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INTRODUCTION 

c..:> 

~ Injury to the foliage of apple trees is often the cause Of heavy loss 

-in fruit production. .Among the common insects which attack apple' 

foliage in various regions are the leaf hoppers. These cause serious 

1 These studies were carried on at Bentonville, Ark.• uuder the direction of A. L. QuaInt
ance, at thnt time Associate Chil~t of the bureau, in charge Of tile Division of Decl(\uOUfi
Fruit Insects, Bureau of Entomology. The work was conducted at. intervals trom 1018 to 
1920. E. W, CQok, temporary field IIsslstant, lIided In the rearIng work trom 1925 to 
1!!2!!. Determinations or leaf hoppers were made by W. L. McAtee, of the Bureau of 
Biological Survey. DetermInations of natural enemies were made by W. L. McAtee and 
S. A. Rohwer. To all these the writers express their appreciatIon for assistance In thIs 
work. 

• Formerly with the 'Bureau of Ento/llology, U. S. Department of Agriculture; reSigned
September, 1!!21. . 
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foliage injury during many seasons, especially in the Ozark district 
of northwestern Arkansas. 

Growers are less familiar with leaf hoppers and the injury they 
produce than they are with the pests that directly attack the fruit. 
Leaf hoppers injure the leav~s by sucking the plant juices and fre
quently discolor the fruit by their excrement. 

This bulletin deals with the biology, habits, and control of the 
five species of leaf hoppers which attack apple in the Ozarks. 

SPECIES OCCURRING IN THE OZARKS, THEIR COMMON NAMES, 
AND RELATIVE. IMPORTANCE 

There has been much confusion concerning the identity, the names, 
and the habits of the various species of leaf hoppers which attack 

FIGURE 1.-The oblique-striped RPpie lenf hopper (BI'ytllronellra 
obUt/lta·). X 25 . 

apples throughout the United States. In American entomological 
literature injury by apple leaf hoppers has been attributed for the 
most part to three species, E.,npoasca fabae (Harris), E. 1naligna 
(Walsh), and 'l'ypldoC1Jua rosae (L.). The two most important 
leaf-hopper pests of apple in the Ozarks, as well as in some other 
fruit districts, have received no attention hitherto, except from the 
systematic point of view, though these two species, E1'ythroneura 
obliqua (Say) and IE. 1'IUWUlata (Gill.), unquestionably have ·been 
apple pests tor many years. Furthermore, 'l'ypltloC1Jba 1'osae, a pest 
of rose, has been confused heretofore with another species, T. po
rnaria McAtee, which is essentially a pest of apple. 
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(-J.raphooephaZa ooooinea (Forst.2 may be found breeding on apple, 
but the preferred host plants of this species are grasses and weeds. 
It was quite abundant on weeds in the insectary yard at Bentonville, 
Ark., in 1925, and some individuals reproduced on near-by apple 
trees. 

The leaf hoppers which cause injury to apple in the Ozarks, in 
the order of their importance, are Erytkronewra obUgua (Say) 
(fig. 1), E. 'l1Ul<J'Ulata (Gill.) (fig. 2), Typhlooyba p()1/uIIl'ia McAtee 
(fig. 3), Empoasoa tabae (Harris) (fig. 4), and E. rnaligna (Walsh) 
(fig. 5). " . 

Erythronewra obUgua was termed the "oblique-striped Ery
throneura " by Fitch (15, p. 63) 3 in 1851. This is the only common 
name which has been applied to this leaf hopper. Since apple is its 
preferred host plant this species may be appropriately called "the 
obliqne-striped apple leaf hopper." . . 

No common name has 
been applied to E11Jthro
neura rnaaulata. It is sug
gested that this species be 
named " t1Ie red - spotted 
apple leaf hopper" because 
of the characteristic coloL' 
markings of the insect. 

TyphZOO'yba pomaria also 
has no common name. It 
is proposed that this insect 
be caUed "the white .apple 
leaf hopper," the name be
ing based on the general 
color of the insect. 

The green - colored leaf 
hopper E'mpoasca fMae has 
been termed" the potato 
leaf hopper" by Ball (3, 
p. 15&), and as this species 
is primarily a potato pest, FiGURE 2.-The red'spotted apple lenf hopper
this name is considered ap- (EI·ytllrrmcurtf. 1II(ICuluta). X 20 
propriate. . 

Ball (4, p. 597) named EmpoascamaUgna" the apple leaf hopper" 
because "it spends its whole life on the tree and frequently does 
serious injury." This is the least injurious of the leaf hoppers attack
ing apple, however, so the name is inappropriate for the species. 
E. maZigna. will be designated "the green apple leaf hopper" In this 
bulletin. 

The two species of Erythroneura (E. maeulata and E. obliqUOl) are 
by far the most injurious of the apple leaf hoppers in the Ozarks. Of 
these obZiqua is probably the mOl·e abundant. The relative import
ance of the two species, however, is exceedingly variable from one 
orchard to the next and from one season to another. They are usually 
associated in the same orchards, seem to thrive under similar condi
tions, and have almost identical seasonal histories. These species are 

3 Halle numbers .In pnren the~t,!s refer to Literature Cited, p. 38. 



263J U. S.DEPT. 

sil'lilhlrin appearance, both being marked with red or orange red 
l!pOn a white background when viewed from above. They can be 
distinguished easily, ,however, as the Jwings of obliq1J,a have two 
distinct oblique red lines, whereas the wings of mamilata are marked 
with irregular red spots. 

The long, dry, hot seasons which are common in the Ozarks are 
evidently favorable for these two species. They have never been 
observed to be harmed by extremely high temperatures as have the 
other species. Nymphs and adults of both species are present on 
apple throl;lghout the entire gr<;>wing season. 

FlGUitEl 3.-',rhe white apple leaf hopper (TVPhlGcyba pomaria). X 25 

The white apple lea:£ hopper, Typldocyba pomm'ia, was the most 
important species in 1918. Since 1919 it has hardly been a pest in 
the Ozarks, probably owing to parasites OJ,' adverse climatic condi
tions. It is, however, the most injurious of ths apple leaf hoppers in 
the northern fruit sections. In the Ozarks hot weather often pro-. 
duces a high mortality of both nymphs and adults of this species. 
This fact was observed in September, 1925, when second-generation 
nymphs and adults 'Were killed by thousands by temperatures of 
about 100° F, for several successive days. . 

The incubation period of summer eggs of the white apple leaf 
hopper in Arkansas ranges ir0:p163 to 86 clays, and neither nymphs 
nor adults are present in orchards from the middle of June to the 
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FIGOnE 4.-The potato' lenf. hopper (Empoa8ca !aliac) : A., First nymplltll stage; B,
second stage; 0, third st/lge; D\.)Ourth stage i B, Fltth sillge; I<, side view of 
the fifth stage; G, udult X 17; n, front view of hend of adult; [, eggs In tissue 

'on underside of apple lea!; J, curl~d condition of termIUll1 leaves of upple due to 
attack by the potato leaf hopper . 

; 
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latter part of .Tuly. The active stages of the insects, therefore, 
usually escape exposure to high tempera.tures. 

The potato leaf hopper, E'lnpoasoa fabae, is a serious pest in the 
potato sections of Iowa, Minnesota, and Wisconsin, but in the Ozarks 
damage to potatoes by this leaf hopper is usually of little conse- . 
quence. In 1925 tempel'atures of over 90°. F. caused considerable mor
tality of both nymphs and adults. This was quite a factor in reduc
ing thE} abundance of the species after the mic1dle of .Tune, by which 
date the first generation was completed. It is frequently a pest of 
young apple trees, though in some seasons the first generation 
causes injury to terminal foliage in bearing orchards. 'fhis leaf 
hopper has never been observed to be injurious enough on bearing 
apple trees in the Ozarks to require a spray for its control. 

FIGUnE 5.-The green apple leaf hopper (Emp'Ou8cII '1/fClliYIla.). X 20 

The green apple leaf hopper, E. maligna, has been reported as a 
true pest of apple in western New York by La.throp (~3, p.185). In 
the Ozarks, however, this kaf hopper will probably never become 
abundant enough to be rated as a l)est of apple. It is usually found 
only on young trees. This specles has one brood annually, and 
feeding takes place during a period of only about three months 
during the early summer. Injury by this species is relatively 
unimportant. • . 

OTHER SPECIES INFESTING APPLE IN OTHER PARTS OF THE' 
UNITED STATES 

E1"!ftnroneura lW7'tii Gill. (fig. 6) is a species of economic im
portance on apple in the localities where it occurs. This leaf hopper 
has not been found west of the Mississippi River. It is one of the 
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injurious leaf hoppers, however, in Illinois and Indiana. It is 
generally distributed from Illinois to Virginia. Stearns (37) has 
described the work of this leaf hopper as a pest of apple in Virginia. 

The rose lea.f hopper, Typhloayba. 1'OSM {L.) , is essentially a pest 
of roses j but it also attacks apple occasionally. The species has 
been confused With T. pomaria; McA.tee frequently, but its distribu-' 
tioIl. apparently covers the. northern half of the country. It has 
not been collected in Arkansas during the course of these studies. 
In 1927 Lathrop (f?4) published a report of the injury caused by 
these two species of Typhlocyba on apple in New York. 

A new species (Typhloayba) E'mpoa malini DeLong, was de
scribed from Ohio by DeLong (If?) in 1926. This leaf hopper was 
said to resemble rosae very closely. McAtee (3f?), after examining 
specimens of malini, found it to be TyphloC'yba wanthippe McAtee, 
the latter name having priority because of earliet imblication. 

I dJioce1'U,s p1'o-vMwhmi Van Duzee attacks apple occasionally in 
northern fruit sections. 

FroUIlE (J,-Erythronellra hurtii. X 25 

CO!IP ARISON, AS TO LOSSES, WITH OTHER APPLE P:t:~TS. 

I~ea:f hoppers as pests of apple in the Ozarks are of secondary 
importance, and the losses which they cause can not be compared 
with the injury caused by the codling moth or San Jose scale. Of 
the second-rate pests, they are the most widely distributed and 
most regular in their appearance year after year; this is especially 
true of the two species of Erythroneura. Injury to apple by the 
plum curcuHo is more severe in a few orchards, but appreciable in
jury by the curculio during the last few years has not been ~eneral 
and, as a whole, is of less consequence than leaf-hopper mjnry. 
The various speCIeS of borers are also of local occurrence. In beai·
ing orchards- that are regularly sprayed for codling-moth control 
leaf-feeding caterpillars are of little consequence. 
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CHARACTER OF INJURY 

The nymphs. and adults of the species of leaf hoppers concerned, .Iii 
except Empoa8ca falJae, feed almost entirely on older leaves and 
usually in the lower parts of trees. They never attack growing ~ 
leaves on "the terminals. l'hey congregate on the lower surfaces of 
the foliage, pierce the leaf tissue with their tiny beaks, :Uld suck the ~ 
plant juices. The injured leaves lose chlorophyll in spots (fig. 1), 
and ~hen the attack first begins the leaves present a mottled appear "'"1 

• \'<' 

.... 

FIGURE 7.-Typlcul Injury to npple leuves caused by all species exctJpt the potnto
Jell! hopper 

? ance. .As the injury continues the leaves lose most of the green 
color and become grayish green above. More or less extensive 
defoliation may follow. 

When leaf hoppers are very abundant late in the season, they may 
cause minor injury to fruit by preventing proper coloring. If 
nymphs are very abundant in September the upper surfaces of all 
fruit in the lower part of the trees may be covered with excrement, 
which is attackerl by a black fungus. The parts of the fruit thus 
covered fail to color and present an unsightly Ilppearance. 

The injury to foliage and fruit through the covering" of the upper 
surfaces with excrement is direct and easily established. It is pr.ob
able that the indirect injury is greater, although it is not so easily 
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determined. During dry seaSOl1S leaf hopJ?ers are charged with 
increasing the premature dropping of fruit III late August and in 
September. Such seasons are usually favorable to leaf-hopper 
development. Unfortunately it is during a .dry season that trees 
are less able to resist a heavy drain of sap. 

Empirical observations indicate that leaf-hopper injury to foliage 
delays coloring of such varieties as Arkansas (Mammoth Black 
Twig) and Ben Davis and otherwise reduces quality. Le~f-hopper 
excrement on Jonathan and Grimes Golden often interferes with the 
finish of these varieties. 

In addition to the injury that they cause, adult leaf hoppers are a 
source of.much annoyance to apple pickers. This is especially true 
during hot, dry seasons when adults become so numerous by late 
summer that they actually arise from the foliage in clouds, when 
clisturbed, and cause considerable discomfort by swarming into the 
eyes. and ears of persons engaged in harvesting the crop. 

The injury caused by the potato leaf hopper (fig. 4) is quite dis
tinct :from that just described. This leaf hopper attacks the termi. 
nals exclusively, causing curling of the leaves and checking of the 
young growth. When the insects are abundant on apple the in
fested terminal leaves present a burned appearance at the tips and 
along the mar~ins. This type of injury on potato has been termed 
" hopperburn' by Ball (3, p. 149). This leaf hopper is a destruc
tive pest of potatoes, but it also causes serious injury to beans, apple 
nursery stock, alfalfa, clovers, and several other plants in some 
localities. 

CHARACTERS FOR DISTINGUISHING THE SPECIES 

l'here are two distinct calm: forms of eRch of the two species of 
Erythroneura, a red forn~ and a yellow or pale form. In the typical 
red form the color markings are orange red; in the yellow form the 
patterns are the same as in the red form, but the color markings 
range from yellow through light greenish yellow to pellucid. Indi
viduals of the yellow or pale form of both species are more abundant 
than those of the red form during most of the season. Red individ
uf,tls predominate only during the cool weather of late fall and 
winter. 

.A. distinct variety, E1'Yt7~rorum1YT1 obliqua val'. dorsald~ (Gill.)4 
(fig 8), is also common in practically all orchards. This variety 
differs from the typical obliqlla by the red stripes being so broadened 
and run together as to form a continuous red or dark dorsal stripe
the entire length of the insect. • 

Variety dar'salis is always associated with the typical obliqua in 
orchards, and they copUlate without discrimination. In cage studies 
in 1920 and 1921 it was found that the typical obliqua and d01'8alis 
interbreed to such an extent that mated pairs of either form fre
quently produce offsp,ring with the other type of colol' pattern.

In the cage experIment of 11j21 a number of pairs of the over
winlering generation of dm'salis, taken in coitu, were placed in a cage 
over a tree which had been previously protected from infestation for 
about two weeks. No typical specimens of obliqtt(J, were included. 

• 'Ihe name Eryt1,roll.ellJ'/J, la1Csoniana, wall proposed for this leaf hopper by' Baker in 
1926 (2).
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Of 50 offspring of these mated pairs of dorsalis reared in the tree 
cage, 	46 had the do'l'scilis coloration. Four were typical obliqua. 
Another tree cage was used exclusively for mated pairs of the typical 
obliqua. Only 28 nymphs from this cage were brought to maturity. 
Of this number, 23 were of the typical red form, 4 were pale form 
obliqua, and 1 was donalis. 

The following key will serve to separate the adult leaf hoppers: 
A. General color, viewed from above, green. 

B. Adults deep green, robust, with a blunt vertex________________ 
_______________________________________ Eml)OaSCU maHUM. 

BB. Adults pale green, slender, with a rather pointed vertex______ 
_____________.:.___________________________ Em.poasca. ta1Jae. 

AA. General color, viewed from above, creamy white__ Typhlocy1Ja, pomaria. 

AAA. General color, viewed from above, white with red or yellow stripes.


B. 	Wings with one distinct red oblique stripe_________________ _ 
_______________________ Bryt7woneu.l·u o1Jliqnu var. doraalis. 

BB. Wings with two distinct obliqm' stripes. 
C. Oblique stripes red__ Erytlwcmeura. o1JUq1ta (red form).

CC. Oblique 	 stripes yellow______________________________ _ 
_____________ Erytlwoneu,/"a obUqua. (yellow form). 

AAAA. 	General color, viewed from above, white with irregular red or yellow 

spots.


B. Spots relL_______________ Erythrone1tra. ·»wculatu (red form). 
BE. Spots yellow _________ );lI·!ltlwon.eura. macu/.atu (yellow fo'rm). 

Nymphs of the cliff<:J.·
ent species may be read
ily separatecl by their 
color, by their feeding 
habits, and by the time 
of appear".nce of the first 
generation on apple. 

Nymphs of TyphZo
cyba pom.ariaf are white, 
they infest only the 
lower le:lVes, and are the 
first species to appear 
on apple" Hatching be
~ins about the time the 
, petal- fall" spray is 
clue. 

Nymphs of E'lnpoa8(Ja 
maligl'l.a are green, they 
feed on the lower leaves, 
und hatching b{'gins a 
few days later than the 
hatching of the preced-

FIGURE 8.·-Brlllhroncum ob1iqlla. Tnr. dor.~alis. X 25 inA'TIspeciesll' . 1 .le ye OWlS 1 - green 
nymphs of E. fabae attack the terminllilellves, and their first appeur
ance on apple is about a month later than that of 17Laiigna nymphs. }-

The nymphs of E1'yth7'oneum o'bliqua are white with dark spots on 

the dorsal side of the thorax. These nymphs feed on the lower leaves 

and hatching starts several weeks later than that of fabae. 


Nymphs of E. 111aculata hatch at the same time as those of obZiqua, 

and they also feed on the lower leaves. They differ from obliqua by 

lacking the dark markings of that species. 
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The ground color of the variety dO'l'sa1is is yellow in the nymphal 
stages, instead of white as in the typical obliqua. The red and the 
yellow color forms of the two species of Erythroneura can not be 
distinguished in their immature stages. 

Nymphs of the different species are easily distinguished from one 
another by the characters given in the following key: 

A. Nymphs green. 
B. Nymphs bright green, ru~ust, infesting lower leaves_ E. maUgna. 

BB. NymDhs pale green, slender, infesting terminal leaves_ E. fabae. 
A.A. Nymphs white or cream colored, usually pr(lsent on foliage of lower limbs., 

B. Dorsal area of vertex and thorax marked with darkspots __________________________________________ E. obliqua. 

BB. Vertex and thorax without dark spots.
C. Vertex flattened in fronL________________ T. P0111al·iG. 

CC. Vertex angular in fronL__________________ E. ma.;:ulata. 

THE OBLIQUE-STRIPED. APPLE LEAF HOPPER 5 

mSTORY ANIJ. SYNONYMY 

The oblique-striped apple leaf hopper was originally described by 
Say (36, p. 342) in 1825 as Tettigonia obliqua. In 1851 the genus 
Erythroneura was erected by Fitch (1.5, p. 62) to include, among 
other species, T. obUqua Say. Fitch applied the first common name 
to the insect at this time when he called it "the oblique-striped 
Erythroneura." In 1856 Fitch (16, p. 435) mentioned this species as 
attacking wild currant and various other shrubs and trees; he also 
observed adults under leaves in winter and noted variations in the 
coloration of specimens. 

Erythroneum obliqua has been referred to frequently in literature 
under th,e genus Typhlocyba, by Woodworth (4<5), Van Duzee (39, p. 
fJ01), Gillette (fJl, p. 756), Osborn (34, p. 54<5), and others. The 
earliest mention of the insect as a pest of apple was by Quaintance as 
reported by Lyon (fJ7) in 1915. This s1?ecies was placed in the genus 
Erythroneura by Van Duzee (40, p. 714). McAtee (fJ9, p. 277), 1920, 
rediscribed the typical red form as Er'lJthroneUlra obliqua var. 
obliqua (Say). In 1930 Beamer (6, p. 417-4<56) divided Erljthrone
ur'a obliqua into 64 species and varIeties follQwing a study of the 
genitalia of the insect.s. Specimens of the oblique-striped apple leaf 
hopper have been identified as one of the new species, E. magnaealyw 
Beamer. The name E. obUqua is retained, however, for this apple 
leaf hopper. No published account of the biology of the oblique
striped apple leaf hopper has appeared heretofore. 

DISTRIBUTION AND FOOD PLANTS 

The oblique-striped apple leaf hopper is un.doubtedly a native 
species. McA.tee (fJO, p. fJ75) gives its known range as extending 
from Quebec, Ontario, and Colorado to Virginia, L~)Uisiana, and 
possibly California. It is especially abundant in apple orchard sec
tions or the Central West from Kansas to Indiana. 

Much uncertainity exists in published records with respect to the 
food plants of this leaf hopper. Gillette (fJl, p. 757) states that 
"this is one of the grape-infesting species and IS commonly taken 

• lfJrythnnl-Cllra. obliqlla vltr. obliqua (Say); order Hemiptera, family Cicadelildue. sub· 
family Eupteryginae. 
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along with (Jomes and its varieties." This is undoubtedly an error,. 
for the insect does not reproduce on grape. In the insectary yard at 
Bentonville, Ark., for instance, a row of bearing grapevines IS flanked 
on both sides by apple trees, and all plants are so closely crowded that 
the grapevine and apple tree touch one another; yet in this yard 
E. obliqua infests apple throughout the season, but does not attack 
the grape foliage close itt hand. The grapevines are infested with 
several species of grape leaf hopper, and these species likewise con
fine their attack to their favored host plant and do not stray to 
apple.

It is probable that this species was a pest of Cl'ataegus and other 
native forest trees and that it has adapted itself to apple in recent 
years. This assumption is borne out by the fact that the insect was 
present in the country almost a hundred years before apple was 
mentioned as a host plant. Though the insect breeds to a limited 
extent on some shrubs and forest trees, apple is the only host plant 
upon which it is now known to be a pest. 

DESCRIPTION OF THE STAGES OF ERYTHRONEURA OBLIQUA 

During their life history leaf hoppers pass through the following 
stages: The egg; the nymph; and the adult, or mature insect. The 
nymphs resemble the adults in a general way, the most striking dif
ference being that they are wingless. Between hatching and trans
formation to adult the nymphs molt five times, so there are five 
nymphal instal's. All the stages of one of the leaf hoppers attack
ing apple, E1T/,p0a8aa fabae, are shown in Figure 4. 

A description of the stages of Erythroneum, obUqua follows: 

TRg gGG 

Egg elongate, bean-shaped, slightly smaller at one end than at the other. 
.Almost transparent when first deposited, changing to pale white. Average 
length 0.7 mm., average diameter 0.25 mm. 

nm NYltIPR 

First instar.-General color light yellow after feeding. Eyes deep' red. An
tennaeextending to hind margin of thorax. A dark irregular line apparent 
along the frontal margin of the vertex and also one neal' each lateral margin 
of the thorax dorsally. Average length 0.95 mm. 

Second instar.-Color yellow. Eyes dull red. Antennae extending to hind 
margin of thorax. Dark markings more evident, those on vertex less irregu
lar in shape and often in the fOJ:m of two distinctly separated brownish-black 
line!:! j thoracic markings on pronotum conSisting of two spots situated near 
hind margin, one on each side; those on mesonotum in a semi-curved line on 
each side following the lateral contours of the segment; those on metanotum 
two in number, shaped like an inverted comma and situated dorso-laterally, one 
on each side. Average length 1.2 mm. 

Third ·in8tar.-Color yellow. Eyes dull white underlaid by red. Antennae 
extending to front margin of metathorax. 'Wing pads making their appear
ance. Dark marldllgs iu some spccimens showing the beginning of disinte
gration from irregular lines into a series of spots. Average length 1.5 mm. 

Fourth in.gtar.-Color deeper yellow. Eyes more whitish. Antennae extend
ing to mesothorax. Wing pads reaching the second abdominal segmmit. The 
brownish-black markings now consisting of four short narrow lines on th£' 
·frontal margin of the vertex, their distance apart considerably less than their 
length and the outer one on each side not attaining the margin of the eye. 
Markings of the thorax appearing as spots arranged as follows:. 2 near 
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posterior margin of pronotum, lone on each Side; 10 on mesonotum, 5 011 
each side, 4 extending from the anterior to the posterior margins, and the 
fifth situated along the posterior margin one-quarter of its djstance fro;m the 
side: 6 on metanotum, 2 located along eacli side, 1 above the other, and 1 
inward along the hind margin. on each side one-quarter of the distance from 
the lateral margin. Average length 1.9 mm. (Fig. 9, A.) 

Fifth Vn8tar.-Color as in previous stage. Eyes white. Antennae reaching 
hind margin of mesothorax. Wing pads extending to the third and some
times the fourth abdominal segment. The black markings more prominent, 
the two posterior lateral spots on each side of mesonotum now being situated 
on the basal third of the front wing pad, one above the other, the two lateral 
spots on the metanotum on each side similarly located on the hind wing pads. 
Average length 2.46 mm. 

THE ADULT 

Descriptions of the typical red form, of the yellow form, and of 
the variety d01'scUis, taken from McAtee (29, p. fJ7'1~278), follow. 

Erythroneura, obliqtta. val'. obZiqua (Say). * * * Ground color of scutellum 
and anterior upper surface pale opaque yellow, markings two orange-red vittae 
connivent on vertex, forming an inverted V-shaped mark common to vertex 

FlOURlll 9.-Fourth-lnstnr nymphs of apple lenf hoppers: A, Erytlwoneura o/)!iqlla,

X 20; B, E. lIlaculata, X 20; C, Typhlocyba pomu.-ia, X 22 


and pronotum; scutellum with median pale yellow opaque vitta, bordered by 
two narrow orange red lines, tip orange red. Tegmina whitish hyaline, ·bearing 
orange red markings as follows: Vitta on clavus interrupted except for dots 
near radial margin, then continued along that margin nearly to tip of clavus; 
a ]ong vitta along third sector, curved at apex along part of base of fourth 
apical cell; narrow stripe along anterior half or more of costal margin; 
thread of color along first sector, and sometimes along cross-veins; apical cells 
Slightly yellowish smoky; costal plaques greenish yellow. Ground colorbelmv 
:vale yellow, stripe along pleura pale reddish; arcuate cross-band on lower 
sUl'face of vertex and touches of color elsewhere on face, orange-yellow to red; 
fore tibiae washed with reddish; claws black. 

[Length, one female, 3 mm.; other speci)nens, 2.6 to 3.1 mm.] 
Erythrolleura abliqua val'. obliqua (Say), yellow form. Color pattern as in 

the red form, but with the color markings varying from yellow through light
greenish-yenow to pellucid or livid; tegmina more hyaline.; costal plaques 
wllitish usually obscured by the color markings. 

[Length, one female, 2.8 mm.] 
[El'ythl'oneura. oblil}ua val'. dor8alis (Gillette), red form.] In its best de

velopment variety d01'8UU8 has the head and prouotuin, except narrow lateral 
margins and the scutellUm and ciav!. entirely covered by a bl;oad continuous 
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red stripe; the corial vittae are unusually broadened, originate about middle 
of corium and are cut sharply of( at cross-veins; apical cells dusky. The 
principal variations are that narrow slaty-drab vitt&.e and edgings may mark 
the places where more extensive pale areas are present in variety obUqu.a, or 
the tegminal vittae may be well separated as ill typical form; inner apical 
cells are quite black sometimes, continuing the dorsal stripe to apices of 
tegmina. 

[Length, one female, 2.57 mm.] 

THE RED-SPOTTED APPLE LEAF HOPPER 6 

HISTORY AND SYNONYMY 

TIlls leaf hopper was originally described by Gillette (931, p. '164) 
as a variety of the grape leaf hopper under the name of Typhlocyba 
comes val'. ma()U},ata. Wirtner (44, p. 93937), in 1904, reported this 
species from Pennsylvania, and Tucker (38, p. 68), in 1907, collected 
the insect in Kansas, but no mention was made of the h08t plants 
in either of these records. In 1920 Lawson (935, p. 93593) redescribed 
the insect l1S a distinct species, Erythroneum maculata (GilL), and 
he stated that the specific host plant was unknown at that time. 
During the same year McAtee (939, p. 9398) redescribed Gillette's 
type specimen under the name E'l'ythroneu1'a 1naculata val'. macUlata 
(Gill.) . This leaf hopper was reported as a pest of economic im
portance for the first time by Ball (5) in 1926, when he gave his 
observations on the life history of the insect on sycamore at W"ash
ington, D. C. A new species, E. oma:ni, was described by Beamer 
(7, p. 49-50) in 1930, and specimens of the red-spotted apple leaf 
hopper treated in this bulletin have been identified as oman'i. The 
name E. 1naculata is retained for the species, however, in tllls bulletin. 

DISTRIBUTION AND FOOD PLANTS 

This insect, like Eryth1'onewra ~bliqua, is evidently a native species. 
McAtee (939, p. 938[)-9399) gives the following distribution records: 
District of Columbia, Maryland, Virginia, Tennessee, Georgia, Texas, 
Indiana, Missouri, Kansas, and Iowa. In a later pUblication McAtee 
(30, p.133) adds the followino- States: New York, New Jersey, Mas
sachusetts, 'Wisconsin, Colorado, and California. The writers have 
specimens of the species also from Illinois and Oillo. 

The red-spotted apple leaf hopper resembles the original grape 
leaf hopper, E1'ythroneum comes (Say), so closely that it may be 
readily mistaken for the grape species. E. macUlata confines its 
attack to apple among the host plants of economic importance, 
however, whereas E. comes is strictly a grape species. 

The mention of sycamore as a host plant of tills species by Ball 
(5, p. 96) is the only record founa. in literature of a food plant of 
this leaf hopper. At Bentonville, Ark., the insect has been found 
breeding on raspberry and elm to a limited extent, as well as on 
sycamore. Nevertheless, apple is the only host plant in the Ozarks 
upon which it is sufficiently abundant to be a pest . 

• liJr/lt7wonclIra mam/lata vnl'. 'IIlJlCulata (Glll.); ordcl' IIcfulpterll, fnmil), Clcndellldnc, 
subfamily Eupteryglnnc~ 
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DESCRIPTION OF THE STAGES OF ER"!<THRONEURA MACULATA 

THEllOOG 

The egg of Eryfkl'onewr(J) ?lUlblJluta resembles that· of E. obliqua 
so closely that no further description of this stage is necessary. 

THE N~~PH 

P'irst instal·.-Clolor pale white with a tinge of light yellow after feeding. 
Eyes deep red. Antennae about two-thirds length of body. Average length 
O.9mm. 

Second in8tar.-General color white to pale yellow with tinge of deeper 
yellow in the median dorsal area of the body. Eyes dull red. Antennae 
extending to bind margin of metathorax or slightly beyond. Average length 
1.2 mm. " 

TMI'iJ, insfu"r.-General color as in previous instal'. Eyes losi.~,.1; some of 
their color, becoming lighter. Antennae extending to metathorax. 'Wing pads 
beginnillg to appear. Average length 1.4 mm. 

Fourth insta.I'.-Color as in previous instal'. Body more robust. Eyes 
dull white. Antennae extending to mesothol'ax. Wing pads reaching second 
abdominal segment. Average length 1.8 mm. (Fig. 9, B.) 

Fifth hL8tar.-The yellowisil color more prominent than in previous instal'S. 
Eyes white. Antennae extending to mesothorax. Wing pads more prominent 
and attaining third abdominal segment. .Avemge length 2.4 mm. 

THE ADULT 

Descriptions of the type specimen and the yellow form by McAtee 
(~9, p. 298) are as follows: 

El'ytkroneul'U mucuU"tu val'. maculata Gillette. '" * '" Ground color of scutel
lum and antedOl' parts ivory, of tegmina yellowish hyaline: with the following 
scarlet markings; median vitta on vertex, discal and two lateral large spots, 
besides two faint ones near anterior margin, on pronotnm, basal angles and 
apex of scutellum, three well-separated spots on clavus, a spot at base of 
corium, an oblique streak over front of costal plaqUe, spot between latter amI 
clavus, three streaks along .sectors just posterior to custal plaque, and n line on 
cross-veins extending slightly also on adjacent parts Of sectors nnd apical 
veins; apicnl cells yellowish fUlllose, a dark dot in base of fourth. Undersurface 
and legs stnlmilleons to yellowish. 

[Length 2.64 mm.; other speCimens 2.64 to 3.03 mm.] 
El'lIthl'oncllra 'maeula,t.n val'. maculata. Gillette yellow form. Like the 

preceding except that the color markings are of varying Shades of (greenish 
to orange) yellow instead of red, This being a generally paler form the 
markings of scutellum and anterior parts often are merely translucent ground 
color. 

(Length 3.0a'mm.] 

THE WHITE APPLE LEAF HOPPER'7 

HISTORICAL STATEMENT 

The white apple leaf hopper has been confused with the rose lear 
hopper, T. r08M (L)! in American entomological literature. Pub
lished accounts of the rose leltI hopper as a pest of apple in the past 
may apply partially to the European species 1'08M, since this insect 
may occur on apple as well as on rose, but it is more likely that these 

7 TlIfJ1l1ocI/ba pomaria Mcatee; order Hemiptera, family ClcndelUdae, st~bfaml1y
Eupteryginac. 

. 
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references are to a native species, T. pomaria, which spends its entire 
life on apple. The original description of the apple speciQS was. 
givenin 1926 under the name Typh.loC1Jba pomaria by McAtee (31) 
to whom credit is due for the first differentiation of these two species. 

Decause of the confusion of the two species of Typhlocyba in the 
United States it is not possible to state exactly the distribut.icrl and 
food plants of the species. Previous accounts of the rose leaf hopper 
mentIOn the rose and. apple as the preferred food plants of T. 1'osae. 
It is probable that the common and preferred host plant of T. 1'osae 
is rose, while that of T. poma1ia is apple. Likewise, both species 
will probably be found to occur in most of the apple districts of the 

,~, 	 United States. since the published literature on the confused T. 'l'osae 

shows that it is generally distributed throughout this country. 


T. pomaria occurs on apple at Bentonville, Ark., but no specimens 
of T. 'l'osae have been collected in tlus locality. At West Chester, 
Pa., the senior author has seen first-generation nymphs of a white 
leaf hopper hatching from winter eggs on rose at the same time that 
white nymphs of the first generation of T. p01JUl'l'ia hatched from 
winter eggs on apple. It is very probable, therefore, that both 
T. 'l'osae and T. pomaria occur in Pennsyh·ania. 

DESCRIPTION OF THE STAGES OF TYPHLOCYBA POMARIA 

THE EGG 

The egg is elongate oval, Slightly crescentic in form, almost circulll.l· in cross 
section, and blunt at both ends. It is semitransparent, but when rendy to 
batch it changes to a milky white, while the red eyes of the young nymph are 
visible through the smooth chorion. Average len.l,rth 0.65 mm., width 0.19 mm. 

THE NYMPH 

First instflr.--Color pale white changing to light yellow after feeding. Eyes 
dull red. Small spines present on dorsal si<1e of tile head, thorax, and Hudo
men; the latter with four spines to each segment arranged in two longitudinal 
rows on each side. Posterior margin of metatllol"llx blunt. First two segments 
of antennae pale, remainder dusky. Average length 0.98 mm. 

Beoona instar.-General color creamy white to light yellow. Eyes losing 
some of red color. Wing pads beginning to appear as lateml buds. Posterior 
mar!,rin of metathorax sharp in outline. First two segments of antennae yel
lOW, remainder dusky. Average length 1.27 mm. 

Third instar.-General color light yellow. Eyes dull white. Body more 
robust. Wing pads extending to hind margin of first abdominal segment.
Spines darker andttlore prominent. Average length 1.55 mm. 

FOl/rt1~ in,,!iar.-General color light yellow. Eyes almost pearl white, with 
a brown central spot underneath. 'Ving pads extending to hind margin of the 
second abdominal. segment. Spines very distinct. Average length 2'{)3 mm. 
(Fig. 9, 0.) 

Fifth it"'~tar.-General color as in previous instar. Eyes pearl wbite. ""ing 
pads extending nearly to the hind margin of thetourth abdominnl segment. 
Broader than in previcus instar. Average length 2.85 mm. 

t 
".: 	 THE ADULT 

The descriptiuil of the adult is taken from McAtee (31, p. ~f)-..'30). 
Male. He'dd and thorax pale yellow, more or lesl! tinged with orange to red

dish on front of vertex; tegmina hyaline, the COSill, commissure and sectors 
yellow, apical cells faintly dusky; underparts pale yellowish, the fnce more ~ .... 
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or less tinged with orange to reddish, touches of this higher colorll;tion else
where also on some specimens. 

Hypopygium (fig .. 59): Strongly distinguished by the falcate process form
ing the posterior border of the side of the 9th segment, which is heavily elliti
nized and black in color; as the correlation of this falcate process with the 
type of aedeagus here illustrated for this species has thus far been constant, 
it results that the species can be recognized from the superficial aspect of the 
hypopygium, the black tips of the falces being easily seen. Near the upper 
posterior border of the falx are several backwardly directed bristly hairs; 
similar but shorter hairs form ,. row on the outer claSIlE!r, and longer softer 
hairs spring from the under side of this clasper, from the lower border of the 
9th segment near articulation of outer clasper, and from the end of the lInal 
tube. Outer claspers as seen from below depressed interiorly so that together 
they enclose a long narrow sunken lli:ea, clasper as a whole narrowed on pos
terior third, the apices somewhat spatulate and divergent; seen from side the 
outer clasper is curved upward at the beginning of its posterior third, in almost 
a right angle, apex somewhat spatulate and recurved; inner clasper slender, 
outcurved apically (fig. 60) ; the aedeagus as seen from above (fig. 61) with a 
median and two lateral !lranches, the former considerably shorter than the 
latter, .Lurcate at the tip, and reinforced along the lower s'lrface by two longi
tudinal stripes extending nearly to the apex appearing as ribs on back of 
aedeagus as seen from above; lateral processes becoming very slender apically 
the terminal portion curved outward and fr:m forward. Aedeagus measured 
along curve, fully twice as long as connectivE,' (fig. 62). 

Fcnwlc. Paler than male, general coloration strnmineous, with little or no 
yellow, orange, or reddish washing; tip of ovipositor sheath black. Eighth 
sternite, moderately pointed medially and emarginate laterally (fig. 103). 

Length, 3--3.5 nun. 

This is th" species that has most often been identified as T. rosae 
Linnaeus. 

THE POTATO LEAF HOPPER 8 

SYSTEMATIC HISTORY 

The potato leaf hopper was first descl"ibed by Harris (f31J, p. 186) 
in 1841 as a pest, of beans under the name Tettigonia fiibae. This 
fact was brought out by Ball (.4, p. 598), who examined the type 
specimen of Harris's fabae. LeBaron (f36), in 1853, unaware of 
Harris's species, described the insect as Tettigonia l1uili, a pest of 
apple. This species has usually been referred to in literature, follow
ing LeBaron's description, as lIwli and placed in various genera. In 
1862 'Walsh (41, p. 147-14.9) erected the genera Empoasca and 
Chloronellra with the description of three new species under each 
genus. Among the insects thus described Ball (4-, p. 599) considers 
E. m1.zdescens lValsh, E. consobrina Walsh, anel O. mal,efica Walsh 
as synonyms of E. fabae (Harris). The name given by BaH for this 
species hus been followed by the writers. 

The synonymy of E1Ttpoa.<wa fabae (Harris) is as follows: 
1841. Tettigoll,ia 'a:bae Hnrris (22, 1>. 186). 

1852. Tettigon.ia l1wli IRBaron (2Ii, 1>. SSO.: i5, p.174). 

1862. Empoascll. m~'id('8c('n8 Walsh (41, 11. 1,,9; 42, 1). .'J16). 

1862. Empol1scl1. cOI/80b/"ina, Walsh (41, p.149; -:\2, p. 316). 

1862. (.'7Il{)ronc1lra mal£:/ica, WalSh (·i1, p. 1-:\9 j 42, p. 317). 

1879. TyphwGllb(l, p7l0to])1117a, Berg (8, p. 273). 

1884. Empoa albopf<;ta Forb!.':,; (17, p. 181). 

1SS!>. Eml)Ousca ulbopict(l (l~orb!.'s) WoodwOJ·th (h5, p. 211-{214). 

1891. Empoasca I/If/U (Le Baron) Gillette (20, p.10-:\-106). 

1924. Empoa,'J(:a f(l,bnc (Hnrrls) Ball (-:\. p. 598). 


8Empoascll {allIlO (Harris) ; Qrder Uemlptera, lamUy Cicadcllldac, subfamily Eupteryginae. 

64045°-31-3 

http:Tettigon.ia
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ECONOMIC HISTORY 

Forbes (11, p. 181), in 1884, referred to this insect as "the green 
apple leaf hopper." Published accounts of the insect under the name 
of "the apple leaf h01?per" or "the currant leaf hopper" by Brit
ton (9, p. 216), Bues (10, p. 3134) and Garman (18, p. 57) ha:re ap
peared in literature. Washburn (43), in 1908, published an account 
of the seasonal history and control of the insect as a nursery pest 
of apple. In 1918, Lathrop (133) published on the life history of 
this apple leaf hopper. .An account of the insect as a pest of apple 
nursery ::,~ock by .Ackerman (1) appeared in 1919. 

The first reference to this leaf hopper as a potato pest was by 
Osborn (33, p. 603) in 1896, and Gibson (19, p. 119) in 1909 men
tioned it as destructive to potatoes at Ottawa, Ontario. The rela
tion of this insect to the hopperburn of potato was suggested by 
Ball (3, p.14D) in 1919, and he also proposed that the common name 
of the insect should be changed to the potato leaf hopper, because 
potato was its preferred host plant. Fenton and Hartzell (14) in 
1923 and De Long (13) in 1928 published on the biology and con
trol of this leaf hopper. 

DISTRIBUTION 

The potato leaf hopper is widely distributed throughout the 
United States. Judging from collected specimens ancl from notes 
and correspondence of the Bureau of Entomology, it is present in 
almost every State in the Union. It is found in greatest abundance 
throughout the eastern humid area of the Upper .Austral Zone. In 
the .Americas, outside of the United States, it has been reported 
from British Columbia, Nova Scotia, Ontario, Mexico, Porto Rico, 
and Argentina. There are no records to indicate that this species 
occurs in Europe. 

FOOD PLANTS 

E. fabae is a general feeder, and it is likely to be present on a 
number of food plants at any time durin,~ its active life. .Ackerman 
(1, p. 3) lists a total of 46 food plants tor the insect. Fenton and 
Hartzell (14, p. 382) give the favored food plants of the species, in 
the order of their_preference, as follows: Potato, beans, clover, al
falfa, and beets. The species in some States is a pest of apple and 
Norway maple in nurseries. 

In the Ozarks potato and apple, especially nonbearing trees, are 
injured by the first generntion of the insect. Potatoes are usually 
matured, and sometimes harvested, before the second g~neration 
makes its appearance. The insect leaves apple also after the first 
generation is completed and disperses to late plantings of beans 
and to the more succulent weeds. This leaf hopper is most com
monly injurious on beans in the Ozarks because successive plantings 
of this crop provide tender vegetation during most of the season. 

DESCRIPTION OF THE STAGES OF EMPOASCA FABAE 

The five nymphal instal'S and the adult are shown in Figure 4. 

THE EGG 

Egg elongate, subcyllndrlcal, ver~' delicnte, slightly curved from end to end, 
somewhat roundeu at both ends, but more sO lit the anterior end. When first 

~j 
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deposited it is rather transparent, but in a few days it changes to a pale yellow 
while a small white cap forms at the anterior end through which the red 
eyes of the immature nymph are perceptible. Average length 0.82 mm., wldth 
0.25 mm. 

THE NYMPH 

Fir8t i11star.-Pale white, changing to a light yellowish green after feeding. 
Eyes dull red. Small pale spines on the dorsal side of the head, thorax, and 
abdomen; the latter with four spines to each segment arranged in two longi
tudinal rows along each side, one spine situated dorsa-laterally, the other venITo
laterally. Posterior margin of metathorux blunt. First two segment'; of 
antennae pale, the remainder dus1.-y. Average length 1 mm. 

ISecond, instar.-General color light yellowish green. Eyes losing some of 
their red color. Posterior border of metathorax sharp ill outline. First two 

« segments of antennae light yellow, remainder dusky. Average length 1.30 mm. 
Third, insta1'---General color pale yellowish green. Eyes almost pearl white. 

Body more robust than in :first two stnges. Wing pads appearing as lateral 
buds extending to the hind margin of the first abdominal segment. Spines
dnrker and m()1:e prominent. Average length 1.85 mm. 

Fourth il1star.-Head and thorax yellowish green; abdomen yellow. Eyes
pearl white. Wing pads extending to llind margin of second abdominal 
segment. Spines prominent. Average length 2.1 mm. 

FItth i1r.star.-Head and thorax pale green; abdomen yellow. Wing l)ads 
extending to, or nearly to, the hind margin of the fourth abdominal segment. 
First two antennal segments green, remainder dusky. Body broader thau iu 
previous instar. Average length 2.6 mm. 

THE ADULT 

General color pale green; face with a white median longitudinal line in 
older speCime!lS but composed of a sel'ies of white spots in newly transformed 
individuals; median line extending from a point midway between the oceHi to 
a point half the distance to lower mur!,>in of clypeus; two short white diagonal 
bands on each side of median line, the lower one the smaller; a short white 
line, often merely two spots, beyond tlle diagonal Ilnd just above the antennae; 
a faint white line midway betwpen the ocellus and eye. Antennae 1 mm. in 
length, ariSing near the lower frontal border of the eyes; clypeus one-third 
longer than broad; lorne narrow, not reaching the tips of c1ypeus, concave 
below eyes; genae almost as long and half as broad as clypeus, with one or two 
faint white spots. Vertex dark green, with a median white line, narrowest 
in middle, its length equal to distance between the ocelli ; a white band on each 
side, dorso-Iateral and diagonal to median line. Two ocelli present, marked by 
two wllite spots and situated on frontal margin of vertex, their distance apart 
equal to twice that from the eye to the ocellus; eyes dull white, reddish brown 
after death. Pronotum pale green, hind margin very pale, with eight white 
spots along the fl'ontal margin, the last spot at each end small and often fused 
with the oue next to it so ItS to form only six spots; mesonotum witll two 
parallel white 1000gitudinal lines centrally located and connected by a trans· 
verse one in the form of a letter" H," a faint white diagonal line present on 
each lateral margin; scutellum small with a large white triangular aren in the 
center and a small spot on endl side along thl frontal mlll·gin. Abdominal 
segments yellowish green with transverse yellow l:..ripes on their hind margins, 
anal llegment dark green. Legs green, tarsi dusky at the tips. Sexuul 
appendages eillltted in both sexes, Average length 3.12 mm . 

.... ,-1' 
THE GREEN APPLE LEAF HOPPER 0 

SYSTEMATIC HISTORY 

A.ccording to Ball (4, p. 597) this species was originally described 
jn 1862 by W:tlsh (4.1) as Ohlol'oneu1'((, 1naligna.. Tn 1898 Gillette 
(~1, p. 7SJ), apparently not l'ecognizing Walsh's 11w1igna, described 

oBmpousca 1I111liOlla (Walsh); orll(!r Hemiptera, family Clclldellidae, subfamily Eup
teryglnae. 
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the insect as a new species under the name E1npoasca 'lJ;nicOZ01', 
which is the scientific name used in referring to this species by later 
writers. Ball (4-, p. 599), in 1924, stated that the genus Chloroneura 
is a synonym of Emposaca,lO and this 'species, therefore, takes the 
scientific name E11/,poasca maligna (Walsh). The writers have 
followed Ball's use of the scientific name. 

ECONOMIC HISTORY AND FOOD ~>LANTS 

This insect was called the malignant leaf hopper by Walsh in 
1862 (4-1), because this was one of two species which were supposed 
to be the cause of fire blight on apple and pear. In 1909 Parrott 
(35, p. 79) mentions Em,po(lsoa w1;icotol' as one of the three species 
of leaf hoppers occurring on apple in New York. Childs (11, p. 4-), 
in 1918, listed this species as numerous in Oregon in a few isolated 
orchards but not widely distributed on apple. Lathrop (JB3) gave 
an accOlmt of the life history and habits of this leaf hopper on apple 
in 1918. Ball (4-, p. 597), in 1924, published an article on tins 
species in which he named the insect" the apple leaf hopper." 

DISTRIBUTION 

The green apple leaf hopper is probably a· native species, and it 
appears to occur in most of the apple districts of the United States. 
Ball (4-, p. 597) states that it is distributed from the Rocky Moun
tains to the Atlantic. Its o'ccurrence on the Pacific coast is recorded 
by Childs (11, p. 4-), in addition to ,the distribution given by Ball. 

DESCRIPTION OF THE STAGES OF EMPOASCA MALIGNA 

The description of the egg and nymph are by Lathrop (JB3, p 193), 
and the description of the adult is by Gillette (~1 p. 731). 

THE EGG 

The egg is deposited in the bark of apple and was found to occur most 
abundantly in growth of the previous season. . . . The blisters and eggs
resemble those of E. roso,c but are slightly larger. 

THE NYMPH 

The nymph of this species, as with the preceding form [ElI~poasca fabae], 
deepens in color with age. The final .instar is of a bright-green color, with 
the anterior portion of the vertex, the sides of tIle pronotum, the wing pads, 
and the last abdominal segment strongly tinged with yellow. A rather in
definite smoky spot is apparent on each side near the middle of the front 
mar!tin of the mesonotum; a blackish spot occurs on each side of the posterior 
margin of the mesonotum, and anothel· pair is placed in the slime position 
on the metunotum. A stripe of dark green extends along the dorsal meson 
of the abdomen. 

THE ADULT 

Color varying from ycllowish to greenish, without conspicuous markings, 
3.5 mm. long. 

Face yellow above, without markings, shading into green below, the length
exceeding the breadth by about one-fifth, cIypeus exceeding the lorne by about 

10 It Is so in por.t, ns pointed out by McAtee (28). 
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one-third its length, considerably constricted below its base and rather pointed. 
Vertex almost entirely yellow in some specimens but, in all, a median pale
stripe and a pale or bluish blotch -next each eye are more or less plainly 
visible. In some specimens tbere are also a pair of green dots a little before 
the middle of tbe vertex and ratber neal' tbe median pille line. The vertex 
is not at all produced, its length is contained in the length of the pronotum
almost exactly twice, and in the breadth of the head about 3.7 times. Prono
tum slightly broader than the head, twice as wide as long, yellowish in color 
but more or less tinged with green posteriorly and, in most specimens, a small 
wilite spot can be seen on tlle middle of the anterior margin. Scutellum 
deel)er yellow than the pronotum and with a pale or bluish blotch just before 
the apex, which, in some cases, extends forward to the margin of the pronotum.
Elytrll a golden green, the coloration stopping a little before the cross veins, 
the tips slightly smoky. Abdomen yellowish above and below, the last ventral 
segment of the female having two depp oblique notches or slits on the posterior
margin inclosing a stout blunt tooth between them. Legs greenisb yellow, 
tarsi blue. 

REARING METHODS 

In studying the life histories of the species of leaf hoppers under 
discussion, practically an data were obtained under outdoor condi
tions by rearing the 
insects in the insectary 
yard on smail apple 
trees protected from 
out sid e infestation. 
Exceptions to this pro
cedure were the rec
ords on oviposition by 
single pairs and some 
of the experiments on 
incubation1 which were 
conducted in an open 
insectary on c age d 
apple seedlings and 
grafts grown in 8 and 
9 inch pots. 

Records on incuba
tion and oviposition 
were obtained. fro m FIGURE lO.-Cube-shaped tree cage lIsed for inCUbation 

nnd longevity records 
C 0 U n t s 0 f nyIlJ.p11S 
which emerged, since the egb'S are concealed in the leaf tissue and the 
act of egg deposition can not be observed with accuracy. 

Temperatures during the periods of development were taken from 
a thermograph kept in It standard United States Weather Bureau 
shelter placed among the trees in the insectary yard and Trom 
a thermograph in the insectary shelter. The instruments were 
checked daily with maximum and minimum thermometers and with 
an accurate centigrade therlllometer. Mean daily temperatures 
were derived by 2-hour readings from the thermographs. 

Oube-shaped cages (fig. 10) measuring 20 inches each way were 
used for obtaining records on incubation and on the longevity of 
adults. In each of these It branch of It young tree could be inclosed. 
These cages wer.e. designed to furnish, as nearly as possible, normal 
light and ventilation. The top and two opposite sides were covered 
with muslin, and the other two sides were of glass. The hand 
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could be put into the cage through a muslin sleeve in the bottom. 
Corner legs held the cages about 6 incheR off the ground. Modifi
cation of this cage, by the addition of a sleeve in one of the muslin 
sides, made it possible to fasten the cage permanently over a seedling 
tree. When it was found desirable to cage apple twigs at some 
distance aoove the ground the cages were set on wooden frames 
which couIcl be made any desired height. 

Celluloid cylinder cages were found very satisfactory for obtain
ing records on ovipositIOn and incubation. One type of cage (fig. 
11) consisted of a cylinder 7 inches in diameter and 15 inches high. 

The lower 5 inches and the upper 2 inches of this were made of 
30-mesh copper screen. The central section was of sheet celluloid 
which lapped over the wire screen about 1 inch at the top and 

bottom. The top was 
of muslin, but the 
lower end was open 
so that the cage could 
be set down over a 
small tree in an 8
inch pot. 

These cages were 
put together over cy
lyndrical woo den 
forms, and the over
lapping edges were 
so closely iastenecl 
that neither nymphs 
nor adults could pos
sibly escape. They 
were made in several 
sizes, but the size 
just described provecl 
very convenient, and 
it was found that the 
cages with' a diam
eter of more than 8 
inches were not suf

FIGURE 11.-Celluloid cyllnd('r cages in pOSition over potte(l fi' tl "d f 
apple trees in whkh life histories of single pllirs of leaf Clen y l'lgl or use 
boppers were stndied with such small in

sects. 
By confining a single pail' of adults in a cage of this type it was 

possible to study the life history from the time of hatching until 
death, under practically outdoor conditions. 

The presence of nymphs could be detected on the leaves through 
the celluloid sides and the beginning of the hatching period noted. 
Each day, then, after the daily emergence of nymphs was completed 
the cage was raised and the adults caught in glass vials. The 
nymphs were removed and counted, and the adnlts were immediately 
returned to the cage. 

For incubation records,celluloid cylinder cages (fi~.12) were made 
with 'an open muslin sleeve sewecl to the screen collars at each end. 
They could be placed over an apple twig either at the terminal end 
of the twig or along the middle. The muslin sleeve was tied with 

.' 
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string at one end, and the adults were put on the foliage through the 
other end, after which the sleeve at that end was also fastened with 
string. By shaking the adults from the foliage to the side of the 
cage they could be transferred, cage and all, daily to fresh apple 
tWIgs, and successive daily incubation records could be obtained with 
the same individuals. 

The cages in which nymphs were reared to determine the exact 
time reqUIred for passing through the various nymphal stages were 
of two types, both of which were used thronghout the entire study. 
One (fig. 13 at rigbt) has been described previolwly by Ackerman 
(1, p. 8) as follows: 

A piece of thin sheet cork 
was cut about 2 incbes square, 
in the center of which a i-inch 
square bole was made. 'Vhite 
muslin cloth was stretched . 
tightly over one side of the cork 
and glued fast so as to cover 
the center hole. Heavy wad· 
ding cut to the shape of the 
cork, but leaving the center 
open, was glued to the other 
side. With the mUGIin side out, 
the cage was then p1aced oYer 
a newly hatched nymph on the 
lower surface of a leaf. A 
square of stiff cardbourd of 
the same size as the cork was 
placed on the upper side of the 
leaf, and the cardboard, leaf, 
and cage were fastened together 
by paper clips. The young 
nymph within the cage re
ceived ventilatiou from UOtll 
sides, through the porous wad
ding and through the muslin 
toP. The leaf tissue was pro
tected against injury by the 
cardboard on its upper surface 
and by the wadding on its 
lower surfnce. 

The other type of cage 
(fig. 13, at left) was made 
of 11 celluloid cylinder, 
about 4 inches long and 11/2 
inches in diameter, capped 
with muslin at one end, 'li'1G1JI1B l:!.-CelIul~~ f~~lg~~fjo~gC lIsed for rccorils 

and on the other end fitted 
with a short muslin sleeve which could be slipped over a leaf and tied 
to the petiole. This cage had the advantage, particularly with the 
older instal's, of permjttmg observations to be made without remov
ing it. It had the disadvantage, on account of its size, of being 
subject to a greater wind huzard, and on several occasions a large 
percentage of the leaves to which these cages were attached were 
broken off. Very small nymphs were frequently lost in these cages, 
probably because they fell off the leaves upon which they were feed
ing and could not get back. 
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The material for life-history studies was collected at the beginning> 
of the season, and all leaf hoppers used in the studies of the later 
generations were descendents of this material. The three species 
which overwintered as adults were collected and caged as soon as they 
became active on apple foliage in the spring. It was necessary to 
start several cages of reserve material in the early spring to insure a 
plemiful supply of insects of known ancestry. The two species 
which wintered in the egg stage were reared from nymphs hatching 
in the early spring. 

In studying the life history of single pairs in confinement plans 
were made to carryon line-breeding work. It was necessary to alter 

these plans during the 
course of the work, how
ever, when it became evi
dent that males and females 
which hatched on the same 
day did not always pro
duce offspring. Several 
cage experiments of single 
pall'S on potted plants were 
failures during the season's 
work because mating and 
reproduction did not take 
place. For this reason, rec
ords were not available of 
the progeny of the first and 
last individuals of each. 
generation in all cases, so 
the exact extremes of the 
generations were not de

" 	 termined. Nevertheless, 
enough experiments proved 
Ruccessful for sufficient evi
dence to be securecl on the 
range of the developmental 
periods of the different 
stages throughout the sea
Bon. 

Determinations of the 
limits of the generations.F1Gun~1 13.-Trpes of cnges used for rearing

nympbs: At left, 0. celluloid slrc\'e cuge inclosing were based on life histories 
nn apple leuf; at right, IL cork-sbeet enge, open, 
und in poslt.\on over lenf 	 of single pairs in cages, 011 

reserve matel'ial used for 
some of the data on duration of nymphal stages, and on the progeny 
of the longevity cages. All this material \Vas of known ancestry, so 
there was no ('hance of any confusion in the generation studies. 

COMPARISON OF LIFE HISTORIES 

The life-history Htudies coyer rearing recol'ds for individuals of 
three generations"of E1'ytkroneu1'a obliqua, E. 1naoulata, and Em,po
asca fa7HUJ, two generations of Typhlocyba pomaria, and one genera
tion of Bmpoa8ca, maligna. The fil'st three species hibel'llate us udults 
uncI the lust two in the egg stage. 

,#. 
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LONGEVITY 

Records of adult longevity of the different species are given in 
Table L The data on the overwintered generation of the three spe
cies in the table cover the period only from the time of appearance of 
the leaf hoppers on apple in the sp~:ing. It will be noted from the 
table that longevity of adults of the first two species is considerably 
greater than that of the other three. E1'Ytkroneu1'a obliqua and E. 
maaulata adults live and feed during It very long period. 

TABLE 1.-LciIlgcvity q'ewrds of the adults of five .~pecies of apple leaf hoppers, 
8~otoing the ·!"a·lIoe ana fI'l'eruoo pe/'ioa fOI" the sc:ccs and Denerlftions, Benton
VIlle, Ark., 1925 

Longevity Sex 
!jpccies Gcncration AverageRange Male Femaleperiod 

-------~I---------I--- ----____ 
DalJ' Days Number Number 

l
40.5 __________ 68°\'crwintcrcd-------. -- ------- 1 (}-101 

1(}- 80 34. 1 41 _______.•• _ 
Ervthrone1J.ta oblig/ia ___________ Firs~~=:=:======::::::==:::==: 23-193 69. 2 __________ 30 ____ do_________••. ___ •_________ 52. 0 30 _________ _22-191Second___ •____ •. _•. __________ _ 45. \} _••_______ 55 ____do._________• _____________ _ 14-168 

47.0 56 __________ 
ovcrwintercd..---------------- 13- !lO 

9-151 
50. 1 -.________ 99 _. __ do __ •____________________ _ 

1.j_ 8S 46.4 42 _________• 
Ervthroneura maculata_________ First______ •. -.-- __ •. _. _______ _ li-196 61.6 __________ 58 

____do.,. __ •_____ • ___ . ________ _ ro.7 79 _________ _15-1U4Second....._________ .' _______ . 66. 5 _________• 4815-156 ____ do.__ ••__ •___ • __ .• _ . _____ _ 48.7 33 __________l 13-151o\,crWlntcrCd 1.____ ... ______ ._ 29.2 __________ 93 ____do____ ___________________ _ 6-Sli 

j 
~ 

6- 62 24.3 25 _________ _ 
Empoa8d<L!abae First. ------_. _____ .:. __ . _____ . 3- 80 18.0 •____.____ 117 ---------------- ____ do________ • ___ . __ ...... ___ _ 4- 43 12.8 43 _________ _ :.Second____ . __ . ______ ., .. _. ___ . 23.5 __ •_____ ._ 495- 55 

:First_______________ .... __ .._._ 
____do_. ________ .• ___ ... ____ ._. 15.4 22 _________•·1- 33 :J9. t __________ 795- 41

TUph/ocyba pomaria___~_______ __ __ do___________ - -. -- ______ .. (}- 35. 18. 8 154 ••_______. 
{ 8- &ISccond___ .. __ •..• ". _____ "." 24.5 • ____.____ 105 
_. __ do____ •____ •. __ ••• _....._._ 34. 2 39 __________10- 66 2i.5 __________ 7512- 42EmpoaBcn ma/igna. - __________ f:.i~~~o:.===::~=:::::::: ::::~. ::: 5- 32 22.3 iO _____• __._ 

1 Counting only from tima ·of Ilppearancu on applc. 

OVIPOSITION 

Data on oviposition by single pairs of E1'ytll.1'oneu?'a obliQ'ta and 
E. nuwulata appear in Tl'able 2. Records on oviposition by females 
of the other three species were rather fragmentary_ 

TABLE 2.:-,,(Jom.J){tl'i8f})~ Of f}vi}lo,~itil)n by 8eyref/llted. [Jail'S of Ervt1trolleura. 
obliqua ana E. ma.('1tlata, Bell tOll I-me, ArTc., 1925 

---'~-P;:;:;;;;;Jost- IO\'ipositlon rPostoviposl-
Oviposition rato lion period perioll tion period 

--_."--'-. ---
Generation Species Pairs-M Average

A'-cr- Aver· Aver..Range Ra.ngu Rsnge Rnng('age age nge PerTotnl 
'--.,....- -  ------ day 

Num· l'tlt11l~ NUTJ/- Num
ber ]JalJs Dav~ Davs Days Davs Davs ber bcr ber{Obliqua...___Ovcrwintered____ 9 ........_- .. - .............. 24~11 36.4 0-2.5 12.6 22~1l7 i4. 8 1.0
,\facu/ala.__ • 8 25-41 36. .5 0-2·1 9.8 20-114 64.0 1.7

First.__._... __... fObl/qull•••___ 3 --7:8"- --"7:7" 21~3.5 28.. 3 0 0 30--05 65.3 2.5,\Je/Cu/ala___ • [, 6-8 6.7 0--44 28.3 Hll 2:1.:1 15-172 89.0 2.7Secono.______•• __ Obliqua•• _._. 4 \1-11 10.() 17.5 O-U 6.8 13-718~261 33.5 1.9l.laculata_ ••• 5 6-17 11.0 5-16 11.4 2..6 5.4 6-27 20.2 2.3 

http:Ervthrone1J.ta
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In the case of E1npoasca fabae much difficulty was encountered 
in securing records because vf the severe injury caused to plants 
by the continued confinement of adults. Considera ble variation oc~ 
cureel in the duration of the oviposition period and in the number of 
eggs deposited by this species. For 11 individual pairs, the period 
ranged from 3 to 61 days, while the laying rate ranged from 0.4 
to 2.6 eggs daily. DeLong (13) reports an average preoviposition 
period for 90 pairs of E. fabae of 6.2 days during one season and 
during I\, second season, on the basis of observation of 50 nairs of. 
leaf hoppers, of 6.1 days.. He also reported a high egg record of 
226 eggs deposited during 47 days, an average rate of 4.8 eggs daily. 

Several experiments on oviposition by first-brood adults of T. po
1naJria were a failure because of·the loss of foliage in which the eggs ~I 
were deposited. The incubation period of summer eggs of this 
species was very prolonged, and the leaves on the plants became 
infected with mildew before hatching occurred, Exact records on 
oviposition were not secured because' of the difficulty of observing 
actual deposition of eggs and because of the length and irregularity 
of the incubation period. The l11ean period from transformation 
to mating for six pairs of first-brood adults in 1928 was 6.2 days, 
and the range in total number of eggs developing was from 4~ to 
114, with a mean of 76.7. No data were secured on the lllunber of 
winter eggs deposited. 

Oyiposition by E. 1naZigna occurs during :May and June. The 
eggs are placed lmder the bark in young wood, and hatching takes 
place the follG/Ving spring. The females of five pairs, in 1925, 
depositecl an uvellge of 32.8 winter eggs each . 

. INCUBATION PERIOD 

The duration of the incubation period for the five species is shown 
in Table 3. ,\Vithin a species temperature appears to be the only 
factor which influences the duration of the incubation period. The 
records cover eggs for all generations, but only in the case of E1n
poasca fabac were a representative number of eggs observed. Even 
for this species data. were not obtained covering the very early-sea
son eggs which were laid during periods of very low temperature. 

T.\DLE 3.-Dllrati01~ of ·ineltbo.tiO'l~ period, of five 8pecies of apple leCt( hoppers, 
showing the rouge, (/veroge IJeriod, oud, meo;n tClIl/lcl"(dltro, Bentol/lville, Ar7c. 

Average Menu tem· Obersvn·Species Year Rauge lleriod peraturo Uons 

Days DaY8 0 F. Number 
Erfllhroneuraobliqua.__._._._.___ .. •••• _. _. _. _•. __ • 1025 lo-W 10. O±O. oa 71. n±0.12 1,019
Eruthroneura maculata_.•_..............._••••• _. _. 1925 11-19 14.9± .01 73.9± .12 929 
Empooscll (aha~•.••••__ ..............._.._••••••••• 1028 6-15 8.1:1:: .01 75.7:1::.02 5,1>82 
7uphtocU'1a pomar!1l (winter eggs}................. . 1925 201-213 205 ......_••••• 86 
'1 UPh/ocllba pomaria (summer eggs)._ ••_•••••.•.• __ 1025 O:H() i·1. 0 _••••••••••• 281 
BmpoaBra maligna .._........__ ........ __ ••••••.• .• 1925 323-33R 330 . .. •••••__•.• 147 

NYI'r>PHAL DEVELOPMENT 

Tho duration of the nymphal jnst~u's and the total,nymphal per~ocl 
appear in Tables 4 and 5, respectIvely. ObservatIons on moltmg 
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were made daily, usually by 10 a. m. It was fOlmd that virtually all 
the nymphs molted in the morning, with the exceptions of nymphs 
reared very early in the season, when low temperatures prevailed. In 
these cases molting took place later in the day. The temperatures 
were taken from thermographs kept in Weather Bureau shelters 
among the trees where- tlie work was conducted. The daily mean 
temperature from 10 a. m. to 10 a. m. was derived by 2-hour readings 
from the thermograph. Maximum and minimum thermometers as 
well as a centigrade thermometer registering to 0.10 were used to 
check the accuracy of the thermograph. 

Under comparable "Varying temperatures under outdoor conditions, 
it was apparent that Empoa8aa fabae nymphs of the several instal'S 
completed development more rapidly than those of any of the other 
species. 

TABLE 4.-D'Urat·i{)1~ of 11:ym.pha.L instar8 of five specie8 of apple leaf hopper8, 
8hawing the.1·ange, average period, a1w mean tem]Jerat'Ure, Bentoll'IJillc, A.rk. 

Average
period perature vatlOns !Range! period perature vationsInstar 	 lnstar !Mean tern.! Obser· jRP:lge! Ave~age IMean tern·IO~se[· 

ERYTHRONEURA OBLlQUA, 1925 ERYTHRONEURA MACULATA, 1925 

Days Days OF NumbeT Days Davs OF. Number 
First•••...• 3-7 4.5±0.03 74. 5±0. 20 359 FirsL•••.• 2-7 4. 6±0. 05 74.0±0.23 326 
Second..... 3-7 3.5± .04 75.6± .20 347 Second.... 2·7 3.4± .04 75.9± .20 321 
Third...... 2-7 3.4± .03 76.4± .16 330 'i'hird..... 2-6 3.2± .03 77.5± .13 311 
Fourth..... 2-7 3.7± .04 76.7±.13 324 Fourth.... 2-il 3.5± .03 77.5± .07 303 
Filth....... 3-9 5.8± .05 76.4:1= .13 315 Fifth...... 3-8 5.4:1= .04 77.4± .07 293 

EMPOASCA FABAE,1925 'l'YPilLOCYBA POMARU, 1928 

First....... 1-7 3.3±0.05 70. 4±0. 31 319 First...... 2·9 4.5:1=0.06 70. 0±0.32 451 
Second..... 1-7 2.7± .04 73.3± .32 278 Second.... 2-6 3.4± .03 71.8± .22 43+ 
Third...... 1-il 2.6:1= .05 75.0:1= .32 216 Third..... 2-6 3.5± .03 71.3:1= .22 422 
Fourth..__ 1-7 2.7± .06 76.7± .31 181 Fourth.__. 2-il 3.8:1= .03 72.0± .18 410 
Fifth....... 1-9 4.0± .08 77.7± .27 167 Fifth...... 4-10 5.9± .04 70.7± .16 380 

EMPOASCA 1\L<\.LIGNA,1925 EMPOASCA MALIGNA, 1929 

First....__. 3-5 4. 4±0. 03 71. 1±0. 16 114 Flrst...... 8-12 9.4±0.04 56. 8±0. 05 132 
Second..... 2-9 3.7± .13 71.1± .41 109 Second.... 1HO 7.6:!:: .05 57.7± .09 129 
Third. __ .•. 2-9 5.4± .14 67.0± .45 102 Third ..... 4-10 7.7± .09 58.8:1= .18 129 
Fourth•._. IH1 8.7± .12 57.9:1= .29 87 4-10 6.6:1= .07 63.0:1= .14 125.Fourth ___ 
Filth....... 7-12 0.2± .10 64.8± .13 811 Filth...... 6-12 10.4:1:: .08 63.1:1:: .14 118· 

TABLE 5.-Duration Of the n1l1l~plwJ, periotZ at {i'VC 8]Jecies of ul)lJle leaf Iwpper8, 
shou'ing the 1'unge, ave1'age pCl'i.otZ, ana mcan temperutul'c, Bentonvillc, A.rIc. 

Averuge :rvrean tem· Obser·Species 	 Year Range period perature vatloDs 
-~-------·----1-----1---

Davs Davs OF. Number 
ETUlMOl/CUT(/. obliqua••, .......... ______ ....___ ..... __•• lD2ii 14-29 2O.7±0.11 75.0±0.12 306 

'ETylhTOlleuro. maculma............................. ___ . 	 1925 14-28 19.8:1= .08 75.5± .10 293 

]025 9-30 14.8:1= .24 74.3± .28 167 
1025 24-33 29.3:1= .19 62.6± .05 74~~;~~zif~J~~~~:::::::::::::::::::::::::::::::::::: 1925 15-28 19.5:I:: .15 72.3± .33 154 

TIIphloCllbfl1iomaTia................ ,. .................. 1928 1&-31 21.1:1= .16 70.5± .10 380 
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COMPARISON OF SEASONAL HISTORIES, AND HABITS , . 
ERYTHRONEURA OBLIQUA AND E. MACULATA 

The oblique-striped and the red-spotted apple leaf hoppers, like 
other species of the genus Erythroneura, hibernate in the adult 
state, under dead leaves, vegetation, or any trash accumulated around 
an orchard. During the warm days of late winter and early spring 
the adults becolne active and may fly up in swarms if the leaves 
under the trees are disturbed. They disperse to apple trees. just 
as soon as the young leaves are formed and feed on the foliage 
several weeks before eggs are laid. 

Eggs of both species ate deposited in the under surfaces of leaves 
beneath the lower epidermis. Both nymphs and adults feed on the 
under sides of the leaves. They prefer mature leaves on the lower • 
branches of trees. 

Mating by overwintered adults takes place shortly after their 
appearance on apple. Mating previous to the dispersal to apple 
is rather rare, although one pair was taken in <:oitu on March 11 
and another pair on March 22 while still hidden tmder leaves in an 
orchard. Copulation by adults of the first and second generations 
usually occurs from 5 to 15 days after transformation to the adult 
stage. 

Most of the overwintered adults die by the end of May, after the 
first nymphs have appeared, although a few stragglers live as late 
as July, when first-generation adults are present m large numbers. 
The first-generation nymphs are most abundant in early June. 
First-generation adults live for a 10nO" period, a few individuals 
remaining alive until the latter part of December. After the middle 
of July first-generation and second-generation adults may be present 
on apple at the same time. In September, and later, adults of the 
first, second, and third generations may occur together in the field. 
The overlapping of the adult periods of the different generations 
results from the presence of early and late hatching individuals and 
the long life of the adults. The oyerlapping. of· the generations, 
however, is not marked until late in the season. The characteristic 
feature of the life history of these-two species is the extreme lon
gevity of adults of all generations. 

Late nymphs of the first generation may be found on apple at the 
time the earlier individuals of the second generation appear. 
Nymphs of the second generation are seen from the first of July 
until the last of August, and they are present in greatest numbers 
about August 1. Third-generation nympbs hatch from the middle 
of August until late in September. Considerable overlapping of the 
second-generation and third-generation nymphs occurs in August
and September. . 

These two )eaf hoppers have two complete generations and part 
of a third generation at Bentonville, Ark. Second-generation adults 
which transform before the middle of August produce a pl>i{ial third 
generati~n.. The daily ovipos~tion rate of these second-generati.on 
females IS Just as regular as m the case of females of the earlier 
generations, but the period of laying is shortened, owing to the 
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approach of cold weather, so the total number of eggs deposited 
is smaller. Second-generation adults which mated and produced a 
third generation showed no tendency to hibernate, us they all died 
soon after oviposition ceased. . 

Second-generation adults which transformed after the middle of 
August did not mate or produce any progeny in cages. The lifeg 
of these second-generation females which did not reach sexual ma

r".e., turity during the fall was very much prolonged. It is presumed 
that these late-transforming second-generation adults ~)Verwinter. 

The third-generation nymphs transform to adults during Septem
ber and October, and after feeding for a short period these adults 
seek hibernation quarters late in October. 

Figure 14: shows the periods during which the adults and imma
ture stages of the various generations 01: the two species of Erythro
neura were present in the orchards in 1925. 

TYPHL(>C¥.BA l'O~\RIA 

The white apple leaf hopper has two generations each year in 
Arkansas, with no overlapping of the active stages of the two genera
tions. Adults of the first or spring generation all die before the 
appearance of nymphs of the second or late SUlluner generation. 

The insect hibernates in the egg stage. The winter eggs are laid 
singly tmder the bark of the young wood during the early fall, and 
they appear on the twigs as tiny raIsed blisters, usually concentric in 
form. Eggs for the second generation are deposited in May n.nd June 
in the leaf tissues of the undersides of the lower leaves. The creamy 
white nymphs and adults of both generations feed on the lower sides 
of the old~r leaves during their entire life. Their attack is confined 
almost entIrely to the lower parts of the trees. ; 

The eggs that are to overwinter are deposited in the latter part of i 

September and during October. These eggs hatch during a period of 
approximately two weeks about the middle of April of the following 
year. The majority of the eggs hatch within a period of about four 
days. 

At Bentonville, in 1925, first-generation nymphs were foulld on 
apple from April 10 to :May 28, and the adults of this generation 
were present from April 24: to June 12. The first summer eggs were 
deposited about :May 5, and hatching occurred from July 22 to Sep
tember 15. From June 12 to July 22 no active stages of the insect 
were present either in cages 01' in the field. S~':!(lnd-generation 
nymphs or adults were present on apple from July 2i t~ November 2. 

Both generations of the white apple leaf hopper have very long 
egg stages and a comparatively short nymphal and adult stage. In 
more northern fruit districts the sununer egg stage is considerably 
shorter than in Arkansas. At-West Chester, Pa., f()r instance, the 
incubation period for summer-brood eggs mnged in 1916 from 23 to 
27 days (1, p. f26), and either nymphs or adults were Ol'esent on apple 
throughout the summer months. A diagram of the generations of 
this species is given in Figure 14, in which the solid lines l'epresent 
actual cage records. and the hatched lines indicate recl()l'ds determined 
by careful field observations. 

, . 
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EMPOASCA FABAE 

The potato leaf hoppers puss the winter as adults which become 
active i~ the spring about the middle of April. They feed first on 
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grasses and tender weeds such as curly clock, and a few days later 
they may be found on apple in scant numbers. The insects do not 
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become abundant on their preferred host plants, however, until the 
" spring flight" takes place. At this time the adults migrat~ in large 
numbers wIthin the periocl of less than a day to apple and other 
hosts, and egg laying commences at once. :Mating apparently occurs 
prior to this migration, as females are seA,I:llly mature when they 
arrive on their bvored host plants. 

At Bentonville, in U)25, the spring flio-ht occurred on the after
noon of Mlty 8. It is probable that a. cllange in temperature and 
humidity as well as sexual maturity had some influence in timing 
this migration. The morning of ~Ia;y 8 was cool, with a gentle 
rain falling. In the afternoon the ram stopped, and warm humid 
weather prevailed. For several hours during this time the adults 
were observed migrating to apple and beam,; in large numbers. 

]'enton and Hartzell (14, 1). /)0:3) noted a simihtr spring migra
tion by this insect to potato at Ames, Iowa, on June 6, 1919, on 
June 27,1920, and on June 17, 1921-

The eggs of this species are deposited in the veins and petioles 
of the new leaves. The nymphs and adults are very active. They 
ieed on the undersides of the tender terminal leaves, but after the 
completion of the first generntion on apple the terminal foliage 
usually bcomes too woody to suit the insect, and large numbers of 
adults disperse to more tender host plants. 

Three generations of E. f([bat! were reared at Bentonville in 1925. 
Fenton and Hartzell (14, p . •393-394) show that there are two gen
erations on potato at Ames, Iowa, the· fh=st generation of nymphs 
appearing in 1920 from late .June to the first part of August. At 
Bentom-We, on the other hand, in 1925 the first nympbs of the 
seaSOJl emerged on M~Ly 1, and the majority of the first.generation 
nymphs transformed to adults by the middle of June, though some 
were present for a month longer. 

Nymphs of the secoml generation hatch from the last of .Tune to 
the 'first week in August, anc1 they are most abundant during the 
first two weeks in JUly. Third-generation nymphs hatch during 
August imd September. Nymphs of only the first generation 
appear in fillfIicient 1111lllbel's on apple to cause injury. Nymphs 
of the JuteI' generations are fonnd in greater abundance on more 
~uc(~ulent host plants than apple. 

Migration of this species from cultivated plants to tender weeds 
takes plaee in the late summer. This migration occurs over a 10n:;er 
period than the spring flight. During the late summer migratlOn 
the adults mny be found in abundance swarming about electric 
lights, especially on nights when the temperature and humidity llre 
very high. Tliere hnve been occasional reports of swttrms of E. 
fabae appearing at lights on evenings ill late summer at varioui1 
localities in the country. Swarming undoubtedly occurs during the 
time of dispersal from field crops to weeds and other: vegetation . 
At Bentonville the swarming of adults at lights on 11 night in bte 
summer lIns been obsel'v('d during several seasons. 

Late in the Hllmtn('l' tbe (l(lults of the last generation disperse 
from the economic host plants to feed on more succulent weeels before 
they finally difiappear. l~ven though diligent search has been made 
in all kinds of cover where other leaf hoppers hibernate, no speci
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men of this species has been collected in hibernation in the Ozarks. 
The insects remain in hibernation for a period or from five to six 
months. 

In cages the life cycle of the first generation averaged 53 days, 
that of the second generation 29 days, and that of the last genera
tion, which includes hibernating adults, about eight to nine months. 

A diagram of the occurrence of the adults and immature stages 
of the generations of E. fabae appears in Figure 14. 

EMPOASCA MALIGNA 

There is one generation It year or the green apple lear hopper with 
hibernation taking place in the egg stage. At Bentonville the eggs 
are deposited in May and June, and the remainder of the growing 
season and the winter are spent in this stage. The eggs are laid 
under the bark of young aprle twigs, being found most abundant 
in the second and third year s growth. They resemble the eggs of 
the white apple leaf hopper, but they are slightly larger than the 
latter. 

The nymphs which hatch from the overwintered eggs in April 
nre always fOlmd on the undersides of the older leaves of the trees. .. 
'.rhls species produces the came type of injury to foliage as that 
caused by'all other species except the potato leaf hopper. The green 
apple leaf hopper, however, unlike the other species, confines its 
attack largely to th~ outer border of the leaves. Nymphs are pres
ent on apple for a period of only about six weeks during the year, 
from about the middle of April until the last of May. 

Adults of E. I,.naligna are present in the lower pad:s or tree" for 
a period of about two months from the first of May to the first of. 
July, though a few stragglers may be found tlu'oul?hout the month 
of July. The majority of the adults, however, (lie by the middle of 
June. The longevity of the species in captivity averaged less than 
It month. From .July until the following April no active stages of 
this leaf hopper have been found on apple ';1' on any other plant in 
the Ozarks. In western New York, on the other hand, Lathrop 
(1!3, p. 191) reports that adults of this leaf hopper are present on 
apple from the first week or July until late fall, when eggs are 
deposited in the bark. 

A diagram of the seasonal history of E. 1Judigna is shown in 
Figure H. 

NATURAL Er-.'El\lIES I. 

The natural enemies or apple leaf hoppers seldom occur in suffi
ci~nt abun~ance to hold. these insects iI.I check. Among predators, 
splders, nutes, pentatoIDlds, and assaSSlll bugs have been observed 

... 

attacking nymphs and adults occasionally. Chrysopid and coccinellid "'
larvae and numerous species of birds also attack le:lf hoppers. 

The most import/tnt predator on any of the leaf-hopper species 
is the glossy-winged soldier bug, H:lJaliodes vit1ipennis Say. Both 
nymphs and adults of this precl:ltor attack nymphs or TypMocl/oa 
pomaria in large numbers, especially late in the summer. 'l'1'ipMeps 
insidiosus Say is a rather common predator of EmpoaBea fabae and 
E. maligna. 
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Hymenopterous parasites of eggs and adults are important enemies 
of some species. Anagl"us epos Girault and A. armatus Val.'. nigri~ 
vent1is Girault, parasites of the winter egg of the white apple leaf 
hopper, were ab1llldant at West Chester, Pa., in 1916. These para
sites have been reared from winter eggs of this leaf hopper collected 
in a number of Sta.tes, and they very likely occur in Arkansas. 

Aphelol)U~ alb(7)iatu8 Ashm. has been observed in the act of ovi
positing in the abdomen of nymphs of the potato leaf hopper at West 
Chester, Pa. 

The most effective parasite of the leaf hoppers at Bentonville, 
Ark., in 1925 was Aphelopu8 (Jomesi Fenton. This dryinid para
site was sufficientlv abundant to reduce materially the numbers of 
second-broocl adults of the red-spotted apple leaf hopper. Dryi
nids were also found on the oblique-striped leaf hopper, but this 
species was rather free of parasites as compared with the red-spotted 
leaf hopper. Parasitism of the potato leaf hopper and of the white 
apple leaf hopper by dryinids wa~ very rare in Arkansas. 

CONTROL MEASURES 

E:\.-periments for the control of the oblique-striped and red-spotted 
apple leaf hoppers, the tw'o species of Erythroneura, were conducted 
at Bentollville, Ark., during the seasons of 1920, 1921, 1924, and 1927. 
The senso11nl history of these two species is so nearly alike that a 
sin~le spray treatment is effective against the nymphs of both species. 

all sprays were applied with power sprayers which maintained a 
pressure of 225 to 250 pounds. Spray rods with double angle 
nozzles were used; and the spray solution was directed, as far as 
possible, against the underside of the leaves where the nymphs feed. 
'fhe insecticides used in the sprays for control of leaf hoppers were 
combined with Olle of the regular scheduled summer spmys in which 
Bordeaux mixture and lead arsenate were used to control fungous 
diseases and the codling moth. An exception to this procedure 
occurred in the experiments of 1921, when no lead arsenate was 
necessary, because of the failure of the crop that season. . 

For the dust applications a· power dusting machine was used, and 
the dusting was done in the evening on calm days. 

In the experiments of 1920 and 1921 counts were made of the num
ber of nymphs alive on 800 leaves from each plat after the spray 
solution 'had had sufficient time to act. The percentage of nymphs 
killed hy the sprays was then figured. The scoring of results in 
1924 anc11927 was done by counts of a. number of leaves from each 
plat showing the number of live nymphs per leaf surviving the 
treatments. 

No experiments were nttempted for the control of the white apple 
leaf hopper, the potato leaf hopper, or the green apple leaf hopper. 
These species, especially the last two, are not usually of suffiCIent 
importance to justify (t spray treatment. When the white apple leaf 
hopper occasionally becomes abundant enough to require a s'Qray for 
its control, the insecticides which wi'll control the species of Erythro
neura may be used effectively. If directed against first-brood 
nymphs ot the white apple leaf hopper, however, the spray should 
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be applied from four to six weeks earlier than for the two species 
of Erythroneura, because of the difference in time of the nymphal 
infestation. 

Spraying experiments for the control of first-brood nymphs of 
E1']Jtk'l'oneum obZiqua and E. maculu;ta were conducted at Benton
ville in 1920 on a block of Ben Davis trees. The trees selected for 
spraying were very large and had been pruned in such a manner that 
the lower limbs touched the ground. This method of pruning pro
ducecl a dense shade under the trees which afforded ideal conditions 
for a heavy leaf hopper infestation. 

The spray application was made on June 15, when the majority of 
the nymphs had attained the third stage of development. Nicotine 
sulphate, at a strength of 1-1,600 addecl to Bordeaux-lead arsenate, 
and the same mixture with the addition of laundry soap, one-half 
pound to 50 gallons, were tested. The counts of nymphs showed 92 
per cent killed with the nicotine-Bordeaux mhture and 95 per cent 
where IUlmdry soap was add(jd. The average number of nymphs 
per leaf was 0.01 on the first plat, 0.04: on the second plat. and 0.89 
on unsl)rayed trees. Observations were made of the spl:ayecl and 
uns:erayed trees after.the appearance of the second and third broods. 
While leaf hoppers were abundant on the llnspra.yed trees through
out the season.{ they were not numerous enough on the sprayed blocks 
to cause any damage. Since the adults migrate very slowly reinfes
tation of unsprayed trees was not of much consequence. 

Tests were carried on against second-brood nymphs in 1921 on 
July 27 when the earliest nymphs of this generation had reached the 
fourth instal". The following materials were tested: On plat 1, 
nicotine sulphate (40 per cent nicotine), at 1-1,600, rosin fish-oil 
soa.p 1-50, and Bordeaux mixture,. 3-<..1:-50; on plat 2, rosin fish-?il 
soap 1-50 plus 3-4.-50 Bordeaux mIxture; on plat 3, Bordeaux mIX
ture 3-4.-50; and on plat 4, Bordeaux mIxture 3-10-50. Counts of 
surviving nymphs in the above experiments showed 97 per cent 
killed on plat 1, 89 per cent on plat 2, 24 per cent on plat 3, and 39 
per cent on plat 4. The unsprayed trees showed an infestation of 
0.8 nymph per lea.f. 

Bordeaux mixture is generally recommended as a very effective 
insecticide for the control of Empoasca fabae on potato. Against 
the two species of Erythroneura on apple it proved to be of little 
value. 

In 1924 spraying and dusti~g experiments we.re conducted in four 
different orchards at BentonvIlle. Three experIments were for con
trol of the first brood and one for the second brood of the Erythro
neura. The infestations on unsprayec1 trees in these orchards ranged 
from an average of 0.51 to 0.95 nymph per leaf for the first brood, 
and averaged 1.79 per leaf for the second brood. The insecticides 
included nicotine SUlphate, 1-11600, with Borc1eaux mixture; 2 per 
cent lubricating-oil emulsion WIth Bordeaux mixture; and nicotine
hydrated lime c1usts containing, 1, 1%, and 2 per cent nicotine. In 
these experiments the only effective control or nymphs was obtained 
with the nicotine-Bordeaux combination. 'fhe 2 per cent lubricating
oil emulsion proved slightly better tlian the nicotine dust mixture, 
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,~ 	 but none of these materials at the dosages tested was of sufficient 


value to justify further trial.
~" An experiment with a high dosage of nicotine sulphate was con
ducted against the summer broods of nymphs on August 15, 1927, ~ 
in an effort to secure a thorough clean-up of leaf hoppers with a 
single spray application. Nicotme sulphate at 1-800 was used with~ 
a 4-4-50 Bordeaux mixture on a large block of heavily infested 

~,! trees. Counts of nymphs were made prior to the application on a 
check plat and on the plat intended for spraying. There were 1.41 

~ nymphs pe~' leaf on t~e check plat and 1.47 nymphs ~er leaf on the 
~ demonstratIOn plat. Twenty-four hours after spraymg there was : I, 

a reduction on the sprayed plat to 0.035 nymph per leaf. Counts 
~ made on thousands of leaves of the sprayed and lIDsprayed plats 

on August 24 showed 0.036 nymph per leaf on the spmyed trees, as 
"" ,i. ~ompared with 1.90 nymphs per leaf on unsprayed trees. During 

the interval between August 15 and August 24 large numbers of
f,' nymphs hatched on unsprayed trees from eggs already deposited. 

On the sprayed plat such eggs evidently failed to hatch~ since there 
was no increase in the population of nymphs as revealed by the 

I;. counts. The nicotine, therefore, appea,red to be effective in prevent
ipg the hatching of eggs for a, period of several dnys following the 

..lo\ spray application. The sprayed plat remained relatively free from 
leaf hoppers during the remainder of the season. 

~ 

~ METHOD AND TIMES OF APPLICATION 
~ 

Adult led hoppers can not be controlled by sprays, as the winged 
insects flyaway from the spray solution before it comes in contact 
with thein. 

For effective control of these insects sprays must be applied when ~ the insects are in the nymphal stages. The correct time to apply 
f.;~ the sprays is during the period when a large number of nymphs are 

in the third stage oJ development. At this time practically all the ~, eggs will have hatched, and the earliest maturing nymphs will have 

'., begun to transform to adults. In the OZHrks for first-brood nymphs 


this period is usually from June 10 to 20. A SI1l'ay for seeond-broo(l 

k ny~phs should be applied about Aug-m;t lip :\. llornHll year. 

Smce the leaf hoppers feed on the undersIde of the leaves the spray 
II-,~' solution must, of necessity, be di)"ected upward in order to hit, tbe 

nymphs; and :t mther hig-h pl'essl.ll·c that will force the mist of 
~ spray up through the leaves is desirable. 
w~ Ordinarily it is not ne('e~stlry to make a special spray application 


:for leaf hoppers. InsecticIdes lIsed for the control of theSe insects 

can be combined with one of the regular summeL' apple sprays.
I..-: 
'~ren.tment for first-brood. nymphs would come at the time of the first 

-:-- regular spray for bitter rot, whereas treatment intended for the sec
ond brood could be combined with one of the late summer sprays. 

~\ A single Spl'lLy application, preferahly against fil'st-brood nymphs, 
'~~ 

is usually sufficient to insure good control. Reinfestation of sprayed 
trees and subsequent damage by aclults from outside is virtually 
negligible, as these leaf hoppers migrate very little. In scnsons 
when first-brood nymphs uI;e relatively scarce n· sprllY should be 
applied for second-brood nymphs if they become abundant. ~ 

~ 
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SUMl\IARY 

The injury to the apple caused by leaf hoppers is not so evident as 
that caused bv other insects that attack the fruit itself. The crop 
is reduced anel the trees weakened on account of the injury to the 
foliage caused by the feeding of the leaf hoppers. 

This bulletin gives an account of experimental studies on the five 
species of leaf bopper that attack the apple in the Ozark Mountain 
region of Arkansas. The data regarding the life and seasonal 
histories are for this particular district, the investigations being 
centered at Bentonville. 

The five species discussed, with the common names properly used 
to identify them in ordinary parlance, are Er1JtlL1'oneum obliqu(t, the 
oblique-striped apple leaf hopper; E. macUlata, the red-spotted apple 
leaf hopper; Typhloa-yba P01na7W" the white apple leaf hopper ~ 
E1npoasca fabae, the potnto leaf hopper; and E. 17wligna, the green 
apple leaf hopper. Other species infesting apples are listed but are 
not discussed at any length. 

The two species of Erythroneura are the. most injurious in the 
Ozark district ttS they are less affected by dry, hot weather. None 
are of l)l'imary importance. 

The injury caused by these leaf hoppers results from the extraction 
of plant juices from the leav('s. Tne potato leaf hopper attacks the 
terminal leaves and n('w ~rowth, but the other species feed almost 
entirely on the older leaves. . 

Cha;'acters and keys for distinguishing the adults and nymphs 
and technical descriptions of each of the five species are given, and 
also notes on the history and synonymy and 011 the distribution and 
recorded food plants. 

The experimental work was carried out under outdoor conditions 
bv the use of ca~es fastened over parts of growing trees, or set over 
snlall potted seedlings, and by means of a. special type of cell in 
which nymphs eould be confined on a portion of a single leaf. 

The two species of Erythroneura have almost identical habits, 
seasonal histories, twd life histories. Both have two complete gen
erations and !L partial third generation annually. They pass the 
winter as adults and emer~e from hibernation in early spring when 
the leaves begin to expancl. Nymphs of the first generation hatch 
from early May until late June. . 

The adult life of all generations is much prolonged. Overwin
tered adults may live until July after the heaviest emergence of 
first-generation adults is o\'er. Adnlts of the first, second, and third 
generations may be present 011 apple at the same time in September. 
The first and second generations overlap slightly, and the second 
and third generations overlap more extensively. The third genera
tion is not so large as the earlier generntions. It is produced by 
second-generation' adults which transform during the earlier part 
of the emergence period. Late-transforming second-~eneration 
~dults produce no progeny in the fall, and some of them probably 
hibernate. Third-generation adults feed for only a short period 
before seeking hibernation quarters. 

The time required for incubation of the two species, E. obZiqu.a 
and E. 11uundata, for all generations averages about 16 and 15 days, 
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respectively. The duration of th<: total nymphal period averages. 
about 21 and 20 days. The total life cycle of the first two genera
tions averages about 55 days. The life cycle of the last generation, 
which includes hibernation, covers from eight to nine months. 

The white u.pple leaf hopper has two O"enerations a year. The 
insect hibernates in the eg9, stage, the eggs being deposited under the 
bark of the young wood. The eggs hatch in April, and tl1e majority 
of the first~generation nymphs emerge within a period of less than 
a week. The nymphs of the first generation infest apple from early 
April until late May. First-generation adults are present in the 
field from the last of April until the middle of June. No active 
stages of this species are seen for a period of about six weeks in 
June and .July. Second-generation eggs, which are deposited in 
the leaves during May and June, hatch from the last or .July to 
the middle of Septeniber. Adults of the second generation occur 
on apple from ab011t the iniclclle of August to the first of November. 
Deposition of winter eggs takes place in September and October. The 
incubation period of winter eggs is about six months, and that of 
the summer eggs exceeds two months. This species differs from 
the species of ~rythroneun~ by spending a long time in the egg 
stage and a relatIvely short tlme in the ltdult stage. 

Three generations of the potato leaf hopper were reared in 1925. 
The insects pass the winter as adults which emerge from hiberna
tion in April. Migration to apple occurs at the time of "spring 
flight" early in May when the females are sexually mature. First
generation nymphs, whicll are the only ones that cause injury, 
appear on apple from the fiI'St of May to the middle of July. 

The adult life of this species, except of overwintering individuals, ..
is much shorter than the adult life of the two species of Erythro
neura. The longevity of adults in captivity averages less than a 
month. The overwintered adults remain in hibernation for, about 
six months. 

There is considerable variation in the length of the incubation 
period. In cool weatber eggs of the first ~eneration may require as 
long as 18 days to hatch, whereas eggs ot the summer generations 
may hatch in 6 days during hot weather. The duration of the 
nymphal period is similarly influenced by temperature. Nymphs 
hatching III eady spring may ,require 30 days. to r.each the· aclult 
stages, whereas nymphs hatchlllg from eggs III mldsummer l;;ay 
require as little as 9 days to transform to adults. 

The green apple leaf hopper has one complete generation e:!.ch year.. 
Winter is passed in the egO" stage. The eggs are deposited in May • 

and June beneath the oute:/bn,rk of the young apple twigs and hatch 
in April of the :followin~ year. The nymphs feed on the lower leaves 
from the middle of AprIl to the last of May. Adults are present on 
apple in abundant numbers during May and June. No active stages 
of this !eaf hopper are encountered from the last of July until the 
following April. :From 24 to 33 days are required to complete 
nymphal development. The average <.turation of the life of adults 
is a little less' than a month. 

Natural enemies are selclom of importance in the control of leaf 
hoppers.. Experiments were c0!l(~uc~ed for t~e control, ~y spra:ying 
and dUStlllg, of the two most lllJUrlOUS speCIes, the oblIque-strIped 

.1 
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and the red-spotted apple leaf hoppers. The other three species, as 
a rule, are not sufficiently injurious to require control. 

Leaf hoppers may be controlled by a contact spray applied before 
the nymphs transfl)rm to the adult stage. Experiments with nicotine 
sUlphate at dosages as weak as 1-1,600 showed good commercial 
control. The addition of 1 pound of rosin fish-oil soap to each 50 
gallons of spray solution made the trelltment slightly more effective. 

A 2 per cent luoricating-oil emulsion and fresh mcotine-hydrated 
lime dusts (eontaining up to 2 per cent of actual nicotine) were found 
to be less satisfactory than the sprltys of nicotine sulphate. Bordeaux 
mixture, either R 3-4--:;0 or a. 3-10-50 dilution, when used alone 
was ineffective against the two species of Erythroneura. 
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