioceptor setae on abdominal segments of larval Notodontidae. 497. Seta MSD2
on A5 of Liparopsis postalbida (20 Am). 498. Seta MSD2 on A6 of L. postalbida (5 Jim). 499. Seta MDl
on A6 of Schizura unicornis (5 Aim). 500. Seta MSD2 on A3 of Didugua argentilinea (5 ,m). Scale lines
in parentheses.

constant within notodontid lineages, and such
data provide extremely useful phylogenetic
information.

It is obvious that setal patterns between
abdominal segments are correlated, and
treating each abdominal segment as an in-
dependent unit would give undeserved weight
to setal characters. However, some abdom-
inal segment groups seem to vary indepen-
dently from other abdominal regions. I ad-
dressed this issue by grouping the 10
abdominal segments into fewer body regions,
treating each region as a separate character.
For example, segments A3 through A6 are
almost always identical in both the position
and number of setae, and these were essen-
tially treated as a single segment. Setal pat-
terns on segments Al and A2, which lack
prolegs, were treated as separate from A3-
A0. In addition, A8 andA0 exhibited setal
characters unique to those segments. I used

the following characters from abdominal tac-
tile setae.

Character 148. Number of Primary Setae
Below the Spiracular Line on Al and A2.
Among Notodontidae there is variation in
the number of setae below the spiracular line
on segments A1 and A2. These segments lack
prolegs in all Lepidoptera except the Dalcer-
idae, which have crochet-bearing prolegs on
A2 (and A7 as well; Stehr, 1987a). Absence
of prolegs creates confusion concerning the
serial homology of setae in the regions of the
L, SV, and V groups. After several unsuc-
cessful attempts to resolve that confusion, I
gave up and have instead followed current
setal nomenclature to the best of my ability.

I created three categories to describe dif-
ferences in the number of setae below the
spiracular line. I gave a score of "O" to taxa
with six to eight setae below that line. This
was true for all scoreable outgroup species
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L3 MV3
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jK~~~~ proleg base

Figs. 501, 502. Sixth through 10th abdominal segments of larvae, anterior at left. 501. Peridroma
saucia (Noctuidae). 502. Peridea angulosa (Notodontidae). A = abdominal segment. D = dorsal setae.
L = lateral setae. MD = dorsal proprioceptor setae. MSD = subdorsal proprioceptor setae. MV = ventral
proprioceptor seta. SD = subdorsal setae. SV = subventral setae. V = ventral seta. X = seta X of
Gerasimov (1935). Scale lines = 2.0 mm.
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Figs. 503, 504. Sixth through 10th abdominal segments of larvae, anterior at left. 503. Epicoma
melanosticta. 504. Clostera albosigma. ST = tuft ofdeciduous setae. For key to other symbols see figures
501 and 502. Scale lines = 2.0 mm.
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Figs. 505, 506. Sixth through 10th abdominal segments of larvae, anterior at left. 505. Odontosia
elegans. 506. Antheua simplex. For key to symbols see figures 501 and 502. Scale lines = 2.0 mm.

and for the vast majority of Notodontidae.
A second group contains species, all belong-
ing in the Heterocampinae, with six to eight
setae below the spiracular line, but with one
SV seta (which I term SV2) short and spat-
ulate (figs. 455, 456). The third character state
applies to species with 10 or more setae below
the spiracular line and includes many mem-

bers ofthe notodontine tribe Dicranurini (e.g.,
Gluphisia septentrionis, fig. 452; Furcula bo-
realis, fig. 453).

Character 149. An Additional Abdominal
SD Seta Present. Among the quadrifid noc-
tuoids I studied and in most Notodontidae,
a single SD seta (SD1) occurs on all abdom-
inal segments (figs. 449-451, 454, 455). Some
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Figs. 507-509. Sixth through 10th abdominal segments of larval Notodontidae, anterior at left. 507.
Furcula borealis (stemapod). 508. Furcula borealis. 509. Gluphisia septentrionis. PP = paraproct. For
key to other symbols see figures 501 and 502. Scale lines = 2.0 mm.

notodontids have an additional SD seta. This
occurs in two ways: SD can be bisetose on
segments A2 through A7 and unisetose on
A8 (scored as "1"), or SD can be bisetose on
A2 through A8 (scored as "2"). The first of

these states occurs in two heterocampine gen-
era, Heterocampa and Macrurocampa, as well
as in Tarsolepis (Dudusinae). According to
my analysis, these are not homologous. The
second state is found in three genera of the
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Dl

Figs. 510, 51 1. Sixth through 10th abdominal segments of larval Notodontidae, anterior at left. 510.
Fentonia ocypete. 511. Cargida pyrrha. For key to symbols see figures 501 and 502. Scale lines = 2.0
mm.

Notodontinae: Quadricalcarifera, Cerura (but
not Furcula), and Gluphisia (fig. 452). Un-
fortunately, there are 13 ingroup species in
my sample for which I could not score Char-
acter 149 because of the presence of second-
ary setae (Appendix II).

Character 150. An Additional Abdominal
D Seta Present. In the primitive condition,
found almost throughout the Lepidoptera,

there are two dorsal setae (Dl and D2) and
a single subdorsal seta (SD1) on the abdom-
inal segments (e.g., figs. 449-451, 501, 502,
505, 508). Some notodontids have an addi-
tional seta, located approximately midway
between the dorsal and subdorsal groups, on
A2 through A7, and two such setae on A8.
The derived condition occurs in four Noto-
dontinae exemplars, including Gluphisia sep-
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D2

513
Figs. 512, 513. Sixth through 10th abdominal segments of larval Notodontidae, anterior at left. 512.

Hemiceras bilinea. 513. Didugua argentilinea. For key to symbols see figures 501 and 502. Scale lines
= 2.0 mm.

tentrionis (figs. 452, 509), as well as in larvae
ofHemiceras (fig. 512) and Tarsolepisjapon-
ica. I have labeled the novel seta with a ques-
tion mark. Based on my cladistic results this
trait evolved independently in the Notodon-
tinae, in Hemiceras, and in the Dudusinae
(Tarsolepis).

Character 151. The Number ofLateral Se-
tae onAbdomen. Among ingroup species there
is variation in the number of lateral (or L)
setae on abdominal segments A3-A6. I rec-
ognized four character states to describe this
variation. The primitive state, exemplified by
Peridroma saucia (Noctuidae) and Peridea
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514

Figs. 5 14-5 16. Sixth through 10th abdominal segments of larval Notodontidae, anterior at left. 514.
Erbessa glaucaspis (stemapod). 515. Erbessa glaucaspis. 516. Josia ligata. For key to symbols see figures
501 and 502. Scale lines = 1.0 mm.

angulosa (figs. 501, 502), is characterized by
three L setae (L1-L3), with Li being located
near the spiracle and L3 being above the pro-
leg base. A derived state (scored as " 1") oc-

curs where there are four setae in the L region.
The novel seta (labeled "?" in figures) is lo-
cated at approximately the same height as L3,
but anterior to it. This character state is found
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Figs. 517,518. Fifth abdominal segment ofLiparopsispostalbida larva. 517. Spiracle and surrounding
setae showing position of proprioceptor seta MSD2 (100 ,um). 518. Modified peglike seta from figure
517 (5 ,um). Scale lengths in parentheses.

Figs. 519, 520. Left prolegs of Notodontidae. 519. Anal proleg of Zunacetha annulata (100 ,um).
520. Basal portion of anal proleg of Liparopsis postalbida, showing raised setal bases (400 ,um). Scale
lengths in parentheses.

in many Notodontidae, but it shows homo-
plasy, occurring in some Notodontinae (e.g.,
Odontosia elegans, fig. 505), in all Nystalein-
ae and Dioptinae (figs. 513, 515, 516), and
in some Heterocampinae. In addition, four
L setae are present in Cargida pyrrha (fig.
511) and in Hemiceras larvae (fig. 512). A
second derived state, found only in Ellida
caniplaga among the taxa I studied, has five
L setae. The last state I recognized (score of
"3") is found only in members of the Di-
cranurini (Notodontinae). Here, there are
from 6 to 12 L setae, with the novel ones
located in a horizontal row at the height of
L3 (figs. 508, 509). This condition, possibly
a derivation ofapomorphic state "1", is found
in all members ofClade 17 except Liparopsis.

Character 152. Anterior Abdominal L Seta

Spatulate. In two heterocampine species,
Stauropus fagi and Cnethodonta grisescens
(fig. 457), the anterior L seta on each abdom-
inal segment is spatulate rather than being
hairlike.

Character 153. Position ofSeta L2 on Seg-
ment A8. One of the most reliable synapo-
morphies for the Nystaleinae + Dioptinae
(Clade 45) involves the relative position of
seta L2 on segment A8. Typically L2 on A8
is located below the spiracle on a vertical line
with it (figs. 501, 502, 504-506, 508-512). In
dioptine and nystaleine larvae, L2 has ap-
parently moved anterodorsally, so that it is
anterior to the spiracle and on a line approx-
imately horizontal with it (figs. 513, 515, 516).
Scoring the trait is clear-cut, at least for taxa
without secondary setae, and among the spe-
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cies I examined, the apomorphic state shows
complete consistency. It will be interesting to
see whether, with the discovery oflarvae rep-
resenting additional species from these two
subfamilies, the synapomorphy retains its in-
tegrity.

Character 154. PeglikeBody Setae Present.
An autapomorphy for Liparopsis is the pres-
ence ofa group ofapproximately 10 extreme-
ly short, peglike setae located posterior to the
abdominal spiracles on each body segment
(figs. 517, 518). Such setae were not observed
elsewhere, but larvae outside the study group
should be examined; presence of these may
define a larger clade ofnotodontid genera. As
with other autapomorphies, Character 154
was not included in the analysis.

Character 155. Seta XPresent. Gerasimov
(1935, 1937, 1952) described an extra pri-
mary seta in Notodontidae, which he termed
seta "X", located on the anterolateral corner
of the anal shield. This region of A0 has
been called the "E area" (Stehr, 1987a). Stehr
and Martinat (1987: fig. 180 in their key to
families) used presence ofseta X in the E area
as diagnostic for the Notodontidae, and the
character appears to be quite reliable. In no-
todontids with secondary setae, there is usu-
ally a cluster of setae or a verruca in the ap-
propriate position (figs. 503, 506). Seta X can
be located either close to the anterior bound-
ary of the anal plate (fig. 509) or further from
it (figs. 512, 513).

Seta X does not occur in members of the
outgroup. Unfortunately, I was unable to de-
termine whether it is present in larvae ofDoa
because numerous secondary setae occur on
the anal shield and E area of that species.
Among Notodontidae there is only one group
in which seta X appears to have been lost:
the subfamily Dudusinae. Godfrey and Ap-
pleby (1987) noted that seta X is absent in
Cargida pyrrha (fig. 511), but I discovered
that its absence is a synapomorphy for the
entire subfamily.
Secondary Setae: Character 156. Number

ofSetae on the Proleg Bases. Presence of sec-
ondary setae on the proleg bases in the region
of the SV group (fig. 519) has been used as a
diagnostic character for the Notodontidae
(e.g., Godfrey and Appleby, 1987). Some
Noctuoidea possess only three setae (labeled
SV1, SV2, and SV3 [fig. 501] by previous

workers) on the proleg bases. However, my
study shows that many quadrifid noctuoids
exhibit the first of these traits (Appendix II).
In fact, I am uncertain whether numerous
setae, or three setae, is the ground plan state
for Notodontidae. I scored species with more
than three setae on the proleg base as "1",
and those with three or less as "0".
Among my exemplar list, the only genera

exhibiting the "0" state are Oenosandra, Hy-
poprepia, Nycteola, Peridroma (fig. 501), and
Alypia, a disparate group of taxa. Genera, in
addition to Notodontidae, with numerous se-
tae on the proleg bases include Diloba, Nola,
Panthea, Spilosoma, the lymantriids, andDoa
(fig. 451). For species with numerous sec-
ondary setae on the rest of the body it was
meaningless to score this character because
secondary setae inevitably occur on the pro-
leg bases as well.

Character 157. Abdomen with "Dorsal
Pads". Caterpillars ofmany Thaumetopoein-
ae have tufts of short, deciduous, hairlike se-
tae located in fleshy dorsal pockets ("dorsal
pads" of Gardner, 1943) on abdominal seg-
ments 1 through 8. The setae are known to
cause skin irritation in humans (Gilmer, 1925;
Gardner, 1943; Pinhey, 1975; Common,
1979; Carter, 1984); Stephens described them
as causing "very great irritation and acute
pain" (1829: 46). Of the thaumetopoeines I
examined, such tufts occur in Thaumeto-
poea, Traumatocampa, and Epicoma (fig.
503), but not in Anaphe. Tufts of deciduous
setae are also found on segments A1-A4 and
A8 in Dasychira (Lymantriidae) (Gilmer,
1925), but these differ in being longer, barbed
rather than smooth, and located on raised
dorsal patches rather than in depressions. My
analysis indicates that the structures in thau-
metopoeines and lymantriids are not ho-
mologous.

Spiracles: Character 158. Spiracles Small
on A1-A6. Having examined larvae of Phry-
ganidia californica, Stehr (1987b) listed small
spiracles on segments A1-A6 as a diagnostic
trait for the Dioptinae. The character seems
reliable (figs. 450, 515, 516). Gargetta is the
only other notodontid where I observed small
spiracles. The spiracles on A1-A6 are small
in four other genera: Doa (fig. 451; Brown,
1990), Hypoprepia, Nycteola, and Nola.
Prolegs (Segments 3-6): Lepidopteran pro-
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legs consist of two parts (Stehr, 1987a): a
proximal base on which the SV setae are found
(fig. 519) and the planta bearing the crochets
(see fig. 501). I did not find many useful char-
acters involving A3-A6 prolegs. Proleg struc-
ture is fairly uniform among notodontid gen-
era, and crochet arrangements (see below),
which can vary significantly between lepi-
dopteran groups (e.g., see Gerasimov, 1952;
Peterson, 1962), were not found to differ
among ingroup taxa. The presence or absence
ofsecondary SV setae on the proleg bases was
discussed above (Character 156).

Character 159. Arrangement of Larval
Crochets. In most noctuoid larvae the cro-
chets are arranged in a uniordinal mesoseries
(Forbes, 1954; Godfrey, 1987b). This is true
for all Notodontidae and for all outgroup spe-
cies in my study list except the following:
those of Doa are in a biordinal mesoseries
(Donahue and Brown, 1987; Brown, 1990);
Oenosandra has biserial crochets; and Arc-
tiidae, excluding some Lithosiinae such as
Hypoprepia (Forbes, 1960), are distinguished
by having heteroideous crochets (Gerasimov,
1952; Peterson, 1962; Habeck, 1987).

Character 160. Prolegs Reduced on A3.
Caterpillars of Scrancia, Gargetta, and Tar-
solepis are unique among the Notodontidae
I examined in having smaller prolegs on A3
than on segments A4-A6. In each case, there
is a correlated reduction in A3 crochet num-
ber (table 2). Gargetta costigera has A3 pro-
legs reduced to setose bumps, with no cro-
chets present. According to Gardner (1943),
other Gargetta species have small crochets
present on A3; in his study, their absence was
a key character for G. costigera only. Scrancia
and Tarsolepis larvae exhibit a condition
similar to Gargetta except that the A3 prolegs
are not as highly reduced and crochets are
present. Previous authors have discussed
proleg reduction in Scrancia and Gargetta
larvae (Janse, 1920; Gardner, 1943; Hollo-
way, 1983), but no one seems to have noticed
reduced A3 prolegs in Tarsolepis. It may be
that as additional taxa are studied, this apo-
morphy will prove to be fairly widespread in
both the Dudusini and Scranciini. Among
outgroup species, A3 prolegs and crochets are
absent in Nola (Stehr, 1987c; see table 2).

Character 161. Prolegs Reduced on A4. In
addition to having reduced A3 prolegs, cat-

erpillars of Gargetta costigera and Scrancia
stictica have smaller prolegs on A4 than those
on A5-A6. In both species, the A4 prolegs
bear substantially fewer crochets than on seg-
ments 5 and 6 (table 2). Reduction of the A4
prolegs occurs nowhere else in the Notodon-
tidae as far as I am aware and may ultimately
prove to be a synapomorphy for the Scran-
ciini. According to Holloway (1983), Gar-
getta larvae use only the prolegs on A5 and
A6 to grasp the substrate, and they walk in
a "semi-looper" manner, a behavior also typ-
ical of some noctuid larvae, such as the Plu-
siinae, where reduced prolegs on A3 and A4
also occur (Eichlin and Cunningham, 1978;
Kitching, 1987; Godfrey, 1987b).
Dorsum of Abdomen: Tubercles or humps

frequently occur on the dorsum of the first
and eighth abdominal segments, but they can
occur on any body segment. For example, in
Nerice bidentata Walker there are nine pairs
of large fleshy humps on segments T3-A8
(Packard, 1895a; Forbes, 1948; McCabe,
1991). The caterpillar ofHarpyia microsticta
has fork-shaped protuberances on the dor-
sum of segments A1-A6 and A8 (figs. 79,
446), and Nystalea larvae have long, tapered
protuberances on segments Al-A5 and A8
(fig. 454).
For this study, I did not rely heavily on

larval body shape for character information,
the main reason being that it is difficult to
homologize various modifications. If tuber-
cles on two different species differ only slight-
ly in relative position but dramatically in
shape (compare, e.g., Harpyia microsticta and
Nystalea nyseus), should they be scored the
same?
There is some evidence that larval body

shape in Lepidoptera is controlled by rela-
tively few genes. Greene (1989) demonstrat-
ed dramatic seasonal shape polymorphism in
larvae of Nemoria arizonaria (Grote) (Geo-
metridae). Larvae from spring broods mimic
oak catkins, whereas summer larvae mimic
oak twigs, and the difference appears to be
mediated by dietary tannin levels. It would
be interesting to know which morphological
structures are associated with this polymor-
phism.

Character 162. Tubercle Present on Al. As
noted above, larvae ofmany notodontid spe-
cies possess some type of protuberance on
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TABLE 2
Number of Larval Crochets (in final instar) for Study Species from the Genera Listed

(see table 1 for species names)
(Only a single specimen of each was examined. A = abdominal segment)

Number of crochets

Taxon A3 A4 A5 A6 AIO 10/6a
Notodontidae

Thaumetopoea
Traumatocampa
Epicoma
Anaphe
Clostera
Lirimiris
Platychasma
Notodonta
Odontosia
Pheosia
Ptilophora
Gluphisia
Cerura
Furcula
Liparopsis
Quadricalcarifera
Phalera
Datana
Antheua
Nadata
Peridea
Ellida
Tarsolepis
Dudusa
Crinodes
Cargida
Goacampa
Gargetta
Scrancia
Hemiceras
Spatalia
Fentonia
Lochmaeus
Schizura biedermani
Heterocampa
Macrurocampa
Schizura unicornis
Cnethodonta
Harpyia
Stauropus
Erbessa
Phaeochlaena
Phryganidia
Zunacetha
Josia
Cyanotricha
Symmerista

19
24
46
41
35
34
26
21
29
24
22
24
50
28
50
52
40
30
27
23
24
22
33
41
27
25
18
0

35
20
24
28
23
27
35
35
22
32
39
32
24
18
25
21
19
25
23

20
23
47
40
38
33
29
23
27
24
20
23
53
33
52
49
37
30
26
19
25
23
50
43
29
28
18
16
40
20
25
29
23
28
40
35
24
33
42
31
25
19
26
23
22
24
23

19
24
45
40
37
35
29
21
26
23
22
27
53
33
53
50
37
30
27
30
25
26
51
40
31
29
20
30
57
21
27
31
22
30
40
39
23
32
41
30
28
19
27
22
21
25
23

21
23
46
41
40
34
31
24
30
25
21
28
56
32
52
51
39
34
27
29
26
27
49
39
32
28
20
31
58
22
28
30
24
29
42
36
24
34
43
32
27
24
25
23
23
24
25

20 0.95
24 1.04
43 0.93
38 0.92
37 0.92
31 0.91
33 1.06
16 0.66
21 0.70
18 0.72
19 0.90
20 0.71
0 0
0 0
0 0

41 0.80
23 0.58
10 0.29
23 0.85
21 0.72
20 0.76
20 0.74
0 0

29 0.74
24 0.75
24 0.85
13 0.65
0 0
0 0
19 0.86
23 0.82
27 0.90
13 0.54
20 0.68
16b 0.38
0 0
12 0.50
24 0.70
0 0
0 0

16b 0.59
17b 0.70
19 0.76
17 0.73
18 0.78
17 0.70
16 0.64
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TABLE 2-(Continued)

Number of crochets

Taxon A3 A4 A5 A6 AIO 10/6a

Didugua 19 20 21 21 18 0.85
Hippia 17 18 18 19 15 0.78
Nystalea 27 31 32 31 17 0.54
Dasylophia 21 23 23 23 18 0.78

Outgroup
Doa 32 30 28 28 28 1.00
Oenosandra 140 140 138 138 142 1.02
Lymantria 55 58 55 62 63 1.01
Dasychira 53 5 1 52 50 49 0.98
Spilosoma 32 32 34 31 34 1.09
Hypoprepia 42 40 39 42 40 0.95
Peridroma 20 22 25 28 28 1.00
Nycteola 17 16 16 16 17 1.06
Nola 0 14 13 14 13 0.92
a Ratio of crochet number on Al0 divided by the number on A6.
b Crochets extremely small and spinelike, not hook-shaped.

the first abdominal segment. For this and for
the following character, I used a simple sys-
tem of states; I scored larvae as either having
a tubercle on Al (score of"l") or not ("0"),
disregarding the diversity of tubercle types.
My rationale was that, by ignoring complex-
ity, I might find useful information concern-
ing basic similarity. This approach was hard-
ly successful; Characters 162 and 163 show
extremely poor consistency (Appendix III).
A tubercle on Al is found in relatively few

taxa among my study sample. In addition to
three heterocampine species (e.g., fig. 456),
one occurs on Clostera albosigma and a very
short one is found in Nystalea nyseus (fig.
454).

Character 163. Tubercle Present on A8.
Presence ofa tubercle on A8 is taxonomically
more widespread than presence ofone on A 1.
In addition, A8 tubercles exhibit a greater
variety ofshapes and sizes, ranging from spe-
cies with a slight hump (e.g., Odontosia ele-
gans, figs. 69, 505) to species such as Pheosia
rimosa (fig. 83), where the protuberance is
long and spinelike. All were simply scored as
having the apomorphic state, protuberance
present. As with Character 162, the A8 pro-
tuberance exhibits an inconsistent taxonomic
distribution (Appendix III). It occurs in the
Pygaerinae (fig. 504), in the Notodontini (fig.

505), in Ellida caniplaga, in Cargida pyrrha
(Dudusinae; fig. 511), in four species of the
Heterocampinae (e.g., figs. 93, 446), and in
all five nystaleine species I examined (figs.
82, 95, 96, 513). It appears likely that A8
tubercles have been lost and gained many
times within the Notodontidae. Further study
of Character 163 is certainly necessary.

Character 164. Middorsal Glands Present.
An important synapomorphy for the Lyman-
triidae is presence of middorsal glands in the
caterpillars (Bourgogne, 1 9 5 1; Ferguson,
1978; Godfrey, 1987a). Often brightly col-
ored, these almost always occur on segments
A6 and A7 (e.g., in Dasychira and Lyman-
tria), but they can be present on additional
body segments (Ferguson, 1978). The glands
are not associated with deciduous setae and
are not homologous with the dorsal pads of
thaumetopoeine larvae (see Character 157).

Character 165. Segments A7-A10 Trian-
gular. Segments A7-A10 of some species are
triangular in lateral view, the seventh seg-
ment being somewhat constricted and the
eighth segment being high (fig. 446). This
character state occurs in Stauropus and oth-
ers, providing a synapomorphy for Clade 39.
In live larvae, these segments usually arch
upward and are carried erect (fig. 92; Ste-
phens, 1829), a behavior characteristic of
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several notodontid groups, including the Du-
dusinae, Phalerinae, Heterocampinae, No-
todontinae, and Dioptinae.

Character 166. Segments A7 and A8 with
a Lateral Ridge. Larvae of three species in
my study sample-Stauropus fagi, Cnetho-
donta grisescens, and Harpyia microsticta (fig.
446)-have a well-defined lateral ridge on
segments A7 + A8. The ridge is particularly
prominent in the first two species. Its pres-
ence, along with many other larval charac-
ters, supports monophyly of Clade 40.
Abdominal Segment 10: The terminal ab-

dominal segment of notodontid caterpillars
is often highly modified. In particular, there
is extreme variation in morphology of the
anal prolegs. Taxa such as Clostera, Lirimir-
is, and members of the Thaumetopoeinae
have anal prolegs that are not different from
those on segments A3-A6. In others, the anal
prolegs are not used for walking, lack cro-
chets, and are remarkably modified into elon-
gate "stemapods" (Gerasimov, 1952) bearing
eversible distal glands. These glands, termed
"lashes" by Holloway (1983), are everted
when the larva is disturbed (Godfrey and Ap-
pleby, 1987; Holloway et al., 1987) and pre-
sumably emit a noxious chemical to deter
predators (Chow and Tsai, 1989). Klots
(1969) found that Cerura caterpillars evert
the stemapod glands in response to sound.
Within the Notodontidae, one finds a com-

plete spectrum of anal proleg modification
ranging between these two extremes. My re-
sults indicate, however, that dramatically dif-
ferent anal proleg types can be found in close-
ly related species. For example, many authors
have recognized a close relationship between
Dudusa and Tarsolepis. Members of these
genera have almost identical male genitalia
(Roepke, 1944), and I provide additional
synapomorphies from adult morphology.
However, Dudusa caterpillars possess only
slightly modified anal prolegs (fig. 89; Nak-
atomi, 1977) while in Tarsolepis larvae the
prolegs are stemapodiform (fig. 90; Hollo-
way, 1983). Similarly, I found marked dif-
ferences in anal proleg morphology within
the Dioptinae. Larvae of Erbessa glaucaspis
have stemapodiform anal prolegs (fig. 514),
whereas those ofPhryganidia californica and
Josia species are only moderately reduced

(figs. 97, 98, 516). These examples suggest
that stemapod presence or absence is under
fairly simple genetic control.
Notodontidae are unique among noctuoids

in having modified anal prolegs, but non-
homologous similarities can be found in cat-
erpillars of other lepidopteran families. For
example, the anal prolegs are highly reduced
and not used for walking in some larvae of
the Drepanidae (Peterson, 1962; MacKay,
1964).
Character 167. Modifications of the Anal

Prolegs. I characterized size and shape of the
anal prolegs in comparison with the A3-A6
prolegs using five character states (Appendix
I). All outgroup species, including Doa ampla
and Oenosandra boisduvalii, have anal pro-
legs that are equal in size to those on segments
3-6. I scored this state as "0". Among in-
group species a "0" score was given to all
Thaumetopoeinae (fig. 503), as well as to
Clostera (fig. 504) and Lirimiris.

In the majority of notodontid species the
anal prolegs are modified compared to those
on segments A3-A6. Among this group I rec-
ognized four character states. First are the
species in which the A10 prolegs are reduced
compared to those on A3-A6 (figs. 502, 505,
506, 509, 510-513, 516). This score ("1")
applies to the vast majority of ingroup taxa
(Appendix II) and can be found in species
belonging to every subfamily except the
Thaumetopoeinae, Pygaerinae, and Platy-
chasmatinae (see Addition of Taxa). Next, I
gave a score of"2" to species exhibiting larval
stemapods. In every case, these are unmis-
takable, being greatly elongate, flexible, and
whiplike (figs. 71, 72, 85, 90, 507, 514). Nev-
ertheless, presence of stemapods shows ho-
moplasy (Appendix IV). Stemapods occur in
members of the Notodontinae (e.g., Furcula
borealis, fig. 507), Heterocampinae (Macru-
rocampa marthesia), Dioptinae (Erbessa [fig.
514] and Phaeochlaena), and Dudusinae
(Tarsolepis), including Gargetta and Scran-
cia. There is considerable evidence that the
stemapods of dioptines are not homologous
with those of other notodontids (see discus-
sion of Characters 169 and 170). Two addi-
tional states occur in the Heterocampinae.
Larvae ofStauropus (fig. 80) and Cnethodon-
ta (fig. 92) have elongate anal prolegs, but
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rather than being flexible and whiplike they
are sclerotized, stiff, and slightly expanded
distally (Stephens, 1829). I gave these a score
of"3". Finally, larvae ofHarpyia microsticta
have lost the anal prolegs altogether (figs. 79,
446; score of"4").

Character 168. Shape of the AJO Proleg
Base. In an attempt to further characterize
variation in development ofthe anal prolegs,
I studied the shape of the Al 0 proleg bases.
Some species with small anal prolegs have
the proleg base slightly elongate (e.g., fig. 502).
These were given a score of "1". In other
groups, the A 10 proleg bases are quite heavily
sclerotized and are almost cylindrical in shape.
This type, scored as "2", is characteristic of
Hemiceras, the Heterocampinae, Nystalein-
ae, Dioptinae, and Dudusinae (figs. 510-513,
516). Species with stemapodiform anal pro-
legs were scored as missing data ("?") for
Character 168 because the boundaries of the
A10 proleg bases are completely obscured.

Character 169. Number of Setae on AJO
ProlegBase. In almost all Notodontidae there
are significantly fewer setae on the A10 proleg
base than on the proleg bases ofsegments A3-
A6. I gave a "0" score to taxa with fewer than
10 (figs. 502, 505, 509-513, 516). However,
other notodontid species have more than 10
setae on the A0 proleg base. I broke this
category into two states. In the first, the setal
bases are not modified. This condition occurs
in caterpillars of Heterocampa and Quadri-
calcarifera species, as well as in Doa ampla.
Second, in some larvae with stemapodiform
anal prolegs (exemplified by Furcula borealis
[fig. 507] and Liparopsis postalbida [fig. 520])
the proleg surface is covered with numerous
secondary setae, each on a minute projection
or"chalaza" (Peterson, 1962). However, note
that the stemapods ofPheaochlaena and Er-
bessa (fig. 514) bear fewer than 10 setae and
these are not on chalazae. This suggests that
dioptine stemapods are fundamentally dif-
ferent from those of other notodontids.

Character 170. Number ofAJO Crochets.
Larvae with reduced anal prolegs often have
fewer crochets on A10 than on A2-A6. I
counted the crochets on one side of the body
of a single specimen for each of the study
species and then divided the number of cro-
chets on A1O by the number on A6. These

data are shown in table 2. I used three char-
acter states for this trait, the first (scored as
"0") being for species in which the number
ofcrochets on Al0 is approximately equal to
the number on A6 (a ratio of 0.9 or above).
The second state included all species in which
the ratio is 0.89 or less (scored as "1"), and
the third (given a "2" score) was for those
having no crochets on AIO.

This character is obviously correlated with
Character 167 (above), but there is one point
of interest. All species with stemapodiform
anal prolegs (scored as "2" for Character 167)
lack crochets on A0 with the exception of
the two dioptines, Erbessa glaucaspis and
Phaeochlaena gyon. In both, the planta is
greatly elongate and is deeply withdrawn into
the stemapod. Further, it bears a reduced
number ofsmall crochets (table 2). Thus, ste-
mapods in dioptines differ in two major re-
spects from those found in other Notodon-
tidae. First, they are the only stemapods to
have retained crochets, and second, they have
a different kind ofsetal pattern (see Character
169).
Character 171. A10 Prolegs with Crochets

Withdrawn. Some notodontid caterpillars that
appear to lack crochets on A10 actually have
them, but they are withdrawn into the proleg.
The ones in Erbessa and Phaeochlaena
(Dioptinae) were described above. Previous
authors (e.g., Forbes, 1948) have character-
ized the Phalerinae as lacking Al0 crochets.
However, crochets actually do occur (table
2). In some, such as Antheua simplex, they
are reduced in number but are clearly present.
In others, such as Datana and Phalera larvae,
the planta and crochets are deeply withdrawn
into the A 10 proleg, giving the appearance
that crochets are absent. To score this char-
acter I dissected the anal prolegs of species
where the derived state could possibly occur.
As a result, I found that larvae of Cnetho-
donta grisescens (Heterocampinae) and Goa-
campa variabilis and Dudusa synopla (both
Dudusinae)-all species that appear to lack
AIO crochets-have them present but with-
drawn into the proleg.
My analysis thus indicates that the derived

state evolved at least four times within the
Notodontidae. It is likely that in all these
cases the anal prolegs are not used for grasp-

1991 167



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

ing the substrate. Phalerine caterpillars are
well known for holding the terminal segments
aloft when at rest (Godfrey and Appleby,
1987).
Character 172. Size of the AJO Crochets.

The A10 crochets, even in larvae with very
few ofthem, are almost always the same gen-
eral size and shape as those on segments A3-
A6. However, in two clades the Al0 crochets
are small and spinelike rather than being
curved. This occurs in Erbessa and Phaeo-
chlaena, as well as in Heterocampa (table 2).

Character 173. Shape of the Anal Plate.
There is considerable variation among no-
todontid caterpillars in the degree of sclero-
tization of the anal plate. However, there is
little variation in anal plate shape, so I did
not study this structure in detail. Two No-
todontinae on my study list, Pheosia rimosa
(see Godfrey and Appleby, 1987) and Odon-
tosia elegans (fig. 505), are remarkable in
having the anal plate heavily sclerotized, with
a deeply wrinkled surface. The anal plate of
Oenosandra boisduvalii also fits this general
description, but it is obviously a secondary
derivation.

Character 174. Paraprocts Present. On A10,
between the prolegs and the anus, each SV1
seta is borne on a fleshy conical projection.
These projections, termed "paraprocts" by
MacKay (1964) and "furcula paranalis" by
Kuznetsov (1967), are sometimes long. Var-
ious authors have noted the presence of para-
procts in Furcula and Cerura larvae (Pack-

ard, 1895a; Forbes, 1910; Gerasimov, 1952;
Kuznetsov, 1967). Stehr (1 987b) noted them
in Phryganidia californica and other noto-
dontids, and they occur in some Noctuidae
(Crumb, 1956) and Geometridae (McGuffin,
1958) as well. It has been suggested that the
paraprocts serve to eject frass pellets away
from the body (Packard, 1895a; McGuffin,
1958). Forbes (1910) termed these structures
"anal dung-forks" (which conjures up some
unusual images). Paraprocts are not homol-
ogous with the "anal comb" or "anal fork,"
a sclerotized structure found on the 10th lar-
val segment in some butterflies, gelechiids,
tortricids, and hedylids (Gerasimov, 1952;
MacKay, 1963, 1964; Scoble, 1986). Theanal
comb is thought to have a function similar
to paraprocts (MacKay, 1964).
Within the Notodontidae, there is almost

always a pair of short lobes bearing the SV 1
setae on AlO (figs. 502-506, 509-515), but
these are characteristic ofthe outgroup as well
(fig. 501). I chose to recognize only two char-
acter states. Species in which the SV1 setae
are typical in shape and are each borne at the
end of a short blunt lobe were scored as "0".
Taxa in which the SV1 setae on Al 0 are
thickened and erect, and in which each lobe
is elongate and tapered distally, were scored
as "1 ". The derived stated occurs in Cerura,
Furcula (fig. 508), and Liparopsis (fig. 520),
all belonging in the Dicranurini (Notodon-
tinae).

PROPOSED CLASSIFICATION FOR THE TRIFID NOCTUOIDEA
Three lineages in the Noctuoidea exhibit

the so-called trifid condition of the forewing
cubital vein, a plesiomorphic state for the
superfamily: the Notodontidae (in which I
include the subfamilies Dioptinae and Thau-
metopoeinae), the Doidae, and Oenosandra
boisduvalii, the last having formerly been
placed in the Thaumetopoeinae. Below, I dis-
cuss my hypotheses concerning relationships
among these three lineages, and I make rec-
ommendations concerning their status in the
noctuoid classification.
For all the discussions that follow, I list

synapomorphies based on character optimi-
zation resulting from the "xsteps" procedure
in Hennig86 (Farris, 1988). Two points should
be made regarding this approach. First, the

character states so listed may apply to only
some of the taxa above the relevant node on
the cladogram. Furthermore, some of these
derived states occur in various members of
the outgroup, although this is not usually the
case. For example, optimization ofCharacter
20 (adult ocelli present or absent) suggests
that absence is a synapomorphy for the trifid
noctuoid lineages, including the Notodonti-
dae (see below). Yet there are quadrifid
groups, such as the Lithosiinae (Arctiidae),
that lack ocelli, and I regard presence ofocelli
as a synapomorphy for the Dudusinae (No-
todontidae).

In all the synapomorphy lists, I use the
category "ambiguous" to refer to situations
where optimization indicated more than one
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way to parsimoniously fit character states on
the tree. The character states in question are
listed together, separated by a slash (/).
SYNAPOMORPHIES (Trifid Noctuoidea; Clade

1): ADULTS: R 1 sensilla of proboscis short,
only slightly larger than R2 sensilla; male la-
bial palpus with segment 2 more than twice
as long as segment 1, narrow; ocelli absent;
female frenulum composed of 15 or more
bristles; socii present; saccus small or absent.
LARVAE: Head with seta S1 located closest
to stemma 3; stipital lobe present on maxil-
lary complex. Ambiguous: Female antennae
pectinate/ciliate; counter-tympanal hood
present, postspiracular/hood present, pres-
piracular.
Of those listed, the three most consistent

synapomorphies are: (1) presence of socii in
the male genitalia (Character 78); (2) presence
of a small saccus in the male genitalia (Char-
acter 93); and (3) presence of a stipital lobe
on the larval maxilla (Character 1 6). These
are found almost universally in the trifid
Noctuoidea.

I hereby propose that three trifid noctuoid
families be recognized: the Notodontidae,
Doidae, and Oenosandridae. An alternative
would be to place all three in a single family,
the Notodontidae, and make the Doidae and
Oenosandridae subfamilies. However, I feel
that, given the current state ofour knowledge,
such a move would be premature, particu-
larly with respect to Oenosandra, a taxon
whose phylogenetic position requires further
study (see below).

THE STATUS OF OENOSANDRA
Kiriakoff (1970b) listed three Australian

species in Oenosandra, but other authors
(Turner, 1903, 1922; Common, 1979) have
considered boisduvalii to be the sole included
species. I was able to examine only 0. bois-
duvalii, and so cannot evaluate Kiriakoff's
claim. All of these authors regarded Oeno-
sandra to be a member of the Thaumeto-
poeinae, apparently because the adult female
possesses a terminal tuft of deciduous scales,
an apomorphy found in many Lymantriidae
and some Noctuidae, as well as in the Thau-
metopoeinae (see Character 50). Kiriakoff
(1 970b) figured the male and female genitalia
of 0. boisduvalii.
The phylogenetic position of Oenosandra

boisduvalii is problematical. Presence of a

metathoracic tympanum clearly indicates
membership in the Noctuoidea. My cladistic
analysis demonstrates that 0. boisduvalii does
not belong in the Notodontidae, but I am
unable to suggest another existing noctuoid
family in which to place it. The species ex-
hibits a seemingly contradictory set of char-
acters. Besides being trifid in the forewing,
the male genitalia have what appear to be
socii (figs. 310, 31 1). However, the tympanal
morphology of Oenosandra is typical of
quadrifid noctuoids rather than notodontids:
the membrane faces posteriorly, and a nod-
ular sclerite is present. The counter-tympanal
hood on abdominal segment 1 is prespira-
cular, the configuration found among Arcti-
idae, Lymantriidae, and some Noctuidae.
The unusual larva offers few clues. Except

for the stipital lobe (Character 1 16), it does
not exhibit any of the apomorphic traits of
notodontid caterpillars. The mandible is ser-
rate rather than smooth, the anal prolegs are
fully developed (a primitive state), and the
body is relatively smooth; there are scattered
secondary setae, but not the dense covering
and verrucae found in thaumetopoeine lar-
vae. The arrangement ofprimary setae on the
head, thorax, and abdomen is unlike any no-
todontid. There are few SV setae on the lat-
eral surface of the prolegs on A3-A6 (Char-
acter 156), a condition found in the
Lithosiinae and some Noctuidae (Appendix
II).
Common (1979), who regarded Oenosan-

dra to be an "aberrant" member ofthe Thau-
metopoeinae, claimed that the larval crochets
are biordinal. I found them instead to be bis-
erial, a derived state that does not occur else-
where in the Noctuoidea (see Character 159).
The larvae of 0. boisduvalii are "semi-gre-
garious" (McFarland, 1979). They do not rest
in a silk nest, as do thaumetopoeine cater-
pillars, and McFarland suggested that their
behavior resembles that of some Arctiidae.
The eggs, elongate-cylindrical in shape with
longitudinal grooves, are atypical for mem-
bers ofthe Notodontidae (McFarland, 1972),
most of which have dome-shaped eggs with-
out surface sculpturing (Packard, 1 895a;
McFarland, 1972).
Given the character information at hand,

I suggest that Oenosandra boisduvalii is the
plesiomorphic sister group to Clade 3 (fig.
99), Doa + Notodontidae. Synapomorphies
to support this hypothesis are listed above.
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Fig. 521. Phylogeny for the Noctuoidea taken from Forbes's "Genealogy of the Families Related to
the Noctuidae" (1923: fig. 2).

An alternative, but less parsimonious, hy-
pothesis is that Oenosandra represents the
plesiomorphic sister group to the quadrifid
Noctuoidea. As far as I have been able to
discover, 0. boisduvalii does not exhibit syn-
apomorphies ofthe Lymantriidae, Arctiidae,
or Noctuidae, but my search was not ex-
haustive.
DIAGNOSIS (Oenosandridae; Clade 2):

ADULTS: Proboscis short; labial palpi ex-

tremely short but clearly three-segmented;
frons protruding, with a prominent sclero-
tized ridge; male antennae bipectinate to tip;
female antennae simple; tibial spurs in the
formula 0-2-4; sclerotized apices of tibial
spurs smooth; tarsal claws simple; metatho-
racic tympanum similar to Lymantriidae and
Arctiidae; male T8 and S8 simple; male gen-
italia with socii present, saccus small, valve
simple, transtilla large and platelike, aede-
agus short, vesica lacking cornuti; female ab-
domen with anal scale tuft; female T8 simple,
not emarginate posteriorly; female genitalia
with ostium simple, ductus bursae long and
spiral-shaped, with an elongate sclerotized
band, signum long, a small appendix bursae
present. LARVAE: Surface of head covered
with fine creases, no secondary setae present;
mandibles serrate; labral notch shallow; an-
tennae short; spinneret and labial palpi long;
stipital lobe present, short and broadly
rounded; prothoracic gland absent; thoracic
SV setae in the formula 2-2-2; tarsal setae
lanceolate; setal clusters present at most pri-
mary setal locations, but no covering of sec-

ondary setae; dorsal tubercles and promi-
nences absent; all prolegs of equal size; A3-
A6 prolegs with 3 or fewer SV setae on lateral
surface; crochets biserial.
SYNAPOMORPHIES: ADULTS: Frons scler-

otized; length of proboscis less than length of
head; female T7 membranous, wrinkled,
covered with deciduous scales; transtilla of
male genitalia large and platelike. LARVAE:
A3-A6 prolegs with three or fewer SV setae
on lateral surfaces; crochets biserial, in two
rows of equal length.

THE STATUS OF DOA

The phylogenetic position of Doa has
proved to be one of the most controversial
issues in noctuoid systematics. The genus has
at one time or another been included in the
Geometridae, Lymantriidae, Hypsidae, Arc-
tiidae, Pericopidae, and Dioptidae (Watson
et al., 1980; Donahue and Brown, 1987; see
also Introduction). Most recently, it was giv-
en its own family, the Doidae (Donahue and
Brown, 1987). When Forbes (1923) pub-
lished his "Genealogy ofthe Families Related
to the Noctuidae" (fig. 521), he placed Doa
as a separate element arising from the base
of the quadrifid Noctuoidea. Richards stated
that Doa "is a connecting link between the
trifid and quadrifid families" (1932: 32). He
noted that Doa species lack a counter-tym-
panal hood and nodular sclerite, but possess
a sunken metepimeron. These states are all
typical of Notodontidae. He showed that the
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SYNTOMIDAE LITHOSIIDAE AGARISTIDAE

NOLIDAE

ARCTIIDAE NOCTUIDAE

PERICOPIDAE LYMANTRIIDAE

COCYTIIDAE

HYPSIDAE

THAUMETOPOEIDAE

Quadrifids
DOA ------ --

Trifids

NOTODONTIDAE

DIOPTIDAE

Phylogeny for the Noctuoidea taken from Richards (1932: pl. 20) showing his placement

tympanum of Doa has a well-developed
pocket III like quadrifid noctuoids, and that
the scutal phragma is similar to that ofquad-
rifid species as well. Richards therefore placed
Doa on his phylogenetic tree exactly between
the quadrifids and trifids (fig. 522).
My analysis suggests that the sunken me-

tepimeron and horizontally directed tympa-
nal membrane are apomorphic. These would
therefore be synapomorphies for the Doa +
Notodontidae clade. The condition of the
scutal phragma (which I term the "metascutal
bulla," Character 34) in Doa and quadrifid
species is similar; both groups lack the me-
tascutal bulla. However, I regard absence as
plesiomorphic. Neither Forbes nor Richards
was able to study Doa larvae. I found that
the caterpillars share two apomorphies with
the Notodontidae (listed below). Unfortu-
nately, I could not determine whether seta X
is present on the larval anal plate in Doa.
Presence of seta X is an important synapo-
morphy for the Notodontidae (Character
155), but that region is obscured in Doa by
numerous secondary setae. Two synapomor-
phies for the Notodontidae do not occur in
Doa species. First, the male genitalia do not
appear to have socii. The unusual structure
found in Doa genitalia (fig. 305), approxi-
mately in the location of socii, is problem-
atical; I could not determine whether it is

homologous with socii. Second, the larvae
have only a single MD seta on segment Al
rather than two, the latter being synapo-
morphic for all Notodontidae except Diop-
tinae.
The evidence thus suggests that characters

shared by Doa and the quadrifid Noctuoidea
are symplesiomorphic and that Doa is the
sister group of the Notodontidae. Donahue
and Brown (1987) proposed using the family
name Doidae, and I follow their recommen-
dation. According to Franclemont (1983) and
Donahue and Brown (1987), the genus Leu-
culodes Dyar also belongs in the Doidae. I
have not studied Leuculodes adults to verify
this, and as far as I am aware the immature
stages are unknown. The character lists below
are based on Doa only. Larvae ofDoa species
are described in Donahue and Brown (1987),
and all immature stages are covered in Brown
(1990).
SYNAPOMORPHIES (Doidae + Notodonti-

dae, Clade 3): ADULTS: Dorsal portion of
metepimeron strongly concave, forming a
tympanum; tympanal membrane facing ven-
trally; tympanum without a nodular sclerite;
segment A 1 without a counter-tympanal
hood. LARVAE: Head with seta P2 located
near epicranial notch, closer to midline than
P 1; distance between P1 and C half again
as long as the distance between Af2 and C1.

Fig. 522.
of Doa.
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DIAGNOSIS (Doidae): ADULTS: Proboscis
not as long as thorax but longer than head;
labial palpi fairly long, second segment long,
third segment short and round; male anten-
nae bipectinate to tip; female antennae bi-
pectinate; legs long; tibial spurs in the for-
mula 0-2-4; sclerotized apices of tibial spurs
smooth; tarsal claws simple; metathoracic
tympanum similar to Notodontidae, mete-
pimeron deeply sunken, nodular sclerite ab-
sent; male T8 and S8 simple; male genitalia
with a gnathos (= socii?) present, saccus small,
valve simple, transtilla short, notjoined above
aedeagus, aedeagus short and broad, vesica
with small patches of scobinate cornuti; fe-
male abdomen lacking a terminal scale patch;
female T8 simple; a dorsal, glandular invag-
ination present between female segments 8
and 9/10; female genitalia with ostium sim-
ple, ductus bursae moderately long and scler-
otized, signum absent, papillae anales with a
pair of dorsal, setose lobes. LARVAE: Sur-
face of head smooth, with shallow creases,
no secondary setae present; mandibles ser-
rate; labral notch shallow; antennae extreme-
ly short; spinneret short; stipital lobe present,
broadly rounded, spiculate; prothoracic gland
absent; thoracic SV setae in the formula 4-4-
4; tarsal setae lanceolate; integument covered
with long spicules; body not covered with
secondary setae, except numerous setae in the
region ofL3 on all abdominal segments; dor-
sal tubercles and prominences absent, but
thoracic segments distinctly humped dorsal-
ly; abdominal spiracles small; all prolegs of
equal size; numerous SV setae on A3-A6 pro-
legs; crochets biordinal; numerous setae on
anal plate.
SYNAPOMORPHIES (Doidae): ADULTS:

Proboscis not as long as thorax, but longer
than head; legs long, hind tibia approxi-
mately 1 /2 times the length of femur, pairs
ofspurs widely separated; male genitalia with
a gnathos (= socii?) present; transtilla not
joined above aedeagus; female genitalia with
a pair of setose dorsal lobes above papillae
anales. LARVAE: Spinneret short; thoracic
setae in the formula 4-4-4; thoracic segments
humped; integument spiculate, each spicule
arising from a socket; numerous setae in the
region of L3 on all abdominal segments; ab-
dominal spiracles small; crochets biordinal;
numerous setae on anal plate.

MONOPHYLY OF THE
NOTODONTIDAE

My results provide convincing support for
monophyly ofthe Notodontidae. My concept
of family boundaries conforms well to most
previous classifications. I include the Thau-
metopoeinae in the Notodontidae and give
the group subfamilial status, as have many
authors before me. I raise the Dioptini of
Weller (1989) and Minet (1983, 1986) to sub-
family status, but recognize the group's po-
sition as subordinate within the Notodonti-
dae, following those authors. Compared to
other families in the Noctuoidea, I would
suggest that the Notodontidae (as here cir-
cumscribed) is one of the best defined.
SYNAPOMORPHIES (Notodontidae):

ADULTS: Sclerotized apices of tibial spurs
with margins serrate; metascutal bulla pres-
ent, teardrop-shaped; vein R2 stalked with
R3-5, no accessory cell present; pleuron of
female segment 8 partially membranous; a
ventral, invaginated, glandular region pres-
ent in membrane between papillae anales and
ostium; males with a terminal tuft of long
hairlike scales, scale apices simple or serrate.
LARVAE: Mandibular cutting edge smooth;
body evenly covered with secondary setae,
larger setae or sometimes verrucae present at
primary setal locations; MD setae bisetose on
A1; setaX located in E area near anterolateral
corner of anal shield, or a verruca in that
position; crochets uniordinal.
The most widely distributed of the syna-

pomorphies listed above, and the ones that
are therefore most diagnostic, are the follow-
ing: Character 26, although serrate tibial spur
apices also occur in Lymantriidae and Panth-
einae (Noctuidae); Character 34, except that
some Dudusini (Notodontidae) exhibit re-
duced metascutal bullae; Character 1 3, with
reversal to serrate mandibles having occurred
in some Dudusinae and Dioptinae; Character
146, the Dioptinae being unusual in showing
the plesiomorphic state, a single MD seta on
larval Al; and Character 1 5 5, again with Du-
dusinae being unique in having lost seta X
on the terminal larval segment. Most of the
other synapomorphies listed show low con-
sistency and are unreliable as diagnostic fea-
tures.
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PROPOSED CLASSIFICATION FOR THE NOTODONTIDAE

In this section I propose a new subfamily
classification for the Notodontidae. In certain
cases I further divide subfamilies into tribes.
My approach is relatively conservative; I have
erected only one new family group name, the
Scranciini. In addition, the classification re-
flects what I feel are the most well-substan-
tiated, stable parts of my cladogram. Based
on cladistic analyses oflarval and adult mor-
phological characters, I have identified nine
major monophyletic groups in the Notodon-
tidae (figs. 99, 100, 538), each of which I
recognize as a subfamily. For certain genera
I was not confident of subfamilial placement.
These I have either placed incertae sedis or
placed them in the subfamily indicated by
the analysis, noting that their position is in
doubt.

After giving a key to the subfamilies and
tribes of the Notodontidae, I discuss each
subfamily in turn. I describe the major dif-
ferences and similarities between my subfa-
milial concepts and those of other authors.
For each subfamily and tribe, I present a
summary ofdiagnostic features for each group
and a list of synapomorphies. These diag-
nostic characters, both apomorphic and ple-
siomorphic, are based exclusively on the ex-
emplar taxa I examined. As future workers
add species to these groups, some characters
will likely need to be eliminated from the
diagnoses and new ones will be added.

I also give an estimate ofhow many species
are contained in each group and briefly dis-
cuss geographic distribution. Both of these
are difficult to assess because the vast ma-
jority of notodontid species have never been
assigned to a subfamilial or tribal category.
Although the majority of higher category

names I use have been in existence for some
time, membership in my groups is often rad-
ically different from what has previously been
proposed. Many ofthe tribes and subfamilies
of previous authors are paraphyletic. Others
turned out to be highly derived elements
within particular clades, and in such cases, I
recommend that they be subsumed within
the appropriate subfamily. Finally, I found
that some subfamilies, such as the Dudusinae
of authors, are much larger than previously
thought.

KEY TO THE MAJOR SUBGROUPS OF
TRIFID NOCTUOIDEA

The key below applies to all Noctuoidea
with trifid forewing venation (see Character
35): the Notodontidae, Doidae, and Oeno-
sandridae. An interesting exception is the
subfamily Platychasmatinae (Notodontidae),
the only notodontid with quadrifid venation
(see Addition of Taxa). The key also treats
notodontid tribes.

Initially I tried to write the key so that only
adult specimens were required, the obvious
reason being that caterpillars are unknown
for the vast majority of taxa. However, often
the best diagnostic features for notodontid
groups are from larval morphology, and for
some lineages (e.g., the Heterocampinae), no
reliable adult characters exist. I was therefore
forced to make a key based on both larval
and adult characters.

1. Forewing with cubital vein quadrifid (fig.
244).... 2

Forewing with cubital vein trifid (figs. 245-
249)...: 3

2(1). Male genitalia with socii present (fig. 533);
larval maxilla with a stipital lobe (e.g.,
fig. 398) ... . Platychasmatinae

(Notodontidae), p. 193
Male genitalia with socii absent (e.g., fig.

312); larval maxilla without a stipital
lobe ..... "Quadrifid Noctuoidea"

3(1). Metathoracic tympanum with membrane
oriented horizontally, nodular sclerite
absent (figs. 238-240); larval crochets
in a uniseries; seta P2 on larval head
closer to midline than seta P1 (e.g., figs.
367, 369); spinneret usually short or
moderate in length (figs. 414-437) .. 4

Metathoracic tympanum with membrane
facing posteriorly, nodular sclerite pres-
ent (e.g., fig. 237); larval crochets bis-
erial; setae P1 and P2 on larval head
equidistant from midline (fig. 365);
spinneret extremely long (fig. 439) ...
Oenosandridae (Oenosandra), p. 169

4(3). Sclerotized apices ofadult tibial spurs ser-
rate (fig. 226); male genitalia with paired
socii present below uncus (e.g., figs. 300-
303); larval crochets uniordinal .....
................. Notodontidae ... 5

Sclerotized apices of tibial spurs smooth
(fig. 228); male genitalia with a fused
structure (gnathos?) below uncus (fig.
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305); larval crochets biordinal ......

............... Doidae (Doa), 170

5(4). Antennal segments joined at an oblique
angle (fig. 213); female terminal seg-
ments with a large tuft of deciduous
scales (fig. 257); larval mandibles with
secondary setae ....................

..........Thaumetopoeinae, p. 175

Antennal segments joined vertically; fe-
male terminal segments without decid-
uous scales; larval mandibles without
secondary setae (figs. 396, 397) .... 6

6(5). Male antennae pectinate for entire length
(fig. 205); adult tarsal claws simple (fig.
236); proboscis extremely short (e.g., fig.
102) Notodontinae, p. 177 7

Male antennae often with apical segments
simple (figs. 206, 207); adult tarsal claws
usually bifid (fig. 234); proboscis vari-
able in length. 8

7(6). Anal margin offorewing with a prominent
scale tuft (figs. 29, 30, 250); male an-
tennal pectinations not long; larva with
a dorsal protuberance on A8 (e.g., figs.
69, 83); stemma 3 not greatly enlarged
(fig. 368); larval stemapods never pres-
ent (fig. 505) .... Notodontini, p. 179

Anal margin of forewing without a scale
tuft (figs. 32-34); male antennal pecti-
nations long (e.g., figs. 20, 205); larva
without a protuberance on A8 (e.g., figs.
70, 508, 509); stemma 3 large (fig. 394);
larval stemapods often present (figs. 71,
85, 507) .... Dicranurini, p. 180

8(6). Larva with anal prolegs unmodified, ap-
proximately the same size as those on

segments A3-A6 (fig. 504). 9

Larva with anal prolegs modified, either
much smaller or more elongate than
those on segments A3-A6 (e.g., figs. 506,
511, 512).10

9(8). Adult eyes hairy (fig. 200); abdomen with
a prominent terminal scale tuft (fig. 298);
proboscis highly reduced, no fluted RI
sensilla present (fig. 143); larva with a
short, sclerotized dorsal tubercle on seg-
ments Al and A8 (fig. 504); larval in-
tegument covered with microprojec-
tions (fig. 494) .....................

....... .Pygaerinae (Clostera), p. 176

Adult eyes naked; male abdomen without
a prominent terminal tuft ofscales; pro-
boscis moderate in length, fluted R 1

sensilla present (fig. 146); larva without
dorsal protuberances on A1 and A8,
dorsum smooth; larval integument mi-
nutely spiculate ..... Lirimiris, p. 190

10(8). Adult ocelli present (figs. 108, 109, 115);
proprioceptor seta MSD2 on segments
A2-A6 located anterodorsally to spi-
racle (fig. 511); larval A10 with seta X
absent (fig. 511); adult frons often scler-
otized (figs. 108, 109, 115) ..........
............Dudusinae,p. 181 .. . 11

Adult ocelli rudimentary or absent (e.g.,
figs. 107, 110-112); proprioceptor seta
MSD2 on segments A2-A6 located on
a horizontal line with spiracle (e.g., figs.
454, 512); larval Al0 with seta X pres-
ent (e.g., figs. 510, 512, 513); adult frons
never sclerotized (e.g., figs. 1 10-112) .

............................... 12
11(10). Adult foretarsi long, first tarsomere longer

than others combined (figs. 214, 217);
transtilla of male genitalia absent (fig.
309) .. Scranciini (Dudusinae), p. 184

Adult foretarsi not long (fig. 223); tran-
stilla ofmale genitalia connected below
aedeagus to ventral portion ofjuxta (figs.
301, 316, 321) ....................
........Dudusini(Dudusinae), p. 183

12(10). Hind wing vein M2 absent (fig. 246); anal
margin offorewing with a toothlike tuft;
caterpillar with scattered, isolated sec-
ondary setae nearD and SD groups (fig.
512) . .. Hemiceras

("Hemiceratini"), p. 191
Hind wing vein M2 present (figs. 248,249);

anal margin of forewing without a scale
tuft (figs. 41-48, 55-65); caterpillar ei-
ther without isolated secondary setae,
or evenly covered with numerous sec-
ondaries (figs. 450, 454-457). 13

13(12). Seta L2 on larval segment A8 anterior to,
and on a horizontal line with, spiracle
(figs. 513, 515, 516).14

Seta L2 on larval segment A8 located be-
low spiracle (figs. 506, 510). 15

14(13). Aedeagus with a callosum (fig. 343); scape
of male antenna with a long dorsal
plume; segment 3 ofadult labial palpus
often long (figs. 112, 128, 129); adult
legs not unusually long; larval cuticle
without microprojections (fig. 443);
adult moth not brightly colored (figs.
61-65) .. . Nystaleinae, p. 188

Aedeagus without a callosum (figs. 344,
346); scape of male antenna without a
long dorsal plume; segment 3 of adult
labial palpus not unusually long, often
small and globose (figs. 110, 111, 130);
adult legs long (figs. 218-220); larval
cuticle covered with long microprojec-
tions ("shagreened") (figs. 444, 445);
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adult moth often with striking patterns,
brightly colored (figs. 55-60) ........

.................. Dioptinae, p. 189

15(13). Larval thoracic SV setae in the formula
2-2-2, anterior SV setae short (figs. 455-
458) Heterocampinae, p. 185

Larval thoracic SV setae in the formula
2-1-1 (e.g., fig. 454), anterior SV seta
(on T1) not short . . Phalerinae, p. 180

THAUMETOPOEINAE

The Thaumetopoeinae comprise 100 spe-
cies in 23 genera (Kiriakoff, 1 970b) occurring
in Africa, the Mediterranean, southern Eu-
rope to northern India, Australia, and New
Caledonia (Kiriakoff, 1970b; Holloway, 1979;
Holloway et al., 1987). The group is reason-
ably well defined, but is in need of detailed
revisionary work.
DIAGNOSIS (Clade 6): ADULTS: Frons

sometimes sclerotized, with anterior pro-
cesses (Traumatocampa); proboscis reduced
or absent; labial palpi small, often highly re-
duced; male and female antennae pectinate
to apex; ocelli absent; female with epiphysis
sometimes absent (Epicoma); hind tibiae with
distal pair of spurs only; tarsal claws simple;
forewing radial system without an accessory
cell, vein R2 stalked with R3-5; FW lacking a
scale tuft; female frenulum composed ofmore
than 20 bristles; terminal segments of male
with a tuft of long simple scales; terminal
segments of female with a large mat of de-
ciduous scales; female genitalia with T8 sim-
ple, signum present or absent; male eighth
segment simple, no anterior processes or dis-
tal notch; male genitalia with valve simple,
sacculus without pleats, socii present; vesica
ofaedeagus without deciduous cornuti. LAR-
VAE: Head with secondary setae present,
surface with shallow creases, not rugose;
mandibles with secondary setae present, cut-
ting edge smooth or with a few shallow den-
tations; labral notch shallow; antennae mod-
erate in length; stipital lobe absent; spinneret
moderately long; body covered with second-
ary setae, often on verrucae; prothoracic gland
absent; tarsal setae narrow; anal prolegs not
reduced.
SYNAPOMORPHIES (Clade 6): ADULTS:

Proboscis absent or present as two small lobes;
R 1 sensilla short, only slightly larger than R2

sensilla; pilifers absent; male labial palpus
with segment 2 approximately 1-1-/2 times
the length of segment 1; male palpus smali,
often with division between segments 2 and
3 indistinct; antennal segments joined at an
angle in lateral view; proximal pair of me-
tatibial spurs absent (formula 0-2-2); female
T7 membranous, covered with deciduous
scales. LARVAE: Mandible with numerous
secondary setae; stipital lobe absent; basal
tarsal setae on thoracic legs (Tsl and Ts3)
narrow. Ambiguous: Larval abdominal seg-
ments 1-8 without dorsal patches of decid-
uous setae/dorsal pockets present on Al-A8,
containing tufts of deciduous setae.

DISCUSSION: The major controversy con-
cerning the processionary moths has been
whether they should receive subfamilial or
familial status (Watson et al., 1980). There
has been considerable instability even among
recent works in this regard. I have chosen to
reflect what is clearly a sister group relation-
ship between the Thaumetopoeinae and oth-
er Notodontidae (fig. 99) by using the sub-
family name. Additional synapomorphies are
needed for this subfamily.

I have shown that Oenosandra is not a
member ofthe Thaumetopoeinae and should,
in fact, be excluded from the Notodontidae.
It would seem advisable, therefore, to review
the Thaumetopoeinae for other incorrectly
placed taxa. Gardner (1943) noted that man-
dibular secondary setae do not occur in the
genus Gazalina Walker, purportedly a mem-
ber of the Thaumetopoeinae. Based on the
figures in Kiriakoff (1970b), the male geni-
talia of G. apsara (Moore) appear to lack so-
cii. The genus had been referred to the Ly-
mantriidae (e.g., Hampson, 1892), but was
moved to the Thaumetopoeinae by Griinberg
(1912). Gazalina should be examined to see
whether it has been correctly placed.
Turner defined the Cnethocampinae (=

Thaumetopoeinae) on the basis ofhaving the
tongue absent, the labial palpi highly re-
duced, the antennae pectinate to apex, and
the "abdomen with a large apical tuft in both
sexes, especially developed in the female"
(1922: 362; see also Turner, 1946). None of
these traits effectively define this subfamily.
The tongue and labial palpi are reduced or
absent in some species belonging to almost
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every notodontid subfamily. Having the an-
tennae pectinate to the apex, a plesiomorphic
trait, occurs in Pygaerinae, Notodontinae, and
some Phalerinae and Heterocampine. A male
apical tuft is found almost throughout the
Notodontidae. The female tuft of deciduous
scales (Character 50) does appear to be a de-
rived state within the Notodontidae and is a
reasonably good synapomorphy for the
Thaumetopoeinae. However, I noted previ-
ously that a similar female tuft occurs in Ly-
mantriidae, some Dioptinae, Oenosandra,
and some members of the Noctuidae.
Only two papers have addressed classifi-

cation within the group. Kiriakoff (1970b)
broke the "Thaumetopoeidae" into three
subfamilies based on geographic distribution.
The Thaumetopoeinae included all Palearc-
tic and Oriental taxa, the entire African fauna
was classified in the Anaphinae, and the Ep-
icominae comprised all the Australian spe-
cies. I did not study a sufficient number of
taxa to test Kiriakoffs classification, but dis-
tributional data can hardly provide grounds
for erecting subfamilies. In a discussion of
western Palearctic Thaumetopoeinae, de
Freina and Witt (1987) divided the genera
into two groups: those without a modified
frons (e.g., Thaumetopoea) and those with
sclerotized processes on the frons (e.g., Trau-
matocampa). An unmodified frons is ple-
siomorphic for the subfamily, so a group
formed on those grounds alone is likely to be
paraphyletic. It will be interesting to see
whether, with study of taxa from other bio-
geographic regions, de Freina and Witt's sec-
ond group will prove to be monophyletic.

PYGAERINAE
Because the boundaries of the Pygaerinae

are at present so vague, it is difficult to esti-
mate the number of included species. Based
on the distribution of Clostera, the subfamily
is found worldwide. The genus, comprising
43 species (Gaede, 1934), occurs in the Ne-
arctic, Neotropical, Palearctic, Indo-Austra-
lian, and African regions. Clostera has several
easily recognizable male genitalic features that
appear to support monophyly.
DIAGNOSIS (Clostera; Clade 9): ADULTS:

Male antennae pectinate to apex; female an-
tennae pectinate; eyes with interfacetal setae

present; proboscis short; labial palpi rela-
tively long, segment 2 approximately 1 1/2 times
the length of segment 1; frons unmodified,
rounded anteriorly; forewing radial system
lacking an accessory cell, vein R2 stalked with
R3.5; female frenulum composed offewer than
15 bristles; tarsal claws bifid; hind tibiae with
two pairs of spurs; abdomen with a terminal
tuft of long scales; male segment 8 with ter-
gum and sternum simple; male genitalia with
pleated saccular scent organ, pleats sclero-
tized; vesica of aedeagus without deciduous
cornuti; female genitalia with T8 simple, duc-
tus bursae long, membranous, signum pres-
ent. LARVAE: Head with secondary setae,
surface with shallow creases, not rugose; la-
bral notch relatively shallow; mandibular
cutting edge smooth; stipital lobe short and
rounded; spinneret moderate in length; labial
palpi without medial flange; antennae mod-
erately long; body covered with secondary
setae, often on verrucae; prothoracic gland
absent; tarsal setae lanceolate; segments Al
and A8 with a dorsal protuberance; anal pro-
legs not reduced.
SYNAPOMORPHIES (Clostera): ADULTS:

Proboscis shorter than length of head; male
epiphysis flat, almost as long as tibia, apex
not acute; sacculus large, with accordion-like
pleats. LARVAE: Long secondary setae pres-
ent on head; stemma 3 larger than stemma
4; mandible with a pronounced ventrolateral
carina; integument covered with micropro-
jections; segment A8 with a dorsal protuber-
ance.

DISCUSSION: The Pygaerinae, erected by
Duponchel (1845), is one of the oldest sub-
family categories in the Notodontidae, al-
though the family name Melalophidae (based
on Melalopha Hiibner), first used by Grote
(1895), has been adopted by many subse-
quent authors (e.g., Dyar, 1897; Forbes,
1948). Even though the Pygaerinae has been
widely recognized, it remains poorly defined.
Packard's (1 895a) key character was presence
of "hairy" larvae. Dyar (1897) expanded the
subfamilial concept. He decided that pres-
ence of larval secondary setae was a highly
significant character and that the group should
therefore be considered a family. Hairy lar-
vae occur throughout the Notodontidae (see
Character 140), and a group formed solely on
that basis has no chance of being monophy-
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letic. Dyar's Melalophidae, characterized by
having "hairy" larvae and adults with "tongue
often absent" (1897: 2), included genera that
belong in the Thaumetopoeinae and Phal-
erinae, as well as in the Pygaerinae.
The following characters were used by

Packard (1895a), Matsumura (1929b), and
Forbes (1948) to define the Pygaerinae: adults
with eyes hairy; antennae pectinate to tips;
labial palpi long; male abdomen ending in a
tuft; larvae hairy, with a pair of tubercles on
segments Al and A8. Unfortunately, most of
these occur in one form or another in other
members of the Notodontidae. As far as I
have been able to determine, consistent apo-
morphies for Clostera species are the unique
type ofsacculus in the male genitalia (fig. 328;
see also figures in Holloway, 1983) and the
setose tubercles on larval segments Al and
A8 (Packard, 1895a; Gardner, 1943; Issiki et
al., 1969; Holloway, 1983; Godfrey and Ap-
pleby, 1987).
Whether other genera will be added to the

subfamily based on presence of these traits
remains to be seen. Duponchel (1845) placed
two genera in the Pygaerinae: Clostera Sa-
mouelle and Pygaera Ochsenheimer. Janse
(1920) formed "Group I" of the South Af-
rican Notodontidae and in it placed two gen-
era: Clostera and Scalmicauda Holland. I
have not examined whether Scalmicauda
shares apomorphies with Clostera; the di-
agnostic characters for Janse's Group I are
uninformative. Forbes (1948) considered
Clostera to be the only North American
member of the Pygaerinae. Earlier (1939a),
Forbes broke the subfamily into two tribes
(table 5): the Melalophini and Rosemini, the
latter to include a single Neotropical genus,
Rosema Walker. Apparently, Forbes's ra-
tionale for including Rosema was based on
an early larval description by Stoll (1790).
Forbes stated, however, that adult characters
ofRosema indicate membership in the "No-
todontinae." The genus Rosema is large and
complex, probably polyphyletic (S. Weller,
personal commun.). I have not studied
whether all or part of it should be included
in this subfamily. When Nagano (1916) erect-
ed the genus Micromelalopha, he suggested
that it is very close to Clostera based on both
larval and adult structure. Tikhomirov (1981)
studied male genitalic musculature in No-

todontidae. He argued that, on the basis of
similarities in genitalic morphology, three
genera in addition to Clostera belong in the
Pygaerinae: Gonoclostera Butler, Microme-
lalopha Nagano, and Pygaera Ochsenheimer.
It will be interesting to study larvae of these
taxa in detail.
The cladistic position of this lineage, as

sister group to all other Notodontidae except
the Thaumetopoeinae (fig. 99), makes retain-
ing subfamilial status advisable.

NOTODONTINAE
The list of taxa that I refer to the Noto-

dontinae will likely be considered controver-
sial. For example, I include all species from
the Cerurinae of previous authors. Perhaps
less controversial, I regard the "Gluphisinae"
ofPackard (1 895a) (= Gluphisiini of Forbes,
1948) as belonging in this subfamily. My cla-
distic results suggest that Cerura and Glu-
phisia are closely related, a result that will
surprise some workers. I tentatively recog-
nize two tribes: the Notodontini and the Di-
cranurini. Further, I synonymize the Ptilo-
phorinae of Matsumura (1 929b; table 7)
within the Notodontinae. Ptilophora appears
on my cladogram as the basal member ofthe
Dicranurini (fig. 99). I feel that the phylo-
genetic evidence to support these hypotheses
is persuasive.
When the complete boundaries of the No-

todontinae are eventually understood, it will
likely prove to be a fairly large subfamily.
Based solely on the genera I studied, there
are at least 200 contained species (from
Gaede, 1934; Kiriakoff, 1967). The subfam-
ily occurs worldwide. Cerura alone has a
global distribution, being most species rich
in Asia. It is interesting to note that the vast
majority of notodontine species occur in the
Palearctic and Nearctic regions. For example,
all species in Notodonta, Odontosia, Pheosia,
Gluphisia, and Ptilophora are restricted to
these regions. Liparopsis and Quadricalcari-
fera, on the other hand, are found in Asia.
Liparopsis is most species rich in Sundaland
(Bender, 1985), while the greatest diversity
of Quadricalcarifera species occurs in New
Guinea (Sugi, 1987a).
DIAGNOSIS (Notodontinae; Clade 13):

ADULTS: Male antennae pectinate to apex,
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pectinations often long; proboscis short and
broad or absent, surface sculpturing of Type
I; labial palpi often small; eyes hairy or na-
ked; accessory cell present or absent; female
frenulum composed ofmore than 20 bristles;
tarsal claws simple; epiphysis usually elon-
gate and flattened; terminal segments ofmale
without a long scale tuft; male segment A8
usually unmodified; male genitalia with valve
relatively simple, sacculus usually without
pleats, rarely (Gluphisia) with, vesica without
deciduous cornuti; female genitalia with T8
usually simple. LARVAE: Head without sec-
ondary setae, surface rugose; mandibular cut-
ting edge smooth; labral notch deep; spin-
neret either moderate in length or short; labial
palpi frequently with a mesal flange (Dicran-
urini); stipital lobe acute distally; body with
scattered secondary setae (Dicranurini) or
bare (Notodontini), never "hairy"; anal pro-
legs smaller than others, sometimes stema-
podiform.
SYNAPOMORPHIES: ADULTS: Proboscis

shorter than length of head; male labial pal-
pus with segment 2 approximately 1-1 1/2 times
the length of segment 1; tarsal claws simple.
LARVAE: Four L setae on segments A3-A6,
the ventral pair at approximately the same
height. Ambiguous: Sensilla styloconica (RI)
ofadult proboscis fluted/R I sensilla smooth,
lacking flutes, or flutes reduced to small pro-
jections; male epiphysis broad, much shorter
than tibia, apex acute/epiphysis flat, almost
as long as tibia, apex not acute; female fren-
ulum composed of2-10 bristles/female fren-
ulum composed of 15 or more bristles; base
of male valve without a flange/base of valve
with a setose, medial flange; apex of valve
partially membranous, roughly acute, not
bulbous/apex of valve sclerotized, rounded
and bulbous.

DISCUSSION: The Notodontinae of Turner
(1922) included all notodontid species except
the Thaumetopoeinae. Although other au-
thors have applied more restrictive defini-
tions, the Notodontinae has tended to be a
"catch-all" group (Tikhomirov, 1981). For
example, Packard (1 895a), who did not pres-
ent reliable diagnostic characters, included
the nystaleine genera Symmerista and Das-
ylophia. Dyar's (1897) "Ptilodontidae" (=
Notodontinae) included all notodontids with
the proboscis present and the larvae lacking

numerous secondary setae, a polyphyletic
group composed of species from five of my
subfamilies. Forbes's (1939a, 1948) Noto-
dontinae was a large group comprising five
tribes (table 5). Of those, I have raised his
Nystaleini and Heterocampini to subfamily
status. Perhaps an appropriate comparison
would be between my Notodontinae and the
Notodontini of Forbes, which he regarded as
having a "very unsatisfactory definition at
present" (1948: 217). A similarity between
our classifications is inclusion of Notodonta,
Odontosia, and Pheosia, while the major dif-
ferences are my inclusion of Clade 17 and its
genera (fig. 99) and my exclusion of Ellida,
Nadata, and Peridea.

I have subsumed three groups from pre-
vious authors in the subfamily Notodontin-
ae. These are the Gluphisiini, Cerurinae, and
Ptilophorinae. All belong in a clade with No-
todonta, as well as with Odontosia and Pheo-
sia, two genera that have been considered
close relatives of Notodonta (Forbes, 1948;
Tikhomirov, 1979, 1981). Below, I explain
how other authors have defined the Gluphi-
siini, Cerurinae, and Ptilophorinae, and jus-
tify my revised concept of the subfamily.
Packard (1895a) described the "Gluphisi-

nae" as having adults with a small head, hairy
eyes, antennae with long pectinations ex-
tending to the apex, and small palpi. He de-
scribed the larvae as having the body "noc-
tuiform." In addition to those characters,
Forbes noted the proboscis "too short to be
coiled" (1948: 205), a single pair of metati-
bial spurs, unspecialized male S8, and loss of
hind wing vein M2. These and all subsequent
authors recognized Gluphisia as the sole in-
cluded genus. Forbes described the Gluphi-
siini as a "degenerate holarctic type, without
close relatives" (1948: 216). My results differ
significantly. I have shown that Gluphisia be-
longs in Clade 13 (the Notodontinae sensu
lato). There are numerous characters to sup-
port this hypothesis (see Appendix III). Until
further study, the tribal name Gluphisiini
should not be used.
Duponchel (1845) first erected the family

group category "Dicranurides" to include the
large and distinctive genus Cerura. Subse-
quent authors (e.g., Packard, 1895a; Matsu-
mura, 1929b; Forbes, 1948) have used the
name Cerurinae for this same group. I apply
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the oldest available name, Dicranurini, to
Clade 16 (fig. 99).

Cerura, which included approximately 60
species at the time ofGaede (1934), has since
been broken into numerous genera. How-
ever, as Forbes noted, "there is no agreement
on either the lines ofseparation nor the names
to be used, and [Cerura] is really pretty ho-
mogeneous" (1948: 235). It is presumably
because the adults are easily recognizable (figs.
33, 34) and the larvae have a striking habitus
(figs. 71, 85) that the genus has been accorded
subfamily status. Matsumura used a single
character to define the Cerurinae, "antennae
long, in both sexes plumose to the tips"
(1929b: 88). In it he placed 11 genera from
the Palearctic region. I included examples
from three of those in my study: Cerura, Li-
paropsis, and Cnethodonta. My data support
a relationship between the first two, but I
place Cnethodonta in the Heterocampinae.
Matsumura also regarded the following gen-
era as members of the Cerurinae: Dicranura
Boisduval, Neocerura Matsumura, Gangari-
dopsis Griinberg, Nerice Walker, Microphal-
era Butler, Epizaranga Matsumura, Somera
Walker, and Takashachia Matsumura. I did
not examine these.
A relationship between Cerura and Glu-

phisia has never been proposed, but the adult
diagnostic characters noted by both Packard
(1895a) and Forbes (1948) (hind tibiae with
one pair of spurs, palpi short, proboscis ob-
solete, etc.) are nearly identical for the two
groups. Superficial differences between the
caterpillars appear to have confused these
workers. However, upon close examination,
even the larvae exhibit synapomorphies. One
of the main differences is that Gluphisia cat-
erpillars have small anal prolegs bearing cro-
chets, whereas the larvae of Cerura and Fur-
cula have greatly elongate stemapods, bearing
eversible distal glands, but no crochets. I
found that, among notodontids, the presence
or absence of stemapods is extremely vari-
able within otherwise well defined lineages
(see Character 167).
The group Ptilophorinae was erected by

Matsumura (1929b) and later recognized by
Nam (1985). Neither author specified the in-
cluded genera, and neither gave a list of di-
agnostic features for the Ptilophorinae. The
following characters were taken from Mat-

sumura's subfamily key: forewings without a
toothlike tuft, abdomen without a terminal
tuft, and male antennae bipectinate to the
tips. All ofthese are plesiomorphic. The only
apomorphic feature in the key was in the final
couplet, "antennae not decreasing the length
of branches toward the tips" (1929b: 78), a
reference to the plumose male antennae of
Ptilophora (fig. 20). I have shown that pres-
ence of plumose male antennae is a syna-
pomorphy for several notodontine genera (see
Character 14).
Because the Ptilophorinae was never prop-

erly defined, I had to base my analysis solely
on Ptilophora. The genus contains four spe-
cies occurring from Europe to Japan (Kiriak-
off, 1967), but as far as I am aware, larvae
are known only for Ptilophora plumigera. The
species exhibits all the derived states ofClade
16 in the Notodontinae. Adults have a highly
reduced proboscis, extremely short labial
palpi, a single pair ofmetatibial spurs, simple
tarsal claws, a long, flattened epiphysis, and
male genitalia very similar to Notodonta.
There is little doubt concerning the subfamily
placement of Ptilophora, and it is clear that
the name Ptilophorinae should not be rec-
ognized.
On my cladogram (fig. 99) the Notodon-

tinae is divided into two monophyletic
groups: one consisting of Notodonta, Odon-
tosia, and Pheosia and the other a large
assemblage comprising Ptilophora, Gluphi-
sia, Cerura, Furcula, Liparopsis, and Quad-
ricalcarifera. Fairly reliable synapomorphies
support this division, and I here tentatively
propose that two tribes be recognized, the
Notodontini and Dicranurini. Pupal char-
acters may provide additional synapomor-
phies for both. Tribal synapomorphies are as
follows.
SYNAPOMORPHIES (Notodontini; Clade 14):

ADULTS: RI sensilla goblet-shaped, with a
distal constriction; anal margin of FW with
a lobe and a tuft of scales forming a promi-
nent, tooth-shaped projection; female fren-
ulum composed of 15 or more bristles; base
of valve with a setose medial flange. LAR-
VAE: Segment A8 with a dorsal protuber-
ance. Ambiguous: Female ductus bursae
mostly membranous, elongate, not flattened/
ductus bursae with a robust, sclerotized por-
tion.
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SYNAPOMORPHIES (Dicranurini; Clade 16):
ADULTS: RI sensilla smooth, lacking flutes,
or flutes reduced to small projections; R 1 sen-
silla short, only slightly larger than R2 sen-
silla; male palpus small, division between
segments 2 and 3 often indistinct; antennal
pectinations extremely long; male epiphysis
flat, almost as long as tibia, apex not acute;
proximal pair of spurs absent, only the distal
pair present; FW vein R2 stalked with R35,
no accessory cell; papillae anales broad and
flattened, membranous. LARVAE: Stemma
3 larger than stemma 4. Ambiguous: Pilifers
well developed/pilifers absent; female epiph-
ysis present/female epiphysis reduced or ab-
sent; surface of corpus bursae crenulate/sur-
face of corpus bursae spiculate.
Two aspects ofmy classification are doubt-

ful. First, Ptilophora shares three distinctive
male genitalic characters with the Notodon-
tini (Characters 88, 89, 97), but other adult
characters with the Dicranurini (listed above).
The larvae more closely resemble the No-
todontini in setal pattern, but shared features
are likely plesiomorphic. The precise posi-
tion of Ptilophora requires further study.

Second, Liparopsis and Quadricalcarifera
(Clade 19) could very possibly be misplaced
in the Notodontinae. In particular, the larvae
exhibit apomorphic features found in the
Heterocampinae. These include small sen-
silla on the mesal lobes (Character 1 18), a 2-
2-2 thoracic SV setal formula (Character 135),
and specialized tarsal seta shape (Character
143). Further, larvae in both genera are known
to feed on plants in the Fagaceae (Sugi, 1 987a),
hosts typical for the Heterocampinae but
highly unusual for the Notodontinae (table
8). However, adult characters seem to over-
ride the larval ones; throughout my analyses
both genera consistently appeared in the Di-
cranurini clade.

PHALERINAE
The genera Antheua, Datana, and Phalera

form a clade supported by two distinctive
genitalic synapomorphies (see below). I also
include Peridea, Ellida, and Nadata in the
Phalerinae. These three genera have been of
uncertain placement in the past, and my own
proposal is made with a good deal of hesi-
tation. When Peridea, Ellida, and Nadata are

included in the Phalerinae, all subfamily traits
are highly inconsistent and the synapomor-
phy list is distressingly short. I therefore list
the characters in two ways: first for my broad
concept of the Phalerinae and second for
Clade 24, the Phalerinae sensu stricto.
Because the taxonomic boundaries of this

subfamily are unclear, I can say little about
the group's distribution. Kiriakoff( 1964) list-
ed 34 Antheua species occurring in Africa and
two in Indo-Australia. The genus Phalera is
found in Africa (6 species), Indo-Australia
(17 species), and the Palearctic region (15
species), while Datana (13 species in North
America; Franclemont, 1983) appears to be
mostly Nearctic in distribution. Based on
similarities of genitalic morphology, the lat-
ter two are extremely close relatives. The three
genera of doubtful placement-Peridea, El-
lida, and Nadata -each occur in both the Pa-
learctic and Nearctic regions.
DIAGNOSIS (Phalerinae in the broad sense;

Clade 22): ADULTS: Male antennae pecti-
nate or ciliate, terminal segments simple;
proboscis shorter than length of thorax but
longer than head, surface sculpture of Type
I, sensilla styloconica fluted; labial palpi
moderate in length, occasionally quite long,
never highly reduced; forewing radial system
with an accessory cell; female frenulum com-
posed of fewer than 10 bristles; tarsal claws
bifid; hind tibiae with two pairs ofspurs; male
S8 with a deep posterior notch; male genitalia
with a faintly pleated sacculus, or pleats ab-
sent; vesica of aedeagus with deciduous cor-
nuti; female genitalia with ductus bursae of-
ten heavily sclerotized. LARVAE: Head
lacking secondary setae (except Phalera);
mandibular cutting edges smooth; labral
notch moderately deep; stipital lobe acute
distally, or short and broad; spinneret mod-
erately long; labial palpi without a mesal
flange (except Ellida); antennae moderate in
length (long in Nadata); body with or without
secondary setae; prothoracic gland present;
tarsal setae lanceolate; anal prolegs smaller
than others.
SYNAPOMORPHIES (Phalerinae in the broad

sense): ADULTS: Proboscis not as long as
thorax but longer than head; sacculus rela-
tively small, with faint pleats; vesica with
deciduous stellate cornuti. Ambiguous: Fe-
male ductus bursae mostly membranous,
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elongate, not flattened/ductus bursae with a
robust, sclerotized portion/ductus bursae
sclerotized, dorsoventrally compressed,
broad.
DIAGNOSIS (Phalerinae sensu stricto; Clade

24): ADULTS: Male antennae with pecti-
nations short, often fasciculate; proboscis rel-
atively short and narrow, but coilable; labial
palpi moderate in length; male S8 with two
anterior apophyses, often with a pair of me-
dial pits; male genitalia with reduced saccular
pleats, uncus large and triangular, socii large;
female genitalia with segment 8 heavily scler-
otized, capsular. LARVAE: Head surface ru-
gose (Antheua) or punctate (Phalera/Da-
tana); body evenly covered with secondary
setae, not located on verrucae; anal prolegs
(Phalera/Datana) small and sclerotized, cro-
chets withdrawn.
SYNAPOMORPHIES (Phalerinae sensu stric-

to): ADULTS: Pleuron of female segment 8
heavily sclerotized, entire eighth segment
forming a capsule; male genitalia with base
of uncus robust, uncus large and triangular.
DISCUSSION: Packard (1 895a) included only

the North American genus Datana in the
Phalerinae (table 4). Few diagnostic charac-
ters for the subfamily were given, the most
significant being "ciliate" adult male anten-
nae and larvae "brightly banded and very
hairy" (1895a: 104). Forbes, who also con-
sidered Datana to be the only American phal-
erine genus (table 5), gave the subfamily char-
acters as: adults with male antennae
"fasciculate," labial palpi moderately long,
proboscis short but coiled; caterpillar with
secondary setae, anal prolegs "rudimentary,
chitinized, without crochets" (1948: 212). I
have shown that the anal prolegs of Datana
and Phalera larvae do have crochets that are
withdrawn into the proleg (see Character 171).

In addition to Phalera, Gardner (1946) de-
scribed the larval head of Spataloides and
Rosama, two Indian notodontid genera, as
being punctate. This suggests that both taxa
may be derived members of the Phalerinae,
in a clade with Datana and Phalera.

Janse (1920) first showed that Antheua is
related to Phalera, and the latter has long
been recognized as a close relative ofDatana.
These taxa, then, have classically been con-
sidered to constitute the Phalerinae. How-
ever, according to my analysis, Ellida cani-

TABLE 3
Classification of Neumoegen and Dyar (1894a,
1894b) Based on Adult Characters, Including
Their Placement of North American Genera

Used in This Study

Family Notodontidae
Subfamily Apatelodinae: Apatelodes (currently Bom-

bycoidea: Apatelodidae)
Subfamily Notodontinae: Notodonta, Nadata, Sym-

merista, Cerura, Clostera, Gluphisia, Pheosia, Per-
idea, Datana, Nystalea

Subfamily Heterocampinae: Dasylophia, Schizura,
Heterocampa, Lochmaeus, Macrurocampa, Ellida

plaga, Nadata gibbosa, and Peridea angulosa
are plesiomorphic members of Clade 22 (fig.
99). When the latter three species are includ-
ed in the Phalerinae, few unambiguous syn-
apomorphies for the subfamily exist. Their
larvae, which lack secondary setae, are not
like those of species in the Phalera clade. Fu-
ture research may show that all or some of
these three genera are misplaced in the Phal-
erinae. Each has had a somewhat controver-
sial history regarding their position in the
classification. For example, Ellida has been
placed in either the Heterocampinae (Neu-
moegen and Dyar, 1984a, 1984b; table 3) or
Notodontinae (Packard, 1895a; Dyar, 1897;
see table 4). Forbes (1948) included it, with
Nadata and Peridea, in the Notodontini (ta-
ble 5). Until additional data become avail-
able, I have followed my cladistic results and
here place Ellida, Nadata, and Peridea in the
Phalerinae. These taxa do not exhibit un-
ambiguous synapomorphies of other noto-
dontid subfamilies.

DUDUSINAE
Perhaps the most dramatic change I pro-

pose in our notodontid subfamilial defini-
tions concerns the boundaries of the Dudu-
sinae. When first recognized (Matsumura,
1929b), the Dudusinae consisted ofsix Asian
genera: Dudusa, Tarsolepis, and four genera
that Matsumura described. Matsumura
erected three of these for species formerly in
either Tarsolepis or Dudusa, and all three were
later synonymized by Nam (1985). The
fourth, Tensha Matsumura, includes two spe-
cies; striatella Matsumura (1925) and pos-
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TABLE 4
Classification of Packard (1895a) Based on
Adult and Larval Characters, Including his

Placement of North American Genera

Family Notodontidae
Subfamily Gluphisiinae: Gluphisia
Subfamily Apatelodinae
Subfamily Pygaerinae: Datana
Subfamily Ichthyurinae (= Pygaerinae): Clostera
Subfamily Notodontinae: Notodonta, Pheosia, Odon-

tosia, Nadata, Peridea, Hyperaeschra, Ellida, Ner-
ice, Dasylophia, Symmerista

Subfamily Heterocampinae: Heterocampa, Macruro-
campa, Hyparpax, Euhyparpax, Misogada, Schi-
zura, Lochmaeus

Subfamily Cerurinae: Cerura, Furcula

tobscura Holloway (1983). Thus, the Dudu-
sinae formerly included Dudusa, Tarsolepis,
and closely related species, and the group as
defined was restricted to Asia. Matsumura
(1929b) gave the following diagnostic char-
acters: antennae bipectinate with ciliate or
serrate apices; forewings crenulate; abdomen
long, with an apical tuft of spatulate or pen-
icillate scales.

I propose a significant broadening of Mat-
sumura's concept. First, I have identified nu-
merous synapomorphies that group three New
World genera (Crinodes, Goacampa, and
Cargida) with Dudusa and Tarsolepis. I term
this assemblage (Clade 29) the tribe Dudu-
sini. According to my findings, the Dudusini
has a trans-Pacific rather than Asian distri-
bution. Crinodes occurs from Argentina north
to the southwestern U.S. Cargida and Goa-
campa, both monobasic (Gaede, 1934), are
essentially Central American, the former ex-
tending north to the southwestern U.S. Fur-
thermore, my analyses suggest that a firmly
supported clade comprising Scrancia from
Africa and Gargetta from Africa and Indo-
Australia is the sister group of the Dudusini.
I therefore place this second lineage in the
Dudusinae and erect for it the tribe Scran-
ciini. The Dudusinae in my broader sense,
therefore, occurs on all continents ofthe world
(obviously excluding Antarctica).
These findings resolve several long-stand-

ing problems concerning notodontid classi-
fication. Crinodes was previously placed in
the Notodontini (Forbes, 1 939a), while Car-

TABLE 5
Classification of Forbes (1939a, 1948) Based

Largely on Adult Characters
(The proposed placement of genera used in this
study and treated in his works is also shown)

Family Thaumetopoeidae: Thaumetopoea, Traumato-
campa, Anaphe, Epicoma

Family Dioptidae: Erbessa, Phaeochlaena, Phryganidia,
Zunacetha, Josia, Cyanotricha

Family Notodontidae
Subfamily Melalophinae (= Pygaerinae)
Tribe Melalophini: Clostera
Tribe Rosemini: Rosema (Neotropical)

Subfamily Phalennae (= Pygaerinae ofPackard): Phal-
era, Datana

Subfamily Notodontinae
Tribe Gluphisiini: Gluphisia
Tribe Notodontini: Notodonta, Ellida, Nadata, Per-

idea, Pheosia, Odontosia
Tribe Nystaleini: Nystalea, Symmerista, Dasylo-

phia, Crinodes, Lirimiris
Tribe Heterocampini: Heterocampa, Macrurocam-
pa, Schizura, Lochmaeus, Spatalia, Fentonia,
Stauropus

Tribe Hemiceratini: Hemiceras
Subfamily Cerurinae: Cerura, Furcula

gida and Goacampa have never been as-
signed to a subfamily or tribe. Neither have
Scrancia or Gargetta been assigned to an ex-
isting notodontid subfamily. Now that syn-
apomorphies for the Dudusinae are known,
and the Scranciini and Dudusini have been
delineated, it will be exciting to discover ad-
ditional members of these groups in other
parts ofthe world. As I note in the discussion,
the Scranciini is likely to be a large tribe with
particularly strong representation in Africa.
It may be that the Dudusini has many mem-
bers in the Neotropics.
DIAGNOSIS (Dudusinae; Clade 27):

ADULTS: Male antennae either pectinate to
apex or pectinate with terminal segments
simple; female antennae pectinate or ciliate;
proboscis longer than thorax; proboscis with
Type I surface sculpturing, or smooth (Type
III); R1 sensilla lacking flutes (except fluted
in Scrancia); labial palpi moderate in length,
segment 3 not unusually long; tarsal claws
bifid (except Dudusa); tibial spurs usually in
the formula 0-2-4, sometimes 0-2-2 (Tarso-
lepis and Dudusa); forewing with an acces-
sory cell; female frenulum composed offewer
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than 10 bristles; terminal segments of male
abdomen with a tuft of hairlike scales or a
tuft of long pedicellate scales; dorsum of fe-
male segment 8 simple; posterior margin of
male S8 with a sclerotized notch; sacculus of
male genitalia either lacking pleats or with
faint pleats; deciduous cornuti of vesica usu-
ally absent, occasionally present (Crinodes and
Goacampa). LARVAE: Head surface usually
rugose, occasionally smooth (Crinodes and
Cargida); head lacking secondary setae (ex-
cept Goacampa); mandibular cutting edge ei-
ther smooth or serrate; stipital lobe acute dis-
tally, occasionally lanceolate (Goacampa);
sensilla on mesal lobes large; spinneret longer
than labial palpi, often quite long; labial palpi
either with (Scranciini) or without (Dudusini)
a mesal flange; thoracic SV setae in the for-
mula 2-1-1; tarsal setae lanceolate; dorsum
generally without distinct tubercles or pro-
jections; anal prolegs modified, frequently
stemapodiform.
SYNAPOMORPHIES (Dudusinae): ADULTS:

Ocelli present, large; pleuron of female seg-
ment 8 sclerotized; postvaginal plate (PVP)
not large, not emarginate; opening of ductus
ejaculatorius simplex located posteriorly, an-
terior end ofaedeagus forming a long tubular
projection. LARVAE: E area of larval seg-
ment A1O lacking seta X. Ambiguous: Adult
with frons broadly rounded anteriorly, no
projections/frons protruding, strongly scler-
otized, projections usually present; dorsum
of female tergum 8 completely sclerotized/
dorsum of T8 with a membranous medial
suture; length of male T8 equal to or shorter
than that ofT7/T8 longer than T7; height of
larval head equal to or less than that of tho-
racic segment 1, head not wider than thorax/
head taller than thoracic segment 1 (lateral
view, excluding legs), head wider than thorax;
larval cranium rounded in lateral view, with-
out a depression/cranium narrow in lateral
view, with a posterior depression along epi-
cranial suture.

DIscussIoN: Ofthe synapomorphies for the
Dudusinae (Dudusini + Scranciini) listed
above, the two most convincing are presence
ofwell-developed ocelli in adults and absence
ofGerasimov's seta X in the larvae. The oth-
er characters are either difficult to character-
ize accurately or occur widely in other no-
todontid subfamilies. The long list of

characters in the ambiguous category results
from the fact that many traits, such as pro-
jections on the adult frons (Character 2), oc-
cur in some members of both the Scranciini
and Dudusini, but are not found universally
in the subfamily. Although monophyly of
each of the two tribes in the Dudusinae is
highly corroborated, it is necessary to identify
additional synapomorphies at the subfamil-
ial level. Below I treat the Dudusini and
Scranciini separately.

Dudusini

My tribe Dudusini corresponds with the
Dudusinae of Matsumura (1929b) and Nam
(1985) and the Tarsolepidinae of Kiriakoff
(1 9SOb; see tables 6 and 7) but with the ad-
dition of New World taxa to the group. Nu-
merous characters support this clade; many
of them are unambiguous and easy to iden-
tify. At present, the tribe is found in Asia,
North America, and the Neotropics. Accord-
ing to Gaede (1930), the Indo-Australian ge-
nus Stigmatophorina Mell (with two species)
is similar to Tarsolepis in general appearance.
Therefore, it probably belongs in the Dudu-
sini. The size of the tribe is unknown. The
exemplars I used come from relatively small
genera, the largest being Crinodes with only
10 species (Gaede, 1934). Further study is
required to refine tribal boundaries. Biinzig-
er's papers have demonstrated that adults of
the Dudusini are often lachryphagous, and I
showed that their proboscises exhibit modi-
fications possibly correlated with this unusu-
al feeding behavior (Characters 5, 6, and 7).
It will be interesting to see whether all mem-
bers of the tribe turn out to be tear-feeders.
The subfamily diagnosis can be applied to

the tribe. Many ofthe species are large moths,
but there seems to be no overall gestalt that
applies to the group. For example, upon fur-
ther study it may turn out that Crinodes and
Cargida are close relatives, but they differ
dramatically in appearance ofboth adults and
larvae (figs. 49, 52).
SYNAPOMORPHIES (Dudusini; Clade 29):

ADULTS: RI sensilla smooth, lacking flutes,
or flutes reduced to small projections; me-
tascutal bulla not present; dorsum ofT8 with
a membranous medial suture; tergum 8 with
a pair of large anterolateral apodemes; tran-
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TABLE 6
Classification of Kiriakoff (1950a, 1950b)

Family Thaumetopoeidae
Family Dioptidae
Family Notodontidaea

Subfamily Tarsolepidinae: Dudusa, Tarsolepis
Subfamily Notodontinae: all other genera

Incertae Sedis: Gluphisia

aA third subcategory within the Notodontidae was

formed for Lobeza Hernch-Schiiffer, but no formal name
was proposed.

stilla curving downward, connected to base
ofjuxta. LARVAE: Height of head equal to
or less than that of thoracic segment 1, head
not wider than thorax; cranium rounded in
lateral view, without a depression; sensilla
trichodea II and III distally emarginate, often
bifid; spinneret twice as long as segment 1 of
labial palpus; prothoracic plate roughly square
in shape, heavily sclerotized and smooth;
proprioceptor seta MSD2 on larval segments
A5-A7 located anterodorsally to spiracle.
Ambiguous: Adult with frons broadly round-
ed anteriorly, no projections/frons protrud-
ing, strongly sclerotized, projections usually
present; length ofmale T8 equal to or shorter
than that of T7/T8 longer than T7; ventro-
lateral surface of larval mandible smooth/
mandible with a pronounced ventrolateral
carina.

DIscusSION: Several authors have ac-
knowledged a close relationship between Du-
dusa and Tarsolepis, usually on the basis of
similarities in adult morphology (e.g., Roepke,
1944). Kiriakoff(l 950b) noted that both gen-
era have a modified type of metascutal bulla
(see Character 34). On those grounds he
erected the subfamily Tarsolepidinae for them
(table 6), apparently unaware ofMatsumura's
(1 929b) earlier work in which the Dudusinae
was described (table 7). Kiriakofffurther sug-

gested that two tribes be recognized within
the Tarsolepidinae, the Tarsolepidini and
Dudusini, although he did not add constit-
uent genera to these.
As the synapomorphy list above demon-

strates, the clade is highly supported. Char-
acters such as the unusual transtilla of the
male genitalia (Character 86) are easy to ob-
serve and are highly diagnostic. But, as nature
seems to prove time and time again, homo-

TABLE 7
Classification of Matsumura (1925, 1929b) and

Nam (1985)
(The proposed placement of genera used in this
study and treated in those works is also shown.)

Family Notodontidae
Subfamily Dudusinae: Dudusa, Tarsolepis
Subfamily Stauropinae: Stauropus, Quadricalcarifera
Subfamily Cerurinae: Cerura, Furcula, Cnethodonta,

Liparopsis
Subfamily Notodontinae: Notodonta
Subfamily Phalerinae: Antheua, Phalera, Datana
Subfamily Spataliinaea: Spatalia
Subfamily Fentoniinae: Fentonia
Subfamily Melalophinae: Clostera
Subfamily Ptilophorinae: Ptilophora
Subfamily Gluphisiinae: Gluphisia
Subfamily Ceirinaeb: Ceira, Pydna

alncluded genera were not listed for this and the fol-
lowing subfamilies.

bLarvae representing the Ceirinae were not available
for study.

plasy is a reality; this transtilla type also oc-
curs in Fentonia ocypete (Heterocampinae).
With further research, it may become ap-

parent that the three New World genera-
Goacampa, Crinodes, and Cargida-form a
clade separate from the Asian taxa. Bifid sen-
silla trichodea on the larval maxilla are pres-
ent only in these taxa, and the male genitalia
of Crinodes and Cargida are almost identical.
A derived state of the Dudusini, presence

of serrate larval mandibles (Character 1 3),
also occurs in Theroa zethus Druce (Godfrey
et al., 1989), a species from Mexico and the
southwestern U.S., perhaps indicating mem-
bership in this tribe.

Scranciini, New Tribe

Monophyly of the Scranciini is supported
by numerous larval and adult synapomor-
phies. Furthermore, the group probably con-
tains quite a large number of species. As I
have delimited the tribe, it is known from
Africa and Indo-Australia, but it will be im-
portant to search for representatives in other
biogeographic regions.
As with the Dudusini, the subfamily di-

agnosis applies. The adult moths tend to be
fairly small and light-bodied with elongate
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legs and wings. All larvae so far known have
a large head, reduced prolegs on A3 and A4,
and stemapodiform anal prolegs lacking cro-
chets (fig. 75).
SYNAPOMORPHIES (Scranciini; Clade 28):

ADULTS: Tentorium narrow, without crests;
frons protruding, strongly sclerotized, pro-
jections usually present; adult foretarsi long,
first tarsomere longer than others combined;
legs long, hind tibia approximately 1 1/2 times
the length of the femur, spurs widely sepa-
rated; large internal bullae present on anterior
margin oftergum A1; length ofmale T8 equal
to or shorter than that of T7; uncus/socii
complex fused with tegumen; socii often ab-
sent. LARVAE: Head taller than thoracic
segment 1 (lateral view, excluding legs), head
wider than thorax; cranium narrow in lateral
view, with a posterior depression along epi-
cranial suture; labial palpus with a membra-
nous flange on mesal margin; spinneret dor-
soventrally compressed, distal opening wide
and flat; A3 prolegs smaller than those on A5
and A6; A4 prolegs with fewer crochets than
A5 and A6; A1O prolegs extremely long and
flexible, developed as stemapods; proleg base
with many setae, each on a raised tubercle;
AO0 crochets absent. Ambiguous: Sensilla
styloconica (R1) ofadult proboscis fluted/Rl
sensilla smooth, lacking flutes, or flutes re-
duced to small projections; dorsum offemale
tergum 8 completely sclerotized/dorsum of
T8 with a membranous medial suture.

DISCUSSION: There are two reasons for
erecting the tribe Scranciini, based on the ge-
nus Scrancia Holland (1893b). First, Scran-
cia (approximately 20 species) from Africa
and Gargetta (approximately 25 species) from
Africa and Asia form an extremely well de-
fined clade. The majority ofsynapomorphies
are highly reliable and I have no doubt that
the two genera constitute a monophyletic
group. A relationship between these taxa was
first suggested by Gaede, who placed them
both in what he termed the "Scrancia-
Group," containing "delicately built species
with long legs" (1928: 422). In addition to
having long legs, Gargetta and Scrancia have
protuberances on the adult frons (see Char-
acter 2). Second, a brief review of the liter-
ature suggests that the Scranciini is a fairly
large tribe. Janse (1920) broke the South Af-
rican Notodontidae into eight generic groups,

one of these being the Scrancia group, com-
prising six genera. Gaede's (1928) Scrancia
group contained 28 genera.

It is unlikely that all the species in these
"Scrancia groups" form a monophyletic as-
semblage because the defining characters used
by both Janse and Gaede leave room for in-
terpretation. However, according to their di-
agnoses, many of the taxa they list exhibit
the protruding sclerotized frons (Character
2). Janse (1920), who first described the mod-
ified frons of Scrancia stictica (see his pl. 8,
figs. 12, 13), noted a similar modification in
Phycitimorpha Janse, Taeniopterix Janse, and
Breyeria Janse, as well as in Notoxantha
Hampson (pl. 9, fig. 16). African species in
Lamoriodes Hampson and Lamorina Gaede
have a projection on the adult frons (Gaede,
1928). Kiriakoff(1968) reported a protruding
frons in the Indo-Australian genera Porsica
Walker and Gallaba Walker. The male gen-
italia of Porsica species (see figures in Hol-
loway, 1983) are very similar to those of
Scrancia stictica (fig. 309); they appear to lack
socii and the valves are narrow. Larval mor-
phology is also suggestive that other species
belong in the Scranciini; caterpillars of Por-
sica have the first pair of prolegs reduced
(Holloway, 1983). Based solely on the genera
listed above, the Scranciini contains over 75
species, and many more taxa will certainly
be added.

HETEROCAMPINAE
The subfamily Heterocampinae was rec-

ognized by Neumoegen and Dyar (1 894a,
1894b) and by Packard (1895a), but it is
Packard's definition of the group (table 4)
that is used today. Forbes's (1948) Hetero-
campini included essentially the same taxa
as the Heterocampini of Packard (table 5).
Forbes acknowledged, however, that the
group "has a much wider distribution than
the North American area where it is normally
recognized" (1948: 225). My definition ofthe
subfamily simply formalizes what Forbes had
previously proposed (see below). In it, I in-
clude Stauropus and relatives from the Old
World, as well as Spatalia and Fentonia from
Asia, all three of which were placed in sep-
arate subfamilies (the Stauropinae, Spatali-
inae, and Fentoniinae; see table 6) by Mat-

1991 185



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

sumura (1925, 1929b) and Nam (1985). At
present, I am not entirely satisfied with the
known synapomorphies for this subfamily
because all are from larvae; I was unable to
identify a single reliable synapomorphy from
adult morphology. I hope that future research
will clarify the situation. It is obvious that at
least one reliable adult synapomorphy must
be discovered in order to determine the cor-
rect placement of currently unplaced noto-
dontid taxa for which larvae have not been
described.

I am unfamiliar with Neotropical Heter-
ocampinae. Forbes (1939a) placed six Neo-
tropical genera in the group, but I have not
studied those. The Heterocampinae will like-
ly prove to be a large and extremely complex
subfamily, with representatives found
throughout the world.
DiAGNosIs (Heterocampinae; Clade 36):

ADULTS: Male antennae pectinate, distal
portion usually simple; female antennae sim-
ple or pectinate; proboscis variable in length,
either long (Lochmaeus) or short (e.g., Stau-
ropus), usually shorter than length of thorax;
proboscis with Type II surface structure; RI
sensilla almost always fluted (except Spatal-
ia); labial palpi moderate in length, never
long or reduced; tarsal claws usually bifid,
sometimes simple (Harpyia and Stauropus);
tibial spurs often with only distal pair pres-
ent, proximal ones then either reduced (e.g.,
Spatalia, Schizura) or absent (e.g., Stauro-
pus); forewing radial system usually with an
accessory cell, accessory cell sometimes elon-
gate (Heterocampini); female frenulum com-
posed of from 2 to 10 bristles; abdominal
segments with a scale tuft, sometimes dis-
tinctly bifid (e.g., Schizura beidermani); male
S8 often with a pair ofdeep medial pits, pos-
terior margin with a notch; male genitalia
with sacculus pleated or not, sacculus never
large; deciduous cornuti of vesica absent (ex-
cept in Fentonia ocypete); vesica usually with
a distal sclerite. LARVAE: Head surface ru-
gose; head usually lacking secondary setae,
when present (Stauropus) very short; man-
dibular cutting edge smooth; stipital lobe of-
ten large, covered with large spicules; spin-
neret short; labial palpi without a mesal flange;
thoracic SV setae in the formula 2-2-2, the
anterior seta ofeach pair short, conical; tarsal
setae often apically truncate; anal prolegs

variable, always modified, sometimes ste-
mapodiform.
SYNAPOMORPHIES (Heterocampinae):

ADULTS: Proboscis not as long as thorax
but usually longer than head; vesica with a
small distal sclerite. LARVAE: SV setae on
thoracic segments in the formula 2-2-2; an-
terior SV seta on TI short, conical. Ambig-
uous: Male sacculus without pleats/sacculus
large, with accordion-like pleats/sacculus
smaller, with faint pleats; surface of larval
stipital lobes minutely spiculate/stipital lobe
with large spicules; three L setae on larval
segments A3-A6/four L setae on segments
A3-A6, the ventral pair at approximately the
same height/six or more L setae on A3-A6,
a horizontal row of 4-10 setae present at the
height of L3.

DISCUSSION: Neumoegen and Dyar (1894a,
1894b) placed 10 North American notodon-
tid genera in the subfamily Heterocampinae.
Unfortunately, they did not list diagnostic
features for the group. According to their key,
the Heterocampinae can be distinguished by
having "antennae ofmale pectinated for bas-
al two-thirds or more, the tips bare," as op-
posed to the Notodontinae, which have the
antennae "bipectinated to the tip or simple"
(1894a: 182-183). Packard gave only two de-
finitive characters for the Heterocampinae:
adult head "tufted on the vertex," a character
I did not observe, and male antennae "fili-
form in their distal fourth" (1895a: 183), a
character state similar to the one used by
Neumoegen and Dyar. Packard characterized
the larvae as "varying greatly in shape, mark-
ings, and coloration" (1895a: 183). Forbes's
(1948) diagnoses (for the Heterocampini) were
hardly more informative. He noted the dra-
matic interspecific variation in larval habitus
and described the adult as having "nothing
really characteristic" (1948: 225).
Even though none of these authors defined

the Heterocampinae with precision, their lists
of included genera overlapped greatly (tables
3-5). Further, my results indicate that their
concept of the Heterocampinae was remark-
ably accurate; the group is monophyletic, with
the exception of a few misplaced genera. A
major difference in my classification is the
inclusion of an Old World clade comprising
Stauropus and related genera (Clade 40).
However, even this was predicted by Forbes.
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While introducing the subfamily he argued,
on the basis oflarval morphology, that Stau-
ropus "is unquestionably a heterocampine"
(1939a: 280). I have placed additional genera
in the Heterocampinae; the larvae of Stau-
ropus, Cnethodonta, and Harpyia exhibit nu-
merous synapomorphies.
Matsumura defined the Stauropinae as

having "antennae in the male plumose, at the
apical part suddenly filiform, serrate or pec-
tinate" (1929b: 82). Tikhomirov (1979,
1981), noting the bizarre male gentialia of
Stauropusfagi, felt that subfamily status was
justified. Matsumura included eight genera in
the subfamily: Stauropus, Quadricalcarifera,
Kikuchiana Matsumura, Shachia Matsu-
mura, Damata Hampson, Damatoides Mat-
sumura, Hoplitis Hiibner, and Netria Walker.
This is roughly similar to my hypothesis for
Clade 40 since the type species of Hoplitis is
a synonym ofHarpyia milhauseri (Watson et
al., 1980), and based on superficial appear-
ance Damata belongs in this clade as well.
Matsumura (1929b) erected the subfamily

Spataliinae, but he did not list the constituent
genera (table 7). His key to subfamilies gave
"primaries with two tooth-like tufts at the
dorsum" (1929b: 78) as the defining char-
acter, referring here to the scale tufts on the
forewing anal margin (see Character 39). I
obtained larvae of a Japanese species, Spa-
talia jezoensis, and used that taxon as one of
my exemplars. The forewing of S. jezoensis
has a single scale tuft (fig. 21), as occurs, for
example, in Notodonta scitipennis and Hem-
iceras bilinea. Therefore, Matsumura's key
character for the Spataliinae is not definitive
even for the genus Spatalia itself. According
to my analysis, Spatalia jezoensis belongs in
the subfamily Heterocampinae (fig. 100). The
genus exhibits many apomorphic character
states of the Heterocampinae: presence of a
cteniophore; male S8 with a pair of widely
spaced internal apodemes; a transtillar pro-
cess similar to that of H. averna; and larvae
with thoracic SV setae in the formula 2-2-2,
with the anterior seta of each pair short. The
Indo-Australian genera Allata Walker and
Ginshachia Matsumura appear to be close
relatives of Spatalia (Holloway, 1983).
As so often seems to be the case, Forbes

(1948) predicted this result as well. He noted
that larvae of European Spatalia have a dor-

sal protuberance on Al similar to that in
Schizura, and he therefore considered Spa-
talia to be a heterocampine. It is clear that
the subfamily Spataliinae should be synon-
ymized with the Heterocampinae.

I have also included Fentonia ocypete in
the Heterocampinae. The species was placed
by Matsumura (1929b) in its own subfamily,
the Fentoniinae (table 7). Fentonia ocypete is
unusual among heterocampines in having a
vesica with deciduous cornuti and a transtilla
apparently identical with that of the Dudu-
sini (Character 86). However, several char-
acters, such as the SV setal formula and pres-
ence ofspatulate tarsal setae in the caterpillar,
indicate membership in this subfamily. Again,
Forbes hinted as much many years earlier.
Based on larval morphology he wrote that
Fentonia "is obviously very near Dicentria
[a Neotropical heterocampine] and Schi-
zura" (1939a: 280).
At least two distinct clades are apparent

within the subfamily: Packard's (1895a)
"Heterocampinae" form one group (Clade 42
in fig. 100) while Stauropus and relatives
(Clade 39) form another. Interestingly, the
two Schizura species I studied, S. beidermani
and S. unicornis, fall out separately. I could
recognize these two clades by using the tribal
names Heterocampini and Stauropini for
each, but in such a classification the genera
Spatalia and Fentonia would not be account-
ed for. The names Spataliini and Fentoniini
are available, but I feel that more research
on phylogeny within the Heterocampinae
must be done before a formal proposal is
made. In particular, the Neotropical fauna
should be studied. I present the characters
that define Clade 42 (the "Heterocampini")
and Clade 39 (the "Stauropini") below.
SYNAPOMORPHIES (Clade 42; "Heterocam-

pini"): ADULTS: Ostium with a ventral me-
dial projection; apodeme on male S8 broad,
with two "windows." LARVAE: Prothoracic
plate with a pair of anterolateral projections
or horns. Ambiguous: Posterior margin of fe-
male tergum 8 sclerotized, often emarginate/
margin crenulate or with a deep notch; male
sternum 4 unmodified/cteniophore present
on male S4; medial portion of male sternum
8 without pits or apodemes/medial portion
of male sternum 8 with a pair of internal
apodemes, widely spaced; no medial projec-
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tion on valval costa/valval costa widened dis-
tally, "C-shaped" with a large medial pro-
jection; height of larval head equal to or less
than that of thoracic segment 1, head not
wider than thorax/head taller than thoracic
segment 1 (lateral view, excluding legs), head
wider than thorax.
SYNAPOMORPHIES (Clade 39; "Stauropi-

ni"): ADULTS: Female antennae pectinate;
proximal pair ofmetathoracic tibial spurs re-
duced in size; vesica entirely membranous.
LARVAE: Hypopharynx swollen, expanded
dorsally; labial palpus small, much shorter
than segment 1 of maxillary palpus; protho-
racic plate with a pair of anterolateral pro-

jections or horns; primary setae located on
chalazae; larval segment A8 with a dorsal
protuberance; larval segment A8 expanded,
laterally emarginate. Ambiguous: Male an-
tennae pectinate, with fewer than 10 terminal
segments simple, or terminal segments sim-
ilar to proximal ones/male antenna with 15
or more terminal segments simple; male S8
with a single anterior apodeme/S8 with dou-
ble apodemes.

If Schizura unicornis is excluded from the
"Stauropini," there are numerous synapo-
morphies for the group, including the elon-
gate larval thoracic legs.

NYSTALEINAE

The family group name based on Nystalea
Guenee is relatively new, having been first
proposed by Forbes in 1948. Weller (1989)
recently revised the Nystaleinae. She provid-
ed a detailed analysis of adult morphology
and a revised classification for the group. The
subfamily comprises approximately 300 spe-
cies and is restricted almost entirely to the
Neotropics. Two genera, Symmerista and
Dasylophia, have representatives occurring
in North America as far north as Quebec and
Nova Scotia (Forbes, 1948), while species of
Didugua, Notela, and Hippia can be found
in the southwestern U.S. Nystalea occurs in
the North American Southwest and in Flor-
ida. There are no members ofthe Nystaleinae
in the Old World as far as is known (Weller,
1989).
DIAGNOSIS (Nystaleinae; Clade 46):

ADULTS: Male antennae ciliate (Nystalea),
or pectinate with terminal segments simple;

female antennae ciliate; antennal scape with
a long scale tuft; proboscis long, occasionally
reduced (e.g., Symmerista); proboscis with
Type II surface structure or smooth (Nysta-
lea); RI sensilla usually fluted; labial palpus
long, segment 3 usually extremely long; tarsal
claws bifid; ocelli rudimentary; tibial spurs
in the formula 0-2-4; forewing with an ac-
cessory cell, cell sometimes small (Symmer-
ista and Hippia); female frenulum composed
of 2 or 3 bristles; female postvaginal plate
with narrow posterolateral projections; pos-
terior margin of male S8 with a sclerotized
notch; male genitalia with sacculus usually
pleated, often very large; deciduous cornuti
usually present. LARVAE: Head surface ru-
gose, lacking secondary setae; head taller than
thoracic segment 1; mandibular cutting edge
smooth; stipital lobes acute distally, some-
times very large; sensilla on mesal lobes small,
mesal lobes broad; spinneret shorter than la-
bial palpi; labial palpus without a mesal flange;
thoracic SV setae in the formula 2-1 -1, not
modified in shape; tarsal setae lanceolate, Ts2
shorter than Ts 1; anal prolegs small, tubular
in shape, never stemapodiform, crochets
present.
SYNAPOMORPHIES (Nystaleinae): ADULTS:

Male labial palpus with segment 2 narrow,
more than twice as long as segment 1; seg-
ment 3 ofmale labial palpus elongate, as long
as or longer than segment 1; scape ofantenna
with a small ventral scale tuft and a large
dorsal tuft of stiff scales; ductus bursae scler-
otized, dorsoventrally compressed, broad;
terminal tuft of male abdomen compact,
curved downward; tegumen constricted dor-
sally, forming a "neck"; manica sclerotized,
fused with juxta, enclosing aedeagus tightly;
aedeagus with a callosum; opening of ductus
ejaculatorius simplex located slightly poste-
riorly, anterior end of aedeagus broad, re-
flexed in a ventral direction; distal portion of
aedeagus expanded, much wider than mid-
dle. LARVAE: Mentum swollen, appearing
glandular; segment A8 with a dorsal protu-
berance. Ambiguous: Female postvaginal
plate (PVP) large, broad, emarginate poste-
riorly/PVP large, sharply emarginate poste-
riorly, with narrow posterolateral projec-
tions; male sacculus not separate from rest
ofvalve/sacculus separate from rest ofvalve,
projecting from valve's lateral margin.

NO. 204188



MILLER: NOTODONTIDAE

DISCUSSION: Weller (1989) surveyed 81
genera ofNotodontidae and found that among
those, 27 (largely Neotropical) genera are
united by presence of a callosum, a uniquely
derived condition of the aedeagus (see Char-
acters 94, 95). After analyzing relationships
among the 27 genera based on 82 characters
from adult morphology, she argued in sup-
port of one preferred cladistic solution. That
cladogram comprised two major lineages. The
first, which Weller defined as the Nystaleini,
includes Nystalea and 14 related genera. The
second clade, which she determined is the
sister group of the Nystaleini, contains Das-
ylophia and 11 additional genera.

I identified a well defined monophyletic
group (Clade 46; fig. 100) comprising five
Neotropical species including Nystalea ny-
seus and Dasylophia thyatiroides. All five of
the genera in Clade 46 were shown by Weller
(1989) to possess a callosum. I found two
larval synapomorphies and eight from adults
that support the monophyly of Clade 46.
There are differences between my results and
those of Weller concerning relationships
among these five genera. However, because
I studied so few species I do not place much
confidence in the precise topology of Clade
46.
By combining my results with those of

Weller (1989), there is considerable support
for the following arrangement. Clade 46
should be recognized as the subfamily Nys-
taleinae, comprising 27 genera. The Nystal-
einae would then consist of two subgroups:
Weller's Dasylophia and Nystalea clades. Us-
ing this classification, the Nystaleini of Wel-
ler ( 1 98 9) refers to a restricted set of 1 5 genera
within my more inclusive subfamilial cate-
gory. This leaves open the possibility of rec-
ognizing Weller's second lineage as the tribe
Dasylophiini.

DIOPTINAE

The family name Dioptidae can be attrib-
uted to Walker (1865). The group has sub-
sequently been accorded either familial or

tribal status. I advocate a third alternative-
subfamilial status. All 400 known species oc-

cur in the Neotropics (Prout, 1918; Hering,
1925; Bryk, 1930), with the exception of
Phryganidia californica from the west coast

ofthe U.S. (Miller, 1987a). I consider it high-
ly unlikely that dioptine taxa will be found
in the Old World.
DIAGNOSIS (Dioptinae; Clade 49):

ADULTS: Male antennae pectinate to apex
or with pectinations completely lacking; fe-
male antennae either pectinate or ciliate; pro-
boscis long, with Type II surface structure;
RI sensilla fluted; labial palpi usually mod-
erate in length, sometimes long (Erbessa and
Phaeochlaena); tibial spurs in the formula 0-
2-4; tarsal claws bifid; forewing radial system
never with an accessory cell; FW never with
a scale tuft on anal margin; female frenulum
composed offewer than 10 bristles; posterior
margin of male S8 with a notch; sacculus of
male genitalia pleated or not, sometimes (e.g.,
Erbessa) extremely large; deciduous comuti
often present. LARVAE: Head taller than
thoracic segment 1; head lacking secondary
setae (except Cyanotricha); mandibular cut-
ting edge either serrate or smooth; stipital
lobe usually acute distally, sometimes large;
sensilla on mesal lobe small, mesal lobes
broad; spinneret shorter than labial palpi;
thoracic SV setae in the formula 2-1 -1; tarsal
setae with Ts2 shorter than Tsl; dorsum of
abdomen lacking distinct tubercles; anal pro-
legs either small and cylindrical in shape or
stemapodiform, crochets present.
SYNAPOMORPHIES (Dioptinae): ADULTS:

Eyes relatively small, genal area partially
scaleless with surface spiculate; male anten-
nae pectinate, with fewer than 10 terminal
segments simple, or terminal segments sim-
ilar to proximal ones; ocelli absent; legs long,
hind tibia approximately 1 1/2 times the length
offemur, pairs ofspurs widely separated; me-
tafurcal arms blunt posteriorly; metascutal
bulla prominent, round; pleural membrane
surrounding A1 spiracle not sclerotized; a
small, lightly sclerotized, setose patch located
in pleuron above Al spiracle; postvaginal
plate not large, not emarginate; transtilla
present, comprising two sclerotized bands in
the manica, joined medially above aedeagus;
ductus ejaculatorius simplex (DES) opening
near anterior end of aedeagus. LARVAE:
Head surface rugose, with rugosities extreme-
ly small; stemma 3 larger than stemma 4;
labial palpus small, much shorter than seg-
ment 1 of maxillary palpus; integument cov-
ered with long microprojections ("sha-
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greened"); Tsl broad and relatively short with
apex acute, Ts3 with lateral margin expand-
ed, apex deflected toward midline; MD pro-
prioceptor setae unisetose on Al; abdominal
spiracles small. Ambiguous: Forewing vein
R2 arising from discal cell, not forming an
accessory cell/R2 arising from discal cell,
forming an accessory cell/R2 stalked with
R3-5, no accessory cell; hind wing with veins
M3 and CuAl not anastomosed/M3 and CuAl
inHW anastomosed; anterolateral apodemes
on sternum 2 moderate in length/apodemes
on sternum long and thin; ductus seminalis
entering on ductus bursae, or at junction of
ductus and corpus bursae/ductus seminalis
entering on corpus bursae; larval stipital lobe
acute distally, not extending beyond maxilla/
lobe large, extending beyond rest of maxilla
(dorsal view).

DISCUSSION: Sick (1940) regarded the
Dioptidae to be the sister group of the No-
todontidae (Thaumetopoeinae + Notodon-
tinae in the broad sense). Minet (1983, 1986),
on the basis of superficial larval morphology,
and Weller (1989), on the basis ofadult mor-
phology, placed the group (as the tribe Diop-
tini) within the subfamily Notodontinae. I
have rejected previous definitions of the No-
todontinae (see above). Furthermore, like
Weller (1989) I found evidence that dioptines
are the sister group ofClade 46, the subfamily
Nystaleinae. Therefore, on one hand my re-
sults agree with the hypotheses of Minet
(1983, 1986) and Weller (1989): the group is
subordinate within the Notodontidae. On the
other hand, in the context ofa comprehensive
family reclassification there is reason to rec-
ognize subfamilial status for the Dioptinae,
a position first suggested by Franclemont
(1970). Alternatively, I could propose that
Clade 45 (Nystaleinae + Dioptinae) be sub-
sumed in a single large subfamily. This group
would receive the name Dioptinae and the
two subordinate clades would be called the
Nystaleini and Dioptini. I feel that such a
solution would require extreme changes in
our concepts of these group names and that
it should be rejected on those grounds.
Members of the Dioptinae vary dramati-

cally in superficial appearance (Prout, 1918;
Jordan, 1923b; Hering, 1925), and there has
been some doubt as to whether the group is
monophyletic (Seitz, 1925; K6hler, 1930). As

the synapomorphy list above shows, I dis-
covered more evidence to support mono-
phyly of the Dioptinae than for almost any
other group in the Notodontidae. The six ex-
emplars I used represent highly divergent lin-
eages among the 40 known dioptine genera
(J. Miller, unpubl. data). Nevertheless, I have
identified seven unambiguous subfamily syn-
apomorphies from larval morphology and 12
from adults. The majority of these do not
occur elsewhere in the Notodontidae. I am
highly confident that when larvae of more
genera become known, and character systems
from pupae, eggs, and first instar larvae are
studied, there will be additional data to sup-
port monophyly of the Dioptinae.

INCERTAE SEDIS

There are two taxa in particular whose
placement in the notodontid classification I
consider to be ambiguous: the genera Liri-
miris and Hemiceras. Lirimiris appears on
my cladogram as the sister group to all No-
todontidae above the level of the Pygaerinae
(Clade 12; fig. 99). Based on the characters I
studied, Hemiceras is the sister group to the
clade that includes the Heterocampinae, Nys-
taleinae, and Dioptinae (Clade 35; fig. 100).
To arrange these genera in my classification,
one family group name would have to be
created, the "Lirimirinae," and the Hemi-
ceratini would have to be raised to subfamily
status. Rather than formally propose these
changes, I place Lirimiris and Hemiceras in-
certae sedis with the hope that future research
will provide more conclusive evidence on
their phylogenetic positions. Below, I de-
scribe the groups in detail and provide my
rationale for considering them incertae sedis.

Lirimiris
Lirimiris Walker includes 16 species oc-

curring from southern Brazil to the south-
western U.S. (Gaede, 1934). Lirimiris trun-
cata, the species I studied, is known from
Ecuador to Arizona. Immature stages in the
genus are poorly known, the only published
report being Young (1983) for the larvae and
pupae ofL. meridionalis (Schaus). The status
of Lirimiris in the notodontid classifica-
tion has been controversial (Weller, 1989).
Forbes (1939a: 269) described the genus as
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being "somewhat related to Dasylophia"
(Nystaleinae), but in the same sentence sug-
gested that it "leads over into Rosema" (Py-
gaerinae: Rosemini). Lirimiris truncata ex-
hibits a confusing set of characters. For
example, adults have bifid tarsal claws and
male antennae pectinate proximally but sim-
ple distally. The male genitalia are highly
modified, with reduced valvae and no sac-
cular scent organ. Larval morphology is par-
ticularly confusing. The caterpillar exhibits
some derived features: long secondary setae
occur in "clusters" similar to those of An-
theua (fig. 506; Young, 1983), rather than in
a dense covering like Clostera (fig. 504); the
mandibular cutting edge is smooth; and an
acute stipital lobe is present. On the other
hand, it also shows primitive traits: there is
no prothoracic gland, the anal prolegs are the
same size as those on A3-A6, and AIO cro-
chet number is not reduced.

Initially, I thought that Lirimiris might be
related to Clostera, but I found no synapo-
morphies for these genera. Resolution of this
problem will require accomplishing two
things. First, additional species of Lirimiris
must be studied, including their immature
stages. Second, the complete boundaries of
the Pygaerinae must be determined and syn-
apomorphies identified. Until such work is
done, I am unwilling to create a new subfam-
ily for Lirimiris.
DIAGNOSIS (Based on Lirimiris truncata;

Clade 1 1): ADULTS: Male antennae pecti-
nate, terminal segments simple; female an-
tennae pectinate; rings of proboscis covered
with microprojections along length oftongue
except at tip (surface Type I); RI sensilla flut-
ed; segment 2 of labial palpi long; ocelli ru-
dimentary; tibial spurs in the formula 0-2-4;
tarsal claws bifid; forewing with an accessory
cell; female frenulum composed offewer than
10 bristles; female T8 simple, with a medial
suture; female genitalia with postvaginal plate
broad, emarginate posteriorly, corpus bursae
small with signum absent; a pair of (glan-
dular?) internal pouches on either side of os-

tium; male genitalia with valve sclerotized,
thornlike distally, sacculus not pleated, socii
reduced; aedeagus long and narrow, vesica
lacking cornuti. LARVAE: Head surface with
creases, not rugose, secondary setae absent;
mandibular cutting edge smooth; labral notch

deep; stipital lobe acute distally; sensilla on
mesal lobes not small; spinneret short, con-
ical in shape; tarsal setae lanceolate; body
covered with short secondary setae on sides
and venter, long secondary setae in SD and
D regions; anal prolegs the same size as oth-
ers; Al0 crochet number not reduced.
SYNAPoMORPHIES: ADULTS: Proboscis not

as long as thorax but longer than head; male
antenna with 15 or more terminal segments
simple; scape of male antenna with a small
ventral scale tuft and a large dorsal tuft of
stiffscales; male epiphysis flat, almost as long
as tibia, apex not acute; pleuron of female
segment 8 sclerotized. LARVAE: Seta SI lo-
cated closest to stemma 4; labial palpus small,
much shorter than segment 1 of maxillary
palpus; spinneret shorter or barely longer than
labial palpi, palpi and spinneret apposed.

Hemiceratini

Guenee (1852) established the Hemiceri-
dae and in it placed five genera-Hemiceras,
Canodia, Arcyophora, Plusiodes, and Achan-
todes-all of which he described. Guenee
considered this group to be a category within
the Noctuidae, but Hemiceras and Canodia
were later moved to the Notodontidae by
Druce (1887) and Schaus (1901), respective-
ly. Forbes (1939a) recognized the Neotropi-
cal tribe Hemiceratini, distinguished by hav-
ing hind wing vein M2 lost and the larvae
"smooth or nearly so with elongate but func-
tional anal legs" (1939a: 237). The latter de-
scription must have been based on caterpil-
lars of Hemiceras, the only hemiceratine
genus for which larvae are known. According
to Forbes (1939a), the Panamanian fauna in-
cludes Hemiceras and six other genera: Anita
Schaus, Colax Hiibner, Hapigia Guenee,
Rhapigia Schaus, Chliara Walker, and An-
taea Hiibner. Together these genera comprise
approximately 200 species. Hampson (1892)
listed Hapigia obliqua Walker as occurring in
India, but his error can be traced to Walker,
who misinterpreted the label data in his de-
scription of H. obliqua (I. Kitching, personal
commun.).

Schaus (1901) noted absence of hind wing
vein M2 in his key to American notodontid
genera, and that couplet separated essentially
the same genera Forbes (1939a) listed as be-
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Fig. 523. Dorsal view of Hapigia annulata
Schaus, male (Colombia, AMNH; FW length =

44 mm).

ing the Hemiceratini. Schaus, however, did
not erect a formal group for these taxa. Ap-
parent loss ofhind wing vein M2, then, is the
only adult apomorphy that has been used to
define the tribe (Weller, 1989).
When absence ofhind wing vein M2 is sur-

veyed comprehensively for the Notodonti-
dae, distribution ofthe derived state is much
more widespread than just the "Hemicera-
tini" (see Character 43). According to my
analysis, the vein has been lost at least five
separate times in the Notodontidae: in Hem-
iceras, in the Pygaerinae (Clostera), in the
Notodontinae (Gluphisia), in the Phalerinae
(Ellida), and in the Dudusinae (Goacampa).
Further, Janse (1920) characterized three of
six genera in his South African "Scrancia
group" as having hind wing vein M2 "ob-
solescent." In at least one of those, Taeniop-
teryx Janse, the vein is absent completely
(Janse, 1920: pl. 8, fig. 14).

Unfortunately, I was unable to procure im-
mature material for any of Forbes's (1939a)
Hemiceratini except Hemiceras. Since I re-
stricted this study to taxa for which I had
larval data, I could not adequately test wheth-
er the group is monophyletic. I did examine
adults of Hapigia Guenee, including SEM
study of the proboscis (Characters 5-7) in H.
annulata (fig. 523). The rings of the haustel-
lum are entirely smooth (Type III; fig. 160),
and the R1 sensilla are tall, without flutes
(figs. 196, 197). Males ofHapigia have a well-
developed cteniophore on S4 (Jordan, 1 923b),
and stellate comuti are present on the male

vesica (Characters 69 and 99). None of these
apomorphies occur in Hemiceras. A ctenio-
phore is typical of some Heterocampinae,
whereas the proboscis morphology of Hapi-
gia is very similar to that of Nystalea (figs.
159, 189, 195) and the Dudusini.
Ultimately, larval material will be needed

to resolve this problem. Until immatures for
additional taxa become known, and adult and
larval morphology is studied in detail, I con-
sider monophyly ofthe tribe Hemiceratini to
be doubtful.

Weller (1989), using Hemiceras, Hapigia,
and Apela as representative Hemiceratini,
concluded that the tribe is paraphyletic with
respect to the Dioptini (my Dioptinae) and
that the hemiceratine/dioptine clade is the
sister group ofthe Nystaleinae (fig. 524). Wel-
ler characterized her theories as being "weak-
ly supported." The strongest character evi-
dence in support of a relationship between
the Hemiceratini and Dioptinae was presence
of a large, pleated sacculus (Barth's Organ,
Character 91). My hypothesis differs mark-
edly. Three synapomorphies unite Clade 35
(fig. 100), and none of these occur in Hemi-
ceras: the proboscis microsculpturing (Char-
acter 5) is Type II in Clade 35 but is Type I
in Hemiceras (fig. 153); the larval spinneret
is short in Clade 35 (Character 126) but long
in Hemiceras; and finally, Clade 35 is united
by the presence ofa single anterior apodeme
on male sternum 8 (Character 70), whereas
Hemiceras lacks an apodeme altogether (fig.
294). My findings therefore suggest that, rath-
er than Hemiceras being the sister group of
the Dioptinae, it is the sister group to a much
larger clade that includes the Dioptinae, Nys-
taleinae, and Heterocampinae.
Thiaucourt (1 988a) discussed the Neotrop-

ical genus Apela in some detail, dividing the
20 recognized species into three groups. Be-
low I present a diagnosis for the genus Hem-
iceras. An unusual feature of the male hind
wing in most Hemiceras species, the "stig-
ma" (Schaus, 1939; Weller, 1989) near the
base of M3 (fig. 246), makes male specimens
easy to recognize in collections.
DIAGNosIs (Based on Hemiceras bilinea;

Clade 34): ADULTS: Male antennae pecti-
nate with terminal segments simple; female
antennae ciliate; proboscis long, with Type I
surface structure; RI sensilla fluted; labial
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HETEROCAMPINAE

DIOPTINI (=DIOPTINAE)

APELA (HEMICERATINI)

__ HEMICERATINI

NYSTALEINI (=NYSTALEINAE)

Fig. 524. Cladogram of Weller (1989) showing proposed relationships among the Hemiceratini,
Dioptini, and Nystaleini (my rankings for these taxa are shown in parentheses). Note that in her scheme
the Hemiceratini is paraphyletic with respect to the Dioptinae.

palpi moderately long, third segment not
elongate; ocelli rudimentary; tibial spurs in
the formula 0-2-4; tarsal claws bifid; forewing
with an accessory cell; male hind wing ofmany
species with a patch of androconia (stigma);
female frenulum composed of 2 or 3 bristles;
males lacking a cteniophore; female T8 sim-
ple; female postvaginal plate with setose lat-
eral projections, ductus bursae long and scler-
otized at base, signum absent; male S8 with
a thin sclerotized strap projecting anteriorly
into 8/9 membrane; male genitalia with an
extremely large pleated sacculus (Barth's Or-
gan); deciduous cornuti absent. LARVAE:
Head surface rugose, lacking secondary setae;
antennae long; mandibular cutting edge
smooth; stipital lobe acute distally; sensilla
on mesal lobes large; labial palpus lacking a
mesal flange; spinneret moderately long; tho-
racic SV setae in the formula 2-1 -1, setae not

modified in shape; tarsal setae lanceolate;
dorsum of larva lacking projections or pro-
tuberances; body with scattered extra setae
in D and SD locations; anal prolegs cylin-
drical in shape but not stemapodiform.
SYNAPOMORPHIES (Hemiceras): ADULTS:

Anal margin ofFW with a lobe and a tuft of
scales forming a prominent tooth-shaped
projection; female postvaginal plate large,
sharply emarginate posteriorly, with narrow
posterolateral projections; male tergum 8 with
a pair of large anterolateral apodemes; male
genitalia with Barth's Organ, saccus with two
shallow humps and a medial indentation; ae-
deagus with opening of ductus ejaculatorius
simplex located posteriorly, anterior end of
aedeagus forming a long tubular projection.
LARVAE: Stemma 3 larger than stemma 4;
T 1 cervical gland absent, only a shallow
groove visible.

DISCUSSION

ADDITION OF TAXA (STATUS
OF THE PLATYCHASMATINAE)

The exemplar method, while perhaps the
only reasonable approach for beginning to
understand the classification of a group as
large as the Notodontidae, has obvious lim-
itations. Clearly, if certain genera are not
monophyletic, then selection ofdifferent rep-
resentative species from those "genera" could
produce different results. For example, I se-
lected two species of Schizura (S. unicornis
and S. beidermani) because J. G. Francle-
mont (personal commun.) had suggested that
the genus may not be monophyletic. Indeed,

according to my analysis each belongs to a
different clade in the Heterocampinae (fig.
100). However, even though selection of one
or the other species would produce different
results regarding the cladistic placement of
"Schizura," the classification I have pro-
posed would be unaffected. I consider it un-
likely that such sampling problems have af-
fected the major features ofmy classification.
A more important question is whether my

hypotheses concerning composition of, and
relationships among, notodontid subfamilies
will change with the addition of taxa. There
have been few studies concerning the effects
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Jt*S'a,

525 526
Figs. 525, 526. Adults of Platychasma virgo Butler (Notodontidae: Platychasmatinae) from Japan.

525. Male (FW length = 17 mm). 526. Female (FW length = 17 mm).

of taxon addition on cladogram structure.
However, an analogous issue, and one with
direct application to this problem, is the
question of whether discovery of fossils can
significantly alter a classification previously
based on knowledge of extant taxa.

Gauthier et al. (1988) have argued that dis-
covery of particular types oftaxa, specifically
plesiomorphic ones (in their case fossils), can
significantly change cladogram structure,
which in turn might have dramatic effects on
a classification. Hennig (1966: 142-145)
demonstrated that addition of taxa, such as
through discovery of paleontological evi-
dence, may fill in gaps in transformation se-
ries and may help determine character po-
larity. Further, he showed that knowledge of
intermediate states can help to understand
character homology. Patterson (1981: 218)
concurred, noting that addition of fossil data
might change ideas on character homology
or polarity. However, Patterson felt that such
findings would rarely overturn theories on
relationship based on recent organisms. Doyle
and Donoghue concluded that "addition of
taxa can provide new character combinations
that may necessitate changes in cladogram
topology" (1987: 90). These changes could in
turn necessitate major modification ofan ex-
isting classification. Thus, while most au-
thors seem to acknowledge that addition of
taxa can be potentially enlightening with re-
gard to character transformation, fewer be-
lieve it will affect cladogram structure.

Shigero Sugi (Tokyo) brought an unusual
species to my attention at a point when I had

essentially completed the research for this
study. Butler (1881) described Platychasma
virgo, endemic to Japan and Korea (Inoue,
1956; Sugi, 1982), in the Notodontidae. The
species has had a controversial history. The
notodontid subfamily Platychasmatinae was
erected by Nakamura (1 956) for Platychasma
(monobasic) and an Indian genus, Cyphanta
Walker, on the grounds that both taxa are
unique among Notodontidae in having a
quadrifid forewing (see also Holloway, 1989:

Fig. 527. Right wings of Platychasma virgo
Butler male, showing quadrifid forewing venation.
M = medial veins.
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Figs. 528-531. Scanning electron micrographs of adult Platychasma virgo. 528. Middle portion of
proboscis (20 ,um). 529. Close-up of proboscis surface (5 ,um). 530. Tip of proboscis (40 ,um). 531.
Sclerotized tip of metatibial spur (20 A,m), showing smooth spur margin. Scale lengths in parentheses.

207). The Platychasmatinae was also recog-
nized by Inoue (1956), but Kiriakoff subse-
quently removed Platychasma and Cyphanta
from the Notodontidae and placed them in
the Noctuidae near "group 2 of the Erebine-
Catocaline complex ofRichards" (1963b: 33).
Sugi (1982, 1987a) disagreed with Kiriakoff
and moved P. virgo back to the Notodonti-
dae. Independent ofthese authors, Holloway
(1983, 1989) argued that Cyphanta and a third
genus, Sphetta Walker, should be transferred
from the Noctuidae to the Notodontidae.

In order to test the effects oftaxon addition
on my cladogram and classification, and to
resolve the status of the Platychasmatinae, I
added Platychasma virgo to my analysis.
Adults ofP. virgo are characterized by having
forewings with two toothlike scale tufts on
the anal margin and a sinuate costal margin
(figs. 525-527). As noted by Nakamura
(1956), the forewing venation is quadrifid (fig.

527). Kiriakoff(1963b) argued that the tym-
panum is of the type found in Noctuidae (see
his figs. 1 and 2), but I disagree. The mem-
brane is oriented somewhat posteriorly, a
configuration that occurs in a few other no-
todontid species. However, there is no nod-
ular sclerite, the epimeron is concave, and a
metascutal bulla is present. These three char-
acters are synapomorphies for Clade 2 (Doi-
dae + Notodontidae; fig. 99). An important
synapomorphy for the trifid Noctuoidea
(Clade 1) is presence of socii in the male gen-
italia (Character 78). These are well devel-
oped in Platychasma virgo (fig. 533). Most
other adult characters, including those of the
male and female genitalia (figs. 532-534), oc-
cur in the plesiomorphic state relative to oth-
er Notodontidae. The proboscis is long, but
it shows plesiomorphic conditions of surface
structure and sensillum shape (figs. 528-5 30).
Interestingly, the tibial spur apices are smooth
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532

533

Figs. 532-534. Genitalia of Platychasma virgo. 532. Female in lateral view, anterior at left. 533.
Male in posterior view with aedeagus removed. 534. Aedeagus in lateral view, anterior at left. Scale lines
= 1.0 mm.

(fig. 531) rather than being serrate as in all
other Notodontidae (Character 26).
The larva, which is restricted to feeding on

Acer diabolicum (Sugi, 1987a), exhibits the
following suite ofcharacters: head surface ru-
gose (fig. 535), labrum deeply notched, man-
dibular margin smooth, stipital lobe present,
and two MD setae on segment Al (fig. 536).
These are synapomorphies for almost all No-
todontidae. The primary setal locations bear
clusters of long secondary setae (figs. 536,
537). The caterpillar also shows primitive
character states, such as fully developed anal
prolegs (fig. 537).
My approach was to simply score adults

and larvae of P. virgo for all 174 of the char-
acters used, combine the data with my pre-

vious matrix, and run the new one using
Hennig86 under the same conditions as be-
fore. The resulting cladogram is summarized
in figure 538. Platychasma appears as the ple-
siomorphic sister group of all Notodontidae
exclusive of the Thaumetopoeinae and Py-
gaerinae. Interestingly, even though P. virgo
is a plesiomorphic species, and its addition
to my study would be analogous to discov-
ering a primitive fossil species (with complete
data), cladogram topology was completely
unaffected. Further, relatively few character
transformations were affected, and none of
those changes have implications regarding the
origin of notodontid groups. Character state
optimizations for the P. virgo tree produced
no changes in my subfamilial synapomorphy
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lists. It may be, therefore, that adding noto-
dontid species will not greatly affect the clas-
sification I have proposed.
These results provide support for the hy-

pothesis of Sugi (1982, 1987a) that Platy-
chasma virgo is a member of the Notodon-
tidae rather than the Noctuidae as suggested
by Kiriakoff (1963b). The species is unique
among Notodontidae with respect to two
traits: the forewing is quadrifid and the apices
of the tibial spurs are smooth rather than
serrate. I recommend that the subfamily Pla-
tychasmatinae be retained. Below I list di-
agnostic characters and apomorphies for the
subfamily (based on P. virgo Butler).
DIAGNOSIS (Platychasmatinae): ADULTS:

Male antennae simple (fig. 525); female an-
tennae simple (fig. 526); eyes lacking inter-
facetal setae; proboscis longer than length of
thorax, surface with Type I surface sculptur-
ing (figs. 528, 529); RI sensilla fluted (fig.
530); labial palpi moderately long, segment
2 approximately 1 1/2 times the length of seg-
ment 1; frons unmodified, rounded anteri-
orly; forewing radial system with a very small
accessory cell; forewing cubital system quad-
rifid (fig. 527); female frenulum comprising
two bristles; tarsal claws bifid; hind tibiae
with two pairs of spurs, tips of spurs not ser-
rate (fig. 531); female genitalia (fig. 532) with
T8 emarginate posteriorly but simple, ductus
bursae moderately long, an elongate sclero-
tized band present at base of corpus bursae
in addition to the signum; male segment 8
with tergum and sternum simple; male gen-
italia (fig. 533) with socii present, saccular
scent organ absent, vesica of aedeagus mem-
branous (fig. 534), with small deciduous cor-
nuti. LARVAE: Head lacking secondary se-
tae, surface rugose; seta P2 near epicranial
notch, closer to midline than P1 (fig. 535);
labral notch relatively deep, anteclypeus with
folds; mandibular cutting edge smooth; stip-
ital lobe present, rounded apically; spinneret
moderate in length; labial palpus without me-
dial flange; body not evenly covered with sec-
ondary setae, numerous setae at primary setal
locations (figs. 536, 537), often on verrucae;
prothoracic gland absent; tarsal setae lanceo-
late; segments Al and A8 without dorsal pro-
tuberances; anal prolegs not reduced.
SYNAPOMORPHIES: ADULTS: Male anten-

nae simple; female antennae simple; tibial

Fig. 535. Last instar larval head of Platychas-
ma virgo in frontal view. For key to symbols see
figures 361 and 362. Scale line = 1.0 mm.

spurs with margins simple; costal margin of
forewing sinuate (fig. 527); radial system of
FW with a very small accessory cell; forewing
cubital system quadrifid; anal margin ofFW
with two tufts (figs. 525, 526), the proximal
one comprising a lobe and a tuft of scales
forming a tooth-shaped projection; female
genitalia with a long slerotized band at base
of corpus bursae in addition to the signum
(fig. 532); male genitalia with valvae narrow,
valval apex with a long hook (fig. 533).

DISCUSSION: The cladistic placement ofthe
Platychasmatinae (fig. 538) is strongly sup-
ported. Although I found several autapo-
morphies for adults, I could find none for the
caterpillars. However, larvae ofPlatychasma
virgo can easily be identified by the combi-
nation of traits listed in the diagnosis. I was
unable to examine specimens ofCyphanta or
Sphetta to see whether those too should be
placed in the Platychasmatinae.
A rather disheartening realization is that,

even within a relatively well defined family
of insects such as the Notodontidae, all char-
acters show homoplasy. Rarely did I find a
subfamilial or tribal character that provides
indisputable proof of membership. This
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segments in lateral view with anteror at left (setae shown for A1 only). 537. Segments 6-10 (setae shown
for A7 only). For key to symbols see figures 449451 and 501, 502. Scale line = 2.0 mm.

should not be surprising to a seasoned sys-
tematist, but the amount ofhomoplasy I dis-
covered, even for characters ofunambiguous
interpretation, is high, and addition of spe-
cies to these analyses will only increase the
amount (Sanderson and Donoghue, 1989).
The presence of quadrifid forewing venation

in Platychasma virgo shows that even sup-
posedly "monolithic" characters will not sur-
vive unscathed. Our higher level groupings
must therefore be based on most parsimo-
nious interpretations ofgroups of characters,
rather than on a single "silver bullet" char-
acter.
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*OUTGROUP

1

- DIOPTINAE
-45-

NYSTALEINAE

I..... HETEROCAMPINAE
Fig. 538. Summary of results from a Hennig86 analysis of the original data set (63 taxa), with

Platychasma virgo Butler (Platychasmatinae) added. As in the original analysis, eight equally parsimo-
nious trees were found (length = 868 steps, CI = 0.30, RI = 0.66). Cladogram topology was identical
with that shown in figures 99 and 100. (Clade numbers correspond to those figures.)

RELATIONSHIPS AMONG
NOTODONTID SUBFAMILIES

For the discussions that follow I have at-
tempted to glean the intentions of early au-
thors from their writings, but their ideas have
usually been couched in an anecdotal context.
Concerning cladistic relationships among no-
todontid subfamilies, I feel that my results
are somewhat equivocal. Monophyly of each
subfamily is usually well supported, but re-
lationships among them are less clear. Nev-
ertheless, the tree in figure 538 can be used
as a working hypothesis, and it is generally
in accordance with previous hypotheses.

Early, it was proposed that "hairy larvae"
are primitive for the family (Packard, 1 895a),
and at least partially on that basis, most au-
thors have regarded the Thaumetopoeinae to
be the sister group to the rest of the Noto-
dontidae (e.g., Turner, 1922; Sick, 1940). Us-
ing similar reasoning, Packard felt that the
Pygaerinae, a group with secondary larval se-
tae, is relatively primitive. My cladogram
corroborates both of these proposals. Fur-
ther, I place the genus Lirimiris, another tax-
on with hairy larvae, basally, on the node

above Pygaerinae. Character optimization
suggests that, indeed, presence of secondary
setae on the larvae (Character 139) is ple-
siomorphic for the Notodontidae, although
the trait appears to have evolved subsequent-
ly in at least five other subfamilies.
My placement of the subfamily Notodon-

tinae is supported by the following charac-
ters. Six larval synapomorphies support Clade
12 (fig. 538), which groups the Notodontinae
with Clade 21 (comprising the Phalerinae,
Dudusinae, Dioptinae, Nystaleinae, and Het-
erocampinae). These are head surface rugose,
prothoracic cervical gland present, body not
covered with secondary setae, A10 prolegs
smaller than those on A2-A6, A0 proleg
bases elongate, and A10 crochet number re-
duced. Clade 21 is characterized by three adult
synapomorphies: R I sensilla moderate in
length, segment 2 of male labial palpus ap-
proximately I-11/2 times the length of seg-
ment 1, and posterior margin of male ster-
num 8 with a medial notch. Taken in total,
I believe my evidence for the position of the
Notodontinae is fairly conclusive.
One controversial issue apparent from past
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discussions ofnotodontid classification is the
placement of Furcula/Cerura (the Cerurinae
of previous authors). I include the group
within the subfamily Notodontinae, but oth-
ers have argued that it belongs with the Het-
erocampinae. Both Duponchel (1845) and
Moore (1882) placed Stauropus (Heterocam-
pinae) in the Dicranurinae (= Cerurinae) with
Cerura because caterpillars of both have ste-
mapodiform anal prolegs. For the same rea-
son, Fracker (1915) proposed a relationship
between Cerura and Macrurocampa (Heter-
ocampinae). Forbes argued that larval ste-
mapods in Cerurinae "suggest a derivation
from the Heterocampine group of Macruro-
campa, Misogada, and Stauropus," but not-
ed that "there is not great likeness in other
ways" (1948: 235). I discovered additional
larval characters shared by both the Dicran-
urini and Heterocampinae, including a 2-2-
2 formula for the thoracic SV setae (Character
135), but according to my cladistic results,
all such similarities evolved separately in the
two groups.
The next clade, subfamily Phalerinae, has

been considered a primitive lineage in the
Notodontidae. Referring to the Phalerinae
sensu stricto (see above), Packard wrote "I
am inclined to think that this group may be
the most generalized one ofthe family, owing
to the smooth and hairy larvae, resembling
those of the Nyctemeridae, Liparidae, etc."
(1 895a: 105). I believe that larval secondary
setae in phalerines are secondarily derived
from the condition in Thaumetopoeinae and
Pygaerinae. Forbes (1948) suggested that the
paired pits in the male eighth sternite ofsome
Phalerinae (Character 71) are homologous
with those in the Heterocampinae and that
these reflect a relationship between the two
groups. I argued that the pits are not ho-
mologous (see discussion ofCharacter 71) and
therefore scored them as separate character
states. The list of synapomorphies for Clade
21 is short (see above), and of those I regard
only Character 72 (presence of a sclerotized
notch in the posterior margin of male S8) to
be reliable. Further research is required to
better understand the boundaries and place-
ment of the Phalerinae.
The phylogenetic position of Clade 27, the

Dudusinae, is also somewhat doubtful. Pre-
vious researchers have not commented on

the issue. Clade 26, comprised of the Du-
dusinae, Dioptinae, Nystaleinae, Hetero-
campinae, and Hemiceras, is supported by
only two synapomorphies: adult proboscis
longer than thorax (Character 3, state "0"),
and AIO proleg bases cylindrical with mesal
and lateral surfaces sclerotized (Character
168, state "2"). A third synapomorphy
(Character 102, state "0"), involving height
of the larval head, is ambiguous. Clade 33,
made up ofthese subfamilies exclusive ofthe
Dudusinae, is supported by four synapo-
morphies: adult male antennae pectinate with
15 or more terminal annulations simple
(Character 15, state "1"), adult female an-
tennae ciliate (Character 19, state "1"), larval
cranium narrow in lateral view with a pos-
terior depression (Character 103, state " 1"),
and four L setae on larval segments A3-A6
(Character 151, state "1"). However, these
four synapomorphies result from character
optimization; each of the derived states can
be found in species within the Dudusinae,
and some of them are reversed within Clade
33. Support for the monophyly of Clade 33
is therefore weak.
My analysis suggests that Heterocampinae

are the sister group of Clade 45 (Dioptinae
+ Nystaleinae). Monophyly of Clade 35,
which includes the Heterocampinae, Diop-
tinae, and Nystaleinae, is corroborated by the
following: rings of proboscis with surface
composed of alternating longitudinal ridges
(Character 5, state "1"); male sternum 8 with
a single anterior apodeme (Character 70, state
"1"); and larval spinneret short (Character
126, state "1"). Although each of these char-
acters exhibits homoplasy, I regard them as
strong evidence in favor of my hypothesis.
The unique structure ofthe proboscis in Clade
35 is particularly compelling because the
modification is distinctive and it appears no-
where else in the Lepidoptera as far as I am
aware.
Few cladograms have been published for

the Notodontidae. Holloway (1987) showed
cladistic relationships among subspecies in
Besida xylinata and Phalera subgenus Er-
conholda. By far the most comprehensive
cladistic analysis is Weller's (1989) study on
the Nystaleinae. Weller (1989) found five
synapomorphies based on adult morphology
to support the hypothesis that dioptines and
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nystaleines are sister groups (see fig. 524). Of
her supporting characters, three were from
the genitalia, one concerned shape of the
epiphysis, and the fifth was presence of two
frenulum bristles on the female hind wing.
Heterocampine genera were used as outgroup
taxa. Unlike my results, however, she also
placed the Hemiceratini in this clade as the
sister group to the Dioptinae (see Hemicer-
atini in Classification of the Notodontidae).
My results support the association ofNys-

taleinae and Dioptinae, but I have placed
Hemiceras as the sister group to Heterocam-
pinae + (Dioptinae + Nystaleinae). I found
a single adult synapomorphy to support the
Dioptinae + Nystaleinae clade, presence of
an extremely narrow tentorium lacking crests
(Character 1, state "1"), a condition that oc-
curs in some other Notodontidae, such as the
Scranciini. However, I discovered three syn-
apomorphies in caterpillars ofthe two groups:
sensilla trichodea and sensilla styloconica
small, mesal lobe broad with lateral margin
expanded (Character 1 18, state "1"); tarsal
seta Ts2 shorter than Ts 1 (Character 144,
state "1"); and seta L2 on segment A8 located
anterior to spiracle, on a line horizontal with
it (Character 153, state " 1 "). Of these larval
characters, I consider the last one to be the
most reliable. Scoring it is unambiguous, and
among the taxa in my study, the derived state
did not occur outside the Dioptinae and Nys-
taleinae. Thus, based on two independent
studies, my own and that of Weller (1989),
these two Neotropical groups are sister taxa.

Schintlmeister (1985) used numerical phe-
netic methods to analyze relationships among
47 species of European Notodontidae in 22
genera based on 50 characters, mostly from
adults. Thirteen of those genera were includ-
ed in my study as well. Not surprisingly, there
is little agreement between his phenogram
and my cladogram. I therefore reanalyzed
Schintlmeister's data set using Hennig86 in
order to provide a more valid comparison.
An artificial outgroup was created using "0"
for all character states. I ran two analyses,
one in which his nine multistate characters
were treated as additive and another in which
they were nonadditive.
The two runs produced almost identical

results. In both, over 1300 equally parsi-
monious trees were found (the output over-

Outgroup
Harpyia (1)
Harpyia (1)
Stauropus (1)
Cerura (4)
Neoharpyia (1)
Furcula (4)
Dicranura (1)
Ochrostigma (2)
Drymonia (1)
Paradrymonia (1)
Pterostoma (1)
Gluphisia (1)
Ptilophora (1)
Spatalia (1)
Peridea (2)
Drymonia (2)
Odontosia (2)
Rhegmatophila (2)
Phalera (3)
Pygaera (1)
Clostera (5)
Notodonta (4)
Leucodonta (1)
Pheosia (2)
Ptilodon (2)

Fig. 539. Strict consensus cladogram resulting
from a Hennig86 analysis ofSchintlmeister's (1985)
data matrix for European Notodontidae. My anal-
ysis produced over 1309 equally parsimonious trees
(tree memory overflowed), each with a length of
261 and a CI of0.26. Numbers in parentheses refer
to the number of species included by Schintlmeis-
ter that belong in each clade.

flowed tree memory space). Additive coding
gave a CI of 0.22, while for the nonadditive
run it was 0.26. In both cases the strict con-
sensus trees show extremely poor resolution,
but it was slightly better for the second (shown
in fig. 539). The areas of resolution involve
species belonging in the same genus, and I
illustrate only relationships between genera.
It is not surprising that there are differences
between Schintlmeister's cladogram and my
own. His lack of resolution may reflect ab-
sence of larval data. Further, his group of
study taxa was chosen on the basis of shared
geography (European Notodontidae), a
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method sure to produce specious phyloge-
netic results.

CONGRUENCE BETWEEN ADULT
AND LARVAL DATA

It is obvious that combining independently
derived data sets will increase cladogram res-
olution, whether one is combining molecular
and morphological data, or separate mor-
phological data sets (Hillis, 1987). It has often
been claimed for holometabolous insect
groups that study of immatures is crucial in
determining taxonomic relationships. My
data provided an opportunity to test congru-
ence between larval and adult characters. I
broke my complete matrix into two separate
matrices, one based on larval morphology (74
characters) and one based on adults (100
characters). Each data set was then analyzed
separately using Hennig86 under conditions
of character coding and ordering identical to
those that produced the tree in figures 99 and
100. As with that run, characters were un-
weighted.
Analysis of adult data produced 2296

equally parsimonious trees with a length of
499 steps, a CI of 0.30, and a retention index
of 0.67. A strict consensus tree derived from
those cladograms is shown in figure 540. Sev-
eral points ofgeneral interest should be men-
tioned. First, there is extremely poor reso-
lution at the base of the cladogram. In fact,
according to my test there are no reliable adult
synapomorphies for the subfamilies Thau-
metopoeinae and Notodontinae. In contrast,
monophyly of the subfamilies Dioptinae,
Dudusinae, Phalerinae, and Nystaleinae is
supported by adult characters, although the
hypothesis of relationships among these dif-
fers markedly from that produced by the
combined data set (figs. 99, 100). The other
interesting observation is that, based on adult
characters, the subfamily Heterocampinae is
polyphyletic. This result is consistent with
that of Weller (1989), who also used adult
morphology. Stauropus, Harpyia, and
Cnethodonta (Clade 40 of the "Stauropini")
appear as part ofa large basal polytomy. Even
though there are numerous larval synapo-

morphies for Clade 40, the group is not
monophyletic when only adult characters are

used. Further, in figure 540 Schizura unicor-
nis holds a relatively basal position quite far

removed from other heterocampines, and
Macrurocampa marthesia appears as the sis-
ter group of the Phalerinae. These results are
clearly anomalous; there is little doubt that
both taxa belong in the Heterocampinae. I
conclude that a study based solely on adult
morphological data would produce an un-
satisfactory subfamily classification.
The larval analysis produced a very differ-

ent result. This time there were 810 equally
parsimonious trees with a length of300 steps,
a CI of 0.36, and an RI of 0.73. The strict
consensus of those is shown in figure 541. In
general, better resolution was obtained, and
the larval tree more closely matches the one
produced by the combined data. Monophyly
ofthe Dudusinae and Dioptinae is again sup-
ported, although the subfamily Phalerinae
falls apart. Interestingly, the Heterocampi-
nae, polyphyletic in the adult tree, is a mono-
phyletic group according to the larval anal-
ysis, and topology of the group is in fairly
good accordance with the combined result.
There are numerous subtle differences be-

tween the two cladograms. A classification
based on either one alone would be highly
controversial. The cladistic hypothesis and
classification I have proposed for the Noto-
dontidae require knowledge of adult and lar-
val characters. This experiment shows that
certain notodontid groups, such as the Du-
dusinae and Dioptinae, can be defined solely
on the basis of adult data while others, such
as the Heterocampinae, are readily defined
by larval characters. An unfortunate conclu-
sion results; it will be impossible to place
many species of Notodontidae in the correct
subfamily without specimens oflarvae as well
as adults. Particularly distressing is the fact
that immature stages are known for such a
small percentage of species in the family. I
conclude that such knowledge is essential to
further understand relationships within the
Notodontidae.

It is interesting to note that Alexander
(1990), in his study of nomadine bees, ob-
tained results similar to mine when he com-
pared cladograms produced by larval and
adult data sets. The larval data showed less
homoplasy and produced better cladogram
resolution. When Alexander combined both
data sets he found that some lineages are sup-
ported exclusively by larval characters and
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Fig. 540. Strict consensus tree derived from a Hennig86 analysis of adult characters (total = 100).
The analysis found 2296 equally parsimonious trees, each with a length of 499 and a CI of 0.30.

Fig. 541. Strict consensus tree derived from a Hennig86 analysis of larval characters (total = 74).
The analysis found 810 equally parsimonious trees, each with a length of 300 and a CI of 0.36.

others by adult characters. According to Al-
exander (1990), larval morphology in no-
madine bees is less complex than that of
adults. He suggested that larval characters
may evolve more slowly and that when novel
features do arise in a lineage they are sub-
sequently conserved. His hypothesis may
partially explain these findings for the No-
todontidae. Forty-two of the 100 adult char-
acters used in my study are from the male
and female genitalia. It has long been sug-

gested that characters of the genitalia evolve
rapidly. Further, many authors have noted
the difficulties involved in determining the

homology of genitalic structures (see my dis-
cussion of genitalia in the section entitled
Character Analysis, Adults).

I limited my studies to final instar cater-
pillars, but earlier instars, as well as other
immature stages, will probably provide im-
portant information. Access to first instar lar-
vae may allow for accurate assessment ofpri-
mary setal chaetotaxy in species with
secondary setae because secondary setae are

usually acquired only in the second to final
instars. The pupae of Notodontidae exhibit
many interspecific differences (Mosher, 1916,
1917; Nagano, 1916; Dolinskaya, 1989).

1991 203

I



BULLETIN AMERICAN MUSEUM OF NATURAL HISTORY

TABLE 8
Larval Host-plant Families for the Notodontid Study Species

Host-plant family
Thaumetopoeinae

Traumatocampa pityocampa
Thaumetopoea processionea
Epicoma melanosticta
Anaphe panda

Pygaerinae
Clostera albosigma

Platychasmatinae
Platychasma virgo

Notodontinae
Notodonta scitipennis
Odontosia elegans
Pheosia rimosa
Ptilophora plumigera
Gluphisia septentrionis
Furcula borealis
Cerura tattakana
Quadricalcarifera viridimaculata
Liparopsis postalbida

Phalerinae
Phalera bucephala
Datana ministra
Antheua simplex
Peridea angulosa
Nadata gibbosa
Ellida caniplaga

Dudusinae
Dudusini

Tarsolepis japonica
Dudusa synopla
Crinodes besckei
Cargida pyrrha
Goacampa variabilis

Scranciini
Gargetta costigera
Scrancia stictica

Heterocampinae
Spatalia jezoensis
Fentonia ocypete
Lochmaeus bilineata
Schizura biedermani
Heterocampa obliqua
Macrurocampa marthesia
Schizura unicornis
Cnethodonta grisescens
Harpyia microsticta
Stauropusfagi

Pinaceae
Fagaceae
Myrtaceae
Euphorbiaceae, Apocynaceae

Salicaceae

Aceraceae

Salicaceae
Salicaceae
Salicaceae
Aceraceae
Salicaceae
Salicaceae, Rosaceae
Salicaceae
Fagaceae
Fagaceae

Generalist tree-feeder
Generalist tree-feeder
Leguminosae
Fagaceae
Fagaceae, others
Tiliaceae

Sapindaceae, Aceraceae
Sapindaceae
Rhamnaceae
Rhamnaceae
Leguminosae

Euphorbiaceae
Euphorbiaceae

Fagaceae
Fagaceae, Hippocastanaceae
Ulmacaeae
Fagaceae
Fagaceae
Fagaceae, Rosaceae
Generalist tree-feeder
Generalist tree-feeder
Fagaceae
Generalist tree-feeder
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TABLE 8-(Continued)

Host-plant family
Dioptinae

Erbessa glaucaspis
Phaeochlaena gyon
Phryganidia californica
Zunacetha annulata
Josia ligata
Cyanotricha necyria

Nystaleinae
Symmerista albifrons
Didugua argentilinea
Hippia packardii
Nystalea nyseus
Dasylophia anguina

Incertae sedis
Hemiceras bilinea
Lirimiris truncata

Outgroup Species
Doa ampla
Oenosandra boisduvalii

Leguminosae
Aristolochiaceae
Fagaceae
Violaceae
Passifloraceae
Passifloraceae

Fagaceae, Aceraceae, others
Sapindaceae
Sapindaceae
Myrtaceae
Leguminosae

Leguminosae
Tiliaceae

Euphorbiaceae
Myrtaceae

Packard (1 895a) described and figured pupae
for most of the North American genera, and
several cremaster characters of phylogenetic
significance are apparent. In Gluphisia and
Furcula, the cremaster is absent (see also
Marumo, 1920; Ferguson, 1963), providing
support for the monophyly of Clade 17 (fig.
99). In members of Clade 42 (the "Hetero-
campini"), the cremaster is distinctly fork-
shaped. Other genera, such as Symmerista
and Dasylophia (Nystaleinae), have a more
typical cremaster bearing a cluster of curled,
hook-shaped setae. In pupae of Phryganidia
californica and other dioptines, there are
hook-shaped setae on the dorsum ofabdom-
inal segments 7-10, as well as on the cre-
master (Miller, 1 987a), a trait apparently
unique in the Lepidoptera. Pupal morphol-
ogy will likely contribute crucial data as re-
searchers attempt to further refine the clas-
sification of the Notodontidae.

In addition to pupae, ontogenetic studies
involving all larval instars might help inter-
pret particular characters. For example,
Gardner (1943) noted that early instars of
Phalera species possess stemapodiform anal

prolegs (Character 167), whereas in later in-
stars the anal prolegs are short. Packard
(1895a) and Gerasimov (1952) described re-
markable modifications of the prothoracic
plate in early instars of Heterocampa (see
Character 133). These might provide impor-
tant phylogenetic information, but they large-
ly disappear in later instars.

Field researchers must diligently collect and
preserve immature specimens of all devel-
opmental stages and carefully retain their as-
sociation with the adult so that the species
can later be identified. Only through an in-
crease in such efforts will we be able to fully
understand the classification and evolution
of fascinating groups such as the Notodon-
tidae.

HOST-PLANT ASSOCIATIONS IN
THE NOTODONTIDAE

Notodontidae are unusual among Macro-
lepidoptera in that almost all species feed on
trees, whereas few are found on herbaceous
plants. Packard claimed that all Notodonti-
dae "without any exceptions known to us,
have trees as their principal, if not exclusive,
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food plants" (1890: 496). Table 8 shows the
larval hosts of species used in my study. No-
todontid host records listed in publications
such as Forbes (1948), Issiki et al. (1969),
and Cai (1979a) further support Packard's
contention. Notodontid species exhibit a fair
degree of host specificity, but within well-
defined clades, one can find a wide range of
host use. For example, members of the Nys-
taleinae feed on trees representing a large
number of unrelated plant families (Weller,
1989). Other notodontid groups, such as the
Phalerinae, can be characterized as tree-feed-
ing generalists (table 8). In contrast, the fam-
ily Noctuidae includes many herbaceous-
feeding lineages. There are certainly excep-
tions, an example being the genus Catocala
(Catocalinae), where almost all included spe-
cies feed on trees (Packard, 1890; Mitter and
Silverfine, 1988). Nevertheless, the huge lin-
eage comprising the trifid noctuid subfami-
lies can be characterized as an herbaceous-
feeding radiation, and it includes many ofthe
most damaging crop pests known (Holloway,
1989). The tree-feeding habit of notodontids
clearly accounts for the dearth ofpest species.
Even without species-level cladograms and

detailed host records, it is obvious that the
evolution of host association patterns in No-
todontidae does not fit the type of scheme
found in families such as the Papilionidae
(Ehrlich and Raven, 1964; Berenbaum, 1983;
Miller and Feeny, 1989) or Arctiidae (e.g.,
see Boppre and Schneider, 1989; Krasnoff
and Roelofs, 1990). In these, host use ap-
pears to be mediated in large part by plant
secondary chemistry. If host chemistry is an
important determinant of food-plant use in
the Notodontidae, the specific factors in-
volved are far from obvious.
At present, I can say little about the evo-

lution of host association patterns in the No-
todontidae. My study involved few species
relative to the size of the family, and species
level cladograms will ultimately be required.
However, three interesting points arise from
my cladistic results. First, I place the Ceru-
rinae and Gluphisiini of previous authors as
internal elements within the subfamily No-

todontinae. This move, based on morphol-
ogy alone, means that Salicaceae-feeding spe-
cialists are confined to the Notodontinae and
Pygaerinae (table 8). As I pointed out earlier,
morphological evidence suggests that Quad-
ricalcarifera and Liparopsis may be mis-
placed in the Notodontinae. Their host plants
are more typical ofthe Heterocampinae. Sec-
ond, the Heterocampinae appears to be large-
ly a Fagaceae-feeding lineage. Fentonia and
Spatalia are Fagaceae-feeders. Thus, host as-
sociations provide independent support for
parts ofmy phylogenetic hypothesis based on
morphology.

Finally, my cladistic results (fig. 100)
strongly suggest that the Dioptinae, many of
which feed on toxic plants (table 8), have
evolved from an ancestor that fed on trees
lacking toxins. Although the hosts offew spe-
cies are known, a picture is starting to emerge:
almost all dioptine food plants contain highly
toxic secondary chemicals, examples being
the Aristolochiaceae and Passifloraceae. An
exception is Phryganidia californica, the lar-
vae ofwhich feed on Quercus (Fagaceae). The
Dioptinae thus appear to have made a dra-
matic shift in host utilization, unique to the
Notodontidae. If this shift preceded the evo-
lution of their diurnal habit, then it has sub-
sequently given rise to the unusual behavioral
and morphological characteristics of the
Dioptinae. For example, along with their
aposematic coloration, some dioptines pos-
sess male hind wing androconial organs (Her-
ing, 1925) almost identical to those found in
some swallowtail butterflies (Boppre, 1984;
Miller, 1987b). Dioptine mating systems may
differ in fundamental ways from those ofoth-
er Notodontidae; they perhaps rely to a great-
er extent on visual cues. As another example,
Weller (1989) suggested that the unusual
tympanal morphology in Dioptinae may re-
flect their change from a nocturnal to a di-
urnal life style, where avoidance of bat pre-
dation would be unnecessary. I hope to
address these interesting evolutionary prob-
lems in future research on dioptine phylog-
eny.
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CONCLUSIONS

It is critical that future studies on noctuoid
phylogeny address the status ofpivotal groups
such as Doa and Oenosandra. Molecular data
may be particularly informative. I also hope
the research described here will provide a
framework for an improved classification of
the world Notodontidae. It is now important
that researchers further test my phylogenetic
hypotheses by studying additional characters
and taxa, and that they work to more fully

resolve notodontid relationships. The pro-
cess of improvement is an iterative one; un-
doubtedly new subfamilial and tribal cate-
gories will need to be recognized and some
ofmy conclusions will require revision. Nev-
ertheless, I look forward to future scrutiny
with the full knowledge that only through such
refinement can we truly advance our under-
standing of nature's underlying patterns.
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APPENDIX I

Characters used in the analysis. Characters or character states that occur only in the outgroup
are noted with an asterisk. Characters or character states autapomorphic for the ingroup are
indicated by a dollar sign ($). Multistate characters were treated as either nonadditive [-] or
additive [+].

ADULTS
HEAD

1. Tentorial crests present (0); tentorium very
narrow, without crests (1).

2. Adult with frons broadly rounded anteriorly,
no projections (0); frons protruding, strongly scler-
otized, projections usually present (1).

3. [-] Male labial palpus with segment 2 ap-
proximately 1-1 1/2 times the length of segment 1

(0); segment 2 shorter than segment 1 (1); segment
2 more than twice as long as segment 1, narrow

(2); segment 2 long and narrow, sickle-shaped, ex-

tending to top of cranium (3).
4. [-] Segment 3 ofmale labial palpus not elon-

gate (0); palpal segment 3 elongate, as long as or

longer than segment 1 (1); segment 3 small and
oblong, Organ ofvom Rath opening on segment's
anterior surface (2).

5. [+ ] Male labial palpus with all segments clear-
ly defined, palpus not unusually small (0); male
palpus small, division between segments 2 and 3
often indistinct (1); palpus reduced to a single, tiny
segment (2)$.

6. [-] Proboscis longer than thorax (0); pro-
boscis not as long as thorax but longer than head
(1); proboscis less than length of head (2); pro-

boscis absent or present as 2 small lobes (3).

7. Proboscis relatively narrow, not robust (0);
proboscis wide, robust (1).

8. [-] Rings of proboscis covered with micro-
projections along length of tongue except at tip
(0); microprojections at base only, remainder of
proboscis rings with surface composed of alter-
nating, longitudinal ridges (1); surface of rings
smooth (2); tongue reduced, rings ofproboscis ob-
scured (?).

9. Sensilla styloconica (RI sensilla of Borner,
1939) of proboscis fluted (0); RI sensilla smooth,
lacking flutes, or flutes reduced to small projec-
tions (1); RI sensilla highly reduced (score of "3"
for Character 7) (?).

10. [-] RI sensilla of proboscis moderate in
length, parallel-sided (0); RI sensilla goblet-shaped,
with a distal constriction (1); sensilla long, laterally
compressed (2); RI sensilla short, only slightly
larger than R2 sensilla (3).

11. Pilifers well developed (0); pilifers absent
(1).

12. Eyes large, occupying almost entire genal
region (0); eyes relatively small, genal area par-
tially scaleless with surface spiculate (1).

13. Eyes with interfacetal setae absent (0); eyes
with interfacetal setae present (1).

14. [-] Male antennae pectinate (0); male an-
tennae almost smooth, with a few scattered bristles
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(1); male antennae without pectinations, a row of
bristles present, oriented laterally (2); antennal
pectinations extremely long (3).

15. Male antennae pectinate, with fewer than 10
terminal annulations simple, or terminal annula-
tions similar to proximal ones (0); male antennae
with 15 or more terminal annulations simple (1).

16. Scape of male antenna without a scale tuft,
or with a small ventral tuft (0); scape of male
antenna with a small ventral scale tuft, and a large
dorsal tuft of stiff scales (1).

17. Joints of male antennal annulations perpen-
dicular (0); antennal annulations joined obliquely
in lateral view (1).

18.* Pectinations of male antennae lacking spi-
nules (0); male antennae with spinules at end of
each pectination (Lymantriidae) (1).

19. Female antennae pectinate (0); female an-
tennae ciliate (1).

20. [+] Adults with ocelli present, large (0); ocel-
li present, small (1); ocelli absent (2).

THORAX
21. Adult foretarsi not unusually long, first tar-

somere shorter than length ofothers combined (0);
foretarsi long, first tarsomere longer than others
combined (1).

22. Female epiphysis present (0); female epiph-
ysis reduced or absent (1).

23. Male epiphysis broad, much shorter than
tibia, apex acute (0); male epiphysis flat, almost
as long as tibia, apex not acute (1).

24. Foretibia unmodified (0); foretibia with a
strongly sclerotized distal spur (1).

25. Legs not unusually long, hind tibia less than
1 /2 times the length of femur, spur pairs close
together (0); legs long, hind tibia approximately
1 l/2 times the length offemur, pairs ofspurs widely
separated (1).

26. Sclerotized tips of tibial spurs with margins
smooth (0); tips oftibial spurs with margins serrate
(1).

27. [+] Two pairs of metathoracic tibial spurs
present, both pairs equal in size (0); proximal pair
of metathoracic tibial spurs reduced in size (1);
proximal pair of spurs absent, only the distal pair
present (2).

28. Adult tarsal claws simple (0); each claw with
a basal lobe (1).

29.* Metepisternal tymbal organ absent (0);
tymbal organ present (Arctiidae) (1).

30. [+] Ventral portion of metathoracic epis-
ternum without a flange (0); ventral portion of
metathoracic episternum with a lateral flange (1);
lateral flange of metathoracic episternum strongly
sclerotized and concave (2).

31. [-] Secondary arms ofmetafurca acute pos-
teriorly (0); metafurcal arms blunt posteriorly (1);
metafurcal arms small (2)*.

32. [+ ] Dorsal portion ofmetepimeron not con-
cave or only slightly so (0); dorsal portion of me-

tepimeron strongly concave, forming a tympa-
num, tympanal membrane facing ventrally (1);
epimeral cavity forming an internal "pouch,"
pouch as tall as epimeron itself (2).

33. Tympanum without a nodular sclerite (0);
a nodular sclerite present in tympanal membrane
(1).

34. [+] Metascutal bulla not present (0); bulla
present, teardrop-shaped (1); bulla prominent,
round (2); bulla large, comprising almost the entire
metascutum (3).

35. Vein Cu in forewing trifid (0); Cu in FW
quadrifid (1).

36. [-] FW vein R2 arising from discal cell, not
forming an accessory cell (0); R2 arising from dis-
cal cell, forming an accessory cell (1); R2 stalked
with R35, no accessory cell (2).

37. [-] Forewing accessory cell moderate in
length, or absent (0); accessory cell narrow, greatly
elongate, vein R2 and the base ofR35 parallel (1);
FW accessory cell extremely short, M, arising from
its apex (2); FW accessory cell wide, relatively
short (3).

38. Veins M3 and CuAl not fused in FW (0);
M3 and CuAl fused in FW (1).

39. Anal margin of FW smooth, no projection
(0); anal margin of FW with a lobe and a tuft of
scales forming a prominent, tooth-shaped projec-
tion (1).

40.* Retinaculum short, broad, not extending
to vein CU (0); retinaculum long, narrow, extend-
ing almost to vein CU (Arctiidae and some Noc-
tuidae) (1).

41. Hind wing with veins M3 and CuAl not
anastomosed (0); M3 and CuAl in HW anasto-
mosed (1).

42. Vein Cu in hind wing trifid (0); Cu in HW
quadrifid (1).

43. Hind wing vein M2 present (0); HW vein
M2 absent (1).

44. Female frenulum composed of 2-10 bristles
(0); female frenulum composed of 15 or more bris-
tles (1); female frenulum lacking bristles, jugal area
expanded (?).

ABDOMEN (BOTH SEXES)
45. [+ ] SegmentAl without a counter-tympanal

hood (0); counter-tympanal hood present, posts-
piracular (1); hood present, prespiracular (2).

46. [+] Pleural membrane surrounding Al spi-
racle not sclerotized (0); membrane surrounding
Al spiracle sclerotized, concave, forming a cup
(1); spiracular cup very large, extending above top
of pleuron (2).

47. Area above Al spiracle not setose (0); a small,
lightly sclerotized, setose patch located in pleuron
above Al spiracle (1).

48. Adults with internal bullae on tergum Al
not large (0); large internal bullae present on an-
terior margin of tergum Al (1).

49. Anterolateral apodemes on sternum 2 mod-
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erate in length (0); apodemes on sternum 2 long
and thin (both sexes) (1).

ABDoMEN (FEMALE)
50. Female tergum 7 sclerotized, not covered

with deciduous scales (0); female T7 membranous,
covered with deciduous scales (1).

51. [-] Pleuron of female segment 8 sclerotized
(0); pleuron of segment 8 partially membranous
(1); pleuron ofsegment 8 heavily sclerotized, eighth
segment capsulate (2).

52. [-] Dorsum of female tergum 8 completely
sclerotized (0); dorsum ofT8 with a membranous
medial suture (1); female T8 composed of two
narrow straps, meeting dorsally (2).

53. [-] Posterior margin of female tergum 8
sclerotized, often emarginate (0); margin crenulate
or with a deep notch (1); posterior margin of fe-
male T8 with two long protuberances (2)$; female
T8 with a single medial projection (3)$; female
T8 highly reduced (?).

54.* No externally visible pheromone gland
present in dorsal portion of female 8/9 interseg-
mental membrane (0); a deeply invaginated pher-
omone gland present in dorsal portion of female
8/9 membrane (Arctiidae) (1).

55. No ventral invaginated glandular region be-
tween ostium and papillae anales (0); a ventral,
invaginated, glandular region present in mem-
brane between papillae anales and ostium (1).

GENITALIA (FEMALE)
56. [-] Ductus bursae mostly membranous,

elongate, not flattened (0); ductus bursae with a
robust, sclerotized portion (1) ductus bursae scler-
otized, dorsoventrally compressed, broad (2).

57. [+] Postvaginal plate (PVP) not large, not
emarginate (0); PVP large, broad, emarginate pos-
teriorly (1); PVP large, sharply emarginate pos-
teriorly, with narrow posterolateral projections (2);
PVP cup-shaped (3)*; PVP fused to pleuron,
boundaries indistinct (?).

58. Ostium without a ventral medial projection
(0); ostium with a ventral medial projection (1).

59. Surface of corpus bursae crenulate (0); sur-
face of corpus bursae spiculate (1).

60. Corpus bursae with a single signum, or with-
out one (0); bursa with two signa, one rounded,
the other crenulate (1).

61. Ductus seminalis entering on ductus bursae
or at junction of ductus and corpus bursae (0);
ductus seminalis entering on corpus bursae (1).

62.* No ventral lobes present below papillae
anales (0); paired, ventral setose lobes present be-
low papillae anales (Lymantriidae) (1).

63. Papillae anales not unusually broad or flat-
tened (0); papillae anales broad and flattened,
membranous (1).

64. Basal portion of papillae anales not heavily
sclerotized (0); basal portion of papillae anales
heavily sclerotized, smooth, distal portion oflobes
membranous (1).

65. Posterior margins of papillae anales round-
ed, lobes membranous (0); posterior margins of
papillae anales acute, lobes sclerotized (1).

66. Dorsal membrane between papillae anales
unmodified (0); a spiculate, mediodorsal lobe be-
tween papillae anales (1).

ABDOMEN (MALE)
67.* Sternum of A2 without hair pencils (0);

lateral hair pencils present on sternum ofA2 (some
Noctuidae) (1).

68. Male pleuron on all abdominal segments
membranous (0); male with sclerotized lobes on
pleuron ofsegments A3 and A4, bearing hair pen-
cils (1).

69. Male sternum 4 unmodified (0); cteniophore
present on male S4 (1).

70. [-] Male sternum 8 without an anterior apo-
deme (0); male S8 with a single anterior apodeme
(1); S8 with double apodemes (2); apodeme on S8
broad, with two "windows" (3).

71. [-] Medial portion ofmale sternum 8 with-
out pits or apodemes (0); medial portion of male
sternum 8 with a pair ofinternal apodemes, widely
spaced (1); male S8 with a pair of small, closely
spaced medial pits (2).

72. [-] Posterior margin of male sternum 8 not
modified, no notch (0); posterior margin ofS8 with
a medial notch (1); margin of S8 sclerotized but
without a notch (2); margin with a thin, sclerotized
strap projecting into intersegmental membrane (?).

73.$ Male S8 with anterior apodeme only (0);
S8 with an additional, extremely long, internal
apodeme arising from the base of anterior apo-
deme (1).

74. [+] Male abdomen with 8/9 intersegmental
membrane shorter than the length of T7 (0); 8/9
membrane equal to or longer than T7 (1); 8/9
membrane with dorsal portion long, ventral por-
tion short, genitalia facing ventrally (2).

75. Length of male T8 equal to or shorter than
that of T7 (0); T8 longer than T7 (1).

76. Male tergum 8 without anterolateral apo-
demes (0); tergum 8 with a pair of large, antero-
lateral apodemes (1).

77. [-] Males without a terminal scale tuft (0);
males with a terminal tuft of hairlike scales, scale
apices simple or serrate (1); male terminal tuft
compact, curved downward (2); terminal tuft
composed of long, pedicellate scales, scale apices
spatulate (3).

GENITALIA (MALE)
78. [+J Socii absent (0); socii present (1); socii

fused into a single, long process (2).
79. Uncus/socii complex hinged on tegumen (0);

uncus/socii complex fused with tegumen (1).
80. [-] Uncus narrow, acute distally (0); uncus

spatulate, with a distal notch (1); distal portion of
uncus flattened ventrally, with a brush of fine setae
(2); uncus strongly forked (3).
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81. Base of uncus not robust (0); base of uncus
robust, uncus triangular (1).

82. Uncus without ventral prongs (0); uncus with
a pair of ventrally directed prongs in addition to
socii (1).

83.* Male genitalia without a gnathos (0); male
genitalia with two projections arising from the te-
gumen and curving below the anal tube to form a
gnathos (some quadrifid Noctuoidea) (1).

84. Sides of tegumen not constricted dorsally
(0); tegumen constricted dorsally, forming a "neck"
(1).

85.* Tegumen without a setal tuft (0); a setal
tuft (penicillus) present on tegumen (some Noc-
tuidae) (1).

86. [-] Transtilla present, composed of two
sclerotized bands in the manica, joined medially
above aedeagus (0); transtilla not joined above
aedeagus (1); transtilla absent (2); a long projec-
tion present at base of each valve, fused to valval
costa (3); transtilla composed of free sclerites at
the base of each valve, with long, horn-shaped
projections ("costulae" of Weller, 1989) (4); tran-
stilla curving downward, connected to base ofjux-
ta (5).

87. No medial projection on valval costa (0);
valval costa widened distally, "C-shaped" with a
large medial projection (1).

88. [-] Base of valve without a flange (0); base
of valve with a setose, medial flange (1); base of
valve with a sclerotized, thornlike medial process
(2).

89. Apex ofvalve partially membranous, rough-
ly acute, not bulbous (0); apex ofvalve sclerotized,
rounded and bulbous (1).

90. Valve not unusually broad, margins not nar-
rowly sclerotized (0); valve broad, membranous
in middle, with narrow, sclerotized bands on dor-
sal and ventral margins (1).

91. [-] Sacculus without pleats (0); sacculus
large, with accordion-like pleats (1); sacculus small,
with faint pleats (2); sacculus greatly expanded,
curled inward to enclose pleats (3).

92. Sacculus not separate from rest of valve (0);
sacculus separate from rest of valve, projecting
from valve's lateral margin (1).

93. An elongate saccus present (0); saccus small
or absent (1); saccus comprised of2 shallow humps,
with a medial indentation (2).

94. Manica almost entirely membranous (0);
manica sclerotized, fused with juxta, enclosing ae-
deagus tightly (1).

95. [-] Ductus ejaculatorius simplex (DES)
opening near anterior end ofaedeagus (0); opening
of DES located posteriorly, anterior end of aede-
agus forming a long tubular projection (1); opening
of DES located posteriorly, anterior end of aede-
agus forming a boat-shaped structure, membra-
nous dorsally (2); opening ofDES located slightly

posteriorly, anterior end of aedeagus broad, re-
flexed in a ventral direction (3).

96. Distal portion of aedeagus without a patch
of short spines (0); distal portion ofaedeagus with
a patch of short spines (1).

97. [-] Distal portion of aedeagus expanded,
much wider than middle (1); distal portion of ae-
deagus with a large ventral tooth (2); distal portion
of aedeagus strongly forked (3); aedeagus not as
above (0).

98. Base ofvesica without scobinate cornuti (0);
base of vesica with a patch of large scobinate cor-
nuti (1).

99. Vesica without deciduous cornuti (0); vesica
with deciduous stellate cornuti (1).

100. [+ ] Vesica entirely membranous, either with
or without cornuti (0); vesica with a small distal
sclerite, sometimes bearing deciduous cornuti (1);
sclerite in vesica finely crenulate [21.

LARVAE
HEAD

101. [-] Microsculpture of larval head surface
mostly smooth, with fine creases (0); head surface
rugose with rugosities in clusters (1); head surface
covered with pits (2); rugosities extremely small
(3); head surface smooth, glassy (4); head surface
spiculate (5)$.

102. Height of head equal to or less than that
of thoracic segment 1, head not wider than thorax
(0); head taller than thoracic segment 1 (lateral
view, excluding legs), head wider than thorax (1).

103. Cranium rounded in lateral view, without
a depression (0); cranium narrow in lateral view,
with a posterior depression along epicranial suture
(1).

104. [-] Larval head without secondary setae
(0); long secondary setae present on head (1); short
secondary setae present (2).

105. Seta P2 located far from epicranial notch,
lateral to P1 (0); P2 located near epicranial notch,
closer to midline than P1 (1).

106. Distance between setae P1 and Cl only
slightly longer than the distance between Af2 and
Cl (0); distance between P1 and Cl half again as
long as the distance between Af2 and Cl (1).

107. Seta SI located closest to stemma 4 (0); SI
closest to stemma 3 (1).

108. Stemma 3 approximately the same size as
stemma 4 (0); stemma 3 much larger than stemma
4 (1).

109. Length of antennal segment 2 less than or
equal to 2/2 times its width (0); length greater than
21/2 times its width (1).

110. Labral indentation less than two-thirds la-
brum height, no medial groove (0); labral inden-
tation at least two-thirds labrum height, a medial
groove present (1).
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111. Larva with labral lobes not swollen (0);
labral lobes greatly swollen, halves completely sep-
arate (1).

112. Anteclypeus without folds, dorsal and ven-
tral margins roughly parallel (0); anteclypeus ex-
panded medially, with large dorsoventral folds (1).

113. [+] Mandibular cutting edge sharply den-
tate (0); mandibular cutting edge smooth (1); ven-
tral halfofmandibular margin smooth, dorsal half
with shallow dentations (2).

114. Ventrolateral surface of mandible smooth
(0); mandible with a pronounced ventrolateral ca-
rina (1).

115. Mandible without secondary setae (0);
mandible with numerous secondary setae (1).

116. [-] Stipital lobe absent (0); stipital lobe
present, rounded (1); stipital lobe acute distally,
not extending beyond maxilla (2); lobe large, ex-

tending beyond rest of maxilla (dorsal view) (3).
117. Surface of stipital lobes minutely spiculate

(0); stipital lobe with large spicules (1).
118. Sensilla trichodea and styloconica not un-

usually small, mesal lobe not broad (0); sensilla
trichodea and styloconica small, mesal lobe usu-
ally broad, lateral margin expanded (1).

119. Sensilla trichodea (ST) II and STIII tapered
to a single point (0); STII and STIII distally emar-
ginate, usually bifid (1).

120.* Sensilla styloconica (MSS and LSS) not
on a raised process (0); MSS and LSS on a raised
process of the mesal lobe (some Noctuidae) (1).

121. Segment 3 of maxillary palpus not narrow
and elongate (0); segment 3 of maxillary palpus
narrow, elongate (1).

122. Segment 2 ofmaxillary palpus not elongate
(0); segment 2 of maxillary palpus elongate (1).

123. Hypopharynx not greatly swollen (0); hy-
popharynx swollen, expanded dorsally (1).

124. [-] Labial palpus parallel-sided, moderate
in length, approximately same length as segment
1 of maxillary palpus (0); labial palpus globose
(1); labial palpus small, much shorter than seg-
ment 1 ofmaxillary palpus (2); labial palpus elon-
gate, terminal seta extremely long (3)*.

125. Mesal margin of labial palpus smooth,
without a flange or lobe (0); labial palpus with a

membranous flange on mesal margin (1).
126. [-] Spinneret longer than labial palpus,

palpi and spinneret not apposed (0); spinneret
shorter or barely longer than labial palpus, palpi
and spinneret apposed (1); spinneret twice as long
as segment 1 oflabial palpus (2); spinneret narrow,
greatly elongate (3)*; spinneret with large, winglike
lateral projections (4)$.

127. Spinneret roughly elliptical in cross section,
distal opening ovoid (0); spinneret dorsoventrally
compressed, distal opening wide and flat (1).

128.-20 Base of spinneret smooth (0); base of
spinneret deeply wrinkled (1).

129. Larval submentum without a medial cleft
(0); submentum swollen, with a deep medial cleft
(1).

130Q [+] Larval mentum not swollen, without
lateral projections (0); mentum swollen, appearing
glandular (1); mentum swollen, with large lateral
proiections (2).

THORAX
131. [-] Surface of integument crenulate (0);

integument covered with long hairlike spicules
("shagreened") (1); integument spiculate, each
spicule with a socket (2); integument covered with
short, sharp spicules (3).

132. [+] Tl cervical gland absent (0); cervical
gland present (1); a groove visible but no gland
present (2).

133. Prothoracic plate simple, no projections
(0); prothoracic plate with a pair of anterolateral
projections or horns (1).

134. Prothoracic plate not heavily sclerotized,
not square in shape (0); prothoracic plate roughly
square in shape, heavily sclerotized and smooth
(1).

135. SV setae on thoracic segments in the for-
mula 2-1-1 (0); SV setae in the formula 2-2-2 (1).

136. Anterior SV seta on Tl unmodified (0);
anterior SV seta on TI short, conical (1).

137. Anterior SV setae on T2 and T3 unmod-
ified (0); anterior SV setae on T2 and T3 short
and broad (1).

138. Larva without chalazae (0); primary setae
located on chalazae (1).

139. Segment T3 with a single MD propriocep-
tor seta (0); T3 with two MD setae (1).

140. [-] Body not covered with secondary setae
(0); body with long secondary setae, mostly grouped
at primary setal locations (1); body evenly covered
with secondary setae, larger setae or sometimes
verrucae present at primary setal locations (2);
body with very short secondary setae (3).

141. [-] One coxal seta short, the other long
(same shape as other primary setae) (0); both coxal
setae short, ventral one thin and dorsal one spat-
ulate (1); only one extremely long, spatulate coxal
seta present (2)$.

142. Femur and tibia of thoracic legs not un-
usually long (0); femur and tibia elongate (1).

143. [-] Basal tarsal setae (Tsl and Ts3) on
thoracic legs lanceolate, Ts3 slightly longer than
Ts 1 (0); both setae narrow (1); both setae roughly
parallel-sided, acute distally (2); both setae spat-
ulate, with minute striations, apices dentate or
broadly rounded (3); Ts I broad and relatively short
with apex acute, Ts3 with lateral margin expand-
ed, apex deflected toward midline (4); both setae
paddle-shaped (5)*.

144. Seta Ts2 of larva roughly equal in length
to Tsl and Ts3 (0); Ts2 shorter than Tsl (1).

145. Tarsal setae oflarva present on all thoracic
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segments (0); tarsal setae absent on meso- and
metathoracic segments (1).

ABDOMEN
146. MD proprioceptor setae unisetose on Al

(0); MD setae bisetose on Al (1).
147. Proprioceptor seta MSD2 on segments A5-

A7 located anteriorly to spiracle, on a line ap-
proximately even with it (0); MSD2 on A5-A7
located anterodorsally to spiracle (1).

148. [-] Six to 8 setae below line of spiracle on
Al and A2, all SV setae approximately equal in
size (0); 6 to 8 setae below line of spiracle on Al
and A2, one SV seta short and conical or spatulate
(1); 10 or more setae below line of spiracle on Al
and A2 (2); secondary setae obscuring arrange-
ment of primaries (?).

149. [-] SD group on segments A3-A8 unise-
tose (0); SD group bisetose on segments A3-A7,
unisetose on A8 (1); SD group bisetose on seg-
ments A3-A8 (2); numerous setae in SD group
(?).

150. No additional seta present between the SD
and D groups on A2-A8 (0); an additional seta
present between the SD and D groups on segments
A2-A8 (1).

151. [-] Three L setae on A3-A6 (0); 4 L setae
on segments A3-A6, the ventral pair at approxi-
mately the same height (1); 5 L setae on segments
A3-A6 (2)$; 6 or more L setae on A3-A6, a hor-
izontal row of 4 to 10 setae present at the height
of L3 (3); secondary setae obscuring arrangement
of primaries (?).

152. Posterior L seta on each abdominal seg-
ment narrow in shape (0); posterior L seta on each
abdominal segment spatulate (1).

153. Seta L2 on larval segment A8 located below
spiracle and approximately on a vertical line with
it (0); L2 on A8 located anterior to spiracle, on a
line horizontal with it (1).

154.$ No peglike setae located posterior to ab-
dominal spiracles (0); a group of peglike setae lo-
cated posterior to each abdominal spiracle (1).

155. "E area" (Stehr and Martinat, 1987) of lar-
val A1O without a seta (0); a seta (seta X of Ger-
asimov) located in E area near anterolateral corner
of anal shield, or a verruca in that position (1).

156. A3-A6 prolegs with 3 or fewer SV setae on
lateral surface (0); proleg base with more than 3
setae on lateral surface ofleg base (1); entire body,
including proleg bases, covered with secondary se-
tae (?).

157. [-] Larval abdominal segments 1-8 with-
out dorsal patches of deciduous setae (0); dorsal
pockets present on Al-A8, containing tufts of de-
ciduous setae (1); tufts ofdeciduous setae present,
not located in pockets (2)*.

158. Abdominal spiracles not small (0); abdom-
inal spiracles small (1).

159. [-I Crochets uniordinal (0); crochets bior-
dinal (Doidae) (1); crochets biserial, in two rows
of equal length (Oenosandridae) (2); crochets het-
eroideous (some Arctiidae) (3).

160. Prolegs on larval segment A3 equal in size
to those on A5 and A6 (0); A3 prolegs smaller and
with fewer crochets than those on A5 and A6 (1).

161. Prolegs on larval segment A4 with same
number ofcrochets as other segments (0); A4 pro-
legs with fewer crochets than A5 and A6 (1).

162. Segment Al of larva without a dorsal pro-
tuberance (0); Al with a dorsal protuberance (1).

163. Segment A8 without a dorsal protuberance
(0); A8 with a dorsal protuberance (1).

164.* Segments A6 and A7 without middorsal
glands (0); middorsal glands present (Lymantri-
idae) (1).

165. Seventh through 10th abdominal segments
of larva not triangular in lateral view (0); larval
segments A7-A10 triangular in lateral view, arched
upward, carried erect (1).

166. Larval segment A8 not laterally emarginate
(0); A8 expanded, laterally emarginate (1).

167. [+] A10 prolegs approximately equal in
size to others (0); A10 prolegs modified, usually
smaller than those on A2-A6 (1); A10 prolegs
extremely long and flexible, developed as stema-
pods (2); Al0 prolegs greatly elongate, but scler-
otized rather than flexible (3); A10 prolegs absent
(4).

168. [+] A10 proleg bases not elongate (0); A10
proleg bases elongate (1); A10 proleg bases elon-
gate, almost tubular, with mesal as well as lateral
surfaces sclerotized (2); stemapods present, A10
leg bases obscured (?).

169. [+] Fewer setae on A10 proleg base than
on A3-A6 prolegs (0); numerous setae (more than
10) on AO0 proleg base (1); proleg base with many
setae, each on a raised tubercle (2); entire body
covered with secondary setae (?).

170. Al0 crochet number approximately equal
to the number on A6 (a ratio of 0.9 or more; see
table 2) (0); fewer crochets on A10 than on A6 (a
ratio of 0.89 or less) (1); A10 crochets absent (2).

171. LarvalA0 crochets exposed (0); AO0 cro-
chets withdrawn into proleg (1).

172. A10 crochets curved, similar in shape to
those on other prolegs (0); A 10 crochets small and
spinelike, not curved (1).

173. Anal plate without sclerotized folds and
wrinkles (0); anal plate heavily sclerotized, with
numerous folds and wrinkles (1).

174. Paraprocts not unusually elongate (0); par-
aprocts elongate, bearing an enlarged SVl seta (1).
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Appendix II
Data matrix for 51 species of Notodontidae and 12 outgroup species. For complete taxo-

nomic names see Table 1. For character state descriptions, see Appendix I and Character
Analysis

ADULTS 20 40 60 80 100
THAUME 010013???? 1000001002 0000012000 0101020000 0001000001 0000100000 0000000000 0000001100 0000000000 0010000000
TRAUMA 010013???? 1000001002 0001012000 0101020000 0001000001 1000100000 0000000000 0000001100 0000020000 0010000000
ANAPHE 000013???? 1000001002 0000012000 0101020100 0001000001 1000100000 0000000000 0000001110 0000000000 0010000000
EPICOM 00?023???? 1003001002 0110012000 0101020000 0000000001 1100100000 0000000000 0000001100 00000?0?00 0000000000
CLOSTE 00200200?3 0010000002 0010010100 0101020000 0010010000 1000000000 0010000000 0001101100 0000000000 1010000000
PLATYC 0000000000 0001000011 0000000100 0101112010 0000010000 1000000000 0000000000 000000?100 0000000000 0010000010
LIRIMI 0020010000 0003110001 0010010100 0101010000 0000010000 0000001000 0000000000 0201101100 0000020000 0010200000
NOTODO 0010020?11 0010000011 0000010000 0101010010 0001010000 1000011000 0000000000 0001101100 0000020110 0010100001
ODONTO 0010021011 0000000001 0000010000 0101010010 0001010000 1000011000 0000000001 0001101101 0000020100 0010200002
PHEOSI 0010120?11 0000000001 0000010000 0101020010 0001010000 1010001000 0000000000 0201101101 0000020110 0010203002
QUADRI 002003???3 1003000002 0010010000 0101020000 0000010000 1000010000 0000000001 0102111200 0000000000 0000110000
LIPARO 001013???? 1003000002 0010012000 0101020000 000?010000 1000000010 0010000001 0002111000 00000?0000 0000010000
GLUPHI 00101200?3 0013000001 0110012000 0101020000 0011010000 1000000010 0010000000 0001111201 0000000000 1010000000
PTILOP 00101200?3 1003000011 0110012000 0101020000 0000010000 1000001010 0010000000 ?201101100 0000020110 0000203000
CERURA 00101200?3 1003000002 0010012000 0101020000 0001010000 1200001000 0010000002 0101111100 0000020000 0010300000
FURCUL 00101200?3 1003000002 0010012000 0101020000 0001010000 1000001000 0010000001 0001101100 0000020000 0010000000
DATANA 0000010000 0002?00011 0001010100 0101010000 0000010000 200000?000 0000010002 2101101100 1000021000 2020200011
PHALER 0000010000 0002?00011 0000010100 0101010000 0000010000 200001?000 0000000002 2101101100 1000021000 2020200011
ANTHEU 0000010000 0000100001 0000010100 0101010000 0000010000 200001?000 0000010002 0101101100 1000021000 0020200011
NADATA 0020011000 0000000001 0000010000 0101010000 0000010000 1000011000 0000000001 0101101100 0000011010 2020200111
PERIDE 0000011000 0002100011 0000010100 0101020010 0000010000 1010011000 0000000001 0101101100 0000021000 2020200011
ELL IDA 0000010000 0000000002 0000010100 0101020000 0010010000 1000021000 0000000000 0101101100 0000000000 2010301010
SPATAL 0000010?10 00001000?1 0000011100 0101010010 000?010000 0000001000 000000001? 1001101100 0000030200 2020200001
FENTON 0000010100 0000100011 0000010100 0101011000 0000010000 1000001000 0000000001 0101101102 0000050000 1000200111
HETERO 0000020?03 0000100011 0000010100 0101011000 0000010000 1010001100 0000000013 0101101100 0000030000 0020200001
BEIDER 0000010100 0000110012 0000011100 0101011000 0000010000 1010001101 0000100013 1101102100 0000021000 2010112001
UNICOR 0000010?00 0000000001 0000011100 0101010000 0000010000 1000001001 0000100002 0201102100 0000020000 1020100000
MACRUR 0000020?03 0000100011 0000010100 0101020000 0000010000 1000011100 0000100003 1101102100 0000021000 2020200001
LOCHMA 0000000100 0000100011 0000010100 0101011000 0000010000 1010001111 0000000013 1101102100 0000021000 1010212001
HARPYI 000002???3 1003100002 0000012000 0101020000 0001010000 0000001000 0000000002 0202101100 0000020000 0010200000
STAURO 0000030??? 1003100012 0010012000 0101020000 0000010000 1000000000 0000100001 0112101100 00000?0000 0010200000
CNETHO 000003???? 1000000002 0010012100 0101020000 0000010000 1030000000 0000000000 0101102100 0000000010 0000200000
NYSTAL 1020000212 0002110011 0000010100 0101010000 0000020000 1200022000 1000000002 0101102100 0001040000 3111300010
SYMMER 0021020??3 0000110011 0000010100 0101012000 0000010000 1000011000 0000000001 0101102100 0001010000 2111301000
DASYLO 1021000100 0000110011 0000010100 0101010000 0000020000 1000022000 1000000002 0101102100 0000040000 2111301000
HIPPIA 1021000100 0000110011 0000010100 0101012000 0000010000 1000022000 1000000001 0101101100 0001040000 3111301010
DIDUGU 1021000100 0000110011 0000010100 0101010000 0000010000 1000022000 0000000001 0101102100 00010?0000 0011301000
ERBESS 1032000100 0101000012 0000110100 1102000000 1000001000 1000020000 1000000001 0101100100 0000000000 3120000010
PHAEOC 1032000100 0100000002 0000110100 1102000000 0000001010 1000000000 0000000001 0101100100 0000000000 0000000000
PHRYGA 1000000100 0100000002 0010110101 1102020100 1000001010 1020000000 1000000001 0101100100 0000000000 0010000000
ZUNACE 1000000100 0001000012 0000110101 1103020100 1000001010 1000020000 1000000001 0101100100 0000000000 1020000010
JOSIA 1000000100 0100000012 0000110102 1203000100 1000001010 12?0000000 1000000001 0101100100 0000000000 1010?00000
CYANOT 1000000100 0100000012 0000110102 1203020100 1000001010 12?0000000 1000000001 0101100100 0000000000 1010?00000
HEMICE 0000000000 0000100011 0000010100 0101010010 0010010000 1000012000 0000000000 0?01111100 0000020000 3120100001
GARGET 1100000?12 0000000000 1000110100 0101013000 0000010100 0100000000 0000010002 0101001110 0000020000 0010100000
SCRANC 1120000000 0000000000 1000110100 0101013000 0000010100 0000010000 0000100000 0101001010 0000020000 0020100000
CRINOD 0020000212 0002100011 0000010100 0100010000 0000020000 0100000000 0000000101 0101113102 0100050001 2010100011
CARGID 0000000210 0000000000 0000010100 0100010000 0000010000 0100000000 0000000000 0101111102 0100050001 2010100000
GOACAM 0110000010 0000000010 0001010100 0100011000 0010010000 0100000000 0000000000 0101011103 0000050000 0010100110
TARSOL 0000000212 0000100000 0000012100 0100010000 0000010000 0100000000 0001000101 0101113103 0000050001 2000100100
DUDUSA 0000010212 0000100000 0000012000 0100010000 0000010000 0100000000 0001000101 0101113103 0000050001 0000100100
DOA 00200100?3 0000001002 0000100000 0100000000 0001000000 0001?00000 0000010000 0000000?00 00?0010000 0010000000
OENOSA 0110020003 0000000012 0000000000 0010010000 0001200011 0000100000 0000000000 0000000110 0000010000 0010100000
DASYCH 002003???3 1003000102 00100?0000 0010100000 0101200000 0000103000 0100000000 0000000000 0010020000 0000100000
LYMANT 002003???? 0003000102 0000010000 0010120000 0101200000 0000103000 0100000000 0000000000 0000020000 0000100000
HYPOPR 1000010000 0001000012 0000000110 2010100000 1000000000 1001120000 1000000000 0000000000 0000000000 0000000000
SPILOS 0000010000 0000000000 0000000110 0010100001 0100200000 0001120000 1000000000 0000000000 0000010000 0000000000
NYCTEO 1001000000 0001000010 0000000100 2010110001 0000100000 0000000000 0000000002 0001010000 00?0000000 0000100000
PERIDR 0000000000 0001000010 0000000100 0010110000 0000100100 0000000000 0000001000 0000000000 0000000000 0000000000
ACRONI 0000000000 0001000010 0000000100 2010100000 0000100000 0000000000 0000000000 0000000000 0000110000 0000000000
PANTHE 0000120000 0010000010 0000010000 0010110000 0100100000 0000100000 0000000000 0000000000 0000000000 0000000000
ALYPIA 0100000000 0001000010 0000000100 0010110000 0000100100 0000000000 0000001000 0001000000 0010100000 0000000000
NOLA 1020000000 0001000012 0000000000 20101?0001 0000200000 0000000000 0000000002 00010100?0 00?0000000 0000000000
DILOBA 00000200?3 0000000000 0000000000 0010110000 0000100101 0000000000 0000000000 0000001000 0000100000 0000000000
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LARVAE 120 140 160
THAUME ?0011??000 0021100000 0000000000 3000000012 0010010??0 ?0001?1000 00000000?0 0000
TRAUMA 0001???000 0021100000 0000000000 3000?00012 0010010??0 ?0001?1000 00000000?0 0000
ANAPHE 0001??1000 0011100000 0000000000 3000?00012 0010010??0 ?000??0000 00000000?0 0000
EPICOM 0001??1000 0010100000 0000000000 3000?00012 0010010??0 ?0001?1000 00000000?0 0000
CLOSTE 0001111100 0111010000 0000000000 1000000012 0000010??? ?0001?0000 01100000?0 0000
PLATYC 1100111101 0110010000 0100000000 0000000011 0000010?00 ?000?10000 0000000000 0000
LIRIMI 0000110001 0110020000 0102010000 0000?00012 0000010??? ?0?01?0000 00000000?0 0000
NOTODO 1110111011 0111020000 0000000000 0100000010 0000010000 1000110000 0010001101 0000
ODONTO 1000111001 0110020000 0000000010 0100000010 0000010000 1000110000 0010001101 0010
PHEOSI 1000111001 0110020000 0000000010 0100000010 0000010000 1000110000 0010001101 0010
QUADRI 1110111111 0110020100 0000101100 0210100010 0030010221 3000110000 0000001111 0000
LIPARO 5110111111 1110030100 0000111010 01?0010110 1030010001 1001110000 0000002?22 ??01
GLUPHI 1000111111 0110020000 0000100000 0100000010 0030010221 3000110000 0000001101 0000
PTILOP 1000111101 0110020000 0000000010 0100000010 0000011000 1000110000 0000001100 0000
CERURA 1000111011 0110020000 0000111000 0110?00010 1030010221 3000110000 0000002?22 ??01
FURCUL 1000111011 0110020000 0000111000 0110100010 0030010200 3000110000 0000002?22 ??01
DATANA 2000111001 0111010000 0001000000 0100?00012 0000010??? ?0001?0000 00000011?1 1000
PHALER 2001111001 0111010000 0001000000 0100?00012 0000010??? ?0001?0000 00000011?1 1000
ANTHEU 1000111001 0111020000 0000000000 0100?00011 0010010??? ?000110000 00000011?1 0000
NADATA 1000111011 0110020000 0000000000 0100000010 0000010000 0000110000 0000001101 0000
PERIDE 1000111001 0110020000 0000000010 0100000010 0000010000 0000110000 0000001101 0000
ELLIDA 1000111101 0110020000 0000120000 0100000010 0000010000 2000110000 0010001101 0000
SPATAL 1110111001 0110021000 0000011000 0100110010 00000102?1 3000110000 0110001001 1000
FENTON 1110111001 1110020000 0000011110 0100111010 1030010100 0000110000 0000001200 0000
HETERO 1010111001 0110031000 0000010100 0110111010 1030010110 1000110000 0000001201 0000
BEIDER 1000111001 0111021000 0000010100 0110111110 1020010100 0000110000 0110001201 0000
UNICOR 1110111001 0110031000 0012010100 0110111110 1030010100 0000110000 0110101201 0000
MACRUR 1010111001 0110031000 0000010100 0110111010 1030010110 0000110000 0000002?12 ??00
LOCHMA 1110111001 0110030000 0000010000 0100111010 0020010100 0000110000 0000001201 0000
HARPYI 1112???011 0110021000 0012010000 0110111013 11200101?? ?0?0110000 0110114??? ??00
STAURO 1112???011 0111021000 0012010000 0100?10113 1120110?0? ?1?0110000 0000113?22 ??00
CNETHO 1110111011 1110031000 001204?000 0110111113 11201100?0 ?100110000 0010113?21 1000
NYSTAL 1110111011 1110030100 1000010002 0100000010 2000010000 1010110000 0110101201 0000
SYMMER 1110111001 0110020100 0000010001 0100000010 0001010000 1010110000 0010001201 0000
DASYLO 1110111001 0110020100 1000010002 0100?00012 0001010?0? ?0101?0000 00100012?1 0000
HIPPIA 1110111001 0110020100 1000010001 0100000010 0001010000 1010110000 0010001201 0000
DIDUGU 4110111001 0110020100 0000010001 0100000010 0001010000 1010110000 0010001201 0000
ERBESS 3100111101 0100030100 1012010000 1100000010 0041000000 1010110100 0000002?01 1100
PHAEOC 3100111101 0100030100 0002010000 1100000010 0041000000 1010110100 0000002?01 1100
PHRYGA 3000111101 0110030100 0002010000 1100000010 0041000000 1010110100 0000001201 0000
ZUNACE 3000111111 0110020100 0002010000 1100000010 0041000000 1010110100 0000001201 0000
JOSIA 3000111001 0110030100 0002010000 1100000010 0041000000 1010110100 0000001201 0000
CYANOT 4001111001 0100020100 0002010000 1100000012 00410000?? 10?01?0100 00000012?1 0000
HEMICE 1110111111 0110020000 1100000000 0200000010 0000010001 1000110000 0000001201 0000
GARGET 1110110001 0100020000 0000101000 0100000010 0000010000 0000010101 1000002?22 ??00
SCRANC 1110111001 0100020000 0010101000 0100?00012 0000010??0 ?000??0001 1000002?22 ??00
CRINOD 0000111011 0100020010 0100020000 0101000010 0000011000 0000010000 0000001201 0000
CARGID 0000111001 0101020010 0000020000 0101000010 0000011000 1000010000 0010001201 0000
GOACAM 1002111001 0111020010 0000020000 0101000013 0000011??? ?0?0?10000 0000001201 1000
TARSOL 1000111001 0110020000 0000021000 0100000010 0000011011 0000010001 0000002?02 ??00
DUDUSA 1000111001 0110020000 0100001000 0100000010 0000011000 0000010000 0000001201 1000
DOA 0000111000 0000011000 0000010000 2000100010 0000000000 0000?10110 0000000010 0000
OENOSA 0000?01000 0000010000 0003030000 0000100011 00000000?0 0000000020 0000000000 0010
DASYCH 0001??0000 0001000000 0000000000 0000?00011 0000000??? ?000?12000 00010000?0 0000
LYMANT 0001??0001 0101000000 0000000000 0000?00011 0000000??0 ?000010000 00010000?0 0000
HYPOPR 0000010000 0000000000 0000030000 0000100011 0010000?00 ?000000100 0000000000 0000
SPILOS 0000000000 0000000000 0000030000 0000?00011 0050000?00 ?000?10030 00000000?0 0000
NYCTEO 0000011000 0000000000 0000000000 0000000010 0050000?00 ?000000100 0000000000 0000
PERIDR 0000000000 0000000001 0000010000 0100000010 0000000000 0000000000 0000000000 0000
ACRONI 000000?001 0000000000 0000000000 0100?00012 0000000??? ?000??0000 00000000?0 0000
PANTHE 0001??0000 0000000000 0000000000 0100?00011 0000000?0? ?0?0?10000 00000000?0 0000
ALYPIA 0000000000 0000000001 0010010000 0100000110 0000000000 0000000000 0000000000 0000
NOLA 0000000000 0100000000 0000000000 0000?00011 0000000?00 ?000010101 10000000?0 0000
DILOBA 3000000000 0000000001 0000000000 0100000110 0000000000 0000010000 0000000000 0000



MILLER: NOTODONTIDAE

APPENDIX III
Apomorphic character states for nodes of the cladogram in figures 99 and 100. Listed are

character number (character state). Asterisks indicate that the state changes within the relevant
clade.

Clade 1 (Trifid Noctuoidea): 7(3); 9(2); 19(0/1);
20(2); 43(1); 44(1/2); 77(1); 92(1); 106(1).
Clade 2 (Oenosandridae): 3(2); 49(1); 155(0);

158(2).
Clade 3 (Doidae + Notodontidae): 32(1); 33(0);

44(0); 104(1); 105(1).
Clade 4 (Doidae): 3(1); 25(1); 85(1); 130(2);

157(1); 158(1).
Clade 5 (Notodontidae): 26(1); 34(1); 36(2);

50(1); 54(1); 76(1); 112(1); 139(2); 145(1); 154(1);
158(0).
Clade 6 (Thaumetopoeinae): 3(3); 7(3); 8(1); 9(0);

11(1); 17(1); 27(2); 49(1); 114(1); 115(0); 142(1);
156(0/1).
Clade7:2(1); 113(2); 114(1); 157(1).
Clade 8 (Notodontidae excl. Thaumetopoein-

ae): 28(1); 43(0); 73(1); 74(1); 103(1); 111(1); 113(0/
1).
Clade 9 (Pygaerinae): 3(2); 23(1); 90(1); 103(1);

107(1); 113(1); 130(1); 162(1).
Clade 10 (Notodontidae excl. Thaumetopoein-

ae, Pygaerinae): 20(1); 36(1); 56(1); 85(2); 94(2);
109(1); 115(2).
Clade 11 (Lirimiris): 3(1); 7(0); 15(1); 16(1);

23(1); 50(0); 106(0); 123(2); 125(1).
Clade 12 (Notodontidae excl. Thaumetopoein-

ae, Pygaerinae, Lirimiris): 100(1); 131(1); 139(0);
166(1); 167(1); 169(1).
Clade 13 (Notodontinae): 3(2); 6(0/1); 9(1); 23(0/

1); 28(0); 43(0/1); 87(0/1); 88(0/1); 150(1).
Clade 14 ("Notodontini"): 6(0/1); 7(1); 38(1);

43(1); 55(0/1); 87(1); 88(0/1); 100 (1); 162(1).
Clade 15: 80(1); 100(2); 129(1); 173(1).
Clade 16 ("Dicranurini"): 6(1); 7(3); 8(0/1);

11(1); 14(3); 22(0/1); 23(1); 27(2); 36(2); 43(0/1);
58(0/1); 62(1); 87(0/1); 88(0/1); 107(1).
Clade 17: 57(0/1); 76(1); 86(0/2); 88(0); 89(0);

95(0); 109(1); 125(1); 143(3); 148(2); 149(0/2);
150(1); 151(3).
Clade 18: 8(1); 20(2); 22(0); 70(1); 126(0/1);

127(1); 133(1); 135(0/1); 167(1/2); 169(1/2); 170(1/
2); 174(0/1).
Clade 19: 3(3); 57(0); 74(2); 93(0); 95(1); 102(1);

103(1); 118(1).
Clade 20: 44(1); 57(1); 59(0); 86(2); 108(0);

126(1); 167(2); 169(2); 170(2); 174(1).
Clade 21 (Phalerinae + Dudusinae + Dioptinae

+ Nystaleinae + Heterocampinae): 7(0); 9(0);
71(1).
Clade 22 (Phalerinae-broad sense): 3(1); 55(0/

1/2); 90(2); 98(1).

Clade 23: 4(0/1); 15(0/1); 56(1); 70(1); 87(1);
93(2); 100(1).
Clade 24 ("Phalerini"): 50(2); 80(1).
Clade 25: 14(2); 19(1); 71(2); 101(2); 116(1);

124(1); 140(2); 171(1).
Clade 26 (Dudusinae + Hemiceras + Dioptinae

+ Nystaleinae + Heterocampinae): 3(0); 101(0/
1); 167(2).
Clade 27 (Dudusinae-broad sense): 2(0/1); 6(0/

1); 20(0); 50(0); 51(0/1); 56(0); 74(0/1); 94(1);
101(0/1); 102(0/1); 112(0/1); 154(0).
Clade 28 (Scranciini): 1(1); 2(1); 6(0/1); 21(1);

25(1); 47(1); 51(0/1); 74(0); 78(1); 101(1); 102(1);
124(1); 126(1); 159(1); 160(1); 166(2); 168(2);
169(2).
Clade 29 (Dudusini): 2(0/1); 6(1); 34(0); 51(1);

74(0/1); 75(1); 85(5); 101(0); 102(0); 113(0/1);
118(1); 125(2); 133(1); 146(1).
Clade 30: 2(0); 5(2); 75(1); 80(2/3); 82(0/1); 90(1);

91(2); 101(0/1).
Clade 31: 7(2); 15(1); 68(1); 70(1); 77(3); 114(0);

122(0/1).
Clade 32: 27(2); 64(1); 80(3); 82(0); 93(0); 98(1);

101(1); 113(1); 119(0); 127(1); 134(0); 171(0/1).
Clade 33 (Hemiceras + Dioptinae + Nystalein-

ae + Heterocampinae): 15(1); 19(1); 99(0/1);
102(1); 150(1).
Clade 34 (Hemiceras): 38(1); 56(2); 75(1); 90(3);

92(2); 94(1); 107(1); 131(2).
Clade 35 (Dioptinae + Nystaleinae + Hetero-

campinae): 5(1); 69(1); 125(1).
Clade 36 (Heterocampinae-broad sense): 3(1);

90(0/1/2); 99(1); 116(0/1); 134(1); 135(1); 150(0/
1/3).
Clade37: 37(0/1); 128(1); 137(1); 141(1); 143(3);

148(1); 151(0).
Clade 38 (Heterocampini + Stauropini; excl./

Fentonia and Spatalia): 76(2); 115(3); 116(1);
127(1); 132(1); 136(1); 140(1); 142(3); 147(1);
150(0).
Clade 39 ("Stauropini"): 15(0/1); 19(0); 27(1);

69(1/2); 99(0); 122(1); 123(2); 132(1); 137(1);
162(1); 165(1).
Clade 40: 3(3); 7(0/3); 8(1); 20(2); 23(0/1); 27(2);

36(2); 57(0/1); 9 1(0); 109(1); 128(0); 140(3); 142(1);
143(2); 145(0/1); 152(0/1); 166(1); 167(3); 169(2);
171(0/1).
Clade 41: 14(3); 15(1); 28(0); 74(2); 77(1); 104(2);

116(2); 170(1/2).
Clade 42 ("Heterocampini"): 52(0/1); 57(1);

68(0/1); 69(3); 70(0/1); 86(0/1); 101(0/1); 132(1).
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Clade 43: 3(2); 7(3); 93(2); 102(0); 149(1).
Clade 44: 37(1); 53(1); 60(1); 69(1); 71(1); 87(1);

96(1); 97(2); 143(2).
Clade 45 (Dioptinae + Nystaleinae): 1(1); 76(0/

1/2); 117(1); 143(1); 152(1).
Clade 46 (Nystaleinae): 9(2); 10(1); 16(1); 55(2);

56(1/2); 76(2); 83(1); 91(0/1); 93(1); 94(3); 96(1);
129(1); 162(1).
Clade 47: 57(2); 61(1); 86(4); 91(3); 92(1); 99(0/

1); 121(1).
Clade 48: 46(1); 70(2); 130(2).

Clade 49 (Dioptinae): 12(1); 15(0); 20(2); 25(1);
3 1(1); 34(2); 36(0/1/2); 40(0/1); 45(0); 46(1); 48(0/
1); 56(0); 60(0/1); 76(0); 85(0); 94(0); 100(3);
107(1); 115(2/3); 123(2); 130(1); 142(4); 145(0);
157(1).
Clade 50: 9(3); 10(2); 36(0); 113(0); 116(3);

167(2); 171(1); 172(1).
Clade 51: 30(1); 36(2); 38(1); 41(1); 49(1); 61(1);

102(0).
Clade 52: 34(3); 9 1(1).
Clade 53: 30(2); 32(2); 52(2); 108(0).

APPENDIX IV
Number of steps, CI, and RI for each character used in the analysis. The eight cladograms

found (consensus shown in figs. 99 and 100) were 853 steps long, each with a CI of 0.30 and
an RI of 0.66.

1 2 3 4 5 6 7 8 9 10 11
5 5 16 2 3 5 11 5 13 4 6

20 20 18 50 66 20 27 20 23 50 33
71 33 64 0 93 60 57 66 58 60 60

12 13 14 15 16 17 18 19 20 21
2 4 13 8 3 2 1

50 25 23 12 33 50 100
75 0 54 63 66 75 100

15 14 1
6 14 100

53 67 100

22 23 24 25 26 27 28 29
3 8 3 3 3 12 8 1

33 12 33 33 33 16 12 100
0 41 0 75 77 65 69 100

34 35 36 37 38 39 40 41 42 43 44 45 46 47
4 1 15 7 2 4 2 3 3 5 7 6 4 1

75 100 13 42 50 25 50 33 33 20 14 33 50 100
95 100 53 33 75 40 50 60 33 0 53 71 91 100

48 49 50 51 52 53 54 55 56 57 58
3 3 3 8 6 6 2 2 14 13 1

33 33 33 25 33 50 50 50 14 23 100
50 60 60 75 55 25 50 88 33 68 100

59 60 61 62 63 64 65 66 67 68
4 2 4 1 3 1 5 4 1 1

25 50 25 100 33 100 20 25 100 100
0 50 66 100 60 100 0 0 100 100

69 70 71 72 73
3 14 5 9 1

33 21 40 22 100
33 65 50 74 100

74 75 76 77 78 79 80 81 82 83 84 85 86 87
5 3 5 9 5 3 6 1 2 2 2 3 19 3

40 33 20 33 40 33 50 100 50 50 50 33 26 33
81 89 63 77 76 33 50 100 0 0 66 0 56 71

91 92 93 94
18 4 16 1
16 25 12 100
31 40 54 100

120 121 122
2 3 4

50 33 25
50 50 0

149 150 151
5 5 9

40 20 33
25 33 68

95 96 97 98 99 100 101
15 2 6 4 8 7 9
20 50 50 25 12 28 55
67 66 50 25 41 66 84

123 124 125 126 127
4 5 3 12 5

25 60 33 33 20
50 81 71 75 55

152 153 154
2 1 1

50 100 100
0 100 100

155 156
2 4

50 25
91 25

128 129 130
4 5 2

25 20 100
40 20 100

157 158 159
3 5 3

66 20 100
50 60 100

102 103
7 6

14 16
68 73

131 132
4 5

75 40
88 78

160 161 162
3 2 6

33 50 16
33 50 0

104 105 106
8 1 3

25 100 33
45 100 66

133 134 135
4 2 5

25 50 20
62 50 69

107 108
4 7

25 14
70 40

136 137
2 2

50 50
90 85

163 164 165
9 1 2

11 100 50
46 100 75

109 110 111
8 3 4
12 33 25
46 86 0

112 113 114 115 116
3 7 10 1 12

33 28 10 100 25
85 75 30 100 67

138 139 140 141 142
6 0 13 5 1
16 100 23 40 100
16 100 52 66 100

166 167 168 169
1 10 4 9

100 40 50 22
100 80 94 53

143 144 145
10 2 2
50 50 50
78 88 0

170 171 172 173 174
9 6 1 2 2

22 16 100 50 50
74 28 100 50 50

30 31 32 33
2 3 2 1

100 66 100 100
100 87 100 100

88 89 90
3 5 1

66 20 100
66 0 100

117 118 119
4 2 2

25 50 50
62 91 50

146 147 148
2 2 5

50 50 40
94 80 70

NO. 204230
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