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INTRODUCTION

Previous work on the genus Empoasca® in the form of mono-
graphic studies has been published by both Gillette (13)® and Hart-
zell (17, 18). During the last 30 years the pioneer work of Doctor
Gillette, in particular, has filled an important place as a guide for
workers on the species of this genns. Eeconomnic problems, however,

*The present revislon Ling been made possible througl: the kindness and cooperatlon of
I. B, Grof, W. H. Lartimer, ang N. T, § ownrd, of the Bureay nf Entomology, nnd Presi-
dent George W, Rightmlire and R. C. Oshurn, of the Ohlo State University. The wrlter [a
also Indebted to E. D, Ball for nccess to hla valuable collection of weatern specles, for
reévlew and crlticism of the manugeript, and for the checking of charecters ; to Harold
Morrison for Kiudnesses extended in the Natlonnl Museum pnd for the privilege of
exnmininf materlnl in his private colleetlon; to Herbert Oshorn for the privilege of usleg
materjal In his private collectlon and tor the use of his Ulbre fv.a' to T, @ Sanders for the
use of veluable materlal in biz private collection; te P. B waon for material lonned
from the Kansna University collectlon; ta W, B, China, ef the Britlsh Museum of Nntura]
History, for typlenl speciinens of flavescens from Buropean localities v and to H, I Boverin,
of Derkeley, Calif., for coilecting ana torwarding speelmens of ubm}ﬁta for experimental
atudles, . P, IFlint, F. . 8mith. F. W. Poog, A. A. QGranovsky, 1. H, Beverin, A, N.
Tissot. B, W. Davls and Athert Hartzell bave rearcd materie] and forwarded (¢ for klepti-
fication. Al of thls material has heen of service In dclcrmininfg certnlo specles limitn-
tiony, !'ﬂo these, und to nll who bLave nesisted fo any way, the anthor expreseca hia
npprecintion.

Slice submitting thls manuseript for publicatlon {August, 1029) E. P, ¥an Duzec hay
publshed {(1'an-Paclllc Entomnloglst 0:148, Apri), 1930) the descriptlon of AEmpogscn
denaria V. D, This 18 probally the spevies treated fn this bullstin ns E. rubida.

2 0rder Ilomopters, family Clendellldne.

* Itnlic pumbery in prrentheses refer to Literature Cited, p, 58,
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brought about by species of this genus which have become important,
have calied 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 %)roperly explained
these differences. The species could not be differentiated, neither
could the problems be solved satisfactorily, with the previous inade-
quate characters. The urgent need for the differentiation of these
insects, some of which are of great economic importance, furnished
the chicf stimutus 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 economic interrelation-
ships, Joes not belong to the present treatment of the genus. There-
fore ouly & brief statement of this nature with specinl reference to
the previous taxonomic standing of economic species, host-plant
relationships, and distribution will be attempted.

The potato leaf hopper, Empoasce fabae Harris, has been consid-
ered for several years the most important economic species of the
genus because of 1ts severe dumage to potatoes, heans, clover, alfalfa,
rhubarb. egaplant,; 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 Hterature under at least
eight different names. It has %een called E. flavescens by many
workers since the carly work of Gillette plnced flavescens (referring
to this insect) as o common species in North America. But flaves-
cens is apparently « purely European species, and present work
upon specimens from the British Museum and from various Euro-
pean localities and comparisons with material available for study
in the more important collections from Canada and the United
States have shown that favescens does not occur in North America.
No economic damage in the European countries has been caused by
flasescens comparable to that which fabee has caused in the United
States, and it would seem that fevescens 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 Bavon {19) when he found it on apple in 1853.
Walsh {27) called its various color forms consebrine, wiridescens,
and malefica. Forbes (12) named it elhopicia in 1884, and in 1808
Gillette (13) called specimens which had been preserved in fluids
before mounting by the name of paflide.

L. fabae has been considered as well distributed, at least in small
numbers, throughout the United States. (Fig. 1, &.) n. H. Sev-
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erin, in investigating leaf-hopper problems in California, found that
hopperburn did not occur upon potatoes in that area, and that s
different type of injury, a white stippling appearance only, was
caused by the green leaf hoppers working on potatoes in that and
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Fiovna I.—Maps showing the present known distribution of the more common
species of Euiponsea in the Unlted States: A, Ranpge of fabae is indleated by the
shinding, Ioeatitles In wideh abrapte his Goen found are ind icated by the crosses,
and the distribution of eride is shown by cireles; B, distributlon of maligng, tine
nost i

fon of aride is s
most importnnt specles found on Croategus

neighboring States. This leaf hopper has been referred to as 7.
flavescens ty Severin {22). This difference in injury might have
been explained upon the basis of differences in climatic factors, but it
is actually due to the fact that, as the present study has revealed,
entomologists are dealing with entirely different species of insects
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in the case of the California problem and throughout the arid West
in general. There are at least three species which have not previ-
ously been named or properly designated and which have been con-
fused with febas. In view of its present distribution {Fig. 1, A},
one of these species is here named arida. It is common In the West
on alfalfe and sugar beets and probably has a much wider host
range.

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

A third western species, filamente, which is widespread and sbun-
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 fabae
occurs npon the potato plant in Louisiana and is here named solana.

In the eastern part of the United States other common species have
been placed under the name fabas. The work of Doctor Poos has
broaght to light the life history of a very common one which passes
the winter in the egg stage on Erigeron annuus and hatches early in
the spring. Another common species which has apparently never
been deseribed, but is placed under the name of fabae, is difurcata,
which oceurs on tansy and related plants.

Although the commuon 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 upparently feeds entirely upon apple
and wild varieties of Creataegus. (Fig. 1, B.) This species spends
the winter in the egg stage in the apple twigs and hatches early in
the spring. On the other hand, E. fabae usually makes its Srst ap-
pearance upon apple in the spring in the adult stage, and adults are
normally found in small numbers upon apple in the spring before
the eggs of the first generation hatch.

Considerable loss is caused in Florida by ménuenda, which is s
serious pest of avocado, and occurs in large numbers upon these
trees. Several other species cause injury to different types of plants,
but as many or all of these plants are economically unimportant, the
insects are probably viewed in the same light. As a rule, when 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 obtuse, smaragdula, osborni, albolinen, aureoviridis, and elypeata,
and probably others. These species have no important place in the
literature because the willow is not an important economic plant.
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But in 2 willow gerden, where these plants are raised and used for

the making of baskets and furniture, the injury aboub the oviposi-

i(;in:)n scars causes loss, since the injured shoots can not be bent without
reaking,

The sgpecies trifasciata is common on cottonwood (Populus del-
toides), and coccinea is found on white pine {Pinus sirobus);
whereas the sagebrush (Artemisia tridentata) has s considerable
population composed of nigra and varieties, nigroseute, typhlocy-
boides, and pulchella. Species of Alnus support atrolabes and unica,
and funipera is found on ved cedar (Juniperus virginiana) through-
out eastern Tennessce,

The importance of careful and thoroughly reliable taxonomic work
by economic entomologists can not be easily overemphasized. Many
economic aspects and phases of the present economic problem have
remuained unsolved or unknown for years because of inadequate taxo-
nomic work. Practically rione 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
& consequence our literature contains many erroneous statements
concerning ecotomic 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 economic status and its
capacity for causing economic damage. Personal observations in the
fietd have shown that when a green Empoasca leaf hopper appears
upont a wild host plant in early spring, it can not be sssumed, as
has been the custom in the past, that it is fabae, even though it
resembles fedae in size, appearance, and coloration.

GEOGRAPHICAL DISTRIBUTION

It is quite evident from material examined that the genus Em-
ousca 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 Kurope and Asta, and
Naude (20) has found the insects in South Africa. The genus is
probably more widely distributed then the foregoing data would
mndicate, especially in many intervening aveas,

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 economte species have probably seldom been
correctly identified in different areas, especially those widely sep-
srated, and consequently the data which have been previously pre-
sented can not be relied upon. For instance, none of the material
collected in Novth America has proved to be flavescens, and the dis-
tribution of this species is appavently more limited than was previ-
ously supposed. Likewise fabae has not been 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 vrevi-
ously stated. The whole question of distribution has been suddenly
changed by the finding of more accuratc or relisble specific charac-
ters, and the consequent finding that many of these leaf hoppers are
entirely different from others which were previonsly thought fo
belong {o the same species,
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HISTORICAL RESUME

As far as availuble 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 Gicade flavescens. In 1808 . smaragdula was described by
Fallen (7). In 1841 Flarris {16, p. 186) described fabae under the
greneric name Tettigonia. Fitch in 1851 (17) described coceinea from
pine as belonging to the genus Empoa. In 1858 Stil (23, p. 295) de-
seribed pura as a member of Typhlocyba. This species was later
cited ns occurring in North Americn, but it probably docs not oceur
here. The genus under discussion, however, was not described or
named until 1864, when it was given the name Emponsca by Walsh
(27). At this time he designated three species, viridescens, oblusa,
and consobring as belonging te this genus. In the same paper he
cliscussed the genus Empoa and wrote:

Two specles, one on pine ang the other on ozk, are deseribed by Doctor
Fitel, in his entalogue of New York Howoptera, and referred to this gepus. As
he says nothing of the neuvatlonm of the wings, they may possibly belong to
Empoasen, Empog rose and I, fabe Harris, are in the same predicament.

The species on pine was undoubtedly coccinea. Both coccinea and
fabae have been placed in Empoasca, and the other species referred
o 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 maligne in this genus, but made abnormis,
which is now placed in Diltraneura, the type.

Two years later, in 1866, Fieber (2, p. 608) described the genera
Chloria and Kybos. The former of these was preempted, and in 1872
{10) he proposed the name Chlorita for Chloria, and in 1875 Doug-
las ﬂb’, 7. 26) gave the name Cybus as an emendation of Kybos.

Uhler {84, p. 474) in 1877 described qureoviridis under the genus
Typhlocyba. Woodworth (28, p. 218) in 1889 attempted to group
in a general way the American spectes previously described. He
recognized the genus Kybos as distinet and made Chlorita a synonym
of Kybos.

In 1890 Provancher (27, p. 340) described unica as o member of
Typhlocyba, and Goding (78} described dird#i as an Empoasea.

In 1895 Gillette and Baker (14, pp. 107-110) described five species
and one variety under the names of clypeata, aspersa, nigra, pul-
chella, nigroscuta, and the variety typhlocyboides as belonging to
Emponsca.

When Gillette (/3) made the pioneer study of the species as 2
penus in 1898 (73), he placed the genera Chloroneura, Kybos, and
Chlorita as synonyms of Empoasca since the characters used for
separating these groups were too variable and could not be defined
as generic characters. During this study he treated 14 European
and American species which had previously been described, and
named 16 others as new. This publication by Gillette has formed
n working basis for the identification of these species of Empoasca
for the last 30 years 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
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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 nccessary when these problems are
reworked by future taxonomists who have better series of specimens
and have found more constant characters for separation.

Tn 1914 Van Duzee (25, p. 56) described one species, alboscripta.
With this exception no additions were made to this genus until 1923,
when Doctor Hartzetl, following his previous economic work, com-
pleted a paper on the genus Emponsca (28). In this paper he recog-
nized all of the species previously deseribed and added five which
had not been named, Hartzell followed Gillette alinost precisely
and failed to distinguish the cconowmic from allied species althoug
ho 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 cconomic species and that several
apparent synonyms of cconomic species remained unplaced, and
since problens in biology, host plants, relationships, oceurrence, and
distribution of certrin 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 sullicient quantity to make possible the determination
or ascertainment of these characters.

THE GENUS AND ITS POSITICN

The genus Empoasca is closely allied to several other genern cf
small delicate leaf hoppers belonging to the subfamily ?Euptery-

ginae {Typhlocybini of Van Duzec). These are members of the
orcder Homoptera and family Cicadellidae. This subfamily was
previously distinguished from the other leaf hopper subfamilies
by 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
number of the species of Empoasca, as well as members of other
of these gencra, have conspicuous ocelli. In many species the veins
of the first pair of wings are conspicuous to the base, especially
when a satisfactory method of study and technique is devised. But
as n 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 2 good basis for separation. .

The genus Empoasea can most casily be distinguished from its
ellied 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 is closed by a submarginal vein. No anteapical cells 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. Bright pigmentation of red or other
colors is occasionally found.

Although this group has been treated as a single genns, there are
distinet nnd 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 ensily
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 are
usually concealed in the normal specimen. These are often referred
to as imnternal genitalin. Yet if it must be decided whether a given
form belongs fo a species of economic importance and there is no
other distinctive structural character, resort must be had te such
differences for the more basic work. The external genital charac-

] [ ' + [l E]

1 * L} . H . » . 3 *
- -‘..-.,.._:.-._,,._E....;._.:..._ B R T Lk T SURr. P
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Frcyre 2,—Types of bends of the subgencrn of Emponson ¢
A, Head of alrolabes, an excmple of the subgenus Kﬁbos
I-‘ieber; B, g2pcrss, example of the subgehus Hebuta
nov.; C, abrupte, exampie of subgenus KEmpogsca
YWalel; D, redicfa, cxample of sghgenus Idong oov.

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

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 seen between species of most of the allied genera,
Color charuacters are somewhat variable at hest, but it is almest im-
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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 trae that the similar color pattern
15 frequently a good recognition mark or indicator of the species
concerned, but there should be & 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 character. 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 YERTEX

‘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 2 good
character for the subgenus Kybos and separates those species quite
eastly from the group with the strongly curved or angled vertex
which is rather strongly produced betore the anterior margins of the
eyes. Varying degrees of this curvature or length of vertex may
occur, and this difference is used in grouEing the species. The

comparative length of vertex to basal width between the eyes is used
iIn most specics and is a rather constant character and easily
recognized. (Tig. 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 pergandes, maligna, atrolabes, acodens,
pectinata, trilobate (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. For 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 illustrated

24488—31—2
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by the long slender plates of the maligne group, as contrasted with
the broad, heavily spined, apically upturned, and compressed plates
of the obiuse 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 strue-
tures are composed of the oedagus, a central structure; a pair of
ventral styles iying just dorsad of the plates; the style-oedngus 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 pectinata
atrolabes pergandei maligna,

FiGure 3.—Last segment of the female of six repre-
sentntive specles of Emponsca

been seen in other genera, and no reference can be found in litera-
ture regarding them. Previous workers who have studied the in-
ternal genital pieces of species of Empoasca have apparently at-
tcmptcc% to find only those pieces represented in the gemtal 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 maligne 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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them. These same lines, a succession of dashes for the styles, o dash
and dot for the cedagus, and n dash and three dots for the lateral
processes of the pygofers, have been used in all the subsequent
ulustrations to distinguish these parts.

THE OEDAGUS

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

‘pygufer\--.,_.

/E’.Lateral progess
A/  of pygofer--
aedagus
/dorsal spine of
o7 tenth

Frarae +.-——Mnle genitul pleves of maligne, with the varlous stroctures indicnted by
name and by the type of line nsed. In this and in the following drawings the
stylew are reprasentedl by a line of dashes, the oedagns by a dash gnd a dot, aud
the iaternl processes of the pygolers by u desh amd three dois

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
abtempt to separate them, these processes will be found to Le excellent
distinguishing chavacters. The fabee group has been confused by




12 TEOHNICAL BULLETIN 231, U. §, DEPT. OF AGRIOULTUKR

this attempted separation on a color basis, and it is safe to say that
no worker has ever been sure whether he had fabae 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. Tt will be noted also that flavescens (fig. 105), the
European 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 aride (fig. 10), one of the common
western spocies, mey be distinguished from either of the former is
by the curved, hooklike structure at the apex of these lateral proc-
esses. Superficially abrupte (fig. 10), a very common potato-infest-
ing specics 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 fabee, 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 bifurcain (fig:9) the long vermiculate lateral processes
are unique. These processes are variously medified 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 paiv of which occur dorsally on every species
examined, avise 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 ante-
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 processes 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 OE 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 abdomen were removed by a simrp pointed
scalpel or o 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
holdirg the pin so as to place the insect upside down with the point
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where the abdomen is to be severed vesting 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 ailowed to soak gradually they remain normal,

After the softer parts of the body liave been destroyed by the
cnustic-potash solution, the specimen is placed in an aqueous solu-
tion of glycerin with about 5 per cent o? 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 erecimens 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
ean be labeled on the side, easily handled, and stored temporarily
in tin saive boxes for protecting and preserving the specimens. The
glycerin makes an ideal medium for uze in ﬁnis 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 2s 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
abdominal structures on slides and allow the cover glass to press
upon them, thus changing the normal position and frequently the
appearance of these siructures 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 ag to study and draw these strue-
tures in natural position in the inflated abdomen as they are found
normally. The student or worker can always duplicate this natural
position for study, whereas it is doubtful if both or either of the
former mrrangements will permit of exact duplication of position
with other specimens. This is important, as the relative 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 for identification if either
of the former methods of preparation is used.

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

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

A. Veriex broadly rounded, only slightly prodaced befere puterior marging
of the eyes and almost parallel marginced; or if blunfly angularly pro-
duced, the vertex about twice as wide between cyes as median length,

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

vertex wliich ig not greatly produced . —_._ Subgennus Kyhos, p. 14

BE. Smaller, not over 3 m. in length (except coceinsa), verlex

usually more produced and rounded or broadly bluntly angled

: fubgenus 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 usually not more than

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

longer in arida) Sulbgenus Iimponsea, p. 36

CC. Vertex sirongly produced, usually distinctly angled, almost

twice as tong nt middle as next the eyes_Subgenus Idona, p. 50

THE SUBGENUS KYBOS FIEBER

Tertex broad, almost parallel margined, searcely produced before anterior
margios of eyes, Largest speeies of group wedgeshaped in appearance.
Type of subgenus, siwaragdule Fallen.

KBEY TO GROUFPS

A, Male platez loug and narrow with almost parallel marging {0 mear base,
at least five times as long as basal width, Female segment usuzlly
notched, ineised or lobed at apex maligne group, p. 14

AA. Male plutes broader at base and tapered, usually heavily eclothed with
spines. Plates not more than four times as long as broad. Female
segment usually cuntire on posterior mavgin. . ______obfusg group, p. 19

KEY TO THE SPECIES OF THE MALIGNA GROUP

A. Green without definite color mearkings except blaek spot before inmer
npleal cell of elytron.
B. Female segment nofched or with projecting testh.
C. FPemale segment with a median U-shaped noteh, styles of male
tapered to rather acute tips pergandei, p. 16
CC. Female segment with teeth or median lobe, ne U-shaped median
notely ; males unknown.
D, Femnle segment with teeth on outer angles.

E. Femgrle segment with a long, slightly curved, sharp
pointed tooth one-third the length of segment pro-
jecting from each outer angle, central portion
with a pnir of short teeth acodens, p. 16

EE. Female segment with teath shorter and more biunt
on outer angles, median third forming a broad

tooth which is notched at middle__._pectinata, p. 16

DD. Female segment without teeth, divided by two rounding

jncigions into three rounded lobes_._—____frilobata, p. 17

BR. Femsale segment with an oblique notch either side of median sunken
tooth, styles of male with the apical portion strongly curved.
{Figs. 3, ) malignae, p. 17

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

F. Dark green to brown, claval suture bluish, fe-
male segment with an obligue notch either
side of sunken median tooth; male lateral
processes of the pygofers long, tapering, and
glightly sinuate near apex, oedagus with
ventral eaudal process————___uirolabes, p. 18

FF. Brighter in coler, almost red, female segment
rounded, without notch; male lateral proc-
esses of the pygofers expanded before tip and
speartike urice, p. 19
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salufa

Fiouie 5.—Mnile genltnl pleces of species of Empeonsen, X 00, Instead of & cott-
plete draw!ing of the ventral aspect of the genitalla of selufu, only the apical
portion of the Infernl process of the pyuefer Iy showo

SPECIES OF THE MALIGNA GROUP
EMPIOASCA PERGANDET GILLETTE
{Flgs. 3 amd 5)
Deseribed by Gillette us an Empoascs in 1898 (73).
In form, size, and color resembling malignea, but with a large black
spot just before cross vein of inner apical cell and with genitalis
distinet. Length 3.75 mm,

-
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Vertex broadly rounded, slightly prodnced beyond the anterlor marging of
the eyes, almost twice ag wide belween eves as length at middle, parallel mar-
gined ; pronotum wider than head und more than twice as long as head.

Color: Panle green tinged with yellow; vertex, anterior portion of pronotum,
and scutellum yellowish; elytra with a large bluck spot just before cross vein
of lnner apfcal cell,

Female genitalin; Last venfral segmment with the posterior margin comvexly,
then concavely rounded and produced to central half which is dlvided by a
U-shaped notch extending about one-fourth the distance to the base Into two
broadly rounded projecting lobes.

Male genitalin: Valve with a broad V-shaped notch:; plates six thnes ns
long as width at base with tips tapered and upturned, Of the male geuital
picces, the cedagus is simple, the styles are slightly curved and gradually
tuprered, and the laternt processea of the pygofers are curved Inwardly near the
apleea,

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,
Rocliville, and Hartstown, Pa. (Sanders and DeLongS, Med?ord,
Mass., and New Haven, Conn,

Type in U. S. National Museum.

EMIOASCA ACODENS N. 8B,
(Fig. &)

In general appearance resembling pergandei but female with sharp
lobed genitalia. Male unknown, I:Length 3.5 mm.

Vertax almest parallel margioned, as long at middle as next the eyes and
twice as wide between the eyes as length at middle.

Coler: Pule greenish subhyeline washed with yellow, without definite
markings.

Fematle genitalin: Last ventral segment rather long, postevior murgin slightly
sinuate hetween two long pointed teeth which are found on the outer anples
of the posterior margin. These teeth are concavely rounded on the iomer
marging and aimost straight on the outer margins aund are produced almost
one-third the length ol the segment beyond the posterior margin.

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

esceribed from a single female collected in the Pocano Mountains
at Tobyhanna, Pa., Angust 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.

EMPOASCA PECTINATA N, 8P,
{Plg. 8)

Resembling pergande? in peneral appearance and coloration, but
with distinet female genitalia. Length 3.75 mm,

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

Color: Pale green, vertex and proootum washed with yellow : elyten with a
lnrge blaek spot on either wing just before inner apical cross vein; apices of
elytra hyaline and without eoloration.

Female genitulia: Last ventral segment with the posterlor margin composed
of three or four distinct teeth; if three, the central tooth is about twice as
broad as the two cuter teeth und with a deep notch on cach side; or the central
foolh may be divided and present ¢ row of four pointed teeth almost equul 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 genitnlia of the female seem to mark it as a distinet
form.

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

Holotype female and paratyvpe female in the E. D. Ball colleetion,
University of Arizona, Tucson, Ariz.

EMPOASCA TRILUBATA N. BP,
(Fig. 3}

With head more produced than in pergander and with female
genitelin distinetly lobed. Length 8.5 mm.

Vertex roundedly produasd, n iittle longer on middie than pext the eye, und
priacticnlly twice ns wide belween eyes as lenpgth at middle; pronotumn with
prominent humera!l angler which are produced and wider than the vertex.

Color: Bright green, vertex, pronctum, and seutellum washed with yellow.
Veortex with three pile areas; pronotum with three irreguinr pale areas just
back of posterior wurgio; elyten bright green to apieal cross veins, then hyaline
without colorution; o large black spot just before inter apical eross vetn,

Female geuitalia: Last venirzl! segment abont twice as long as preceding,
posterior margin rather deeply roundedly notehed on either side of central
third, thus formiug three rather broadly rounded [obes o6m the posterior
nuirgin,

Described from three female specimens. The holotype is from
Snow Shoe, Pa., and was collected August 22, 1918, by J. G. Sanders.
An nllotype is from Woburn, Mass., and was collected September 26,
1918 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., August 24, 1818, by J. (g- Sanders.

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

EMI'0ASCA MALIONA {WALBE}
{Figs. 3, 4, and 5}

Described by Walsh under Chloroneurs in 1864 {27} as the com-
mon green leaf hopper orn apple. The female was redescribed by
Gillette in 1898 (13} as Empoascr unicolor. In the same paper the
males, as they now stand in the museum as types, were redescribed
as 'mpoasca denticula.

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

Vertex parallel murglned, broudly rounded anterlorly and only slightly
produced beyvond anterior muargins of eyes, width between eyes a llttle more
than (wlee length at middle; pronotum with premivent lateral angles and
apprearing wider (ban bead, more than twice as long as head; elytrn long,
votied at apex, giving the ingect a wedge-shaped appearance.

Color: Bright green, markings vurying; usually with a median longitudinal
stripe on vertex extending on to anterior portion of pronotum, s spot either
stde on vertex, and posterior margin of pronotum pale: sentellum usually
orange-vellow with median pale stripe; face, vertex, and pronotvm frequently
tinted with ornnpe; elvtra bright green, apical fourth smoky,

Female renitnlia: Last ventral sogment with posterior margin reundedly
produced to a central rather broad, blant, sunken tooth formed by an obliguely
dfrected notch on elther side.

24488-—-31—-3
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Male genitalia: Valve with a broad deep V-shuped noteh extending more than
halfway te base; plates long and narvew, more than five times as long as width
ot base; male genital pleces similar to those of pergendei; lateral processes
of the pygofer lony and slightly enrved at tip; styles long and oarrow, almost
straight, and with Inwusrdly curved apices (ventral vlew).

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 hend, and in view of the use of this name in literature at present,
a neotype is erected at this time for reference for future work and
has been deposited in the author’s collection. It is labeled “ Dela-
ware, Ohie, 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,
F.octor, 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 insect 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 haiches early in the spring. This is one
of the most important economic species of the genus.

Neotype in the author’s collection.

EMPOABCA ATROLABER QILLETIE

{Figs. 2, 3, and B)

This species was described by C. P. Gillette as an Empoasca in
1898 (12). '

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 maligne. Length 8.5 mm.

Vortex searcely produced beyond anterior margins of eyes, broadly rounded,
a little more than half as long on middle as width between eves; pronotum with
promiuently produced humeral angles, slightly wider than head and more than
twice ag loup.

Color: Dark or dnll green, vertex with pule mottling, anterlor half of
pronotum aud seutellum yellowish brown ; elytra with claval vein bluish green,
a large black epot before the cress nervure of the Inner apical cell, apleal
fourth of elytra smoky.

Female genltailn: Last venrtral segment angulavly produced to center of
posterlor murgin where a broad sunken tooth sometimes notehed at middle 1s
formed by an obligque notch either side. The posterior margin ends in a sharp
peint on elther side of this central exeavation,

Male genitnlin: YValve with o deen V-shaped notch as in meligna; plates long
and narrow, about six times ag long as width at base, Of the male genital
pleces, the oedagus differs from that of any of the closely related species by
having a long veutral egudal spur which-projects from the hody of the gedagug
ebout tweo-thirds the way from the base, lateral processes of the pypofers very
long and slightly waved at the apex, vhe styles much shorter and tapered at
apex,

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




THE AMERIOAN SPEQIES OF EMPOARCAL 19

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

This species is found on alder (Alnus) and is not considered of
aconemic importance,

Type in United States National Museum.

EMPOABCA TINICA (PROVANCHER)
{Fig, 5)

Described by Provancher as a Typhlocyba in 1890 (21, ». 340) and
redescribed by Gillette as T'mpoasca splendida in 1898 (13).

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

Yertex mere anguiaviy produced beyomd the anteripr marging of the eyes
than in etrolubes, ouly a little wider betwoeen eyes than length at wmiddle; pro-
fotum as wide 08 head and abouf ene-hinlf longer,

Color: Yeriox bluish green, anterior third yellowish: anterlor two-thivds of
proncturn brownish red, posterior margin banded with bluish rreen; seutellum
bale brownish; elytra brownish red, & stripe alomg elaval vein and nnother
atong eostal mavgin bluish green, apical fourth smoky; face and beneath pale
rellowish green,

Female penitaila: Last ventrrl sugment more than fwice the length of the
preceding, posterior margin rovndedly produced.

Male genitulls: Vulve angularly notched about hnlf way to base; plates
long nnd very narrew, about six times as long as basal width, Of the muie
genital pieces, in ventral view the styles are taperad apienlly z2nd somewhat
divergent, the cedagus tpperrs to be short, the lateral nracesses of the pygofers
are long, eross near their apices, and nre sagularly breadened on the inner
murgint Hke a spear,

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

This specics is abundant on certain species of alder {Alnus) but
is not considered of economic importance,

KEY T¢ THE SPECIES OF THE OBTUSA GROUP

A, Green or yellowish without definite stripes, buunds, or dark markings.
B, Less than 5 mun. in length.
C. Male lntern? processes of the prrgofers enlarged near tip, in ventral
view showing s conspicuous projecting tingerlike process oo jnner
margin, (Fig. 5.} abtuse, p. 20
CC. Laternl processes of male without lingerlike processes on inmer
margin in ventral view, .
D. Length 4.5 mm.
E. Lateral pygofer processes of mnle in ventral view narrowesl
before apex, then enlarged. In lateral view with n ventral
fingerlike process incidae, p, 21
IB. In ventral and lateral view male lateral processes tapered to
apex and sinuate patyla var. magna, p. 23
DD. Length 4 mm, or less,
F. Claval vein of elyira bhroadly white, male unknown
aitolinea, p. 23

FF. Clavul vein same color ag clytra, not white,
G, Mnle internl processes of pygofers tapered and sinuate
nt apex patule, p. 22
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3G, Male lateral procezses of pygeiers abruptly narrowed near
upex to form dorsat lingeriike process {in Ltteral view}
saluta, p. 24
BB. Length § mm. or more, lateral processes of the pygofers stout, in
laferal view enlarged and {opered near tip . anreoviridis, p. 24

AA. Color uniformly brown, black, or banded or striped with Gark marckings.

H. With definite bands, stripes, or coior wmarking.
I. 8ize 4 mm. or lesy,

J. A rather conspicuons dark sivipe along inner marging
of elvtra extemding Irom  base of pronctom
smaragdris, p. 25

JJ1. Blytrn net siviped but semetimes banded,

K. Green with three conspicuous transverse bands one
o the nronetum, one gseross the middle, and
another avress the napices of the elytrn
——— Irifuscinin, p, 28

KE. Bither net green or without bands,
L. Geeen with pronofum and scuteilum [vequently
dark brown to plack. . digita, p. 26
. LI. White to gray, a brownith bl acvess prouvtum
and two geross efytra, one gf apex, and one on
middle of cluvus _— copuia, p. 27

11, Size larger, § rmom,
M. A transverse band acrogs anex of elytra black,
and 2 broad lopgitudinnl stripe deross vev-
tex, proootum, snd scuieibatm and on o
elytra biack livingstoni, p. 27
MAL. A large bluck siripe extending slong inser
murgiug of elytra from posterioyr purtion of
prouatum fo apex of elytra_ o
_________ —enttirgon T Mdig var., wittala, p. 25
HE. Rather uniformly durk in woler {brownish or black)
without bands or siripes.
N. Length & mm. or more; weslern in disiei-
uztion,
0. hgle interal processes of pygofers long,
straight, taperod to zeutely peinied tips
clypenin, p, 28
00. Tips of male lnternl processes of pygo-
fers not straight.

P. In lateral view with tips of male pro-
rosses strougly sinoate. Spines of
anal chitinous ring more elengaie
and parrvowed than in  elypeaia.
{(Fig. T) oo viar. aknella, p. 28

PP, T'ips of male igteral processes provided
with shallow hooks hent Iaterally

and anteciorly. (Fig. 8) _.adunce, p. 31

NN. 8maller, 3.5 mm., brown; ¢astern in distrl-
buticn.  Msale laternl pygofer processes
inflated hefore upex aud with a ventral

finger process {Interal view, fig. Ty o—ee
osborni, p, 31

'SPECIES OF THE OBTUSA GROUP

EMPOABCA OBTUSA WALSH
(Fig. 5)

Described by Waish in 1864 (27) as an Empoasca. The female,
which has a slight incision in the last ventral segment, was appar-
ently redescribed as Empoasca incisa by Gillette in 1898 (13).



http:clypea.ta
http:ail'co"�.'ir.Us
http:trifascill.ta

THE AMERICAN SPECIES OF EMFOASCA 21

This is the common green, broad-hesded species without definite
markings that oceurs on willow and poplar. Length 44.5 mm,

VYertex produced on the middle half beyend the antertor margin of the eyes,
slightly longer ut mlddle tharn next eye, more than iwilee ns wide between eyes
us fength at middle; pronotum almost two and ooehalf times as iong as
vertex,

Color: Pale green, without defluite markings; vertex frequently tinged with
yellow; pronotum nnd seutellum usuaily with central pale stripe and other
ireegular light marviiogs; elytre greenish subbyuline, abdowmen visible from
thove.

Fomade genitalin: lLast ventral segment lony, preduced to bLlunt reundod
apex,

Male genitulin: Valve bround, broudly anguluriy rounded, almost twice as
wide us fong; pluates more then theee times as lony ws basal width, tapored
to curled narrow tips, heavily clothed with long pale spines. Of the wale
penltal pleces, in veriteal view the lnteral processes of the pygofers ave broad-
encd apienily nid have prominent fingor-like projections on the inner margins,
Theso stractures are used o distingunish the species of this group. The styles
ave comstricted nplenlly, and the aplees ave turned ontward,

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 Homoptora a neotype is erected at this time and depostted
i the authot’s collection.” It is labeled Mitiwanga Ohio 8-15-27
from willow.”

This is apparently a very common species on willow and poplar.
Specimens in the National Muscum collection are from Colorado
{C. F. Baker collection), Ohio, Pennsylvania, Algonquin, II., Ala-
bama, and Washington, D. C. Other specimens examined are from
Williamsport, North Kast, Hartstown, and Presque Isle, Pa. {San-
ders and DeLong.)

EMPOASCA INCIDA N, 8P,

A yeltowish species with vertex broad and parallel margined, bus
somewhat produced. Length 4.5 mm.

Vertex brondly, angularly produced almost one-half its length before the
eyes, move than twice as wide between eyes as length at middle; prouotum
mote than iwice ag wile as long.

Color: Golden yellow, pronctum with three white spots on anterior margin,
seutellum with whlle mottting, elyvtra with a1 white opiue gppearance,

rewnle genitadin: Tast venival sepment rather long, the posterior margin
not strongly produced, gently convexly rounding.

Male genitulin: Vulve about twice ns long as preceding seminent, posterior
margin trimeate or slightly produced; plates long, strongly curved, upturned,
and ntecalty flared on apical thiv, heavily clothed ventrally with long spines
uned babrs. OF the muile genitai pieces, the lateral pygofer precesses In veutral
view are constricled and agnin onlarged near apex, in literl view there is
woventeal, slender, finger-like process; styles tapered at apex und strongly
dvergent ; spines of tenth segment long and broadly eurved.

Described from z serics of 13 male and 18 female specimens from
Vancouver, B. C,, in the collection of E. D. 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, Ohie, and the United
States National Museum collection, Washington, D. C.
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= - L il 1
aureoviridis aureoviridis

Figuap §.—>Mnle genitn) pieces of specles of Empoasca, X50

EMPOABOA PATULA N. BP.
(Fig. 5)
Resemblin% obtusa in form and appearance, but with vertex more
produced and with distinct internal genital structures. Length 3.6
to 4 mm.
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Vertex broadly rounded but considerably produced, extending almost half
itg lergth beyoud anterior margins of eyes, only & little lontger on middle than
next the eyed, more than twice as broad as long; pronotum more than twice
as long ns vertex.

Color: Dull green washed with yeliow, scutellum with basal angles some-
times ornnge; elytra pale green, subhyaline, sometimes their inner margin with
& parrow pencll Hne black,

Female genitalla: Last ventral segment very sirangly produced, apex nar-
rowed and almost nngled, convexly rounded from near hase.

Male genftalin: Valve narrovwed posterlorly and with postertor margin gently
produced ; plates rather broad at base, gradually narrowed to bluntly rounded
tips, posterior half vpterred and fiaring, heavily clothed ventrally with long
black spines. Of the male genital pleces, the lateral processes of the pypofers
are slender, tapered at the apex, and sinuate. This is the character by which
it enn be distinguished from obinse and closcly related forms. In ventral view
the styles are more curved outwardly, beth basally and apically, than those
of abtusa. Chitlnous spines of tenth segmment mere stender and elongated than
In oliusa.

Described from a series of specimens collected at Dyersburg, Tenn.,
June, 1915 (DeLong); Orono, Fort Kent, and Portfand, Me., June,
1813 (Osborn) ; and Harrisburg and several other localities in Penn-
sylvania in June and July (Sanders and DeLong).

HolotyPe male, allotype female, and male and female paratypes
in author’s collection, (%’olumbus, hio. Paratypes in United States
National Museum collection and collections of Herbert Osborn,
Columbus, Ohio, and E. D. Ball, Tucson, Ariz.

EMPOASCA PATULA VAR, MAGIA N. VAR,

Appearing entirely distinet 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 greatly produced and appearing broader.

Color: Bright yellowish green, almost devold of markings; three white spots
on pronotum usuilly- more or less consplenocus; usually with a broad white
stripe on scutellum; c¢lytra appearing opaque, veins at apex yellow, con-
spleuous.

Genitalin: Both Internal and external struoctures, 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 s
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 B. D. Ball.

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

EMPOABOA ALRDLINEA GQILLETTE

Described by Gillette as an Empoasca in 1898 (19).

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

Vertex stromgly curved with about half its lengtk produced beyond anterfor
marging of eyes, a little longar on middle than next the oyes, and more then
twice as wide between eyes as length at middle.

Color: Vertex, pronotum, and seutellum orange vellow: vertes with a central
white longitudinai stripe and a dash either side about half way to eye; pro-
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notum with a pale line ajong anlerlor margin, o spet at middle om anterior
margin, and an feregular bloteh behind either eye white; usually a longi-
todinnl white stripe aeross scutellum; elytra yellowlsh green, a whitlish green
stripe dlong commissural Itoe, and claval vein broadly white; costal veins more
greenish,

Genitnlin: Femnle segment with posterior margin roundeily produced.
Male anknowl.

Known only by the type specimens from Douglas Co., Kans., and
Xlinois; 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 oceurring on willow.

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

Type in United States National Museum.

EMPOABCA SALUTA N. BP.
(Fig. B)

Resembling obtuse in general form and appeavance. Length
3.5—4 mm,

Vertex ahmost parallel margined, slighily produced before anterior margins
of eyes, more than twice ua wide ax long,

Color: Pale green tinged with white and yellow; elytra greenisi, subbyatine,

Femile genltnlia: Last ventral segment with posterior margin roundedly
profiuced.

dale genitnlia: Piates long, triangainr, tips upturned, ventral surface covered
with heavy spines. Of the male genital pleces, in ventral view the lateral
processes of the pygaefers are long with hooked or sicklr-shaped terminal proe-
osses.  In iateral view these processes nre rather broad 1o nenr the iupex where
they nve rather nbruptly constricted or notched on the ventral side to produce
a dorsal fingerlike terminal process, Dorsnl spities of tenth segment long and
norrow with tips attenuated and directed ventralty.

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

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

BMPOABCA AUREOVIRIDIS (UFHLER)
(Flg. 6)

Described by Uhler in 1877 os o Typhlocyba (24, p. 474).

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

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

Color: Yellowish green with Irregular and variasble mottling; vertex, pro-
notun, and scutellum usnally washed with yellow and sometimes with pale
medlan stripes or markings neross pronotum and scutellum; elytra pale green,
subhyaliie.

Femnle genitalia : Last ventral segment sirongly convexly produced, side mar-
gina deeply voncnvely Indented on either side of central half, which is round-
edly produced and stightly indented nt middle, giving posterior margin o lobed
appearance,

Male genitalin: Valve onec-third louger than preceding sepment, apex broad
and nlmost truneate, slightly lndented at middle; male plates Jong, turned
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upward and flared at tips, apices rather broad and rounded, heavily nrmed ven-
trally with long white spines. Of the male genitul pieces, the lateral processes
of the prgofers in ventral view are rather ubruptly tapered to the pointed
aplees; In ateral view dorsal margin stranight, ventral margin enlarged near
apex, then tapered to a sharply poinled apex; spines of tenth segment strongly
curved nnteriorly and Inwardly.

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

Loeation of type unknown.

EMIOASCA AURECVIRIDIS VAR, VITTATA HARTZELL

Described by Havizell as Empoasea vittata 1928 (18).

In size and form: ngreeing with aureowviridis Uhler and dis-
tingnished only by the black stripe extending from the pronotum
along the commissurnl line of the elytra to the apex. Length 5 mm.

Verfex thiost pavailel margined and only slightly produced before aunterior
margiing of eyes,

Color: Pale green or yellowishh with a brownlsh spot covering tiie medlan
posterior two-thilrds of the pronotum; this forms the anterior portion of a
broudl, brown stripe that extends across the seutellnm and along the inner mar-
ging of the wings to the apex.

Gentinllie; Female segment concavely produced to form prominent obfusely
angled posterior margin,  Dxternal andd internal male genditalia ngreelnp almost
exactly with those of aunrcowiridis. They can not be separated by any genital
charaeler.

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

Type in the author’s collection,

EMPOABCA SMARAGDULA (FALLEN)
{Fg. 8}

Described by Fallen as a Cicada in 1806 {8, 2. 63) and redescribed
as viridipes by Curtis in 1837 (8, p. 640).

Usually distinguished from the other species of the genus by the
Glack stripe extending from the posterior portion of the pronotum
to the npex of the clavus along the comimissural line. Length 4 mm.

Vertex brondly rounded, parnllel margined, slightly produced befere anterior
murging of eyes; pronotum three times as long as vertex,

Color: Groen to yellow, marked with dark brown or blnck; vertex usually
green to golden yollow: pronotum with centrpl portlon brownish and lateral
portions puier: seutellum brownish, together with dark portion on prenofum
forming the stripe which extends along the elytra; elytra greenish, & broad
brownish stripe extending to apex of clavus, basal third or fourth of elytra
smoky; face and benegth yellowish to green,

Female genitalin: Lust 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.

Mnie genitulin: Valve rounded and sloping to a bluntly angled posterior
margin; plates long, tips twisted laterally and curled, aplces appearing pointed
but broadly rounded and protruding upward, heavily set with black spines. Of
the male genital pleces, the styles are more slender than in allied species and
rather strongly curved cutward at apex, the lateral processes of the pygofers
ave lung and gradually tapered to the pointed npices, and the spines of the
tenth segment are lorg and rather strongly curved.

24488—31—HA4
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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. (anthor’s collection). This insect is
common on willow, and Gillette has recorded it on Crataegus

rivularis,
Location of type unknown.

EMPOASCA TRIFASCIATA (GILLETTE)
(Fig. 8)

This species was deseribed by Gillette as Empoasca trifasciata in
1898 (13}, ond has remained as a good species.

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

Vertex broadly rounded, scarcely produced beyend auterior margins of eyes,
twice as wide between eyes as length at middle; prorotum more than twice as
long as vertex. Hlytra long, abdomen reaching to about apsx of clavus.

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

Female penitalia: Last ventral segment slightly roundedly produced and
slightly Indented at middle.

Male genitaiia : Valve produced and strongly rounded ; plates long and taper-
ing, heavily covered with white and block spines and usually recurved at the
tips. Of the male genital pleces, the styles (in ventral view) are strongly
constricted and narrowed about one-third the distance from the apex, forming
long, slender, outwardly curved aplces; the ocedagus 18 long and narrow; the
lateral processes of the pygofers in ventral view appear strongly constricted
ond 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, Til., and Ames, Iowa., Other specimens in the National
Museum are from St. Louis, Mo., and Chicopee, Mass. Specimens
in E. D. Ball’s coliectivn are from Ames, Iowa, and Fort Collins,
Colo. A common species on Carolina popiar (cottonwood).

Type in United States NationalMuseum collection.

EMFDAGCA DIGITA N. 3P,
(Fig. 6) -

Resembling obsusa in size and general appearance but with vertex,
pronotum, and seutellum frequently black and with distinet internal
genital characters. Length 4 mm,

Vertex broadly, roundedly produced about one-half its median length heyond
anterior marging of eyes, parallel margined, almost three times as wide between
eyes as length at middle; pronotum three times as long as vertex, humersl
angles produced and prominenti, pronotum wider than head ircluding eyes.

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

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

Male genitalia: Valve about two and onehalf times as long as preceding
segment, broad and slightly roundedly produced posteriorly; plates rather
long with apical half upturned aod laterally eurled and flared, apices rather
brogdly rounded. Of the male genital pieces, the lateral processes of the




THE AMERICAN BPECIES OF EMPOABOA 27

pygofers in ventral view are long and slendar each with u slender fingeriike
process on the outer margin; in lateral view they are tapered to a pointed
apex; the siyles in ventral view are very alender and strongly curved out-
wardly ; the spines of the tenth segment are broad and not strengly 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 Musenm collection, Canadian National collection, Ottaws,
Canada, and collection of E. D. Ball.

EMPOABCA COPULA N. BP,
{Fig. T)

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

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

Color ; Whitlsh to gray, marked with brown gnd tinged with golden yellow:
vertex mostly golden yellow; prenctum brown, anterior margin with a narrew
white aren, lateral margins mottled ; scutellum dark brown, apical third paler;
elytra with a dark band across middle of elavus extending to costal margin
aud n band across apex extending forward to apex of clavus; face golden yellow
with a median white stripe; lorae white.

Male genitelin: Valve about two and one-half times as long as preceding
gsegment, posterlor margln slightly produced and broadly angled; platea tri-
angular, about twice as long as valve, gradually tapered and set with heavy
apines. Of the male genital pieces the oedagus 18 very slmilar to that in other
closely related species, the styies are similar but more slender than In related
specles and gradually tapered to the rather blunt divergent apices, and the
lateral processes of the pygofers in laternl view have a distinet terminal doraal
flnger process which appears on the inner terminal portion in ventral view.
These latter processes easily distinguish thia specles,

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 Aungust 9.

Holotype male and paratype male in the author’s collection.
Described by Gillette in 1898 (73).

EMPOABCA LIVINGBTONI QILLETTE
(Fg. T)

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

Vertex almost parallel margined, only slightly produced befere anterlor mar-
gina of eyes nnd more than twice as wide as middle length; pronotum two and
one-half times as long as vertex, deeply concave posteriorly, laterml angles
rounded ; elytra greatly exceeding abdomen,

Color: In well-marked specimens the color is greenlsh or yellowish preen;
posterior portion of wvertex dark brown or black; centrai half of pronotum
black; scutellum and o rather broad sivipe extending about half the length
of elytra along the commissural line and a broad band covering apical cells
ol elytra black; other specimeps are entirely dark brown to black.
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Female genitalia: Last ventral segment strongly produced, lateral margin
deeply councavely notched op either side about halfway to apex, forming a
produced lobe which is abouf one-half the width of the segment.

Male genitptia: Valve nbout three times as long as preceding segment,
slightly c¢oncave, almost truncated; plates long but appearing short beenuse
of thelr upturned and flating tips, the apices of which are broadly vounded,
henvily clothed ventrally with long white spines. Of the male genitnl pieces,
the styles are heavy at base, greatly narrowed at abeut half their length, and
divergently produced], ench with a heavy tuft of loug hairs on the dorsal side
which extends well into the genital chamber; the lateral proceszos of the
ygofers in ventral view are rather heavy, slghtly eularged before apex, then
vather abruptly poeinted, in lateral view appearing stightly cnlarged and with
A terminal ventral finger process; the spines of the tenth gegment rather long
and bhroadly curved.

The cotypes in the Museue are from Faston, Wash., and the other
specimens in the collection are from Colorado and from Vancouver,
B. C. A series of specimens in the collection of E. D. Ball are from
Vancouver, B. C., and were collected by Livingston in July and
Aupust, 1896.

Cotypes in United States National Museum.

EMPOASCA COLYPEATA GILLETTE AND BAKER
(Fig. 7)

Degcribed by Gillette and Baker in 1895 {14, p. 108).
Stmilar in size and form to edtusz but usnally pale to dark brown
in color. Internal genitalia distinct. Length 4 mm.

Vertex Lroadly rounded, produced about onc-third its length beyond anterior
marging of eyes, almest one-fourth longer om middie than next eye, more than
twice 85 wide as long; pronotum more fhan twice as Iong as vertex; elytra
greatly exceeding ahilomon.

Color: Yellowish brown, frequaently tinted with dull green, posterior portion
of pronofum darker; elytra brownish subhyaline, veins vellowish; beneath
yellowish with variable brown markings,

Female genitatin: Last ventral segment strongly proftuced, sides sloping to
pointed apex which iz blunt at tip.

dale genitalia: Valve with hroad, slightly angled apex; plates compressed
Literaliy and upturned at tips, heavily armed ventrally with lohg dark spines,
apices vounded and flaring. Of the male genital pleces, the lateral processes -~
of {he prgofers are long, slender, and tapered to acufe tips in lateral and
ventral views; the spines of the anal fube ring (tenth segment) are heavy
at the base, somewhat right angled, and are not so long or slendor as in annella;
and the s=tyles are rather slender and rather strongly recurverd,

There is a large serics of specimens from Colorado (C. F. Baker
collection} and a small series from California. Recorded as occur-
ring on willow. :

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

EMPOASCA CLYPEATY VAR, ANNELLA HARTZELL
(Fig. T)

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

Resembling elypeate 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 parallel margined, slightiy produced before anterior
margins of eyes, more than twice as wide as long,
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Color: Durk brown, vertex sometimes pale, pronotum amd sentellum Tre-
quently wlth a light mediun stripe ending in & white spot on disk of seutellum ;
elytru appearing striped, brown tinged with green nnd with ciaval suture
heavily, brondly brown and with o broad stripe on the corium, apienl fourth
brown,

Frauus 7.—>Mlnle genitnl pleces of species of I'mpoascz, X 50

Genitalin; External genitella not differing from elypeats. .

The interanl genitnl characters in the male which distInguish this variety nre
the waved or sinuated tips of the Iateral processes of the pygofers and the
leng, slewiler, broadly curved spines of the anal tuba cing whicl extends both,
ventrally and inwardly into the genital chamber,




30 TECHNICAL BULLETIN 231, U, 5. DEPT. OF AGRIOULTURE

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.

X \.
¥
coceinea coccinea aspersa,
frigyun 8,—Male genttal pleces of specien of Emponsca, X355

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

Type in the author’s collection.
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EMPUASCA ADUNCA N, SP.
(Flg. 8}

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

Vertex brondly rounded aud produced about one-third its Iength before
anterior marging of eyes, slightly longer on middle than next the eyes, twlce
a3 wide between eyes as length at middle; pronotum twice as long ns vertex,
lhiumernl] angles rounded off, not prominent,

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

Genltalin: Tn external appearance very similoe to those of the others of this
group, Female genitalin: Last ventral segment steongly produced and rounded,
concavely notched either side of centrnl produced third which is reunded
ut apex,

Mule genitnlin: Valve miore than three times as long as preceding segment,
laterel marging rounded, posterior margin almost truncate, frequently with
a pair of smull rounded teeth at middle formed by a slight medion incislon;
Mntes leng, apical portion upturned and curved laterally, heavily clothed with
long splnes and haivs. OO the male genitul pieces, the internal genltal strye-
tures which wlil easily distingulsh this species are the shallow hooks bent
Interally nnd anteriorly on the aplces of the laternl processes of thie pygofers.

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

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

EMPOASCA OSBORNI HARTZELL
{Flg. T)

Described by Hartzell in 1923 (18).

A pale brownish species smaller than efypeate and occurring on
willow in the eastern and southern parts of the United States. Form
gimilar fo that of obfuse. Length 8.5 mm.

Vertex more produced than in clypeata, produced ulmost one-half of its
length beyond anterior margin of eyes, nbout twice as wide as long and slightly
longer at middle than next the eye. Pronetum twice as long as vertex, humerai
apgles not greatly produced or prominent.

Color: Dull yellowish green 1o brown with darker markings sometimes
washed with orange on vertex and pronotum ; frequently & palr of dark brown
blotclies extending from middle toward the eye upon either side of margin of
vertex above ocelli; pronotum bheavily mottied with dark brown; scutellun
with a pale aren at middle; elytra pale brownizh, subhyaline, venation con-
spicucus on posterior half; beaeath yellow to green.

Femate genitalin: Last ventral segment strongly roundedly produced to a
prominent roanded apex.

Male genitnlia: Valve twice ns long ny preceding segment, posterlor margin
broad, gently sloping and nngled. slightly Indented at center; plates appressed
and upturned at tips, heavily armed with long black spines. Of the male genital
pleces, the styles are long and slender, the lateral processes of the pygofers
kave rather abruptly broadened, rounded portions near the apex and are then
abraptly narrowed to the slender attenuated tips (veniral view). In lateral
view these processes are narrow, enlarged at apex, and terminate in a ventral
caudal fingerllke process. The spines of the fenth segment are long and
gtrongly curved, nnd their aplces are directed anteriorly.

The type specimens are from Mariette, 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 NOYV,

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

Type of subgenus, nigra Gillette and Baker.

KEY T0O THE SPECIES OF THE SUBGENUS HEBATA NOV.
{nigra-gspersg group)

AL Uolor binek, or pule green with binek or red mnrkings. Qecurving on
sagebrush, Tess thun 3 mmo in lengeh,
1. Rather uniformby blaek in color --—-ttigra, p. 32
B Iate with biack or reddish to brownish markings.
. A blaek spot on seutelmm and postecior porfion of pronotum and
a ospel on comnussural Hine just before apex of  clnvus
R yar. #igrosenfa, p. 33
O Withont el markings but marked with ved or reddish brown,
D. Paie withy broken reddish stripes between veins of elytra
- vuy, typhlocyboides, p. 33
DD. White to gruy willt red stripes as above but intensiticd by
smoky bunds across middle of elytra and apieal cross
yoing__ var. pulchelia, p. 34
AN, Pale to dark green or tinted with red on vertex and pronotum, but with-
oui sputs or fines of reid or blael coloration.  Usually 3 mm. or slightly
nore i1 length,

1. Durk green ov reddish in cotor. Qedngns of nutle with o
piir of long processes extending enudully and dorsally
from basal end, Occurs on pine coceinea, p. 30
FE. Useally palev or brighter greeu. Ocdagus of male with-

oul processes arising from basni end.

I, Hiytra puide green, uswadly moitled with smoky, giv-
ing it 0 mosaie gppeittinge. Male laferal provesses
of pygofers strongly curved and {apered {u ucule
tips. {Figs. 2 and 8) dspersa, p. 34

PR, Biytra dull green, veins pule, giving it o striped
appetcance, | Male Titeral processes of pygofers
stightly enfarged near aspex and rather osbruptty
pointed. (Fig. 8) alboneura, p. 35

SPECIES OF THE SUBGENUS HEBATA NOY.
EMUOASCA NIGRA GELLEMTE AND BAKRER

{Fig. 8}

Deseribed by Gillette nnd Baker in 1895 {14, p. 108).
A small black species with bluat heud, occurring on sagebrush.
Length 2.5 to 2,75 mm.

Hend biunt and rounded, produced more than one-half its lengih beyond
anterior nurging of eyes, anc-third louger on middie than next the eye, alinost
twice as wide as [ong: pronotum move than twice as long us vertex, head
wider fhan pronotum, humeral angles not produced latevally; elytrn rather
ahork, about three and one-half times as long as broad, :

Color: Dark brown to black with vurying paler angd durker areas; elytra
usually with o lighter :ren Jjust before apical cross veins, apical fourth
ustunily subliyaline; beneath dark brown or Biack.

Fenuile genitalia: Lust ventral segment rather long, posterior margin some-
whitt produced nnd anmlarviy roonded.

Male genitalia: Valve broad at spex and truncated; pimtes about four
times as long as wide at base. siiphHy convexly rounded to what appear to
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e pointed apices beenuse the apiend tourth is upturned. OF the mule genitnl
picres, the skyvleg are short with the apices curved nutwm'(.lly; the Internl prow-
egses of Ihe pyeefers lony and slender, normadly crogsing each n_tl:er neur
Ups and with apices on opposite slde of oedigus from base as feen in ventral
view: the spines of (he tenth segment rather heavy and rather woell eurved
near aplees,

The type and u series of specimens in the National BMuscum
are from Colorado (C. F. Baker collection). Recorded from sage-
brush (drfemisin fridentata).

Type in United States National Museum.

EMPGANC L NIGRA VAR TYPULOCYROIDES GILTETTE AND BAKER
{¥g. 8}

Dieseribed by Gillette and Baker in 1895 as Empoasca typhlocy-
boides (14, p. 110) and redeseribed by Gillette as £ rodbuste in 1898

13y,

{ Size and form same ag those of wigra and with the same external
and internal genital charnctors, but with different color and marldngs.
Length 2.5 to 2,75 mm.

Coler: I'ate yellowish to wilky white with doll reddish markings which mny
vary in patiern and Intensity; vertex wsundly yellowislyy pronotiun and elytrn
ranging from pale yellow to milk white, in wellmarked speclmens with two
Iongitudinn! lines oxtending from ocelll actoss vertex al pronotum to hasal
nngles of scutellum, pale rodilsh gr yellowishiy elytea frequently with dull
rodiish mettling helween wing veins or somotimes with the anterior balf
showing anly o fow redidish arkings on o milky white bnekground and with s
somoewhal detinite hand aeross iididle of elyrea s boneath pate,

Gonita! eharnelery: Tixactly as in nigre.

The type specimens of rebusta are only very pale female specimens
of fyphlocyboides and can not be distinguishec{ from pale specimens
t (s lutter type series.

Specimens in the collection of B. D. Ball ave from Salt Lake City
and Marysvale, Tiah, June, 1906, and from Gunnison, Colo., August,
1899, Oceurs abundantly en sagebrush (Artemisia tridentate).

'I‘)})l‘ in TTnitedl States Nationnl Museum collection, from Nevadsa
o, Clolo,

EAPOASCA NGRS VAR NIGROSCUTS GITLETTE AND BAKER

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

Agreeing with négra in general size, form, and genital structures,
It with diflerent color markings. Length 2.3 to 2.8 mm,

Calor: Yellowish or milky white witl dnll reddish markings n»s in iyphlocy-
heides, hut differing (rom it by o Llack spot covering the scuteltum and posterlor
partion of pronotum Just hefore it and nnether black spot along commissurng
ling Jugt befure cinvus; abidomen blaek above and pile honeath.

Extermal nnd male internil genitalle same as v nigre,

Specimens in the collection of K. D. Ball are from Marysvale,
Salt Lake City, and Helper, Utah, Reno, Nev., and Penticton, Brit-
ish Columbia (Downs). An abundant species on sagebrush (d»-
femisia tridenfala).

Type in United States National Muscum (C. 7. Baker collection)
with other specimens from Colorndo.
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EMPOABCA NIGRA VAR, PULCHELLA GILLETTE AND BAKER

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

Very similar to dyphlocyboides 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 o color variety of nigre. Length 2.75 mm.

Ground color as in fyphlocyboides, pule yellowish to milky white; vertex and
pronotum with vermiculate reddish brown markings: elytra millky white with
the markings of typhiocyboides, but intensitled by n darker or smoky aren just
back of sceteilum almost forming a band in some specimens, a smoky band
acress elytra just before apex of clavus, and a third which is quite distinet
across apex of elytri, especlally intemslfied at the eross veins of the upical
¢ells; velns at apex of wing pale and consplieuous,

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.

EMIOASCA ASPERBA GILLETTE AND BAKER
{Figs. 2 and &)

Described by Gillette and Baker in 1895 (74, p. 107). Gillette’s
later citation of this species us a synonym of fessellate Fieber 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,

Vertex bluntly rounded, produced more than half its length beyond anterior
margins of eyes, unt twice as wide as long; pronotmn about one and one-half
times as long as vertex; clytea rather short,

Color: Vertex, pronotum, and seutellum yellowish to pale preen, varying in
intensity and without detinite markings; elytra pale green, usually entirely
mottled with smoky, giving it a sort of mosaic appearance; velus light green,
congpicucus.

Female genitalin: Last ventral segment roundedly produced.

Male geoftalin: Valve with n V-shaped noteh on postericy margin; plutes
broad at base, tapering to pointed tips, which are usually upturoed; almost four
thines us eng as width at hase. Of the mule genital stroctures, the styies ave
stightly enlarged] and hent outward near the middle, and the tips are divergent;
the Interal processey of the pygofers are unique by thelir Inflatien or broadening
on the Inner marging near thelr middle and then concave, nnrrowing to long,
curved, nttentuated apices. In lateral view they are even more striking hy
their irregular shape and especially by the ventral ineision about one-thicd the
distance from the apex. The spines of the tenth segment are short, broad, and
searcely rounded.

A large series of specimens from Colorade (C. F. Baker collection})
and two specimens from Utah (Knowlton) are in the National
Museum collection. Specimens in the collection of B. 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 (driemisia tridentiata).

Type in United States National Museum.
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EMEOASCA ALDONEURA GILLETTE
(g 8)

Described by Gillette in 1898 as Ewpoasca alboneura (13) and
apparently redescribed as £. tumida in the same paper.

Easily distinguished from the other species of the genus by the
light veins, color markings, and distinct genitalin. Length 3 mm.

Vertex strougly but bluntly angled, produced more than half its length beyond
the suterlor murging of the eyes, one-third tonger on middie tban next the
eyes, not quite twiee &5 wide hetween eyes na length at middle,

Color: Dull greenlsh ; vertex with a median stripe and s obligue dash elther
shile white: pronotum with three large pale spots on anterior margiu; elytra
dull greenlsh, veins pnle and couspicuous, green color of elyira sometimes
appearing tinted with brow,

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

Male genltnlls: Valve angularly notehed ; plates appearing tapered to polinted
apices heeause of folded and upturned tips, about four times as long as wldth
st base, Of the male genital pleces, the styles are nurrow and ave strongly
curved warlly nt milddie, then thelr aplees dlverge; the oedagus is enlarged
and broad on apieai hulf in ventral view; the Internl processes of the pygofers
are convexly curved inward, the apices slightly broadened and concively nar-
rowed on outer murgins to poinled tips (ventral view} ; in Iateral view aphenr-
tng_almost straight mud tapered to acutely angled, attenunted aplees,

The cotypes in the National Museum collection are labeled © Riley
Kans.”; “ Horace, Kans.”; and ®Nevada County, Calif.” The
species was also described from a series of specimens from Missis-
sippi. Other specimens in the collection are from Alabama, Colo-
rado, Oregon, Virginia, District of Columbia, Los Angeles County,
Calif., andd Mexico. Specimens in the E. D, Ball collection are from
Fort Collins, Trinidad, and Alder, Colo., Ravenna, Calif,, Wells,
Nev., and Tin Juana, Victoria, and Jalapa, Mexico. )

A very common species, distributed elmost threughout the United
States on herbacecus plants.

Type in United States National Museum.

P wates .

The male of tumida is unknown. However, female specimens of
twmnida can not be distinguished from the iypes of alboneura except
by n slight variation in size. It is highly probable that they are the
same. This probability is strengthened by the fact that one speci-
men in cach type set was collected from plum at the same place and
on the same day (Fort Collins, Colo., September 31). These dets,
together with the similar color and appearance, indicate very
strongly that fumide is a synonym of this species.

EAMPOABCA COCCINEA (FITCH)
{Blg, 8}

Described by Fitch as E'mpoa coceinea in 1851 {11}, )
A small green to reddish species common on pine. Distinguished
from related species by the genttalin. Length 3.2 mm.

Vertex appearing bulbous, strongly roundedly produced about ome-third its
length Deyond anterior marging of the eyes. About one-fourth longer en
middle than next the oyes, nlmost twlee ns wide between eyes as length at
middte. Proncium whout one and oue-half times as long as veriex.

Coler: Varying from dull green to rathor Lright red; when green, usunlly
tinged with red. Klytrn greenish or smoky subhyallne,
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Female genltalin: Last  veniril seginent with  posterior margin rather
broadly roundedly produced, more than twice as leng ag preceding segoent.

Male genitalla: Valve broadly vouuded; plates broad uf base, evenly tapered
te pointed aeote iips, about three lines as long as basal wildth., Of the male
genital pleces, the oedagus is unique nmong the species of {he genus by the
possess’on of o pilr of long structures which extend slightly posteriorly and
caudally from the base of the cedagus proper; the lateral processes of the
prgofers are very short; the spines of the tenth segment are very broad, but
tapered and slender on {he apical fourth. By these charnefers It is casily
distinguished from nll the other species of the genus.

Specimens in the United States National Museum are from Penn-
sylvania {(Wirtner), Arnold Arboretum, BDoston, 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-
enstern part of the United States and Canada. The known distri-
bution apparently corresponds with the northern coniferous forest
aren.

Type in New York State Museum collection, Albany, N, Y.

THE SUBGENUS EMPOASCA WALSH

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

‘Type of subgenus, fabae Walsh.

KEY TO THE SPECIES OF THE SUBGENTUS EMPOASCA WALSH
{fabee gronp)
A, Size small, less than 3 mm, in length. Male lateral proeesses of pygofers
slizhtly inflated iaterntly near base, then novvowsed, in lateral view with

upical third eurved sharply upward apd then interiorly. (Fig. 9)
recurviie, p. 38

AA, Lavger, 3 mm. or more In length,
B. Hize 4 mm. in lengtho__ - snowl, p. 39
B3 Less than 4 mm. in lengih.
C. Dull brownish red with white areclat spots; male lateral processes
of pyrgolers long and slender; known only from California
— —— rubida, p. 39
CC. Sometimes with brownizsh banding on elytra but without reddish
eolpration. Mostly green or yellowish,
D. Mile plates narrow ut base, long and appearing almost parallel
margined to near apex, nbout three and one-half times as long
as basal width barbara, p. 40
DD, Male plates more triangular or hroader proportionately at base.
&, Bpines of ehitinous ring around anal tube long and bifurcate
ut nhout two-thirds their length bifurcata, p. 4C
EB. Spines of chitinous ring around anal tube single, not bifurcate,
. Male lateral processes of the pygofers slender, practically
straicht. tapered nnd peither enlarged, curved, nor hooked
near tips,
@G. Color yellowish. marked with white, elytra strougly mot-
tled or banded with brown or smoky, male processes
ritther hicavy - - ——_-birdif, p. 41
GG, Pale green sometimes washed with orange, but without
brownish colovation or banding of elytra.

M. Birtra with veins broadly white margined with green or
smoky and with white spots on elavus and corium,
dorsul spines with teeth om ventral marging

pallidula, p. 42
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HH. Elytra greenish without white velns, dorsal spines long
without ventral teetil .
I. Biytra green with orange tint and marked with large
white spots__ . hamata, p. 43
II. Elytra green without coloratlon or spotting.
.J. Later processes of pygofers long and narrow
flamenia, p. 43

JT. Laters] processes of pygofers shorter
var, abbreviata, p. 44
FF. Mule lateral processes of pypofers emlarged before apex or
wilh curved or hooked tips or with fingerlike projectlons.
K. Male lateral proeesses practically parailel mar-
riged, hut broadly curved or bent ngar apex,

L. Elytra usually banded with black, maile lateral
processes with apices curved outwardly, splnes
ot anal ring curved directly into genitnl cham-
ber., (Fig. 10} _______tvinecula, p. 44

LL. Elytrn withent davk markings, male lateral proc-
esses crossed, tips strongly curved inwardly,
spines of anal ring directed ventrally and

anteriorly delude, p. 40

KI. Male laternl proccises not purallel margined at
apex or with hocked or fingerlike processes.

M. Male laterul pygofer processes narrowed near
middle and with long, taperiog, terminal

progesses cereq, p. 48

MAM. Male lateru] pygofer processes with terminal
portions short and not tapered,

N. Male iuteral processes narrowed aad pro-
<uced in fingerlike projections at apex
{ventrul view).

Q. Mule processes from ventral view round-
cdly iIntlated omn inner margin, then
gradunlly tupered to slightly curved at-
tenuated apices fabae, p. 47

Q0. Male processes usuilly not inflated (ven-
tral view), but rather abruptly narrowed
to fingerlike nplcal projections.

P, Length 3.5 mm., male process rather

abruptly narrowed near apex to outer

thick fingerlike projectiens, (Fig. 10)

abrupia, p. 48

PP. Smaller, nbout 3 mmnt in length, outer

fingerlike projections very narrow and

attenmate. (Flg. 10)__erigeron, p. 48

NN. Male Iaternal process decldedly curved or
hnoked at npex (ventral view).

Q. Apices of male Ilsteral processes

strongly eurved or hooked with apex

extending inwnrdly__.._arida, p. 49

QQ. Apices of male laterat processes with
n short attenuated hook at apex
(ventral view} and a more pro-
nounced hook at apex (Iateral view)}
solana, p. 50
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Frabap 9.—Male genlial pleces of Emponsca, X565

SPECIES OF THE SUBGENUS EMPOASCA WALSH
EMPOASCA RECURVATA N. SP.
{Fig, 8)
A small, blunt-headed sgecies with robust male plates and distinet
internal genitalia. Length 2.75 mm,

Vertex strongly rounded, bulbous, produced shout one-half its length before
anterlor murging of the eyes, about one-third longer on middle than next eyes,
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about onc-half wider between eyes than leagth at mbddle; pronotum one-hulf
longer than veriex, humeral angles prominent, pronetum wider than vertex.

Color: Pule green washed with yellow; vertex with a pair of pale green
spots just hack of margin; pronotum with three white spots which wny be
gomewhat fused on anteripr margin of pronotum; elytra yellowish green, defi-
pitely clouded,

Genltatin: Male velve brond and coneave op posterior margin; pluies three
times us long us vaive, parnilel margined at buse, tapered near tip to acute
aplees whieh are slightly upturned. Of the male genital pieces, the styles are
long, slemler, und almost straight with the exception of the slender divergent
tips ; the Wteral processes 1n ventral view are constrieted near buse then slightiy
enlurged, ngain constricted about the mlddle and produced ns slender purallel
margined apical portions which in Iaferal view uare ubruptly carvedd upward
with the apex beunt slightly forward; the spines of the lateral processes are
Lienvy nt the bnse and o long, slender, slightly curved portlon arises from this .
und extends ventrally and ‘unteriorly.

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

EMUPOASCN SNOWT GILLETTE

Described by Gillette in 1898 (13},

Sinee this species is represented by a single female type specimen
it has been rather difficult to place it among our known and more
common species. Apparently it is rather closely related to arida
and abrupta. Length 4 mumn.

Vertex ruther strongly angled nnd produced sbout one-hulf its length beyond
anterier wurging of eyes, nbout owe and one-halt times ag wide as length at
middie; pronotin abeut twiee ns long ns vertex.

Color: Greenish marked with orange yellow; vertex with o blotch next
elther eye undl o somewhat irregilnr bund hetween eyes just above margln of
vertex : pronotum oringe yvellow with n row of fve white spots along unterlor
margin of vertex, the sccond nwd fourth smaller and lecnted just behind the
inuer margln of tach eye; elytrn greeuish subbynline, clavai veln appearing
striped with xyellow,

Female geallalin: Last ventral segment with posterior margin slightly
rousdedly produced, i rounded noleh on either side of central half dividing
segment inte three lobes, o small produced am! rounded lobe at either side and
a much larger, broadly rounded ene at middle which is a little more produced.
Thiy female segment seems different from ithat of nny other specles of the
Eonus.

A single female specimen in the United States National Museum
from Magdalena Mountains, N. Mex., August, 1834, taken by Snow,
is the only known vecord of this species. In view of this fact it has
been rather difficult to place it.

EMPOASCA RUBIDA N, BP.

{Flg. 1)

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

Yeartex bluntly rounded, produced nbout one-half its iength hefore the anterior
margins of ihe eyes, one-third longer om middle than next the eyvs, ubout one-
third wiler between eyes than length at middle,

Color: Dull brownish redd with white marcklings; vertex with a median stripe,
a palr of Epots enveloping ocelli, n smaller gne hetween each of these and the
corresponding eye, and a pair on the huse next the cyes white; promotum with
three large white spots on the nnterior margin, n small pale aren on each
humeril angle, nnd a Iavger ont on the disk; scutellum with a median pale
atripse ou basul half and a prle spot /t clther slde near middie; elytra with the
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cluval suture, & spot at buse, one at sbout middle of clavus, two large spois
on coritun along claval suiure, one ot tip of ¢lavus, and the costnl area milky
white; apicey somewhat smoky subliyaline, nervures pale.

Femnle genitalln: Lust ventral segment with the posterior murgin slightly
ungularly produced,

Male genitnliz: Vulve nlinost truncated, siightly concave ni middie; plates
tiuther narrow, morve than three times as long as basal width, tips slightly
upturned. Of the male genital pieces, the styles are aimost steaight, slightly
enlarged pear the middle and with apices slighily divergent; the lateral pruc-
esses ol the pygofers appear almost stralght in both ventral and lateral views
aml are slender, gradunlly topering to long, acute, attenunted tips; the spines
of the tentl: segment are rather long and broadly curved,

Described from a large series of about 50 male and female speci-
.mens in the collection of E. D, Ball, all taken in California. The
localitics represented ave Hamilton, San Francisco, 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 I‘lg L. Ball collection, Tucson, Ariz. Paratypes in United
%‘i“.tcs National Museum collection and author’s collection, Colu mbus,

io.

EMPOASCA BARBATA HARTEELL

Fescribed by Hartzell in 1923 (18).

A long, slender species with strongly produced head and long,
slender male plates. Length 3.5 mm,

Yertex produced more than hall itg lengtl Leyond nnterior margins ol the
eyes, more than oue-third longer on middle than next the ayes, one-half wider
between eyes than length at middle; pronotum twice as wide as long, humeral
angles prominent,

Color: Dufl greenish with varviable pale markings; vertex, protiptum, and
senfellum tinged with brown. '

Male genitalin: Plntes uppearing long and slender, similur to these of the
maligna-ulrolabes group. Since so few specimens are known no material
his heen available For working out the internat renititlia,

Known only from male specimens collected in a pine grove at
Pacific Grove, Calif., by Harold Morrigon, in May, 1915.

Type in the Morrison collection, United States National Museum.

EMTPOASBCA BIFURCATA N, SV,

(Fig. 0)

A brifht green species with yellow head, which has been confused

with fabae and the European flawvescens and has been placed under
both names. It differs in having the head more produced, different
genitalia, and a brighter green color. Length 3.2 to 8.5 mm.

Vertex produced more than half its length Defore the nnterior marging of the
eyes, nlmost one-halt longer on middie than next eyes, one-lalf wider between
eyes thin middle length; pronotum twice as long az vertex,

Color: EBright green, vertex golden yellowish mottled with paler yeliow
nround the ocelli und posterior to them; pronotum greenish, disk golden yellow,
three large white spots on anterior wargin of pronotum; scutellum iwith cen-
teal white portion; elytran bright green, apices not colored, subhyaline, veins

reci.
£ Femnnle genitnlia: Last venirnl segment with posterior margin roundedly
produced,
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Male genitnle: Valve concavely rounded; plutes long with apieal third
uptursetl, frequently sepnrated expesing styies, plates appearing from beneath
gliort und hrond. OQf the male genital pieces, the lateral processes are very
long nmd vermiculate, curving upward and Interally crosslng the process from
the other sitle and curving back sgain st the apex where it is broadened, then
narrowed te form n sharp npex; the styles are salmost straight: the spines of
the tenth segment ave brond, eurving downward and anteriarly, amd have a
phir of long, divergent, fingerlilte processes which are nt least one-third the
tongth of these chitinous spines.

The species is named © bifurcata? because of the bifurcate chiti-
nous spines which are so conspicuous on each side of the chitinous
anal ring (tenth segment}. This is the only species known to have
this type of spine.

Desceribed from a series of more than 100 specimens ranging from
Wisconsin and northern Pennsylvania to Miami, Fla. North East,
Harrisburg, Hartstown, Cheswick, Landisburg, New Bloomfield,
and many other localities in Pennsylvania are represented 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, Fla., were
collected by the author. Two sll}ecxmens in the E. D. Ball collection
are from Osceoln, Wis., collected July 22, 1917,

Paratype specimens in the United States National Museum col-
lection are from Agricultural College, Miss., Maryland, Kansas,
Massachusetts, Alabaina, and the District of Celumbia, all in the
C. ¥. Baker collection, and specimens from shrubs, Arnold Arbo-
retum, Boston, Mass. {Morrison), and from Texas and Louisigna
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 pamty%e msle and female

in Sanders and DeLong collection, Columbus, Ohijo. Paratypes in
United States National Museum, the Canadian National collection,

and the private collections of Herbert Osborn, Columbus, Ohio, and
E. 1. Ball, Tucson, Ariz,

EMDPOASCA BIRDII QODING
(Fig. )

Described by Goding in 1890 (15) and trested as a variety of
Empoasca flavescens by Gillette in 1898 (33), it has proved to be
2 good species and apparently is not closely related to Aavescens.
This species was apparently redeseribed in 1898 by Gillette (13)
from u series of specimens taken from cotton and which had been
placed in alcohol before being mounted, so the green color had
entirely disa_;zpeared leaving pure white insects which were deseribed
as pallida. Some of the specimens in the type series are apparently
fabae, but the type is undoubtedly bérdis.

Apparently rather closely related to the fabae group, but rather
easily distinguished from them by the coloration and by the distinet
genital characters. Length 3.3 mm.

Vertex rather Lroadly roundedly produced nlmost one-half itg length heyond
anterlor marging of the cyes, about one-third longer on middie than next the
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gyes, nore than one-half wider between eyes than length af middle; prenotum
twice as long as vertex; elytrn usunlly rather long and narrow.

Color: Usualily pale yellow marked with white or pale brown; vertex with
a pale grea around either oceilus, a median longitudinal line, and an obligue
dash elther side near eye, the remsainder rather orange yellow; pronotum
with fhree pale spots on anferior margin, g median spot, and one bLehind
either eye; scutellum with a pale median-longitudinal band; elyfra mottled
and banded with brown or smoky, leaving pale areas along costa and at apex
of clgvus,

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

Male genitalin: Valve broand, concavely rounded between promineni lateral
nogles; piates broad ut base, triangular, tapered to acute tips about two
and one-half times as long as basal width, Of the male genital pieces, the
lateral processes of the pygofers are almost struight, but not fapercd to
slendler acute aplees; the spines of the tenth segment are broad, rathel sivongly
curved, and narrowed at apex,

Described from Iilinois. Specimens in the United States National
Museum collection are from Rutland, Tli. {Goding), Celorado, New
York, Massachusetts, and Vancouver, British Columbia. Specimens
in the E. D. Ball coliection are from Franconia, N. ., 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 common weeds, especially pigweed,
and is found abundantly in cultivated fHelds where these weeds
oceur, but apparently it is not a pest of cultivated plants.

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

EMPOASCA PALLIDULA N, 3IM
{fig. 8}

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

Vertex bluntly angled and produced more than hnlf its length before the
anterior mavgins of the eyes, nbout one-third longer ou middle than next eye
and more than one-half wilder Letween eyes than length af middle; pronofum
about twice as long as vertex sid with humeral angles prominent,

Color: Yellowish to pale green with white markings; veriex tinged with
yellow, frequently marked with white spots; pronotum pale green with vari-
able white markings; elytra pale green, the veins broadiy awhite, two white
spots on clavus, one on coriwm, and one before cross vein ov inper apical cell,
veing margined with grecn ov smoky.

Femnale geniftulie: Last ventral segment long with posterior margin angu-
larly produced from promincnt lateral angles to roundedly produced apex.

Male genitslin: Valve more than twice as long as preceding segment, trun-
cafedl behind and gently rounded on either side to 2 shallow central noteh;
plutes triangular, topered to pointed apices, about three times asg long as basal
width, OFf the male genital pleces, the styles are rather shovt, slightly breader
at middle, and with both emds curved outwardly; cedagus broad; lateral
processes almost straight apd narrow, apices attenuated and furned inward:
spines broad and 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, 1918, by W. D. Edmondston,

Holotype male, allotype female, and paratypes male and female in
suthor’s collection. Paratypes in United States National Museum
collection and in the private collection of K. I, Ball,
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EMPOASCA HAMATA N. 8P
(¥Fig. 8)

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

Vertex more than one-third wider between eyes than length at middle; pro-
notum simest twice as long as vertex,

Color: Vertex with median line, a basal spot next to either eye, and =
spot enveloplng each ocellus white; pronotem orange with tihree white spots
o anterior margin, one at middle and one behind ocuter porflon of ench eye,
tlso with white spots omn apical third; elytra washed with orange, two spols
genterfor to claval veln, and two posterior, and claval vein mitk white, apical
third whitish subhyaline,

Feniutle genitalin: Last ventra! segment with posterinr margln gradaaslly,
but rather strengly, preduced and bluatly angled st middle.

Aule genitulin: Valve angularly notched; plates more than three times ag
long as busud width, gendually tapered to acutely pointed apices which are
upturned, Of the male genifal pieces, the Interal processes of the pygofers are
shori and straight, eoustricted not far from base {in ventral view} mmnd com-
stricted azuin near apex, in lateral vicw the tips upturned; dorsal spines
of teuth segnient long, npical two-thivds sarrowed, produced ventrally and
niterioviy, tnd with tip terned upward.

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

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

EMPOASCA IEADMATA VAR, ALUONUOTA N. VAR,

Similar to Aamata.

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

Vertex more than one-third wider befween eyes than length st middle; pro-
notum mote than gne-third longer than vertex; elyira exceeding abdomen by
wimost half their length,

Color: Vertex orange red, a brond median line, an oval cobligue dash on
either side nof far from eye, a round spot enveloping each ocellus, and o small
spot on margin next to cither eye white; pronofum dull greenish, a broad
meciian line, a small irreguiar spot behind each eye, gnd irregalar vermiculate
markings between these on anferior margin white; scutellum with a white
medinn longitudinal ling and a white spot Linlf way along either side; elrira
dull greenish: tinged with orange yeliow, a large eloogate spot on anferior
third of clavus, an oblique dash on posterior third, fwo large spots cn corium
Just anterigr fo claval vein and vendtion of apex broadly white: fice orange
red with a median white stripe on upper half and a round spot halfway
between ench ocellus and antennal socket white,

Iremunle genitalia: Last veniral segment with posterior margin produced from
laternl angles fo u biuutiy angled apex.

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

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

EAMPOASOA FILAMENTA N. 8P.
(Fig. 8}

Resembling abrupte and aride in size, form, zad color, but dis-
tinguished by the different internal genital characters. Length 3.2
to 3.756 mm.
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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 hetween eyes than length at middle,

Coloy: Green varying in intensity, tints, and markings, frequently washed
wlth vellow; vertex ususlly with the median stripe ond obllgque dashes, one
either side just above the margin and aguin at base, white; pronotum usually
with the three white spofs on the anterior margin; scutellum with the broad
white longitudinal stripe; elytra subhyaline.

Female genitalin : Last ventral segment twice as long ns preceding segment,
posterior margin strongly rounded!y produced.

Awie genitalin: Valve rather long, posterior margin concavely roumded;
pintes s brond as valve at base, gradually tapering to long attennated tips
which nre frequently upturned. Of the male genital pieces, the lateral processes
ol the pygofers nre long and slender, tapered to elongated and attenunted tips;
the spines of the fenth segment nve long, broad at base, rather broadly curved
forward and extending about two-thirds the distunce to the base of tie py-
gofers.

Described from a series of three female specimens collected in
Oregron Septemsher 7. amd 6 males, 2 from the same locality and
of the same date, 2 from Flood River, Oreg. (Webster No. 5914),
coliected by J. A, Ilyslop, and 2 from Friday Harbor, Wash., col-
lected from herbs in the Conifer Forest, July 26, 1928, by Martha
Shackleford.

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

EMPOARCA FILAMENTA VAR AEBREVIATA N. VAR
{Fig. 93

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

Mule genltal pieces: The chief differcnce between this and filaments is io
the shorter lateral processes of the pyznfers, which seem to be proportionately
wider, This may be oply a variation in this character; yvet it may be distinet
from the preceding. Wntil more knowledge of these forms is obtained, It
should prebably be plaerd as a variety only, The styles are similar in these
two forms, and the dorsal spine of the tenth segment is alfke 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 auther’s
collection.
EMPOASCA VINCULA K. 8P.

(Flg. 10)

A banded species resembling birdéz superficially, but with distinet
genitalia. Length 3.75 mm.

Vertex biuntly angled, produced more than one-haif its Iength beyoni the
anterlor marging of the eyes, one-third longer on middle than next the cyes,
more than ene-half swider between eyes than length at middle; pronotum twice
&3 long as vertex,

Color: Green; wertex, pronotum, and scutellum tinged sith yellow and
brown ; elytra greenish, base of clavus, an elongated spef on center, claval sutare,
nhd the apieal fourth of the elytra brown, veins und crogs veins pale. These
mottled arens give the elytra a banded appearance,

Female genitalin: Last ventral segment with posterior margin almost trun-
cate, stightly produced ut middle.

Male genitnlin: Valve about twice as long as preceding segment, truncated
posteriorly; plates large, parallel margined for about half their length, then
tapered to acute tips. Of the mile gentitn] pieces, the lateral processes of the
pyrofers are long, with blunt, divergent npices, not narrowed or tapered; spines
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of tenth seginent heavy ot base, sloeping forward, narrowed and hooked back-
ward and strongly Inwargd Into the genitnl chamber. It is unique in this respect
and dlffers from uny other species of the genus.

erigeron

Frourg 10.—Male genitnl pleces of specles of Empoasci, X 08

arescens

Deseribed 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
Musgemm collection.
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EMPOABCA DELUDRA N. BP.
(Fig. 9)

In general appearance resembling falae o abrupia, but with dis-
tinet genital characters. Length 3.5 to 3.75 mm,

Vertex bluntly angled, produced more than half iz length beyond anterior
marging of eves, one-third longer on middle than next to eyes, more than one-
hatf wider between eyes than Iength at middle; pronotum twice as long as
vertox,

Color: Bripght green; vertex with pale markings on median line and dlsk
either sitde; pronotum with three larpge white areas, one at middle and one
heliind cither eye on anterior portion of pronoturn; scutellurn with the apleal
third white: elytra greéenish with subbyaline swhite spots, sometimes only pale
greenish areas.

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

Muale genitalin: Valve longer than and as broand ns preceding segment, pos-
tertor innrgin slightly concaved between the lateral angles; plates robust, broad
at base, lwo and one-half times ns long 25 broad, evenly sloping to blunt pointed
npices. Of the mnle genltnl pleces, the styles are curved and enlarged at shout
the middle, the apieal half more narrowed, almost straight, the apices stightly
divergent ; the lateral processes of the pygofers are long and slender, sloping
inward and crossing near middle, wlth napienl portions carving inward and
almest meeting at center; the spines of the tenth segment have the basal
portion broad and heavy and n spinelike structure arising from this and extend-
ing anteriorly and slightly ventrally.

Described from seven female and twe 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
author’s collection. Paratypes in United States National Museum
collection and in the E, D. Ball collection, Tucson, Ariz.

EMPOABCA CEREA N, BP.
(IFig. 10}

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

Vertex roundedly preduced, nlmost twice as wide betwoeen eyes as length at
niidelle, one-third longer on middle than next the eyves; pronotum twice as long
as vertex; elytrea exceeding abdomen by about half its length.

Color: Vertex, pronotum, and scutellum greem to bright yellow; vertex with
a pair of oblique spots near eves on basal portion, a pair on margin, one ench
side of apex, and one next each eye white; ihree white spots ozt anterior margin
of pronotum, one at middle, and one behind each eye; scutellum with spots
forming a rather irregular transverse band just back of middie; elytra greenish
subhyaline, ,

Fomale genitalin: Last ventral segment roundedly produced on posterior
marygin, obtusely angled at middle,

Male genitalin: Valve concavely rounded on posterior margin; plates tri-
angular, about three times as long as widih af base. Of the male genital pieces,
fn ventra!l vicw the lateral processes of the pygofers are parnllel margined for
about one-third their length, then taper to long nttenuated tips; in lateral view
these pracesses have long narrow apices; the styles are curved inward at about
half their length and are narrowed with the apices slightly diverging:; the
dorsnl spines of the tenth segment ave voundedly inflated from the base, then
narrowedt and produced into a terminal process which is cttrved ventrally and
anteriorly.

Descriled from a series of 50 specimens, hoth sexes, in the collee-
tton 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,

Lu
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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.

EMPOABCA FABRAE MARRIS
(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 (16, p. 186} under the genus Tettigonia. In 1853
(19) it was redescribed as mali by Le Baron as 2 member of Tetti-
gonia. Again in 1864 (27}, when Walsh erected the genus IEmpoasca,
it wag apparently vedesctibed under three different names where
color varintions were encountered. The types were destroyed in the
Chicago fire, and his species can not be verified, and the original
deseriptions do not distinguish them specifically. In his peper
Walsh redescribed it as wviridescens, consobrina, and malefica, the
lnst named under the genus Chloroneura. In 1884 (72) Forbes re-
described if as wlbopicta in the genus Empoa.

Aguin in 1898 Gillette (13} redescribed it in part as pallide from
a series of speciinens taken from cotton and placed in aleohol 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, o 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 varinble 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. ILength 8.5 mm.

Vertex bluntly angled, a little longer on mlddle than next sye and about
one-third wider helween eyes than length zt middle,

Color: Yeilowish to pale green, markings vurinble; vertex frequently with
pitle or dark greem spots; pronotum usually with a row of six or more pale

spots alony anterior mnrgin which are scmetimes missing or indistinet; elytra
greenlsh subhiynline,

Femnle genitaiia: Last ventral segment mederately produced and roundediy
trunented.

Mule gponitalin: Valve produced and rounded or bluntly angled; plates trian-
gularly tapered fo pointed aplees which are frequently upturped. Of the male
genital picces, the interal precesses of the pygoefers are rounded on inner mar-
ging and broadened on apical half, then concavely rounded to narrow attenuated
tips which itre slightly curved inward; the spines of the fenth segment are bread
with tips narrowed aud directed downward. This combination of characters
will distinguish it from the closely reinted species.

Specimens in the United States National Museum are from Penn-
sylvania {on apple}, Virginia, Michigan, Chicago and Algonquin,
111, f’xlabmnaf Massachusetts, Arkansas (on apple), Louisiana {po-

tato and ap@ District of Columbina, Florida, Kansas, Maryland,
Iowa, New

e, ;
orl, Missouri, Nebraska, and North Carolina {on cot-
ton, deseribed as pallida by Gillette}.

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

Life-history studies (5 have revealed four distinct broods of these
leaf hoppers during the season, with one complete generation, a
second almost complete, 2 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.

EMPOABCA ADRUPTA N, BP.

(Flga. 2 and 10)

Resembling fabae in size, form, and appearance but usually with
different markings. The internal genitala are distinct. Fourld only
in the West and Southwest. Length 3.5 mm.

Vertex produced almost oue-linlf its length lefore the anterlor margins of
the eyes, about ome-third lenger on middle than next the eyes and one-hilf
wlder between eyes than length ot middle; elytra long.

Color: Green marked with white; vertex with a median steipe, n palr of
oblique dashes just nbove 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, subbynline, nervures grven.

Femitle genitalln: Last ventral segment strongly roundedly preduced, more
than twlee the lepgth of the preceding segment,

Munle genitalia: Valve a little louger than last ventral segment, posterior
margie concavely rounded; plates rather broad st base, long and tapered to
pointed apices. OF the male genital pieces, the lateral processes of the prgofers
in ventrnl view are rather broad amd almost parallel margined to near apex
where they are abruptly narrowed to form slender, finperlike processos on
thelr outer margins; the spined of the tenth segment are rather long, tapering,
ilireeted 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 aride, replaces febae as n truclk-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 serics coliected from po-
tato by H. H. P. Severin near Berkeley, Calif., Max,. 1929, and a
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.

EMIPGASCA ERIGERON N. 85U,
(Fig. 10}

A small green species resembling fabae but with more produced
head. Length 83 mm,

Vertex bluntly prodoced about one-half its length beyond the anterior mar-
gins of the eyes, more than one-half as long on middle as next the eyes, andl
thout one-hulf wider between eyes than length at middle: pronotum one-Lalf
longer than vertex,
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Color: Green, tinged with yellow, markings variable; vertex usualiy with
u median stripe und a pale, curved, parenthesis mark at cither side on disk
and extending the length of the vertex; prenctum with three large white spots
on anterior margin, one at middle, and one behind euch eye; elyira yetlowish
brown, apieal portion white, veins conspicucus.

Female genitalin: Lust ventral segment with posterior margin roundediy
produced,

Male penitalle: Valve slightly indented on posterior margin; piates about
three thines ns long as width st base, tips upturned one-third their length
witl apices bluntly angled. Of the manle genital pieces, the lnterzl processea
of the prgolers sre long and almost parailel margined with fingerlike processes
on outer marging in ventral view, in Interal view with a narrowed, cnrved,
inperiike portion st npox; spines of tenth segment broad at base, directed
ventyally and wlth apieal portion curved shurply and directed aimost anteriorly,

Deseribed from a sevics of 42 specimens taken by the author at
Covington, Dyersburg, and Clarksville, Tenn., in June, July, and
Aupust of 1915 and 1917.

Since describing this speeies from material collected about 12 years
ago, & large number of specimens have been examined from Wash-
ington, D. C. (Poos}, and Columbus, Ohio (DeLong). Doctor Poos
has found in connection with his work with fabee that the species
erigeron passes the winter in the egg stage upon Lrigeron 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
flying in the spring. Because of this it has undoubtedly been
mistaken for fabae upon wild host plants in early spring by previous
worlers, especiaily 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.

EMTOASCA ARIDA N, BB,
{Flg. 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 sbout half its length before the anterier margins
of the pyeg, more than one-half longer on middie than next the eyes, one-half
wider than length at middle; pronetum twice as long us vertex, humeral angles
produced and prominent,

Color: Green, vertex and pronotum often tinged with yellow, markings
variable; somelimes with three rather Inrge white spots on anterier matrgin
of promotum or a series of about six smaller spots; scutellum usually with
g medizn pale stripe sometimes nlmest concealed by the promotum; elyfrn
grecnish subhyaline, abdomen usunily visible from above.

Female genitalia: Last ventral segment with posterfor margin roundedly
profluced.

pMnle genitatia: Valve twice as long ns preceding segment, posterior margin
roundedly produced; plates rather broad at base, two and one-half times as
long as wide, tips upturmed, plates frequently separated at tips, exposing
upturned aplees, Of the male genitat pieces, the lateral processes of the
pygofers in ventral view are almost parallel mergined to near apex where they
are nerrowed, nud formed Into a booked curved portion extending from the
outer marging and with the apex extending Inward; the spines of the tenth
gegment are long, tapering, broadly curved, with aplices extending ventirnlly.

Described from a large series of more than 250 specimens in the
collection of E. D. Ball, taken chiefly from sugar beets and alfalfs




50  TECHNIOAL BULLETIN 231, U. S, DEPT. OF AGRICULTURE

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 purt of the United States this species apparently
purtially replaces or is comparsble 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. Paratypes in the United States National Museum collec-
tion and in that of the author.

EMTOMASCA BOLANA N, BB,
{Flg. 10)

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

Vertex bluntly produced, about one-third lopger on middle than next the
eyes, almost one-lalf wider between eyes thun length at middle, produced about
one-haif its length beyond aanterior margins of the eyes; pronotum about one-
half longer than vertex,

Color: Bright green, washed with yellow; veriex and pronotum strengly
tinged with golden yeliow; seutellum with a2 median white stripe and some
white spots on posterior half; elytrn greenlsh subbyaline tinged with yellow,

Male genitalin: Valve three times ns loug ms preceding segment, posterior
margin slightly produced and rounded; plates triangular, elongate, rather
broudl at base. three tlmes as long s basal width, gradually tapered to long
acute tips. Of the male genital pieces the styles are almost pariflel margined
on the basal two-thirds amid slope inward, then are narrowed and curved out-
ward from outer mavgins; the lateral processes of the brgofers in ventral view
appear abruptly varrowed and slightly attenuated at apex, in lateral view
they are lepg and nurrow, terminally narrowed, coneavely curved upwnrd
forming a slightly liooked, narrowed apex; the spines of the tenth Segment
appear as vather broad chitinons plates with apices narrowed and biyptly
rounded and 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 mule, collected May 16, 1922, in the United States Na-
tional Museum collection. Paratype male, collected October 98,
1918, in the author’s collecilon. :

THE SUBGENUS IDONA NOV.

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

Type of subgenus, minuenda Ball,

KEY TQ SPECIES OF THE SUBGENUS IDONA NOV,

A. Length more than 3 mm. )
B, Length dwm o .. . oo __ punda, p. 561
BB. Less than 4 mm. in length.
G. Duark green washed with brown, without deflaite matkings; veriex
yellawish green; oceurs on red cedara___________ Jjunipera, p. 51
CC. Paler greettish or yellow with distinet color markings.
D. Long and narrew, pale yellowish green, unmarked; male
tnters! processes of pygofers very short and tapered.
(Bip 13y e elonpgata, p. 53
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DD. More robust, shorter, not over 3.5 mm.; reddish brown, or
with red markings; male lateral processes of pygofers tong
aud with distinct apical structures.

E. White to pale green, vertex moftled with bright red
lcaving white areoles; male lateral processes of Dygo-
fers long and bowed rufa, p. D3

EE, With dull red or brownish red coloration and wlthout
white areoles on vertex.
¥. Yellowish tinged with red; pronotum snd seutellum
dull reddish; male lateral processes of pygofers
with inwnrdly curved tips tingta, p. 5t
FF. Elytrn pale green with brownish markings, a large
pale aren on base of clavus at either side; male
lateral processes of pygofers with fingerlike tips,
projecting on outer apicnl marglus_morrisond, p. 54
AA. Length lesg than 3 mm.
G. Very smn!l, not excecding 2 mm. in length, com-
mon on avoeado in Florida____ minuenda, p. 55
GG, Larger, 2.0 mm. or morc.

B. Vertex strongly angled, atmost as long at
middle as width between eyves; eiytra pale
grecn, a reddish or orange stripe aloug
claval suture radiate, p. 56

HH. Vertex more bluntly angled, about one-hal
wider between eyes than length at middle;
elytra greenish, veins white.

megicang, p. 00

SPECIES OF THE SUBGENUS IDONA NOV.

EMPOASCA FPANDA N, SP.
{Flg. 11}

A rather large species with strongly produced vertex, yellowish,
marked with white. Length 4 mm.

Vertex produced more than halt its length beyond anterior marging of eyes,
almost twice az long on middle us next the eyes, nbhout two-thirds wider between
eyes than fength at middle; promotum ore than twice as long us vertex;
humeral angles produced and promitent,

Color: Golden yellow, elytra pale green; vertex with median white stripe, 2
palr of oblique dnshes just above margin and a pair on basal portion white ;
three white spotz on anterior margin of pronotum; scutellum with a brond
median white stripe.

Femnle genitnla: Tast ventral segment roundedly produced.

Male genitalin: Valve brond, slightly concuve; plates rather long, grndunlly
tapered to ncutely angled tips. Of the male genital picces, in ventral view the
Internl processes tuper to pointed apices, in laternl view they uare convexly
bowed outward just before the npex: the styles are rather short and in venrtral
view nre rounded!y inflated at the base, the apices taper and ure divergent; the
dorsnl spines are heavy at the base, and a terminal spur proleets at right
angles from the busal 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 Muscum collection.

EMIOASCA JUNIVELA X, SP.

A dark green species which occurs on red cedar and has the most
pointed head of any of the species of the genus. Length 3.3 mm.

Vertex produceil more than one-hnlf its length before the anterior margina
of the eyes, nimost twice as long on middle as next the eyes, one-hnlf wider
between eyes 1han middle length; pronotum less than one-hulf longer tham
vertex,
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Color: Dark green tinted with brown: vertex yellow-green, a bright green
urea gbhove apex; pronotum with a pnle urea behind either eye; elytra brownish
green, unmmnrked, aplees smoky ; foce and beneath yellowish to graen,

Femnle genlinlin: Last ventral segment more than twice ns long as preced-
Ing, posterior murgin appearing almost trunente, slightly lndented on elther
gide of central slightly produced lobe or tooth.

Male genitalin: Valve sglightly produced, plates nppearing 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. Howsrd and the author. The female is
designated as the type; slthough the male is apparently of the same
species, it has a slightly shorter vertex.

Holotype female, allotype male, and paratypes in the author’s
collection, Paratype female in the Uniteg States National Musemin
collection,

EMI'OABCA FLONGATA M. SP.

{Fig. 11)

A long, slender species, pale green to yellow, with a rather strongly
px;{oduced head und with distinct genital characters. Length
3.75 mm.

Vertex produced about two-thirds its length beyond anteripr muaurging of the
eyes, nlmost twlee &y lomg on middle as nexi the eyes, about one-half wider
between eyes than length at widdle; elyfra very long nnd narrow,

Color: Green to yellowish, pronotum and scutellom sometimes tinged with
orunge-yollow ; verfex usunily with n mediun stripe and prenotum usunily
with three spots on the gnterlor margin aud o white stripe on setellum ;
elytra pale green, an orange stripe extending from base of wing just outsiile
the elaval suture almost to cross veins, alse an orange stripe on inper margins
of elytra along coumnntssural ltne from scutellum to apex of clavus.

Femule genitnlin: Last ventral segment with posterior margin rather gently,
broadiy carved amd only slightly produced,

Male genitalin: Valve narrowed, posterior margln stghtly produced; plates
rather smail, narrow, and appenring ruther short. ghout twe and one-half times
as lohg as broad at base. tips rather strongly upturned, plates densely covered
wlth tine white hairs. OF the male genitul pleces, the styles are narrow, quite
strongly curved outward on npical hanlf; the latera]l processes of the pygofers
are rather short, curved at base, then tapering to scutely polnted tips; the
spines of {he tenth segment ure narrowed apically and directed ventrally and
posteriorly,

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

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

EMPOABOM RUFA, N. BP.
{Fig. 11)

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

Yertex bluntiy pointed, prodeced shout one-half its length beyond anterior
marging of the eyus, almost twice us long on middle as next eyes, about one-
fourth broader between eyes than length at middle; pronotum one-hnlf lonper
than vertex,

Cotor: White, upper portion of face, margin of vertex between eyes, and
voertex wlth a complete network of bright red pigmentation with round white
spots oxposed. On the vertex there 1s & large white spot just ahove gpex
which iz constricted behind, then expanded to form a large Basnl spot; a pair
ol spots cither side between thls busal spot and the eye and & pair on each
stde of npex on the margin; the cuter spot on ench gide envelopes the ocelius,
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Pronotum milk whlte flecked with gray; eiytra milky white flecked with small
round gray spols, a lurger one about the middie of the clavus along the com-
missural line of exch vivtron, upex Taintly smoky, nervaves white.

Femule genitalin: East ventral sepmeut slightly concavely rounded from
rromivent Laterul angles.

Miuie genitalin: Valve produced, posterior margin concave; plates appearing
twice as long as vaive and pointed, but with tips upturned and biunt or rounded,
Of the male genita] pieces, the siyies gre strongly curved outward at middle
with tips sirongly diverging; the oedapgus Is narrow at baze, eularged at upex;
the Interal processes of the pypofers are long and curving, in veniral view
directed inwnrd, and evossing just Lbeyoii middie, then with apdees produced
and curved iaward until they nlmost touch; the spines of the tenth segment
ure short avd bread, directed backward, then downward, with npices acutely
pointod,

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

Holotype male, aliotype female, and paratypes in the E. D. Ball
cotlection, Taratype male in the author’s collection.

EMPDASCA TINCTA N, 8%
{Flg. 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 nngled and produced more than half its length
before the anterior margins of the eves, almost twice ag long at middle as next
the eyes, nbout onc-half wider between the eyes than length at middle.

Color: Vertex yellowish, sometimes tinged with red: pronetum sud scutellum
Qull reddish; elytra slightly tinged, subhivaline; abdomen reddish, anmd eusily
visible from sbove; bencath, yellow tinged with red.

Female genitalin: Last ventral sepment with posterior margin roundedly
irodueed. the entire margin shallowly notched so as te form pboub six short,
rounded lobos.

Male genitalin: Valve rather broad, truncated posteriorly, nnd slighily
notehed at middle; plates vather broad at base, produced and appearing blunt
at the tips, but with apicsl portion turned upward. OFf the male genital pieces,
the styles ure long and slender, curved inward just beyond the center, their
apices diverging; the lateral processes of the hygofers are slender, enrved out-
wiard just Lefore the npex, fheir tips converging; the spines of the tenth seg-
wment aire brond and appear more like plates with apices narrowed and pointed
and directed ventraily.

Described from a series of six female and five male specimens from
Ephraim, Utah, July 20, 1914, in the collection of K. D. Ball.

Holotype male, allotype female, and paratypes in the E. D. Ball
collection. Paratypes 1n the author’s colleetion and in the United
States National Museum collection,

EMI'DASCA MOBRIBONI IARTZELL
(Flg. 11}

Described by Hartzell in 1923 {18). o )

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

Vertex prominently produced and sharply rounded, almest twice as long at
middle as next the eye, one-lialf wider between the eyea than lergth at middle,

produced more thnin one-half its length before nnterior margips of the ayes,
prouotum long, about twice s long fs vertex.
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Color: Vertex, pronotwm, and scutellum pale brown; vertex with a median
white line and a spot on either side just above apex; pronotumn with three
Inrge white spots, ote at middle and oue behind either cye alomg anterior
margin; elytra pale green mirked with brown and white, anterior third washed
with brown, n large pale geeen avea almosi white on the base of the cluvus,
npieal third of elytra brown or swmoky, veing broadly greenish and prominent,

Yemale genitalin: Last ventral segment roundedly produced to rather promi-
nently angled npex.

Manle genitnlin: Plutes about four times as long as basal width, tips upturned,
Of the male penital picees, the siyles are enlarged at the center and produced
almost straight, sloping Inwardly to upices; the lateral processes of the pygo-
fers are long, nlmost parallel mavgined ond with slender produced fingerlike
processes on the outer mavging as seer in ventral view; the spines of the tenth
segment are long, broad at base, then gradually uarrowed te acute aplees
which nre divected ventrnily and slightly unteriorly.

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.

Type in the Morrisen collection, United States National Museum.

EMPOASCA MINUENDPA DBALL

(Flg, 11}

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

Vertex sharply angled, produced about one-half ifs length befgre the anterior
margins of the eyes, twice as leng on middle as next eyes and as long at middle
as width between the eyes; pronctum one-hulf longer than vertex.

Color: Varying from pale to golden yellow, without deflnite markings except
in varietnl forms.

I'emale genitalia: Last veatral segment with the posterior margin roundedly
mroduced.

Mule genitalin: Valve trianpularly preduced; plates elongate, triangular,
nnrrowed to aitenunte apices which are upturned. The structures of {he male
genital pieces are very peeulinr in minuends and rather difficult to describe,
In venirnl view a pair of prucesses arise at aboui the middle of the cedagus
md extend caudully and posteriorly. The oedagus extends dorsally from this
point and another portion curves off in the same manner, iat is not paived.
The laternl processes of the pygofers seem to be lacking or so minute that
they nre not easlly recognized. The styles nre long and narrow at the base,
theh berome enlnrged and divergent with a eonvexly curved ilngerlike process
arising on the innmer margin of each near its apex.

Described from specimens collected at Miami, Fla., on avocado by
G. . 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
Bmpoasca venation, but according to tﬁe present classification it
should prebably be placed in the radiata group.

Type in collection of I, D. Ball.

EMPOASCA MINUENDA VAR, MOZNETTEL BALL

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

Diflering from typlieal minuends by o pair of separaied spois on the pronotum,
three spots, one large und two smsll, on the scutellum, and six spots on each
elytron Llack. "Two are found on the clavus, three ou the ¢osta, and.one on the
corlum of the elytra.

TFound on avocado with typical minuenda.
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EMPOASCA MINUENDA YAR, CLAVIGERANA BALL

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

Differing from typieal minuenda by a pair of dark stripes which nrlse just
back of margin of vertex and extend across vertex, pronotum, and scutellum,
and along inner margins of elytra where they frequently appear as one stripe,
Susing on the scutellum. These stripes are sometimes compoged omly of broken

ashes,

Occurs on avocado in company with the preceding species and
variety.
EMPOABCA RADIATA GILLETTE

{Figs. 2 pnd 11)

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

Vertex produced more thun one-half lis length beyond the anterior margins
of the eyes, twice a3 long on middle as next to eyes and enly glightly 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, murked with white and red; vertex with o paler median
line and obligue dashes which are sometimes wanting; pronotum with three
rather Iarge white spots on anterior margin; scutellum with posterier half
white; elytra pale greenlsh, a stripe tlong claval suture, 4 broad ore along onal
margin, and a stripe along anterior half of commissural line red or orange.

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

Male genitalin: Valve about twice as long as preceding segment, posterior
margin concavely rounded; plates rather long but appenring short and with
vointed aplces because of the lateral curling of the apieal fourth. Of the
male genital pleces, 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 Nationa! Museun,

EMPOARCA MEXICANA GILLETTE
(Fig. 11)

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

¥ertex bluntly angled, produced more than one-half its length before anterior
margins of the eyes, ulmost 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, veriex and pronotum varying from green
to golden yellow; vertex with a median pale stripe sometimes extending across
pronotum, a spot either side on margin, snd 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 sepgment broad, almost trunente.

Male genitalin: Valve concave and slightly broadly notched at center; plates
robust, rather heavy, elongate, tips upturned and blunt, outer margins convexly
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rounded, sparsely clothed with short, inconspituous halrs. Of the male genifal
pleces, the styles are long and narrow, wider on basal than on apleal half;
the laterzl processes are long and In lateral view curved upwnard at the tip,
trn ventral view they are narrow on basal two-thirds, then widened, and the
aplces are sharp pointed and directed inward; the cedagus ls rather large,
wlth a pair of long, slender processea arlsing on the posterior side near the
Lunge and extending almost dorsaliy. " Another process arises in similar locatlen
hut move dorsully, The dorsal spines of the teath segment extend ventrally
and curve ahnrply anterloriy. 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 §, 1908, by Mitchell and Cushman,
and now in_the United States National Museum collection, are ap-
%m-ently this species. Gillette’s type could not be located in the

ational Museum.

LIST OF DESCRIBED SPECIES WITH SYNONYMS

In the present revision 51 species have been treated. Twenty-four
of these have been described before and 27 arve described as new in
this bulletin. In addition to those mentioned above, 18 species are
placed as synonyms of other described species, and 1 European
species is placed as 2 synonym of an American specics because it was
cited in error, Also 10 varietics are troated, 7 of which were previ-
ousty described and 8 of which are described as new in this revision.

The species and varicties have been placed in four subgenera, two
of which were previotsly described and twe of which are deseribed
in this bulletin. A list of the species and varieties treated in this
rovision follows:

Subgonua Kybos Fleher: Kubgenus Empoancs Walsh @

perguuded Glilette (13983,
acatietiy 1. Sp.
pectinate . B
trilobgta n. 8p.
maligne Walsh {1804},
wnleolor Giliette (1598).
detitienls Gliiette (1808},
atrolabes Gilictie (13983,
unicg Provanclhier {1S(H).
gplendicdy Ciltette {1888),
obiuag Wnlsh (13848.
Inelsy Gillette {18983,
ineldd n. SD.
paluin n, Bp.
pafuln VAT, mugea 0, vir.
ulbotinen Giilette (1508).
gainia ., 8p.
gureoriridig Uhter {187

.
anreariridis vav, piftadn Hinrtzell (1023),

amaraginie Fallen {1800)
viridlpes Curtis {1837).
trifascicte Gillette (18938}).
digita n. sp.
copula 1. 4D,
Heingstonl Ulilette (1823},
clyncata Gillette and Brker {1883},
efypeata var. gnnells Ilartzell {1923},
aduney . §p.
oabigral Hartzell (1D23),

Subygenus Hebntu nov. @

rigra Glliette nud DBaker {1804).
wigra vor, {yphiocyboides (1830},
robuata Gillette (1898),
pigra  var,  pigroscute  Glllette  and
Liaker (18055},
nigra var, putelelln Gilletle and linker
{18450).
mfgr‘rxu Cliletle and Balter {1895}.
afboncura Giilofte (1868).
tuulde Ciflette {1898).
coccinea Fitch {1851},

recurvadad n. sp.

snowi Gillette (1888).

rubidg n. sp,

barhara Hartzell {1523).

bifurcata n. sp.

birdil Goding (1550},
pallidn %Illettc {1898) lo part.

pafliduln n, Bp.

hamafe n. sp.

frapcta var, altbonota u. var,

flamenta n, sp. |

Finmenls var. dabirovittie w, var,

nenla h. 8P

detuda n. 8p.

cereq n. B,

faboy Harrls {1841},
mnl]l LeBargn [1853).
virideacons Wrlsh (1843,
consehring Wrleh (1884},
malefton Waolsh (1864},
alhapicta Forhas (18843,
pallida Clillette (1848) in porh.
flevescens Fnbrlcius (1784} (Amer-

{ean records cited ln error).

ahrupia 1. sp.

erigeron n. sp.

arida n. Bp.

solara M. 8p,

Bubgenus Idons nov.:

panda n. sp.

funipera n, ap.

clongata n, sp.

ritfa n. ap.

fimede n. a}p.

marrizeni Hortzell {1023),

minkends Bell (1921).

winnendn var. moznctéel Ball (1021},
minnenda var, clusigerane Bnll (1921},
radivie Uillette {1808).

megicang Gillette (1RDE),
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SPECIES NOT INCLUDED IN THIS REVISION

Empoasca tessellata (Fieber). Described by Fieber (10) in 1872
as Okf;rita tessellata. Although specimens of this European species
have not been examined, it is apparently different from Gillette and
Baker’s asperse which had been cited as a synonym and if so it
apparently does not occur in North Aierica.

Empoasce salinarum (Berg). Described as Typllocyba salinarum
by Berg (£, p. 274) in 1879. It apparently does not occur in North
America.

Emgoasca flavescens {Fabrictus). Described as Cicada flavescens
by Fabricius (6, p. 46} in 1794, As stated previously in this paper,
flavescens has not been found in any material available for examina-
tion at this time. A drawing has been included in Figure 8, however,
to facilitate comparison with American species.

Kmpoasca pura (Stil). Described as Typhlocyba pure by Stil
(23, p. 195) in 1858. No specimens authentically identified have
been uvailable for comparison, and from the descripiion it seems
doubtful that this species is represented in North Ameri¢a. It has
therefore been omitted from this revision of the North American
specles.

Empoasca alboscripta Van Duzee. Described by Van Duzee (25,
p. 86 as Empoasca alboscripta in 191+. This is undoubtedly a true
Empoasca but it has been impossible to secure any material authen-
tically identitied. Bince n 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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