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I INTRODUCTION 

The study of the wings of insects has been one of the most fruit 

ful fields of entomology. The accessibility and the variability of 

the venation has attracted the attention of practically all students 

of entomology at one time or another. Here, as in no other organ of 

insects, thereis found opportunity to determine the phylogeny of the 

different groups. The systematist finds the numberless morphologi- 

Cal adaptations of the wing veins invaluable in classification be- 

cause of the ease with which they can be observed. 

Comstock and Needham were among the first to point out the close} 

relation existing between the pupal wing ABS aes and the adult wing 

veins. They made a study of many insects representing all the more 

important orders, and found that the veins and tracheae were closely 

related in those orders in which the tracheae precede the veins as 

Ordinarily stated. In certain groups the tracheae do not enter the 

wing until the veins are fully formed and are, therefore, valueless in 

(the determination of their homology. The Lepidoptera belong to the 

former class, in which a study of the tracheation aids in determining, 

the homology of the wing veins. 

Comstock and Needham also proposed a hypothetical type of the 

primitive nymphal wing tracheation (Fig. 1) from which, they affirmed, 

jail types of wing venation could be determined. Because their work 

dealt with all groups of insects, a comprehensive system of nomencla- 

ture was devised which could be applied to the wing veins and cells. 

This is a modification of the system proposed by Redtenbacher; but 

ithe premedia and post media of that author are omitted. The nomen- 
\ = ; 

clature of Comstock and Needham has been adopted. 
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Spuler, in his study of the venation of Lepidoptera, also devel- 

oped a hypothetical type of wing tracheation, but this was applied 

only to the Lepidoptera. He omitted costa and the fourth branch of 

media, and showed the third anal vein of the fore wing with two 

branches. He also figured both fore and hind wings with slight dif- 

ferences. 

In 1902, Enderlein published a paper which dealt. with the pupal 

wing tracheation of a few Lepidoptera. He showed the relationship 

existing between the tracheal system of the body and that of the wing 

As he studied only specialized forms, he associated media with the 

cubito-anal group of tracheae. Media undoubtedly belongs in the 

radio-medial group, as shown by Comstock and Needham. 

Enderlein divided the wing tracheae posterior to cubitus into 

two groups, the anal tracheae and the axillaries. The axillary 

tracheae are homologous with the third anal trachea of Comstock and 

Needham; and the latter name has been retained here. In the Lepi- 

doptera this trachea has two branches in both fore and hind wings in 

the generalized forms and in the fore wings of specialized forms. If 

these branches are represented by veins in the adult wing, it is us- 

ually only the anterior branch that is preserved. 

The pupal wings studied by Enderlein were those of Antheraea 

pernyi, Sphinx pinastri, Harpyia vinula, and Pieris brassicae. Al- 
though the title of the paper is "Eine einseitige Hemmungsbildung bei 

Telea polyphemus vom ontogenetischen Standpunkt", he did not study 

the pupal wings of Telea polyphemus. 

MacGillivray, 1912, published an account of the venation and 

tracheation of Stenopis thule. This insect shows a two-branched sub 

costa and a five-branched radiusin both wings and two ganal tracheae 

NEESER LET OTT 
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}It has probably the most generalized wing venation of the Lepidop- 
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and veins in the fore wing and three in the hind wing. This form 

approaches the hypothetical type of Comstock and Needham very closely 

tera. 

Considerable light is thrown on the relationship of the pupal 

Wing tracheation and the venation of the adult wing, if the develop- 

ment of a wing of a butterfly or moth be considered. Mercer, '98, 

made such a study of the development of the wings of Pieris rapae, 

and the statements made in the following pages concerning the devel- 

opment of wings are based on his discussion of the subject. 

The first stage in the development of a wing is a thickening of | 

the cells of the hypodermis, the formation of an imaginal disk on the 

Side of the thoracic segment at the point where the wing is present 

in the adult. This condition is found in the youngest larva and is 

probably present in the embryo, though none were examined by him. 

When the larva is a few hours old, at most, a slight depression 

begins at the center of the imaginal disk. A pocket-like structure 

is formed by this invagination. The process is very slow at first 

but growth is more rapid as development proceeds. This stage of de- 

Serena 

velopment is completed about the time of the third moult of the lar- 

va, when an evagination commences to grow from the bottom of the 

pocket. This evagination proceeds rather rapidly, and the evagin- 

ated portion, or wing fundament, remains inside the invagination un- 

til just before pupation, when it is pushed out through the mouth of 

the invagination. Its position then is between the hypodermis and 

the cuticle. 

A supply of air must be furnished the wing fundament throughout 

its growth. This is accomplished in various ways at the different 

Stages of its development. Until the evagination of the wing is com 
Senki tieeaeditacdad 
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i menced, the air is supplied by the tracheae of the body. After the 

| evagination has reached any considerable size, this method of air 

| supply becomes inadequate, and a special tracheal system must be de- 

veloped for each wing. 

| During the fourth larval stage, tracheoles are developed within 

| the célls of the epithelium of the large lateral longitudinal body 

| trachea. This trachea passes close to the mouth of the evagination 

and has furnished the air supply up to this period. These trach- 

eoles appear as bundles of coiled capillary air tubes practically 

filling the mother cells of the tracheal epitheliun. There can be 

© communication with the lumen of the body trachea until the intima 

racheoles then unroll and push out into the wing fundament, follow- 

ing the lymph spaces, which later develop into veins. These trach- 

eoles are known as the primary tracheoles to distinguish them from a 

. 
Lining this trachea is removed at the fourth, the next, moult. The 

different set developed later from the pupal wing trachea. 

Shortly before air is admitted into the tracheoles, a number of 

|e¢vaginations are formed from the epithelium of the same trachea that 

gave rise to the tracheoles. During the fifth larval stage these 

evaginations grow and push out into the wing fundament, and, in the 

icourse of their development, definite branches are formed. These | 

yconstitute the permanent tracheal system of the pupal wing. 

The growing tracheae enter the wing through the lymph spaces, 

as did the tracheoles. They are not functional until the final lar- 

« moult because the intima of the body trachea closes their mouths. 

|The removal of this intima allows the air to enter the wing tracheae. 

During the pupal period, the epithelium of the wing tracheae 

gives rise to a number of tracheoles which are developed from mother 
\ 
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cells in a similar manner to the primary tracheoles. These are 

known as the secondary tracheoles to distinguish them from the earl- 

der system. They aerate the region of the pupal wing between the 

main tracheae, the wing membrane. 

The veins, that is the cuticular framework of the wing, are 

formed during the pupal period after the entrance of the wing trach- 

eae. The vein cavities, however, are present from the time the two 

hypodermal layers of the wing fundament come together during the 

fourth larval stage. These cavities are the passages through which 

the primary tracheoles and the tracheae enter the wing fundament. In| 

some cases, however, Mercer found that the formation of a distinct 

vein cavity follows rather than precedes the entrance of a trachea 

into a particular part of the wing. This, however, is not the usual 

method of development. 

It would seem that the pupal wing tracheae outline an early 

stage in the development of the wing veins, because the tracheae en- 

ter along the lines of the vein cavities present in the larval wing. 

This condition is analagous to that of an exposed but undeveloped 

photographic plate. The developing veins are present, but it is 

very difficult or impossible to see es as is the case of the image 

on the plate. The tracheae enter these cavities and become filled 

with air, and it is then just as simple a matter to locate the vein 

cavities as it is to see the image after the plate is developed. 

However, it is immaterial in this discussion whether the vein 

Cavities are considered as preceding the tracheae in time of develop- 

ment or vice versa. A relationship, and a very close one, exists 

between the tracheae and the veins. If the veins are present before 

the tracheae, the latter outline their position and show an earlier, 

FEE OWE IER EES TT rT _ ——_— 
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and hence more generalized condition in their development. If the 

tracheae precede the veins, they they show a more generalized condi- 

tion of the veins because the latter are formed directly about them. 

When tracheae are found persisting where no cuticular veins are 

developed in the adult wing, it may be assumed that specialization by 

reduction has taken place in that region. It seems evident, there- 

fore, that a study of the tracheation of pupal wings should throw 

light on the manner in which the veins have been modified. This is 

the initial object of this paper. 

eee II PREPARATION OF MATERIAL 

Owing to the changes that are occurring in the pupal wings of 

insects, a methcd that is satisfactory at one period of development 

The simplest method followed is that used in the preparation of 

the youngest pupal wings that were studied. The wings were dissecte 

out of the pupal cases and were washed in clear water. The wings 

may be absolutely worthless at another. 

were then floated on the surface of the water to straighten them out 

and placed upon a microscope slide, where they were allowed to dry. 

No cover glass was used. | 

Preparations made in this way are permanent, some of the speci- 

mens made two years ago are in as good condition as those made three 

weeks ago. They are very resistent to bad usage and may be consid- 

ered about as fragile as photographic negatives. If photographs of 

such mounts are desired, they should be taken without wetting the 

specimen. As the tracheae crack somewhat in drying, water is ad- 

mitted into the betneed? tnteeeh, Wisi aet shoe well in the photo- 

graph,.as they are filled with the mounting medium. \ 

PEE IY SST EO IE EE TIT 
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The above method is not satisfactory in the preparation of those 

j Wings in which the veins have begun to thicken. These should be 

iphotographed before they are allowed to dry, and may be hardened in 

4% formol,as recommended by Comstock and Needham, if desired. If 

these specimens are allowed to dry, the veins disappear and only the 

tracheae can be identified. 

In the case of those wings in which the scales have begun to ap- 

pear, the wings need to be cleared before the tracheae can be seen. 

Glycerin jelly has usually been used for this purpose, but much bette! 

results were secured through the use of glycerin. A large percent- 

age of failures occurs when glycerin jelly is used, as the trachece 

frequently become filled with the mounting medium, owing to the heat | 

which must be used. There are no failures when glycerin is used; 

fall of the specimens make good mounts. Neither method gives 2 per- 

manent mount, and if a record of the wing is desired, it must be 

jphotographed. 

The operation of this method is simple; the wings are dissected 

washed in water,and placed on a slide. One or more drops of glycer- 

lin are added and a coverglass is placed on the mount. It should 

| stand for half a day or more to allow the object to clear, when it 

(can be photographed. In from three to seven days after the mount is 

made, the tracheae become filled with glycerin, and the mount is then 

lpractically worthless. This method is far superior to mounting in 

glycerin jelly because such mounts freauently become so clear in a 

few hours as to be worthless for photography. 

III THE TRACHEATION AND VENATION 

The venation and tracheation of the fore and hind wings of gen- 
5 \ 

(eralized Lepidoptera, such as Stenopis thule, are very similar in 
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jcharacter. This condition is characteristic of generalized insects 

lof most orders and indicates that the two pairs of wings are homo- 

Renencus in origin. All recent investigators have recognized this 

condition; and Comstock and Needham have proposed a single hypothet- | 

ical type of primitive wing tracheation (Fig. 1) as characteristic of 

both the fore and the hind wings. 

In the more specialized Lepidoptera, the Frenatae, specializa- 

tion has gabeeced in both wings. Owing to the difference in the 

ifunction of the two pairs of wings, the modifications which have oc- 

curred are very different in character. The object,which is attain- 

jed,is the formation of a triangular wing expanse which is wider ceph- 

alad and narrower caudad. The front wings are, therefore, long and 

inarrow while the hind wings are short and broad. This specializatio 

| 

has been accompanied by reduction in the different wing areas. 

1. The Fore Wings 

The greatest stress to which the wings of insects are subjected 

is exerted along the distal half of the cephalic margin of the fore 

Wing, where the greatest resistence to the wing is offered by the air 

There is, consequently, a need for some special strengthening of this 

region. This is accomplished in Lepidoptera by the grouping of 

costa, subcosta, and most, or all, of the branches of radius in a 

jnarrow area at the cephalic edge of the wing. Modifications also 

occur in the structure of the wing scales of this region which stif- 

fen this portion of the wing very materially. 

Reduction in the fore wings usually occurs in the anal area. 

As the hind wings are held in intimate contact with the fore wings, 

@ large development of the anal area would be useless, or even dnjur- 



- 

eS * 

’ i 
- ie ae 

“4 
. 2 oe 

a? Gees 
+ oe 

beck + 
ay he 

a = 

a af > 
“ vere, 

“ oes 

- % 

s? 

+ 
mar 4 

oe 4 

sia 

f rt 
w & a 

Se | 
« —w 

e . 
i eae” 

ee S, Gwad, msc mgs evant, taweeg, ith a cast 

imaie # Seneqoty- ovad zachewit baa. aitanet 

OLED Oe (2. SS) wo itsetocs®, auth wre buts ro 

; een eth ite uae 

oh  Setades’ od}. , axepgebedad Sansistedan. ca 

Suite lib Sie od gvieds ppm Tod er Bese 

avine doi dy ec% potuNe ee th) oie sipkdit yiey si 

Gis g70naul Po .egpite eas daliw O28 See ree ees eeee 

igedisne r36, feleene eeoe ape; seen 2 ‘Has coensol . 

Ga 2bae DSUS2) ysis Pap Gt) Beat in Frid, af? 

A a Joete tLe woot my he Obs ete ve be caine 7 

& als. am Qh * > 5 . or ‘ ’ » Si haae Ps 
bE 22% SEO ee aL 4 E520)" edt. ¢ ake ch ae 2 opie . owe 5s 

“4 P f a x? 

ai cokiv tenare with ai veteiet8 550 eel ieee 

Toisted?. et8 Bande Podelieit  RSEORDS anoge 

ro 

& ie 

. - s 7 ~ a a .° - * 

LLodyed oft to thet Sepak em? pooled 

atetio ek palin one of esmire tke eet bern SHE 

es oct yg ‘TES qQUe Lynd i ek be dat Leaps &2.. 8i8 

oxi ede eaten a4 vil ail ao 

9 CE Ont yaky ee na Sake ce 

os gex alae 20 nev eae a, 7 

ae | se dat lo Ts : 

1% et a i ot aeiae 

eT Pace pa sb a bikin 229k Be 
- 

ro | ee diag eel ie ate oe Be: 



| ious , due to the extensive overlapping which would result. Beduos 

1 ‘= also occurs in the radial region of some Lepidoptera; while the 

| base of media is atrophied in the non-specialized forms. 

Costa:- Costa is figured (Fig. 1) in Comstock and Needham's 

hypothetical type as an unbranched trachea extending about one-half 

the distance to the apex of the wing. Spuler omitted it in his fig-| 

ure of the hypothetical type of the primitive lepidopterous venation. 

All of the pupal wings he figured are of insects in which the costal 

trachea is minute-or wanting. The apparent absence of this trachea 

led to the belief that costa was not preceded by a pupal wing trach- 

ea and, therefore ,was not a true vein. Spuler, therefore, considered} 

this vein merely as 2 thickening of the cephalic margin of the wing. 

In &. thule, however, the structure of the costal vein and trachea is 

identical with that of the other veins, leaving no doubt as to the 

In those Lepidoptera studied, there is a considerable amount of 

variation in the degree of development of the costal trachea. In 

some cases it is rudimentary, as in Euclea querceti (Fig. 3) and 

Oe -_ — 

| 

| 

se of this structure. 

Alypia octomaculata (Fig. 8), while in other cases, particularly in i 

the Saturniidae, it is one of the veopent trachea present in the ! 

pupal wing. : 

In the single wing of Gelechia (Fig. 2) available for study, 

costa was developed to about the same degree as indicated in the hy- 

pothetical wing type. All of the Ceratoeampidae examined had a cost 

al trachea present in the fore wings, although it was not as conspic- 

— as in the Saturniidae. It is moderately well developed in 

peaesiona imperialis (Fig. 11) and in Citheronia regalis (Fig. 14). 

}In Anisota rubicunda, A. senatoria and A. stigma it is only weakly 
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| developed, although it is always present. 

In the Saturniidae,costa is one of the strongest of the pupal 

| wing tracheae. Although there is a certain amount of variation, thi 

j trachea never becomes much reduced in this group. This is illus- 

trated by the figures here shown: Antomeris io (Fig. 18), Telea 

polyphemus (Fig. 22), Tropaea luna (Fig. 26), Callosamia promethea 

(Fig. 30), Samia rubra (Fig. 32), Samia cecropia (Fig. 35), Roths- 

Childia orizaba (Fig. 44) and Philosamia cynthea (Fig. 47). In the 

jpupal wings of Ampelophaga myron (Fig. 50) costa, although present, 

is a2 very weak trachea which follows the course of the costal vein 

for about a quarter of its length. No trace of the costal trachea 

was found in the pupal wings of Epargyreus tityrus (Fig. 53) nor of 

Papilio troilus (Fig. 57) in any of the specimens examined. 

Subcosta:=— Subcosta is the trachea which lies caudad of coste. 

jin the hypothetical type (Fig. 1) it is two-branched. Spuler figure 

lsubcosta with only one branch,and numbers it I, owing to his omission 

iof the costal vein. The fact that subcosta is primarily two-branche 

iis shown by the condition in Stenopis thule, figured by MacGillivray, 

iwhere two well-developed branches are present. The reason for Spu- 

ler's failure to recognize this condition is that the generalized 

form that he studied, Hepialus sylvinus, did not possess a two- 

branched subcostal vein. 

The first branch of subcosta is lost by atrophy. This is evi- 

| dent when the condition in Stenopis thule is compared with Hepialus. 

x the former species, Se, is situated at a considerable distance 
| 
: 
- the tip of SCs. It is represented by a comparatively weak 

trachea, which is sometimes wanting in other species of the genus. 

This, together with the fact that the subcostal trachea forks so far 
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proximad of the point of origin of the free part of Sey, Clearly in- 

dicates that this vein is in the process of suppression and leads to 

the conclusion that the loss is due to atrophy. Complete coalescenc 

is out of the question because of the distance that this branch lies 

from the tip of Sp. 

The branch Sc, is always wanting in the Frenatae so far as ob- 

served. In the figure of the adult wing of Samia cecropia (Fig.33), 

there is a minute branch developed near the tip of Sco. This is un- 

doubtedly a secondary development, as none of the other cecropia wings 
; | 

examined possessed a similar structure. | 

No instance was found in which the trachea Secs was wanting or 

even noticeably reduced in any of the pupal. wings studied. This 

trachea was, without exception, one of the strongest tracheae peepee 

in the fore wing. The following figures illustrate the condition of 

the subcostal trachea:- Gelechia sp. (Fig. 2), Euclea querceti (Fig. 

3), Alypia octomaculata (Fig. 8), Basilona imperialis (Fig. 11), 

Samia rubra (Fig. 32), Ampelophaga my on (Fig. 50), Epargyreus tity- 

rus (Fig. 53) and Papilio troilus (Fig. 57). 

The Radius:- The third main trachea, according to Comstock and — 

Needham's hypothetical type (Fig. 1),and the second,according to 

Spuler's,is radius, which is typically five-branched. It divides 

first into an unbranched trachea, R,,and a stem, the radial sector, 

which divided dichotomously to Be: branches Ro, and Ry,> which 

in turn divide dichotomously to form four branches, Ro, Rg, Ry and Rs 

This method of dichotomy is usually modified in the Lepidoptera. Al- 

though many of those wings studied possess a five-branched radius, 

yet a very few of them followed this typical plan. The greatest 

amount of reduction among the forms studied was observed in the Sat- 
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Deraiidec and Ceratocampidae. In the former radius frquently has but 

jthree branches. 

The fact that the base of media is wanting in most Lepidoptera 

jobscures the branching of the radial vein, because either the first, 

}Or the first and second branches of media are attached to the radial 

stem by the radio-medial cross-vein. This makes these branches of 

media appear as branches of the radial vein. The relation of these 

branches to radius will be discussed under the head of media. 

but the typical dichotomy has been lost. It is interesting to note 

that the branching of the trachea takes place,in this species,within 

the body of the insect. The only exception found is in the case of 

ithe third and fourth branches,which are united until within a short 

distance of the fork of the veins Rs and Ry. All the tracheae, how- 

lever, follow the cavity of the radial vein, and are wound around each 

other in an irregular,loose coil. 

The radial trachea, which is five-branched, in Alypea octomacu- 

llata (Fig. 7) is only slightly modified from the hypothetical type. 

As may be noted, the veins Rz and Ry anastomose for a portion of the ! 

I 
| 

| 

course of these branches of the vein and lie adjacent in the same 

vein cavity, Ray4> for a portion of their length, proving the homol- 

ogy of the branches. This is an intermediate step in the complete 

suppression of the typical dichotomy of the radial sector in certain 

peepidoptere. The loss of this cross-vein-like portion of Re, either 

by its migration to the first fork of the radial sector,or by its 

atrophy, completes the destruction of the typical dichotomy. The 

' former is the method by which the proximal portion of Rz is removed, 

length, dividing the cell Rg into two parts. The trachea follow the} 
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pecause intermediate steps may be found in the adult wing venation. 

The figure of Datana ministra (Fig. 63) illustrates the condition 

Which follows this; radius is still five-branched, but the branches 

do not arise according to the typical dichotomy. 

I Reduction has taken place in the radial area in the Ceratocampi- 

liaae, and the radial trachea has followed the specialization of the 

Reine veins. This condition is due to the suppression of a staze in 

the ontogeny of the insect and indicates that the loss of the missing 

jjbranch of radius occurred long ago in the history of the race. As 

a result, the study of the radial trachea does not aid in the deter- 

Mai Aation of the homology of the branches of the radial vein. 

The only manner in which the homology of the branches of radius 

"may be determined is through a comparative study of the wing veins of 

_|members of this and closely related groups. In the Lepidoptera, re- 

Tauction may take place either by the atrophy or by the coalescence of 

ithe veins concerned. The latter seems to be the case in this in- 

jistance, R, and R, being the branches uniting. 
3 

There are several ways in which this reduction might occur. 

|{Comstock, in his Manual for the Study ef Insects, indicates that this) 

‘||reduction is due to the atrophy of the second branch of radius. This} 

‘J[eonciusion is probably reached because of the tendency toward atrophy 

eA which occurs in some of the radial branches of the Saturniina. It 
b 
Wis, however, very difficult to prove that the second branch is the 

|oranch that is atrophied. 

Enderlein considers that the reduction which occurs in the Sat- 
| 

urniidae is. due to the coalescence of R, and R, with M,. This is, 

of course, out of the question as it would be impossible to account 

for the four-branched condition in the Ceratocampidae if this were 
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the solution of the problem. Spuler does not figure any wings of tk 
7 

. 

Saturniidae. 

Reduction in the radius occurs in other groups of the Lepidopte 

by the coalescence of R, and Rz, Rg and Ry, and Ry and Rg. The most 

frequent of these is the coalescence of Rzand R,. The only instance 

of the coalescence of Ro and Rg are found in the Sphingidae, Lacosom- 

j lidae and Lasiocampidae. The coalescence of R, and R, takes place in 

| many Tineina and is nearly reached in certain of the Arctiidae. 

| The Saturniina were separated from the remainder of the Lepidop- 

itera quite a long time azo. This is proved by the uniform absence 

jot at least one branch of radius with no indication in the ontogeny 

jas to the manner in which this reduction occurred. They are not 

) Biiosely related to any of those families which indicate a tendency to 

| ward the coalescence of Ro and Rg. The nearest of these, the Sphin- 

exanc ; separated from the main stem even earlier than did the Satur- 

[atidae so that there has been abundant opportunity for the reduction 

lof radius to proceed along diverse lines of specialization. This 

i group is not close to the Tineina and the tendency toward the coales- 

ycence of Rz and R, is about as strong as towards the coalescence of 

IR, and Rg as in Arctiidae. 

Proof is lacking, at present, as to the method of the reduction 

lof the number of branches of radius. It seems, however, that it is 

_ 'i|more characteristic of the Lepidoptera for the reduction of radius to 

floccur by the coalescence of Rz and Ry than in any other way. This 

‘|| tendency is probably due to. the anastomosis of Rzand Ry, which,as has 

already been shown, causes the suppression of the typical dichotomy 

jot radius. The completion of the anastomosis of the proximal por- 

tions of these branches leaves the free parts of Rs and R, the short- 
W 
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est of the branches of radius. Rz and Ry are, therefore, most like- 

ly to coalesce in the Lepidoptera because this coalescence is already 

well under way. Until stronger evidence is advanced that the reduc- 

| tion in the number of branches of radius has occurred in some other 

Way, it would seem best to consider that the reduction has taken 

place by the coalescence of Rgand Ry 

Further reduction of radius occurs in the Saturniidae where the 

| reduction is caused by the atrophy of the free part of Ro. That 

this loss occurs by atrophy is proved by the condition in Samia cecro 

pia. Here individuals are found with the radius consisting of four 

branches while others have but three. This free part is far enough 

loss as due to coalescence. A number of wings were examined with 

the following result: Radius four-branched, seven; radius three- 

branched, sixteen. The same condition was observed in Callosamia 

angulifera,but no data was collected, as the number of wings examined 

was small. In Telea polyphemus (Fig. 20) the reduction is complete 

-and all the adults had a radius with only three branches, in all the 

Specimens examined. 

from the tip of the wing so that it is impossible to consider this 

In the Ceratocampidae, the radial trachea is reduced even fur- l 

ther than the radial vein. In the adult wing of Citheronia regalis 
sae ¢ - 

| (Fig. 18) the radial vein is four-branched. In the pupal wing, how- 

ever (Fig. 14), the radial trachea has but three branches. The same 

|condition occurs in Anisota where the wings have four-branched radial 

iveins and three-branched radial tracheae. 

In the Saturniidae also, there are usually fewer branches to the 

} radial trachea than to the radial vein of the same species. Owing 

ito the abundance of material a more thorough study was made inthe 
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@ase of Samia cecropia than in the other members of the family; and 

ithe number of tracheal branches present was found to be variable. 
: 

) In all the specimens of this species examined, the cephalic 

| branches of radius were found to be weaker than those caudad. The 

Dareatest amount of variation in these tracheae is found in Ry» which 

is completely wanting in some specimens (Fig. 35) although this is 

rather an unusual condition. Reed is always weaker than Re althoug 

this may not be conspicuous in some cases (Fig. 38), in others it is 

very pronounced (Fig. 35). 

It is interesting to note that the reduction of the trachea oc- 

curs before the corresponding reduction in the vein takes place. 

ee 

This is true in Citheronia regalis where there is a four-branched 

vein and a three-branched trachea. It is true in Samia cecropia 
a 

where the vein has either three or four branches while the trachea 

ispecies seems under way, as the basal portion of Ry is atrophied, 

leaving it unconnected with the radial stem. 

In the only member of the Sphingidae examined, A. myron (Fig. 

152), radius is four-branched in both the adult wing veins and in the | 

pupal wing tracheae. The reduction, which has occurred, has taken ; 

| 

has but two or three. Further reduction in the radial vein of this 

|place through the coalescence of Re and Ry. This must be determined 

by @ comparative study of the members of this family, as the tracheae 

are reduced to the same condition as are the veins. In Hemaris 

i: hysbe the branches Ro and Ra are not completely fused, thus illus- 

eo. the manner in which the reduction of radius has taken place 

jin this family. 

| 
i 
| 

Yt 

An entirely different line of specialization occurs in the front 

wings of ‘the butterflies, as was pointed out by Headlee. There is a 
« 

.*| 
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splitting-back of Ry 80 that it arises from the radial stem very clos 

jto the base of the wing. This is characteristic of all the butter- 

The proximal portion of the vein Rays 

pretss There is a scar on the radial stem near the proximal end of 

| 

is atrophied in the adult 

the discal cell and another just below the distal end of the same, | 

@=% ef which indicates the primitive position of the vein (Fig. 55). 

This is verified by an examination of the pupal wings of Epargyreus 

tityrus (Fig. 53) and Papilio troilus(Fig. 57) where the proximal 

portion of the trachea is retained. 

Media:- The trachea and vein caudad of radius is media. Com= 

| 

| 
| shown in the hypothetical type (Fig. 1). Media branches dichotomous 

stock and Needham consider that this vein has four branches, as is 

ly to form two main branches, and Me 44> which again divide to gue 
form four branches. Media is connected with radius by the radio- 

medial cross-vein and with cubitus by the medio-cubital cross-vein. 

Another cross-vein, the medial, connects the two main branches of 

media or My and Mz. As these cross-veins are not preceded by trach- 

eae in the nymphal wing, they are not figured in the hypothetical 

type. , 

In the Lepidoptera media is never found with more than three 

jbranches. Spuler, therefore, does not include a fourth branch in 

his figure of the lepidopterous type, and makes no attempt to explain| 

ithe method of reduction. Comstock and Needham considered that the 

| 
| 

| | the Jugatae. This supposition was based on a wing of Stenopis in 
; 
i 

fourth branch of media coalesced with the first branch of cubitus in 

which the cephalic branch of cubitus is again forked. The extra, 
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lhave been completed. This cannot be the case, as is shown by Mac- 

Gillivray. This condition in the wing studied by Comstock and Need- 

{ham is an abnormality because practically all the members of this -: 

}species have Cay unbranched. There is a great deal of variation in 

j the venation of the wings in the Hepialidae, as extra branches to the 

veins are of frequent occurrence. Consequently,the presence of this 

extra vein in a single specimen can be of no weight in deciding what 

| 
) 
| 
| 

bis become of the fourth branch of media. There can be no doubt but 

that both the trachea and the vein normally have only three branches 

in all members of the Lepidoptera. | 

The reduction of media is probably accomplished by the complete 

lcoalescence of Mz and Mz. The homolosy of the cephalic branches is 

proved by the location of the medial cross-vein, and by the dichotomy 

of the trachea. As this cross-vein always connects the second and 

third branches of media, the two branches cephalad must be My and M., 

because it connects the latter with the caudal branch. This connect 

ing vein must be the medial cross-vein, because it is not preceded by 

@ trachea in any of the wings examined. 

of the caudal branches takes place. It might occur by the atrophy 

of either or by the coalescence of the two branches. The latter wil 

be the method which will be assumed to occur in this group. 

One of the characteristic modifications of the lepidopterous 

j Wing is the atrophy of the proximal portion of media. It is retain- 

led by some of the more generalized Lepidoptera, but it is wanting in 

| the great majority of the members of this group. Pupae of none of 

ithe species in which the proximal portion of media is retained were 

Complete proof is wanting as to the manner in which the reduction 
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| available for study. In those species in which the base of media is 

} 8trophied, the branches of media are attached to the radial and cu- 

bital trunks by the radio-medial and the medio-cubital cross-veins. 

jin many instances, this union is so complete that, on superficial ex- 

bitus. 

An examination of the pupal wings is usually sufficient to re- 

move all doubt of the homology of media, as the proximal portion of 

the trachea is retained, and the cross-veins are usually not repre- 

amination, these branches appear to be branches of radius or of cu- 

curred in the pupal wings and secondary tracheae arising from the 

radial and cubital trunks have been developed and follow the course 

of these cross-veins. These secondary tracheae are found developed 

in many forms scattered through many families; but they are very un- 

jusual in generalized Lepidoptera. 

The presence of these secondary tracheae is very erratic, only 

in exceptional cases is an entire family found which possesses them. 

In the case of Euclea quérceti, no secondary tracheae were developed, 

while in Prolimacodes scaph2,a secondary trachea was developed from 

sented by tracheaze. In some forms, however, specialization has oc- 

H 

radius without exception, among the specimens examined. The | 

|Saturniidae is the only family in which all the members examined were 

‘found to have this peculiarity. In this case, however, the Cerate- 

| 
— are very closely allied to the Saturniidae, did not 

puer° secondary tracheae developed in any of the pupal wings examined. 

In the Nymphalidae, they are present in Anosia but not in Basilarchia 

. brassicae and P. rapae are figured by Spuler as possessing 

well-developed secondary tracheae, but Papilio, which belongs in a 

related family, did not possess them in any of the wings examined. 
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| Spuler, however, includes one of these tracheae in a figure of P. 

machaon, but it is much reduced in size. These facts show that this 

eondition occurs very widely in many groups, particularly in those 

more specialized; but that it is nowhere a general development. 

The very fact of the irregular distribution of these secondary 

tracheae and the very high degree of variability which is character- 

istic of them, practically constitutes proof that they are secondary 

developments. 

If all those forms,which possess these tracheae,were developed 

from a common ancestor, as would necessarily be the case if they were 

not secondary in origin, all those Lepidoptera having them should 

fall into a well-marked group or series of groups,characterised by 

many common points of similarity. If the attemptwere made to include 

all the species which have this peculiarity in a single group, it 

would include practically all the Frenatae. Then to account for the 

absence of these secondary tracheae in the vast majority of the Fren- 

jatae, the assumption must be made that they were generally atrophied. 

As these tracheae are internal organs of little or no possible use in 

forming a basis for natural selection, it is extremely improbable thay 

such a general atrophy would occur. It would be natural to suppose 

that those forms which have undergone the least change in form from 

this hypothetical ancestor would be most likely to possess the char- 

acter. However, this is not the case. The condition of the trach- 

eae indicates, rather, that there has been a suppression of a stage 

fin the ontogeny of the insect. The condition realized, when these 

tracheae are developed, is one of greater similarity to the adult wi 

}Venation than where they are wanting. It appears, therefore, that 

" tracheation is assuming the specialization characteristic of the 
| 
| 
| 
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adult wing venation with the consequent loss of the more generalized 

tracheation. 

It is evident, then, that Enderlein's hypothesis that the trach- 

}ea developed from radius was R and that the one developed from 
445 

iCubitus precedes the medio-cubital cross-vein cannot be the case, be- 

}cause neither of these two veins are secondary in nature. 

j Studied, media was three-branched in the adult. This was usually 

Once the secondary nature of these tracheae is understood, it is 

Simple to homologize the medial vein and trachea. In all the speci 

true in the pupal wings, as well; but in a few cases the medial 

trachea was reduced owing to the development of a secondary trachea. 

|The first branch of media was the only one to atrophy in this manner, 

) 
fas is illustrated by Samia cecropia (Fig. 38). This condition is 

| 
jrather rare in the fore wings. 

In Euclea querceti (Fig. 3), Alypia octomaculata (Fig. 8) and in 

211 the Ceratocampidae examined (Citheronia regalis, Fig. 14) the 

jmedial trachea was three-branched with no secondary tracheae develop 

jin Prolimacodes scapha,media is two-branched, and the atrophied 

branch, M,, is replaced by a secondary branch of radius. In most | 

the wings of the Saturniidae examined,media is three-branched with a 

ssecondary trachea developed from radius, and frequently one from cu- 

| 
jbitus. This condition is found in Automeris io (Fig. 18), Telea 

| 
| 
| 
jis &@ great amount of variation shown in the condition of My. In one 

polyphemus (Fig. 22), Callosamia promethea (Fig. 30), Samia rubra 

kax (Fig. 32) and Samia cecropia (Fig. 35). In Samia cecropia there 

jinstance (Fig. 38) this trachea is atrophied. 

In Ampelophaga myron (Fig. 1), Epargyreus tityrus (Fig. 53), and 

jiin Papilio troilus (Fig. 57) media is three-branched with no indica- 
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sion of secondary trachea in the wing. 

Gubi tis :- Cubitus is the trachea next caudad of media. Com- 

|| stock and Needham, and Spuler figure this trachea as two-branched. 

fin those Lepidoptera studied, cubitus was one of the most constant 

tracheae found in the pupal wing. The only marked modification is 

'jthe development of a secondary trachea in the Saturniidae and Anosia, 

}as was mentioned above. The cubital trachea was found invariably 

| well-developed, never being materially reduced in size. There is 

very little variation in the cubital vein in the adult wing. 

The condition of cubitus is illustrated by Euclea querceti (Fig. 

13), Alypia octomaculata (Fig. 8), Basilarchia imperialis (Fig. 11), 

jCitheronia regalis(Fig. 14), Samia cecropia (Fig. 37), Ampelophoga 

Myron (Fig. 51), Ewryreus tityrus (Fig. 53) and Papilio troilus 
— 

(Fig. 57). In none of the above examples is a secondary trachea de- 

veloped. In another example of Samia cecropia (Fig. 35), however, 

ja secondary trachea is found. This is the usual case among saturn- 

| ians ,as is shown by the presence of such a trachea in over three- 

/fourths of the specimens of S. cecropia and in practically all of the 

| saturnians examined. ; | | 

The Anal Area:- In Comstock and Needham's figure of the hypo- | 

| Ithetical type, the anal tracheae are ficured as three unbranched 

ltracheae caudad of cubitus. They are called the first, second, and 

ithird anal tracheae (lst A, end A, 3d A). Spuler also figures three| 

| nal tracheae, but he shows the third one branched. This condition 

is characteristic of the Lepidoptera. The names applied by Spuler 

to these tracheae were V, alpha, and beta, respectively. He made no 
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pena nana arenes enna 

The first anal vein is wanting in all of the fore wings examined 

The trachea, however, is uniformly present; and is at least fairly 

well-developed, as is shown by the following examples: Euclea quer- 

geti (Fig. 5), Alypia cotomaculata (Fig. 8), Basilone imperialis (Fig 
‘Samia rubra (Fig. 32), Eparzyreus tityrus (Fig. 53) and Papilio troi- 

jjaus (Fig. 57). 

‘| The second anal vein is present in all the species examined. 

WThe trachea which precedes this vein is the strongest of the anal 

|i tracheae. It is present in all the specimens examined and is illus- 

trated by the figures listed above. 

| The third anal trachea was branched in a majority of the pupal 

Wings examined, as was pointed out by Spuler. Enderlein found a 

similar condition in the pupal wings that he studied and named these 

\itracheae the axillaries. There can be no doubt, however, that the - 

jjaxillaries are homologous Witithe third anal trachea of Comstock and 

| Needham, the only modification is the presence of two branches in- 

stead of one. Their point of origin and position in the wing is 
| 

identical with that of the third anal trachea. Enderlein figures | 

| 
| |his axillarics as arising independently and this condition was found 

lin several instances. In the majority of cases, however, the main 

| sten of the third anal trachea is present, usually extending well in- 

to the wing before branching occurs. 

5 The first branch of the third anal vein was found in a majority 

jot the adult wings examined, and was coalesced with the second anal 

vein for the greater part of its length, only a comparatively small 

llportion of the proximal end is free. The tracheation of the pupal 

Iwing also indicates this coalescence with the second anal vein(Figs. 

3, 8, 50, and 53). The first branch of the third anal trachea fol- 
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through 

It seems likely, however, that there are two lines of speciali- 

zation in the wings of Lepidoptera. In the moths, at least, it 

yseems that the coalescence of these two veins may take place even 

When the distal portion of the first anal trachea lies at a consider- 

fjable distance from the second anal trachea. This is true in the 

WSaturniidae as is shown in the adult (Fig. 43) and pupal wings (Fig. 

4 44) of Rothschildia orizaba. The proximal portion of the first 

branch of the third anal trachea is represented by a vein which co- 

“alesces with the second anal vein, while the distal portion of this 

|itrachea does not approximate the position of the second anal trachea. 

As this is connected by intermediate forms with others in the group 

jin which there can be no doubt of the homology, it seems likely that 

where only a single vein is retained in the adult wing it is probably 

|ithe second anal and the first branch of the third in which coalescenc 

thas become complete. This tendency is indicated by the manner in 

‘which the proximal portions of the two veins draw together and the 

‘point of union migrates towards the base of the wing. 
ral 

In Papilio (Fig. 57) there seems to be another line of develop- 

ment. Here both the vein and trachea of the first branch of the th 

third anal arise from the proximal end of the second anal vein. The 

distal portion of the vein curves strongly caudad and terminates at 

ae caudal margin of the wing. The trachea turns and extends along 

the caudal margin to the anal angle of the wing. Owing to the lack 

fot material it is not possible to determine if this line of develops 

|ment is characteristic of the butterflies. 

The second branch of the third anal vein is wanting in the adult 
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ings of practically all Lepidoptera. The loss of this vein has bee 

due to atrophy, as is shown by the continued presence of the trachea 

while no vein is formed around it. It is always a weak trachea 

which extends along the caudal margin of the wing in much the same 

manner that costa follows the cephalic margin. The second branch of 

| the third anal trachea is represented in Fuclea guerceti (Fig. 3), 

| octomaculata (Fig. 8), Citheronia regalis (Fig. 14), Telea 

Wpolyphems (Fig. 3%), Samia cecropia (Fig. 39), Rothschildia orizaba 

I (Fig. 44), Ampelophaga myron (Fig. 50), Eprzyreus tityrus (Fig. 53), 

fland Papilio troilus (Fig. 57). This trachea was found to be pres- 

jent in at least one example whenever a considerable series of speci- 

| mens of any Single species was examined. This indicates that it is 

MeeAabotistic of the Lepidoptera. 

| In addition to the two branches of the third anal trachea that 

are normally present in the pupal wing, secondary tracheae are fre- 

| quently developed. They have the appearance of the normal branches 

of the third anal trachea and are attached either to the main stem or 

\ the second branch. They are usually quite weak. The lack of uni- 

| formity in their point of origin and hucwes even in the two wings of} 

ll tne same individual, proves that ey are merely secondary in char- 

| acter. 

| 6. The Hind Wings 

The specialization found in the hind wings of the Frenatae is 

quite different from that of the fore wings. In the generalized 

|iforms , the Jugatae, in which little progress has been made toward the 

formation of a triangular wing expanse, there is little difference 

ir venation between the two wings. This similarity is shown by 

Spuler's hypothetical figure for the venation of the Lepidoptera. 
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The only differences indicated by him are the presence of a short 

Jepur arising from the base of subcosta (I) which is wanting in his 

figure of the front wings. He also omits the second branch of the 

third anal trachea (beta) which he figures in the fore wing. The 

jtatter trachea should be included in the scheme of the hind wings, as 

| will be shown later. 

| Spuler's figure exemplifies the generalized venation of the 

| Jugatae, as may be seen by a comparison with Stenopis thule as fig- 

lurea by MacGillivray. The chief difference between the two is the 

jabsence of the first branch of subcosta in the type and its presence 

jin the wing of Stenopis. Among the generalized forms, the hind wing 

lis Only slightly modified from the general plan of the fore wing, as 

is illustrated by Spuler's figure. 

Costa:- The costal vein is present in all wings along the 

| cephalic margin. In a majority of cases it is not strongly chitin- 

j ized and is difficult to identify. However, it is just as charac- 

| 
; 
; 

| 

j teristic of the hind wings as of the fore, as is shown by the presenc 

of a costal trachea in the pupal wings. As the costal margin of the 

hind wing is supported by the anal area of the fore wing, there is no’ 

jneed of a strong vein along the edge of the wing, and a strong vein 

jwould tend to reduce the flexibility of the wing area and thus im- 
| 
}pair its value as an organ of flight. This undoubtedly accounts for 

jthe reduction of the costal vein. 

| MacGillivray figures a chitinized costal vein as present in the 

jPupal wing of Stenopis thule; but no trachea was observed as pre- 

| ceding ae The costal trachea is frequently reduced or apparently 
|| 

wanting, as would be expected in consideration of the usual reduction 
1 7 ‘ 

pet this vein in the adult wing. \ 

| 
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ze The costal trachea is present in some specimens of Euclea quer- 

cots (Fig. 4) and Prolimacodes scapha (Fig. 6) extending cephalad fro 

|j the base of subcosta. It is never strongly developed, and in many 

; instances is apparently wanting. A very similar condition is found 

ian the wings of Alypia octomaculata in which the trachea is a trifle 

|istronger and considerably longer. It is of more general occurrence 

jin these wings, and is bent distad along the cephalic margin of the 

Wwing. 

| A rather weak costal trachea is characteristic of the Ceratocan- 

pidae (Fig. 15), while in the Saturniidae,it is strongly developed 

W(Figs. 23, 40). A rather weak traches, extending ations the cephalic 

Imarein of the wing is present in Ampelophaga myron (Fig. 52). No 

‘jicostal trachea was found in the wings of Epargyreus tityrus, but a 

Tene12 trachea was observed in the wings of Papilio troilus. 

| Subcosta:- The subcostal vein is two-branched in certain of 

Iithe Jugatae, as is the case in the fore wings. This was shown by 

| |ifacGillivray in the instance of Stenopis thule, where the first 

branch of subcosta occurs. It is preceded by a trachea in the pupal 

wings, but this trachea does not extend into the free part of Sey, 

|far as observed. The reduction of the first branch occurs by the 
4 

llatrophy of the free part, as is indicated by the inconstancy of this 

jvein. The distance of the point of origin of the free part of Se, 

3 is so great that coalescence is very improbable. 7 the tip of Sc 

1 The second branch of subcosta is as constant in the hind as in 

‘the fore wings; and is represented by a very strong trachea in all 

||the specimens examined. The condition of subcosta is illustrated by 

|ithe following figures: Euclea gquerceti (Fig. 4), Alypia octomacu- 

Wlata (Fig. 10), Citheronia regalis (Fig. 15), Telea polyphemus (Fig. 



' a rm 
. 4 3 

va 

t Aes ~~ - ae ee 

f 
i’ 
{ ’ : 
ty LANGE Ce ot S82 
ii 

3 R 
a: ca P's 

} 
ry 

¥ = 

> 1 

' ~ wy - } ‘ 

ij 
t 4 

iy par Ws Me 

i 
1 om 

¢ a] ov 742,509 5 
+ 
yy 

' 
: nif (| 

| F 
4 

} 

: >. 
a UReLe 

enw a2 

rie 35% be 

4 
we Se 

a 

- wt 

- we 

& 

F ' 
ie ~ 

by pT 8 Sas 

ahd Wow 

* aot 

ar ew ty he 

“ 
tt le - 

4 

; one Hira At er ee oF 
vg it 4 ee ae ee « 9 we he Aa (foi Ae eevee vive Agee sersa 2k 98 

ties of bemonmied=0owes at-aievy. (Ags000o oe oe? 

Oia Ce CBee ORaiv Stor ot Ff See. ia E as ug | 

ee a ee wet ike . WALLY hn ad ee a ae ee = suet Bee re f 

a0 vise eerd odd BekD Eee tent af ayol dedowi? esti. 

we Star Og Pose ae oe ee be ass isha. yon , BSE 

stncenetaaca + 

2m on ey a ri 4 | Oe ae 
ue Me Ty i he et he ee ~ ” ies Se 

‘ =r 
Fa, ah * vl t $ rey De 

t Began ae a ie ws re RS cee FR 

- * . 7 0 ey pt ty ee ty RAS neg’ a oT 
os ee eee Jt Nas ~ 2 eh = 

At =< - igs “) ap ++ 
J ay Je Y ee, ad > J ae Fh oes 

eo ree) ‘ % ~~ Was g * ad 
as SAS dhe ok BB ate ped a G c Ww ~ 

¢ " 4 . - Y - 
( y So ace. se eer Pag 

. . - i . ww bP. 7 
4 é pee a i ees wet el ee ge es See 

“ w ae | 
z A 4 

ee: 

ro Seps.chdg pA 23 : atvEee HF AOR 

ot 4 ’ 
4 e 

‘(ore tors Git SAtrg a ee we tet go ones 

r 

ttn) Spat oct te ie bod te take add a0 wowed eth. 

L.. Veer a a dank dnexdt 28  # ao io a e 

fake 5 Sat. 2 Fae: fee aa ab atupedue 20 itone'ss Fa af 

te aa fee e Baan bas ‘ey 

seul ig: sb ettocsue ee aM 

= td ; f 

SLOG, Bayete 



; 

33), Samia cecropia (Fig. 40), Ampelophaga myron (Fig. 53), Epargyre 

tit rus (Fig. 54), and Papilio troilus (Fig. 59) 

if The area cephalad of subcosta is usually expanded to furnish an 

area which will extend forward beneath the front wings to ensure co- 

ordination of movement essential in flight. In the moths this area 

jis rarely furnished with veins, as it is held in position by the 

Fjucun or frenulum as the case may be. The only vein, in those cases 

|iwhere the frenulum is developed, is a thickening of the costal margin 

jjof the Wing extending from the base of the wing to the frenulun. 

[mis vein is costa without a doubt. 

| In most of the butterflies and in the Lasiocamp_uidae, among the 

jmoths, the frenulum is atrophied, while a greatly expanded area is 

iaveloped. some support must be given to this area or it would not 

have the stiffness necessary to hold it in place. This is accom- | 
. plished by the production of secondary veins. In Comstock's Manual, 

these veins in the Lasiocampidae are called humeral veins, while the 

|ispurs in the butterflies, which are apparently identical, are called 

jcosta,I. 
| 

i No pupal wings of any of the Lasiocampidae were available for 

SEs 4 is evident that the spur present in Papilio sot] 

ius cannot be the costal vein. In Figure 61,costa is represented as 

)& very weak trachea extending cephalad along the proximal margin of 

the wing. A similar condition existed in the specimen shown in 

|| Figure 60, but the costal trachea does not appear in the photograph, 

jjowing to that portion of the wing being out of focus. 

| | The. subcostal trachea is the well developed trachea extending 

|| to the apical angle of the wing. It branches near its base and 

lcives rise to a trachea which extends along and beyond the spur de- 
|) 

\ 

i veloped from the base of subcosta. 

4 
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This trachea cannot be homologous with costa because it is not 

3 found in the position normally occupied by that trachea, while anoth 

‘|itrachea does exist in the wing which, as was shown above, is homolo- 

}gous with costa in other wings. It cannot be the first branch of 

}subcosta because that vein and trachea is atrophied in most of the 

| generalized forms, and no intermediate forms, in which Sc, is present 

| 
ast This trachea cannot represent the humeral cross-vein because | 

cross-veins are not preceded by tracheae; so that even if the vein 

in the adult wing were the humeral cross-vein, this trachea would be, 

secondary in nature. It is possible that the butter- 

| flies are developed along a line that has retained the humeral cross- | 

jvein, but it would be difficult to understand how there could be two | 

numeral Ccross—-veins as in the Lasiocampidae. In the latter case, | 

both veins must be secondary, as none of the relatives of this group 

have such veins. It seems likeythat this vein is secondary in the 

|butterflies as well, because of the usual absence of a humeral cross- 

Reais in more generalized forms. 

: Radius :- Radius is five-branched in the Jugatae as is shown by 

Stenopis figured by MacGillivray. It is practically identical with 

| this vein in the fore wing of the same suborder. ts 

In the Frenatae, however, a considerable reduction has occurred | 

- this vein; only two branches are retained. Comstock, in the 

Manual for the Study of Insects, considered the radius as consisting . 

of a single branch. He overlooked the first branch, which is coal- 
} 

| | 
Jesced with subcosta for most of its length. Spuler had already 

jpointed out this condition in his paper on the phylogeny and ontogeny 
| 

jot the wing veins of the Lepidoptera. There can be no doubt of the 

| 
| homology of this cephalic branch of radius when the pupal wings, are 
i 

1 
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ac oaiaaal Only very specialized forms have this trachea wanting, 

| even in those cases where the cross-vein-like portion of the vein has 

migrated to the base of the wing, and is apparently wanting the trach 

| ea persists. 

There is little variation usually found in the radial trachea. 

4) and Alypia octomaculata (Fig. 10). The proximal cross-vein-like 

portion of the vein has migrated to the base cf the wing in Citheron- 

ia regalis (Figs. 13 and 15), Automeris io (Figs. 17 and 19), Telea 

polyphemus (Figs. 21 and 23), Tropaea luna (Fig. 29) and Philosamia ——_—— 

Both the vein and trachea are two-branched in Euclea querceti (Fig. 

cynthia (Figs. 48 and 49), and the trachea R, has been retained in 

} 31) and Rothschildia orizaba (Fig. 46), the cephalic branch of the 

trachea is atrophied. It is almost certain that R 

the wing. In Samia cecropia (Fig. 40), Caklosamia promethea (Fig. | 

1 is not always 

present in those forms listed above and not always absent in the 

others. 

In Ampelophaga myron (Fig. 52), Epargyreus tityrus (Fig. 54) and 

, 'Papilio troilus (Fig. 60) this trachea is retained as is the proximal 

portion of the vein which it represents. The radial trachea fre- 

quently gives rise to secondary tracheae which supplant the normal | 

branches of media, as in the fore wing. 

4 Media:- The condition in media is identical to that in the 

fore wing. The basal portion of the vein is atrophied in all but 

|the most generalized forms, and the branches are attached to radius 

land cubitus by the radio-medial and the medio-cubital cross-veins. 

|The trachea retains its proximal portion and usually all of its 

jbranches, but secondary tracheae may take the place of one or even 

fox of these branches. The homology is easily determined, however, 

a 

y 

. 
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iby a comparison with the fore wings. 

The three branches of the medial trachea are separate to the ba 

lof the wing in Euclea querceti (Fig. 4) as in the front wing. In 

| Prolimacodes scapha (Fig. 5), the first branch of the medial trechea 

lis wanting, its place being taken by a secondary branch of radius. 

Media is branched normally in Alypia octomaculata (Fig. 8), and the 

medial cross-vein is wanting. In Citheronia regalis (Fig. 15), 

media is three-branched with no secondary tracheae developed from 

either radius or cubitus, while in AUtomeris io (Fig. 19), Telea 

polyphemus (Fig. 33), Tropaea luna (Fig. 29), Callosamia promethea 

zaba (Fig. 45), (Fig. 31), Samia cecropia (Fig. 40), Rothschildia ori 

jand Philosamia cynthia (Fig. 49) of the Saturniidae, there are second 

lary trachea present in this area. In Ampelophaga myron (Fig. 52), 

Epargyreus tityrus (Fig. 54) and Papilio troilus (Fig. 59), media is 

 gihaaaeiabi with no secondary tracheae developed. 

Cubitus:- Cubitus is invariably two-branched in the hind wings 

both veins and tracheae are well-developed with only slight varia- 

tions. Cubitus is illustrated by the following figures: Euclea 

qguerceti (Fig. 4), Alpiz octomaculata (Fig. 10), Citheronia regalis 

| (Fig. 15), Telea polyphemus (Fig. 23), Samia cecropia (Fig. 40), a 

| Philosamia cynthea (Fig. 49), Ampelophaga myron (Fig. 53), Epargyreus 

| tityre s (Fig. 54) and Papilio troilus (Fig. 59). 

| Anal Area:- The anal area of the hind wings of Lepidoptera is 

Jusually not so reduced as is this region in the front wings. There 
a 

eee eset le amount of variability in this regard, however, as is 

shown by the material studied. Euclea guerceti and Prolimacodeg 

\scapha have three anal veins, Alypia octomaculata and Citheronia re- 

| 

| 

| 

y but two, the Saturniidae only one, Ampelophaga myron and Epar- 

LL 
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Teyreus tityrus two and Papilio troilus one. In the pupal wing, thes 

are three well-developed tracheae, no matter how many of the veins 

jlare atrophied in the adult wing. The two cephalic tracheae are al- 

ways unbranched, but the third frequently has a small branch extend- 

ing caudad from its proximal portion. As in the fore wing, this | 
Seeudal trachea is usually not followed by a vein. Comstock (in 

Beutenmuller's Monograph of the Sesiidae) considers that where a 

fourth anal vein is present in the hind wing, as is the case with 

some members of this group, the third anal vein is branched. The 

frequent presence of the weakly developed trachea representing the 

second branch of the third anal trachea proves that the third anal 

vein is developed around the first branch of the third anal trachea. 

is very uniform; the greatest variability is shown in regard to the 

presence of the second branch of the third anal trachea. Where 

| 
| 

| 

Although the number of veins is not constant,the number of tracheae 

| 

. 

' fiatrophy of one of the three anal véins occurs,it is invariably the 
] 

first that is wanting. The second vein to disappear is the first ~ 

branch of the third. When but one vein is retained, it is invariab- 

ly the second. 

The condition in the anal area is illustrated by the following 

figures:  Euglea querceti (Fig. 4), Citheronia regalis (Fig. 15), 
— ae -_— ne 

|Telea polyphemus (Figs. 21 and 23), Tropaea luna (Fig. 29), Samia 
) 
jcecropia (Figs. 34 and 41), Philosamia cynthia (Figs. 48 and 49), Am- 
! 
|pelopaga myron (Fig. 53), and Papilio troilus (Fig. 59). None of 

; | the preceding examples show the second branch of the third anal trach 

ea. In those following, however, this trachea is present: Proli- 

| 
jmacodes scapha (Fig. 6), Alypia octomaculata (Fig. 10), Automeris io 

I (Fig. 19), Telea polyphemus (Fig. 324), Samia cecropia (Figs. 40 and 
i \ 

42) and Rothschildia orizaba (Fig. 45). Some names appear in both 
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bat 
wists, indicating the high degree of variability that occurs in this 

ftrachea. It is likely that other names would be found in both lists, 

fit & greater number of specimens were examined. 

IV MODIFICATIONS OF THE TRACHEATION 

One of the most conspicuous characteristics of the tracheation 

OL the pupal wings studied was the high degree of variability found 

jin many of the species. The degree to which variation occurred was 

jnot constant in the different groups, the butterflies and the more 
t 

jeeneralized moths were more constant, as a rule, than the more spec- 

jialized moths, as the Saturniidae. Those species in which there had 

| been considerable modification of the tracheation exhibited the great 

lest amount of variation. 
} 

| The variations of most general occurrence may be divided as fol- 

j lows: The splitting-back of the tracheal branches of the main trach 

jeae, thus eliminating the main trunk of the trachea in certain cases, 

| the union of two tracheal trunks which are normally separate, the de- 

|velopment of secondary tracheae, and the atrophy of a trachea which 

fis normally present in the wing. 
} 

The splitting-back of the branches of the tracheae of the pupal 
| / 

jWing is characteristic of Euclea querceti, in particular, although it 

lis found in many groups. In this species (Figs. 3 and 4), practicall 

jall the branches arise in the body cavity,and follow the normal cours 

jof the tracheal trunk until they reach the free part of the branch 

-|Ithey represent along which they extend. The tracheal trunk is want- 

jing and its place taken by a loose coil of the tracheal branches. 

‘|The only case in which any branching occurs within the wings of this 
Hi 
llspecies, so far as observed, is in the case of Rz and R, which are 
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united until they are just proximad of the forking of the branches | 

|, and R,. 

| A very similar condition is found in the wings of Prolimacodes 

| scaph : In this case, however, the splitting-back is not quite so 

complete as in E. querceti. The secondary trachea arising from rad- 

pius, which takes the place of the first branch of media, is not free 

tO the base of the wing; but is united to radius at the point of or- 

igin of the radio-medial cross-vein. In the hind wing (Fig. 5) the 

radial stem is present,as is usually the case in the pupae. In the . 

ffore wing, radius sometimes has as few as two trachea present in the 

stem of radius. The medial stem is sometimes undivided. 

In Sanninoidea exitosa the splitting-—-back is usually complete, 

as is figured in Bentenmuller's Monograph of the Sesiidae. Isolated 

examples are also found in other groups, but the splitting-back is 

not so complete as in the examples mentioned above. In some speci- 

mens of Basilona imperialis R, is separate from R,, in Automeris io 
—= 

Miya is separate from Mz4, and cubitus is split clear to the base, 

land in Samia cecropia (Fig. 42) cubitus is split back to the base of 

j the wing. 

In a few individuals in the Saturniidae the first anal trachea 
SOOw Te “EEE 

is fused with the cubital trunk for some distance from the base of 
a 8 — —__ __ ________ 

| the wing. This is illustrated by Figure 39 of the fore wing of 

| Samia cecropia,. 

This union of the tracheal trunks is clearly a more special- 

eet condition than where they are free,as is normally the case. It 

| Seems likely, then, that the splitting-back is a more generalized con- 

jdition than is the normal condition. If this is the case, it seems 

Jlaaxery that this may represent a more generalized condition than, that 
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figured by Comstock and Needham in their hypothetical type of wing 

| tracheation. The tendency seems to be for the tracheation to follow 

|| the specialization of the veins,so that the condition illustrated by 

|i the hypothetical type would naturally result from a type in which the 

| trachea are split back to the base of the wing. 

The development of secondary tracheae may occur from the branch- 

les of radius and cubitus, as was shown in the previous pages. In 

Such instances they illustrate the tendency of the tracheation to fol 

‘ j low the specialization of the veins. In other cases they originate 

jfrom the base of the wing, in which case they have no significance 

except to show that variation is of more general accurrence in the 

jtracheation than in the venation of the wings. Examplesbf this de- 

| velopment of secondary tracheae from the base of the wing areshown by 
| 

| Figures 14 and 49. 

The atrophy of a trachea, which is represented by a vein in the 

jadult Wing, is of rather frequent occurrence in the Saturniidae. In 
q 
a cecropia, for example, the trachea representing R, is frequent- 

lly atrophied, as was shown on a previous page. It k@s was beER 

that 
jPointed out at that time, tnis condition indicates that the vein rep- 

‘ 

q | resented by such a trachea is in the process of suppression. 

V SUMMARY 

In the preceding discussion an attempt has been made to prove 

‘|| the following points: 

| 1. The co-called splitting-back of the tracheae in Euclea quer- 

ppeots i, et al., indicates a more generalized tracheation than tha 

| 
yj found in the hypothetical type of Comstock and Needham. 

&. The splitting-back of R in the Rhopalocera indicates a i A+5 
generalized rather than a specialized condition. 
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ae The coalescence of the tracheal trunks may occur in special- 

ized Ruins as illustrated by the cubital and the first anal trachea, ||4<¢~ 

| 4. The loss of a tracheal branch may precede the loss of the vei 

which is usually formed around it. 

| 5. The tracheae developed from radius and from cubitus which 

|were described by Enderlein as Ra $5 and the medio-cubdital cross-vein 

‘| respectively, are secondary in origin. 

. 6. The tendency exists for the tracheation to follow the special 

ization of the venation with the consequent suppression of some of 

jjthe stages in the ontogeny. 

7. The reduction characteristic of the radial area of the Sat- 

urniina is accomplished by the coalescence of Rz and Ry. 

| 8. The spur which is characteristic of the humeral area of cer- 

tain Heterocera and Rhopalocera is secondary in origin. 

9. The third anal trachea of the hind wings of the Lepidoptera 

is typically two-branched, as is the case in the fore wings. 
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VII EXPLANATION OF PLATES 

Plate I 

Hypothetical type of comstock and Needham 

Pupal fore wing of Gelechia sp. 

Plate 3 

Pupal fore wing of Euclea querceti 

Pupal hind wing of Euclea querceti 

Plate 3 

Pupal hind wing of Prolimacodes scapha 

Basal area of pupal hind Gis of Prolimacodes scapha 

Plate 4 

Radial area of the pupal fore wing of Alypia octomacu- 

lata 

Pupal fore wing of Alypia octomaculata 

Plate 5 

Anal area of the pupal hind wing of Alypia octomaculata 

Pupal hind wing of Alypia octomaculata 

Plate 6 

Pupal wing of Basilona imperialis 

Adult wing of Citheronia regalis 

Plate 7 

wing of Citheronia regalis 

wing of Citheronia regalis 

| Plate 8 

wing of Citheronia regalis 

wing of Automeris io 

Plate 9 

wing of Automeris io 
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Pupal fore wing of Automeris io 

Plate 10 

Pupal hind wing of Automeris io 

Adult fore wing of Telea polyphemus 

Plate 11 

Adult hind wing of Telea polyphemus 

Pupal fore wing of Telea polyphemus 

Plate 12 

Pupal hind wing of Telea polyphemus 

Pupal hind wing of Telea polyphemus 

Plate 13 

Adult fore wing of Callosamia angulifera 

Pupal fore wing of Callosamia angulifera 

Plate 14 | 

Pupal hind wing of Callosamia angulifera 

Pupal fore wing of Tropaea luna 

Plate 15 

Pupal hind wing of Tropaea lune 

Pupal fore wing of Callosamia promethia 

Plate 16 

Pupal hind wing of Callosamia promethia 

Pupal fore wing of Samia rubra 

Plate 17 

Adult fore wing of Samia cecropia 

Adult hind wing of Samia cecropia 

Plate 18 

Fig. 35 Pupal fore wing of Samia cecropia 

Fig. 36 Pupal fore wing of Samia cecropia \ 
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Plate 19 

Pupal fore wing of Samia cecropia 

Pupal fore wing of Samia cecropia 

Plate 30 

Pupal fore wing of Samia cecropia 

Pupal hind wing of Samia cecropia 

Plate 21 

Pupal hind wing of Samia cecropia 

Pupal hind wing of Samia cecropia 

Plate 32 

Adult fore wing of Rothschildia orizaba 

Pupal fore wing of Rothschildia orizaba 

Plate 33 

Pupal hind wing of Rothschildia orizaba 

Pupal hind wing of Rothschildia orizaba 

Plate 324 

Pupal fore wing of Philosamia cynthia 

Adult hind wing of Philosamia cynthia 

Plate 25 _ 

Pupal hind wing of peeuigeeei a cynthia 

Pupal fore wing of Ampelophaga myron 

Plate 26 

Anal area of the pupal hind wing of Ampelophaga myron 

Pupal hind wing of Ampelophaga myron 

| Plate 37 

Pupal fore wing of Epargyreus tityreus 

Pupal hind wing of Epargyreus tityreus 

Plate 328 ‘ 

Adult fore wing of Papilio turnus 
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Adult hind wing of Papilio turnus 

Plate 29 

Pupal fore wing of Papilio troilus 

Basal portion of the pupal fore wing of Papilio troilus 

Plate 30 

Pupal hind wing of Papilio troilus 

Humeral area of the pupal hind wing of Papilio troilus 

Plate 31 

Pupal hind wing of Papilio troilus 

Humeral area of the pupal hind wing of Papilio troilus 

Plate 32 | 

Pupal fore wing of Datana ministra 

Spuler's scheme of the tracheation of the primitive lep 

idopterous wing 

Plate 33 

Pupal fore wing of Hepialus thule, after MacGillivray 

Pupal hind wing of Hepialus thule, after MacGillivray 



7 — = 

eg pe 

- yee 

—_ 

im, 

.< 

a a 4 ' r age - Z f - fe a fee hae ee 
“ rns .. EE tots, bash Eee aoe hy ‘ote: 

| Jak he : one mae a 
Ohi ices ta Ap sre of Me yt ae To ety semipesss 

NORM Tad Te ul yay eek ee td esd ieetif Ravngrt 

4 i Pe Seed * 

ee 
a 

| tent pie FF 
+ o ans | ae 

ts ee: | alana 

1 ors me : 7 ¥ =a r + Z ty 

be 

: ; =e : 
ass. a ae 

> 

i eae ae | 

——— a 

oetelta ly getal to py. eee kane 

ra a Lin pes e Tas aa at > sats to aay aoe wy Ces ase 

yobtt..cueresqORe 

£ ‘ - i 
os Fat 

‘. . re tap CLE @a Ta’ yo iw age Lae 



Cc Sq Se, 

Cu, 
Ist A 

7aA 2a A 

4 Fig 

Fig. 8 Pupal fore wing of Gelechia sp. 
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Plate 2 

Fig. 3 Pupal fore wing of Euclea querceti 

Fig. 4 Pupal hind wing of Euclea querceti 2 
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Plate 4 

ik 

i Fig. 7 Radial area of the pupal fore wing of Alypia octomaculata 

| 
Fig. 8 Pupal fore wing of Alypia octomaculata 
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Fig. 10 Pupal hind wing of Alypia octomaculata 
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Fig. 11 Pupal fore wing of Basilona imperialis 

. Fig. 12 Adult fore wing of Citheronia regalis 
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Fig. 13 Adult hind wing of Citheronia regalis 

Fig. 14 Pupal fore wing of Citheronia regalis ; 
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Fig. 16 Adult fore wing of Automeris io 
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Plate 9 

é. Fig. 17 Adult hind wing of Automeris io 

Fig. 18 Pupal fore wing of Automeris io 
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Plate ll 

Fig. 21 Adult hind wing of Telea polyphemus 

Fig. 828 Pupal fore wing of Telea polyphemus 
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Plate 12 

| 

Fig. 23 Pupal hind wing of Telea polyphemus 

Fig. 24 Pupal hind wing of Telea polyphemus 
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Plate 13 

Fig. 25 Adult fore wing of Callosamia angulifera 
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, Fig. 26 Pupal fore wing of Callosamia angulifera 
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Fig. 27 Pupal hind wing of Callosamia angulifera 

Fig. 28 Pupal fore wing of Tropaea luna 
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Plate l vi 

Fig. 29 Pupal hind wing of Tropaea luna 

Fig. 30 Pupal fore wing of Callosamia promethia 
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- $1 Pupal hind wing of Callosamia promethia 

. 980 Pupal fore wing of Samia rubra 
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Fig. 33 Adult fore wing of Samia cecropia 

Fig. 34 Adult hind wing of Samia cecropia 





Plate 18 

Fig. 35 Pupal fore wing of Samia cecropia 

Fig. 36 Pupal fore wing of Samia cecropia 
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Plate 19 
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ig. 37 Pupal fore wing of Samia cecropia F 

Fig. 38 Pupal fore wing of Samia cecropia 
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Plate 30 

Fig. 39 Pupal fore wing of Samia cecropia 

Fig. 40 Pupal hind wing of Samia cecropia 
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Plate 21 

eed 

Fig. 41 Pupal hind wing of Samia cecropia 

Fig. 42 Pupal hind wing of Samia cecropia 
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Plate 323 
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| Fig. 45 Pupal hind wing of Rothschildia orizaba 

Fig. 46 Pupal hind wing of Rothschildia orizaba 
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Plate 24 

Fig. 47 Pupal fore wing of Philosamia cynthia 

Fig. 48 Adult hind wing of Philosamia cynthia 
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Fig. 49 Pupal hind wing of Philosamia cynthia 

Fig. 50 Pupal fore wing of Ampelophaga myron 
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Fig. 51 Anal area of the Pupal hind wing of Amphelophaga myron 

! 
i Fig. 52 Pupal hind wing of Ampelophaga myron 
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Adult fore wing of Papilio turnus 

Adult hind wing of Papilio turnus 
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Fig. 57 Pupal fore wing of Papilio troilus 

Fig. 58 Basal portion of the pupal fore wing of Papilio troilus 
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Plate 3l 
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i Fig. 61 Pupal hind wing of Papilio troilus 

Fig. 66 Humeral area of the pupal hind wing of Papilio troilus 
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Plate 32 

Fig. 63 Pupal fore wing of Datana ministra 

' Fig. 64 Spuler's scheme of the tracheation of the primitive 
‘, 

lepidopterous wing 
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Fig. 1. Hepialus thule, pupal wings. 

Figs. 65 and 66 Pupal wings of Hepialus thule, after MaeGilli- } 
vray 
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