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ERRATA AND ADDENDA

Page 5, first column; line 2, for Sheperdia read Shepherdia; line 11, for

amcricana read americanus.

Page 9, line 5 from bottom, for XYII read X.

Page 42, line 4 from bottom of key, for Pyromorphidae read Eiicleidae.

Page 73, line 7 from bottom of key, for or read atid seldom.

Page 100, just below key, insert as follows:—
The following species were examined:

LopUoptilus cloisclla Clemens

Laverna brevivittella Clemens

Page 107, lines 8 and 9 from bottom, page lOS, line 10 from bottonr, and page

110, line 10, for Cucullianae read Cuculliinae.

Page 110, line 8 from bottom, dele Polia.

Page 112, line 19 from bottom, for Metathoracic read Mesothoracic.

Page 129, line S, for never read sometimes.

Page 131, at end of second line insert Paleacrita Riley.

Page 15S: first column, after Paleacrita, 127, add 131; second column, after

Polia dele 110.

Page 170, line 4, for Strayiomyiidae read Stratiomyiidae.

Page 243, line 2, for alternata read alternatus.

Page 307: line 5 from bottom, for with read and; line 16 from bottom, for

Homeodactyla read Homoeodactyla.

Page 314, line 15 from bottom, for Cecidomyiidae read Coenomyiidae.
Page 321, line 12 from bottom, for Stratomyia read Stratiomyia.

Page 324, line 6, for pantherina read pantherinus.

Page 370, line IS, for Empidoidea read Empididoidea.
Page 428, line 8 from bottom, for ilesnottim read Mcsonottun.
Page 461, line 10 from bottom, for Aeshnide read Aesluiidae.

Page 478, line 13 from bottom, for vigilas read vigilax.

Page 519, line 2, dele side.

Page 528, line 10, for caruncluatum read caruncvlatum.
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Article II.

—

A Classification of the Lepidoptera based on Char-

acters of the Pupa* By Edna Mosher. Ph.D.

Introduction

It is within comparatively recent times tliat the immature stages of

insects have been considered of any taxonomic value. The economic

entomologist early realized the value of being able to recognize the

immature stages, for in many orders of insects the larval stages alone

were responsible for many ravages upon crops and orchards. Still the

matter was not taken up by the systematists, and the workers in the

field of economic entomology contented themselves by rearing the adult

to determine the species, and then describing, perhaps all the stages, or

more probably the larval and adult stages as being those of economic
importance. Nowadays we are beginning to see that it is impossible

to construct an adequate classification of any group of insects unless

we use every bit of information obtainable on their life history and

habits.

It is possible to multiply instances of the value of the larval stages

in classification, so that one scarcely needs to cite examples ; but the

pupae have been less frequently used. There are cases, however, in

which the only good taxonomic characters available are found in the

pupal stage of the insect. Such instances are found among the nema-
tocerous Diptera, particularly in the family Chironomidae. Scudder

('89) was the first to attempt a classification of lepidopterous pupae,

but his keys to the chrysalids were based, not on structural characters,

but on the various projections from the body, the cuticular append-

ages, the coloration, and the mode of suspension.

Among the Lepidoptera a great deal of work has been done towards

the classification of the larvae, but until 1893 nothing of importance

had been done towards a study of the pupae. In this year Dr. T. A.

Chapman, in a paper entitled "Some Neglected Points in the Pupae

of Heterocerous Lepidoptera," called attention to the fact that the

pupae possessed some remarkable taxonomic characters which might

be used to clear up many of the disputed points in the classification

•Contribution from the Entomological Laboratories of the University of Illi-

nois, No. 48.
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of the order. This lie endeavored to do for the groups in \vliic)i

material was availahle for study, and he has since pubHshed other
articles as additional material was obtained. However, Dr. Chapman
attempted no classification of the Lepidoptera on this basis, merely
pointing out the pupal characters of the major groups and calling

attention to instances in which a study of these characters would ap-

parently alter the existing schemes of classification.

The attention of American entomologists was called to this subject

by Dr. A. S. Packard ('95) in a paper entitled "Attempt at a New
Classification of the Lepidoptera." He made a new grouping of the

order based upon pupal characters and figured a large number of

species. His determinations of the homology of the various parts

of the pupae studied were far from correct, and this, of course, in-

validated many of his conclusions.

Since that time nothing has been done in America towards a classi-

fication of the Lepidoptera based on pupal characters. The purpose

of the present investigation is to present such a classification as far

as material has been available for study. There is also an attempt

to throw some light on the relationships existing between the different

groups.

Changes Preceding Pupation

The person who begins the study of pupae vvitii the preconceived

notion that the pupal stage is an interpolated one in the insect's life

and that a pupa bears little or no resemblance to either larva or adult,

will probably find abundant cause for a change of mind before his

study is completed. In the case of Lepidoptera one is apt to think

that no similarities could possibly exist between any of the three

stages of the insect's development after it leaves the egg. After care-

ful study, however, one is surprised with the resemblance between

the stages, for it is of the highest importance in the study of any

group to be able to homologize larval, pupal, and imaginal characters.

This has been done to some extent in certain orders of insects, par-

ticularly in those groups where the resemblance between the larva and

adult is more striking than in the case of the Lepidoptera. Attempts

have been made, however, even in this order, to homologize the

mouth-parts of the larva and adult, and some of the larval structures

have been homologized with certain structures in the pupa; but appar-

ently the idea that all three stages should be studied has been left for

other minds to entertain.

The first striking difference between larva and pupa is that of

size. This difference is easily explained by the great difference in the

size of the alimentary canal. Another striking difference is that the
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pupa apparently lacks legs and prolegs. As will be shown later, the

legs are always present, but folded and not in use, while the scars of

all the prolegs remain to show their location and are very easily

identified in the majority of cases. Many lepidopterous larvae possess
striking tubercles and warts, and usually an abundance of setae. All

larvae possess setae, but they are often inconspicuous. On the ex-

posed portions of the body surface, in so far as observed, the pupa
always retains the scars of these warts and tubercles, and the pupal

body possesses setae arranged in most cases in the e.xact order in

which they occurred in the larva. Many other structures of the larva

can be easily identified in the pupa, and these will be discussed later.

In the case of insects with complete metamorphosis the name pupa
is applied to the stage of the insect in which it is more or less quies-

cent while undergoing the changes which are necessary to fit it for

its adult life. This word pupa, from the Latin meaning .baby, was
applied to this stage by Linnaeus from the resemblance of certain

pupae to a baby which has been swathed or bound up, as was the

custom in many parts of Europe at that time. This name was per-

haps more appropriate for the pupae of the Lepidoptera than for

those of any other order of insects becausethe appendages are usually

all soldered to the thorax.

The change from larva to pupa in the Lepidoptera has been

observed by many workers and is full of surprises for the amateur
who wishes to breed these insects. The caterpillar when ready to

pupate stops feeding, and in many instances leaves the food plant and
wanders about, often apparently in the greatest of haste. Many are

then seen on sidewalks, garden paths, and other traveled places,

especially during the autumn months, when the majority of larvae are

seeking a place to spend the winter. These larvae, if confined, will

refuse food and many of them spin silk threads which are used to

suspend the pupa or to form a cocoon. The alimentary canal is always
freed of any food materials. The larval skin at this time loses its

luster and becomes more and more wrinkled; and the body becomes
shorter and shorter and appears swollen, which is due to the molting-

fluid glands pouring their secretions between the outer and inner

layers of cuticle. Some drops of a yellowish or reddish fluid are

usually found in the place where larvae are confined and this, together

with their peculiar appearance, often leads the amateur breeder of

Lepidoptera to think that decomposition is taking place, and results

in the hasty disposal of the now helpless insect. In the case of larvae

which spin a cocoon these changes are not so easily observed, unless

the cocoon is a very frail one, because most of the changes described

take place inside of the cocoon. These changes may occupy but a few
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hours, or may last for nearly a week. In the case of the common
tomato-worm, Protoparce Carolina, the transformation process usually

requires five days; certain species of Papilio ohserved took but three

days, but the time varies much with different individuals and the con-

ditions under which they live.

When the molting fluid has done its work in looseninj:^ tlie larval

cuticle, this splits along the meson of the thorax, and is gradually

worked to the caudal end of the body, liberating the enclosed pupa.

The liberated pupa is covered with a more or less transparent cuticle

and resembles the pupa of the more generalized Neuroptera, Trichop-

tera, and Coleoptera. In all of these orders, the insects on casting

their larval skins show the first resemblance to the adult insect. In

the Neuroptera, Trichoptera, and Coleoptera, the appendages, as well

as the body, are encased in a pupal skin, are free from each other ;ind

the body, and together with the body segments possess consideral)le

freedom of motion. This does not mean that the pupae have any

power of locomotion ; on the contrary they are quite helpless, and for

this reason are frequently—in common with the great majority of

pupae—protected by some sort of a cocoon, or earthen cell. The
lepidopterous genus Micropteryx, which is supposed by many to be

the most generalized of its order, retains freedom of motion in all the

appendages and in all but the fixed caudal segments of the abdomen.

This freedom of motion is gradually lost in lepidopterous pupae as

specialization advances, and the adult appendages are not fully de-

veloped when the pupal stage is assumed, although the cases of the

appendages of the pupa are fully formed. Specialization in the pupa

consists also in the hardening of the exposed parts of the cuticle

through the deposition of chitin, and in the soldering of the appen-

dages to each other and to the body of the pupa. In the generalized

families the appendages are soldered to each other but often remain

free from the body surface; later the wings become attached to the

body surface, but any parts of the antennae, legs, or maxillae extend-

ing beyond their caudal margins remain free. The tips of these ap-

pendages are provided for in various ways in the higher families, but

are always found soldered firmly to the surface of the body of the

pupa. Proceeding hand in hand with the soldering down of the ap-

pendages is the loss of motion in the abdominal segments. Among
certain families there is motion between all of the adjacent segments.

There is, however, a successive loss of motion between segments, until

the conjunctiva between all but two of the segments is inflexible in

some forms, and even in some of the Lepidoptera, entire freedom of

motion has been lost in all of the segments.
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Among generalized forms where the appendages are soldered to-

gether, the cuticle of the exposed parts of the body contains but very

little chitin, and is but slightly differentiated in texture from the cuticle

of the hidden surfaces. When the imago emerges, or even before

that time if the body is slightly pressed, the appendages separate very

readily from each other, and are not torn upon the emergence of the

insect, so that the pupal skin often remains complete except for the slit

on the dorso-mesnn through which the imago emerged. A very differ-

ent condition exists, however, among highly specialized forms. Here
the exposed portions of cuticle become very hard and firm, while those

which are not exposed are very thin and delicate and are almost en-

tirely destroyed at the emergence of the imago. The outer covering,

of course, being so firmly soldered together, remains in one piece and
is apparently complete except for the slit through which the insect

emerged. This has led many to think that this outer chitinized por-

tion was the entire pupal skin and that it was a structure, analogous

perhaps to an egg shell, in which the pupa had been enclosed.

Another remarkable difference between the generalized and the

highly specialized Lepidoptera lies in the fact that in the latter the ap-

pendages are not fully formed when pupation takes place, but con-

sist of the transparent cuticular coverings through which one or more
slender tracheae may be seen. The duration of the pupal stage doubt-

less influences this, there being a stronger tendency among highly

specialized forms to hibernate as pupae.

During the life of the pupa the adult parts are developing, and be-

fore it is time for the imago to emerge, the cuticular parts of the adult

are fully formed. In the generalized families previously mentioned

and in some specialized forms where the pupal cuticle remains more
or less transparent, one is able to see a part of the development taking

place, especially in the case of the appendages. The scales appear on

the legs and wings and the color pattern may often be easily traced on

the latter several days before the emergence of the insect. This stage

of the insect, after the cuticular parts are fully formed, and while it

still retains its pupal skin, has been designated as the preimago*. If

the pupal skin is not already dark in color, it grows considerably

darker in the last few days before the insect emerges, and one is thus

able to determine when tlie preimago stage is reached.

*Packaril applied the term subiniago to the correspoiidinj; stage in certain

Hymenoptera. This is an unfortunate use of the term as subiniago had already been

applied to the first winged stage of the Ri)hemeridae.
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External Morphology

The most important work on pupal morphology has been done by

E. B. Poulton and Dr. T. A. Chapman. Poulton ('91) in his paper

on the "External Morphology of the Lepidopterous Pupa" discusses

a few pupal structures but does not attempt to name all of the parts

or to locate any of them. So far as known he was the first to point

out that the pupal structures were more than cases for tlie imaginal

structures and objected to the terms pterothecae, ophthalmothecae, etc.,

as applied to pupae. Believing that Poulton's theory is correct, such
terms have not been used in this discussion, nor the terms wing cases,

antennal cases, leg cases, etc., but these are spoken of simply as wings,

antennae, maxillae, etc. Chapman's papers, already referred to, dis-

cuss very fully some of the structures and describe their exact loca-

tion; but as they include only a few figures one is left very much in

doubt as to the identity of many of the structures and their location.

\V. Hatchett Jackson ('91) published a very valuable paper on the

"Morphology of the Lepidoptera" in which he discussed the external

determination of sex in the pupa. A short discussion of the chrysalis

was published by Dr. S. H. Scudder ('89), and some of the parts were,

named. In a paper previously cited. Dr. A. S. Packard ('95) gives

many figures of pupae and names the parts, but his homologies are

far from correct. It seems necessary, therefore, before proceeding

further, to discuss the principal pupal structures and indicate their

location by means of figures.

The homologies given in this paper were determined by a series

of dissections of pupae in various stages of development, the preimago
being found most valuable for this purpose. Pupae of nearly every

family mentioned in this discussion have been studied in this way, be-

ginning with the Micropterygoidea and extending through the He-
pialoidea, Cossoidea, and other generalized families, including the

Saturnioidea which are believed to be the most specialized of lepidop-'

terous pupae. The change from larva to pupa has been watched in

many species and the subsequent folding and soldering down of the

appendages carefully noted. A large number of species have been
bred and a study of the method of dehiscence, as shown by the pupal

skin, has thrown considerable light on many instances where there

was doubt as to the number of free abdominal segments, or where a

suture was obscured by folds or other modifications of the integument.

The three regions of the body—head, thorax, and abdomen—are

easily recognized, and each will be discussed in turn. There occur,

on all of the regions of the body, in different families prominent pro-
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jections and ridges of various types especially in the Papilionoidea.

These projections have no morphological significance.

THE HEAD

The usual sclerites found in the head of generalized insects may
be located in lepidopterous pupae. The sutures are distinct in gen-

eralized pupae, but are obliterated in the more specialized groups.

Vertex.—This is an area found on the dorsum of the head. It

reaches its highest development in the Gracilarioidea, but is usually

distinct in all generalized pupae. It is bounded cephalad by the Y-
shaped epicranial suture (es), and may be seen in Figures 3, 25, 29,

33' 49. 53' srifl 56; V. This area was referred to by Chapman and
Packard as the dorsal head-piece.

Front.—The front is the sclerite to which the antennae are at-

tached. It is bounded by the epicranial suture on the dorsal surface,

and on the ventral surface by the fronto-clypeal suture, which nor-

mally extends for a short distance caudad from the base of each an-

tenna and then transversely to the median line. In some pupae where
there is a "shoving back" of the head parts as in the Pyraustidae (Fig.

76) and Sphingidae, the front is located on the dorsum of the head.

The fronto-clypeal suture is usually not distinct except in very gen-

eralized forms. The superfamily Gelechioidea, however, shows it

very distinctly. It is indicated in Figures i, 8, 26, 30, and 36; f. In

generalized pupae the front bears two setae on each side of the meson
which are often very conspicuous.

Genae.—These sclerites are distinctly bounded in Eriocraniidae

and Hepialidae (Figs, i and 8, g). They are found laterad of the

front and clypeus, and mesad of the glazed eye. The mandibles are

always adjacent to the genae at their lateral margins.

Clypeus.—Remarkably few pupae have the clvpeus definitely

bounded. The suture between the clypeus and labrum is seldom pres-

ent, although it is often indicated by a furrow. It is then impossible

to determine accurately as to its presence, but it has been considered
as if it were present. The boundaries of the clypeus are shown very
distinctly in Figure i, cl. In the Hepialidae (Fig. 8) there is no
clypeo-labral suture present although all the other head sutures are

distinct. The clypeus can usually be identified by the presence of the

invaginations for the anterior arms of the tentorium, which are asso-

ciated with its lateral margins. This sclerite often bears prominent
setae, and in the pupae of species whose larvae are borers it has
often a distinct cutting plate or ridge.
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Tentorium.—The invaginations for tlie anterior arms of the ten-

torium are very distinct and are either small pores or slit-like openings.

They are associated with the lateral margins of the clypeus and are

distinct in most pupae (Figs, i, 14, 19, 30; at).

Labrum.—The lahrum is usually distinct along its lateral and dis-

tal margins, but seldom separated from the clypeus by a distinct su-

ture. Like the clypeus it usuallv bears setae which are especially con-

spicuous in the Eriocraniidae (Figs, i and 2, lb). A peculiar de-

•

velopment occurs in the Heliozelidae and some other families where
the labrum extends caudad over the appendages (Fig. 50).

Pilifcrs.—This term is applied to the caudo-lateral projections of

the labrum, which are so well developed in many Lepidoptera. They
are very large in certain superfamilies, notably the Pyralidoidea and
the Papilionoidea, and their presence is easily detected by the lobes

which are adjacent to the caudo-lateral angles of the labrum and often

approximate, or meet on the meson caudad of it, or are separated b\'

a narrow piece of the labial palpi (Figs. 70, 72, 74, 76, 78, 79; pf).

The mandibles figured by Scudder ('89, Vol. 3, PI. 87, Fig. 25) are

the pilifers. There are often well-developed pilifers present, how-
ever, when there are no external indications of their presence.

Mandibles.—The mandibles are always located adjacent to the

caudo-lateral angles of the labrum. They are not functional except
in the Micropterygoidea. In this superfamily, as shown in a pupa
of the Eriocraniidae (Fig. i, md), the mandibles are very large and
used by the pupa to cut- its way out of its cocoon and in working its

way to the surface of the ground. In the Hepialidae (Fig. 8, md)
and in some other families (Fig. 11, md) the mandibular area is def-

initely bounded. In still other families the area is distinctly elevated

and usually rugose, as in the Eucleidae and Aegeriidae (Figs. 19 and

36, md). This type of mandibular area is observed in many of the

Sphingidae. In the majority of pupae, however, the mandibles are

lepresented by a smooth area situated in the position indicated above.

Byc-picces.—T\\tst are situated laterad of the genae and mesad of

the antennae. There are always two regions to be noted : a smooth
mesal portion, sometimes only a narrow band but often a wider lunate

piece, called the glazed eye-piece ; and the larger lateral portion, the

sculptured eye-piece. The latter is so called bcause it is always sculp-

tured like the adjacent parts of the thorax. The sculpturing on the

head is seldom like that found on the thorax and abdomen, but,

strange to say, that on the sculptured eye-piece is always like that on

the thorax, although the eye-piece is probably an extension of the ver-

tex. On the dehiscence of most generalized pupae the eye-pieces are
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separated from the face-parts and remain attached to the conjunctiva

which joins the vertex to the protiiorax (Fig. 43). In the speciaHzed

forms they remain attached to the face-parts. A pecuhar modification

is found in the Eucleoidea (Figs. 17, 19, 23; se, ge) in which the eye-

pieces form movable flaps seemingly to protect and to cover the meso-

thoracic spiracles which lie underneath. The glazed eye-piece prob-

ably represents the pupal eye.

Antennae.—These are always attached to the front and extend

laterad, curving to the ventral surface of the body mesad of the meso-
thoracic wings. They may always be identified without any trouble

(Figs. I, 8, II, 15, 28; a). In pupae with broadly pectinate antennae,

as the Saturniidae, the mesal portion is frequently elevated and has

been referred to as the "stem of the flagellum" of the antennae.

Labia! Palf^i.—These appendages lie adjacent on the meson caudad
of the labrum except in the Eriocraniidae (Fig. i, Ip). They are

visible in the majority of pupae (Figs. 8. 15, 28. 45, 61). They are

frequently overlaid and concealed by the maxillae at their proximal
end as in Figures 61 and 67, Ip. Often they are entirely concealed by
the maxillae with the exception of a small V-shaped piece just caudad
of the labrum (Fig. 72). This was thought by Scudder to be a special

piece for covering the base of the tongue.

Maxillae.—Where labial palpi are visible they occupy a mesal po-
sition, caudad of the labrum, with the maxillae laterad of them. When
they are invisible and apparently absent, the maxillae lie adjacent on
the meson, often overlying and concealing the proximal ends of the

labial palpi as mentioned above. The maxillae (Figs, i, 8, 17, 24,

28; mx) vary greatly in length but are never entirely lacking or con-

cealed in the pupa. They often extend beyond the caudal margin of

the wings, being sometimes free and sometimes soldered to other ap-

pendages. The greatest development is found in certain of the

Sphingidae where the maxillae do not extend beyond the caudal mar-
gin of the wings, but the extra length is taken up in a loop at the proxi-

mal end which forms the so-called "jug handle" of Sphinx pupae. The
maxillae are always measured on the meson from the caudal margin
of the labrum to their distal end and are usually compared in length

with the wings, which are measured from the caudal margin of the

labrum to their caudal margin on the meson.

Maxillary Palpi.—Each palpus is represented on each side bv a

subrectangular or triangular area caudad of the eye-pieces and lying

along the cephalic margins of the prothoracic and mesothoracic legs,

frequently reaching as far mesad as the proximo-lateral angle of each

maxilla. The normal position of these appendages is discussed under
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the family Eriocraniidae and shown in part in Figure i, mp. They,
mav also be seen in Figures 28, 30. 32, 36, 38; mp. Structures which

may be maxillary palpi are found in the genus Gracilaria (Fig. 47).

The peculiar extensions of the maxillae in the Cossoidea and Eu-
cleoidea are not considered as maxillary palpi (Figs. 15, ig, 23).

THE THORAX

The three segments of the tiiorax are always distinct. They are

only visible on the dorsum, because the ventral and lateral surfaces

are covered by the appendages.

Prothorax.—This segment probably varies more in size and shape

than any of the others. There are some forms, as in the Gracilarioi-

dea, Yponomeutoidea, and others, where the prothorax is very short

on the meson (Figs. 53, 56, 58; p) or even invisible (Fig. 54), but is

very wide at each lateral margin. It is longer in the Galleridae and
certain families of Noctuoidea than in any other pupae examined.

Prothoracic Legs.—These lie adjacent to the maxillae at their

proximal end. The coxae are frequently exposed, especially in gen-

eralized pupae where the appendages are free (Figs, i, 11, 19; c.xi),

and dissection frequently showed a segment cephalad of the coxa,

the trochantin, although there was no distinct suture indicated on the

exterior, this being covered by the mouth-parts. The trochanter is a

very small segment usually found at the caudal end of the femur
when the leg is folded and is therefore generally concealed by the

tibia and tarsus. The femur extends from the trochanter cephalad to

the caudal margin of the head. It is frequently concealed by the tibia

and tarsus which are the only portions of the prothoracic leg always

visible, but they are often shoved slightly laterad so that a portion of

the femur is exposed (Figs, i, 8, 24, 32, 36; fi). The tibia and tarsus

are seldom divided by a suture except in generalized pupae, where all

the segments, even of the tarsi, are readily distinguished (Fig. i, U).

Mesothorax.—The mesothorax is usually considerably longer than

the other segments in specialized forms, but in generalized pupae all

the segments are more nearly equal.

Mcsothoracic Spiracle—This is usually located on the dorsum be-

tween the prothorax and mesothorax, sunk deep in the conjunctiva

between the segments with an opening adjacent to the caudo-lateral

angles of the prothorax. Its primitive position appears to have been

much farther ventrad (Fig. 2, msp) and it is found in this position

in the specialized Trichoptera. It retains this primitive position in

the superfamily Eucleoidea and in the family Nepticulidae. The
caudal margin possesses curious modifications in different families in
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ihe way of elevated ridges, tubercles, setae, etc., and in some of the

Papilionoidea, particularly in the families Hesperiidae and Lycaeni-

dae, there seems to be a definite external closing apparatus in many of

the genera. Sometimes there is a tuft of setae; in others, a plug or

plate of somewhat honeycombed appearance.

Mesothoracic Legs.—These are folded in exactly the same man-
ner as the prothoracic legs and the femora are very seldom exposed,

but may be seen in Figure i, f2. The coxae are frequently visible

(Figs. I and 48, cx2). The mesothoracic legs are usually longer than

those of the prothorax. The tibia and tarsus of each leg are always

exposed (Figs, i, 8, 23, 30; L). They lie on the venter, between the

prothoracic legs and the antennae.

Mesothoracic Wings.—The wings of the mesothorax almost con-

ceal those of the metathorax, except in the most generalized forms

where the appendages are free. In most families they are the only

wings visible on the ventral surface (Figs, i, 8, 36, 41 ; wi).
. Tegulac.-—The tegulae are the large lobes which, in the adult,

cover the proximal end of the wing. They do not form separate pupal

pieces but are indicated in some pupae (Fig. 2, t). The tegulae are

referred to by many authors as the patagia. The patagia are lobes of

the pronotum which project over the mesonotum.
Alar Furrows.—The furrows along each lateral margin of the

mesonotum are designated as the alar furrows. They are best devel-

oped in the Aegerioidea (Fig. 37, af) although there are distinct de-

pressions in many families.

Axillary Tubercles.—In the genera Tropaea and Telea of the
Saturniidae, there is found a large tubercle at the base of each wing,
with sometimes an additional smaller one. The edges of these

tubercles are strongly chitinized and somewhat roughened, and serve

to cut the cocoon for the emergence of the moth. They are probably
assisted in this by the peculiar development of the wing sclerites of the

preimago, which protrude into these tubercles and are sometimes
found to have cut the pupal skin at the apex of the tubercle.

Metathorax.—This segment is longest in generalized forms, where
its length is nearly equal to that of the mesothorax.

Metathoracic Legs.—The tibiae and tarsi of the metathoracic legs

are never normally exposed for their entire length but are concealed

by the other appendages excepting at their distal end. Only a small

portion is visible in specialized pupae, and the appendages are often

wholly concealed (Figs. 2, 8, 36, 45; l.).

Metathoracic Wings.—These are usually covered by the meso-
thoracic wings except for a narrow strip along their dorsal margin.
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In a few families a narrow strip of the metathoracic wings is visible

on the ventral surface caiulad of the niesothoracic wings (Figs, i, 8,

19; W2).

THE ABDOMEN

Tiie abdomen consists of ten segments, of which three, segments
8-10, are always "fixed"; that is, they possess no power of indepen-

dent motion. In tlie generalized forms motion is possible between all

of the other segments. A segment is said to be movable when tiiere is

movement between its caudal margin and the segment caudad of it.

In many pupae the movable segments are capable of being telescoped

so that only their caudal margins are visible. Wlien the cephalic

margin of a movable segment is referred to, it includes the rounded
part of the segment which is covered by the transverse conjunctiva

when the segments are retracted, or telescoped.

Proleg Scars.—The scars of the larval prolegs are found on the

ventral surface near the meson (Fig. 11, psc) and are often conspic-

uous.

Tubercle Scars.—Those families in which the larvae have promi-
nent tubercles show very definite scars in the pupae. These are espe-

cially noticeable in the Saturniidae.

Setae.—There are usually setae present on the abdomen, and they
are arranged much as are those of the larvae. They are often very in-

conspicuous, otherwise they might furnish good taxonomic characters.

There is often a dense covering of secondary setae over the entire sur-

face, as in some gelechiids and lasiocampids. The Pterophoridae re-

tain a spiny armature similar to that found in the larvae.

Spines.—These are found covering the dorsum of the abdomen
in generalized pupae (Fig. 49), and larger ones are also found at the

caudal end of the body (Figs. 2y, 31 ). They are arranged in rows on
the segments in Tineoidea and Tortricoidea (Figs. 2j, 31, 39, 41 ).

Flanged Plates.—The flanged plates are best developed in the

pupae of borers, but are found in other pupae as well. Figure 9 shows
them well developed on the dorsum and also shows a well-developed

ventral plate on the seventh segment. They are usually developed

along the cephalic margin of the segment and prevent the telescoping

of the segments.

Genital Openings.—In the male the genital opening is situated on
the ventro-meson of the ninth abdominal segment. It is usually either

a mere slit-like opening as in Figure 5, without any adjacent eleva-

tions, or it has a distinctly elevated tubercle on each side as in Figure

8, go, and occasionally is situated in a slight depression. In the fe-

males there are two openings which may or may not become con-
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fluent. These may be mere rounded pores or slit-like openings, and

are associated apparently with the eighth and ninth segments. The
boundary lines between segments 8 and 9, and 9 and 10 are rarely

distinct on the meson, and where they are distinct it seems as if the

caudal opening were associated with the tenth segment. In the more
specialized pupae the caudal margins of the eighth and ninth segments

are more strongly curved cephalad near the meson than in the male

(Figs. 34 and 44, go) and the segments are dovetailed together. The
presence of the two openings apparently represents the more general-

ized condition (Figs. 7, 17, 28; go). They are confluent in Podosesia

syringae (Fig. 36) and Archips argyrospila (Fig. 44).

Anal Opening.—This is always situated on the meson near the

caudal margin of the tenth segment. It sometimes shows as a cir-

cular opening (Fig. 7, ao) but is usually slit-like (Figs. 8, 14, 17).

It is usually surrounded on each side with several prominent wrinkles

or folds.

Anal Rise.—The anal opening is frequently situated on the summit
of a mound-like elevation known as the anal rise. The setae on this

rise are very conspicuous in certain families of Tortricoidea (Fig.

38, ar). •

Abdominal Spiracles.—Spiracles are always present on abdominal
segments 1-8. The spiracles of the first segment are covered, so far

as observed, by the wings, except in the superfamily Eucleoidea and
the family Nepticulidae. The spiracles of the eighth segment are

never functional and show no distinct opening.

Spiractdar Furroivs.—On the cephalic margin of the movable seg-

ments cephalad of the spiracles are found furrows which frequently

extend almost to the meson on both dorsal and ventral aspects. They
occur in several families, as the Liparidae and Geometridae, but are

best developed in the Sphingidae, where they are lacking in but a few
genera. They are usually separated by sharply carinate ridges and
are of various types, but their function is unknown.

Cremaster.—The cremaster is a prolongation of the tenth segment
and is not found in the more generalized pupae. It was homologized
by C. V. Riley with the suranal plate of the larva. It is of various

lengths and shapes and often bears setae at the distal end. Two types

of cremaster are shown in Figures 41 and 65, cr. Its length is meas-
ured on the ventral surface from its junction with the curve of the

ventral surface of the body, as in Figure 44, where ab represents the

cremastral length.
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Classification'

As no extensive classification of the Lepid(Ji)tcra based on pupal

characters has been attempted hitherto, little has l^een done to deter-

mine what characters are of value in defining superfamilics, families,

and genera. It has been necessary, therefore, to base specific, generic,

and other distinctions on those characters found in such material as

could be secured. The present investigation has been limited by the

difficulty in obtaining representatives of many groups, and it is not

expected that the tables and descriptions given will do more than

furnish a basis for later work upon the subject. It is hoped, however,

that they will call the attention of entomologists to the vast possibili-

ties opened up l)y the use of the taxonomic characters available in

pupae, and that further studies of the different groups will make it

possible to identify an insect in one more stage of its life cycle—which

can not fail to be of importance in fhe case of our economic species.

Analytical Table of Superfamilies

a. Mandibles present, large, functional, decussating, and extending be-

yond the lateral margins of the body. mICROPTERYGOIDEA

aa. Mandibles, if present, never large, parallel or subparallel, and

usually represented by small elevated tubercles.

b. Movable abdominal segments present cephalad of the fourth, or if

no segments arc movable cephalad of the fourth then the ap-

pendages free from each other and never soldered to the body
wall, and the vertex longer than the prothorax measured on the

meson.

e. True maxillary palpi never present, but sometimes lateral exten-

sions of the maxillae (Figs. 15 and 19).

d. Body heavily ehitinized and bearing transverse I'ows of spines

or setae on the abdominal segments ; spiracles never visible

on the first abdominal segment.

e. Mesothorax never more than twice the length of the meta-
thorax; seventh abdominal segment with a large flanged
plate on the ventral surface ; antennae filiform, short, onlj-

reaching caudad to the proximal end of the mesothoracie
legs; head sutures all present except the clypeo-lahral.

HEPIALOIDEA.

ee. Mesothorax always more than twice the length of the

metathorax ; seventh abdominal segment never with a large
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flanged plate on the ventral surface ; antennae, if present,

pectinate and reaching farther eaudad than the proximal

end of the mesothoracie legs; none of the head sutures

distinct for the whole length. f'0«mOTnF A

dd. Body never heavily chitinized, and never bearing the spines

or setae on the abdominal segments in rows; spiracles

always visible on the first abdominal segment.

EUCLEOID-EA.

cc. True maxillary palpi usually present; if absent, then the ap-

pendages free from each other, or the vertex longer than the

prothorax on the meson, or the body possessing a distinct ore-

master.

d. Dorsum of abdomen with a covering of small spines, usually

over the entire length of the segment and not arranged in

distinct rows ; if spines are arranged in rows then the maxil-

lary palpi are absent; vertex always longer than the pro-

thorax on the meson. GRACILARIOIDEA.

dd. Dorsum of the abdomen with a distinct row of spines along
the cephalic margin of the segment, with or without a

caudal row; spines seldom found elsewhere on the segment
but, if present, then the maxillary palpi present and well

developed.

e. Caudal row of spines never present on the dorsum of the
abdominal segments ; maxillary palpi always present.

TINEOIDEA

ee. Caudal row of spines always present on the dorsum of the
abdominal segments; maxillary palpi usually present.

f. Distinct cremaster never present; setae never present on
the anal rise ; wings narrow and pointed ; large spines
always present on the venter of the tenth abdominal seg-

'"^"*-
AEGERIOIDEA.

ff. Distinct cremaster usually present, if not, then setae pres-
ent on the anal rise ; wings broad and never pointed

;

large spines never present on the venter of the tenth
abdominal segment.

TORTRICOIDEA.

bb. Movable abdominal segments never present cephalad of the
fourth ; appendages never fi'ee from each other and usually
soldered to the body wall.
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e. Lobes indicating the presence of pilifers always present except

in Gallerinae (Fig. 69) and Oeneinae (Fig. 80).

d. Maxillary palpi usually present, if absent, then abdominal
segment seven is movable in the male, the body covered with

a spiny armature, and both prothoraeic and mesothoracic legs

extending cephalad between the eye-pieces and the antennae,

the former reaching nearlj' to the cephalic margin of the

glazed eye, or a deep furrow lined with setae present on the

dorsum between the ninth and tenth abdominal segments;
antennae never clubbed at the distal end ; femora of the pro-

thoracic legs usually visible ; labial palpi very seldom visible

except as a small triangular or polygonal area caudad of

the labrum and between the pilifers. ^•,rr^ a i tt^^tt^t-. aPYRALIDOIDEA.

dd. Maxillary palpi never present; antennae always clubbed at

the distal end ; femora of the prothoraeic legs never visible

;

a deep furrow lined with setae never present on the dorsum
between the ninth and tenth abdominal segments; labial

palpi never visible except as small triangular or polygonal

areas caudad of the labrum between the pilifers and often

entirely concealed.
PAPILIONOIDEA..

cc. Lobes indicating the presence of pilifers never present.

d. Mesothoracic wings on the ventral surface at meson usually

extending considerably beyond the caudal margin of the

fourth abdominal segment, if not, then the body depressed,

mostly in the thoracic region, the incisions between the mov-
able segments very deep on the dorsum and venter and less

deep at the lateral margins, and the caudal part of the an-

tennae always adjacent on the meson for a considerable dis-

tance ; abdominal segments 1-4 usually longer than the other

segments ; epicranial suture always present.

e. Maxillary and labial palpi present and well developed and
a large portion of the prothoraeic femora always exposed;
if maxillary palpi are not present then the fronto-clypeal

suture never visible; prothorax distinctly shorter on the

meson than at each side, so that each half is triangular in

outline; appendages soldered to each other but not to the

body wall; fronto-clypeal suture never visible; antennae
with the caudal portion very rarely touching and not
moniliforn. in appearance.

yPONOMEUTOIDEA.
ee. Maxillary palpi usually present, but labial palpi and pro-

thoracic femora seldom visible, if visible, then the fronto-

clypeal suture distinct
;
prothorax usually the same length
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on the meson as at each side so that each half is subquad-

rangular in outline ; appendages usually soldei-ed firmly to

each other and to the body wall ; body usually ovate in out-

line, broadest in the thoracic region and usually strongly

depressed ; fronto-clypeal suture usually visible ; antennae
usually moniliform in appearance, the caudal portion al-

ways adjacent on the meson, usually for some distance ; if

only touching, then the fronto-clypeal suture is distinct.

GELECHIOIDEA.

dd. Mesothoracic M-ings on the ventral surface of the body at

meson rarely extending beyond the caudal margin of the

fourth abdominal segment, if beyond, then maxillary palpi

never present ; abdominal segments 1-4 or 1-6 rarely longer

than the other segments; epici-anial suture seldom visible.

e. Labial palpi usually present and well developed and from
one fourth to one fifth the length of the Avings, if not vis-

ible then the body usually shaped as in Figure 104; the

abdomen with setae arranged around the scars of larval

verrucae, and usually flanged plates on the abdomen and a

cremaster present ; or with a more or less dense covering of

setae never arranged around larval verrucae, the body
never of the shape in Figure 104 and flanged plates never

present on the abdomen nor a distinct cremaster.

f. Labial palpi usually present and well developed and the
prothoracic femora usually exposed, or if not, then both
prothoracic and mesothoracic legs reaching cephalad to

the eye-pieces ; if both labial palpi and prothoracic fem-
ora are wanting then the body of the type in Figure
104 ; the abdomen with setae arranged around the scars

of larval verrucae, flanged plates usually present on the

abdominal segments and a distinct cremaster often

present; body never with a more or less dense cover-

ing of setae, except arranged as mentioned above ; max-
illary palpi occasionallv present. ^T^r.mTT/^TT^-r-, «NOCTUOIDEA.

ff. Labial palpi sometimes present, body never with a cre-

master and always with a more or less dense covering
of setae which are never arranged around larval ver-

rucae; prothoracic femora never exposed; maxillary
palpi never present.

BOMBYCOIDEA.

ee. Labial palpi never visible, unless represented by small tri-

angular or polygonal areas eaudad of the labrum; body
veiy seldom with visible setae.



34

f. Suture adjacent to the proximal ends of the antennae
and separating the clypeus and front always present

and very distinct; antennae never broadly pectinate

so that the width is one fifth of the length; spiracular

furrows often present.

g. Antennae usually considerably broader near the prox-

imal end, their greatest width usually greater than
that of the prothoracie legs; antennae usuall.y more
thanthi-ee fourths the length of the wings, if not, then

the epicranial suture is present, or the cremaster is

wanting, or if present, bifurcate at the distal end or

bearing hooked setae ; dorsum of the abdomen usually

with a deep furrow between the ninth and tenth seg-

ments; scar of a caudal horn never present on the

dorsum of the eighth abdominal segment ; labial pal-

pi sometimes visible as small triangular or polygonal

areas eaudad of the labrum. ^OTODONTOIDEA

gg. Antennae rarely very much broader near the proxi-

mal end, usually filiform, their greatest width seldom

greater than that of the prothoracie legs, if greater

then the cremaster is never wanting, nor bifurcate,

nor with hooked setae; antennae never more than

three fourths the length of the wings; epicranial

suture never present; dorsum of the abdomen never

with a deep furrow between the ninth and tenth seg-

ments ; scar of a caudal horn usually present on the

dorsum of the eighth abdominal segment ; labial pal-

pi never visible. SPHINGOIDEA.

ff. Suture adjacent to the proximal ends of the antennae

and separating the front and clypeus obsolete for the

greater part of its length; antennae always broadly

pectinate and the mdth at least one fifth of the length

and often wider; spiracular furrows seldom present.

SATURNIOIDEA.

PUPAE WITH FUNCTIONAL MANDIBLES

Among the Trichoptera, from which the Lepidoptera are supposed

to have descended and to which they are known to be very closely

related, there are many pupae which have functional mandibles.

They function, though, merely to assist the pupa to escape from the

cocoon. Among the generalized Lepidoptera the pupae of one super-
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family, the Micropterygoidea, have large mandibles which serve the

same purpose as in the Trichoptera.

SuPERFAMiLY MICROPTERYGOIDEA

The most generalized lepidopterous pupae known belong to the

superfamily Micropterygoidea, which includes two families, the

Micropterygidae and the Eriocraniidae, characterized by the presence

of functional mandibles. Except for a description of the fragments

of the head by Chapman, no pupa of the Micropterygidae has been

described, but this family is undoubtedly the most generalized, because

the adults possess functional mandibles.

The first complete life history of any American species of Erio-

craniidae was worked out by Busck and Boeving and published in the

Proceedings of the Entomological Society of Washington in 1914
(Vol. XVI, pp. 1 51-163). These authors gave a short description of

the pupa and included some excellent figures. A more detailed de-

scription is given here as this species furnishes a working basis for

the study of all other lepidopterous pupae. This was made possible

by the generosity of Dr. L. O. Howard, Honorary Curator of Insects,

U. S. National Museum, who donated some excellent material of

Mnemonica auricyanea collected this year by Mr. August Busck at

Falls Church, Va.
The pupae of this species (Figs, i, 2, 3) are very small, averaging

3 mm. in length in the males and 4 mm. in the females. The body is

covered by a thin transparent cuticle, which shows all the imaginal

parts in mature pupae, making it exceedingly difficult to distinguish

pupal structures from similar structures in the adult. It is also very

difficult to determine the number and position of the setae.

The head shows all the sutures usually present in generalized in-

sects. The vertex is short, the epicranial suture fairly distinct and
extending to the lateral margins of the head. The fronto-clypeal

suture extends transversely between the caudo-lateral angles of the an-

tennae. The front bears two long straight setae on each side of the

meson about half-way between the antennae and the cephalic margin
of the head. In the middle of the cephalic aspect, between the an-

tennae, arises a long, fleshy, beak-like projection which contains the

long tuft of hairs present in the adult. Just caudad of the front is

the clypeus and laterad of these are the genae in the usual position

for the Lepidoptera. The suture between the clypeus and labrum is

broad and somewhat chitinized, and closely appressed to its ental sur-

face is the tentorium, to which the mandibles are attached. The
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labrum is a large fleshy projection bearing on its ectal surface six pairs

of very long setae which extend beyond the lateral margin of the body,'

and on the ental surface two groups of much shorter setae, which
project slightly beyond its caudal margin. All of the appendages of

the head are free. The labial palpi are rather short, with three seg-

ments, and are somewhat enlarged and blunt at the distal end. The
mandibles are exceedingly large and arc attached to the ental surface

of the clypeus, extending beyond the lateral margin of the body. They
are heavily chitinized and serrate along the cephalo-lateral margin.

The distal end is broadened and thickened, somewhat circular in out-

line, concave and strongly toothed. The maxillae are short and the

halves are widely separated. Each half is strongly bent near the dis-

tal end, which is directed cephalad and mesad. The maxillary palpi

are long, apparently with six segments, and pass from the mouth
dorsad and then out towards the lateral margin of the head, making
a series of curves which finally bring them between the eyes and the

antennae. The distal end is folded close to the body and lies just

caudad of the eye. The antennae show a long pedicel with many
shorter segments and extend for more than half the length of the

wings.

The thoracic segments are all more or less movable. The thorax

is short, strongly elevated, and moves freely, the greater part of its

exposed portion being conjunctiva. The mesothorax and metathorax

are nearly equal in length, but seem to possess little power of inde-

pendent motion. On the dorso-meson of these two thoracic segments

and the first abdominal segment is found a strap-like cuticular thick-

ening which is apparently for strengthening the thorax. The tegulae

are indicated by the dotted lines in Figure 2 because they do iiot seem

to be distinct pupal structures. The thoracic appendages are also free.

All of the coxae are visible and usually the femora of the prothoracic

and mesothoracic legs. The metathoracic legs are usually hidden be-

neath the wings except at the distal end, which normally curves around

the caudal end of the body. The wings never extend to the caudal

margin of the body.

The first seven abdominal segments are movable in both sexes.

The remaining segments are not distinctly sutured and possess no
power of independent movement. The genital openings are rather

difficult to locate. That of the male is found as a slit-like opening

on the ventro-meson of the ninth segment (Fig. 4). There are two
openings in the female (Fig. 7, go), apparently located on the ventro-

meson of the eighth and ninth abdominal segments.
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The tenth segment is longer in the female than in the male, pre-

sumably on account of the ovipositor. The females always have the

eighth, ninth, and tenth segments curved ventrad and closely ap-

pressed to the ventral surface of the body. This is shown where the

caudal segments are slightly separated from the body, in Figure 2.

Figures 6 and 7 give dorsal and ventral views of these caudal seg-

ments, and Figures 4 and 5 show the same segments of the male. The
anal opening in both sexes is found near the caudal end of the body

on the tenth segment. The spiracles are small, circular, and not pro-

duced. The mesothoracic spiracle is situated in the conjunctiva con-

necting the prothorax and mesothorax. Functional abdominal spira-

cles are visible on segments 2-7. The dorsum of the abdomen is

practically covered by very minute spines arranged in groups.

The following species was examined :

Mnemonica auricyanea Walsingham.

PUPAE WITHOUT FUNCTIONAL MANDIBLES

This group includes all the superfamilies of Lepidoptera known,
except the Micropterygoidea. In many of the other families the

pupae possess mandibles, but they are functionless, and only indi-

cated as small parallel tubercles or lobes.

Generalized pupae without maxillary palpi

The Hepialoidea, together with the Cossoidea and Eucleoidea,

differ from all other generalized pupae possessing free abdominal seg-

ments cephalad of the fourth, because of the absence of the maxillary

palpi. Some of the families included here possess lateral prolonga-

tions of tjie maxillae which resemble maxillary palpi (Figs. 15 and 19)

and have been considered as such by some authors. These prolonga-

tions never separate from the maxillae at dehiscence, and dissection

has failed to find any maxillary palpi present in the mature pupae.

None of these superfamilies possess all of the sutures found in the

head of the generalized type, and none of them show the long, seg-

mented antennae present in the Eriocraniidae.

SUPERFAMILY HEPIALOIDEA

This includes a single family, Hepialidae, of which the known
larvae are borers. The species in this country are of rare occurrence.

Their larvae are borers in the stems of shrubs or trees. In Europe
some of the species are abundant and injurious. The specimens of
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Sthcnopis thulc were obtained through the courtesy of Mr. J. M.
Svvaine, of the Canadian Department of Agriculture, who obtained'

them from the stems of willow at MacDonald College, Quebec.

Family Hepialidae

The pupae of this family are very generalized as to the number of

sutures present in the head, the number and arrangement of append-
ages, the comparative length of the mesothorax and metathorax, and
the nearly equal length of the first seven abdominal segments. These
characters are easily seen in Figures 8-10 and need no further de-

scription. The pupae are, however, exceedingly specialized as to the

chitinization of the body, the spines, toothed ridges and cutting plates

on the abdominal segments, and, more than all, in the soldering down
of all the appendages to each other and to the body, exactly as in the

most specialized of pupae. The head, thoracic segments, and the first

two abdominal segments are firmly soldered together, but abdominal
segments 2-7 are free in the male and 2-6 in the female.

The only consolidation of the head parts is that of tlie clypeus

and labrum, between which the suture has been lost. The antennae,

as well as all the other appendages, are very short in comparison with

the length of the body. These pupae are of considerable size, that

of Sthenopis tinile being about 30 mm. in length. The larvae as far

as known are borers, and their pupae have special adaptations for cut-

ting their way to the surface. The most peculiar of these adaptations

is the ventral plate on the seventh abdominal segment (best seen in

Figure 9), which has not been found in any other pupae examined.

The sharp ventral projections on the front also serve as cutting sur-

faces, but similar projections are found in many pupae, particularly

among other species whose larvae are borers and in very many of the

leaf-mining species. The opening of the mesothoracic spiracle has

reached the normal position for most lepidopterous pupae, being be-

tween the prothorax and the mesothorax at each caudo-lateral angle

of the former. The genital opening is found in the male on the meson

of tlie ninth segment between two slightly elevated tubercles. In the

female there is a single opening apparently on the eighth segment.

The following species was examined

:

Sthcnopis thulc Strecker.

SUPERFAMILY COSSOIDEA

The pupae of this superfamily are less generalized as to head

parts than the Hepialoidea, but nevertheless resemble them very

closely in size, shape and arrangement of the appendages, in the num-
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ber of free segments, and in the fact that all the appendages are

firmly soldered to each other and to the body. The antennae, how-
ever, are of a different type, being pectinate in the Cossoidea. The
metathorax varies considerably from the generalized type, being very

much shorter, so that the mesothorax is about four times its length,

measured on the median line. Many of the species in this superfamily

have larvae which are borers, and many of the pupae are fitted to work
their way to the surface of a burrow. However, the ventral plate of

the seventh abdominal segment, which is so distinct in the Hepialoi-

dea, is not present. All of the pupae have some of the body segments

armed with spines and strongly toothed chitinized ridges, and a

strong ridge or projection is generally present on the head. The
families may be separated as follows

:

a. Abdominal segments 2-6 movable in the female and 2-7 in the male

;

dorsum of abdominal segments armed with a row of sharp spines

on the cephalic margin, and a row of setae, which are directed

cephalad, on the transverse conjunctiva at the caudal margin;
females without wings and antennae and larva-like in appearance.

PSYCHIDAE.

aa. Abdominal segments 3-6 movable in the- female and 3-7 in the male;

dorsirm of abdominal segments armed with a toothed ridge along

each margin ; sexes similar Cossidae.

Family Psychidae

In this family there are no sutures apparent on the head except

between the clypeus and labrum and the mandibles. The antennae

are short and pectinate. The prothorax is longer and the meta-

thorax much shorter than in the Hepialoidea, to which, however,

these pupae show many resemblances. The dorsum of the abdomen
has toothed chitinized ridges along the cephalic margin of some of

the segments and rows of setae along the caudal margin on the trans-

verse conjunctiva. The caudal end of the body bears two large,

strong hooks directed ventrad. This description applies mostly to

the males (Figs, ii—13), as the females are quite different as seen in

Figure 14.

The females never leave the cocoon during their entire life and
have no provision for locomotion, even in the adult. It is an aston-

ishing fact that no pupal wings are developed, because in all other

families where the adult females are apterous the pupal wings are

always developed, sometimes as much as in the males. Neither are

there any pupal antennae present, no eye-pieces, nor traces of maxillae.

The labrum and mandibles show very distinctly, both being consid-
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erably elevated. Tlie legs are scarcely developed, being represented

by transverse chitinized elevations on the venter of the thoracic seg-

ments. The abdominal segments are much as in the male. They
show on the venter the proleg scars, on the dorsum the rows of

toothed chitinized ridges and setae, but the body setae are much
smaller and difficult to distinguish and arc not represented in the

figure. A single genital opening is found in the female, on the eighth

abdominal segment. No hooks are present at the caudal end of the

body. The abdominal spiracles are present on the first eight abdom-
inal segments, but there is no visible opening for the mesothoracic

spiracle in either sex. The only genera available for study were

Thyridopteryx and Oiketicus. These resemble each other very closely

and the difference between the pupae can hardly be considered as

generic. The pupae of Oiketicus are larger and stouter, the males

examined averaging i8 mm. in length, while those of Thyridopteryx

were slenderer and only 15 mm. in length. The two genera may be

separated thus

:

a. Abdominal segincuts 2-6 with a caiidal row of setae, the row on the

the sixth interrupted and shorter than the other rows ; caudal spines

stout and simple; spiracles scarcely produced beyond the surface-

of the body except at their cephalic margins.

Thyridopteryx Stephens,

aa. Abdominal segments 2-5 with a caudal row of setae, no row on the

sixth ever present ; caudal spines slender and with a distinct tooth

;

spiracles distinctly produced beyond the surface of the body.

Oiketicus Guilding.

The following species were examined :

Thyridopteryx cphcmcracforniis Haworth
Oiketicus abbotii Grote

Family Cossidae

The Cossidae are borers in the larval stage and seem to be very

closely related to the Hepialidae, although they resemble them less

than do the Psychidae. This family has segments 3-7 of the abdomen

free in the male and 3-6 in the female. There is another sexual dif-

ference to be noted, viz., the presence of an extra row of spines on

the abdomen of the male. In this sex the seventh segment has two

rows of spines and the succeeding segments one row; in the female

the sixth is the last segment with two rows, the remaining caudal seg-

ments having but one row. The epicranial suture is not distinct in

any species, but at dehiscence Prionoxystiis robiniae shows a small

piece of the vertex on each side of the meson, and this with the con-

junctiva bears the eye-pieces. The lateral part of the fronto-clypeal

suture is distinct and the clypeo-labral suture is always visible.
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This family is usually divided into subfamilies of which two, the

Cossinae and Zeuzerinae, are discussed here. Figure 15 shows the

ventral surface of the head and its appendages in a member of the

Cossinae, the arrangement of the other parts being the same as in

the Zeuzerinae (Fig. 16).

The maxillae have prominent lateral projections in Cossinae which

resemble maxillary palpi. These always adhere to it at dehiscence

and are not found in Zeuzerinae. Only one genus of each subfamily

was studied. The pupae are very large, those of Prioiwxystus robiti-

iae and Zcuccra pyriiia being respectively 45-50 mm. and 30-35 mm.
in length. The two genera studied may be separated as follows :

a. Head without a prominent cephalic projection ; maxillae with an
apparentlj' segmented lateral projection on each side I'csembling a

maxillary palpus, but adhering tfl the maxillae at dehiscence; an-

tennae more than half the length of the wings and gradually taper-

ing; abdominal segnients with the cephalic ridges much larger than

the caudal ones and armed with long even teeth.

Prionoxystiis Grote.

aa. Head with a prominent cephalic projection, maxillae never with an
apparently segmented lateral projection on each side ; antennae less

than half the length of the wings and narrowed abruptly near the

middle; abdominal segments with the cephalic and caudal ridges

similar, the teeth short and uneven Zeuzera Latreille.

The following species were examined

:

Prionoxystus robiniae Peck
Zeuzera pyrina Linnaeus

SUPERFAMILY EUCLEOIDEA

The pupae of this superfamily are ciuite specialized as to the head
parts, 'the epicranial suture being the only one visible in all the

families. They have followed a very different line of development
from the Cossoidea and Hepialoidea, because all of the generalized

families retain freedom of motion between all the segments except

those fixed at the caudal end of the abdomen, and between all of the

appendages. The cuticle is very thin and transparent in almost all

genera and the dorsum of the abdominal segments in all of them has

a covering of small spines over the greater part of the segment. All

of the families show the spiracles distinctly on the first abdominal

segment. The only other family in which this was observed, the

Nepticulidae, has a well-developed maxillary palpus. The meso-
thoracic spiracle of each side is in a rather unusual position in this
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superfamily. The opening is on the dorsum in the normal position,,

and is very large, with a strongly arched cephalic margin ; but the

spiracle is on the ventral surface directly under the sculptured eye-

piece in Megalopygidae and Eucleidae, and a little farther laterad in

Pyromorphidae so that it comes partly under the antennae. The
spiracle, with the adjoining parts slightly pushed aside to show their

relation, is seen in Figure 21. The family Pyromorphidae being more
specialized than the other two families differs from them considerably,

but its relationship to them is evident. The three families included

here may be separated as follows :

a. Dorsum of abdominal segments with spines on the cephalic part and
a covei'ing of coarse setae on each caudo-lateral part which does not

visually extend to the meson; maxillae simple quadi'angular pieces,

withoi;t any lateral prolongations ; a large conical tubercle eaudad

of each abdominal spiracle on segments 2-6 ; mesothorax never ex-

tending eaudad to the first abdominal segment Megalopygidae.

aa: Dorsum of abdominal segments with short spines, but never with a

covering of coarse setae on any part ; tubercles never present eaudad

of any of the abdominal spiracles.

b. Labial palpi present; mesothorax with a, long mesal lobe reaching

on to the first abdominal segment ; maxillae always less than half

the length of the wings Pyromorphidae.

bb. Labial palpi absent; mesothorax never with a long mesal lobe

reaching on to the first abdominal segment ; maxillae more than

half the length of the wings Pyromorphidae.

Family Megalopygidae

The Megalopygidae have the head and thoracic segments free, also

abdominal segments 1-7 in the male and 1-6 in the female. The ap-

pendages are entirely free from each other and from the body wall.

The body is soft and covered with a thin, delicate, transparent cuticle

which is slightly chitinized. There are always setae on the dorsum
of the abdominal segments as well as spines. The setae are found on
each side of the meson on the caudal half of all the segments. The epi-

cranial suture is distinct but all the other head sutures are obliterated.

The front has a distinct projection and the mandibles show as dis-

tinctly elevated tubercles. The size and arrangement of the parts

may be seen in Figures 17 and 18. This family together with the

Eucleidae possesses a very peculiar eye-piece. Chapman ('94, p. 349)
called attention to this structure and spoke of it as the "eye-flange".

This eye-piece, in reality the sculptured portion, is free along its

lateral and caudal margins and extends well out on to the antennae.
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It is, however, much more wrinkled and sculptured than any other

portion of the body. These eye-pieces move up and down in living

pupae during respiration and allow one to see the mesothoracic

spiracle underneath. The mesothorax possesses some well-defined

alar ridges and its caudal margin extends in a broad curve nearly to

the caudal margin of the metathorax. The large conical tubercles are

found caudad of the spiracles on abdominal segments 2-6. The body
of Lagoa crispata Packard, the only species studied, is strongly arched

on the dorsum of the abdomen and is short and thick-set. Its length is

about 18 mm. and the greatest breadth 10 mm.
The following species was examined

:

Lagoa crispata Packard.

Family Eucleidae

The Eucleidae retain the same movable segments as the family
Megalopygidae, which they strongly resemble. The pupae of Eucle-
idae, however, are usually only half the size of the latter, averaging
about 9 mm. in length. They also retain the same head sutures, but,

as in Prolimacodes, they often show a distinct furrow marking the

position of the lateral part of the fronfo-clypeal suture. The eye-

pieces are identical with those described for Megalopygidae. The
size and arrangement of parts may be seen in Figures 19, 20, and 23.

In two of the genera studied, Sibine and Euclea, the maxillae, in ad-
dition to the usual cephalo-lateral extension found throughout the

family (Fig. 23), have peculiar modifications in the form of long
lateral prolongations extending to the antennae. Usually only the dis-

tal end of this prolongation is seen between the eye-piece and the an-

tennae, as in Figure 19, the dotted line showing the connecting part.

These two genera also have a distinct groove in each half of the max-
illae, into the caudal part of which the femur of the prothoracic leg is

fitted. The cephalic margin of the pronotum has a distinct median
notch, which makes it appear bilobed, and each lobe is prolonged

cephalad over the caudal margin of the head (Fig. 22). The meso-
notum is prolonged into a rounded or pointed lobe which reaches on
to the first abdominal segment. Only three genera were available for

study. These may be separated by the following table

:

a,. Maxillae never with a lateral projection i-eaching to the antennae;
mesothorax with a strongly earinate median line; caudal lobe of

the mesonotum broadly rounded Prolimacodes Sehaus.

aa. Maxillae with lateral projections reaching to the antennae ; meso-
thorax never with a strongly earinate median line.

b. Mesonotum with the caudal lobe pointed Euclea Hiibner.

bb. Mesonotum with the eaudal lobe broadly rounded, almost trun-

cate Sibine Herrieh-Schaeffer.
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The following species were examined :

ProUniacodcs scaplta Harris

Biiclea dclpliinii Boisduval, chloris Herrich-Schaeffer

Sibinc sfimulca Clemens

Family Pyromorppttoae

This family is much more specialized than cither the Megalopy-

eidae or the Eucleidae and resembles them but little. The bodv is'

flattened and has lost the power of motion except in the abdomen.

Abdominal segments 2-7 are free in the male and 2-6 in the female.

The appendages are also very slightly soldered together. The pres-

ence of spines on the abdominal segment, together with the absence

of maxillary palpi, is considered sufficient evidence that it belongs to

the superfamily Eucleoidea. Figures 24 and 25 show the essential

points of its structure. The only genus available for study was
Harrisina.

The following species was examined :

iHarrisiua americaua Guerin-Meneville.

Generalized pupae with maxillary palpi

The remaining pupae which retain either free segments cephalad

of the fourth abdominal segment or free appendages, have followed

two distinct lines of development. In the first group the generalized

condition of the body found in the Eriocraniidae has been retained as

to comparative length of segments and the covering of the dorsum of

the abdomen with fine spines. The metathorax is nearly always more
than half the length of the mesothorax, while the prothorax tends to

become shorter at the meson and broader at the lateral margins, so

that each half appears triangular. In the second group, the covering

of spines on the dorsum of the abdomen has been gradually changed

and there is one very well-developed row of spines at the cephalic mar-
gin of each segment, with or without a similar caudal row. In this

group the prothorax is longer and somewhat quadrangular in shape

and the metathorax is relatively shorter. This group includes the

superfamilies Tineoidea and Tortricoidea, and being much smaller

than the other will be considered first.

Superfamily TINEOIDEA

The families included here possess one row of spines along the

cephalic margin of the dorsum of the abdominal segments, and well-

developed maxillary palpi. In one family, Prodoxidae, the primitive
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covering of fine spines has been retained, but it may be easily differ-

entiated from all other pupae bearing spines of two sizes in a similar

position on account of the large maxillary palpi.

The family Heliodinidae is included here for the sake of con-
venience as it possesses only the cephalic row of spines on the dorsum
of the abdominal segments. It is, however, much more nearly related

to the Tortricoidea. The families Prodoxidae and Acrolophidae are
more nearly related to the Tineidae. Of these the Prodoxidae are
undoubtedly the most generalized, retaining more head sutures and a

greater number of free segments, in addition to the spines mentioned
above. The Acrolophidae are more generalized than the Tineidae in

the matter of free segments, but have the appendages firmly soldered

to each other and to the body wall. This is probably due to the fact

that the larvae are sod-borers and that the pupa works its way to the

surface. The families may be separated as follows

:

a. Mesonotum not produced into a long caudal lobe ; me.sothorax seldom
more than twice the mesal length of the metathorax.

b. Abdominal segments 2-7 movable ; dorsum of abdominal segments
with a covering of spines on the caudal part ; maxillae more than
twice as long as the labial palpi.

.

'. Prodoxidae.
bb. Abdominal segments 3-7 movable ; dorsum of abdominal segments

never with a covering of spines on the caudal part; maxillae
shorter than the labial palpi.

e. Antennae never extending to the caudal margin of the wings;
wings broadly rounded; appendages firmly soldered to each
other and to the body ; a latei-al projection never present on
each side of the tenth abdominal segment Acrolophidae.

ee. Antennae extending beyond the caudal margin of the wings

;

wings pointed; appendages only slightly soldered together
and separating at the slightest touch; tenth abdominal seg-

ment with a prominent lateral projection on each side end-
ing in a spine Tineidae.

aa. Mesonotum produced into a long caudal lobe ; metathorax never
more than one fourth the mesal length of the mesothorax.

Heliodinidae.

Family Prodoxidae

In this family abdominal segments 2-7 are free in both sexes. The
head shows the epicranial suture plainly, and dehiscence always takes

place on the front of the head along what is apparently the fronto-

clypeal suture, at least for a part of the distance, as shown in Figure
26. The front bears a prominent chitinized projection armed with

two stout teeth. The lateral margin of the eye-piece extends on to

the antenna for a very short distance. The appendages are very
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slightly soldered to each other, but scarcely to the body wall, and sep-

arate very easily. The lateral view. Figure 27, shows the relative

length of the segments. The abdominal segments, although they have

developed a prominent cephalic row of spines on the dorsum, still re-

tain the covering of very fine spines on the remainder of the seg-

ment. The eighth abdominal segment bears a pair of very stout hooks

at the apices of rounded tubercles (Fig. 27a). The pupae examined
measured about 10 mm. in length.

The following species was examined

:

Prodoxus quinqncpiinctella Chambers.

Family Acrolophidae

In this family segments 3-7 of the abdomen are movable in both

sexes, but the appendages are quite firmly soldered to each other and

to the body wall so that they do not readily separate even at dehiscence.

There is probably also dorsal movement of the second .'segment, as the

conjunctiva is well developed and both the first and second segments

separate at dehiscence. The larvae of members of this family are sod-

borers and it seems quite natural that pupae with this mode of life

should have their appendages soldered down at a much earlier stage

than those of the leaf-miners, for instance, or of the pupae that live in

cocoons. There are none of the small spines of the generalized type

present on the dorsum of the abdomen in this family, but a well-

developed row of spines at the cephalic margin of the segments. There

are also short lateral and dorsal projections of the tenth segment, with

very sharp chitinized edges, which are evidently to aid the pupa in

working its way to the surface. The head bears a strongly chitinized

transverse ridge near the cephalic margin of the ventral surface.

Figures 28 and 29 show the arrangement of parts in a pupa of this

family in which there is a remarkable development of the labial palpi.

The pupae are from 15-20 mm. in length. The genera may be sepa-

rated as follows

:

a. Labial palpi never with distinct cutting plates near their proximal

margin, the palpi not extending much over half the distance to the

distal ends of the prothoraeic legs ; two pairs of coxae visible ; spines

of the abdominal segments long and narrow.
Hypocolpus Walsingham.

aa. Labial palpi with distinct cutting plates near their proximal margin,

the palpi extending as far as the distal ends of the prothoraeic legs

;

a single pair of coxae visible ; spines of the abdominal segments
triangular PseudanapJiora Walsingham.
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The following species were examined

:

Hypocolpus mortipennelliis Grote
Pseudanaphora arcanella Clemens

Family Tineidae

In this family the free abdominal segments are 3-7 in the male;
no females were available for examination. Segments 1—3 separate dor-

sally at dehiscence. The appendages are very slightly soldered to-

gether and all separate readily except the metathoracic legs and an-

tennae, which extend beyond the caudal margin of the wings and are

quite firmly fastened together, the legs being underneath the antennae.

The appendages are also slightly soldered to the body as far as the

third abdominal segment. The arrangement of parts is shown in

Figures 30 and 31. The fronto-clypeal suture is indicated by a clear

line in the otherwise fairly well-chitinized cuticle. Segments 3—8 of

the abdomen bear a cephalic row of spines on the dorsum directed

caudad, while the ninth segment bears an interrupted group of spines

directed cephalad. There are none of the fine spines of the generalized

type of pupa present in this family. The tenth abdominal segment
shows a prominent lateral projection on each side, ending in a spine.

The setae of the body are very conspicuous. The pupae are about 4
mm. in length.

The following species was examined :

Tinea pellionella Linnaeus.

Family Heliodinidae

This family has usually been associated with the Yponomeutidae,
but it seems from pupal characters to be more closely related to the

tortricids. It is very similiar to these in arrangement of parts; the

Heliodinidae, however, have longer maxillae and they plainly show
that dorsal motion is possible between the second and third abdominal
segments. There are also curved setae at the caudal end of the body
in the genus Brenthia (Figs. 32 and 33) strongly resembling those

found in the Epiblemidae. Choreutis (Figs. 34 and 35) has a small

dorsal plate on the tenth segment with a strong seta at each end which
appears to represent an early state in the development of a cremaster.

The possession of a single row of dorsal spines on the abdominal seg-

ments, however, is like the remainder of the Tineoidea, and it is easier

to classify them as such. They dififer from the remainder of the super-
family in having one more free segment in the male, abdominal seg-

ments 3-7 being free in the male and 3-6 in the female. The thorax
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differs markedly, too, the prothorax and nietathorax being much
shorter. The mesonotum has its caudal margin produced into a long

lobe, while in the other families the caudal margin of the mesonotum

is very slightly curved. The appendages are very slightly soldered to

each other and to the body, and the wings reach on to the fourth ab-

dominal segment. The spiracles are small, circular, and very slightly

produced. The pupae are from 6-8 mm. in length. The genera may
iDe separated as follows

:

a. Body setae longer than the abdominal scgment.s, heavily chitinizcd

and forked at the end ; maxillae, mcasui'cd on the me.son, about half

the length of the M'ings ; abdominal segments without deep punctures

along the cephalic margin, but with a row of sharp triangular spines.

Brenthia ('Icmens.

aa. Body with very short inconspicuous setae ; maxillae extending to the

caudal margin of the wings ; abdominal segments 2-6 with a row of

deep pi;nctures along the cephalic margin, and with a row of

sharp triangular spines just cephalad of the punctures.

Clioreiitis Hiibner.

The following species were examined :

Brenthia pavonacella Clemens

Choreutis inflatclla Clemens, gnaphiella Kearfott

SuPERFAMiLY AEGERIOIDEA

The Aegerioidea, together with the Tortricoidea retain freedom of

movement in abdominal segments 3-7 in the male and 3-6 in the

female. The appendages are soldered to the body so that there is no

ventral movement possible between the first two abdominal segments

;

but there is undoubtedly dorsal movement, and at dehiscence these

segments separate very distinctly from each other and the thorax, indi-

cating that they have only recently lost their power of motion. In this

superfamily is included the one family Aegeriidae. They form a very

compact group in which it is hard to find satisfactory characters differ-

entiating the genera. Moreover, pupae in good condition are difficult

to obtain ; but it is hoped that the characters used here in separating

the genera and in defining the superfamily will hold good for those

groups to which they are applied. The sexes vary considerably and

it has not been possible in all cases to obtain both male and female.

This superfamily has most often been associated with the Tineoidea,

but pupal characters indicate a much closer relationship to the Tortri-

coidea. It is apparently somewhat nearer to the primitive families

Eriocraniidae and Nepticulidae than the Tortricoidea, owing to the
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fact that a very large maxillary palpus is present in all genera, and that

spines which reach well around to the ventral surface are found on
abdominal segments 2-10, especially on the tenth segment. There
are no setae yet developed on the anal rise, and there is not as much
consolidation of the fixed caudal abdominal segments. The seventh

segment in the female seems but recently to have lost power of motion.

The abdominal segments are more nearly equal in length than in tlie

Tortricoidea.

Family Aegeriidae

The pupae of this family vary considerably in size, from the genus
Aegeria, with species varying from 8-16 mm. in length, to the genera
Memythrus and Bembecia, containing the largest species examined,
varying from 20-25 mm. They are all provided with various forms
of cutting plates for working their way to the surface, most of these

being on the head, which is heavily chitinized at the cephalic end and
usually has many ridges and projections, making it difficult to deter-

mine the sutures. The clypeus often bears a sharp transverse ridge,

sometimes toothed, which undoubtedly serves the same purpose. The
body is elongate, cylindrical, with the abdominal segments approxi-
mately equal in length, showing a generalized condition. The arrange-

ment of parts in a pupa of this family is shown in Figures 36 and T^y.

It will be noted that the maxillary palpi are very large, and they remain
uniformly so throughout the family. The appendages extend beyond
the wings in most of the genera, but the caudal parts of these are not
soldered to the body wall. The fronto-clypeal suture is always dis-

tinct along the lateral margins of the front from the proximal ends of
the antennae almost to the invaginations for the anterior arms of the

tentorium, but only shows transversely as a paler band of color in thf^

strongly chitinized cuticle as indicated by the dotted line in Figure 36.

Dehiscence invariably follows the course of this suture, and the front

with the antennae are separated from the rest of the head parts. The
epicranial suture is often obscured by the numerous elevations of the

vertex and front, but it is always present. The antennae are always
enlarged at the proximal end and again at the distal end, where they
are somewhat club-shaped, thus differing again from the Tortricoidea.

The mandibles are distinctly elevated in most genera. The wings are
narrow and pointed, differing markedly from those of the Tortri-
coidea. They are not soldered to the body wall at their distal end.
The thorax always has a carinate median ridge, which may be distinct

on all the segments, and is always distinct on the prothorax and the
cephalic half of the mesothorax. The alar furrows are very deep, and
one edge, usually the mesal one, is sharp and heavily chitinized. There
are always two rows of spines on the dorsum of some of the abdom-
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inal segments, which extend around to the ventral surface. These
rows of spines are always present on segments 3-6, the number vary-

ing on segments 2 and 7, while there is always one row on segments
8-10. The number of rows of spines on segment 7 differs in the

sexes, there being two rows in the male and only one in the female.

The spines on the tenth segment are very broad, and this row extends

nearly to the ventro-meson. Each of the spines has a seta inserted

near its tip, which is not heavily chitinized and therefore easily broken.

There are never any setae present on the anal rise. The genera of

Aegeriidae may be separated as follows :

a. Maxillae always more than half the length of the wings, generally

nearly or quite equaling their length; coxae of mesothoraeic legs

never adjacent on the meson below the maxillae,

b. Clypeus with a prominent elevation near its caudal margin, bearing

a heavily chitinized transverse ridge or series of projections which
are probably to assist the pupa in cutting its way out of the

burrow,
c. Clypeus with the chitinized transverse ridge produced into a dis-

tinct point on each side of the meson,

d. Mesothorax with the median carinate ridge extending nearlj'

its whole length, very distinct on the metathorax ; second ab-

dominal segment with the two rows of spines distinct in both

sexes ; maxillae never reaching the caudal margin of the wings
and ending opposite to the antennae

;
pupae averaging 20-25

mm. in length Sanninoidea Beutenmiiller.

dd. Mesothorax with the median carinate ridge usually extending

only along the cephalic half, never distinct on the meta-

thorax; second abdominal segment never with two distinct

rows of spines in either sex; maxillae reacliing the caudal

margin of the wings and ending opposite the mesothoraeic

legs; pupa usually 8-15 mm. in length.

SynantJiedon Hiibner.

cc. Clypeus with a transverse row of separate projections.

ParJiarmonia Beutenmiiller.

bb. Clypeus not prominently elevated at its caudal margin and never

bearing ridges or projections which could be used in cutting,

c. Tenth abdominal segment with eight spines in a row ; caudal end
of body just eephalad of the anal opening without setae.

Podosesia Moschler.

cc. Tenth abdominal segment with ten large spines in a row and two
smaller ones, one on each side of the meson ; caudal end of body
just eephalad of the anal opening with a row of four setae

which are inserted under small projections.

Memythrus Newman,
aa. Maxillae about two fifths the length of the wings; coxae of meso-

thoraeic legs and their tarsi adjacent on the meson caudad of the

maxillae Bembecia Hiibner.
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The following species were examined

:

Sanninoidea exitiosa Say
Synanthedon tipuliformis Clerck, acerni Clemens, pictipcs Grote and

Robinson, pyri Harris, scitula Harris

Parhannonia pini Kellicott

Podoscsia syringae Harris

Memythrus asilipennis Boisduval, dollii Neumoegen
Bembecia marginata Harris

SuPERFAMiLY TORTRICOIDEA

This superfamily, like the Aegerioidea, is distinguished by the pres-

ence of two rows of spines on the dorsum of most of the abdominal
segments. The Tortricoidea form a more compact group than the

Aegerioidea in regard to the arrangement of appendages, which varies

so little throughout the families that any member of the superfamily

may be easily recognized by this arrangement, together with the pres-

ence of spines on the abdominal segments. This characteristic arrange-

ment is shown in Figures 38, 40, 41, and 44. There are often projec-

tions from the head, much as in the Aegerioidea, but there are never as

many head sutures present. The thorax shows the alar furrows in

many instances but they are never as well developed as in the preced-

ing superfamily, and never have sharp chitinized edges. The abdomen
also shows a greater degree of specialization and its fixed caudal seg-

ments are much more strongly consolidated, the sutures being very

difficult to determine in many cases. The seventh segment has also

become firmly fixed in the female.

It was found impossible to group the pupae of this superfamily

according to any of the schemes of classification now in use. The four

groups into which the Tortricoidea discussed in the following pages
have been divided are designated as Epiblemidae, Olethreutidae, Tor-
tricidae, and Sparganothidae. These names, however, are without any
significance whatever as far as previous classifications are concerned,

and are merely used as a matter of convenience. Lack of material

has prevented further study in this group at present, so it has been
impossible to determine the correct family names. No attempt has
been made to bring the nomenclature up to date. The generic names
used by Meyrick and Walsingham have been followed as nearly as

possible.

The four groups or families of Tortricoidea must have had a

common ancestor, but owing to the development of the maxillary pal-

pus within the groups it would be impossible to consider one as

derived from another. The line of development appears to have
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been towards (
i
) a reduction of the spines on the dorsum of the ab-

dominal segments, these disappearing first from the tenth segment and

then from the segments cephalad of it; (2) the loss of setae on the

anal rise; and (3) the development of a long cremaster. The families

of Tortricoidea may be separated by the following table

:

a. Body without a distinct cremastev ; setae always present on the anal

rise Epiblf.midae.

aa. Body with a well-developed cremaster.

b. Ninth abdominal segment always with a distinct row of si)ines,

especially in the males; tenth abdominal segment sometimes

possessing spines ; cremaster broader than long ; setae always pres-

ent on the anal rise.

c. Cremaster never curved ventrad, the caudo-lateral angles not pro-

duced into prominent hooks ; the caudal margin nsiially showing

three short lobe-like projections; second abdominal segment

with the cephalic row of spines present and the caudal row well

developed ; setae of the anal rise always laterad of the anal

opening Oletiireutidae.

ee. Cremaster curved ventrad, the caudo-lateral angles produced
into prominent hooks; second abdominal segment lacking the

cephalic row of spines and the caudal row poorly developed

;

setae of the anal rise always on the caudal part of the eleva-

tion TORTRICIDAE.

bb. Ninth abdominal segment lacking a distinct row of spines, although

a few spines are sometimes present in the males; setae never

present on the anal rise; cremaster nearly always longer than

broad ; tenth abdominal segment never possessing spines.

Sparganotiiidae.

Family Epiblemidae

The pupae belonging to this family (Figs. 38, 39) have no cre-

master and there are always setae present on the anal rise. They are

usually less than 10 mm. in length and slender, tapering gradually

from the thoracic region to the somewhat blunt end of the body. The
genus Carpocapsa is sometimes an exception as the body is often very

stout, and the genus Eucosma has a cylindrical body strongly resem-

bling the pupae of the Aegeriidae. The maxillary palpi usually extend

to the proximo-lateral angles of the maxillae ; only E]jinotia and
Enarmonia of the genera studied had shorter palpi. The maxillae are

about two fifths the length of the wings, and the labial paljji are usually

half the length of the maxillae. The rows of spines on the dorsum
vary somewhat in the different genera. All have two rows present on
abdominal segments 2-7 although the cephalic row of segment two is

weak in Eucosma, Hemimene, and some species of Ancylis. Occa-
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sionally the caudal row of segment seven is weak in the females of

some species. As a general rule the eighth segment has but one row
of spines, the cephalic one, but two rows have been found in the species

of Epinotia and Eucosma, usually in the males. There is, in most

genera, considerable difference between the sexes. The antennae do

not vary as greatly in this family as in some others, but there is a

great variation in the rows of spines, these being usually smaller and

less numerous on the caudal row of segment seven in the male and

on segment eight in the female: The genus Mellisopus does not show
characters of sufficient importance to allow of its retention as a sepa-

rate genus, and it is therefore inckided with Carpocapsa. The only

points of difference between that genus and Carpocapsa pomonella,

its nearest ally, are that the spiracles are oval, somewhat rectangular

and slightly produced, while in Mellisopus latifcrrcanus they are large

and circular but not strongly produced. There is however consider-

able variation. Mellisopus shows a slight carinate ridge on the meta-

thorax, but this, again, is extremely variable.

The phylogeny of the group is extremely doubtful. If the spines

on the dorsum of the abdominal segments in Eucosma were homol-

ogous with those found in the generalized pupae of Nepticulidae and
others, it would certainly be the most generalized form and the others

would probably follow the sequence of the table to genera. The
spines, however, are much broader than any observed in the general-

ized types. Eucosma also shows a remarkable resemblance to the

.•\egeriidae, so it is probable that it is the most generalized of the

Tortricoidea examined. The genera of Epiblemidae may be separated

as follows

:

a. With two long distinct setae present on each side of the anal rise.

b. Caudal end of body with one row of long, heavily chitinized, flat-

tened setae inserted along the line of the row of spines on the

tenth abdominal segment.
c. Dorsal surface of abdominal segments between the cephalic and

caudal rows of spines covered, at least in part, with short trian-

gular spines; cephalic row of spines composed of alternating
large and small spines Eucosma Hiibner.

cc. Dorsal surface of abdominal segments between the caudal and
cephalic rows of spines always smooth; cephalic row of spines

of approximately the same size.

d. Portion of first coxae exposed on the meson below the maxillae
more than half the length of the second coxae; body often
stout, with the length scarcely three times the greatest width,
but extremely variable ; length averaging 10 mm.

Carpocapsa Treitschke.
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dd. Portion of first coxae exposed on the meson below the maxillae

.

never more than half the leniarth of the second coxae ; body
always slender, with the length about four times the greatest

width; average length 8 mm Tmetocera Luderer.

bb. Caudal end of bodv with two rows of setae showing^ one row of

four setae inserted along the line of the row of spines on the tenth
abdominal segment and another row at the caudal margin of

the bod.y.

c. Caudal row consisting of four setae ; maxillary palpi always
'

touching the proximo-lateral angles of the maxillae.

d. Caudal row of setae of two kinds, the mcsal ones much slen-

derer than the lateral ones ; maxillae less than one third the
length of the wings ; labial palpi about two thirds the length

of the maxillae ; maxillary palpus touched by the prothoracic

leg Heniimene Hiibncr.

dd. Caudal row of setae similar; maxillae never less than one
third the length of the wings; labial palpi about half the

length of the maxillae; maxillary palpus touched by both
prothoi'aeic and mesothoracic legs Ancylis Hiibner.

cc. Caudal row consisting of two setae ; maxillary palpi seldom
reaching the proximo-lateral angles of the maxillae.

Epinotia Hiibner.

aa. Never with two long, distinct setae on each side of the anal rise.

b. Lateral spines of the tenth row noticeably larger than the others;

setae at the caudal end of the body very short and slender, not
heavily chitinized ; setae of the anal rise very small and difficult

to locate, usually two present on each side Thiodia Hiibner.

bb. Lateral spines of the tenth row not noticeably larger than the
others ; setae at caudal end of body long and heavily chitinized

;

one seta on a distinct papilla on each side of the anal rise.

Enarmonia Hiibner.

The following species were examined:
Bucosma strenuana Walker, scudderiana Clemens
Carpocapsa pomoncUa Linnaeus, saltitans Westwood, latifcrreaims

Walsingham
Tmetocera ocellana Schiffermueller

Hemimene incanana Clemens
Ancylis comptana Frolich, platanana Clemens, diminutana Kearfott
Bpinotia saliciana Clemens, piceafoliana Kearfott
Thiodia signatana Clemens
Bnarmonia fana Kearfott

Family Olethreutidae

The Olethreutidae (Fig. 40) include those species which possess a

well-developed cremaster, usually broader than long and somewhat
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flattened, bearing eight strongly chitinized, flattened, huoked setae ; and
usually having similar but smaller setae on the anal rise. Exceptions

to this latter character are found in the genus Polychrosis, and in

fixartema ferriferanum, which does not agree with the remainder of

the genus in this respect. The group is further characterized by the

presence of a well-developed row of spines on the ninth abdominal

segment in all the males examined and in nearly all of the females, the

exceptions being in the genus Exartema, where the spines were smaller

and fewer in number. In most genera this row of spines has several

additional spines on each side, usually near the meson. The only

other species of the superfamily which resemble the members of this

group are the species of Archips in group (b), but these have no setae

on the anal rise, and very seldom have spines present on the ninth

abdominal segment. Bxarterna ferriferanum is the only species among
those examined which might be confused, as the row of spines on
the ninth segment of the female is not well developed, while the males

of Archips cerasivorana sometimes have a few spines present. This

particular species of Exartema, however, has a prominent cephalic

projection, ending in a point, directed ventrad, while the species of

Archips are blunt at the cephalic end, and the bodies are usually larger

and prominently enlarged in the region of the thorax. The antennae

show marked sexual differences, being much longer in the males. The
rows of spines on the dorsum of the abdominal segments also vary in

the sexes, the caudal row of segment eight being poorly developed or

lacking in many females, though well developed in the males. The
row on the ninth segment is much better developed in the males. The
genus Polychrosis shows a peculiar development of the spiracles.

Instead of the small, produced tubular spiracles common to the Tortri-

coidea it appears to have them very much enlarged. This prominent
enlargement around the spiracle has a deeply concave surface, and the

very small tubular spiracle in the center is about one sixth of its width.

A similar condition, but not so well developed, is found in Bxarterna

sciotoanum. The maxillary palpi are well developed and reach the

proximo-lateral angles of the maxillae in Olethreutes (b) and Poly-

chrosis, but in Episimus, Olethreutes (a), and Exartema they are not

well developed. The genera of Olethreutidae may be separated as

follows

:

a. Tenth abdominal segment with spines, usually three or four rows
closely approximated, seldom with a single row.

b. Long chitinized setae present on the anal rise, usually slightly

shorter and narrower than those of the cremaster.

c. With two setae on each side of the anal rise, very similar to those

on the eremaster Episimus Walsingham.
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cc. With one seta on each side of the anal rise, smaller than those .

of the creniaster Olethreutes (a) Hiibner.
bb. Setae never present on the anal I'ise Polychrosis Ragonot.

aa. Tenth alxloniinal segment without spines.

b. Well-developed setae present on each side of the anal rjse.

c. Maxillary palpi well developed, reaching the proximo-lateral
angles of the maxillae Olethreutes (b) Hiibner.

ce. Maxillary palpi short, never reaching the proximo-lateral angles
of the maxillae Exartema (a) Clemens.

bb. Without setae on the anal rise Exartema (b) Clemens.

The following species were examined :

Episiiiius argutamis Clemens
Olethreutes (a) niveiguttana Grote, (b) malacliitaiia Zeller

Polychrosis slingcrlandana Kearfott, vitcana Clemens, botraiia Schif-

fermueller

B.rartciua (a) sciofdaiiimi Kearfott, coiiciunaiiuin Clemens, nigra-

num Kearfott, inoniatiim Clemens, pcnuundanum Clemens
B.rartciua (b) fcrrifcranttm Walker

Family Tortricidae

This group is distinguished by its peculiar type of cremaster and
the presence of setae on the anal rise. The maxillarv palpi are not

present in Peronea but are found in Argyrotoxa, where they are

shorter in the male than in the female. The maxillae are usually about
two fifths the length of the wings, the labial palpi nearly half the

length of the maxillae. There are no spines present on the tenth ab-

dominal segment, and they are not well developed on the second and
third segments. There is always a well-developed cephalic row on the

dorsum of the tenth segment, but the caudal one does not extend as far

laterad in the male and is usually lacking in the female. In Argyrotoxa
the cephalic row of spines on the eighth and ninth segments is on a

prominent ridge which can be plainly seen on the lateral margin in

dorsal view. There are always two setae present on each side of the

anal rise and these are always on the caudal part of the elevation.

Figures 41 and 42 show the arrangement of parts in this family and
Figure 43 the dehiscence of part of the head, showing the eye-piece.

The genera of Tortricidae may be separated by the following table

:

a. Maxillary palpi present in both sexes ; spines of the cephalic row on
abdominal segments 7-9 on distinct ridges which show plainly on the
lateral margins of the body, the spines extending laterad beyond the
spiracles in some segments ; setae on the ventral side of cremaster
and between eremastral hooks not heavily chitinized and resembling
the ordinary body setae Argyrotoxa Stephens.
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aa. Maxillary palpi not present in either sex ; spines of the cephalic row
on abdominal segments 7-9 not on distinct ridges, the spines never
extending laterad beyond the spiracles ; setae on the ventral side of

cremaster heavily chitinized, and usually not extending far beyond
the caudal margin of the body Peronea Curtis.

The following species were examined

:

Argyrotoxa alhicoinana Clemens, bcrgmanniana Linnaeus

Peronea sp., iiiinitta Robinson, logiaiia Schiffermueller, var. yibiirnana

Clemens

Family Sparganothidae

This family (Fig. 44) includes the species in which the cremaster

is well developed and much longer than broad, except in Archips (b)

and Phaecasiophora. The cremaster in nearly all species bears eight

strong hooked setae whicli are usually not much flattened except in

the genera mentioned above. There are never any setae present on

the anal rise, and most of the species have no spines present on the

ninth abdominal segment and none of them a well-developed row. The
caudal row of the eiglith segment is often lacking in the female and
is poorly developed in the male. The feniales of Platyuota flavedana

have no cephalic row on the second abdominal segment. The members
of this group include the largest of the Tortricoidea examined, most
of them considerably over 10 mm. in length; the thoracic region

usually appears considerably enlarged, and the abdomen is long and

tapering. The vertex is shorter than in the other groups. The max-
illary palpi do not reach the proximo-lateral angles of the maxillae in

the males, but sometimes do so in the females. In Platyuota flavedana

the palpi appear to extend only along the cephalic margin of the pro-

tlioracic leg. The setae of the body are usually very long and promi-

nent in this group. Sexual differences are noticed in the length of

the maxillary palpi and antennae and in the development of the rows

of spines on the dorsum of tlie abdominal segments. There are no

available characters by which all the species of the genus Archips can

be associated in a single group and it undoubtedly represents two
genera, because there are two distinct types of cremaster present. It

is also diflicult to find good structural characters to separate the genera

Harmologa and Archips (a). The color markings are very distinct in

Harmologa, and the body is also very noticeably enlarged in the region

of the first three abdominal segments, so that in ventral view the lateral

margins of the wings appear curved, instead of approximately parallel

as in Archips (a). The genera Epagoge and Platyuota are also closely

related and are grouped together by some writers. The genera of

Sparganothidae may be separated as follows

:
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a. Transverse conjunctiva showing prominent dark brown spines scat-

tered over a lighter brown surface,

b. Cremaster much longer than broad, not flattened.

c. With four setae inserted at the caudal end of the cremaster.

d. Dorsum of second abdominal segment showing a slightly crenu-

late, ehitinized cephalic margin, the cephalic row of spines on
this segment not well developed in the males and wanting in

females; head never with a cephalic projection; abdomen
never with prominent cavities on the dorsum of the second
and third segments ; dorsum of abdomen always with darker
transverse bands and spots of color Harmologa Meyrick.

dd. Dorsum of second abdominal segment without a crenulate

cephalic margin ; cephalic row of spines well developed on
this segment in both sexes ; head often with a cephalic pro-

jection, or if not, then prominent cavities are present on the

dorsum of the second and third abdominal segments; body
of uniform color Arcliips (a) Hiibner.

cc. With two setae inserted at the caudal end of the cremaster.

Cenopis Zeller.

bb. Cremaster broader than long, flattened PhaecasiopJiora Grote.

aa. Transverse conjunctiva never showing prominent dark brown spines,

surface of uniform color,

b. Cremaster longer than broad, not flattened ; labial palpi always
considerably more than half the length of the maxillae,

c. Cephalic row of spines on second abdominal segment lacking in

the female ; cremastral setae noticeably flattened.

Platynota Clemens,
ce. Cephalic row of spines on the second abdominal segment present

in the female ; cremastral setae not noticeably flattened.

Epagoge Hiibner.
bb. Cremaster broader than long, distinctly flattened ; labial palpi not

more than half the length of the maxillae. .Arcliips (b) Hiibner.

The following species were examined

:

Harmologa fumiferana Clemens
Archips (a) argyrospila Walker, magnoliana^ei:na.\d,parallela Robin-

son, ohsolctana Walker, rosaccana Harris
Archips (b) ccrasivorana Fitch, fervidana Clemens
Cenopis chamhersana Kearfott
PhaecasiopJiora confixana Walker
Platynota flavcdana Clemens
Bpagoge siilfureana Clemens

SuPERFAMiLY GRACILARIOIDEA

This superfamily name is given to a number of families apparently

of common origin, which have proceeded along similar lines of devel-
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opment. The species are all leaf-miners and are very small, the pupae

of the largest species examined being 7 mm. in length. Very few of

the generalized families have been available for study, so that it is

exceedingly difficult to trace the relationships existing between the

more specialized families without first having carefully studied a num-
ber of more generalized forms. There is included in this group the

Nepticulidae, in many respects the most generalized pupae studied,

next to the Eriocraniidae, and certainly resembling the latter more

than any of the other generalized forms examined. It is just at this

point in our investigation that more material is needed to clear up the

relationships of the groups which have apparently branched off here

and have had a common ancestor with the Nepticulidae. From all the

evidence at hand it seems probable that development has proceeded

along two well-defined lines, the first, represented by the superfamily

Gracilarioidea, having early lost the maxillary palpi while still retain-

ing the covering of spines on the dorsum of the abdominal segments,

and having developed the triangular type of prothorax; the second

having retained the maxillary palpi for a much longer time, but having

lost the covering of spines, while developing the same type of pro-

thorax.

Of the second type no material has been examined which would
show any intermediate stages between the families Nepticulidae and
Epermeniidae. The latter family has apparently continued the line

of development begun in the Gracilarioidea as it still retains the

seventh abdominal segment free in the male though it is fixed in the

female. The presence of the maxillary palpi precludes its derivation

from the Gracilarioidea and would lead us back to some point below

the Heliozelidae because this family also has lost them. As we have

only the Nepticulidae for comparison, it has been assumed that this

branch has arisen coordinately with them.

In the superfamily Gracilarioidea, with the exception of the family
Lyonetiidae, all the pupae have free appendages, the cuticle is very
slightly chitinized, and the dorsum of the abdomen is covered, in part

at least, with fine spines. There is a tendency in some genera, as

Lithocolletis and Ornix, towards the development of a single row of
spines, so that there is often one or more rows of larger spines at

either the cephalic or caudal margin, or at both margins, of the seg-

ment. This seems to indicate the way in which the rows of spines were
developed in the Tineoidea and Tortricoidea. The characters which
are common to all the members of the superfamily are the long vertex,

which is always longer than the prothorax at the median line, scarcely

ever less than twice its length and often much longer, and the long
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nietathorax, with the Ic^ss of a well-developed maxillary palpus in-

families above the Nepticulidae. Chapman described the genus Graci-

laria as possessing maxillary palpi, and in two species, sassafrasclla

and ucguudclla, a structure has been found (Figs. 45, 47) which may
be the maxillary palpus ; but there never is a distinct, oblong piece lying

caudad of the eye-piece as is usually the case when the maxillary palpi

are present, and of all the species of the superfamily examined these

two were the only ones in which tliere was any doubt as to its absence.

The head is in most families either produced into a prominent projec-

tion or there is a heavily chitinized cutting plate near the cephalic mar-
gin on the ventral surface. The prothora.x has a tendency to become
sliorter on the median line and longer on its lateral margins, so that

each half is triangular. In such cases the length along the lateral

margin is about four times the length on the median line. In the more
generalized forms the prothorax is more like the rectangular type

found in the Tineoidea, but it is depressed or sunken, giving it a neck-

like appearance. The nietathorax still retains its primitive condition,

and is usually more than half the length of the mesothorax. In nearly

all of the families the wings are long in proportion to the body, and in

the majority they are about two thirds its length. The bodies of most
of the families included here retain the generalized type found in the

Eriocraniidae with a slight depression near each lateral margin in the

region of the spiracles. The spiracles are usually small, circular, and
slightly produced, appearing tubular. The Lyonetiidae seem to be an

exception to almost every rule. They have no free segments, the

appendages are all soldered to the body, and there are no spines visible

on the abdomen. They seem to be more nearly related to the Buc-

culatrigidae than to any other family, although there are strong rea-

sons for considering them related to the Phyllocnistidae. The follow-

ing table will serve to separate the families of Gracilarioidea

:

a. Maxillary palpi well developed and extending along the caudal margin
of the eye; spiracles visible on the first abdominal segment.

Nepticulid.\k.

aa. Maxillary palpi never well developed, and if present never extending
as an oblong piece along the caudal margin of the eye.

b. Antennae never extending more than half the length of the wings

;

labrum very long and lobe-like, extending down over the labial

palpi for about oiae fourth of their length ; spines on the dorsum
of the abdomen very fine and not easily distinguished.

Heliozelidae.
bb. Antennae always extending at least three fourths the length of the

wings, and usually equaling them in length or extending beyond
their eaudal margin ; labrum never long and lobe-like and never
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extending down over the labial palpi for one fourth of their

length,

c. Appendages free, never firmly soldered to the body wall ; abdomen
alwaj's with some of the segments movable ; dorsum of the abdo-

men always with spines.

d. Abdominal segments 3-7 movable in the male, 3-6 in the

female ; antennae and metathoracic legs not approximately
equal in length and both seldom extending beyond the caudal
margin of the wings.

e. Labial palpi present ; caudal end of body ending in two stout

spines directed dorsad ; abdominal segments 3-6 with the

two setae nearest the meson on the cephalic half of the seg-

ment so closely approximated that their bases touch.

TiSCHERIIDAE.

ee. Labial palpi never visible ; caudal end of body never with
curved hooks, but the tenth abdominal segment with a

prominent latei-al projection on each side ending in a stout

sti'aight spine; abdominal segments 3-6 with the setae

nearest the meson at the cephalic end of the segment never
closely approximated Bucculatrigidae.

dd. Abdominal segments 4-7 movable in the male, 4—6 in the
female; antennae and metathoracic legs approximately of
equal length and both always extending beyond caudal mar-
gin of the wings,

e. Abdominal segments 3-7 never with two deep punctures or
pits with heavily chitinized edges on the meson at the
cephalic margin with one or more heavily chitinized spines
adjacent; the length of abdominal segments 8-10 always
greater than that of segment 7 Gracilariidae.

ee. Abdominal segments 3-7 with two deep punctures on the
meson at the cephalic margin with one to three heavily
chitinized spines adjacent; abdominal segments 8-10 never
showing distinct segmentation, their total length less than
that of the seventh segment Phyllocnistidae.

ec. Appendages always firmly soldered to the body ; dorsum of abdo-
men without visible spines; abdomen without any movable seg-
ments Lyonetiidae.

Family Nepticulidae

These tiny species of leaf-miners average 2 mm. in length in the
females and 1.5 mm. in the males. The body is flattened, with a trans-

parent, slightly chitinized cuticle, and is white in color until the adult

scales are formed. Although their size makes it difficult to determine
the number of free segments, it is believed that there is some degree
of motion between all of the abdominal segments except the fixed
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caudal ones. There is some degree of movement between the seventh

and eighth abdominal segments in both sexes, but it is apparently

greater in the male. The arrangement of parts may be seen in

Figures 48 and 49. The head does not show all of the sutures found
in the Eriocraniidae, but the epicranial and fronto-clypeal sutures are

always present. The appendages are all free and segmented as in the

Eriocraniidae, and the thoracic appendages are widely separated to

show all the coxae. There is a strong resemblance between this family

and the more generalized members of the Eucleoidea, but the presence

of the large maxillary palpi prevents their being included in that super-

family. The spiracles are visible on the first abdominal segment, and
the length of the thoracic segments indicates a very generalized condi-

tion. The genital opening of the male is located as shown in Figure

48. In the females there is an area covered with setae on the venter

of the eighth segment, as in the Eriocraniidae, but no openings could

be accurately determined.

The following species were examined

:

Nepticida nyssaefoliella Chambers, platanella Clemens.

Family Heliozelidae

This family includes some very small pupae which measure only

2-3 mm. in length. They have all the appendages free and widely

separated. The cuticle is transparent and the body white in color, with

the conjunctiva so little differentiated that it was impossible to deter-

mine the number of free segments with accuracy. Segments 2-7 in

tlie male and 2—8 in the female have some power of motion, but

whether this is movement of the whole segment in the case of the

second and third, or merely dorsal movement, was not determined.

The family (Fig. 50) is characterized by its short antennae, and its

long labrum which projects down over the labial palpi. They also

have shorter appendages than any of the other families with transpar-

ent cuticle and white bodies, because in all others the metathoracic

legs and antennae extend considerably beyond the caudal margin of

the wings and are often longer than the body. The epicranial suture

is near the cephalic margin of the head. While this family may have

retained more free segments than the Gracilariidae it is undoubtedly

more specialized than some of the genera in that family. The pro-

thorax is much longer at its lateral margins than on the meson ; there

is no trace of maxillary palpi, and the labial palpi are not so well

developed as in the generalized Gracilariidae.

The genera included in this family have long been associated with

the Elachistidae, but the pupae show no resemblance whatever to this
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the genera included in this family, but Meyrick, in Lepidoptorum
Catalogus, Part 13, uses this name to include the genera Brenthia,

Choreutis, etc. The name Heliozelidae is used by Spuler (Die Schmet-
terlinge Europas, 1910) and this name has been adopted there. The
genera may be separated as follows

:

a. Abdomen with one or two prominent lateral setae on each side of the

tenth abdominal segment ; mesonotum not produced into a prominent
lobe extending down on the metathorax Antispila Hiibner.

aa. Abdomen never with prominent lateral setae on each side of the tenth
abdominal segment; mesonotunr produced into a prominent lobe

extending down on the metathorax Coptodisca Walsingham.

The following species were examined

:

Antispila ampelopsisella Chambers, cornifoliella Clemens
Coptodisca jtiglandiella Chambers, splendiforella Clemens

Family Tischeriidae

These pupae are from 3.5-6 mm. in length and have abdominal
segments 3-7 free in the male and 3-6 in the female. They are always
considerably chitinized, so that the pupae vary in color from yellow
to brown. The spines on the dorsum of the abdominal segments are

very distinct and in some species they are of two sizes. All of the

species examined except Tischeria hellopsisella (Fig. 54) had certain

of the body setae very long, heavily chitinized, and forked at the end.

These setae vary in length, but the shortest are nearly as long as the

abdominal segments and are very conspicuous. The dorso-mesal setae

nearest the cephalic margin were closely approximated on segments
3-6 or 7 of the abdomen so that their bases were in contact. The
caudal end of the abdomen is bifurcate, and ends in two heavily chitin-

ized hooks which are directed dorsad. The arrangement of parts may
be seen in Figures 51-54. These pupae have become more specialized

in certain respects than many of the Gracilariidae, although they re-

lain one more free segment. This is noticeable in the development of
the prothorax, in the distinct rows of larger spines on many of the

segments, and in the strong caudal hooks. The fronto-clypeal suture

shows as a clear area, indicated by the dotted line in Figure 51. This
family includes two genera, Coptotriche and Tischeria, with no well-

defined characters for separating them. The two species of Tischeria,

aenea from blackberry and malifoliella from apple, at one time consid-

ered identical, show distinct differences in the pupae and both species

resemble Coptotriche, while heliopsisella is very different from all the
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rest. Dyar's list names but one species of Coptotriche, but three dis-

tinct types of pupae have been obtained from mines in oak leaves.

Unfortunately no adults have yet emerged from these, so the species

can not be determined. The genera may be separated as follows :

a. Caudal margin of the dorsum of the second abdominal segment heavily

chitinized and toothed, the teeth being larger than the adjoining

spines Coptotriclie Walsingham.
aa. Caudal margin of the dorsum of the second abdominal segment not

heavily chitinized or toothed Tischeria Zeller.

The following species were examined

:

Coptotriclie zellcriclla Clemens
Tischeria aenea Frey and Boll, inalifoliella Clemens, Itcliopsisella

Chambers

Family Bucculatrigidae

This family, Bucculatrigidae, including the single genus Buccu-

latrix, has been placed in various positions by different authors. It

is c^uite evident that it is more specialized than most other families of

the Gracilarioidea in the loss of the labial palpi and that it has pro-

ceeded along a different line of development. Nevertheless, no one can

fail to see the relationship between the pupae of the Bucculatrigidae

and the other members of this superfamily, particularly to some of the

species of Cameraria where there is a lateral projection from each side

of the tenth segment and a distinct row of larger spines on the dorsum
of the abdominal segments. The lack of labial palpi, together with the

spines on the abdominal segments, is sufficient to distinguish the

family from all the others included in the superfamily. The arrange-

ment of parts may be seen in Figures 55 and 56. The pupae examined
had an average length of 3 mm.

The following species were examined :

Biicculatrix sp., pomifoliclla Clemens, trifasciella Clemens.

Family Lyonetiidae

This family is a very difficult one to place satisfactorily by pupal

characters alone, as it has completely lost the power of motion in the

abdominal segments and all the appendages are soldered down. This

is another of the families which has been a source of anxiety to many
lepidopterists. The shape of the prothorax, the length of the vertex,

together with that of the wings and appendages as compared with the

body, the small tubular spiracles, and the absence of maxillary palpi

seem without any doubt to indicate its relationship to the members
of the superfamily Gracilarioidea and consequently it is included here.



65

From a careful study of the pupal characters available it seems to be
more nearly related to the Bucculatrigidae than to any other family.

A comparison of Figure 57 or 59 with 67 will show that the develop-

ment in the Lyonetiidae has not been towards the shortening of the

segments and the consolidation of abdominal segments 8—10 as in

the Phyllocnistidae. Moreover, it still retains the generalized type

of body found in the Nepticulidae, while the Phyllocnistidae have
developed the cylindrical type. The shape of the maxillae and the

position of the femur of the prothoracic leg are as in the Bucculatrig-

idae, and like them the Lyonetiidae have no labial palpi visible. The
Lyonetiidae do not spend their pupal life within the mine, nor in a

cocoon, but are exposed and fixed by the caudal end to some cross

threads on the under surface of the leaf (Clemens, Tineina of N.
America, 1872, pp. 189-191). The soldering down of the appendages
and the loss of motion of the abdominal seginents seems to be a modi-
fication to suit the new conditions of life, and is analogous to the con-

dition found in certain families of Papilionoidea and the species of

the genus Elachista, in which all power of motion is lost. Bedellia

has developed certain ridges and projections, similar to those found
in the Papilionoidea, which seem to be correlated with this manner
of pupal life. Only two genera of Lyonetiidae were studied. These
were from 4-6 mm. in length and may be separated as follows

:

a. Head blunt, without a prominent projection; antennae and meta-
thoracic legs equal in length ; caudal end of body with a few straight
spines on the dor.sal surface of the tenth abdominal segment : body
without prominent ridges Proleucoptera Busck.

aa. Head with a long projection ; antennae much longer than the meta-
thoraeic legs; caudal end of body with hooked setae; body with
prominent ridges Bedellia Stainton.

The following species were examined :

Proleucoptera sniilaciclla Busck
Bedellia soiiuudciitella Zeller

Family GRACiLARnoAE

This large family includes those pupae with free appendages and
with abdominal segments 4-7 free in the male and 4-6 in the female.

The antennae and metathoracic legs are of approximately the same
length and both are longer than the wings. The most nearly related

family, the Phyllocnistidae, differs in having on the dorsum of each
abdominal segment two prominent pits or punctures with heavily

chitinized edges associated with some large curved spines, in having
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a much more cylindrical body with large deep furrows between the

segments, and in having the fixed caudal segments very short.

The genus Gracilaria is undoubtedly the most generalized, if we
consider the peculiar structures (Fig. 47) found in some species to

be maxillary palpi. The tendency in the Gracilariidae is toward the

loss of the maxillary palpi, and the development of the triangular

type of prothorax, which usually is elevated on the median line. There

is also a shortening of the maxillae and labial palpi and of all the ap-

pendages in relation to the rest of the body, and a stronger chitiniza-

tion of the surface of the body tending to a soldering down of the

appendages. There is also taking place the development of two sizes

of spines on the dorsum of the abdominal segments and the formation

of single rows of larger spines. Finally there is the development of

the cremaster. There are two distinct divisions of the Gracilariidae

to which subfamily names have been given. These may be separated

as follows

:

a. Prothorax depressed and neck-like, somewhat quadrangular in out-

line, the length at the lateral margin never more than twice the

mesal length Ghacilariinae.

aa. Prothorax irsually with an elevated ridge on the meson, triangular

in outline, the length at the lateral margin about four times the

mesal length Lithocolletinae.

Subfamily Gracilariinae

The Gracilariinae (Figs. 45 and 46) include all the genera in

which the generalized quadrangular type of prothorax has been re-

tained. In all the genera the caudal end of the body is blunt and the

tenth segment bears a row of 6 or 8 spines, larger than those on the

other body segments. The labial palpi are always long and never

covered by the maxillae at their proximal end. The following table

will serve to separate the genera of Gracilariinae

:

a. Dorsum of abdomen sparsely covered with very coarse spines, some-

times with additional fine spines,

b. Head with a cutting plate on the ventral surface near the cephalic

margin, which is usually serrate ; maxillae as long as the mesotho-

racic legs Gracilaria Haworth.

bb. Head with a prominent projection at the cephalic end, not a

distinct plate; maxillae never as long as the mesothoraeic legs.

Ornix Treitschke.

aa. Dorsum of abdomen thickly covered with very fine spines which are

almost invisible Parectopa Clemens.
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Subfamily Lithocolletinae

In the Lithocolletinae all the genera but Acrocercops have a
strongly elevated median ridge on the prothorax, and in all but Acro-
cercops and Marmara the proximal part of the labial palpi is covered by
the maxillae so that the lateral margin can not be traced cephalad to

the labrum. The genus Lithocolletis, which seems very distinct from
other genera in the subfamily, includes two distinct types of larvae.

On this basis the genus was divided into two groups designated as

the "flat-larval group" and the "cylindrical-larval group." Dr. Chap-
man in 1902 (Entomologist, Vol. 35, p. 141) proposed the name
Cameraria for the flat-larval group, and this name is used here as our
investigation shows that the cremaster is a decided genus character,

and, furthermore, that members of the same genus have the same type

of cremaster. It is therefore deemed impossible, from a study of the

pupal characters, that one genus could include both forms with and
without a cremaster. The pupae of the cylindrical-larval group stud-

ied, moreover, showed two distinct types of cremaster, L. lucidicos-

tella (Fig. 66a) having a rather broad cremaster with curved setae,

while in L. tiliacclla and L. argentinotclla the cremaster is long and
slender (Figs. 66b and 64) and the setae are T-shaped, the former
having one such seta and the latter two. From the standpoint of

pupal characters these would properly form three genera. It is in-

teresting to note that Meyrick (Genera Insectorum, Part 128) places

these in different sections of the genus, and that Miss A. F. Braun
in her work on the "Development of the Color Pattern in Lithocol-

letis" (Journ. Acad. Nat. Sci. Phila., Vol. 16, Series 2, 1914) also

includes them as members of different groups in her phylogenetic tree.

The genera of Lithocolletinae may be separated as follows

;

a. Dorsum of abdominal segments with spines of the same size; caudal
margins of abdominal segments never distinctly elevated,

b. Dorsum of each alDdominal segment covered with spines for its

entire length.

c. Maxillae at least seven eighths the length of the wings ; labial
palpi almost half the length of the maxillae, their proximal
end not covered by the maxillae ; spines on dorsum of abdo-
men very small and inconspicuous except a row of six spines
on the tenth segment Acrocercops Wallengren.

cc. Maxillae not more than one third the length of the wings

;

labial palpi about one third the length of the maxillae, their
proximal end covered by the maxillae ; spines on the dorsum
of the abdomen small but distinct, with a few larger ones on
the tenth segment Leucanthka Clemens.
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bb. Dorsum of each abdominal segment covered with si)ines for about
one fourth its length.

c. Head without a prominent pointed projection; maxillae more
than half the length of the wings and longer than the pro-

thoi'acic legs; proximal part of the labial palpi not covered

by the maxillae Marmara Clemens.

ce. Head with a prominent projection ; maxillae never half the

length of the wings nor as long as the prothoracic legs ; labial

palpi covered by the maxillae at the proximal end.

Cremastobombycia Braun.
aa. Dorsum of abdominal segments covered with spines of two sizes, the

caudal margins of the segments usually distinctly elevated ; labial

palpi always covered by the maxillae at the proximal end.

b. Caudal end of body never with a distinct eremaster.

Cameraria Chapman,
bb. Caudal end of body always with a distinct eremaster.

Lithocolletis Hiibner.

Species of Gracilariidae examined

:

Subfamily Gracilariinae

Gracilaria ncgundella Chambers, sassafrasclla Chambers, violacclla

Clemens
Oriiix prunk'orcUa Chambers, crataegifoliclla Clemens, conspic-

uclla Dietz

Parectopa salicifoliella Chambers, lespedesaefoliella Clemens

Subfamily Lithocolletinae

Acrocercops I'cunstcUa Clemens
Leucaiithica ainphicarpeacfoliclla Clemens, ostcnsackcnella Fitch

Marmara salictella Clemens
Crcinastoboinbycia solidaginis Frey and Boll

Cameraria hamadryadella Clemens, ostrydla Chambers, tiibiferella

Clemens
Lithocolletis lucidicostella Clem., argentitiotella Clemens, tiliacella

Chambers

Family Phyllocnistidae

This family is very nearly related to the Gracilariidae, and the

principal characters used to distinguish it are given under that family.

The arrangement of parts may be seen in Figure 67. It will be noted
that Phyllocnistis has long heavily-chitinized setae much as in the

Tischeriidae except that they are not forked at the tip. There is a

fleshy prolongation on each side of the tenth abdominal segment. This
family shows a somewhat higher degree of specialization in the pro-

thorax and labial palpi than most of the Gracilariidae. It is. however,
not as much specialized as the species of Litliocoiletis which have de-
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veloped a cremaster, but is more like Cameraria. It may have been

developed from the same stem as Cameraria, but its development is

more likely to have been parallel with that of the family Gracilariidae.

The body is considerably more chitinized, however, than in any mem-
ber of that family. This family includes a single genus. Pliyllocnistis

Zeller, in which the pupae are from 3-4 mm. in length.

The following species were examined

:

Phyllociiistis ampclopsiscUa Chambers, iiisigms Frey and Boll.

Specialized pupae with pilifers

There are two superfamilies of Lepidoptera, the Pyralidoidea and

the Papilionoidea, in which the pilifers are enormously developed, and
their presence is indicated in the pupa by lobes which extend from the

caudo-lateral angles of the labrum towards the meson and in many
instances are adjacent on the meson (Figs. 70, 72, 74, 76, 79; pf).

Besides the presence of these lobes there are many other points of

resemblance which would seem to indicate that these two superfamilies

had a common ancestor.

SuPERFAMiLY PYRALIDOIDEA

This superfamily includes all those pupae which possess lobes in-

dicating the presence of well-developed pilifers and which do not pos-

sess clubbed antennae. This comprises the family Pterophoridae, the

family Attevidae, previously included in the Yponomeutidae, and

probably all of the subfamilies of Pyralididae, although pupae of

only six of these were examined. The Gallerinae do not possess the

lobes indicating the presence of pilifers, and difYer in many other

respects from most other pyralids.

The antennae are long, at least five sixths the length of the wings,

and in some instances extend beyond them. The maxillae and meso-

thoracic legs are both long and extend to the caudal margin of the

wings in most genera. The femora of the prothoracic legs are visible

except in some genera of Pterophoridae. In all of these families the

appendages are soldered to each other and to the body wall, but in the

Pterophoridae they are very slightly soldered and separate readily.

The seventh abdominal segment is free in the males of Pterophoridae

and Attevidae but fixed in the female. In the Pyralididae it is fixed

in both sexes. The families of Pyralidoidea may be separated as

follows

:

a. Maxillary palpi never present ; the prothoracic and mesothoracic legs

always extending cephalad between the sculptured eye-piece and the

antennae; body always roughened with short spines or with small
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groups of long barbed spines and setae arising from small eleva-

tions; doi-sum of abdomen never with a deep furrow between the
ninth and tenth segments Pterophoridae.

aa. Maxillary palpi usually present, if not, then the dorsum of the abdo-
men with a deep furrow between the ninth and tenth segments;
bodj^ surface seldom roughened with spines or setae.

b. ^Epicranial suture never pi-esent ; fronto-clypeal suture visible for

about half the distance between the proximal end of the antennae
and the meson ; seventh abdominal segment free in the male and
fixed in the female ; dorsum of abdomen never with a furrow
between segments nine and ten Attevidae.

bb. Epicranial suture usually present, if not, then the dorsum of the

abdomen with a deep furrow between the ninth and tenth seg-

ments ; fronto-clypeal suture never indicated ; seventh abdominal
segment fixed in both sexes Pyralididae.

Family Pterophoridae

This family possesses a curious combination of generalized and
specialized characters which make its position rather difficult to deter-

mine. It has lost the maxillary palpi, the femora of the prothoracic

legs are seldom visible, and the epicranial suture is present in but one

genus, Pterophorus, where only a small portion of it is visible. On
the other hand the seventh abdominal segment is free in the male and
fixed in the female. This is clearly seen at dehiscence, for none of

the abdominal segments possess much power of motion. The
appendages (Fig. 70) are only slightly soldered to each other and to

the body wall, and generally separate very readily. The wings are

slender and pointed and, together with the other appendages, project

slightly beyond the margin of the fourth abdominal segment. The
clypeus, labrum, and sculptured eye-piece each bear two prominent

setae in Pterophorus and Oxyptilus but in Platyptilia they are very

small. There is usually a seta near the caudal margin of each gena.

The proximal portion of each antenna is usually considerably widened

and ridged and in Pterophorus and Oxyptilus bears long spines. The
prothoracic legs are exceptionally long in this family and reach nearly

to the caudal margin of the wings. The maxillae are often overlaid

by the prothoracic legs for a part of their length, and sometimes are

only visible for a short distance at their proximal and distal ends, the

entire mesal portion being concealed. The location of the genital

openings is unusual, appearing to be always on the tenth abdominal

segment, which extends very far cephalad and forms a sort of ventral

plate on the fixed caudal segments. In Platyptilia the plate is not so

prominent and the dividing sutures between the segments may be dis-
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tinguished. At the cephalic margin of this plate is a large group of

hooked setae in Pterophorus and Oxyptilus, and in Platyptilia a
rounded tubercle bearing four hooked setae. The abdominal spiracles

are slightly produced. The mesothoracic spiracle is situated mesad
of its usual position. It is also slightly produced. The peculiar spiny

armature of most of the genera makes them very easy to distinguish

from all other pupae. They are always found exposed, attached by
the cremaster, and vary in length from 8-15 mm. The genera may be

separated thus

:

a. Body with long, prominent barbed spines and setae arising mostly
from dorsal and lateral elevations; tenth segment with a mass of
hooked setae at its cephalic margin.

b. Femora of the prothoracic legs exposed ; dorsal and lateral eleva-

tions with barbed spines of varying lengths.

Pterophorus Geoffroy.

bb. Femora of the prothoracic legs never exposed ; dorsal and lateral

elevations usually with two barbed spines which are very broad
at base and on the side of each is inserted a stout straight seta.

Oxyptilus Zeller.

aa. Body without any long barbed spines or setae, but with short, widely
separated triangular projections on most of the abdominal seg-

ments ; tenth segment with a rounded prominence near the cephalic

margin bearing about four hooked setae Platyptilia Hiibner.

The following species were examined

:

Pterophorus paleaceus Zeller

Oxyptilus tcimidactylus Fitch

Platyptilia carditidactyla Riley

Family Attevidae

The genus Atteva (Figs. 72, 73), formerly included in the family
Yponomeutidae, was found to differ in all its important characters

from the members of that family and to be closely allied to the Pyralid-
idae. It retains the same arrangement of setae on the clypeus and
labrum as that in the Yponomeutidae. The setae at the caudal end of
the body are also similar in arrangement to those in theYponomeu-
tidae, but the subfamily Phycitinae also have setae arranged in this

way. It seems very probable that the Attevidae and Yponomeutidae
arose from a common stock, but that the former branched off before
motion was lost in the seventh segment of the male. In the Attevidae
there is a narrow conjunctiva between the seventh and eighth segments
in the male and there is slight motion possible. The eighth, ninth, and
tenth segments are unusually long and distinctly segmented. There is
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no epicr.'ininl suture present, and at dehiscence the eye-pieces are not

separated from the other face-parts, which indicates a high degree of

specialization. The maxillary jialpi are present, but not as well de-

veloped as in most pyralids. The labial palpi are represented by a

small polygonal area caudad of the hjljes inilicating the presence of

pilifers which meet on the meson. The fronto-clypeal suture is pres-

ent for about half the distance between the proximal ends of the an-

tennae and the meson and it dehisces for this distance at the emergence

of the imago. This family includes the single genus Atteva. The
pupae of this family are from 15-20 mm. in length.

The following species was examined:
Atteva aitrca Fitch.

Family PYR.\LiDirAE

This family (Figs. 74, 75, 76) includes a number of subfamilies,

of which only six are discussed here. The epicranial suture is present

in all of these except the Epipaschiinae and a few genera of Phycitinae

but the vertex is very short in all of the others, and often represented

by a small triangular area, adjacent to each antenna, which does not

reach to the meson. The antennae are long, at least seven eighths the

length of the w-ings and often much longer, and the distal ends never

meet on the meson. The labial palpi are visible only as small triangu-

lar or polygonal areas except in the Crambinae, which often show a

large portion between the halves of the maxillae. The maxillae are

always long except in the Gallerinae, usually reaching the caudal mar-

gin of the wings and sometimes extending beyond them. The maxil-

lary palpi are present in all subfamilies except the Epipaschiinae.

Each prothoracic leg is from one half to three fourths the length of

the wings and its femur is always exposed. The mesothoracic legs

generally extend to the caudal margin of the wings. The abdominal

segments never possess spines except in the Gallerinae but are smooth

or punctate. The spiracles are of different types, some being slightly

produced. The location of the mesothoracic spiracle is difficult to

determine in most species, there being no visible opening. The ap-

pendages are always firmly soldered to each other and the body wall.

The pupae vary in length from 8-20 mm. The following table will

serve to separate the subfamilies of Pyralididae

:

a. Maxillary palpi always present; epicranial suture usually distinct,

at least for a part of its length.

b. Maxillae never more than three fifths the length of the wings;
dorsum of thorax and abdomen with a prominent median ridge

and the segnxents covered with small spines Gallerinae.
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bb. Maxillae always more than three fifths the length of the wings

;

dorsum of thorax and abdomen never with a median ridge or
with small spines on the segments.

c. Cremaster absent or never long and well developed ; furrows
usually present on the dorsum between the ninth and tenth

abdominal segments, or on the lateral part of the tenth seg-

ment; head usually rounded; body neser with a shouldered
appearance ; labrum in its normal position,

d. Caudal end of body with all the setae straight and very
short; cremaster short and blunt; lateral margins of the

dorsum of tenth abdominal segment with prominent deep
furrows extending caudad to the proximal end of the

cremaster; a large portion of the labial palpi often ex-

posed Crambinae.
dd. Caudal end of body never with all the setae straight, but

usuall.v long and hooked ; lateral margins of the tenth ab-

dominal segment never with deep-furrows unless they are

extensions of the dorsal furrow between the ninth and
tenth segments ; labial palpi never with more than a very
small triangular or polygonal area exposed,

e. Dorsal furrow, if present .between the ninth and tenth

abdominal segments, with a crenulate margin ; meso-
thoraeic spiracles never tubular, but slit-like and not

plainly indicated; caudal end of body without a cre-

master, and bearing a transverse row of six or eight

slender hooked setae Pyralinak.

ee. Dorsal furrow usually present between the ninth and
tenth abdominal segments but never with a crenulate

margin, if the dorsal furrow is absent then the meso-
thoracic spiracles produced and tubular; cremaster

Avanting or very short Phycitinae.

cc. Cremaster always present and well developed ; dorsal furrows
never present between the ninth and tenth abdominal seg-

ments or on the lateral pai't of the tenth segment ; head blunt

;

body with a distinctly shouldered appearance ; labrum always
cephalad of its normal position Pyraustinae.

aa. Maxillary palpi never present ; epicranial suture never visible for any
part of its length ; dorsal furrow between the ninth and tenth ab-

dominal segments strongly curved eaudad and apparently lined

with a fringe of short setae Epipaschiinae.

Subfamily Gallerinae

The pupae of this subfamily are very different from most pyralids

and there is some doubt as to whether they should be included with
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this family. The lobes which indicate the presence of pilifers are not
well developed and the maxillae are short (Fig. 69). The body is

short and thick and covered on the dorsum of the thorax and abdo-
men with short spines. A strongly elevated median ridge is also

present on the thorax and on the first eight abdominal segments. The
prothorax is very long, at least half the length of the mesothorax.

The following species was examined :

Galleria melonella Linnaeus.

Subfamily Crambinae

The pupae of the Crambinae are easily recognized by the peculiar

form of the short, blunt cremaster and the deep lateral grooves on the

tenth abdominal segment. Some of the species show a large portion

of the labial palpi, indicating that this subfamily is one of the more
generalized. The maxillae reach almost to the caudal margin of the

wings and the tips of the mesothoracic legs meet on the meson just

caudad of the maxillae. The segments are almost smooth, never

punctate.

The following species were examined :

Crambus viilgivagellus Clemens, trisectus Walker, caliginoscllus Clem-

ens.

Subfamily Pyralinae

The species of this subfamily resemble closely the genera Plodia

and Ephestia of the Phycitinae. There scarcely seems to be more than

generic differences between them. The epicranial suture is present

and the vertex always extends to the meson. The maxillary palpi are

well developed and usually reach the proximo-lateral angles of the

maxillae. There is never a cremaster present, but a transverse row of

hooked setae at the caudal end of the body. The two genera studied

may be separated as follows

:

a. Dorsum of abdomen with a furrow between the ninth and tenth seg-

ments, the caudal margin of the furrow distinetlj^ crenulate.

Pyralis Linnaeus.

aa. Dorsiim of abdomen without a furrow between the ninth and tenth

segments Hypsopygia Hiibner.

The following species were examined

:

Pyralis farinalis Linnaeus
Hypsopygia costalis Fabricius
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Subfamily Phycitinae

This group is, for the most part, easily distinguished from other

pyraHds by the presence of the suture on the dorsum of the abdomen
between the ninth and tenth segments, the presence of maxillary palpi,

and, usually, of the epicranial suture. Of the genera examined,

Ephestia and Plodia alone were without this dorsal furrow, and they

possess tubular spiracles on the mesothorax. These two genera seem
rather more closely related in many respects to the Pyralinae than to

the Phycitinae. The maxillary palpi always extend to the proximo-
lateral angles of the maxillae, and the epicranial suture is present in

all genera examined but Pinipestis and Mineola, though it is very near

to the suture between the head and prothorax. The vertex is usually

represented by a small triangular area adjacent to each antenna. The
lobes enclosing the pilifers meet on the meson in some genera. The
genera of Phycitinae may be separated as follows

:

a. Dorsal surface without a prominent furrow separating the ninth and
tenth abdominal segments ; mesothoracic spiracles tubular.

b. Abdominal segments punctate ; maxillae reaching the caudal mar-
gin of the wings Ephestia Guenee.

bb. Abdominal segments smooth ; maxillae never reaching the caudal
margin of the wings Plodia Guenee.

aa. Dorsal surface with a prominent furrow separating the ninth and
tenth abdominal segments; mesothoracic spiracles never tubular,

their exact position usually difficult to detennine.
b. Body depressed ; tenth abdominal segment with the caudal end dis-

tinctly margined and with six straight setae inserted on the ven-
tral side of the margin Acrobasis Zeller.

bb. Body never depressed ; tenth abdominal segment never with the
caudal end distinctly margined or with setae insei*ted on the
ventral side of the margin.

c. Caudal end of body with four long hooked setae, and on each
side of these a short spine or hooked seta extending laterad.

d. Tenth abdominal segment with lateral spines very different
from the caudal setae,

e. Ninth abdominal segment with a lateral spine on each
side similar to those on the tenth segment, and two
hooked setae on the dorsum adjacent to the caudal mar-
gin; caudal hooked setae equidistant. . .Mineola Hulst.

ee. Ninth abdominal segment without lateral spines or
hooked setae on the dorsimi adjacent to the caudal
margin.

f. Caudal spines not adjacent; equidistant; of equal
length Meroptera Grote.
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ff. Caudal spines adjacent ; two of them shorter than the

other two Psorosina Dyar.

dd. Tenth abdominal segment with lateral hooked setae similar

to the caudal setae Canarsia Ilulst.

cc. Caudal end of body with a transverse row of six long hooked

setae of equal length; epicranial suture never present; head

with a prominent pointed cephalic projection.

Pinipestis Grote.

The following species were examined

:

Plodia interpunctella Hiibner

Bphestia kuehniella Zeller

Acrobasis ruhrifasciclla Packard
Mincola indiginella Zeller

Mcroptera pravclla Grote

Psorosina hammondi Riley

Canarsia ulmiarrosorclla Clemens
Pinipestis zinimernmni Grote

Subfamily Pyraustinae

This group is distinguished by the peculiar "shouldered" appear-

ance of the body, caused by the great width of the thorax as compared

with the head and by the position of the labrum, which is always

cephalad of its normal position and often located near the cephalic end

of the body. There is never a furrow on the dorsum between the

ninth and tenth abdominal segments. The maxillary palpi are always

present and only a very small portion of the labial palpi is exposed.

The epicranial suture is present in all genera. The mesothoracic legs

and antennae, together with the metathoracic legs which are hidden

by them, usually extend beyond the caudal margin of the wings. The
mesothoracic spiracles often have peculiar ridges along their caudal

margin which are sometimes covered with setae. Similar ridges are

found in certain families of Papilionoidea and Notodontoidea. The
shape of body and arrangement of parts in the Pyraustinae resembles

that of certain Sphingidae, and would seem to indicate that the

Pyraustinae are not as closely related to the Phycitinae as the other

subfamilies, which all show a very close relationship. The genus

Pyrausta as understood at present probably does not represent a

natural group. Of the species studied P. fissalis and P. illibalis have

long narrow cremasters of similar type, while P. futilalis and P. in-

scqualis have short broad cremasters of rather different types. There

is also great variation in the length of the appendages, but this is not

such a decided generic character as the form of the cremaster. This
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subfamily includes the largest pyralids examined. The genera of
' Pyraustinae may be separated by the following table :

a. Setae of the cremaster alwaj^s hooked and equal in length to the ere-

master or sometimes longer; the other appendages never extending

beyond the caudal margin of the wings,

b. Setae of the thorax and abdomen veiy long, heavily chitinized,

and forked at the distal end, usually much longer than the seg-

ments; mesothorax and metathorax having a deep oblong pit

with strongly chitinized edges at the base of each wing.

Phlyctaenia Hiibner.

bb. Setae of the thorax and abdomen never prominent, scarcely ever

visible ; mesothorax and metathorax never having a deep oblong

pit at the base of each wing.

c. Mesothoracie spiracle with a prominent elevation adjacent to

the caudal margin, which bears several ridges fringed with

setae ; front with a distinct tubercle or small ridge at the base

of each antenna Desmia Westwood.
cc. Mesothoracie spiracle without any prominent elevation ad-

jacent to the caudal margin; front without a tubercle or ridge

at the base of each antenna Panfagraplia Lederer.

aa. Setae of the cremaster either straight and equal in length to the

cremaster, or hooked and much shorter than the cremaster ; the other

appendages often extending beyond the caudal margin of the wings.

b. Prothorax vnth a distinct tubercle on each side of the meson ; cre-

mastral setae straight and spread out fan-like.

Tlwleria Hiibner.

bb. Prothorax without a distinct tubercle on each side of the meson

;

eremastral setae hooked, and not spread out fan-like.

Pyrausta Schrank.

The following species were examined

:

Phlyctaenia ferrugalis Hiibner

Desmia funeralis Hiibner

Pantagrapha limata Grote and Robinson
Tholcria revcrsalis Guenee
Pyrausta fissalis Grote, illibalis Hiibner, ftitilalis Lederer, insequalis

Guenee

Subfamily Bpipaschi'mae

Only one species of this group has been examined, so no very

definite statements can be made regarding it. The species examined
seems to differ mainly in the absence of the maxillary palpi, which are

present in all of the other subfamilies. The epicranial suture is not

visible and the labrum is slightly cephalad of its normal position. The
dorsum of the abdomen shows a decided furrow between the ninth
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and tenth segments which is strongly curved caudad and apparently

covered with some fine whitish setae, but this appearance may be due to

the fine striations present. The caudal margin of the furrow is crenu-

late. There is a very short cremaster present, bearing a small group

of hooked setae, which are more than half as long as the tenth

segment.

The following species was examined

:

Lanthapc platanclla Clemens. '

SUPERFAMILY PAPILIONOIDEA

The members of this superfamily are distinguished by the pos-

session of lobes indicating the presence of well-developed pilifers and

by their distinctly clubbed antennae. The genus Oeneis is an excep-

tion, however, in not having the lobes well developed; but this is

probably due to specialization, as it seems very closely allied to the

Satyrinae, especially in the length of the prothoracic legs. Many of

the Papilionoidea have prominent ridges and tubercles on the surface

of the body, but there are also many genera in which the body surface

is quite smooth and destitute of tubercles and ridges. The epicranial

suture is present in three families, Megathymidae, Hesperiiclae, and

Lycaenidae. There has been a great deal of discussion and disagree-

ment over the arrangement and subdivision of the families of the

Papilionoidea. Some have divided it into two superfamilies, Hes-

perioidea and Papilionoidea, but the pupae show no characters to war-

rant such a division. The family Lycaenidae has been considered by

many as the most specialized, or among the most specialized, of the

families, yet it still retains the epicranial suture. In this family, how-

ever, the labial palpi are entirely concealed except in the case of the

aberrant genus Feniseca, and the shortening of the prothoracic legs is

similar to the condition found in the Nymphalidae. It is impossible

without further study of existing forms and a larger series of species

to discuss fully the relationships between the different families. It is

sufficient for the present to state that the Lycaenidae seem more nearly

related to the generalized Hesperiidae, but have developed in a similar

manner to the Nymphalidae, and that the Pieridae, Papilionidae, and

Nymphalidae seem very closely related. The families of Papilionoidea

may be separated as follows

:

a. Proximo-lateral angles of the maxillae extending laterad to the eye-

pieces,

b. Maxillae never reaching the caudal margin of the wings; wings
adjacent on the meson caudad of the maxillae. .Megathymidae.
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bb. Maxillae always extending to the caudal margin of the wings and
sometimes beyond; wings never adjacent on the meson.

Hesperiidae.
aa. Proximo-lateral angles of the maxillae never extending laterad to the

eye-pieces.

b. Mesothoracic legs never extending cephalad to the eye-pieces.

c. Epicranial suture always present; head without projections;

exposed part of maxillae never as long as the wings.

Lycaenidae.
ec. Epicranial suture never present ; head always with prominent

projections; exposed part of maxillae usually as long as the

wings.

d. Head with two prominent projections, one at each cephalo-

lateral angle ; metathoracic wings visible in ventral view.

Papilionidae.
dd. Head with a median projection ; metathoracic wings not

visible in ventral view Pierid.\e.

bb. Mesothoracic legs extending cephalad to the eye-pieces and for a
short distance between the sculptured eye-piece and the antenna.

Nymphalidae.

Family Megathymidae

The Megathymidae, or giant skippers, are evidently the most gen-

eralized of the Papilionoidea although they differ but little from the

more generalized Hesperiidae, some doubt existing as to whether they

show enough difference to warrant their being considered as a dis-

tinct family. However, as only one pupa of this family has been seen

by the writer and as that had lost some of the face-parts so that a

complete description can not be given, no very definite stand can be

taken here as to its position in the superfamily. The members of the

superfamily Papilionoidea, as a general rule, possess but little free-

dom of motion in the free segments and these are rarely capable of
being telescoped. In the Megathymidae not only are the free seg-

ments capable of a great deal of motion and of being telescoped, but

there appears to be dorsal motion possible between the third and
fourth abdominal segments, and the seventh abdominal segment ap-

pears to possess freedom of motion in the male. The abdominal seg-

ments are of nearly equal length, and the eighth, ninth, and tenth are

distinctly segmented. These characters, however, appear to be re-

tained in such generalized Hesperiidae as the genera Calpodes and
Amblyscirtes, in which if all the above-mentioned segments do not re-

tain freedom of motion they have certainly but recently lost it. In
placing this family in the Papilionoidea it has been assumed that the

pupae possess lobes indicating the presence of pilifers, but these parts
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were absent in the pupa examined. Tlie labial jjalpi are represented

by a small triangular area, but it is not known whether or not maxil-

lary palpi arc retained. The maxillae are much shorter than in the Hes-
periidae, being only about two thirds the length of the wings, but this

indicates nothing as to their position, as both generalized and special-

ized pupae possess short maxillae. None of the other appendages are

longer than the maxillae except the wings, which lie ailjaccnt on the

meson caudad of the maxillae. The epicranial suture is present and
the vertex is of equal length throughout, being about one fifth the

length of the prothorax measured on the meson. The entire body sur-

face is covered with a whitish bloom, and on the dorsum of abdominal

segments 7—10 there is in addition a dense covering of rather coarse

setae. The pupa examined was 40 mm. in length and about 10 mm.
in breadth, and belonged to the genus Megathymus.

The following species was examined :

Megathymus yuccae Boisdui^al and Le Conte.

Family Hesperiidae

The Hesperiidae retain considerable freedom of motion of the ab-

dominal segments, and in many genera it would seem that dorsal

motion is possible between the third and fourth abdominal segments
and that the seventh abdominal segment is free in the male, or at least

that they have only recently lost the power of motion. The epicranial

suture is present in all genera, and the vertex is about one fifth the

length of the prothorax measured on the meson, while the lateral mar-
gins are considerably longer. The labrum in most genera is consid-

erably cephalad of its normal position. The antennae never reach to

the caudal margin of the wings but are from two thirds to three

fourths of their length. The prothoracic legs are about half the

length of the wings, the mesothoracic usually two thirds of the same,

while the metathoracic pair is seldom visible. The maxillae always

extend to the caudal margins of the wings and frequently consider-

ably beyond. The mesothoracic spiracles usually have a peculiar kind

of plug or plate which seems to form an external closing apparatus

or guard, while some have prominent tubercles caudad of the opening,

usually with a dense covering of setae. The thorax and abdomen
usually have a more or less dense covering of setae, and some of the

species have the entire body covered with a whitish bloom, which is

of comparatively rare occurrence among lepidopterous pupae. The
abdomen frequently has a furrow on the dorsum between the ninth

and tenth segments, similar to the furrows found in the Pyralididae

but never so deep. The cremaster in all genera is more or less trian-
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gular, with hooked setae on the distal end, and frequently has an im-

pressed triangular area on the dorsum. The classification of the Hes-
periidae has long been in dispute, and with the limited amount of

material available for examination it is impossible to state just how
a classification of the pupae would agree with any of the proposed
schemes. It is believed, however, that Scudder's arrangement would
probably be followed, as the material available falls readily into his

groups. As to the relationship between these groups there might be

some difference of opinion. The pupae at first sight are readily divid-

ed into two groups, one with the abdominal segments caudad of the

fourth considerably shortened, possessing narrow flanged plates on
the movable segments which prevent the telescoping of the body, and
with the segmentation indistinct between the fixed caudal segments

(Fig. yy'). This group also has the body prominently convex on the

dorsum of the mesothorax and on the entire ventral surface of the

thorax and abdomen. The labrum is cephalic in position. The other

group possesses abdominal segments of more nearly equal length, hav-

ing distinct sutures between the fixed caudal segments and the mov-
able segments capable of being telescoped. This group has apparently

just recently lost the power of motion in the seventh abdominal seg-

ment of the male and dorsal motion between the third and fourth

abdominal segments. The body is shaped like the majority of lepidop-

terous pupae, and the labrum never quite reaches the cephalic margin

of the body. Of this group, the genera possessing maxillae extending

beyond the caudal margin of the wings, Calpodes (Fig. 78) and Am-
blyscirtes, are undoubtedly more generalized, not on account of the

maxillae, but because in all the other members of the group there is

considerably more consolidation of the caudal abdominal segments,

so that they seem intermediate in position between the genera men-
tioned above and the first group. The following table will serve to

separate the genera of Hesperiidae :

a. Abdominal segments 5-7 never with an elevated ridge or flanged

plate along the cephalic margin and always capable of being tele-

scoped; body never with a prominent convexity on the ventral sur-

face in the region of abdominal segments 1—4.

b. Maxillae extending free for a considerable distance beyond the
caudal margin of the wings,

e. Maxillae extending beyond the caudal margin of the body ; head
with a long cephalic projection Calpodes Hiibner.

cc. Maxillae never extending beyond the caudal margin of the body

;

head never with a long cephalic projection.

Amblyscirtes Scudder.
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bb. Maxillae never extending free beyond the caudal margin of the
wings.

c. Body with a dense covering of long setae and whitish bloom;
mesothoraeic spiracle with a strongly elevated oval area adja-

cent to its caudal margin, this area ehitinized in the center and
surrounded by a dense band of short setae with a longitudinally

striate ehitinized rim forming an outer margin.
Plwlisora Scudder.

cc. Body spai'sely covered with short inconspicuous setae ; dense
whitish bloom never present ; mesothoraeic spiracle with a some-
what circular elevation adjacent to its caudal margin, which is

entirely covered with setae Thanaos Boisduval.

aa. Abdominal segments 5-7 with an elevated ridge or flanged plate

along the cephalic margin which prevents their being telescoped

;

body with a prominent convexity on the ventral surface in the

region of abdominal segments 1-4.

b. Mandibular area with distinct tubercles which are usually black

and bearing stout setae; head slightly narrower than the meso-
thorax.

c. Mesothoraeic spiracle semicircular in outline, the opening circu-

lar, a broad thick band of setae around the caudal half,

d. Dorsal furrow or depression on the ninth abdominal segment
with its caudal margin distinctly crenulate; ventral surface

of cremaster with an elongate furrow broadened out at the

distal end of the cremaster Thorybes Scudder.

dd. Dorsal furrow or depression on the ninth abdominal segment

not distinctly crenulate ; ventral surface of cremaster with

a triangular depression broad at the proximal end and nar-

rowed to the distal end of the cremaster.

Epargyreus Htibner.

cc. Mesothoraeic spiracle semicircular in outline, the opening cir-

cular and surrounded by a broad thick band of setae, and
caudad of this a distinctly elevated ehitinized ridge forming an

outer margin Cocceius Godman and Salvin.

bb. Mandibular area smooth, without tubercles ; head as broad as the

mesothorax Eudamus Swainson.

The following species were examined

:

Calpodes ethliiis Cramer
Aniblyscirtes vialis Edwards
PhoUsora catullus Fabricius

Thanaos hrizo Boisduval and Le Conte, lucilius Lintner

Thorybes daiimis Cramer
Bpargyrens tityrns Fabricius

Cocceius pylades Scudder
Budamns proteus Linnaeus
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Family Lycaenidae

The Lycaenidae are small pupae, between 8 and 15 mm. in length,

which have the general shape of arctians although they are generally

less curved on the ventral surface (Fig. 79). They retain a small

portion of the vertex on each side and the epicranial suture usually

touches the caudal margin of the head at the meson, making each half

of the vertex triangular. The lobes indicating the presence of pilifers

always meet on the meson except in the genus Feniseca. The antennae

always extend to the caudal margin of the wings and lie adjacent on
the meson, concealing the distal ends of the maxillae. The prothoracic

legs are shorter than usual, varying from two fiftlis to one third the

length of the wings. The mesothoracic legs are about half the length of

the wings and the metathoracic pair are never visible. The body is

usually quite free from projections or elevations, Feniseca being the

only exception known, and it bears small rounded tubercles on its

dorsal surface. The head is limited to the ventral surface of the

body, and the suture between it and the prothorax is located on the

cephalic margin of the body, sometimes forming a slight ridge. The
prothorax is longer than is usual in Papilionoidea, being about half as

long as the mesothorax. There is little, if any, motion possible be-

tween any of the abdominal segments, and they fit together so as to

form a smooth surface. Even the pupal skin after dehiscence shows
no separation of the abdominal segments. The surface of the thorax

and abdomen is covered with a reticulation of fine elevated lines with

small papillae at their intersections and usually in the spaces between.

These papillae usually bear cuticular appendages, of various types,

the most peculiar being the fungiform type of the genera Chrysopha-
nus and Heodes. There is no cremaster present in any member of
the family. The ventral surface of the abdomen frequently bears

groups of small hooked setae. The genital openings are usually ob-

scured. The anal opening is peculiar, in many forms being transverse

instead of longitudinal. The mesothoracic spiracles are closed by a
plug or plate which fills up the opening and usually presents a honey-
combedo appearance. The following table will serve to separate the

genera of Lycaenidae

:

a. Exposed portion of maxillae never more than three fifths the length
of the wings ; cuticular appendages of the body never fungiform.

b. Ventral surface of the body never with hooked setae eaudad of
the anal opening; thorax and abdomen usually densely covered
with spiculate cuticular appendages ; exposed portion of maxillae
scarcely more than half the length of the wings.
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0. Ventral surface of ninth alxloininal segment with a ^roup of

hooked setae on each side of the meson.

d. Thorax witli the in(Hlian line slightly elevated; raised lines

of the reticulations very prominent
;
i)apillae short, cylin-

drical Incisalia Minot.

dd. Thorax with the median line never elevated ; raised lines

of I'eticulations not prominent
;
papillae conical.

Uranotea Scudder.

CO. Ventral surface of ninth abdominal segment never with hooked-

setae on each side of the me.son.

d. Ventral surface of ninth abdominal segment with a group
of straight cuticular appendages on each side of the meson

;

setae on bod.y very dense and about one fourth the length

of the abdominal segments
;
papillae conical.

Miturn Scudder.

dd. Ventral surface of ninth abdominal segment without cutic-

ular appendages of any kind; setae of body not dense,

but long, usually half the length of the segment ;
papillae

short, cylindrical Tliecla Fabricius.

bb. Ventral surface of body with hooked setae caudad of the anal

opening; papillae most numerous in the spiracular region;

thorax and abdomen sparsely covered with short cuticular ap-

pendages with very minute spicules; exposed portion of max-
illae three fifths the length of the wings.

c. Papillae of the spiracular region confined to an area caudad
of the spiracle ; spiracle of the second abdominal segment not

adjacent to the wing Cyaniris Dalman.
cc. Papillae of the spiracular region surrounding the spiracle

;

spiracle of the second abdominal segment adjacent to the

wing, the distance between them less than the width of the

spiracle Rusticus Hiibner.

aa. Exposed portion of the maxillae more than three fifths the length of

the wings.

b. Body of typical lycaenid shape, never flattened at the caudal end

;

cuticular appendages fungiform.

c. Fungiform cuticular appendages small and inconspicuous, not
visible with a low-power lens; color light yellowish brown,
not spotted ClirysopJianus Hiibner.

cc. Fungiform cuticular appendages large and conspicuous, easily

visible with a low-power lens; color dark brown with black
spots Heodes Dalman.

bb. Body with the caudal end flattened and curved slightly ventrad.

Feniseca Grote.

The following species were examined

:

Incisalia niplion Hiibner

Uranotes nielinus Hiibner
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Mitttra dauion Cramer
Tliecla acadica Edwards, calamis Hiibner, liparops Boisduval and Le

Conte
Cyaniris ladon Cramer
Riisticits sciiddcri Edwards
Chrysophamis t/ioe Boisduval

Heodes hypophleas- Boisduval

Feniseca tarquinius Fabricius

Family Papilionidae

The pupae of this family are usually long and slender, tapering

gradually to the pointed caudal end, which is called the cremaster

although it seldom resembles a true cremaster, and extends very little

beyond the anal opening. The body always has two prominent cephalic

projections, one at each cephalo-lateral angle of the head, a less promi-

nent lateral projection on each side the metathorax at the base of each

wing, and a low median carinate ridge which extends along the pro-

thorax on to the mesothorax for about half its length, where it forms

a more or less prominent projection. From this prominence the ridge

divides, the remainder of its course being on the metathorax, the

divisions sometimes extending to the abdomen to form the dorso-

lateral abdominal ridges. There is also usually present a lateral ridge

on each side. These four ridges are continued to the end of the body,

and are often present on the tenth segment or on the cremaster when
absent from the remainder of the abdomen. On the ventral surface

there is usually a ridge on each side of the face-parts, beginning at the

cephalic projections and extending to the proximo-lateral angles of

the maxillae.

The labrum is in its normal position and the lobes which indicate

the presence of pilifers seldom meet on the meson, but are separated

by a small portion of the labial palpi. The epicranial suture is never

present, and the proximal ends of the antennae approach each other

very closely on the dorsal surface of the head. The antennae never

extend as far caudad as the wings. The wings are usually somewhat
pointed on the ventral surface near the meson and the metathoracic

wing is always visible here, extending for a considerable distance

caudad of the mesothoracic wings. The maxillae always extend to the

caudal margin of the wings. The legs are of the length usual in lep-

idopterous pupae with the exception of the genus Iphiclides, in which
the prothoracic legs only are about the usual length, the mesothoracic

legs ending before the former—a very rare occurrence in this order.

The genital openings are located in the usual positions, those of the
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female being confluent on the ventro-meson of the eighth and ninth,

abdominal segments. Just caudad of the genital openings, at the

cephalic margin of the tenth abdominal segment is a small tubercle on
each side of the meson closely appressed to the surface of the body. The
caudal end of the body bears a mass of very short hooked setae. The
fourth, fifth, and sixth segments are movable, although they fit closely

together to form an even surface and are not capable of telescoping.

At dehiscence they separate, showing deep incisions. The genera of

Papilionidae may be separated as follows

:

a. Body surface, without distinctly carinate ridges; dorsal surface of

abdomen always with a row of small rounded tubercles on each

side of the meson, the largest on segments 4-7, and usually a row of

smaller tubercles on each side of the spiracles ; ventral surface with

two distinct tubercles on each leg, a transverse row near the caudal

margin of the mesothoracic wings, and often on the veins near the

margin Papilio Linnaeus.

aa. Body surface with distinctly carinate ridges, but never with small

rounded tubercles on the abdomen, occasionally with very minute
tubercles on the wings and other appendages,

b. Body without prominent lateral expansions of the abdominal seg-

ments or dorsal carinate i-idges.

c. Body with a very low dorso-mesal ridge on the thorax with a

small mesothoracic elevation ; a prominent carinate ridge at

each lateral margin of the body and no dorso-lateral ridge;

cephalic projections large and prominent ; body very strongly

convex on the ventral surface in the region of the wings.

Euplioeades Hiibner.

ce. Body with a low dorso-mesal ridge on the thorax ending in

a very prominent mesothoracic elevation ; a very low dorso-

lateral and lateral ridge on each side of the abdomen ; cephalic

projections not very large ; body never strongly convex on the

ventral surface IpMclides Hiibner

bb. Body with prominent lateral expansions of the fii'st four abdom-
inal segments, making this the widest part of the body ; abdom-
inal segments with dorsal carinate ridges on each side of the

meson, most prominent on segments 5-7, which are highest in

the middle of each segment and cuiwe to each margin, giving it a

scalloped appearance in lateral view Laertias Hiibner.

The following species were examined

:

Laertias philenor Linnaeus
Iphiclidcs ajax Linnaeus

Eiiphocades troilus Linnaeus, palamedes Drury
Papilio daumis Boisduval, eurymedon Boisduval, riituhis Boisduval,

glaucus Linnaeus, polyxenes Fabricius, thoas Linnaeus, inachaon

Linnaeus, zolicaon Boisduval, hrcvicaitda Saunders
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Family Pieridae

The pupae of this famih' resemble the Papilionidae very strongly

as to the general shape of the body and arrangement of ridges and

projections. They are much smaller, however, and are easily recog-

nized by the fact that they possess a single median cephalic projection

instead of two cephalo-lateral projections as do the Papilionidae. The.

epicranial suture is never present. The labrum is usually slightly

cephalad of its normal position and a small portion of the labial palpi

is always exposed. The maxillae vary in length from two thirds the

length of the wings to extending slightly beyond their caudal margin.

The legs are of normal length. The antennae are more distinctly

clubbed than in the Papilionidae and sometimes reach the caudal mar-

gin of the wings. The caudal end of the body is very like that of the

Papilionidae except that the four ridges are seldom present, and the

hooked setae are inserted in a sHght concavity. The genital openings

are in the usual positions. On the ventral surface of the tenth abdom-
inal segment there is a low ridge, circular in outline, which encloses

the anal opening and terminates at its cephalic end in a small tubercle

on each side of the meson. These tubercles are located just caudad

of the genital openings. Similar tubercles and ridges are found in the

Nymphalidae, but they are rather more prominent in that family.

Tubercles without the ridges occur in the Papilionidae.

There is very little question as to whether or not the Pieridae

and Papilionidae are related, but which is the more specialized seems

to be a questionable point with all workers in the group. Aside from
the question of prominences or projections, which, after all, seems a

matter of small importance, there is little of fundamental difference

between the two families excepting the length of the thoracic seg-

ments, which are more generalized in the Papilionidae, and the ridges

and tubercles just mentioned on the ventral surface of the Pieridae,

which resemble the Nymphalidae. The Nymphalidae certainly seem

to be the most specialized of the Papilionoidea, although this is an-

other much debated question. The two families have undoubtedly

been developed from a common ancestor and represent parallel lines

of development. The genera of Pieridae may be separated by the

following table

:

a. Distance from the cephalic margin of the prothorax to the distal end

of the cephalic projection much less than the length of the pro-

thorax ; ventral line of body often convex but never forming a prom-
inent angle.

b. Thorax with a strongly carinate median ridge, highest at the mid-

dle of the mesothorax, and forming a prominent projection; ab-
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donicn with a lateral cariiiatc ridge on eaeh sitle, forming two
prominent projections on the sceond and third segments, the
lattei- more pi'ominent ; a median eai'inate ridge fi-om the fourth
abdominal segment to the eandal end of the body; ventral line of

body practically straight. Pontia Fabricius.
bb. Thorax without a strongly carinate median ridge, either without

a median ridge or with one of equal height throughout.
e. Ventral surface of body convex, but without any prominent

rounded projection ; a low latei-al ridge present along the wings,
extending on the abdomen to the caudal end of the body.

Euri/mus Swain.son.

cc. Ventral sui-face of body produced into a prominent rounded
projection which, near the caudal margin of the wing.s, is as
wide as the body just caudad of the wings; body without any
prominent ridges, a lateral ridge present along the wings but
scarcel.y indicated on any of the abdominal segments except
the tenth Eurcma Iliibnei-.

aa. Distance from the cephalic margin of the prothorax to the distal end
of the cephalic projection about equal in length to the thorax ; ven-
tral line of body forming a prominent obtuse angle at a point about
equidistant from the cephalic and caudal ends. .SyncMoe Hiibner.

The following species were examined

;

Pontia protodicc Boisduval and Le Conte, rapac Linnaeus
Burymus philodice Godart
Bureina nicippe Cramer
Synchloe genutia Fabricius

Family Nymphalidae

The members of this family have been variously subdivided. Some
writers make several families of the species included here, while others

divide them into subfamilies and tribes. At present no good charac-

ters are known for the division of this group into families, but it must
be admitted that the same difficulties lie in the way of dividing it into

the subfamilies and tribes proposed by Scudder ; consecjuently, several

subfamily names have been introduced here to facilitate the grouping
of the species. The Nymphalidae are distinguished from all other

families lacking the epicranial suture by the fact that both prothoracic

and mesothoracic legs extend cephalad to the eye-pieces and the meso-
ihoracic legs extend for a short distance between the sculptured eye-

pieces and the antennae. The prothoracic legs are very short, rarely

more than one third the length of the wings. The antennae and
maxillae, except in a few instances, reach to the caudal margin of the
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wings. The proximal ends of the antennae extend ahnost to the

meson on the dorsum of the head. The labial palpi are represented

by a very small portion caudad of the labnim and in many cases are

entirely concealed. With the exception of Anaea andria the meta-

thoracic wings are not visible on the ventral surface. The genital

openings are in the usual position. The circular furrow enclosing the

anal opening with the small tubercles caudad of the genital openings,

is present in nearly all genera. When tubercles are present on the sur-

face of the body they are usually on the dorsum of the abdomen and

are arranged in seven rows, as follows: a dorso-mesal row (Fig. 8i,

dmt), a dorso-lateral row on each side about half-way between the

meson and the spiracles (Fig. 8i, dlt), and a dorsal (Fig. 8i, dst).

and ventral row (Fig. 8i, vst) on each side of the abdominal spiracles.

The subfamilies of Nymphalidae may be separated as follows

:

a. With prominent tubercles on the dorsal surface of the body, or at

least on the abdomen, a dorso-mosal row, a dorso-lateral row on each

side, and a row dorsad and vcntrad of each row of spiracles.

Nymphalinae.
aa. Without prominent tubercles on the dorsal surface, at least not ar-

ranged in rows as above,

b. Second abdominal segment with a prominent earinate median
elevation, somewhat constricted at its base Basilarchinae.

bb. Second abdominal segment without a prominent, earinate median
elevation.

e. Body compressed, with a distinct dorso-mesal carina on the

thorax and abdomen; ventral surface of ninth and tenth ab-

dominal segments with hooked setae, the tubercles on the ninth

segment covered with very short hooked setae .... Apaturinae.

cc. Body not compressed ; dorso-mesal carina never present on both

thorax and abdomen,

d. Abdominal segments caudad of the wings rapidly tapering and
forming a sort of hemisphere; dorsum of abdomen with a

prominent transverse ridge.

e. Head with a prominent transverse ridge, extending along the

middle of the eye-pieces and the lateral margin of the

body; second, thii'd, and fourth abdominal segments of

approximately' the same length ; cremaster directed ven-

trad ; transverse ridge on the fourth abdominal segment.
Anaeinae.

ee. Head without a transvense ridge, but with two prominent
tubercles; second abdominal segment longer than any of

the others ; cremaster directed caudad ; transverse ridge

on the third abdominal segment tuberculate for its entire

length EuPLOEiNAE.
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dd. Abdominal segments caudad of the wings not rapidly taper-

ing to form a hemisphere ; dorsum of abdomen never with a

'

transverse ridge.

e. Mesothorax prominently elevated ; head with a transverse
ridge forming slightly produced cephalo-lateral angles;

cremastcr with hooked setae .Satyrinae.
ee. Mesothorax not prominently elevated ; head never with a

trauverse ridge ; caudal end of body without hooked setae

;

cremaster never present Oeneinae.

Subfamily Nymphalinae.

This subfamily includes all the genera with prominent tubercles on
the surface of the body. There are usually seven rows of these,

mostly on the dorsal surface of the abdomen, as follows : a dorso-

mesal row; on each side of this a donso-lateral row; and a row dorsad

and ventrad of the abdominal spiracles on each side (Fig. 8i). The
majority of species have a cephalo-lateral projection on each side of

the head; in some these are very prominent; in others, reduced to

small rounded tubercles or wanting. The body is usually strongly con-

vex near the caudal margin of the wings on the ventral surface, and
the cremaster is curved ventrad. The cremaster is more prominent

in this subfamily than in the family Papilionidae and bears a mass of

short hooked setae at its distal end. The species of Nymphalinae
have been grouped into three tribes, mostly according to the size and

arrangement of the tubercles. These three tribes may be separated

as follows

:

a. Dorso-mesal tubercles smaller than those of the dorso-latei'al rows;
cremaster never with prominent lateral projections at the base,

b. Cremaster longer than broad ; dorso-mesal tubercles always pres-

ent on abdominal segments 3-8 and usuallj' on the second seg-

ment Vanessini.

bb. Cremaster usually broader than long ; dorso-mesal tubercles often

wanting and never present cephalad of the fourth segment.
Argynnini.

aa. Dorso-mesal tubercles equal in size to those of the dorso-lateral rows

;

cremaster alwaj's with a lateral projection on each side at the base.

, Melitaeini.

Tribe VANESSINI

This tribe includes the species with all the rows of tubercles repre-

sented and most of them complete. The tubercles of the dorso-mesal

row are considerably smaller than those of the dorso-lateral row,

which are usually very prominent. The rows of tubercles on either
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side of the spiracles are always very small. The cremaster is long and
never has prominent lateral tubercles at its proximal end. The genera

of Vanessini may be separated by the following table :

a. Cephalic pi-ominences conical, with length and breadth approximately

equal ; dorso-lateral tubercles on the fourth abdominal segment al-

ways larger than the others.

b. Dorso-lateral tubercles on abdominal segments 2-7 long and sharp,

spine-like, the length considerably greater than the breadth;

dorso-mesal tubercle absent on the second abdominal segment.

Euvanessa Seudder.

bb. Dorso-lateral tubercles on abdominal segments 2-7 not sharp and
spine-like ; the length scarcely, if any, greater than the breadth

;

dorso-mesal tubercle present on the second abdominal segment.

c. Dorso-lateral tubercles on fourth abdominal segment at least

twice the size of the others ; median elevation of the mesothorax

a compressed carinate ridge and usually very prominent.
Polygonia Hiibner.

cc. Dorso-lateral tubercles on fourth abdominal segment very little

larger than the others; median elevation of the mesothorax
pyramidal and not very prominent Aglais Dalman.

aa. Cephalic prominences usually blunt, the length less than the breadth

;

dorso-lateral tubercles on the fourth abdominal segment never

larger than the others.

b. Cephalic prominences broadly rounded; scarcely elevated beyond

the outline of the body; no distinct prominence on the median
line of the mesothorax Junonia Hiibner.

bb. Cephalic prominences distinctly elevated beyond the outline of

the body ; a distinct prominence on the median line of the meso-

thorax Vanessa Fabrieius.

The following species were examined

:

Btiz'aiiessa antiopa Linnaeus

Polygonia interrogations Fabrieius, comma Harris, faunns Edwards,
progne Cramer

Aglais milhcrti Godart

Junonia cocnia Hiibner

Vanessa atalanta Linnaeus, huntcra Fabrieius, cardui Linnaeus

Tribe ARGYNNINI

The species included here resemble those of the preceding tribe,

excepting that the dorso-mesal row of tubercles is only present on a

few segments or is entirely wanting. The cremaster is short and
broad and never has a prominent projection on each side at the prox-

imal end. The genera of Argynnini may be separated by the following

table

:
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a. Dorso-latcral row of tubercles of approximately equal size.

b. Dorso-inesal row of lubcrcles present on abdominal sefiiurnts 4-7;
dorso-lateral tubercles much larger than the stigniatal rows; cari-

nate ridge present on niesothorax Argynnis Fabricius.

bb. Dorso-mesal row of tubercles absent on all segments; dorso-lat-

eral tubercles about equal in size to the dorsal stigmatal row

;

mcsothorax without a carinatc ridge Euptoiefn Doubleday.
aa. Dorso-lateral row of tubercles of different sizes, the largest on the

third abdominal segment,
b. Body with a very strong ventral curve opposite the thiid and

foui'th abdominal segments; mesothoi'ax with a strongly ele-

vated median ridge throughout its length; head projections very
prominent, irregularly bilobed.

Agraulis Boisduval and Le Conte.
bb. Body without a strong venti-al curve; mesothorax with a small

ridge on the caudal half; head projections short, pointed.

Brenlhis Hiibner.

The following species were examined :

Argynnis cyhcle Fabricius

Euptoicta claitdia Cramer
Agraulis vaniUac Linnaeus
Brcnthis niyrina Cramer

Tribe MELITAEINI

The species in this group have the dorso-mesal and dorso-lateral

tubercles of approximately e(|ual size, but none of tliem are very large

and tliey are usually rounded. Tlie cremaster always has a prominent
projection on each side at its pro.ximal end. The genera of Melitaeini

may be separated as follows :

a. Tubercles of the dorsal spiracular row not present on the second ab-

dominal segment ; no tubercles present on the eighth abdominal seg-

ment,
b. Dorsum of abdomen with a distinct tranverse ridge on the fourth

segment ; dorsal spiracular row of tubercles not distinct on any
of the segments Pliyciodcs Hiibner.

bb. Dorsum of abdomen without a transverse ridge on the fourth seg-

ment; dorsal spiracular row of tubercles very large on the third

and fourth abdominal segments Cliaridryas Scudder.
aa. Tubercles of the dorsal spiracular row present on the second abdom-

inal segment; tubercles present on the eighth abdominal segment,
b. Tubercles of the eighth al)dominal segment nearly as large as the

others, the abdominal tubercles all broadly rounded and never
longer than broad ; crenmster with a deep depression on the dor-

sal surface and a cii'cular depression on the ventral surface, the

lateral tubercles very prominent, rounded, smooth and polished,

Eupliydryas Scudder,
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bb. Tubercles of the eighth abdominal segment much smaller than the

others, the abdominal tubercles all somewhat pointed and longer

than broad ; cremaster never with a deep depression on the dor-

sal surface, but with a long narrow furrow on the ventral sur-

face, the lateral tubercles somewhat triangular in outline and
slightly rugose like the cremaster Cinclidia Hiibner.

The following species were examined

:

Fhyciodcs tharos Drury
Charidryas nycteis Doubleday and Hewitson
Biiphydryas phaeton Drury
Cinclidia harrisii Scudder

Subfamily Basilarcliimic

The genus Basilarchia differs from all the genera of Nymphalinae,

with which it is generally included, on account of the absence of the

rows of tubercles. There are two cephalic projections, as in many
Nymphalinae, and on the dorsum of the second abdominal segment

there is a very large carinate projection. This is somewhat oval in

outline as seen in lateral view, being constricted at the base. The body

is not prominently excurved in the region oif the appendages as in the

Nymphalinae, but is of the same general shape. It agrees with the

Nymphalinae only in the characters common to all members of the

subfamily and is therefore placed in a separate subfamily.

The following species were examined

:

Basilarchia astyanax Fabricius, arthemis Drury, archippus Cramer.

Subfamily Apaturinae

The species of this subfamily, included by Scudder in the Nym-
phalinae, show no characters wliich unite them with that subfamily.

The group, according to Scudder, included the genera Chlorippe and
Anaea, which differ so widely in the pupae that they could not well be

combined in the same subfamily. The name Apaturinae has been re-

tained for the genus Chlorippe. These pupae are strongly compressed,

with a prominent median dorsal carinate ridge. There are two ce-

phalic projections and the ventral surface of the body forms a straight

line while the dorsum is strongly arched. The antennae are slightly

elevated and tuberculate. The genital openings are sunken and almost

concealed. On either side of the anal opening near its cephalic end

there is a small tubercle covered with hooked setae. The cremaster is

short and triangular, and the hooked setae are nearly all on the ventral

surface.



91

The following species were examined

:

Chlorippe celtis Boisduval and Le Conte, clytoii Boisduval and

Le Conte.

Subfamily Anaeinae

This subfamily includes a single genus, Anaea, which was included

with Chlorippe in the tribe Apaturini by Scudder. The pupae are so

dififerent, however, that they have in common only the ordinary

nymphalid characters. The body is never compressed, but the abdom- •

inal segments caudad of the wings taper very rapidly and form a

hemisphere. The long cremaster is inserted near the center of the

hemisphere and curves ventrad. The fourth segment has a prominent

transverse ridge. The ventral surface of the abdominal segments

caudad of the wings is very short and the genital openings are con-

cealed. The head has a prominent transverse ridge at the cephalic

end which extends caudad through the middle of the eye-pieces and

along the lateral margin of the body. The metathorax has a rather

prominent rounded ridge on the meson. The antennae and maxillae

extend to the caudal margin of the wings.

The following species was examined

:

Anaea andria Scudder.

Subfamily Buploeinae

This subfamily is equivalent to the family Lymnadidae of some
authors. It includes two genera, of which only Anosia has been ex-

amined. The general shape of the body is very like that of the genus

Anaea of the subfamily Anaeinae, but it has the second abdominal

segment very long, as well as the thorax, and the cremaster extends

caudad. There is never a ridge on the head, but it has a tubercle at

each cephalo-lateral margin. The transverse ridge is on the third seg-

ment and is tuberculate. The maxillae do not reach the caudal margin

of the wings in Anosia and the antennae lie adjacent on the meson

caudad of them.

The following species was examined

:

Anosia plcxippus Linnaeus.

Subfamily Satyrinae

•The Satyrinae are similar in shape to the Nymphalinae, but have

no tubercles on the surface of the body and but few prominent ridges.

The head always has a prominent transverse ridge at the cephalic end,

and this often forms slight cephalo-lateral angles. There is also a

slightly carinate ridge at each lateral margin of the body extending
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as far caudad as the second abdominal segment. The metathorax al-

ways has a median elevation, which sometimes forms a prominent
angle. The circular ridge surrounding the anal opening is not strongly

elevated but the tubercles are prominent on each side of the genital

opening on the ninth segment. The genera of this subfamily may be

separated by the following table :

a. Cremaster broader than long, with hooked setae present on the ventral
sui'face

;
genital opening never with a tubercle on each side.

Cissia Doubleday.
aa. Cremaster longer than broad, the hooks always inserted at the dis-

tal end, never on the ventral surface
;
genital opening always with

a distinct tubercle on each side,

b. Mesothoraeic elevation rounded ; cremaster concave at tip with
the hooked setae inserted in the hollow; body surface with fine

indeterminate striations Cercyonis Speyer.
bb. Mesothoraeic elevation with a distinct angle; cremaster not con-

cave at tip ; body surface smooth Satyrodes Scudder.

The following species were examined :

Cissia eiirytus Fabricius

Cercyonis alope Fabricius

Satyrodes cantlms Linnaeus

Subfamily Ocneinae

The genus Oeneis has none of the distinguishing characters of the

subfamily Satyrinae and therefore is not here included with the mem-
bers of that group. The body has the general shape of a lycaenid, and
the segments seem as devoid of motion (Fig. 80). In other respects

it is a typical nymphalid. The antennae do not quite reach the caudal

margin of the wings, and overlie the maxillae at their distal end, so

that the antennae are adjacent on the meson. Their proximal ends

are very near the meson on the dorsal surface of the head. There is

no distinct ridge surrounding the anal opening, nor are any tubercles

present caudad of the genital openings. There is no cremaster, nor

hooked setae at the caudal end of the body.

Only one species was examined

:

Oeneis sernidea Say.

Specialized pupae without pilifers

This division includes the remaining superfamilies of Lepidoptera.
The seventh abdominal segment is fixed in both sexes in all the fami-
lies except the Epermeniidae, in which this segment is fixed in the
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male. None of the species included here have dorsal movement be

tween any of the segments cephalad of the fourth. In this they differ'

from the superfamilies Pyralidoidea and Papilionoidea, some mem-
bers of which retain dorsal movement of the third abdominal segment.

This group includes all the most specialized families. The origin of

most of these is doubtful. The Noctuoidea show the strongest rela-

tionship to the Pyralidoidea ; the Notodontoidea, to the Gelechioidea.

All the evidence at present points to the fact that the Pyralidoidea and.

Gelechioidea have descended from a common ancestor closely allied

to the Yponomeutoidea. The Sphingoidea and Saturnioidea, which

show considerable relationship to each other, seem to have arisen from

a common stem with the more generalized Bombycoidea, which in

turn seem nearly related to the Noctuoidea and Notodontoidea.

SuPERFAMiLY YPONOMEUTOIDEA

The families included here show well-developed labial palpi, and

have a large portion of the prothoracic femora exposed. All show

the maxillary palpi except the Coleophoridae, and the same arrange-

ment of parts prevails throughout the superfamily. The epicranial

suture is present in all families. The prothorax is always very short

on the meson, but much longer on each lateral margin so that each half

is triangular. The appendages always reach beyond the caudal mar-

gin of the fourth segment, and in some cases are almost as long as the

body. They are soldered firmly to each other but are free from the

body wall. Abdominal segments 1-4 are longer than any of the

others. There are usually spines or setae present at the caudal end

of the body but seldom a cremaster. The pupae are usually less than

10 mm. in length. The families may be separated by the following

table

:

a. Cremaster present, but short, with hooked setae at the distal end;

ninth abdominal segment with a deep lateral cavity on each side;

seventh abdominal segment free in the male Epermenhdae.

aa. Ci-emaster absent; ninth abdominal segment never with a deep lat-

eral cavity ; seventh abdominal segment fixed in both sexes,

b. Maxillary palpi present; caudal end of body without lateral pro-

longations ending in spines Yponomeutidae.

bb. Maxillary palpi never present; caudal end of body with lateral

prolongations ending in sharp spines Coleophoridae.

Family Epermeniidae

This family, which has usually been combined with the Elachisti-

dae, or, by some writers, with the Scythridae, is here associated with
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the Yponomeutidae, the only important differences between the two
famihes being the freedom of the seventh abdominal segment in the

male and the presence of a very short cremaster in the Epermeniidae.
Another difference is that in Epermeniidae the wings and other appen-
dages are somewhat elevated at the meson and slope to each lateral

margin. A comparison of Figure 68 with Figures 82, 83, and 85
will show the similarity in arrangement of parts in the Yponomeutidae
and Epermeniidae.

The following species was examined

:

Bpermenia piinpiuclla Murtfeldt.

Family Yponomeutidae

The genera comprising this family resemble each other very
strongly in all important characteristics, but nevertheless possess very
clear generic distinctions. They closely resemble certain of the gen-
eralized gelechiids (Figs. 88, 89), and many authors have associated

those genera with the yponomeutids. The presence of a distinct

fronto-clypeal suture and the peculiar arrangement of the antennae in

the family Gelechiidae, together with the apparent loss of the labial

palpi, seem to separate it very clearly from the Yponomeutidae, in

which the fronto-clypeal suture is never distinct and the antennae are

never adjacent on the meson except in Zelleria (Fig. 82). The typical

arrangement of parts is seen in Figures 82, 83, 84, 85, 86, making
further description unnecessary. The abdominal spiracles are all con-

siderably produced and tubular, being longest in Plutella. There is no
cremaster present in any of the genera. The genera of Yponomeuti-
dae may be separated by the following table

:

a. Mesothoracie spiracles produced, tube-like; setae at caudal end of

tenth segment hooked ; maxillae more than thi'ee fourths the length
of the wings Plutella Schrank.

aa. Mesothoracie spiracles not produced, slit-like ; setae at caudal end
of tenth segment straight, or occasionally slightlj^ curved at end

;

maxillae much less than three fourths the length of the wings.

b. Caudal end of tenth segment showing four straight setae, generally
two directed laterad and two caudad ; maxillary palpi touched by
both prothoracie and mesothoracie legs.

c. Maxillary palpi long, reaching the proximo-lateral angles of the
maxillae ; labial palpi never becoming wider than at their prox-
imal margin; antennae never touching on the meson.

Yponomeuta Lati'eille.

ce. Maxillary palpi short, never reaching the proximo-lateral angles
of the maxillae ; labial palpi wider through most of their length
than at the proximal margin ; antennae touching on the meson.

Zelleria Stainton.
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bb. Caudal end of tenth segment showing eight setae ; iowv of these on

the ventral surface extending laterad and sometimes slightly
'

curved at the tip ; mesothoracic legs never reaching cej^halad to

the maxillary palpi Argyresthia Hubner.

The following species were examined

:

Plutella macttlipennis Curtis

Yponomeuta padcllus Linnaeus, nialincllus Zeller

Zelleria cclastrusclla Kearfott

Argyresthia freyella Walsingham

Family Coleophoridae

This family has usually been associated with the Elachistidae, but

since tlie division of that family the name means very little unless we
use it to include the genus Elachista and others closely related, wliich

certainly would not include the Coleophoridae. They seem, rather to

be more closely allied to the Yponomeutidae and are so considered

here. They differ mainly in the loss of the maxillary palpi and in the

lateral extensions of the ninth abdominal segment (Fig. 87). The ap-

pendages are usually very long, extending nearly to the caudal mar-

gin of the body, and often beyond it, when the movable segments are

contracted. The abdominal segments from the first to the sixth are

very much longer than the remaining segments.

The following species were examined :

Colcophora caryacfoliella Clemens, vcrnoniacella Chambers, mahto-

rella Riley.

SuPERFAMiLY GBLBCHIOIDEA

This superfamily includes those pupae which possess a distinct

epicranial suture, witli the caudal portions of the antennae lying adja-

cent on the meson and usually separating at their distal ends to expose

the metathoraic legs. The maxillary palpi are usually present, but

labial palpi and prothoracic femora are seldom exposed. The body is

usually ovate in outline as seen in dorsal or ventral view; widest in

the thoracic region and somewhat depressed. The superfamily is

closely related to the Yponomeutoidea. It includes here two groups

representing two distinct lines of development : the group retaining

the fronto-clypeal suture, including the families Lavernidae, Scythri-

dae, Gelechiidae, and Chrysopeleiidae ; and those in which it is not

distinct or is absent, including the families Oec.ophoridae, Stenomidae,

Cosmopterygidae, and Elachistidae. The latter group may represent

a distinct superfamily when all its alHed genera have been studied, but

at present there is no evidence to warrant such a conclusion. The fol-

lowing table will serve to separate the families of Gelechioidea

:
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a. Pronto-clypeal suture always distinct for its entire length, sometimes
forming a prominent curve or angle at the meson,
b. Labial palpi exposed for their entire length.

c. Femora of the prothoracic legs visible; maxillary palpi either
reaching the proximo-lateral angles of the maxillae or approach-
ing them very closely; tenth abdominal segment with stout
spines at the caudal end Lavernidae.

cc. Femora of the prothoracic legs never visible ; maxillary palpi
minute; tenth abdominal segment with hooked setae at the
caudal end Scythridae.

bb. Labial palpi never exposed for their entire length, usually con-

cealed.

c. Maxillary palpi present and usually reaching the proximo-lateral
angles of the maxillae ; antennae usually adjacent on the meson
for the caudal two fifths of their length, separating at distal

ends to show the metathoracic legs Gklechiidae.
cc. Maxillary palpi never present; antennae adjacent on the meson

for the caudal two fifths of their length but not separated at

their distal ends Chrysopeleiidae.
aa. Fronto-clypeal suture never distinct for its entire length and never

reaching the meson,

b. Abdominal segments 4-6 movable, with very deep incisions be-

tween the segments on the dorsal and ventral surfaces; body
depressed,

c. Maxillary palpi large, usually reaching the proximo-lateral
angles of the maxillae; hooked setae never present on the ven-
tral surface of the ninth abdominal segment Oecophoridae.

cc. Maxillary palpi minute ; hooked setae always present on the ven-
tral surface of the ninth abdominal segment Stenomidae.

bb. Abdominal segments 4—6 never all movable ; incisions between
the segments of equal depth on all surfaces ; body not depressed.

c. Maxillary palpi present ; sixth abdominal segment movable.
Cosmoptebygidae.

CO. Maxillary palpi abseiit; no abdominal segments movable.
Elachistidae.

Family Lavernidae

The pupae belonging to this family are more generalized than any
other members of the superfamily and closely resemble pupae belong-

ing to the family Yponomeutidae. They have been included here on
account of the distinct fronto-clypeal suture, present in all except the

more specialized Gelechioidea, and also because the prothorax, which
is so short on the meson in Yponomeutidae with each half triangular

in outline, in this family loses that condition and becomes almost as

long on the meson as at the lateral margins, so that each half is sub-
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quadrangular. This is the only family of Gelechioidea which retains

both lal)ial palpi and exposed portions of the prothoracic femora. The
appendages have the characteristic arrangement of the superfamily

(Fig. 88) except that the antennae do not separate near their distal

end to expose a portion of the metathoracic legs, hut these are seen

caudad of the antennae adjacent on the meson. The wings are long

and pointed in Lophoptilus, but rounded in Laverna. The first four

abdominal segments are longer tlian the remaining caudal segments,

in this family, and the appendages are soldered to them, but are free

for the remainder of their length. This family has been considered as

a subfamily of Elachistidae by most authors, and has usually included

Cosmopteryx, which is a much more specialized genus. The following

table will serve to separate the genera of Lavernidae

:

a. Head long, somewhat pointed, the length more than half the greatest

width ; fronto-clypeal suture making an acute angle at meson ; spines

of the tenth segment extending dorsad and not visible in ventral

. view ; exposed part of metathoracic leg about one fifth the length of

the portion of the antennae lying adjacent on the meson.

Lophoptilus Sirconi.

aa. Head short, blunt, the length about equal to half the greatest width

;

fronto-clypeal suture making an obtuse angle at meson; spines of

tenth segment extending laterad and visible in ventral view ; ex-

posed part of metathoracic leg about equal in length to the poi-tion

of the antennae lying adjacent on the meson Laverna Curtis.

Family Scythridae

The pupae of this family also resemble the Yponomeutidae in some
respects, and have been included with them by some authors. Others

have associated the family with the Elachistidae, while Stainton in-

cluded it with the Gelechiidae as the genus Butalis. The antennae in

this family meet on the meson, but do not separate to show the distal

ends of the metathoracic legs as is the general rule in this superfamily.

Instead, the mesothoracic wings lie adjacent on the meson caudad of

the antennae, and the appendages are firmly soldered to each other and
to the body (Fig. 89). As the appendages extend caudad for about

half the length of the seventh abdominal segment, it follows that there

can be no motion possible between any of the abdominal segments,

unless there be slight dorsal motion. The prothorax is typically gele-

chiid in character. The abdominal spiracles are considerably pro-

duced and tubular, their length varying in the different species. The
setae of the body are nearly all hooked, and a few longer ones are pres-
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ent at the caudal end of the body. Only one genus of this family was
available for study.

The following species were examined

:

Scytliris choraccncis Zeller, uiipositclla Zeller.

Family Gelechiidae

The pupae of the Gelechiidae never show any portion of the labial

palpi, unless it should be a very small triangular area caudad of the

labrum, between the halves of the maxillae. The prothoracic femora
are never exposed (Figs. 90, 91, 92, 93, 94). The fronto-clypeal su-

ture is always distinct and usually extends almost straight across be-

tween the proximal ends of the antennae, but occasionally each half

is directed cephalad near the meson so that an angle is formed at their

junction. The caudal parts of the antennae usually lie adjacent on the

meson for about two fifths of their length and usually cover the caudal

ends of the maxillae and sometimes of the prothoracic and mesotho-

racic legs. They usually separate at their distal ends to show the meta-

thoracic legs, or what will be referred to as such in this paper. There

was not enough available material in condition for dissection to de-

termine whether the maxillae ever reached the caudal margin of the

wings and overlaid the metathoracic legs, as might easily be the case.

The maxillary palpi are present in all, but do not always reach the

proximo-lateral angles of the maxillae. They are always reached by

both prothoracic and mesothoracic legs. The wings vary somewhat
in length, but are usually firmly soldered down, and the abdominal seg-

ments are somewhat depressed on the ventral surface, forming a

shallow cavity into which the wings are fitted and, therefore, are not

elevated above the surface of the body. There are usually very deep
incisions between the segments, especially on the dorsal and ventral

surfaces. Many species have the incisions deeper on the ventral sin*-

face so that the caudal end of the body may be strongly curved ven-

trad. The pupae are usually very active, and many of them are able

to move after the fashion of click-beetles. The body is entirely cov-

ered with setae in some genera, while others have a fringe of setae

along the margin of certain slightly projecting ridges and occasional

depressions found usually on the seventh abdominal segment. There
seems doubt as to the generic standing of the following species : Aris-

totelia physaliclla, Gnorimoschcma laverndla, and Recurvaria variella;

at least they differ from other species examined in these genera. In

the case of Aristotclia it has been impossible to determine which
species is the type of the genus. The genera of Gelechiidae may be

separated as follows

:
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a. Body setae very long and heavily ehitiiiized, often as long as the seg-

ments of the abdomen, and, as seen under high power, usually forked

at the apex ; fronto-clypeal suture curving cephalad from the proxi-

mal ends of the antennae to the cephalic margin of the body ; ci-c-

master always present; dorsal cephalic margin of segments two,

three, and four of the abdomen with a slight rounded projection on
each side of the meson, edged with a dense fringe of whitish setae di-

rected cephalad, eaudad of this a prominent elevation bearing a sim-

ilar fringe of setae on the summit (Fig. 91).

b. Dorsal surface of the cephalic margin of the movable segments
with a prominent cavity on the meson having heavily chitinized

edges Tricliotaplie Clemens.

bb. Dorsal surface of cephalic margin of the movable segments with-

out any cavity; a sti'ongly chitinized ridge separating the ce-

phalic margin from the remainder of the segment, cephalad of

this a band of short spines, then a prominent furrow, the furrow
and the remainder of the cephalic ma,rgin being deeply punctate.

Ypsolophus Fabrieius.

aa. Body setae never modified ; segments two, three, and four of the ab-

domen never as described in a.

b. Entire body with a dense covering of whitish setae visible to the

unaided eye, giving the pupa a furred appearance,

c. Maxillary palpi long, reaching the proximo-lateral angles of the

maxillae; antennae lying adjacent on the meson for about two
fifths of their length; cremaster short and blunt, the end set

with about eight stout curved setae ; length 8-10 mm.
Anacampsis Curtis.

ce. Maxillary palpi short, never reaching the proximo-lateral angles

of the maxillae ; antennae just meeting on the meson; cremaster

with a sharp point curved dorsad, with curved setae at the sides

and base; length 5-6 mm Aristotelia (a)Hiibner.

bb. Entire body never covered with setae.

c. Seventh abdominal segment with a dense fringe of setae on some
portion,

d. Fringe of setae confined to the cephalic and lateral edges of a
prominent lateral cavit.v.

e. Body smooth, not depressed ; cephalic edge of the lateral cav-

ity trilobed (Fig. 93) Evippe Chambers.

ee. Body with small spines, strongly depressed; cephalic edge

of the lateral cavity bilobed TelpUusa Chambers.

dd. Fringe extending around the segment or nearly so.

e. Fringe extending around tlie segment in a straiglit line ; body
not noticeably depressed, the surface smooth.

Recurvaria (a) Haworth.

ee. Fringe extending around the segment in a more or less wavy
line; body noticeably depressed and very broad in the

thoracic region, surface with punctures or spines.
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f. Abdominal segments 8-10 distinctly tapering to the cau-

dal end of the body; fringe of seventh segment extend-

ing in a wavy line around the body and edging two very
large lobes on the dorsal surface.

Trypanisma Clemens.
f£. Abdominal segments 8-10 not tapering but blunt and

slightly rounded at the caudal end of the body; fringe

extending in a wavy line around the seventh segment,

without prominent lobes on the dorsal surface.

GelecJiia Hiibner.

cc. Seventh abdominal segment without any fringe of setae.

d. Caudal end of body with short, stout projecting spines.

e. Caudal end of body with one such spine on the dorso-meson,

projecting dorsad; fronto-elypeal suture almost straight.

Plitliorimaea Meyrick.

ee. Caudal end of body with a median spine and one on each

lateral margin; fronto-elypeal suture extending cephalad

from the base of each antenna to the cephalic margin of

the head Sitotroga Heinemann.
dd. Caudal end of body with straight or curved setae,

e. Hooked setae present at the caudal end of the body.

f. Antennae reaching the caudal margin of the wings, their

caudal ends separated to show the metathoraeic legs.

g. Caudal end of body with at least five long hooked setae

on each side of the meson; antennae slightly enlarged

at their proximal ends, making the cephalic end of the

body somewhat truncate Reciirvaria (b) Haworth.

gg. Caudal end of body never with more than two long

curved setae on each side of the meson ; cephalic end
of body rounded Aristotelia (b) Hiibner.

ff. Antennae never reaching the caudal margin of the wings

nor separating at their caudal ends to expose the meta-

thoraeic legs Gnorimosckevia (a) Busck.

ee. Hooked setae never present at the caudal end of the body

;

a few short, straight setae present.

Gnorimoschema (b) Busck.

The following species were examined

:

Trichotaphe fiavocostclla Clemens
Ypsoloplms citrifoliellus Chambers, eupatoriclliis Chambers
Anacampsis sp., rhoifructdla Clemens
Aristotelia (a) salicifungiclla Clemens
Aristotelia (b) physalieUa Chambers
Evippc prunifoliclla Chambers
Telphusa quercinigracella Chambers, palliderosacella Chambers
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Rcciirvaria (a) al^icitripiinctclla Clemens
Rccurraria (b) varicUa Chambers
Trypaidsma priidcns Clemens
Gclcchia ccrccriscUa Chambers, discuoccllclla Chanil)ers, scrotiiiclla

Busck
Plithorimaca sp.

Sitotroga ccrcaldla Olivier

Gnorimoschema (a) lavcrnclla Chambers
Gnorimoschcma (b) gaUacsolidaginis Riley

Family Chrysopeleiidae

This family includes the genus Chrysopeleia which was formerly

included with the Elachistidae. It has the same arrangement of parts

as that in the genus Elachista but retains the fronto-clypeal suture and

has no cremaster (Fig. 95). Until more is known of the relationships

of this genus it seems better to place it in a family by itself. The ap-

pendages are slightly elevated and firmly soldered to each other and to

the body. They extend well on to the seventh abdominal segment, so

that there appears to be no motion possible between any of the body

segments. There is no cremaster present and only a few short straight

setae at the caudal end of the body. The abdominal spiracles are pro-

duced and tubular. The pupae are very small, being only about 3 mm.
in length.

The following species was examined

:

Chrysopeleia ostryacella Chambers.

Family Oecophoridae

This family (Figs. 97 and 98) includes those pupae in which the

fronto-clypeal suture is not present for its entire length and which

have large maxillary palpi, usually reaching the proximo-lateral angles

of the maxillae. All the species examined showed the presence of very

fine setae arranged in groups over the surface of the abdomen, but

these were hard to locate in Psilocorsis. The incisions between the

segments are very deep in all members of the family. Of the three

genera studied Psilocorsis, Agonopteryx, and Depressaria, the first

seemed more nearly related to the Stenomidae, while the other two
were typical gelechiids, except that the fronto-clypeal suture was never

distinct. It seems probable that a revision of the group might sepa-

rate these genera. The table to genera will indicate the principal dif-

ferences. The body is usually strongly depressed and 5-10 mm. in

length. The following table will serve to separate the genera:
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a. Femora of the prothoracic legs exposed.

b. Wings pointed, extending on to the sixth abdominal segment

;

proximal end of each antenna elevated and roughened with trans-

verse ridges; cremaster present Pailocorsii- Clemens.
bb. Wings not pointed, and never extending beyond the caudal mar-

gin of the fourth abdominal segment
;
proximal end of each an-

tenna never 'elevated or roughened with transverse ridges; cre-

master never present Depressaria Haworth.
aa. Prothoracic femora never exposed Agonopteryx Hiibner.

The following species were examined

:

Psilocorsis ohsoIctcUa Zeller, qiicrciccUa Clemens
Dcprcssaria licracliana De Geer
Agonopteryx nebulosa Zeller

Family Stenomidae

The Stenomidae include most of the genera formerly grouped
under the name of Xylorictidae. The appendages are arranged as in

the Gelechiidae and the maxillary palpi are minute (Fig. g6). A
small portion of the labial palpi is usually apparent. The appendages
are firmly soldered to each other and to the body wall. They extend
slightly beyond the caudal margin of the fourth abdominal segn:ent, so

tliat there are three free segments, the fourth, fifth, and sixth. The
margins of these free segments are serrate along the edges of the in-

cisions, which are very deep, especially on the ventral surface, and per-

mit the caudal end of the body to be very sharply curved ventrad,

reaching almost to the caudal margin of the wings (Fig. 96a). The
fronto-clypeal suture is visible for a short distance mesad of the prox-

imal end of each antenna, but it never reaches the meson. There are

many curved setae present on the ventral surface of the ninth abdom-
inal segment. The body is always more or less depressed, and in

Stenoma is about 8 mm. in length, in Menesta 3 mm. The genus
Menesta, formerly included in the Gelechiidae, seems more closely

allied to Stenoma and is included here. Stenoma possesses peculiarly

modified setae on the body surface. These genera may be separated as

follows

:

a. Antennae modified at their proximal ends, forming an enlarged cor-

rugated area ; hooked setae on the ventral part of the ninth abdom-
inal segment never on a distinct prolongation Sfcnoma Zeller.

aa. Antennae never modified at the proximal end ; hooked setae on the

ventral part of the ninth abdominal segment on a distinct prolon-

gation Menesta Clemens.
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The following species were examined

:

Stenoma schlacgeri Zeller

Menesta alhaciliacella Chambers

Family Cosmopteeygidae

This family name as used by most authors is equivalent to Laver-

nidae or Momphidae, and the genera included under all these names
are usually associated with each other. The Cosmopterygidae

are much more specialized, however, as they retain neither visible

labial palpi nor prothoracic femora (Fig. 99). The appendages are

firmly soldered to each other and to the body wall as far as the caudal

margin of the sixth abdominal segment, which allows freedom of

movement to this segment. There are some generalized characters

present, however—the length of the first six abdominal segments,

which are as long as in Yponomeutidae, and the shape of the pro-

thorax, which is shorter on the meson than at each lateral margin. The
abdominal spiracles are slightly produced and tubular. There is a very

short cremaster present bearing eight hooked setae, of which four are

longer than the remainder. The pupae are about 4 mm. in length.

The following species was examined

:

Cosmopteryx clandestinella Busck.

Family Elachistidae

This family has been variously subdivided in the past few years,

for, like the Tineidae, it included a large number of species which did

not form a natural group. Some authors do not retain this family

name, but as the nomenclature of the group appears to be still in a

rather unsettled condition, this name is retained for the present to in-

clude the genus Elachista. The appendages are arranged as in other

gelechiids, but there is no trace of maxillary palpi (Fig. 100). The
surface of the body is covered with large rounded tubercles and the

dorsal surface shows three distinct longitudinal elevations or ridges,

one on the meson and one near each lateral margin, bearing the spir-

acles on the summit. The wings and other appendages are firmly sol-

dered to each other and to the body wall, and there appear to be no

free segments. The prothorax is typically gelechiid and the meso-

thorax shows a decided alar furrow on each side. There is a distinct

cremaster present, but it shows no hooked setae. The pupae are sus-

pended from a stem or leaf after the manner of some papilionids, with

a silken girth around the body. The pupae average 3.5 mm. in length.

The following species was examined

:

Elachista praelineata Braun.
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SUPERFAMILY NOCTUOIDEA

This superfamily includes three families, Noctuidae, Liparidae,

and Arctiidae. The Syntomidae also belong to this group, but as only

one species of this family was examined and this showed no charac-

ters to separate it from the Arctiidae, the Syntomidae are not dis-

cussed as a separate family. The Noctuoidea and Bombycoidea in-

clude all the specialized families which retain labial palpi. The fami-

lies of Noctuoidea may be separated thus :

a. Bod.y seldom with setae arranged around sears of larval verrucae, if

present, then the femora of the prothoracic legs exposed, or a long

cremaster present bearing hooked setae at the distal end
;
prothoracic

femora usually visible, if not, then the mesothoracic leg usually ex-

tending cephalad to the eye-pieces Noctuidae.
aa. Body always with setae arranged around the scars of larval verrucae

;

femora of the prothoracic legs never visible,

b. Maxillae never more than two fifths the length of the wings ; body
setae conspicuous ; labial palpi usually visible Liparidae.

bb. Maxillae two thirds the length of the wings, or longer ; body setae

inconspicuous ; labial palpi seldom visible Arctiidae.

Family Noctuidae

This family (Figs. loi, 102, 103), with a few exceptions, is char-
acterized by the presence of labial palpi and of maxillae which extend
to the caudal margin of the wing, or very closely approximate this

length. Very many of the genera have a large portion of the pro-
thoracic femora exposed. Those which do not show any portion of
the prothoracic femora have the mesothoracic leg extending cephalad
to the eye-pieces, with a few exceptions in the genera Homopyralis,
Plusiodonta, and Anomis. Those lacking labial palpi have setae ar-

ranged around the scars of larval verrucae, as in the Arctiidae. They
differ from the Arctiidae in having hooked setae on the cremaster,

and in lacking flanged plates on the abdominal segments. Maxillary
palpi are found in some members of the subfamilies Agrotinae, Cucul-
lianae, and Hypeninae. Since there was not enough material available

for study to furnish a basis for subfamily characters, the genera have
been grouped as seemed best for purposes of classification. As far as

possible the names of subfamilies as used by Hampson in the "Cata-
logue of Lepidoptera Phalaenae" have been adopted. This arrange-

ment could not be followed throughout, however, and so it must be re-

membered that the subfamily names used here are adopted as a matter

of convenience and do not stand for the genera which Hampson
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grouped together. His generic and specific names have been adopted

as far as possible. As to the phylogeny of the group, too httle ma-
terial has been examined to warrant a decided opinion on the subject,

it seems probable, however, that most of the subfamilies discussed rep-

resent the ends of many lines of development. There are various

stages of development found in all groups, and there are some mem-
bers of each subfamily studied, except the Phytometrinae and Momi-
nae, which show the epicranial suture.

The subfamilies mentioned above which retain ma.xillary palpi are

undoubtedly the most generalized, the Mominae, which show neither

labial palpi, prothoracic femora, maxillary palpi, nor an epicranial su-

ture, are undoubtedly the most specialized, but nothing can be said

with certainty as to the other groups. No attempt has been made to

arrange the subfamilies in phylogenetic order either in the tables or in

the discussion of subfamilies. The subfamilies of Noctuidae may be

separated by the following table

:

a. Prothoracic legs reaching cephalad to the eye-piece, mesothoracic legs

never reaching as far cephalad; prothoracic femora usually visible.

b. Cremaster, or caudal end of the body, with all the setae curved or

hooked, never with any long straight setae.

c. Setae of the cremaster usually all of the same size and length,

either slightly curved or hooked ; cremastei'' never with six or

eight hooked setae of which the mesal ones are larger and longer

than the remainder Acronyctinae.

cc. Setae of the cremaster or caudal end of the body usually of two
sizes,

d. Body never with scars of larval verrucae bordered with setae

;

labial palpi and prothoracic femora always visible,

e. Wings and maxillae produced at meson into a distinct

rounded projection extending on to the fifth abdominal seg-

ment; labruni located near the cephalic end of the body;
body never heavily chitinized Phytometrinae.

ee. Wings and maxillae never extending beyond the caudal
margin of the fourth segment ; labrum in the normal posi-

tion ; body always heavily chitinized Cucullianae.
dd. Body with rounded or oval areas bordered with setae, as in

the Arctiidae, especially noticeable on the dorsum of the

abdomen and in the spiraeular region ; labial palpi and pro-

thoracic femora never visible Mominae.
bb. Cremaster or caudal end of the body never with all the setae

curved or hooked.

c. Cremaster or caudal end of body with at least two long straight

stout setae, 1-2 mm. in length, rarely with additional hooked
setae Hadeninae.
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ec. Cremaster or caudal end of body never with long sti'aight stout

setae,

d. Cremaster bifurcate, narrowed at the caudal end; dorsum of

movable abdominal segments with one or more rows of deep
circular pits with dark, chitinized margins Agrotinae.

dd. Cremaster short, broader at the distal end, very thin and
plate-like, the caudo-lateral angles produced into short

rounded lobes, with two or three small rounded projections

between often bearing small delicate setae ; dorsum of the

movable abdominal segments never with pits ; body strongly

rugose, the abdominal segments spinose Agaristinae.

aa. Prothoracic and mesothoracic legs both reaching cephalad to the eye-

piece or to the maxillary palpus where this is present
;
prothoracic

femora seldom visible.

b. Cremaster usually present; curved or hooked setae always pres-

ent at the caudal end of body, usually eight in number.
c. Body always covered with a whitish bloom Catocalinae.

cc. Body never covered with a whitish bloom Hypeninae.
bb. Cremaster or setae never present at the caudal end of the body;

fifth abdominal segment with a row of spines along the caudal

margin extending from the sculpturing of the dorsum almost to

the meson on the ventral surface . •. Sareothripinae.

Subfamily Agrotinae

This subfamily, as here considered, includes those pupae with a

stout, rugose, more or less bifurcate cremaster, and with a row of

large circular pits with heavily chitinized margins along the cephalic

margin of some of the abdominal segments, usually between the fourth

and seventh (Fig. loi). In these pupae, the prothorax is very long,

at least two thirds the length of the mesothorax, and the epicranial

suture is sometimes present in the genus Agrotis. Labial palpi are al-

ways present and exposed for their entire length, and the prothoracic

femora are seen in some of the genera. The mesothoracic legs, an-

tennae, and maxillae are of practically the same length and usually ex-

tend to the caudal margin of the wings. The metathoracic legs are

seldom visible and only the prothoracic legs extend cephalad to the eye-

pieces, and these do not separate the sculptured eye-piece and antenna.

The body is stout, and when retracted the length is about three times

the width. The genera of Agrotinae may be separated as follows

:

a. Femora of the prothoracic legs visible.

b. Dorsal cephalic margin of the movable abdominal segments with

a single even row of pits, numbering less than fifteen ; epicranial

suture present; cremaster often with a row of four setae near its

proximal end Agrotis Ochsenheimer.
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bb. Dorsal cephalic margin of the movable abdominal segments with
an interrupted row of pits numbering more than fifteen ; epicra-

nial suture never present; ci'emaster never with a row of four
setae near its proximal end Hapalia Hiibner.

aa. Femora of the prothoracic legs never visible Xoctua Linnaeus.

The following species were examined

:

Agrotis badinodis Grote, bicarnea Guenee
Hapalia incivis Guenee
Noctua clandestina Harris

Subfamily Cucidlianae

As only two specimens of one genus, Graptolitha, were available

for study, little can be said as to subfamily characters. These speci-

mens differ from members of other subfamilies except the Catocalinae

in having all the setae at the caudal end of the body hooked. There
are two setae at the meson very much larger and more heavily chi-

tinized than the remaining setae, which are usually four in number.
In other respects, as the length of prothorax, size and shape of body,

arrangement of appendages, presence of epicranial suture and labial

palpi, exposed femora of the prothoracic legs, and traces of maxillary

palpi, they resemble the Agrotinae and especially the Hadeninae as

the movable abdominal segments are finely punctate along their ce-

phalic margin.

The following species were studied

:

Graptolitha laticinerea Grote, antennata Walker.

Subfamily Hadeninae

This subfamily includes pupae having stout straight setae or spines

at the caudal end of the body. There are usually two, from 1-2 mm.
in length, and they may be inserted in a short cremaster or directly in

the caudal end of the body (Fig. 102). One genus, Cirphis, has addi-

tional slender hooked setae. The prothorax is very long, as in Agro-
tinae, at least two thirds the length of the mesothorax. The epicra-

nial suture is present in the genera Polia, Hadena, Lycophotia, and
Eriopus. The appendages, which in Agrotinae are of the same length

and generally reach the caudal margin of the wings, are in this sub-

family unequal in length. The maxillae usually reach the caudal mar-
gin of the wings, but the mesothoracic legs are shorter, and the anten-

nae in some forms equal these or are very much shorter. Except for

Cirphis and Monima the abdominal segments are punctate. These
two genera have the movable abdominal segments pitted as in the
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Agrotinae. The prothoracic leg extends cephalad to the eye-piece, but

there is never a long point extending cephalad between the antennae

and the sculptured eye-piece. The genera of Hadeninae may be sep-

arated by the following table

:

a. Dorsum of movable abdominal segments with a row of deep pits along

the cephalic margin.

b. Caudal end of body with a very short cremaster ending in two
sti'aight sharp setae with four slender hooked setae at the prox-

imal end, the hooked setae about half the length of the straight

ones CirpJiis Walker.

bb. Cremaster very short, with a long straight seta inserted in each

caudo-lateral angle; hooked setae never present.

Monima Hiibner.

aa. Dorsum of movable abdominal segments never with a row of deep

pits along the cephalic margin,

b. Mesothoraeie leg never reaching cephalad to the eye-pieees; pro-

thoracic femora always exposed.

c. Caudal end of the abdomen with four closely approximated spines

of the same size and shape Khodophora Guenee.

cc. Caudal end of body with only two spines.

d. Spiracles noticeably modified, usually with a prominent de-

pression near their caudal margin; spiracular opening di-

rected somewhat caudad ; cephalic third of the movable
abdominal segments usually slightly elevated and densely

punctate.

e. Cremaster slender, pointed, spines closely approximated

;

abdominal spiracles with a darker, elevated, crescent-

shaped area almost surrounding the spiracle and with a
deep cavity larger than the spiracle directly caudad of it;

mesothoraeie spiracles not modified Meliana Curtis.

ee. Cremaster short, blunt; area around each abdominal spir-

acle slightly elevated and darker in color, a prominent cav-

ity caudad of the spiracle with a chitinized ridge along the

caudal margin of the spiracle; mesothoraeie spiracles also

modified, the opening extending half the distance between
the antennae and the meson.

f . Chitinized ridge along the caudal margin of the abdominal
spiracles distinctly serrate; clypeal region not promi-
nently elevated and without deeply impressed lines.

Lapliygma Guenee.
ff. Chitinized ridge along the caudal margin of the abdominal

spiracles not distinctly serrate; clypeal region promi-
nently elevated and with deeply impressed lines.

Prodenia Guenee.
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dd. Spiracles noniial, without any prominent elevations or de-

pressions adjacent ; cephalic third of the movable abdominal
segments usually not elevated ; segments punctate,

e. Epicranial suture present and distinct.

- f. Cephalic third of movable abdominal segments with fine

punctures, the remainder of the segments smooth ; no
eremaster present Lycophotin Iliibncr.

ff. Abdominal segments all finely punctate and with wavy
impressed lines, more densely punctate along cephalic

margin of the movable segments ; a short, distinct rugose
eremaster present Iladena Sehrank.

ce. Epicranial suture wanting.

f. Abdominal segments 5-7 very finely punctate on the ce-

phalic third Chloridea Wcstwood.
S. Abdominal segments with very large, shallow punctures,

at least on the cephalic third of segments 4—7.

g. Abdominal segments all punctate ; segments 4—7 having
the punctures very large on at least the cephalic two
thirds of each segment and fine punctures on the re-

'. mainder Pyrrhia Hiibner.

gg. Abdominal segments 1-7 punctate ; segments 4—7 with

larger punctures on the cephalic half of each segment
and usually with finer punctures on the remainder.

Polia Ochscnheimer.

bb. Metathoracic leg reaching to the eye-piece; cephalic margin of

tenth abdominal segment with a row of deep oblong pits
;
protho-

racic femora never exposed Eriopus Treit.schke.

The following species were examined :

Cirpliis unipuncta Haworth, phraginitidicola Guenee
Rhodophora gaitrac Smith and Abbot, florida Guenee
Meliana albilinea Hiibner.

Lapliygma frugipcrda Smith and Abbot
Prodenia ornitltogaUi Guenee
Lycophotia margaritosa Haworth
Hadena vidgaris Grote

Chloridea obsolcta Fabricius, vircscens Fabricius

Pyrrhia itinbra Hiifnagel

Polia rcnigera Stephens, picta Harris, mcditata Grote

Eriopus floridensis Guenee
Monima alia Guenee

Subfamily Agaristinae

The members of this subfamily show remarkable uniformity and it

is rather difficult to separate the genera. They have been given family
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rank by some authors, and while the species included here differ from
the typical noctuid in many respects, still no structural characters

could be found to warrant their separation from the Noctuidae. The
entire body surface is very rough and spinose, while the cremaster

is short, broad, and decidedly flattened, with its caudo-lateral an-

gles produced into rounded lobes, and with the caudal margin often

crenulate. There are sometimes short straight setae present along

the caudal margin. The antennae, mesothoracic legs, and maxillae

usually reach the caudal margin of the wings, or approach it very
closely. Eacli prothoracic leg extends cephalad to tlie eye-pieces. The
epicranial suture is always present. The labial palpi are always visi-

ble, but the femora of the prothoracic legs are concealed except in

occasional specimens. The abdominal spiracles are somewhat elevated

and are surrounded by a heavy, dark, chitinized border. The open-
ings appear to be fringed with fine setae. The genera of this sub-

family may be separated as follows

:

a. Antennae always reaching the caudal margin of the wings ; the row
of spines along the caudal margin of the abdominal segments not
larger than the spines of the segment; ninth abdominal segment
never with scattered spines larger thaii those of the other segments.
b. Dorsum of the abdominal segments rugose and densely spinose on

the first nine segments Eutlii.ianotia Hiibner.

bb. Dorsum of abdominal segments rugose and moderately spinose

on the first seven segments; the eighth and ninth .segments

roughened, but with very few spines Alypia Hiibner.
aa. Antennae never reaching the caudal margin of the wings; the row

of spines along the caudal margin of the abdominal segments
larger than those of the segment; ninth abdominal segment with
scattered spines larger than those of the other segments.

Psychomorpha Harris.

The following species were examined

;

Euthisanotia grata Fabricius, iinio Hiibner

Alypia octomacnlata Fabricius

Psychomorpha cpiiiiciiis Drury

Subfamily Acronyctinae

The subfamily Acronyctinae as typified by the genus Acronvcta
has little to distinguish it from other subfamilies except that the cre-

master is short and usually mound-like and the setae are always of
the same size and length. With this genus there are here included
several others, which probably do not form a natural group, though
all possess cremastral setae of the same size and length and in all the
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members of the group only the prothoracic legs extend cephalad to

the eye-pieces. All of these genera except Acronycta have prominent

projections on the head and prothorux. The epicranial suture is

present only in Eulonche. The labial palpi are well developed in all

and the prothoracic femora are visible only in Eulonche, Acronycta,

and Achatodes. The maxillae do not reach the caudal margin of the

wings in any of the genera. The metathoracic legs are always visible,

and in Eulonche the mesothoracic legs are adjacent on the meson. In

Plusiodonta they extend to the caudal margin of the wings, but in

none of the other genera. The antennae are usually equal in length

to the mesothoracic legs and never reach the caudal margin of the

wings. The genus Eulonche and a few species of Acronycta are very

peculiar in that there are setae on the body arranged as in Arctiidae

(Eig. 103). These are easily observed on the mesothorax and the

parts of the abdomen where the sculpturing is not so dense. There

are also a few short spines present on the tenth segment at the base

of the cremaster. The genera of Acronyctinae may be separated

as follows

:

a. Cephalic end of body with two large, rounded, rugose projections

on the head, one on each side of the meson.

b. Dorsum of abdomen very rugose on segments 1-7 except for a

smooth caudal margin; groups of long setae present on thorax

and abdomen ; epicranial suture present Eulonclie Grote.

bb. Dorsum of abdomen never rugose, but with large lunate punc-

tures on the cephalic third of segments 3-7
;

groups of long

setae never present; epicranial suture absent.

Acliatodes Guenee.

aa. Cephalic end of body with a single median projection, or without

projections.

b. Cephalic end of body with a single median projection, either on

the head or prothorax.

c. A prominent projection on the body near the cephalic margin

of the prothorax ; abdominal segments 1-3 with a broad smooth

transverse ridge near the caudal margin; movable abdominal

segments with thin flanged plates; cremaster very short and
broad, with a short, stout, slightly curved seta inserted in each

caudo-lateral angle Homopyralis Grote.

ec. Projection always present on the head ; setae at the caudal end

of the body always hooked,

d. Distinct cremaster not present; a large sharp point at each

caudo-lateral angle of the body, with some smaller points,

and three short hooked setae inserted on each side : body dis-

tinctly punctate, with a smooth band at the caudal margin
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of each segment; projection on the head blunt at the end
and directed ventrad Plusiodonta Guenee.

dd. Distinct cremaster present, its eaudo-lateral angles produced
and pointed, with two hooked setae inserted on the ventral
side of each ; body not punctate, slightly rugose

;
projection

on the head narrowed to a rounded point . . Anoniis Hiibner.

bb. Cephalic end of body smooth, cremastral hooks slightly curved.

Acfonycta Treitschke.

The following species were examined

:

Acronycta americana Harris, populi Riley, clarescens Guenee, hama-
melis Guenee

Bulonche ohlinita Smith and Abbot
Achatodes zeae Harris

Honiopyralis discalis Grote
Plusiodonta compressipalpis Guenee
Anomis erosa Hiibner

Subfamily Phytometrinae

The members of this subfamily differ markedly from those of

the other subfamilies of Noctuidae. The labrum is never in its nor-

mal position but is located near the cephalic end of the body, while

the wings and maxillae extend beyond the caudal margin of the fourth

abdominal segment. The wings are produced into a sharp point near

the meson of the ventral surface. The labial palpi are always visi-

ble and a large portion of the prothoracic femur is exposed. The
dorsal cephaHc margin of the movable abdominal segments has a

number of prominent furrows with slightly serrate ridges between.

The prothorax is not as long as in the previously mentioned sub-

families, being only two fifths the length of the mesothorax, and the

caudo-Iateral angles are somewhat produced. The dorsal surface of

the body shows prominent grooves along the caudal margin of the

metathorax and the first four abdominal segments. The edges of

these grooves are somewhat serrate. The cremaster is somewhat
cylindrical and rugose, with two long hooked setae and four shorter

ones. The two genera studied are very closely related and may be

separated as follows

:

a. Antenna reaching the caudo-lateral angle of the mesothovacic leg;

cremaster with length and breadth approximately equal and longer
than its longest setae Phytovietra Haworth.

aa. Antenna much shorter than the mesothoracic leg and never reach-
ing its eaudo-lateral angle; cremaster always longer than broad
and about ec^ual in length to its longest setae.

Syngrapha Hiibner.



116

The following species were examined

:

Phytomctra brassicae Riley

Syngrapha falcigera Kirby

Subfamily Mominae

The only genus studied in this group was Charadra. This re-

sembles the Arctiidae very much more than it does most Noctuidae

in the shape of the body, in the presence of setae arranged around

the scars of larval verrucae, and in the absence of epicranial suture

and visible labial palpi and femora of the prothoracic legs. The an-

tennae are broader at the proximal end than is typical in Noctuidae.

The appendages are arranged more as they are in Noctuidae and

there is a cremaster present, as long as the ninth and tenth abdom-

inal segments, which bears hooked setae. The only known Arctiidae

which have long cremasters are provided with flanged plates on the

movable abdominal segments and the cremastral setae are never

hooked. The prothoracic leg extends cephalad between the sculptured

eye-piece and the antenna, but the mesothoracic leg never reaches

the eye-pieces. The body is slightly punctate along the cephalic mar-

gin of the movable abdominal segments. The pupae are found in

thin silken cocoons, which differ from those of the species of

Arctiidae in that none of the larval hairs are used in their construc-

tion.

The following species was the only one examined

:

Charadra deridens Guenee.

Subfamily Hypeninae

The only genus available for study of this group as given in

Dyar's list was Plathypena, but as Balsa possesses the pupal charac-

ters which distinguish this from other subfamilies, it is included in

the Hypeninae for the present. These characters are the presence

of two long and six short hooked setae at the caudal end of the body
and the fact that the prothoracic legs and the long point of the meso-
thoracic legs extend cephalad to the eye-piece, or, as in Balsa, to the

maxillary palpus, which is always present in this genus. Plathypena

shows the epicranial suture, but it is not found in Balsa. Both genera

have the spiracles slightly produced, and in Plathypena they are on
small elevations. The labial palpi are present in both, but the femora
of the prothoracic legs are visible only in Balsa. The genera may be

separated as follows

:
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a. Dorsum of prothorax, mctathorax, and first three abdominal seg-

ments with a distinct median ridge ; antennae and mesothoraeie

legs reaching the caudal margin of the wings and longer than the

maxillae; caudal margin of mesothorax never with a row of shal-

low depressions Pld'thypena Grotc.

aa. Dorsum of bodj' never with a median ridge ; antennae and meso-

thoraeie legs not reaching the caudal margin of the wings and not

longer than the maxillae ; caudal margin of mesothorax with a row
of shallow depressions Balsa Walker.

The following species were examined :

Plathypcna scabni Fabricius

Balsa malaiia Fitch

Subfamily Catocalinac

This group is distinguished from all other noctuids by the pres-

ence of a whitish "bloom" on the surface of the pupa, which is re-

tained even in alcoholic specimens. Both prothoracic and meso-
thoraeie legs extend cephalad to the eye-pieces. The labial palpi are

always present, but the femora of the prothoracic legs are seldom
visible. The epicranial suture is found throughout the genera Catoc-
ala and Eunetis but is lacking in the remainder of the subfamily.

The antennae, mesothoraeie legs, and maxillae either reach the cau-

dal margin of the wings or very closely approach it. The cremaster
is usually very short or absent, and the setae at the caudal end of the

body are visually of two sizes and inserted at different levels except
in the genus Eunetis. This generic name is applied to certain species

of the genus Catocala of Dyar's list which have a short cremaster,

slightly broader at the caudal end, bearing about eight slightly

curved setae which are usually directed towards the meson. The fol-

lowing table will serve to separate the genera of Catocalinae

:

a. Epicranial suture present; body tapering rapidly from the fifth ab-

dominal segment so that it is more slender in appearance than the
typical noctuid, the lateral margins of abdominal segments 8-10 as

seen in dorsal view convergent and not strongly convex.
b. Cremaster, if present, very short and narrowed at the caudal end,

and with eight long hooked setae of two sizes, some larger and
more heavily chitinizcd than the others Catocaln Schrank.

bb. Cremaster broadened at the caudal end, usually with eight short,

stout setae which are slightly curved and usually directed tow-
ards the meson Eunetis Hiibner.

aa. Epicranial suture not present; body of typical noctuid shape, with
the lateral margins of abdominal segments 8-10 distinctly convex
as seen in dorsal view.
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b. Head with a distinct tubercle ncai' the base of each antenna.

Euparthenos Grote.
'

bb. Head without a distinct tubercle at the base of each antenna,

c. Thorax and appendages with deep indeterminate transverse

striations; median caudal spines of crema.ster somewhat en-

larged near the tip ; metathoracic legs never present.

Pheocyvia Hiibner.

CO. Thorax and appendages approximately smooth ; median caudal

spines of cremaster never enlarged near the tip ; metathoracic

legs always apparent caudad of the maxillae.

d. Cremaster with spines practically all of the same size, no two
being larger and longer than the others . . Caenurgia Walker.

dd. Cremaster with two spines larger and longer than the others.

Zale Hiibner.

The following species were examined

:

Euparthenos nuhilis Hiibner

Plieocyma lunifera Hiibner

Caenurgia erechtea Cramer, crassiuscula Haworth
Zale calycanthata Smith and Abbot, lunata Drury
Catocala illecta Walker, unijuga Walker, briseis Edwards, verecuhda

Hulst, aliolibah Strecker, ilia Cramer, innuhcns Guenee, neo-

gania, Smith and Abbot, pacta Linnaeus, sponsa Linnaeus

Bunetis blandula Hulst, ultronia Hiibner, grynca Cramer

Subfamily Sarrothripinae

This group is readily distinguished because it has neither cre-

master nor setae at the caudal end of the body, which is probably

due to the fact that its members are found in thick cocoons. The
dorsal surface of the body is very irregularly rugose with spinous

elevations, and there is a distinct row of spines along the caudal mar-

gin of the fifth abdominal segment extending from the rugose area on

the dorsum around nearly to the meson of the ventral surface. A
few spines are present in a similar position on the fourth abdominal

segment. The epicranial suture is always present, the labial palpi are

visible for their entire length, and only a small portion of the pro-

thoracic femur is exposed; or it may be entirely concealed. The
maxillae never reach the caudal margin of the wings, being about

seven eighths of their length, with the mesothoracic legs meeting

just caudad of them. The antennae always reach to the caudal mar-

gin of the wings, while the mesothoracic legs do not, but the latter

are slightly longer than the maxillae. Both prothoracic and meso-

thoracic legs extend cephalad to the eye-piece, the mesothoracic legs

extending between the sculptured eye-piece and the antenna.
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The members of this subfamily have been treated as the family

Nycteolidae by some authors, but there is no evidence in the pupae

to separate them from the family Noctuidae.

The following species were examined

:

Sarrothripus rez'ayana Scopoli, proteella Dyar.

Family Arctiidae

The members of this family all possess distinct setae arranged

around the scars of the larval verrucae. These setae are seldom con-

spicuous enough to be seen with the naked eye as in Liparidae, but

are easily visible with the aid of the microscope. The labial palpi are

never visible, unless as small triangular areas caudad of the labrum,

except in Halisidota, where they are exposed for their entire length.

The femora of the prothoracic legs are never visible. The shape of

the body is characteristic, being slightly concave on the dorsum in

the region of the metathorax (Fig. 104). Certain genera of Noctuidae,

Acronycta, Eulonche, and Charadra, also show setae arranged around
the scars of the larval verrucae. In the two genera first named, both

labial palpi and prothoracic femora are exposed, while Charadra pos-

sesses a long cremaster bearing hooked setae. Those genera of

Arctiidae with a cremaster never have hooked setae, but all cremastral

setae are flattened at the distal end. The epicranial suture is never

present in any member of this family. The prothorax is usually long,

often half the length of the mesothorax as in most Noctuidae. The
genus Ctenucha, included with the Syntomidae in Dyar's list, shows no
characters to distinguish it from the Arctiidae and it is probable that

other genera of this family should be included here. The genera of

Arctiidae may be separated as follows

:

a. Abdominal segments 5-7 never with a flanged plate along the ce-

phalic margin, or with deep furrows between these segments when
the body is retracted ; maxillae nearly as long as the wings ; mesotho-
racic wings never meeting on the meson caudad of the appendages,
b. Dorsal surface of abdomen flattened ; body broadly rounded at

caudal end and hearing a row of short setae which are slightly

curved at tip ; body brown, concolorous.

c. Labial palpi showing for about one sixth of the length of the max-
illae; body 18-20 mm. in length; dorsal surface of abdomen
never with depressed areas Halisidota Hiibner.

ee. Labial palpi never showing except as a small triangular piece

about a millimeter in length; body 12-15 mm. in length; dor-

sal sixrface of abdomen with depressed areas on meson of each
segment at cephalic margin and one on each side adjacent to the

spiracles Euchaetias Lyman.
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bb. Dorsal surface of abdomen not flattened ; body tapering at caudal
end ; color yellowish or chestnut-brown, strikingly marked with
black.

c. Distinct creniaster ])resent Ilnploa Hiibncr.
cc. Distinct crenuister neyer jireseut.

d. Antennae about seven eighths the length of the wings ; maxillae
never reaching the caudal margin of the wings.

Uieilieisa Hiibner.

dd. Antennae as long as the wings; maxillae always reaching the

caudal margin of the wings Clinuclut Kirby.

aa. Abdominal segments 5-7 with a flanged plate along the cephalic

margin, and with deep furrows between the movable segments
when the body is retracted ; maxillae never as long as the wings,

usually about two thirds the length; mesothoracic wings always
meeting on the meson caudad of the appendages,

b. Abdominal segments 4-6 with a similar flanged plate adjacent to

the caudal margin of the segment.

c. Appendages, and usually the thorax, roughened with indetermi-

nate transverse striations ; abdominal segments densely, coarsely

punctate,

d. Head with a small tubercle at the proximal end of each an-

tenna ; antennae always much shorter than the prothoracic

legs Estigviene Hiibncr.

dd. Head without a tubercle at the proximal end of each antenna

;

antennae as long as, or longer than, the prothoracic legs,

e. Body usually 18-20 mm. in length, stout ; setae of the cre-

niaster of various sizes and lengths, the shortest ones only

about half the length of the longest, and irregularly ar-

ranged, always fifteen or more in number.
Diacrisia Hiibner.

ee. Body seldom over 12 mm. in length, varying from 10-15
mm., rather slender; setae of the cremaster of practically

the same size and length, arranged in two transverse rows,

with four in the dorsal and eight in the ventral row, never
as many as fifteen in number Hypliantria Harris.

ec. Thorax and appendages smooth and polished ; body sparsely,

finely punctate Ecpanilieria Hiibner.

bb. Abdominal segments 4-6 never with a flangecl plate adjacent to

the caudal margin,

e. Distinct cremaster always present and long, bearing setae at the
caudal end; antennae about equaling the maxillae in length,
usually three fourths the length of the wings.

Apayitesis Walker,
cc. Distinct cremaster never present ; a row of setae at the caudal

end of the body ; antennae very much shorter than the max-
illae, being about half the length of the wings .... Isia Walker.
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The following species were examined :

Halisidota tcsscllaris Smith and Abbot, caryae Harris

Buchaetias cgle Drury
Haploa dyuicnc Brown
Utetheisa bella Linnaeus
Ctenucha virginica Charpentier

Estigmeuc acraca Drury
Diacrisia inrginica Fabricius

Hyphantria cnnea Drury
Hcpanthcria dcflorata Fabricius

Apantcsis virgo Linna'eus, michaho Grote, arge Drury, phyllira

Drury, nais Drury
Isia isabclla Smith and Abbot

Family Liparidae

This family, like the Arctiidae, is characterized by the presence

of setae arranged around the scars of the larval verrucae. In the

Liparidae the setae are long and coarse, and easily visible to the un-

aided eye. With the exception of Porthetria all the genera examined
show a characteristic arrangement of appendages (Fig. 105). In Por-

thetria the labial palpi were usually concealed by the maxillae, al-

though a large number of pupae show them present, as in Figure

105. The epicranial suture is never present. The maxillae are always

short, never more than two fifths the length of the wings. The legs

are usually shorter than in most pupae, the mesothoracic legs never

reaching the caudal margin of the wings. The antennae are pectinate

and are longer and broader in the male tlian in the female. The cre-

master is always present, smooth, longer than broad, and bears short

hooked setae at the distal end.

Most of the species examined show a remarkable uniformity of

characters, and considerable difiiculty was encountered in separating

the genera. The difficulty lies in the fact that there is conside'rable

difference between the sexes, not only in the length and breadth of

the antennae, but in the size and arrangement of other appendages.
In Hemerocampa the adult females are apterous, and the wings in

the pupa are not as long as in the males. The wings of the females
reach slightly over the cephalic margin of the fourth abdominal seg-

ment, while in the male they reach to the caudal margin of that seg-

ment. In Hemerocampa the dorsum of the first three abdominal seg-

ments is covered on each side of the meson with small vesicles. The
following table will serve to separate the genera of Liparidae:
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a. Spiracular furrows never present on the cephalic margin of the mov-
able abdominal segments; labial palpi present and well developed;
long setae not present on the face-parts near the caudal margin of
the head, on the clypeus, or on the sculptured ej'c-pieccs.

b. Labial palpi about equal in width to each maxilla; cremastral
setae about one third the length of the cremaster.

c. Dorsal surface of abdomen densely covered with long setae ; body
brown, concolorous except sometimes for the lighter transvei-se

conjunctiva; antennae with the stem of the flagellum very broad
and distinctly elevated,

d. Abdominal segments 8-10, in dorsal vjew, distinctly narrowed
and tapering; clypeus and labrum on a level with the other
face-parts; cremaster directed caudad; antennae of male
reaching about half the distance along the mesothoracic legs,

and distinctly pointed Dasycliira Stephens.
dd. Abdominal segments 8-10, in dorsal view, not narrowed and

distinctly tapering ; clypeus and labrum both elevated above
the level of the other face-parts ; cremaster directed dorsad

;

distal half of the antennae of the female distinctly narrowed
and pointed, reaching about half the distance along the
mesothoracic legs Olene Hiibner.

ec. Dorsal surface of abdomen not very densely covered with setae

;

body white variously marked with brown, or vice versa ; anten-
nae in both sexes with the stem of the flagellum scarcely indi-

cated and the distal end always rounded, in the male extend-
ing abo\;t half the length of the wings and curved mesad so that

they often meet, in the female never reaching half the distance

along the mesothoracic legs and never meeting on the meson.
Hemerocampa Dyar.

bb. Labial palpi only half the width of each maxilla; cremastral

setae about half the length of the cremaster ; antennae in the

male broad for almost their entire length and extending about
three fourths the length of the wings, adjacent or meeting on the

meson, in the female pointed at the distal end and reaching

about half the distance along the mesothoracic legs.

Euproctis Hiibner.

aa. Spiracular furrows always present on the cephalic margin of the

movable abdominal segments and extending almost to the meson,

five or six in number and separated by sharply carinate ridges;

caudal portion of face-parts, clypeus, and sculptured eye-pieces

with coarse setae similar to those on the body, labial palpi often con-

cealed, but sometimes visible as in the remainder of the family.

PortJieiria Hiibner.

The following species were examined:
Dasychira pudibiinda Linnaeus
Olene manto Strecker
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Hemerocampa Icucostigma Smith and Abbot
Porthetria dispar Linnaeus
Buproctis chrysorrlioea Linnaeus

SuPERFAMiLY BOMBYCOIDEA

This superfamily inckides those families in which the body is

more or less densely covered with setae and which usually retain

the labial palpi. They seem to be more nearly related to the Satur-

nioidea than to any other superfamily, although the Lasiocampidae

show certain points of relationship with the Liparidae. All the

members of the superfamily, so far as known, are found in thick

silken cocoons, much like those of the Saturniidae. The families of

Eombycoidea may be separated as follows

:

a. Epicranial suture present; labial palpi visible Lasiocampidae.

aa. Epicranial suture never present ; labial palpi concealed by the maxil-

lae except for a small triangular area at the proximal end.

BOMBTCIDAE.

Family Lasiocampidae

The members of this family usually have mouth parts and appen-

dages arranged as in the Liparidae (Fig. io6). The epicranial su-

ture is always present and the vertex is longer than that found in any

but the more generalized forms. The maxillae are short, never more
than one third the length of the wings, and extend very slightly be-

yond the distal ends of the labial palpi, or may be shorter than the

palpi.

The antennae are broad and pectinate, and never extend as far

caudad as the prothoracic legs. The coxae of the prothoracic legs and
sometimes of the mesothoracic pair are often visible caudad of the

maxillae and labial palpi. The prothoracic legs are slightly more than

half the length of the wings and the mesothoracic legs never reach

the caudal margin of the wings. The setae of the body are very con-

spicuous except in Tolype, but are not arranged around the scars of

the larval verrucae. The movable segments are capable of being re-

tracted till onl}' their caudal margins are visible. There is never a

cremaster present, and there are no hooked setae at the caudal end

of the body. The body is broadly rounded at the caudal end and
the body setae are usually a little longer and coarser in this region.

This family is considered by many authors to be more specialized

than any of the Saturnioidea, but the presence of the epicranial su-

ture and exposed labial palpi shows that they are much more gener-

alized. The genera of Lasiocampidae may be separated as follows :
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a. Entire surface of body except the appendages with a dense covering
of fine short setae, giving it a fui-red appearance ; abdominal seg-

ments 8-10 considerably narrower than the remainder of the ab-

domen Malacosoma lliibner.

aa. Entire surface of body except apix-ndagcs never with a dense cover-

ing of setae giving it a furred appearance, either with a very
sparse covering, or without visible setae ; abdominal segments 8-
10 not noticeably narrower than the remainder of the abdomen,

b. Body sparsely covered with very fine short setae except at the cau-

dal end, where they are longer and coarser; tenth segment broadly
rounded at the caudal end.

e. Lateral surface of abdomen on either side of the spiracles with
setae much thicker than on the dorsum ; dorsal surface of abdo-

men very eoai'sely punctate Lasiocampa Schrank.
cc. Lateral surface of abdomen on either side of the .spiracles never

with the setae more numei-ous than on the dorsum ; dorsal sur-

face of abdomen very finely punctate. . . .Cosmotriclie Hiibner.

bb. Body without any visible covering of setae; tenth segment
abruptly narrowed at the caudal end, suggesting a cremaster.

Tolype Hiibner.

The following species were examined

:

Malacosoiiia amcricaua Fabricius, disstria Hiibner

Lasiocampa quercus Linnaeus (Europe)
Cosmotriclie potatoria Linnaeus (Europe)
Tolype vellcda Stoll

Family Bombycidae

This family includes the genus Bombyx, which is domesticated in

various parts of the world (Fig. 107). The body is covered with

rather coarse short setae which are somewhat longer at the caudal

end of the body. The epicranial suture is never present. The ap-

pendages are arranged much as in Lasiocampidae. The labial palpi

are almost concealed, being overlaid by large ovate appendages, ap-

pearing to be heavily veined, which are presumably the maxillae (no
dissections were made of this species). The mandibles are repre-

sented by strongly elevated tubercles. The coxae of one pair of legs,

probably the mesothoracic, are adjacent on the meson caudad of the

maxillae. The legs are short, and both prothoracic and mesothoracic

pairs lie adjacent on the meson. The antennae are pectinate, broad
at the proximal end and rapidly narrowed, ending in a point oppo-
site the distal ends of the prothoracic legs. The mesothoracic wings
lie adjacent on the meson caudad of the mesothoracic legs. The
movable segments may be retracted so that only their caudal margins
are visible. There is no cremaster present. The pupa strongly re-
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sembles those of certain species of Saturniidae and it is quite probable

that they had a common ancestor, although the Bombycidae are un-

doubtedly more generalized. The only species in America is Botn-

byx mori Linnaeus.

SuPERFAMiLY NOTODONTOIDEA

The families included here never have the entire labial palpi ex-

posed, but a very small triangular or polygonal area is sometimes visi-

ble just caudad of the labrum. Some genera of Geometridae have the

prothoracic femora exposed, while the epicranial suture is present in

some of the members of each family. Although the larvae of Geomet-
ridae are easily recognized and are very readily distinguished from
those of the Notodontidae, the pupae show much closer relationships,

and it is difficult to draw a hard and fast line between the two fami-

lies. The three families included here have probably had a common
ancestor, and although the Dioptidae retain the epicranial suture they

must be considered the most specialized, as both Geometridae and
Notodontidae show more generalized characters in some of their gen-

era. The following table may be used .to separate the families of
Notodontoidea:

a. Antennae never extending beyond the caudal margin of the wings;
dorsum of abdomen never with a prominent hooked seta on each side

of the meson of segments 7-10.

b. Maxillae usually more than three fifths the length of the wings, if

not, then the caudal end of the body with hooked setae, or

the spiracles of the third abdominal segment concealed by the
wings and those of the sixth segment farther ventrad than those

of the other segments
;
prothoracic femora often exposed ; a deep

furrow usually present on the dorsum of the abdomen between
the ninth and tenth segments ; caudal margin of mesothorax never
with a row of deep pits with smooth tubercle-like areas between.

Geometridae.
bb. Maxillae seldom exceeding three fifths the length of the wings, if

so, then the caudal margin of the mesothorax with a row of deep
pits with smooth, elevated, quadrangular tubercle-like areas be-

tween them ; or with the entire body surface coarsely punctate

;

abdominal spiracles of the third segment never concealed by the

wings, and those of the sixth never farther ventrad than the re-

mainder
;
prothoracic femora never exposed ; a furrow never

present on the dorsum of the abdomen between segments 8 and 9

except in Datana, where the cremaster is of the type shown in

Figure 112 Notodontidae.
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aa. Antennae extending beyond the caudal margin of the wings ; dorsum
of abdomen with a prominent hooked seta on each side of the meson
of segments 7-10 Dioptidae.

Family Geometridae

The [jupae in this family (Figs. io8 and 109) never have the labial

palpi exposed except as small triangular or polygonal areas caudad
of the labrum. The maxillary palpi are never present. The epicranial

suture is present in some of the genera in Groups A and C. Some of

tlie genera have the femora of the prothoracic legs exposed. In all

the genera examined, either the prothoracic or mesothoracic leg, or

sometimes both, extended cephalad between the sculptured eye-piece

and tlie antenna. The prothoracic and mesothoracic legs are longer

than is usual in most families, the former being usually three fourths

the length of the wings, while the latter always extend to the caudal

margin of the wings. Many of the genera show the fronto-clypeal su-

ture extending from the proximal ends of the antennae and directed

caudad towards the invaginations for the anterior arms of the ten-

torium. The suture is very distinct for the cephalic part and is often

indicated by a slight furrow for the remainder of the distance. In

the genus Haematopsis there is a prominent cephalic projection

bearing hooks which hold the suspensory threads, as this pupa is not

found in a cocoon. The antennae vary little throughout the family,

and are generally equal in width to, or wider than, the prothoracic

legs, usually extending to the caudal margin of the wings. The meso-
thoracic wings usually extend farther caudad than in the nearly related

families, reaching almost to the caudal margin of the fourth abdom-
inal segment, although not visible in ventral view. The mesothorax is

very short in some genera, particularly in those of Group D, where it

is never twice the length of the prothorax. The mesothoracic spir-

acles very often have a decided projection adjacent to their caudal

margin, which is usually flattened or tuberculate in form and often

covered with very fine short setae. The abdominal spiracles are some-
times produced, and in nearly all genera the sixth spiracle, and some-
times the seventh also, is considerably farther ventrad than the re-

mainder. The abdomen is usually coarsely punctate, sometimes rougli-

ened with deep transverse striations. A cremaster of some kind is al-

ways present. One of the most interesting structures of the abdomen is

the dorsal furrow between the ninth and tenth segments. This is

usually deep and fringed with very fine setae. This furrow fre-

quently projects caudad on the lateral surface of the body and this

portion is often separated from the dorsal furrow. This dorsal fur-
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row is present in all members of Group A except Ennomos and in a

few members of Group D. These dorsal furrows are found in other

families, notably in the Gelechiidae and some Pyralididae.

The attempt to classify the pupae of Geometridae was seriously

hampered by lack of material. Reared material was very hard to ob-

tain, as the larvae develop slowly and seem to be very susceptible to

disease. The available material, moreover, did not seem to fall in

with any of the existing schemes of classification, so that the only

practical solution of the difficulty was to divide them into groups ac-

cording to the pupal characters. These may or may not be natural

groups, but they will serve to indicate relationships in some degree.

According to the pupal characters there seem to be two large divi-

sions, one with hooked setae on the cremaster, the other without them.

As the presence of hooked setae is a more generalized character,

the groups in which they are present should be the more generalized,

and the presence of the epicranial suture strengthens this view.

Group A includes representatives of the subfamilies Sterrhinae, En-
nominae, and Hydriomeninae as listed by Dyar. Group B includes

for the present only the genus Haematopsis. Group C includes the

genera Alsophila and Brephos, which are similar in many respects and
possess the same type of cremaster. This must also be considered as

a generalized group since the epicranial suture is present in Alsophila.

Brephos has usually been considered as the most generalized geomet-
rid, but no epicranial suture has been located. The maxillae are

also much shorter in Alsophila. In Group D the epicranial suture is

never present. Spiracular furrows are frequently found in Groups
A and D. The adult females of some of the geometrid species are

apterous. Although abundant material of one such species, Palcac-

rita fcnuita, was examined, the pupal wings were found as well

developed in the female as in the male. These groups of Geometridae
may be separated as follows

:

a. Cremaster with hooked setae.

b. Setae of the cremaster always of two sizes, usually either the two
or four farthest eaudad much larger than the others ; dorsum of

abdomen usually with a deep furrow between abdominal seg-

ments 9 and 10 ; body never with a bifurcate projection at the
cephalic end Group A.

bb. Setae of the cremaster always of the same size ; dorsum of abdo-
men never with a furrow between segments 9 and 10 ; body with
a long bifurcate projection at the cephalic end, densely covered
with hooked setae Group B.
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aa. Cremaster never with hooked setae.

b. Cremaster a stout T-shaped spine Group C.

bb. Cremaster always bifurcate Group D.

Group A

This group includes species in which the cremastral setae are of

two sizes, and which generally show the epicranial suture, and a dor-

sal furrow between the ninth and tenth abdominal segments (Fig.

109). Spiracular furrows are also frequently present. The genera

included in this group may be separated as follows

:

a. Epicranial suture always present
;
prothoracic femora always ex-

posed, usuall.y a large portion; spiracular furrows never present;

dorsum of abdomen with a distinct furrow between segments 9 and
10, and also on the lateral surface of segment 10.

b. Dorsum of fifth abdominal segment with a distinct furrow on the

cephalic margin ; caudal margin of the furrow between the ninth

and tenth abdominal segments with finely serrate edges and with-

out setae Hyclria Hiibner.

blj. Dorsum of fifth abdominal segment never with a distinct furrow
on the cephalic margin; caudal margin of the furrow between
the ninth and tenth abdominal segments coarsely serrate.

c. Prothoracic and mesothoracic legs extending cephalad between
the sculptured eye-piece and the antenna, the mesothoracic leg

extending almost as far cephalad as the prothoracic ; caudal

margin of the furrow between the ninth and tenth abdominal
segments without setae ; cremaster distinctly constricted at the

proximal end and circular in outline Eois Hiibner.

cc. Prothoracic leg extending cephalad between the sculptured eye-

pieces and the antenna, the mesothoracic leg never reaching
farther cephalad than the caudal margin of the eye-piece ; cau-

dal margin of the furrow between the ninth and tenth ab-

dominal segments usually fringed with fine setae ; cremaster
not constricted at the proximal end, triangular in outline,

d. Cremaster with hooked setae of nearly the same size, the me-
dian caudal setae being onl.y slightly larger than the others;

three setae inserted along each side of the cremaster, the other

two cephalad of these and slightly mesad.
Teplirodystis Hiibner.

dd. Cremaster with the hooked setae of widely differing sizes, the

two median caudal setae being much larger and longer than

the others, a smaller seta adjacent on each side, while the

other setae are arranged in a tranverse row just cephalad

of the caudal setae Cinglis Guenee.
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aa. Epicranial suture never present.

b. Prothoracic femora exposed, but only a very narrow portion,

c. Spiracular furrows present on the fifth abdominal segment ; ven-

tral surface of head with a prominent transverse ridge extending
from about the middle of the glazed eye-piece ; body setae arising

from small dark brown or black papillae. .PMlohia Duponchel.

CO. Spiracular furrows never present on the fifth abdominal seg-

ment ; ventral surface of head never with a transverse ridge

;

body setae arising from small pits Sahulodes Guenee.

bb. Prothoracic femora never exposed.

e. Antennae distinctly elevated and covered with five or six rows of

small round tubercles; distinct ridges or flanged plates present
along both margins of the movable segments.

d. Cremaster with the two median caudal spines very much larger

than the others ; distinct furrow always present between the

ninth and tenth abdominal segments; color dark brown.
Nacoplwra Hulst.

dd. Cremaster with the four caudal spines about the same size and
much larger than the others ; distinct furi-ow never present

between the ninth and tenth abdominal segments ; color

usuallj' white, sometimes partly brown.
Ennomos Treit.schke.

cc. Antennae elevated but never with distinct rows of tubercles

;

ridges or flanged plates never present on the movable segments.

d. Maxillae about two thirds the length of the wings
;
prothoracic

mesothoracic, and metathoracic legs all meeting on the meson
eaudad of the maxillae Xanthotype Warren.

dd. Maxillae always more than two thirds the length of the wings

;

prothoracic and mesothoracic legs never meeting on the

meson eaudad of the maxillae,

e. Spiracular furrows present on the cephalic margin of the

fifth abdominal segment, with more or less interrupted

ridges between ; cremaster with the four caudal setae always

larger than the others Ania Stephens.

ee. Spiracular furrows never present on the cephalic margin
of the fifth abdominal segment, cremaster with two caudal

setae larger than the others Cingilia Walker.

Group B

The pupae of this group are easily distinguished by the long bifur-

cate projection at the ceplialic end of tlie body, which is covered with

hooked setae. Tliere are never spiracular furrows present on tlie ce-

phalic margin of the movable segments. The mesothoracic legs meet on

the meson eaudad of the maxillae. The body is very slender and never

punctate. This group includes the genus Haematopsis.



130

Group C

The species of this group are distinguished by the peculiar T-
shaped cremaster. The genera may be separated as follows

:

a. Epicranial suture present
;
prothoracic and mesothoraeic legs meeting

ou the meson eaudad of the maxillae Alsophila Hiibner.

aa. Epicranial suture never present; prothoracic and mesothoraeic legs

never meeting on the meson eaudad of the maxillae.

Breplios Ochsenheimer.

Group D
This group is characterized by the presence of a bifurcate cre-

master. The epicranial suture is never present, but a portion of the

prothoracic femora is exposed in many genera. The following table

will serve to separate the genera of this group

:

a. Prothoracic femora visible.

b. Cephalic margin of the fifth abdominal segment with one deep
spiracular furrow with strongly chitinized edges, just eephalad

of each spiracle.

c. Mesothoraeic spiracle with a broad, very strongly elevated ridge or

oval tubercle adjacent to its caudal margin which is covered with

fine short setae; surface of spiracular furrow with distinct

punctures Physostegania Warren.
ec. Mesothoraeic spiracle with only a very narrow, slightly elevated

ridge adjacent to its caudal margin, usually covered with setae

;

surface of spiracular furrow without distinct punctures,

d. Dorsal surface of abdomen never with a distinct furrow be-

tween the ninth and tenth segments, its caudal margin finely

serrate; surface of the spiracular furrow almost smooth.
Ectropis Hiibner.

d. Dorsal surface of abdomen never with a distinct furrow between

the ninth and tenth segments ; surface of the spiracular fur-

rows strongly rugose Gleora Curtis.

bb. Fifth abdominal segment without any deep spiracular furrow;
cephalic margin of the segment deeply punctate, the punctures
sometimes confluent; mesothoraeic spiracle with a broad
strongly elevated ridge or tubercle adjacent to its caudal mar-
gin ; dorsal surface of abdomen without a distinct furrow be-

tween the ninth and tenth segments. . . .Cymafopliora Hiibner.

aa. Prothoracic femora never visible; deep spiracular furrows always

present on the cephalic margin of the fifth abdominal segment;

mesothoraeic spiracle always with a prominent elevation adjacent

to its caudal margin,

b. Dorsal surface of abdomen never with a furrow between the ninth

and tenth segments ; abdominal spii-acles very strongly produced

;
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eremastei' often showing two lateral setae on each side near the

proximal end.

bb. Dorsal surface of abdomen with a distinct furrow between the

ninth and tenth segments, its caudal margin coarsely serrate ; a

prominent lateral depression or furrow present on the lateral

surface of the tenth abdominal segment.

c. Maxillae four fifths the length of the wings or less ; mesothoracic

legs meeting on the meson just caudad of the maxillae; an-

tennae more than twice as wide at the proximal as at the distal

end Lycia Hiibner.

cc. Maxillae always more than four fifths the length of the wings

;

mesothoracic legs never meeting on the meson caudad of the

maxillae; antennae of almost the same width throughout,

never twice as wide at the proximal as at the distal end.

Erannis Hiibner.

The following species were examined :

Group A
Hydria iiudidata Linnaeus

Bois indiictata Guenee
Tephroclystis interrttptofasciata Packard, absinthiata Clerck

Ciuglis sindlaria Walker
PJnlobia enotata Guenee
Sabidodes lorata Grote, transversata Drury
Nacophora queruaria Smith and Abbot
Bnnomos siibsignaruis Hiibner, magnarius Guenee
Xanthotypc crocataria Fabricius

Ania linibata Haworth
Cingilia catenaria Drury
Cosymbia scrrtdata Packard

Group B
Haematopsis grataria Fabricius

Group C
Alsophila pomctaria Harris

Brephos infans Moschlet

Group D
Physosfegama ptishdaria Guenee
Bctropis crcpuscularia Denis and Schiffermueller

Clcora pampinaria Guenee
Cyrnatophora ribearia Fitch

Paleacrita vernata Peck
Lycia cognataria Guenee
Brannis tiliaria Harris
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Family Notouontidak

The pupae of this family never show more tiian a small triangular

or polygonal proximal portion of the labial paljii, and maxillary palpi

are never present. The femora of the prothoracic legs are never ex-

posed. The epicranial suture is present in the genera Apatelodes and
Melalopha. The maxillae never reach the caudal margin of the wings.

The antennae are always widest at their proximal ends, and there the

width exceeds the greatest width of the prothoracic legs. Each an-

tenna tapers gradually to a pointed tip and the tips often lie adjacent

on the meson caudad of the other appendages. The metathoracic legs

are seldom visible. The mesothoracic leg never reaches cephalad to

the eye-pieces. The abdomen is always punctate and in most species

the punctures are large. A cremaster is usually present and there are

various types, as in Figures iii, 112, 113. Packard divided the Noto-

dontidae into six subfamilies. The pupae examined show that these

subfamilies are well founded, but only tables to genera are given here

as so few species of Notodontidae were examined. The genera

Schizura and Heterocampa are not well defined and the species are

separated with difficulty. The species are listed, however, under the

subfamily name.

Some authors believe that the genus Apatelodes belongs to the

European family Eupterotidae, and is incorrectly listed with the Noto-

dontidae. As no pupae of Eupterotidae have been examined, it is im-

possible to say whether pupal characters would justify this change.

There are, however, no pupal characters as far as observed, which

would prevent its being included with the Notodontidae. The two

species differ widely and are possibly not congeneric. The following

tables will serve to separate the genera of Notodontidae

:

a. Maxillae one third, or less, the length of the wings ; both prothoracic

and mesothoracic legs meeting on the meson caiidad of the maxillae

;

abdomen very finely punctate.

b. Thorax aijd abdomen thickly covered with very fine, short setae;

cremaster a stout spine about one millimeter in length with two

short recurving hooks at the tip, each of which bears two or more

very fine setae Melaloplia Hiibner.

bb. Thorax and abdomen never thickly covered M-ith fine, short setae

;

cephalic margin of first abdominal segment without tubercles;

cremaster never as described above, sometimes absent.

c. Abdominal segments 2-7 with distinct flanged plates at both

cephalic and caudal margins, the cephalic plate interrupted by

deep pits, giving it the appearance of a row of square tuber-

cles; appendages not at all elevated, making a smooth even
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surface ; cephalic end of body not elevated between the an-

tennae ; short cremaster sometimes pi-esent.

Apatclodes Packard,

ec. Abdominal segments 2-7 never with flanged plates; appen-

dages distinctly elevated; cephalic end of body elevated be-

tween the antennae ; cremaster never present.

Harpyia Ochsenheimer.

aa. Maxillae always more than one third the length of the wings ; never

with both prothoracic and mesothoracic legs meeting on the meson

;

abdomen iisnally rather coarsely punctate.

b. Maxillae from one half to three fifths the length of the wings;

mesothoracic legs meeting on the meson eaudad of the maxillae

;

appendages roughened with deep indeterminate striations; ab-

dominal segments coarsely punctate; a distinct, deep furrow on
I the dorsum between the ninth and tenth abdominal segments;

cremaster short, bifurcate, each half with several short spiny

processes, iisually directed laterad Datana Walker.

bb. Maxillae more than three fifths the length of the wings ; neither

prothoracic nor mesothoracic legs meeting on the meson eaudad

of the maxillae; appendages usually with shallow indetermi-

nate striations; a distinct furrow never present on the dorsum
between the ninth and tenth abdominal segments ; cremaster not

as described above,

c. Entire body surface with coarse, deep punctures ; cephalic mar-
gin of the movable abdominal segments with large lunate

punctures and a distinct ridge with a row of large, very dis-

tinct punctures just eaudad of the ridge; cremaster short,

rugose, slightly bifurcate, bearing six long hooked setae ; meso-

thorax never with a deeply pitted caiidal margin.
Symmerista Hiibner.

cc. Body usually punctate on the abdomen, but not on the appen-

dages; movable abdominal segments sometimes with a slight

ridge along the cephalic margin, but never with a distinct

row of large punctui-es eaudad of the ridge ; cremaster bifur-

cate, but never with hooked setae ; mesothorax with a row of

deep pits along its caudal margin with smooth quadrangular
areas between, and partly covering them.

d. First abdominal segment with a small tubercle on each side of

the meson at the cephalic margin of the segment ; entire dor-

sal surface of the tenth segment distinctly elevated and very

rugose
;
points of the cremaster divergent.

Hyparpax Hiibner.

dd. First abdominal segment without tubercles; entire dorsal

surface of the tenth segment not elevated and rugose.

e. Wings always touching on the meson ; maxillae never as

long as the wings; cephalic end of body sometimes with
two sharp, heavily chitinized spinous projections.

Schizui'a Doubleday.



134

ce. Wings adjacent on the meso7i but not touching; maxillae

usually as long as the wings ; cephalic end of body without
heavily chitinized spinous projections.

Ileterocampa Doubleday.

The following species were examined

:

Melalophinae

Mclalopha iiicliisa Hiibner, apicalis Walker, albosigma Fitch

Apatelodinae

Apatdodcs torrefacta Sniitli and Abbot, angelica Grote

Cerurinae

Harpyia borcalis Boisduval

Pygaerinae

Datana mimstra Drury, modcsta Beutenmiiller, angusii Grote and

Robinson, chiriqucnsis Dyar, contracta Walker, drexclii Hy.

Edwards, intcgcrriina Grote and Robinson, major Grote and

Robinson, paliiiii Beutenmiiller, rolmsta Strecker

Notodontinae
Symmcrista albifrons Smith and Abbot

Heterocampinae
Hyparpax aurora Smith and Abbot
Schiziira ipomocac Doubleday, concinna Smith and Abbot,

unicornis Smith and Abbot
Hctcrocampa guttivitta Walker, biliucata Packartl

Family Dioptidae

The pupae of this family closely resemble those of the Geomet-

ridae, but are more specialized than most of the genera in that fam-

ily, although they show the epicranial suture (Fig. 115). The ap-

pendages are arranged very much as in the Geometridae, but there is

no trace of labial palpi, maxillary palpi, or prothoracic femora (Fig.

114). The antennae are filiform, extending beyond the caudal mar-

gin of the wings and about half way down on to the fifth abdominal

segment. Each prothoracic leg extends cephalad between the sculp-

tured eye-piece and the antenna. The distal ends of the prothoracic

and mesothoracic legs and the maxillae are overlaid by the antennae,

which lie adjacent on the meson at their distal ends. The abdomen is

elevated at the dorso-meson to form a low ridge, and there are promi-

nent hooked setae present on segments seven to ten as well as on the cre-

master. This family contains a single American species, Phryganidia

californica Packard. The family has usually been placed between the

Noctuidae and Notodontidae, and widely separated from the Geomet-

ridae. The pupa shows no relationship to the noctuids, and is much

more highly specialized than most members of that family.
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SUPERFAMILY SPHINGOIDEA

The members of this superfamily retain but one generaHzed char-

acter, the presence of exposed portions of the prothoracic femora in

some of the more generalized forms. The shape of the pupa is almost

as distinctive as that of the larva, being usually fusiform, often with

the head distinctly narrower than the thorax, giving the body a

"shouldered" appearance. The epicranial suture is never present, the

only distinct head suture remaining being that adjacent to the proxi-

mal end of each antenna. The wings and maxillae are unusually long

in most members of this superfamily and various means are taken to

accomodate the extra length, particularly of the maxillae. The fourth

abdominal segment is usually longer on the ventral surface than on

the dorsal, and the wings are seldom broadly rounded at their caudal

margins, but usually somewhat pointed. The position of the head is

also changed in many species and found almost, or entirely, on the

dorsal surface of the body. The mandibles are often very conspic-

uous, being represented by strongly elevated tubercles. The protho-

racic legs are usually about half the length of the wings and the meso-

thoracic legs three fourths of their length.. The metathoracic legs are

seldom visible. The antennae are for the most part filiform and vary

from two fifths to three fourths the length of the wings. In the genera

Smerinthus, Paonias, Marumba, and Cressonia the antennae are con-

siderably wider at their proximal end and slightly pectinate, being

larger and longer in the male, and the whole appearance of the body
reminds one strongly of the Saturniidae. These genera are in

many respects the most specialized of the Sphingoidea, and some of

them are found in cocoons. It is an interesting fact that the most spe-

cialized forms in nearly all of the subfamilies of Sphingidae exam-
ined, show relationship to the Saturniidae. This group is therefore

considered as related to the Saturnioidea Ijut more generalized. Cer-

tain of its members resemble in some respects the Pyralididae and
Gelechiidae. A cremaster is always present, usually triangular in out-

line and often slightly bifurcate at the distal end. The abdomen often

shows three or four transverse depressions on each segment which cor-

respond to the annulet-like rings on the body of the larva. Except in

rare instances the scar of the caudal horn of the larva is visible on the

dorsum of the eighth abdominal segment.

This superfamily contains a single family, the Sphingidae. For the

most part the genera are easily distinguished, but there were no char-
acters found that served to separate the genera Smerinthus and
Paonias. The generic names of Dyar's list have been used as far as

possible. A monograph of this family, giving tables and descriptions
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for the identification of subfamilies, genera, and species, has been pre-

pared and will be published at an early date. The following table to

genera is given simply for the identification of specimens and does not

indicate natural relationships. The genera may be separated as fol-

lows:

a. Spiracular furrows present on all the movable segments, that is, on
abdominal segments 5—7.

b. Maxillae with a free portion or so-called "raised tongue-case"

present—the maxillary loop.

c. Maxillary loop with its distal half recurved and touching the

proximal portion, forming a prominent loop on the ventral sur-

face of the body Herse Oken.

ee. Maxillary loop never with the distal half recurved, the distal end
touching the ventral surface of the body,

d. Maxillary loop strongly arched from the ventral surface of the

body, the greatest width of the space between the free por-

tion of the maxilla and the ventral surface of the body always

greater than the width of the maxillary loop in that region,

e. Dorsum of body with a strongly rugose triangular area on

each side of the meson of the metathorax and a similar

rugose band on abdominal segments 2-8 extending over the

cephalic third of the segment; lateral margins of the max-
illary loop with a serrate appearance ; the distal end of the

loop swollen and bulb-like and at least twice the width of

the remaining portion Cocytius Hiibner.

ee. Dorsum of body with a strongly elevated transverse ridge

on each side of the meson on the metathorax, the ab-

dominal segments punctate, but never rugose on the ce-

phalic third ; lateral margins of the maxillary loop never

serrate in appearance; the distal end of the loop some-

what swollen but never twice the width of the remaining

portion Plilcgctliontius Hiibner.

dd. Maxillary loop never strongly arched, but usually closely

applied to the ventral surface of the body, the space be-

tween the loop and the ventral surface of the body never so

great as the width of the loop in that region,

e. Cephalic margin of abdominal segments 5-7 with one deep

pocket-like furrow over each spiracle,

f. Maxillary loop extending as far caudad as the distal ends

of the prothoracic legs and occasionally beyond them.

Atreus Grote.

ff. Maxillary loop never extending as far caudad as the dis-

tal ends of the prothoracic legs Bolha Walker.

ee. Cephalic margin of abdominal segments 5-7 with two fur-

rows, the ectal furrow shallow, the ental one deep and
pocket-like.
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f. Spiraculai' furrows 5 mm. or more in transverse length

and extending ventrad of the spiracle for a distance equal

to the length of the spiracle Chlaenogranima Smith.

ff. Spiracular furrows always less than 5 mm. in transverse

length, seldom extending ventrad of the spiracle, if so,

then for a distance less than the length of the spiracle.

Spliinx Linnaeus.

bb. Maxillae of the usual type without a maxillary loop or so-called
'

' raised tongue-case.
'

'

c. Cephalic margin of abdominal segments 5-7 always with one

deep pocket-like furrow over each spiracle, with or without a

shallow ectal one.

d. With one deep pocket-like furrow over each spiracle on abdom-
inal segments 5-7.

e. Surface of body spinose ; cremaster broad and truncate, the

caudo-lateral angles usually produced into sharp points;

caudal abdominal segments flattened on the ventral sur-

face, and with distinctly carinate lateral margins.

Cressonm Grote and Robinson,

ee. Surface of body never spinose; cremaster pointed, trian-

gular in outline, caudal abdominal segments never flat-

tened on the ventral surface, nor with distinctly carinate

lateral margins,

f. Maxillae normally reaching to the caudal margin of the

wings, slightly less in some individuals ; mesothoracic

wings never meeting on the meson caudad of the max-
illae; scar of the caudal horn never present on the dor-

sum of the eighth abdominal segment. . .Lapara Walker,

ff. Maxillae never more than five sevenths the length of the

wings ; mesothoracic wings always meeting on the meson
caudad of the maxillae; scar of the caudal horn always
present on the dorsum of the eighth abdominal segment.

Daremma Grote.

dd. With one deep pocket-like ental furrow and a shallower eetal

one ; maxillae about two thirds the length of the wings.

Ceratomia Harris.

cc. Cephalic margin of abdominal segments 5-7 with three or four
more or less interrupted furrows over each spiracle, the sur-

face of the furrows often punctate like the remainder of the

cephalic margin.

d. Maxillae never half the length of the wings; average length

of maxillae at meson 5-6 mm., sometimes 7 mm. in large speci-

mens; dorsal cephalic margin of abdominal segments 5-7

deeply punctate, the punctures adjacent to each other, giving

it a honeycombed appeai-ance, the cephalic margin separated



138

from the remainder of the segment by a distinct earinate

ridge. ^Smerinlhus Latreille.

Il'uonids Hiibner.

dd. Maxillae half the length of the wings; average length of

maxillae at meson 10 mm., sometimes exceeding this length;

dorsal cephalic margin of abdominal segments 5-7 punc-

tate, the punctures somewhat scattered and not presenting

a honeycombed appearance ; cephalic margin never sep-

arated from the remainder of the segment by a distinct

ridge Mnrumha ]\Iooi'e.

aa. Spiracular furrows never present on all of the movable segments.

b. Spiracular furrows present on either one or two of the movable
segments.

c. Cephalic margin of abdominal segments 5 and 6 with three or

four furrows over each spiracle, the furrows separated by
sharply earinate ridges and extending almost to the meson on

both tiorsal and ventral surfaces; cremaster sparsely covered

with short curved spines on the dorsal and lateral aspects.

Ilemaris Dalman.

cc. Cephalic margin of fifth abdominal segment with three or more
shallow furrows over each spiracle, which never extend on to

the dorsal and ventral surfaces; cremaster never with short

curved spines on any portion ; labrum always on tbe dorsal

surface of the head,

d. Prothoracic femora apparent.

e. Mandibular area always elevated and usually forming prom-
inent tubercles ; cephalic margin of fifth abdominal segment
with one ental furrow over each spiracle, extending for the

entire width of the lateral aspect, and five or six interrupted

ectal furrows with interrupted earinate ridges between

;

body surface dull ; color light brown or coffee-color with

darker markings DeilcpMla Oehsenheimer.

ee. Mandibular area never elevated; cephalic margin of fifth

abdominal segment with either three or four entire fur-

rows over each spiracle; body surface highly polished;

color black with red markings ; abdominal segments finely

punctate on the cephalic half. . . .Dilophonota Burmeister.

dd. Prothoracic femora never apparent; cephalic margin of fifth

abdominal segment with six or more interrupted furrows
with short, more or less wavy interrupted ridges between

;

cephalic portion of maxillae slightly exeurved and almost

earinate on the meson; abdominal segments punctate over

the entire length Theretra Hiibner.

bb. Spiracular furrows never present on any of the movable abdom-
inal segments.

c. Pupae always less than two inches in length ; labrum usually at

the cephalic end of the body but never on the dorsal surface.
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d. Pupae with a prominent tubercle on the face-parts, just mesad
of each glazed eye, and a prominent tubercle on the labmm;
maxillae with the proximal portion excurved and carinate on
the meson Deidamia Clemens.

dd. Pupae never with prominent tubercles on the face-parts or

labrum ; maxillae never with the proximal portion excurved
and carinate on the meson.

e. Abdominal segments 5-7 with one or more interrupted rows
of spines along the cephalic margin of the segment, more
prominent on the dorsal surface Darapsa Walker.

ee. Abdominal segments 5-7 never with spines along the ce-

phalic margin of the segments,

f. Mandibular area with pi'ominent tubercles.

g. Body surface rough, deeply punctate over the entire sur-

face of the abdominal segments, especially segments
8-10; body tapering rapidly from the fourth abdom-
inal segment to the long pointed cremaster ; femora of

prothoracic legs never apparent .... Aviphion Hiibner.

gg. Body surface smooth and polished, the cephalic portion

of the segment with punctures of medium size, the

caudal portion finely, sparsely punctate ; body taper-

ing gradually from the fourth abdominal segment to

cremaster; prothoracic femora apparent.

Lepisesia Grote.

ff. Mandibular area never elevated or with prominent tuber-

cles,

g. Dorsum of eighth abdominal segment with a row of
large deep punctures or pits along the cephalic mar-
gin ; cremaster slender, never more than 2 mm. in

length; body always light colored with darker mark-
ings Ampelopliaga Bremer and Grey.

gg. Dorsum of eighth abdominal segment never with a row
of large punctures or pits along the cephalic margin

;

cremaster always more than 2 mm. in length, the
breadth equal to the length ; body always dark brown.

Spliecodina Blanchard.
cc. Pupae always more than two inches in length ; labrum either at

the cephalic end or on the dorsal surface of the body.
d. Color black, often marked with red ; body surface smooth and

polished, with a very few small punctures on the abdominal
segments; labrum at the cephalic end of the body.

PseudOSpJi inx, Burmeister.
dd. Color uniform dark brown ; body surface roughened and

densely, coarsely punctate ; labrum on the dorsal surface of
the body, at least a distance equal to its own length away
from the cephalic end of the body Pholus Hiibner.
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The following species were examined

:

Herse ciiigulata P'abricius

Cocytiiis antacus Drury
Phlegethontius qninqucinaculata Haworth, sexta Johannsen
Atreus plebeia Fabricius

Dolba hylaens Drury
Chlaenograinina jasmincarum Boisduval

Sphinx kalmiae Smith and Abbot, drupiferarum Smith and Abbot,
gorditis Stoll, lucitiosa Clemens, chersis Hiibner, crcmitus Hiib-

ner

Cressonia juglandis Smith and Abbot
Lapara bombycoides Walker, coiiifcrarum Smith and Abbot
Daremma catalpae Boisduval

Ceratomia amyntor Geyer, imdidosa Walker
Smerinthiis jamaiccnsis Drury, cerysii Kirby
Marnmba modcsta Harris

Hcinaris diffinis Boisduval, gracilis Grote and Robinson, thysbe

Fabricius

Deilcpliila lineata Fabricius

Diloplionota ello Linnaeus, alope Drury
Theretra tersa Linnaeus
Deidamia inscriptum Harris

Darapsa pholus Cramer
Amphion nessus Cramer
Lepisesia gaurae Smith and Abbot, juanita Strecker

Ampelophaga myron Cramer, versicolor Harris

Sphecodina abbotti Swainson
Pseudosphinx tetrio Linnaeus

Pholus pandorus Hiibner, achemon Drury

SuPERFAMiLY SATURNIOIDEA

The pupae of this superfamily retain none of the generalized char-

acters found in the families previously discussed and all the sutures

of the head are obliterated, even those adjacent to the proximal ends

of each antenna. The body is usually heavily chitinized, and although

there are always a few setae present they are rarely visible to the un-

aided eye. The superfamily is distinguished by the presence of broadly

pectinate antennae, in the Ceratocampidae for about one third of the

length, while in the Hemileucidae and Saturniidae they are broadly

pectinate to the distal end, and generally have the stem of the flagel-

lum elevated. The greatest width of each antenna is at least one fifth
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of its length, often much wider, and the antennae seldom extend
farther caudad than the prothoracic legs. There is a marked differ-

ence in the sexes, the antennae of the male being much broader, some-
what longer, and often meet on the meson, covering nearly all of the

appendages except the wings. The legs are shorter than in most super-

families, the prothoracic and mesothoracic legs usually either meeting
or lying adjacent on the meson. The maxillae never reach the caudal

margin of the wings, and their greatest length is not more than one
third the length of the wings, but they are usually much shorter. The
mesothoracic wings always lie adjacent on the meson and the meta-
thoracic wings are often visible on the meson in the Saturniidae. The
family Ceratocampidae has a row of broad triangular spines set on
the edge of a flanged plate along both cephalic and caudal margins of

the movable abdominal segments. They usually possess very long

cremasters, which are always bifurcate at the distal end. The Hemi-
leucidae have short cremasters, while there are none present in the

Saturniidae and few of the genera have spines at the caudal end of

the body.

A paper on this superfamily, giving tables for the identification of

families, genera, and species has been prepared and the first part,

"The Classification of the Pupae of the Ceratocampidae and Hemi-
leucidae," was published in the Annals of the Entomological Society

of America, Vol. 7, 1914, pp. 277-300. The manuscript for the re-

mainder is now in the hands of the editor of the same journal. The
following tables of families and genera and the descriptions, with some
slight additions and corrections, are taken from the paper mentioned

above. The generic names in Dyar's list are used, but the genera are

not arranged to indicate natural relationships. The superfamily

Saturnioidea may be divided into three families as follows

:

a. Pupae with the movable segments provided with flange-like plates
which prevent their being telescoped, their lateral margins distinctly

tapering caudad and each segment noticeably smaller than the seg-

ment cephalad of it; wings never elevated dorsad above the sui-face

of the body ; a distinct cremaster always present ; stem of the flagel-

lum of the antenna never elevated and distinct.

b. Pupae with a distinctly bifurcate cremaster; body usually rough-
ened with spines on the exposed .surface of the thorax and abdo-
men; metathorax with prominent oblong tubercles on each side
of the meson extending one third or more of the distance between
the meson and the margin of the first pair of wings

;
pupae always

found in the ground Ceratocampidae.
bb. Pupae without a distinctly bifurcate cremaster; body never

roughened with spines on the exposed surface of the thorax and
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abdoineii ; inotatliorax never with prominent oblong tubereles;

pupae found either in coeoons or in the gi'ound. .Hemilkucidae.'

aa. Pupae with the movable segments never provided with fiange-like

l)hites whieh ])revent their being telescoped, the lateral margins ap-

])roximately i)arallel so that the segments api)ear of eriual size and
are usually telescoi)ed so that onl.y the caudal margins of the seg-

ments are visible; wings jironiinently elevated dorsad above the

level of the body, the caudal jiortion of the mesonotum and meta-

notum always depressed adjacent to the wings ; a distinct cremaster.

rarely present; stem of the fiagellum of the antenna always ele-

vated and distinct Saturniidae.

Familj' Hemileucidae

Margins of the free segments never with a row of spines; the

body surface never roughened with spines ; antennae with the stem of

the flagellum never distinct, the central axis never set with spines, the

antennae tapering gradually from the part having the greatest width

;

maxillae never more than one sixth the length of the wings; proleg

scars seldom prominent on abdominal segments five and six and rarely

with the anal proleg scars visible; mesothoracic wings with the anal

angles broadly rounded, usually at the cephalic margin of fourth ab-

dominal segment, and usually reaching the caudal margin of the fourth

abdominal segment ventrally ; metathoracic wings never produced be-

low the anal angles of the first pair of wings and never visible in

ventral view ; metathorax never with prominent tubercles ; abdominal

segments 5 to 7 with the cephalic margin produced into a thick oblique

flange-like plate directed caudad; cremaster short, never bifurcate

at tip.

Although not usually included with the Hemileucidae the genus

Automeris is placed in this group owing to the very evident relation

of the pupae to those of the genera Hemileuca and Pseudohazis.

Morphologically they seem to be more nearly related to the Hem-
ileucidae, but they are found in cocoons like the Saturniidae. Some

of the members of this family pui)ate in the ground.

The description of this family is of necessity very incomplete

owing to lack of material. According to our available knowledge of

the subject the three genera may be separated as follows

:

a. Cremaster bearing setae arranged in a tranverse row and spreading

out fan-like Pseudohazis Grote and Robinson.

aa. Cremaster never with setae, either with eiirved spines or without

spines or setae of any kind,

b. Cephalic part of segment above the flange-like plate either smooth

or with fine longitudinal striations; pupae found in ground.
Hemileuca Walker.
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bb. Cephalic part of segment above the flange-like plate with sharp
transvei'se ridges, deep furrows between; pupae found in
cocoons Automeris Hiibner.

The following species were examined

:

Pseudohazis eglanterina Boisduval

Hemilcuca rnaia Drury, btirnsi Watson, olivae Cockerell

Automeris pamina Neumoegen, io Fabricius, leucana Hiibner, incar-

nata Walker

Family Ceratocampidae

Body with the margins of the free abdominal segments usually

bearing a row of spines, and the exposed surface of the thorax and
abdomen usually roughened with spines ; antennae never broadly pec-

tinate throughout, but broadly pectinate and almost parallel for about

one half the length, then narrowed rapidly to about half the greatest

width, tapering gradually to a pointed tip, the stem of the flagellum

never distinct, the surface convex and the central axis of the antenna
usually bearing one or two rows of small spines; maxillae never less

than one fourth the length of the wings; tips of the mesothoracic tarsi

meeting obliquely on the meson, never lying adjacent on the meson;
proleg scars very prominent on abdominal segments five and six, the

scars for the anal prolegs often very conspicuous; mesothoracic wings
with the anal angles broadly rounded, usually located at the cephalic

margin of the fourth abdominal segment and never reaching ventrad
to the caudal margin of the fourth segment ; metathoracic wings never
produced below anal angle of the mesothoracic wing and never visible

in ventral view; metathorax with distinct tubercles, more or less ob-

long, in outline, on each side the meson and extending more than one
third the distance from the meson to the margin of the wing; the

suture between the seventh and eighth segments never deep, or with

distinct crenulations on its margins ; cremaster always present, usually

long and bifurcate at tip. Five genera of this family have been

described. One genus, Syssphinx, consisting of three species, was not

available for study. The pupae of this family are always found in the

ground. The remaining genera of Ceratocampidae can be separated

by the following table

:

a. Surface of pupa never spinose ; cremaster broader than long, broadly

and shallowly bifurcate, never over 2 mm. in length.

Citlieronia Hiibner.

aa. Surface of pupa spinose; cremaster at least twice as long as broad,

bifurcate at tip, always more than 2 mm. in length.
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b. Thorax rugose with short isolated spines, abdominal segments
not spinose, but bearing a row of spines along both cephalic and
caudal margins of segments 1-7, the spines along the caudal
margin of segments 5-7 much longer than the sjjincs of the

cephalic row Basilonn Boisduval.

bb. Thorax and abdominal segments densely spinose ; abdominal seg-

ments 1-7 with a row of spines along both cephalic and caudal

margins, the spines in the cephalic row on abdominal segments
5-7 usually much longer than the spines in the caudal row ;.

maxillae, measured on meson, one fourth the length of the wings,

c. Usually with prominent scattered spines on the thoracic segments,

at least four times as long as those covering the segments; an-

tennae with the central axis bearing a row of prominent spines

curved caudad; if without prominent spines on the thoracic seg-

ments and antennae, then the maxillae are one third the length

of the wings,

d. Eighth abdominal segment never with a prominent transverse

ridge in the middle of the segment bearing a row of spines

;

glazed eye-piece always lighter in color than the remaining

surface of the body; species always more than an inch in

length Adelocephala Herrich-Schaeffer.

dd. Eighth abdominal segment always with a prominent trans-

verse ridge in the middle of the segment bearing a row
of spines

;
glazed eye-piece always the same color as the re-

maining surface of the body; species never more than an

inch in length Dnjocampa Harris.

ec. Without prominent scattered spines on the thoracic segments,

the longest never four times the length of those covering the

segments ; antennae with the central axis never bearing prom-

inent spines, the spines never cuiwing caudad ; maxillae always

one fourth the length of the wings Anisota Hiibner.

The following species were examined

:

atheroma rcgalis Fabricius

Basilona imperialis Drury
Adelocephala bicolor Harris, bisecta Lintner

Dryocampa rubicunda Fabricius

Anisota virginiensis Drury, stigma Fabricius, senatoria Smith and

Abbot, skinneri Biederman, coiisidaris Dyar

Family Saturniidae

The members of this family have the antennae broadly pectinate

throughout, or nearly so, and the stem of the flagellum is usually dis-

tinct and raised above the level of the pectinations. The maxillae are

always short, never more than one third the length of the wings, and
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usually very much shorter. The tibiae and tarsi of the prothoracic

legs, and the tarsi of the mesothoracic legs lie adjacent on the meson,
but never meet obliquely on the meson as they do in the ceratocampids.

The mesothoracic wings always have their anal angles broadly rounded
and the wings always reach the caudal margin of the fourth abdominal
segment on the ventral surface. The metathoracic wings are pro-

duced around the anal angles of the mesothoracic wings and usually

form prominent angles on the fourth abdominal segment. The meta-

thoracic wings always extend for at least a short distance along the

caudal margin of the mesothoracic wings on the ventral surface of the

body. The metathorax never has distinct oblong tubercles which are

one third or more the width of the segment, such as are found in cera-

tocampids. The suture between the seventh and eighth abdominal

segments is never deep, with distinct crenulations on its margins, and
is indistinct in many species. The cremaster, if present, is very short

and is never bifurcate at the distal end.

The known pupae of members of this family are found in silken

cocoons. Some of these are very thick and tough, others thin and pa-

pery. Only nine genera of this family have been available for study.

These may be separated by the following table

:

a. Lateral margins of abdominal segments 5-7 never approximately par-

allel, but tapering from the cephalic margin of the fifth segment,

the lateral margins usually distinctly convex ; caudal end of body
usually with stout curved spines.

b. Tenth abdominal segment never flattened into a transverse plate

with the caudo-lateral angles produced into short lobes.

e. Caudal end of body without spines; body surface with slightly

wavy, transverse ridges with distinct furrows between; meso-
thorax never with a prominent tubercle at the base of each wing.

Copaxa "Walker.

ec. Caudal end of body with stout curved spines ; body surface never
with slightly wavy, transverse ridges with distinct furrows be-

tween; mesothorax with a prominent tubercle at the base of

each wing,

d. Lateral aspects of the cephalic margin of abdominal segments
never with spiracular furrows; caudal end of body with an
oval area set with slightly curved spines arranged in two
groups and nearly all pointing outwards Telea Hiibner.

dd. Lateral aspects of the cephalic margin of abdominal seg-

ments 5-7 with spiracular furrows separated by slightly

wavy cai'inate ridges; caudal end of body deeply rugose,
with a slight concavity containing a circular group of

strongly recurved spines Tropaea Hiibner.
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bb. Tenth abdominal sc{?ment, viewed dorsally, in the form of a
transverse plate, concave on the caudal margin, the caudo-
latcral anfjles produced into lobes; the other segments strongly
concave in ventral view, with five short curved spines inserted

close together in the caudo-lateral margin of each lobe.

Agapemn Neumoegcn and Dyar.
aa. Lateral margins of abdominal segments 5-7 always approximately

parallel, the caudal end of the body never with stout curved spines,

b. Maxillae always one fourth, or less, the length of the wings, the
proximal two thirds of their margins never strongly concave;
mesothoracic wings with their anal angles on the cephalic mar-
gin of the fourth abdominal segment or eaudad of that portion of

the segment.

c. Maxillae less than one fifth the length of the wings ; antennae of

males with the sides tapering gradually to a pointed tip.

d. Both eye-pieces never visible in cither sex
;
glazed eye-pieee

seldom visible in the females, never in the males ; caudal end
of abdomen never with a band of coarse setae,

e. Eye-pieces never visible in either sex ; caudal end of abdo-
men never with spines or setae Callosamia Packard.

ee. Glazed eye-piece visible in the females ; caudal end of abdo-
men with a few very short sharp spines.

Eupackardia Coekerell.

dd. Both eye-pieces visible in either sex; caudal end of abdomen
with a transverse band of coarse setae. .Rotliscliildia Grote.

cc. Maxillae never less than one fifth the length of the wings; an-

tennae of males with the sides approximately parallel for the

greater part of their length, tapering rapidly to a blunt
rounded tip ; a small portion of glazed eye-piece always visible

in the females Samia Hiibner.

bb. Maxillae always more than one fourth the length of the wings;
the proximal two thirds of the lateral margins of the maxillae
concave; first pair of wings with their anal angles on the third

abdominal segment opposite the second pair of abdominal
spiracles Philosamia Grote.

The following species were examined :

Copaxa lavendera Westwood
Tclea polyphcmns Cramer
Tropaca liina Linnaeus
Agapcma galhina Clemens
Callosamia promcthca Drury, angidifera Walker
Uitpackardia callcta Westwood
Rotliscliildia orizaba Westwood, jorulla Westwood
Samia cccropia Linnaeus, glovcri Strecker, Columbia Smith, rubra

Behr
Philosamia cynthia Drury
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Phylogeny

The characters used as a basis for determining the phylogeny of

the order are primarily: (i) the number of movable segments; (2)

the freedom of the appendages; (3) the number of sutures present

in the head; (4) the relative length of the body segments; (5) the

presence or absence of visible labial palpi and maxillary palpi
; (6) the

presence of exposed portions of the prothoracic femora in special-

ized pupae; and (7) the method of dehiscence.

In the most generalized forms there is complete freedom of mo-
tion possible between the head and thorax, and between all the seg-

m.ents of the thorax and abdomen with the exception of the eighth,

ninth, and tenth abdominal segments, which are always fixed. As
specialization proceeds, there is a gradual loss of motion ; first between

the head and thorax, then between the segments of the thorax, and
last of all between the different segments of the abdomen. The loss

of motion in the abdomen begins first at the cephalic end, but by the

time that complete motion of the second segment has been lost there

begins a loss of motion of the seventh segment. This takes place first

in the female, and there is a large series of forms, including the super-

families Gracilarioidea, Tortricoidea, and Aegerioidea, which retain

freedom of motion in the seventh segment of the male, while there is

taking place at the cephalic end of the abdomen the loss of motion of

the third abdominal segment. There are, however, a few gen-

era of Gracilarioidea which have lost freedom of motion of all

the body segments and which form the most specialized end of

that series. The pupae which have lost motion of all the abdominal
segments except the fourth, fifth, and sixth, are those usually referred

to as obtected pupae. There are few pupae more specialized than

those of the superfamily Gracilarioidea which retain freedom of

motion of the seventh abdominal segment in the male, but there are

a few generalized forms both in the Pyralidoidea and Papilionoidea in

vvhich this is the case, as it is also in the family Epermeniidae of the

Yponomeutoidea. These three superfamilies are usually considered

as more specialized than the Gracilarioidea. As the number of mov-
able segments determines the position of a superfamily in the series

it is readily seen that these superfamilies must be considered as more
generalized than those in which motion is lost in the seventh segment
in the male. It will be remembered that a segment is spoken of as

movable when motion is possible between its caudal margin and the

segment caudad of it. As the appendages become soldered to the body
wall on the ventral surface no motion of this part of the segment is

possible if the incision between its caudal margin and the next seg-
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nient is covered by the wings, therefore it can not be considered as a

free segment. In many cases, however, dorsal movement of such seg-

ments is possible, which gives the segment freedom of movement in

certain directions; as, for instance, in curving the caudal end of the

body cephalad on the ventral surface, well illustrated in the movements
of most tortricids. Such forms must be considered as more general-

ized than those which have lost entire motion of the segment, and thus

the Pyralidoidea and Papilionoidca must occupy a lower position than

the Yponomeutoidea, whose members have lost dorsal motion of the

third abdominal segment, while the other two superfamilies mentioned

retain it. There are certain specialized forms in other superfamilies

in which motion is lost in all the body segments, notably in the family

Elachistidae of the Gelechioidea and in certain genera of the family

Nymphalidae in the Papilionoidca. There are also many genera in

various families which retain movement in only one segment.

The appendages of the generalized pupae are entirely free from

each other and from the body wall and are often considerably spread

out from the surface of the body so that the pupae strongly resemble

those of the Trichoptera. In these forms there is but a slight degree

of chitinization in any part of the body. The appendages are grad-

ually soldered down, however, first to each other, while all remain

free from the body wall, and then there takes place a gradual sol-

dering down of the appendages to the body wall, beginning first at

the cephalic end of the abdomen. In many pupae the appendages are

soldered to two, three, or four abdominal segments while the portion

of the appendages caudad of these segments remains free and allows

freedom of motion of the abdominal segments underneath. Such a

condition exists in many genera of the Aegerioidea and Gelechioidea.

The pupae with free appendages could only exist successfully in pro-

tected situations from which an easy egress was possible, and so they

are only found in cocoons, or in mines in leaves and stems of plants.

Pupae with any other environment lost the freedom of the appendages

much more rapidly, as in the case of the Lyonetiidae and some of the

Papilionoidca.

The number and arrangement of the sutures present on the head

has already been discussed under the head of external morphology,

pages 23 to 25. These sutures are gradually obliterated, beginning

with the clypeo-labral, which is lost among very generalized pupae.

The epicranial suture is one of the last to disappear, and its presence

indicates the degree of specialization in many of the higher forms, as

it is retained in some members of many superfamilies which are high

in the series.
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The fronto-clypeal suture is visible for a part of its length in most
pupae, and is especially distinct for its entire length in some of the

Gelechioidea ; but dehiscence often showed the presence of this suture

when it was impossible to locate it on the pupa. The part of this su-

ture adjacent to the proximal end of each antenna is the last head su-

ture to be obliterated, and it is lacking only in the Saturnioidea.

The segments of the body are more nearly of equal length in gen-

eralized than in specialized forms, especially in the abdomen. The
prothorax is short in the Micropterygoidea and becomes gradually

longer in the specialized superfamilies. The metathorax is long in

generalized forms and nearly equals the mesothorax in length. As
specialization proceeds, the mesothorax becomes longer and the meta-

thorax much shorter, so that the comparative length of these two seg-

ments furnishes another means of determining the position of a super-

family in the series. The abdominal segments also become consoli-

dated, first at the caudal end of the body, where they gradually be-

come shorter than the cephalic segments. After motion is lost in the

cephalic segments, they, too, gradually shorten, until the movable seg-

ments are much longer than any of the others.

The presence of visible maxillary and labial palpi also furnishes

an easy means for the identification of generalized forms. The labial

palpi are retained throughout the series, but are gradually overlaid and
concealed by the maxillae. The presence or absence of visible labial

palpi, however, indicates the degree to which specialization has pro-

ceeded along a given line. Labial palpi are visible to some extent in

some members of all superfamilies except the Saturnioidea. The
maxillary palpi are usually the first to disappear, but these palpi are

often present in the pupa, when lacking in the imago. The maxillary

palpi in generalized forms reach the proximo-lateral angles of the

maxillae, but gradually decrease in length until they are visible only

as a small triangular area caudad of the sculptured eye-piece.

When the appendages are free their position is considerably laterad

of that which they gradually assume as they become soldered to each
other. The legs are folded in such a way that in generalized forms
almost the entire femur of the prothoracic leg is exposed. Later the

tibia and tarsus of this leg are folded so that their position is nearer

the meson than formerly and the femur is entirely concealed. The
presence of an exposed portion of the prothoracic femur is a general-

ized condition which is retained by forms exceedingly specialized in

other respects, and is found in some genera of Sphingidae.

As to the method of dehiscence, there are several things to be

noted, although all too little is known of this interesting phase of pupal
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life. There is a tendency fur the generalized forms to emerge from
the mine, cocoon, burrow, or other place of protection, as a pupa, and
consequently the body is provided with some structure whicli assists

in its progress. The appendages and body segments are usually sep-

arated from each other at dehiscence and the body splits along the

median line of the vertex and thoracic segments, the vertex carrying

the sculptured eye-pieces with it. The front, with the antennae, is com-
pletely separated from the rest of the head parts in some forms, by a.

splitting along the epicranial suture on the dorsum, and along the

fronto-clypeal suture on the ventral surface. When the fronto-clypeal

suture is not entire it usually splits for a part of its length, thus al-

lowing it to be considerably elevated. In specialized forms it is usually

the imago which emerges, the pupal skin being left behind in the

cocoon or other place of protection. The appendages and body seg-

ments remain firmly soldered together and the imago escapes through

the opening made by the splitting of the vertex, when present, the pro-

thorax, and the mesothorax; or, if this is not sufficient, an irregular

opening which does not follow the line of any suture is made in the

cephalic end of the body. In these forms the eye-pieces remain at-

tached to the other face-parts.

The phylogeny of any group is usually determined by the devel-

opment of a single character. Many workers have used the venation

of the wings to arrange a series of genera or species in phylogenetic

order. Others have used the genitalia, or the arrangement of setae.

The pupae present many and varied characters which may be used to

arrange such a series. In this investigation a series was arranged for

each of the characters previously mentioned and the results of these

series were combined. These characters have the advantage over

those used by previous authors in that they comprise practically all of

the important structures of the body and are all present in the same
individual. It is cjuite probable that other characters might be used

to indicate the development of the order, such as the number and ar-

rangement of the genital apertures, the form of the spiracles, and the

arrangement of setae, none of which have been investigated sufficiently

to admit of their use in this paper.
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Plates

The following plates show in outline the principal structures of

pupae of many of the families discussed in this paper. No attempt

has been made to show all of the setae, spines, or tubercles which may
occur, but only those which are most important and are of taxonomic
value.

The following abbreviations have been used

:

a,



INDEX TO GENERA AND HIGHER GROUPS

Achatodes, 114.

Acrobasis, 75.

Aerocercops, 67.

Acrolophidae, 4.5, 46.

Acvonycta, 114, 115, 119.

Acronj'Ctinae, 108, 113.

Adelocephala, 144.

Aegeriidae, 24, 48, 49, 52.

Aegerioidea, 27, 31, 48-51, 147, 148.

Agapema, 146.

Agaristinae, 109, 112.

Aglais, 91.

Agonopteryx, 104, 105.

Agraulis, 92.

Agrotinae, 107, 109, 110.

Agrotis, 109.

Alsophila, 127. ISO.

Alypia, 113.

Amblyscirtes, 79, 81.

Ampelophaga, 139.

Amphion, 139.

Anacampsis, 102.

Anaea, 89, 93, 94.

Anaeinae, 89, 94.

Ancyiis, 52.

Ania, 129.

Anisota, 144.

Anomis, 107, 115.

Anosia, 94.

Antispila, 63.

Apantesis, 120.

Apatelodes, 132, 133.

Apaturinae, 89, 93.

Apaturini, 94.

Archips, 29, 55, 57, 58.

Arctiidae, 107, 116, 119.

Argynnini, 90, 91.

Argynnis, 92.

Argyresthia, 98.

Argyrotoxa, 56.

Aristotelia, 101, 102, 103.

Atreus, 136.

Atteva, 71, 72.

Attevidae, 69, 70, 71.

Automeris, 143.

B
Balsa, 116, 117.

Basilarchia, 93.

Basilarchinae, 89, 93.

Basilona, 144.

Bedellia, 65.

Bembecia, 49, 50.

Bombycidae, 123, 124.

Borabyeoidea, 33, 96, 123-125.

Bombyx, 124.

Brenthia, 47, 48, 63.

Brenthis, 92.

Brephos, 130.

Bucciilatrigidae, 61, 64.

Bucciilatrix, 64.

Butalis, 100.

C
Caenurgia, 118.

Callosamia, 146.

Cissia, 95.

Citheronia, 143.

Cleora, 130.

Cocceius, 82.

Cocytius, 136.

Coleophora, 98.

Coleophoiidae, 96, 98.

Copaxa, 145.
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Coptodisea, 63.

Coptotriche, 63.

Cosmopterygidae, 99, 106.

Cosmopteryx, 106.

Cosmotriche, 124.

Cossidae, 39, 40.

Cossinae, 41.

Cossoidea, 26, 31, 37, 38-41.

Crambinae, 72, 73, 74.

Cremastobombycia, 68.

Cressonia, 135, 137.

Ctemicha, 119, 120.

Cueullianae, 107, 108, 110.

Cyaniris, 84.

Cymatophora, 130.

Calpodes, 79, 81.

Cameiaria, 64, 67, 68, 69.

Canarsia, 76.

Carpoeapsa, 52, 53.

Catoeala, 117.

Catocalinae, 109, 110, 117.

Cenopis, 58.

Ceratocampidae, 140, 141, 143.

Ceratomia, 137.

Cercyonis, 95.

Charadra, 116, 119.

Charidryas, 92.

Chlaenogramma, 137.

Chloridea, 112.

Chlorippe, 93.

Choreutis, 47, 48, 63.

Chrysopeleia, 104.

Chrysopeleiidae, 99, 104.

Chrysophanus, 83, 84.

Cinelidia, 93..

Cingilia, 129.

Cinglis, 128.

Cirphis, 110, 111.

D
Darapsa, 139.

Daremma, 137.

Dasychira, 122.

Datana, 133.

Deidamia, 139.

Deilephila, 138.

Depressaria, 104, 105.

Desmia, 77.

Diacrisia, 120.

Dilophonota, 138.

Dioptidao, 125, 126,

Dolba, 136.

Dryocampa, 144.

134.

Ecpantheria, 120.

Ectropis, 130.

Elachista, 65, 104, 106.

Elachistidae, 62, 96, 98, 99, 100, 106.

Enarmonia, 52, 54.

Ennominae, 127.

Ennomos, 129.

Eois,128.

Epagoge, 57, 58.

Epargyreus, 82.

Epermenia, 97.

Epermeniidae, 59, 95, 96, 97, 147.

Ephestia, 74, 75.

Epiblemidae, 47, 52.

Epinotia, 52, 53, 54.

Epipaschiinae, 72, 73, 77.

Episimua, 55.

Erannis, 131.

Eriocraniidae, 23, 24, 25, 26, 35, 37, 48,

59, 60, 62.

Eriopus, 110, 112.

Estigmene, 120.

Euehaetias, 119.

Euclea, 43.

Eucleidae, 24, 42, 43, 44.

Eucleoidea, 25, 26, 29, 31, 37, 41-44, 62.

Eucosma, 52, 53.

Eudamus, 82.

Eulonche, 114, 119.

Eunetis, 117.

Eupackardia, 146.

Euparthenos, 118.

Euphoeades, 86.

Euphydryas, 92.

Euploeinae, 89, 94.

Euproctis, 122.

Euptoieta, 92.

Eurema, 88.

Eurymus, 88.
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Euthisanotia, 113.

Euvanessa, 91.

Evippe, 102.

Esartema, 55, 56.

F

Feniseca, 78, 83, 84.

a
Galleria, 74.

Galleridae, 26.

Gallerinae, 72, 73.

Gelechia, 103.

Gelechiidae, 99, 100, 101, 105, 135.

Gelechioidea, 23, 33, 96, 98-106, 148, 149.

Geometridae, 29, 125, 126, 134.

Gnorimoschema, 101.

Gracilaria, 26, 60, 66.

Gracilariidae, 61, 62, 65, 69.

Gracilariinae, 66.

Graeilarioidea, 23, 26, 31, 58-69, 147.

Graptolitha, 110.

H
Hadena, 110, 112.

Hadeninae, 108, 110.

Haematopsis, 126, 129.

Halisidota, 119.

Hapalia, 110.

Haploa, 120.

Harmologa, 57.

Harpyia, 133.

Harrisina, 44.
"

Heliodinidae, 45, 47, 63.

Heliozelidae, 24, 59, 60, 62.

Hemaris, 138.

Hemerocampa, 121, 122.

Hemileuca, 142.

Hemileucidae, 140, 141, 142.

Hemimene, 52, 54.

Heodes, 83, 84.

Hepialidae, 23, 24, 37, 38, 40.

Hepialoidea, 30, 37-38, 39, 41.

Herse, 136.

Hesperiidae, 27, 78, 79, 80.

Hesperioidea, 78.

Heterocampa, 134.

Homopyralis, 107, 114.

Hydria, 128.

Hydriomeninae, 127.

Hyparpax, 133.

Hypeninae, 107, 109, 116.

Hyphantria, 120.

Hypocolpus, 46.

Hypsopygia, 74.

Ineisalia, 84.

Iphiclides, 86.

Isia, 120.

J
Junonia, 91.

L
Laertias, 86.

Lagoa, 43.

Lanthape, 78.

Lapara, 137.

Laphygma, 111.

Lasiocampa, 124

Lasioeampidae, 123, 124.

Laverna, 100.

Lavernidae, 99, 106.

Lepisesia, 139.

Leucauthiza, 67.

Liparidae, 29, 107, 119, 121, 123.

Lithocolletinae, 66, 67.

Lithocolletis, 59, 67, 68.

Lophoptilus, 100. '

Lycaenidae, 27, 78, 79, 83.

Lycia, 131.

Lycophotia, 110, 112.

Lyonetiidae, 59, 60, 61, 64.

M
Malacosoma, 124.

Marmara, 67, 68.

Marumba, 135, 138.

Megalopygidae, 42, 43, 44.

Megathymidae, 78, 79.

Megathymus, 80.

Melalopha, 132.

Meliana, 111.
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Melitaeinae, 90, 92.

Mellisopus, 53.

Meniythrus, 49, 50.

Menesta, 105.

Meroptera, 75.

Micropterygoidea, 24, 30, 35-37, 149.

Miciopteryx, 20.

Mineola, 75.

Mitura, 84.

Mnemonica, 35, 37.

Mominae, 108, 116.

Momphidae, 106.

Monima, 110, 111.

N
Nacophora, 129.

Nepticulidae, 26, 29, 41, 48, 59, 60, 61,

65.

Noctua, 110.

Noetuidae, 107, 134.

Noetuoidea, 26, 33, 96, 107-123.

NotodoDtidae, 125, 132, 134.

Notodontoidea, 34, 76, 96, 125-134.

Nycteolidae, 119.

Nymphalidae, 78, 79, 87, 88, 148. .

Nymphalinae, 89, 90, 93.

O

Oecophoridae, 99, 104.

Oeneinae, 90, 95.

Oeneis, 78, 95.

Oiketicus, 40.

Olene, 122.

Olethreutes, 55, 56.

Olethreutidae, 52, 54.

Ornix, 59, 66.

Oxyptilus, 70, 71.

P
Paleacrita, 127.

Pantagrapha, 77.

Paonias, 135, 138.

Papilio, 20, 86.

Papilionidae, 78, 79, 85, 87.

Papilionoidea, 23, 24, 27, 32, 65, 69, 76,

78-95, 96, 147, 148.

Parectopa, 66.

Parharmonia, 50.

Peronea, 56, 57.

Phaecaaiophora, 57, 58.

Pheocyma, 118.

Philol>ia, 129.

I'hilosamia, 146.

Phlegethontius, 136.

Phlyctaenia, 77.

Pholisora, 82.

Pholus, 139.

Phryganidia, 134.

Phthorimaea, 103.

Phyciodes, 92.

Phyeitinae, 71, 73, 74, 75.

Phyllocnistidae, 60, 61, 65, 68.

Phyllocnistis, 68.

Physostegania, 130.

Phytometra, 116.

Phytometrinae, 108, 115.

Pieridae, 78, 79, 87.

Pinipestis, 75, 76.

Plathypena, 116, 117.

Platynota, 57, 58.

Platyptilia, 70, 71.

Plodia, 74, 75.

Plusiodonta, 107, 114, 115.

Plutella, 97.

Podosesia, 29, 50.

Polia, 110, 112.

Polychrosis, 55, 56.

Polygonia, 91.

Pontia, 88.

Porthetria, 121, 122.

Prionoxystus, 40, 41.

Prodenia, 111.

Prodoxidae, 44, 45.

Prodoxus, 46.

Pioleucoptera, 65.

Prolimacodes, 43.

Protoparce, 20.

Pseudanaphora, 46.

Pseudohazis, 142.

Pseudosphinx, 139.

Psilocorsis, 104, 105.

Psorosina, 76.

Psychidae, 39, 40.

Psychomorpha, 113.
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Pterophoridae, 28, 69, 70.

Pterophorus, 70, 71.

Pyralididae, 69, 70, 72, 135.

Pyralidoidea, 24, 32, 69-78, 96, 147, 148.

Pyralinae, 73, 74.

Pyralis, 74.

Pyrausta, 76, 77.

Pyraustidae, 23.

Pyraustinae, 73, 76.

Pyromorphidae, 42, 44.

Pyrrhia, 112.

B

Eecurvaria, 101, 102, 103,

Ehodophora, 111.

Rothschildia, 146.

Rusticus, 84.

Sabulodes, 129.

Samia, 146.

Sanninoidea, 50.

Sarrothripinae, 109, 118.

Sarrothripus, 119.

Saturniidae, 25, 28, 125, 135, 140, 141,

142, 144.

Saturnioidea, 22, 34, 96, 123, 140-146,

149.

Satyrinae, 78, 90, 94, 95.

Satyrodes, 95.

Schizura, 133.

Scythridae, 96, 99, 100.

Scythris, 101.

Sibine, 43.

Sitotroga, 103.

Smerinthus, 135, 138.

Sparganothidae, 52, 57.

Sphecodina, 139.

Sphingidae, 23, 24, 25, 29, 135.

Sphingoidea, 34, 96, 135-140.

Sphinx, 137.

Stenoma, 105.

Stenomidae, 99, 104, 105.

Sterrhinae, 127.

Sthenopis, 38.

Symmerista, 133.

Synanthedon, 50.

Synchloe, 88.

Syngrapha, 116.

Syntomidae, 119.

Syssphinx, 143.

T
Telea, 27, 145.

Telphusa, 102.

Tephroclystis, 128.

Ttanaos, 82.

Thecla, 84.

Theretra, 138.

Thiodia, 54.

Tholeria, 77.

Thorybes, 82.

Thyridopteryx, 40.

Tinea, 47.

Tineidae, 45, 47.

Tineoidea, 28, 31, 44-48, 59, 60.

Tischeria, 63.

T'ischemdae, 61, 63, 68.

Tmetocera, 54.

Tolype, 123, 124.

Tortricidae, 52, 56.

Tortricoidea, 28, 29, 31, 44, 45, 48, 49,

51-58, 59, 147.

Trichotaphe, 102.

Tropaea, 27, 145.

Trypanisma, 103.

u
Uranotes, 84.

Utetheisa, 120.

V
Vanessa, 91.

Vanessini, 90.

X
Xanthotype, 129.

Xylorictidae, 105.

Y
Yponomeuta, 97.

Yponomeutidae, 69, 71, 96, 97, 98, 100,

106.

Yponomeiitoidea, 26, 32, 96-98, 147, 148.

Ypsolophus, 102.

z
Zaie, 118.

Zelleria, 97.

Zeuzera, 41.

Zeuzerinae, 41.



Plate XIX

Fig. 1. Mnemonica auricyanea, ventral view, m^le.

Fig. 2. Mnemonica auricyanea, lateral view, female.

Fig. 3. Mnemonica auricyanea, dorsal view, female.

Fig. 4. Mnemonica auricyanea, dorsal view, caudal end of abdomen,

male.

Fig. 5. Mnemonica auricyanea, ventral view, caudal end of abdomen,

male.

Fig. 6. Mnemonica auricyanea, dorsal view, caudal end of abdomen,
female.

Fig. 7. Mnemonica auricyanea, ventral view, caudal end of abdomen,

female.

Fig. 8. Sthenopis thule, ventral view, male.

Fig. 9. Sthenopis thule, lateral view, male.

Fig. 10. Sthenopis thvde, dorsal view, male.

Fig. 11. Thyridopteryx ephemeraeformis, ventral view, male.

Fig. 12. Thyridopteryx ephemeraeformis, lateral view, male.

Fig. 13. Thyridopteryx ephemeraeformis, dorsal view, male.

Fig. 14. Thyridopteryx ephemeraeformis, ventral view, female.

Fig. 15. Prionoyxstus robiniae, faee^parts, male.

Fig. 16. Zeuzera pyrina, ventral view, male.
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Plate XXI

Fig. 32. Brcntliia piivonacclla, ventral vifw, t'ciiialc.

Pig. 33. Brenthia pavoiiacella, dorsal view, iiiali'.

Fig. 34. Chorcutis gnaphiclla, ventral view, female.

Fig. 35. Choreutis gnajihiella, dorsal view, female.

Fig. 36. Podosesia syringae, ventral view, female.

Fig. 37. Synanthcdon pietipes, dorsal view. head, tluira.x and abdominal
segments 1-3.

Fig. 37a. Synanthedon jiietipes, dorsal view, alxlominal segments 8-10.

Fig. 38. Aneylis eomi)tana, ventral view, male.

Fig. 38a. Aneylis coniptana, anal rise, lateral view.

Fig. 39. Aneylis eomptana, dorsal view, male.

Fig. 40. E.xartema ferrifcranum, ventral view, male.

Fig. 41. Peronea niinuta, lateral view, male.



Plate XXI
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Plati: XXIII

Fig. 54. Tisi-horia lu'liop.siscUa, dorsal view, male.

Fig. 54a. Tischcria hcliopsisella, lateral xicw . caudal end of abdciiiioii.

Fig. 55. Buf'culatrix sp., ventral view, male.

Fig. 56. BiU'culatrix sp., doi'sal view, female.

Fig. 56a. Buceulatrix sp., lateral view of head.

Fig. 57. Bedellia somiiulcntella, ventral view.

Fig. 58. Bedellia soninulentella, doi'sal view.

Fig. 59. Proleueoptei'a smiJaeiella. ventral view.

Fig. 60. Proleueoptera sniilaeiella, dorsal view.

Fig. 61. Cameraria hamadrj'adella, ventral view, male.

Fig. 62. Canicraria hamadryadella, dorsal view, male.

Fig. 62a. Cameraria hamadryadella, lateral view, head.

Fig. 62b. Cameraria hamadryadella, dorsal view tifth and sixth alidom-

inal segments, female.

Fig. 63. Gracilaria iicgundella, doisal view, male.



Plate XXIII
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Pl.\te XXIV

. 64. Lithoeollotis argciitinotella, ventral view, fi'iiialc.

S'. 65. Lithoeolloti.s ai'Kontinotclla, dorsal view, male.

g. 66a. Lithocollctis lueidiecstella, dorsal view, cremaster.

g. 66b. Lithocolletis tiliacella, dorsal view, cremaster.

g. 67. Phyllocnistis iiisigiiis, ventral view, male,

g. 68. Epcrmiiiia pimpinella, ventral view, male,

g. 69. Galleria melonclla, lateral view, male,

g. 70. Oxyptilus tenuidactylis, ventral view.

g. 71. Oxyptilus tennidactylis, dorsal view,

g. 72. Atteva aurea, ventral view, male,

g. 73. Atteva aurea, dorsal view, male,

g. 74. Ephestia kuehniella, ventral view, female,

g. 75. Mincola indiginella, dorsal view.



Plate XXIV



P[.\TE XXV

Fig. 76. Pyrausta futilalis, xi'iitial view, female.

Pig. 77. Epargyrcus tityrus, lateral view.

Fig. 78. Calpodes etlilius, ventral view.

Fig. 79. ( 'yaniri.s ladon, ventral view.

Fig. 80. Oencis scmidea, venti'al view.

Fig. 81. Euvanessa antiopa, lateral view, fifth abdominal segment.

Fig. 82. Zellcria celastnisella, ventral view, male.

Fig. 83. Ypoiiomenta malinellus, venti'al view.

Fig. 84. Plutella niaeulipennis, dorsal view.

Fig. 85. Argyi'esthia freyella, ventral view, female.

Fig. 86. Argyresthia freyella, dorsal view, female.

Fig. 87. ( 'oleophora malivorella, ventral view.

Fig. 88. Lophoptiliis eloisella, ventral view, female.

Fig. 88a. Lophoptilus eloisella, lateral view, caudal end of abdomen.

Fig. 89. Seythris cboracensis, ventral view.
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Plati: XXVI

90. Gclcchia scrotiiu'lla, ventral view.

91. Trichtotaphe Havocostolla, dorsal viuw.

92. Trichtotaphe flavoco.stclla, ventral view.

93. Evippe prunifoliolla, ventral view.

93a. Evippe prunifoliella, lateral view caudal end of abdomen.

94. Ypsolophus eitrifoliella, ventral view.

95. Chrysopeleia ostryaeella, ventral view.

96. Stenoma schlaegei-i, ventral view.

96a. Stenoma sehlaegeri, doi-sal and lateral views, fourtli alidom-

inal segment.

96b. Stenoma sehlaegeri, tij)s of large lateral setae.

97. Psilocorsis quereieella, ventral view.

98. Psilocorsis quereieella, lateral view.

99. Cosmopteryx elandcstinella, ventral view.

100. Elaehista praelineata, ventral view.



Plate XXM



Platk XXVII

Fiji. 101. Afi'i'iitis I)icaiiic;i, ddi'sal view.

Fii?. 102. ('ii'i)his iiiii])Uiu'ta, ventral view.

Fis'. 103. Euloiiclie oljliiiita, ventral view.

Fiff. 104. Isia isal)ella, lateral view.

Fi<;'. lOf). IIenn'r(icaiiii)a Icucdstifi'ma. ventral view.

Fifj;. lOG. Malacdsonia disstria, ventral view.

Fig. 107. Bombyx mori, venti'al view.

Fig. 108. Brephos infans, ventral view.

Fig. 109. Hydria undulata, dorsal view, crenia.sti'al setae not pi'cscut.

Fig. 110. C.yinato])liora ril)earia, doi'sal view, caudal alxloininal segments
and creniaster.

F'lfX. 111. Tephroclystis absinthiata, 4orsal view, caudal alKlimiinal seg-

ments and crcmaster.

Fig. 112, Mclalopha inclusa, dorsal view, abdominal segments and ere-

master.

Fig. 113. Datana angusii, dorsal view, caudal abdominal segments and
cremaster.

Fig. 114. Schizura ipomoeae, dorsal view, caudal abdominal segments and
cremaster.

Fig. 115. Phryganidia californica, ventral view.

Fig. 116. Phryganidia californica, dorsal view.
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