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INTRODUCTION.

This is a stud}^ in the phylog-ony of a group of animals based on a

stiulv of the modifications of a singh^ organ. It is an attempt to traee

tiie course of the changes wrought hy natural selection, an effort to

apply the principles of descent to taxonomy.

Classifications based on the modifications of a single organ are gen-

erally imperfect. But on no single organ of any group of animals or

plants has the efi'ects of natural selection been written so clearly as on

the wings of insects. The record is spread out as on a printed page

and only awaits the translator. The taxonomy of several groups of

insects based on a genetic study of their wings has been pu])lished,

and in every case where phylogenies based on other sets of organs

have been made it has been found that they confirm the conclusions

derived from a study of the wings.

The Tenthredinoidea have been carefully studied by many investi-

gators. Several classifications have been proposed, but no attempt

has been made hitherto to work out an arrangement along- the lines

here proposed. In previous groupings a character common to a large

number of forms and not common to others has been taken as of high

value, while those common to a smaller number of forms as of sub-

ordinate value. No account has been taken of the question as to

whether these characters include forms of one or of many lines of

descent.

At the outset I wish to express my obligations to Prof. J. H. Corn-

stock and Dr. W. A. Riley for constant advice throughout the prepa-

ration of this paper; to the authorities of the United States National

Museum for the loan of specimens from their collections not otherwise

accessible to me, and to Mr. J. Chester Bradley for the privilege of

examining a number of species and for looking over the manuscript.
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I.—HISTORICAL."

Students of wing-venation in the past almost invariably made the

mistake of considering the few-veined wing as the starting point and

the many-veined wing as the acquired condition. In the Lepidoptera

a wing-type like that occurring in the Noctuidfs or Arctiidge was con-

sidered the generalized condition, whih' the many-veined wings of the

Hepialida? and Micropteiygidje were looked upon as being at the sum-

mit of specialization in that ordei'. In the Diptera the wing of the

Muscidiv was taken as the starting point, and the extra veins found in

the Tabanidte and Leptida' were considered as entirel}" new develop-

ments and were given special names. The same view was held b}^

writers on the Hymeno])tera, where a wing type similar to that found

in the SphecidcC was made use of.

Our knowledge of the homology of the wing veins of insects is due

to the work of several investigators. The first one to consider this

subject was Hermann Hagen.'' He published a paper Ueber rationelle

Benennung des (leaders in den Fliigeln der Insekten, but this had

little more effect than to call attention to the importance of the sub-

ject. The first serious attempt to homologize the wing veins of

insects of all orders was not undertaken until sixteen years later when
Josef Redtenbacher'' pu]>lished a paper on a Vergleichende Studien

uber das Fliigelgeader der Insekten, which was an epoch-making work.

Unfortunately he made the serious mistake at the beginning of his

investigations of adopting the conclusions of Adolph; '' who, from a

study of the development of wing veins, had concluded that the veins

were, of two distinct kinds, concave and convex. The concave veins

had been produced by a thinning and the convex veins l>y a thickening

of the wing meml^rane; the former by a pushing in of the trachea, the

latter ))y the formation of chitinous lines and occupied l)y trachea?

only secondarily. Kedtenl)acher believed further that the wing was

longitudinally plaited, consisting of alternate ridges and grooves, the

concave or primary veins being situated at the bottom of the grooves

and the convex or secondary veins along the top of the ridges. He
considered that in the primitive insect the two wings of each side

were fan-like in form and similar in venation, like the wings of the

Saltatorial Orthoptera and Ephemeridge. Starting with such a manv-

veined type, he was successful in horaologizing the main stems of the

principal veins, but through his efforts to apply the theory of Adolph,

«For extended bibliographies of pajiers dealing with the wing veins of insects the

following should be consulted:

H. J. Kolbe. Einfiihrung in die Kenntniss tier Insecten. 1893. Pp. 269-271.

A. 8. Packard. Text-book of Entomology. 1898. Pp. 147-148.

6 Hermann Hagen. Stett. Ent. Zeit., XXXI, 1870, pp. 316-320.

c Josef Redtenbacher. Ann. k. k. Naturh. Hofmus., T, 1886, pp. 153-232.

f'G. Ernst Adolph. Ueber Insectentliigel. 1879.
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he was led into serious errors in honiologizing- the tips of the veins.

In comparing- the few veined wings of the Lepidoptera, I)ii)tera, and

Hymenoptera, where [)raetically all the concave veins are wanting,

with his primitive fan-type of wing, he concluded that fully one-half

of the veins had been lost. He was the first to devise a uniform

nomenclature and to apply it to all the orders of Avinged insects.

Beginning with the front margin of the wing, the veins were named

costa, subcosta, radius, media, cubitus, and anal. The convex veins

were designated l)v odd Roman numerals, costa by I, radius by III,

media by V, cubitus by VII, and the convex anal veins by IX, XI,

XIII, etc., the concave veins by even Roman nunuu-als, subcostaby II,

the concave anal veins ]\\ VIII, X, XII, etc.. the concave veins IV
and VI being left inmamed. The branches of the veins were desig-

nated l)v x-Vrabic numerals appended as indices to the Romati numerals

the Arabic indices being odd or even in accordance witli whether the

veins ncre convex or concave.

Redtenbacher in conjunction with Brauer in Ein Beitrag zur Ent-

wicklung des Flugelgead(>rs der Insekten." from a study of the devel-

opment of the veins in the wing of a nymph of an ^Eschnid, proved

that ])oth concave and convex veins are preceded by trachet^ and are

therefore similar in oiigin and consequently completely u]iset the

conclusions of Adolpii.

Spuler in iSUiJ in a pajier, Ziir Phylogenie und Ontogenie des Flii-

gelgeaders der Schmetterlinge,'' gave the results of an investigation of

the trachet^ that precede the wing veins, determined the type of the

lepidopterous wing, and was the tirst to recognize that radius in the

hind wings of this order has only two In'anches. A modified form of

the Redtenbacher notation was adopted, the veins being numbered
consecutively with Roman numerals and Arabic indices regardless of

their origin, Redtenbacher's veins IV and VI l)eing entirely disre-

garded. Unfortunately, however, he overlooked the trachea of costa,

vein I, and began his numbers with the second of the pi'incipal veins.

The following year Comstock' published the results of a general

investigation of wing \'eins, with special reference to the Lepidoptera.

From a comparative study of the wings of carl)oniferous insects he

showed that the two pairs of wings were similar in form and venation,

the most generalized forms being found among the carboniferous

cockroaches, where, with one exception—the anal furrow, vein VIII

—

all of the veins are convex, while none of the wings are plaited. He
further showed that the fan-type of wing assumed by Redtenbacher as

the primitive type was an extreme type of specialization for a par-

ticular kind of flight, and that instead of regularly alternating concave

"F. Bx-auer and J. Redtenbacher. Zool. Anz., XI, 1888, pp. 444-447.

''A. Spuler. Zeit. Wisw. Zool., LlII, 1892, pp. 597-646.

'•J. H. Comstock. Wilder Quarter-Century Book, 1893, pp. ;-i7-113.
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and convex veins the concave veins are .secondary in orig-in, being

either luoditied convex veins or veins that have arisen de novo. The
concave veins having- arisen to meet two distinct needs—first, in those

insects whore the wings are ])i-oadly expanded so as to fit them for a

sliding flight there is a necessity for a plaiting of the wings when not

in use so as not to impede locomotion on foot; and second, where the

width of the wings has been greatly reduced to ht them for a rapid

vigorous liight and the wing-s have been corrugated so as to strengthen

them. The concave veins IV and VI, here named "premedia" and
''postmedia,'" respectively, w^ere considered as wanting not only in the

Lepidoptera. but also in the primitive insect's wing. They were con-

sidered to t)e present only in those highly specialized w^ing-s of modern
insects where a corrugation of the wing has arisen. The nomen-
clature of Redtenbacher was adopted in all details, except that the

branches of the veins were numbered consecutively^ with Arabic

indices regardless as to whether they were convex or concave.

Packard," in 1895, g-ave an abstract of Spuler's paper mentioned
ai)ove, in which the nomenclature of Spuler is followed. Apparently,

if we may judge from his labeling of a notodontid wing, he has over-

looked one of the most important facts discovered b}^ Spuler, namely,

that the radius of the hind wings of the Lepidoptera consists of two
branches.

In a Manual for the Study of Insects,'' pu])lished during the same
year, tho. homology of the wing veins in the orders Lepidoptera, Dip-

tera, and Hymenoptei'a was carefully determined and named in accord-

ance with the modihed Redtenbacher notation. The concave veins IV
and VI were shown to he wanting in these orders, but were supposed

to ])v present as secondary developments in those orders where the

fan-type of wing existed.

In 1897 Comstock and Needham'' began jointl}' the publication of a

series of articles on the wings of insects of all orders. This investi-

g'ation was developed along two distinct lines and all the accessible

material of all the orders of winged insects was examined. First,

wherever possible, a careful study was made of the trachea which

precede the veins in the wing's of immature insects; and, second, there

was made a morphological comparison of the veins in the wings of

adult insects. The following important results were reached:

First. That the concave veins IV and VI are wanting in the wings

of all insects.

Second. That the primitive insect's wings had comparatively few

veins. These veins were eight in number. Beginning with the front

«A. S. Packard. Psyche, VII, 1895, pp. 235-241.

''J. H. and A. B. Coiiist(^ck. Itha(;a, N. Y., 1895.

'J. H. Comstock and J. G. Needham. The Wings of Insects, Amer. Nat.

XXXII and XXXIII, 1898 and 1899.
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margin of the wing-, the}^ are costa nnbranched, subcosta with two

In-anches, radius with tive branches, media with four l)ranches, cubitus

with two branches, and three unbranched anal veins.

Third. That the moditication in the numbei* of wing veins of insects

has proceeded along two distinct lines, the specialization of wing veins

by reduction and the specialization of wing veins by addition. The
former is illustrated by the wings of the orders Lepidoptera. Diptera,

and Hymenoptera; and the latter by the wings of the orders Orthop-

tera, Ephemerida, and Neuroptera.

Fourth. The development of a hypothetical wing type, which was

believed to represent the maximum number, the arrangement, and

the method of branching of the veins of the primitive insect's wing.

This hypothetical type was shown to be of primary importance in

determining the homology of the wing veins of insects of all orders.

The terminology of Redtenbacher had been applied in so many dif-

ferent ways by previous investigators that these writers made use of

a dilferent system of notation. The}' adopted the names of the stems

of the veins as used by Redtenbacher and used abbreviations of these

names to designate the veins, Arabic numerals being added as indices

to the abbre\'iations for designating the branches of the veins. The
abbreviations used were the following: costa, C; subcosta, Sc; radius,

R; media, M; cubitus, Cu; and the anal veins as 1st A, 2d A, and
8d A.

In 1902" Enderlein, in a discussion of an abnormal specimen of

Telea })olyphemuH gives the results of an extended investigation of the

interrelation of the wing and body trachea'. The tracheae of each

wing is divided into two systems, the radial and the medial, the

former including the costa, subcosta, and radius; the latter, media,

cubitus, anal, and axillary veins. It is unfortunate that this writer

did not study some of the generalized Lepidoptera, such as the Hepia-
lida?. It has been amply proven that in certain of the lower orders of

insects, as the Plecoptera, there are two tracheal trunks, the anterior

giving rise to costa, subcosta, radius, and media; the posterior, to

cubitus and the anal veins. That this was probal)ly the primitive

condition in the Lepidoptera is shown ])y the adult wings of certain

species of Ileplalux in which media anastomoses with cubitus for a

short distance, bends abruptly toward the radius, joins it, and coa-

lesces with it to the base of the wing. In most Lepidoptera this basal .

connection between media and radius has been lost, but the condition

found in Hepkdm would seem to indicate that the arrangement of

the veins into systems as shown by Enderlein was probably an
acquired one. He has shown conclusively that costa of both wings is

« Dr. G. Enderlein. Eine einseitige Henimengsbildung bei Telea polyphemus
vom ontogenetischen StandiHuikt. Ein Beitrag ziir Kenntniss der Entwicklung der
Schmetterlinge. Zool. Jahrb., XVI, 1902. Part 4.
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always precodcd ]\y a trachea and that in certain cases this is the most

prominent trachea in the wing. The tracheal trunks behind cubitus

are divided into two groups. The anterior he has called the anal group

and the posterior the axillar}^ group. The modified Redtenbacher

nomenclatun^ used ])y Comstock and Needham is adopted.

From a study, extending over a period of several years, of the

wing-veins of the superfamily Tenthredinoidea, w^hich contains all the

generalized wings found in the ordei" Hymenoptera, I am convinced

that the homologies established for the H3^menoptera by Comstock in

his Manual for the Study of Insects, and farther elal)orated by Com-

stock and Needham, are correct, and they are accepted and followed

in this paper. An attempt will l)e made here to explain some details

of the Hymenopterous wing as exemplified b}' the Tenthredinoidea

and not discussed by these investigatoi-s.

II.—GENERAL CONSIDERATIONS.

In determining the homology of the wing-veins of insects, conclu-

sions are reached ])y two difJerent methods. First, by a study of the

ontogonv of the wing-veins, which consists of a careful examination

of the tracheation that precedes the veins and a comparison of it with

the wing-veins of the pupa and adult. As a rule, cross-veins are not

preceded by trachea\ so that this method, where it can be applied, is

of the greatest importance in determining the course and extent of the

principal veins and their branches. Second, by a study of the phy-

logeny of the wing-veins, which consists of a careful comparison of the

progressive modifications found in the wings of adult insects. By this

method, the accuracy of the results depend on the skill of the investi-

gator in decif)hering the record.

It has been shown by Comstock and Needham " that an ontogenetic

study of the wings of the Hymenoptera is not of any value in deter-

mining the homology of the veins, and I can not do better than ([uote

their account:

The importance of this method of study has been well shown by the residts we

have obtained. But we also found that in the Trichoptera there is little correlation

between the venation and the tracheation of the wings, a remarkable reduction of the

wing tracheae having taken place. A similar reduction of the tracheae of the wings

exists in most families of Diptera; and even when a large proportion of the trachea-

are retained, as in certain Asilids, they afford little aid in the determining of the

homologies of the wing-veins. For this reason we omitted a discussion of the

tracheation of the wings of Diptera. Again, in the Hymenoptera we find that

the courses of the trachete can not be depended upon for determining the homologies

of the wing-veins. But here, in the more generalized members of the order, we

find a very complete system of wing-trache;e, and it is, therefore, incumbent on us

either to point out the correspondence between the tracheee and the wing-veins, or

to demonstrate that such a correspondence does not exist.

« J. H. Comstock and J. G. Needham. Amer. Nat., XXXII, 1898, pp. 421-422.
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In the Hymenoptera, as we have shown, the courses of the branches of the forked

veins?, in those forms where they have been preserved, have been so modified that

these branches extend more or less transversely, making sharp angles with the main
stems. It is not strange, therefore, that the tracheae of the wings of the pupa lying

free within the wing-sac, have not followed these changes.

It was found, however^ that this is not the explanation of the change. An exami-

nation of the wings of young pujia? of the honey-bee revealed the fact that in this

insect the laying out of the wing-venation precedes the tracheation of the wing.

After the wing-veins reach that stage of development in which they appear as pale

bands, the trachete grow out from the base of the wing into them.

It is obvious that tracheae developed in this way will follow the paths offering the

least resistance to their progress; and that it is not to be expected that the tracheae

will preserve their primitive arrangement under these conditions. This brings us to

the conclusion, already announced, that in determining the homologies of the wing-

veins in the Hymenoptera we are forced to base our conclusions on a study of the

veins themselves, and that a method of study which is of the highest importance in

determining the homologies of the wing-veins in many other insects, is of little use

here for this special purpose.

From the results just given it is evident that we nnist depend
entirely on a careful comparison of the wing-veins of the Tenthredi-

noidea, part by part, for a determination of their homology. Before

considering the special modifications of wing-veins, some discussion is

necessary of the manner in which the veins may be modified or reduced

in number and the resultant reduction or combination of cells.

A reduction in the number of wing-veins may take place in two
ways— first, by the coalescence of two or more adjacent veins; and

second, b}^ the atrophy of a whole or a part of a vein. The first

method of reduction, coalescence, may proceed in three wa3^s—first,

by the coalescence of principal veins or branches from the base of the

wing toward the margin; second, by the coalescence of the tips of

veins or branches from the margin of the wing toward the base; and
third, by the coming together of two veins at some point more or less

remote from the margin of the wing and their coalescence for a greater

or less distance. This third type of coalescence is generally spoken of

as anastomosis. The modern hymenopterous type of wing has been

produced, as will be described later, by a combination of all three of

these methods.

The second method of reduction, atrophy, or the fading out of the

whole or a part of a vein, is the means by which most of the changes
found in the modern hymenopterous wing are brought about.

When two or more branches or any of the principal veins coalesce,

this fact is indicated by placing a plus sign (+ ) between the abbrevia-

tions of the veins that have combined. If, for example, R., and R^

coalesce, the legend would be R2+3; while if any of the principal veins

combine, as R, M, and Cu, it would be written thus: R+M+Cu. This

implies that not only the branches of the same vein, but that the stems

of the difl'erent veins, as well as the bi-anches of diflerent veins, maj^

coalesce.

Proc. N, M. vol. xxix—05 38
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The cells of the wing are named by applying to them the abbrevia-

tions of the vein forming its front margin, the group of cells at the

base of the wing (fig. 1), being designated by the abbreviations of the

principal veins, while the group of cells at the apex of the wing are

designated by the branches of the veins. It should be borne in mind
that when the vein forming the front margin of a cell is a composite

one, as R2+3, the cell behind this vein is not R^+s^ ^'^^t R3, the cell Rg

having been obliterated b}^ the coalescence of the veins Rg and R3.

When cells are divided by a cross-vein, as cell M^, the basal portion is

spoken of as 1st M^ and the marginal portion as 2d M,. In labeling

the figures of entire wings, the names of the veins are put either on

the veins or near them, and an arrow placed to indicate the vein to

which the name applies, or at their apices around the wing margin,

while the names of the cells are placed within the cells to which they

apply.

All that portion of a vein that does not coalesce with any other vein

is spoken of as the free part of that vein. If media be taken as an

example, then all that portion of Mj between the point where it sepa-

rates from Mjj and the margin of the wing would be the free part of

Mj. In the following pages the origin of particular veins is frequently

spoken of. B}' this is meant the point or place where they separate or

fork and does not refer to the actual point of origin. If media be

taken again as an example, the point where Mj separates from Mg
would be considered as the origin of the free part of Mj.

Although there are no facts in support of the method here given,

and although it implies a condition much more generalized than is

found in the hypothetical type, yet I have always found it easier in

working out the homology of veins m3'self, and also in explaining

venational problems to others, to consider each of the branches of any

vein as extending from the base to the margin of the wing. If radius

and its five branches be taken as an example, the stem part, always

designated as R, would ])e considered as being a combination of all

the branches of radius, or as Rj+g+^+^+j. which divides into Rj and Rg.

In like manner the stem of the radial sector would be considered as

being a combination of all the branches of the radial sector, or as

Ro+3+4+5, which divides into R3+3 and R^+r,, and these in turn into R^

and R,, and R^ and R., respectively. So that in tracing out the course

of any of the branches of radius by drawing a pencil along them, as R^,

beginning at the base of the wing, we would pass first over the stem

of R, then over the stem of the radial sector, then over R4+5, and

finally over the free part of R^.
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III.—THE ORIGIN OF THE HYMENOPTEROUS TYPE.

In order that the reader can follow more intelligentl_y the later

discussions, the following- general description of the origin of the

wing of the Hynienoptera is introduced at this point. Use has been

made of the following series of hypothetical figures to show how the

existing arrangement of wing-veins was in all probability developed

from a wing similar to that of the Comstock and Needham hypotheti-

cal type. This series begins, therefore, with this hypothetical type

and concludes with a typical generalized hymenopterous wing, which

is the wing of Mac/t'oxyela ferrughiea to which has been added the

free part of Cu.,. To the hypothetical type I have added the cross-

veins which are present in hymenopterous wings. These cross-veins

are as follows:

The radial cross-vein /% situated between Kj and K.,; this is wanting

in the Hymenoptera only in certain genera of the Tenthredinoidea.

Fi<;. 1.

—

Hypothetical wim:; tyhe.

The radio-medial cross-vein r-m., situated between radius and
media.

The medial cross-vein w, situated between M^ and M.,.

The medio-cubital cross-vein m-cu^ situated between media and
cubitus.

Beginning with the anal veins, the veins will l)e taken up in order,

proceeding from the hind to the front margin of the wing.

The anal veins are three in number, simple, till the anal portion of

the wing, and are known as 1st A, 2d A, and 3d A. The first modifi-

cation of the anal veins to be noted is the coalescence of the tips of 2d
A and 3d A, resulting in the closing of the second anal cell at the

margin of the wing (fig. 2). This coalescence proceeds farther and
farther and the 1st A migrates toward the combined tip of 2d A and
3d A and combines with it, shoving the second anal cell toward the

base of the wing and closing the first anal cell at the margin (figs. 3-1).

Coincident with this apical coalescence, the base of 2d A migrates
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forward to the base of 1st A, combines with it, and closes the first

anal cell at base as well as at apex (figs. 4—5). The further modifi-

cations of the anal veins and cells are all the result of this coalescence

continued at apex and base until the free part of 2d A appears as a

cross vein just beyond the middle of the cell, while the apex of the

cell bears an elongate, simple, spur-like vein formed by the combined

u ^

2d A+3d'A'Ut A
Fig. 2.

—

Modified hypothetical type.

union of the three anal veins (figs. 7-8). We thus have formed what

is known to the students of the Tenthredinoidea as the lanceolate

cell, which is in reality two very difi'erent cells. The modifications

of the lanceolate cell serve as excellent characters for tracing the

phylogeny of the family Tenthredinida? and for dividing it into smaller

groups.

The cubitus, Cu, is a forked vein lying just in front of the three

anal veins (fig. 1). The two branches of cubitus, Cuj and Cu.^, migrate

1st A^2d A^Sd A
Fig. 3.

—

Modified hypothetical type.

toward the com})ined tip of the anal veins (fig. 3) and coalesce with it

(figs. \-h). By this means, first, the cell Cu and then the cell Cuj are

closed at the margin of the wing. The branches of cubitus after

combining with the united tip of the anal veins, follow along the front

margin of 1st A, coalescing with it more and more, and at the same

time crowding the cells Cu and Cu^ farther and farther away from the
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niarj^-in of the wing- (tigs. 6-7). This coalescence continues until the

free parts of Ckij and Cu.^ appear like short cross-veins near the middle

of the wing-. At the same time that the apices of the branches of

cubitus are combining with the anal veins, the base of cubitus migrates

toward the front margin of the wing, combines with the united base

of radius and media (tigs. 0-8), and closes the base of the cell ]M.

With the migration forward of the base of cubitus, the combined

bases of 1st A and 2d A, also mig-rate forward to till the space vacated

by the base of cubitus.

The media, M, lies just in front of and parallel with the cubitus (fig.

1). Near the middle of the wing it divides into two branches, each of

which divides again. With the migration and coalescence of the tips

of cubitus and anal veins there beghis also a migration of the three

posterior branches of the media (tigs. 2-5). M^ eventually combines

with the combined tip of the anal veins and cubitus, closing the cell

M^ at the margin of the wing (tig. 6), migrates along this vein, and

'M^R..,

1st A+2d A+3d ^Ciifu,

Fig. 4.—Modified hypothetical wing.

combines with the tip of the free part of Cuj, crowding the cell M^
back still farther from the wing margin (tigs. 7-8). Mg, pulled along

by the same force that combined M^ with the anal veins and cubitus,

migrates along the margin of the wing* and combines with the tip of

the spur-like vein situated at the apex of the first anal cell. In this

way the cell M^ is closed at the margin of the wing. The spur-like

tip now consists of the combined anal, cubitus, and two posterior

branches of media. The tip of the vein 1st A+2d A+3d A+Cui^2+
M3+4 has been lost, so as to permit of the folding of the posterior

margin of the wing where the hooks of the hind wing are fastened.

Mg, tied to M3 by the medial cross-vein, is also pulled around the wing
margin, changing from a longitudinal to a transverse position, while

the medial cross-vein is transformed from a vein extending trans-

versely to one extending longitudinally (tigs. 5-7). The first branch

of media maintains its primitive position near the middle of the wing
throughout the entire series. The stem of media very early migrates

forward and combines with the stem of radius (tigs. -1-7), thus com-
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pletely closing the base of the cell R. This coalescence continues

until the stem of media and the stem of radius are combined for

almost their entire length, while the cell R is crowded toward the

middle of the wing and is found as a small trapezoidal-shaped area

near the base of the stigma (figs. 7-8).

The radius, R, lies just in front of media (tig. 1). Near the middle

of the wing it breaks up into five branches. In its primitive condi-

tion radius divides by a series of characteristic dichotomies, separating

first into two unequal parts, Rj, and a large part which, together with

all its branches, is known as the radial sector. The radial sector

divides into two equal branches, each of which in turn divide into two

more branches. This characteristic dichotomy is entirely lost in the

Hymenoptera. The suppression of the dichotomy of the radius has

been brought about by the coalescence of the stems R^+g and R^+j.

This coalescence has proceeded so far that the branches of the sector

now arise from a common stem (tigs. 2-3). With the coalescence of

%*R..>

1st A+2d A+Sd A-^Cu^+2^31^

Fig. 5.

—

Modified hypothetical type.

the stems of Rg+g and R^+g, Rj and R^ begin to migrate toward the

apex of the wing, to stifl'en the area vacated by R^ and R., which have

migrated toward the tip of Mj (tigs. 2-4). R^ and R^ each in turn

coalesces with M^ and closes the cells Rg and R^ at the margin of the

wing. The coalescence proceeds farther and farther until the free

parts of Rr, and R^ appear like cross-veins extending between Rj and

Ml, and the cells Rg and R^ as quadrangular areas within the disk of

the wing (tigs. 5-7). The primitive condition maintained b}^ M^ near

the middle of the wing is undoubtedly due to the early coalescence of

Rr, and R^ with it and holding it in place.

The subcosta, Sc, lies just in front of the radius and parallel with it.

It breaks up into two branches, Scj and Scg, near the margin of the wing

(tig. 1). The anterior branch is preserved in practicall}^ its primitive

condition throughout the series. The posterior branch bends down
and touches Rj (tig. 2), with which it anastomoses more and more
{^gf^. 4-6), until there is only a small portion of the distal end free

i^tig. 7). This anastomosing of Sc.^ and Rj divides the cell Sc into
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two distinct parts, a long basal portion Sc and a small area at the

apex of the small free part of the vein Se. and in front of the vein

R,. This cell in all Hymenoptera is strongly chitinized and is known

as the stigma.

The costa, C, is situated on the front margin of the wing and does

not undergo any marked moditications.

M^R.

1st A+2d A+3d A+Cu^^^+3I^ ]t/

Fig. t'l.

—

Modified hypothetic ai, type.

Thus far there has been considered only a hj^pothesis as to how tlie

most generalized hymenopterous wing known could have been formed.

The data upon which this hypothesis is founded is not original with the

writer but is based on facts first pointed out by Prof. J. H. Comstock

in his Manual for the Study of Insects and Elements of Insects Anatomy.

Let us now look at a few of these facts on which this hypothesis is

based. If a careful stud}- be made of a number of wings of the

Diptera, one of the most striking facts noted will be that ""there is a

4+5

1st A+2d A+3d A-i-Ou^+2+31,

-Modified hypothetical type.

marked tendency for veins to coalesce from the margin of the wing

toward the base." In fact, if the wing of Jlidas (fig. 28) be examined,

it will be seen that a larger proportion of the veins are coalesced at

apex than in any known hymenopterous wing. If Cu.^ and 1st A be

examined in the wings of Pa/darhes (fig. 21), Mri.v (fig. 22), Tahairm

(tig. 23), Scenophius{1ag. 24), Rhamphoinylai^g. 25), and Jl/i^§c« (fig. 26),
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in the order named, there will be found a complete series showing- how

Cuj has combined with 1st A. It is true that only one branch of

cubitus has combined with the anal vein, yet it shows how this coales-

cence proceeds. When the medial area of Ei-ar (lig-. 22) is examined

it will be noted that M3 and Cu^ have coalesced at apex, crowding the

cell M3 back from the margin of the wing just as cell M^ is pushed back

in the hymenopterous wing, and it does not need a long stretch of the

imagination to understand what would be the result if the vein M3+CU1
were to migrate toward the apex of the vein 1st A, as has occurred

in the Hymenoptera. The wing of Era,i' shows also how, through

the combination of the apices of the veins, the medial cross-vein has

been swung around from a transverse to a longitudinal position. This

same condition is also shown in the wing of Pantarhes (fig. 21), where

the medial cross vein and the first three branches of media assume a

position almost identical with that found in the Hymenoptera. It also

shows how the branches of R. and Mj have coalesced, the only differ-

>A^^4.5

1st A+2d AiSd A+Cu^+2-^M^^^

Fk;. 8.—Typical hymenopterous wing.

ence in the Hymenoptera being that this condition has proceeded much
farther and R^ also has combined with Mj. This condition found in

Pantarhes is not peculiar to this wing, but is also found in Pipunculus^

Oonops (fig. 27), most Syrphidffi, and many Calyptrate Muscidfe. The

wing of Midas (fig. 28) is an interesting example of how far this

apical coalescence may proceed. In this wing the coalescence takes

place in a different direction, but is just as pertinent to the point in

hand. Here veins R.^+.,, R^, and R^, have coalesced with R^ in just

the same way that R^ and R- have coalesced with Mj in the Hymenop-
tera, the difference being that in the Hymenoptera only two veins

coalesce while in this dipterous wing three veins have coalesced and

the fourth vein has migrated up to the tip of Rj. Both branches of

subcosta are preserved in but ver}" few insects and the peculiar anasto-

mosis of Scg and Rj and the formation of the stigma are paralleled in

the wings of the Plecoptera. In the genus Nemmira (fig. 29), the

anastomosis extends for only a short distance, while in the genus
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Tar)i!(>i>tery.i' (lij^-. 30), the anastomosis is for almost the entire length

of Sc. resulting- in a condition similar to that found in the generalized

Tenthredinoidea.

IV.—A STUDY OF THE WING AREAS.

As alread}' indicated, the wings of insects maj^ be divided into six

well-marked areas, an area for each of the principal veins. It is true

that these areas are closely interlocked in the Tenthredinoidea, but

this seems the most logical way of approaching the subject. An
attempt will 1)0 made here to describe the most important moditications

found in the wings of existing genera.

1. THE FRONT WINGS.

In all insects where the wings of a side are closely fastened together

for unison in flight, there is a great ditierence in the amount of reduc-

tion found in the two wings. It is a well-established fact that that

animal whose wings approximate most nearW a triangle in outline is

the most efficient flyer. For this reason it is apparent that when the

wings are of this type, as in the order llymenoptei'a, the hind wings

are always the ones to undergo the greater amount of reduction, and

consequently it has been found necessary to discuss the areas of the

two wings separately.

THE COSTAL AREA.

(Josta is a simple straight vein of the same width throughout in

the Lydida? (tigs. 36-48), Xyelid* (figs. 31-35), and Megalodontidas

(tig. 92). In most genera, ^sDolerm^i^g. 49), Pteronus {^g. 68), Blen-

nocanipa (fig. 72), and Eriocatnpa (tig. 47), it is decidedly thickened at

apex, spatulate in outline, while in the Cimbicinte (tigs. 59-60), it is

thickened throughout its entire length and lies adjacent to Sc + R -[- M,
practically squeezing out the costal and subcostal cells.

A peculiar condition found in most of the Tenthredinoidea, though

not occurring outside this superfamily, so far as I have been able to

observe, is a hinge-like thinning out of the margin of the wing at the

base of the stigma. It is present in all the genera except the large-

bodied, active species of the family Siricidte (tigs. 86-91), and the

subfamilies Cimlticiua? (tigs. 59-60) and Pterygopherinas (tig. 81). It

represents the space on the margin of the wing between the apex of

the costa and the point where the second branch of subcosta joins the

margin. In those forms where this structure is wanting it has been

chitiuized secondarily, and even here its position can often be detected

because the band of chitin closing the space is not so broad as it is on

either side of it.

The humeral cross vein, situated at the base of the wing between

costa and subcosta, is one of the most constant of the cross veins found
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in the other orders of insects. In the Tenthredinoidea it is present

only in Macroxyelaferrngmea^ and even here is only faintly indicated.

In the LydidiB, there is a broad thickening- at the base of subcosta and

a similar thickening- in the Meg-alodontidte (tig. 92) between costa and

Sc+ R + M that may be homolog-ous with this cross-vein.

THE SUBCOSTAL AREA.

Subcosta does not occur in the Hymenoptera outside the superfamil}^

Tenthredinoidea, and here only in the families Xyelida^ (tigs. 31-35)

and Lydid;« (figs. 36-43). In most of the genera of these families

subcosta extends midway between costa and R+M. Near its apex it

divides into Sc^, which ends in the margin of tiie wing, and Sc^, which

anastomoses with R+M and ends in the margin of the wing at the base

of the stigma. Behind the stem of subcosta there is found the cell Sc

and behind and bej^ond the vein Sc^ the cell Sc^. In Megaxyela (tig.

31) and Odontophyes (tig. 32) the cell Sc^ is very small, due to the

great length of subcosta. Subcosta divides into Sc^ and Sc2 midwa}^

between the origin of media and the radial sector. In Macroxyela (tig.

33) this separation takes place just beyond the origin of media, while

in the Lydidje this separation is a considerable distance before the

origin of media. These wings show that there is a progressive migra-

tion of the origin of Sc^ and Sc.^ from near the origin of the radial

sector to a position near the base of the wing. In Xyela (fig. 35) and

Manoxyela (tig. 34) the stem of su])costa is closely appressed to R+M,
though it is never coalesced with it, so far as I have been able to

observe, almost obliterating the cell Sc and causing the branch Scj to

extend like an oblique cross-vein from R+M to the wing margin. In

NeuTotoma^^^. 36) the free part of Sc^ has completely atrophied, while

the remainder of the vein is normal. An interesting related condition

is found in certain of the large species of Siricida?, as Trernex colmnha

(fig. 91), where the area of the wing situated between costa and R+M
is almost as strongly chitinized as the veins themselves. In wings

mounted in balsam it is possible to trace as a pale line a condition of

subcosta similar to that found in NeuTotoma. This seems to indicate

that subcosta has been suppressed in two ways, first, by the close

appression of its stem to R+M and its probable later coalescence with

it, and, second, by the chitinization of the area between costa and

R+M, and in this manner doing away with the necessity for a vein to

stiffen this area.

In all other Tenthredinoidea, where any portion of subcosta is pres-

ent, other than the apex of Scg, it is the free part of Scj. It extends

as a cross-vein between costa and R+M, and is usually spoken of by

the investigators on this superfamily as the intercostal cross-vein. It

is generally situated just in front of the radial end of the niedio-

cubital cross-vein, except in Xlpluydrla (fig. 85), where it is sometimes
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opposite the point of orii'-in of media, and in Diywura (iig. 63), where

it is distinctly l)eyond the radial end of this cross-vein. An interest-

ino- nioditieation is found in the subfamily Tenthredinime (tigs. 50-58),

where R+M is bent at a prominent angle at the point where it is

joined by Scj, indicating a condition more closely related to the Xye-

lida? and L3dida? than is found in the other members of the family

Tenthredinida?. Sc^ is best preserved in those genera where the medio-

cubital cross-vein and the stem of M3+^ are strongly divergent behind.

In fact, there seems to be a direct correlation between the divergence

of these veins, the widening of the area between costa and Se+R+M,
and the preservation of the free part of Scj. This is especially marked

in the subfamily Nematinie (tig. iSS). The free part of Sci is entirel}"

wanting in the Cephida^ (tigs. 93-96), Oryssida3 (fig. 97), Cimbicina3

(figs. 59-60), and numei'ous genera of other groups as Lahidarge (fig.

78), FhyUotoma (fig. 5-i), Harpljfhorm, and BlaMlcotoma (fig. 44); while

in many genera, as Stroz/ihoceros (fig. 50), Dolerus (fig. 49), and Jlaero-

phya (fig. 57) there is a marked thinning out of the costal half of the

vein, while in still other genera as AllanUis and Athalia^ there is only

a slight projection on the front margin of Sc+R+M.

If the record has been correctly interpreted, the free part of Scj,

as represented in the genus Dineura (fig. 63), has undergone a double

migration. First, from near the stigma to the condition found in

Xijrla (fig. 35), as shown by the wings of the Xyelidse and Lydida?, and

second, after the coalescence of the stem of subcosta with R+M, a

remigration toward the stigma has resulted. "

THE RADIAL AREA.

Radius divides into R^ and the radial sector just before the stigma,

of which the vein R^ forms the hind margin, and beyond the stigma

extends along just within the wing margin to or beyond the apex

of R3.

There is only one family of Hymenoptera, the Xyelida? (figs. 31-35),

in which all the branches of radius are present. In all the families

except the one named the entire free part of R2 has been obliterated.

In the genus Macroxyela (fig. 33) R.^ arises about midwa}' between

the radial cross-vein and the origin of the free part of the vein R^; in

Manoxyela (fig. 34) it usually arises near the apex of the cell Rj, though

in the same species it may in some specimens arise from the cell R5

and in others be interstitial with the free part of the vein R5, and in

Xyela (fig. 35), although it normally arises from the cell R^, yet it is

sometimes interstitial with the free part of the vein R5.

The radial cross-vein is situated between the vein R^ and the stem

of the radial sector, dividing the cell R^ into two parts. Within cer-

tain limits it is fairly constant in its position. In every case, so far

as 1 have observed, its anterior end is joined to about the middle of
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the stigma. Its posterior end in the families Xyelidte (tigs. 31-35)

and Cephid;e (Hgs. 93-lH)) is attached near the middle of the cell Rj;

in the Megalodontidie (tig. 92) and Siricidie (tigs. 86-91), except the

genera Tremex (tig. 91) and Teredon (tig. 90), where it is joined to the

cell Rj, it is attached just bej^ond the middle of the cell Rj; in

the L3^did{e (tigs. 3t)—43) it varies in position from just beyond the

middle of the cell Rg to the apex of this cell, and in some forms is

interstitial with the free part of the vein Rr,, and in all other Tenthre-

dinoidea it is attached near the middle of the cell R^, except in certain

species of Tenthredopsis^ Scolioneura (tig. T5), Monoj^hadnus^ Lycaota

(tig. 55), and Blen.nocampa (tig. 72), where it is interstitial with the

free part of the vein R^, and in certain species of the genus Kaliosys-

jpliinga (tig. 73), where it is attached to the cell R3, but this latter

change is not due to a shifting of the position of the radial cross-vein,

but to a migration of the free part of the vein R^ toward the base of

the wing. The r-adial cross-vein is present in the wings of all Hyme-
noptera where the base of the radial sector is present other than those

of a few groups of Tenthredinidae, Lophvrinte (tig. 45), Nematinae

(tig. 68), Perreviinffi (tig. 80), Pergina? (tig. 84), and Pterygopherinre

(tig. 81).

The radio-medial cross-vein is rarel}" wanting, though in many
genera it is so completely covered by a large clear spot or bulla that

it is often difficult to determine whether it is present or not. This

condition is well shown in many Nematina?, where all stages from a

distinct well-marked cross-vein to its total disappearance can be

found. In other genera, as Trichiosoma (tig. 59), Clavellavin (fig. 60),

OrysKHs. (tig. 97), KaHosysphinga (fig. 73), Acordidecera (fig. 83), and

Blastlcotoma (fig. 44), all trace of the cross-vein has disappeared,

while in Monoctenus (fig. 67) only the posterior half is wanting. In

those genera, where this cross-vein is retained, it always appears as a

transverse vein extending between the stem of the radial sector and

the stem of media. In the Xyelida (figs. 31-35) the medial end has

swung toward the base of the wing so that it appears to be a contin-

uation of the radial sector, while a portion of the stem of the radial

sector appears to be the cross-vein. In certain genera of the Siri-

cida?, as Sirex (fig. 87-88) and Tremex (fig. 91), the medial end has

swung around stiW farther toward the base of the w^ing so that it arises

from the angle made by the transverse and longitudinal parts of the

stem of media where it is joined by the medio-cubital cross-vein,

and in some species arises distinct!}' from the transverse part of

media.

The free part of R, is wanting in only a very few genera, as Dolerus

(fig. 49), Lode7'u><, Euura^ and Tremex (fig. 91).

The free part of R^ so far as observed is never wanting in this super-

family. It is not so constant in position as R5; in the Xyelidre (figs.
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Fig. 9.—Origin of the appendiculate

CELL, a, Macroxyela ferruginea;

b, MONOCTENUS JUNIPERI; C, CLAVEL-

LARIA AMERINiE; rf, XIPHYDRIA
camelus; r, Perryia vitellina.

31-35) and Lydida?. (figs. 36-43) it is an oblique transverse vein situ

ated near the margin of the wing. In most Tenthredinidje, as Hojjlo

cantpa (fig. 61), Cladius (fig. Q'd)^ Ten-

tltredo (fig. 56), and Dlneura (fig. 63), it

is found in the apical third of the distance

between the base of the .stigma and the

apex of the wing, while in a few genera,

as Lohoceras (fig. 82), Acordulecera (fig.

S3), and many Hylotomina? (fig. 76), it is

found near the middle of this area.

In the apex of the wing of many Ten-

thredinoidea, as Slrex and Tremex (fig.

10, ('), there is found a prominent spur-

like projection from the apex of the cell

Ki^_.,. The area included in front of this

spur has been termed the appendiculate

cell. As there is no vein forming the

front margin of this cell, and as this name
is in general use by the investigators on

this order, it will f)e used here. The
origin of the appendiculate cell will l)e

more readily understood if we examine

this region first in certain genera where

the appendiculate cell is not supposed to

be present. If the front wing of almost

any member of this superfamily be ex-

amined in this region, it will be noted

that the portion of Rj beyond the stigma

does not form the margin of the wing

but is set in a short distance from it.

This is especially marked in the genera

J/atT(?,ry<?/«(fig. 9, «), Tenthrido{^g. 56),

Monoctenns (fig. 9, ^), Cladius (fig. 6()),

and Strongylogaster (fig. 51). It should

be also noted that in all these wings Kj

extends beyond the point where it is

joined by Rj. This is especially marked

in nio^t Cimbicina', as Clavellarla (fig.

9, c), where there is also a slight curving

down of R^ at the point where R^ joins

it. Now if this region at the apex of R^

is examined in the following wings, it

will be seen that the formation of the

appendiculate cell is only a gradual modi-

fication of the condition existing in the wing of (davellarla. In

Xipkydrla (fig. 9, d}^ the bending down is slightly more pronounced

Fig. 10.—Appendiculate cell, a, Die-

locerus formosus; 6, Pachylota
AUDOUINII; C, PTERYG0PH0RU.S CINCTU.S;

(l, Labidaege dibapha; c, Tremex
FITSCICORNIS.
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yet not so prominent that systematists have ascribed an appendiculate

cell to this genus. In the genera Perreyia (fig. 9, e), Dielocerm (fig.

10, a), Pterygophorus (fig. 10 c), LaUdarge (fig. 10, d), Sirex (figs. ST-

BS), and Treniex (fig. 10, <?), all of whicli are considered as having an

appendiculate cell, there is a perfect series from the condition found

in Tenfhredo and ClaveUaria to those genera in which the appendic-

ulate cell is well marked. This series also shows clearly that the vein

projecting from the apex of the cell 2d R^+R, in Tremex is not of

secondary origin but is vein Rj, which has moved in from the margin

of the wing and that vein Rj ends at the point where it joins R^. The

formation of the appendiculate cell has arisen through the necessity

for a stift'ening of the apex of the wing.

THE MEDIAL AREA.

The point of separation of the stem of media from radius and the

position of the medio-cubital cross-vein are so intimately associated

that they will be discussed together. Media is found in its most primi-

tive condition in the wings of Mmwxyela (fig. 3-1), where it separates

from radius very nearly midway between the stigma and the base of

the wing. It does not bend down at right angles, as is the case in

most of the veins of the Hymenoptera, but branches off in a manner

similar to that found in the branches of radius and media in the dip-

terous wing. This has a marked effect on the size and shape of the

cell R, which is here three times as long as it is broad at its widest

point. The medio-cubital cross-vein also occupies a very generalized

position. It is located at the apex of the cell R, almost interstitial

with the radio-medial cross-vein, while in all other Tenthredinoidea it

is found at or near the base of the cell R. In Macroxyela (fig. 33) we

find a slight modification of the condition found in Manoxyela. Here

media has combined with radius for a greater distance, separating

from radius distinctly beyond the middle of the distance between the

stigma and the base of the wing, while the cell R is only about twice

as long as broad. The medio-cubital cross-vein arises from near the

apex of the cell R and is about the same length as the portion of

media between it and radius, the two standing at about the same

angle like the top of a Y. In all other Tenthredinoidea the media

has coalesced with radius for a much greater distance—for at least

three-fourths of that portion of radius extending between the stigma

and the base of the wing. In Xiphydrla (fig. 85) media arises very

much as in the wings just described and the medio-cubital cross-vein

is transverse and placed just before the middle of the cell R. The

wing of OryssKS (fig. 97) is another interesting example. In this wing

the reduction in the number of wing veins has been carried farther

than in any other Tenthredinoidea, yet as regards the origin of media

and the position of the medio-cubital cross-vein it is practically the
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same as is found in XipTiydria. This is an interesting example of

how ver}^ specialized a wing may be in one part while in others it may
have retained a very generalized condition. In the Lydidte (tigs. 30-43)

media arises in a manner similar to that just described, but the medio-

cubital cross-vein is alwaj's many times longer than the transverse

part of media and meets it soon after it separates from radius in the

genera Bactroceros (fig. 41), Ceplialela (fig. 42), Neurotonia (fig. 36), Lio-

lyda (fig. 43), and PamphUiu.i (fig. 39), while in the genera Itycorsin (fig.

40), Cmnolyda (fig. 38), and Lyda (fig. 37) it arises in the angle formed

between radius and media. It is of interest to note that in the case of

those genera where it arises in the angle between radius and media no

part of the cross-vein has migrated onto radius, but that it is attached

to the very base of media. In the anomalous genus Blcmticotoma (fig.

44) media, after separating from radius, goes ofl^ at a right angle for a

short distance and then turns abruptl}' toward the apex of the wing,

the anterior end of the cross-vein being joined to media at the point

where the abrupt bend is made and the posterior end, instead of join-

ing cubitus almost directly behind its anterior end, as in the general-

ized families Xyelida? and Lydidaj, has migrated along cubitus toward

the base of the wing and extends toward media at an angle of about

45°. In most Cephidi\j (figs. 93-96) media arises as in the Lydida^ and

the cross-vein is in a similar position, but on first examination it

appears to be very difl'erent. This is due to the niigration of the basal

end of the radial sector towai'd the radial cross-vein and the migration

of the radio-medial cross-vein toward the apex of the wing, in this

way greatly increasing the size of the cell R.

The modifications found in the famil}^ Tenthredinida^ (figs. 45-84)

are a continuation of those just descril)ed. The cell R instead of

being a large irregular area with no two sides parallel has been trans-

formed into a small quadrangular cell with the opposite sides parallel.

Media has not changed its position materially from that found in the

Lydida^ and Blasticotomidie, but the medio-cul)ital cross-vein is very

inconstant in its location. It is usually found in a position similar to

that found in Blastlcotoma (fig. 44), extending at an angle of about 45'^.

The posterior or cubital end is fairly constant in position, but the

anterior end, from being attached to the base of media, as in PericUsta

(fig. 69), swings toward the base of the wing; in Acord/ulecera (fig. 83),

Bhadlnoora (fig. 7()), Lohoceras (fig. 82), Monoctenus (fig. 67), and

Perga (fig. 84) it is attached in the angle between radius and media; in

Strongylogaster (fig. 51), Stromhoceros (fig. 50), Dolerns (fig. 49), and
Clad!us (fig. QQ) it is attached to radius just before the angle; in

Macrophya (fig. 57), Pteronus (fig. *o^), Hoplocampa (tig. 61), and
Dlneura (fig. 63) it is attached to radius for a considerable distance

before the angle, and, finally, in Trlckiosoma (fig. 5t>) and Clavellaria
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(fig. 60), it is attached as far distant from media as its own length,

standing ahnost perpendicular between radius and cubitus.

In the wings just described the modifications of the origin of media

and the changes in the position of the medio-cubital cross-vein marks

out a distinct line of development, the changes proceeding from a

generalized to a very specialized condition.

The families Megalodontid* (fig. !>2) and Siricidje (figs. 86-91) illus-

trate a very diflerent line of specialization. In those groups, when

the cross-vein reaches a position similar to that found in Xiphydria

(fig. 8.5), it becomes fixed in its location and all further modifications

are due to the migration of the base of media. With the genus Xei'is

(fig. 89), there is a perpendicular transverse vein forming the apex of

the cell M. The anterior half of this vein represents the transverse

part of M and the posterior half the medio-cubital cross-vein. The

peculiar condition found here has been brought about by the coales-

cence of the base of media with radius to a point opposite the anterior

end of the medio-cubital cross- vein. This coalescence has been carried

farther and farther until in the genera Tremex (fig. 91) and Megalo-

dontes (fig. 92) the medial vein separates from radius distinctly beyond

the apex of the anterior end of the medio-cubital cross-vein, while the

vein forming the apex of the cell M is a fairly straight but very

oblique vein with M apparently arising from its middle, as has been

described.

All the branches of media are fairly constant in position and depart

but little from the condition found in the typical hymenopterous

wing. Only the more marked of these secondary ijiodifications will

be discussed here.

The transverse part of Mg in many of the highl}^ specialized genera

of the Tenthredinidffi, as Lohoceras (fig. 82), Acordulecera (fig. 88),

Perrei/la (fig. 80), and Dlelocerus (fig. 79), has migrated toward the

base of the wing so that the length of the medial cross-vein is greatly

reduced. In Ory^sm (fig. 97) the transverse part of Mg is entirely

wanting, and if it were not for the presence of the first anal cell and

the interrelation of the transverse pai't of M and the medio-cubital

cross-vein, it might be easily mistaken for the wing of a Braconid.

M3+^ has undergone a slight modification in direction in many gen-

era. This will be best understood if we look first at some of the

genera of the Xyelidse (figs. 31-35) and Lydidie (figs. 36-43). In these

genera it will be noted that if this vein were continued at the same

angle to the margin of the wing that it would reach the margin at a

point at or beyond the apex of the cell 1st A, while if the medio-

cubital cross-vein be continued it would end near the free part of 2d

A. If now we examine such genera as Pteronm (fig. 68), lloplocampa

(fig. 61), Mrmoctenus (fig. 67), and Cladhis (fig. 66), we find that with

the marked migration of the cubital end of the medio-cubital cross-
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vein toward the base of the wing there is a corresponding migration

of the posterior end of the stem of M.^+^ toward the apex of the wing,

and although this latter vein keeps relatively the same inclination, yet

in these genera it would end at or a little before the apex of the cell 1st

A. As was pointed out above, there seems to be a marked correla-

tion between the divergence of these veins and the widening of the

cell C, together with a usually well preserved Scj; an exception is

found in the genera Lahidarge (lig. 78) and Blasticotoma (fig. 44),

where the free part of Sc^ is entirely wanting and cell C is hardly more
than a line, but this discrepancy is due to another cause, the different

way in which the stress exerted in flight is transmitted from the stigma

to the anal margin of the wing, which is shown by the angulate condi-

tion of M at the origin of the stem of M3+^. If now we examine
another series, as X'lphydrla (tig. 85) and Xiris (fig. 89), where the

medio-cubital cross- vein is transverse, we find that the posterior end

of the stem of Mg-^^ has migrated slightly toward the base of the wing
and is parallel with the cross-vein. In Megalodontes (fig. 92), where
the cross-vein is oblique, the posterior end of the stem of M.,+^ has

migrated still farther, yet maintains its parallel course. While in such

genera as Strongylogaster (fig. 51), Cephus (fig. 96), Phymatocera (fig.

71), BlennocarKpa (fig. 72), and Tenthredv (fig. 56), where this cross-

vein is strong!}" inclined and if continued would approximate the base

of the wing, there is a corresponding migration of the posterior end

of the stem of Mg+j toward the base of the wing which has kept pace

with the cross- vein, and if it were continued it would reach the margin

some distance before the apex of the first anal cell.

THE CUBITAL AREA.

The base of cubitus in most Tenthredinoidea coalesces with the

combined bases of radius and media for only a very short distance, for

one-fifth to one-sixth the length of the distance ])etween the base of

the wing and the apex of the cell M, The family Lydidee (figs. 36-43)

represent a marked sidewise development as regards this coalescence,

where cubitus has coalesced with R+M for fully one-third of the

distance between the base of the wing and the apex of the cell M.
The free part of Cuj+M^ is almost always found extending between

the cells M^ and 1st A. In the Lydida? (figs. 36-43) it joins the cell

M^ at or beyond the middle and the cell 1st A on its apical third or

fourth with this end always pointed toward the apex of the wing. In

Matioxyela (fig. 34) it occupies a similar position except that the end

joining the anal vein points toward the base of the wing, while in

Macro.fyela (fig, 33) it joins cell M^ on its apical ^fifth and bends

toward the base of the wing. It is found in Paarurnti (fig. 86) near

the middle of the cell M^ and on the basal third of the first anal cell;

in Xtr'iH (fig. 89) it joins the cell Mj on its basal fourth and the

Proc. N. M. vol. xxix—05 39



592 riiOCEEDINGS OF THE NATIONAL MUSEUM. vol. xxix.

first anal cell as in Paururns; in Xi])hydria (fig. 85) it joins M^ at

the base, being- almost interstitial with the medio-cubital cross-vein,

and the first anal cell at middle; and in Tremex (fig. 91) it joins the

cell M distinctly before the medio-cubital cross-vein and the first

anal cell on its basal fourth. In most other Tenthredinoidea it joins

the cell M^ just before, at, or just beyond the middle, is either trans-

verse or inclined toward the apex of the wing, and joins the first anal

cell near the middle, except in the genus Lah/darge (fig. 78), where it

joins it near the apex, a secondary modification due to the coalescence

of the veins at the apex of the first anal cell. In the subfamily Ten-

thredininaj it joins the cell M^ at base just in front of the medio-cubital

cross-vein and inclines strongly toward the apex of the wing. In the

genQVdi 2fegalodoutes{^g. 92), 6*/'y-y«?^s(fig. 97), Trlckio,soma{ii^. 59), and

Perga (fig. 84), it is interstitial with the medio-cubital cross-vein and

likewise inclined toward the apex of the wing. In the genus Perreyla

(fig. 80) there is a marked convexity in the veins Cv\ and Mj with the

convexity turned toward the anal veins, the free part of Cuj+M^ start-

ing oft' at the point of greatest convexity and inclining strongly toward

the base of the wing. This condition seems to be characteristic of

practically all the species of this subfamily.

All vestige of the free part of the vein Cu,^ is wanting except in cer-

tain species of the genera Panqyhilius (fig. 39), Cephaleia (fig. 42),

Bactroceros (fig. 41), Lyda (fig. 37), and Cmnolyda (fig. 38) of the

Lydida?, and the species of the genus Piurunis (fig. 86). The position

of the free part of this vein is represented in various other genera of

Siricidffi, as Sirex callfornicus (fig. 87), l)y a minute spur. In the

remaining genera of the family Lydida% where the fi-ee part of this

vein is wanting, the prominent bend indicating the usual location of

this vein is as prominent as in those genera where the vein is present,

but even this bend is wanting in all other Tenthredinoidea.

THE ANAL AREA.

As already described, the wing area inclosed by the three anal veins

has been named the lanceolate cell by the students of the Tenthredin-

oidea. This so-called lanceolate cell is in reality two cells, 1st A and

2d A. The front margin of the first anal cell is formed for the most

part by the coalesced veins, 1st A, Cuj, Cug, and M^; its hind margin

is formed by the combined 2d A and 3d A. The front margin of the

second anal cell is formed for the most part by the coalesced 1st A
and 2d A; its hind margin is formed by the 3d A. The cells 1st A
and 2d A are sepai'ated by the free part of 2d A, which extends trans-

versely and is generally spoken of as the cross-vein of the lanceolate

cell.

The lanceolate cell is found under five ditterent forms: First, open

at the shoulder with an oblique or sti-aight cross-vein; this is the form

found in the typical hymenopterous wing and is of most frequent
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occurrence (fig. 11, n-d)\ second, open at the shoulder without a cross-

vein—that is, with the free part of 2d A wanting- (fig. 11, (^\ third,

contracted at middle without a cross-vein (fig. 11, h-(/)\ fourth, petio-

late (tig. 12, a-c)\ and fifth, with the lanceolate cell represented only

by the vein forming its front margin (fig. 81).

The origin of the cells of the anal area has already been discussed,

and only the origin of the difl'erent types of cells will be considered

here. The anal cells are found in their simplest condition in the

families Xyelida? (figs. 31-36) and Lydid^e (figs. 36-43). In these fami-

lies the important points to be noted are, that the vein forming the

front margin of this area is straight, while the vein forming its hind

margin is straight on its apical half and has a prominent bend or

emargination on its basal half,

known as the contraction of the

lanceolate or second anal cell; that

the anal veins have not coalesced

at base; and that there is a short,

ol)lique, transverse vein near the

apex. This same type of cell is

found in the genera Dolerus (fig.

•1*J), EmphytKK (fig. 46), Pseudoslo-

hla (fig. 48), and Erioccvmjya (fig. 47),

except that the emargination on the

hind margin at base is not so deep

while the cells themselves are not so

l)road. In Blasticotom.a (fig. 44)

these cells are narrow^ed, but the

portion of the vein on the basal side

of the emargination has been en-

larged shoulder-like. Among the

Siricida? there has been a gradual

but marked change; in Xeris (fig.

89) and Paururvs (fig. 11, h) the

cells have been greatly elongated, together with a corresponding elon-

gation of the emargination, while in Tcredon (fig. 90) and Tremex (fig.

91) the emargination is so gradual that it would be overlooked if it were

not for its presence in the closely related forms, while there has been

developed an additional spur which extends from the apical end of the

emargination toward the ))ase and margin of the wing. In Megalodon-

te>< (fig. 92) these cells have been much shortened, the emargination is

almost entirely wanting, while the bellying out of the third anal vein

just in front of the free part of the second anal, which is only slightly

indicated in the Lydida', is well marked here. In almost all those gen-

era where there is a prominent emargination of the third anal vein at

base, there is a corresponding expansion of the wing area behind the

/

ff

Fig. H.—Types of anal cells, a, Macro-
XYELEA ferruginea; h Paururuscyaneus:
C, CEPHUS PYGM.KUS; rf, KONOWIA WALSHII;

e, Strongylogaster cingulatus; /, Hoplo-
CAMPA ferruginea; g, Labidarge dibapha.
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anal veins. The Cephida? (tig. 11, c) are an interesting example of

how far the reduction of this area may be carried; in this family the

emargination of the base of the third anal is entirely wanting, the free

part of the second anal is perpendicular to the other veins and opposite

the medio-cubital cross-vein, while the wing area behind the third anal

is so greatly reduced that this vein in some species practically forms

the hind margin of the wing.

The genera Derecyrta^ Brachi/.vlpJms^ and IToiiov.ria (tig. 11, d), of the

family Xiphydriidse are described as having the free part of the sec-

ond anal vein present and the third anal vein united with 1st A+2d A
at the contraction of the third anal vein. The tirst two genera are

unknown to me in nature, but the species of these genera, figured by

Westwood " and Kirby, show the contraction of the anal cells of the

same type as found in Xiphydrla (tig. 85). In Xiphydria the contrac-

tion is much deeper and the third anal approximates more closely the

1st A+2d A than in any of the other genera of the Tenthredinoidea.

In Koncnvla walshii^' the contraction is still deeper, yet the two veins

do not come into actual contact with each other. Xlphydria and

KonowUi are of interest in showing successive stages of the anterior

migration of the third anal at the contraction and to prove that at

least one method of the moditication of the anal cells is by the anas-

tomosing of the veins at this point.

The anal area has been reduced in two very different ways; tirst, by

the anastomosis of the third anal with the first and second at the contrac-

tion in the second anal cell; second, b}" the shortening of the free part

of the second anal until the third anal comes in contact with the com-

bined first and second anals. Thus it will be seen that in both cases

the reduction is due to anastamosis, but that it takes place at a ditierent

point and in a different way.

AVith the exception of the genera of the family Oryssidsv (tig. 97),

the only place where the anal area undergoes any reduction at all is in

the family Tenthredinidw, and even here the great majority of the

genera fall under the tirst class. As to whether the third anal anas-

tomoses with the combined first and second anals before or after the

atrophy of the free part of the second anal, it is impossible to tell.

If we base our conclusions on the Xiphydriidse, the natural supposition

would be that it took place before the atrophy of the free part of the

second anal; but, from a careful study of this area, I have been led to

conclude, because of the difference in the stages within the different

families, that these modifications hav^e arisen independently within

ffj. O. Westwood. Thesaurus Ent. Oxoniensis. 1S74. W. F. Kirby. List

Hymen. Brit. Mus., Tenth, and Siric. I, 18cS2.

'^I am indebted to Mr. J. Chester Bradley for an opportunity to see a specimen ot

this species l)elonj^ing to the U. 8. National Museum Collections. The generic refer-

ence was made bv Dr. W. H. Ashmeao.
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each family; and further ])elieve, judging- from the exi.sting forms, that

in the family Tenthredinidie, where there are clo.sely related forms

with and without the free part of the first anal, that this anastomosis

took place after the loss of the free part of the second anal.

The type of cell, where the free part of the second anal is wanting,

is illustrated by the genera Sehmdria, SirongijlogaHte)' (tig. 11, e)^

Sift'omhoceros (tig. 50), and Thravi.r of the subfamily Selandrina?.

These genera have an anal area identical with that found in the genera

Dohrus (tig. 49), LojthyniK (tig. 45), EriocampoHhs (tigs. 52-53), and

Enq^hytus (tig. 4(1), except for the atrophy of the part named, and rep-

resent the type of lanceolate cell open

at the shoulder without a cross-vein.

In the genera llopJocmnpa (tig. 11.

,/"), Vladius (tig. ())), Monoctenus (tig.

67), Lahidarge (tig. 11, f/),
and llylo-

toiiia (tig. 76), the type of cells found

in the Selandrina? has been further

moditied ))y the anastomosis of the

third anal vein with the com])ined lirst

and second anal veins at the point

where the third anal is deeply emargi-

nate in the Selandrina% and conse-

quently, with the loss of all trace of

the emargination. The anastomosis

varies from a short distance in IIopJo-

eampa and ^fonocteinis to almost the

entire length of the area in Ilylotoina

and Lahidarge and is the type of

hinceolate cell considered as being

contracted at middle.

The so-called petiolate type of lance-

olate cell is a direct modification of the

contracted type. It is brought about

in two very different ways. By the atrophy of that part of the third

anal vein adjacent to the basal end of the anastoniosis, or ))y the

continuation of the anastomosis of the basal part until it reaches the

base of the wing. IJylotoma and Lahidarge show the basal part of

the second anal cell as a minute area at the extreme base of the wing

v/hile in Pachylota (fig. 77) this area is obliterated l)V the completion of

the coalescence. Although there is no data available, ^et from the

shape of the anal cells in the Oryssida? (fig. 97) it is quite probable that

the reduction has taken place here in the same manner. That the

petiolate type is brought about by atrophy is readily proven by an

examination of the wings of Rhadlnocera^a (fig. 12, a)^ Ptricllsta (fig.

12, i), and Phyuiatoeera (tig. 71), in the order named. In these wings,

/

<J

[«. 12.—Reduction of the .^.n.^l cells.

a, Rhadinoceraea reitteri; 6, Peri-

CLISTA melanocephala; c, Pteronus
PAViDi'S; i\, Macrophya albicincta;

f, Tenthredo flava; /, Lycaotasodalis;

<7, Clavellaria amerin.k.
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the basal part of the third anal vein is preserved in every case, but is

interrupted at the point where it should join the anastomosis. Ptei^ou h.s

(tij)-. 12, c) and BJennocampa (fig. 72) show a slightly later stage in which
only the longitudinal part of this vein is preserved, while many genera,

as Dlneura (tig. 03), show the complete atrophy of the entire basal part

of the third anal, or at most it is represented only l)y a fold. In Pet^-

rcyia (fig. 80) there is developed a peculiar spur on the posterior

margin of the cell 1st A opposite the free part of M^+C'Ui-
The greatest reduction of the anal area is reached in the subfamilies

Lobocerinte (fig. 82), Pterygophorinre (fig, 81), and Perginas (fig. 84),

where all that remains is the simple straight vein. The members of

these subfamilies, at least so far as this area is concerned, have reached

the condition found in all the higher Hymenoptera. This condition

has been reached by a continuation of the anastomosis found in Lahi-

darge (fig. 78). As was shown above, the petiolate type of cell might
be produced by the anastomosis of the basal part of the third anal,

while the condition here is produced by anastomosis of both basal and

apical parts. It is an interesting fact that the cell on the basal side

of the anastomosis is bounded in front by 1st A+2d A and behind by
3d A, while the apical half is bounded in front by 1st A and behind by
2d A+3d A, so that the resulting vein is a combination of all three

anal veins, which has certainly been brought about in a very round-

about manner.

The second method of the modification of the anal area, namel}^, b}^

the gradual shortening of the free part of 2d A and the almost com-
plete obliteration of the emargination of the 3d A is found only in the

subfamilies Lycaotinte (fig. 12, /"), Tenthredininse (fig. 12, d-e), and
Cimbicinffi (fig. 12, g). When the wings of Itycorsia (fig. 40), Lyda
(fig. 37), Csunolyda (fig. 38), Eriocampa (fig. 47), and Strongylogaxtei'

(fig. 51) are carefull}^ examined there will be found at the base of the

emargination a prominent shoulder, which is distinctly thickened.

This shoulder is present in varying degrees in all those genera where
the third anal is emarginate at base, but is especiall}' prominent in the

genera named. If, now, we examine the wings of most any member
of the subfamily Tenthredinina^, as Macroj>hya (fig. 57), we will tind

near the basal side of the anastomosis a slight emargination, and just

beyond it a thickening. In this emargination and thickening we find

the reason for our conclusions that in these subfamilies the contracted

type of cells has been produced by a shortening of the free part of the

second anal. This conclusion is further confirmed by the great varia-

tion in the amount of anastomosis. In the genus .Macrophya alone

this condition varies from a well-marked perpendicular free part of

the second anal to an anastomosis for some distance. The perpendic-

ular free part of the second anal or the anastomosis in the Tenthred-
ininic occupies a position nearer the base of the wing than the corre-
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spondinsi" parts in Dolerus or KnipJiytua^ but this is nudoubtedly duo

to the elongation and narrowing- of the wing. That this position is

due to the elongation of the wing is proven by the wing of Lycdota

(fig. 55), which is broad and not at all elongated, while the anasto-

mosis occupies a position similar to that of the free part of the second

anal in Dolerus (fig. 49), and Einphytus (fig. 46). In the Cimbicina'

most of the g-enera have lost the emargination found in the Tenthred-

ininiv, but in a few genera, as Ahia, it is prominent. Even though

the emargination were wanting' in all the genera of this subfamily, the

general contour of the anal area in the more generalized genera, as

Clnibei' and Trlchiomma., would show their intimate relation to the

Tenthredinini© and Lycaotinte. In the Cimbicinffi (figs. 59-60) the first

anal cell is much reduced by the coalescence of the veins at its apex.

In OlaveUai'ia (fig. (50) this has proceeded so far that 2d A+Sd A has

coalesced with 1st A to just before the free part of M^+Cuj.

2. thp: hind wings.

The hind wings of most Hymenoptera have been so greatly reduced

that the primary homologies can be determined only after careful

study. Once the primary homologies have been established the deter-

ge.

Pig. 13.—Typic.^i, hind wrNi; with thk lacking vein.s indicated by dotted lines.

raination of the different veins in different wrings is a ver}' simple

matter. As the superfamil}^ Tenthredinoidea contains all the hymen-
opterous insects in which the hind wings are at all generalized, it is

apparent that a study of the wing areas of the members of this super-

family is of the first importance. Practicallv all the modifications

found in this wing are due to the atrophy of the transverse parts of

veins or to a secondary shifting of the transverse parts of veins so as

to stiffen the wing more effectually. Fig, 13 represents a generalized

hind wing in which the wanting veins are indicated by dotted lines.
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THE (X)STAL. AREA.

The costal area is represented by the costa, which is present in the

hind wings of practically all Tenthredinoidea as a strong vein thick-

ened at base. So far as observed costa is wanting onl}^ in the genera

Of'i/ssu.s (tig. 97) and Stromhoceron (fig. 50).

On the front margin of the hind wings of all Hymenoptera there is

a series of hooks for fastening the two wings of a side together so

that they will move as a unit during flight. These hooks are of vary-

ing extent, in the Siricida there is a prominent group at the base

and another near the apex of Scj with isolated hooks between; this

same condition is found in certain Lydidte while in others only the

basal and apical areas are preserved. The Xyelidte and Xiphydriidi©

also have basal and apical areas. In the Oryssida? there is an apical

area with four or five isolated hooks just before the apical area. In

most Tenthredinoidea there is only the apical area, which is likewise

characteristic of the higher Hymenoptera. The apical area is of

about the same extent in all the groups except the Cimbicinse, where

it extends from one-half to two-thirds the length of the cell Rj+g.

THE SUBCOSTAL AREA.

All vestige of the subcosta has disappeared except in the single

family Lydidte (figs. 36-43), where in the genera Lyda (fig. 37) and

Bactroceros (fig. 41) it is as fully preserved as it is in the fore wing

of the Lydid?e and Xyelid^. Subcosta and its continuation, Scj,

extend as a straight vein from the base of the wing to near the apex

of the vein Scg + Rj, The basal free part of Scg is a short vein only

three or four times as long as broad and in some genera, as Bactro-

ceros^ Neurotoma (fig. 36), and Pamjjhilkis (fig. 39), it is only about

as long as broad, while in the genus Cxnolyda (fig. 38) it is entirely

wanting. When present it is generally situated about midway of the

vein Rj, making the cells Sc and Scj subequal in length. The only

exception observed is in the genus Neurotoina^ where the free part of

Sc2 is much nearer the apex of the wing, the cell Sc^ being less than

one-half the length of the cell Sc. The apical free part of Sca has

been obliterated b}' its coalescence with R^ to the margin of the wing.

In the genera Pamphllius^ Neurotortia^ Cephalela (fig. 42), Itycorda

(fig. 40), and Lyda a considerable portion of the subcosta found

between the base of the wing and the free part of Scj has completely

atrophied, the amount varying in the difl'erent genera. The condi-

tions found in the genera just named go to show that the reduction of

the subcosta in the hind wings has proceeded in a very different way
from what it has in the fore wing, where the modification is clearly

due to coalescence. The cell laying between costa and Sc + R+ M,
C + Sc + Scj, is broad and well marked in all the specialized Tenthre-
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dinoidea except in the family Cephid* (tigs. 93-96), where it has

been completely squeezed out by the close apposition of eosta and

Sc+ R + M.
THE RADIAL AREA.

The bases of radius and media are combined in the same way as in

the forewing. The single vein R-[-M extends to near the middle of

the wing, where it divides into R^ and R^+M. In most specialized

Tenthredinoidea the stem of R+M is only moderately thickened, but

in Oryxsns (tig. 97), the costa being wanting, the vein R+M has been

excessively thickened, evidently to take up the stress that would have

been transmitted along the costa.

Rj combined with Scg extends obliquely to the front margin of the

wing, where it anastomosis with costa in a single point, or at most for

only a very short distance, just before the apical area of hooks, then

curves awa}^ from the costa and joins it again at the apex of the apical

area of hooks, forming a cell Sc^ homologous with the stigma of the

front wings. This cell is prominent in such genera as Peridlsta (tig.

69), Pteronus (tig. <6^)^ Phyntatocera (tig. 71), Strongijlogaster (fig. 51),

Dineura (fig. 63), Dolerm (fig. 49), Tenthredo (fig. 56), and Trichlo-

soma (fig. 59), and is generally situated at the liase of the cell R^+g.

In the Xyelidffi (figs. 31-35), Xiphydriid^e, Cephida^ (figs. 93-96),

Megalodontida, and Blasticotomid* (fig. 44), this stigma-like cell is

entirely wanting, while the apical area of hooks is situated on an

enlargement of the costa opposite the middle of the cell Rj+o. This

cell is faintly indicated in the Lydida^ (figs. 36-43) and situated as in the

Xyelidfe, while in the Tenthredinidaj it is generally distinct except in

the more specialized subfamilies. This is especially true in those

genera with an appendiculate cell. The course of the apex of R^ here

confirms our conclusions regarding its course around the stigma in the

front wings and that the stigma is nothing more than a stronger

chitinization of the wing membrane in front of R^ than is found in the

other cells.

The front margin of the cell R1+2 in the Siricidse (figs. 86-91), Mega-

lodontidfe (fig. 92), Xyelid;e, Lydidte, and Blasticotomida^ is l)ounded by

a vein of uniform width, Rj, which, after joining the costa beyond the

apex of the apical area of hooks, coalesce with it, the single vein extend-

ing along just within the front margin of the wing. It ends in the

Xyelida (figs. 31-35), Lydida (figs. 36-43), Megalodontid* and Blasti-

cotomida3 (fig. 44), at or slightly beyond the apex of R3 and a con-

siderable distance liefore the apex of the wing. This results in a cell

contour identical with that found in the front wings. In most genera

of the family Tenthredinidje, as Macrophya (fig. 56), Blennocampa

(fig. 72), Stromhocrros (fig. 50), Peridkta (fig. 69), and Pteronus (fig.

68), Rj likewise ends at or slightly beyond the apex of R.^, but in these

genera the veins R^ and R3, coincident with the lengthening and nar-
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rowintj' of the wiiiji', liavH^ migrated to the apex of the wing, so as to

stiffen it, while in tlie genera Blennociinipa and Perlclista Kj extends

around the apex. In the Cephidw and Cinibicinse R3 has retained its

primitive position distinctly before the apex of the wing- while Rj has

been extended spur-like to the apex. The genus IloplocmnpaV^'g. 01)

shows a similar condition, except that the prominent spur-like tip

has not been developed. 0?'i/t<stis (fig. 97), Trerae,r (fig. 91), Paururus

(fig. 86), Monocteniis (fig. 67), DJelocerm (fig. 79), and PacJi.ylota (fig.

77) show a modification of the condition found in Ble^inocampa and

Peridista. In these genera Rj and R., have migrated to the apex of

the wing, but the apical half of the vein R^ atrophied, causing the cell

Ri+2 to return to its original condition, open at the margin. The

genera Xerk (fig. <S9), Hylotoma (fig. 76), Lahidarge (fig. 78), Perga

fig. 84), Perreyia (fig. 80), and LohoceTcm (fig. 82) show a still different

type. Here R3 ends distinctly before the margin of the wing while

Rj is continued to the apex, but in the course of its development was

pulled away from the margin for a considerable distance, forming an

appendiculate cell in the same way that it is formed in the front wing.

The second part of the vein R + M, Rs+ M, very soon divides into

Rs and M. In all the wings observed the free part of R^ is wanting;

also R5, except in the genera Megaxyela, Odontophyes^ and Macoxyela.

R3 occupies a position similar to that found in the front wings; the

onl}^ marked modification is the point at which it reaches the margin,

and this was full}' discussed above.

The tip of the fourth branch of radius has combined with R5+ Mj as

in the forewing, while the free part of R^ is a transverse vein extend-

ing between R3 and R5+ Mj. In the Xyelid^ (figs- 31-36), Lydidse

(figs. 36-43), and Megalodontida^ (fig. 92), it is situated near the margin

of the wing, but in most Teuthredinoidea it has migrated toward the

base of the wing; while in such genera as Lohocenm (fig. 82), Dolerris

(fig. 49), Pteronus (fig. Q^)^ and Chidrvs (fig. 66), it is situated in a line

with the costal area of hooks. The free part of R^ is entirel}- wanting

in the subfamilies Blennocampinas (fig. 72), PhyllotomintB (fig. 54),

Fenusinai (tig. 74), and the genera Tetratneura and AGidophom.

The radio-medial cross vein is wanting in all the genera observed.

THE MEDIAL AREA.

In all the wings examined, except in Slrex (figs. 87-88), and Mano-

Kyela (fig. 34), the vein M is coalesced with the radial sector for a

greater or less distance. This is very different from the conditions

found in the front wing, where M always arises from R some distance

before the origin of the radial sector. In Sirex and Manoxyela M
arises from R distinctly before the origin of the sector, but much
nearer to it than is the case in the front wings of all other Teuthredi-

noidea. In Paururus (fig. 86) and Xerl.s (fig. 89) M arises from the

sector at or just beyond its origin; in Macroxyela (fig. 33) it extends
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about twice as far as in ['(Oinirn.s ; in the Ljdidie, Meg'alodontitUe,

and most Tenthredinida> it arises a considerable distance beyond tlie

origin of the sector; while in Treiiiex{^g. !»1), ^>/7/.s%sv/.s- (tig. ^T)^ Lycaota

(tig. 55), Acidophoiui^ and the subfamily Blennocampina? (tig. 72), it

arises at or just before the middle of the cell Ki+., but the moditi-

cation found in these genera is undoubtedly due to the atrophy of the

free part of K^.

As soon as M separates from the radial sector it extends trans-

versely until it joins the medio-cubital cross-vein, where it usually

l)ends at about a right angle and extends longitudinally. About mid-

way between its union with the medio-cubital cross-vein and the margin

of the wing it divides into two branches, Mj, which extends direct to

the wing margin, occupying a position very similar to the same vein

in the front w^ing, and M.,, which extends transversely to near the mid-

dle of its length where it joins the medial cross-vein, from which

point it extends longitudinally to the margin of the wing.

The medial cross-vein extends longitudinally toward the base of the

wing, where it joins a vein which extends longitudinally or obliquely

fiom the cubital end of the medio-cubital cross-vein. That portion of

this vein which lies between the medio-cubital cross-vein and the

medial cross-vein is the free parts of M^ and Cu^, the free part of

M^+Cuj being wanting, while that portion which lies t)etween the

medial cross-vein and the tip of the anal veins is the free part of Mg.

In the front wings there is a branch which extends from the stem of

M and joins M., just before its union with the medial cross-vein. This

is the stem of M^+i and is entirely wanting in the hind wings of all

Hymenoptera. If the position of Mj, M^, Mg, and the medial cross-

vein be compared with the corresponding veins in the front wings it

will be seen that they occupy a similar position and are in fact the

most important landmarks in homologizing the veins of the hind wings.

In Oryssus (tig. 97), Blennocampa (tig. 72), Aoidophora., Perreyia^

Lohoceras (tig. S2), Acordulecera (tig. 83), Pterygopherus (tig. Si), and

Perga (lig. 84), the transverse part of M., has atrophied so that the

cells Mj and 1st M.^ are united.

The free part of M., in most Tenthredinoidea extends almost trans-

versly to the margin of the wing, but in the Cephidas (tigs. 93-96),

Tenthredinina? (tigs. 56-58), and Manoxyela (tig. 34), where the anal

area of the wing has been greatl}' reduced longitudinall}-, the free

part of M3 has been bent abruptly toward the base of the wing.

While in most genera the free parts of M3 and M^ are subequal in

length, yet in Lohoceras (fig. 82) and Perga (tig. 84), M^ is two or three

times as long as M3, while in the CephidiB (tigs. 93-96), Tremex (tig.

91), and Pterygophorus (fig. 81) M3 is several times the length of M^.

The medial cross-vein is in most genera subequal in length with the

longitudinal part of M.^, yet in AVr/.v (fig. 89), Tremex {^g. 91), Serico-



602 PROCEEDTNGS OF THE NATIONAL MUSEUM. vol. xxix.

cera^ and Dieiocerii.s (fig. 79), the cross-vein is imich shorter, one-third

to one-fourth the length of this part of M^,

The medio-cubital cross-vein in the generalized Tenthredinoidea is

transverse and subequal in length to the transverse part of M, but

there is considerable variation thi'oughout the various genera of the

other groups. Its departures from the generalized condition may be

divided into five groups. In the first of these the longitudinal part

of M has migrated along the transverse part of M, greatly increasing

the length of the cross-vein, although the cross-vein and the trans-

verse part of M retain relativel}^ the same position. This is shown in

the genera Trlchiosomn (fig. 59), Ldhidurge (fig. 78), DoleruH (fig. 49),

and Monoctenus (fig. 67). In the second group the length of the

cross-vein has been greatly increased by the migration of the trans-

verse part of M from its position at or near the base of the cell

M^+lst Mj to near its middle as in the genera Tenthredo (fig. 56),

Periclista (fig. 69), and Strongylogaster (fig. 51). In the Cephidse

this migration has proceeded so far that the transverse part of M is

joined to the cell M^+lst M^ near its apex. The third group is

represented by the genera Xiphydria (fig. 85), Macrophya (fig. 57),

Phymatoeera (fig. 71), Rhadinocerxa (tig. 70), and Lycaota (fig. 55).

In these genera there has been a combined migration of the longi-

tudinal part of M along its transverse part, together with a migration

of the transverse part of M toward the apex of the wing. The fourth

group is represented by the genus Pterygophorus (fig. 81), where the

longitudinal part of M has migrated toward M^ along the medio-

cubital cross-vein, resulting in a distinct shortening of the cross-

vein, in the fifth group there has been a migration of the transverse

part of M toward the apex of the wing, while the free part of M^ has

swung around from a longitudinal or oblique position to a transverse

one. Coordinated with the change in position of the free part of M^
there has been a swinging forward of the part of cubitus on the Ibasal

side of the medio-cubital cross-vein until it has come into line with

the base of the longitudinal part of M, so that in this group the medio-

cubital cross-vein extends longitudinally instead of transversely.

This is practically the same condition as is found in the higher H^^me-

noptera and is shown by the genera Perga (fig. 81), Perreyla (fig. 80),

Acordulecera (fig. S3), and Loboceras (fig. 82).

THE CUBITAL AREA.

In the hind wings cubitus is represented by the long, straight vein

extending from the base of the wing to the medio-cubital cross-vein.

All trace of the free part of Cuj is wanting, and the same is true of

Cug .unless we homologize the short vein found in the Xyelid» (figs.

31-35) at the base of the wing with this vein. That this spur repre-

sents the free part of Cu.^ there can not be much doubt. That it is not
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a supernumerary vein is proven by its persistence throughout all the

different genera of this family. Its preservation is undoubtedly due

to its position at the extreme base of the wing, and also to the fact that

its anal end curves toward the base of the wing, giving it a location

where its liability to be obliterated would be reduced to a minimum.

THE .\NAL AREA.

The anal veins of the hind wings, like those of the fore wing, have

undergone marked changes but along very different lines. Here, as

in the fore wings, there has been a combination of the apices of M.,,

M^, Cuj, Cug, 1st A, and 2d A. the transverse free part of the tirst

four of these, except M.,, being wanting. The first anal vein extends

directly from the base of the wing to the transverse part of M3, in

man}^ cases being strongly bowed in front, and from M3 there extends

an oblique vein to or nearly to the margin of the wing. This vein is

wanting in the Cephidw (tigs. 93-96), Xyelida? (ffgs. 31-35), Acordu-

lecera (tig. 83), and Blciniocam.pa (tig. 72).

The second anal vein is found in its most generalized condition in the

wings of Strongylogniiiei' (tig. 51), Ttnthredo (tig. 50), Perieliata (tig.

69), and Stroviboceros (tig. 50), where it extends from the base of the

wing as a slightly bowed vein and unites with the first anal vein dis-

tinctly beyond the transverse part of M^. In the genera Doleru^ (tig.

49), Selandria, and Macrophya (tig. 57), the coalescence is only for a

short distance in front of the transverse part of M.,. The amount of

coalescence increases until in the genera Hylotoma (tig. 76) and Lahl-

darge (tig, 78) the coalescence is for more than half the length of the

anal cell. The second anal vein is entirely wanting in Xerls (tig. 89),

Orys^u,s (tig. 97), Lolxx-tras. (tig. 82), Perga^ (tig. 8-1), PterygopJioru^

(fig. 81), Perreyia (fig. 80), and Acordulecera^ (fig. 83). The disap-

pearance of the second anal vein is undoubtedly due to the fold in the

wing just behind the line where the vein would be situated. This sup-

position is strengthened by the wing of Xeris and I)telocerui< (fig. 79),

where the transverse apical part of the stump is retained. While in

Sire.i' alhtcornls (fig. 'S'6)^ the basal half of the uncoalesced part is

retained. In Macroxyela (fig. 33) there is a different type of modifi-

cation. The second anal vein is situated just in front of the furrow, is

as well developed as the other veins and extends almost to the margin

of the wing, where it bends abruptly forward and joins the first anal

vein just before the free part of M.,. The transverse part in Mano-
.eyela (fig. 34) is nearer the base of the wing and there has been devel-

oped in addition a secondary spur from the outer posterior angle to

the margin of the wing. The Cimbicinte (figs. 59-60) show a similar

condition, except that the transverse part of the second anal is near

the middle of the wing with a long spur continuous with the longitu-

dinal part of the vein. In Macrocephus^ (fig. 95) the spur is present



604 PROCEEDINGS OF THE NATIONAL MUSEUM. vol. xxix.

and the transverse part of the second anal is curved toward the base

of the wing, while Cephus (fig. 06) dift'ers only in lacking the spur.

The third anal vein is almost universally present, and extends as a

slightly curved vein near the anal lobe of the wing from the base of

the wing to the margin. It is represented in O/'ys^us by a fold and in

Acordtdecera by a pale band of pigment. In many of the generalized

genera there is present a prominent transverse spur on its hind margin

near the base of the wing, which is joined to the spiral vein, a cord-

like thickening which extends along the base of the wing to the scu-

tellum.

v.—DYNAMICAL CONTROL OF WING TYPE.

It has already been pointed out in a number of cases that certain

modifications were due to mechanical causes. The wing of an adult

insect is a machine purely for locomotion, and the rapidity and skill

of the locomotion is directly dependent on the perfection of the

machine. It is a fact that those insects are the swiftest flyers whose
wings approach most nearl}" a triangle in outline, that is, having wings

broad at base and pointed at tip. This is illustrated by the wings of

the hawk-moths, the bee-flies, and the bees. The efficiency of a Aving

is dependent not only upon its outline but upon the arrangement and

construction of its various parts. This construction consists in the

arrangement of the veins in such a manner as to best fit it to with-

stand the stress exerted upon it in striking the air and at the same
time without increasing the weight of the organ.

The different kinds of insects fl\' in two ways—by a soaring flight,

for which a broad expanse of wing is required, and by a swift dashing

flight, for which a narrow, stifl' wing is necessary. It is also a fact,

at least so far as insects are concerned, that those species whose wings

are broad and approximate closely the arrangement of the veins found

in the hypothetical type are never swift flyers, while those in which

there has been a marked reduction in the number of veins, together

with a trussing of that part of the wing subject to the greatest stress,

are always swift flyers; that is, there is alwaj^s a direct correlation

between the structure of a wing and its efficiency as an organ for

flight.

Where insects possess four wings, the wings of a side are generally

fastened together in some manner to insure a more synchronous

motion. This is accomplished in the Lepidoptera by a jugum on the

hind margin of the front wing, or by a frenulum on the front margin

of the hind wing, or by an expansion of the front margin of the hind

wing so that the two wings overlap. These fastenings are all located

at the base of the wing, and consequently can not exert much influence

over the course of the veins found ncai- the middle of the wing.

With the Hymenoptera in general and the Tenthredinoidea in particu-

lar the conditions are different. The wings of the Tenthredinoidea
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are fastened by a series of hooks on the costal margin of the hind

wing which fasten into a fold along the hind margin of the front wing.

These hooks may extend from the base of the wing to near the middle

of the cell R1+.3, they may be arranged in two groups, one near the

base of the wing and another near the base of the cell K,+.2, or they

may be arranged in a compact group near the base of the cell Ri+g.

In all cases this latter group is alwa^^s the strongest, and lieing situated

near the middle of the wing exerts a strong influence on the course of

the veins found in this region in both wings, as will be shown later.

The path of the tip of an insect's wing during flight is that of a fig-

ure 8 (fig. 14). This has been shown by Marey and other investigators.

It is a well-known fact that during flight the wings go through two

distinct motions, a stroke or downward motion and a recovery or

upward motion. The relation of the strike and recovery are shovvn on

the accompan3nng figure copied from Marey. The up

and down motion is due entirel}" to muscular action while

the resistance of the air ''effects those changes in surface

obliquity which determine the formation of an S-,shaped

trajectory by the extremity of the wing."

From a mechanical standpoint, so far as insects are con-

cerned, the act of flight is really a simple one. The wing-

is so constructed that there is a rigid front margin for

striking the air and '"a sort of flexible sail behind," which

inclines the wing at the most favorable angle. This is

usually about 4.5^. During the downward motion the

wing is expanded to its fullest extent by the resistance |

of the air beneath it, while during its recover}^ it is con-

tracted by being folded or corrugated along the lines of fig. 14.—wing

the wing furrows, which in this way reduce the amount

of surface of the wing and consequently reduce the resistance during

recovery.

The wings of most insects are corrugated or folded along certain

lines. In many orders these furro\vs are so persistent that they have

been named. Although they are not so constant in position as the

veins, yet they occupy so nearly the same j-elative position that it is

generally possible to homologize them. The function of the furrows

in an insect's wing are twofold, to strengthen it and to make it flexible.

The latter function seems to be their only use in the wings of the

Tenthredinoidea. In this superfamily all the following furrows are

present.

The anal furiwo.—This is a longitudinal furrow extending from

the base of the wing to the margin just in front of the first anal vein.

It is distinct in both wings. In the front wings it separates the free

parts of Cu.j, M^+i'Ui, and M., from the vein behind the furrow and

has undoubtedly been an important factor in causing the atrophy of

the free part of these veins.
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The second anal furroui.—This furrow also extends from the base

to the margin of the wing. It is found only in the hind wings and is

situated just behind the second anal vein. It is at the end of this fur-

row that there is located the emargination which eventually develops

into a slit, the axillary incision, which separates off the hind angle of

the wing into a lobe or alula. This alula, which always contains the

third anal vein, whether it is separated or not by an incision, is

always turned back under the remainder of the wing.

The inedialfurroir.—This is a straight furrow in many Tenthredin-

oidea, starting in the cell R. and extending along just in front of Mj
to near the margin of the wing. It usually bends down near the

middle of the cell Rr,, so that it is close to the vein. This furrow finds

its greatest develoi^ment in the family Tenthredinidas, In most of the

genera of this family it extends along close to Mj until near the mid-

dle of the cell R5, where it subdivides into two or three branches. The
posterior branch crosses Mj+j near its origin and passes obliquel}^ across

the cells 1st M^ and Mj. The anterior branch passes midwa}- between

Ml and R., to near the margin of the wing; in some cases the anterior

branch subdivides, one branch extends just behind Rg, while the other

extends just in front of Mj. Onl}^ a casual examination is necessary

to see how important the medial furrow nmst be in maintaining the

tiexibility of this area of the wing. The so-called bulla? of many
writers on the Tenthredinoidea are the clear spots in the veins where

these furrows cross them.

The radiiOfnrrov\—This is a short longitudinal furrow situated

just in front of the radial sector and may be a branch of the medial

furrow.

The codal hinge.—This is a thin area of the front margin of the

wing, situated between the apex of costa and Sc„ at the base of the

stigma.

The greatest stress on a wing is alwa3^s on its front or striking mar-

gin and on that part of the margin that is most prominent. In the

Hymenoptera this is the region in the neighborhood of the stigma.

This stress is in a plane parallel with the wing membrane. This is

due to two causes, the angle at which the wing strikes the air and to

the sail area—that is, approximately the posterior two-thirds of the

wing, which maintains the wing-membrane at relatively the same angle.

The sail area of the wing has the same effect on the wing as the tail on

a kite when it is drawn rapidly through the air near the ground, caus-

ing it to maintain practically the same angle at all times.

If we examine a simple type of truss, as fig. 15, where the sides AB
and BC are equal and the distance AD is equal to the distance DC\ we
will find that any stress exerted at the point B in the plane of the truss

and perpendicular to the line AC will be equally distributed along the

sides AB and BC. But if we take such a truss as fig. 16, where the
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side AB is much greater than the side BC, we will find that any stress

exerted at the point B will not be eqiiall}' distributed, but that a nnich

larger part of the stress would fall on the side BC than on the side AB.

We may assume that that wing is the most perfect mechanical

device which approaches the closest to some type of truss. From our

previous studies of the wing topography of the Tenth redinoidea we

are justitied in concluding that if such a thing as a ti'uss exists in their

wings it must l)e of the type where one side is longer than the otiier,

for there is no point situated near the middle of the front margin of

the wing to Avhich veins converge.

Before taking up a direct comparison of the wings of the Tenthre-

dinoidea with the types of tru.sses given above, we should not overlook

the fact that we \vA\e to do not with a simple but with a complex type.

The front wings nmst in reality be trussed on both sides, for the

hymenopterous wing has stress exerted upon it by the air upon both

front and hind margins. The primary stress is exerted at some point

on the front margin where it strikes the air, while the secondary

stress is exerted on the hind margin where the hind wings are hooked

Fig. 15.—Type of truss. Fk;. It;.—Type i>k truss.

to it. This secondary stress is due to the necessity for a s3'nchronous

motion and to the fact that the hind wing must be pulled along. The
force exerted on the front margin of the front wing would be a push

or a force causing I'etardation, while the force exerted on the hind

margin of the front wing and the front margin of the hind wing
would be a pull or a force causing acceleration.

A clearer conception of the arrangement of the trusses in the

hymenopterous wing will be had if we study tirst in some detail the

topograph}" of a wing in which these structures are self-evident. For
this purpose a front wing of Bhnnocampa alternlpes has been selected,

tracings from a photograph have been made, and the trusses found in

these wings marked as triangles by means of dotted lines (tig. 17).

For convenience in following the course of these triangles on the figure

they" have been numbered, the same number being placed on each side

of the same triangle. For the sake of brevity they will be referred to

in the following descriptions by these numbers.

From what has already been said, it would be expected that these

trusses should arrange themselves into three groups, the first strength-

Proc. N. M. vol. xxix—05 40
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ening the stigniatal region of the front wing, the second, the apex

of the first anal eell of the front wing, and the third, the stigmata!

region of the liind wing. The stigma, as already shown above, is the

cell Sc.,, in which the wing membrane is almost as strongly chitinized

as the veins surrounding it. In generalized genera it is a broad ovate

area, which undergoes a great reduction in the highly specialized

genera luitil it becomes a long, narrow cell, pointed at both ends. It is

located at the point where the greatest stress is exerted, and is in realit}'

a solid truss placed like a cap over this area subject to the greatest

stress. So that we have in the shape of the stignm a readily observed

criterion for judging the efficiency of the tiight of any species, and there-

fore the degree of specialization to which the species has attained. Now
if the stigmatal region of the front wing is examined, the following

conditions arc found. A large truss, truss 1, whose apex is near the

middle of the stigma, with one of its Ijasal angles at the base of the

wing, and the othei' at the apex of R,. Truss 2 has its apex near the

2^^! 34

:-^ r^ \

-THK I'KdNT \VIN(, ok BLENNOCAMl'A AND ITS TRUSSES.

base of the stigma, with one of its basal angles at the point of separa-

tion of R and M, and the other in the angle formed by R^ and Mj.

Truss 3 has its apex near the middle of the stigma with one of its basal

angles in the angle between the medio- cubital cross-vein and cubitus,

and the other in the angle formed by R^ and Mj. Truss 4 has its apex

near the apex of the stigma with one of its basal angles at the point of

separation of R; and R«, and the other in the angle formed by the

radial cross-vein and ^,,+^. Truss 5 has its apex in the angle formed by

Ri and R„ with one of its basal angles in the angle formed by the medio-

cubital cross-vein and cubitus, and the other in the angle formed by R^

and Mj. Truss 6 has its apex in the angle formed by R and M, with one

of its basal angles in the angle formed by the medio-cubital cross- vein

and cubitus, and the other in the angle formed by Mg+j and Mj+g.

Truss 7 has its apex at the point where the free part of R^ arises, with

one of its basal angles in the angle formed by Mg and M^, and the other
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in the anj^-le formed by the medial cross-vein and M.^. Of the seven

trusses here enumerated, four of them have their apices in the stigiiia,

while the remaining three have their apices so situated as to be a direct

support to the ti'usses ending in the stigma. This does not take into

account the thickened costa and the radio-medial cross-vein, which are

also additional supports to this region, while truss 9, which is behind

cubitus, is -the main si'pport of the stress transmitted ])y trusses 2, 5,

and <). Although each of these trusses is here described as a separate

entity, yet the fact should not be overlooked that thei-e is a direct

interrelation betAvecn all the ti'usses. Each is dependent on the other.

It is like the side of a bridge, composed of a complex of rods and beams

that to the casual o}>server do not bear nuich relation to each other,

Itut yet can ])e resolved by the engineer into a series of simple trusses,

all directly interrelated in the same way as the trusses described here

in this wing.

The anterior three-fourths of the w^ing being so strongl}' ])raced,

there is no necessity for so perfect a bracing in the region of the

Hrst anal cell, because the stress exerted at this point can not be great,

and in addition the stress is applied at a i)oint where it can l)e easily

disseminated. There arc three of these trusses, though only two of

them are directly connected with the anal area. Truss 10 occupies

the first anal cell, with its apex directed toward the hind margin of

the wing and opposite the point where the hooks of the hind wing-

fasten into the fold of the fore wing. Just in front of the apical half

of truss 10, with its apex at the middle of the base of truss 10, is

truss S, with one of its basal angles at the apex of M3 and the other

at the angle formed by M^ and M^ + Cuj. It is of interest that the

stress sustained b}' truss 8 is not transmitted directly to the front

margin of the wing, but is disseminated over its apical two-thirds.

The stress transmitted 1)y the vein M^ + Cuj one side of truss S, is

taken up by truss 11, which has its apex almost opposite this vein.

The medio-cubital cross-vein is an excellent example of the interrela-

tion of these trusses. It is an important factor in two trusses trans-

mitting stress from the stigmatal region, and is e<iually important in

transmitting stress from the anal region toward the base of the wing.

It is not necessary to discuss the trusses of the hind wings in any
detail. A glance at the figure of a wing (tig. 81) is sutiicient to show
that all the principal trusses are behind the costal area of hooks. They
are all arranged so as to spread the stress over as wide an ai'ea as pos-

sible and also to stitlen the wing membrane, for one of the principal

functions of the hind wing is to furnish sail area.

In the preceding description no account has l)een taken of trusses

12, 18, and 14. They are not of primai-y importance, but serve to dissi-

pate the stress transmitted from the stigmatal and anal regions, and

to keep the membrane or sail part of the front wing expanded.
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When the conditions existing in such a wing as Blennocanvpa alter-

nipes are compared with those found in the front wing of Macroxyela

ferruginaa the difference is ver}' apparent. The trusses in the wing

of Macroxyela have not been numbered. Only the most important

have been indicated. From their fewness in number the reader might

be led to conclude that the wing of Macroxyela had not been done full

justice, but when the form of the cell areas is taken into consideration,

all of them being either trapeziums or trapezoids in form, it is seen

that this arrangement is one of tlie weakest possible. In such an

arrangement as this each angle of each cell is the apex of a truss,

which can have no other function than to stiffen the sail area. Con-

sequentl^y, if all the trusses found in the wing of Macroxyela had been

indicated on tlic drawing, it would have residted in tliis wing being

apparently much more efficient, at least in numl)er of trusses, than

that of Blennocariijxi. Although there are several trusses in the wing

of Macroxyela^ yet it is a striking fact that these trusses are not nearh^

^. v-.^ ^^-~-"}-^,

>^
\ I

Fk;. I.S.—The front wing of macroxyela an'i> its trusses.

SO efficiently placed (tig. 18). There is not so great a concentration

of the stress to one region. The trusses instead of stiffening a defi-

nite area are scattered over the entire wing surface. Veins that in

Blennocampa are constituents of important trusses are of little more

value than to keep the wing membrane expanded in Macroxyela.

vSome of the most prominent differences are the position of the niedio-

cubital cross-vein and the origin of Mj, the course of the veins bound-

ing the cell Mg, the position of the radial cross-vein, the narrowing of

the cells included between the veins R., and Mj, and the course of the

transverse part of Mj.

The adults of Macroxyela ferruginea are connnon at Ithaca. The

larva* feed on the leaves of the numerous elms found along the walks

on the campus. The adults are very inactive, so nnich so, in fact,

that they will lie still and allow themselves to be crushed underfoot

on the walks. When they are distur])ed in such a way as to be com-

pelled to use their wings, they have a slow hunbering flight and soon

alight again;—that is, the generalized condition of their wings as
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regards the number and arrangement of their veins and trusses is

contirmed by field observations that prove that this insect not onl}^ has

wings that are poorlv fitted for a rapid flight, but that in fact it is an

extremely poor flyer.

If now the different groups representing families and subfamilies

be examined, l>eginning with the more generalized, it will be found

as we proceed from generalized to specialized that there is a gradual

approximation to the type described for Bhinxx'itmjxi^ while in otlun-

grouj)s more specialized than Blenn(>C(inip<( that the conditions are

even uiore perfect than in this genus. These modifications are read-

ily traceable in the change in position of the radial cross-vein, its

posterior end swinging toward the apex of the wing and forming one

side of a truss behind the stigma; the moving of the medio-cubital

cross-vein from a position between media and cul)itus, where it is

only of secondary importance in transmitting stress, to a position

between radius and cubitus, where it is of primary importance; the

migration of M^+Cui until it is practically in line with the medio-

cu})ital cross-vein; the shortening of the radio-medial cross- vein and

the free parts of R^, R^, and R.,, in this way greatly strengthening the

area lying between the most important areas of trusses, those of the

stigma and those of cell Mj. The reduction of the anal cells of the

front wings, the second anal cell ))eing of only secoiKUuy imi)ortance,

the l)ase of the third anal vein is gradually atrophied, and the wing

memln-ane occupied by it reduced until the petiolate type of cell is

obtained, which is gradually modified fui-ther l)y coalescence, and the

furthcn- reduction of the wing membrane until the condition existing

in the higher H3'menoptera is reached by certain subfamilies of the

family Tenthredinidce. The migration of the apex of- R^ away from

the margin of the wing, forming an appendiculate cell, to a })osition

opposite the apex of the wing. Those genera in which this type of

cell has been developed have their wings greatly elongated, and the

migration of R^ is to stiffen this increased sail area.

The migration of the transverse parts of the veins, due to an effort

to form more efficient trusses, results in a marked modification of the

position of these veins, and one of frequent occurrence. Where there

is a secondary change in the position of veins, it can generallv be told

by a comparison with the generalized forms. This is shown in the

wings of Pachylota (fig. 77), L(tl>!(](ir(j<' (Hg. 7.S), Lolxxyi'ds (fig. S2),

and Petujn (fig. 84), where the transverse part of M, has migrated

aU)ng R., + Mj +a on one side and along the medial cross-vein on the

other.

When the wings of the Lydida- (figs. 36-43) or Xyelida^ (tigs. 31-35)

are compared with those of Blernux-ajiijxi^ one of the most noticeable

features is the great mimber of veins. The greater efficiency of the

truss system of the wiugs of Blennovatitjxi over that of the man}"
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veined wings would seem to indicate that the extra veins are a hin-

drance rather than an aid in stili'ening the wing. This is continued bj

t\w fact that they have been suppressed. If these superfluous veins are

a hindrance in the foi'uiation of trusses, they are also in the way in

the development of wing furrows as will be seen by an examination

of any of these or similar generalized forms. In the generalized

wings the wing furrows are straight folds, permitting of only the

minimum amount of Hexibility, while in BJennocampa (tig. 72),

Lycdota (tig. 55), and Lah/darge (tig. 78), they have been developed to

their full extent. These wing furrows are undoubted!}- the primary

factor in eti'ecting the suppression of such veins as the radial cross-

vein, the radio-medial cross-vein, and the free part of R. in the front

wing; and the transverse part of M, the free part of R^, and the trans-

verse part of Mg in the hind wing. The way in which the radial

furrow has etiected the radial ci'oss-vein is seen in the wings of Dineura

(tig. 63), and Rhadlnocerxa (tig. 70), where the cross-vein is gradualh^

losing its chitinization through the prominence of this fui-row. The

etiect of the median furrow on the radio-medial cross-vein is seen in

the wings of Euura^ Pteronux (tig. 6S), Cladlns (tig. 66), and PrU-

tipliorn. In this latter genus there exist all stages from a fully pre-

served radio-medial cross-vein to its entire disappearance. In the

genera Monoeteiiux (tig. 67) and Lophyriis (tig. -15) an intermediate

sidewise development is shown in certain species where only the pos-

terior half of the cross-vein has atrophied, while the anterior half is

fully preserved.

That the loss of the free part of Cu.> is due to the anal furrow is

seen by an examination of the wings of the following genera in the

order named: Buctroceroa (tig. 41), PamphilluH (tig. 39), Ce]>Jiale!a

(fig. 4:2), Lyda (tig. 37), Csenolyda (tig. 38), and Itycorsia (tig. 40). In

these genera there is a complete series from a fully formed Cu2 to a

miiuite swelling on the side of Cu. The anal furrow is the most

important as well as the most prominent and persistent furrow found

in either wing. It is found in the saiue position throughout the entire

order Il^'menoptera. It is this furrow that furnishes the tiexibility

in movement between the two wings. Cu.>, having been separated

from the anal veins by this furrow, could be of only secondary impor-

tance in supporting this area; in fact it is more efficiently supported in

the wing of BJennocampa without it than it is in the wing of Bactroceros

with it. The series here named shows that we have a gradual move-

ment toward the assumption of the condition found in Blenrt(teamj>a.

This is shown in the straightening of that part of cubitus situated

l)etween the medio-cubital cross-vein and the base of the wing, and

the migration of the anterior end of the medio-cubital cross-vein from

a union with media to a union with radius, by this movement coming

into direct line with the subtransverse part of radius. Correlated
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with these changes, though not necessarily due to the same cause, is

the migration of the posterior end of the radial cross-vein toward the

apex of the wing.

The costal hinge as shown above is a thin place in the membrane of

the wing between the apex of costa and the tip of Sc... This is

undoubtedly a weak place in the wing that has l)een handed down

from generalized progenitors which did not require such an efficient

organ for flight. That it is a weak place in the wing is shown ))y the

fact that in those forms that are especially efficient flyers this area

has been bridged over. This is the case in the Cimbicina' (flgs. 59-60),

the Siricidje (flgs. 8H-91), theCephidje (flgs. 93-96), and in all the higher

Hymenoptera. In other forms this weakness has lieen overcome b}" a

decided thickening of the apex of costa, which simply rests against

Ki+ Sc, and the stigma, but never coalesces with them. The hinge

is especially prominent in those genera with a ])road area between

costa and 8c+li+M, and pro])at)ly serves to make this region more

flexible. That the prominence of the hinge in these genera is for

flexibility is emphasized by th(> fact that tiie apex of the costa is not

decidedly tliickeruHl. This causes a fold in the wing membrane
between costa and Sc+R+M very similar to the furrow found in

this same region in the Diptera, and consequently tends to stiflen it.

In the wings of Orysxu-s (flg. 97) occurs the greatest amount of

reduction found in the wings of any member of the superfamily Ten-

fhredinoidea. It is an interesting fact that the reduction found in

this genus is not amena])le to any of the explanations already given.

In Ort/sxKK \\\v membrane of the wing has been more strongly chitin-

ized than in the wings of other genera, and with the increased chitin-

ization of the wing membrane the necessity of veins for stifl'ening the

mend^ranc has been done away with, and (•()iis<Miuently they have

gradually disappeared, being represented only by l)ands of pigment.

Akhough it is not within the scope of the present paper, yet it may
not be out of place to say something about the dynamical control of

the wing type in those orders where appi'oximately all the veins are

parallel and extend lengthwise or approximately lengthwise of the

wing. This is especially true of the orders Lepidoptera and Diptera.

Among the meml)ers of the order Le])idoptera the wings are broad

and long. The stress exerted on the front margin of the front wings

is not applied at one point as in the Hymenoptera, but is spread out

along the entire front margin of the wing. Another point that nuist

not be overlooked is the fact that there is no marked necessity for a

transverse stifl'ening, because this is accomplished by the overlapping

scales covering l)oth surfaces, which stiflen it in tlic same manner that

the overlapping shingles stiflen a roof. The great majority of the

trusses in this order have their apices near the apex of the cell R+M
and their basal angles at the margin of the wing. They serve merelv
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as ribs for stiffening the wing membrane and keeping- the sail area of

the wing expanded. If the wings of such generalized families as the

Hepialidfe, Pyromorphida% Megalop^^gida', and Eucleida? be examined,

it is found that thi« elongate type of truss is present not only on the

hind but also on the front margin of the wing. But in the wings of

the specialized families, Sphingidas, Saturniida?, Papilionida^ and

Nymphalida3, which are noted as being rapid ilyers, there is a very

different condition. In these families all the branches in front of vein

Rr, have been crowded close to the front margin of the wing, forming

a compact series of five stiff braces for supporting the area subject to

the greatest stress.

In the Diptera, as in the Lepidoptera, the stress is applied along the

entire front margin of the wing, but in the wings of this order the

covering of overlapping scales is wanting. As there is only one wing

on each side of the body, and this is sublanceolate in outline, the factor

of a sailing surface is reduced to the minimum. Since the stress is

applied along the entire front margin, and there is no posterior wing

to exert anj^ influence, there has not arisen any necessity' for a trans-

verse stiffening across the middle of the wing. In the generalized

families the veins radiate out from the center of the wing to the mar-

gin somewhat like the spokes around the hub of a wheel. The reason

for this is seen in the necessity for the stiffening of all parts of the

wing. Most of the species are light bodied, and consequently the

wing membrane is delicate and the wings light in w^eight. Those

species that are predacious or hover about flowers are generall}' very

active flyers. In these families there has been developed a marked

tendency toward the coalescence of the tips of the veins, so as to pre-

vent the fraying of the wing margin. There has also been developed

along the front margin from the base to the apex of the wing a heavy

vein in which the longitudinal veins terminate. This is especiall}'

marked in the families Bombyliidai (tig. 21), Apioceridte, and Midaidse

(tig. 28), where the tips of all the branches of radius curve forward and

terminate close to the wing margin, thus accomplishing the double pur-

pose of protecting the wing margin and at the same time stiffening

that part of the wing subject to the greatest stress. The wing of

Midas, which has been referred to before because of the great number

of the tips of its veins that have migrated forward, illustrates this

point well. It shows how the stress applied on the front margin of

the wing is transmitted to the base along the radial stem, while that

on the hind margin is transmitted along the medial stem. We tind

here the reason for the coalescence of the branches of the radial sector

to Rj rathei- than to M,, as happens in the Hymenoptera; namel}',

because the stress in this wing is applied only on its front margin, and

there is a greater need for a stiffening in this direction. That this is

the correct interpretation is shown by the change in the contour of the
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front margin of the wing of Midas as compared with that of Pantarhes

or Era.v (tig. 22), Midas showing the highest type of efficiency, a

long, narrow triangle.

VI.—THE PHYLOGENY OF THE TENTHREDINOIDEA.

It is essential in determining the phylogeny of any group to ascer-

tain what are the most primitive forms, to compare them, and to

determine the ways in which they have been modified. In making

these comparisons the structure of a set of organs should be studied

and the phA'logeny of the group determined from this study; then

other sets of organs should be examined, until all the organs of the

animal have been examined, phylogenies based on these studies should

be made, and then compared with the phylogeny hrst determined. If

it is found that these successive phylogenies corroborate each other,

we have a demonstration of the correctness of our conclusions. If

they disagree, then there is indicated a need for a further examination

of the disagreeing forms, for when correctl}" interpreted it will be

found that the ditierent records of the action of natural selection will

not contradict but confirm each other. In the following pages the

first step in such an investigation, a phylogen}^ based on an examina-

tion of the wings of the Tenthredinoidea, is given.

There arises, in" working out the phjdogeny of any group, the ne-

cessity for distinguishing between different kinds of characters.

First, characters indicating difference in kind of specialization; and second, charac-

ters indicating difference in degree of specialization of the same kind. The former will

in<Ucate dichotomons divisions of lines of descent; the latter merely iiuhcate degrees

of divergence from a primitive type. Thns, it is shown that there are two distinct

ways of uniting the two wings of each side in the Lepidoptera; they may be united

by a frenulum, or they may be united by a jugum. These are differences in kind of

specilization, and indicate two distinct lines of descent or a dicliotomous division of

the order. Among those Lepidoptera in which the wings are united by a frenulum

great differences occur in the degree to which this organ, or a substitute for it, is

developed; such differences may merely indicate the degree of divergence from a

primitive type, and may need to be correlated with other characters to indicate

dicliotomous divisions."

There is also a necessity, as is shown by Comstock, to distinguish

betw^een the characters used by systematists merely to make it possi-

ble for students to recognize the members of a group

—

reaH/jiifio/i

characters and the essential cJiaracters of a group. The essential

characters of a group are not necessarily dependent on the presence

or absence of any character or in the form of an}' part of the l>od3',

but on the characteristic structure of the progenitor of the group and
the direction in which the descendants of this progenitor have been

specialized. Recognition characters are generall}' those first observed

and used by the systematist. They may also be essential characters,

« J. H. Comstock. Evolution and Taxonomy, Wilder Quarter Century Book, p. 42.



616 PROCEEDINGS OF THE NATIONAL MUSEUM.

but as a rule taxonomists search onl}^ for characters indicating a

difference in kind.

Specialization may take place in two very different wajs^-'^Jirst, bj^

an addition or complication of parts, Hpecializatlon hy addition; second,

by a reduction in the number or in the complexity of parts, upeciaUza-

tion hy redact !o)i.'' The specializations to be considered later are all

of this lattei' type.

It should also be borne in mind that when an organ disappears in

any phyllum or line of ascent it can not reappear in the descendants

of this phyllum, though they might develop a substitute for it. t^ven

if such a substitute should be developed, it is not probable that the

substitute would resemble the organ so closely as to be mistaken for it.

In determining the phylogeny of any group, those characters indi-

cating a difference in degree of specialization of the same kind are the

most useful in allotting the rank of the different groups. Every large

group has numerous characters indicating a difference in degree of

specialization of the same kind. Certain of these characters show the

ascent of the group as a whole, while others show only small lateral

lines of ascent or a sidewise development. Characters indicating a

sidewise development frequently arise independently several times,

and do not indicate anx'thing as to the line of ascent of the group as a

whole. This is illustrated by the presence or absence of the radial

cross-vein in the families Xiphydriidfe (tig. 85) and Tenthredinidte.

The presence or absence of this cross-vein is of value in indicating the

line of ascent of the genera of each of these families, but is worthless

so far as indicating any rank between the families themselves. There-

fore care nmst be taken to differentiate between those characters that

show the ascent of the group as a whole and those characters that

show only a sidewise development.

The front wing of the original progenitor of the Hymenoptera, and

therefore of the Tenthredinoidea, was imdoubtedly very similar to the

one already described as the typical hymenopterous Aving (fig. 8). This

wing contains not only all those parts that are generall}' wanting in

the Hymenoptera, but the various parts are arranged in the most

primitive condition known to us, as can readil}^ be seen by comparing

this Aving with those of the Xyelida> (hgs. 31-35) and Lydidsi? (tigs.

36-43). No hymenopterous wing contains all the veins shown in the

tj^pical wing, but by combining the wings of the families just named

the wanting parts can be readily supplied.

The characters that have been found the most useful in determining

the ascent of the Tenthredinoidea are the position of the radial cross-

vein, the position of the medio-cubital cross-vein, and the reduction of

the anal cells of the front wings.

Hitherto the special modifications of the wing veins of the Tenthre-

dinoidea have been considered in detail, particularly with respect to
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the way in which the progressive moditicationsof each part has arL^en.

Let us now consider the interrehition of the various parts in its bear-

ing- on the phylogeny of the group as a whole, and its bearing on the

relation of the Tenthredinoidea to the other superfaniilies of the

Hynienoptera.

The superfaniily Tenthredinoidea is a homogenous group easily

demarcated from all other Ilymenoptera l)y sexeral structural charac-

tei"s other than those found in the wings. The effect of natural selec-

tion on their wings has tended to modify them along so many different

lines that it would be strange if we should find any single character

that would circumscribe the group. This has been found to be true,

though the separation of

the group is readily accom-

plished by the employment

of several coordinate char-

acters.

As has already l)een

])ointed out several times,

the superfamilj' Tenthredi-

noidea contains all those

genera of the Il3mienoptei'a

that are especiall}" general-

ized, as the free part of the

veins R,, Cu.^, 2d A, and 8d

A is found only within the

limits of this superfamily.

The great majority of the

members of this superfam-

ily can be distinguished by

the presence in the front

wings of either the second

or third anal cells or both.

In a few subfamilies of the

family Tenthredinidie both of these cells are w^anting. But these sub-

families, Incaliina?, Acordulecerinae (fig. 83), Lobocerina? (fig. 82),

Pter3^ogphorina^ (fig. 81). and Pergina^ (fig. 84), of which only the

second is represented in our fauna, are easily distinguished by the

position of the medio-cul)ital cross-vein, which always extends

between radius and cubitus, while in all other Hymenoptera other

than the Tenthredinoidea, and even in certain members of the Ten-

thredinoidea, as has already been shown, this cross-vein always

extends betAveen media and cul)itus. Other minor difl'erences that

should be noted are the preservation of a nuich greater number of

veins in the radial and medial areas of the hind wings—this is true

even in those subfamilies in which the anal cells of the front wings

have been suppressed—and the preservation of the third anal vein

Ffg. 19.

—

The base of the radial sector, a, C.enolyda
semidea; b, Tenthredo flava: c, Cladius pectini-

coRNis; d, Paururus CYANEUS; e, Megalodontes spissi

CORNIS.
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of the hind wing.s, which appears to be wanting only in the genus

Oryss'us (tig. 07).

The most notable difference is found in the condition of the base of

the radial cross-vein. The radial sector separates from Rj at or before

the base of the stigma. This is shown in the wings of Macroxyela

(lig. 33) and Cxnolyda (tig. 19, c/), where the radial sector, after sepa-

rating from Ri, extends transversely for a considerable distance before

extending longitudinally. The radial cross-vein in Macroxyela is a

perpendicular vein extending from near the middle of the stigma to

near the middle of the cell Rg. In Bactroceros (tig. 41) this cross-

vein joins the stigma near its apex and the cell R, near its apex. In

the genus TentJiredo (tig. 19, h) the radial sector likewise arises from

the base of the stigma, but differs from Macroxyela and Caenolyda in

that the base of the radial sector does not extend transverse!}^, but

extends from Rj along R, to the margin of the wing in a continuous

regular curve. The anterior end of the radial cross-vein is beyond

the middle of the stigma, as in Bactroceros^ and the posterior end has

migrated to near the middle of the cell R^. Cladius (tig. 19, c) shows

a condition similar to that found in TentJiredo^ except that the radial

cross vein has atrophied, but it should be noted that in both of these

genera—the one with a radial cross-vein, the other without—the radial

sector arises in exactly the same manner. In Paururus (tig. 19, d) the

radial sector arises in a similar manner to that of Macroxyela and

Cmnolyda^ except that the transverse part is not so prominent. The

radial cross-vein extends between the apical third of the stigma and

the apical third of cell Rr,. It should be noted that this cross-vein is

parallel with the transverse part of the radial sector and appears to be

the dii-ect continuation of that part of the radial sector bevond it.

This appearance is emphasized b\' the position of the posterior end of

the radio-medial cross-vein, which has migrated along the base of

media until it has come into line with the longitudinal part of the

radial sector, so that one not very familiar with the topography of

this area might easily make the mistake of considering this vein as

arising at the posterior end of the radio-medial cross-vein and the basal

or transverse part of the radial sector, as well as the radial cross-vein,

as cross-veins.

The wings of Meyalodontes (tig. 19, e) are shorter and more com-

pact, and there has been a crowding of the cells R, Rr,, 1st Rj, and M^
into the area behind the stigma, resulting in a condition similar to

that found in Paururus. There are the following differences, how-

ever: The transverse part of the radial sector and the radial cross-

vein are longer; the cross-vein is more ()})lique, and the appearance

that it is the base of R., is more strongly emphasized; and the radio-

medial cross-vein appears to lie the continuation of the vein extend-

ing fi-om the posterior end of the radial cross-vein to the anterior end
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C^Il^3I

of the radio-medial cross-vein, the entire vein appearing- as a trans-

verse vein comparable to the free part of Rr,. In J/ae/'ocep/rus mtyrus

(fig. 20. a) there is a further modification of the condition found in

Meqalodontes; the cells 1st R, and R are about eipial in length, so that

the vein forming their outer ends, which extends from the posterior end

of the radial cross-vein to the posterior end of the radio-medial cross-

vein, is but little longer than the free part of R-, and is only slightly

angulate. The fact should not be lost sight of that this vein is a com-

posite one, being made up of the radio-medial cross-vein and a part of

the radial sector. In this

wing the cell 2d Rj + Rg is

much longer, and the incli-

nation of the radial cross-

A'ein, together with the

course of the vein forming

the apices of the cells R
and 1st Rj, emphasizes the

fact still more strongly

that it might be the base

of Rj instead of the radial

cross-vein. That part of

the radial sector extending

from the base of the stig-

ma to the anterior end of

the radio-medial cross-vein

in this wing extends almost

longitudinally. In JanuH

cynoshufl (tig. 20, />), the

base of that part of the vein

just described has faded

out for a short distance

near the stigma, while in

Ja?/u-s ahh\'vi((tu>< (fig. 20,

c) the base of this vein has

faded out for over half its

length. If the remainder of the basal part of the radial sector should

Fig. 20.—The switching of the base op the radial sector.

o, Macrocephus satyrus; b, Janus cynosbati; c, .Tanus

ABBREVIATUS: d, Oryssus abietinus; e, Pelop^eus cemen-

tarius; /, Apis mellifica.

atrophy up to the point where it is joined to the anterior end of the

radio-medial cross-vein, and if it were not for the successive stages just

described, then the radial sector would be considered as arising from the

middle of the stigma and the entire first transverse vein, as a cross-vein.

This is exactly the interpretation that has been given to these veins

throughout the higher Hymenoptera, where this very condition exists.

The same condition is found in the Tenthredinoidea in the genus Oryssus

(fig. 20, r7), but this genus is not so interesting in this connection,

because the first transverse vein, i. e., the radio-medial cross-vein plus
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:i part of the radial sector, has also atrophied. The atrophy of the

base of the radial sector results in the utiiou of the cells R and 1st Rj,

a condition not found in any Tenthredinoidea other than Oryssus and

^]>hry)i<>pus. This character is probably common to the other two

genera of this family which are not known to the writer. That the

above interpretation is the correct one is confirmed by the examination

of the wings of the genera Rhogas^ AidneaK^ Gastervptlon , Pelopa'ui^

(lig. 20, (), and Aj)lfi (tig. '20, jf). If the base of the vein starting off

from the stigma in the first four of these genera be examined, it is

found that it extends obliquely to the first transverse vein just as in

Megalodoiittx, Cej>h)M, and Janux. If this vein were the base of the

radial sector, it would proceed in a regular curve, as in the genera

Tenthredo and Cladius. The composite nature of the first transverse

vein is shown by an examination of this vein in certain specimens of

Apis, where it is not straight but angular, as in Oep/ius. In certain

genera of Apoidea, as Boinhxs, Psit/iy /•>/-, and Osvu'a, a,nd of Larridae,

the base of the radial sector is preserved as a fine thread-like vein,

frequently entirely colorless, while in some other genera only the

transparent stubs remain.

The superfamily Tenthredinoidea can be difi'erentiated from the

other superfamilies by the presence in the front wings of one or both

of the anal cells, or, if both be wanting, with the medio-cubital cross-

vein extending ])etween R + M and cubitus; the cells R and 1st Rj

separated by a vein as broad as any of the others, or if not separated,

with the first antd cell present.

The superfamily Tenthredinoidea is divisible into nine families.

They are the Xyelidie, Lydid^e, Blasticotomidre, Tenthredinida?, Xiphy-

driida% Siricida^, ]Megalodontida\ Cephida', Oryssida*. They are all

represented in the American fauna except the Megalodontidaj and the

Blasticotomidte, and contain a very limited number of species except

the family Tenthi-edinidse, which embraces several hundred species and

a large numbei- of subfamilies.

The close relation of these families is proven by characters showing

a difl'ereuce in degree of specialization of the same kind, but through

the loss of certain of the intermediate stages those characters indicat-

ing a difference in degree of specialization of the same kind are here

just as useful as characters indicating a difi'erence in kind of speciali-

zation for marking dichotomous divisions. Although each of these

families represents a period in the development of certain characters,

yet the series is not a lineal one; that is, the connecting links do not

lie between the various fanulies, but behind them. They have been

developed froiu a common progenitor which transmitted its charac-

ters to its offspring in an elementary condition, and these ofi'spring

have developed along several parallel lines. Fortunately for our studN

,
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these otfsprino- have all arrived at ditfcrent sta<>"es in their ascent, and

by a comparative .study it is possible to determine^ the road along-

which they have traveled. From this it is evident that in this super-

family those characters of value as essential characters are ecpially

valuable as recognition characters.

The relation of the families of the Tenth redinoidea can be best

shown by the foUowing synopsis.

SYNOPSIS OF THK FAMILIES OF TENTHKEDLXOIDEA.

The generalized Tentliredinoidea Xyelida'.

Lydidi*.
The specialized Teiithredinoidea:

The cell R^ groni) Blasticotomida^.

Tenthredinidte.

The cell R5 group Xiphydriidye.

Siricida'.

Megalo<lontida\

Cephida.

Oryssidte.

THE GENERALIZED TENTHRP:DIN0I1)EA.

The generalized Tentliredinoidea embraces two families, both of

which are near the stem form of the original j)rog(Miitor of the Hyme-
nopteria. They are marked as generalized types ])v their short, broad,

many-veined wings, in which the veins have not l)een arranged to the

best advantage for stitiening the stigmatal and anal areas. They are

further distinguished by the origin of the radial sector distinctly

before the stigma, and by its prominent subtransverse bend away from

the stigma. The course of the apex of the vein R, in both wings also

demarcates them; this vein near the point of origin of the \ein R; bends

abruptly toward the margin of the wing, so that the cell on its front

side, R, or 2d R^+R., is blunt or subtruncated at apex, a condition

found only in generalized genera.

This group is of particular interest to the student of phjdogenies,

because it approaches nearest to the t\"pical wing in its retention of

subcosta, the free part of 11.^ and the free part of Cu.,, though this

latter is also found complete in one genus of Sii-icida'.

Xyelldx.—A small family embracing live genera and a limited niun-

])er of species, which are confined mainly to the American fauna. It

is easily separated from all other Hymenoptera by the presence in its

wings of the free part of the vein R.^. The family contains, at least

so far as their wing venation is concerned, the most generalized Hyme-
noptera known (figs. 31-35). This is shown by the origin of media

near the middle of the costal area; })V the perfect transverse direction

of the radial cross-vein, which is situated midway l)etvveen the radio-
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medial cross-vein and the origin of R,; by the position of the medio-

cubital cross-vein near the posterior end of the radio-medial cross-vein

in Manoxyela (fig. 34), its location about halfway between this cross-

vein and the point of separation of media in Xychi (fig. 35), its migra-

tion toward the base of the wing until still nearer the origin of media

in Megaxyela (fig. 31), and Odontophyes (fig. 32), and finally in Macrox-

yela (fig. 33), to a position only a very short distance before the origin

of media; by the progressive migration of the free part of M^+Cu,
from just before the apex of the first anal cell in Xyelaio just beyond
the middle in Macroxyela; by the preservation of the radio-medial

cross-vein in the hind wings of Megaxyela^ Odontophyes^ and Maci'ox-

yela; and by the location of the free part of R^ of the hind wings

near the apex of M^ in these same genera.

It is worthy of note that the Xj^elidte have departed from the type

of wing assumed for the original progenitor of the Hymenoptera only

in the loss of the free part of the vein Cu.,. It is also of interest that

although their wings are distinctly generalized, yet in many ways they

have undergone prominent progressive specializations, and that in each

case these specializations have not proceeded in the same order. The
variation in the order of specialization of the difi'erent genera will be

seen in the following lists of genera which are arranged from gener-

alized to specialized. If the modifications of the subcosta be taken

they would be arranged, thus, Odontophyes^ Megaxyela^ Macroxyela^

Xyela^ Manoxyela; if the shape of the stigma thus, Xyela^ Manoxyela^

Macroxyela, Megaxyela^ Od()ntoj)hyes; if the position of the medio-

cubital cross-vein, thus, Manoxyela^ Xyela^ Odontophyes^ 3fegaxyela^

Macroxyela; if the position of the free part of M^+Cui, thus, Xyela^

Odontop>hyes^ Megaxyela^ Manoxyela^ Macroxyela; if the origin of media

thus, Xyela, Macroxyela^ Manoxyela, Odontophyes^ Megaxyela. If now
the position of the five genera l)e tabulated for the five characters given,

it is found that Megaxyela occupies all the positions ))ut the first, and

occupies the fourth twice, OdontopJiyes occupies each of the five places,

Macroxyela occupies the third and fifth each twice, and does not occupy

either the first or foui'th, Manoxyela occupies each of the five places,

Xyela occupies the first place three times, and does not occup}" either

the third or fifth.

This family is divisi})le into two subfamilies on the form of the base

of the subcosta of the front wings. In one subfamily, of which

Macroxyela (fig. 33) may be taken as the type, the subcosta extends

from the base of the wing midway lietween costa and K+ M to beyond
the origin of media, where it divides into two branches, one going to

the costal margin, the other extending transversely coalesces with

radius. In the other su])family. of which Xyela (fig. 3.5) may be taken

as the type, the base of sulx-osta is closely appressed to K + M ))ut

does not coalesce with it, to about the middle of the distance between
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the base of the wing- and the stigma, where it turns abruptly toward

the margin of the wing. The free part of the vein Sc^ and the cell Sc

have been suppressed l\y the close approximation of the stems of Sc

and R+M.
Lyd'ida^.—The Lydidie is an easily circumscribed family of ten

genera and a))out one hundred and twenty -five species which are

peculiar to the northern hemisphere. This and the Xyelida? are the

only families of Hymenoptera in which subcosta has been preserved

in the hind wings (tigs. 36-43). In this character the Lydida? are more
generalized than the Xyelida?. The series of wings here shown are of

value as indicating the manner in which the subcosta of the hind wings

has been suppressed, namely, by atrophy from the base toward the

apex. This family is noteworthy for the retention in man}- species of

the free part of Cu.^, though this character has been preserved in a lim-

ited number of species of the family Siricida; (tig. S()). The Lydidae

have departed farther from the tyical hymenopterous wing, and

are therefore more specialized than the X3'elida\ This is shown by

the origin of media much nearer the origin of the radial sector, so

that the cell R is only about as long as wide; l)y the position of the

posterior end of the radial cross-vein, which varies from a position

on the apical two-thirds of the cell R- to a position interstitial with

the free part of the vein R^; by the position of the anterior end

of the medio-cubital cross-vein at or just beyond the origin of the

media; by the loss of the free part of Rg", by the coalescence of the

tip of R^ for a greater distance from the margin of the wing; by the

difference in the shape and position of the cell M^ due to change in

position of the stem of media and of the medio-cubital cross-vein; in

the hind wnngs by the greater coalescence of the stem of media and

the radial sector; and by the greater constriction of the apex of the

tirst anal cell of the hind wings due to a coalescence of the first and

second anal veins. The loss of the free part of the second branch of

cubitus is a gradual one. It is complete except for the point where

it is crossed by the anal furrow in Liolyda (fig. 43), PampJulius (tig.

39), and Bactmceros (fig. 41); in Lyda (fig. 37) and Cephaleia (fig. 42)

the posterior half is wanting; in C^nolyda (fig. 38) it is only a small

tubercle on the posterior side of cubitus, while in yeurotoina (fig. 36)

and Itycorsia (fig. 40) there is left only the convexity, indicating

where the free part of Cu2 was situated. The Lydida? differ from the

specialized Tenthredinoidea in the preservation of subcosta of both

wings, the origin of media, the shape of the cell 1st Rj-j-Rg and the

course of the radial ci'oss-vein.

Proc. N. M. vol. xxix—05 41
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THE SPECIALIZED TENTHREDINOIDEA.

Beginning with the families here included, there is found the lirst

marked departure from the typical hymenopterous wing. This

group is differentiated by the almost entire loss of the base of sub-

costa. The onl}' exception is found in certain species of Siricid» (tig.

87), in which a subcosta of the type found in Neurotoma (tig. 36) per-

sists. It can be traced as a pale, indistinct line through the middle of

the area between costa and R+M in wings which have been cleared

and mounted in Canada balsam. In addition to the loss of the base of

subcosta, there is a decided shortening of cell R, due to the coalescence

of radius and media to near the base of the stigma. The w4ngs are

longer, narrower, and more efficient organs of flight. The base of the

radial sector has lost its prominent transverse curve, and measured

along R., extends to the margin of the wing in a regular curve. The
stigma has lost its broad quadrate outline, and, except in the genus

Blasticotoma (fig. 44), it is narrow and diamond shaped.

The specialized Tenthredinoidea are divisible into two distinct phyl-

logenetic groups on the position of the posterior end of the radial

cross-vein, in one ending in the cell R^,, in the other in the cell R^.

The position of this cross-vein, together with the position of themedio-

cubital cross-vein and the direction of the base of media, mark these

groups as very different lines of development.

The determination of the sequence of these groups in a lineal

arrangement has been a difficult one. In the answering of questions

of this nature, the rule laid down by Comstock" seems the most avail-

able one:

It seems to me that the most piactictable way of meeting tliiw difiiculty is to l)egiii

with the deserij>tion of the most generaUzed form known, and to follow this with

descriptions of forms representing a single line of development, passing successively

to more and more specialized forms included in this line. When the treatment of

one line of development has been completed take up another line, beginning with the

most generalized member of that line and clearly indicating in the text that a new
start has been made.

This shows clearly the method of procedure so far as the components

of each line of development are concerned, but the difficulty here to be

met is the determination of the sequence of the lines of development

themselves. For the sake of brevity and convenience in referring to

these lines of development, they may be known as the cell Rr, group
and the cell R^ group. As is indicated above, in the former the radial

cross-vein ends in the cell Rj and in the latter in the cell R^. Both lines

contain families that are very generalized and are consequently near

the stem form. In the arrangement here adopted, it has been assumed

that the group that departs farthest from the condition of the original

progenitor of the group should be given the highest rank, because

« J. H. Comstock, Wilder Quarter-Century Book, y>. 42.
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they have shown by the adoption of these modifications greater ability

to conform to envdromental modifications.

The cell K^ group finds its greatest modifications in the position of

the radial cross-vein, the position of the medio-cubital cross-vein

between 8c+K+M and cu])itus, and in the loss of the anal cells. The

cell K., group finds its greatest modifications in the swinging of the base

of media toward the a])ex of the wing, the atrophy of the base of the

radial sector, and the loss of the second anal cell. It has been shown

that the trend of modifications in these wings is toward the arrange-

ment of the veins in such a way as to form supporting trusses in the

stigmatal area. The cell R^ group has accomplished this by means of

the medio-cul)ital cross-vein alone, while the cell R^ group has

employed not oidy the cross-vein, but combined it with the transverse

j)art of media. The fact that this latter type is the one preserved

throughout the higher Hymenoptera would seem to indicate that it is

the one that has been most successful in meeting the requirements of

natural selection, and consequently must he the most efhcient type.

The loss of the l)ase of the radial sector, which is peculiar to the cell

R,^ group, and likewise to the higher Hymenoptera, would also seem

to point in tliis same direction. On the other hand, the cell R^ group

has exceeded the cell R,., group in the loss of the anal cells, which is

likewise peculiar to this group and the higher Hymenoptera; but even

this condition is approximated by the cell Rj group in the genus

(h'l/ssns (fig. 1)7), where the second anal cell is apparently wanting.

So far as structural modifications are concerned, the weight of the

evidence shows that the modifications found in the cell R5 group have

dei)arted farthest from the primitive type, and we are therefore justi-

fied in giving it the precedence here.

Another fact that should not be overlooked, although it does not

refer to structural predominance, is the number of descendants. The

cell R, group contains five families, all of which are limited as to

luunher of genera and species. The cell R^ group contains two fam-

ilies, one containing a single species and the other many times as

many genera and species as is found in all the remainder of the Ten-

thredinoidea together. The predominance of the cell R^ group would

seem to contradict our conclusions from structural superiority and

therefore of efficiency of type, namely, that the predominance of indi-

viduals is a direct confirmation of the superiority and efficiency of the

cell R^ type. This is only an apparent contradiction, for, if structural

superiority and pi'edominance of descendants are compared in other

groups of animals, it is found that in those groups where there is a

marked^ structural supei'iority there are a limited number of genera

and species, while in those groups where there is a marked predomi-

nance of descendants, they are as a rule only mediocre so far as struc-

tural superiority is concerned.
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THE CELL R, GROUP.

It has l)een noted that there are two iiioditications in the stignuital

region that go hand in hand. The one is the progressive coalescence

of the media from the middle <^f the costal area to near the stigma; the

other is the progressive migration of the medio-cubital cross-vein from

a position near the apex of the cell R to a position in the angle between

R and M. In the cell R^ group there is found the consummation of

these modifications, the base of the media moving still nearer the

stigma and the cross-vein cutting loose from media and migrating

along Sc+R+M until in some genera it is more than its own length

away from the media. It is doubtful that this moving of the radial end

of the cross-A'ein toward the base of the wing is in ever^^ case a bona

tide migration, and herein probably lies the explanation of why this

chai-acter is of little value in certain subfamilies of the Tenthredinida?,

If the wings of Strongylogaster (tig. 51), SfroiiiJxK'eros (tig. 50), and

Selandrla, are examined, it is found that in the tirst the cross-vein

arises in the angle between R and M, and that radius extends toward

the stigma in a regular curve; in the second the cross-vein is farthest

from M, but that beyond the cross-vein radius makes a more promi-

nent bend toward the stigma, while in the third the cross-vein is dis-

tant from M and radius makes an abrupt bend toward the stigma.

The evidence here suggests that in the case of Selandria this condi-

tion was reached ])y a coalescence of the anterior end of the cross-vein

and Sc+R+M.
This group is noteworthy as being the only one showing the diti'erent

ways in which the anal area has been moditied and therefore the suc-

cessive changes that have resulted in the complete reduction of the

anal cells.

The position of the radial and medio-cubital cross-veins marks the

group as a sidewise development, this arrangement of parts being

peculiar to the group. With the exception of a single case in the cell

Rj group, it is the only place where the radial cross-vein is lost.

This peculiarity has arisen independently a number of times in the

family Tenthredinid*. When present, this cross-vein is always oblique

to R3+4 and never perpendicular, as in the generalized Tenthredinoidea.

The hind wings are practically the same in venation as those of the

Lydidje, except that in some forms the free part of the second anal,

the free part of R^, and the transverse part of M. has atrophied.

Blmtlcotoinidx.—Ps. family containing a single genus and species,

found only in central and eastern Europe (tig. 44). This is an isolated

archaic type. It is, in certain of its characters, closely related to the

Xyelida' and Lydidic; in others it approximates the Tenthredinidea;

that is, it is intermediate between these two groups. The area between

costa and Sc+R+M is hardly more than a line and all trace of the sub-
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costa is wanting'. The stigina is a broad oval area like that of the Xyel-

idte. The radial sector separates from K, distinctly before the stigma

and extends to the wing margin along R., in a regular curve. The apex

of the cell 2d Rj+ R, is broadly rounded, just as in the generalized

Tenthredinoidea and Megalodontidi^ (tig*. 1)2). The radial cross-vein is

joined to the stigma at its apical fourth and to the vein R3+^ near the

middle of the cell R^. The radio-medial cross-vein is wanting. Media

separates from radius a short distance in front of the radial sector; it

extends transversely for a short distance, then extends in a broad

bow-like l)end to the point of separation of M^+.-, and M3+^, nnich as in

Bacf/'occ/v.s (tig. 41) and Ityorx'ia (tig. 40). The anterior end of the

medio-cubital cross-vein is joined to media at the posterior end of its

transverse part and the posterior end of the cross-vein to cubitus just

beyond its middle, the cross-vein extending- from this point to media

in a prominent curve, so that the cell M^ is in the shape of a semi-

circle. The cubitus is a straight vein, closely appressed to Sc+R+M at

the base of the wing, but not coalesced with it. The free part of

Mj+ Cu^ is situated near M^, as in the Lydidse, the vein being trans-

verse instead of oblique. The anal cell is of the form found in the

typical wing. In the hind wings the cell R^.^ is ))luntl3' rounded as in

the fore wing and they ditt'er from the Lydida^ only in Avanting- the

subcostal vein and in that the transverse part of media is nearer the

apex of the wing.

Almost every writer who has studied this species has located it in

a difl'erent place. It has l)een placed in the sul)family Ilylotominje

(tigs. 76-79), oi- as a separate subfamilv, or as a tribe near the general-

ized Tenthredinoidea. It has affinities with the generalized Tenthredi-

noidea in the shape of the stigma, the shape of the apex of the cell R.^,

and the position of the medio-cubital cross-vein. It is allied to the

family Tenthredinid.T? (figs. -1:5-84), in the course of the base of the

radial sector and in the position of the radial cross-vein. It ditlers

from the generalized Tenthredinoidea and the generalized Tenthredi-

nida^ in the constriction of the area between costa and Sc+R+ M.
These characters indicate it as a pi'imitive foi-m closely related to the

family Tenthredinida\ which tinds its proper location as a distinct

family just before the Tenthredinida.

Toitltredinldn'.—A large family with numerous subfamilies, genera,

and species, found in all parts of the world. The stigma is of moderate
size, ovate in outline. The costa in most of the species is distinctly

thickened toward the apex. The area between costa and Sc+R+M
is of varying width, the sul)costa is represented only by the free part

of Scj, and only in rare cases is all trace of this wanting. The radial

cross-vein is joined to the stigma near its apex and to ^.^^^ near

the apex of the cell R^, The radial sector extends from the l)ase of the

stigma in a i-egular curve. In many genera the angle between the
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stigma and the base of the radial sector has been strongly chitinized

secondarily, so that the radial sector appears to arise from the base of

the stigma, but it is always possible to differentiate this secondary

part from the stigma and the vein because of the difference in the

amount of chitiuization. This condition is very prominent in Hemi-

chroa (tig. 62) and Periclista (fig. 61V), Media separates from radius

near the stigma. The anterior end of the medio-cubital cross-vein may

l>e joined to it at its origin or arise from the angle between R and M,

or be joined to Sc+R+M at various distances from the origin of M.

The anal cells show a marked progressive modification, but this and

the other modifications can be dealt with better under the discussion of

the sul)families, and will be treated there.

It has been shown that the interrelation of the medio-cubital cross-

vein and the origin of media is one of the most useful characters in

indicating the sequence of the different families. Although there is

quite a little modification in this region within the family Tenthredin-

ida?, 3^et it is worthless for our present purpose, since it does not

indicate anything as to the phylogeny of the group. The anal veins

and cells maintain the same form and relation in all the families of

the Tenthredinoida3 except the Oryssidse and the Tenthredinidtx?.

In the Tenthredinida? this area goes through a series of successive

changes that are just as valuable in indicating the sequence of the

sul)families as the position of the medio-cubital cross-vein is in indi-

cating the sequence of the families. Using, therefore, the anal area

as a basis, this family can be divided into the following subfamilies,

the relation of which can be best understood by means of the follow-

ing synopsis:

SYNOPSIS OF THE SUBFAMILIES OF TENTHREDINIDtE.

Generalized Tentlire(Uuid:« Lophyrinae.

Emphytiiue.

Selandriiiiie.

Doleriiiie.

Pliyll()toinina\

Specialized Tenthredinidae.

Anal cell t-onservers.

Second anal vein conservers Lycaotina?.

Tenthredinina'.

Cinibicinfe.

Second anal vein losers.

Second anal cell reduced by atrophy.

Costal area conservers.

Radial cross-vein conservers Hoplocampina'.

Dineurinee.

Radial cross-vein k)sers Monoctenina\

Cladiina^.

Nematina'.
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Costal area losers Blennocampinse.

Fenusinse.

Scolioneuringe.

Second anal cell reduced by coalescence Hylotominse.

SchizocerinK'.

Perreyiina?.

Anal cell losers Incaliinfe.

Lobocerinse.

Acordulecerinse.

Pterygopliorinae.

Ferginte.

GENERALIZED TENTHREDINID.E.

The five subfamilies here iiichided do not represent a continuous

line of uioditication. Each subfamily is a separate entity, represent-

ing- only the tip of a line of ascent. In the anal area they haye

retained the pi'imiti\'e condition of the typical wing-, but in other

regions they are distinctly modified. The group contains g"enera that

haye been distributed among" yarious sul)families. The primitiye con-

dition of the anal cells and the prominent contraction in the third anal

yein shows their clo.se relation to the generalized Tenthredinoida^,

their close affinity as a group, and furnishes ample reason for their

inclusion as separate subfamilies in this place.

Lophyriniv.—The broad area })etween costa (tig. 45) and Sc+R+M,
together with the distinct free part of Sc^ and the origin of media
from R, much as in the generalized families, denominates this group
as a generalized one. It is specialized in its loss of the radial cross-

yein and the open condition of the apex of the ce^l Rj+o of the hind

wings, in these ways surpassing all the subfamilies of the generalized

Tentliredinida\ The base of the radial sector bends abruptly toward

the apex of the wing, but not as a])ruptlj^ as this yein bends in the

Xyelidte (tigs. 31-35) and Lydidje (figs. 36-43). The apex of the cell

Ri+2 of the front wings is moderately blunt, due to the bending of R,

abruptly toward the wing margin at the origin of R^, though pointed

at its actual apex; the cell M^ is about twice as long as wide; the vein

M^+Cuj is joined to the middle of the cell M^; the medio-cubital cross-

yein is joined to Sc+R+M just before the origin of media, the cross

yein and M3+^ are slightly diyergent, the free part of R^ and the trans-

verse part of M.^ of the hind wings is present, and the first anal cell is

petiolated at apex for a short distance. An interesting modification

is the loss of the posterior half of the radio-medial cross-vein in many
species.

This subfamily as known to me contains only the genus Lo2)hyruii

(tig. 45). It is usuall}^ associated with the genus Monoctenus (fig. 67),

and placed near the Hylotominte and its allies, but I believe that the

most important modification that can be used in assigning a location
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for a group in lineal arrangement in the faniil}' Tenthredinida? is the

condition of the anal cells, and judged by this criterion the Lophyrina;

must fall among the generalized Tenthredinida.

EmpJiytin^.—The Emphytina> have the area between costa (figs.

46-48) and Sc+R+M restricted, though in some genera it is fairly

broad with a distinct Scj, in others it is narrow, and Sc^ is onl}" repre-

sented by a projection upon the front margin of Sc+R+M. The medio-

cubital cross-vein is attached in the angle between radius and media,

this cross-vein and M3+J, are parallel. The radio-medial cross-vein is

wanting in certain genera, as EtnpJiijt\it< (tig. 40) and P(Bcilostom.idea^

so that the cells R and R, are comliined. Man}" writers on the Ten-

thredinoidea content themselves with the statement that there are

three or four submarginal cells present, but it is very apparent that

this does not give a hint as to what vein is wanting and therefore what
cells have combined. The radial cross-vein is never wanting. The
cells 2d Rj+ Rg of the fore wings and Rj+g of the hind wings are

distinctly pointed at apex. The free part of M^+Cuj varies as to

the place at which it joins the cell M^ from near the middle of the cell

to a point almost interstitial with the medio-cubital cross-vein. In the

hind wings the free part of R^ is frequentlv wanting, while in other

genera both the free part of R^ and the transverse part of Mg are

wanting. There is considerable variation in the amount of coalescence

of the first anal cell of the hind wings. In Acidophora the second

anal vein separates from the first distinctly ])eyond the free part of

M^+Cuj in other genera, as Tetratneani^ the apex of the first anal is

interstitial with M^+CUj, while in Eriocampa (fig. 47) the coales-

cence is for a considerable distance before M^+ Cuj. The following

genera would be referred to this subfamily as here constituted:

Athalia^ Eriocamjxi^ Strongylogastroldea, PiEcilostomidea^ Pcecilo-

stoma^ Taxonnx.^ Tlypotaxonvs, Heiiiitaxon.n><^ Emphytas^ Harplplw-

ru8, Tetratneum., Acldopliora^ Paraslohla, and P.^eudosiohla.

Selandriinse.—A group with only a limited number of genera, but

fairly rich in species. It is of especial interest, ])ecause it marks the

first stage in the reduction of the anal area, the free part of the second

anal vein being wanting (figs. 50-51). It is only recently that S3'stem-

atists have considered the loss of the free part of this vein of even

generic value, but the modifications of this area are of such great

phjdlogenetic importance that there is not the slightest reason for not

considering the loss of this vein as of subfamily value. The loss of

the free part of the second anal vein marks a high specialization within

the generalized Tenthredinida^ and should place this subfamily at the

head of this series; but, as pointed out above, each of these subfami-

lies is only the tip of a line of ascent, and as the other characters of

the wings ally it closel}'^ with the Emphytinse its most natural location

is after this group, where all previous systematists have placed it.
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In the front wing-.s the costal area varies from a broad prominent space

to a narrow restricted area, the latter being the predominant condi-

tion. The anterior end of the medio-cubital cross-vein ma}- arise

either from the angle between radius and media or from Sc+R+M dis-

tinctly ])efore the origin of media. This shows that in certain groups

at least the location of this cross-vein at or before the origin of media

does not include forms belonging to the same line of ascent, ])ut it does

show the successive modifications within this line of ascent. The other

wing structures are practically the same as in the Emphytime except

that, so far as observed, the free part of R^ and the transverse part of

M^ are nev^er wanting in the hind wings. This subfamily includes

the following genera: StrongylogaHter^ Thrhiax, Strornhoecros^ and

SeJandria.

Dohrwx.—A subfamily (tig. 49) with a distinct habitus, closely

related to the Emphytiiue and Selandriinw. The costal area has been

greatly reduced, the free part of Sc^ is only a projection upon the

front side of 8c+R+M. The costa is prominently thickened at apex.

This, together with the thickening- of Sc+R+M, have undoubtedly been

important factors leading to the reduction of this area. The medio-

cul)ital cross-vein joins Sc+R+M just before the origin of media.

This cross-vein and the stem of M3+^ are slightly divergent behind.

The most important characters for difl'erentiating the g-roup from the

other subfamilies of the generalized Tenthredinidt^ is the atrophy of

the free part of R^,, so that the cells R^^ and R^ are combined. The

free part of M^-trCuj is situated near the middle of the cell M^. The

hind wings are of the usual form found in the generalized Tenthre-

dinidte. This subfamily contains two genera, DoIcrKs and Loderus.

l^hjUotomhiH'.—This subfamily is distinctive in the oblique course

of the medio-cubital cross-vein (tig. 52-54), which is joined to Sc+R+M
distinctly before the origin of media and by the direction of the stem

of M.^+^, which is strongly divergent from the cross-vein behind. The

costal area is narrow, the free part of Sc, is represented ])y a mere

projection on the front margin of Sc+R+M in Caiiroit^ and is entirely

wanting in Phyllofoina.

The costa is broadl}" expanded at apex. The radial and radio-

medial cross-veins are so completely covered by furrows in certain

species as to be apparently w^anting. The free part of M^+ Cuj is

joined to the cell M^ near its middle. The hind wings have underg-one

the greater reduction, the free part of R^ and the transverse part of

M^ are generally wanting, though this latter vein is sometimes pres-

ent. In the males there has been a peculiar change in the direction

of the veins, all of them running- direct to the marg-in, the free part of

R^ and M3 and the transverse part of Mg are wanting, and in their

place there has been developed secondarily a vein along- the margin of

the wing from the apex of the cell Ri+./to the apex of the first anal
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cell very iimch like the ambient vein of the Diptera. This condition

can be explained in another way b}^ assuming that the free part of R^,

the transverse part of M^, and the free part of M3 are all present, and

simply have migrated to the margin of the wing. The difficulty in

the way of this explanation is that the free part of K^ is always want-

ing in the females of these genera. In certain species of Phyllotoma

the free part of the second anal vein coincides with the second anal

furrow and the apex of the free part has atrophied. This subfamily

contains the genera, Galiroa^ PJiyllotoma^ and Erlociimpoides.

THE SPECIALIZED TENTHREDINID^..

A group containing the greater part of the genera and species of

the family Tenth redinida\ They are differentiated from the gene-

ralized Tenthredinida' through the loss of the constriction near the

middle of the second anal cell. The subfamilies fall into several well-

marked lines of development. The Lycaotina? (tig. 55), Tenthredinina?

(tigs. 56-58), and Cimbicina? (tigs. 59-60) are the only members of this

series in which the free part of the second anal vein of the front wings is

preserved. The marked contraction of the third anal vein is repre-

sented as a slightl}' thickened emargination just before the free pai't of

the second anal vein, this is found only in the Lycaotinaj (tig, 55) and

Tenthredininaj. In the genera Macrophya (tig. 57) and Tenthredo (tig.

56) the presence or absence of a transverse vein between the second and

third anal veins is not of generic value. The Hoplocanjpiniv, L)inurina%

Cladiinaj, Monoctenina?, Nematint^?, Blennocampin*, Scolioneurin*,

and Fenusinjt have the anal cells either anastomosed at middle or with

the basal half of the third anal vein atrophied. In the Hylotomime,

Schizocerin*. and Perreyinse the second anal cell has been reduced by

the progressive coalesi-ence of the anastomosis to the base of the wing.

In the Lobocerina?, Pterygophorin*, and Perreyinse the anastomosis

has proceeded both ways, so that both the first and second anal cells

have been reduced.

Lycdot'nfcV.—This subfamily contains the single genus Lycaota (tig.

65). Its location with the Tenthredinina> and Cimbicinaj is due to the

form of the anal cells, which anastomose at a single point at the usual

place for the location of the free part of the second anal vein. The
wings are broad and their apices are blunt. The medio-cubital cross-

vein arises from Sc+R+M, just before the origin of media. This

cross-vein and M.5+^ are parallel. In the hind wings the free part of

R^ is wanting and the first and second anal veins are coalesced for

nearly one-half the length of the veins. This subfamily is placed as

the most generalized member of the specialized Tenthredinida? because

of the form of the anal veins of the front wings and the position of

the medio-cubital cross-vein.
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Tenthred'mhuv.—The limits of this subfamily as given here is the

same as that usually assigned it by systematists with the exclusion of

those genera in which the free part of the second anal vein appears

like an ol)lique cross-vein. The Tenthredininffi are generalized in the

preservation of the renmant of the contraction of the typical wing

(tigs. 56-58), the fairly broad costal area, and in the parallel medio-

cubital cross-vein and M.,+^. The medio-cubital cross-vein is oblique,

and is joined to Sc+R+M a considerable di.stance before the origin of

media. The cells between Rj and R., are broad, the radial cross-vein

long and bowed. The topograph}' of the hind wings is of the ordinary

type found in the Tenthredinidte, except that there has been a notable

reduction of the anal area of the wing, so that the lol)e behind the

second anal vein is aimo.st entirely wanting. In the front wings the

moditication of the second anal vein varies from a long vein in Toi-

t]ired(>iy^%. 5B) to a broad contraction in PacJiyprotast.s (tig. 58); in the

hind wings the cell Ri+., extends to the apex of the wing Rj. extending

beyond as a short spur. Although it is impossible to put it into

words, yet the general appearance of the wings of this subfamily is

distinctive and easily recognized and would never he confused with

those of anj" other group.

Oimhlcina^.—Like the preceding group, this one has the same limits

as that given it l)y systematists. Its distinctive characters are the

narrow costal area (tigs. 59-60); the long, narrow-pointed stigma; the

narrow-pointed area l)etween the veins R^ and R.j, which always ends a

considerable distance before the apex of the wing, the vein R^ being

always extended for a considerable distance beyond the apex of this

area; the radial cross-vein is straight and slightly oblique; the medio-

cubital cross-vein usually joins Sc-fR+M more than its own length

before the origin of media; the medial cross-vein is frequently oblique;

the free part of the second anal vein may be present or its location

I'epresented by a broad anastomosis; the medio-cubital cross-vein and

the stem of ^^+i are divergent before; the tirst anal cell has been

shortened at apex by the coalescence of the tirst anal and the combined

second and third anals; the radio-medial cross-vein is wanting, so that

the cells R and R^ are coalesced. The wing area of the hind wings

has not been modified from the usual type and the vein topography

is the same, except that the cell R1+.2 ends a considerable distance

before the apex of the wing, the vein R^ being continued to near the

apex of the wing. The apex of the free part of the second anal vein

is transverse like a cross-vein, and there has been developed from

the apex of the tirst anal cell on the hinder angle a long secondary

spur to the wing margin. The costal area of hooks extends to or

beyond the middle of the cell Rih-.^.

Uoplocamplu'de.—A small group, embracing two genera, Hoplo-

eainpa (tig. 61) and Hemiehroa (tig. 62). This and the following sub-
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family represents a series in which the anal veins have been modified

before the loss of the radial cross- vein. In this subfamily the costal

area is broad with the free part of Sc^ distinct. The area between Rj

and R, is ver}" broad, the radial cross-vein is long, straight, and

slightl}" oblique. The area between the base of the stigma and the

base of the radial sector has been chitinized so that it appears as a

part of the stigma. The medio-cubital cross-vein is joined to R+M
distinctl_y before the origin of media, usually near the free part of Scj.

The free part of M^-j-Cui is joined to the cell M^ near its middle.

The anal cells are contracted for a short distance in iroplocam.jxi and

for a considerable distance in Ilemichroa. In the hind wings the anal

lobe is larger, the venation is of the usual type.

Diiieurinse.—This subfamily as generally limited contains the genera

Dineura (fig. 63) and Meson eiira (tig. H4). To these has been added

the genus Pseudodhieura (tig. 65), which is closeh" allied to thenj.

The Dineurina? are quite similar in wing type to the preceding sub-

family, the most notable diti'erence is in the loss of the Ijase of the third

anal vein, so that the cell included between 1st A+2d A, and 3d A
has coalesced with the third anal cell. There is a notable variation

in the amount of thickening of the apex of the costa, the greatest

thickening being found in the genus Mes<meura. The free part of 8c,

occupies a different position in each of the genera; in Meson euro it is

about its own length before the medio-cubital cross-vein, in Psetidodi-

neura it is almost interstitial with the cross-vein, and in Dineura it is

about its own length beyond it. The position of the free part of Sc,

is usually of but little value systematically, at least in certain groups.

This is marked in Pteronas ventralix^ one of the Nematinae, where this

vein is not constant within a single species, but may in different indi-

viduals occupy all three of the positions described for the genera of

this subfamily. In Pseudodineitrd the apes' of the free part of the

second anal vein is wanting. The hind wings are of the usual type.

Moiiocteninse.—Beginning with this subfamily there is a series of

three closely related subfamilies in which the loss of the radial cross-

vein has preceded the modifications of the anal veins. The Monoc-

tenina' contains a single genus, Monoctenx.s (tig. 67), which all sys-

tematists have agreed hitherto in associating with the genus. Lophyrus
(fig. 45), described above. Monocfenus is like Zo/>/!///v/.v in lacking the

radial cross-vein and in having the costal area ))road, with a prominent

free part of Sc,. In Monoctenus the costa is slightly thickened at apex;

the medio-cu])ital cross-vein is joined in the angle between R and M;
this cross-vein and the stem of M..^+^ are divergent behind; the anal

cells are broadly anastomosed at middle; the free part of M^+Cu, joins

the cell M^ near its middle and is strongly oblique; the cell Rj+g is

broad and pointed at apex, and the area between the base of the stigma

and the radial sector is distinctlv chitinized. in the hind wings the
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cell Ri+2 i.s broad and open at apex; the radial sector reaches the wing

niarg'in at the actual wing- apex; the remainder of the wing is of the

usual t3'pe.

Cladihfft!.—The genera included in this subfamily are generall}^

placed with the next, the Nematina\ The costa is somewhat thickened

at apex (tig. GH); the medio- cubital cross-vein joins Sc+R+M just

before the origin of M, this cross-vein and the stem of M.,+j is strongly

divergent behind. In the hind wings the cell R1+2 is broad, pointed,

not open at apex, and ends on the front margin distincth' before the

apex of the wing with the vein Rj extending beyond the apex of the

cell spur-like. This subfamily includes the genera Cladhts^ Prio-

2>h(>rus^ TrichlocainpHti^ and Camponwcu/^.

N^eiiiat!n»'.—A large subfamily of several genera and numerous spe-

cies. The genera here included are those generally included in this

subfamily, in which the base of the third anal vein has atrophied so

that the cells 2d A and ;-^d A are coalesced (tig. (58). The costa is dis-

tinctly thickened at apex, the costal area is broad; the area between

the base of the stigma and the base of the radial sector is strongly

chitinized: the medio-cubital cross-vein is joined to Sc-]-R+M a consid-

erable distance before the origin of media; the base of the free part of

the third anal vein is wanting; the f I'ee part of R^, is wanting in Euura;

and the radio-medial cross-veiii is frequently so completely covered by

the radial furrow as to be partially or wholly wanting, a condition

especially noticeable in the genus Prldlphoi'd.

Femmna'.—Of the genera known to me, there are two, Fenima (tig.

74) and Kuliosysphuiga (lig. 78), which would fall into this subfamily

as here limited. The group is indicated by the narrow costal area;

the thickened apex of the costa: the loss of all trace of Scj; the broad

stigma; the subtransverse bases of the radial sector and of media; the

strongly Ijowed medio-cubital cross-vein, which is joined either in the

angle between R and M, or just before the origin of media; the strong

divergence of the medio-cubital cross-vein and the stem of lSll.^+^. The
radio-medial cross-vein is wanting; in lut/ioxi/spki/if/d. the base of the

third anal vein is represented b}^ a dark band of coloring matter, which

in FenuM( is completely wanting. In the hind wings there is the

atrophy of the free part of R^ and the transverse part of M.^. The
apical two-thirds of the second anal vein is wanting in KaUof<yf<phuig<A,

and the anal area of the wings is greatly reduced. The apex of the

cell Ri+2 is open, the vein R^ reaching the wing margin at the actual

apex of the wing.

ScoHoneurhia'.—A small subfamily containing two genera, Entodecta

and Srol/o/ieurd (tig. 75), which are closely related to the preceding

subfamily. It differs from the Fenusiniv in ha\'ing the free part of Scj

preserved as a protuberance upon the front margin of Sc-j-R-f-M, and

in having the cell Rj+2 of the hind wings closed some distance l)efore
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the apex of the wing, the vein R^ being continued spur-like beyond the

apex of the cell. In Scolkmeura the radial cross-vein is interstitial

with the free part of Rj, and the base of the free part of the third

anal is preserved, though its connection with the other anal veins at

the contraction is wanting. The radio-medial cross-vein is present,

although almost entirely covered by the radial furrow. In Entodecta

the base of the third anal vein is represented in the wing membrane
as a dark, straight band.

Blennoc,ainpm».—This and the two following subfamilies begin a

series in which the costal area has been greatly reduced, and the free

part of Sci is represented only by a spur (iigs. 69-72). The Blenno-

campinpe is a large group rich in genera and species, in which system-

atists have placed a number of genera bearing no relation to the group
at all, as here restricted. The costa is prominent and thickened at

apex; the medio-cubital cross-vein is joined to radius in the angle

between radius and media and is usually parallel with M.,+^, very

slightl}" divergent in RJiad'moceva^n ; the base of the third anal vein is

partly atrophied, different genera showing the successive stages in the

atrotication of this vein; the free part of M^-fCuj varies in position

from near the middle of the cell M^ to a position almost interstitial

with the medio-cubital cross-vein. In the hind wings the free part of

R^ and the transverse part of M^ are wanting in certain genera; the

hrst anal cell is of varying lengths, the first and second anal veins

being coalesced from a point opposite the free part of M3 to near the

middle of the distance between the base of the wing and the free part

of M3; the cell R]+^ usually ends just before the apex of the wing,

but in Perlollsta R., ends at the actual apex, the cell being closed; in

the males of certain species the apex of the wing is margined by an

ambient vein as in the males of certain Phyllotomina\

Ilylotoiiih)^ (did (dlifs.—This group (tigs. 76-80) includes three

subfamilies, the Hylotominte, Schizocerinaj, and Perreyin*. As onl}'^

a very limited amoinit of material of the last two subfamilies is at

hand for study, it will be impossible to more than point out some of

the more salient characters of the group, and for this reason the

groups are given the same limits in the table on another page that is

generallv assigned them by systematists. It seems doubtful that these

groups as now arranged represent natural divisions. The Hylotomin^
and Schizocerinie are ditl'erentiated ])y the modei'ately broad costal

area together with a well-marked Scj, which is conmion to the former

and wanting in the latter, while both conditions are found in the Per-

re3'in{e. The characters above given would place the genera JJylotoma

(fig. 76) and Paclujlota (fig. 77) in the same subfamil3\ In both the

cell Ri+2 of the front wings is prominently appendiculate, but in the

hind wings of Pachylota this cell is open at the apex, the veins Rj and

R3 extending parallel to the margin of the wing. This condition is also
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found in the Schizocerinss, where this cell is appendicuhite in Lahi-

darge (fi^. 78), and broadly open at apex in Scohhut and Diclocerus

(fig. 79); in fact, in Scohinu this cell is not appendiculate in either wing.

If the results of our studies on the other groups of this family be of

any value, then the variation in the characters just cited must indicate

ver}' different lines of ascent, and be of more value than for the mere

differentiation of genera. The medio-cubital cross-vein is generally

joined to Sc+R+^I Jit or very near the origin of media. Although it

is not true of all the genera, yet in certain genera there seems to be a

marked tendency for the migration of the free parts of R^ and R^ and

the transverse part of M^ toward the ))ase of the wing, thus greatly

increasing the size of the apical cells. The second anal cell is wanting

in the Perrejnn^, Init according to descriptions of genera may be either

present or absent in both the Hylotomina? and Schizocerinte. This

character is not of any phylogentic value, since, so far as it is con-

cerned, these subfamilies are imdergoing a progressive reduction of

this cell. In the Hylotomina' and Schizocerinjv the hind margin of

the cell Mj is a fairly straight vein, the free part of M^+Cuj joining it

near its middle, and is either perpendicular to it or inclined toward the

apex of the wing. In most Perreyiniv the hind margin of the cell M^
is deeply curved, the free part of M^+Cu, is joined to it at or before

the middle, and is always strongly inclined toward the l)ase of the

wing. This is the only venational character thus far discovered that

is of any value in separating the Perreyinte from the other two sub-

families. In the hind wings it is only with rare exception that either

the free part of R^ or the transverse part of M.^ are wanting in the

Hylotomina? and Schizocerina?, and when either of them are wanting

it is always the latter. In marked contrast to this is the almost entire

absence of the transverse part of M, in the Perreyina', the free part of

Rij being always present, so far as can be judged from figures of wings.

Here, just as in the front wings, there is a marked tendency toward

the migration of the free part of R^ and the transverse part of M2,

when it is present, toward the base of the wing. In many Tenthredi-

nida? the transverse part of M^ is either interstitial, or nearly so, with

the free part of R^, l)ut in this group it has migrated toward the base

of the wing vmtil it is near, or sometimes even before, the free part

of M^. There is also in many Tenthredinida^ a prominent angle oppo-

site the anterior end of the free part of M.,, })ut in this group this

angle has l)een straightened out and cul)itus appears to extend directl}'

to the margin of the wing. The Perreyinie are frequently separated

from all the preceding subfamilies by the loss of the free part of the

second anal vein. It has been pointed out above that this vein is also

wanting in the Phyllotominje and Fenusint^, and the same condition

is found in certain Schizocerinii?and Hylotomiufp. This is a character

that has arisen several times in widely separated groups, and does not
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appear to be of an}^ phyllogenetic value. Although the Hylotominse,

Schizocerina^ and Perreyinee are so closely related in their wing char-

acters that there is a gr-eat dearth of prominent differences for dividing

them, yet the Perreyinte are readily separated from the other sub-

families on antennal characters.

The anal cell Jooxers.—The genera included under this heading are

generally divided into three su])families, the Lobocerinie, Pterygo-

phorinffi, and Perginte, Such a grouping combines forms that are not

closely related and they have therefore been divided into the following

subfamilies: The Incaliinte, including the genera hicalla and Paralypla.,

which are limited to South America; the Lobocerinse, including the

genera Lohoceras (tig. 82), Aulacomeru^, Syzgonia^ and Corynoplvilus^

which are also limited to South America; the Acordulecerinfe, includ-

ing the single genus Acordulecera (fig. 83), found in North and South

America; the Pterygophorina? including the genera Pterygojjhorus

(tig. 81), Pterygophorinus^ Liqjhyrotoiiia^ and Phlloiuastix, which are

limited to Australasia; and the Perginje, including the genera Cerealces

and Perga (fig. 84), and its subdivisions, which are limited to Aus-

tralasia. It has been impossible to examine specimens of all these

groups, and the writer has had to depend in many cases on figures,

so that the characters given in the table on a later page may not be of

any more vahie than to indicate the regions which are undergoing

modifications. These subfamilies are set off from all the other Ten-

thredinida^ ])y the reduction of both anal cells of the front wings. The
wings are long and slender, and the anal area of the hind wings is

generally greatly reduced. In the front wings the costal area is broad,

and the free par-t of Sci is preserved in the Lobocerinee, but in the

other subfamilies the costal area is hardl}^ more than a line, and the

free part of Scj is wanting. The radial cross-vein is wanting. The
cell R^+„ is append iculate in the Incaliinw, Lobocerina\ Pterygophor-

ini¥, and Pergina?, ending at or before the middle of the cell Rg, the

vein Rj being continued to the apex of the wing.

In the Acordulecerinje this cell is not appendiculate, and ends

distinctly beyond the middle of the cell R3. The medio-cubital cross-

vein joins Sc+R+M at or very near the origin of M. In the Ptery-

gophorina^ the free part of R^, is wanting, in Acordulecera and certain

species of Perginie the radio-medial cross-vein is also wanting. The
free part of M^+Cuj joins the cell M^ just before the middle in the

Loboceriiuv and Pterygophorina', and insterstitial with the medio-

cubital cross-vein in the Perginre. In the hind wings the cell Rj+g is

appendiculate in the PerginiB and Lobocerina^, while in the Acordule-

cerina' and Pterygophorinjv it extends as a long, pointed cell to the

apex of the wing. The free part of R^ is alwa3's present, and the

transverse part of M.^ always wanting. As in the Hjdotominse and its

allies, the base of cubitus apparently forms a continuous vein to the
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wing margin by coming into line with M^, the medial cross-vein, and

the longitudinal part of M,. The medio-cubital cross-vein is longi-

tudinal in the Incaliina?, Lobocerinee, and Pergintv, and transverse in

the Acordulecerini^? and Ptervgophorinje. The free part of M^ is

longitudinal in the Pterygophorinaj and only about one-third the

length of the free part of M^, while in the Lobocerinw and Perginaj

the free part of M^ is transverse and two or three times as long as the

free part of M3. This is due to the migration of the basal end of the

medial cross-vein along the free part of Mg. The free part of the

second anal vein is wanting throughout the group, due to the great

reduction of the anal lobe of the wing, while the second anal furrow

and the axillary incision are near the first anal vein. The loss of the

second anal is tlie consummation of a variation that has appeared

sporadically in other subfamilies.

THE CELL R5 GROUP.

It has been pointed out in the case of the generalized Tenthredin-

oidea that the radial cross-vein always ends in the cell R^. In the

families Xiphydriida? (tig. 8.5), Siricida^ (iig"'^- 86-91), Megalodontida3

(tig. 92), and Cephidiv (tigs. 93-96) this cross-v^ein, with rare excep-

tions, also ends in the cell R.. In the family Oryssidae (fig. 97) this

cross-vein is apparently wanting, but, as was shown above, the cross-

vein is present and is represented by the transverse vein at the base

of Rg. The only moditication in the course of the cross-vein is that

its posterior end has migrated toward the apex of the wing, so that it

is alvva3"s oblique to R3+^ instead of being perpendicular.

The interrelation of the radio-medial cross-vein, the base of the

radial sector, and the base of the media is a prominent characteristic

of this group of families. In the Xiph3"driidje there is only a slight

departure from the arrangement of parts existing in the typical wing,

the base of the radial sector and the base of media being parallel, and

the cross-vein perpendicular to them. In the other families, however,

the posterior end of the cross-vein has swung around at such an angle

as to form an apparently continuous vein with a part of the radial

sector, while the basal part of the sector extends transversely between

the cross-vein and the stigma like a cross-vein. As a result of this

change in the direction of the veins, the cells R, 1st Rj, and 2d Ri+ R2

are arranged in a row.

The position of the medio-cubital cross-vein in those families in

which the posterior end of the radial cross-vein ends in the cell R5 is

also of especial interest. In the Xiphydriida? this cross-vein occupies

practically the same position that it does in the tj'pical wing. The
Oryssidffi show a stage slightly more advanced than that of the Xiph}'-

driida?. The cross- vein is longer than the transverse part of media,

vvhich has been brought about by a combined migration of the anterior

Proc. N. ]\L vol. xxix—05 42
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end of the cross-vein alon^ media, and b^- a further coalescence of

media with radius until it is ahiiost opposite the anterior end of the

cross-vein. A similar condition is found in certain Cephidfe, the

cross -vein being- about three times as long as the transverse part of

media. In this family the modification has been a migration of the

anterior end of the cross-vein along media until in certain species, as

Ce})hus pygin sens (fig. 96) it arises in the angle between Sc+R+M and

media. In the Siricida? and Megalodontids the modification has been

in an entirely different direction. The cross-vein and the transverse

part of media in these families are subequal in length, while the origin

of media is either opposite or beyond the anterior end of the cross-

vein and never before it, as it is in all the forms previously described.

The manner in which this arrangement of parts has arisen can be best

understood if a stud}^ be made first of the condition found in the

Xiphydriidee (fig. 85). In this family the cross-vein and the trans-

verse part of media are subequal in length, just as in the families

named above. The cross-vein is distinctly bowed on the side toward

the base of the wing. This bow in the cross-vein has been preserved

in practicall}^ all the Siricida3 (figs. 86-91). Now, if the cross-vein

maintain this same form and position, and the point of separation of

media from radius be gradually changed, moving toward the apex of

the wing by the coalescence of media more and more with the radius

until it is opposite or beyond the anterior end of the cross vein,

exactly the same condition will be had as is found in the Siricidae. The
Megalodontidffi (fig. 92) differ only in that the coalescence has pro-

ceeded farther, the transverse part of media being distinctly inclined

toward the base of the wing, and the cross-vein is straight instead of

being bowed.

The only other possible solution of the arrangement of veins in the

the stigmatal area of the Siricid^ would be that starting with a wing
like that of Cephus pygmseus^ the base of media had migrated along

the cross-vein until near its middle, and that at some later time the

anterior end of the combined cross-vein and media had migrated along

radius toward the apex of the wing. This would give exactly the

same result that has been explained above in another way. That this

latter explanation can not be the correct one is proven by the relation

of these veins in the Xyelidfe, Lydidse, Cephidge, and the Tenthredi-

nidjB. It has been shown that in the first three of these families the

tendency is for the progressive coalescence of media with radius, and

coordinated with this a progressive migration of the medio-cubital

cross-vein from a position near the apex of the cell R to the point of

separation of media from radius. That the tendency is not for media

to migrate along the cross-vein when the cross-vein reaches the angle

between radius and media, as has been shown in the Tenthredinidje,

but instead that the cross-vein continues its migration toward the base
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of the wing along Sc+R+M. This is conclusive!}^ shown in Trichio-

soma (fig. 59), where the cross-vein has migrated more than its own

length away from the origin of media. That this latter solution is

untenable is further proven by the position of the posterior end of the

radio-medial cross-vein, which in both the Siricidas and Megalodontida?

is so near the posterior end of the transverse part of media as to pre-

clude such a migration.

It has been shown that the preservation of the radial cross-vein as

the base of Rj, as in the Or3'ssidte, is the same condition existing in all

the higher Hymenoptera. It is of especial interest that the form of

the medio-cubital cross-vein and the base of media is also the same

arrangement of parts found in the other Hymenoptera. Both of

these conditions go to show that the other superfamilies of the Hyme-
noptera were derived from a progenitor closely allied to the families

Siricidre, Megalodontida?, and Oryssida?.

Xip/tydrlidR'.—This famil}' contains four genera and about twenty-

five species, which are distributed over North and South America,

Europe, and Asia. Their wing type (fig. 85) is the most generalized

found in the specialized Tenth redinoidea. The front wings are long

and narrow; the costal area is broad and distinct; the free part of SCj

is represented by a prominent transverse vein situated near the origin

of media, which is a direct modification and migration of the condition

found in Xyela (fig. 35) and Manoxyela (fig. 34); the anterior end

of the radial cross-vein is situated near the apex of the stigma and its

posterior end near the apex of the cell R:^ or interstitial with the free part

of the vein R5 and is either perpendicular or slightly oblique; this cross

vein is wanting in the genus Derecyrta. The radial sector arises at

the base of the stigma and continues along R3 in a regular curve. The

base of the sector is subtransverse; it does not make as abrupt a bend

as in the generalized Tenthredinoidea, while, on the other hand, it is

not so gradual a curve as in the more specialized forms. The radio-

medial cross-vein is somewhat oblique and distant from the origin of

media, and is wanting in the genus Koncmua. Media separates from

radius but little nearer the stigma than in the Lydida?, while the

portion before the medio-cubital cross-vein is oblique, just as in Macro-

,ri/ela (fig. 33), though ])oth this part of media and the cross-vein are

longer than in that genus, resulting in a much wider cell M; the free

part of M^+Cuj is near the posterior end of the radio-medial cross-

vein, almost interstitial with it. In the hind wings the origin of media

is distant from the origin of the radial sector, and the first anal cell

is of a type similar to that found in the Lydidae (figs. 36-43) except in

Konowia^ where it is open at the apex.

The migration of the apex of Ri in the front wings away from the

margin of the wing in XiphydHa camelus, as already described,

has developed into a distinct appendiculate cell in Derecyrta and

Brachyxiphus.
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The venation of the wings of this family is like the typical wing in

the origin of media, the location of the medio-cubital cross- vein, and

the type of anal cells.

The Xiphydriidffi has generally been considered by systematists as

a subfamily of the family Siricidte. That it represents a distinct line

of development is shown by the condition of the area between costa

and Sc+R+M, which is broad, and the wing membrane not any thicker

than that of any other part of the wing, while the remnant of snb-

costa retained is a modification of the type found in Xyela^ the type

found in the Siricidse, as will be shown later, is a modification of the

type found in NeuTotoma. That the Xiphydriidas represent a distinct

line is further shown by the origin of the base of media, by the posi-

tion of the radio-medial cross-vein, and by the origin of the base of

media in the hind wings, which is in reality quite a specialized condi-

tion. All these characters go to show that the wings of this family

are more nearly like those of the generalized Tenthredinoidea than

those of the specialized Tenthredinoidea.

Siricidae,.—This family contains five genera, all of which are limited

to the northern hemisphere. The Siricid* are large, active, flying

insects, and as a result their wings are long and narrow. The wings

are like the typical wing (figs. 86-91) only in having homologous veins.

The stigma is narrow, pointed, and eight to ten times as long as broad.

The area between costa and Sc+R+M is narrow and almost as strongly

chitinized as the veins themselves. The suppression of the subcosta,

which is represented in some species as a pale, indistinct line, is

undoubtedly due to the chitinization of the membrane of this area.

In Tremex columha (fig. 91) the chitinization has proceeded so far that

there is a large trachea unprotected by a vein ramifying through this

area. The peculiar arrangement of the veins forming the apex of the

cell M has already been discussed and need not be considered here.

The posterior end of the radio-medial cross-vein joins the cell M^ on

its basal third; in Tremex fuscicoTnis it ends in the angle between the

transverse and longitudinal parts of media, while in Slrex californicus

(fig. 87) it ends on the posterior third of the transverse part of media.

Correlated with the migration of the posterior end of this cross-vein

there is a corresponding migration of its anterior end along the radial

sector until, in Tremexfuscicorni.s^ it arises almost at the origin of the

sector, so that the cell R is hardly more than a broad line. In Tremex

the radial cross-vein is situated near the apex of the cell Rg+R^,

the free part of the vein R^ is wanting. On the apex of the front

wings of all the species of the famil}^ there has been developed a large

appendiculate cell, with the apex of Rj as a prominent vein extending

toward the actual apex of the wing. An especially interesting feature

of the wings of the Siricidse is the preservation of the free part of Cu2

in the ^enus Paururus (fig. 86) and a j^ortion of it in difterent species
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of Sirex. This vein is found besides in the Sirieid^e onl}^ in certain

species of the famil}' L3'did£e. It is noteworthy that it is situated

nearer the medio-cubital cross-vein than in the Lydidse, and that the

prominent l)ow in the base of cubitus, so characteristic of the Lydidjx?,

is wanting in the Siricidaj. The first and second anal cells approxi-

mate the type found in the tj^pical wing, but the emargination near

the base of the third anal vein, instead of being an abrupt one, as in

the typical wing, is a long, continuous curve. There has also been a

progressive migration of the free part of the second anal toward the

apex of the wing until in Paururus and Sirex californicus it is situated

midway between Mg+i and the medio-cubital cross-vein. In Xeris (tig.

89) it is just beyond the cross-vein, while in Tremex it is before. In

the hind wings there is in certain species a well-marked appendiculate

cell, but in Tremex and Paururus the transverse part of Rj has been

obliterated, leaving the cell Ri^., open at apex. This family is so spe-

cialized in most of its structures that it is of interest to Hnd at least

one of its characters very generalized. This is the point of origin of

media, which is more primitive than the same region in the Xyelidte

(figs. 31-35). There is a progres.sive migration from a position dis-

tinctly before the radial sector in Sirex ealifamicus, from the origin

of the radial sector in Paururus, and finally from the radial sector dis-

tinctly beyond its origin in Tremex. We find a confirmation of the

generalized condition of this character in its great variability, which

is not constant even in the same species. The first anal cell in Pau-

rurus and Sirex caJifomicus \s oi the type described for the Lydida?

and Xiph3"driida% but in Tremex and Xeris the free part of the second

anal vein is entirely wanting. The explanation of the obliteration of

this vein is found in the following species: In Sirex alhievrnis the

basal two-thirds and the small transverse part is preserved; in *^//'^,t.

favicor?)is only the basal two-thirds is preserved, while in Xeris only

a part of the small transverse part remains. It should be noted that

in the three species just named the longitudinal part of this vein coin-

cides with the second anal furrow, along which this part of the wing

is folded, while in Paururus, where the entire free part of the second

anal vein is preserved, that the free part of this vein is distinctly before

the furrow. There is onl}^ one solution possible for the loss of this

vein, and that is that it is due to the presence and location of this fur-

row, which has migrated forward in certain species hand in hand with

the reduction of the anal area of the wing. That there is a marked

migration of this furrow and reduction of the anal area will be readily

seen by an examination of the wings of the difi'erent species of Treruex.

The genus Teredem " (fig. 90) possesses a number of interesting fea-

«The figure of Teredon latitarsus was enlarged from a photomicrograph of the wings

of the type in the Collection of the American Entomological Society made and loaned

the writer by Mr. J. Chester Bradley.
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tures. The radial cross-vein is intermediate in its location between

Slrex and Tremex^ bein^ almost interstitial with the free part of R.,

which is fully preserved; the transverse part of the base of media

has begun to disappear and the radio-medial cross-vein to function for

it; the apices of the veins forming the appendiculate cell of the

front wing have faded out, so that there is found exactly the same

condition in both wings that exists in Trem.ex ; the free part of the

second anal vein is preserved and the anal area of the wing is large.

All these characters ally this genus more closely with a form like Sirex

(iJhlcornls than with Tremex^ near which it has been placed.

The Siricidse are a well-circumscribed group, defined by the condi-

tion of the area between costa and Sc+R+M, by the relation of media

and the medio-cubital cross- vein, by the position of the radio-medial

cross-vein, and by the prominent appendiculate cell at the apex of the

front wing.

Megalodontidx.—This family (tig. 92) contains four genera and

about twentv-tive species, and is peculiar to Europe, Asia, and north-

ern Africa. It represents a line of specialization very similar to that

found in the Siricida?. This is shown by the condition of the base of

media and the medio-cubital cross-vein. The cells R, 1st Rj, and 2d

Ri+ Rg are arranged in a row. The base of the radial sector is trans-

verse, as in the Lydid*, but that portion of the sector between the

anterior end of the radio-medial cross-vein and the posterior end of

the radial cross-vein is not so strongly curved, so that the cell 1st R^ is

almost a parallelogram. The Megalodontidte differ from the Siricidfe

in that the cells R and 1st R^ are subequal in size, the cell M^ is propor-

tionately much smaller, the cell 2d R1+R2 is of about the same length,

but is much broader, while the apex of the cell is like that of the Xye-

lidte and Lydida?, and is not appendiculate. The anal cells are like those

of the typical wing. The area between costa and Sc-j^R+M is broad,

and all trace of the subcosta is wanting. The vein forming the apex of

the cell M is a straight one; each of the components of this vein is not

separately bowed on the basal side with an emargination between them,

as is so characteristic of this vein in the Siricida?, while it is more

strongl}^ inclined than in this latter family. The hind wings are just

like those of the Lydidaj, except that the subcosta is wanting. The

generalized condition of the apex of the cell Ri+21 obliquely truncated

and not pointed, is notable.

The forms considered here as constituting the family Megalodontidfe

are invariably classified by systematists as a subfamily of the Lydidte.

That they do not have any affinities with this family is shown b}^ the

difference in the position of the medio-cubital cj"oss-vein, by the dif-

ference in the position of the cells R and 1st Rj, by the entire loss of

the subcosta in both wings, by the loss of the free part of Cua, by the

straightening of the cubital vein, so that the curve so characteristic of
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this vein in the Lydidje is wanting, by the lack of coalescence between

cubitus and Sc+R+M, which extends for ahuost one-half the length

of the vein Sc+R+M in the Lj^didtv, and l\v the diti'erence in the

shape of the cell M^. The facts just given show conclusively that the

Megalodontidw are more closely allied to the Siricid^e than to any
other family, while there are an abundance of characters for retaining

them as a distinct family.

Cephidse.—A family of about a dozen genera and moderately numer-
ous in species of intercontinental distribution. It is not closely related

to any of the families described hitherto. The front wings (tigs. %'?>-

96) are long and narrow, the hind wings have been remarkably reduced

in the anal region, and the insects are very rapid fliers. The area

between costa and Sc+R+M has been eliminated in both wings.

Media separates from radius distant from the stigma, in about the same
region as in the Xyelidte. The cell R is long, subequal in length to

the cell Rj, and is in line with the cells 1st Rj and 2d Rj+ R.^, as in the

Siricidse and Megalodontida?, but ditfers from these families in that

the apex of the cell R is almost opposite the apex of the cell 1st Rj.

The radio-medial cross-vein is transverse. The portion of the radial

sector between this cross-vein and the stigma is longitudinal, while

the portion of the sector between the radio-medial cross-vein and the

radial cross-vein is subtransverse, and might readily be mistaken for

a part of the radio-medial cross-vein if it were not for the angle at its

anterior end. The radial cross-vein is oblique and appears to be the

base of R.,. The cell 2d Rj+ R., is very long, as in the Siricidte, but is

pointed at tip. The anterior end of the medio-cubital cross-vein is

joined to media in certain species distinctly beyond its origin^ while in

others it arises from the angle between R and M. The cell M^ is as long

as or longer than the cell R. The cubitus coalesces with Sc+R+M
for only a very short distance at base. The cells 1st A and 2d A are sub-

equal in width, and the free part of the second anal vein is situated just

beyond the middle of cubitus and is perpendicular to the first and third

anal veins, while the contraction of the third anal vein is wanting.

The hind wings are just as distinctive as the front wings. With the

exception of the subcostal area, costa being coalesced with R+M, the

number of veins is the same as in the Xiphydriida?. The most dis-

tinctive character is in the arrangement of the cells. Beginning at

the base of the wing (tig. 95) the cells 1st A, Mj+Cu+Cui, M,+lst
M,,, R+Rj+R^, and Rg are arranged in an oblique row from the base

to the apex of the wing.

Practically all systematists are agreed in considering the Cephidse

as a distinct group worthy of family rank. So far as the wings are

concerned, they are the most distinctive of any group of the Tenth re-

dinoidea, and are only indirectly related to any of the other families.

They are generalized, so far as the origin of media is concerned, but
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are very specialized in the region of the radial and radio-medial cross-

veins and in the arrangement of the cells of the hind wings in an

oblique row.

Oryssidse. —A small family" consisting of four genera and a very

limited number of species found in all parts of the world. The family

is known to the writer only in the genera Orysxus (tig. 97), Ophryno-

2>>'''^i and the notes given here refer only to these genera. It has been

found that as a rule the figures of wings given by writers who have

not made an especial stud\' of wing venation can not be depended upon,

but, judging from such figures of species not accessible to the writer,

they would seem to indicate more generalized conditions than those

existing in Oryssi/s. The costal area is narrow; the costa is a delicate

vein quite strongly thickened at base; Sc+R+M is a strong vein which

functions for the costa, and at the origin of media it bends abruptly

toward the stigma; cubitus and Sc+R+M are coalesced for a short dis-

tance at the base of the wing ; the veins beyond and behind the stigma

are nothing more than dark bands of color; the transv^erse part of

media is almost entireh" wanting; the radio-medial cross-vein, the base

of the radial sector, the free part of R., and the transverse part of M^
are entirely wanting. The weakening of these veins is undoubtedly

due to the thickening of the wing membrane. The second anal cell

has been reduced, probaVjly by the coalescence of the third anal with

the combined first and second anal. The base of R3 is joined to the

stigma b}^ means of the radial cross- vein, as was fully described in the

preceding pages. In the hind wings the costa is entirely wanting,

R+M is thickened and takes the place of costa; the cubitus and the

remainder of the veins are onl}' lines of color; the second anal is

entirely wanting; the third anal is preserved as a verj^ delicate line.

So far as their wings are concerned the presence of the second anal

cell in the front wings is the only structure that would place the

genus Oryssas in the superfamil}' Tenthredinoidea. In their form

and topography thej^ are much more like the higher Hymenoptera
than the other Tenthredinoidea. It stands at the summit of special-

ization, so far as this group is concerned, as an extreme isolated line

of development.
VII.—SUMMARY.

In the course of the study presented in the preceding pages the fol-

lowing topics have been discussed:

1. An historical consideration of those investigations that have had

to do with the development of a uniform nomenclature for the wing
veins of all orders.

2. It has been shown how the complex hymenopterous wing has

been developed from a wing of the simplest type.

3. How the apex of vein Rj has been gradually pulled awa}' from
the wing margin to form an appendiculate cell.
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4. The progressive coalescence of the base of media and radius

toward the middle of the wing- and, coordinated with this, the progres-

sive migration of the medio-cubital cross-vein toward the point of

separation of radius and media to form a transverse support for the

stigma.

5. How all the types of anal cells found in the superfamily Ten-

thredinoidea have been developed from the form of this area found

in the generalized families.

6. The veins of the hind wing have been homologized with those of

the front wing and all the marked modifications occurring in the

superfamil}" discussed.

7. An attempt has been made to show that all the modifications in

wing topogi^aph}^ are directly dependent on the efficiency of the wing

as an organ of flight, and that this efficiency is due to the arrangement

of the veins in such a manner as to stift'eii the areas of the wing sub-

ject to the greatest stress.

8. The venational distinction of the Tenthredinoidea from the other

superfamilies of the Hymenoptera has been pointed ou'.

tt. The distinctive characters of the families of the Tenthredinoidea

have been considered in detail and their phylogenetic importance

indicated.

10. The loss of the base of the radial sector and its l)earing on the

homology of the veins of the wings of the higher Hymenoptera has

been discussed.

11. A classification of the superfamily Tenthredinoidea is given.

The sequence of the families and subfamilies, whether generalized or

specialized, has been determined by a genealogical study of the differ-

ent structural modifications of the wings.

12. Analytical tables are given for separating the families of the

superfamily Tenthredinoidea and of the subfamilies of the family

Tenthredinida?. These tables are based on venational characters alone,

and are examples of the value of such studies as the one given in the

preceding pages.

13. Front and hind wings of all the generalized genera and examples

selected from the numerous other groups are figured and their wing-

veins homologized.

14. All previous classifications have been based on recognition

characters and are therefore likely to be artificial. (Ireat use has

been made of the form of the antenna and claws, modifications that

have arisen independently several times. The foregoing investigation

is only a beginning of what needs to be done. Phylogenetic studies

should be made of all those structural parts that will indicate anything

as to the complete genealog}- of the group. Two such regions are

the mouth parts and the structure of the thorax.
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TABLE FOR SEPARATING THE FAMILIES OF THE TENTHREDINOIDEA.

a. Front wings with the free part of vein Rj present .XYELID^
aa. Front wings with the free part of vein R2 always wanting.

b. Front wings with the base of subcosta present as a distinct vein LYDID^E
bb. Front wings with the base of subcosta wanting, if present, only as a pale indis-

tinct line; the subcosta is represented only by the free part of the vein Scj,

which is like a cross-vein near the apex of the costal area, and even this is

sometimes wanting.

c. Front wings with the radial cross-vein ending in the cell R4, very rarely in

the cell R3; the medio-cubital cross-vein joined to the vein Sc-j-R+M or to

the vein M; if joined to the vein M, the transverse part of the vein M not

more than one-sixth the length of the cross-vein.

d. Front wings with the medio-cubital cross-vein joining media distinctly

beyond the point of separation of radius and media; the cell 1st R1+R2
blunt at apex; the veins surrounding the front margin of the cell M^ in

the form of a semicircle, BLASTICOTOMID^
dd. Front wings with the medio-cubital cross-vein either joined to the vein

Sc+R+M or to the vein M in the angle between radius and media; the

cell 1st Ri f R2 always pointed at apex; the veins surrounding the front

margin of the cell M^ never semicircular but always with prominent

angles before TENTHREDINID.E
cc. Front wings with the radial cross-vein ending in the cell R5, rarely in the cell

R4; and, if so, with the medjp-cubital cross-vein joining media distinctly

beyond the radius and subequal in length to the transverse part of media.

d. Front wings with the transverse part of the vein M^ present.

e. Front wings with the medio-cubital cross-vein subequal in length witli

the transverse part of media; the portion of the radial sector between

the stigma and the anterior end of the radio-medial cross-vein always

distinctly less than the portion between this cross-vein and the posterior

end of the radial cross-vein, or when the radial cross-vein is wanting, less

than the portion between the radio-medial cross-vein and the anterior

end of the free part of the vein R5, resulting in the apex of the cell R
extending but little beyond the base of the cell 1st Rj, or if the radio-

medial cross-vein be wanting, the cell R+R5 extending but little

beyond the apex of the cell 1st Rj.

/. Front wings with the free part of the vein Scj present and situated near

the point of the separation of radius and media; the base of media

. extending longitudinally and separating from radius distinctly before

the anterior end of the medio-cubital cross-vein; the radio-medial

cross-vein, when present, transverse and not appearing as the base of

the radial sector XIPHYDRIID.E

f. Front wings with the free part of the vein Sc^ wanting; the base of

media extending transversely and separating from radius either oppo-

site or beyond the anterior end of the medio-cubital cross-vein; the

radio-medial cross-vein oblique and appearing as the base of the

radial sector.

g. Front wings with the area between costa and the vein Sc+R+M
hardly more than a line; the cell 2d R1+R2 of both wings either

appendiculate or extending to the apex of the wing; the free part

of the vein M^+Cuj joined to the cell 1st A near its base, never

more than twice the length of the free part of the second anal

vein from its base SIRICID^E
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gg. Front wings with the area between costa and the vein Sc^R+M
broad and distinct; the cell 2d R1+R2 of the front wings and cell

Ri+2 of the hind wings never appendiculate, never reaching the ajiex

of the wing, and bluntly rounded at apex; the free part of the vein

M4+CU1 joined to the cell 1st A near its apex, over three times the

length of the free part of the vein 2d A from its base.

MEGALODONTID^
ee. Front wings with the medio-cubital cross-vein joined to media at or near

its point of separation from radius, never less than three and usually

four or five times the length of the transverse part of media; the portion

of the radial sector between the stigma and the anterior end of the

radio-medial cross-vein subequal to or greater, usually greater, than the

portion between this cross-vein and the posterior end of the radial cross-

vein, resulting in the apex of the cell R extending to near the apex of

cell 1st Ri CEPHID^
dd. Front wings w ith the transverse part of the vein ^\.^ wanting. .ORYSSID^E

TABLE FOR 8EPARATIX<i THE SUBFAMILIES OF THE TENTHREDINID.E.

(/. Front wings always with the first ami freciuently with both first and second anal

cells present.

h. Front wings with the second anal cell contracted at middle.

c. Front wings with the free part of the second anal vein present.

(7. Radial cross-vein present.

e. Front wings with the free part of the vein R,, present and the cells R5

and R4 therefore separate.

/. Front wings with the medio-cubital cross-vein and the vein M3+4

parallel Emphytix.e

ff. Front wings with the medio-cubital cross-vein and the vein M3+4

strongly divergent behind Phyllotomix.e

ee. Front wings with the free part of the vein R5 wanting, so that the cells

R5 and R4 are united Dolerin^

dd. Radial cross-vein wanting Lophyrinje

(c. Front wings with the free part of the second anal vein wanting. .Sel.\xdriin^

bh. Front wings with the second anal cell not contracted at middle,

c. Radial cross-vein present.

(/. Front wings with the medio-cubital cross-vein joined to the vein Sc+R+M
at or near the oi'igin of media, its distance from media always less than

one-half the length of the cross-vein.

e. Front wings with the medio-cubital cross-vein and the vein JVI3+4 parallel.

/. Front wings with the base of the third anal vein present and the

second anal cell therefore not combined with the third . . .Lycaotin.e

ff. Front wings with the base of the third anal vein atrophied or at least

in part so that the second and third anal cells are combined.

Blenxocampin.e

e. Front wings with the medio-cubital cross-vein and the vein M3+4 strongly

divergent 1)ehind.

/. Hind wings witli the vein Rg reaching the margin distinctly l)efore the

apex of the wing; the cell Ri+2 pointed at apex and closed.

SCOLIONEURIN^E

ff. Hind wings with the vein R3 reaching the margin at or beyond the

apex of the wing; the cell R1+2 round at apex and open Fenusin^

dd. Front wings with the medio-cubital cross-vein joined to the veinSc+R+M
distant from the origin of media; its distance from media always one-half

or more of the length of the cross-vein.
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e. Front wings with the Vjase of the third anal vein present and the second

anal cell therefore not combined with the third.

/. Front wings with the medio-cubital cross-vein and the vein IMs+i par-

allel, or at least not divergent ])ehind.

g. Front wings with the medio-cnbital cross-vein and the vein M3+1

parallel; media separating from radius at the base of the cell M^;

the radio-medial cross-vein rarely, if ever, wanting; hind wings with

the cell Iln-2 extending to the apex of the wing Tenthredini>'.e

r/g. Front wings with the medic-cubital croas-vein and the vein M3+4

strongly divergent before; media separating from radius at or near

the middle of the cell M^; the radio-medial cross-vein always want-

ing; hind wings with the cell Ri+a ending a considerable distance

before the apex of the wing Cimbicix.e

ff. Front wings with the medio-cubital cross-vein and the vein M3+4

strongly divergent behind Hoplocampin.e

ee. Front wings with the base of the third anal vein atrophied and the

second and third anal cells therefore united Dixeurin.e

cc. Radial cross-vein wanting.

d. Front wings with the third and combined first and second anal veins anas-

tomosed at middle for a short distance, the length of the coalescence

always being less than the length of the second anal cell.

e. Hind wings with the vein Rj reaching the margin before the apex of the

wing; the cell R1+2 pointed at apex and closed Cladiin.e

ee. Hind wings with the vein R3 reaching the margin at the apex of the

wing; the cell R1+2 broad at apex and open Monoctenin^e

dd. Front wings with the third and combined first and second anal veins

anastomosed at middle for a considerable distance, the coalescence being

two or three times the length of the second anal cell or the second anal

cell wanting or combined with the third anal cell.

e. Front wings with the portion of the free part of Mj situated between the

apex of the vein M3+4 and the basal end of the medial cross-vein always

more than one-half, usually subequal, and frequently greater in length

than the free part of the vein M4, causing the cell M^ to appear distinctly

longer longitudinally than transverseh'; the free part of the vein

M^-f Cui perpendicular to the first anal vein, if oblique, inclined toward

the apex of the wing.

/. Front wings with the free part of the vein Sci present.

g. Front wings with the cell R1+2 never appendiculate, closed at apex

and not reaching the apex of the wing Nematin.e

gg. Front wings with the cell R1+2 appendiculate at apex or open, never

closed at the wing margin before the apex of the wing.

HvLOTOMIX.E

f. Front wings with the free part of the vein Scj alwaj's wanting.

Schizocerix.e

ee. Front wings with the portion of the free part of the vein M3 and the

basal end of the medial cross-vein always less than one-half and gener-

ally not more than one-fourth or one-fifth the length of the free part of

the vein M^, causing the cell M^ to appear longer transversely than

longitudinally; the free part of the vein M^-fCui oblique and always

inclined toward the base of the wing Perreyiix.e

au. Front wings always with both the first and second anal cells wanting.

/>. Front wings with the free part of the vein M^+Cui distinctly beyond the pos-

terior end of the medio-cubital cross-vein.

c. Hind wings with the cell Ri+2 distinctly appendiculate.
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d. Hind wings with the free part <if the vein M^ subequal in length with the

free part of the vein Mj Incaliin.e

dd. Hind wing.s with the free part of the vein M^ tliree or four times the length

of the free part of the vein INI;, Lobocerin^

cc. Hind wings with the cell R1+2 never appendicnlate, but open at apex.

d. Front wings with the cell R1+2 not appendicnlate; hind wings with the

portion of the vein Rs+M forming the base of the cell R1+2 transverse.

ACORDULACERIN^E

dd. Front wings with the cell Rn-2 appendicnlate; hind wings with the portion

of the vein Rs-)-M forming the base of the ceil R1+2 longitudinal.

PTERYCiOPHORINJE

hh. Front wings with the free part of the vein M^-fCui interstitial with the medio-

cubital cross-vein, at most not more than the width of the vein beyond th^

cross-vein Pergix^e

LIST OF ABBREVIATIONS.

1st A
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Plate XXII.

Fig. 26. Wing of Musca domestica.

27. Wing of Conops affinis.

28. Wing of Midas militaris.

29. Front wing of Nemoura completa.

30. Front wing of Tieniopteryx frigida.

Plate XXIII.

Fig. 31. Wings of Megaxyela major.

32. Wings of Odontoj>hyes avinigrata.

33. Wings of Macroxyela ferruginea

.

Plate XXIV.

Fig. 34. Wings of Manoxyela sp.

35. Wings of Xyela jiilii.

36. Wings of Neurotoma fasciata.

Plate XXV.

Fig. 37. Wings of Lyda erythroceplmla.

38. Wings of Cxnolyda sernidea.

39. Wings of Pamphilius pallimacula

.

Plate XXVI.

Fig. 40. Wings of Itycorsia hieroglyphica.

41. Wings of Badroceros depressus.

42. Wings of Cephaleia abietis.

Plate XXVII.

Fig. 43. Wings of Liolyda frontalis.

44. Wings of Blasticotoma filiceti.

45. Wings of Lophyrus sp.

Plate XXVIII.

Fig. 46. Wings of Emphytus balteatus.

47. Wings of Eriocampa ovata.

48. Wings of Pscudosiobla excavata.

Plate XXIX.

Fig. 49. Wings of Dolerus thomsoni.

50. Wings of Stromboceros signanus.

51. Wings of St rongylogaster cingulatus.

Plate XXX.

Fig. 52. Wings of Eriocampoides xthiops female.

53. Wings of Eriocampoides varipes male.

54. Wings of Phyllotoiyia vagans.
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Plate XXXI.

Fig. 55. Wings of Lycaola sodalis.

56. Wings of Tenthredo fwa.
57. Wings of Macroph)/(i alhirincfo.

Pl.\te XXXII.

Fig. 58. Wings of Pachyprotasia rapn\

59. Wings of Tru-hiosoma hicorum

60. Wings of Clarellaria aineri7ia\

Plate XXXIII.

Fig. 61. Wings of Hoplocampa ferruyinea.

62. Wings of Hemichroa americana.

63. Wings of Dlneura geeri.

Plate XXXIV.

Fig. 64. Wings of Mesoneura ojxtca.

65. Wings of Pseudodineiira hepatiai'.

66. Wings of Cladlus pectimconm.

Plate XXXV.

Fic;. 67. Wings of Monoctemis juniperi.

68. Wings of Pteronus pavidus.

69. Wings of Peridista melanocephaht.

Plate XXXVI.

Fig. 70. Wings of Rliadinocerxa rellteri.

71. Wings of Phymaincera aterrima.

72. Wings of Blennocampa aJtermpe>f.

Plate XXXVII.

Fig. 73. Wings of Kalhsysphlnga dohrnii.

74. Wings of Fenum pygmxa.

75. Wings of Scolioneura betuleti.

Plate XXXVIII.

Fig. 76. Wings of Hylotoma virescens.

77. Wings of PacJiylota andouhm.

78. Wings of Labidarge dibapha.

Plate XXXIX.

Fig. 79. Wings of Dielocerns formosiis.

80. Wings of Perreyia vitellina.

81. Wings of Ptevygophorus cinctus.

Plate XL.

Fig. 82. Wings of Loboceras frater.

83. Wings of Acordnlecera sp.

84. Wings of Perga sp.
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Plate XLI.

Fig. 85. Wings of Xlphydria maculata.

86. Wings of Puururus cyaneiis.

87. Wings of Sirex californicus.

Plate XLII

Fig. 88. AVings of Sircr albicornis.

89. Wings of Xeris spectrum.

90. Wings of Teredon latitarsis.

91. Wings of Tremex columba.

Plate XLIII.

Fig. 92. Wings of Megalodontes .•^pissicornis.

93. Wings of Janus integer.

94. Wings of Janus abbreviatus.

Plate XLIV.

F^. 95. Wings of Macrocephus satyrus.

96. Wings of Cephus pygmmis.

97. Wings of Oryssus abietinus.
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Wings of Pantarbes, Erax, Tabanus, Scenopinus, and Rhamphomyia.

For explanation of plate see page 651.
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Wings of Musca, Conops, Midas, Nemoura, and T>eniopteryx.

For explanation of plate see page 652.
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Wings of Meqaxyela, Odontophyes, and Macroxyela.

For explanation of plate see page 652.
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WiNQS OF Manoxyela, Xyela, and Neurotoma

For explanation of plate see page 652.
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Wings of Lyda, C/enolyda, and Pamphilius.

For explanation of plate see page 652.
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Wings of Itycorsia, Bactroceros, and Cephaleia.

For explanation of plate see page 652.
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4+5 +Mj

•«+5 +Jf,

WiNQS OF LlOLYDA, BLASTICOTOMA, AND LOPHYRUS.

For explanation of plate see page 652.
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SdA

Wings of Emphytus, Eriocampa, and Pseudosiobla.

For explanation of plate see page 652.
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Sc, H.

^4+5+Jf,

Wings of Dolerus, Stromboceros, and Strongylogaster.

For explanation of plate see pAge 652.
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^4+5+^/.

R^.^^M,

Wings of Eriocampoides and Phyllotoma.

For explanation of plate see page 652.
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?^2 H,

Ra+5+M,

Wings of Lycaota, Tenthredo, and Macrophya.

For explanation of plate see page 653.
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Wings of Pachyprotasis, Trichiosoma, and Clavellaria.

For explanation of plate see page 653.
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A+5+J>f.

^4+5 +M,

Wings of Hoplocampa, Hemichroa. and Dineura.

For explanation of plate see page 653.





U. S. NATIONAL MUSEUM PROCEEDINGS, VOL. XXIX PL. XXXIV

ji,M^

n^^^^M.

Wings of Mesoneura, Pseudodineura, and Cladius.

For explanation of plate see page 653.
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R.^.+M,

R...+M,

R.^.+M,

Wings of Monoctenus, Pteronus, and Periclista.

For explanation of plate see page 653.
.
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R.^^^M^

Wings of Rhadinocer/ea, Phymatocera, and Blennocampa.

For explanation of plate see page 653.
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31,

Wings of Kaliosysphinga, Fenusa, and Scolioneura.

For explanation of plate see page 653.
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Wings of Hylotoma, Pachylota, and Labidarge.

For explanation of plate see page 653.
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^4+5 +31^

Wings of Dielocerus, Perreyia, and Pterygophorus.

For explanation of plate see page 653.
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^44.5+^/.

Ut^
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Wings of Loboceras, Acordulecera, and Perga.

For explanation of plate see page 653.
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Wings of Xiphydria, Paururus, and Sirex.

For explanation of plate see page 654.
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+M.
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Wings of Sirex, Xeris, Teredon, and Tremex.

For explanation of plate see page 654.
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C Sc+B^

M^ ^4+5 +M.

Wings of Megalodontes and Janus.

For explanation of plate see page 654.
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r+f^cB^^
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A+5+^,
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Wings of Macrocephus, Cephus, and Oryssus.

For EXPLANATrON OF PLATE SEE PAGE 654.






