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INTRODUCTION 

While the writer was connected with the Iowa Agricultural Ex
periment Station the potato leafhopper (Empoasca mali) appeared 
in immense numbers in the Upper _Mississippi Valley. Investiga
tions were carried on during the summers of 1919, 1920 and 1921 
at Ames, Iowa, to establish definitely the relation of this insect to 
thedisease it transmits, commonly called tipburn or. hopperburn of 
potatoes, which was causing·'severe damage to the potato crop, and 
if possible devise means for its control. The difficulty experienced 
in separating closely related species of Empo·asca~ which had been 
confused by former investigators, led to the desire to trace the 
systematic relationships of this group in the hope of establishing a 
more satisfactory means of identification, which has resulted in 
a- systematic revision of the genus. The need of more biological 
data, especially of those species which are of economic imp~rtance, 
prompted a detailed study of the life histories of the potato leaf
hopper (Empoasca mali) and its closely related species, the apple 
leafhopper (E. unicolor) to remove the confusion that has until 
recently existed in the economic literature regarding these forms. 
A detailed life history of the latter species is here presented with 
a summary of the writer's work on the life history of mali. 

For the systematic literature the reader is referred to Van Du~ 
zee's Catalogue of the Hemiptera of America north of Mexico 
(1917). Changes in synonomy and additions have been. included 
in this' paper together with a bibliography of the more important 
economic literature. The writer has confined his treatment of 
the genus to species found in the United States and Canada. The 
location of type material actually observed by the writer is in
dicated after- each des,cription.. The types of species described as 
new are deposited in the Ohio State University collection. The 
life hist.ory studies have extended over a number of years of field 
work, but the final summary and all the systematic work was done 
in the :gntomological- Laboratory of the Ohio State University. 



88 IOWA ACADEMY OF SCIENCE VOl,_ XXX, 1923 

ACKNOWLEDGMENTS 

The writer . wishes to express his sincere appreciation to the 
many who have_ assisted him ill this work. Especially -is he in
debted to Professor Herbert Osborn for the use of his private 
collection and library and for suggestions and encouragement 
throughout the preparation 0 [ this dissertation and also to the fol
lowing persons who have kindly assisted him during this study; 
to Dr. D. M. DeLong, for the loan of his excellent collection of 
Em/Joasm from Tennessee; to' M r. W. L. McAtee. for courtesies 
extended while working in the National Museum; to Dr. E. D. 
Ball, for the privilege of examining the types of ·minuenda. and 
records; to Dr'. C. J. Drake, for permission of using Plate I; to-, 
Professor J. G. Sanders for records of E'mpoasca in his. collection ; 
and to Dr. F. A. Fenton, for his kindness in permitting the writer 
to use certain data which were. obtained in connection with our 
studies of tbe Ii fe history of the potato I_ea fhopper. 

ECONOMIC IMPORTANCE OF EMPOASCA 

For many years this genus has been recognized as having spe
cies 0 { economic i mporta nee, but it was not unti I recent I y tha.t the 
full significance of these pests was brought to the attention 0 f 
entomologists. Empoasca mali has long been known as an apple 
pest a~ld was commonly called the apple leafhopper, although it 
was early recognized (Osborn, 1896) as injurious to potatoes. 
Webster (1910) was the first to make an extensive study of 
this species as a pest a f potatoes, but it was not until the work of 
Ball (1918 a, b, c), that the importance of this species as a potato 
insect was established and its name was changed to the potato 
leafhopper. By a series. of careHtlly conducted field experiments 
BaH showed that when these leafhoppers were caged on potato 
vi nes they prod nced a distinct lea f btl rn, com monl y called ti pburn. 
which is due to the activities of the nymphs and adults. 

Experiments conducted at Ames, Iowa, show conclusively that 
the disease never occurs unless adults or nymphs of mali are pres
ent (Fenton,- 1921; Fenton and Hartzell, 1922; Fenton and 
Ressler. 1922). Whell plants were caged so that the leafhoppers 
were exclUded they developed normally, although the remaining 
plants in the field were affected with hopperburn. The vigorous 
growth of the caged plants was not clue to shading, as several 
types of cages were llsed and the results can be accounted for· in 
no other way than oue to the exclusion of insects in general and 
mali in particular. When several hundred adults were introduced 
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'into a cage hopperburn occurred. On the other hand, if a few 
adults were introduced and allowed to lay eggs in the leaves, hop
perburn did not appear until ,the eggs hatched and the nymphs 
began feeding on the leaves. Differences in types of soil, light 
intensity, temperature and humidity have no effect on the produc
tion of hopperburn except as they influence the nymphs or ~dults 
(Fenton and Ressler, 1922). 

The work of Parrott and Olmstead (1920) in New York, of 
Dudley and Wilson (1921) in Wisconsin, of Beyer (1922 a, b) 
in Florida, and Eyer (1922) in Pennsylvania confirm in the main 
Ball's observations. 

A series of artifical mutilation and inoculation experiments 
wefe conducted by Fenton and Ressler (1922) to discover wheth
er hopperburn is due to mechanical injury of the leaf tissue or 
to a toxic principle emitted by the insect. They found that artI
ficial mutilation did not produce injury comparable with hopper
burn. Hypodermic injections of potato leaves with solutions made 
by macerating nymphs or adults in water in some insta;lCes gave 
positive results, but the lesions in nearly every case were localized. 

There are differences of opinion as to the cause of hopperhurn'. 
It is usuaJJy considered to be due to a virus transmitted by the 
potato leafhopper, but thus far no organism has been isolated that 
has been considered the causal agent of the disease. That the potato 
leafhopper is in some way responsible for the transmission of the 
disease is· now generalJyaccepted. Not all leafburn, however, 
-found on potato leaves is caused by the potato leafhopper, and 
consi d~ra ble con fusion has resu lted because 0 £ the f ai III re 0 f 
different authors to distinguish between these various leaf disor
ders. Hopperburn always begins at the margin of the leaf, usuaUy 
at the tip, and the burning follows inward along the veins. The 
first indication of this disease is usually a triangular burned area 
at the tip of the leaf which extends for some distance along the 
midrib. Other more or less wedge-shaped burned areas follow 
along the veinlets near the margin of the leaf and finally the en- . 
tire margin turns brown and curls up. 

'Different varieties of potatoes show differing susceptibility to 
the disease. The Triumph is probably the most seriously affected 
while Rural New Yorker prqbably occupies the first place among 
resistant varieties. 

Fluke (1919) found that the potato leafhopper is repelled by 
bordeaux mixture. Dudley (1920), Parks and Clayton (1921), 
Eyer (1921), and Fenton and Hartzell (1922 a) confirmed Fluke's 
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conclusions and proved the value of bordeaux mixture -to be su
perior to nicotine in the' control of this insect. Experiments con
ducted by Dr. Fenton and the writer (Fenton and Hartzell, 1922 a) 
i)roved that bordeaux mixture when applied to potato fo1iage is 
toxic to the nymphs and also exercises a repellent action upon the 

_ adult females during oviposition. . 
Whi1e Empoasca 1ltali is primarily a potato insect, its importance 

- as a pest of apple nursery stock cannot be overlooked. This phase 
is emphasized in the earlier references eLe Baron, 1853; Forbes, 
1884; Washburn, 1908). Ackerman (1919) made an extensive 
study of this insect as a nursery pest in Pennsylvania. The abil
ity of this insect to disseminate fire-blight (Bacillus amylovorus 
Burrill) has been pointed out by Lathrop (1918). Beyer (1922-
a, b) shows the importance of mali as a pest of beans in Florida. 

Empoasca unicolor has not received general recognition as an 
apple pest owing to the fact that the species was confused with 
mali. E._ unicolor occurs almost entirely on apple and has been 
termed the apple leafhopper as distinguished from the potato leaf
hopper. The chief injury caused by this species is the spotting of 
fruit, which will be discussed later. 

Empoasca birdii has been reported on apple, hop, walnut! and 
bean; tumida and alboneura on plum, but the economic- status of 
these three species has not been definitely determined (Gillette, 
1898). The remaining species of Empoasca so far as is known are 
not of economic importance. 

Becker_ (1918) and Lawson (1920) call attention to the fact 
that Empoasca mali will attack man. The writer has had similar 
experience with this form. The bite causes very little irritation. 

GEOGRAPHICAL DISTRIBUTION 

The species of Empoasca are quite generally distributed through.:. 
out North and South America but in the Western Hemisphere it 
is only those forms that occur north of Mexico that have received 
more than passing attention. The genus is represented in Europe 
and forms have been referred to it from South Africa. Th~ 
rno-st widely distributed species are mali and flavescens which ap
pear to be also the most abundant in numbers of individuals. The 
range of mali, for -example, extends from southern Canada to 
Argentine Republic, with intervening records from Guatemala, the 
West Indies and Bolivia. Examples of flavescens have been -ex
amined from Porto Rico, Guatemala and Bolivia. The Central 
American forms of these species vary greatly both as -to size and 
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Fig. L Map showing the hypothetical dispersal of the ll,llcestraJ forms of mali and 
flovescens from. the Central American land mass to North and South America. 

Fig. 2. Map showing the distribution of Em/!oosc(J. obtuso. 
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markings, which indicates that this region may be the center of 
distribution of these forms and perhaps for the whole genus. The 
present state of knowledge of the Cicadellid fauna of tropical re
giO)lS is too limited to permit generalizations, so we can suggest 
at most only the possible lines of dissemination and reserve our 
final judgment in the matter when more data on Neotropical forms 
have been accumulated. The accompanying map, (fig. 1) shows 
the probable routes of dispersal of the ancestral forms of mali 
and flavescens. From tbe Central American land mass the natur
al route northward is along the Mexican Coast. The main thor
oughfare for animal dispersal has been along the Caribbean and 
Gulf Coasts. At least those forms that have followed this route 
have been more successful in establishing themselves, 'owing no 
doubt to the fact that the large fertile areas of North America lie 
in this path. The Appalachian Mountains is the only barrier of 
any consequence in a northward movement of this kind and it is 
here probably that the lines diverged, the main one extending its 
range to the northe,n part of the Mississippi Valley and the east
ern branch following along the Atlantic CoastaIPla.in. 

The presence of representatives of this genus in the West Indies 
can be exphined on geological evidence because of the former land 
connection between Central America and the Antill.es during the 
Early Eocene epoch (Schuchert). During that period what is 
now southern Florid,\ was a part of the West Indian land mass, 
and the spread of the species may have occurred before the ·Gulf 
Stream was shunted southward with the elevation of the Gulf 
Co·ast region. Southward 'from the Central American land mass 
the range would fol1ow naturally along the Andes Mountains to 
Bolivia and Argentine Republic. Species like mali and flavescells 
are aided greatly in extending their range because of the variety 
of host plants. The presence of members in £'urope and South 
Africa is difficult to explain and probably is due to parallel devel
opment or introductions in recent time. 

The range of obtusa and trifasciata, as shown in figures 
2 and 3, is confined largely to the eastern portion of the Unit
ed States. The former species has been reported from Que
bec and northern Maine and as far south as Tennessee and the 
Carolinas arid westward to Colorado. The distribution of lrifas
,ciata is practical1y the same. It has been reported from the Adi
rondack Mountains, and as far west as Arizona. In addition to 
this close parallel in their distribution the two species show tax
<mom1c affinities and their host plants belong to the same bot-
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.Fig. J. Map showing the disLribution of E",/>-.~a ,yif4SCiD'4. 

anical i<lmily .. Willow is the favorite host of obtusa and cotton
wood of trifasciata. 

Both atrolabes and smaragdula show similarities in range to the 
two species just mentioned in the preceding paragraph. The north
ern and weste~n limits of o.trolabes are identical with those of 
obfusa while southward the species has !lot been reported beyond 
the Ohio. On the other hand smaragdula reaches its northern 

', limit in Maine amI occurs as far 'south as Tennessee and west to 
California. 

Among the economic species mali is found practically through
out the United States and southern Canada east of the Rocky 
Mountains" reaching its greatest abundance in the northern part of 
the Mississippi Valley , Empoasca unicolor is more limited in it~ 
southern range than mali but covers a wider territory to the west~ 
ward. The species occurs from Quebec to Florida to west,ern Ore
gon. Its restriction to one or two closely allied hosts has a ten
dency to limit both its relative abundance and its distribution. In 
a similar manner coccinea, which feeds on pine exclusively, is 
concurrent in distribution with its host. 

The remaining species of Empoasca have not been sufficiently 
studied to indicate much more thaI) their general distribution and 
relative abundance. When more is known about these forms the 
range of some probably will be much greater than we have in
dic~ted. Of these viridescens appears to be the most widely dis-
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tributed, occurring from New York to Georgia and weostward to 
Oregon and California. The few records that are known of incisa 
hldica.te that it is also a widely distributed species although not 
so well represented in numbers of individuals. It has been re~ 

ported trom New England, South Dakota and Colorado. The 
distribution of pergandei is parallel, except that it has not been 
reported from South Dakota. 

Among ° tbe forms that have been collected from a given 
region are unica, which has been found only in eastern United 
States from New York to Tennessee, while denticula and aureovir~ 
idis, on the other hand, have been taken from New England: cen
tral United States and southern Canada, and aspersais found in 
the Rocky Mountain region and westward. Empoasca birdii is 
limited to the North Central States and New England. A peq.i
liar distribution is that of snowi which was described from New 
Mexico and the only other record is that from Wisconsin. 

SYSTEMATIC POSITION AND PHYLOGENY 

The genus Empoasca is included in the subfamily Typhlocybinae 
which is a memher of the family Cicadellidae of the order Homop
tera. Because of the small size of l110st of the species and the 
difficulty with which they are preserved the Typhlocybinae have 
not been studied to the same extent as many of the other members 
of the family, Van Duzee (1917) in his Catalogue of the Hemip
tera of America north of Mexico lists thirty-two species of Em
poasca. The present work includes thirty-six species and three 
varieties. The first attempt to treat the North American species 
in a systematic way was made by Gillette (1898) in his paper en
titled The American Leafhoppers of the Subfamily Typhlocybinae 
in which he figures and describes sixteen new species of Empoasca 
and works out the synonomy for the American forms: Chlorita 
and Kybos were merged by him with Empoasca because the lat~ 
ter has priority and the characters separating these genera are °not 
constant. Every gradation between the Chlorita and K ybos type 
of vertex and the differences in venation is often found in a sin
gle species aOnd evoen in single individuals. The characters in this 
group are (ewer and less constant than in most groups of leaf
hoppers. The shape of the face, vertex and genita.l pieces and the 
form and venation of the elytra a,re characters that have proved 
the most reliable. The markings are exceedingly variable, even 
within the same species, so that they cannot be relied upon with 
any degree of certainty throughout the genus as a whole. On the 
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other hand color pattern is quite constant for certain species or 
groups of species. Among the forms in which color pattern can 
be relied upon with considerable degree of certainty are trifasciataJ 

unica~ atrolabes, birdii, smarag-dula and unicolor. In contrast with 
this the markings and color characters of such species as mali 
and flavescens are exceedingly variable and individuals which lack 
the characteristic markings of these species are identified with 
difficulty. For example, a hundred specimens of mali were exam
ined by the writer and of these not mOre than seventy-five were 
well marked, the remaining twenty-five were ill-defined and sep
arated from flavescens with difficulty. This is especially the case 

when the number of the spots of the pronotum is reduced from the 
typical number of six to three. Unica and atrolabes are closely 
related species as is shown both in their structure and in their color 
pattern. Atrolabes is not so definitely marked an9. can be separat
ed from unica by a structural character, namely, the slight callos
ity beneath the eye. Birdii is recognized at once by the smoky 
bands on the cIytra; poorly marked specimens would very likely 
be identified as flavescens. Smaragdula usually is separated with -
little difficulty because of the dark smoky median line; unicolor, 
which at first sight seems very poorly defined, possesses I-ather 
definite markings on the pronotum which makes its identification 
possible with a considerable degree of accuracy. _ -

In separating all the species shades of green or yellowisQ green 
are a considerable aid to a person familiar with, the genus. Un,-
fortunately everyone does lfot interpret -color alike and many of 
the shades are beyond the power of accurate definition, so are of 
I.ittle or no use in written descriptions. The apple green color 
of mali and the slight touch of lemon yellow on the pronotum are 
aids in the' identification of this species. The peculiar dark shade 
of green in atrolabes may be mentioned in this connection. In the 
same way in species like obtusa where markings are of doubtful 
value most of the forms can be separated at once by a person fa;.. 
rniliar with the group. Characters of this nature, how~ver, have 
little value in keys and descriptions and may even be of doubtful 
scientific: importance. For this reason the writer has attempted 
to correlate structural.characters to supplement color pattern and 
Slze. 

The shape of the vertex and its production beyond the margin 
of the eye serves as the best character for the division of the 
genus. Correlated with the produced acute vertex In forms like 
mali and flavescensJ etc., is the wide range in distribution and al-
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most omnivorous food habits. Forms of this type are included in 
the M a.li group. Those forms which have bluntly rounded vertices, 
on the other hand, are placed in the Obtusa group, which so far as 
our records show are confined to woody plants. The wide range 
in food plants of species like mali, for example, is shown by the 
fact that this form is injurious to species -of plants'in such widely 
separated families as Betulaceae, Rosaceae, Leguminosae and So
lanaceae, occurring on both woody and herbaceous plants. The 
food habits of flavescens have not been so carefully studied but it is 
known to be 'quite a general feec1e,r. Empoasca birdii has conSId
erable range in food habjts as it occurs on hop, walnut, bean and 
a variety of weeds. This omniv.orous habit is in striking contrast 
to such forms as obtusa and aureoviridis which as far as is known 
occur ~:mly on willow. Our k~owledge of the food habits of the 
different species is not sufficiently complete to permit very d~finite 
statements regarding the groups as a whole. 

GENUS EMPOASCA WALSH 

Resembling Dikraneura, but with the marginal vein of the hind wmg 
ending in a single ap.inl cell. Vertex obtuse or angula te. • Elytra ' long, 
lacking an appendix. Ocelli present. Slender species, usually green or 
greenish, sometimes unicolorotls. 

The genus Empoasca as thus defined may be readily separated from 
the genus Alebra Fieber ;)y the fact that the latter has an appendix. The 
presence of two apical cells in the hind wing of Dikr(meura separates it 
at once from Empoasca. The Europe.an genera C hlorita and Kybos of 
Fieber are superseded by Empoasca. 

KEY TO THE GROUPS· 

A. Vertex produced beyond the anterior margin of the eye less than 
half its dorsal length; apex bluntly rounded or obtuse. OBtUSA GROUP-

AA. Vertex produced beyond anterior margin of the eye at least one-
half its dorsal length; apex more or less angulate. MALT GROUP 

KEY 1'0 THE SPECIES OF THE 013TUSA GROUP 

A. Elytra without color pattern,' unicolorous. 
B. Fronotum at least twice as wide as long. 

C. Ultimate segm('nt of female with distinct notch, general body 
color green ....................................... aureoviridis 

CC. Ultimate segment of female without distinct notch, general body 
color whitish ........................... _ ............. . pallida 

BB. Fronotum considerably less than twice as wide as 10l~g ........... . 
D. Pronotum with a def1ni te color pattern ....................... . 

E. Clypeus constricted near point of juncture with the front obtusa 
EE. Clypeus of u'niform width, not constricted .......... . l~nicolor 

DD. Pronotum without definite color pattern, sometimes mottled .... 
F. Pronotum slightly mottled, ultimate segment of the female 

with U-shaped notch; distribution Eastern U. S ....... pergandei 
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FF. Pronotum without mottling, female· with ultimate segment 
of the abdomen entire; distribution Western U. S ... c/),peata 

AA. Elytra with definite color pattern or black spot. 
G. Elytra with black raised spot lIear the base of the fourth apical 

ceJI . .. 0 • •• • • • ••• 0 •• , 0 • , .' • , •••• , , •• 0 • • • , • , , • , , ••• .' • : , ... .. , • , • • •• , , 

H . Sides 0 f the pronotum roughly para lIel. .. .. . ......... 0 0 .1ncisa 
HR. Sides of t~e pronotum not paralleL .. , ..... . .... . . , .... .. . 0 • 

I . Vertex broadly rounded, not produced .... . . . ...... , dCl£liC1da 
II . Vertex subangulate, produced about one-third its length ..... . 

J. Slight callos! ty beneath eyes, body dull.. , , , . ..... , .. atrolabes 
lJ. Eyes normal, body brilliantly colored ... .. ...... . .. 0 • tmim 

GGo Elytra without a spot ncar the base of the fourth apical cell . ... 
K. Elytra with one or more transverse bands .. , .... 0 ••• 0 ••• 0 • • • • • • 

L. Vertex produced about one-third its length beyond the margin 
of the eyes ..... 0 ••• •• •• 0 • : , ... . . ... , •••••• • , ••• , , •• :frifasciata 

L~. Vertex not produced or at most less tha:n one-third its length 
beyond the margins of the eyes , . .. , , , ......... , 0 •• pulchella 

KK, Elytra without transverse bands .. 0 • 0 o •••• 0 •• ••••••• , ••• •• • , •• 

M . Elytra with definite white line along claval suture". 0 albol1"fea 
MM. Elytra without definite white line on daval suture .. ... . .. . . . 

N. With a dorsal medi,an longitudinal stripe .. . . . , ....... . ... . . 
0.' Pronotum twice as broad as long, elongate species . 

• • • • 0 • •••• , 0 •• 0, • 0 • •••••••• , •• •• ••• , ••• 0 •• , ••••• s1'IwYagdu/(J 
00. Pronotum less than twic~ as broad as long, ' robust 

species . . . .. . .. . ..... . ..... . .......... . . . . . .. vitltita n. spo 
NN. Without dorsal median longitudinal stripe. 0 •••• •• •••••••• 

P. Uniformly black, antennae white ..... 0 •• •• • •• , ••• , • • Higra 
PPo Not uniformly black, antennae smoky. 

Q. Vertex produced about one-third its length beyond the 
anterior margin of the .eyes, apex subangulate osbo1'lIi n sp. 

QQ. Vertex not produced, apex rounded . ....... , ... o •• 0 •• 

R. Ultimate segment of male siouate .. 0 •••• • livingstonii 0 

RR. Ultimate segment of male with the posterior margin 
entire . .. , ... , , , , .. , , ..... . 0 • • • ••••• •• • an}lella n . sp, 

KEY TO THE SPECIES OF THE MALI GROUP 

A. Vertex with the apex subangulate, more or less rounded, 0 •••• 0 : • • , • 

B. Front orang'e or red, rest of body varying from red to green . .. ,,0 

C. Elytra wi thout markings ... .. . ... 0 • , • o. 0 • • • • • • • • • • •• • •••• coccinea 
CC. Elytra with pattern or ' ma' rkings. , .......... . ....... 0 •••• • .' ••• 

D. Elytra with white dash on outer margin, ....... ba.rbara 11 , sP.' 
DD. Elytra without markjngs on outer margins, white spot .on 

corium . .. , .. . , .. , .. . ... , .... ,0 , " 0, ••• 0 • ••• omoYriso1ti n. ~p o 

BB. Front without orange .or red markings. .... . ... .. .......... . .. . o. 

E . , Elytra with white vermicular markings ...... . 0 • : • • • 0 albosc1'ipla, , 
EE. Elytra without vermiwlar markings, sometimes with white longi-

tudinal lines . . ... . . 0 •• •• 0 •• , •• 0 • • • • , ~ , , • , , , , •• , • •••••• ,rohusta 
AA. Vertex angulate, more or less sharply pointed. 

F. Pronotum three-fourths· as long as broad. 
G . . Pronotum with the sides roughly parallel ....... . . 0 0 •• olligrosC1Ita 
GG. Pronotum with, the posterior portion considerably widc'r than 

anterior portion. 
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H. Elytf<l with white nervures or more or less spotted ... aspersa 
HH. Elytra wi th w hi te nervures, without spots .......... albolleura 

FF. Pronotum less than three'-fourths as long as broad ............. . 
1. Face tumid ........................................ : .... tllmido 
II. Face lIot tumid .............. . ..... . .......................... . 

]. Elyt fa not tlllicolorol1s ..................... ... ... .. ......... . 
K. Elyt fa with smoky traIl sve rse bands ...............•... birdi i 
KK. Elytra spotted or with longitudinal markings .... mlUUfJlda 

J.T. Elytra unicolo'rous .......................................... . 
L. SeuteHl1m with deep furrow .......................... pl/ra 
LL. Scutellum without deep furrow .......................... . 

lvI. PrOllotUJll with longitudinal markings ............. . radiolo 
MM. Pronotum with spots but not with longitudinal markil\g~. 

N. With six or eight spots on the pronotum; mlate genitalia 
as in Fig. 22 .................................. .. moli 

NN. With three spots all the pronotum ................... . 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. viridesulls 

O. Face loug and slender, length twice the width 
00. Face llorlllaf, length less than twice thc width ..... . 

P. Color yellowish green, length 3 mill; male genitalia 
as 111 Fig. 23 ........................... . jlovescms 

PP. Color greenish white, length 4 mm ......... . SHowi 

OBTUSA GROUP 

Empoasca lrifasciata Gillette 

(Plate II, fig. 1) 

'This strikingly distinct species (an be readily recognized by the three 
transverse reddish brown bands. Length. female 4mm; males 4mm. 

Vertex short, less than one-half the width of the pronotum very slight
ly produced. Pronotunl with lateral margins slightly angular. Width 
of the pronotuJ1l twice its length. Clypeus one-half the length of front. 

Color.- Vertex varies from pale ycllow to 'orange and in some forms 
is green·gold. PrOllollim yellowish gold but usually with definite mark
ings on the anterior one-third, posterior two-thirds mahogany color. Scutel
lum yellow or oral1ge; clylr ... varying from green to pale yellow with 
two. reddish browl) transverse bands, one at the posterior third of the cla
vus, the other at the tip of the elytro~. Front orange wilh light median 
longitudinal streak. Clypeus and genae green, Ventral surface of the 
abdomen light yellow or pale yellow. 

Ge!filaiia.- Ultilllate segmcnt of feillale with slight eillargina.tioll. Male, 
posterior end of abdomen, bluntly rouilded. 

Type spuimen - U. S. National Museum. 
Habilal.-Scattercd records from New England, Middle Atlantic, and 

North Centra!" States, west as far as Colorado and Arizona. 
Host. - Cot 1011 wood (Ball)., 

Empoasca smaragdula (Fallen) 

(Plate II, fig. 2) 

Resembli ng a. II.reO 1.!in"d is, but ultimate segment of the female with the 
posterior margin entire. Length, female 3.7mm; males 3.5mlll. 

Vertex not produced, about one-half its length beyond the margin of 
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the eyes. FrOllt at most twicc the length of the clypeus. A very slight 
constriction of the clypeus before the frontal suture. Pranalum about 
two and one-half times as wide as long. 

Color. - Usually with a dark smoky line on the dorsum running the 
entire leng1h of the insect, but ill some forms obscure except along the 
claval suture of the wing. Vertex green or green-gold, ill some forms 
entirely smoky. Pronotulll entirely smoky or green. usually with a white 
median line. Front orange or smoky with a light median line. Clypeus, 
lorae and genae green. 

GCI,ilalia. - Ultimate segment of female with posterior rriargin entire. 
Habila/.- Generally distributed throughout New England, Middle At

lantic, and North Central States, with scattered records from Tennessee, 
Colorado and California. 

Hosls.- \Villow (Baker); Cra/aeglts rh'lIl(lris (Gillette). 
This species is ncar 10 011 rea 'Uirid is. The dark dorsal line is not men

tioned in the original description, but is noted by Gillette. 
Lift His/o,'Y. - Adults were taken in August in Wisconsin and during 

June and July in Tennessee and Ohio. 

Empoasca vittata n. sp. 

(Plate II, fig. 3) 
Resembling smara.gdll/a, bllt much larger anu more robust. Length, 

female Srn:m. 
Vertex not produced, apex broadly rounurd. Prouotum less thall ! wice 

as broad as long. Scutellum with a transverse groove Ilear posterior 
third. 

Color. - Vertex greeilish yellow; margin of ocelli green. Prallolum 
and scutellum with a yellow median longitudinal line throughout. On 
either side of this line a broad. dark brown stripe. which begins from a 
point near the anterior margin of the pronotum and extends to the pos
terior end of the scutellum, where it unites to form a single stripe along 
the inner margins of the clavus. Inner border of apex: dusky, remainder 

'of elytra iemon yellow. Anterior m:argin and sides of the pronolum 
bright green. Front green with a light median stripe; clypeus green, tip 
bluegrecll. Legs, ventral surface of thorax and abdomen light yellow. 
Pygo(ers and lip of the ovipositor blur-green. 

Geni/alia. - Ultimate segment of female with the posterior margin with 
a, broad U-shaped incision. 

Described from a single female taken at, Stan ford University. Cali fornia, 
JlIne 30, 1910. Type in DeLong's Collection. 

Empoasca aureoviridis (Uhler) 

(Plate II, fig. 4) 

Of, the same form as obillsa, but larger and the ultimate segment o( 
female with a distinct notch. Length, females, 5mm; males 5mm. 

Length of the vertex slightly less than twice the distance between the 
eyes, more produced Ihan in oblu.(o. Pranolum not much more than twice 
the width of the vertex. Clypeus without constriction near point of junc
ture with the front . 
. Color.- Color ranges from golden yellow to green in different forms. 

Vertex gold or greenish. Pronolum usually with white markings ncar the 
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anterior border, rest of pronotulll ranging from golden-yellow to green. 
Scutellum usually darker than pronotl1m with whitc longitudinal Jine run
ning its entire length. Elytra green, hyaJiuc at the tips, abdomen light 
yellow. Front variable, orangc \0 bronze, sometimes with a light median 
longitudinal line. Clypcus green. 

Cori/olia. - Similar to ob/rlsa but with a distinct notch on the lateral 
border of ultimate segment of the fenlale; male plates stouter than in 
obillsa and not elongate. . 

Hobi/al.- Reported from fort Coil irIS, Palmer Lake and Marshall Pa.ss, 
Colorado (Gi lIette). Speci mens a ,'e a.t hand f rolll Cia rksvi lie, Dyersburg, 
Bells and Paris, Tennessee, and Estes Park, Colorado (DeLong), and 
Sa'ult SL Marie. Ontario (Oshorn). Doctor Ball's collection contains 
specimens from Fort Collins, \\lard and Rico, Colorado. 

Hosi. - \ViJlow (Gillette). 
Life His/ory. - Adult~ taken June and Jul)' in Tennessec and in August 

ill Colorado. 
Empoasca unicolor Gillettc 

(Plate n, fig. 5) 

Resembling II/(l/i, bllt with the vertex no\ prodll~ed. Length, fcmales 
3.Smm; males J.Smlll. 

Length 0 f t hc I'crtex: one- th i rd the distance bet ween t he eyes. The f ron t 
less than twice the length of the clypel1s. 'Width of the pronotum olle 
and one-hal f times its length, 

Color. - Color varies in the different forms lrom green to yellowish 
greeu. Vertex yellowish green, in some individuals golden-green with .a 
spot next e~ch eye. Pronotum yellowish green with a dash in the middle 
of the anterior margin; scutellum p~le green, a spot ncar the apex. Elytra 
ullicolorous throughout varying from green to light golden-green. Ven
tral 'surface of abdomen yellowish green. Legs yellow. Tibiac and larsi 
green. 

CCllitalio.- Ultimate segment of the female with the posterior margin 
with two oblique notches. 

Type specimelJ. - U. S. Natio)J~1 Museum. 
Habitat. - Generally 'distributed throughout Ncw England, Middle At

lantic and North Central Statcs and southern Canada, sc~ttered records 
from Colorado and Oregon . 
. Hos/s. - Apple (Lathrop); Crataegfts coccillea (Gillette). 

Empoasca obtusa \Nalsh 

(Plate II, fig. 6) 

Resembling 01 tr'e ovi,. i(l is, but smaller anti with the plates of the male 
genitalia more elongateU. Length, females 3,;mn,: males 3.Smm. 

Vertex similar 10 Oljreoviridis, but not at all produced, bluntly rOllnded, 
Lcngth of thc vertex about one-half the distance between the eyes. Pro
notllm twice the length of the vcrtex with the angles rounded, two-thirds 
as long as widc. Clypcus with a constrictiOIl slightly below the suture 
separating it from thc f~ont; slight callosity helow the·eve. 

Color. - Varying from yellowish green to pale gre,;. Vertex: golden 
yellow. PronotulH varit:s from pale yellow to grcen, somewhat mottled. 
Scutellum d~rker, IJsually with irregular \\'hile metlian longitudinal 
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streaks. Elytra green. Ventral surface 'of the abdomen light yellow, gen· 
italia grecn. 

Genitalia. - Female, similar to a!~reo';::iridi." ultimate segment smaller 
and' Jess sinuate. Plates of the male nlore elongate than in Gllreoviridis, 
about three times as long as wide. 

Type specimel~ destroyed in Chicago Fire, 
Habital.-Southern Canada, New England, Middle Atlantic, North Cen

tral States, south as far as Texas, west to California. 
H osls. - \Vi l10w (Gi lie! te); Be 11Iia fttl ea, sheel? laurel (K a/miG all 9 tiS I i

folia); POpil/IIS sp. (Osborn). 
Life History.-AdnllS taken June, July and August in New York, 

Tennessee and Wiscon~jn. 

Empoasca unica (Provan c her) 

(Plate IJI, fig. 10) 

T)·ph/ocyba wliea Provancher, Pcl. Faune Enl. C~I1., Vol. 3. p. 340, 1890. 
Empoasca spltlldida Gillette, Proe. U. S. Nat. lv/us., XX, p. 731, 1898. 

Resembling alro/abes, but larger and morc brilli!lntly colored, and without 
a callosity beneath the eyes. Length, females 3.Smm; males 3.Smlll. 

Vertex slightly produred about one-fol1rth the distance between tho 
eyes. Head as seen from the side with the front slightly roundep. Front, 
narrow, about twice the length of the clypeus. Pronolum with angles 
rounded, Ihe width about one and one-third times its length. 'Scutellum 
slightly shorter than pronOtum. 

Color- Vertex bluish green with slight oT:lnge tint at apex, Anterior 
two-thirds of the prOllotum reddish Qrange, remainder bluish. Scutellum 
reddish brown withont markings. Elytra of the same color as the scutellum 
with a bright blue line extending along clavieal suture. remainder of the 
c1ytra delicate light hlue; tips hyaline with a black spot just ill froll! of 
the cross-nervure of the 'inner apical cell. Ventral side of the abdomen 
yellowish with the gCllit;J! segment greenish. 

Ge/litalia. - Ultimate segment of female deeply emarginated; male genit
alia one and one-half times length of valve. 

TYf'e SPUiUlCIi. - U. S. N a!ional Museum. 
Habit,,!. - Described J.,y Gillette from material collected by F. C, Pratt 

at Lakeland, j'daryland; Lexington, Paris and Tullahousa, Tennessee; 
New Haven, Connecticut (DeLong); Kramer MiJl Neck, New York 
(Osborn); Orangebu rg, Sou t h Carol i lla (Lathrop). 

Lifc HisJory. - Adults taken in JlIne (Tennessee) and ill August and 
September (Connect iellt) . 

Empoasca atrolabes Gi!lette 

(Plate III, fig. 8) 

Resembling UIIICfl, but smaller and Jess brilliantlv colored and with a 
slight callosity beneath the eye. Length. females 3.Smm; males 3.Smm. 

Length of the vertex slightly less thaI) one,h~1£ the distance between, the 
eyes. Pronotum broad, morc than twice the length of the vertex, angles 
rounded. FrO)lt wider than in It>lica with elypeus less than twice the length 
of the iront. Eres with, a slight callosity beneath. 
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Colo,.. - V crlex greenish in some cases with a few light orange spots. 
Pronotum variable, reddish brown to dull gold, Scutellum darker than 
pronotum, dull gold or bronze, without markings. Elytra lighter in color 
th."n sClltellum and a pale green line extending along the claval suture, 
remainder of the clytra yellowish green; tips hyaline; a decided black 
spot in front of the cross-nervnre of the inner apical cell. V CIltral sur
face of the abdomen yellowish. 

Gelli/alia.. - Ultimatc segment of the female deeply notched at middle. 
Type .fpecinulI.- U. S. National Museum. 
Habilal. - Generally distributed throughout southeastern Canada, Ncw 

England, Middle Atlantic and North Central Stales, west to Colorado. 
H 0.11 s. - C or:,.lus rostra la (hazcln lit), A /""s viridis, Cralaegus rjv1Ilaris, 
Lift: His/ory. - Adults taken in June and August in vVisconsin. 

Empoasca albolinea Gillette 

Resembling ,,"icolor, but with a white line along the claval suture. 
Length 3.Smm. 

This species appears to be very closely related to lwic%Y, resembling 
it very c10sdy i 11 size, form and color pa Item. The exte rnal gen i ta I ia are 
also identical with those of 1111 ie%y. 

Type s/>aciHtell.- U. S. National Museum. 
HaNtol. - Virginia, I llinois, Kansas, Colorado and California. 
Ha.sls.- Willow (Gillette). 

Empoasca denticula Gillette 

Resembling pcrgDlldei, but larger and without mottling 011 the pronotum. 
Length, females 4mm; males 4mm, 

Vcrtex not produced, its length less than one-half distance between 
eyes. l'ronolum three times length of vertex and about twice as wide as 
long, angles of prOllotum acute. Clypells nearly one-half as long as thc 
front. As secn from the side the front i~ verv rounding. 

C olo~. - Pale ye llow ish grecn. Ve rtex gold or yellow ish. Pronot urn 
yellowish green. Scutellum the same color as the prollotllm with a pale 
longitudinal stripe. Elytra pale grcen. Legs' and ventral side of abdo
men yellow. 

Celli/alia. - Plates of male elongate, ~boul four times as long 2S broad. 
Femalc, ultimate segment with a distinct notch on Ihe' postuior border. 
Type specimm. - Cotypc, U. S. National Museum, 
Habitat. - Clarksville, Tennessce, Madison and Lake Geneva, Wiscon· 

sin (DeLong). Described by Gillette from specimens takcn August 3, 
at Colorado Springs, and Fort Collins, Four-mile Hill (!lear Steamboat 
Springs) Colorado (Ihker).: Athens, Ohio (Osborn). 

Life His/ory. - C~ptures made .Tune, jllly, August, in Colorado; July 
in Tennessee and in September in Ohio. 

Empoasca pergandei Gill e t te 

(Plate III, fig. 9) 

Resembling dell/jellla, blit slightly smaller and with white mottling on 
the pronotl1nl and vertex. Length, females 3.7Smlll; males 3.7Smm. 

Vertex produced less than half its length beyond the margin of the 
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eyes; lenglh of the prOllotum twice that of vertex. Greatest width 01 
pronoturn morc than twice its length. Face as seen from the side very 
rounded, llOt pointed and as wide as long. Front more than twice the 
length of the clypeus. 

Color. - General color yellow-green with considerable whitc mottling 
on pronotum and a white line running the length of the scutellum. 

G Elti/(Jlia. - The ventral ultima Ie segment 0 f the f ema Ie has a V -shap
ed notch. 

TYPI! speciml!Jl. - U. S. National Museum. 
Habilal.- New Haven, Connc<:ticut (B. H. \Valdcn) ; Maine (Osborn); 

Washington, District of Columbia (Sanders). Described by Gillette from 
a female taken at Fort Hill,_ Massachusetts, July 4,1890 (Thea. Pergande). 

Life HiSlory.-Adults taken in July in Connecticut and in August ill 
Maine. 

Empoas~a incisa _ Gillette 

(Plate III, fig. 7) 
Resembling allreoviridls, but with a deeper incision ill the posterior mar

gin of the female ultimate segment. Length, females Smm; males 4mm. 
Vertex not prod'uced, lengt h cq ua I to two-thirds the d istaJlce bet ween 

the eyes. Pronotllm twice the length of the vertex, sides almost parallel, 
length two-thirds the width. Scutellum equal to the length of the "pro
notulll. Front one' and one-hal f times the length of the clypeus. 

Colo,'. - Vertcx green. Pronotum green with two light marks, some
times fused.. Scutellum smoky with a white median longitudinal line. 
El}1ra' yellowish grecn. Front and clYPCU5 green, abdomen light green. 

GCl1ilaJia.- Ultimate segment of the female with'a V-shaped. incision. 
Ovipositor black. 

Type specimen. - U. S. National Museum. 
Habitat. - Brookings, South Dakota (H. C. SC"crin); Gillette de

scribed this species from Estes Park, Colorado; Bear MOllntain, Vermont. 
Webster and Durham. New Hampshire (Osborn). 

Life Hi5toYj'.-July in South Dakota (H. C. Scverin): Estes Park, 
Colorado, August 6 (Gillette). 

Empoasca clypeata Gillette and Bak,cr 

(Plate III, fig. 11) 

Resembling ob/usa but with callosity bencath the eye. Length, females 
4.Smm; males 4.Smm. 

Vertex 'rounded but very slightly produced, length less than half the 
width between the eyes. 'Front similar to obit/sa. Clypcus without con
striction near the frontal suture; eyes with callosity beneath. Pronotum 
'more than twice as long as the vertex, its width less than twice ils length; 
angles rounded. , 

Color.- Bronze green with smoky tinge. Vertex green, pronotllm and 
scutellum smoky. Ely(ra green with a smoky band along the claval su
lure, rest of elytra. green. Front smoky. clypeu5, 10fac and genae grcen; 
legs blue. 

GrHllalia. - Width of male plates more than twicc their length. 
Type specilllclI.- U. S. National Museum. 
ljabilal.- Specimens are at hand from Knoxville, Tennessee (Carl-
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wright, Ainslie); Estes Park, Steamboat Springs, Colorado (Gillette and 
Baker), June 10; Placer, Califomia (u. S. Nat. Mus.). 

1-1osl.- Willo\\' (Baker). 

Empoasca iivingstonji Gillette 

(Plate ITJ, fig. J4) 

This species is recognized at once by its large size and deep smoky color. 
Length 4.2Smm. 

Vertex produced less than half its length beyond Ihe margil\ of the 
eyes, apex rounded. ProllotUnl twice as broad as long and slightly more 
than twice the length of the vertex. Elytra with the nCr1"ures distinct at 
the cross-veins, but fad;ng out towards the- body, venation normal. 

Color. - General color deep smoky to black. Front pale yellow with 
a more or less distinct line down the middle. Vertex uJlicolorous with 
the Iront. Pronotum smoky brown to blackish,: with a subobsolete pale 
line along the middle. Scutcllum concolorotls with the pronotum, paler 
011 the middle, the transverse groove black. Elytra unicolorous, deep 
smoky blackish, translucent. Feet pale yellow, abdomen more or less 
bl:a<!k above, yellow below. 

Cel,ilalia. - Posterior margin of ultimate segment of the female entire. 
Colype. - U. S. National Museum. 
Hab,tat. - Carfield. Vancouver Island (C. Livingston): Easton. Wash

ington. collected by Koebele (U. S. National Museum). Specimens ex
amined in Dr. Ba1l's collection from Fort Collins, Colorado, and Ducan, 
British Columbia. 

Empoasca osborni II. sp 

(Plate m, fig. 12) 

Resembling li1!i!lgsioHli. but with the vertex more produced. Length, 
males 3inm. 

Vertex produced beyond the margin of eyes about one-fourth its length. 
Distance between eyes twice the length of the vertex. Width of prono· 
tum slightly greater than twice its length. Pronotum twice the 'Iength of 
the vertex. Head as seen from the side with vertex angular, eyes I~rge. 

Front nearly two and one-half times the length of the clYPcl1s. Face 
slightly broader thall long. 

Color. ~ General color smoky brown. Anterior edge of vertex with 
light brown markings, the rest smoky brown. PrOlJotum cOllcolorons 
with vertex. Scutellum in some specimens with a white spot on the <In
terior medi2n border. Elytra light smoky browli. Front browl1 with a 
Ijght yellow longitudinal line. Clypeus brown shading to green at distal 
end. Lorae blue-green. Gcn~e light yellow shading to green where it joins 
with the clypcus. Tarsi aud tibiae blue-green. Ventr:al side of abdomen 
light yellow. 

Gelli/alia. -lvble, plates elongate, clothed 'with brown hairs. 
Described from three males, type and paratypes, taken by Professor 

Osborn :at Marietta, Ohio, September J3, 1905, and IIOW in the Osborn col
lection. 

Empoasca annella II. sp. 

(Plate III, fig. )3) 

This strikillg species resemhles o.<borJI I, but is' much larger. Length, 
male Smm. 
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Vertex slight Iy produced, length less Ihan one-third the pronolUlll. 
Front at least three times the length at the clypeus. Face longer thall 
the width, nluch longer than face of osborn;. 

Color. ~ Dark bronze. Vertex rusty brown. Pronotum brOllze with 
a yellow longitudinal median line extending the entire length of the pro
notum and ending in a yellow spot at the posterior end oE the scutellum. 
A paf~lIel line on either si!le of the median line on the scutellum. Elylra 
smoky. Front light brown, \~'ith a light yellow longitudinal median line. 
Clypcus, lorae and genae light yellow. Vent ral side of abdomen bright 
yellowish green. 

Ge!I;lalia. ~ Ultimate segment of Ihe male with the posterior margin 
ent ire, not si nuate. 

Described from a single male taken in Estes Park, Colorado, collected 
August 25, 1920, by H. C. Severin. TyJ)C in Dr. DeLong's collection. 

Empoasca nigra Gillette and Baker 

This species is readily recognized by its small size and jet black color. 
Length 2.iS to 3.0mm. 

Vertex not produced, apex rounded, disk of vertex sloping, with a 
slight med ian depression on the pos tcrior hal f, openi ng into a sligh t ,de-, 
pression on the anterior margin of the pronotum. Pronotum slightly less 
than twice as broad as long, anterior margin broadly rOllnded, posterior 
margin somewhat concave. Scutellum with a, median pit in front of the 
transverse ,groove. 

Color. - Black. Antennae whitish; ocelli SllfrOllnded by a narrow pale 
margin; elytra black, posterior third fading into smoky subhyalinc; an
terior tibi~e and tarsi snloky. 

Gelli/al;".. - Posterior margin of male u!tin,ate segment e"tire; of fe
male, slightly notched. 

Type spccime", - U. S. National Museum. 
Habi/al.-Mounlains southwest of North Park, Col'oracio, collected by 

Baker; Little Beaver, Colorado (E. D. Ball). 
H os/.- ArIC)II';S;o Ir;deHlolo (Gillette). 
Life History. - Adults taken in July, 

Empoasea pu1chella Gi II e t,t e a n<.l Ba ker 

Felliale. - Front and vertex without sculpturing, opaque, Length, 3mm. 
Vertex slightly produced, about one-third its length he yond the anterior 

margin of the eyes. Clypeus a third longer than wide.;" Jorac long and nar
row. Pronotum about twice as wide as long, front margin rounded, pos
terior angles broadly rounded, sides without distinct sculpturing but with. 
two small pits near the' median line about one- fourth the distance from the 
anterior margin. Scutellum with a transverse groove. 

Color. - Steel blue, varicd with smoky and orange. Vertex with a 
brown median line on posterior two-thirds; ocelli rufous and distant 
from the e),es. Pronolum pale blue, washed with white and pale orange 
on the anterior margin. Scutellum orange with white mottling. Elytra 
subhyaline with three broad, distinct transverse bands. Clavus and cori
um ]losteriorly each with a pale orange stripe. Veins whitish apically. 

Gmi/alia. - Ultimate segment of abdomen deeply notched, posterior 
angles rounded. 



106 IOvVA ACADEMY OF SCIENCE VOL. XXX, 1923 

Type specimen. - U. S. National :Museum. 
Habila.l. - Mountains southwest of North Park, Colorado, collected 

by Baker. 
H osl. - Artemisia tridell/olo. 
Life Hislory.- Adults taken July 10. 

Empoasca pallida Gillette 

Pale yellow species, almost white. Length 3.7Smm. Vertex rOllnded, 
produced about one-third its length beyond the margin of the eyes. Pro
Ilotum with the length sOmewhat morc than half the breadth. 

Color. - Front pale yellow, mottled with i\'o~y-white, genae and ely
peus nearly white. Vertex yellowish with a median whitish linc, on either 
side of this an opaque whitish line. Fronotum whitish, tinged with yel
low and with one me(Jian spot on either side, one or two lateral light 
spots. SClltellum white with the tip and basal angles yellow. Elytra 
whitish, suhopaque near the cross-veins, beyond the cross·veins transpar
ent. Abdomen above and below yellowish white with the last ventral 
segment and the pygo£ers green. Legs whitish with tips of tarsi £uscous; 
tibiae and tarsi light green. 

Genitalia. - Ultimate segment of female with the posterior marg,in 
sinuate. 

TyPe sPCCi)JUIL- U. S. National Museum. 
Specimens ill U. S. National Mllseum labeled "Colton, N. Car., JUIIC, 

79." 
MALI GROUP 

Empoasca coccinea (Fitch) 

Elllpoa Coecil/ea Fitch, HomoD. N. Y. St. Cat., p. 63, 1851. 
TYPhloc:lba co(ciltco. (Fitch), Osborn, 20th Rept. N. Y. St. Ent., p. 544, 

1905. 
Empoosco. COCCiHI?a (Fitch), Van Duzee, Cat. Hemip. N, A., p. 704. 

This strikingly distinct species varies from light green to a bright red 
ill different individuals. Length, females 3mm; males 3mm. 

PronotullI emarginate, twice the length of vertex. Head as seen from the 
sidc rounded. 

COlbY.- Red /or11l- Vertex blood red, cyes pearly. Antcrior two
thirds of pronotun) red, posterior one-third mottled with gray. Scutel
lum red. Elytra tan. Front bright red. Distal end of clypcus bluc-green. 
Tibiae and tarsi blue-green. Genae and lorae bright green at jU1Jcture 
with clypeus, remainder red. Abdomen yellowish green. 

GrUII forll!. - Varying [rom light green to dark green. Sometimes 
with a touch of "ed or orange on thc tip of the vc·rtex. Front orange to 
deep red. Clypeus, lorae and genae blue-green as are also the tarsi. Ely
tra uS\lally with a whitish line along the outer margin. 

Gmilalia. - Male, pointed. green color, crowned with hairs. 
Habi/a/.-Cranberry Lake, New York (Osborn and Drake); vVanakena, 

New York; Pattol), Pennsylvania; Harpswell, Grand Lake, Maine (Os
born). 

Hosi. - White pine (PinuJ Strobus). 
Life His/Dry. - Adults taken i[l JUlie in Pennsylvania and ill Al1gust 

in New York and Maine. 
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Empoasca morrisoni n. sp. 

(Plate IV, fig. 15) 
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Resembling barbara, but with the vertex more produced and with defi
nite white markings. Length, females JAmm. 

Vertex produced at least half its leilgth beyond the anterior margin of 
the eyes. Pronotum less than twice as jong as wide: 

Color. - General color of the dorsal surface of the body light brown, 
with the borders of the pronotum, vertex and scutellum margined with 
green. A white spot on eilher side of the median line of the vertex, one 
on the median anterior border of the pronotum and scutel1um. A large 
triangular spot on the anterior third of the corium. Tips of the elytra 
hyaline. An orange median, li'ne funning two-thirds the length of the 
front. Clypeus, gcna(', lorae and the ventral surface of the abdomen yel
lowish green. 

Geuilalio.. - Ultimate segment of female with the posterior margin 
entire. 

Described from fouT females taken in a pine grove by Mr. Harold Morri
SOil at Pacific Grov·e, California, May 29, 1915. Type in Morrison collec
tion, paratypes in the Ohio State University and writer's collections. 

Empoasca barbara n. SI). 

(Plate. IV, fig. l6) 

Resembling (occiueo, but larger and with a white dash on the outer 
margin of the elytra. Length, males 3.7mm. 

Vertex rounded, produced one-half its length beyond the margin o{ the 
eyes. The width of the pronotum more than twice its length. 

C%r.- Vertex and pronolum pale yellow. Elytra pale cadmium yel
low, outer margins with a dash of white. Front orange, c1ypeus, genae, 
[orae, blue; abdomen ye 1I0w. Tarsi a 1Id tibiae bllle·green. 

GmilaJia. - Ultimate segment of male with a distinct V-shaped notch 
in the posterior m <lfgi n. 

Described from two males from Pacific Grove. California. collected by 
lJr. Harold Morrison. May, 1915. Type in the Morrison colkclion; para
type in the writef's collection. 

Empoasca viridescens 'NaIsh 

(Plate IV, Jig. 17) 

Resembles flavtscellS and mali, but wilh a long slender face. Length, 
females Jmm; males 3mm. 

Vertex slightly produced, less than half its length beyo!ld the eye. 
Pronotum more than twice the length of the vertex. Face narrow and 
slender, length equal the width including the eyes; as seen from. the side, 
angular. Front more than twice the length of dypeu5. 

C%r.-Ranges from pale yellow to light green. Vertex: wilh pale 
yellow spot near compound eye. 'Three 'White spots along the anterior 
border of pronolum. A white spot ill center of pronotulD and scutellum; 
in 'Some cases the markings along the anterior edge of pronotum coalesce. 
Spots in center of pronolum and scutellum constant in all specimens ex
amined, other markings often obscure or wanting. Face bright ye.llow, 
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flecked but o(tel1 indistinct ; tip of. c1ypeus blue-green. Tarsi and tibiae 
bille-green . Abdomen palc yellow. 

GeJlila/io.- Crescent-shaped notch alollg Ihe posterior border of the 
ultimate segment of femal ... . 

T ),pe s pee j HUH. - Destroyed ill eh kago Fi re, 
HobilnJ, - Generally distributed throughout sDlllhern Cauada and cast

ern United Stales, south to Texas, west to Oregon and Vancouver Island. 
Life Histo,·y.-A dults captured in April (Oregon) and in June (Massa

chusetts) . 
Empoasca pura (Stal) 

Resembling ob/lIsa, but with the vertex "nlSulale and produced one-half 
its length beyond the margin of lhe eyes. Length 3.75mm. 

Pronotllm less Ihan Iwice Ihe length of the verte):. Scutellum wilh ' :I 
deep median (urrow. 

Color. - Vertex orange. pronotum greenish yellow with a light spot 
on the medial) anterior border anti a spot behind each eye. Scutellum 
yellowish, mottled with white. Elytra pale green: Front orange with 
distinct sculpturing. ClYPC\IS, gena.e and lora.e yellowish green; legs yel
low; tarsi green. 

Ce"italia.- Ultim~tc segment' of female with the posterior border en
tire. 

Habitat. - VanCOllver 1 sland; Los Angeles , Cali fornia; Long View, 
Catulla, Texas (U, S. National Museum). 

Empoasca radiata Gillette 

Pale yellowish green species, with more or less distinct longitlldinal 
markings. Lelig1h 2.7Smm. 

Vertex produced at least one-half its \ength beyond the anlerior margin 
of the eyes, its length contained in the breadth of the head two and one
half times. 

CD/Dr. - Face pale yellowish green a\.love, the cly»eus deeper ' green. 
PrOllotum pale green or yellowish with olle median and two lateral grcen
ish lines and two dnrsal and two lateral orange-yellow lines. · Scutellum 
pale greenish . Elytr:! dilute milky, the nervures whitish and with three 
more or less distinct orange colored lines, 011e on either side of the claval 
suture and anolher on (he middle o( the corium. Abdomen greenish 
yellow above and below, Legs whitish with the tips of tibiae anti taTsi 
bille. 

Geu;lalill. -last ventral segment of femal e slightly produced and en
tire posteriorly. 

Type specillleJl. - U. S. National Museum . 
Habilal . - Horseiooth Gulch, fiold Moullt, east of Estes Park, Colorado 

(Gillette); Victoria. Texas (U. S. National Museum) . 
Host.-Acacia (U. S. N<ltional Museum) . 
Life His/ory. - Adults tllken in Colorado in JUlie and August. 

Empoilsca robusta Gillette 

Small greenish yellow species, rather robust. Length, 2.75mm. 
Vertex rounded in front and produced at le;; st olle-half its length be

yond the anterior margin of the eyes. Prol1Ol'l1m three-fourths broader 
Ihan long. 
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Color. - Facc smoky ;\"(lry-\y!.ite, witho,.t Jistiuet n"tl-kings. PrOllO
tum whitish or yellowish ",hite with two more or less (\istinct \emol.-yel
low longitudinal ]i!l<:s; sli"ht S1lottiJ)g of the S~1lle colL,r uack o( the com
pound eyes. Scutellum p~1c "ith Iemo1\-yellow ('" the tip and b~sc. Ely
tra whiti,h suhhy:dinc, ,lightly silloky on the crosS-\··>ill, 1l1lmedia~cly he
forc the cross-vcins alld beyond thcn, transparcnt: the basal portjoll ot 
the c1ytr;l slightly lI'ashc<l with lemon-ycllow. Feet ydlow, with the 
ti biae and ta rs i oft he second "nd t hi rd p<l irs greell i sh. 

GI.'"ilalill. - Ultimate segmCl\t of female with the posterior bnrJee ,Iight
ly notched. 
Typ~ spuimnl. - U. S. National MUSClln1. 

Hilbilil/. - N cvada CQunty, Cali fornia (Gillettc); Washington, Di~trict 
Columbia; Brewster, TexRS (U. S. National i\J mellm.\. 

Life HiSlory.-Acllllts taken in Septclllber iJ) CalifQruia (Gillcllc). 

Empoasca nigroscuta GilJette and 13aker 

(PIRte I \T, (,g. 13) 

This striking species ranges ill color frotll atmost pure white to almost 
solid black. 1\lost ~,pecimel1s, howcvcr, arc ItlOre or less wnitish with 
smoky (ransvcrse b~tlds. Letlgth, females 3mm; males 3mm, 

V crt~x acute or stronglv produced ~I)out one-half distancc I)cyonu the 
eyes. Fronolum almost twice as long as "ntcx; length three- fourths the 
width. Clype\ls twice the length of the front. 

Colo,·.-lnllearly all specimens examined the vertex is a,hy-whitc, but 
occasionall." smoky-white. Frono\UiII usually white. ;n the JRrk f orlllS it is 
black. Scutellum hlack. Among the Jark ('>rnlS the elytra are smoky 
for lhe anterior two·thirds and a ligj.ter ~h~dc the rest of the way. Us
pally- thcr~ ~re two tral'S\'Crse smoky b:ln(\O' on ~he ~'lv; ra. one ncar t!te 
posterior claval -"utnre and an('>thcr at the tip of the clytrotl; remainder of 
c\ytrOIl ashy-gray. In dark [orllll, front smllky-white. with a <luk longi
wdillal mtdia1t line; clypeus, genac and lorac smoky; legs smoky. J n 
light forms chpcus, genae, lorac and legs white. 

Gtllilalill. - UJ[itl.alc segmcnt of I elll~1c with U-sh~pcd notch. 
Hahila!. - Taken by Gillette. Julte IS at Dol(!res atld August 21. at 

Cerro Summit,-Colorado; b,[cs P:trk Colorado (Sevcrin); v"a~atch. Utah 
(1-leidema"tI) . 

l-! osl.- Arlt'/)llsia Iririnr/ola (Gillette). 
!.ife lJi.<IO''.l·.-A(\ults tak~1l ill Colorado III August. 

Empoasca nigroscuta nr. typhlocyboids Gillette alld 13akcr 

(Plate IV, fig. 19) 

Same form as "igrOSCH/(1, Color much liglllCl' allJ markings less con· 
spicuous. Length, females 2.0111111; males 2,5nllll. 

JllJi\'iJual, vary Irom a pale g-r(('11 to a milky-white or bluish white. 
Face as 5eell I rom the side, \'Cry hlunt. V ('r(ex greatly produced. olle-half 
its length bcyonJ the eyes. Length of [Ile prOtI(l(nm two-thirds of its 
"'idth. slilZhtly A'reater thall the length of the vcrtex. 

GtlIilnlill. - l'colale I\ltimate ~('gmcilt witit a l! -shaped incision 011 its 
posterior ma rgiu. 

Type, spec,.",,.,,. - U. S. l\' ati')nal 1-1 'lSClilli. 

Hobi/a/. - Estes P;lrk, Col(!rado, altitudes of 8500 feet and .<:;800 feet; 
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Fort Pierre, South Dakota (H. C. Severin); Steamboat Springs, Colorado. 
July 12, ;lnd Cerro Summit, Colorado, August 21 (Gillette). 

llo:rl.-Arlemi.sia tridell/alll (Baker). 
Life Hislor}". - Adults captured August, Colorado, ;lnd September, 

Sout h Dakota (Severin). 

Empoasca snowi Gillette 

(Plate IV, fig. 20) 

Reselllbling mali very closely, but larger alld of a greenish white color. 
Long slender species with almost uniform color throughout. Length, 

females 4mm; males 3111m. 
Vertex very much pointed, produced One-hillf its leugth beyo1\{1 the 

eyes. Length of the pronotum equal to that of the vertex, width three
fourths its length. Front very narrow .. Clypeus less than one-half the 
length of the front. Head as seen from the side bluntly rounded. 

Color. - Vertex gold-yellow with a greenish spot on either side of 
the median line. Pronotum yellowish in some specimens with three dis
tinct whitish spots along the anterior border. Elytra pale green, tips hyaline. 
Frollt gold-yellow shading to green toward the clypeus; clypeus and legs 
green. Lower surface of abdomen light yellow. 

G~II"Jalia. - Ultimate segment of female with very slight incision. IvIale 
genitalia pointed: ultimate segment with a slight notch. 

T)!pe specillJ~ll. - U. S. National Museum. 
Habilal.-Lake Geneva, \-Voodman and Madison, \-Visconsin (DeLong). 

Described hy Gillette from two female specimens collected by Prof. W. A. 
Snow at Magdalena Mountains, New Mexico, August, 1894; specimens in 
U. S. National Museum marked "Ariz." 

Life Hislol'y. - Aduit3 taken in \ViSCOllsin, June, July and August, and 
in August in New Mexico. 

Empoasca aspersa Gillette and Baker 

(Plate 1 V, fig. 21) 

E1IIpo(1s(1) aspcrs(l Gillette and Baker, Van Duzee, Cat. HClllip. N. A., 1917. 
Length, females 3mm; males 3mm. 
The vertex is produced one-half its length beyond the 'margin of the 

eyes. Pronotum slightly more than twice the length of verlex. 'Nidth 
of pronotum not quite twice the leng1h. Front three times the length 
of the clypcus. Sha rply angled as viewed f rOIll the side. 

Color.- Vertex yellowish green. Pronotum bluish gray with minute 
dark scattered spots. Elytra same color, but with larger and more defi
nite spots. Wings Ilyaline. Front yeUowish green IlJottled with black 
spots. Clypcus, lorae and genae green. Legs blue-green. 

Gellilalia. - Ultimate segment of female with a distinct U-shaped notch. 
Habilat. - Fort Collins, Sept. 27 (Gillette); in mountains southwest of 

North Park, July 10, and at Steamboat Springs. Colorado, July 12 (Baker); 
Los Angeles coullty, California, March, U. S. National Museum (Gillette): 
Wasatch, Utah, Juue, 27 (Heidemann); Lehi, Utah (Sanders). 

, Ernpoasca tumida Gillette 

Pale greenish yellow species with face I'ery tumid. Length, 2.5Omm. 
Vertex produced about aile-half its length beyond the margin 01 the 
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eyes, P rol1ut l1lll not wider t),all lhe h~ad, 1c~s thall twice a~ \',' ide as long. 
Front very Illmid. 

Color.- ["rollt ranging in color from almost entirely yellow 10 almost 

entirely ;.;reell. the IIpper 11,'1.1 ycllu\\'. Vertex yellow 10 gHcnish, wilh a 
median an.! two btcr;'! 101ll-:illldill,Il pale lines which are sOllletlllles in' 
elistinct in the greellCl' SI'~·(illl~IIS . l'rOIJOIIIIll. pale g-reen ",ith live whitish 
spots On the anterior margin ;tn(\ in well 1l1~rkcd spccinlCliS Ihcre arc three 
ill-(\c/iJ)ed pale lines ",hidl .It-e cOlltinllolls with the p:..1e lille~ ()f the vcr

tex. Abdomen yello\\ish grCL'1\ alJ<'l\'e ;tIld below. Legs yel1ow, tarsi 
blilish. 

Gelli/alin. - Ultimate st'gmcnt 1>1 female slightly produ(cd with [)ostcriur 
margin enti re. 

T.I'Pc "/,CC iJIIOI. - U. S. National }.\useu)ll. 
Habitat. - Hors~loolh Gulch, Fort Co11i"s, Colorado (Gillette); SaM .. 

U;"rbar:t, California (F. \Villtel"stein) . 
/l os /. - Plum (Gillette) . Probably accidenlal. 
Life Histo}"y ....... Adtllts taken ill JUlie in Colorad/), anti in September in 

California. 
Empoasca mali (tell,lron) 

(Plates 1. I V, lig. 22) 

l{c, cmhlin,:; f/n,.'es {C II ,I', Utlt w;tli ~ix or cight sputs aloJlg' the anterior 
border of tlie prollolllill ~lId differi"g' ill ;utallal genitalia of m:l.le. Lcn glh, 
female s 3m,"; males 3mm. 

Vertex angul;otc, pr(J(I\l((;d more thall half it~ kllgth beyond the rnargi" 

of the eyes. Pr()1l01tllll twice as bro;tc1 as long. and less than twice the 
lellgth of Ihe vertex. 

Culo)', - Gennal color ydlowish green. Vertex g-reCll. flecked wilh 
while $('I0 t,. Pro nottllll IClllo" yellow wi Ih a serie!' of six or eight ",Ioitc 
spots along the anterior horder. SClltcllnm typically has an " H" shaped 
spot ne~r the center ;)nd a ",hile SPOt at the posterior angle . Tn some 
form s the spOL< on the pnlllol\llll all,) verlcx arc indistinct. El)'tra arc 
yellowish Krten. Donal alld velltral surface of the allrlon\cn light green. 
Tarsi and tihiae "Ille-grc~n. E~T~ PC:lrly-white during Ii f c bllt bc('ominlj 
brown after death. 

Cellitalia. - Ultimate segment oi f cmalc Wilh01l1 notch :lIon!;' posterior 
margin. 1·1 ale gellit:tlia shown in fi~ure 22 of Plate IV. 

Habitat. - TI,is species is g(' ncr~Il.\' distributed throughout Ihe United 
States ~;l.st of thc Rocky MOlllllaillS . 

. Hosts. - Bec~lI .st of lhe confus ion of other close I.\' related _~pecics with 
)IIu/i and the :\c(-iden\::I1 capll.re, made on plillll ' 011 which it docs not 
normally Iced, the long list of IIMt pl:lIIt" of thi ~ species proi>;l/)ly will be 
consider;.bl)' re<lll(c<t wben Nlr knowledge of ils feeding hahits is .:norc 

accur~tc. The species 01 leafhoppers confused with tlois form in ecollomic 
literature aa': 1;'. Ir"icoior ;l1\d 1;. jill 'Ic.<U 11'<. The ohservations (')f the 
writer indicate Ihat j!J4/i may occlIr on a number of widely separated 

plants. Among the ecolIOtllic hosts on which reproduction takes place and 
hopperburll occurs arc; potato. l)e;'\ n, Sligar Leet, hemp, raspberry and' 
apple. It att;lck< white hirch and ",ti.CI' ornamentals. A dcci<kd prefe r
cnce to potato, beans, clover, alfalfa and beets, in order named, was IIoted . . 

Life f/i s/ory. - Tl.crc has hccll c"n ~i(!n;\bIL di <:agn't:l\lCnt rega rdinJ.( 
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the nUlllber of ~el\\:ratiollS a year. The \\'rilcr'~ experiments ill lo\\'a cov
ering a perioJ o[ fOIIl- year> ,how t\\'o generatiulls for that latitude. In 
the Sl>rillg the ~dllits come 0111 of lileir hiding places lInder old leal'es and 
! r;>.~h where lll('y h;>. I"C ~penl the ",inter and feed on clIrly dock :lnd other 
wc{'tls. As SOOIl as early potatoes have attained" good growth, the hop
pers le;<vc thc weeds and flv to t1,eru. They iced 0" the tenuer (oliagc 

anti begin to iusert eggs inside the Icavc> ;It\cI ,terns. In aLout 1\\'0 weeks 
Ihe eggs hillch jilIn Ilymphs which feed on Ihe ulJdersides of' the leaves. 
causing Ihelll 10 roll lip and hllrn. 0 [ Ihe t\\'o broo(.I:;. th~ first appcars on 
carly \'arieties of potatoes in ,Tunc aile! Jul)" while the second is abundant 
a'l(l (kslrllcti,'c to late ,':o.rieties in August and eady Septemher. 

Eropoasca Aa vescens {F a b ri ci \l s) 

(Plate IV, r'g. 23) 

nescllIhlillg lJIali, \"ut ",ith vcry indistinct markings on Ihe pfonotllm. 
Length, female, 3mm; 1ll:l1e.< 3ultn. ' 

Vertex anglllll(C, pfollll«('d mNC (h:lll half it's Icnf;:lh I'C),Olld the margin 
of Ihe eyes. Prnllotlll1\ illore th;tn twice the length of the vertex. Face 
H seen from the side, rOllnded. Head very small. I'n)llt less Ihall twicc 
the Icllgtt. of Ille clrrells. 

Color.- YellolI'ish green. Vertex )'ellol\' \\'itholll J))arki!1g~, pronollim 
lig-ht g-recn, in well lllarked specimens \\,;th :i ,lash of white along the 

anlerior median border. one back of the C('lltCl' of cach ere. Elytr:l yel
lowish green, h)'.dine ;).1 tips. Pront with ;llIlistillct li~ht longitudinal linc. 

Eyes brown, CIYPClIS, IOf<lc and g('nat grecn. ,'ars) and tibiae lJlliish 
,::rCCI1, tip 0 f ahdoll1ell I i gil t green. 

(;I'llillllill . - Ovipositor ex lends slightly bCY(I(H.I the tip oi the a(,<lc.Jn\CIl. 

Ultimate segment of fcm;tlc witho\lt not,h alol\g' postcrior margin. PI:tte<; 
()f tlte m;tle acute, angular. 

1111/,.1111. - GCllerall," <IistrihUll"\ throughollt tIle Middle Atla.ntic. NQrth 
Cen{ral and Sotlthenl Slates wilh scattcred records (rom New ~!cxico 

and Cali f orll;,l, 

Lif!' ";,</0".\',- Adults taken ill JUlie, )lrly, A\\g'n,<t ~nd SeplC)lIIJer ill Tcu-
lIe~sec. 

Empoasca minuenda eall 

nlll/>"USC(T miJIIIC'Jlda flail. Proc. llio. Soc. \\'ash .. Vol, 34, pp. 23-24, 1921. 
Pale green, ,"cry ~m:tll, vertex ;I!\g'nlalc. Lcng'th 2mn\. 
Vertex produced at least onc·half its Icllg'th beyond the 11l~rgin of the 

ryes. Antcrior c<h-;e of pronotn'" hro.ully rounded, PrOllolulH twice as 
"'i,le as i0ng'. slightly hrgcr than '·crtex. Elytra lOllg'. re:;emblillg' IlIllli ill 
shape; lirst apical cell \'err broad and extending nrarl ," onc·tI,ird its 

length bC)'Olld the basc 01 the second cell; thir<\ cell "ariOlblc, lIsually small 
anel tri;wgul;.r. 

Color. - Hangillg' from a pale lemoll ye]ln\\, 10 golden yellow with SCII

tellulll tinged with orangc and while. Tip of ovipositor !>rown "bo'·e. 
Prllno~e \\'hiie :Ire" ;11 ~Ol\lC specimcns midway on the eo,ta. 

Celli/Illill. - Ultimate scgmcnt of female moderateh' rOlllllled postcrior· 
Iy. margin ~l)tirc. i\Talc p\atcs long, t"iangular, the allCllllate til) curHd 

u(1\\ard, rounrlctl at the apices. 
Ty/'C ,</>((;>11(11.- Dr. E. D. Ball', cOIiCCti()IL 
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Habi/ili. - Collcdc(l I,y G. F. ,\Iowcltc at Miami, Flurida (Ball). 
Hosf.-:\voca<1o (Ball). 

Empoasca minuenda Variety moznettei Hall 
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E1I1poasca mi"l/elida var. 1!10::uellci Ball, I'ro(. Hio. Soc. \,vash., Vol. 34, 
p. 24, 192!. 

Size ;\ll,d I vrlll of III iWI rHrlll , golden or lemon ycllo\\', "'ilh a v!\ri!\l)ic 

numbcr 0 [ oval black spots. l'ronotum with a widely separated pair of 

'pots. sC\ltell\lm with a Jarger ~I\<l adjacent pair ;l1ld a similar pair 011 

thc first Ihree or fO\l\' abuol)\ioid segmcnL<. L\(h ely trOll l1sually wilh 
six spots, three on thc (o;ta, two 011 the ch.v:!1 slItllre and onc on the 
(oriUlll. 

Tl'pr spcrimi'tI. - Dr. n"ll's collection. 
Havila/ aW//IO.rl the same as miulleJirla. 

Empoasca minuenda Variety clavigerana Ball 

JilllpO<lSCa JJJ jlll/clld" ,·;H. r/rt'Di!)c,""lIl1 lJall, Proc. Bio. Soc. \0\12.,,\1., Vol. 34. 
p. 24, 192\. 

Oi thc s~me f orlll ;mel color as "ariety HI 0:;11 cll ci, but wi th addi tional 
nlarking" Two dark brown strives extclldiug from just back of the ver
tex m;lrg-in acr()ss the [lronotllm. scutellum and along the illl1<:r margin of 
the elytra, St ripcs on vertex narrow <Iud definite. scpa rated by about 
their OWll width; on the prOllotum they lIsllally widcll ;lIld rarely fusc. on 
thc scutellum they u<;ually fuse. Til light examples thc stripes are intcr
ruptc,l. appeari))g as cl<)!)ga\c spots on th(' vertex and pronotliln. 

J.l'N .sPUiIllN" - Dr. Ball's collection. 
Habi/a/ nllll host the sanlC as "';II1(cJldrt, 

Ernpoasca birdii Goding 

J{c>clllbling 11",)('<((11$, but of ;) hri>;htcr (olor, bright ,·dlo\\, \\"ith the 
\\'ings 511101-:.\' and the vertex rounded. LCllgth. I ('males 3mlll; ",,,Ies 2. S11l fl1. 

Vertex angulatc, produccd one·half its length beyond ,,,;tfgin of eyes. 
/' rOllot l1m t w icc the kllgth oft he \"t, rtc". F rOll t III ore th a 11 I ",icc th c 
length of the (I)"pell~. Face broader than in f'avc.<ccils. 

C 0107'. - J n gcneral, light yellow with elytra smoky, pronO(U!ll light 
yello\\', sO!l1cti!)lCS S(1lo!.:y. S(1)tellum smoky with a lig-lit line rlll\ni!1lZ its 
length. Elytra ill some ,pecilllcllS sl1l()k)', ill other specimen, witl1 t\\"o to 
three trans\"(rSC smoky iJands: rest of thc cl.'tra pale yelluw .. Front bright 
yellow with !l. white IO(l~itl1(li\lal mediall line. ClypCIIS, lorae and genae 
light yellow, Tarsi, light yellow, audot\lcJ) pale yellow. 

Celli/alia. - Ultimatc segment of the f ema1c with a broad U-shaped 
notch. Male genitalia Jloi nled. 

Spail!l(ll prcstlmahly type material ill U. S. NatifHlal Museum. 
Habi/al. - i\fa rshJiel(l. \Visconsi)); Taylor Falls. i\li!lIlcsota; \VoDster, 

,.Magnetic Springs, COh\1l1b\IS, Ohio (Oshorn); Yuma, ;\ri7.0t1~ (Morri-. 
son); Agricultural Collc~, :Michigan (Prof. Davi.'); Urbana, Illinois 
(Forbes ,uJd H,.rl) ; Rntbnd. Illinois (Goding); Ithaca, New York (Cor
nell University). 

Nos/s.-Apple, hop, walnut, bean.' and weeds (Goding). 
Lif~ His/or)'. - Ad\llts taken in May at Columbus, Ohio, and 111 Augllst 

il) \Vis('onsil\ and .M ill11CsOIa. 
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Empoasca alboncura Gillette 

Resembling 1l11icolol' bllt ",iti, the vertex prodnced beyond the anterior 
IHargin 01 the cyt~, mOrc thall half its length. Lellgth, females JOlm; 
males 31l11ll. 

LCllgth of the vertex two-thirds the distance between the eyes. Prono
tum t wi("c as long as ,"erlex, length three-Ii ftlls its width. Head as seen 
f!"olll the side, "'lIgllla,·, with' the front roill,ded. Clypells two-thirds as 
long ~s the frOllt. genae extend ahno,\ to the tip of the clypells. 

Colo!'. - Pale greenish _,ello\\". Vertex with a light longitudinal med
i~1I line with t\\"o light spots ncar the posterior edge. ProllOl\lm the same 
color as the ,"ertex. Light median longitudinal line funning the length of 
the pronotUnl and sClltcllutll. A light line running from anterior to pos
terior edge of pronotulll back of the center 01 the eye. Elytra and ventra) 
side of abdomen light greell. Tarsi and tibiac blue-green. Front, clypeus, 
Icr~e ;l,nd gcn ae greenish. 

Celli/aiia. - Ultimate segment of female with aU-shaped notch along 
the poslerior border. 

TSpt sp,'cimell. - U. S. NationAl M llseum. 
J{"bilal. - Scatlercd records of Ihi.<; ;;pecies h;\\"e been noted from the 

Middle A tlanlic States. Tenncssee, .MississiPI,i, Texas, Ohio, Nebraska, 
Kan<;as. Colorado and Cali fornia. 

L if eli isl ory. - Ad III t S takcn ] tlnc, July, A ugll st and SeptemLer in 
Tennessee. Pennsyh-ania atld Colorado. 

11 osl. - Plum (Gillette). This llIay Lc accidental. 

Empoasca alboseripta Vall Dltzec 

Valt ])\1Zce Ocscribes this spceies as follows: 

"Size ami aspect of a/l>ollrllrn; c1ytra with somewhat vermiculatc or 
areolate white markings. Length 3 to 3.Smm. 

V erte x round; ng, b 1I t !i I t Ie produced; <luout t \\'o-t h i rds the length 
(ll thc prOllctlllll. EI)'tra wbhyalinc toward their apex with strong 
nCTV(lreS, bst ventral segment of the 1 emale long. elliptical, subangular 
and entire At the apex. 

C 0101'. - Y c\lowish green. heeomil'g darker or olivc grecn ;tbovc bot 
sti II with a )",Ilo\\" tint. Ei)·tr3 tlsu;l,lh' tOtlched with bluish at base of 
the clavus ;I, It <1 \\,;I"he<l with the ,ame rolor ne;tr ;ts apex. Vertex with 
the median line and a spot either side palc. Fronotuill with the median 
line and a .'pot behind raeh cye pale. Scutellulll. with a pair of pale 
diycrging discal lines \\'hich afe frequently wanting. Elylra when fully 
(olore,\ with the inner nerntrcs and ,ome connecting spots whitish, out
lining in an irrq'lIl~r w~y sevcral c1ong;"te grcetL .. rcoles: four on the 
clavus of which two arc !Ja~al, one is median ~nd one :!pical. artd a row 
of tbn:c long ones Oil tbe inlier margin of the coriulll. Membrane fai;ll
ly smoky-hyalinc with grEen nervures and a row of whitish spots on 
either side of the tranSVCI"se ncr"lIres. \Villgs hyaline, highly irides
cent, the nUntfes whitc. Benealh toudlc,l wilh hlne, grcen on the 
el.l'pclts and legs. r-rargins of the venter stronger yellow, the tcrgum 
lincd with dark grcc:\." (TrAns. San Diego Soc. Nat. His!., Vol. 2, p. 
56, 19)4.) 
l1obilo/. - San Diego ~ntl LaJ olla, California (V:l.1l Duzee). 
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11 osl. - C cOllo/hlis sp. 
Life Hislvrj'.-Adlll!s taken ill April, Jtlllc and January in California. 
Two spccimclIs collected by Harold 1'.lorri5011 at Santa Baroar:., Cali-

fomia , and apparently oclonging to this specics are at han <.I. 

Species not Included 

Empoasca lIIaJiYll1l (vValsh). \Valsh, Bost. Soc. Nat. His!., Vol. 9, p. 

317, J864. vVoodworth regards this species as identical with obl.ISlJ . 

E.mpollSCG JI1(J}efica (\Valsh) .. \Valsh, Dost. Soc. N:,\I. Hist., Vol. 9, p. 
317, 1864. This species probably is identic,,1 with viridcscms. 

Unfortunatcly the tYflc<; of the :tOOI'1! species were destroyc<.l ill the 
Chicago Fire so the questioll of their validity rcmains unsettled. II is 
inlflossible to recognize thcm from Walsl<s brid descriptions. 

THE APPLE LEAFHOPPER (EMPOASCA UNICOLOR 
GILLETTE). 

The importallce of uJlicoloy as an apple pest has not received 
general recognition owing to the fact that until very recently 
economic entol1lOlogists failed to associate its injury with this 
species . The damage clone to apple foliage by Empoa.sca- mali, E . 
ll11icolol' and iyplrloc),ba rosae has generally been lumped together 
under the ill-defined term apple leafhopper and accredited to E. 
ma.!i, the most widely known for III of the three. These three 
species arc members of the sllo-family Typhlocybinae which ill
c1udes the smallest leafhopper knowlI and, as the group is a dif
ficult olle taxonoll1ically, it is not surprising l!ta t economic wt-iters 

have con fused the forllls and in m:'\tlj' cases failecl to associate 
the injuries with their respective species. It is unfortunate that 
this is the case, as it makes of little or no value a mass of other
wise carefully collected data anc! has callsed cOllsiderable confus
ion ill the litera(l1 reo 

HISTORY 

In 1898 Gillette described IlIIicolor as a new species frOlH spec
mens sent hi1\l by Cornell University 1Ind taken at Salineville, 

Ohio, a I\ltlilber of individuals from Michigan Agriculture Col
lege on apple collected JIIly IS, by l:>rofessor Davis, and sOllie 
material collected by hilllscl f 011 era/acgus cocciJ)c(l near Fort 
Collins, Colorado. For a Illitlibel' of years the species seems to 
have been recognized only by specialists. Van Duzec (1906, 
1908) reports it f r0111 QlIebec, Ontario, N cw York and Ohio. 

\Vcb~tcr (1908) found in apple bark at Albert Lea, ?I'Iinuesota, 
some eggs which he believed to be those of mali, but which were 
very probably those of lillicolor or l·osae. They measured .4t111lJ 

by .75 III 111 , and were fOllllO in the previolls year's growth in three 
year . old apple trees. 



J 16 IOWA AC;\DE~lY OF SCIENCE Vor .. XXX, 1923 

Tllc egg5 found by Ainslie which Washburll (1908) mistook 
for mali ;lrc IlJlKh too large and pr()bably belonged to SOIlIC }.'lclll

oracid. 
Parrott (1909) collected frOlll apple foliage three species of 

leafhoppers which were identified by Vall Dllzce as mali, rosa" 
and IIIl ir%r al1d separated delil1itcly for the ilrst time the three 

species occllrring (In apple. 
Osborn (1915) finds at Orono, Maille, II JI icolor 011 arborvitae 

and white pine. 
According to Cllilds (1918) lIuicolor is less widely distributed 

i\1 Oregon than rO.wr. 
The first study of the biology of this species W;'IS made by La

thrnp (J918) al Ceneva, New York, ill which he establishes the 
111 a in points j 11 the Ii f C hi~tory 0 f the tllre(' species. He ver\> 
carefully distinguishes betweel1 the inj111'ies ,\11(\ correlates thelll 

with theil' prop<:r species. and Ii nus th;!t apple is the only ho~t. 
that there is one general ion ;t year ;)lld (hat tIle eggs are laid ill 
the fall in apple bark. 

DESCRIPTION OF TI-IE INSECT 

Adlllt. - The adnlt i~ of ;1 bright green color. There is a spot 

011 each vertex Ilear (he eye, ;t longitudinal stripe clowlI the llliddle. 

and a tl i II-defined Ilia rk ()1i the ollter border 0 ( the prollotUI11. The 
~clltelll1ll1 hears a ~pot neal" its ;\pex. The ultimate segment of 

Fig. 4. Map sbowing the distribution of CmfJoQ.$Cll WltChlor". 
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the fCI11,dc ha~ a Illed ian incision f r01l1 'which arises a tlJolhlikc 

projection. The adults of lI!lic%r arc slightly larger thall thosc 

of ))1I1/i. 
Lggs. - The eg-g-" He depusited ill the PI'tVIOllS year's gruwth 

j 11 tllt~ bark 0 f <[pplc and appear as raised blistcr~. Lathrup (1918) 

fOllnd tll;\t the eggs of this speci~s arc never laid ill le;l Yes, which 
indicates that (he' winter is passed in this stage. 

NYJllphs. - The nymphs arc bright grecl1, their colur bCCl>l\lillg 
darker \\'ith age. The vcrtex, sides <) f the prunutl1l11 it Ild wing 

pads <Ire yellowisll. There is a dark green dorsal median 10ng-i
tlldinal stripe on the abdolllello 

DISTRIBUTION 

. E 1IIpoasca U !licl)ll)r is generally distrihuted throughout southern 
Canada and (,,[stern United Stales, As shown by the ,"!-CC()111pnnj'

ing lllap its area of gTc;ltest ;.tbI111d:l.\lce is the New England, ;\[id

die A tlant it: and 'North Celltral States. It OCC1ll'S also i II Colo

rado and Orq;on. \Vhi Ie it \\';[s not 'Iisted from Kansas hy La \\1-

son (1920), it is known to orcur ill [owa al1d ?I.! i IInesota, 

HOSTS 

Applc and Cratac!£us ,\ppear to he the hosts favoreJ of this 
~Jlecics. Oshorn reports it on COlli rers ill ]\1 aillC. It i ~ kllOWll to 

ocwr on apple in I\ell' J-bmpshirc, New York. Ohio. Michigan, 

rv[ ill11esut;l. low;t ,lilt! Oregoll. 

HABITS 1\1>.'D IlqURY 

The apple lea fhopper, both ill the nymphal and adult stages. 
confines its attack to the tinder ~idcs 0 f tlte ic;lI'es. It f ceds very 

largely Oil lhe older Ic;lve~ and lIlay occur 011 both old and YOllng 

trees but usually prefers the latter. The injury is very si1llilar to 

that produced hy T·yphlocyba Y() SQ.C , the affected leaves showing 

characteristic white stippling- of tile upper su rface. The spot~ 
appear at Jil·st ,!S isolated points along the midrib and llIargin of 
the leaf. ,!\s the severity of the attild: increases thesc coalesce and 

the entire I(,;I[ hecomes wlliti"h. 

Probabl y the Illu.-.:t serious ill jury f 1'0111 an CC(Jl10111iL: .c;t;1I1<ipoill t 
is the spotting of the frl1it. These leafhoppers constantly ('111it 

droplets 0 f liq II id f [-0111 the al\l\S \\'hirh collects in lllilll1\C ."pots 

forilling specks of dark g-reell or black which injures the lJuality 
of the f fuit. This is especially the case dmillg dry IVcal11cr or 

when tilcre i~ il1s\llTicient rail1fall to IIHjn)llg-hly wash (be fruit and 
leaves. 
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Egg punctures may occlIr in sufficient numbers to cause injury 
to the twigs by allowing fungi to enter. It has not been definitely 
established that unicolol' transmits fire blight (Bacillus al1~ylovorus 
Burrill) but investigations conducted by Lathrop (1918) have 
implicated mali and further study may show thatlwicolor also is 
responsible for the spread of this plant disease. 

LIFE HISTORY 

On May 28, 1919; apple trees at Ames, Iowa, were found in
fested with the apple leafhopper. 'fhe nymphs were practically 
all of the first instar, although a few were in the second. By June 
4, most 0 f the nymphs were in the second illstar bnt a few were 
found that were ill the fourth and fifth. 

In 1920, first iustar nymphs were coltected 1'fay 24, whi Ie in 
1922 they were observed on May 13. During these years the 
writer was making a life history study of 11wli and a careful watch 
was kept to learn the tim'e of appearance 0 f 1lIlicolo1' in correla
tion with aforenarned species. 

On June 3, 1922. many of the nYlllphs of this season had reach
ed the fifth instar but a few individuals of the second and third 
instars could still be found. The leaves showed a considerable 
amount of stippling and a few adults were taken. 

LENGTH OF NYMPHAL LIFE 

During the summer 0 ( 1922 the writer conducted several ex
periments on the Ii f e hist~r)' of this species. While every phase 
il} the life cycle has [lot been fully worked out the data collected 
throw light on certain phases which are of value in the study of 
the biology of the species. On May 11 a number of app_le branches 
were placed in the greenhouse to hatch nymphs. The first individ
uals appeared on May 13. In all sixty nymphs were hatched from 
these' branches and removed to vials where they were reared Oil 

apple leaves. A careful record was kept of the moults and the 
dates adults elllergtd. The mortality was high· so only twenty 
adults were reared. The comparative length of tillle spel~t in 

TABLE I. COivIPARATIVE LENGTH OF NYMPHAL INSTARS 

STACE No. INSECTS OIlSF.RVW lvilN. DAYS MAX. DAYS AVERACE 

1 10 2 2 2 
2 6 2 3 2 
3 5 2 5 3 
4 4 3 5 3.5 
5 12 2 6 3.2 

Total 37 11 21 13.7 
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the various nymphal stages is ~hO\vll ill the following table which 
is a slIlIlIl);iry of the re";lIlts obtained ill these breeding experiments, 

It is shown t11;\1 it requires an average of 13.7 days for the nympbs 

to reach maturity, with a millill\lll\l of II days allu a maxilll\ll\l of 

21 days. 
The abovc table is b:l~ed all averages from a number of inui

vidllals . It has been observed by the writer and olhers who have 

conducted life history 1I'0rk Ihat a Jl\ere llJilthematical average of 

ins!ars does not always represent the actllal life history. \Nhile a 

considerable l\llmher 0 f 11lOl1lts were observed it was eli riiclllt to 

follow individual nymphs frOI11 the time of hatching ulltil they 

reached the adult state . At this time the writer was intercsted in 

life history studies of 1Hali, which was the Inail) project under 

consideration so that little time could he spent OJ) the perfecting of 
techniql1e for a study of uJlicoior, the sallIe methods bei1lg applied 

in this work as in tile stlldy of mali. It was found difficult to 

keep apple leaves fresh in vials, and not feasable. to rear them on 

the trees ill lea f cages so that the mortality ill cage experiments 

was much higher than with mo.li II11<Jer similar conditions. The 

followillg table gives the colilplete data from the hatching of the 

egg tlntil the el1lergence of the adult of two individuals: 

TABLr: TI. INDIViDUAL RnCORD OF NYMP}f/lL ST/!GTS AT 
/1 M]3, S, IOWA, 1922 

]) ,\JF. Of 
FIltST 

FIRST 
Sf.co~m Sf-CO NJI 

THIRD 
Nu\, HER /-[ATOI-

i\JOULT 
STACE 

MotHS 
STACI'; 

i\/Ol!LT 
\NC DAYS J)AYS 

I 1-\:l v 2.1 i\lay 2S 2 May 27 --2-J~ 
2 i\h)' 19 ~'Iay 20 1 May 22 2 Ida)' 24 

THIRD FOURTH FIFTII 
TOT'A) , 

Nu,\lJJF.n STAeE FOURTH STAce; 
Flr'fH 

STAG" 
NV~IPIIA 

DAYS 
MOULT 

UAI'S 
MOt if." 

DAYS 
PERIOD 
DAYS -----

I 5 J\lI1~ 4 I J June 7 .1 IS 
2 2 J\l ~y 27 3 i\-!,1Y 30 J 11 

un: CYCLE 

It requires an average of a year for (iIe apple lea(!lOppcr to C01\\

plete its Ii (e history, 0 ( this pcriod f rOIll seven to cight months 

are spellt in the egg stage, for it is ill this condition that the insect 

passes the winter. About the Illiddle of May the eggs hatch, and 
the nymphs cOlltilllle to eillerge alld uevelop during May ,1Ild 
JUIlC. 13y tile first week ill July all the nymphs have reached 111;(

(Urit)' , The adliits ilia)' be fOllnd Oil apple foliage during the Stllll-
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Winter ApriL Mav l..lne ..llv Aua. Sec 
E~ ~ U~IU LOI (AF PiE; J 

y~ PH> 
(- -_ . . .. - _A_ . --. .) 

<- r-- -- AI ~11~ -
! ~s r--

~o~ L.T~ t1~LI Pol: TO) 
Ee 6$ 

~Y- PH s_. 
~ .... __ A. - --- . ~ 

A UL'S .-.- .... 
E6 :'8 

_.f' 'I'M PH 
(-- .... --

At ULTS 

Fi~. S. Li fc 11 ist()cies ~f <he arJ,lc Ic~ fhopper (Ii. 'H' ; ",JOY) and t he POl~lO leaf · 
hOPflcr (I? '1l(11i). Ames, Iowa. 

Iller. During tlle SlIllllller of 1920 a 1lI11llber of adults were col
lected ill :1.11 apple orchard on ]lIly 8. Practically all the nymphs 
hall disappeared by this date. These ad\llts were introdl1ced into a 
cage on a SIll«J1 appk tree and observed throughout the. Sllmnler. 
A close watch was kept for evidence of egg-Iayillg and the appear
ance of ~ccolld gellcr,ltioll lIYlllphs. ."-Ithough adults lived as late 
as the first week in Septc-Illher ill this cag-e 110 yOllllg were produced. 
This indicates a single generation a year and COJlftrms the obser
vation () f Lathrop inN ew York Some of these adults lived sixty 
days in captivity. The first !::ggs of . Iulicolor were found durillg 
Ihe n;'~t week in September and Mraggling ;"ldlllts were f Ol1lld 

during the fall tljJ to the ti11le of frost. Apparently they are tillable 
10 pas!' the winter ill this stnge. 

'fhe "bove table gi ves the d:ltes adults emerged in breeding 
cages. III the neld thi.~ period was extended frolll tile middle of 
!vb)' to the fi rst week in .rilly . The avcrag-e length 0 f ti1l1e re
qllired by Emp()(1sca ullir%r to complete its Ii fe cycle i~ shown in 
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the following table. TIle period will vary cOllsider;tbly with the 
season but the following table represents approximately the Me 
cycle dl1ring a normal year. 

TABLE lV. AVERAGE; LIFT: CYCLE OF E},JPOASCA UN/COLOR, 
AMES, iOWA 

Egg Period. ' ........ ,... .. ..... .. .. 8 :Months 
Nymphal PerIod.................... .S Months 
Preoviposition Period... ... ........ 3.5 Months 

----------------------------
12.0 Months 

THE POTATO LEAF HOPPER (EMPOASCA MALI LeBARON) 

As already mentioned in the introduction, the Ii fe history studies 
of this speci~5 were conducted by Dr. Fenton and the writer at 
Ames, Iowa. The completed results of this investigation will ap
pear as a bulletin"" 0 f the Iowa Agricultnral Experiment Station. 
Owing to the inadvisability 0 f repeating detailed discussions of 
methods and experiments here, only the general conclusions are 
given in this paper, with slIch data as are necessary for obtaining a 
comprehensive knowledge 9f the biology of the species. The read
er is re ierred to the above-ment iOlled bulletin for a complete! ac
count of our knowledge regarding the relation of ma.Ii to hopper
burn and for the more technical phase of the. life history, 

HISTORY 

The earlier records of this species have beel\ as an apple insect, 
bllt recent investigation has shown that potato is the favorite host 
plant. Both the insect and the injury have been much confused 
with species of widely. different habits so that the earlier -economic 
literature must be read with considerable cautioi). Amollg tbe 
spec.ies that have been cOlllmonly l))istaken for mali are lmicoior 
and fla.z!cscclIs. Because of the large number of ref eren.ces in 
which the identity of the species is questionable, the reader' in re
viewing the literatllfc finds it difficult and in some ~ases quite j'm
possible to determine with what species the reference deals. 

LeBaron (1853), who described this species 'ul1der the lla;ne 0 t 

Tcltigollia J1tah, calls attention to its injury' to apple foliage in 
I11inois. The first notes on the biology were published by Forbes 
(1884), who observed that the adults hibernate aod the eggs·.'are 
laid during early summer in apple leaves. He was the first' to 
mentiOl~ the curling and browning of apple Ieav~s 'tl~at had 'bee~ 

- Il Since (he preparation (If this ciisst"rtatlon the bulletin' to ·wnich rderence j"s made) 
"IliOllomic. ~"d Control of I he POlal"O J.cafhoppCT" ([owa :\g'.' Exp. StA. Rc., Bull. 
78; Juiy, 1923), by DOClO' Fenton and the wriler. has ~en p·~bli.hed. 
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injured by the lea {hopper. Osborn (1896) first records it as u 
pest of potatoes and describes it as producing a serious wilting 
of early varieties. The task 0 f untangling the literature during 
the decade of 1900 to 1910 becomes increasingly difficult owing 
to the COil fusion of tll1icolor and TyplrloC'}'ba rosae with mali. Par
rott, fortunately, differentiated between the forms occurring on 
apple and showed conclusively that the earlier workers had been 
in' doubt regarding these species. This was followed' by the work 
of Lathrop (1918) to whom belongs. the cr'edit a f bringing order 
out of chaos and establishing definitely the main facts in the life 
histories of the three species. According to his observations mali 
has two generations a year in the latitude of New York and hi-

, bernates as ail adult. On the other hand, llllicolor passes the winter 
in the egg stage in the bark of apple and has but a 'single gener
ation, while TyphJocyba rosae produces a second generation on 
apple, but winters in the egg stage mainly on roses. 

The first due to the cause of tipbl1rn was a series 0 f experi
ments conducted by Dr. Ball (1918) in 'Wisconsin, which have al
ready been referred to, in which he showed that mali is responsible 
for the greater part of burning of potato foliage and proposed the 
name hopperburn for the i!ljmy to potato vines. 

Ackerman (1919), working in southeastern Pennsylvania, all 

the importance of this species to apple nursery stock, found that 
there·is no evidence of the winter being passed in the egg stage, 
as was commonly supposed to be the case. 

Li fe history studies conducted by Dr. Fenton and the writer 
have aided in clearing up a number of disputed points in regard 
to the biology of this insect. Brie f summaries 0 f these results 
have been published. Tl~e species was founo to be two brooded in 
Iowa (Fenton and Hartzell, 1920, Hartzell, 1921). 

Beyer (1922) reports six generations a year on beans in Florida 
and states that the egg-laying period extends frOJII March to 
December. 

DESCRIPTION OF THE INSECT 

Adult. - The adnlt, or mature potato leafhopper, is a pale green 
insect about olle-eighth of an inch in length. The prollotutn bears 
along its anterior border from six or eight white spots, in well 
marked specimens. These markings are quite variable in number 
and arrangement. In addition to these spots there is a more or 
less distinct "H" pattern on the scutellunl .. 

Eggs. - The eggs aloe laid in slits in the veins and stems 0 f po
tato plants and to some extent in the leaves and petioles of apple, 
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bean anc! other host plants. Upon Ilatching, the tisslle around thc 

incision dies and forms a slllall sunkeu area which is quite notice
able on close exalllin"tion anc! marks the prev ious loc;,tioll 0 f the 

,egg. 
N),mphs. - At first the n}"lllphs are so Slnal1 and resclllble the 

leaves so c.loseiy that th~y arc scarcely visible. They pass through 
five stages 0 f growth, developing wings ill the adult state. 

DISTRIBUTION 

The potato leafhopper is widely distrilnlted throughout the Unit
ed States and SOllthefll Canada east of tile Rocky .MOllntains. It 
has been reported f rOIll the \Vest I ndies and South America. The 

writer has examine<l specimens in Professor Osborn's collection 

f rom Guatemala alld Bolivia. It is known to occllr in florida but 
probably reaches its greatest dest ructivene~s in the Upper M ississ

ippi Valley where its relative abundance during a season is the 
determining factor as to whether a good or a poor cmp of potatoes 
will be harvested. This species app,lrelltly does 1I0t occur Oil the 

Pacific coast a Ithol1gh forms f rOIll that region have been ref erred 
to it. 

HOSTS 

The iusect feeds <ll1ite generally and has been reported from a 
large Ilulllber of plants. The 1110re inlportant hosts 011 which re
prodl1ction takes place and hopperbufll OCC\lrs are potatoes, beans, 
sugar beet, hemp, raspberry and npple. Among the ornamentals 
it attacks birch. Mali probably feeds on plants tll<lt wi II not SIIS

tain its yOl1ng. The· adults have been kept alive for some tillle all 

hluegrass. This omnivorOllS habit of tile adl1lt has had lllllch to 
do with lengthening its list of host plants. It seems to prcf er po
tatoes, beans, clover, al fa If a and beets ill order named. but a season~ 

al difference is shown in the relative abundance on different hosts. 

Among weeds, curly dock (Rumex crispliS L.) serves as the chief 

food supply to adults emergi ng f rOIll hibernation. If potato fields 
are near, they leave the \\'eeds and begin egg-laying- in the potato 
vines, where all stages will be found dming the. Sllll1lller. During 

the latter part of the growing season when the vines dry up the 

remainillg adults return to curly dock, where they are presellt tlntil 
frost, after Wllidl they enter illtO hibcmCl tiOll. This weed serve~ 
as a I ink ill the food stlpply from the time late potatoes die in t'he 

fall lIntil early potatoes reach a suitable size the following spring. 
The writer succeeded in rearing a complete general ion Oil ClI rly 
dock in breeding c:lges. 
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HABITS 

The seasonal llligr;)(iot1 of the adults £1·0111 weeds to potatoes 

occurs at the lillie the plants are abollt s ix inches above groulld . 
Correbtcd with it is the sexual 1I1aturily of the adults; high humid
ity and a telllper;:lll1rc o[ abuut 70· F. I\);<lill in the fall when Ihe 
late \.)(.!I·atu vines !lave dried lip tllcre is a dispersal to e\ll"ly clock, 
where they· remain I1ntil frost, af ter which the secOlld generation 

adults ellter illto hibernatiOIl. Dnring cool weather the adults arc 

inactive and cling to the under ~ides of the leaves. In warm weath
er they fly IIp ill clollds when disturbed. IVlost of the illjllry is 
call.~ed by the nymphs sucking the jl1ice frolll the pbnts and trans

mitting hOl!pcr!.>lIl"11. The nymphs are usually found on the \1llder 

sides 0 f the leaves near the midrib or sll1alJ veill let: \Vhcn Ii rst 
hatchcd thcy arc pale yellow III color, but upon feeding take 011 a 

green lin!". This, in additioll to their slllall size, lIlakes them difli

cult of cJetectil)l1. As they g-roli' older they hecol1\e more active, 

they rUll swiftly (illd dodge frOll1 one surface of the leaf to an

other wilen disturhed. J\ nymph lIsually rcmains 011 the leaflet 
whcrc it hatched (lntil I-orced to Illigratc hecausc 0 f the drying up 0 f 
the leaflct (IS the result of feeding and hopperhurn. As the ~eason 
auvances alld the disease progTes~cs, Illig-ratio(l of the nymphs frolll 
plant to plant alld even frol11 Olle roll' to another is not llnCOlll11l011. 

There has heen con~iderahle COil fusion in thc literaturc regard

ing the ,~t!lge ill which m(lli hiherllate~ bec"\l1~c of the conf1lsing
of this species with others of differcnt habits. A ftcr the excellent 
work of L:1.throp (1918) this diff1culty is not cncountered !IS lie 
shows very plainly that 1.::. moli hibernates ill the adult stage . The 
writer has kept adulh alive ill the greellhouse as late as December, 

and Beyer, working in Florida, W;lS n.ble to keep thelll in c;}ges all 

wliiter. In 10ll"a tile adulb appcar [rOIll Iliberrmtion during April 
and IvJay whcre they have been fO\1nd on Cl1r1y clock and \'ariOll~ 

weeds, The spril1g· IlligraliCln takes r1acc nhout tile first ,,'eek in 

J lIIlC . 

LIFE HISTORY 

Overwilltering- adults ;Ire present ill the field ;l~ bte as thc b~t 

week ill Al1g-tl~t. Since these inuividt1als spcnd the wi liter in hi
uerll:ttion Ihe longevity 0 f these f onll ,~ i" in tlte neighborhood of 
eleven ur twelve munt!.'). There is an overlapping of broods from 

the Illiddle of Jllly ulltil the end of the growing season, III order 

to be certain tllat the individuals l\sed in 01\\" cage experiments were 
not of mixed ancestry, all life history cxperillients were cqnd\ldcd 
with individuals of knowll pcdigl'e<:>. The Sl\llllllcr gencratiull and 
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second generation adults were reared from llyll1t>h~ (0 eliminate 
the po~sibility of confusing the broods. The longevity of StllHmer 

generation aoults averaged a!JoDt £()rty~live <!:IYS. Tbe males have 
a short life ill cOInparisoll to the feillales, with all average of ~evcn

ieen d"ys. 
The eggs arc laid ill the le,,[ tissue of POI"lo ;)lld apple <LIlU 

other plauts, As the ova <Ire very Illi Ilute it was found impossible 
to J11"ke COllllts directly. Fertile females were. placed in cages on 
unexposed phlllts and the llumber of nYlIlphs that hatched daily 
was eOllnted. The llla:-:ill11ltll Humber of young' produced by a 
single female \\'as one hundred lorty-eight. Under favorable COn

ditions a female \\'ill average olle or two eggs per day. The period 
of oviposition is relatively long-, for in nearly all ca ses the females 
laid eggs within a day or two of death . The period varies from 
about iI 1l10llth for the overwintering- females to a little ol'er two 
months for the Sl1llllner gCl1erat ioll . 

The lellgth of time spell! ill the nymphal stage dcpends vcry lar
gely OIl telllperatme. In July Dilly a week is required, while ill 
October with CQoler weather the period is prolonged to three or 
fOllr weeks. 
Con~ icl erable timc is required for 1IIoli to complete its Ii fe cycle . 

In Iowa the minimUlll tilllC was abollt four weeks (lild the average 
seven week s. 'l'he c')l11parativcly l()llg' iwriod to complete a gen
eration pl:edllde!' lhe )lo!'sibility of the species bein); IlIall)' bmoded 
ill the hlitl1r1c of lowa. IJrccditlg c>'pcrilllClltS we're colldl1cte(\ 
during the tllree years tIle study was ill progress, with two broods 
appearing each yca r alHl no illdication of a third brood. 

The dlid natl11'al el1elllic~ of J1Iali are ;1.n egg' parasite (/Il1ar;rlfs 
annO/liS /\Sllll1.) and a fung-om disease (J}.1I10Jllopl!lOro s/>!wcro

s/>C!"mo) . NcitllCl' OIlC is oi suffici ent' importance to keep the in
sect llilder CUllt roJ. 
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EXPLANA'rlON OF PLATE II 

Fig. 1. Li1!l/,oos{(f Jri/lJMiala Gillette. a. Head and pronoll1m. b. Fronl. 
c. Side vicw of head. !l. Female fl"cnitalia. e. 1.fak genitalia. 

Fig. 2. h'''j>()(L.f(O .<))!orogdllia (FaJlcn). a. Head and prOllotum. h. 
Front. c. Side vic", of head .. O. Female gcnitalia. c. :"'1;lIe genitalia. 

Fig. J. F:)II ('nnun ,,,iUnla n. Sj). a. Head and pronotum. b. FrOllt. c. 
Side vicw of hcad. 

Fig. 4. J}.llIjJon.<ca ,,"rc(ll'iridis . (Uhler). ;\. Head and pronotum. h. 
f,·ont. c. Side vicw of head. d. Female genitalia. c. Male genitalia. 

Fig. 5. 1£/H/,onSCIl 1/Ilic%r GilieUc. <I. Head anu prOl1otl!lll. b. Front. 
c. Si,k view of head. d. i\hte geJ1italia. 

Fig. 6. 1;l11po(1.<C(L oblllXII \Valsh. !l. Head and prOllotl\rn. h. Front. c. 
Side vin\" of head. d. Female genitalia. c. Male gellit<llia. 
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EXPLANATION OF PLATE III 

Fig. 7. Em.POO.fca ,,,cisa Gillette. a. Head and pronotum. b. Front. c. ' 
Side vielV of head. d. Female genitalia. 

Fig. 8. Em.poruw (J1I'olobes Gillelte. a. Head and prOllotum. b. Front. 
c. Side view of head. d. Female genital ia. e. Male genitalia. 

Fig. 9. Em-peosca pugalldei GilJette. a. Head and pronotum. b. Front. 
e. Side view of head. d. Female genitalia. 

Fig. 10. EmpoosC!l lI"jco (Provancher) . a . Head and pronotllm. h. Front. 
c. S ide view of, head . d. Female genitalia. c. Male genitalia. 

Fig. 11. Em.jJoasC(1. clypeola Gillette and Baker. a. H ead and pronotum. 
b. Front. c. Side view of head. d. Female genitalia. e. Male geni
talia. 

Fig. 12. E1I!poosca e.tborHi n. 5p. a. Head and prOllotum. b. Front. c. 
Side view of head. d. Male genitalia. 

Fig. 13. Empo(]sclJ (Ju"ella n. sp. a. Head and pronOlum . b. Frol1t. c. 
Side view of head. d. Male genitalia. 

Fig. 14. EJIIPeoscl'l livillgstollii Gillette. a. Male genitalia. 
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EXPLANATION OF PLATE IV 

Fig. 15. EIII/>onsro ",oni.r(mi n. sp. n. H eat! and l)rOnotuln. b. Front. c. 
Side view of head . d. female gcnitalia. 

Fig. 16. ll,m/> nasco barbara II. sp. 3. Head alld prollolUm. I). Front. c. 
Side view of head. d. Male genitalj". 

Fig. 17. Empoasca '1!iyidesL'tHS \-Valsh. 3. H('atl aod prOllotum . b. Front. 
c. Side view of head. d. Female gcnitalia . 

Fig. IR lim/,o<Js«t lIiyrosclI/a Gillette and Baker. 3. Head and prollotum. 
h. Front. Co Side view of head. d. Felllllle genitalia. 

Fig. 19. Elllpoasw nigroscll/(1 vllriely 1.I'I>hfocyboids GiHel/c. iI. Head and 
pronollllll . h. Front. c. S ide view of head. d. Female genitalia. 

Fig. 20. l:m/,v(ls({I ,'HOU·j Gillette. a. Head and premotum. b. Front. c. 
Side vicw of head. o. Female genitalia. e. Male gellitalia. 

Fig.21. EmpOns({J lls/>crStl Gillette and Baker. a. Head and pronotum. 
lJ. Front. c. Side view 01 head. 

Fig. 22. Em/>o(1sC(J m(lli (LeBaron). 3. Lateral dew of lll"lc genitalia. b. 
D()rS:t1 ,·iel\" of COl1llecti,"!: lind Ol'"dagus. c. Dorsal view of style. 

Fig. 23. F.HtPOO.<fO jil1::"SCCIlS (Fabricius). :to Dorsal "jew of COllnective 
and oedagus. b. Dorsa! vicw of sty le. c. Female genit~li;:t . d. Ven
tral view of male genitalia. C. Lateral vicw of male genitalia. 
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