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INTRODUCTION.

The primftive Lepideptera discussed in this paper include the Jugate
Lepidoptera, (Hepialidae and Prototheoridae), the Jugo-frenate Lepidoptera,
(Mnesarchasidae, Micropterygidae, and Ericcraniidae), and the Frenate
superfamilies Tineoidea, Eucleoidea, and Bombycoidea. The object in this
discussion is to compare the male genitalia of these groups of Lepidoptera
with each other and with those of nearly related orders of insects, and to
ascertain from this comparison the valus of these organs in gaining a more

complete lmowledge of the natural relationships of the insects treated.

HISTORICAL SURVEY

Reforences to the male genitalia of Lepidoptera are to be found in
the works of such early writers as Malpighi, Swammerdam, and Reamur.
Malpighi, (1669), briefly described the male genitalia of Bombyx mori in
cormection with his discussion of the reproductive system in this insect.
Swarmerdam, (1737), in much the same mamer outlined the gross structure
of the genitalia in the European butter-fly, Vanessa urticae. Reamur,
(1742) , described the physiology of the reproductive system in male
Lepidoptera but made 1ittle effort to describe the genitalia. The works
of these authors are characterized by a tendency to emphasize the physiology

of the reproductive system with little or no descripiion of the external
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armature which comprises the genitalia.

The first detailed description of the reproductive organs in the
microlepidoptera was by Suckow in 1828. This author described these organs
in Tinea pellionella but contributed practically nothing toward the more
rhology of the gerital appendages.

The works of Burmeister, (1832), Kirby and Spence (1838), and Siebold
and Stannius (1848) illustrate the first detailed attempts to describe the
external and more visible parts of the genital armature. In these the term
valvae or valves was used to denote the two lateral outer appendages.
Burmeister (1870, '74) makes further use of this term in describing the
genus Euryades and specified that these valves were appendages of the eighth
urite, a conclusion arrived at thru his failure to count the first abdominal
somite,

De Haan (1842), in describing the genitalia of the Papilionidae used
the Dutch term, "kleppen®, for the valves and designated the inner lateral
appendages as, "zijdelingsche aanhangels®.

Scudder and Burgess (1870) called attention to the asymetry of the
male genitalia in certain species of Nisoniades and added a few new terms
which described certain parts quite apacifica.lly. The term "clasp® was
used instead of valve; the process arising from the basal portion of the
clasp was called the "basal process", and the dorsal portion of the genital
armature was named the "upper organ". The terms "main body® and "dorsal
ecrest" were used rather interchangeably for the proximal portion of the
upper organ and the distal half was referred to as the "apical portion®.
The figures accompanying this paper are clear and leave no doubt as to the
identity of the parts described. It is also of interest to note that these

authors were among the first to emphasize the usefulness of the genitalia

as specific characters expressing their confidence in the reliability of
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them for the purpose of distinguishing closely related species.

In 1876 Buchanan-White published the first comprehensive survey of
the male genitalia of Lepidoptera under the title, "Of the Male Genital
Armature in the Europsan Rhopalocera®. In this work the term "harpago" was
used for the valve and "tegumen®, for the "upper organ® of Scudder and
Burgess, This paper and the one by Cosse (1883) had a marked influence in
the developing of a comprehensive system of momenclature for the male
genitalia in Lepidoptera and in stimulating future work in this field.

Gosse was influenced by the diwided condition of the lateral appendages
in the Papilionidae t§ use the term valve for the entire appendage and to
restrict the term harpe to "those portions which project freely into the
enclosed space between the valves". The temm "uncus®™ was added to describe
the hook 1ike tip of the tegumen and "scaphium® for the "mass of shining
white tissue apparently in organic union with the lower surface of the uncus
near its origin".

Subsequent to the work of Buchanan-White and Gosse the investigation of

the male genitalia of Lepidoptera followed two rather distinct lines of
endsavor. In the first of these the authors described the genital appenda-
ges in certain genera or groups, using them as characters for the separation
of species; in the second, the morphology and ontogeny of these organs were
described for the purpose of comparison in more comprehensive, yet related,
groups. Of the former, ths works of Hoffman (1888, '95), Smith (1839, '98),
Pierce (1909, '14, '22), Busck and Heinrich (1921) and Heinrich (1923) are
among the most important from the standpoint of the microlepidopterist.
Hoffman's descriptions of the genitalia of the Butalidae illustrated the
first serious attempt to describe the extermal genital amature of such small
insectg. Smith demonstrated ths valus of the harpes for separating closely

related species of Noctuidae and inspired Pierce to make a more comprehensive
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study of the genitalia in this family. Pierce's extensive works on the
Noctuidae, Geometriidae, and Tortricidae are the most comprehensive accounts
of the genitalia in these groups up to the present time and serve as the

basis for the work being carried on by present day investigators. Busck and
Heinrich have adopted Pierce's system of nomenclature in describing the
genitalia in new species of North America Lepidoptera and Heinrich, in his
recent revision of the Eucosminae, has effectively applied the genital charace
ters in clearing up many of the difficult problems in the natural relationships
of the members of this group.

In the second glass of investigators Cholodkovsky (1885), Peytourean
(1895), Stitz (1900), and Zander (1903), and Petersen (1900, 104) *are most
worthy of consideration. Cholodkovaky's description of the genitalia in
the Adelid moth, Nemotois metallicus Ped., illustrated an early attempt to
comprehend the genital system in an insect which because of its minute eize
and vestiture of scales offered an excellent chance for the development of
delicate teclmique, This work served as the basis for future investigations
on the internmal genitalia in Lepidoptera and Trichoptera which will be re-
ferred to later. Cholodkovsky's treatment of Nematois exhibits a keen and
correct insight into the structure of the genitalia. He expresses his regret
in being unable to f£ind a system of nomenclature for the genitalia in the
literature of his day and proceeds to originate one which admirably serves
his purpose. He recognizes the nyinculum® of present day authors as the
ninth sternite, and the tegumen as the combined ninth and tenth terga, the
latter being rudimentary or Membryonic®. For the valves he uses de Haan's

term Kleppen and suggests that they may represent larval appendages which

* The works of this author have coms to my attention since the writing of
this mamuscript and are included im the bidliography. In his paper on the
significance of the genmitalia in the differentiation of species he discusses
at length the morphology of the male genitalia and adopts the terminology
of Zander (1903), adding the term "fulturs penis® to describe the processes
associated with the wemtral surface of the "ring wall". In the terminology
adopted in this paper thewe are called the "juxta®.
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were suppressed in the pupa, i.e. the "schwvanzlappen" which Tichomiroff
(1880) , described in the pupa of Bombyx mori. Cholodkovsky describes the
penis as a hollow chitinous rod which enters the ninth somite thru a
membranous tube, the "praeputium®, reenforced ventrally by & flat chitinous
plate, i.e. the anamellus and juxta of Pierce. He applies the temm
"sichelposterchen® to the membranous tip of the penis, i.e. vesica of Pierce,
and noted that it was eversible.

The work of Peytoureau comprises a number of extensive treatises on
the comparative morphology of the genitalia in the more important insect
orders. His study of the Lepidoptera includes six species, and while these
wore all macrolepidoptera, it is of importance because hias conception of
the morphological units is based on a study of the pupal development and
the nervous system of the genital appendages. He regards the tegumen as
being composed of the fused ninth and tenth terga which are distinct and
wfused in the pupa. He calls attention to the close cormection of the
valves, the ninth sternum, and the basement membrane, (anellus), in the pupa,
and he regards the penis as the chitinized terminal portion of the ejacula~
tory duct. He describes the formation of the saccus or median process of
the anterior margin of the ninth sternite in Bombyx mori and considers 1t
part of the membrane between the eighth and ninth sterna. With regard to the
nervous system, he showed that the genitalia were emmervated by the "sixth
lateral® and the "post terminal® nerves of the last abdominal ganglion, the
former supplying the muscles of the base of the ninth sternum and valvae
and the latter the tegumen, the anellus, and the retradtor muscle of the
penis,

Stitz, using the nomenclature of Buchanan-White described the genitalia
of a series of Lepidoptera in a mammer very similar to Cholodkovsky's treat-

ment of Nematols. Of the species included as microlepldoptera, four were

Tinscidea.
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The work of Zander is probably the most important contribution to
the morphology and ontogeny of the male genitalia of the Lepidopterae
He correlated the nomenclature of Buchanan~White and Gosse with the morpho-
logical units comprising the genitalia by comparing the adult structures
in a large rumbsr of moths and butterflies and tracing their development
in the larval and pupal stages of a more generalized species. His work on
the Lepidoptera was preceeded by investigzations of a similar nature on the
Hymenoptera (1900), and Trichoptera (1901), and thru his conception of a
common plan of structure for the genitalia in these orders he correctly
interproted the various modifications of identical parts without introducing
a large and cumbersome nomenclature. In the Tineoidea seventeen species
were examined, of which four were Micrepterygidae, three Aculeata, and one
Tineidae.

His investigation of the ontogeny consisted of a careful examination
of the larval, prepupal, and pupal stages of a Tortricid moth, Parapoynx
stratiatoria, based on the previous work of Peytoureay, Verson and Bisson
(1896) , and Klinkhardt (1900). By tracing the development thru each larval
instar from the very first he improved upon the results of these investiga-
tors and recorded the following observations: The male fgenitalia are formed
and develop in a pouch on the ventral side of the hind margin of the ninth
somite formed in the first inetar by an invaginating of the ectoderm of
that region. This pouch was first observed in Pieris brassicae by Herold
(1815) and later in Bombyx mori by Verson and Bisson. These authors regarded
this pouch as a part of the intersegmental membrane between the ninth and
tenth somites but Zander shows that it is actually a portion of the ninth
sternum thru its relation to the underlying muscles. During the third instar
this pouch enlarges into a flask shaped pockst and a pair of conical buds
develop at the bottoms In the fourth instar these divide giving rise to a

dorsal outer pair and & ventral imner pair. In the last instar the latter
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unite to form the embryonic penis, and the former migrate to the caudal
margin of the ninth sternum. At pupation with the disappearance of the
genital pouch these outer buds 14e &t the surface in close commection with
the ninth sternws and form the embryonic valves.
At this stage the penis is invaginated in a second depression which

Zander calls the ¥penis pouch® and thru its deepening and the enlargement

of the penis the anellus is formsd. This Zander calls the "ring wall®.
During this stage in the pupal development the tenth somite which was
suppressed at pupation by hhe telescoping of the last two abdominal seg=
ments of the larva develops a dorsal and ventral appendage, the uncus and
the gnathos. These enlarge %o form & hood above and balow the amus. The
lumen of the penis which was formed when the two inner buds united at the
bottom of the genital pouch grows deeper as the penis lengthens, eventually
ramifies the entire organ and is joined to the caudal end of the ejacula=
tory duct.

Shortly before the emsrgence of the adult the purts of the genitalia
are chitinized, the depesit of chitin being most heavy on the tegumen,
mous, gnathos and vinculum. The ventral wall of the anellus is ehitinized
in some species thus forming the juxta, while in others the entire anellus
becomes & chitinous come. The base of the penis fuses with the portion
of the pocket surrounding 1% and agssumes a heavy coat of chitin leaving
only the short comnsction %o the ejaculatory duct and the extrome distal
end membranous. After this the parts become covered with hair and scales
and the genitalia assume the appearence of the definitive structures.

These results of Zander have made clear the significance of the parte
of the genitalia and served as the basis for & miform system of nomen=
clature suggested by McDunnough in 1911. This author recommended the

adoption of a set of terms to be determined by the law of priority for
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scientific names, a law which does not apply to morphological nomenclature.
Consequantly his terminology has not been adopted by all worksrs on
Lopidoptera. It differs little from that of Pierce and in the following
deseription of the parts comprising the genitalia I have included his tems
whenever they were eguivalent to thoss of Piesrce.

Aside from descriptions of the morphology of the genitalia of the
Lepidoptera in the literature on this order wany raferences of value will
be found in general literature on insect morphology and particularly in
the contributions relating to the genital system. A discuasion of such
literature would be guite voluminous and aside from the purpose of this
paper. However the contributions of Walker (1922), and Crampton (19018,
119, 120, '21, '22) are of particular interest bscause thess authors have
compared the male genitalia thruout all the lower insect orders up to and
ineluding the lowar Lepidoptera. The nomenclature used by them is a
compilation of the temms used by Berlese (1882, 1906, '09), Escherisch
(1903, '04), Heymons (1895, '96, '99, 1912), Verhoeff (1903), Versen (1904),
end others, and is conpared with that adopted for the Lepidoptera in a
subseguent table. Both of these authors have reached the conclusion of
Zander regarding & fundamental plan of genitalia structure common to all
insects. They have homologized the genital appendages very thoroly thruout
the orthopteroid and neurcptercid insects and their allies and from this
have deducted certain conclusions regarding their phylogeny. Such of

these orders as show particular relationships to the Lepidoptera are dis-

cussed in a subssquent section of this paper.

Nomenclature
Reference has already been made to the contributions of Pierce,
Busck, and Heinrich to the nomenclature of the male genitalia of the

Lepidoptera. Altho Busck and Heinrich have not adopted all of the terms
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which Pierce uses in his more recent descriptions of the Geometriidae
and Tortricidae, or those suggested by MeDunnough, the system which they
have applied to North American Lepidoptera differs so little from those of
Pisrce and McDummough that, in view of the fact that they have contributed
more then have any other suthors %o our imowledge of these organs in the
native species, it has seemed beat to adopt their terms in this paper. In
dsfining these terms in a subsequent section of our discussion we have peinted
out the equivalent terms of Pierce and McDunnough.

The works of Walker and Crampton, previously menticned, form the basis
for the most recent comparison of the genitalia or orthoptercid and neuropteroid
insscts. The system of nomenclature used by them may be readily homologlzed
with that of Busck emnd Heinrich and is used in the section of our discussion
dealing with a éomparisen of the genitalis of the Orthoptera, Neuroptera
and Lepidoptera. To make thess torus resdily comparable and to show their
relation to ths morphological units of the genitalia as determined by
Zander the systems of Busck and Heinrich, Walker and Crampton, and Zander
ars tabulated below. The nomenclature originally applied by Waller and
Crampton to the Orthoptera has bean subjectsd to many changes by the latter
author as his conception of the significance of these structures in the
different insect orders became glearer. This has led to the corrsction of
certain terms originally misused and the replacement of others by new

ones which the author thought more applicable. There has resulted a cum=

bersome and poorly organiszed system from which I have selected only the

most reliable terms for wse in the comparative table and in the discussion

of the orthopbercid and neuropteroid genitalia.
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Comparative Table of Systems of Nomenclature used by Busck and Heinrich,

Walker and Crampton, and Zander

Busck and Heinrich

Valker and Crampton

Zander

Tegumen

Ninth Tergite or
Epiproct

Ninth Tergite (Bucken-
schuppe)

Epiandrium or Epi-
proct(In part)

Dorsal appendage of the
tenth somite; Uncus

Gnathos

Paraprocts?

Ventral appendage of
the tenth somite; sca~-
phi'uln.

Socii

Surgonopods (Neurop=
tera, Mscoptera and
Trichoptara)

Lateral prolongations of

the postsegmental margin of

the ninth tergite; Anal
appendages.

Vinculum

Hinth stemnite;Hy-
pandrium (when forming
a plate); Coxastermum
(in part)

HNinth sternite

Saccus

Medio=ventral projection
of the ninth sternitej
Saccus

Harpes

Gonapophyses , or Conae
styli*(in Orthoptera)

Appendages of the ninth
sternite} Valvae

Transti 119

Anellus

Parameres (in part)
Epiphallus?

Portion of penis pouch
surrounding the penis
where it enters the
genitalia; Ring wall

Juxta

Paeudosternite?

Chitinized venter of the
Ring Wall

Aedoeagus

Phallus, Penis or
Asdeagus

Chitindizsd outer end of
the penis

Penig

Ejaculatory Duct

Ductus E jaculatorius

El‘mpton regards the Harpes as the terminal portion, or Gonostyli, the coxites
having fuged with ninth stermum.

—
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A Description of the Parts Comprising the Male Genitalis
in Lepidoptera.

The following structures ordinarily comprise the male genitalia in
Lopidopteras and can be}recognisad and homologized thruout the different
families,

Somites: The abdomen of the Lepidoptera consists of ten distinct segments
or somites each of which, with the exception of the tenth, possesses a
distinet tergm and stermm. Ordinarily somites 1 - 8 undergo little
modification. Occasionally the chitin of the terga and sterna of certain
somites is interrupted by circular, membranous orifices, which are referred
to as "fossae® in subsaquent discussion. Sometimes ths seventh and eighth
sterna bear prominent hair pencils or tufts (Haartaschen, Poljanee, 19501),
which are concealed in membranous pockets of the intersegmental membrane.
Similar structures have been described on more anterior segments in the
Sphingidae et al. In soms Rhopalocera lateral processes arise from the
posterior margin of the eighth sternite (Rami, Stickel, 1899), and the
Bombycidae usually possess an armature of hooks and processes on this
segment. In the Seythrididas, Gelechiidae et al. the eighth sternum and
tergum are separated along their lateral wargins and form a ventral and
dorsal heod over the gesdtalia. In the Plutellidae the eighth stermum
is divided on the median line and the lateral lobes thus formed surround
the genitalia.
Genitalias The genitalia proper include the highly wodified ninth and
tenth somites and are composed of the following parts:
m(huahsmn-mte, 1878)%: This term is applied to the tergal

portion of the ninth semite which forms the dorsal part of the genitalia.

e e -

* Bughanan-White's use of the temm tegumen included both the tergum and
sternum; later the stermum was called the saccus by Iker, and the vinculum
by Plerce, so the term tegumen is now restricted to the tergum and is

equivalent to the upper organ of Scudder and Burgess.
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It articulates laterally with the ninth sternum, the suture frequently
being solidly fused. The anus opens directly below the caudal margin of
the tegumen and is largely concealed by it.

Tenth Somites This somite is usually membranous and retracted but in
the Micropterygidas and Adelidae Zander and Cholodkovsky have described
the tergum as & small terminal sclerite separated from the ninth by a dis-
tinct suture. In such generalized forms the absence of the uncus allows
& normal develorment of this usually suppressed somite. The anus opens at
the terminal end of the somite and in most Lepidoptera where the segment is
entirely membranous it is indistinguishable from the distal end of the anal
tube,

Uncus, (Gosse, 1883): This and the following two parts constitute the
anal armature and belong to the tenth somite; because of its retraction
however they assume a superficial attachment to the tegumen. Zander has
shown that when these processes are developed the tenth somite remainsg
membranous thruout the entire development of the genitalia serving only as
the base for their attachment. In shape the uncus is hook like, spoon shaped,
clavate, emarginate, bifed or trifed; it is usually heavily chitinized. In
the primative Lepidoptera it is often absent or reduced to & small hook which
over arches the anus.

Socgd, Pierce, 1914): These are paired organs, normally soft, membrancus,
and hairy, which arise from the tegumen on each side of the arms. They are
absant in most of the primative Lepidoptera but occur almost invariably in
the mopre specialized families.

Gnathos, (Pierce, 1914) = (Scaphium, Cosse, 1882): = (Subscaphium, Pierce
1909). This also is a paired organ which srises from the tegumen near the
base of the uncus. When complete it consists of two lateral arme which

surround the amus and a median ventral plate situated directly below the

amis. It 48 subject to great modification, the ventral plate often being
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reduced or absent. In many of the families treated in this discussion
it is entirely miesing.

Yinculum, (Pierce, 1909) = (Saccus, in part, Baker, 1891): This
term is applied to the ninth sternite which usually takes the form of a
ventral chitinous band articulating with the tegumen at its lateral margins.
In the Micropterygidae and Eriocraniidae it differs little in width from
the tegumen and 4is often uoli&ly fused with 1t; in the Aculeate Tinecidea
it is much longer than the tegumen, U or V-shaped and more heavily chiti-
nized. The opposite tendency prevails in the higher groups where the
vinculum is often reduced to a narrow transverse band which comnects the
bagses of the harpes.

The antsrior margin or apex of the vinculum is often produced anteriorly
to form a medio=-ventral chitinous sack which lies beneath the eighth ster=
nite. The name "Saccus" was applied to this structure by Baker in 1891 and
Pierce, 1914, in revising his terminology, applisd it to the vinculum and
saccus combined. Since Baker's original use of the term "Saccus® applied
to the invagination rather than to the entire ninth sternum we prefer to
adopt McDunnough's suggestion and apply the term vinculum to the entire
ninth sternum whether or not its margin is produced to form a saccus. The
saccus occurs in most of the Tineidae and nearly allied microlepidoptera
as well as in many Bombycoidea and Rhopalocera.

Harpes, (Smith, 1890) = (Valvae, Burmeister, 1832): These are paired
clasping organs which articulate to the posterior margin of the vinculum.
Often too their bases are closely associated with the juxta and in many
Hepialidae are articulated to it. In most primative Lepidoptera the harpes
are symmetrical, altho there are frequent exceptions. They are normally
triangular, finger 1ike, or spoon shaped. In many families, especially

among the higher Lepidoptera, ths harpes are divided into three distinct
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lobes or areas, a dorsal, apical and ventral, called by Pierce the costa,
valvula or cucullus, and sacculus. In the Noctuidae, et. al. the sacculus
and costa frequently develop appendages or processes which become so widely
separated from the remainder of the harpe that they have been described as
separate structures. The "clasper® of Suith and ths®ampulla® of Pierce
come under this class but because such modifications occur so rarsly in
primative forms need not be extensively discussed in this paper. Occasicnally
the harpes are greatly reduced and fused with the vinculum se closely that
they are practically functionless as claspers, e.g. Eriocraniidae.

Raference has already been made to the investigations of Zander on the
development of the harpes in which he showed that they are appendages of
the ninth stermum which arise from the lateral buds of the genital pouch and
during pupal development, migrate to the periphery, and become attached to
the ninth sternum.

Transtills, (Pisrce, 1914): In most Lepidoptera this structure occurs
in the form of a chitinized band or bridge which comnects the immer costal
angles of the harpes passing just below the gnathos and behind the asdosagus.
Sometimes 4t is lobed and ornamented with spines.

The above parts have been called by Pierce the fexternal part” of the
genitalia and constitute the accessory armature. The following structures
are called the Yinternal part” and comprise the intromittant organ and ite
armature.

Anelluys and Juxta, (Pisrce, 1914): The anellus is the cone 1ike tube
thru which the penis enters the ninth somite. It is usually membranous,
often covered with spines and bears a triangular or quadrate plate, the juxta,
on its ventral surface. Ths lateral margins of the juxta may be produced
to form hairy lobes or the central portion elonpgated into a process which
supports the asdosagus. Occasionally the entire anellus is chitinized

forming a fumnel or perforated plate thru which the asdoeagus protrudes.
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Aedoeagus, (Pierce, 1909): This structure ordinarily consists of a
chitinous tube which enters the ninth somite thru the anellus and ie
supported by it and the juxta. It is heavily chitinized, frequently armed
with spines and serrations and has the posterior end inflated to form
a blind pouch in which are lodged the retractor mascles of thepenis. Zander
mas shown that the aedoeagus is the chitinized terminal portion of the
penis and its bulbous base is formed from the modification of the penis
pouch. In the Hepialidas the aedoeagus occurs as a flat plate and the
membranous penis passes behind it and opens at its caudal margin.

Penis, (Busck and Heinrich, 1921) * (Ductus ejaculatorius, (Pierce,1914):
This term applies to the terminal portion of the ejaculatory duct which lies
within the asdoeagus. It is a soft aversible tube which may be projected by
blood pressure beyond the tip of the asdoeagus and serves to introduce the
sperms into the bursa copulatrix of the female. This eversible tip 1is called
the "yesica", Pierce, 1914, and is often armed with spines or clusters of
spines called "gornuti®.

The accompanying text figures {1lustrate the arrangement of the above

dsscribed structuresin the most common types of genitalia which occur in

the primptive Lepidoptera.
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A COMPARISON OF THE LEPIDOPTRROUS TYPE OF MALE CENITALIA
WITH THOSE WOUND IN INSECTS OF NEARLY RELATED ORDERS
In this discussion wa wish to show that the type of mals genitalia

which prevails in the Lepidoptora 4s to be found in a sonewhat modified
condition in those insects most nearly related tlo them 4.0, the Trichop=
tara, Heouroptara and Meceptemm. The plan of structure in this tyre has
$ts origin in the most primative insect forme and has been traced by
Walkey and Craspton in its various modifications thru the Thysanura,
Bphewerids, and Orthoptera. As certain of these forms are in the ddrect
line of dovelopment toward the type found in Lopidoptera they will be

discusssd in detail under the various insect orders in which they occour.

Ventral views of male genitalia of Thysamura, Ephemorids and
Orthoptera (after Walker).

1 = Machilis = Ephemerid
2 - lypothetical primative type « Oryloblatta nymph.
Abbraviationst

¢ = cerous poA = antarior paranere
¢f - cauda)l filament or telofilum o8& = Swpra - anal plate

ex - coxite of 9th sternite atl = stylus
eXg = coxito of Sth stomite sg = Bth sternite
g =~ gonopophysis, which is come= 8g « 9th sternite

posed of ox, the coxite and  tg ~ 9th tergite
'tl. the ﬂ"l“ tlﬂ = 10%h torsﬂi
- paraprect
- panis
- posterior paramers or its
oain procoss
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_i




R,
=l

The genitalia of these two orders may be conveniently discussed
tozether because they possess many points in comwon and furnish a
generalized, basic, type of genitalia frem which may be derived the types
found in the other insect orders. In the Thysamura as illustrated by
Machilis, (Text f£iz. II, 1) the ninth stermum is quite small and completely
hidden by the coxites of the eighth. It bears two large coxites each with a
terminal stylus. These are homologous with the coxites and styll of the
Ephemerida, (Text fiz. II, 3), and with the harpes of the Lepldoptera and
the gonopophyses of related orders. In the Ephemerida the coxites possess
two or three sepmented styli which become clasper-like just as do the
gonopophyses of the higher insects, and develop prominent basal muscles
for their manipulation.

In certain species of the gems Heptagenia, i.e. flavescens Wlsh.,
and tripunctata Banks., the ninth stermm is g8lightly produced between
the coxites and suggests a ventral plate or "hypandrium® which is
characteristic of many Orthoptera, Neuroptera and Meceptera.

In both orders the ninth tergum is an unmodified transverse sclerite
rounded laterally and articulating with the pleura.

In the Thysanura the tenth somite is well developed and bears three
caudal appendages, the two lateral ones, the cerci, and a central one,
the telofilum or cerciform sppendage. The anus cpens beneath these.
Crampton, (1921), in homologizing these structures with the terminal appen=
dages of Isopod Crustacea, considers the basal segment of the telofilum
as bomologous with the eleventh somite, the remeining segments as the telson,
and the carci and their basal plates, the paraprocts, s the vestiges of &
pair of biramous limbs in which the protopodite is represented by the para-
proct, the endopodite by the cercus, and the exopodite is lost. Wheeler's
work on the embryonic development of Xiphidiwa, (1893), also supports the
view that the cerei and their basal plates represent the eleventh somite, and

its appendages. The same arrangement of the tenth and eleventh somites

e R
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obtains in the Ephsmerida. In this order however there is & median shelf-
1ike structure suspended beneath the anus. Walker has homologized this
with the subanal vomer of the Phasmidae and it resembles very closely the
gnathos of Lepidoptera and similar subanal structures of the Neuroptera
and Trichoptera.
The penis of the Thysanura is a single, median,membrancus or lightly
chitinized, tube reenforced laterally by a pair of chitinous processes,
the parameres. In the Ephemerida these parts are fused forming a median,
membrancus structure which possesses two efferent ducts. Walker considers
this type as the more primative of the two and belleves that the generalized
insect ancestor possessed two penes each with a separate ejaculatory duct

just as the females of certain Thysanura still retain double genital

apertures.

From this brief survey of the genitalia of these two orders it will be
seen that they are constructed aleng the same general plan and that the
Ephemerida, altho retaining a more primative type of penis, tends teo

develop a large ninth somite provided with forcep~like coxites and styli

thus forshadowing the clasping type of genitalia which characterizes the

Lepidoptera and its near relatives.

Species examined: Machilis &p.
Heptagenia flavescens Wlsh.

Heptagenia tripunctata Banks.
Heptagenia interpunctata Say.
Callibaetis ferruginea Wish.
Hexagenia bilineata Say.
Blasturus cupidus Say.

Orthoptera
Cloge resemblances to the type of genitalia just described for

the Ephemerida are found only in & very generalized Orthoptera. Walker
(3914 anq 119), nas described such & form in Grylloblatta campodeiformis Walk.

T e T T T
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(Text fig. I, 4) from Auwstralia and has given the development of the

male genitalia particular attention. It resembles the clasping type of
genitalia as dsscrided for the Ephemerida in the following respects.

Ths ninth stormem bears on its posterior margin a palr of cexites sach

with a temminal stylus. Altho unsyrmatrical in the adult, these are alwost
alike in the nymph and are movably articulated to the stermum. Thoy possass
prominant basal mmscles which Walker believss enables thom teo function as
claspers, thus ressmbling gonopophyses. The tenth somite and the penis are
much the same as in Yhe Ephemerida and need not be discussed except to atate
that the latter is composed of two paplllae with a single, central, ejacula=
tory dust, In the remainder of thw Orthoptera the coxites are suppreseed or

fused with the ninth stermum, the penis is complicated and unsysmetrical and

the entire genitalis depart gmreatly from the eimple Sype of Grylloblatta,

Plecoptera and Odonate

Pigure III.

ity - . 3 Hﬁ L g
N S o Al ‘ !y
= i i A g A N r

3.granﬂls

Ventral visws of the male genitalia of Odonata (after Van der Veels)
1 - Colapteryx virge L., nymph. 3. Aoschna grandis L., adalt
? « Colopteryx virgo L., adult.

Abbreviationst

g « gonopophysis
p = opening of the ejaculatory duct or homologue of penis in

othor insects.
n9 « Oth sternite.
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The adults of these orders bear little resemblance to the generalized
genitalia just described because the ninth and tenth somites retain the
ring=1ike structure of the preceeding somites and coxites and styli are
not developed. The nymphs of the Odonata (Text fig. III, 1) however, bear
small appendages on the caudal margin of the ninth somite which Van der
Weel, (1906), has homologized with the gomopophyses of the higher insects.
In the adult (Text fig. III, 2 and 3) these are greatly reduced and form
small plates on each side of the opening of the ejaculatory duct, and
the large appendages developed on the tenth scaite which are usually called

gonopophyses in the taxenomic literature are not in any sense homologous

with the trus gonopods of highsr insects.

Neuroptera

The male gonitalia of this group show such a wide diversity of
structure that it is difficult to select a series of forms which will
11lustrate the transition from the generalized genitalia of the Ephemerida
and Grylloblattoidea to the more specialized types which are characteris-
tic of the Mecoptera, Trichoptera and Leplidoptera. By selecting the more
generalized representatives of sach of the natural subdivisions of the
order and discussing in detail sach structure comprising the genitalia,
rather than the complex, some idea can be obtained of the extremely synthe-
tic nature of the genitalia in this order and of the generalized type from
which go large a nuuber of diverse forms has been derived.

Crampton has discussed in detail the morpholegy of the genitalla of
the Neuroptera and homologized the parts with those of the Mecoptera,
Trichoptera, and Lepidoptera. His conclusions regarding the homologies are
in the main correct but unfortunately he has not examined the more primative

members of many of the groups and has failed to galn a conception of the
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trus significance of mamy of the structures which he figures. He has alse
apparently ignored the excellent figures which Van der Weels, (1910), and Ebgen=-
Peterson, (1913, '21), give in their revisions of the Megaloptera and Mecoptera
which furnish the various steps in the lines of genitalia specialization
occuring in thess groups.

For convenience the general characters of the genitalia of the Neuroptera
are outlined below while their special morphology is discussed under the various
families into which the order is divided.

Ganeral characters: Ninth stermm enlargad and produced to form a ventral
plate or so called hypandrium beneath the genitalia, thus crowding the gonopophy=
ses dorsad so that they are often closely associated with the amus, The penis
iz either a membrancus papilla thru which the ejaculatory duct opens, a pair of
papillae with the opening between them, or a chitinous plate or process with
the duct opening at its bass. The simple papilla type resembles that in the
Ephemorida and Grylloblatoidea, while the plate and process types are closely
analogous to that of the Jugate Lepidoptera except that in the latter the duct
opens at the posterior margin of the plate, In none of the Neuroptera do we
£ind a hollow, tube=liks penis such as is sharacteristic of the Trichoptera
and most Lepidoptera. In the following discussion of the special morphology

the family divisions of Van der Weels are used for the Megaloptera, and those

of Ebsen<Peterson (1906), for tha Neuroptera Planipernia.

1. eoblila 2. infumata 3. dubitatus

Male genitalia of the Neuropters, Megaloptors.
le Raphidia oblita Hog., right side. 3w Archichauliodes.
2= Sialis infumata Newm., venter.

“‘b"‘ﬂ““"" - armature of base of penis 8g - Eth sternite

s'- buo omphﬂinpg ?:mtonl process of :3 - z:h :z:gﬁ.

g = gonopophyses plate of penis t10~ 10th tergite
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Mogalopterat There is no clear cut eeries of genitalia charscters
which will distinguish this group from the Planipennia. The more gensralized
tendencies secem confined to the Sialidae and Raphididae of the Megaloptera,
while the specialized ones occurring in the other families simply are carried
further in the Planipemnia.

Baphididae: (Text £ig. IV, 1). The genitalia of this family are the
most generalized of the Neuroptera and forshadow many of the characters
occuring in the Trichoptera and Lepidoptera. The ninth stermm is not produced
to form a hypandrium but is emarginate and bears a pair of large gonopophysea
on its posterior margin; these are ventral in position thus differing from
the gonopods of most Neuroptera which tend to become dorsal. The gonopophyses
are entire, (R. oblita Hag.), or emarginate or deeply cleft, (R, xanthostigma
Rostock). The penis is either an elongate, membranous papilla chitinized on
the venter,(R. oblita), or an irregular papilla with several fleshy protuber-
ances, (R. zanthostigma). The ventral chitinisation in E. oblita is basally
connected with the gonopophyses and suggeste the juxta of Lepidoptera. This
type of penis is the closest approach in the Neuroptera to the chitinized
tube of the Trichoptera and Lepidopters. The tergum of the ninth comite is
transverse and unmodified; the tenth and eleventh somites are represented
by a dorsal plate which over arches the amus and bears a pair of short ma~
segmented processes, possibly the rudimsntary cerci. Species examined:

R. xanthostigma Rostock, B. oblita Hag.

Sialidae: (Text fig. IV, 2). The genitalia of this family are less
generalised than those of the preceding but several features sugrest close
homology with the Raphididae and with the Lepidoptera. The ninth sternum is
slightly produced and forms a short hypandrium thms forcing the gonopophyses
dorsad so that they are lateral in position and articulate with the pleural
region of the somite. They are triangular or quadrate in shape and suggest

the harpes of the Aculeate Lepidoptera, i.e. Adela or Nepticula. The penis
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consista of & pair of fused chitinous plates often bearing terminal
spines, or & pair of papillas. The tenth and eleventh terga are indise
tinguishably fused and terminate in a pair of processes. In the European
speciss of Sialis these are short, recurved, and heavily chitinized and
resemble a bifed wncus.

Species examined: Sialis infumta Newm.
Sialis lutaria L.

Coxydalidaet Ths remaining Megaloptera are grouped in this family
under two tribes, the Neurotomini and the Chauliodini, the first character-
ized by a longitudinal dividing of the gonopophyses inte a dorsal and ventral
portion which gives them the appearance of two separate pairs of gonopophyses
and the second by the roduction and dorsal migration of the gonopophyses
80 that they appear as small plates closely associated with the anus. Most
of the species of this family have been figured by Van der Weele and Crampton
and need not be described. Archichauliodes, (Text fig. IV, 3), is the most
generalized member of the family having undivided gonopophyses which are
large and clasper-lils, 2 small ninth sternum, and a penis consisting of
two chitinisei processes with a single ejaculatory opening between them.

Species examined: Archichauliodes dubitatus Walk.

Parachauliodes japenicus lcLach.
Chaulicdes pectinicomnis L.
Nigronia serricornis Say.

Hemmes maculipermis Gray.
Chloronia hieroglyphica Rambur.

Corydatds cormutus L.
Neuroptera Planipemniat The male genitalia of this group closely

resemble the types found in the Neurotomini and the Chauliodini. The
Mantispidae, Ascalaphidee and Mymmeleonidas are further specializations of
the type found in Corydalis of the Neurotomini, the Hemerobiidae may be
derived from Archichauliodes, the Nemopteridae are modified Hemerobiids with
Drepanspteryx as an intermediate fomm, and the Céniopterygidae are also
close Hamerobiid relatives from the viewpoint of genitalia structure. Of
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those families the Hemerobiides (Text fig. ¥, 1), represent the wost gener-
slized type. The penis of all the Planipernia and sene Neguloptera (Para-
chauliodes) superficially resembles timt of the Hepialid Lepidopters snd a

serdes of thess are figured for comparison. (Text fig. V, 2,3,md W.

A\

hpﬂ Y.

“\ ‘f .
j & 3. lavenie s

L. tlaviigrnis / B
4 furcata

Male genitalia and penis of Neuropters, Planipemnin and Megalopters.
1 « Hemorobius huakli Lion., venter, J = Pamahnuliodes Japenicus, Molaegh,
? « Tomtares clavicornis Hag. penis. penio.
¥« Albardia furesta Von der Teols,

penin.
Abbreviationss
g = gonoyophysis 89 = J%h stemite
p - M. '9 - 9“ “M“o

Spacies axaminad!

tispa interrupta Say
Mantispidas tispa fermosana
Climaciela brumes Say

(Albardia furcats Weole
Calobopterus versicelor Bum.
heron Srux Wik
Ascalophidae Rytris Javana Bumm.
s subjacens Wik.
leproctophylla nustmlis Pab.

teres clavicomis

Myrmadeond iae Oghantimchsis distincta
s onffer Bum.

lon sp.

Hemarobiidne
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Dumylidse Climacia areolaris Hag.
Slayra vicaria Wlk.
Sisyra fuscata F.
(Osnylus waculatus F.
multipuetatus Ml.
tuberculatus

(Leucochrysa vasia Scohd.
Chrysopidae (Ankylopteryx Sepunctata F.
(Ankylopteryx borneensis Weele.

Coniopterymidae (Coniopteryx pseciformis

Hocoptera

J
1. dipteroides 2. Luber 3. japomica

Male gonitalis of the Mscoptera (views yentral unless otherwise specified)
1 = Hanmnschorinta dipteroides Till. « Panorpa japenica Thunb.

2 - Merope tuber Newm. « Boreus brumalis Ftch. right side.
Abbrevintions:

a = ams ﬁ =« gth sterna

as = annl appendages 8 = 9th aterna

¢ = garcus '8 = Eth terga

& = gonopophysis tg = 9th tergs

g' = fused bases of gonophyses ¢ 10th terga

P - Dpenis $37= 11th terga

8p = sense organ
With the exaeption of ona family, the Bittacidae, the male genitalia

of the mombers of this order present many interesting structural charace
ters in common with the Trichoptera and primative Lepidoptera and fom a
connecting series betwoen them snd the Ephemerida and lower Neuroptera.

The ganeral cheractoristice of the genitalia of the order are as followa:
Abdomen with ten well devaloped somites, tho tenth hearing a pair of cercij
ninth stemunm wewally produced cauded to form a hypandrium; gono-

physes two jointed, the basal joints resembling the coxites of the
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Ephsmerida snd Crylloblattoidea and the unsegnented distal jJoint, the styld.
The ninth sternum and the coxites are often fused to form a vinculum=like
structure which surrounds the penis which is a chitinized or membranous
tube often armed with spines or processes. The special morphology will be
discussed under the various families which Ebsen~Peterson, (1521), uses in
his revision of the order, with the addition of the Namnachoristidas which,
following Tillyard'e (1919) suggestion is elevated to family rank.

Meropidse: (Text fig. VI, 2). The genitalia of this family are the most
generalized of the ordsr. The ninth sternum is slightly produced forming a
small hypandrium; the tergum is large and transverse and bears & pair of small
processes called the dorsivalvas. The tenth tergum is folded under these and
bears the one jointed cerci. The gonopophyses are very long and the terminal
joint 1s toothed at the apex and bears a small sense organ in the notch.

These joints articulate with the basal joints so that their movement is toward
the meson and at right angles to them. The basal joints are fused proximally
on the ventral 1ine forming s small U-shaped structure beneath the penis. The
penis is short, heavily chitinised, and consists of a palr of basal processes
which are fused with the gonopophyses and four distal processes or spines
which project caudally betwesn the gonopods. Spscies examined: Merope tuber,
Newme.

Boreidas: (Text £ig. VI, ¥). The genitalia of this family differ from
those of the preceding in the following respects: the hypandrium is larger;
the dorsa-valvae are absent; the tenth somite ie represented by the anus and
the gerci by small tubercles asscciated with 4t; the gonopophyses are shorter
with the basal joint heavier and the distal jointe fold dorsad so that they
1ie above the basal ones. Their apices are serrate and the sense organ is

rudimentary. Their fused bases are narrow and U-shaped. The penis is mem=

branous ard hangs fres between the gonopophyses.

Species examined: Borsus brumalis L.
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Napnachoristidas: The genitalia of this family are a modification
of the type described in Merope and resemble in many respects the geni-
talia of the Jugofrenate and Aculeate Lepidoptera. The ninth sternum
is narrow, transverse, and is not produced into a hypandrium. The tenth
and eleventh terga are emall rectangular sclerites, the latter of which
bears a pair of two jointed cerci. The gonopophyses are very large and
the basal joints are entirely fused and form a U-shaped structure very
similar to but obviously not homologous with the vinculum in the Aculeate
Tineoidea. The distal joints are short, triangular, with a serrate imner
margin which bears a sense organ composed of & cup-shaped base and a
membranous bulb=like apex. In shape, these closely resemble the harpes
of the Aculeats Tinscideas. The penis consists of & short, heavily
chitinized asdoeapus, terminated with spines and a membranous eversible
tip, and is fused with the basal joints of the gonopophyses.

Species examined: Namnachorista dipteroides Till.

Panorpidss: The genitalia of this family (Text fig. VI, 3), so closely
resemble those of the Nammachoristidae that it is unnecessary to describe
them in detail. The figure of Panorpa Japonica Tinnb. will serve to bring
out the morphological tcatu@u of the group.

Species examined: Panorpa japonica Thumb.

Panorpodes carclinensie
Panorpa sp. (N.A.)
Bittacidae: The genitalia of this family resemble those of the Nema-

tocerous Diptera more closely than any of the Lepidoptera and need not be
discussed in this paper.
Irighoptera
Altho the male genitalis of the various families comprising this order
are quite diverse, the more generalised families show close structural
affinity with those of the Mecoptera and Lepidoptera. In their resemblance

to the Lepidoptera it is often difficult to distinguish between superficial
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similiarities and those which are of actual phylogenetic value. Conseguently

only the more generalized members have been selected fer detailed comparison
with the primt.,tiu Lepidoptera and only brief reference is made to the special-
ized tendencies of the higher families.

The comparative morphology within the order has been exhaustively treated
by Zander, (1901), and Klapalek,(1904), and the anatomy of the internal geni-
tal system of the male by Stitz, (1904), and Cholodkovsky (1913). The contri-
bution of Zander and Cholodkovsky are of especial interest because they have
included in their comparisons references to similarities between the Trichope
tera and Lepidoptera.

Zandey divided the Trichoptera into two well-separated groups which
can be distinguished by the structure of their genitalia, The first of these
included the family Limnophilidae and was characterized by a fumel shaped
chitinized ponis pouch, a membranous retractile pemis, terminating in leng
processes or filaments, small gonopophyses or valvae, and very large anal
appendages. The second group which included the remaining families possess an
opposite set of characters, i.e. a membranous penis sheath, & penis of which
at least the base is chitinous, large valvae, and small or moderabesly large
anal appendages. The genitalia of the Lepidoptera resemble this second group
in the following respects: penis pouch membrancuvs, penis chitinized, with the
exception of the Hepialidae and Prototheoridae, gonopophyses (harpes or valves)
large, and anal appendages, (socii), small. Both orders offer some few
except ions to this set of characters but they hold for the majority of the
families. In addition to the above there is a tendency in both orders for
the development of & dorsal and a ventral appendage of the ninth somite which
a8 already mentiomed are named the uncus and gnathos in the Lepidoptera.

Aside from describing the adult structures Zander worked out their pre-

nd
Pupal and pupal donlopmnt?in his later paper (1903), has compared the mammer
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of development of the various parts in the two orders. His gemeral
sunary of this phase of his work is as follows: The prepupal develop-
ment of the genitalia in the Trichoptera is parallel to that of the
Lepidoptera with respect to the formation of a genital pouch, the primary
differantiation of the penis and harpes, and the migration of the latter
to the caudsl margin of the ninth stermum. The pupal development of the
two is quite different espscially with respect to the penis. This structure
is developed in a penis pouch, as in the Lepidoptera, but the pouch does
not bscome deeply invaginated and the base of the penis remains linear,
and receives the ejaculatory duct at the termen instead of some distance
from it.
Cholodioveky described the structure of the ftestes, vasa deferentia

and accessory glands in the more important families of the Trichoptera
and found, as he had already described for the lLepidoptera, (1884) , four
distinct types of testes which he named the embryonic, the larval, the
pupal, and the definitive, according to their degree of specialization.
The first two types he found present in the more generalized Trichoptera
and the primative Lepidoptera, i.e. Hepialidae and Tineoidea, while the
two latter more specialized types occured only in the higher families of
both ordsrs. The direct comparisons which he made between certain families
will be included in the subsequent discussion, .

The gemersl morphology of the external genitalia of the order has been

already mentioned in the discussion of the work of Zander. The following

additional features noted in our om study should be added before proceeding

to the special morphology of the different families. The tergum and
stermum of the ninth somite are usually fused to form & solid ring, or the
stermum is separated from the fused terga and plleura, and the two struc-

tures thus formed are comparable to the tegumen and vinculum of the

Lepidoptera. The gonopophyses are one or two jointed but the basal joints
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are nsver fused together as in the Mecoptera. Occasionally the teminal
joint consists of two pleces which artiwln}'&dn by side to tha temen
ef the basal joint. The penis in all the famdlies except the Limmophi 1idae
consists of & chitinized tube containing the terminal pertion of the
sjagulatory duct und is quite similiar to ths asdoeagus of the Lepideptera.
It is armed with spinss, filamente or serrations in much Lhe Same WaNNer.
A chitinized plate resombling the juxta of Lepideptera often supports the
penis en the ventral surfucs, and in some instances the bases of the
gonopophyses are attsched te it.

In the subsequent discussion of the special merphology the concepticn
and arrangement of the families sccording to Ulmer, (2907), has been
adopted, aleng with certain suggestions offered by Dr. Cornelius Betten,
(in 11terature).

Vigura VII

P g

2. Philabotamus sh.

r
1. septentrionis

Male genitalia of the Trighoptoras Rhyacophilidee and Philopotomidae .
1 = Bhyacophila septentrionis Mclach., right side,
2 » Philopotasms sp., right side.
« Philopotasms ludificatus Melach., venter;
o Chimharra aterimma Hog., ventoer.

Abbreviationst

aa = anal appendages

dp = dorsal process of 1Oth torgite or fused 9th and 10th tergs.
« gonopophysis

1p « lateral lobe and precess of 9th tergitq

p = penis

pf = filamentous process of penis.

8g = 9th sternite

8 - subanal plate or process, i.e. homologue of gnathos in Lepl-

doptera.
tg - 9th torgite
t1o~ 10th tergite.
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Bhyacophilidas and Philopotamidae: (Text fig. VII, 1, 2, 3, and 4).
The male genitalia of these two families are quite similar and represent one
of the most generalized types in the order. The ninth sternum is either
narrow and transverse as in Rhyacophila (VII, 1), or rectangular or
U-ghaped forming a distinet vinculum as in Philopotamus (VII, 2 and 3),
@nd Chimharra (VII, 4), and in these has a close resemblance to the vin-
culum of the Micropterygid Lepideptera. The ninth tergum forms a broad
dorsal arch and is fused on the median line with the tenth tergum. In
Philepotamus the lateral marging are produced and form lobes similar to
the lateral lobes of the tegumen in the Micropterygidae, altho they lack
spines and setae with which the latter are armed. The tenth somite 1s
rudimentary and closely associated with the amus. In Rhyacophila and
Philopotamus it bears a median simple or bifed process and two lateral
appendages, the anal appendages of Zander, which, as already stated, may be
homologized with the wncus and socii of the Iepidoptera. In Chimharra the
entire anus is chitinized and only the anal appendages are present. In some
species the tenth somite has a ventmal appendage resembling the gnathos. The
gonopophyses consist of one or two Joints articulated to the medio-ventral
portion of the ninth sternun. In most species they are jodned together at
the basal angles by membrane or a small chitinized bridge, in this respect
resembling the harpes of the Micropterygidae. In no case however are the
entire basal segments fused to form a Veshaped structure as in ths Mecoptera
but rather a vinculum, when present, is formed by the enlargement of the
ninth sternum as in the Lepidoptera. The terminal portion of the gonopophy-
8is is often emarginate, completely divided, or armed with spines and
processes, All of these tendencies are characteristic of the harpes of
the Lepidoptera. The penis is usually large and with the basal portion
chitinized, The termen is either entirely membranous and eversible, with

Or without spines, or it is divided into a dorsal and ventral plate and
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tee lateral procasses which surround & menbrapous eentral portion, 1. e.
the end of the ejsculatory duct. The ejeculatory duct enters the apex of
the base of the penis except in a few species of Philopotammas where the
base 1s bulbelile and the duot enters on the dorsum.

Species exmxined: Rhyacophila ssptentrionis Molach.
Rhyncophila sp. (two N.A. species from the collesction
of Dr. Betten).

Glossocsoma 8p.
Philopotamus ludificatus liclagh.
Chimharra aterrima Hage

1. consimitis

Z.multipunclata 3. pifosa

Male genitaliam of the Trichoptera Hydroptilidse and Sericostomatidas,
2 - Agreylea mmltipunctata Cart., venter.
3 = Goera pilosa Tab,, venter.

Abbreviationsa!
A = anms
aa -~ anal appendages
g = gonopophysis’
4 = hneal ammture of penis, i.e. howmologue of Juxta in Lepideptera.

® = punis
pr = process of fused lateral margin of 9th somite and gonopophysis.

8¢ Jth stemnite

ta- 9th tergite

t35.10th tergite

Hydroptilidags (Text fige VIII, 1 end 2). The genitalia of this family

pesemble thoss of ths twe preceding but are smmller, with the parts more
closely fused, and frequently without gonopephyses. The ninth somite i
highly shitindsed, the stermm forms a quedrate vinoulum, and the ninth
and tenth targa sre fused to form a hood~like tegumen. The anal appendages
and tha medien dorsal process (uwnous), are usuvally present but quite emall,

In Agrayles multipmotata Curt. the caudal margin of the temth tergum forms
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two large lobes one on each side of the median process and closely resembles
the caudal margin of the tegumen in the Eriocraniidae. The gonopophyses
when present are one Jjointed, but in many spescies they are absent or indis-
tinguishably fused with the ninth stermume. A similar reduction and fusion
of the gonopophyses occurs in the Eriocraniidae. The penis is heavily
chitinized, usually with an enlargsd basal portion and ths apex is armed
with one or more spines. A type of penis very similar to this occurs in
many of the Micropterygidae, Eriocraniidae and Aculeate Tineoidea. From
the preceding comparison it will be seen that the Hydroptilidae and
Eriocraniidae present an interesting case of structural parallelism which
is in reality of phylogenetic significance. Both families have arisen thru
the most primc‘.tiva groups of their respective orders, have become highly
specialized thru reduction, and have produced as the end product very
similar types of genitalia.

Species examined: Agraylea multipunctata Curt.

Hydroptila consimilis Mort.
Hydroptila hamata Mort.

The genitalia of the Hydroptilidae, Polycentropidas, and Psychomyidae
are quite similar and appear to be modifications of the type described
for the Rhyacophilidae and Philopotamidae. The Calamadoceratidae and
Odontoceridas alse come undsr this class but are even more greatly modified
with respect to the pemis and the tenth tergite. None of these modificaticns
have any significance in relation to the Lepidoptera and need not be included
in this discussion.

Species examined: Macronems hyalinatum Pictet.

Hydropsyche ep.

Polycentropus sp. )

Psychomyia 8p. ) N.A. species from collection of
Ganonema Sp. ) Dr. Betten.

Odontocerus spe
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1. dilutus 2. angustata 3. puffata

4. japonica

Male genitalia of the Prichopterat Laptocsridae, Molamnidae, and
Phrymareidse (all views ventrel).
1 = Leptocsrus dilutus MHag., 3 = Berea pullata Curt.,
2 = Molamme angustata Curt. 4 « Phrygonsa japonica Mclach.
Abbrevintional
aa = anal appendapges

g = gonopophysis
J = basal srwature of the penis, i.e. homologwe of the anellus and

Juxta of the Lepidoptera,
p = penis
p'= base of penis
g~ Yth starnite
tg- 9th tergite
tlu 10th targite
vp = madian process of the Jth sternum

Molaynidse and leptogeridast (Text fig. IX, 1, 2, and 3). The genitalia
of these familiss are guite different from thoss of the proceding families

and present a type of structure which pressnts many features in common with

the Hepialidae, Prototheoridas, and Mnesarchasidae of the Lepidoptera,

The ninth stermm usually forma a broad, Usshaped vinoulumj the juxta, when
present, is contiguous to its caundal nargin andoften fused with 4%, and the

one jointed gonopophyses articulate to ite lateral marging or on the mesos
ventral pertion of the vinculum when the juxta is absent, thus duplicating

the mammer of artioulation of the Harpes in the Hepialidae and Mnesarchaoidae.
In Berasa, (Texs fige IX, 3), one of the Holannidae, the ventral margins of the
vinculum beoars & median process which rogsembles a similar structure in the
Eriocraniidse, The ninth and tenth terga are fused and fomn the tegumen.

In Loptocerus (Text fig. IX, 1), this s produced caudally and foyms saversl

lobes which resemble similar tegumen structures in the Ericcraniidae. The
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two lateral ones are probably the anal appendages. In the Molannidae, the
anal appendages are more laterally placed thus resembling the tegumen of
the Mnesarchaeidae, while the median porticn forms a bifed uncus, a structure
which does not occur in the Lepidoptera just mentioned. The penis too is
quite different from the plate like aedoeagus of the Jugate Lepidoptera. It
is a chitinized tube more like the penis of the Micropterygidae and Tineoi-
dea with an eversible membranous termen which often bears spines.

Species examined: Leptocerus dilutus Hag.

Leptocerus exquisita Walk,
Molamma angustata Curt.
Molanna c¢inerea Hag.
Molamna 8p.

Berasa pullata Curt.

Phryganeidae: (Text fige. IX, 4). This family is usually placed further
along in the series, near the Limmophilidae, but as the genitalla seem to be
nearest in structure to those of the Molannidae and Leptoceridae it is inserted
hsre. The eighth stermum is usually heavily chitinized, and forms a plate
beneath the ninth sternum and the base of the genitalia much as it does in the
Hepialidae and Bombycidae. The ninth sternum ig small, quadrate, and often
fused with the inner surface of the eighthe The gonopophyses are small,
finger-1ike, sometimes with & ghort terminal joint, and are articulated to
a small plate, possibly the homologue of the juxta. The ninth tergum forms
the dorsal integument and the tenth tergum is & small rectangular sclerite
usually closely fused with it, and produced laterally into spines or processes.

The anal appendages are lobate, spine likes, or absent. The penis is short,

heavily chitinized, toothed or spined, and has an eversible membranous tip

also armed with spines.

Zander studied many species of the Molamidas, Leptoceridae and

Phryganeidas and made diagrams representing ideal cross sections of the
typical genera. In the Leptoceridae and Phryganeidae these show the distal

ends of the penis pouch and the anus contiguous or separated by thin membrane.
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This same condition occurs in the Hepialidae where as already mentioned
the membranous penis passes bebind the plate like medoeagus and opens directly
beneath the am:.l and the two are separated by their membranous walls.

The testes of ths Molannidae and the Phryganeidae were examined by
Cholodkovsky (1913), and found to be similar in type to those of Hepialus
and Phagsus.

Species examined: Phryganea Japonica McLach.
Neuronia postica Walk.

Sericostomatidae: (Text fig. VIII, 3)s Only two genera of this family
were studied, but Zander and Klapalek have described the modifications
occurring in the different subfamilise very completely. From a study of
their descriptions and the species mentioned below the genitalia of the family
show many resemblances to those of the Tineidae and Acrolophidae. The ninth
sternum forms a guadrate or emarginate vinculum which in one of the subfamil=-
ies, Brachycentrinase, possesses a saccus wuch like the Telaeporine Tineidse.
The gonopophyses are guite broad and are articulated to the lateral angles
of the ninth stermum; in Helicopsyche the outer margin is divided and forms
2 sacculus and cucullus as in the lower Tineidae, or Acrolophidae. In
Goera they are emarginate at the apex. The tegumen is composed of the fused
ninth and tenth terge and may bear a central process, uncus, or several
lateral processes. The anal appendages are usually small. The penis is thin,
heavily chitinized, with & bulbous basal portion and s small eversible tip.
The ejaculatory duct usually enters the dorsal side of ths base. This type of
venis is quite 1liks the sedoeagus of the Tineidee or Acrolophidae.

The testes of Goera were examined by Cholodkovsky and found to be
8imilar to those of Tinea and Tinecla.
Spacies examined: GCoera pilosa Fabr.
Goera sp. (Dr. Betten's collection)
Helicopsyche sp.

Linmmophilidas: The nature of the specialization in this family has

already been mentioned in our review of Zander's work. The peculiar penis and
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penis pouch, the large anal aypendages, and the greatly reduced gonopo-
physes find no homologuss in the Lepidoptera. The genitalia of the sub-
fanily Apataniinae have gonopophyses and a dorsum very similar to the
Rhyacophilidae showing that the type is a specialization from a very
generalized form, probably from the ancestral stock of the order,

Species examined: Platyphylax s{:.
Apatenia sp. (Ulmer's figures)

Diptera, Hemiptera and Hymenoptera
Cramptom, (1919, 1920, 1922, (a) and (b)), has described the
genitalia in a nmusber of the families of these ordsrs and compared them
with those of the Orthoptera, Neuroptera, Mecoptera, and Trichoptera.
Since they do not show as close reseublance to the Lepidoptera as do
the Mecoptera and Trichoptera and these similarities when they do exist

show their relation to these orders rather than to the Lepidoptera;

further discussion of them is unneceasary.

The Special Morphology of the Male Genitalia of the
Primative Lepidoptera.
Suborder: Jugata.
Hepialidae: (Plates I and II). The male génitalia of this famlly
were treated by the author, (1921), and an effort was made to homologize

the nomenclature of Newell, (1918), with that of Pierce. Further study
of the family has revealed the incorrectness of Newell's interpretation
of the structures in the family and the following list of general charace
ters is substituted.

The abdomen, @8 in most Lepidoptera, is composed of nine chitinized
somites, and & membranous tenth, which is usually without appendages.

Somites 3 - & usually bear a number of unchitinized areas or fossae

which also occur on certain somites in the Jugo-frenate Lepidoptera.




The eighth semite possesses well daveloped spimmcles; 4n the higher
Lepidoptemn these ar rudimentary or absent. The eighth sternite is often
hwavily chdtinized snd fome & plate benaath the base of the penitalia, and the
cauda) margins of the ofghth and ninth stemn are sematiess fusnd or wrtie
oulated tugotioys The efghth tergus in some apecies i produced csudally
and forms a dorsal hood around tho genitalin.

The ninth stermm forms the vingulum and fs quadimte, Usghaped, or
Veshaped. It 10 sometimes provided with a short, brosd ssccuse The
Juzta, a guadeate, ohitinised plate, ia situsted dlrectly asuiad of the
vinowlus and cn the sesal line of the ventere. The Rarpes are slort,
finzarelike sppendoges which articulate with tha lateral marging of the
juxta or cconsionally, in part, ~ith the lateral angles of the vineulum,
Ordinarily the harpes are simple but in some specios are emerginate,
ddvided, or besr saall appendages oF Drocosasns

The ninth tergus is large, hoodelllm, and weakly aiitindzed, er
omarginate on biw weson of She oandal margine Wy gaadsl margin bears
o or two psire of procesass which may fues with e sedoesgus o
form a susponsorium around the pends, oF projset sandad arcwnd the
amuse The acdosamus consists of a small, abitinised plate situated on
the vonter of the taminal portion of the ojaculatory duet or penis and
sondnd of the anslluse Ita caudal mapgin may be produced inte s spine
or spatulate progess, or the entim plate my be fused with the caudal
processes of the ninth tepguse The tenth somite is entirely meubranous
and forms the base of tho anus, from which 4t can not be distingnished.
In a faw gpeclos of Gorgopio the torgal portion is ohitinised and may
be recomnised from the reumindsr of the anil tubse

The articulation of the harpes and juxta, the peculiar type of ssdesagug
the suppreseion of tha tenth scedte, and the caudal processes of the ninth
torgite separatos this family and the Prototheoridas from the remainder of
the Lapidopterss On ths basie of tho apocies stuldied the genitalia of tiw
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family may be divided into ten groups or subtypes. The first five of these
{1lustrate a progressive series; three of the latier five are derived from one
of the former subtypes, while the last two subtypss seem bizarre and isolated.

Subtype I: This group comprises ths most gensralized forms of genitalia
in the family, and is characterized as follows: ninth tergum without large
processes; asdosagus small, plate like and with a short, spatulate, median
process. In some spscies the caudal margin of the eighth tergum is produced
and forms two small lobes. The vinculum is without a saccus and the eighth
sternun is only slightly chitinized. Hepialus lupalinus L. (P1ate II, fig. 1),
illustrates the simplest form of this subtype, and H. fusconebulosus Geer.,
one of the more specialized.

Subtype II: (Plate II, Tig. 2) This group is distinguished from the
preceding by having the processes of the ninth tergum enlarged and fused with
the asdoeagus forming a #gugpsnsorium® beneath the penis, and by a small
saccus on the vinculum of many specles. Most of the European species of
Hepialus may be placed in this group, and Phassus schamyli Chr.

Subtype III: The species of the North American germs Sthenopis form
this group, which differs from the preceding one only in the incomplete
tergum, and in the more

fusion of the aedosagus and processes of the ninth

constant occurrence of the sacous.
Subtype IV: (Plate II, fig. 3) The genitalia of this growp represent

modifications of subtypes I and 111, and show considerable variation. The

suspensoriwn is uwsually incomplete, the processes of the ninth tergum are
hookelike or cygnate, and the saccus is small or absant. The harpes ars
subject to great modification being spined, smarginate or completely divided

into a cuculius and sacculus (Plate I, figs. 3, 5, and 7). lMost of the

| speciss of the group are from Australia and are classed in three related

Eensra.

Subtype V: (Plate I, fig. 1) This group, consisting of the species

| of the Australian gevu@yepera,”is characterized by having the contiguous
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processes of the ninth tergum clessly approximated and forming an uncus-like
structure, by the small quadrate aedosagus, and by the fusion of the vine
culum and the eighth sternum.

Subtype VI: (Plates I, fig. 2) This type is a modification of the
former in which the uncus is larger and more clearly defined. The penis lacks
the chitinized ventral plate, or sedoeagus, and the vinculum is provided with
a median, bifed, tooth on the caudal margin. The harpes are battledore shaped
and their narrow bases articulate with the large juxta. The African genus
Gorgopis forma this group.

Subtype VIT; (Plate I, fig. 4, and Plate II, fig. %) The genitalia
of this group are characterized by the extreme fusion ahd chi.uniultion of
parts. The processes of the ninth tergum are fused dorsally behind the anus
and ventrally beneath the penis, forming the boundaries of a large aperture
containing the anus and penis. The juxta and harpes are greatly reduced in
size and ars forced forward owing to ths expansion of the processes of the
ninth tergwp. The vinculum is often fused with the jJuxta and with the eighth
sternum. |

Subtype VIII: and IX: Both of these types seem o be modifications of
VII, but are quite different in appearance. In VIII the processes of the
ninth tergum form a large fumel-like orifice thru which the anus protrudes;
the asdaceagus is long, elender, and recurved, the harpes are absent, and the
caudal margin of the eighth stermm is deeply emarginate. In IX (Plate I,
£1g. €) the harpes are present but greatly reduced, the asdosagus 1s vestigial,
and the caudal margin of the eighth Sergum forms & large asymmetrical hood
coneisting of several highly chitinized lobes.

Subtyps X: (Plate I, fig. 8) In this type the genitalia are quite broad,
the vinculum is shert and quadrate, the anellus is broader than long, the
harpes are truncate, and the aedoeagus narrow and recurved, fusing with the

pair of narpow processes from the lateral margins of the ninth tergum.
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The species which ware examined are tabulated under their respective

subtypes:

I - Hepialus lupulinus L., Hepialus fusconebulosus Geer.
Hectomanes simulans Walk., Hectomanes crocea Luc.,

II - Hepialus amasimus HS., H. carmna Esp., H. gallicus Ld.,
H, sylvimus L., H, hwmli L., Phassus schamyli Chr.

ITI - Sthenopis argenteomaculatus Harr., S. quadriguttatus Gr.,
8. thﬂla Spr.

IV - Porina fuscomaculata Walk.
Hepialus eximius Scott., H. variabilis Br., H. hectoides Boisd.

Perrisectis australasiae Dormn.
V - Oncopera intricata Walk., O. mitocera Tarn., O« 8p.(Turmer cell.)

VI « Gorgopis libania Stoll., Gorgopis sp. (Africa).

VII - Pielus hyalinatus HS., Trictena labyrinthicus Den.,
Porina wmbraculata., P. cervinata ., P. nova-gealandass, Walk.

Dalaca terea Schaus.
VIII - Hepialus hecta L.
IX - Phassus metellus DMU.
X - Hepialus medusa «s Palpifer sexnotatus Moore.

Protothsoridas: (Plate I, fig. g) The genitelia of this family resemble

those of the Hepialidae very closely. The tergum of the ninth somite is
provided with a mumber of recurved processes very similar te those in growp
IV of the Hepialidas, the harpes are long &nd narrow and are articulated

to the juxta, which is continuous with the caudal margin of the vinculum.
The vinculum is narrow, U-shaped, and without a saccus. The asdooagus

consists of a recurved plate terminated by an elaborate armature made up
of two lateral membranous, setose lobes, and a central, bifed, chitinized

tongue. Only the genotype, Prototheora petrosema Meyr. was obtained for

study.
Suborder: Jugo-Frenata.
linesarchasidast (Plate II, figs. 5 and 6). The genitalia of this
group are intermediate in their structure between the Hepialidae on me

hand &nd the Micropteryzidae, Eriocranilidae, and the Aculeate Tineoidea
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on the other. The absence of a tube=like asdoeagus and the form of the
vinculum are suggestive of these structures in ths Hepialidae; the shape
and articulation of the harpes is similar to that of the generalized
Micropterygidae and Aculeate Tineoidea, and the dorsal integument resembles
the type which occurs in the Ericcranfiidae. The general characteristics
of the genitalia are as follows: Tegumen made up of the fused ninth and
tenth terga, the tenth remaining entirely membranous; lateral margins of
the tegunen expanded fomming an inner pair of setoss lobes and an outer
pair of chitinized fingerelike processes. Vinculum broadly U-shaped or
quadrete. Harpes trisngular, joined to the weson of the vinculum by their
inner angles, and to the latus by their outer angles. Juxta, a membranous
plate, heavily spined. Aedoesgus, membranous and in M. hamadelpha Meyr.,
terminated by two chitinized spinas.

Species examined: Mnesarchaea loxoscia Meyr.
Mnesarchaea hamadelpha Meyr.

Micropterygidas: The genitalia of this family present a series of
types which form a nucleus from which may be derived practically all the

forms of genital structure occurring in the Ericcraniidae and the Aculeate
Tineoidea. In the gemus Sabatinca alome five distinct types of genitalia
occur all of which foreshadow tendencies which later appear in the Tineoidea.
The general characters of the family are as follows: Tegumen large and
hoolt=14ks, composed of the ninth and tenth tergaj wncus, when present,
solidly fused with the tegumen; anus membranous; vinculum, U-shaped, much
longer than broad and in some cases composed of the fused eighth and ninth
sterna; harpes spoon=shaped, triangular, or finger-likes, often cleft at
the apex or with temminal spines, and articulating with the juxta in the
meso-ventral portion of the vinculum. Aedoeagus , large, and usually as
long as somites 7 - 9 inlusive, ite base chitinized sometimes enlarged

and receiving the e jaculatory duct on the dorsum, as in the higher
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Lepidoptera, or slightly narrowed and receiving the duct at the apex as in
the Trichoptera, termen membranous, eversible, sometines spined. Ansllus,
membrancus, juxta, composed of a small chitiniged plate or bridge which
comactd the bases of the harpes. Abdominal fossae consisting of a peir of
wchitinized apertures with a heavy chitinous margin which are situated

on each sids of the meson of the fifth sternum. The species of the fanily
may be divided into six groups* Dbased on the types of genitalia.

Subtype It (Plate III, figs. 1 and 2) Tegumen lerge, uncus absent,
vinculum composed of the fused eighth and ninth sternaj harpes large,
spoon-shaped, and articulating with the quadrate, plate~like Juxta on the
meson of the vinculwaj asdosagus with the base slightly attenuate and
receiving the duct at its apex. The group shows its relation to the
Hepialidae thru the retention of a large juxta, and to the Aculeate Tinsoidea,
Prodoxidae, and Incurvariidas, in the shape of the vinculum, tegumen, and
harpes.

Subtype II: (Plate III, fig. ¥) This and the next two groups are
modifications of the firsf. The tegumen bears a long uncus, the harpes are

spooneshaped and cleft at the apex, and the asdoeagus is enlarged dasally

and recsives the ejaculatory duct on the dorsal side; its distal end is

armsd with short recurved spines.

Subtype III: (Plate II, fige. 3, 5, and 6, and Plate IV, figs. 1 and 2)
Harpes, long and finger-1ils; lateral margine of ths tegumen lobate and
amed with spines and setasj juxta, small and triangularj uncus present in

most species and sometimes partially or entirely fused with the lateral lobas

*Since the writing of this Dr. Alfred Philpott, Cawthron Institate, Now
Zealand, informs me that he has divided the New Zealand species of the Genus
Sabatines into the same numtsr of grouwps and has submitted ths resulta of
his investdpation to the Tr.insacticns of the Entomological Society of London
wider the title, "On the rLale genitalia in Sabatinea and Allied Cenera,

with obseryations on the same structurss in Mecoptsra®. In this he includes
& number of species which were not available to me for atudy and probably
anticipates some of the conclusions alrsady drawn from my study of the

Nannachorostidae .




li5-
of the tegumen. i.s. (Plate ITI, figs. 3 and 6).

Subtype IV: (Plate ITI, fig. 7) This group is composed of the single
Australian species of the genus Sabatinca and resembles subtype I with the
following exceptions: The vinculum is shorter and consists only of the Gth
sternite and the harpes are slender, finger-like, and deeply toothed at the
apex.

Subtype V: (Plate III, fig. 8) This group is a modification of Sub-
type I and forms the transition between it and Subtype ¥I. Tegumen as in
I; harpes, small, triangular with the imner angles of their broad bases
articulating with a small linear juxta on the meson of the vinculum, and
their outer angles to the latus of the vinculum.

Subtype VI: (Plate IV, £ig. 3) This group is & modification of the
former in which the harpes are more slender and bear a pair of immer
processes; the juxta is entirely membranous; the tegumen is emarginate and

possesses a small gnathos; the asdoeagus has & subterminal process. Subtypes

¥V and VI represent intermediate forms which comnect the zemeralized
Micropterygidae, as illustrated in Subtype I, with the Eriocraniidae and the
Aculeate Tineoidea, Incurvarildae, Adelidae and Nepticulidae. The species of

Micropterygidae which werc examined are tabulated below under their respective

Subtypes.

I - Ssbatinca chrysargyra Meyr., S. incongruella Walk.

II - Sabatinca aurella Huds., §. canthina Philp., S. doroxena Meyr.
IIT - Micropteryx thumbergella Fabr., M. aruncella Sc.,

M. sepella Fabr., M. calthella Iimm., M. ammanella Hb.,

M. rablensis Zell., Ms rothembachii Frey.

IV - Sabatinca calliplaca Meyr.
¥V - Sabatinca eodora Meyr.
VI - Epimartyris auricrinella Wlsm.

Eriocraniidae: (Plate IV, figs. 4, 5, and €) The characters of this

family are as follows: Fifth stermm with a pair of fossae as in the
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Micropterygidae. Ninth somite a heavily chitinized cylinder, sternmum slightly
longer than the tergum and forming the vinculum. Anterior margin of the
vinculum deeply emarginate, caudal margin heavily chitinized and often with a
median process. Tegumen emarginate at the apex forming two large lobes which
assume the position of a dorsal hoods Zander has labeled these lobes the tenth
tergite and their close association with the anus and the presence of a‘
transverse suture between them and the remainder of the tegumen supports this
view. Harpes small, triangular or quadrate, with median basal processes
which are attached to muscles in the region of the juxta, while their outer
basal angles are attached or fimly fused with the lateral margins of the vin-
culug. Often the harpes are greatly reduced and so fused with the vinculum
as to be scarcely distinguishable, i.e. Plate IV, fig. 6. Juxta large, quadrate,
partially or entirely chitinized. Aedoeagus with heavily chitinized dorsal
and ventral surfaces and membranous lateral ones so that it assumes the appear-
ance of two separate narrow, elongate pleces with acute apices; vesica enlarged
and plicate; base of asdosagus enlarged and receiving the ejaculatory duct
on the dorsum. Ansllus membranous, sometimes with short spines.

The structural resemblances of the genitalia to those of the Microptery-
zidae have slready been mentioned. The harpes, tegumen, especidlly the tormiml

lobes, and the aedosagus offer reliable characters for the separation of all

the species that were examined.
Species examined: lnemonica fastuosella Zell.
lnemonica auricyania Walsm.
Mnemonica unimaculslla Zett.

Eriocrania semipurpurella Stph.
Eriocrania purpurella Haw.

Suborder: Frenata

Superfamily Tineoidea; Croup Aculeata
This group of the Tineoidea includes seven families all of which possess

minute spicules, aculeae, on the wing membrane. The significance of these
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structures has been discussed by Forbes, (1914), and the separation of
the Tinsoidea (gens. str.) into two groups on the basis of these structures
is accepted by most microlepidopterists. From a survey of the male geni-
talia the group seems to be a perfectly natural one comprised of a series
of nearly related families which, with the exception of the Tischariidae,
are most closely related to the Micropterygidae. They form a comnecting
series between the genitalla types of the Micropterygidae on the one hand
and those of the generalized Tineidae on the other. The group may be dis-
tinguished by the following characters: Tegumen small and hood like, usually
without an uncus, lateral margins sometimes produced to form two setigerous
lobes or processes. OCnathos usually present. Vinculum composed of the ninth
sternum, ordinarily large and in the form of a long U or V; apex usually
covered by the eighth sternum. Harpes triangular, clavate, or spoon shaped,
sometimes armed with tubercles, or spinose plates. Aedoeagus eithsr a
slender chitinized tube or in some species shorter and more heavy; its base
is usually enlarged and the ejaculatory duct enters the apex or slightly on

the dorsal side. Anellus membranous, often spined and with the free margin

cleft or emarginate. Juxta usually absent. Certain modificaions of these

parts ocour in the different families of the group and will be considered
more fully under the following discussion of the special morphology.

Prodoxidae: (Plate VI, figs. 1 and 2) The genitalia of this family are
a modification of the first type described in the Micropterygldae. The
tegunen is reduced and shortened and forme a marrow hood, and is without
either an uncus or gnathos; the vinculum is very long and in the form of an
acute V; the harpes are spoon=shaped or clavate, and frequemtly possess
chitinous tubercles on the outer margin. The guxta is absent.

Species examined: Prodoxus quinquepunctella Chamb.
Tegaticula alba Zell.

Incurvariidas: (Plate V, figs. 5, 7, and 9) The genitalia of this
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family resemble those of the preceding quite closely. Ths tegumen 1s quite

narrow and in some species is provided with a short uncus. The harpes are
spoon=shaped or digitate} occasionally the inner margin is divided and forms
a short clavus. The anellus in several forms has the free portion divided
into lobes and is often spined,

Species examined: Incurvaria - muscalella F.

Incurvaria . humilis Wlsm.
Paraclemensia acerifeliellsa Fh.

Isocorypha medicetriatella Clem.

Adelidae; (Plate V, figs. 1, 2, 3, 4, 6, and &) In structure this
family 4s quite closely related to the preceding probably having been derived
from a Micropterygid ancestor of the type described in group V. In certain
respects the genitalia also resembles those of Epimartyria and Eriocrania.
The family may be distinguished by the following characters: Tegumen small and
hood like, with or without a gnathos; uncus absent; vinculum very large and
usually longer than the eighth stermum under which it lies; 1t is U or |
shaped often with a medio-ventral spine. Harpes short and trianguler, or
spoon shaped, and the immer margin is often adorned with scobinate or spinose
plates. These structures anticipate similar ones found in the harpes of the
Heliozelidaes, The bases of the imnermargins are sometimes fﬁod to a small

Juxta. Aedosagus, a long, thin, chitinized tube which is sometimes mnlarged

at the base and armed with & terminal spine. Anellus membranous, often with

small spines and a lobed or emarginate free, portion. The family may be
divided into at least three groups based on the shape of the harpes but insuffi-

cient material was at hand to allow & thorough working out of the species on

this basis.

Species examined: Adela viridella Sc.

Adela ridingsella Clem.
Adele septentrionella Wlsm.
Nematois amae Zell.
Nematois sparsella Wik.
Ceromitia wahlbergi Zell.
Lenpromia psaelatella Schiff.
Nemophgra swanmerdammella L.
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Nepticulidae: (Plate VII, figs. 4, 5, and 6) The genitalia of this
family resemble those of the preceding very closely and have probably been
derived from them. The tegumen is short usually with a triangular uncus, and
a well chitinized gnathos, composed of two lateral arms and a median plate,
or a simple transverse plate. Vinculum large, quadrate, sometimos with the
lateral margins expanded giving it an emarginate appearance. Harpes triangular
with the apices acutely pointed, or clavatej imner basal angles meeting and
articulating with the vimeulum; hind margins frequently joined by a chitinized
transtilla. Aedoeagus extremely large, usually two=thirde as long as the
entirs genitalis and quite broad. It is often amed with strong spines.
Anellus membranous, occasionally armed with apines scattered over the entire
surface or in a series around the margin. Margin sometimes produced into
spine 1like processes. The prasence of both gnathos and uncus, the emarginate
vinculum, and the broad asdocagus geparates this family from the Adelidae.

Species examined: Nepticula slingerlandella Kesarf.

Nepticula rosaefoliella Clem.

Ectoedemia populella Bsk.
Obrussa ochrefasciella Chamb.
Glaucolepis seccharalis Braun.
Prifurcula sp. (Europe)

Helioselidae: (Plate VIL, £ig. 1, 2, and 3) The genitalia of this
family resemble those of the gemus Ceromitia of the family Adelidae, from
which they have been probably darived. The characteristics are as follows:
Tegumen, hoodlikej uncus, sbsent; gnathos, present; vinculum large, U-shaped,
and extending up to the seventh somite; harpes finger-like or apopn-lhapcd
with a pair of spinose plates on the innermargin, which may be firmly fused
to it or elevated on a short process or *petiole®. In Heliozela this
retiole is long and recurved thms bringing the plate to one side of the
harpe proper and foreshadowing a tendency which is more highly developed
in the Opostegidas. Anellus membranous, usually with a row of recurved spines

around the free margin. Asdoeagus leng thin and heavily chitinized with an
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eversible termen which in some species is guite complicated.
Species examined: Helizela stammella Tr.
Antispila isabella Clem.
Coptodisca splendoriforella Clem.

Opostegidaet (Plate VI, figs. 5 and 6) In this family we find a type
of genitalia which is quite distinct from any other occuring in the Aculeate
Tineoidea and, although it shows some resemblance to the Helioselidse, it
can hardly be classed as a direct derivation. The characters are as follows:
Tegumen, a narrow transverse hood with two lateral setese papillee, or a
¢hitinized plate bearing a row of setae on the margin. Onathos, when present,
quite large and made up of two lateral arms and a median tongue shaped plate.
This structure articulates to the base of the tegumen and swings below the
membrancus aedoeagus much in the same maymer as the suspensoriug which was
described in the Hepialidae. The abeence of a chitinized aedosagus and the
structure of this peculiarly modifisd gnathos suggests that it serwes as
an intromittant orggan. When the gnathos is absent the asdosagus is chitini-
zed and normal in structure. Vinculum narrow and quadrate, or emarginats.
Harpes, an extreme modification of the type described in Heliozela. The
harpe proper is greatly reduced in size, wiile the spinose pad is enormously
enlarged and bent laterad on its petiole so that it forms a clavate torminal
lobe. Anellus, membranous. The family may be divided into two subdivisions,
the ome including those species in which the gnathos is present and the
aedoeagus is membranous and the other with the opposite characters.

As a whole the genitalia offer no better suggestion as to the relation-
ships of the family than the mouth parts and wing venation. The structure
of the harpes suggests that the family wight bde related to the Hellozelidae
but all of the other parts are quite dissimiliar. The substitution of the
gnathos for a chitinized aedoeagus in some species is analagous to the

replacement of this structure by a suspensorium in the Hepialidae, but thse
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modification is evidently developed antirely within the family. The quadrate
vineulum which sometimes occurs in the family resembles the same type in
the Nepticulidas, but the emarginate form is much more extreme than any
found in Nepticula. Heinrich (1918), from a study of the larval characters
of Opostega and allied genera finds its closest affinities with the Nepti-
culidse and the Tischeriidas. From the study of the genitalia just summarized
it will be ssen that certain resemblances exist between the Opostegidae and
the Nepticulidas indicative of relationshdp, but frem the following swumary
of the Tischeriidas it will also be seen that there ie nothing to indicate
even a distant rolationship betwsen this family and Opostega. It is unfore
tunate that Heinrich omitted from his work the Helioselidae which seem to
be most closely related to Opocstegs in their genital characters, and the
Adelidas which furnish the intermediate eteps from the gemeralized Aculsates,
Incurvariidas and Prodoxidae, to these other more highly specialized families.

Specios examined: Opostegs monstrigella Chamb.
Opostega auritella Hb.

Opostega saliciella Tr.

Tischeriidas: The position of this family is uncertain for although the
wing membrane possesses aculeae, they are large and not typical. Other
structures, (Meyrick, 1895 and 1912), indicate that the family may be related
to the genus Bedellia of the Gracilariidee or Glyphipterygidae. The genital
characters support this latter view particularly in the shape of the vinculum,

the articulation and shape of the harpes and the presence of specislized hair
tufts on the eighth stermm. Aside from the resemblance of the spined anellus

to the same structure in the Heliozelidae the family has ne genital characters
in common with the other Aculeates. The bifed tegumen which occurs in some
species slightly resembles the same structure in the Acrolophidae and
Tineidae but the bifed condition is carried much further resulting in two

large sarlike appendages which have no parallel in any of the forms treated

in this paper.
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Species examined: Tischeria tinctoriella Chamb.
Tischeria marginea Hn.
Tischeria angusticolella Z.
Tischeria complanella Hb.

Tischeria malivoralla Clam.
Coptotriche zelleriella Clem.

Groupt Nonaculaata

This group includes all of the remaining foumdlies of the Tinelodea about
thirty five of which are represented in North America. Most of these are
highly specislized and cawwt bs regarded as prindtive lepidoptera. The
Tineidse , Acrolepiidae, Acrolophidas, Paychidse, Cossidae, Bombycidae, and
three families cowprising the Fucleoidea possess structural characters in
gommon and with the groups already described. The special morphology of thelr
genitalia will be described in the following discussion.

Tineidae: This family forms the basis for practicelly all of the types
of genitalia which occur in the Tineoidea. It may be separated into severel
fairly well defined divisions which correspond to subfamilies or groups of
subfamilies slready established on other morphological characters. It da &
difficult family to characterize as & whole because these divisions are the
result of gseveral lines of specialization, #hich have culminataed in widely

separated types. The most gsatisfactory idea of the genitalia of the family

may be obtained by a discussion of these types within their respective

divisions.
Division I: (Plate VIII, fige. 1~7) This division contains those Tineide
commonly clagsed under the subfamilies Eriocottinse, (= Xysmatadominse), and

Crinopteryginae, and is characterized as follows: Yogumen very large and
hood=1ike, probably made up of the ninth and tenth terga although there is
no distinet suture between them, posterior margin emarginate or deeply bifed.
Uncus not distinct although the pesterior margin of the tehth tergite is

sometimes produced and fomms a triangular lobe, i.e. Timaea. The gnathos
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consists of two chitinized ams and a median plate which may be membrancus
or chitinized. Vinculum U or V shaped, with or without a saccus. The fom
of tho saccus waries from a shallow pocket to & long keel-like spur. The
harpes ars broad and spoon shaped, either undivided with & small spur near
the bass of the outer margin, (Eriocottis), or divided into a distinet
cucullus and sacculus, (i.e. Narycia). The Transtilla is well developed in
some species and forme & bridge behind the asdoeagus. The anellus is
usually membrancus, sometisos with short spines, and the juxta, when developed
forus a small chitinized plate which may bear & pair of lsteral loves. The
asdosagus varies greatly in size and degree of chitinization, but &s weually
a linsar tube without amature.

The origin of this type of genitalia is difficult to trace for it scams
somewhat isoclated from the Jugo-frenata and Aculsata. TFrom the characters
offered by the European genera, Crinopteryx and Eriocettis and the Xustralian
genera Mallobathra, Medophorna, and Timaea, it seems most logicsl to regard
1t as a derivation of the !doropterygidae, probably from group I. The large
tegumen composed of the ninth and tenth tergs, the siuple U or V=shaped
vinculum, the spoon shaped harpes and the linsar asdosagus ars all structures
which ‘could be derived from & generaliged form of genitelia such &s alrsady
dsscribed in Sabatinca.

The more highly epecialized members of this first growp i.e. Bhodobates,
Apreta, and Dryotopasta serve as a basic type from which may be derived the
genitalia of the Acrolophidae, while the generalised Sype represented by
Eriocottis ete., are closely related to the second division of the Tinoidae

thru the genus Solencbia.
Divis : (Plate IX, figs. 1, 2, 4, 5, &, 7, 8,and 9) This division
includes the sub-families Telaeporiinae, Teichobiinae, and certain Tineid

genera placed by some authors in the Psychidae. The group forms a transition

on one side between the Eriocottinae and the Psychidae in which all of the
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intermediate steps in genitalia development have been preserved, and on the
other between the Eriocottinae and the Tineidae in which only a few intermediate
forms have been preserved. The characters of the group are difficult to define
because of the wide variation. The more generalised forms such as Bolenobia
resemble Eriocottis and Crinopteryx, but the more specialized ones are quite
distinct. The tegumen is large and hoodlike in the generalized forms, but
tends to become narrow in the forms more closely related to the Paychidas.

It is usually without an uncus or gnathos altho the latter is sometimes present.
The vinculum is V-shaped moderately large and usually possesses a short, blunt,
or obtuse saccus. The harpes are either spoon shaped with a short projection
near the base of the outer margin, or completely divided. The juxta is well
developed in most species and is in the form of a large plate in front of

or surrounding the asdoeagus. Its lateral margins frequently bear a pair

of hairy lobes. The aedosagus is usually large, especially in those forms
resembling the Psychidae, well chitinized and with little armature.

Division III: This division contains most of the species placed by
authors in the Tineidae with the exception of a few which have already been
included under Divisions I and II. Two quite distinct types of genitalia
which appear to be the result of two diverging lines of

occur in the group,

specialization from a form gimilar to Teichobia or Diachorisia, 3Both of

these types occur in the genus Tinea and will be referred to as subdivisions

A and B,

Subdivision "A%: (Plate X, figs. 1-6). In this group is included all
of the Tineidae in which the saccus is well developed, i.e. The genotype of
Tinea, most of the North American and European species of the gemus, and
closely allisd genera such as Monopis and Tineola. In the more typical of

the group the uncus, gnathos, and sacous are all extremely well developed, but

in reduced forms such as Oenoce and Homostinea the entire tegumen and its

armature is greatly abbreviated. The Australian gemus Moerarchis i
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intermediate between the two subdivisions but cannot be considered as a
transitional form because this separation on the basis of the presence or
absence of a saccus is hardly a natural one. It is possible that such reduced
forms as Ischnosia, Meesia, etc., which I have placed in the second subdivi-
sion may have lost the saccus thru reduction just as they have the uncus and
gathos. These genera are exceedingly difficult to place due to the absence
of these structures. Isocogypha which has been placed by some authors among
the gonera included in this group bears more resemblance to the Incurvariidae,
especially Paraclemensia, and is placed in that family. The asdoeagus in
this subdivision is usually linear, quite long, and needleliks, The harpes
are usually spoon shaped or finger-like,

Subdivision "B®: (Plate X, figs. 7 and &; Plate XI, figs. 1 and 2).

As already mentioned this subdivision differs from the former in the absence
of the saccus and in having the vinculum usually enlarged, forming a
rectangular, U-shaped, or emarginate plate. The uncus and gnathos are absent
or reduced and the former is sometimes replaced by socii. The harpes are
very irregular, often with spines and processes. The asdoeagus is usually
large at the base and acutely pointed at the apex and often abruptly curved.
Homosetia which is placed in this subdivision closely resembles Diachorisia
and Ateliotum of Division II. It haa been very difficult to ascertain the
positions of these three genera from the genitalia because they are somewhat
intermediate in their structure between Divisions II and III.

Division IV: (Plate XI, figs. 4=7) This division includes the two
Eenara Amydria and Scardia, which are usually placed in the Tineidae. Their
genitalia resemdble those of the Acrolophidae, and they were probably derived
along with this family from a form similar to Alavona, Dryotopasta or
Bhodobates of Division I. They are characterized by having a bifed or
®mArginate uncus, & U-shaped vinculum, an incomplete or rudimentary gnathos,

and emargimate or divided harpes. These are large and irregular and are
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composed of two or three lobes, the inmer cne sometimes forming a hook
Or process. The anellus is small and sometimes armed with short spines;
and the juxta is well developed. In Scardia it forms a plate which
Surrounds the asdosagus. The asdoeagus is large and linear, slightly
dilated at the bage and often armed with small spines or testh at the
termen, vesica,prominent. Most of the species of Scardia answer the
foregoing description, but Amydria is divided into two distinct groups.
The first of these represented by the genotype effrentella Clem. (Plate I,
fig. 4) possesses irregular harpes and a curved, acutely pointed aedosagus,
and the second, represented by margoriella Dtz. (Plate XI, fig. 5) has
simple spoon shaped harpes and a linear aedoeagus,

Species examined:

Division I. Crinopteryx familiella Peyr.
Eriocottis pyrocoma Meyr.
Eriocottis andalusiella 2.
Eriocottis fuscanella Z.
Mallobathra cratasa  Meyr.
Timaea bivittatella Wlk.
Mesopherna palustris Meyr.
Alavona barbarella
Roeslerstammia pronubella Schiff.
Rosslerstammia erxlabenella F.
Lypusa maurella F.
Harycia saxosa Meyr.
Narycia heliochares Meyr.
Narycia trifasciata Wlk,
Lepidoscia palleuca  Meyr.
Rhodobates lasvigatellus H.S.
Rhodobates pallipalpellus Rb.
Dryotoposta yumsella Kearf,
Apreta paradoxella Diets.

D‘.ﬁlion II- Solenobia manii Z.

E Solenobia walshella Clem,
Telasporia tabulosa Ritz.

E Diplodoma marginapwuncta Stp}.
Melasina lugubris Hb.
EKsarfottia albifasciella Fern.
Dissoctona granigerella St.
Dysnasia parietariella H.S.

s Euplocamus delagrangei Rag,
Mymecozela danubiella Mn,

(

Diachorisia vilatella Clem.
Teichobia verimellella Stt.
Ateliotium hmgaricellum 2.
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Division III:

Subdivision "A®: lberarchis aunstralasiella Zell.
Moerarchis inconcisella Mk.
Tinea fuscipunctella Hw.
Tinea pellionella L.
Tinea bisselliella  Hum.
Trichophaga abruptella Woll.
Monopis rusticella Hbn.
Monopis dorsistrigella Clem.
Monopis crocicapitella Clem.
Monopis unibractella Wik,
Xylesthia pruniramiella Clem.
Setomorpha insectella Fab.
Oence hybromella Clem.
Homostinea curviliniella Dtsz.

Subdivision "BY: Homosetia miseeeristatella Chamb.
Ischnosia boreonslla Mill.
Tinea purella Wlk.
Tinea xystidophora Meyr.
Tinea misella . Zell
Meesia argentimaculella H.S.
Meesia vinculella HaSe

Divigion IV: Amydria effrenatella Clem.

Amydria margoriella Dtz.
Scardia boletd F.
Scardia £4skeella Busck.
Scardia coloradella Dtz.

Acrolepiidae: From an examination of the genitalia of the North

American species of the genus Acrolepia and the European gemnus Roeslerstamia

which has also been placed in the family by some authors it seems very doubt=
the

ful 4f these genera are to be regarded as separate frow Tineidae. Roesler-

stammia is quite similar to Eriocottis and the genera fomming Pivision I of

the Tineidse and has been placed there. Acrolepia resembles the reduced

Tineids, Ischnosia and Meesia, and unless further examination of the European

species reveals a different type of genitalia it may be regardsd as one of

the saccus-bearing Tineidas. The family shows no cloas affinity with the

Plutellidae, where some authors have placed them.
Species examineds Acrolepia incertella Chamb.

Roeslerstammia pronubella Schiff,
Roeslerstammia erxlabenella E.

Acrolophidae: (Plate XII, figs. 1) The characteristics for the
genitalia of this family are much the same as in Division IV of the Tineidae.
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The uncuas is usually bifed, but the two portions are often approximated or
fused. The harpes are spoon shaped and when divided form a spoon shaped
or finger like cucullus and a clavate or peinted sacculus. The asdoeagus
is large, slightly bulb like at the base, and has a large eversible vesica
which bears one or more sirong spines (cornmuti); occasionally, the termen
is acutely pointed. The anellus is unchitinized but sometimes armed with
spines; the juxta is rudimentary or absent. The North American speclies
which were described under a series of new genera by Walsingham (1887), were
later combined under the original gemus Acrolophus by Bammes and McDunnough
(1917). From an examination of the genitalia this seems advisable. Amaphora
and Acrolephus show no difference in genitallaf both being subject to the
same varistions, and none of the remainder of Walsingham's genera which were
examined appear at all distinet. In fact, Walsingham admits as much in his
revision when he says that, "the sexual appendages on the ultimate segments
of the bodies of ths males have bsen found reliable in separating the species,
although certainly not uniform throughout the genera®. As already mentioned
the type of genitalia in this family 48" nearest Division 1V of the Tineidae
both of which have besn derived from the first division of the latter family.
In fact, it has been difficult to place such intermediate forma as Apreta
and Dryotopasta, and if it were not for the characters furnished by the wing
venation and mouth parts of the Acrolophidae the family could easily be

regarded as a £ifth group of the Tineidae.

xamineds Acrolophus (Pgeudanaphora) arcanellus Clem.
Wesine o a " (Pelderia) filicornis Wlmm.

" Ortholophus) variabilis Wlsm.

. hora) popeanellus Clem.

" (Atopocera) barnesi Dyar.

" ) plumifrontellus Clem.
" Hypoclopus)  mortipemnellus Crt.
" (Enlepiste) kearfotii Dyar.
" Ebolopllnl) punctellus Bsk.
" Panama)
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In the figures illustrating the genitalia of this family Acrolophus
mortipenellus (Plate XII, fig. ¥) serves to illustrate the genotype for
both Anaphora and Hypoclopus in which I see no difference; and A, pluni-
frontellus (Plate XII, fig. 1) shows the type in those species of
Acrolopims, which have the harpes divided and the sacculus produced to form
an acute clavus. Most of the species examined belong to the first type.
Paycnidae: (Plate IX, fig. 3; Plate XIII, figs. 1-3) The genitalia
of this family as already mentioned are & modification of the type described
in the Telaeporiinae, (Tineidse Division II), the genera Melasina, Dissoc-
tena, und Dysmasia forming the intermediate forme botween the typical
Telaeporiids and such types as Chalia and Buryeyttarus of the Psychidae.
The Australian genus Ellaspptila also represents an intermediate type but
seems to constitute an independent line of genital specialization which has
preserved many tendencies in common with the Acrolophidae and Cossidae.
Strand (1912), suggests that the family is not memephyletic, but from an
examination of species from all parts of the werld we find it is a very
homo geneous one, Elassoptila being the only exception. Since the Psychidae
have originated from & gemeralized Tineid ancestor, as have also the
Cossidae, it is not surprising to £ind in some species tendencies in common
with the latter. The characters of the family are as follows: Tegumsn
row forming & dorsal hood, which is sometizes emarginate

elongate and nar

at the apex. Vinculum long and narrow with an eRtremely long Saccus.

Harpes very small, emarginste or bifed at the apex often forming a short

sacculus. Aedosagus very large and long, sometimes with a bulb-like base

and funnel shaped termen. Juxta chitinized and fused with the harpes.
Sometimes the vineculum and transtilla fuse laterally and form a ring
around the asdoeagus. Eighth sternum heavily chitinized and forming a

large plate with its anterior lateral margins produced to form two large

lobes. The extreme elongation of the genitalia and the modification of




«E0=
the eighth sternum separates the family from most of the Telasporiinae.
In soms of the transitional forms however i1.e¢. Dysmasia and Ksarfottia the

last character doea not arply.

Species examined: Flassoptila wicroxutha, Turn.(iustr.)
Euryocyttarus confederata Grt.
Chalia rileyi Hayl.
Platoeceticus gloveri Pack.
Oiketicus omnivorus Wik. (N.Z.)

Thyridopteryx ephemerasformis Haw.
Eureta moddernanni Heyl. (Africa)

Clania ignobilis  Wik. (Austrelia)
Cossidae: (Plate XIV, fige. 1-5) The genitalia of this family combine
tendencies from the Tineidae and Hepialidae, but show closest alfinities
with the Acrolophidae. The tegumen is large and hoodlike with a simple
or bifed uncus; the gnathos is usually present although the median portion
is poorly developed. The vinculum 48 small U or V-shaped and usually
possesses a short saccus. The harpes are large spoon shaped and simple.

The aedoeagus is largs well chitinized and has a broad membranocus temmen;

occasionally it is acutely pointed. The anellus is membrancus often with

longitudinal plicae; the juxta is largs, chitinized and has a palr of

lateral processes. The bases of the harpes, the juxta, and the asdocagus

are closely associated or fused, sugsesting a similar relation of these
parts in the Hepialidae. The simple uncus in some species is sugpestive
of the dorsal processes which occur in some Heplalids, Gorgopis. The
prevailing simplicity of the harpes aedoeagus and vinculum indicates a
tendency on the part of this family to retain more generalized characters

than those described in the higher Tineidae and Acrolophidas. In the
fizures illustrating this family Cossula magnifica (Plate XIV, fig. 3)

Presents a highly specialized type, in which the vinculum and anellus are
reduced and the uncus inclined vemtrsd closely approximating the gnathos.

Species examined: Givira wmucidus H. Edw.
. cleopatyra B and MeD

" ethela Nand D
Zeuzera pyrima L

" asylas
" multistrigata Mr.
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Species examined { Eudoxyla strix
Hamiloara razmscula Dy.
Cossula magnifica Stkr.

Fania nanus Stkr.

Comadia bertholdi Grt.
" henrici .
" engelhardti B and Benj.
" dolli B and Benj.
. subterminata B and Benj.

Acossus orec Stkr.
Prionoxystus robiniae Pact.
Superfamily Eucleoidea
Limagoididae (Cochlididae and Eucleidae): (Plate XIII, figs. 4=10)

The genitalia of this family are intermediate between those of the Cossidae
and Megalopygidae. The tegumen is much like that described for the Cossidae,
although the uncus is umsually longer, more acutely pointed, and the arms
of the gnathos are fused to a central plate. The vinculum is usually guite
long and without a saccus. In Cania bandura (Plate XIII, fig. 9) however,
the vinculum is narrow and has a broad short saccus. The harpes are spoon
shaped either divided into a valvula and sacculus or with a short spine
on the outer margin as in the Eriocottinae. The anellus is usually hsavily
8pined or occasionally completely chitinized forming a fummel around the
aedosagus. The juxta is similar to that in the Eriocottinae. The asdoeagus

18 quite long with a large heavily chitinized bulb-like base; the temmen is
sometimes armed with cormuti. The origin of the genitalia appears to be from
& very generalized Tineid ancestor and the family has retained a majority

of Tineid tendencies although these are some resemblances to the Hepialid
type. The figures of Cochlidion avellana (Plate XIII, fig. 6) and Euclea
delphinii (Plate XIII, fig. 5) illustrate the type which prevails in the
North American and European species, while Heterogenea (fig. 4), Microleon
(f1g. 7), Miresa (£ig. 10), Setora (£ig. &), and Cania (fig. 9) illustrate

vVarious lines of modification. The latter three are of interest because

of their resemblance to certain Megalopygidae, (Norape and Trosia).

(Plate xIV, £igs. 6 and 8).
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Species examined: Cochlidion avellana L (® limecodes Hufn.)
» christophi Graess.

Limacodes biguttata Pack

" rectilinea G.and R,
Euclea delphinii Bdv.

¢ " guercicola H.S.

a . form pasmulata Clem.
Hetefogenes ssella Schiff.
Adonota spimiloides H.S.

Lithacodes fasclola H.S.
Paclardia geminota H.8.
Microleon longipalpis Butl.
Doratifera vulmerans lew.
Neaera (Parasa) dispar (Ja.m;

Setora nitens (Java,

Susica corones Fab.

Miresa flaveacens Wik,

Cania bandura Vik. (Sumatra)

Megalopyszidae: (Plate XIV, fige. 6-9) The representatives of this
family present two widely separated lines of genital specialization and as
the author has been wnable to examine material from localities other than
in North America the family relationships have been difficult to ascertain.
Judging from the material at hand they are derived from a primative Jugo=
fremate type, possibly similar to Mnesarchaea, but have preserved certain

Hepialid characters. The group may be ssparated into two divisions, the

first containing the genera Norape and Trosia (figs. 6 and 8) and closely
resembling the Hepialidae, and the second containing Megalopyge and Lagoa
(£1z. 9) which show 1ittle resemblance to any other Lepidoptera except
possibly the Dalceridas (fig. 10). The first is characterized by having a
short tegumen, a ruditentary uncus and gnathos, and & small Veshaped
vinculum, which is well chitinized near the median line, bdut membranous

at the lateral angles. The harpes are divided into & spoon shaped cucullus

and a clavate or triangular sacculus. The cueullus is articulated to the

tegumen while the saccus is solidly fused with the anellus; in N. tener
(£1g. 6) practically the entire harp is fastened to the anellus only the
costal angle being articulated to the tegumen. The anellus is large usually
Mavily chitinized and the juxta forms a plate occupying the entire medio-

ventral portion of the genitalia. The aedoeagus is large heavily chitinized
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usnally armed with an apical spine and has at least one spine on the
vesica. The second group is characterized by a complete separation of
the cucullus and sacculus of the harpes so that the former valvulae are attache
ed to the tegumen near the uncus and the latter retain their articulation
with the juxta. The socei are often greatly reduced and fused with the
vinculum. The uncus is placed on a large basal plate which is entirely
separated from the tegumen by membrane. The tegumen is enlarged and forms
& bread hood. The aedoeagus is much like that in the first group except
that the vesica is armed with a number of small cornuti. The fusion of the
harpes with the anellus and the shape of the vinculum and tegumen in the
first group places this series very near the Hepialidae and the second growp
may be considered as a dewelopment of the first. Since these same Hepialid
tendencies are shared by the l_poelnmidu and Bombycidae, it is very likely
that these two families and the Megalopygidae represent the remmants of a

broken saries which once cormected the Heplalidae and the Bombycidae.

Species examined: Norape tener Druce
" virgo Butl.

» ovina Sepp.
Megalopyge opercularis A. and 8.
"

bissesa Dyar.
. heteropuncta B. and McD.
Lagoa erispata Pack.
" pyxidifera A. and S.

Dalceridae: (Plate XIV, fig. 10) This small and unique family is

represented in North America by & single species exhibits as peculiar genital

characters as are found in the vemation and larval habits. The harpes are

greatly reduced and the saccus is fused with the anellus and vinculum on

the medio-ventral 1ine while the cucullus is indistinguishably fused with

the tegumen foming a pair of dorsal sar-like lobes. The gnathos is

repsegented by a pair of triangular setose lobes armed with a serrate ridge.
the

The vinculws is small and bears & long saccus of [type similar to that
described in the Tineidse. The aedoeagus is long and lightly chitinized.

The status of the family is difficult to determine from the genitalia, but
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it seams to be most clesely related to the Megalopysidae, but has preserved
& Tinoid-like vinculum, saccus, and asdoeagus.

Hy Edw.
Spacies examined: Dalcerides ingenita.

Subfamily Bombyccidea

The only families of this group, which show close genital affinities
with the primftive Lepidoptera are the Lacosemidae and Bombycidse. As
already mentionad both of these families have the harpes articulated or fused
with the juxta, a character already noted in ths Heplalidse, Coseidas,
Megalopygidae, et al. The Bombycidse have the vinculum and saccus well
doveloped ag in the Tinsoidea, while the eighth sternmum is chitinized resembd-
ling that of the Hepialidee. The remaining characters of the growp are not
of particular importance and en idea of ths genitalia may be formed frem
the figurss of Lacosoma chirodota Ort. (Plate XIV, fig. 11) and Bombys mori L.

.

(Plate XTIV, £ig. 12).
Species examinedy Lacosoma chirodota Grt.

Cincinnus melsheimeri Harr.

CONCLUDING REMARKS ON THE RELATIONSHIPS OF THE P”BIHI:’!'IVE LEPITOPTERA
AS DETIRMINED FROM A STUDY OF THE MALE GENITALIA.

In any attempt to determins the phylogenetic relatienships of a group of
animals the entire structure of the body as well as the biology should be
Considered. It would be entirely beyond the scope of this paper to do this
for the primstive Lepidoptera but an examination of the rosuits obtained from
8 study of their genitalia with the additional consideration of opinions held
by workers in other phases of their anatowy and blology will contridbute to
the gum total of our lmowledge concerning the phylogeny of these interesting
insects,

From our conpsriscn of the structure of the male genitalia in the general-

lzed representatives of various insect orders with those of the Lepidoptera
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4t wan seen that the parts comprising the male genitalia can be homologised
with 14ttle difficulty. Zander's conception of & common plan of structure
for the Trichoptera, Hyenoptera and Lepidoptera may be extended to the
Neuroptera mnd Orthoptera snd to insects in general. The type of genitalia
in all of these orders i3 quite similar and may be traced to tendencies
developed in one of the most priml'.un orders of winged insects, 4. e¢. the
Ephemarida.

Prom a study of the wing venation, mouth parte, and other characters
in the primdtive lepidopters Packerd, (1895), Meyrick, Busck (1914), et al.
have concluded that the Lepidoptera have arisen from Trichopterous ancestors
1.2. from the Rhymcophilidae thru the Micropterygidae. Quite apart from these
investigations Zander and Choledioveky have shown that close ressmblances
exist batween the external end internal penitalis of the Molarmidae and
Hepialidas on one hand and the Ehyncophilidae and Micropterygidase, and the
Sericostomatidae and the Tineidae on the other. From cur own investigations
wo have sesn thei the development of the diffsrent types of genitalis in
the prmi:un Lepidoyters is paralleled by a development of similar omes in
the Trichoptera, certain familiee &n sach order bearing a striking ressublance
to sach other. Two lines of development are discernibls,bhe one represented
by the Jugate (Hepialidae), which finds its parallel in the Leptoceridas,
Molammidae and Phrygeneidas, and the second represented by the Jugo-fremata
and Tineoidea snd finding its parallel in the Riyacophilidae, Philopotamidee,
Hydroptilidas and Sericostamidae.

Consequently in seeking for a generalised type of ganitalia from which
the various lines of specialisation in the primitive Lepidopters and Trichoptera
heve been derived wo must expect to find charecters intermediate between these
two lines of development, & type howevor which we can hardly realize in
any living insect of today. The noarest approach to such & form is most
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probably in Mnesarchasa of the Lepidoptera and in Leptocerus of the Trichop=

tera. In these we find the following gensraliszed characters; & relatively
simple tegwmen, composed of the fused ninth and tenth terga, which is without
a distinet unous or gnathos; a vinoulum composed of the pinth stermum which
has retained 1ts normal shape and size; simple harpes which are articulated
to the mddio-ventral surface of the vinoulum by a membranous or lightly
chitinized juxts; & simply tubs-1iks, membrenous, or 1ightly chitinised
asdooagus. All of these characters exist in a slightly modified degree in
the two generalised forms mentioned.
From such a type we may conceive of the Trichopters as developing in
two diverging lines, the oms culminating in the present day Molamnidas, and
the other in the Rhyacophilidse. From these two branches have been derived
the remaining families of our modern Trichoptera. Slightly higher in Lhe
scale, but from a similar generalised type the lepidoptera have arisen as a
dichotomous stem one branch of which has paralleled the Nolannid bransh of
the Trichoptera resulting in the Hepialidae and the other paralleling the
Rhyacophilidae resulting in the Micropterygidae. The accompanying phylogenetic
tree illustrates the relations just described. Four mein groups of Lepidoep=
tera yot remain to be accownted for, i.e. the Aculeate and Nen-asuleate
Tineoidea, the Fucleoides, and the Bombycoidea. The first of these, the
Aculsate Tineoidea have their closest affinities with the Jugo-fremata and are
figured arising with these forms from a common stem. The nonaculsate Tinsoidea
are clearly related to the sculeate series and to the Jugo-fremata thru the
subfamilies Ericcottinas and Crinopteryginas and this relatfonship is indicated
by the origin of the stem from which they divergs. The Paychidas are alse
related to this series thru the Telasporiinas, The Cossidas which resemble
the Acrolophidas more closely than any other family are also included here,
The two remsining groups, Puclecidea and Bombycolidea have many charac-

ters in common with both Jugate Lepidoptera and Tineoldea but show little
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direct comnection with either thru transitional forms. Consequently the
series is derived from the point of common origin of the Hepialidae
and Tineoidea and the Megalopygidae which seem most closely allied to the
Hepialidae, thru the genus Norape, are inclined towmrd the Jugate stem.

The Bombycoidea which are guite isolated are tentatively placed in the
central portion of the tree thus showing their relations to both sides.

In constructing the phylogenstic tree the rules laid down by Busck
(1909) have been followed. The main branches I to VI, represent the
larger groups or super-families into which the prhl'tin Lepidoptera have
heen divided in our previous discussion. All of the families or sub=-
families, which originate from one of these main branchss are to be regarded
as separate systematic entities having a comuon ancestor. Their origins are
indicated by the position of the bases of their respective branches and
their degrees of specialization by their vertical elevatiocns in the tree.
Thus the Prodoxidas, Incurvariidae, and Adelidae are derived from a common
ancestor and have attained the same degree of specialization along slightly
divergent lines. The Heliozelidae and Opostegidas, although likewise derived
from the same aculsate stock have surpassed these other families and attained
a much higher degree of specialization. The Crinopteryginae and Eriocottinse,
on the other hand, have attained the same relative degree of specialization
as the gemsralized Aculeata (Prodoxidas mnd Imcurvariidse) which they closely
resemble in certain genital characters, but they have had their origin from
& non-aculeate ancestor and have attained these similar characters along

entirely separate lims.

EXPLANATION OF FICURES
The figures illustrating the forms described in this discussion have been

dramn from slides of the genitalia which were softened in potassium hydroxide,
cleared in carbol xylol, and mounted in Canada balsame. The cutline was

first traced from the slide by using a projection lante™ with a microscope
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attachment thus insuring a correct depiction of the shape and position of
the structures. The details were then added from a study of the parts
undsr the high power of a compound microscope. lNo attempt was made to
draw the figures to a definite scale for the great variation in eize, often
within the same family, made this impractical. If such a prectice had
been followed bhe genitalia of the largest species would require & full page
cut and the smallest would be scargely large enough for satisfactory
reproducing. Consequently all of the figures were made of sufficient size
to best show the structure of their component parts. Unless specified other-
wise in an accompanying legend the figures depict the ventral aspects of
the genitalia, and the harpes are opened laterad to reveal the immer struc-
tures which would be obscured by them. The aedoeagus also is frequently
removed in order to obtain a better view of it and the parts which it over-
lies,

The custom which most Saxonomists use of accompanying the figure with
the name of the species has been followed, and in order to make this work
useful to the taxonomist as well as to the comparative morphologists the
zenotype has been figured wherever possible. Whenever the type of the genus
on which an important family is based was not available for study & large
series of species from the genus were examined and the most typical one
figured. When two or more distinct lines of specialization were observed
to ocour in a family or gemus, figures illustrating these types ware

always included.
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PLATE I

HEPIALIDAE AND PROTOTHEORIDAE
Oncopera 4ntricate Walk.
GCorgopis 1libenia Stoll.
Perrissectis austrelasiae Don., Right harpe
Porina novazeclandiae Valk.
Hepielus ( Cheregia ) eximius Seott., Right harpe
Fhasous metellus DiU., FEighth tergite inecluded
Hopialus hectoides Boivd., Right harpe
Palpifer sexnotatus Yoore.

Prototheors petroseme Moyr.




Plate

2. libania

g 74 intricata

3, austral=-
asiae

5. eximius 6. metellus

8. sexnotatus

Hepislidae and Prototheoridae




PLATE 1II,
HEPIALIDAE AND MNESARCHAEIDAE
Hepielus lupulinus L.
Hepinlus humuli L.
Porina fuscomeculate Valk.
Trictena labyrinthice Don.
Mnesarchaea hamadelpha Meyr.

Inesarchaea loxoscia leyr.




Plate II.

hamadelpha

Hevialidee end Mnesarchaeidsze
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3.
4.

5.
6.
7.
g

PLATE III,
MICROPTERYGIDAR
Sabatinca chrysargyra Meyr. Aedoeagus removed.
Sabatince incongruelle Walk. Ventr@=lateral view of right sid
iieropteryx rablensis Zell. ‘Latus of tegumen.

Sebatinca doroxema Meyr. lateral view of left side, aedocagus
removed.

Micropteryx celthella L. Lateral view of left side,
Micropteryx rothenbachii Frey. latus of tegumen.

Sebatinca calliplaca Meyr. Ventro-latersl view of right side.
Sabatince codora Meyr. Aedoesgus removed.




Plate IIT.

1.

4,

7+ calliplaca

g8, eodora

Micropterygidae




1.
e
3.
4.

PLATE 1V,
MICROPTERYCIDAE AND ERIOCRANIIDAE
Micropteryx thunbergella F.
Micropteryx aruncelle Se. lateral view of right side.
Epimartyria auricrinella wlsm. Aedoeagus removed.
Eriocrania semipurpurella Stph. Lateral view of left olde

Mnomonice subpurpurella Hw. fastuosella Zell.
Erdotrenia unimeculells ztt.




Plzte IV.

3, auricrinella

1, semipurpurells

5. fastuocsella

s 6, unimaculella

Micropterygidee and Eriocraniidae




8.

9

PLATE V
ADELIDAE AND INCURVARIIDAE
Adela septentrionells Wlsm.
Ceromitia wahlbergi Zell.
Nemophore swammerdammells L.
Adela viridella Sec.
Isccorypha mediostriatella Clem., REighth somite included
Nematois ennas Zell.
Paraclemensis acerifoliells Fh.

Lampronia praelatella Schiff., Left harpe reversed

Incurvaris muscelella F.




Plate V.

2. wahlbergi

Sl

8. praelatells

7. acerifoliella

Incurvariidac and Adelidae
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PLATE VI
PRODOXIDAE, TISCHERIIDAE, AND OPOSTECIDAE
Prodoxus quinquepunctellus Chamb.
Tegaticula alba Zell.
Tischeria malifoliella Clem.
Coptotriche zelleriella Clem.
Opostega selaciella Tr.

Opostega nonstrigella Chemb,




1.

quinquepunctellus 2. alba

malifolielle 4, zelleriella

¢, salaciella 6. nonstrigella

Prodoxidae, Tischeridae, and Opostegidae




PIATE VII
HELIOZELIDAE AND NEPTICULIDAZ
1. Coptodisca splendoriforells Clen,
2. Heliozela stanella Tr.
3. Antispila 4sabella Clem.
4. Obrussa ochrefasciella Chaub,
5. Eectoedemia populella Bsk.

6. Nepticula slingerlendella Kearf,




Plate VII.

1.

5 populelln

Heliozelidao end Nepticulidae




PLATE VIII

TINEIDAE
Nerycia ( Xysmatodoma ) heliochares Meyr.
Naryciea saxose Heyr., Right harpe
Eriocottis fuscenella 2.
Aprete paradoxella Dtz., Aedoeagus removed
Rhodobates pallipalpellus Rb,
Dyotopesta yumaella Kearf.

Lypuse msurella F.




Flete VIII.

2. sExoss 3. fuscanella
1. heliocheres L |

5. pallipelpellus

4, peradoxelles

7. maurella

Tineidae

L




TINEIDAR, (
2
24
3.
4.

5.

6.

Plate IX.

TELAEPORIINAE AND TEICHOBI !NAE ) AND

Kearfottia albifasciella Fern.
Solenobia walshella Clem.
Chalie rileyi Heyl.

Telaeporia tabulosa Ritz.
¥elasina lugubris Hb,
Diachoricie vilatells Clemz.
fuplocamus delagrangei Reg.

Ateliotum hungericellum Z.

Teichobia verhuellella 5¢t.

PSYCHIDAE,




huellells

Tineidae, ( Telaeporiinae and Teichobiinae ) end Psychidae
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3.
4.
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6
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PLATE X.
TINEIDAR

Tinea pellionelle L.
Moerarchis austrelasielle Zell.
Monopis dorsistrigella Clem.
Xylesthie pruniramiella Cliem.
Setomorphe insectelle Fab.
Oenoe hybromella Clem.
Homosetie miscecristatelle Zell.
¥eesia vinculella H.S,




¥
7. miscecristatelle 8. vinculellae

6. hybromelle

Tineidae




PLATE XI
TINCIDAR, ( SCARDIINAE AND AMYDRIINAE ), AND ACROLEPIIDAE
1. Tinea xystidophora Meyr.
2. Tines misella Zell.
3. Acrolepia incertells Chamb.
4. Mmydria effrenatella Clem.
S. Amydrie wmargoricella Dis.

6. Scardis boleti 7,

7. Geardia coloredella Dtsz,




Plate XI

. xystidophora

4, effrenatella

6. boleti 7. coleradella

Tineidse, ( Seerdiinse end Amydriirme ) and Acrolepiidae




PLATE XI1I.
ACROLOPHIDAE
Aerolophus plumifrontellus Clem,
Acrolophus ( Fulepiste ) meculifer Wlsm. Aedoeogus.
Acrolophus ( Ortholophus ) variabilis Wlsa.
Acrolophus ( Hypoclopus ) mortipermellus Cri.
Acrolophus(Tulepiste) kearfotdl Dyer. Aedoeagus.

Acrolophus ( Neolophus ) punctellus Bek. Aedoengus.

Amisthus giges ( Peru)




Plate XII.

[

kearfotti

Acrolophidae
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3.

4.
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PLATR XIII
PSYCHIDAE AND LIMACODIDAE

Euryeyttarus confederata Ort., Eighth somite included
Thyridopteryx ephemeraefornis Haw., Righth somite included
Elassoptile microxuths Turn.
Heterogonea asella Schiff.
fuclea delphinii Bdv., Aedosagus removed snd right harpe cut off.
Cochlidion evellans 1.
Weroleon lomgipelpis Mutl.

Setore nitens oy Centrel portion of eedoengus cut out.

Cania bendura Wlk.

Hiresa flevescens "k,




r---IIIIl-I-I-------r———————————_________________

Plete XIII

. longipelpis

6. avellana

9, bandura

10, flavescens
8. nitens =

Psychidae and Limacodidae




COSSIDA®, MEGALOPYGIDAE, DALCERIDAE, LACOSOMIDAE, AND BOMBYCIDAE

1.

2

8.
9.
10.

12.

PLATE XIV

Civire mucidus H, Rdw,

Fudoxyle strix Aedoeagus removed
Cossula megnifica Stkr.

Oivire cleopatra B. & MeD., Teghmen and uncus
Zeugera multistrigeta ir., Tegumer, uncus, gnathos and J"“”i
Norape +tener Druce.

Norape ovina Sepp., Aedoeagus

Trosia obsoleseens Dy.

Yegalopyge opercularis A. & S., Aedoeegus removed
Dalcerides ingenita H. Edw,

Lacosoma chirodota Ort.

Dombyx mori Le




Plate XIV

11. chiridota

10. ingenite

Cossidae, Megalopygidae, Dalceridae, Lacosomidae, and Bombycidae
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