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INTRODUCTION

Previous work on the genus Empoasca? in the form of mono-
graphic studies has been published by both Gillette (73)* and Hart-
zell (17, 18). During the last 80 years the pioneer work of Doctor
Gillette, in particular, has filled an important place as a guide for
workers on the species of this genus. Iconomic problems, however,

! The present revision has been made possible through the kindness and cooperation of
J. E. Graf, W, H. Larrimer, and N. F. Howard, of the Bureau of Entomology, and Presi-
dent George W. Rightmire and R. C. Osburn, of the Ohio State University. ‘The writer is
also indebfed to E. D. Ball for neeces to his valuable eoliectiou of western specles, for
review and critieism of the manuscript, and for the checking of c¢haracters; to Harold
Morrison for Kindpesses extended in the National Museum and for the privilege of
examining material in his private collection ; to Herbert Osborn for the privilege of using
material in his private collection and for the use of his library: to J. (. Sanders for the
use of valuable material in his private collection: to P. B. Lawson for material loaned
from the Kansas University collection ; to W. E. China, of the British Museum of Natura}
History, for typical specimens of flavescens from European localitics ; and to H. P. Severin,
of Berkeley, Calif., for collecting and forwarding specimens of abrupta for experimental
studies. W. P. Flint, F. ¥. Smith, ¥. W. Poos, A. A. Granovsky, H. H. Severin, A. N.
Tissot, . W. Davis, and Albert Hartzcll have resred material and forwarded it for identi-
fication.  All of this material has heen of service in determining certain species limita-
tions. i'lt‘_o these, and to all who have assisted in any way, the autlior expresses hig
appreciation.

Since submitting this manuscript for publication (August, 1929) E. P. Van Duzee has
published (Pan-Pacifie Entomologgst 6:148, April, 1930) the description of Empoasce
denaria V. D. 'This is probably the species treated in this bulletin as B. rubida.

2Q0rder Homoptera, family Cicadellidae.

*Italic numbers in parentheses refer to Literature Cited, p. 58.
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2 TECHNICAL BULLETIN 231, U. S. DEPT. OF AGRICULTURE

brought about by species of this genus which have become important,
have called for a more fundamental taxonomic basis upon which to
build a species concept. The economic worker has not been able to
determine definitely whether individuals of this genus found on
various cultivated or wild host plants belonged to one or several
species. )

It is apparent that climatic or atmospheric factors and other sim-
ilar vague terms have been used to explain differences in injury or
crop infestations when a taxonomic problem alone was involved and
when a knowledge of the insects would have properly explained
these differences. The species could not be diflerentiated, neither
could the problems be solved satisfactorily, with the previous inade-
quate characters. "T'he urgent need for the diflerentiation of these
insccts, some of which are of great economic importance, furnished
the chief stimulus that has produced the present study of this genus

THE ECONOMIC PROBLEM AND ITS RELATION TO
TAXONOMY

A full discussion of the economic importance of this group, with
its various problems and diverse phases of cconomic interrelation-
ships, does not belong to the present treatment of the genus. There-
fore only a brief statement of this nature with special reference to
the previous taxonomic standing of economic species, host-plant
relationships, and distribution will be attempted.

The potato leaf hopper, mpoasca fabae Harris, has been consid-
ered for several vears the most important economie species of the
genus because of its severe damage to potatoes, beans, clover, alfalfa,
rhubarb, eggplant, cotton, aster, dahlia, apple, and many other culti-
vated and wild host plants. This insect has been variously confused
with other species, and in view also of its many variations in color
and markings it has been designated in literature under at least
cight different names. It has been called Z. flavescens by many
workers since the early work of Gillette placed jflavescens (referring
to this inscct) as a common species in North America. But fAaves-
cens is apparently a purely Kuropean species, and present work
upon specimens from the DBritish Museum and from various Euro-
pean localities and comparisons with material available for study
m the more important collections from Canada and the United
States have shown that flavescens does not oceur in North America,
No economic damage in the European countries has been caused by
flavescens comparable to that which fabee has caused in the United
States, and it would seem that flavescens might be eliminated from
present consideration as a possible economic pest in North America.

For many years fabae was known as . mali, the specific name
being given it by Le Baron (£9) when he found it on apple in 1833.
Walsh (27) called its vavious color forms consobrina, viridescens,
and malefica. Torbes (72) named it @/bopicta in 1884, and in 1898
Gillette (17) called specimens which had been preserved in fluids
before mounting by the name of pallida.

E. fabae has been considered as well distributed, at least in small
numbers, throughout the United States. (IMig. 1, A.) IL. H. Sev-
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THE AMERICAN SPECIES OF EMPOASCA 3

erin, in investigating leaf-hopper problems in California, found that
hopperburn did not occur upon potatoes in that area, and that a
different type of injury, a white stippling appearance only, was
caused by the green leaf hoppers working on potatoes in that and

QLE.‘% // /
/////////// :
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FIGURE 1.—Maps showing the present known distribution of the more common
species of Empomscu in the Ln ted btute s: A, Runge of f abge is indicated by u
.\hmm;: localitiey which bul has been fo Hur lca[dl tie(l

nd the di t buti m arida. § Wil l\ circles; I3, dix L thution of maligne tl
most important s pe(. tomdoxCalgus

neighboring States. This leaf hopper has been referred to as .
ﬂaveaune ﬁy Severin (22). This difference in injury might have
been explained upon the basis of differences in climatic factms, but it.
is actnally due to the fact that, as the present study has revealed,
entomologists ape dealing with entirely different species of insects

291



4 TECHNICAL BULLETIN 231, U. 8. DEPT. OF AGRICULTURE

in the case of the California problem and throughout the arid West
in general. There are at least three species which have not previ-
ousTy been named or properly designated and which have been con-
fused with fabae. In view of its present distribution (Fig. 1, A),
one of these species is here named aride. It is common 1n the West
on alfalfa and sugar beets and probably has a much wider host
range.

Probably the most important western species of economic stand-
ing is abrupta, another previously undescribed species, which is com-
mon in California as a potato pest. (Fig. 1, A.) This is the
species which has been called farcccens by Professor Severin because
it has answered more nearly the description of this Turopean form
than the previously described American species. This species, be-
cause of its work upon potato, has been confused with fabae and
should probably be commonly called the * western potato leaf hop-
per.” According to available records it occurs from Texas north-
ward and westward through Arizona and California.

A third western species, filamenta, which is widespread and abun-
dant upon potatoes, sugar beets, and beans especially, occurs in abun-
dance in the region between the Rocky Mountains and the Sierra
Nevada and extends northward through Wyoming, Montana, Idaho,
and Oregon.

Another species which has apparently been confused with fabaee
oceurs upon the potato plant in Louisiana and is here named solana.

In the castern part of the United States other common species have
been placed under the name fabae. The work of Doctor Poos has
brought to light the life history of a very common one which passes
the winter in the cgg stage on £7»/geron annuus and hatches carly in
the spring. Another common species which has apparently never
been described, but is placed under the name of fabae, is bifwrcata,
which occurs on tansy and related plants.

Although the common fabae has been designated in literature as the
apple leaf hopper, it is not essentially or primarily an apple pest,
although it may occur upon the apple in comparatively small num-
bers, and young apple trees may occasionally be severely injured.
The green apple leaf hopper is maligna (unicolor), a larger, more
broad-headed species which apparently feeds entirely upon apple
and wild varieties of Cratacgus. (Fig. 1, B.) This species spends
the winter in the egg stage 1n the apple twigs and hatches early in
the spring. On the other hand, £. fabae usually makes its first ap-
pearance upon apple in the spring in the adult stage, and adults are
normally found in small numbers upon apple in the spring befors
the eggs of the first generation hatch. )

Considerable loss 1s caused in Florida by minuende, which is a
serious pest of avocado, and occurs in large numbers upon these
trecs. Several other species cause injury to different types of plants,
but as many or all of these plants are economically umimportant, the
insects are probably viewed in the same ligcht. As a rule, w:hen the
food plants are known, the plant or group of related plants is found
to be quite well defined for each species. The willows are attacked
by obtusa, smaragydvla, osborni, albolinea, aureoviridis, and clypeata,
and probably others. These species have no important place 1n the

literature because the willow is not an important economic plant.
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THE AMERICAN SPECIES OF EMPOASCA S

But in a willow garden, where these plants are raised and used for
the making of baskets and furniture, the injury about the oviposi-
tion scars causes loss, since the injured shoots can not be bent without
breaking.

The species ¢rifasciate is common on cottonwood (Populus del-
toides), and coccinea is found on white pine (Pinus strobus);
whereas the sagebrush (Artemisia tridentata) has a considerable
population composed of nigre and varieties, nigroscuta, typhlocy-
boides, and pulchella. Species of Alnus support alrolabes and unica,
and junipere is found on ved cedar (Juniperus virginiana) through-
out eastern Tennessee.

The importance of careful and thoroughly reliable taxonomic work
by economic entomologists can not be easily overemphasized. Many
economic aspects and phases of the presenl economic problem have
remained unsolved or unknown for years because of inadequate taxo-
nomic work. Practically none of the economic workers on problems
concerned with insects of this genus have been able to determine
food plant or geographic distribution because they were unable to
differentiate the species on account of identical color characters. As
a consequence our literature contains many erroneous statements
concerning econovmic problems relating to Empoasca. It is evident
that it is essential to know the correct.identity of any species of this
genus in order to predict or ascertain its cconomic status and its
capacity for causing economic damage. Personal observations in the
field have shown that when a green Empoasca leaf hopper appears
upen a wild host plant in eax‘?y spring, it can not be assumed, as
has been the custom in the past, that it is fabae, even though it
resembles fabae in size, appearance, and coloration.

GEOGRAPHICAL DISTRIBUTION

It is quite evident from material examined that the genus Em-
poasca is widely distributed. It is known to occur rather generally
in North America and South America and is apparently abundant in
Central America. Several species occur in Europe and Asia, and
Naude (20) has found the insects in South Africa. The genus is
probably more widely distributed than the foregoing data would
indicate, especially in many intervening areas.

The exact distribution of any single species over large areas is
uncertain at the present time, judging from results obtained during
the present study. The economic species have probably seldom been
correctly identified in different areas, especially those widely sep-
arated, and consequently the data which have been previously pre-
sented can not be relied upon. Ifor instance, none of the material
collected in North America has proved to be flavescens, and the dis-
tribution of this species is apparently more limited than was previ-
ously supposed. Likewise faboe has not heen found on the west,
coast or in the mountain region of the Western States, and it is
doubtful if this species is as widely distributed as has been previ-
ously stated. The whole question of distribution has been suddenly
changed by the finding of more accurate or reliable specifie charac-
ters, and the conscequent finding that many of these leaf hoppers are
entirely different from others which were previously thought to

belong to the same species.
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HISTORICAL RESUME

As far as available records show, the first species of the genus as it
now stands was described in 1794 by Fabricus (6, p. 46) under the
name of Cwada flavescens. In 1806 C. smaraydula was deseribed by
Fallen (7). In 1841 Harris (16, p. 156) described fabae under the
generic name Tettigonia. Fitch in 1831 (17) deseribed coceinea from
pine as belonging to the genus Empoa. In 1858 Stil (23, p. 195) de
scribed puwrae as a member of Typhlocyba. This species was later
cited as occurring i North America, but it probably does not occur
here. The genus under discussion, however, was not described or
named until 1864, when it was given the name Empoasca by Walsh
(27). At this time he designated three species, viridescens, obtuse,
and consobrina as belonging to this genus. In the same paper he
discussed the genus Empoa and wrote:

Two species, one oun pine and the other on oak, arc described by Doctor
Fitch, in his catalogue of New York Homoptera, and referrved to this genus. As
he says nothing of the neuration of the wings, they may possibly belong fo
Empoasca. Empoa rosw and E. fabe Harris, are in the same predicament,

The species on pine was undoubtedly coccinea. Ioth coccinea and
fabas have been placed in mpoasca, and the other species referred
to in the above citation by Walsh have been placed in Typhlocyba.
Walsh also described the genus Chloroneura at the same time and
placed malefica and maligna in this genus, but made abnormis,
which is now placed in Dikraneura, the type.

Two years later, in 1866, Ifieber (9, p. 208) described the genera
Chloria and Kybos. The former of these was preempted, and in 187
(£0) he proposed the name Chlorita for Chloria, and in 1875 Doug-
las (5, p. 26) gave the name Cybus as an emendation of Kybos.

Uhler (24, p. 474) in 1877 described auireoviridis under the genus
Typhlocyba.  Woodworth (28, p. 272) in 1889 attempted to grOﬁp
in a general way the American species previously desceribed. He
recognized the genus Kybos as distinct and made Chlorita a synonym
of Kybhos.

In 1890 Provancher (21, p. 340) described unica as & member of
Typhlocyba, and Goding (18) described bérdii as an Empoasca.

In 1895 Gillette and Baker (14, pp. 197-110) described five species
and one variety under the names of clypeata, ospersa. nigra, pul
chella, nigroscuta, and the variety typhlocyboides as belonging to
Empoasca.

When Gillette (Z3) made the pioneer study of the species as a
genus in 1898 (72), he placed the genera Chloronenra, Kybos, and
Chlorita as synonyms of Empoasca since the characters used for
separating these groups were oo variable and could not be defined
as generic characters. During this study he treated 14 FEuropean
and American species which had previously been described, and
named 16 others as new. This publication by Gillette has formed
a working basis for the identification of these species of Kmpoasca
for the last 30 vears and has been a valuable contribution to our
knowledge of the group in spite of the fact that entomologists have
not been able to distinguish correctly the members of the fabae
group. Gillette placed many names in synonymy and stated in his

20



THE AMERICAN SPECIES OF EMPOASCA 7

introduction to the genus that “a further study will probably reduce
others.”” The present study has proved this to be the case, and such
reduction will probably always be necessary when these problems are
reworked by future taxonomists who have better series of specimens
and have found more constant characters for separation.

In 1914 Van Duzee (25, p. 56) deseribed one species, alboscripta.
With this exception no additions were made to this genus until 1923,
when Doctor Hartzell, following his previous economic work, com-
pleted a paper on the genus Iimpoasca (78). In this paper he recog-
pized all of the specics previously deseribed and added five which
had not been named. Hartzell followed Gillette almost precisely
and failed to distinguish the economic from allied species although
he had previously studied the same material which was used for the
present revision. In view of the fact that he did not distinguish be-
tween the castern and western economic species and that several
apparent synonyms of economic species remained unplaced, and
since problems in biology, host plants, relationships, occurrence, and
distribution of certain species remained unsolved, the present treat-
ment was undertaken. An attempt is here made to rely on constant
structural characters for identification purposes in so far as material
is available in sufficient quantity to make possible the determination
or ascertainment of these characters.

THE GENUS AND ITS POSITION

. The genus Iimpoasca is closely allied to several other genera of
small delicate leaf hoppers belonging to the subfamily Luptery-
ginae (Typhlocybini of Van Duzee). These are members of the
order Homoptera and family Cicadellidae. This subfamily was
reviously distinguished from the other leaf hopper subfamilies

y the absence of ocelli, reduction of venation at the base of the
first pair of wings, and a few other minor characters. But a large
mmber of the species of Empoasca, as well as members of other
of these genera, have conspicuous ocelli. In many species the veins
of the first pair of wings are conspicuous to the base, especially
when a satis%?lctory method of study and technique is devised. Dut
as a rule the weak venation at the base of the first pair of wings,
the reduction or absence of claval veins, and the absence or reduction
of anteapical cells is a good basis for separation.

The genus IEmpoasca can most easily be distingnished from its
sllied genera by the absence of an appendix in the first pair of
wings and the possession of one apical cell in the posterior wing
which 1s closed by a submarginal vein. No anteapicalpcells are pres-
ent in the wings of these species.

Most of the species of Empoasca are of some shade of green with
faint or variable markings. DBright pigmentation of red or other
colors is occasionally found.

Although this group has been treated as a single genus, there are
distinet and well-defined subgroups which the writer has chosen to
designate as subgenera. The type of head (fig. 2) is probably the
best character for the separation of the subgenera since it is easily
recognized and quite constant.
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EXTERNAL STRUCTURAL CHARACTERS

In all fairness to the previous workers it should be said that, with
the exception of a few species, good external structural characters
are lacking in this group, and as a consequence it has been necessary
to resort to the structures in the male genital chamber which v
usually concealed in the normal specimen. These are often refer?ég
to as internal genitalia.  Yet if it must be decided whether a given;
form belongs to a species of economic importance and there is no
otller distinctive structural character, resort must be had to such;
differences for the more basic work. The external genital charac.’

I 1
[

A
i
!
P,

A

FIGURR 2.—Types of heads of the subgenera of Empoasca :
A, Head of afrolabes, an example of the subgenus Kybog
Fieber; B, aspersa, example of the subgenus Hebata
nov.; C, abrupta, example of subgenus Empoasca
Wash; D, radiata, example of subgenus [dona nov.

ters are usually constant, but are so similar for most of the species
of the genus that they can not be used as characters for specific
destgnation.

Good external characters have been used in previous work on the
genus for the separation of a limited number of species, but color
characters or markings have been the basis for separation of the
majority of the species of Empoasca. Most of the species of the
genus, however, are rather uniformly green in color with but faint
or variable markings and do not present the striking contrast in
color which is scen between species of most of the allied genera.
Color characters are somewhat variable at best, but it is almost im-
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THE AMERICAN SPECIES OF EMPOASCA 9

possible to use color in the case of the number or size of small spots
or blotches on the vertex or pronotum of these rather uniformly
colored species. For in these species there is a wide variation in such
markings, and it has happened that specimens belonging to the same
species and occurring upon the same food plant have been separated
by this color character and placed under different specific names.

On the other hand, several similarly marked species have been
placed under the same name. It is true that the similar color pattern
1s frequently a good recognition mark or indicator of the species
concerned, but there should be a more basic character used for the
designation of a type as a species, especially where wide geographic
localities are represented or food-plant differences or greatly differ-
ing types of injury are apparent. Banding or striping is usually a
rather constant character, but intensity of color and width of bands
or stripes will vary, and these color markings may frequently be
entirely wanting.

In the previous division of the species of the genus, wing venation
was used as a chief chavacter. Although certain groups can be
separated in this way, the characters or types of characters seem to
be too variable for specific separation,

CHARACTERS USED IN CLASSIFICATION
THE VERTEX

The shape and type of the vertex is used as a basis for dividing
the genus into subgenera. The broadly curved head which is only
slightly produced before the anterior margins of the eyes is a good
character for the subgenus Kybos and separates those species quite
easily from the group with the strongly curved or angled vertex
which is rather strongly produced before the anterior margins of the
eyes. Varying degrees of this curvature or length of vertex may
occur, and this difference is used in grouping the species. The
comparative length of vertex to basal width between the eves is used
in most species and is a rather constant character and easily
recognized. (Fig. 2.)

THE LAST SEGMENT OF THE FEMALE

The ventral surface of the last segment (sternum or segment 7)
of the female presents a good character for the separation of species
in a few cases. Species like pergandei, maligna, atrolabes, acodens,
pectinata, trilobata (fig. 3), and probably a few others can be dis-
tinguished by the notching or by other characters on the posterior
margin of the last ventral segment, but in most of the species this
character is of no value as the female segment is usually roundedly
produced and entire.

MALE STRUCTURES

The external male structures are of practically no value for spe-
cific separation. IFor group characters the plates are frequently
excellent and can be used to separate a group of closely related
species from another similar group or groups. This is iﬁustrated

924488—31——2 25




10 TECENICAL BULLETIN 231, U. S. DEPT. OF AGRICULTURE

by the long slender plates of the maligna group, as contrasted with
the broad, heavily spined, apically upturned, and compressed plates
of the obtusa group. So far as has been found, the male genital
pieces located in the genital chamber and usually called the internal
male genitalia are constant and excellent characters. These struc-
tures are composed of the oedagus, a central structure; a pair of
ventral styles lying just dorsad of the plates; the style-oedagus con-
nectives uniting these structures; and a pair of processes termed the
lateral pygofer processes, which arise near the base on the dorsal
sides of the pygofers. These last structures have not previously

1Y

trilobata acodens oectitata
W I}
afrolabes pergandei maligna,

Ficure 3.—Last segment of the female of six repre-
sentative specles of Empoasca

been seen in other genera, and no reference can be found in litera-
ture vegarding them. Previous workers who have studied the in-
ternal genital pieces of species of Empoasca have apparently at-
tempted to find only those picces represented in the genital chamber
of specics of other genera. As a consequence none have figured or
described the lateral processes of the pygofers.

MALE GENITAL PIECES

Figure 4 is a drawing of the male genital pieces of maligna in
which the various structures used for separating the species are
indicated both by name and by the type of line used in delineating
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THE AMERICAN SPECIES OF EMPOASCA 11

them. These same lines, a succession of dashes for the styles, a dash
and dot for the oedagus, and a dash and three dots for the lateral
processes of the pygofers, have been used in all the subsequent
llustrations to distinguish these parts.

THE OEDAGUS

The oedagus is very similar in most of the species of the genus
and is usually extended dorsally and enlarged at the apex to form a
pair of proximate broad, flat plates. The general outline of the
oedagus may vary slightly, but no good specific characters are exhib-
ited except In species like atrolabes, where a long, ventral, apically
extended spur arises near the middle on the posterior side; and in
species like coecinea in which the ventral end of the oedagus is
curved, and a pair of long structures, longer than the oedagus,
extend caudally and dorsally.

7 Jilateral process Y [y
- of pygofer-jf A

[~

7dorsa

| spine of
tenth se

gment.....\... /. ;.

FIGURR 4.~—Male genital pieces of maligna, with the various structures indicated by
pame and by the type of line nsed. Ian this and in the following drawings the
styles are represented by & line of dashes, the oedagus by a dash and a dot, and
the lateral processus of the pygofers by a dash and three dots

THE STYLES

The styles, which are just dorsad of the plates. are quite different
throughout the species of the genus, and specific characters could
undoubtedly be secured by the use of these structures. They are not
as distinctive, however, in most species as the pair of structures which
lie just above them and arise from the lateral walls of the pygofers.

THE LATERAL PROCESSES OF THE PYGOFERS

The lateral processes arising from the pygofers are paired and
are found to occur as prominent structures throughout the genus.
In both lateral and ventral view they present structures, especially
terminal processes, which are constant and are good characters for
specific separation.

In certain groups of closely related species where slight differences
in coloration have been used previously for specific characters in an
attempt to separate them, these processes will be found to be excellent
distinguishing characters. The fubae group has beea confused by
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12 TECHNICAL BULLETIN 231, U. S. DEPT. OF AGRICULTURE

this attempted separation on a color basis, and it is safe to say that
no worker has ever been sure whether he had febae or some closely
related species. A study of the shape of these processes in fabae, as
detailed in the ventral view in Figure 10, will show that they are
roundedly broadened on the inner margin and then concavely tapered
to the acute apex. It will be noted also that favescens (fig. 10), the
Furopean representative of this group, a drawing of which is given
for comparison with the American species, has the lateral processes
enlarged and broadened near the apex, which is rounded from the
outer margin to form an apex on the inner margin. In like manner
the only structures by which eride (fig. 10), one of the common
western species, may be distinguished from either of the former is
by the curved, hooklike structure at the apex of these lateral proc-
esses. Superficially abrupta (fig. 10), a very common potato-infest-
ing species in the West, resembles exactly these former species, and
the abrupt narrowing, together with the produced finger extensions
of these lateral processes, is the only way in which it may be dis-
tinguished. A number of other species which have not. previously
been distinguished from jabae, and can not be without these char-
acters, have been found by the aid of these structures to be distinct
species not only from the morphologic standpoint, but also biol-
ogically and ecologically. They also produce different types of plant
injury. In bdifurcata (fig. 9) the long vermiculate lateral processes
are unique. These processes are variously modified throughout the
genus and serve as good specific characters for the separation of
practically all of the species. ‘

THE DORSAL SPINES OF THE TENTH SEGMENT

The large spines, a pair of which occur dorsally on every species
examined, arise from a chitinous ring surrounding the anal tube
which is apparently the remnant of the tenth segment. They may
extend inwardly into the genital chamber, or ventrally and aunte-
riorly, or posteriorly. They are of various size, shape, and curvature
and furnish excellent characters in the different species, especially
when used in combination with the lateral prozesses of the pygofers.
In bifurcata this spine structure is long and bifurcate with two
terminal processes, and furnishes an unique character for determi-
nation.

TECHNIC AND METHOD OF STUDY

Similar methods of preparation and study of the chitinous strue-
tures of the male genital chamber have been used by different
workers, and some of these methods have been described in previous
papers by the writer and others. In the present study, at least the
last four segments of the ahdomen were removed by a sharp pointed
scalpel or a very fine needle made by using a minute pin in a small
wooden handle. If the insect is mounted on a point, this portion
can usually be removed without further mutilation of the specimen
or loosening it from the pin, if proper care and skill are used. By
holding the pin so as to place the insect upside down with the point
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where the abdomen is to be severed resting on the narrow edge of
a small watch glass or similar surface, the needle can be inserted on
the ventral side and the abdomen will usually part very easily. The
removed portion is then placed in potassium-hydroxide solution.
A 10 per cent solution will suffice, but a much stronger solution will
usually expedite the process. With frail-bodied insects of this type
it is better to leave them in this solution for a few hours without
heating, for when heated the structures are usually distorted, but
when allowed to soak gradually they remain normal.

After the softer parts of the body have been destroyed by the
caustic-potash solution, the specimen is }f:)laced in an aqueous solu-
tion of glycerin with about 5 per cent of potassium hydroxide. It
soon clears and should then be transferred to pure glycerin.

It was found that the most satisfactory way to handle and study
these prepared specimens was to place them in small glass hydrogen-
ion test cups. The strength of transmitted and reflected light can
be adjusted for this type of container. The cups are very small and
can be labeled on the side, easily handled, and stored temporarily
in tin salve boxes for protecting and preserving the specimens. The
glycerin makes an ideal medium for use in this study, since it is
transparent, viscid, and nonvolatile, and specimens can be left in this
material for several weeks or months without change in form or
appearance.

If it is desirable to make drawings of these structures after com-
parative study, very minute pieces of broken glass can be used to
hold them rather firmly at any angle as long as desired while sub-
merged in glycerin in these cups. The specimens can afterwards be
easily referred to for checking the details of the drawings.

Several workers in this field have been accustomed to mount these
gbdominal structures on slides and allow the cover glass to press
upon them, thus changing the normal position and frequently the
appearance of these structures before illustrations are made from
them. Others have dissected out certain of these pieces and mounted
them before drawing. It is the opinion of the writer that neither
of these methods is so satisfactory as to study and draw these struc-
tures in natural position in the inflated abdomen as they are found
pormally. The student or worker can always duplicate this natural
é)osition for study, whereas it is doubtful if both or either of the
ormer arrangements will permit of exact duplication of position
with other specimens. This is important, as the rclative position of
the chitinous structures within the abdomen, their curvature, com-
parative length, and normal extension beyond the genital chamber
are all important factors which are lost g:)r identification if either
of the former methods of preparation is used.

In order to make a drawing from the side the abdomen is rotated
until one structure, in the case of paired structures, is superimposed
upon the other. ’

If accurate measurements are made through the use of an ocular
micrometer ruled in 0.05-millimeter squares and the outlines are then
drawn on coordinate paper, little chance for play of the imagination
will be left.
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CLASSIFICATION OF THE SPECIES OF EMPOASCA
KEY TO THE SUBGENERA OF EMPOASCA

A. Vertex broadly rounded, only slightly produced hefore anterior margins
of the eyes and almost parallel margined; or if bluntly angularly pro-
duced, the vertex about twice as wide between eyes as median length.

B. Large, at least 3 to 5 mm. in length, usually with broad, rounded

vertex which is not greatly produced..... .. Subgenus Kybos, p. 14

BB. Smaliler, not over 3 min. in length (exvept coceinca), vertex

usually more produced and rounded or broadly bluntly angled

____________________________________ —--Subgenus Hebata, p. 32

AA. Yertex usually distinetly roundedly or angularly produced at middle,

never parallel margined, and width between eyes usually not greatly
exceeding one-half more than length.

C. Vertex angled and well produced but usnally not more than

one-half longer at middle than next the eyes (sometimes

longer in arida) . __.. Subgenus Lmpousca, p. 36

CC. Yertex strongly produced, usually distinetly angled, almost

twice as long at middle ax next the eyes_Subgenus Idona, p. 50

THE SUBGENUS KYBOS FIEBER

Vertex broad, almost parallel margined, scarcely produced before anferior
margins of eyes. Largest species of group wedge-shaped in appearance.
Type of subgenus, smaragdule Fallen.

KEY TO GROUPS

A. Male plates long and narrow with almost parallel margins to ncar Dase,
at least five times as long as basal width. Female segment usually
notched, incised or lobed at apex._ oo maligna group, p. 14

AA. Male plates broader at base and tapered, usually heavily clothed with
spines, Plates not more than four times as long as broad. Kemale
segment usually entire on posterior margin_ .- ____ obtusa group, n. 19

KEY TO THE SPECIES OF THE MALIGNA GROUP

A. Green without definile color markings except black spot before inner
apical cell of elytron.
L. Female segment notched or with projecting teeth.
C. Femile segment with a median U-shaped noteh, styles of male
tapered to rather acute tips. o _____ pergandei, p. 15
CC. Fenile segment with teeth or median lobe, no U-shaped median
notch ; males unknown.
D. Female segment with teeth on outer angles.

E. Female segment with a long, slightly curved, sharp
pointed tooth one-third the length of scgment pro-
jecting from ecach outer angle, central portion
with a pair of gshort teeth._._______ acodens, p. 16

EE. Female segment with teceth shorter and more blunt
on outer angles, median third forming a Dbroad

tooth which is notched at middle___pcctinata, p. 16

DD. Female segment without teeth, divided by two rounding

incisions into three rounded lobes______. tritobata, p. 17

BB. Female segment with an oblique notch either side of median sunken
tooth, styles of male with the apical portion strongly curved.
(FIES. 3, 3 o e maligna, p. 17

AA. Brownish green to red, claval vein blue to bright red.

F. Dark green to brown, claval suture bluish, fe-
male xzegment with an oblique notch either
side of sunken median tooth; male lateral
processes of the pygofers long, iapering, and
slightly sinuate near apex, oedagus with
ventral caudal process.____ . atrolabes, p. 18

FI'. Brighter in color, almost red, female segment
rounded, without notch: male lateral proe-
esses of the pygofers expanded before tip and
spearlike. camecmmn e e —— e wniea, p. 19
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Ficure 5.—Male genital pieces of species of Empoasca. X50. Instead of a com-
plete drawing of the ventral aspect of the uenitalin of salutn, only the apical
portion of the lateral process of the pygofer is shown

SPECIES OF THE MALIGNA GROUP
EMPOASCA PERGANDEY GILLETTE
{Figs. 3 and 3J)

Described by Gillette as an Empoasca in 1898 (13).

In form, size, and color resembling maligna, but with a large black
spot just before cross vein of inner apical cell and with genitalia
distinet. Length 3.76 mm.
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Vertex broadly rounded, slightly produced beyond the anterior margins of
the cves, almost twice as wide between eyes as length at middle, parallel mar-
gived ; pronotum wider than head and more than twice as long as head.

Color: Pale green tinged with yellow; vertex, anterior portion of pronotum,
and scutellum yellowish; elytra with a large black spot just before cross veln
of inuer apical cell.

Female genitalia: Last ventral segment with the posterior margn convexly,
then concavely rounded and produced to central half which is divided by a
U-shaped notch extending about one-fourth the distance to the base into two
broadly rounded projecting lobes.

Male genitalia: Valve with a broad V-shaped notch; plates six times as
long as width at base with tips tapercd and upturned. Of the male genital
picces, the gedagus is simple, the styles are xlightly curved and gradually
tapered, and the lateral processes of the pygofers arc curved inwardly near the
apices.

Specimens in the National Museum are from Forest Hills, Mass
(type), Arnold Arboretum, Boston, Mass., and a series from Colo-
rado. Other specimens examined are from North East, Dromgold,
Rockville, and Hartstown, Pa. (Sanders and DeLong), Med?ord,
Mass., and New Haven, Conn.

Type in U. S. National Museum.

EMPOASCA ACODENS N, SP.
(Fig. 3)

In general appearance resembling pergandei but female with sharp
lobed genitalia. Male unknown. Length 8.5 mm.

Vertex almost parallel margined, as long at middie as next the cyes and
twice ax wide between the eyes as leygth at middle.

Color: Pale greenish subhyaline washed with yellow, without definite
markings.

Female genitalia: Last ventral segment rather long, posterior margin stightly
sinuate between two Jong pointed teeth which are found on the outer angles
of the posterior margin. These tecth are councavely rounded on the inper
margins and almost straight on the outer margins and ave produced almost
one-third the length of the segment beyond the posterior marvgin.

Although only a single female exists in collected material, it is'so
unique that it seems advisable to describe it and atlempt later to
capture the male of the species.

escribed from a single female collected in the Pocano Mountains
at Tobyhanna, Pa., August 14, 1920, by J. G. Sanders. The food
plant and other data are not known.

Holotype female in Sanders and DeLong collection, Ohio State
University, Columbus, Ohio.

EMIOASCA PECTINATA XN. 8P.
(Fig. 3)

Resembling pergandet in general appearance and coloration, but
with distinct female genitalia. Length 3.75 mm.

Vertex parallel margined, twice as wide as length at middle and as long at
middle as next the eye; pronotom with prominent humeral angles.

Color: Pale green, vertex and pronotum washed with yellow; elytra with a
1arge black spot on either wing just before inner apical cross vein; apices of
elytra hyaline and without coloration.

Female genitalia: Last ventral segment with the posterior margin composed
of three or four distinct teeth; if threc, the central tooth is about twice as
broad as the two outer teeth and with a deep notch on each side; or the centrgl
tooth may be divided and present a row of four pointed teeth almost equal in
size comprising the entire posterior margin.
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This may prove to be only a varietal form, but the smaller size
and distinet genitalia of the female seem to mark it as a distinct
form.

Described from two female specimens in the collection of E. D.
Ball, collected by him at Soldier, Utah, August 13, 1906.

Holotype female and paratype female in the E. D. Ball collection,
University of Arizona, Tucson, Ariz.

EMPOASCA TRILOBATA N. SP.
(Fig. 3)

With head more produced than in pergandei and with female
genitalia distinctly lobed. Length 8.5 mm.

Vertex rouundedly produced, a little longer on middle than next the eye, and
practically twice as wide belwecen eyes s length at middle; propotum with
prominent humeral angles which are produced and wider than the vertex.

Color: Bright green, vertey, pronotum, and scutellum washed with yellow,
Vertex with three pale areas; pronotuin with three irvegular pale areas just
back of posterior margin; elytra bright green to apical cross veins, then hyuline
without coloration; a large black spot just before inner apical cross vein.

Female genitalia: Last ventral segment about twice as long as preceding,
postertor margin rather deeply roundediy notched on either side of central
third, thus forming three rather broadly rounded lobes on the posterior
margin.

Described from three female specimens. The holotype is from
Snow Shoe, Pa., and was collected August 22, 1918, by J. G. Sanders.
An allotype is from Woburn, Mass., and was collected September 26,
1919. A third female specimen, although differing slightly, is
thought to belong to this species. It is designated a paratype and
was collected at Penfield, Pa., Aufgust- 24, 1918, by J. G. Sanders.

Holotype female and paratype females all in Sanders and DeLong
collection, Columbus, Ohio.

EMPOASCA MALIGNA (WALSH)
(Figs. 3, 4, and b)

Described by Walsh under Chloroneura in 1864 (27) as the com-
mon green leaf hopper on apple. The female was redescribed by
Gillette in 1898 (13) as Empoasca unicolor. In the same paper the
males, as they now stand in the museum as types, were redescribed
as Empoasca denticula.

Distingnished from the other species of the genus by the bright
green color, blunt head, and external genitalia of both sexes. Length
3.5 mm.

Vertex parallel margined, broadly rounded anteriorly and only slightly
produced beyond anterior marginsg of eyes, width between eyes a little more
than twice length at middle; pronotum with prominent lateral angles and
appearing wider than head, more than twice as long as head; elytra long,
rolled at apex, giving the insect a wedge-shaped appearance.

Color: Bright green, markings varying; usually with a median longitudinal
stripe on vertex extending on to anterior portion of pronotum, a spot either
side on vertex, and posterior margin of pronotum pale; scutellum usually
orange-yellow with median pale stripe; face, vertex, and pronotum frequently
tinted with orange; elvtra bright green, apical fourth smoky.

Female genitalia: Last ventral segment with .posterior margin roundedly
produced to a central rather broad, blunt, sunken tooth formed by an obliquely
directed notch on either side.
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Male genitalia: Valve with a broad deep V-shaped notch extending more {han
halfway to base; plates long and narrow, more than five times as long as width
at base; male genital pieces similar to those of pergandei; lateral processes
of the pygofer long and slightly curved at tip; styles long and narrow, almost
straight, and with inwardly curved aplces (ventral view).

The type of this species was destroyed in the Chicago fire, and
since this species is generally accepted as the one which Walsh had
in hand, and in view of the use of this name in literature at present,
a neotype 1s erected at this time for reference for future work and
has been deposited in the author’s collection. It is labeled * Dela-
ware, Ohio, July 20, 1926 from apple.”

Specimens in the National Museum are from Salineville, Ohio:
(types of unicolor), Colorado (male types of denticula), and other
specimens from Chester, Pa., on apple, Arkansas (on apple), Mary-
land, and Idaho. Other specimens examined are from North East,
Proctor, Charteroak, Kane, Presque Isle, and Snow Shoe, Pa.
(Sanders and DeLong) and from Brookings, S. Dak.

Specimens in the collection of Doctor Ball are from Hood River,
Oreg. (Childs), Trout Lake and Madison, Wis., Rist Canon, Colo.,
and Soldier, Utah.

This iusect is the true apple Empoasca and is abundant and de-
structive on cultivated and wild Crataegus. It overwinters as an
egg in the apple twigs and hatches early in the spring. This is one
of the most important economic species of the genus.

Neotype in the author’s collection.

EMPOASCA ATROLABES GILLETTE
{Figs. 2, 8, and 5)

This species was described by C. P. Gillette as an Empoasca in
1898 (13). ' _

Differs from closely related species by its dark-green color with
pale-brownish markings and the large black spot near the apex of
the wing. Genital characters similar to maligna. Length 3.5 mm.

Vertex searcely produced beyond anterior margins of eyes, broadly rounded,
a little more than half as long on middle as width between exes; pronotum with
prominently produced humeral angles, slightly wider than head and more than
twice as long. ] i )

Color: Dark or dull green, vertex with pale mottling, anterior half of
pronotum and scutellum yellowish brown; elytra with claval vein bluish greep,
a large black gpot before the cross mervure of the Inner apieal cell, apical
fourth of elytra smoky. ’

Female genitalia: Last ventral segment angularly produced to ce_nter of
posterior murgin where a broad sunken tooth sometimes unotehed at wmiddle {s
formed by an oblique notch either side. 'The pusterior murgin ends in a sharp
point on cither side of this central excavation. ] .

Male genitalia: Valve with a deep V-shaped notch as in maligne ; plates long
and narrow, about six times ns long as width at base. Of the male genital

feces, the oedagus differs from that of any of the closely related species by
waving a long ventral caudal spur which projects from the body of the ocdagus
about two-thirds the way from the base, lateral processes of the pygofers very
long und sliglitly waved at the apex, the etyloes much shorter and tapered at
apex.

This insect is northern in distribution. The cotypes in the Nat.lopal
Museum are from the Michigan Agricultural College, from New
Hampshire, Colorado, and Massachusetts. Other specimens exam-
ined are from North East, Hartstown, and Bear Meadow, Pa.

‘ »
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Specimens in the E. D. Ball collections are from Ames, Iowa,
Rist Canon, Colo., Franconia, N. H., and Oceola, Ladysmith, and
Rhinelander, Wis. .

This species is found on alder (Alnus) and is not considered of
economic importance.

Type in United States National Museum.

EMPOASCA UNICA (PROVANCHER)
(Fig. b)

Described by Provancher as a Typhlocyba in 1890 (21, p. 340) and
redescribed by Gillette as Empoasca splendida in 1898 (13).

Resembling atrolabes in form and appearance, but more brightly
colored and marked with brownish red and with female segment
entire. Length 3.5 mm.

Yertex more angularly produced bLeyond the anterior marging of the eyes
than in atrolabes, only a little wider between eyes than length at widdle; pro-
notum as wide as head and about one-half longer.

Color: Vertex bluish green, anterior third yellowish; anterior two-thirds of
pronotum brownish red, posterior margin banded with bluish green; scutellum
pale brownish; elytra brownish red, a stripe along claval vein and another
along costal margin bluish green, apical fourth smoky; face and beneath pale
yellowish green.

Female genitalia: T.ast ventral segment more than twice fhe length of the
preceding, posterior margin roundedly produced.

Male genitalia: Valve angularly notched about half way to hase; pluates
long and very narrow, about six times as long as basal width. Of the male
genital pieces, In ventral view the styles are tapered apically and somewhat
divergent, the oedagus appears to be short, the lateral processes of the pygofers
are long, cross near their apices, and ave angularly broadened on the inner
margin like a spear,

This species is southern in distribution. Specimens in the
National Museum collection are from Alabama, Maryland, and
Pennsylvania, all in the C. F. Baker collection. Other material
examined is from Battle Point, Va. (Sanders), Hartstown, Pa., and
throughout Tennessee (author’s collection).

This species is abundant on certain species of alder (Alnus) but
is not considered of economic importance.

KEY TO THE SPECIES OF THE OBTUSA GROUP

A. Green or yellowish without definite stripes, bands, or dark markings.

B. Less than 5 mm. in length.

C. Male lateral processes of the pygofers enlarged near tip, in ventral

view showing a conspicuous projecting tingerlike process on inuer

margin. (Fig. 5.) oo obtusa, p. 20

CC. Lateral processes of male without fingerlike processes on inner
margin in ventral view.

D. Length 4.5 mm.
E. Lateral pygofer processes of male in ventral view narrowed
before apex, then enlarged. In lateral view with a veniral

fingerlike process______ e incida, n. 21
EE. In ventral ana lateral view male lateral processes tapered to
apex and sinuate__ . ____________ putula var. magna, p. 23

DD. Length 4 mm. or less,
F. Claval vein of elytra broadly white, male unknown
___________________________ cmme——e e e————_Glbolinea, p. 23
FF. Claval vein same color as elytra, not white.
G. Muale lateral processes of pygofers tapered and sinuate
Al AP patula, p. 22
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GG. Male lateral processes of pygofers abruptly narrowed near
apex to form dovsal fingeviike process (in lateral view)
__________________________________________ saluta, . 24

BB. Length 5 min. or move, lateral processes of the pygofers stout, in
lateral view enlarged and tapered near tip_______ aureoviridis, p. ¢4
AA. Color uniformly brown, black, or banded or striped with dark markings.
H. With definite bands, stripes, vr color marking.
1. Size 4 mm. or less.

J. A rather conspicuous dark stripe along inner marging
of clytra extending from base of pronotum
_________________________________ smaragdula, p. 25

JJ. Elvtra not striped but sometimes banded.

K. Green with three conspicuous tritnsverse bands one
on the pronotum, one across the middle, and
another acrouss the apices of the clytra
__________________ e fuscinla, p, 28

KK. Bither not green or without bands,

.. Green with pronotum and =cutellum frequently
dark brown to black._____ .._..___ digita. p. 26
LI. White to gray, a brownish haid aeross pronstum
and two across elytra, one at apex, and ene on
middle of elavas_ .. _______ copula. . 21
1I. Size larger, § mm.

M. A transverse band across anex ot elytra hlack,
and a broad longitudinal stripe :cross ver
tex, pronofum, and scutellum and on to
elytra black_ ... .. __ __ livingstoni, p. 27

MM. A large black stripe extending along inmer
margins of elyira from poesierior portion of
pronotum to apex of elytra___ . ______.
_____________ aureoviridis vax. vittata, p. 25

HH. Rather uniformly dark in color (brownish or black)
without bands or stripes.
N. Length 4 mn. or more; western in distri-
bution.

0. Male lateral processes of pygofers long,
straight, tapered to acutely pointed tips
_________ mvmm— e _Clypeata, p. 28
00. Tips of male lateral processes of pygo-

fers not straight,

P. In laterul view with tips of male pro-
cesses strongly sinuate.  Spines of
anal chitinous ring more elongite
and narrowed than in  clypeosts.
(Fig, T) oo var, annella, p. 28

’P. 'T'ips of male lateral processes provided
with shallpw hooks bent laterally

and anteriorly, (Fig, 8)._adunca,p. 31

NN. Smualler, 3.5 mm., brown; castern in distri-
bution. Male lateral pygofer processes
inflated before apex and with a ventral

finger process (1ateral view, fig. 7).
_________________________ osborpi, p. 31

SPECIES OF THE OBTUSA GROUP
EMPOASCA ORTUSA WALSH
(Fig. O

Described by Walsh in 1864 (27) as an Empoasca. The female,
which has a slight incision in the last ventral segment, was appar-
ently redescribed as E'mpoasca incise by Gillette in 1898 (/3).
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This is the common green, broad-headed species without definite
markings that occurs on willow and poplar. ILength 4-4.5 mm.

Vertex produced on the middle half beyond the anterior margin of (he eyes,
glightly longer at middle than next eye, more than twice as wide between eyes
as length at middle; pronotum almost two and one-half times as long as
vertex.

Color: Pale green, without definite markings; vertex frequently tinged with
vellow; pronotum and scutellum usually with central pale stripe aud other
irregular light markings: elytra greeirish subhyaline, abdomen visible from
above.

Female genitalia: last ventral segment long, produced to blunt rounded
apex.

Male genitalia: Valve broad, broadly augularly rounded, alnost {wice as
wide as long; plates more than three times as long as basal width, tapered
te curled narrow tips, heavily clothed with long pale spines. Of the mule
genital pieces, in vepntral view the lateral processes of the pygofers are broad-
ened apically and have prowinent finger-like projections on the inner margins.
These structures are used to distinguish the species of this group. ‘Lhe styles
are constricted apieally, and the apices are turned outward.

The type was destroyed in the Chicago fire, but in view of the
fact that the species is quite well defined in the minds of workers
on the Homoptera a neotype is erected at this time and deposited
in the author’s collection. It is labeled “ Mitiwanga Ohjo 8-15-27
from willow.” ,

This is apparently a very common species on willow and poplar.
Specimens in the National Museum collection are from Colorado
(C. I¥. Baker collection), Ohio, Pennsylvania, Algonquin, I1l.; Ala-
bama, and Washington, D. C. Other specimens examined are from
Williamsport, North East, Hartstown, and Presque Isle, Pa. (San-
ders and Delong.)

EMPOASCA INCIDA N, SP.

A yellowish species with vertex broad and parallel margined, but
somewhat produced. Length 4.5 mm.

Vertex broadly, angularly produced almost one-half its length before the
eyes, more than twice as wide between eyes as length at middle; pronotumn
more than twice as wide as long.

Color: Golden yellow, pronotum with three white spots on anterior margin,
scuteilum with swhite mottling, elytra with a white opaque appearance.

Femule genitalia: Last ventral segment rathier long, the posterior margin
not strongly produced, gently convexly rounding.

Male genitalin: Valve about twice as long as preceding segment, posterier

- margin truneate or slightly produced; plates long, strongly curved, upturned,
and laterally flared on apical third, heavily clothed ventrally with long spines
and hairs. Of the male genital picces, the lateral pygofer processes in ventral
view are constricted and again enlarzed near apex, in lateral view there is
a ventral, slender, linger-like process; styles tapered at apex and strongly
divergent ; spines of tenth segment long and broadly curved.

Described from a series of 13 male and 13 female specimens from
Vancouver, 3. C., in the collection of E. I). Ball, labeled ¢ Living-
ston ” and collected July, August, and September, 1896.

Holotype male, allotype female, and male and female paratypes
in the E. D. Ball collection, Tucson, Ariz.; male and female para-
types in the Delong collection, Columbus, Ohio, and the United

tates National Museum collection, Washington, D. C.
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trifasciata

aureoviridis
Ficure 6.—Male genital pieces of species of Empoasca. X350
EMPOASCA PATULA N. 8P.
(Fig. 5)

Resembling obtusae in form and appearance, but with vertex more
produced and with distinct internal genital structures. Length 3.5

to 4 mm.
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Vertex broadly rounded but considerably produced, extending almost half
its length beyond anterior margins of eyes, only a little longer on middle than
next the eyes, more than twice as broad as long; pronotum more than twice
as long as vertex,

Color: Dull green washed with yellow, scutellum with basal anpgles some-
times orange; elytra pale green, subhyaline, sometimes their inner margin with
a narrow pencil line black.

Female genitalia: Last ventral segment very strongly produced, apex nar-
rowed and almost angled, convexly rounded from near base.

Male genitalia: Valve narrowed posteriorly and with posterior margin gently
produced ; plates rather broad at base, gradually narrowed to bluntly rounded
tips, posterior half upturned and flaring, heavily clothed ventrally with long
black spines. Of the male genital pieces, the lateral processes of the pygofers
are slender, tapered at the apex, and sinuate. This is the character by which
it can be distinguished from obfuse and closely related forms. In ventral view
the styles are more curved outwardly, both basally and apically, than those
gobtu«sa. Chitinous spines of tenth segment more slender and elongated than

obtusa.

Described from a series of specimens collected at Dyersburg, Tenn.,
June, 1915 (DeLong); Orono, Fort Kent, and Portland, Me., June,
1913 (Osborn); and Harrisburg and several other localities in Penn-
sylvania in June and July (Sanders and Delong).

Holotype male, allot }ie female, and male and female paratypes
in author’s collection, C‘yo umbus, Ohio. Paratypes in United States
National Museum collection and collections of Herbert Osborn,
Columbus, Ohio, and E. D. Ball, Tucson, Ariz.

EMPOASCA PATULA VAR. MAGNA N. VAR.

Appearing entirely distinct from patula, but with internal geni-
talia almost exactly like those of preceding form. Much larger in
size and with western distribution. Length 4.5 mm.

Vertex not so greafly produced and appearing broader.

Color : Bright yellowish green, almost devoid of markings; three white spots
on pronotum usually more or less conspicuous; usually with a broad white
stripe on scutellum; elytra appearing opaque, veins at apex yellow, con-
gpicuous.

Genitalia: Both internal and external structures, same as in patula.

This form occurs only in the West and may be an entirely different
species in spite of the similar genital structures. Described from a
series of 5 males and 22 females from Vancouver, B. C., collected in
August and September, 1896, by Livingston. These are all in the
collection of E. D. Ball.

Holotype male, allotype female, and male and female paratypes in
the E. D. Ball collection, Tucson, Ariz. Paratypes in United States
National Museum collection and in the author’s collection.

EMPOASCA ALBOLINEA GILLETTE

Described by Gillette as an Empoasca in 1898 (13).

A rather strikingly colored species described from female speci-
mens only, so the validity of the species can not be assured; prob-
ably it is closely related to patule. Length 3.5 mm.

Vertex strongly curved with about half its length produced beyond anterior
margins of eyes, a little longer on middle than next the eyes, and more than
twice as wide between eyes as length at middle.

Color: Vertex, pronotum, and scutellom orange yellow; vertex with a central
white longitudinal stripe and a dash either side about half way to eye; pro-
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notum with a pale line along anterior margin, a spot at middle on anterior
margin, and an irregular blotch behind either eye white; usually a longi-
tudinal white stripe across scutcellum; elytra yellowish green, a whittish green
stripe alopg commissural line, and claval vein broadly white; costal veins more
greenish,

Genitalia : Female segment with posterior margin roundedly produced.
Male unknown.

Known only by the type specimens from Douglas Co., Kans., and
Illinois; and two female specimens, exactly like the types, which are
in the collection of Herbert Osborn and were collected by him at
Columbus, Ohio. Recorded as occurring on willow.

It is quite probable that this is only a highly marked color form
of obtusa.

Type in United States National Museum.

EMPOASCA SALUTA N. SP.
(Fig. 5)

Resembling obfuse in general form and appearance. Length
3.5—4 mm.

Vertex alinost parallel margined, slightly produced before antierior marging
of eyes, more than twice as wide as long,

Color: Pale green tinged with white and yellow; elytra greenish, subhyaline.

Femaule genitalia: Last ventral segment with posterior margin roundedly
profucced.

Male genitalia: Plates long, triangular, tips upturned, ventral surface covered
with heavy spines. Of the male genital pieces, in ventral view the lateral
processes of the pygofers arc long with hooked or sickle-shaped terminal proc-
esses.  In lateral view these processes are rather broad to near the apex where
they are rather abruptly constricted or notched on the venfral side to produce
a dorsal fingerlike terminal procexs, Dorgal spines of tenth segmen! long and
narrow with tips attenuated and directed ventrally.

Described from a series of 56 specimens labeled “Arizona ™ in the
collection of C. F. Baker in the United States National Museum.

Holotype male, allotype female, and male and female paratypes
in the United States National Museum.

EMPOASCA AUREOVIRIDIS (UIILER)
(Fig. 0)

Described by Uhler in 1877 as a Typhlocyba (24, p. 474).

In form and color resembling obfuse, uniformly green in color,
and distinguished from obtusa chiefly by its larger size. Internal
genitalia distinet. Length 5 to 5.5 mm.

Vertex parallel margined, only slightly produced beyond anterior margins of
eves, more than twice as wide as long: pronoium with prominent humeral
angtes, slightly wider than head and two and one-half times as long as lead,
posterior margin strongly concave between humeral angles; elytra very long.

Color: Yecllowish greem with irregular and varviable mottling; vertex, pro-
notum, and scutelum usually washed with yellow and sometimes with pale
median stripes or markings aeross pronotwm and scutellum ; elytra pale green,
subhyaline.

Female genitalia : Last ventral segment strongly convexly produced. side mar-
gins deeply concavely indented on either side of central half, which is round-
edly produced and slightly indented at middle, giving posterior margin a lobed
appearance.

Male genifalia: Valve one-third longer than preceding segment, apex broad
and almost truncate, slightly indented at middle; male plates long, turned
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upward and flared at tips, apices rather broad and rounded, heavily armed ven-
trally with Jong white spines. Of the male genital pieces, the lateral processcs
of the pygofers in ventral view are rather abruptly tapered to the pointed
apices; in lateral view dorsal margin straight, ventral margin enlarged near
apex, then tupered to a sharply pointed apex; spines of tenth segment strongly
curved anteriorly and inwardly.

A series of specimens from Colorado in the C. F. Baker collection,
United States National Muscum, are apparently this species. Other
specimens cxamined in the collection of E. D. Ball are from Rico,
Fort Collins, and Ward, Colo. Recorded as occurring upon willow.

Location of type unknown.

EMPQOASCA AUREQOVIRIDIS VAR. YITTATA HARTZELL

Described by Hartzell as Empoasca vittata 1923 (18).

In size and form agreeing with aureoviridis Uhler and dis-
tinguished only by the black stripe extending from the pronotum
aglong the commissural line of the elytra to the apex. Length 5 mm.

Vertex almost parallel margined and only slightly produced before aunterior
margiuns of eyes.

Color: Pale greecn or yellowish with a brownish spot covering the median
posterior two-thirds of the pronotum; this forms the anterior portion of a
broud, brown stripe that extends across the scutellum and along the inner mar-
gins of the wings to the apex.

Genitalia : Female segment concavely produced to form prominent obtusely
angled posterior margin. External and internal male genitalia agreeing almost
exactly with those of awreoviridis. They can not be separated by any genital
character.

Known only by a female from Stanford University, Calif., and a
male from Colorado (author’s collection) which agrees with the
female in form and coloration.

Type in the author’s collection.

EMPOASOA SMARAGDULA (FALLEN)
(Fig. 6)

Described by Fallen as a Cicada in 1806 (8, p. 53) and redescribed
as viridipes by Curtis in 1837 (3, p. 640).

Usually distinguished from the other species of the genus by the
black stripe extending from the posterior portion of the pronotum
to the apex of the clavus along the commissural line. Length 4 mm.

Vertex broadly rounded, parallel margined, slightly produced before anterior
margins of eyes; pronotum three times as long as vertex.

Color: Green to yellow, marked with dark brown or black; vertex usually
green to golden yellow; pronotum with central portion brownish and lateral
portions paler; scutcHum brownish, together with dark portion on pronotum
forming the stripe which extends along the elytra; elytra greenish, a broad
brownish stripe extending to apex of clavus, basal third or fourth of elytra
gmoky ; face and beneath yellowish to green.

Female genitalia: Last ventral segment long, convexly rounded to about half
its length, then concavely rounded to form a blunt, rounded apex, the concaved
portion showing a rounded indentation at either side.

Male genitalia: Valve rounded and sloping to a bluntly angled posterior
margin; plates long, tips twisted laterally and curled, apices appearing pointed
but broadly rounded and protruding upward, heavily set with black spines. Of
the male genital pieces, the styles are more slender than in allied species and
rather strongly curved outward at apex, the lateral processes of the pygofers
are long and gradually tapered to the pointed apices, and the spines of the
tenth segment arve long and rather strongly curved.
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The United States National Museum collection contains a series of
specimens from Colorado (C. F. Baker collection) and two speci-
mens from the Michigan Agricultural College. Other specimens ex-
amined are from Penfield, Pa. (author’s collection). This insect is
common on willow, and Gillette has recorded i1t on C7rataegus
rivularis.

Location of type unknown.

BEMPOASCA TRIFASCIATA (GILLETTE)
(Fig. 6)

This species was described by Gillette as Empoasca trifasciata in
1898 (13), and has remained as a good species.

Fasily separated from all the other species of the genus by the
three transverse bands of black. Length 4 mm.

Vertex broadly rounded, scarcely produced beyond anterior margins of eyes,
twice as wide between eyes as length at middle; pronotum more than twice as
long as vertex. Elytra long, abdomen reaching to about apex of clavus.

Color: Pale green; vertex, upper portion of face, and anterior part of prono-
tum frequently tinged with orange; eyes dark; a broad band across posterior
half of pronotum, a narrow one across elytra at middle of clavus, and a much
broader one across apex of elytra dark brown to black.

Female genitalia: Last ventral segment slightly roundedly produced and
glightly indented at widdle.

Male genitalia: Valve produced and strongly rounded; plates long and taper-
ing, heavily covered with white and black spines and usually recurved at the
tips. Of the male genital pieces, the styles (in ventral view) are strongly
constricted and narrowed about one-third the distance from the apex, forming
long, slender, outwardly curved apices; the oedagus is long and parrow; the
lateral processes of the pygofers in ventral view appear strongly constricted
and twisted at the apex, in lateral view strongly notched just before the apex;
the spines of the tenth segment are rather broad and thick.

It was described from specimens from Douglas County, Kans.,
Champaign, Ill., and Ames, Jowa. Other specimens in the National
Museum are from St. Louis, Mo., and Chicopee, Mass. Specimens
in E. D. Ball’s collection are from Ames, Iowa, and Fort Collins,
Colo. A common species on Carolina poplar (cottonwood).

Type in United States National Museum collection.

BMPOASCA DIGITA N. SP.
(Fig. ¢)

Resembling obfusa in size and general appearance but with vertes,
pronotum, and scutellum frequently black and with distinet internal
genital characters. Length 4 mm.

Vertex broadly, roundedly produced about one-half its median length beyond
anterlor margins of eyes, parallel margined, almost three times as wide between
eyes as length at middle; pronotum three times as long as veriex, humeral
angles produced and prominent, pronotum wider than head including eyes.

Color: Green, sometimes pale, vertex frequently washed with brown; pro-
notum and scutellum frequently dark brown to black with a few pale arcas;
elytra frequently with a narrow black line along inner margin.

Temale genitalia : Last ventral segment about four times as long as preceding,
strongly produced and roundedly narrowed to blunt apex.

Male genitalia: Valve about two and one-half times as long as preceding
segment, broad and slightly roundedly produced posteriorly; plates ratber
long with apical half upturned and laterally curled and flared, apices rather
broadly rounded. Of the male genital pieces, the lateral processes of the
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pygofers in ventral view are long and slender each with a slender fingerlike
process on the outer margin; in lateral view they are tapered to a pointed
apex; the styles in ventral view are very slender and strongly curved out-
wardly ; the spines of the tenth segment are broad and not strongly curved.

Described from a series of seven female and three male specimens
collected by R. D. Bird at Birtle, Manitoba, in July and August,
1928, and sent to the author for identification.

Holotype male, allotype female, and the paratypes male and fe-
male in the author’s collection. Female paratypes in United States
National Museumn collection, Canadian National collection, Ottawa,
Canada, and collection of E. D. Ball.

EMPOASCA COPULA N. 8P.
(Fig. 7)

Superficially resembling pulchella because of the banded appear-
ance, but larger, more robust, and definitely belonging to the clypeata
group. Internal genitalia distinet. Length 3.75 mm.

Vertex parallel margined, produced about one-third its length before ante-
rlor margins of eyes, more than twice as wide between eyes as length at middle,

Color: Whitish to gray, marked with brown and tinged with golden yellow;
vertex mostly golden yellow; pronotum brown, anterior margin with a narrow
white area, lateral margins mottled; scutellum dark brown, apical third paler;
elytra with a dark band across middle of clavus extending to costal margin
and a band across apex extending forward to apex of clavus; face golden yellow
with & median white stripe; lorae white.

Male genitalia: Valve about two and one-half times as long as preceding
gegment, posterior margin slightly produced and broadly anglcd; plates tri-
angular, about twice as long as valve, gradually tapered and set with heavy
spines. Of the male genital pieces the oedagus is very similar to that in other
closely related species, the styles are similar but more slender than in related
gpecles and gradually tapered to the rather blunt divergent apices, and the
lateral processes of the pygofers in lateral view have a distinct terminal dorsal

_ finger process which appears on the inner terminal portion in ventral view.
These latter processes easily distinguish this species.

Described from two male specimens collected in Wisconsin in 1916
by the author. One was taken at Merrillan August 3 and the other
at Ladysmith August 9.

Holotype male and paratype male in the author’s collection.

Described by Gillette in 1898 (13).

EMPOASCA LIVINGSTONI GILLETTE
(Fig. T)

One of the largest species of the genus. Brownish in color or
n with longitudinal brown stripe and apical band of black.
gth 5 mm.

Vertex almost parallel margined, only slightly praoduced hefore anterior mar-
glos of eves and more than twice as wide as middle length; pronotum two and
one-half times as long as vertex, deeply concave posteriorly, lateral angles
rounded ; elytra greatly exceeding abdomen.

Color: In well-marked specimens the color is grcenish or yellowish green;
posterior portion of vertex dark brown or black; central half of pronotum
black; scutellum and a rather broad stripe extending about half the length
of elytra along the commissural line and a broad band covering apical cells
of elytra black ; other specimens are entirely dark brown to black.
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Female genitalia: Last ventral segment strongly produced, lateral margin
deeply coucavely notched on either side about halfway (o apex, forming a
produced lobe which is about one-half the width of the segment.

Male genitalia: Valve about three times as long as preceding scgment,
slightly conecave, almost truncated; plates long but appearing short because
of their upturncd and flaring tips, the apicex of which are broadly rounded,
heavily clothed ventrally with long white xpines.  Of the mate genital pieces,
the styles are heavy at buse, greatiy narrowed at about half their length. and
Qivergently produced, cach with a heavy tuft of long hairs on the dorsal side
which extends well into fhe genital chamber: the lateral vprocesses of the
pygofers in ventral view are rather heavy, slightly enlarged before apex, then
rather abruptly pointed, in Interal view appearing slightly enlarged and with
a terminal ventral fnger process; the spines of the tenth sezment rather long
and broadly curved.

The cotypes in the Musenm are from Easton, Wash., and the other
specimens in the collection are from Colorado and from Vancouver,
3. C. A series of specimens in the collection of E. D. Ball are from
Vancouver, BB. C., and were collected by Livingston in July and
Aungust, 1896.

Cotypes in United States National Museum.

EMPOASCA CLYPEATA GILLETTE AND BAKER
(Fig. 7)

Described by Gillette and Baker in 1895 (14, p. 108).
Similar in size and form to obfusa but usnally pale to dark brown
in color. Internal genitalia distinct. Length 4 mm.

Vertex broadly rounded, produced about one-third its length beyond anterior
margins of eves, almost once-fourth longer on middle than next eve, more than
twice as wide as long; pronotum more than twice as Jong as vertex; elyvira
greatiy exceeding ahidomen,

Color: Yelowish brown, frequently tinted with dall green, posterior portion
of pronolum darker: elytra hrownish sublhyaline, veins yellowish; beneath
veltowislh with variable brown markings.

Female genifalia: Last ventral segment strongly produced, sides sloping to
pointe:! arex whieh is hlunt at tip.

Male zenit:lia: Valve with broad, slightly angled apex; plates compressed
1aterally and upturned at tips, heavily armed ventrally with long dark spines,
apices rounded and flaring.  OF the male geniinl picces, the lateral processes
of he pygofers are long. slender, and tapered to acute tips in lateral and
ventral views; the spines of the anal fube ring (tenth segment) are heavy
at the base, comewhat right angled, and are not so long ov slender as in annella;
and the styles are rather slender and rather strongly recurved

There is a large series of specimens {rom Colorado (C. TF. Baker
collection) and a small series from California.  Recorded s oceur-
ring on willow. _ ) ' ) .

The type, in the United States National Muscum, is from Colorado.

EMPOASCA CLYPEATA VAR, ANNELLA HAWIZELL
(Fig. 7)

Described by Hartzell in 1923 (18) as a new species. _

Resembling ¢lypeata in form and appearance, but with a little
different coloration and internal genital structures slightly different.
Length 4.3 to 4.5 mm.

Vertex broad and almost purallel margined, slightly produced before anterior
marging of eyes, more than twice as wide us long.
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Color: Dark brown, vertex sometimes pale, pronotum and scuteilum fre-
quently with a light median stripe ending in a white spot on disk of scutellum;
elytra appearing striped, brown tinged with green and with claval suture
heavily, broadly brown and with a broad stripe on the corium, apical fourth
brown.

var annella.
Fieure 7.—Male genital picces of species of Empoasca. X350

Genitulia : External genitalia not differing from clypeaia.

The internal genital characters in the male which distingnish this variety are
the waved or sinuated tips of the lateral processes of the pygofers and the
long, siender, broadly curved spines of the aunal tube ring which extends both
ventrally and inwardly into the genital chamber.
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Possibly this may prove to be a distinct species, but with our
present material it is well within the range of probable variation
and would seem to be only a color form.

;. v
coccinea coccinea aspersa

Ficurp 8.—Male genital pleces of gpecies of Empoasca, XB55

A large series of specimens from Colorado (C. F. Baker collec-
tion) is in the United States National Museum. There is also a
series of specimens in the collection of E. D. Ball, labeled “ Vinta
Pam’l.”

Type in the author’s collection.
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EMPOASCA ADUNCA N, SD.
(Fig. 8)

Resembling obfuse in form and appearance but more yellowish
brown and with distinet internal genitalia. Length 4.2 to 4.5 mm.

Yertex broadly rounded and produced about one-third its length before
anterior margins of eyes, slightly longer on middle than next the eyes, twice
as wide between eyes as length at middie; pronotum twice as long as vertesx,
humeral angles rounded off, not prominent.

Color: Pale green to brown, tinged with yellow, usually pale brown in
appearance; pale specimens with three white spots or areas on anterior margin
of pronotum; elyfra with inner margins marked with a narrow line.

Genitalia : In external appearance very similar to those of the others of this
group. Iemale genitalia: Last ventral segment strongly produced and rounded,
concavely notched either side of central produced third which is rounded
at apex.

Male genitalia: Valve more than three times as long as preceding segment,
lateral margins rounded, posterior margin almost truncate, frequently with
a pair of small rounded teeth at middle formed by a slight median incision;
plates long, apical portion upturned and curved laterally, heavily clothed with
long spines and hairs. Of the male genital pieces, the internal genital struec-
tures which will easily distinguish tbis species are the shallow hooks bent
laterally and anteriorly on the apices of the lateral processes of the pygofers.

Described from a large series of specimens from Colorado (C. F.
Baker collection) which are in the United States National Museum.

Holotype male, allotype female, and paratypes male and female
in the United States National Museum collection.

EMPOASCA OSBORNI HARTZELL
(Fig. 7)

Described by Hartzell in 1923 (18).

A pale brownish species smaller than elypeata and occurring on
willow in the eastern and southern parts of the United States. Form
similar to that of obtusa. Length 3.5 mm.

Vertex more produced than in clypeata, produced almost one-half of its
length beyond anterior margin of eyes, about twice as wide as long and slightly
longer at middle than pext the eye. Pronotum twice as long as vertex, humeral
angles not greatly produced or prominent.

Color: Dull yellowish green to brown with darker markings sometimes
washed with orange on vertex and pronotum; frequently a pair of dark brown
blotches extending from middle tvwarxd the eye upon either side of margin of
vertex above ocelli; pronotum heavily mottled with dark brown; scutelluin
with a pale area at middle; elytra pale brownmish, subbhyaline, venation con-
gpicuous on posterior half; heneath yellow to green.

Female genitalin: Last ventral segment strongly roundedly produced to a
prominent rounded apex.

Male genitalla: Valve twice as long as preceding segment, posterior margin
broad, gently sloping and angled, slightly indented at center; plates appressed
and upturned at tips, heavily armed with long black spines. Of the male genital
pleces, the styles ure long and slender., the lateral processes of the pygofers
have rather abruptly broadened, rounded portions near the apex and are then
abruptly narrowed to the slender attepuated tips (ventral view). In lateral
view these processes are narrow, enlarged at apex, and terminate in a ventral
caudal fingerlike process. The spines of the tenth segment are long and
strongly curved, and their apices are directed anteriorly.

The type specimens are from Marietta, Ohio, collected in Sep-
tember, 1905. A series of specimens in the author’s collection were
collected from willow at Knoxville, Tenn., in April, June, and Sep-
tember, 1917, by W. B. Cartwright.

Type in Osborn collection.
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THE SUBGENUS HEBATA NOV.

Smaller in size than species of the subgenus Kybos and with ver-
tex bluntly rounded or angled. Vertex appearing broad, rounded,
but not parallel margined.

T'ype of subgenus, nigra Gillette and Baker.

KEY TO THE SPECIES OF THE SUBGENUS HEBATA NOV.
(nigra-aspersa gronp)

A. Color black, or pale green with black or red markings. Occurring on
sugebrush. Less than 3 mm. in length,
B. Rather uniformly black in color_ _____ __ . ________.___ nigra, p. 32
IB. Pale with black or reddish to brownish markings.

C. A bluck spot on scutellum and posterior portion of pronotum and
aspol on o comunssural line just before apex of clavus
___________________________________________ var. sigroscuta, p. 33

CC. Without black markings but marked with red or reddish brown.
D. Pule with broken reddish stripes between veins of elytra
_________________________________ var. typhlocyboides, p. 33
DD. White to gray with red stripes as ahove but intensified hy
smoky bands across middle of elytra and apical cross
velns . var. pulchella, p. 34
AA. Pale to dark green or tinted with red on vertex and pronotum, but with-
out spots or lines ol red or black celoration. Usually 3 mro. ov stightly
more in length,

Is. Dark green or reddish in color. Oedagus of male with a
pair of long processes cextending caudally and dorsally
from basal end. Oceurs on pine_____.__ cocecinea, p. 33
1815, Usually paler or brighter green. Oedagus of male with-

out processes avising from hasal end.

. Elytra pale green, usually mottled with smoky, giv-
ing it a mosaic appearance.  Male lateral processes
of pygofers strongly curved and taperved to acule
tips. (kigs. 2 and 8y ____._______ aspersa, p. 34

FE. Elytra dull green, veins pale, giving it a striped
appearance.  Male laferal processes of pygofers
slightly enlarged near apex aud rather abruptly
pointed. (Fig. 8) e _____ albonecura, p. 35

SPECIES OF THE SUBGENUS HEBATA NOV.
EMUOARCA NIGRA GILLETTE AND BARER
(Fig. 8)

Deseribed by Gillette and Balker in 1895 (14, p. 108).
A small Dblack speecies with blunt head, occurring on sagebrush.
Length 2.5 to 2.75 mm.

Head blunt and rounded, produced more than one-half its length beyond
anterior marging of eyes, one-third longer on middle than next the eye, almost
twice as wide as long; pronotum more than twice as long as vertex, head
wider than pronotum, humeral angles not produced laterally; elytra rather
short, about thrce and one-half times as long as broad.

Color: Dark brown to bhlack with varying paler and darker areas; elyvtra
usually with a lighter area just before apical cross veins, apical fourth
usually subhyaline; beneath dark brown or black.

Female genitalin: Last ventral segment rather long, posterior margin some-
what produced and angularly rounded.

Male genitalin: Valve broad at apex and truncated: plates about four
times as long as wide at base, slightly convexly rounded to what appear to
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Ve pointed apices because the apical fourth is upturned. Of the male genital
pieces, the styles are short with the apices curved outwardly; the lateral proc-
esses of the pygofers long and slender, normally crossing each other near
tips and with apices on opposite side of oedagus from base as feen in ventral
view: the spines of the tenth segment rather heavy and rather well curved
near apices.

The type and a scries of specimens in the National Museum
are from Colorado (C. F. Baker collection). Recorded from sage-
brush (Awlemisia tridentata).

Type in United States National Museum.

EMPOASCA NIGRA VAR, TYPIIEOCYBOIDES GILLETTE AND BAKLR
(Fig. 8)

Described by Gillette and Baker in 1895 as Empoasca typhlocy-
boides (14, p. 110) and redescribed by Gillette as . robuste 1n 1898
(13).

Size and form same as those of nigra and with the same external
and internal genital characters, but with different color and markings.
Length 2.5 to 2.75 mm.

Color: Pale yellowish to milky whife with dull reddisih markings whiclh may
vary in pattern and intensity; vertex usually yellowish; pronefum and elytra
ranging from pale yellow to milk whife, in well-marked specimens with two
longitudinai lines extending from ocelli across vertex and pronotum to basal
angles of scutellum, pale reddish or yellowish; elytra frequently with dull
reddish mottling between wing veius or zometimes with the antervior half
showing only a fow reddish markings on a milky white backeround and with a
somewhit definite hband across middle of elytra; beneath pale,

Genital characters: KExactly as in nigra. .

The type specimens of »obusta are only very pale female specimens
of typhlocyboides and can not be distinguished from pale specimens
in this Jatter type series. 7

Speciinens in the collection of ¥. D. Ball are from Salt Lake City
and Mavvsvale, Utal. June, 1906, and from Gunnison, Colo., August,
1899. Occurs abundantly on sagebhrush (Artemisia tridentata).

Type in United States National Museum collection, from Nevada

Co., Colo.

EMPOASCA NIGKA VAL, NIGROSCUTA GILLETTE AND BARKKR

Described by Gillette and Baker as an Empoasca in 1895 (74, p.
108).

Agreeing with nigra in general size, form, and genital structures,
but with different color markings. Length 2.3 to 2.8 mm.

Color: Yellowish or milky white with dull reddish markings as in typhlocy-
hmrlg:s. but differing from it by a black spot covering the scutellum and posterior
portl_on of pronotum just before it and another black spot along commissural
line just before clavus; abdomen black above and pale heneath.

External and male internal genitalia ame as in nigra.

Specimens in the collection of E. D. Ball are from Marysvale,
Salt Lake City, and Helper, Utah, Reno, Nev., and Penticton, Brit-
ish Columbia (Downs). An abundant species on sagehrush (Ar-
temisia tridentata).

Type in United States National Museum (C. I. Baker collection)
with other specimens from Colorado.
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EMPOASCA NIGRA VAR. PULCHELLA GILLETTE AND BAKER

Described by Gillette and Baker as an Empoasca in 1895 (14, p.
109).

Very similar to typhlocyboides in coloration and resembling the
other members of the nigra group in size and form. No male speci-
mens are in the type set, nor have any been available for study, but
it is undoubtedly only a color variety of nigra. Length 2.75 mm.

Ground color as in typhlocyboides, pale yellowish to milky white; vertex and
pronotum with vermiculate reddish brown markings; elytra milky white with
the markings of typhlocyboides, but intensified by a darker or sinoky area just
back of scutelium almost forming a band in some specimens, a smoky band
across elytra just before apex of clavus, and a third which is quite distinct
across apex of elyvtra, especially intensified at the cross veins of the apical
cells; veins at apex of wing pale and conspicuous.

No male specimens have been examined. Occurs on sagebrush
(Artemisia tridentata).

Type and a series of specimens from Colorado are in the United
States National Museum collection.

EMPOASCA ASPERSA GILLETTE AND BAKER
(Figs. 2 and 8)

Described by Gillette and Baker in 1895 (14, p. 107). Gillette’s
later citation of this species as a synonym of tessellate TFieber was in
error, according to Van Duzee (26, p. 705).

A small, green, blunt-headed species, in general size and appear-
ance resembling alboneura, but with different coloration and genital
characters. Length 3 mm,

Yertex bluntly rounded, produced more than half its length beyond anterior
margins of eyes, not twice as wide as long; pronotum about one and one-half
times as long as vertex; elytra rather short.

Color: VYertex, pronotum, and scutcllum yellowish to pale green, varying in
intensity and without detinite markings; elytra pale green. usually entirely
mottled with smoky, giving it a sort of mosaic appearance; veins light green,
conspicuous.

Femile genitalia: Tast ventral segment roundedly produced.

Male genitalia: Valve with a V-shaped noteh on posterior margin; plates
broad at base, tapering to pointed tips, which are usually upturned; almost four
times as long as width at base. Of the male genital structures, the styles are
slightly enlarged and bent outward near the middle, and the tips are divergent;
the lateral processes of the pygofers are unique by their inflation or broadening
on the inner margins near their middle and then concave, narrowing to long,
curved, attentuated apices. In lateral view they are even more striking by
their irvegular shape and especially by the ventral incision about one-third the
distance from the apex. The spines of the tenth segment are short, broad, and
scarcely rounded.

A large series of specimens from Colorado (C. F. Baker collection)
and two specimens from Utah (Knowlton) are in the National
Museum collection. Specimens in the collection of E. D. Ball are
from Salt Lake City, Thompson, Cisco, Monroe, Richfield, Provo,
Joseph, Marysvale, Logan, and Helper, Utah; from Pasadena, On-
tario, Riverside, Salinas, Tia Juana, Cabazon, Santa Barbara, and
Spreckles, Calif.; and from Gunnison, Fort ollins, Palisade, and
Grand Junction, Colo.

A western species recorded by Gillette from Bigelovia and sage-
brush (Artemisia tridentata).

Type in United States National Museum.
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EMPOASOA ALBONEURA QILLETTH
(Hg. 8)

Described by Gillette in 1898 as Empoasca alboneura (13) and

apparently redescribed as £. tumide in the same paper.
asily distinguished from the other species of the genus by the
light veins, color markings, and distinct genitalia. Length 3 mm.

Vertex strongly but blunt)y angled, produced more thao balf {ts leugth beyond
the anterior margins of the eyes, one-third longer on middle than pext the
epes. not quite twice as wide between eyes as length at middle.

Color : Dull greenish ; vertex with a medtan stripe and an oblique dash either
sie white; pronotum wlth three large pale spots on anterior margin; elytra
dell greenish, veins pale and conspicuous, green color of elvtra sometlimes
appearing tinted with brown.

ﬁma:le genitalia: J.ast ventral segment with the postetfor margin roundedly

uced.

mMale genitalia: Valve angularly notched; plates appearing tapered to poloted
apices because of folded and upturoved tips, about four times as long as width
at base. Of the male geaital pieces, the styles are parrow and are stroogly
eurved inwardly at middle, then their apices diverge; the oedagus is enlarged
gnd broad oo apical half in veotral view; the lateral processes of the pygofers
are convexly curved ivward, the apices slightly broadened and coacavely nar-
rowed on outer wargina to poloted tips (ventral view) ; in lateral view appear-
g almost straight and tapered to acutely angled, attenuated aplices.

The cot{ypes in the National Museum collection arc labeled “ Riley,
Kans.”; “ Horace, Kans.”; and “Nevada County, Calif.” The
gpecies was also described from a series of specimens from Missis-
m'%pi. Other specimens in the collection are from Alabama, Colo-
rado, Oregon, Virginiz, District of Coluinbia, Los Angeles County,
Calif., and Mexico, Specimens in the E. D. Ball collection are from
Fort Collins, Trinidad, and Alder, Colo., Ravenna, Calif., Wells,
Nev., and Tia Juana, Victoria, and Jalapa, Mexico.

A very common species, distributed almost throughout the United
States on herbaceous plants.

’R’pe in United States National Museum.

e male of fumida is unknown. However, female specimens of
tumida can not be distinguished from the types of alboneura cxcept
by a slight variation in size. Tt is highly probable that they are the
sme. This probability is strengthened b?l the fact that one speci-
men in each type set was collected from plum at the sarae place and
on the same day (Ifort Collins, Colo., September 31). These data,
together with the similar color and appearance, indicate very
strongly that fumida is a synonym of this species.

EMPOASCA COCCINEA (FITCH)
(Fig. 8)

Described by Fitch as Empoa coccinea in 1851 (11).
A small green to reddish species common on pine. Distinguished
from related species by the genitalia. Length 3.2 mm.

Vertex appearing bulbous, strongly roundedly produced about one-third its
length beyond anterior marging of the eyes. About oume-fourth lomger on
middle than next the eyes, almost twilce as wlde between eyes as length at
middle. Pronotum about one avd oune-balf times gs long as vertex.

Color: Varying from dull green to rather bright red; when green, usually
tinged with red. Elytra greepish or smoky subbyaline.
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Female genitalia: Last ventral segment with posterior margin rather
broadly roundedly produced, more than twice as long as preceding segment.

Male genitalia: Valve broadly rounded; plates broad at base, evenly tapered
to pointed acute tips, about three tfmes as long as baxal width, Of the male
genital pieces, the oedagus is unique among the species of the genus by the
possess on of 2 pair of long structures which extend slightly posteriorly and
caudally from the base of the oedagus proper; the lateral processes of the
pygofers are very short; the spines of the tenth segment are very broad, but
tapered and slender on the apical fourth. By these charncters if -is easily
distinguished from 2all the ofher spec’es of the genus.

Specimens in the United States National Museum are from Penn-
sylvania (Wirtner), Arnold Arboretum, Boston, Mass. (Morrison),
and from Maryland.

A common species on white pine and collected occasionally on
other species of pine. Known only from the eastern and north-
eastern part of the United States and Canada. The known distri-

bution apparently corresponds with the northern coniferous forest
area.

Type in New York State Museumn collection, Albany, N. Y.
THE SUBGENUS EMPOASCA WALSH

Vertex produced and strongly rounded or bluntly angled, length
at middle usually about one-half width between eyes. Usually green
or vellowish with white spots.

Type of subgenus. fabae Walsh.

KEY TO THE SPECIES OF THE SUBGENUS EMPOASCA WALSH
(fabae group)

A. Size small, less than 3 mm. in length. Male lateral processes of pygofers
slightly inflated laterally near base, then narrowed. in lateral view with
apical third curved sharply upward and then interiorly. (Fig. 9)
_______________________________________________________ recurvala, p. 38

AA. Larger. 3 mm, or more in length.
B. Size 4 mm in dength e snowi, n. 39
B3 Less than 4 mm. in length.

C. Dull brownish ved with white aveolar spots; mnale lateral processes
of pygofers long and slender; known only from California___.__
__________________ e e e e T DEA @, DL 39

CC. Sometimes with brownish banding on elvtra but without reddish
cotoration. Mostly green or yellowish.
D. Male plates narrow at base, long and appearing almost parallel
margined to near apex, about three and one-half times as long
as basal widtho .o barbara, p. 40
DD. Male plates morve triangnlar or broader proportionately at base.
E. Spines of chitinous ring around anal tube long and bifurcate
at about two-thirds their length_______ m————— bifurcala, p. 40
ER. Spines of chitinous ring around anal tube single, not bifurcate.
¥. Male lateral processes of the pygofers slendev, practically
straight. tapered and neither enlarged, curved, nor hooked
near tips.
G. Color yellowish., marked with white, elytra strougly mot-
tled or Dbanded with brown or smoky, male processes
vather heavy. oo birdii, p. 41
GG. Pale green sometimes washed with orange, but without
brownish coloration or banding of elytra.

H. Elytra with veins broadly white margined with green or
smoky and with white spots on clavus and corium,
dorsal spines with teeth on ventral margins_______.__
______________________________________ pallidula, p. 42
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HH. Elytra greenish without white veins, dorsal spines long
without ventral teetl.
I. Blytra green with orange lint and marked with large
white spots o . iamata, 1. 43
II. Elytra green without coloration or spotting.
J. Later processes of pygofers long and narrow._____

e e o e e o R T filumenta, p. 43

JJ. Lateral processes of pygofers shorter . ____

_____________________________ var. abbrevieta, p. 44

FF. Male lateral processes of pygofers enlarged before apex or
with carved or hooked tips or with fingerlike projections.
K. Male lateral processes practically pavallel mar-

gined, but hroadly curved or bent near apex.

L. Klytra usually baunded with black, male lateral
processes with apices curved outwardly, spines
of anal ring curved dircetly into genital cham-
ber. (Fig. 10) oo~ vincula, p. 44

LL. Elytra without dark markings, male Iateral proe-
esses crossed, tips strongly curved inwardly,
spines of anal ring directed ventrally and

anteviorly o . ____ delude, p. 46

KK. Male lIateral processes not parallel margined at
apex or with hooked or fingerlike processes.

M. Male lateral pygofer processes narrowed near
middle and with long, tapering, terminal

PrOCESSES e m et cerea, p. 46

MM. Malc latera)l pygofer processes with terminal
portions short and not tapered.

N. Male lateral processes narrowed and pro-
duced in fingerlike projections at apex
(ventral view).

0. Male processes from ventral view round-
edly inflated on inner margin, then
gradually tapered to slightly curved at-
tenuated apiceSe—._ fabae, p. 47

00. Male processes usually not inflated (ven-
tral view), but rather abruptly narrowed
to fingerlike apical projections.

P. Length 35 mm. male process rather

abruptly narrowed near apex to outer

thick fingerlike projections. (Fig. 10)

______________________ abrupta, p. 48

PP. Smaller, about 3 mm. in length, outer

fingerlike projections very narrow and

attenuaate. (Fig. 10)__erigeron, p. 48

NN. Male lateral process decidedly curved or
hooked at apex (ventral view).

Q. Apices  of male Iateral processes
strongly curved or hooked with apex
extending inwardly_____ arida, . 49

QQ. Apices of male Jateral processes with
i short attenuated hook at apex
(ventral view) and a more pro-
nounced hook at apex (lateral view)
_______________________ solana, p. 50
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amata
Ki1oure 9.—Male genital pleces of Empoasca. X065

SPECIES OF THE SUBGENUS EMPOASCA WALSH
EMPOASCA RECURVATA N. SP.
(Fig. 9)
A small, blunt-headed species with robust male plates and distinct
internal genitalia. Length 2.75 mm.

Vertex strongly rounded, bulbous, produced about one-half its length before
anterior margins of the eyes, about one-third longer on middle than next eyes,

28¢



THE AMERICAN SPECIES OF EMPOASCA 39

ut one-half wider between eyes than length at middle; pronotura one-half

?;)I?ger than vertex, humeral angles prominent, pronot_um widgr than verte).z.

Color: Pale green washed with yellow; vertex with a pair of_pale green
gpots just back of margin; pronotum with three white spots .\vhxch may tée
gomewhat fused op anterior margin of pronotum ; ¢lytra ycllowish green, defi-
itely clouded. ]
mtc?e%itnliu: Male valve broad and concave on posterior margin; p_lates three
times as long as vaive, parallel margined at base, tg\peregl near tip to acu(ﬁe
apices which are slightly upturned. Of the male gen\ml pieces, the styl'es are
long, slender, and almost straight with the esception of the slender dl\-e'rgf_\nt
tips; the lateral processes in ventral view are constricted near base then slightly
enlarged, again constricted about the middle and produced as slender parallel
margined apical portions which in Jateral view are abruptly curved upward
with the apex bent slightly forward; the spines of the lz_lteral processes are
heavy at the base and a long, slender, slightly curved portion arises from this
and extends ventrally and anteriorly.

Described from two male specimens collected by the author at
Clarksville, Tenn., July 13, 1915, and August 4, 1917.
Holotype male and paratype male in author’s collection.

EMVPOASCA SNOWI GILLEITE

Described by Gillette in 1898 (13). -

Since this species is represented by a single female type specinen
it has been rather difficult to place it among our known and more
common species. Apparently it is rather closely related to erida
and abrupta. Length 4 mun.

Vertex rather strongly angled and produced about one-half its length beyond
anterior marging of eyes, about one und one-half times as wide as length at
middle; propotum about twice as long as vertex.

Color: Greenish marked with orange yellow; vertex willl a blotch next
either eye and a somewhat irregular band between eyes just above margin of
vertex ; pronotum orange yellow with a row of five white spots along anterior
margin of vertex, the second and fourth smaller and located just behind the
inner margin of each eye; elytra greenish subhyaline, claval vein appeuaring
striped with yellow.

Female genitalia: l.ast ventral segment with posterior margin slightly
roundedly produced, a rounded notch on either slde of central half dividing
segment into three lobes, a small produced and rounded lobe at either side and
& much larger, broadly rounded one at middle which is a little more produced.
This female segment seems different from that of any other species of the
genus.

A single female specimen in the United States National Museum
from Magdalena Mountains, N. Mex., August, 1894, taken by Snow,
is the only known record of this species. In view of this fact it has
been rather difficult to place it.

EMI'OASCA RUBIDA N, 8P,
(Fig. 9)

A blunt-headed species with dull reddish mottling and white areo-
lar markings. Length 3-3.3 mm.

Vertex bluntly rounded, produced about one-half its length before the anterior
margins of the eyes, one-third longer on middle than next the eyes, about one-
third wider between eyes than length nt middle.

Color: Dull brownish red with white markings; vertex with a median stripe,
a pair of spots enveloping ocelli, a smaller one between each of these and the
corresponding eye, and a pair on the hase next the cyes white; pronotum with
three large white spots on the anterior margin, 2 small pale area on each
humeral angle, and a larger one on the disk; scutellum with a median pale
stripe on basal half and a pale spot at either side near middle; elytra with the
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claval suture. a spot at base, one at about middle of clavus, two large spots
on coritin along claval suture, one at tip of clavus, and the costal area milky
white; apices somewhat smoky subhyaline, nervures pale.

Female genitalia: Last ventral segment with the posierior wavgin slightly
angularly produced.

Male genitalia: Valve almost truncated, slightly concave at middle; plates
rather narrow, more than three times as long as basal width, tips slightly
upturned. Of the male genital pieces, the styles are alinost straighe, slightly
enlarged near the middle and with apices slightly divergent; the lateral proc-
esses of the pyzofers appear almost straight in both ventral and lateral views
and are slender, gradually tapering to long, acute, attenunted tips; the =pines
of the tenth segment are rather long and broadly curved.

Described from a large series of about 50 male and female speci-
mens In the collection of K. D. Ball, all taken in California. The
localities represented are Hamilton, San IFruneisco, Oxnard. and
Spreckles. These were collected from April to September, inclusive,
during 1907, 1908, and 1912.

Holotype male, allotype female, and male and female paratypes
in the . D. Ball collection, Tueson, Ariz. Paratypes in United
%tntos National Museumn collection and author’s collection, Clolumbus,

hio.

EMPOASCY BARBARN MALTZELY.

Described by Iartzell in 1923 (78).
A long, slender species with strongly produced head and long,
slender male plates. Length 3.5 mm.

Yectex produced more than half its length beyond anterior marvging of the
eyes, more than one-third longer on middle than next the eves, one-half wiier
between eyes than length at middle; pronotum twice ax wide as long, hunieral
angles prominent,

Color: Dull greenish with variable pale markings; vertex, pronotum, and
scutellum tinged wilh brown. .

Male genitalia: Dlates appearing long and slender. similar to those of e
maligna-atrolabes group. Since so few specimens are known no mafevial
has heen available for working out the internal genitalia.

IKnown only from male specimens collected in a pine grove at
Pacific Grove, Calif., by Harold Morrison, in May, 1915.
Tvpe in the Morrison collection, United States National Musenn.

EMPOASCA BIFUHRCALN N, Si
(kig. 9)

A bright green species with yellow head, which has been confused
with fagae and the Xuropean flavescens and has been placed under
both names. It differs in having the head more produced, different
genitalia, and a brighter green color. ILength 3.2 to 3.5 mm.

Vertex produced more than half ils lenglh Letore the anterior marging ol the
eyex, ahmost one-haif longer on middle than next eyes, one-half wider between
eyes than middle length; pronotum twice as long as vertex.

Color: Bright green, vertex golden yellowish mottled with paler yellow
around the ocelli and posterior to them; pronotum greenish, disk golden yellow,
three larze white spots on anterior margin of pronotum:; scutellum with cen-
tral white portion; elytra bright green, apices not coloved, subhyaline, veins
green.

Female genitalia: Last ventral segment with posterior margin roundedly
produced.



THE AMERICAN SPECIES OF EMPOASCA 4;1

/ith apical third
. o concavely rounded; plates long with apiea’ =
Male genitalia: Valve (,om,d»_el},q_x‘:)\l:wles %lutes appearing from bem_'ath
upturned, frequently sepurnted eXDOSIE L 7o Nateral processes are very
ehort aud broad. Of the male geniral D faterally crossing the process from
long and vermiculale, curving upym{d -ﬂmth(; erally e it is broadened, then
the other sitle and curving back again it_le* -mlj almost straight; the spines of
narrowed to form a shavp apex: the Styles Al B8 - e 2airy, and have a
nt are broud, curving downward and < T ird the
the tenth segmen A : ses which are at least one-thire
pair of long, divergent, fingerlike processes WHICH =
length of these chitinous Spines. , e S

The specics is named © bifurcata” because of the bifurcate chiti

Lhe species s - o each side of the chitinous
ous spines which are so conspicuous on €ach Sic ou
n e is is the only species known to have
anal ring (tenth segment). This s the only spet
this type of spine. ' . )

Desoribed from o series of more than 100 specimens ranging from
Wisconsin and northern Pennsylvania to Miami, Fla. North Kast,
Harrisburg, Hartstown, Cheswick, Landisburg, New DBloomfield,
and many other localities in Pennsylvania axe yepresented by mate-
rial at hand collected by J. G. Sanders and the author. Specimens
from Somerville, N. J., were collected by Professor Sanders also. A
large series of specimens from Miami and Paradise Key, IFla., were
collected by the author. Two specimens i the E. D. Ball collection
are from Osceola, Wis., collected July 22, 1917.

Paratype specimens in the United States National Museum col-
lection are from Agricultural College, Miss.,, Maryland, Kansas,
Massachusetts, Alabama, and the District of Columbia, all in the
C. I*. Baker collection, and specimens from shrubs, Arnold Arbo-
retum, Boston, Mass. (Morrison), and from Texas and Louisiana
collected from tansy and other herbaceous plants. This is appar-
ently a very common species throughout the eastern part of the
United States.

Holotype male, allotype female, and paratype male and female
in Sanders and DeLong collection, Columbus, Ohio. TParatypes in
United States National Musewmn, the Canadian National collection,

and the private collections of Herbert Osborn, Columbus, Ohio, and
E. D. Ball, Tucson, Ariz.

EMPOASCA BIRDIL GODING
(Fig. 9)

Described by Goding in 1890 (75) and treated as a variety of
Empoasca flavescens by Gillette in 1898 (J3), it has proved to be
a good species and apparently is not closely related to favescens.
This species was apparently redescribed in 1898 by Gillette (73)
from a series of specimens taken {rom cotton and which had heen
placed in alcohol before being mounted, so the green color had
entirely disappeared leaving pure white insects which were described
as pallida. Sowme of the specimens in the type series are apparently
fabae, but the type is undoubtedly birdii.

Apparently rather closely related to the fabae group, but rather

easily distinguished from them by the coloration and by the distinct
genital characters. Length 3.3 mm.

Vertex rather broadly roundedly produced almost one-half its length beyond
anterior margins of the eyes, about one-third longer on middle than next the
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eyes, more than one-half wider between eyes than length at middle; pronotum
twice as long as vertex; elvtra usually rather long and narrew.

Color: Usually pale yellow marked with white or pale brown; vertex with
a pale area around either ocellus, a median longitudinal line, and an oblique
dash either side near eye, the remainder rather orange yellow; pronotum
with three pale spots on anterior murgin, a median spot, and one bhehind
either cye; scutelinm with a pale median-lengitudinal band; elytra mottled
and banded with brown or smoky, leaving pale areas along costa and at apex
of clavus.

Female senitalia: Last ventral segment slightly produced, appearing keeled
and angled at middle.

Male genitalia: Valve broad, concavely rounded hetween prominent lateral
angles; plates broad at base, triangular, tapered to acute tips about two
and onc-hatf times as long as bazal width,  Of the male zenital picces, the
Iateral processes of the pygofers are almost straight, but not tapered to
siender acute apices; the spines of the tenth segment are broad, rather stroogly
curved, and narrowed nt apex.

Described from Illinois. Specimens in the United States National
Muscum collection are from Rutland, Ill. (Goding), Colorado, New
York, Massachusetts, and Vancouver, British Columbia. S%)ecunens
in the E. D. Ball collection are from Iranconia, N. H., and Kansas
City, Mo. Specimens in the author’s collection are from Columbus,
Trinway, and Wooster, Ohio, and Indianapolis, Ind.

It breeds upon some of the conmmnon weeds, especially pigweed,
and is found abundantly in culiivated fields where these weeds
oceur, but apparently it is not a pest of cultivated plants.

iy . SRS e .

The specimens from Illinois in the United States National Museum
are apparently the cotypes.

EMPOASCA PALLIDULA N, &P
(Fig. 9)

A pale-green species with blunt head and many white areas upon
the clytra. ILength 3.5 mm.

Yertex bluntly angled and produced more than half its length belore the
anterior margins of the eyes, about one-third longer on middle than nexi eye
and more than one-half wider between eyes thun lengtlt at middle; pronotum
about twice as long as vertex and with humer:l angles prowinenr,

Color: Yellowish to pale greenm with white warkings: vertex tinged with
yellow, frequently marked with white spots; pronotum pule green with vari-
able white markings; elytra pale green, the veins broadly white, two white
spots on clavus, one on covium, and vne before ¢roxs vein or inner apical cell,
veins margined with zreen or smoky.

I'emale genitalia: Last venfral segment long with posterior margin angu-
larly produced from prominent lateral angles to roundedly produced apex.

Alale genitalia: Valve more than twice as long as preceding segment, trun-
cated hehind and gently rounded on either side to & shallow central notch;
plates triangular. tapered to pointed apices, about three times as long as basal
width., Of the male genital pieces, the styles ave rvather short, =lightly broader
at middle, and with both ends curved outwardly; oedagus broad; lateral
processes almost straight and narrow, npices attenuated and iurned inwavd:
spines broad und rather short, narrowed at apex and with ventral apical
portion serrate.

Deseribed from nine female and six male specimens, all collected
at Sabino Canyon, Ariz., June 29, 1919, by W. D. Edmondston.

Holotype male, allotype female, and paratypes male and female in
author’s collection. Paratypes in United States National Museum
collection and in the private collection of I5. D. Ball.
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EMPOASCA HAMATA WN. SP.
(Fig. 9)

Pale green washed with orange and marked with white. Length,
3 mm.

Yertex more than one-third wider between eyes than length at middle; pro-
notum almost twice as long as vertex.

Color: Vertex with median line, a basal spot next to either eye, and a
spot enveloping each ocellus white; pronotum orange with three white spots
on anterior margin, one at middle and one behind outer portion of euch eye,
also with white spots on apical third; elytra washed with orange, two spots
anterior to claval vein, and two posterior, and claval vein milk white, apical
third whitish subhyaline.

Female genitalin: Last ventral segment with posterior margin gradually,
but rather strongly, produced and bluntly angled at middle.

Male genitalia: Valve angularly notched; plates more than three times as
long as busal width, gradually tapered to acutely pointed apices which are
apturned. Of the male genifal pieces, the Iateril processes of the pygofers are
short and xtraight, consirvicted not far from base (in ventiral view) and con-
stricted again ncar apex, in lateral vicew the tips upturned; dorsal spines
of tenth semuent long, apical two-thivrds parrowed, produced veutrally and
anteriorly, and with tip turned upward,

Described from four specimens, three females and one male, col-
lected at Mission Canyon, Santa Barbara, Calif., June 2, 1915, by
Harold Morrison.

Holotype male, allotype female, and female paratypes in Morrison
collection, United States National Museum.

EMPOASCA TEAMATA VAR, ALEONOTA N. VAR,

Similar to Aamnata.

A small species with produced vertex and with elytra marked with
white areolar spots. Male unknown. Length 3 mm.

Vertex ruore than one-third wider between eyes than length at middle; pro-
noturn more than one-third longer than vertex; elytra exceeding abdomen hy
ahmost half their tength.

Colovr: Vertex orange red, a broad median line, an oval oblique dash on
either side not far from eye, a round spot enveloping each ovellug, and a small
spot on margin uwext to either eye white; pronotwin dull greenixh, a broad
median Jine, a small irregular spot bebind each cye, and irregular vermiculate
markings between these on anterfor margin white; seutellim with a white
medinn longitudinal line and a white spot Lalf way along either side; clytra
dull greenish tinged with orange yellow, a lavge clongate spot on anterior
third of clavus, an oblique daxh on posterior third, two large spots on corium
just anterior to claval vein and venation of apex broadly white; fuce orange
red with a median white stripe ou upper half and a round spot halfway
between each ocellus and antennal socket white.

femnle genitalia: Last ventral segment with posterior margin produced from
laternl augles to a bluntly angled apex.

Described from 14 female specimens labeled “ Cala.” in the C. F.
Baker collection in the United States National Museum. Known
only by female specimens.

Holotype female and female paratypes in the United States
National Museum collection.

EMPOASCA FILAMENTA N. SP.
(Fig. 9)

Resembling abrupie and aride in size, form, and color, but dis-
tinguished by the different internal genital characters. Length 3.2

to 3.75 mm,
291



44 TECHNICAL BULLETIN 231, U. S. DEPT. OF AGRICULTURE

Vertex more than one-half longer on middle than next the eye, produced
about one-half its length beyond the anterior margins of the eyes, more than
a half wider between eyes than length at middle.

Color: Green varyiug in intensity, tints, amd markings, frequently washed
with vellow; vertex usually with the median stripe and oblique dashes, one
either side just above the margin and again at base, white; pronotum usually
with the three white spots on the anterior margin; scutellum with the broad
white longitudinal stripe; elytra subhyaline.

Female genitalia: Last ventral segment twice as long ns preceding segment,
posterior mwargin strougly roundedly produced.

Male genitalin: Valve rather long, posterior margin concavely rounded;
plates as broad as valve at base, cradually tapering to long attenuated tips
which are frequently upturned. Of the male genital pieces, the lateral processes
of the pygofers are long and slender, tapered to elongated and attenuated tips;
the spines of the tenth segment ave long, broad at base, rather broadly curved
forward and extending about two-thirds the distance to the base of the py-
gofers.

Described from o series of three female specimens collected in
Oregon September 7. and 6 males, 2 from the same locality and
of the came date. 2 frotn Hood River, Oreg. (Webster No. 5914),
collected by J. A. Flysiop, and 2 from Friday Harbor, Wash., col-
lected from herbs in the Conifer Forest, July 26, 1928, by Martha
Shackieford. 7 .

Holotype male, allotype female, and male and female paratypes in
author’s collection. Paratype males at Hood River, Orveg. (Webster
No. 5914).

EMPOASCA FILAMENTA VAR, ABBREVIATA N. VAR.
(Fig. 9)

Size and coloration similar to those of filamenta and differing only
in genital characters. Length 3.5 mm.

Male genital pieces: The chief difference between this and filamenta is in
the shorter lateral processes of the pyeofers. which seem to be proportionately
wider. This may be only a variation in this character; yet it may be distinet
from the preceding. Until more knowledge of these forms is obtained, it
should probably le placed as a variety only. The styles are similar in these
two forms, and the dorsal spine of the tenth segment is alike in both cases.

Collected at Hood River, Oreg., September 7. A series of seven
specimens Is at hand.

Holotype male, allotype female, and paratypes in author’s
collection.
EMPOASCA VINCULA N. 8P.

(Fig. 10)

A banded species resembling birdii superficially, but with distinct
genitalia. Length 3.75 mm.

Vertex bluntly apgled, produced more than one-half its length heyond the
anterior margins of the eyes, one-third longer on middle than next the cyes,
more than one-half wider between eyes than length at middle; pronotum twice
as long as vertex.

‘Color: QGreen; vertex, pronotum, and scutellum tinged with yellow and
brown ; elytra greenish, base of clavus, an elongated spof on center, claval suture,
and the apical fourth of the elytra brown, vecins and cross veins pale. These
mottied areas give the elytra a banded appearance.

Female genitalia: Last ventral segment with posterior margin almost tran-
cate, slightly produced at middle.

Male genitalia: Valve about twice as long as preceding segment, truncated
posteriorly; plates large, parallel margined for about half their length, then
tapered fo acute tips. Of the male genital pieces, the lateral processes of the
pygofers are long, with blunt, divergent apices, not narrowed or tapered; spines
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of tenth segment heavy at base, sloping forward, narrowed and hooked back-
ward and strongly inward into the genital chamber. It is unique in this respect
and differs from any other species of the genus.

cerea erigeron arescens

FIGURE 10.—Mule genifal pleces of species of Empoasca. X353

Described from three female and two male specimens collected at
Birtle, Manitoba, from May 26 to August 8, 1928, by R. D. Bird.
Holotype male, allotype female, and male and female paratypes
in author’s collection. Paratype female in United States National
Museum collection. .
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EMPOASCA DELUGDA X, 8P.
(Fig. 9)

In general appearance resembling fabee or abrupta, but with dis-
tinct genital characters. Length 3.5 to 3.75 mm.

Vertex bluntly angled, produced more than half its length beyond anterior
margins of eyes, one-third longer on middle than next {0 eyes, more than one-
half wider between eyes than length at middle; pronotum twice as long as
vertex.

Color: Bright green; vertex with pale markings on median line and disk
either side; pronotum with three large white areas, one at middle and one
hehind either eye on anferior portion of pronotum; scutellum with the apical
third white: elytra greenish with subhyaline white spots, sometimes only pale
greenish areas.

KFemale genitalin ; Last ventral segment with margin on posterior half rather
strongly. evenly, convexly rounded.

Alale genitalia: Valve longer than and as broad as preceding segment, pos-
terior margin slightly concaved between the lateral angles: plates robust, broad
at base, two and one-half times as long as broad. evenly sloping to hlunt pointed
apices. Of the ma:tle genitnl pieces, the styles are curved and enlarged at about
the middle, the apical half more narrowed, almost straight, the apices slightly
divergent; the lateral processes of the pygofers are long and slender, sloping
inward and crossing near middle, with apical portions curving inward and
alinost meeting at center; the spines of the tenth segment have the basal
portion broad and heavy and a spinelike slructure arising from this and extend-
ing anteriorly and slightly ventrally.

Described from seven female and two male specimens collected
at Birtle, Manitoba, May 26 to August 27, 1928, by R. D. Bird.

Holotype male, allotype female, and paratype male and female in
anthor’s collection. Paratypes in United States National Museum
colleetion and in the E. D. Ball collection, Tueson, Aviz.

EMPOASCA CEREA N. SP.
(Fig. 10)

Resembling fabee in general appearance, markings similar to
abrupta. Length 3 mm.

Vertex roundedly produced, almost twice as wide between eyex as length at
middie, one-third longer on middle than next the eyes; pronotum twice as long
as vertex; elytra exceeding abdomen by about half its length,

Color: Vertex, pronotum, and scufellum green to bright yellow; vertex with
a pair of oblique spots near eyes on basal portion, a pair on margin, one each
side of apex, aud one next each eye white; three white spots on anterior margin
of pronotum, onc at middle, and one behind each cye: scutellum with spots
forming a rather irregular transverse band just back of middle; clytra greenish
subhyaline.

Female genitalia: Last ventral segment roundedly yproduced on posterior
margin, oblusely angled at middle.

Male genitalia: Valve concavely rounded on posterior margin; plates tri-
angular, about three times as long as width at base. Of the male genital pieces,
in ventral view the lateral processes of the pygofers ave parallel margined for
about one-third their length, then taper to long attenuated tips; in lateral view
these processes have long narrow apices; the styles are enrved inward at about
halt their length and are narrowed with the apices slightly diverging: the
dorsal spines of the tenth segment are roundedly inflated from the base, then
narvowed and produced ingo a ferminal process which is curved ventralty and
anteriorly. )

Doseribed from a series of 50 specimens, both sexes, in the collec-
fion of E. D. Ball. These were collected at Monroe, Helper, and
Soldier, Utah, July and August, 1906, and from Hamilton County,

Calif., by E. G. Titus from sugar beets August 21, 1907.
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Holotype male, allotype female, and paratypes in collection of
E. D. Ball. Paratypes in the United States National Museum
collection and in the author’s collection.

EMPOASCA FABAE HARRIS
(Fig. 10)

Because of its economic importance and the great variability in
color and color patterns this species is known in literature under a
variety of names. As far as can be ascertained it was first described
by Harris in 1841 (76, p. 186) under the genus Tettigonia. In 1853
(19) it was redescribed as malé by Le Baron as a member of Tetti-
gonia. Again in 1864 (27), when Walsh erected the genus Empoasca,
It was apparently redescribed under three different names where
color-variations were encountered. The types were destroyed in the
Chicago fire, and his species can not be verified, and the original
descriptions do not distinguish them specifically. In his paper
Walsh redescribed it as wviridescens, consobrina, and malefica, the
last named under the genus Chloroneura. In 1884 (72) Forbes re-
described it as albopicta in the genus Empoa.

Again in 1898 Gillette (73) redescribed it in part as pallida from
a series of specimens taken from cotton and placed in alcohol which
had caused the green color to entirely disappear, leaving pure white
insects. Also in the same paper he referred certain of these color
forms to flavescens, a European species which does not occur in
North America so far as can be determined from material examined.
Therefore, a large number of American references by Gillette and
workers who followed him have actually dealt with fabae or with
one of the other closely related species. 'These records will probably
never be correctly placed unless specimens have been retained.

The most common and variable species in the genus, at least in
the-eastern part of the United States. Pale green, usually with a
row of white spots on anterior margin of pronotum. Length 3.5 mm.

Vertex bluntly angled, a little longer on middle than next cye and about
one-third wider between eyes than length at middle.

Color: Yellowish to pale green, markings variable; vertex frequently with
pale or dark green spots; pronotum usually with a row of six or more pale
spots along anterior margin which are sometimes missing or indistinct; elytra
greenish subhyaline.

Female genitalia: Last ventral segment moderately produced and roundedly
truncated.

~ Male genitalia: Valve produced and rounded or bluntly angled; plates trian-
galarly tapered to pointed apices which are frequently upturned. Of the male
genital picces, the lateral processes of the pygofers are rounded on inner mar-
gins and broadened on apical half, then concavely rounded to narrow attenuated
tips which are slightly curved inward ; the spines of the tenth segment are broad
with tips parrowed and directed downward. This combination of characters
will distinguish it from the closely related species.

Specimens in the United States National Museum are from Penn-
sylvania (on apple), Virginia, Michigan, Chicago and Algonquin,
IlL, Alabama, Massachusetts, Arkansas (on apple), Louisiana (po-
tato and ap fe), District of Columbia, Florida, Kansas, Maryland,
Iowa, New York, Missouri, Nebraska, and North Carolina (on cot-
ton, described as pallida by Gillette).

This is probably the most injurious species of the genus. It is
known to occur on a great variety of plants. It is common on potato,
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bean, clover, alfalfa, eggplant, rhubarb, cotton, dahlia, and to a large
extent upon apple, especially the younger trees or nursery stock.
These are probably the most important food plants, although it has
been recorded from many others.

Life-history studies (4) have revealed four distinct broods of these
leaf hoppers during the season, with one complete generation, a
second almost complete, a partial third, and a smaller partial fourth
gencration. Under field conditions in Ohio in 1927 the first eggs
were laid about May 25, and on November 1 eggs were still hatching.

EMPOASCA ABRUPTA N. SP.

(Figs. 2 and 10)

Resembling fabac in size, form, and appearance but usually with
different markings. The internal genitalia are distinet. Found only
in the West and Southwest. Length 3.5 mm.

Vertex produced almost ome-half its length before the anterior margins of
the eyes, about onc-third longer on middle than next the eyes and one-half
wider between eyes than length at middle; elytra long.

Color: Green marked with white; vertex with a median stripe, a pair of
oblique dashes just above ocelli, and a pair on the base white; pronotum
usually with three large white spots on anterior margin; a broad white stripe
across middle of scutellum; elytra greenish, subhyaline, nervures green.

Female genitalin: Last ventral segment strongly roundedly produced, more
than twice the length of the preceding segment.

Male genitalia: Valve a little longer than last ventral segment, posterior
margin concavely rounded; plates ratlier broad at base, long and tapered to
pointed apices. Of the male genital pieces, the lateral processes af the pygofers
in ventral view are rather broad and almost parallel margineil to near apex
where they are abruptly narrowed to form slender, fingerlike processes on
their outer margins; the spines of the tenth segment are rather long, tapering,
directed downward and then forward at the apex.

A large number of this species were collected on potato and for-
warded from California by H. H. P. Severin. The injuries to potato
and bean are entirely different from the injury produced by fabae
upon the same plants. It should probably be given the common
name, “ western potato leaf hopper.”

This species, together with arida, replaces fabae as a truck-crop
pest in the extreme western part of the United States.

Described from a series of 17 specimens collected at Stockton,
Calif., August, 1919, by F. E. Blaisdell, a series collected from po-
tato by H. H. P. Severin near Berkeley, Calif., May, 1929, anga
series of specimens in the United States National Museum from
California, Colorado, Arizona, Texas, and Oregon.

Holotype male, allotype female, and paratypes in author’s collec-
tion. Paratypes in the United States National Museum collection,
in Canadian National collection, and in the collection of E. D. Ball

EMPOASCA ERIGERON N. SP.
(Fig. 10)

A small green species resembling fabae but with more produced
head. ILength 3 mm.

Verfex bluntly produced about one-half its length beyond the auterior mar-
gins of the eyes, more than one-half as long on middle as next the eyes,.and
about one-half wider between eyes than length at middle; pronotum one-half
longer than vertex,
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Color: Green, tinged with yellow, markings variable; vertex u_sually w'ith
a median stripe and a pale, curved, parenthesis mark at cither sxde_on disk
and extending the length of the vertex; promotum with three large white sppts
on anterior margin, one at middle, and one behind cach eye; elytra yellowish
brown, apical portion white, veins conspicuous, )

Female genitalia: Last ventral segment with posterior margin roundedly
produced. ) ]

Male genitalia: Valve slightly indented on posterior margin; plut'es about
three times as long as width at base, tips upturned one-third their length
with apices bluntly angled. Of the male genital picces, the lat(.\.yal processes
of the pygofers are long and almost parallel margined with fingerlike processes
on outer margins in ventral view, in lateral view with a narrowed, curved,
fingerlike portion at apex; spines of tenth segment broad at base, dn-gcted
ventrally and with apical portion curved sharply and directed almost anteriorly.

Described from a series of 42 specimens taken by the author at
Cowvington, Dyersburg, and Clarksville, Tenn., in June, July, and
August of 1915 and 1917. )

Since describing this species from material collected about 12 years
ago, a large number of specimens have been examined from Wash-
ington, D. C. (Poos), and Columbus, Ohio (DelLong). Doctor Poos
has found in connection with his work with fabae that the species
erigeron passes the winter in the ege stage upon Erigeron annuus
and several other wild hosts. In Ohio it hatches in these habitats
in late April and early May and is one of the earliest of the genus
fiying in the spring.” Because of this it has undoubtedly been
mistaken for fabae upon wild host plants in early spring by previous
workers, especially since it is so common and abundant. ,

Holotype male, allotype female, and paratypes in author’s collec-
tion. Paratypes in the United States National Museum collection
and in the collection of E. D. Ball.

EMPOASCA ARIDA N. SP.
(Fig. 10)

Resembling fabae in form and appearance and definitely distin-
guished from it only by an examination of the internal male
genitalia. It occurs only in the western part of the United States
according to present records. Length 3.2 to 8.5 mm.

Vertex bluntly produced about half its length before the anterior margins
of the eyes, more than one-half longer on middle than next the eyes, one-half
wider than length at middle; pronotum twice as long as vertex, humeral angles
produced and prominent.

Color: Green, vertex and pronotum often tinged with yellow, markings
variable; sometimes with three rather large white spots on anterior margin
of pronotum or a seties of about six smualler spots; scutellum usually with
a median pale stripe sometimes almost concealed by the pronotum; elytra
greenish subhyaline, abdomen usually visible from above,

Female genitalia: Last ventral segment with posterior margin roundedly
produced.

Male genitalia: Valve twice as long as preceding segment, posterior margin
roundedly produced; plates rather broad at base, two and one-half times as
long as wide, tips upturned, plates frequently separated at tips, exposing
upturned apices. Of the male genital pieces, the lateral processes of the
pygofers in ventral view are almost parallel margined to near apex where they
are narrowed, and formed into a hooked curved portion extending from the
outer margins and with the apex extending inward; the spines of the tenth
gsegment are long, tapering, broadly curved, with apices extending ventrally.

Described from a large series of more than 250 specimens in the
collection of E. D. Ball, taken chiefly from sugar beets and alfalfa
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in Utah and California. Localities represented by this material are
Oxnard, Chino, Stanford University, Salinas, Riverside, Pasadena,
Spreckles, and Sacramento, Calif., and Logan and Soldier, Utah.

In the western part of the United States this species apparently
partially replaces or is comparable to fabae in the East, especially
upon such plants as the sugar beet.

Holotype male, allotype female, and paratypes in the E. D. Ball
collection. IParatypes in the United States National Museum collec-
tion and in that of the author.

EMPOASCA S8OLANA N, SP,
(Fig. 10)

In size and appearance resembling fabae, but bright green without
markings on vertex or pronotum and with distinct internal genitalia.
Length 3.3 mm.

Vertex bluntly produced, about one-third longer on middle than next the
eyes, almost one-half wider between eyes than length at middle, produced about
one-half its length beyond anterior margins of the eyes; pronotum about one
half Ionger than vertex.

Color: Bright green, washed with yellow; verlex and pronotum strongly
tinged with golden yellow; scutellum with a median white stripe and some
white spots on posterior half; elytra greenish subbyaline tinged with yellow,

Male genitalia: Valve three times as long as Preceding segment, posterior
margin slightly produced and rounded; plates triangular, elongate, rather
broad at base, three times as long as basal width, gradually tapered to long
acute tips. Of the male genital pieces the styles are almost parallel margined
on the basal two-thirds and slope inward, then are narrowed and curved out-
ward from outer margius; the lateral processes of the pygofers in ventrul view
appear abruptly narrowed and slightly attenuated at apex, in lateral view
they are long and narrow, terminally narrowed, concavely curved upward
forming a slightly hooked, narrowed apex; the spines of the tenth segment
appear as rather broad chitinous plates with apices narvowed and bluntly
rounded aud directed anteriorly and ventrally.

Described from two male specimens collected on potato at Baton
Rouge, La., one by T. H. Cutrer, October 28, 1918, and the other
May 16, 1922, by C. E. Smith.

Holotype male, collected May 16, 1922, in the United States Na-
tional Museum collection. Paratype male, collected October 28,
1918, in the anthor’s collection.

THE SUBGENUS IDONA NOV.

Vertex strongly produced, sometimes bluntly, but usually dis-
tinctly angled. In all species the vertex is alimost as long at middle
as width between the eyes. In some cases the vertex is longer on
middle than the width.

Type of subgenus, minuenda Ball,

KEY TO SPECIES OF THE SUBGENUS IDONA NOV.

A. Length more than 3 mm.
B. Length 4 mmeo o __.___. ; -
BDB. Less than 4 mm. in length.
C. Dark green washed with brown, without definite markings; vertex
yellowish green; occurs on red cedar— . __ junipera, p. b1
CC. Paler greenish or yellow with distinet color markings.
D. Long and narrow, pale yellowish green, unmarked; male
lateral processes of pygofers very short and tapered.
(Il 31 e clongata, p. 53

________________ panda, p. 61
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DD. More robust, shorter, not over 3.5 mm.; reddish brown, or
with red markings; male lateral processes of pygofers long
and with distinet apical structures.

E. White to pale green, vertex mottled with bright red
Jeaving white areoles; male lateral processes of pygo-
fers long and bowed_ . _________ rufe, p. 53
EE. With dull red or brownish red coloration and without
white areoles on vertex.
I*. Yellowish tinged with red; pronotum and scutellum
dull reddish; male lateral processes of pygofers
with inwardly curved tips.___ . ____. tincta, p. 54
FF. Elytra pale green with brownish markings, a large
pale area on base of clavus at either side; male
Jateral processes of pygofers with fingerlike tips,
projecting on outer apical margins.morrisoni, p. 54
AA. Length less than 3 mm.
G. Very small, not exceeding 2 mm. in Jength, com-
mon on avocado iu Florida-_._ minuende, p. 55
GG. Larger, 2.5 mm. or more,

. Vertex strongly angled, almost as long at
middle as width between eyes; elytra pale
green, a reddish or orange stripe along
claval suture. . ________ radiata, p. 56

HH. Vertex more bluntly angled, about one-haly
wider belween eyes than length at middle;
elytra greenish, veins white.
_________________________ mezicana, . 36

SPECIES OF THE SUBGENUS IDONA NOV.

EMPOASCA PANDA XN. SP.
(Fig. 11)

A rather lari;e species with strongly produced vertex, yellowish,
marked with white. Length 4 mm.

Vertex produced more than half its lengih beyond auterior margins of eyes,
almost twice as long on middle as next the eyes, about two-thirds wider between
eyes than length at middle; pronotum more than twice as long as vertex;
humeral angles produced and prominent.

Color: Golden yellow, elytra pale green; vertex with median white stripe, a
pair of oblique dashes just above margin and a pair on basal portion white;
three white spots on anterior margin of pronotum ; scutellum with a broad
median white stripe.

Female genitalia: Last ventral segment roundedly produced.

Male genitalia: Valve broad, slightly concave; plates rather long, gradually
tapered to acutely angled tips. Of the male genital pieces, in ventral view the
lateral processes taper to pointed apices, in lateral view they arc convexly
bowed outward just before the apex; the styles are rather short and in ventral
view are roundedly inflated at the base, the apices taper and are divergent; the
dorsal spines are heavy at the base, and a terminal spur projects at right
angles from the basal portion.

Described from two female and two male specimens from Van-
couver, B. C., in the C. F. Baker collection, labeled 2228,

Holotype male, allotype female, and paratypes in the United
States National Museum collection.

EAMPOASCA JUNIPERA N, SP.

A dark green species which occurs on red cedar and has the most
pointed head of any of the species of the genus. ILength 3.8 mm.

Vertex produced more than one-half its length before the anterior margins
of the eyes, almost twice as long on middle as next the eves, one-half wider

between eyes than middle length; pronotum less than one-half longer than
vertex.
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Color: Dark green tinted with brown; vertex yellow-green, a bright green
area above apex; pronotum with a pale area behind either eye; elytra brownish
green, unmarked, apices smoky; face and bencath yellowish to green.

na mexicana radiafa
FIGURE 11.—Male genital pleces of specles of Empoasca. X55.

mexi¢

Female genitalia: Last ventral segment roore than twice as long as prgced-
ing, posterior margin appearing almost truncate, slightly indented on either
side of central slightly produced lobe or tooth.

Male genitalia: Valve slightly produced, plates appearing short, rather
narrow, and with upturned tips.”
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Described from a series of one male and six female specimens
collected from red cedar, Juniperus virginiana, at Newport, Tenn.,
June 14, 1928, by Neale F. Howard and the author. The female is
designated as the type; although the male is apparently of the same
specles, it has a slightly shorter vertex.

Holotype female, allotype male, and paratypes in the author’s
collection. Paratype female in the United States National Museum
collection.

EMPOASCA ELONGATA N. 8P.

(Fig. 11)

A long, slender species, pale green to yellow, with a rather strongly
produced head and with distinct genital characters. Length
8.75 mm.

Yertex produced about two-thirds its length beyond anterior margins of the
eyes, almost twice as long on middle as next the eyes, about onc-half wider
between eyes than length at middlie; elytra very long and narrow,

Color: Green to yellowish, pronotum and scutellum sometimes tinged with
orange-yellow ; vertex usually with a median stripe and pronotum usually
with threc spots on the anterior margin and a white stripe on scutellun;
elytra pale green, an orange stripe extending from base of wing just outside
the claval suture almost to cross veins, also an orange stripe on inner marging
of elytra along commissural line from scutellum to apex of clavus.

Female genitalia: Last ventral segment with posterior margin rather gently,
broadly curved and only slightly produced.

Male genitalia: Valve narrowed, posterior margin slightly produced; plates
rather small, narrow, and appearing ratber short, about two and one-half times
as long as broad at base. tips rather strongly upturned, plates densely covered
. with fine white hairs. Of the male genital pieces, the styles are narrow, quife
strongly curved outward on apical half; the lateral processces of the pygofers
are rather short, curved at base, then tapering to acutely pointed tips; the
spines of the tenth segment arc narrowed apically and directed ventrally and
posteriorly.

Described from a series of 16 femnales and 7 males collected at
Friday Harbor, San Juan Island, Wash., July 26, 1928, by Martha
Schakleford, from shrubs in coniferous and alder forests. Also from
2 series of 12 specimens in E. D. Ball’s collection from Sacramento,
and Spreckles, Calif., and Helper, Utah, collected in August and
September, 1906 and 1907.

olotype male and allotype female, and paratypes in the author’s
collection. Paratypes in the collection of E. D. Ball and in the
United States National Muscum collection.

EMPOASCA RUFA, N. SP.
(Fig. 11)

A small white species with reddish mottling on the head and with
distinct genital characters. Length 3.2 mm.

Vertex bluntly pointed, produced ahout one-half its length beyond anterior
margins of the eyes, almost twice us long on middle as next eyes, about one-
fourth broader between eyes than length at middle; provotum one-half longer
than vertex.

Color: White, upper portion of face, margin of vertex between eyes, and
vertex with a complete network of bright red pigmentation with round white
spots exposed. On the vertex there is a large white spot just above apex
which is constricted behind, then expanded to form g large basal spot: a pair
of spots cither side between this basal spot and the eye and a pair on each
side of apex on the margin; the outer spot on ecach side envelopes the ocellus.
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Pronotum milk white flecked with gray; elytra milky white flecked with small
round gray spots, a Jarger one about the middle of the clavus along the com-
wissural line of each elytrom, apex faintly smoky, nervures white.

Female genitatin: Last ventral segment slightly covcavely rounded from
prominent lateral angles.

Male genitalia: Valve produced, posterior margin concave; plates appearing
twice as long as valve and pointed, but with tips upturned and blunt or rounded.
Of the male genital pleces, the styles are strongly curved outward at middle
with tips strongly diverging; the cedagus is narrow at base, enlarged at apex;
the lateral processcs of the pygofers are loug and curving., in ventral view
directed inward, and cros<ing just boyond middie, then with apices produced
and curved inward until they almost touch; the spines of the tenth segment

are short and broad, dirceted backward, then downward, with apices acutely
pointed.

Described from a series of one female and seven male specimens
collected at Pasadena, Calif., June 17, 1908, by L. D. Ball. The
male is designated as the type.

Holotype male, allotype female, and paratypes in the ¥. 1). Ball
collection. Paratype male in the author’s collection.

EMPOASCA TINCTA N, 8P,
(Fig. 11)

Easily distingnished from the other members of the genus by its
pointed head and dull reddish tint. Length 3.5 mm.

Vertex decidedly pointed or angled and produced move than half its length
lefore the anterior margins of the eyes, almost twice as long at middle as next
the eyes, about one-half wider between the eyes than length at middle.

Color: Vertex vellowish, sometimes tinged with red; pronofum and scutellum
dull reddish; elytra slightly tinged, subhyaline; abdomen reddish, and casily
vizible from above; beneath, yellow tinged with red.

Female genitalia: Last ventral segment with posterior margin roundedly
produced, the entire margin shallowly notched so as to form ahout six short,
rounded lobex.

Male genitalia: Valve rather broad, truneafed posteriorly, and slightly
notehed at middle; plates rather broad at base, produced and appearing blunt
at the tips, but with apical portion turned upward. Of the male genital pieces,
the styles ave long and slender, curved inward just bevond the center, their
apices diverging; the lateral processes of the pygofers are slender, curved out-
wurd just before the apex, their tips converging; the xpines of the tenth seg-
ment are broad and appear more like plates with apices narrowed and pointed
and directed ventrally.

Deseribed from a series of six female and five male specimens from
Ephraim, Utah, July 20, 1914, in the collection of 1. D. Ball.
Holotype male, allotype female, and paratypes in the E. D. Ball

collection. Paratypes 1n the author’s collection and in the United
States National Museum collection.

EMPOASCA MORRISONI BARTZELL
(Fig. 11)

Described by Hartzell in 1923 (/8). o _

A species with prominently produced head and distinet white
markings. Internal genital characters distinct. Length 3.5 mm.

Vertex prominently produced and sharply rounded, almost twice as long at
middle as next the eye, one-half wider between the eyes than length at middle,

produced more than one-half its length before anterior marging of the eyes,
pronotum long, about twice as long as vertex.
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Color: Yertex, pronotum, and scutellumn pale brown; vertex with a median
white line and a spot on either side just above apex; pronotum with three
large white spots, one at middle and one behind either eye along anterior
margin; elytra pale green marked with brown and white, anterior third washed
with brown, a large pale green area almost white on the base of the clavus,
apical third of elytra brown or smoky, veins broadly greenish and prominent.

Female genitalia: Tast ventral segment roundedly produced to rather promi-
pently angled apex.

Male genitalia @ Plates about four times 2s long as basal width, tips upturned.
Of the male genital picces, the styles nve enlarged at the center and produced
almost straight, sloping inwardly to apices; the laterul processes of the pygo-
fers are long, almost parallel margined and with slender produced fingerlike
processes on the outer margins as seen in ventral view; the spines of the tenth
segment are long. broad at base, then gradually narrowed to acute apices
which are directed ventrally and slightly anteriorly.

This species is known only from a series of specimens collected by
Harold Morrison in a pine grove at Pacific Grove, Calif.,, May
29, 1915.

',l‘ype in the Morrison collection, United States National Muscum.

EMPOASCA MINUENDA BALL
(Fig. 11)

Described by Ball in 1921 (7).
A very small, green species with strongly angled vertex. It is a
pest of avocado. Length 2 nim.

Vertex sharply angled, produced about one-half its length before the anterior
margins of the eyes. twice as long on middle as next eyes and as long at middle
as width between the eves; pronolun eone-half longer than vertex.

Color: Varying from pale to golden yellow, without detinite markings except
in varietal forms.

Female genitalia: Last ventral segment with the posterior margin roundedly
produced.

Male genitalin: Valve triangularly produced; plates elongate, triangular,
narrowed to attenuate apices which are upturned. ‘Che structures of the male
genital pieces are very peculiar in wminuende and rather difficult to describe,
In ventral view a pair of processes arise at about the middle of the oedagus
and extend caudally and posteriovly. The ocdagus extends dorsully from this
point and another portion curves off in the sume manner, but is not paired.
The lateral processes of the pygofers seem to be lacking or <o mintte that
they are not casily recognized. The styles are long and narrew at the buse,
then become enlavged and divergent with a couvexly curved fingerlike process
arising on the inner margin of each near its apex.

Described from specimens collected at Miami, Fla., on avocado by
G. F. Moznette and known only from this place and food plant.

This species resembles very strongly a Dikraneura in general ap-

earance, and the wing venation is slightly different from the typical

mpoasca venation, but according to the present classification it
should probably be placed in the radiata group.

Type in collection of E. D. Ball.

EMPOASCA MINUENDA VAR, MOZNETTEl BALL

Described by Ball as variety moznettes in 1921 (7).

Differing from typical minuenda by a pair of separated spots on the pronotum,
three spots, one large and two small, on the scutellum, and six spots on each
elytron black. Two are found on the clavus, three on the costa, and one on the
corium of the elytra.

Found on avocado with typical minuenda.
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EMPOASCA MINUENDA VAR. CLAVIGERANA BALL

Described by Ball as variety clavigerana in 1921 (1).

DifTering from typical minuenda by a pair of dark stripes which arise just
back of margin of vertex and extend across vertex, pronotum, and scutellumn,
and along inpner margins of elytra where they frequently appear as one stripe,

fusing on the scutellum. These stripes are sometimes composed only of broken
dashes,

Occurs on avocado in company with the preceding species and
variety.
EMUPOASCA BADIATA GILLETTE

(Figs. 2 and 11)

Described by Gillette in 1898 (13). )
A small species with strongly produced vertex and with reddish
or orange stripes on clavus of elytra. Length 2.75 mm.

Vertex produced more than one-half its length beyond the anterior marging
of the cyes, twice as long on middie as next to eyes and only slightly wider
between eyes than length at middle; pronotum about one-third longer than
vertex, humeral angles prominent so that pronotum is wider than head.

Color: Dull greenish, marked with white and red; vertex with a paler median
line and oblique dashes which are sometimes wanting; pronotum with three
rather large white spots on anterior margin; scutellum with posterior half
white ; elytra pale greenish, a stripe along claval suture, a broad one along anal
margin, and a stripe along anterior half of commissural line red or orange.

Female genitalia: Last ventral segment produced, posterior margin roundedly
notched either side of produced central half.

Male genitalia: Valve about twice as long as preceding segment, posterior
margin concavely rounded; plates rather loug but appearing short and with
pointed apices because of the lateral curling of the apical fourth. Of the
male genital pieces, the styles are strongly curved at middle with tips di-
vergent; the lateral processes of the pygofers are long with apices curved
outward.

The type is from Colorado and other specimens in the National
Museum collection are from Texas. Specimens in the author’s col-
lection are from Washington, D. C., and Knoxville, Clarksville, and
Paris, Tenn.

This species was collected from herbaceous vegetation. The exact
food plant is not known.

Type in the United States National Museum.

EMPOASCA MEXICANA GILLETTE
(Fig. 11)

Described by Gillette in 1898 (13).
A very small species with bluntly pointed head and a striped
appearance. Internal male structures unique. Length 2.5 mm.

Vertex bluntly angled, produced more than one-half its length before anterior
margins of the eyes, almost twice as long on middle as next the eyes, about
one-half wider between eyes than median length; pronotum one-half longer
than vertex.

Color: Green washed with yellow, vertex ard pronotum varying from green
to golden yellow; vertex with a median pale stripe sometimes extending across
pronotum, a spot either side on margin, and a spot on either side at base white;
scutellum with white mottling; elytra greenish subhyaline, the veins broadly
white, causing the insect to appear striped.

Female genitalia: Last ventral segment broad, almost truncate,

Maile genitalia: Valve concave and slightly broadly notched at center; plates
robust, rather heavy, elongate, tips upturned and blunt, outer margins convexiy
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rounded, sparsely clothed with short, inconspicuous hairs. Of the male genital
pleces, the styles are long and narrow, wider on basal than on apical half;
the lateral processes are long and in lateral view curved upward at the tip,
in ventral view they are narrow on hasal two-thirds, then widened, and the
apices are sharp pointed and directed inward; the oedagus is rather large,
with a pair of long, slender processes arising on the posterior side necar the
base and extending almost dorsally. Another process arises in similar location
but more dorsally. The dorsal spines of the tenth segment extend ventrally
and curve sharply anteriorly, The apices of these processes are broad and
heavy.

A series of specimens consisting of five females and three males
collected at Marfa, Tex., June 5, 1908, by Mitchell and Cushman,
and now in the Umted States National Museum collection, are ap-
%arently this species. Gillette’s type could not be located in the

ational Museum.

LIST QF DESCRIBED SPECIES WITH SYNONYMS

In the present revision 51 species have been treated. Twenty-four
of these have been described before and 27 are described as new in
this bulletin. In addition to those mentioned above, 13 species are
placed as synonyms of other described species, and 1 European
species is placed as a synonym of an American species because it was
ated in error. Also 10 varieties are treated, 7 of which were previ-
ously described and 8 of which are deseribed as new in this revision.

The species and varieties have been placed in four subgenera, two
of which were previously described and two of which are deqcnbed
in this bulletin. A list of the species and varietics treated in this
revision follows:

8ubgenus Krxbos IFieler: Subgenus Emponsca YWalsh :
pergandei Gillette (1898). rccurtata n. sp,
acodens n. sp. snowi Gillette (1898)
pectinata n. sp. rubide n. sp
trilobata n. sp. bardara Hnrt/ell (1923).
matigne Walsh (1864). billncnta n. |p
unicolor Gillette (1898), birdii Godin (189
denticula Gillefte (1898). paliida %illotte (189\) in part.
atrolabeg Gillette (18‘\8) pallidula n. sp.
unica Provancher (1890) hamate n. sp.
splendida Gillette (IQQS) hamate var. albonofa n. var.
obtusa Walsh (1864). flamenta n. «p.
incisa Gillette (1898). filamenta var, ablreviata n, var,
incida n. sp. zincula n. sp.
patula n. sp. deluda n. sp.
patula var, maegna n. var. cerca n. sp.
albolinea Gillette (1898). febae llarris (1841).
saluta n. ep. . mali LeBaron (1833).
aureoriridis Uhler (1877). viridescens Walsh (1884).
aurenviridis vav, vittata Hartzell (1023). congobring Walsh (1864).
smaragdula Fallen (1806). malefica Walsh (1864).
viridipes Curtis (1837). albopicta Forbes (1884).
trifasciate Gillette (1898). allida Gillette (1898) in part.
digita n. sp. avescens Fabricius (1794) (Amer-
copula n. sp. ican records cited in error).
livingstoni Gmettc (1898). abrupta n. sp.
clypeata Gillette and Baker (1893). erigeron n. sp.
clypeata \d]‘ anneclle Hartzell (1923). arida n. sp.
adunca n. golana n. sp.
osbornt Hart7cll (1923) Subgenus Idona nov. :
Subgenus Hebata nov. pande n. sp.
nigra Gillette and Raker (1895). juniperaq n. sp.
nigra var. fyphiocyboides (1893). clongata n. sp.
rohus{a Gillette (1898). rufg n. gp.
ngra var. wigroscuta -lllctte and tinctn n. sp.
Baker (1895). morrigeni IMlartzell (1923)
nigra var. pulchella Gllletle and Baker minuende Ball (1921).
(1893). minuenda var. moznc¢tledi Ball }1921).
espersg Gillette and Baker (1895). minucnda var. clavigerang Ball (1921).
gcncura Gillette (18 radieta Gillette (1898).
tumida Gillelte (IR‘N) mezicana Gillette (1898).

coccinea Fitch (1851).
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SPECIES NOT INCLUDED IN THIS REVISION

Empoasca tessellata (Fieber). Described by Fieber (10) in 1872
as Chlorite tessellata. Although spechmens of this uropean species
have not been examined, it is apparently different from Gillette and
Baker’s aspersa which had been cited as a synonym and if so it
apparently does not occur in North America.

Lmpoasca salinarum (Berg). Described as T'yphlocydba salinarum
by Berg (2, p. 274) in 1879. It apparently does not occur in North
America.

Empoasca flavescens (Itabricius). Described as Cleada favescens
by Trabricius (6, p. 46) in 1794, As stated previously in this paper,
favescens has not been found in any material available for examina-
tion at this time. A drawing has been included in Figure 8, however,
to Tacilitate comparison with American species.

Empoasce pure (Stil). Described as Typhlocyba pure by Stal
(23, p. 195) in 1838. No specimens authentically identified have
been available for comparison, and from the description it seems
doubtful that this species is represented in North America. It has
therefore been omitted from this revision of the North American
species.

Empoasca alboscripta Van Duzee. Described by Van Duzee (25,
p. 66) as E'mpoasca alboseripta in 1914, This is undoubtedly a true
ﬁ]mpoasca but it has been impossible to secure any material authen-
tically identified. Since a number of species are closely related it
has been impossible to place it, and it has therefore been omitted
from the present revision.
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