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INTRODWUCTION

The potato leafhoppoer (Empoasce fabae Harris) is undoubtedly the
ntost tmportant pest of potato cccurring over a large ares in the
eastern part of the United States. It also attacks many other types
of plants, including several of the legumes. Bush beans have been
injured severely in Ohilo during the last few years. In 1924 and 1925,
while the author was attempting to carry on experiments for the con-
trol of the Mexican bean beetle in southern Ohio, this leafhopper
became so abundant as to destroy entire plots of young beans intended
for control experiments on the Mexican bean beetle (Epiluchne vari-
vestis Muls.}. N, F. Howard, in charge of these exporiments, then sug-
gested that a special study be made of the potato leafhopper as a bean
pest in this area and that an attempt be made to devise a method nf
control. Biological and control studies were therelore carried out
during 1926, 1927, and 1928. In the latter part of the summer of

i ecelved for puhliention October 20, 1937,
! Beparated from service April 2, 1933,
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1928 and during 1929 a special study was carried on concerning the
sction of bordeavx mixture as an insecticide. In 1930, through the
kindness of J. B. Graf and P. N. Annand, observations were made
throughout the Yestern States and on the Pacific cosst In connection
with studies of the beet leathopper (Hutetiiz tenellus Baker), Notes
were made especially upon occurrence, econmomic injury, relative
abundance in populations, and the ecological factors that are corre-
lated with relstive sbundance.

This bulletin contains the more important data and conclusions
obtained from these § years of study of the potato leathopper with
special reference to ifs attacks upon the bean plant.?

PREVIOUS WORK

Sinee 1841, when the species was described by Herris (28, p. 186) as
a4 hean pest, this leathopper has atiracted attention and discussion
because of its widespread economic damage. From the standpoint of
generic or taxonomic treatment three papers should be mentloned.
Gillette (23) made a pioncer study in 1898. Hartzell (30) revised
the genus in 1923, and more recently the present suthor (8), in 1631,
attempted to put the genus on a more sound taxonomic basis by the
use of internal genital structures.  This phase of the subject to date
may be found by reference to this latter bulletin and three subsequent
papers (71,12, 14).

Frem the economic and biologic points of view many workers have
published articles regarding Empoasce fabae since its early deseription.
Le Baron {37), in 1853, recognized this inscet as an apple pest and re-
described it as Teitigonia mali. 1n all probability, in many published
records following Le Baron this species is confused with other spple
leafhoppers, and some of these records are probably still in doubt.
Washburn (51, 52, 43, 54, 39, 56), from 1903 to 1910, worked upon the
biclogy of . fabae on apple in Alinnesota and found a three-brooded
condition with a partial fourth brood indicated. Webster (57, 58,
38, 60}, from 1908 to 1910, reported a four- or five-brooded condition
in Town.and thought the winter was passed in the egg stage. Garman

22),1n 1908, reported on the biology on apple in Kentucky, Lathrop
{36}, in 1918, (id the fizst work on separating biologically the different
species of Impogsce on apple. In 1919 Ackerman (f) also worked on
the biology ol these forins on nursery stock,

Osborn (41), in 1894, was the first to note that Empoasca fabae was
a potato pest. Tn 1920 Ball and Fenton (2), and Kotila (33) in
Michigan, discussed its relation to tipburn: Fenton and Hartzell (18)
worked on its biology; and Parrott and Olmstesd (48) on its injury
to potatoes and on control. In 1921 Hartzell (29) worked on biology,
and Dudley {(75) on biology and control; and in 1922 Eyer published
two papers (18, 17) on the relation of hopperburn to E. fabee. In
1923 Fenton and Flartzell (1 8) published & complete discussion of their
wrevious work. summarizing practically all of the work to that time.
They reported a two-brooded condifion on potato in Iowa.

1This manuseript was first snbmitted in October 1931, Sipee its publicntion has been delayed, certain
dats obtainetl during 1932 und 1933 hove been ineladed,  Also relerences have been incinded concerning sorme
investigntions performed or completsd by other workers several yeacs after the complet™so of the work

reporterd hereln, . i
i [{alfe numbers in parentheses refer to Literatare Cited, p, 57,
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Davis (5}, in 1893, discussed Empoasca fabace as & celery insect in
Michigan, snd Forbes and Hart (21, pp. 485—4€7), in 1300, reported
it as a sugar-beet insect in Illinois and as a four-brooded species.

In 1922 Beyer (3, 4) worked upon the bean as & host plant in Florida
and reported upon the biology and control of Empoeasca fobae and its
relation $o hopperburn. In 1928 DeLong (7) reported upon the bislogy
snd control in Ohio, and in 1851 (9) upon the distribution in the
United States of E, febae and other economic species which had pre-
viously been confused with it. In 1935 Del.ong and Caldwell (/3)
discussed hibernation studies in Ohio.

Gossard {24), in 1892, was the first to report Empoasce fabae as a
pest of clover, the infestation occurring in Jowa. In 1912 Osborn
(42) discussed it as a pest of cereal grains and forage crops, stressing
especially injury to soybeans, alfalfa, cowpeas, and clover. Likewise
Gearman {22), in 1908, and Washburn (52} in the same year, reporied
E. fabae upon forage crops and other legumes.  Hollowell, Menteith,
and Flint (31), in 1927, reported injury to elover; and Granovsky (25},
in 1928, reported upon this leafhopper in relation to alfalfa yellows in
Wisconsin. In 1929 Monteith and Hollowell (40) discussed the gen-
eral symptoms and conditions upon legumes. In 1930 Granovsky
(268} reporfed upon the nature of damage to allalfa; and Poos and
Smith {46, 48}, in 131 discussed the types of feeding caused by the
different related species of Empoasca, and comparative oviposition and
development upon different host plants.

In 1932 Poos (45) discussed the biology of Empeasca fabae and
closely related species. Smith (47}, in 19383, described the nature of
the sheath material in the feeding punctures produced by this leef-
hopper; and Johnson, in 1933 and 1934 (32, 85), described the nature
of the injury to forage legumes.

THE INSECT
SYNOMYMY

Empoasca fabae is known in literature under a variety of specific
names. This is probably due to the {act that it was early recognized
88 an economic pest over g large area, bub by isolated investigafors or
eroups of workers who were working independently; and also wndoubt-
edly in part to the large nomber of economic host plants upon which
it feeds and its variabilify in color and color markings.

As far as can be ascertalned 1t was first described by Harris in 1841
(28) under the genus Teftigonie. In 1853 (87) it was redescribed as
mali by LeBaron, still as & member of Tettigonie. In 1864, when
Walsh (50) erected the genus Fmpeasca, be apparently redesecribed it
nnder three different names, owing to its color varlations, as riridescens,
consobring, and malefice, the last named under the genus (hloroneura.
The types were destroyed in the Chicago fire, and Walsh's species
cannot be verified. The original descriptions do not distinguish them
specifically.

In 1884 Forbes (20) redescribed it as albepicta in the genus Empoa,
Aggin, in 1808 Gillette (23, p. 741) redescribed it in part as pallida,
from & series of specimens taken from cotton and placed in alechol,
which had caused the green color to disappear, leaving pure white
insects. Also in his paper he referred certain of the color forms to
Aavescens F., s European species, which does not oceur in NMorth Amer-
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ica as far as can be determined from material examined, Therefore,
2 large number of American references to flavescens by Gillette and

Fieunre L—5tuges in Lho prowth of the polato lafhopper {Eupoesce febae): A, Fegs in tismne of lenf; £-F,
stages of the aymphs; &, adule; 27, forewings und hind wings of adult,

workers who followed him have asctuslly dealt with fabae or with one
of the other closely related species. These records will probably
never be correctly placed unless specimens have been retained.
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TECHNICAL DESCRIPTION OF EMPOASCA FABAE

Pale green, usually with & row of whife spols on anterior margin of pronotum.
Length 3.5 mm (fig. 1).

Vertex bluntly angled, a little Jonger on middle than next eye and about one-
third wider belween eyes than length af middle.

Color.—Yellowish {0 pale green, markings variable; vertex frequenily with
pale or dark-green spots; pronotum usually with a row of six ar more pale spots
along anterior margin, sometimes missing or indistinet; elyira greenish subhyaline.

Female genitalin—T.ast ventral segment moderately produced and rounded!y
truncated.

Male genilalia.—Valve produeed and rounded or blunily angled; plates triangu-
larly tapered to painted apices, which are freguently upturned; Interal processes
of the pygofers rounded on inner marging and broadened on apieal half, then
coneavely rounded to narrow attenuated tips, which are slightly curved inward;
spines of tenth segment broad, with tips narrowed and directed downward.
This combination of claracters will distinguish Ewmpoasca fabae from slosely
related species (fig. 2).

CLOSELY RELATED ECONOMIC SPECIES PREVIOUSLY CONFUSED
WITH EMPOASCA FABAE

Yor many years the potato leathopper (Hmpousee fabae) hias been
considered as the only important species of Empoasca occurring on
truck crops in the United States. This assumption has probably
been due to the fact that the species of the genus Empousca closely
related to the potato leafhopper are so similar in color, murkings, size,
and appearance that upon the basis of these external characters they
could not previously be separated with any assurance into specific
groups. In fact, several species have not previously been recognized
or described because these characters, previously used for designation,
were not distinctive. .

Furthermore, authentic field observations in certain arcas have
been almost entirely lacking. This faet, together with an inadequate
supply of material, has undoubtedly delayed recognition of these
forms. Recent field and laboratory studies have revenled the fact
that at lenst four species are of major importance on truck erops in
the United States. In the past these have all been designated as the
potato leafhopper and placed under the scientific name of either
BEmpoasca fubae or K. flavescens. The latter species is European,
and no authentic American records have thus far been established.

Previous studies by the author have indicated that these species
are distinct morphologically. This has been confirmed by the writer
and otier workers by biological studics and stulies of the types of
economic injury produced by different species. Eeretofore only color
and external characters have been used in classification of the species
of this genus, and these are not sufficiently constant or distinetive to
use for specific separation. Excellent charzclers for separating and
distinguishing these species have been found in the genital chaniber
of the male. These chitinized structures are usually designated as
internal genitalin. The lateral processes and the dorsal spines of the
pygofers have indicated excellent characters for separation. These
have beer. discussed and iltustrated in a bulletin by the author (8).

By the use of these chitinized structures of thie genital chamber and
by field observations throughout a large portion of the United States,
it Jins been found that in a(%(lition to the potato leathopper (Hmpoasce
fabae) at leust three other species are major pests of truck crops in
the United States. They are K. flamente Deli., E. abrupta Del.., and
E. aridg Del.. TFurther field studics may later prove K. eered Del..
also to be a major pest of truck crops.
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EASTERN SPECIES PREVIOUSLY CONFUSED WITH EMPOASCA FARAE

Previous discussions of the potato leafhopper by other workers
have referred to wild host-plant records in connertion with the discus-

erigeron

FI0URE 2,—Lateral and ventral views of internel mals gonital structure of Ewpoused fabae andd ¢losely rolated
spacies of Empoasen deseribed by the writer—abrapla, aride, bifurcain, cered, erigeron, fomenta, recurrula,
rolane, nned rincwba,

sion of the occurrence of Empoasca fabae early in the spring. In all
such cases, where these records have been questioned, the authors
did not examine or use genital characters for identification. It is
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apparent from data collected during the last 5 years that such records
have been concerned chiefly with . erigeron Del.., E. bifurcata Del..,
and E. recurvate DeL.., instead of E. fabae Harris. E. erigeron occurs
on Erigeron annuus, II. canadensis, and similar wild host plants, over-
wintering in the egy stage in the oJd plant stems. It hatches late in
April or early in May and I1s on the wing early in the spring at the
same time or slightly belore fabae is active in the field. E. bifurcata
occurs upon Coreopsis sp., tansy, and related plants, overwintering in
the egg stage, and both of these species have for years been confused
with . fabae. All specimens taken from dock in Ohio have proved to
be either X. erigeron or E. bifurceia, usually the former. Also E.
recurrata, which hibernates as an adult in Ohlo, and & solana Dell.
have probably been confused with febae. Therefore, unless material
observed for publishec records by these workers has been retained
and can be examined for identification at the present time, these data
cannot be depended upon as authentic records of the spring oceurrence
or activity of K. fabae. Personal observations in the field early in the
spring have shown that when & green lenfhopper of the genus Empoasca
appears upon a wild host plant, i6 cannot be assumed, as has been the
custom in the past, that it is f. fabae, even though it resembles .
fabne very closely in external characters. TFurthermore, all material
collected from these wild plants and examined has proved to be one
of the other species mentioned above.

CHARACTERS DISTINGUISHING EMPOASCA FABAE AND CLOSELY
RELATED SPECIES

The use of the internal genital characters for distinguishing both
the cconomie species and the species oceurring on wild hosé plants in
the eastern United States that have previously been confused with
Fimpoaseq fabae have been discussed in detail by the avthor in a
previous bulletin (8}, Without repeating portions of this detailed
discussion, the ilustrations {fig. 2) of the characters used for their
separation and a brief statement concerning these characters will
greatly nid the field worker in distinguishing them.

The western cconomic species ean be distinguished in the ventral
view of the Interal processes by the Jong, slender, tapering, filamentous
processes in the case of Kmpoasca filamente. In the cnse of E. abrupte
these processes are nbruptly narrowed snd produced as slender finger-
like processes on the outer margins, . grmda is characterized by the
enrved hooked portions near the apex on the outer margins with the
apices extending inwardly, and E. geree is distinguished by lateral
processes which are narrowed at about one-third their length and
tapered, forming long attenuated tips.

Of the eastern specics previously confused with IPmpoasce fabae,
the slender fingerlike processes on the outer marging of the lateral
processes of the pygofers will easily distinguished &, - igeron. In the
cose of J2. recurrate these processes in lateral view are curved sharply
upward and forward at the apex. K. bifureata is conspicuously dif-
ferent by having the bifurcase dorsal spines oun the tenth segment and
the long, vermiculate, laterally crossed, “spear-headed” lateral proc-
esses of the pygofers. The lateral processes of X, solane in ventral
view are abruptly narrowed, appearing twisted and slizhily attenu-
ated at the tip. In Interal view they appear terminally narrowed,
concavely curved upward, forming a slightly hooked, narrowed apex.
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DISTRIBUTION AND ABUNDANCE.

Contrary to previous opinion, recent study has proved that
Empoasca fabae 1s not generally distributed throughout the United
States. In fact, there are certain large arens in which it has not been
and cannot be found and there are other areas where it is very scarce
or difficult to find. E. fabae is generally distributed over the Eastern
States, where it is found usually in sbundance and becomes injurious
{fig. 3). It extends westward through South Dakota, Nebraska,
Kansas, and Oklahomas and is found in eastern Colorado, southeastern
Wyoming, and eastern Texas. During the summer of 1930 the writer
collected 1t in small numbers in the lower altitudes of California, at
Centerville, Spreckels, Salinns, Watsonville, King City, San Jose,
San Bruno, Turlock, Balkersfield, Santa Margarita, and Sante Crusz,

S

09 filamenta
28-ghrupta
*arida

Therrng 3. ~Map showing distnibtion of Ewgusen fabar, #. fhvweata, P abropte, swd £ arida i the
United States,

and it was first auther teally reported for that aren by the author in
1931 (9). Each record in the West is on the basis of a very few speci-
mens. Nothing could be found approaching in any way economic
populations, and no damage of Importance was found. Records are
not complete for Arizona and New Mexico, where . fabae may occur
in numbers stmilar to those of Culifornia, but all specimens examined
from these localities have proved fo be other species of Empoasca.
From the skandpoeint of abundance and populations, it is probably safe
to say that it is an important pest in the Eastern, Middle Western,
and North Central States,

ECONOMIC IMPORTANCE

Under natural conditions Empoasca fubae feeds and can complete its
life eycle upon alarge number of different types of wild and cultivated
host plants. Sufficient observations have not been made to present
n completed list of such plants, but they include, in addition to wild
hosts, fruit trees like the apple; truck crops like bean, potato, eggplant,
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and rhubarb; forage crops like alfalfa, clover, and sweetclover; and
ornamentals like dahlia.  Upon most of these plants severe economic
damage may occur, the type of damage or injury being specific for
different types of planis. A condition known as hopperburn is
probably most serious and constitutes the characteristic type of injury
upon potato, eggplant, rhubarb, horsebean, and dablia. Stunting
and dwarfing are commeon types of injury acd the tight curling of the
leaves or rosette condition is a characteristic type of injury upon the
bean, Young apple trees are especially injured by this '—l}t’eaf—curling

copdition. Alfalfa is injured in such 2 mannver that it produces o
characteristic yellowing, while clover and alfalfa are often reddened
by severe feeding.

Fiagre b, - Typieal hopperburn injury on 8 potato plant,

TYPES OF INJURY
. HOPPERBURN

The term “hopperburn’ has been applied to a diseased condition
produced on potato and other plants by the feeding of adults or
nymphs of Bmpeasca fabze. This condition is characterized by dis-
tortion of the leaf veins and a consequent yellowing of the tissue
around the margin and at the tip of the ]ea? (fig. 4). This is soon
followed or accompanied by a rolling or curling upward and rolling
inward of the margins as the Jeaf changes from yellow to brown and
becomes dry and brittle. Although hopperburn usually begins witk
a spot at the tip of the apical leaflet the discoloratien and curling
rapidly spread until the whole leaf is dry and dead. The portion
which remains green longest is » central aren along the midrib,

46580°—38——-2
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especially at the base near the patiole. When the insect infestation
18 heavy the entire plant is usually killed in a short time.

Experiments carried on by Fenton and Hartzell (79) and by Eyer
(17} have shown that inoculations made in the potato plant by solu-
tions of sterile distilled water, or dilute alcohol, containing muacerated
bodies of adults or nymphs cause the same or a very similar eondition
to that produced by permitting leafhoppers to feed pon these plants.

Fenton and Hartzell are also vesponsible for the statement that, the
larger nymphs are of greater importance in producing hopperburn
than either the adults or smaller nymphs. Hopperburn has been
observed commeonly upon eggplant, rhubarh (fig. 5), and dahlia.
Beyer (8) has recorded this condition upon beans in Florida, and in
1928 there was a serious infestation of Empoasca fabue on horsebesas

FioyunE 5.— Rhubark leaves showing miaegingl hopperburn.

at Birmingham, Ala., in connection with which hopperburn was
conspicuous. A _similar condition ® was observed at Columbus,
Ohio, in 1935. No authentic record of hopperburn on beans in the
Northeastern States is available.

L

STONTING, DWARFING, AND LEAF CURLING

A condition resembling hopperburn was observed on tho bean plant
once during the last 5 yenrs, and this case was considered to be doubt-
ful. A planting of pole beans in nerthern Ohio had developed 1 type
of injury very similar to hopperburn where the leafhopper population
was very large. The normal condition, which hes been obsarved
over the Eastern States in dgeneml, is a marked curling or rolling

under of the leaves combine with an unusual roughening, crinkling,
or rugose appearance of the leaf tissue (fig. 8). This is followed by

4 Determiped by R, H, Davidson,
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yellowing and bronzing and s genersl weskening and dying of the
lant. Combined with this is usaally & stunfing and dwarfing of the
eaves and plants. The leaves curl so tightly that a tight rosette
condition of the leaves is very common (fig. 7).

Certain fields have been observed during this investigation where
the plants attained approximately one-tenth only of their normal size,
owing to this type of leafhopper injury (fig. 8).

Field experiments have shown that where bean plants are protected
by screen cages from leafhopper infestation these types of mjury do
not oceur (fig. 9). It is apparent from these observations that soil
and elimatic conditions are not responsible for causing this injury
except as they tend to favor the accumulation of leafthopper popula-
tlons.

It is apparent also that this injury is caused either by the feeding
or the egg deposition of the leafhoppers or by both processes. Almost

¥k 6.--Curling of bean leaves due to injury by Emponsce fobac.

all Jeeding and egF-Iaying punctures are made on the under surfaces
1

ol the leaves of the plants, under normsl conditions, and these are
usually in the midrib or larger veins of the leaf, although sometimes
in the petioles or stems. It is apparent that some material injected
into the plant during one or hoth of these processes or the mechanieal
injury due to the punctures causes a reaction which inhibits growth.
The failure of the cells on the under surface of these veins to grow
normally and multiply and the continued normal growth of the cells
on the upper surface apparently cause the curling under and the roll-
mgf of the leaf. Attempts were made to produce this injury mechani-
cally with a sterilized needle. The leaves were pricked in the same
place that they would normally be injured by the leafhoppers but
only negative results were obtained,

. Young apple trees are frequently injured in a similar manner, espe-
clally in nurseries, with the curling under and rolling of the lesves.
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PIGMENTATIONS OF CLOVER AND ALFALRA

Yellowing occurs in alfalfa, and reddening is common in clover, as a
result of lsafhopper feeding, and certain other symptoms oceur in
common also in these plants as in other legumes. Dwarfing may
ocour in the lesves, stems, and petioles, while the floral development

7

Ficure 7.—Severe curling of leaves on pole beans due 1o injury by Empoasca fabae,

may be reduced or arrested. The leaves may be curled downward,
as 1n the case of the bean, and the discoloration usually follows the
velns and midrib of the leaf. The leaves may become brown and
curl as in hopperburn in cases of severe infestation. These conditions
upon alfalfa have been studied and reports presented by Granovsky
(256, 26), Monteith and Hollowell (40}, Poos (44), Poos and Smith
(46, 48}, Smith (47), and Johnson (82, 33).
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According to the theories of Fenton and Hartzell (19) and Eyer
(17) a specific toxin is injected into the plant, which causes hopper-
burn. Recently Smith and Poos (48) and Smith (47) bave shown
that Empoasca fabae feeds by purcturing the phloem, cansing it to
be torn and distorted, and plugging occurs in the xylen: tubes in por-
tions of the midribs and stems. 5onsequently, they have advanced
the theory that the disorganization of the phloem disturbs the nor-
mal plant processes above the point of attsck, and as & result the
plant may produce substances which cause the pigmentation or hop-
perburn. Also, plugging of the xylem seems to cause & delay 1n
translocation or a pﬁ.mg up of materials beyond the point of attack,
due to the interference of the downward movement in the phlocm.
Johnson (32} has reported chemical anslyses which show that con-

Fluene B —Severe stuuting of heans in o field due to injury by Empoasca fabas.

gestion of carbohydrates occurs in leaves of alfaifa and clover plants
infested with this leafhopper.

ECONOMIC DAMAGE

All types of injury that have been mentioned cause marked losses
in terms of yield. In the case of hopperburn on potatoes the nor-
mal number of tubers are ususally produced, but they are so small
that they are ordinarily not worth harvesting and are almost an abso-
lute loss from the standpoint of production. In average cases of
light infestation 30- to 50-percent losses are usually suftered.

In view of the fact that certain varieties of beans are infested more
heavily than others, the yields will vary with the variety. Asa rule,
when beans are sttacked the first blossoms will produce pods, but
the plant does not produce other blossoms. Also it is quite common
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for the pods produced to be very short, with few beans in the pod.
In g few cases fields of bush beans have been observed where the
few long pods produced were as long as the height of the plant because
of the marked dwarfing of the plant after the young bean pods were
formed. In most cases, however, the pods are short and only a few
are produced on a plant.

In the case of crops like slfalfa and clover the actual loss of leaf
surface by dwarfing, yellowing, or reddening and browning is & direct
loss in pasturage or hay yield. Johnson {84) has shown that alfalfa
yellowed by leafhopper atiack contains only one-half the carotene
that is present in green alfalfa and “is, therefore, only about one-half
as rich in potential vitamin A activity.” This represents a further

Figrae d—Compurative prowth of normal beans and these stunted by altack froe Eimnpoasea fabne, The
plants were grown in the saiue fiekl, but the one on the lefl was prolecied fromn leathopper ailack. The
ruler shown by the righi-hail pand s & inches long,

serious annual loss that must be atiributed to the activities of the
potato leafhopper.

DISTRIBUTION IN EELATION TO CLIMATIC AND PHYSICAL FACTORS
ALTITUDE

If the Lknown distribution of Empoasca fabas (fig. 3) is correlated
with altitude (figs. 10 and 11), it will be noted that with the exception
of the Appalachian Mountains the eastern part of the United States
is what may be termed a low-altitude area (2,000 feet elevation or
less). In most of this territory where agriculture Is predominsnt
over enormous acreages the elevations are much lower. Most of this
territory east of the Mississippi does not exceed 1,000 feet in eleva-
tion, Westward from the Mississippi River there is 8 gradual rise
in elevation through Missouri, Kansas, and Colorado to Denver,
where the elevation is approximately 5,300 feet. Although E. fabae
ocours in scattered numbers up to elevations of approximately 4,600
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feet, there are no infestations, and the insect is apparently ol no
economie importance at points 3,000 feet or more in elevation. West
of Denver the elevation increases very rapidly to 11,000 or 12,000
feot over the high passes of the Rocky Mountains and then drops
rapidly onto a EErligh intermountain plateau area interspersed with
numerous mountain ranges, At no place does this plateau drop
below approximately 4,000 feet, and the major portion is 5,000 feet
or morc above sea level. This area extends from the high Rockies
west to the Sierra Nevada, and north and south through Colorado,
Wyoming, Montens, Idaho, Utah, Nevada, and a large part of New
Mexico and Arizona. Throughout this high-altitude area not a
single specimen of E. fabae has been found on cultivated or wild
lost plants. The species completely drops out of the insect-popu-
lation picture at approximately 4.600 fect elevation east of the
Rockies and is not found again until the low-altitude areas of the
Pacific coast are reached. Here the populations are very meager
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Froekg 10—=2Map showing e general elevations of the Uniled states.

and scattered, and about the same numbers extst as were found cast
of the Rocky Mountains at a 4,600-loot clevation.

HUMIDITY AND PHECGIPITATION

Field and laboratory observations indicate that high relative
humidity is & very important factor in the survival of the insect.
Relative humidity is closely eorrelated with precipitution, Even in
arid regions of the West the relative humidity is much higher in the
irrigated districts, and leafhopper populations are more abundant
there than in districts not irrigated. A typieal index to the relative
humidity throughout the United States is shown by the map (fig. 12},
giving the average relative humidity at 8 p. m. during July. It can
be determined at a glance that the relative humidity is high in the
Eastern States and %ow in the Western States and that 1t almost
continuously increases from the Pacific to the Atlantic Cceans. Thae
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occurrence of Empoasca fabae is almost entirely east of the zonse of
40-percent relative humidity, and the area in which it is able to
builjd economic populations is bounded spproximately on the west
by the zone of 50-percent relative humidity. The one hundredth
meridisn falls generally between the 45- and the 50-percent relative
humidity lines, and this has usually been considered the approximate
fine separating the arid and humid regions of the United States.
This has already been referred to (9) as representing the approximate

2unanuing
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WAIRFLLL TAMSEIFR AT 0 % L
Friv e 1.-Profile sectlon of the United Siates from Philadelphin to 3zn Francisco, showing approximate

uititudde, zones of sunilar uversge relative hunidity ot 8 p. m. during July, rainfali-evaporation ratio
zones, tid the prineipal wrens of distribution of the important trirek-crop spéeies of Kmpocteq,

western boundary of the aren in which ., jubae assumes an econotmnic
status.

If the annual precipitation in inches is considered for the United
States, it is noted (fg. 13) that the avens of high precipitation corre-

Frauke 12—Zones of sintibe average relative humidity in the Unhed Siates made from records laken
sl 8 p. m. during July.,

spond rather closely to the areas of high relative humidity, whereas
the arid regions show comparatively small amounts of rainfall. The
line showing on the map the western boundary of the average annual
rainfall of 25 inches corresponds closely to the 50-percent relative
humidity zone in the central part of the country. Although the
amount of annual rainfall may be quite important, the amount of
rainfall during the growing season is apparently more important in
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this insect problem than the annual rainfall. The map showing the
rainfall from April to September (fig. 14) shows the western Limit of
the area occupied by Empnasca febae to correspond with the 18-inch
line, while most of the West shows 12 inches or less for this period.

Frownk W-—Averyge annial precipitation in inehos for verions arows of the Unfted Siates,

The rainfall map for March, April, and May (fig. 15) shows the
western limit to have approximately 8 inches, while most of the

> western area has less than 6 inchies of rinfall.
v -
T
I3
|
.-__,‘L__,
>
Frives M--Averags precipilo o in inches for enrions noens of the Unite] States, from April Lo Sepleniber,
inclusive,
RAINFALL-EYAPORATION RATIO
>

The_ rainfall-evaporation ratio is abtained by dividing the total
precipitation by the totat =vaporation. Climatic fuctors which es-

26580 —38"——3
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pecially influence evaporation and consequently this ratio, are rain-
fall, relative humidity, tempernture, and wind veloeity. This ratio is
in itself an excellent index to the relative importance of several other
factors and is a prime indicator of plant distribution, according to

Flouse if—-Average precipitation fu inehies for various areas of the United States, frorn Marei: o May,
inelusive,

Transeau (48) and Livingston and Shreve (38). In view of the fuct
that these plant-feeding insects are so dependent upon the presence of

certain types of food plants, the rainfall-evaporation ratios in certain

Frovny l6.—Areas of approximolely similur perconinges of minfell-evaporation, ns expressed in ratio of
cainili dlvider by evaporation.

areas of the United States might be cited here to show their relation-
ship to this distribution. Since the evaporation data have been taken
by different methods and by se many different workers they show
quite a variation in certain areas, but the general zones (fig. 16) are

-
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quite marked and correspond very well with the data already pre-
sented. The 40-percent rainfall-eveporation ratio line is approxi-
mately the western border of the area in which Empoasca fabae is an
economic pest. Qther
areas in the Hastern 100
Sta}iies show a ratio as  gp
high as 100 percent, .
arlgi this condition ™ | N
seems to be favorsble 70—\

for rapid development gg
and the building upof ¢4
large populations,

TEMPERATURE

40

30
High temperature
alone  is apparently 20
not a factor in limit- 99
ing the dis tbution of T sol
fompeasea jabae—at = o
least there is no defi-
mte correlation, since SGE
high temperatures < so
occur in both the east- w . |
ern and western parts
of the country, aud the w 30
leafhopper is able to = 20
produce enormous  ag
populations in the 80
Eastern States when
the temperature is 70
high, provided the pre- 60
cipitation and relative o
humidity are normal.
Under California con- 40
ditions where the tem- 30
perature is high and 20
the humidity low with ,
a deflicient rainfall, . 10 P
fabae, even though c |

0 ) 234560 12 3 45
present, apparently
cannot build popula- RAINFALL PER MONTH {iNCHES)

. ] . Fravis 1T.—Cliwographs for Colunbus, Ohie: 2, Fur 1826; 12, for
tions of any slze, At Liirieal f:ir 1]!1:.1.5. 'I'hzi figrures imlilcutc the months of the year, te
. + o cnrve al tha left of gach el shows the Iean maxinnm Lemperalure,
leaSt' none h 15 evel atud that st the righi the mean nminfmuny et peruture,
been recorded, and

personal observation failed to reveal any during 1930 in the more im-
pertant crop areas,

TEMPERATURE (°F.)

¥i]

DATA PRESENTED BY THE CLIMOGRAPHS

The climograpli has been used to  lurge extent by scientific workers
in recent years to compare climates of various localities, or arens, by
using temperatures and precipitation and constnicting g graph showing
monthly conditions. I most cases the mean monthly temperatures
and the monthly precipitation are plotted on a graph.
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In view of the fact that leafhoppers are affected rather definitely by
low temperatures, it has seemed advisable to use data for maxima
and minima instead of for the mean. This gives two graphs for each
locality and year with the same precipitation in each case.
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Frouwe 185.—Climographs e Coalumbus, Ohie: o, For 1006; 2, for 1930 "The figres indicnte the months
of Lhie yeat, Wie carve ot uhe et of eneb set shows Lhe mean nrushvum tempeeatuee, and Chat wd the right
Lhie cienot s ininam temnbrliire,

The climograph data for Columbus, Ohio, are given for specilic years,
from 1926 to 1930 (hgs. 17 and 18), together with a mean for 48 yewrs
(fig. 19). The varied data ut Columbus, especially for the drought
vear 1930 in comparison with normal years, are of interest in the
explanation of the distribution and

oo abundance of Mmnpoasee jebae in other

80 7 areas.
a0, Z Although mean minimum temperi-
< 7 1 tures may be of igni{ortanoc as regards
= m{ £ o | winter survival of fmpoasea fabae, all
g 80 \ - . L the data obtained would point to spring
2 so B Y and early summer rainfall as probably
& 40 .‘L) o & the most important fuctor determining
W 23 u\ N, its distribution and abundance. Obser-
z 30 g vations have shown that heavy and
=20 2L rather continuous rainfall does not in-
10 terfere with the species in any way, and
the populations are not reduced. Ex-

O 23 o 1 2 3 & tremely heavy rainfall apparently re-
RAINFALL PER MONTH NCHES) duces populations semewhat, but not to
Fiauxs 1. - Climographs_forColumbus, SuchL an extent as does & deficiency of
T e el tha yvear Tninfall. A certain amount of rainfall
thas:lur\'caulle!eﬂ.slm\:’sI.hem‘urugmneun 15 essoential dumng the growlng seasor
it tomper. 11 populations are to be retained or
e, increqsed.
During the summer of 1926 the rainlall at Columbus, Ohic, was
only an inch or slightly over for each of the months May and June.
In July, however, more than 4 inches of rain fell. This year was a

good leafhopper year, but populations produced were not so lerge
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as in previous or succeeding years. In 1927, May had sbout 6%
mches of rainfall, and June and July each had in excess of 34 inches,
This wus a serious lealhopper year, In 1928, although May showed
only 1% inches, June had approximately 7 inclies and July In excess
of 6 inches. This was an excellent leafhopper year also.  The venr
1929 ran closer to a normal year with each montk from April to
September inclusive having 3 Inches or more of rainfall, while May
and June had 4} inches.  The leafhopper populations were large,
and ceonomic damage was marked in Ghio in 1029,

In 1930 there was » decided drousht in Ohio. Only three times
previously in 77 years had the average annual preeipifation for the
State fallen below 30 inches. The average annual precipitation for
Ohio is 37.49 inches. In 18536 the total was 2840 inches; in 1894,
29.75 inches; in 1895,
28.46 inches; and in ¢
1930, 27.00 inches on

(only 21.60 inches for g ”\\,-’ It

Columbus). w “\\ B i
More important %79 B % .

rom the standpoint of & 6o 4 4 !

inseet populations is P2 g !\I\" £ '\_ 87 ||

the distribution of this < X\* SIS

rainfall.  For the first 0 T ¥ ; n(j

7 months of the year = 20 ‘-4}3"— AH

the precipitation in £ g E\ RN

1930 (17.87 inches) was 1 b

just slightly in excess ol B r c |

of the precipitation for
a like period in these
other 3 years. The = . o . -
total rainfall in Ohio "Giitne o int St i fhe masium an | minin pe
for the 4 months’ crop- Junetion, Colo., for 37 years; B, for ‘Pwin Falis, iduii, for 30 Vonts;

. . . for Reno, Wev,, for 32 yours,

growing scason (April

to July inclusive) In 1930 was only 7.78 inches (Columbus 4.85 inches).
In 1930 less rain fell in Olio durtng April, May, June, and July than
was previously recorded for these 4 months for 77 years. The loal-
hopper is crdinarily an imiportant pest in Ohio, but in 1830, under
these conditions, it was not recorded or observed as an economic
pest upon any crop in Ghio, and the populations were so small that
snfﬁ('ien{t material for experimental work could not be obtained in
the field.

In the climograph curve for Columbus in 1930 (fg. 18, B3y, it will
be seen hat the numbers 4, 5, 6, and 7, denoting the months April
to July, run almost in a straight Hne at approximately the I-ineh
rainfall Hine. This is quite similar to the type seen in the curves of
Grand Junction, Colo., Twin Falls, Idaho, and Reno, Nev. (g, 20).
In each of these curves the rainfall curve for these months usually
falls within the I-inch line. The rainfall condition in Ohio in 1930
approached the condition found in these other arens where £mpoasca
fabue is not found. In Denver, Colo., and 8alt Lake City, Utah
{Hg, 21), the rainfail curves for the same 4 months are greater than
in Obio for 1930, but apparently . fabee eonnot build populations
at these localities with this amount of precipitation and the other
climatic factors that prevail.

' o1 20 1 0 ) 2001 20 1 2
RAINFALL PER MONTH (INCHES)
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The climographs for San Jose, Bakersfield, and Lodi, Calif. (fig. 22),
are of the same general type and show the extreme condition of prac-
ticelly no rainfuﬁ for July, August, and September with considerable
rainfall during the winter months. The occurrence of the leaf-
hopper in these California areas is probably due to irrigation, but
1t is very scarce and a.{)p&rentlv cannot build populations under
such conditions., Similarly, in Ohio in 1930 it was present, but could
not multiply.

The average for a period of 48 years for Columbus, Ohio (fig. 19),
is shown, since this is probably a. typical average of areas where
If. fabae can be expecicd to cause economic damage, The rainfall
averages for every month are between 24 and 3}5 inches. The
ciimographs for Ames, Lowa, Madison, Wis,, and Topeka, Kans., for
periods of 40 and 35 years (flv' 233, show the reverse of the California
condition—that is, the light rainfall occurs during the winter months,

while the months mcludmc the growing season each have 3 or more
inches of minfull. A condition of this kind is favorable to Inrge
leafhopper populations, as

i00 previous investigations by

a0 ., ifenton and Hartzell (19)

have shown.

50 N The climograph showing
70 % an average condition for

Ji
/
I

80 30 years at Gainesville,
Fla. (fig. 24}, is included

for comparison with other

50)

40 areas, The leafhopperin-
30 creases to populations of
20

I
e
%]
o
>
}_.
a
o
11}
a
=
Lt
'—

cconomic Importance in
this area, as shown by
o Beyer. The climograph
ol 8 shows from 3 to 6 inches

o i 2 01 2305 20 1 23 :
RAINFALL PER MONTH (INCHES) of rainfall each montl, of
the year.

Fiovae 21.—Climographs fer Deaver, Colo., and Sall Lake
City, Utsh, showing maxinnnm and minimun mesn tenper- It seems appar ent that

?é:’;:ﬁ{r:;s.mr Denver for 35 years; 8, for Sult Lake City  {he chmogl «‘1}}]1 is an excel-
lentindex to the suitability
of n locality for the polato leathopper, and that this insect, even
though it orcurs there, will not be a factor of any impor tance in
areas where the average prec;plmtmn for each of the months of the
growing season is below 2 inches. Ir rigation may chango this condi-
tion, bub observations w ould indicate that up to the pmsent. 14 has not
chanocd it.

Int connection with control studies in the field during 1932 and 1933
cortain observations were made concerning the effect “of climatic con-
ditions on populations in the field. In 1932 an abundance of precipi-
tation (3 inches late in June and almost 4 inches during the first week
of July) (fig. 25) produced an average high population of from 550 to
800 leathoppers per 100 trifoliate leaves. This population remained
about the same until July 19, when & temperature of 95° F., which
occwrred after 12 days with occasional light rains, caused the death
of large numbers of nymphs; so that af fer this temperature had pre-
vailed for 3 days the noplﬂatmns decreased te about 75 per 100 tri-
foliate leaves and continued to decrease during the next few days.
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Beginning with July 21, the rainfall over a period ot a week totaled
inore than 2 inches, which seemned to be the important factor in
causing the populations to build up rapidly and farsurpass the popu-
lations found early in July.

Late in June 1933 and early in July, as shown in figure 26, a total
of 1} inches of rainfall over & period of 9 days apparently caused the
populations of leafhoppers to increase rather rapidly. As o result,
on July 18 there was an average of 815 leafhoppers per 100 trifolinte
leaves of bean folinge in

the field, but a later de- 190 y =

ficieney in rainfall (there 0 ' d

was only a half inch of . ‘ .
precipitation in 18 days) 80{& : .
combined with maximum 70 BN : I By
temperatures of from 95° 50 R~ i _.3< al

to 99° F. from. July 20 to ' o ok,
23, inclusive, caused the 50 ,;&‘ - \\
nymphs to die in enor- a0 p— b S Ay
mous numbers on the un- a0 | 2y =
dersides of the leaves of i

the bean plants in the __ 20 E

field. The transpiration ¥ | . :

caused & portion of the ™7 |4 |3

leaves to shrivel and to & 0 0! 23 C 1 23 40 i O 1 2
becorlne dry and pa§c1%fad 2 RAINFALL PER MONTH {INCHES)
ont the majority o e«

plants. On July 24 and § 00

25 a half inch of rainfall S wok

combined with ecooler @ " [¥

temperature cnused the 80 N

populations to Increasc 70 PN ] —f-- |
slightly, but these never &0 \ Pl

increased to numbers of N?_, sk [,

any size during the re- 50

mainder of the scason be- 40 W= |
30
20

cnuse of continued defi-
ciency of rainfall.

A map (fig. 27) showing
the lifc zones as estab- 10
lished by Merriam (39)on. 4
the basis of the summa- % 1 2 3 40 1 23 45
Hon of temperatures is RAINFALL PER MONTH (INCHES)

In.dlld{}d f or COIHI)!‘LI‘]S'OTI Pusene 32 —Climogeaphs showing the avempes of the menn maxi-
with tie maps showIne  mumand themenn miglntm teruperntures of, A1, Han Joss, Oalil,
listributi K = for 16 yenrs; B Gakersfleld, Catil, for 22 vears: aod ¢, Lodi, Caiil.,
the distribution of Fm- i 12 yeuss. '{hla Ia.-!t—hml(;.: survo in e.-;lc'h set of grnpiis shows the
1 1 - maximum nod the curve ot the right the minimum temperatures;
poasca j abaer rain f“*l‘t hu the nunthers on the carves indicaie the mouths of the }'enL
midity, and rainfall-evap-

oration. It can be seen at a glance that there is no correlation of
the life-zone map with any of the other maps, whereas all of the
others show a marked correlation between them. In other words
E. fabae is distributed rather abundantly through each of the Transi-
tion, Upper Austral, Lower Austral, and Lower Austral gulf-strip life
zones in the Eastern States, but in the far West it occurs only very
sparsely in the Transition Zone in the coastal portion of California,
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and its abundanee is in no weay correlated with these life zones as
they are found in different areas of the United States. This is true
of the leafhoppers in general, s has been pointed out by the writer
6. p. 114).
©.1 4 DISTRIBUTION OF OTHER ECO-
s > NGMIC SPECIES OF EMPOASCA
8 y X IN RELATION TO CLIMATE AND
70 PHYSICAL FACTORS
12,
80 // - In conneetion with this discus-
sl ; sion regarding the climatic factors
s influencing the distribution of Fm-
- poasea febae, it is intercsting to
30 _ note the relationship of these same
2 factors to ihe distribution of the
10 three other species of special eco-
nomic importance, . filamenta, E.
arida, and K. abrupte (ig. 3). The
! conditions which are apparently
B0 d - most unfavorable for fabae are
70 L seemingly most favorable tor file-
i menta, which is found sbundant in
T the aress wheve febae cannot be
S0 found. The area occupied chief)
40+ g S R . ) by filamentais the arid region witf;
! Pt g a rathoer high elevation. It occwrs
& I ahundantly throughout western
Coloredo and Wyuming, southern
AMontang and Tdaho, Utah, Neva-
da, and Oregon, chiefly on potatoes,
sugar heets, and beans.  16is prace-
tically theonlyspecies of J9m poasca
that oceurs in this region on eco-
nomic crops; and it might be des-
ignated as an intermountain leaf-
hopper to distinguish it from the
others, since ifs area of importance
is between the eastern range of the
Rocky Mountains and the Sierra
Nevada of California, While a
: T2 western specles occurring under
i i arid conditions, it is apparently a
2 3 4 51 2 3 5 high-altitude species and is found
RAINFALL PER MONTH (iNCHES) abundently upon crops growing at
FintRe 23.—-Climagmphs showing the averages of 170 4,000 to 6,000 feet elevation,
the nean moximuwm nnd the mean winfum tem- but 15 spems to be searce at alti_

?fﬁ:\’x’r.%jlogo?i4!13::?%5:’23{0?‘?fﬁﬁﬁuﬁ ﬁi%ds'[ tudes of less than 1,000 feet. It
i!c_;:lni:s}sll{:\r«:s tzhe?n:xin:‘::?:l r:;:tri Leilénctf;.\?e) ﬂhtctl?c %1{3-3 }?ee I (‘(')B{-,‘Cf..{_‘d n severa.l_ local-
pieh ihe s i, e munbers - jgies in California upon a variety of
truck and field crops, but always

in very small nvmbers except upon sweeipotato in one area. There
is, therefore, no indication that it i3 important economieally in Cali-
fornia, and its status is stmilar to that of E. fubae in the California
area. In many respects its distribution is very similar to that of
the beet leafhopper (Hutettiz ienellus) and it is probably second fo
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this insect in abundance in this area. It occurs almost entirely
within the zone of 30-percent average rcintive humidity for 8 p. m.
during July. The rainfall-evaporation ratio is from 5 to 15 percent,
and the avernge annu-
al rainfall is 10 inches
or less for this avea, 90 5,,
which comprises the _ gg 5
most extended arid ¥ ., oY
region in the United w
States. I filamentahas & 89 ’
not been found east of I 5o
the Rocky Mountains. & 20 —1—1.
Empoasce aride and o ey
E. abrupta occur for &30 e
the most part in the 7 2¢
lower-altitude arees of
Californin, where they
are able to build enor- %+ 2 3 ¢ 58 0 1 2 34 5%
mous populations. K. RAINFALL PER MONTH {INCHES)

f(&bﬂﬂ &ISO 000111'? h(’-l‘{‘, Teere 2. —CHinopraphs showing the avernges of Lhe mean nwximan
bi‘lt cannot ll'll.lltipl}” £ md of the mern mininrnn temperatures of Gainesvilie, Flo., for 35

large mumbers. Lack ™ ) ]
of rainfnll and low relative humidity are apparently optimwmm factors
for survival and reproduction of the two lormer species.  Although
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both species have been taken ot altitudes of 4,000 feet or more in both
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at these higher altitudes, and records were obtained by scattered
specimens only.

The sareass, therefore, in which these species occur and become
abundant are distinet and are well defined by climatic and physical

850

/N
¥ 700

/

550

400

250

LEAFHOPPERS PER 100 TRIFOLIATE LEAVES

o Q

RAINFALL (INCHES)
o

B¢ %

> | | = T
_,_,-\ -\| -
LY // — i /
S/
M, Y /‘,\
L~ h -
1 I I .
24 2628 302 4 6 85 (012 1416 {18 20 2224 28 28 30 |
JUNE JULY AUGUST
Fiuivnre 26—FEileel of climatie fnetors on popuintions of Empoasea fubae at Cohnnbus, Ohio, 1943,

[1+]
N

[F R R v

—
L
=

—
w
14
=
—
<

w
[7H
a
=
w
-

LOWER AUSTRAL

AGULF STRIP

TROPIGAL

differences. Empoasca fabae is o species inhabitating areas of low
altitude, high humidity, snd high precipitation. E. filamenia inhabits
areas of high altitude, low humidity, and low precipitation, while &,
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abrupta and E. aride are more successful in areas of low altitude, low rel-
stive humidity, and low precipitation. These conclusions are drawn
from the data presented sbove and the following facts: In California
all four species ocour together, but only abrupie and gride are import-
ant; in Utah fillamente and arida oceur fogether, but only flaments is
important; in western Colorado filamenta and abrupte occur fogether,
but only filamenta is abundant; and in eastern Colorado abrupte and
Fabae occur together, and neither one is important or abundant.

The foregoing conclusions were reached by collecting and studying
some 27,600 specimens of leafhoppers of the genus Empoasce on
cconomic crops in the Western States. Some 15,000 of these were
determined by boiling and examining the chitinous internal male
genitalis. On the basis of some 18,000 specimens collected in Cali-
fornia, the proportionate abundance of sach species would indicate

FiGuaE 28.—Interior view of scresned insesetery st Columbus, Chio

that they occur on economic crops in genersl in aboutb the percentages
given: E. abrupte 58.2, E. arida 28.3, E. filamenia 11.4, Ig fabae 1.1,
and . cerea 1.0, .

In Idaho, Utah, and Colorado {west of the eastern range of the
Rocky Mountains) Bmpoasce filamenta comprises 99.7 percent of the
%ﬂtpoasca population and E. abrupte 0.3 percent on similur economic
nants.

! BIOLOGICAL STUDIES

METHODS, TECHNIQHE, AND EQUIPMENT

Biologicel studies were conducted at Columbus, Ohio, in a screened
insectary measuring approximately 10 by 12 by 30 feet (fig. 28). The
lower portion was boarded to a height of approximately 3 feet, and
the upper portion was entirely screened except for a small room 3 feet
squars in the northwest corner, which was used as a transfe
to prevent the escape of adults during the time they were being¥r
ferred from one plant to snother, and which is deseribed later. “EHe
insectary was covered by s gable roof. It was on the Ohio State.
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University farm, at a point where it was not affected by other build-
ings. Shelves placed at heights of 3% and 5 feet were used for plants
or cages under observation. A large table in the center was also used
for a portion of these cages. During these studies e continuous
record was obtained by a hygrothermograph which was checked daily
by maximum-minimum thermometers and & sling psychrometer.
Similar records were obtained for comparison from the Weather
Buresu station of the Ohio State University, whichk was about 100
vards from the insectary.

In view of the fnct that adults could not be successiully carried
through hibernation, or found in hibernation, and that spring studies
proved that the early nymphs upon wild host plants were not ffm-
poasca fabae, the life-history study each year was star ted with the
first adults of . fubae that appeared in the field. A certain number of
peairs were mated, and when second- and third-generation forms be-
came quite numerous, it was irequently necessary to discontinue
detailed study of certain pairs of previous generations. The records
for some pairs in each generation are ther efore incomplete.

METHEODS OF ESTIMATING POVPTLATIONS IN THE FIELD

Traring this study three methods, especially, have been used in an
effort to measure or estimate relative populations of this leafhopper.
The common method was employed, especially in studies made in the
Western States, of counting the entive cateh obtained by 100 full
sweeps of & standard sweep net having a finely woven cloth bag.
While this gives an index to the various species present in any crop
or area, so many factors of a variable nature may enter into this
methocl as previcusly discussed by the writer (10}, that a doubtful
degree of ace uracy is obtained. A second method used is similar and
might be criticized on the same basis. It consists of sweeping with
the same type of net all the plants that are growing in = deﬁmtt,
number of feet of row In 2 field or erop, then kdlliing and examining
all the specimens secured.

A third method seemns to give a greater degree of accuracy. This
consists In counting the nymphs present upen 24§ or Al trifoliate
leaves picked at random and consisting of an equal proportion of
leaves from the same relative level on each plot.” Graphs are then
fanstmcted upon the basis of the number of nymphs per 100 trifoliate
caves

During its development an individual nymph will move about: con-
siderably upon a bean plant, especially upward, but nymphs very
seldom leave the plant. On the other lLand, the adults are vory
active and move [roely from plant to plant and fron row to row, and,
as cvidence shows, they may also move freely from field to ' field.
Counting the nymphs and disregarding the adults is thorefore be-
lieved to give the best index fo relative populations. Furthermore, if
the adults ave present in different numbers in separate plantings, tho
egg deposition and subsequent hatching during the period under
study will usually give a better indication of numbers than an sat-
tempied count of the shifting and active adults,

INSECTARY AND FIELD RECGRDS COMPARED

‘The insectary condition is not o natural environment and, as a
consequence, insectary records of the activity or behavior of an insect
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do not duplicate, at least in detail, the field record. By correlating
the climatic factors in each case as closely as possible with the bio-
logical devclopment and then comparing the field and insectary
conditions, an approximate knowledge of field behavior can be gained.
Also, it should be stated that it is practically impossible with present
known methods to gain a eomplete continuous record of an individual
potato leathopper under field conditions, so it seems advisable to make
the insectary study and the comparison as mentioned above.

Spring hatching on economic planis in the field could always be
checked with the insectary hatching, and growth and development
to the adult could be checked in the same way during the time of this
brood. But the broods overlap to such an extent that ohservations
of this type in the field were of no value after about July 1. In order
to check the egg laying, development, efc., after that time, it was
pecessary to use plants raised under cover, expose them under a
screened cover in the field to fertile females, and then note hatching
and development as closely as possible by leaving the leafhoppers
among the field plants but under a screened cage. A plant of this
type set in the field without a screened cover will become infested or
contaminated within a few hours by eggs, which will be concealed in
the plant tissue, or by active hopping nymphs. The time required
for incubation and that for hatching were the same in the ficld as in
the insectary with the exception of minor differences of a few hours
during periods of fluctuating temperature. The insectary results are
therefore considered as representative for this species under Obio
conditions.

In order to carry on biological studies with the potato leafhopper
a number of routine duties must be performed which are not necessary
;\fitl:,)h certain other types of insects that are larger and have different
1abits.

In the first place, these insects are so small that it is necessary to
handle them very carefully and keep them under suitable coverings
for observation in order to prevent their escape and to obtain a
continuous record of their activities. If one of these escapes from its
cage it is practically impossible to recapture or identify it. Further-
more, they are very frail and easily injured, and they should be handied
as little as possible, and very carelully when handling is necessary.
Special methods and technique are therefore required in handling.

In the second place, the eggs are laid singly and in small numbers
daily and are inserted into the tissues of the plant. In order to obtain
ege records, preoviposition data, ete., it is necessary to handie a large
number of plants, and when records are being obtained upon several
females over periods of several days or weeks a great number of plants
must be used. Because of lack of space for plants and lack of time
for handling, the number of individual records that could be obtained
is not as large as would be desired.

LIFE-HISTORY CAGES

An improvised glass eage used for rearing was quite satisfactory.
Wide-mouthed chemienl salt bottles 7 to 8 inclhies in diameter, the
diameter of the mouth being about 3 inches, were used to malke these
cages. By the use of a heating-elerment wire and an electric current
with sufficient resistance to heat the wire to redness, the bottoms could
be cat off of these jars very easily and neatly (fig. 29). The jars thus
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made could be pushed slightly into the dirt inside the edge of the pot
containing the plant under study. The tops were covered with
cheesecloth (fig. 30). The advantage of this type of cage is that the
bottom is as large as any part of the jar, and the plant is not disturbed
when the cover is removed. These jars proved economical and sat-
isfactory in that, so far as could be ascertained, not a single specimen
was lost during the entire study owing to excess humidity collecting
on the inside of the jar. Field cages were coustructed of 40-mesh
copper screen wire (fig, 31).

Friovne 2.—Mothad of making bell-jar eapes from large chiemical salt Jurs: o1, Eleetrie wira and resistanco
sel-up used to cud the bottorms from the jars; B, a bell jar with the bottom which has been cut off,

PLANTS USED FOHR BIOLOGICAL STUDIES

In order to obtain plants free from eggs it was necessary to plant
sced each day and to raise plants out of doors under protected con-
ditions. Individual plants were potted and used for individual
records. Each plant was exposed to the feeding and egg laying of a
single female leafhopper or a pair for a certain number of hours, after
which the plant was kept in a protected place and the hatching record
obtained. After the nymphs had emerged they were kept under
covers, and the dates for developmental stages wes recorded. If a
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plant died, the egg records were lost, as hatching seldom oceurred
under such a condition. The proper raising, potting, and handling
of plants was, therefore, an important routine in obtaming successful
records in the biological studies.

THRANSFERRING INDIVIDUALS

In order to transfer & female irom cne plant to another for ezg
deposition a special room was used similar to those used for parasite
work. The room was 3
feet square and provided
with a small window. The
bench used for transfer-
ring, as well as the door,
was covered with a black
hood, to prevent reflection
of light.” The insect was
not touched or handled
during the entire opera-
tion. ~ As the insect re-
sponds positively to rather
bright hight, a small cam-
el’s-hair brush was used to
agitate the leaf uponwhich
it was resting and cause it
to hop upon the side of the
glass jar toward the light.
This was accomplished
by tilting the glass over
slightly away from the
operator and toward the
source of light. While
the leafhopper was on the
glass jar this was carefully,
but quickly, removed and
placed over a new plant
for the next record. This
avoidedinjury to theiusect
and also afforded oppor-
tunity for obtaining a
ﬁ? Irﬁllgu%l? ;ﬁc?;(ilig?d 3%% Frovse s.—improvised gi:}ss;} hc_li-ju;; breeding eoge for £m-

. Pon o frelme I use.
Tﬁese covered plants wers
kept in the screened insectary previously described, where as much
light as possible wus available without direct sunlight.

NGTE FORMS AND RECORD SHEETS

A complete record was kept of the source and history of each
female. 'The number of the plant and the dates between which the
female was presen$ upon it for oviposition were also recorded, and a
complete record of each of these plants was kept on a separate life-
history chart. These data were then summarized. The method of
(!esiifimt.ing the individual insects employed in life-history studies on
the ; exican bean beetle (Epilachna var‘vestis Muls.) was used in this
work.
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THE WINTERING CONDITION

The problem of how and where this insect winters is the most per-
plexing one encountered during the present study. Three possibilities

eyl 31—Crge of fine-niesll screen uved for sutdoor y-

fogiont studlbes of Emponsca fabee.

are offered: (1) That the in-
sect passes this period as an
adult in hibernation; (2)
that it spends the winter in
the egg stage upon & wild
host plant and develops to
maturity before migrating to
economic food plants; and
(3) that it cannot live over
winter in the Northern
States but migrates from
southern areasin the spring.
The evidence that has been
obtained by field study and
observations regarding each
hypothesis will be presented
briefly.

Inregard to the first pos-
sibility, adult hibernation,
the evidence that has been
obtained has all been nega-
five. Attempts made in
Obio by the author and
vther workers to carry these
inseets through hibernation
in fallen leaves, crop rem-
nants, and similar debris
in protected places have
proved unsuccessiul to the
extent thabnot a single indi-
vidual survived. Further-
more, for a period of § years
attempts to find or recover
Empoasea fabae in hiberna-
fion under natural condi-
tions have proved unsue-
cessful.  All speeimens of
Empoasew that have been
recovered in hibernation
have been identified as of
some other species. FE.

fabge is by [far the most

abundant in numbersof any
species of Empoasca occur-
ring in the Eastern States,
and if it hibernates success-
fully under eonditions simi-
lar to those favorable to
other hibernating leafhop-

pers, it should be found by chance at least more quickly than

any other species,

But investigation has shown that recurvate De-
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Long, tnfusca Del.ong, birdit Goding, curvata Poos, bicorna DeLong
and Caldwell, spira DeLong and Caldwell, hama DeLong and Cald-
well, lata Delong and Caldwell, recta DeLong and Caldwell, ditate
DelLong and Caldwell, vergens Delong and Caldwell, disiracta De-
Long and Caldwell, and pyramidate Delong and Caldwell, a number
of which are species of minor abundance and the only ones of the genus
Iimpoasea known to hibernate as adults in this area, have been found
in Ohio along with hibernating species of Erythroneura during January,
February, March, and April, but no specimens of E. fabae could be
found elther here or in similar habitats. Furthermore, if this insect
passes the winter as an adulg, it would be expected to come out of
hibernation ut approximately the same time ss other hibernating leaf-
hoppers, such as Impoasca recurvata and species of Erythroneura,
Dikraneura, Eugnuthodus, Agallia, Euscelis, Phlepsius, Thamnotettix,
Platymetopius, Polyumia, and Deltocephalus, Observations have
shown, however, that the earliest specimens of &\ fabae nppear at least
& month later than these hibernating species.

Several records have been publishied regarding the early oceurrence
of adults of Empuasecn fabae upon wild host plants in the spring when
they have supposedly come from hibernation. These cbservations and
records have been made by investigators who have stated that they
did not use the genital characters to identify their material and could
not distinguish E. fabae from the other closely related species of
Empoasea that have the same external appearance and that normally
live upon these wild hosts. An examination of specimens oceurring
in Chio upon doeck (Rumer sp.) and other wild host plants in the spring
has revealed that all of them are either E. erigeron, or I, bifurcata, or
B recurvata.

"The second possibility is that the insect overwinters in the cgg stage
upon & wild host plant and there completes its development, then
migrates to cconomic plants luter in the spring.  The time of its first
appearance in the field would be o factor favoring this possibility. As
indicated above, it cccurs in the field much Iater than other forms that
hibernate. But detailed search in the field during the early part of the
seuson Tor a period of 8 years upon many types of wild host plants has
futled to give any positive evidence that F¥mpoasea fabae winters in the
egg stage upon wild host plants. XK. erigeron and E. bifurcala are
known to pass the winter in this way, and the eggs haleh late in April
or early in Muay. Although these species are in minor sbundanee as
compared to f. fabae, they are found comumonly in the spring upon
wild host plants in the nymphal stage, but nymphs of . fabae cannot
be found. If £. fabue overwinters as an cgg, the fact that it is in great
sbundance later In the season should make 1t ensily found early in the
season in the nymphal stage on either wild or cultivated host plants.
Examnination of crop remnants has also failed to give any positive
evidence regarding its overwintering as an egg.

In view of the fact that specimens of £mpoasca fabue have not been
suceessfully carried through hibernation or found in hibernation and
that no evidence can be obtained regarding the passing of the winter
in the egg stage upon either & wild or & cultivated host, and in view of
the late appenrance in grest abundance of the adults in the spring,
there is 2 strong possibi%ity of the truth of the third theory, that the
insects pass the winter or survive only in areas of milder climate and
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migrate into Ohio and similar States at a later date as adults. The
only evidence for this is the strong negative evidence presented in
regard to the other two possibilities and the fact that leafhoppers of
this species appear in cultivated fields exactly as other migrating leaf-
hoppers appear in other areas on economic erops. Migration flights
are usuelly marked by the sbrupt appearance of large numbers in
cultivated fields and late in the season, the insects apparently migrat-
ing from a breeding ground elsewhere.

The work of Beyer (3, 4) in Florida shows that this leafhopper
hreeds in that State on castor-bean and other wild host plants during
the entire winter. Material from the Gulf States collected during the
winter months shows definitely that Empoasce fubae breeds in these
areas during the winter on aifalfa and similar crops and that the popu-
Iations become large in March and April.  This adds evidence to the
migration theory.

APPEARANCE [N THE SPRING

Empoasca fabae appenrs upon cultivated hosts in the spring of the
year, usually rather late in May or early in June in central Ohio, the
date varying with ciimatic conditions.

Detailed observations were not made carly in 1928, But the aver-
age teraperature in April (44.4° ) was unusually low. May was nor-
mal (60.7°), and the temperature lov June (66.1°) was o little helow
normal.  The rainfall in April (1.42 inches) was quite deficient, and
that for May (0.96 inch) was even moreso. This apparently did not
greatly delay the spring appeurance and the normal development of
the first generation.  On June 14 large numbers of nymphs appeared
in a field on bean plants. Some of these were in the last instar and
changed to the adult stage on June 21. On June 18 the average
nymphal population in this feld was five or six per leaf.

In 1927 the temperature from January 17 to March 21 was per-
sistently and at times markedly above the normal. In general the
temperature in April (average 50.9° F.) was normal, Mey, with an
average of 60.4°, was normal, and June, with a temperature of 65.5%,
was ahout 5° deficient.  1n spite of this deficiency in June the temper-
ature lor the period January 1 to June 10 was 977° in excess of the
sormal. For the same spring, precipitation in Mareh (3.97 Inches),
April (3.80), Muy (6.48), and June (3.63) was in excess each month
with almost twice the normal precipitation in May. Under these
conditions (n decided excess of both temperature and precipitation) the
bean plant developed in the field more rapidly than the potato plant,
although the potato plants had pushed through the ground before the
beans were planted.  In spite of this enrlier appearance of the potato
the leafboppers had begun to infest the two-leaved bean plants on
May 25, and on June 7 averaged two or three adults per bean plant,
and the nymphs were hatching. On this same date the potatoes,
which were almost a foot high, were examined and five adult leaf-
hoppers were found on 100 planis. The occurrence here seemed
entirely accidental. On June 15 fidd observations showed that each
bean plant had a population of from 8 te 10 adults and many nymphs
in the second and third instars, whereas 2 maximum of 10 adults were
found on 75 potate plants. On June 22 an abrupd migration to
potatoes increased the infestation to 20 or 25 adults per plant, but no
nymphs were present and no hopperburn. On June 24 and 25 the
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nymphs upon bean were emerging as adults, and no nymphs were
found upon potato until after July 1.

In 1928 & generally cool spring was recorded in central Ohio. In
March both temperature and precipitation were subnormal. Tn April
the temperature {average 46.5° F.) was lower than normal and the
rainfall was shghtly defictent. May was generally eool and dry with
a subnermal temperature {avernge 58.1°) and o decided rainfall
deficiency amounting to 1.77 inches. According to the monthly
weather report for Ohio, June 1928 was next fo the wettest and fourth
from the coolest June in Ohio in 46 years; the precipitation of 6.79
inches being 3.04 inches above normal, and the average mean temper-
ature of 65° being 4.6° below normal. In =pite of 2 heavy rain the
ratnfall from January 1 through Juue was 3 inches below that of the
same period in 1927, while the temperature on June 10 was deficient
by 186° compared with the normal and 473° below that for the same
period in 1927.  Under these cool conditions potatoes grew and devel-
oped very rapidly, but beans made slower mrowth.  The first scattered
population of leafhoppers was found on beans on June 1. On June
4 and 3 leathoppers appeared on both bean and potato plants at
Columbus in small numbers.  On June 8§ the leathoppers were not so
abundant upon either bean or potato as they had been the previous
season on May 25 op bean. From this point the populations built
up very slowly but about equally upon hoth crop~. ~ It was apparent
from examinations on June 6 that the cool weather was ideal for rapid
growth of the potato plants, which were blossoming and were far
ahead of the previous season, while the beans, which were just putting
out the first trifoliste leaves, had apparently been amvested in develop-
ment by the same condition<. An examination of later-planted pota-
toes, which were only about & inches high, showed no leafhopper
populations.

n 1929 the month of March, with a temperature of 47.4° F., was 5°
above normal, snd the precipitation for the month (1.76 inches) was
quite deficient. Although quite variable, April, with a temperature
of 54.4°, showed un excess of 1.8° above normal and a2 precipitation
of 3.71, which was a considerable excess. May had a temperature
of 539.7°, which was approximately normal, and a rainfall of 4.55, which
was approximately 1inch above normal.  June bad a temperature of
68.,7°, which was about normal, and a rainfall of 4,76 inches, which
was 1.46 inches in excess of normal. These data showed an almost
exactly normal temperature for the first 6 months and an excess rainfall
of 2.57 inches.  The season would seem, therefore, to hinve been almost
intermediate between 1927, which was greatly in excess i both temper-
atnre and humidity, and 1928, which was deflicient in both tempera-
ture und humidity. The reactions of the leathoppers to host plants
were more like their activities dwring 1827 than m 1928, except that
the interval between appearance on the two plants was not so great.

Measurements were mude of sugar and osmotic pressure ® in these
plantsin en attempt to find if these materials or plant processes showed
any correlation to Insect attractiveness. The data obtained are given
for comparison in table 1. In the tests given here and all other tests
made upen young bean and potato plants it was shown that the bean

¢ Both were medsured by the stundard meihody, Sugurs were determiner] by the refructometer et
and osteotic pressure eschmmbed in atmospherey wos determined by undercooling the plant sap below the

freexing point and determining asmatic peessure by the standard 12 hles prepared frora che fecmule . Fo=
12,0841, 02141 of Barris und Gortoee (37,
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plant is much higher in sugar content when it first breaks through the
ground than is the potato plant, and in most tests is much higher
Ii‘roportionately in the bean than in th~se tests shown in the table.

he leafhoppers are never attracted to the potato until it has attained
a considerable size, whereas they are attracted immediately to the
bean. There is apparently some product or factor sssociated with
growth which attracts the leafbopper to potato at a later date. It is
interesting to note in this connection that Fenton and Rartzell (19, 5.
425}, in discussing the influence of the date of planting of potataes
upon the development of hopperburn, make this statement:

This was due to the fact that the female leafhoppers preferred partly grown
plants for oviposition and were not stirsefed ab the time of the spring flight to
smaller vigses which had developed from tubers planted lrter.

Tn conuection with their work they apparently made no ghserva-
ttons upon the appearance of fmpoasea fabae on the bean, but did
obhserve the lakte appearabce an potato or the preference for older
potatoes when there was a choice between plants of different ages.

In 1930, the drought year in Obie, some very interesting observa-
tions were made, but chiefly in connection with population studies.
The temperature was in excess for every month except March, when
it was only slightly deficient, so that by June 30 an excess of 462° had
been secumulated. In econtrast to this, the rainfall had been con-
spicuously deficient during March, April, May, and June, until the
accumulated deficiency was slightly more than 6 inches.  Under these
conditions the leafhopper migrated to bean and became rather abn-
dant, with populations of from 10 to 12 adults per trifoliate leaf on June
25 to 28, but it never hecame abundant wpon potato, owing to the
continued drought and its effect upon either the potato plantoer directly
upon the leafhopper.

If we may judge from these data and observations in the field during
these varied seasons, it would scem that climatic factors and their
effect upon different types of plant growth were determining factors
in regard to host preference and spring activity in the fleld. Under
normal conditions or when the season s advanced, this leafhapper is
sttracted first to leguminous hosts and later goes to potato and other
species of Solanum. In a cool or late spring the insect seems to be
attracted to potato much sooner than it normally would be, and there
is only a short time intervening between its occurrence upon legumes
and upon potato.

Data recorded during the spring of 1931 are included here in order
to show the normal sequence of species of Hmpoasca in Ohio.  From
April 11 to May 5 specimens of E. recurrata were taken in hibernation
in ravines, privet hedges, ete. Nymphs of £. difurcata, which over-
wintered as eggs, were abundant on Coreopsis sp., an ornamental of
the fumily Compositae, on May 15, These became adults on May 20
and 21.  During the same period nymphs of E. erigeron were abundant
on Erigeron spp., and they became aduits about May 20. On May 21
the first specimens of E. fabaz were found on alfaifa and on May 22 on
Baptisia australis, an ornamental legume, and they appeared on bean
at about the same time. This late-spring appesrance of E. fabee in
the field, which has been shown censistently $hroughout these records
of spring occurrence from 1926 to 1931, inclusive, has been discussed
more fully under the heading The Wintering Condition.
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Date
plant
wps

sampled. -

Stze and eondition of plants ;

Potato

Bean

1929
May 16

May
May

23
31

June
June

June

June 2§

About 8 inches high_..

Just pushing through
ground.

Small 2-leaved plants..

Large 2-leaved plants: ..

First trifolinte Jeaves

With only. I large tri-
folinte leaf.

Beans blossoming.._., ..

3

-~

TasLE 1,—Osmolic pressure and sugar content of potato and bean plants and populations of Empoasca fabae at Colwmbus, Ohioy 1929

Lenfhopper appearanes nsid abundanee

Potato

Bean

Osmotic pressure

Sugar content

Total

leaves

Ground leaves

Total lepves

Ground lenaves

Potato

Benn

Potato

Bean

Potato

Bean | Potato | Dean

do

Adults abundant; no

nymphs.
Adults abundant

Avernged 2 adults per
plant,

Adults abundant.. .. -

Adults and nymphgt
ahundant.

Adults - and

aymphs
abundant.,

r

Almog-
Dheres
6.71

718
6,22

7.83

<ilmoy-
pheres

7.57

819

6,02

“ttmas-
‘pheres

sAtmos-
‘pheres

Fer-
cenl
2,18

1493
3,04

0,78
8. 50

743
6. 64

Fer-
cent

6. 25
7o

Fer-

7.93
9.23

t Several in third and fourth instars,
? Heavy migration of adults to potato June 25,
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MATING IN RELATION TO EGG PRODUCTION

Mating normally cccurs within 48 hours after emergence. It was
apparent from the observations made that fertile eggs cannot be de-
posited and that the insect cannot reproduce unless mating takes
place. Reared females have been kept for weeks unmated, and no
fertile eggs were produced by them. As soon as they were mated
they produced eggs normally and in approximately the same time after
mating that eggs would have been produced had mating taken place
as soon as the female emerged. One mating is apparently sufficient
for the fertilization of eggs during the entire life of the individual.
Females isolated after making produced on an average the saime num-
ber of fertile eggs as those caged with males. If fertile females are
given repeated opportunity to remate by introducing newly emerged
males, the normal number of eggs produced is not changed.

Experiments have demonstrated that a male or female from any
brood may mate normally with the opposite sex from any other brood.
The time of occurrence in the season of any individual, rather than
the brood to which it belongs, is the most Important factor. Sinee
broods overlap greatly in the field there are always individuals present

for mating.
PREOVIPOSITION

Tn order to obtain precviposition records, the nymphs were isolated
during the last instar and each nymph reared to the adult stage in a
separnte container, They were then mated and placed upon 2 previ-
ously protected plant. Sometimes these adults were left on one plant
for a period of 3 or 4 days, and in some cuses the jnseets were trans-
ferred daily. The preoviposition records discussed luter were checked
or established by known fertile females which were under observation
for life-history studies and were transferred at least daily. In such
cases the date of egg laying was known and there could be no question
about the length of the preoviposition period. The preoviposition
period was counted in every case from the time the female reached the
adult stage and regardiess of the date she was mated. A number of
observations and matings have shown that the period of preoviposttion
is determined by the time of mating. I two females are mated at the
same time, as & rule, both will produce fertile eggs on the same day,
although one may be newly emerged and the other 20 days old but
previously unmated.

The biological work would indicate that where mating occurs within
a few hours after emergence, as undoubtedly happens in the ficld, the
preoviposition period is from 3 to 5 days, This factor must he con-
sidered, therefore, in the data presented lere regarding the length of
time elapsing prior to oviposition.

During 1926 preoviposition for 40 individuals showed an average of
6.4 days with & minimum of 3 days and a maximum of 11 days. In
1927 preoviposition records for 54 individuals gave an average of 6.6
days with a minimum of 3 and a2 maximum of 19 days. [In 1928
records for 31 females gave an average of 5.57 days with a minimum of
3 and a maximum of 14 days. In view of the statement made above
concerning mating, it is probable that the average is lower than these
figures would indicate.

Fenton and Hartzell (18, p. 887) are the only previous workers to
give preoviposition records. They cite preoviposition records for
three females ranging from 18 to 29 days and averaging 23.3 days.
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EFFECT OF TEMPERATURE UPDN PREOVIPOSITION

Under cage conditions a rather definite correlation has been shown
between the duration of the preoviposition period of Empoasca fabae
and the average temperature prevailing during that period, although
some varigbility in this general trend has occurred in the instance of
individuals that did not mate immediately or soon after emergence.
In such instances it appeared that the prevailing temperatures exerted
only a secondery influence. When mating occurred as soon as the
insect emerged, however, as is usually the case, the duration of the
preoviposition period appeared to be short, ranging from 3 to 8 days,
and to have o definite correlation with temperature. The data ob-
tained on the preoviposition pericd during 1926 and 1927, and for
which temperature records are available, are shown in table 2.

TannLe 2—Relation of lemperature lo the duraiion of the preoripesition peried of
the polato leafhopper under voge canditions af Columbus, Okdo, during 1926 and
1827

Avernge Averpge
Legtpers- Bpeci- Freovi- ton1peTn-
tnre duine j| mens ob- T turo dyring
preovipn- served iT?:;E}l;?]n PrEOVIDD-
sitien 1927 ! sition

neriatl prarion

Hpeei- .
powd Provvi-
tHets ot 1t
served jnsition
oo 1reriarl

Number Dagy MNigwnber iy S5
1 . - '

il
E
1

OV T T e O e

e
— 8 = T e

OVIFOSITION

The number of eggs laid by a female could not be ascurately ascer-
tained in view of the fact that the eggs are very small and are inserted
inr the tissue of the plant. They were inserted almost entirely in the
main veins on the under surface of a leaf or in the petiole, or upon the
upper portion of the stems of very young bean plants used in the cages.
In the following discussion, therefore, the eggs referred to are in reality
only those that produced nympls.

There is a considerable variation in the total number of eggs that
individuals lay, the number of days over which eggs are laid, and the
number of eggs leid per day. A few outsfanding extremes as well as
the averages might be mentioned specifically. Iu 1926 one second-
generation female produced 226 eges in 47 days, or an average of 4.8
eggs per day. Another female ol the same generation produced 166
eggs 1n 29 days, or an average of 5.7 eggs per day. Ons produced 153
eggs in 26 days, or an average of 5.9 eggs por day. The highest record
for 1 day was establisked by a female that lmid 8 eggs in a 24-hour
period. On the other hand, one female laid 25 eggs 1n 23 days, or an
average of only 1.1 eggs per day. An average of 2.8 eggs per day wos
produced by all l’em:ﬁes of all generations in 1928. These records are
based on the activities of 51 {females laying o total of 2,327 eggs.

In table 3 is given a summary of the time spent in the preoviposition
and incubation periods of the four broods and the time of nymphal
development by Empoasce fabae in 1926,
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TanLg 3.—Mintmum, mazimum, and cverage time spent in the various stages by
the polala leafhopper, Empoasca fabue, ot Columbus, Ohio, in 1826

First brood {(June 15-July 22) Becond brond {June 21-Sapi. 2)

Period
Mini- | Maxl-
mim mum

Mini- | Aiaxi-
musn mnn

Cases Avernge| Cases Avarage

Nuwmber | Days Days | Number | Puys Puys Dupz
Preaviposition R 12 ] n S

Ineuabmntion. _ 8 624 7 1
NMymphal des velnpme b 12, 18

M. 30

Third brom) {Joly 27-0cl. 11} Fourih brood {Awug. 28-0cl, 3}

Period

Mini- | Mnxi- Afink | Mexi-

Cases mum mum Averogel Cases mmuam DU Average

o Nurmber | Dags Daps Number | Daps Fhys Hays
Preovipnsilion 1 3 1] L0 1L i @ 7.

Tneubation_ . .ociicei. ot ] 12 3 244 H} 19 13.2
Nymphnl develajment a2 4.3 G 3z 22 22.0

Totnul 4n . . a2 41 35,2

Tanne 4.—3inimum, mozinmwmn, end gocrage ltine spenl in various sluges by ithe
potato leafhopper, Empoasca fobae, at Colwmbus, Olto, in 1827

First ﬁmnrl {May 25-Aup. 25) Second bromt (June H-Nov, 3)

Periol
Alini- | Maxi-

. . | Bini- | hipxi-
Cases T mnm |Aherage | Coses

FEEER 1] FEFLMI ] Average

Number | Dapy Number| Dups Lraps days

T SR i+

i1 ) 5 L T i3 0.8
14 ) 285 P2 1,2
115 TR 18 . 30 4.0

Third wood (July 24-Oct. T} Fourth brosd (Awpg, 27-Oct, 1)

Migi- | daxi-
N nnm

Mini- | Maxi-
herREEcE] min

Unses Avernge | Cases Avernge

Number| Dups Days Daps | Number! Daps Fays Days
19 4 1t 6.3 b1 4 19 T

Preoviposition

Tnenbetiot. o oo ven - 5 8 16 1.9 f 8 i5 1 3
Nymiplind Jevelopment 8 24 8.0 15 25 i

16 4 0.0 ] 40 2.4

In 1927 ons female taken from sarly beans in the field on May 25
remained alive for 92 days and deposited 195 eggs during this period,
making an average of 2.1 eggs per day. A higher record was obtained
for a second-generation female which emerged as an aduit on June 29,
was mated on the same date, and was kept under observation for 91
days. She produced 216 eges in 85 days or an average of 2.5 eggs per
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day. These are the longest periods of egg laying recorded during this
stndy. In 1927 all observations showed 579 oviposition days with a
totufof 1,334 eggs, and an average of 2.3 eggs per day for all females
of gll generations. A condensed rummary of the life-history data for
1927 is given in table 4.

In 1928 the greatest number of eggs were obtained from a female of
the second generation that emerged on July 4, was mated on the same
date, and was kept under observation for 49 days. She began to lay
eges in 3 days, and during the 46 days of egg laying produced 240 eggs,
or an average of 5.2 per day. During the same season a female taken
in the field on early beans on June 9 was kept under observation for
42 days, but was accidentally injured in handling at the end of this
periocd. During the 41 days of egg laying she produced 173 eggs, or an
average of 4.2 eggs per day. The data for oviposition and female egg
records were not so complete for 1928 as for the two previous seasons;
the number of oviposition days was 397 and the number of eggs laid
was 1,200. This gives an average of 3.0 eggs per day laid gby all
females of all generations during 1928. A condensed summary of the
data for 1928 1s given in table 5.

For the three seasons the nverage was 2.7 eggs per day for all of
the females under observation,

Tirre 5.—Minimum, mazimum, and average ltme spend in various stages by the
polato leafhopper, Empoasca fabae, at Columibus, Ohio, in 1928

First hromd (Jane s=July 21} Second hroad (Tuly 4-Sept. 4)

Mini- | Maxi-
mim mum

) Bfini- | Maxi- -
Cnscs Average | Cases mum murmn Average

Number Dapz Nunther | Dapa Days Dps
Preoviposition meaan 12 3 14 0.0

Tneubabion . oo i 14 0. 603 7 14 B
Mymphal development.._ ... 15 . 9 24 1.9

1 ) ! 20 3 14 38 20. 5

Third brood {July 20-Be Fourlh brood {Ang, 20-0ct. §)

Pearion
Aint- | Maxi-
mun mini

L 4 Minl- | Maxi- |,,,
("uses Avorage | Cuses mum mun Averuge

Number| Dayy Daya Days | Nunber | Daps Days Days
Prooviposition 11 3 a 5.4 8 4 8 8.4

Tnetubation_ ..o o.... ... 46
EL

- 0.3 149 ) 22 [K%:1
Nymphui development_.

23
7 3.1 B i6 25 22,5

Totalerewaeoo .. e 10 b2 9 3 P 24 48 .3

MELATION OF TEMPERATURE TO OVIFOSITION

The relationship of temperature to egg laying has not been shown
in detail in view of the fact that egg laying seems to occur normally
over a rather wide range of temperature. High temperatures up to
90° T, or slightly higher have not aflected the normal activities of
Himpoasca fafae in any way, nor has it prevented or arrested egg lay-

ing. On the other hand, & sudden drop in temperature, even though
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not extremely great, or & fairly low temperature for a period of several
hours or days, inhibits sgg laying. The following actual records are
cited to illustrate these low-temperature effects:

In 1928 the maximum temperatures from June 20 to 25 ranged from
© 76° to 83° F., while the minimum ranged between 80° and 65°. On
June 26 the temperature dropped suddenly to a maximum of 66°
with a minimum of 59°.  On this date no eggs were laid by any of the
females under observation. On August 12 the maximum tempera-
ture dropped to 76° from a previous maximum of 80°, and the mini-
mum dropped from 63° to 56°, and no eggs were laid on this date.
The average temperature of 66° for this date did not seem to be suffi-
ciently high for the egg-laying activity., On September 17 a similar
condition occurred when a previous maximum temperature of 85°
dropped to & maximum of 71°, and a previous minimum of 60°
dropped to 54°, no eges were deposited on this date. Again on Sep-
tember 23 the temperature dropped from & previous maximum of 70°
to a maximum of 59° and remained 2t 58° or 59° during the 3 sue-
ceeding days. The minimum temperature ranged from 35° to 46°
for the same period. No cggs were laid by females under observa-
tion during this period.

The maximum and minimum temperatures are given here since
they seem to be the controlling factors., If the temperature goes
suficiently high during a 24-hour period or o portion of it so that the
insect becomes normally active, egg laying will usually oceur. On
September 4, 1928, the minimum tempernture was 51° F. but the
maximum of 70° permitted egg laying for this date, although it was
probably very close to the conditions mentioned above when no egg
laying occurred, A sudden drop in temperature during a rather
warm period will frequently reduce activity and prevent egg laying
for o short period. A sudden rise in temperature may oceur for a
short time during a rather cold period and eggs will be deposited when
the average temperature is relatively low,

INCUBATION

Incubation records were somewhat difficult to obtain with any
degree of accuracy because of the concealment of the eggs in the plant
tissues. The only way records could be obtained was by exposing an
uninfested plant to females for oviposition for a certain period of time.
It was usually necessary to expose them for 24-hour periods and to
estimate the Incubation period upon this basis. They are figured,
therefore, in whole days instead of fmctional periods.

In 1926 the minimum incubation period was 7 days for the first
three broods and 10 days for the fourth brood. The maximum time
in the different broods ranged from 11 to 19 days. The averages for
the four broods were 8.7, 8.4, 10.2, and 13.2 days, respectively, and
for the entire season the average was 9.9 days for 1,964 observations.

In 1927 the minimum incubaftion period was & days in all four broods,
while the maximum in each broed was 15 or 16, and the averages for
the four broods were 10.7, 9.8, 11.0, and 10.3, respectively. These
gave an average for the season of 10.4 days for 1,823 observations.

During the season of 1928 the minimum was 7 days for the first
three broods and 8 days for the fourth brood, while the maximum
ranged from 14 to 23 days. The averages for the four broods were 9.5,
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8.6, 10.5, and 13.8 days, respectively. These gave an average of 9.8
days for the 1,469 ohservations of the season.

For the three seasons of 1926, 1927, and 1928 the average incubation
period for 5,256 observations was 10.0 days.

RELATIONSHIPF OF HUMIDITY AND TEMPERATURE TO LENGTH OF INCUBATION PERIOD

During the incubation period the humidity may be, considered as a
constant factor, as the egg isin the plant tissue and is in a condition of
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saturation. If the eggis dissected out of this plant tissue 1t soon
collapses and no eggs thus treated hatehed.  So while humidity is no
doubt a primary factor, it can be considered a constant one, and
atmospheric humidity need not be considered further, so long as it
remains high,

Variations in temperature, however, show a decided effect upon
the number of days necessary for the completion of the incubation
period. The correlation between temperature and number of days
spent in incubation during 1926, 1927, and 1928 is shown in figures
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32, 33, and 34. In these dingrams each point in the incubation curve
corresponding to & deposition date represents the average period of
time required for incubation for all eggs deposited on that day. Sim-
ilarly, each point on the temperature curve is the average temperature
during the average incubation period after the date of deposition.
For example, the average incubation period for eges deposited on
July 20, 1926 (fig. 32), was 9 days, and the temperature indicated on
the temperature curve for July 20 is 74.5° F., which is the average
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of all temperatures recorded for the 9 days from July 20 to July 28,
inclusive.

These diagrams show that the rapid incubation of the egg is to a
marked degree dependent upon rather high temperature. Inswmmer,
with temperatures that are rather high and continuously so, the egg
will hatch in from 7 to 10 days after deposition. During colder
portions of May, June, August, September, or October, the incubation
period may extend to 23 days. In one case, in October 1927, not
shown on the diugram, the incubation period was 25 days.

In 1927 a rather cold period prevailed during the latter part of
May and early in June, again from August 10 to 25 and in the early
part of September. The cl‘onger number of days required for ineuba-
tion st these periods is quife characteristic.” In seasons like 1926
and 1928, when the fluctuations in temperature remain within a
rather high range of degrees, this great variation in the incubation
period is ot so marked until in September.
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The minimum temperature rather than the average iemperature
may be the most important factor, and development for a certain
gefloddmay be either inhibited or retarded by cold, and the hatching

elayed.

On August 12, 1828, the minimum temperature dropped to 56° F.
and hatching was delayed. Again on September 18 a drop of tem-
perature to a minimum of 50° prevented hatching on this date, and
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from September 23 to 29 in a series of days with mintmum dempera-
tures ranging from 36° to 48° hatching was prevented for several days.

HATCHING

The entire process of hatching was observed many times during
this study. Although the time required for the entire hatching
process varied considerably at different times, the series of movements
were quite uniform. In June, July, and the early part of August
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most of the nymphs emerged before 9 a. m. Late in August and in
Septernber most of the them did not emerge until nesrly noon. The
difference in temperature at this season, with cool nights and hot days,
seemed 0 favor hatching later in the day.

On September 1, 1926, four individuals were observed hatching
upon the main stem of a young bean plant below the first two originai'
leaves. The four eggs were about a millimeter apart, and they
hatched from top to bottom in sequence as though the eges had been
laid v that order. The process of hatching of each individual required
sbout one-half hour, and they began the hatching process ebout 10
or 15 minutes apart.

The head of the nymph is pushed through the plant epidermis and
remains in that position for about 20 minutes. The large red eyes
are conspicuous sind show quickly after the head first appears.  After
remaining in this position for some time without any apparent change
except a slight enlargement ot the head, the remainder of the hatching
process is completed rather rapidly. The body is rapidly pushed
out for a distance of ahout two-thirds of its length (fic. 35, 4)." Then
by a backward-and-forward swaying motion the insect continues to

Flobky 38, —A hntehiog lenfhopper, Empasscn fibne, cinerging frem veln on under side of loal: 4, With

body about two-thinds out of the plant; £, with only the tip of the abdaean still hield in the plamy
epidertniy, %50,

pull the hody out uutil only the tip of the abdomen remains in the
plant tissue (fig. 35, B).

During the process of hatching as deseribed, the insect emerging
from the plant has renmined dorsal side downward with the egs
extended tightly along the ventral side of the body to the tip of the
abdomen. Now by curving or arching the body dorsally or down-
ward very strongly, the first pair of legs are freed and exercised, then
the second pair, and finally the third pair are freed and vigorously
exercised in like manner, but ouly after & considerable amount of
sweying and bending of the body.” As soon as the Iegs are free, the
body is quickly bent forward, the legs hold firmly to the leaf vein,
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and by a prying motion the tip of the abdomen is pulled from the
plant tissue. In a few seconds the nymph becomes active and
wanders off to feed upon the under surface of u leaf, in some instances
moving around quite a while before feeding, but as a rule attempting
to feed almost immediately.

Many nymphs are unable to free the legs and in some cases nre
unable to free the abdomen and die without completing emergence.

NYMPHAL DEVELOFPMENT

The time required for nymphal development during these studies
varied considerably with the temperature, and there was a variation
for the different broods. In 1926 the minimum number of days from
the hatching of the egg to the adult was 10, which was the minimum
in the first three broods. The maximum was 15 in the first brood,
19 in the sccond, and 22 in the third. In the fourth brood only six
individuals were reared to adults and each of these requtred 22 days.
The average number of days for nymphal development was 12.4 days
in the first brood, 12.5 in the second, 14.5 in the third, and 22 in the
fourth. For all the individuals reared during the entire season the
average was 12.9 duays,

In 1927 the mimimum varied considerably, being 10 days in the
first brood, 12 in the second, § in the third, and 15 in the fourth,
The maximum showed 20 days in the first brood, 24 in the second
and third broods, and 25 in the fourth. The average numbers of
days for the four broods, respectively, were 14.0, 14.2, 18.0, and 17.1.
For the entire season this gave an average of 15.4 days.

In 1928 the minimum time for 11\'1111)11&1 development ranged from
8§ days in the first brood to 16 in the fourth. The maximum time
required runged from 15 daysin the first brood to 26 in the fouri‘.h J
while the averages for the four broods were 11.4, 11.9, 13.1, and 22
days, respec tn‘cT\r The average for the season was 12.3 da,ys

The average numnber of days for the nymphal development for the
three seasens was 14.02.

A Timited number of observations were made of the length of time
spent in the different instars. During 1926 some data were obtained
for all instars for the first three broods. These showed a considerable
amount of variation for individuals, but the averages ave probably
rether close to the mean. These averages in days are 2.6, 2.3, 2.3,
2.5, and 4.7 for the five instars, respectively.

HELATION OF TEMPERATURE To XVMPFHAL DEVELOPMEXNT

Previous discussion has indieated that precipitetion and high
humidity are more important than certain Himits ol temperature in
explaining the distribution of fom poasea fabae and ils ability to produce
large populations. Tn areas, however, which possess these primary
factors, temperature 1s undoubtedly an important srcondary factor
affecting the rate of developmens.  Assuming, therefore, that humidity
is nbove o certain minimum requirement, theve is n, definite correlation
hetween temperature nd rate of development.  TFigures 36, 37, and
38 show this correlation for the yeuars 1926, 1927, and 1928, respectively.
Euch point on the curve of nymphsl development is the average time
requited for all nymphs hatching on that date from any generation to
complete their development to the ndult stage.  Each point on the tem-
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perature curve is the average of all daily mean temperatures o which
the larvae hatching on a given date were sub jected during their aver-
age nymphal developmental period. For instance, 12 days was
the average developmental period for all nymphs hatching on July 5,
1927, and the corresponding point on the temperature curve is 75° F
This temperature was.obtained by averaging all the daily mean
temperatures for 12 conseeutive days, beginning with July 5.
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FIGURE 80, Averape developmental periods of nymiphs of Emponace fabae comparsl with the nvempe
temperdiures for the respective developmoenial perinds nf Columbits, Ohio, sensan of 3069%.

NUMEER OF HROODS

These studies have revealed four distinet broods of Empoasca fabae
during each season, with one complete generation, a second almost
complete, a partial third, and o smaller partial fourth generation
(fig. 39). The generations overlap greatly, and there is no definite
break in infestation upon bean plunts in the field at any particular
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time except when the beans begin to age and the leaf hoppers conse-
quently seek younger plants.

In 1926 the first eggs were laid about June 1, and eggs of the fourth
brood were still hatching on October 20. In 1927, under field condi-
tions, the first eggs were laid about May 25, and on November 1 eggs
were still hatching. Adults and second-, third-, and fourth-instar
nymphs were still present on rhubarb in the field on December 1
after & minimumn temperature of 25° F. had ocourred. Most, of the
food plants of this insect had heen killed at that time. In 1998 the
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first eggs were laid in the field about June 6 to 8 and on October 13
eggs were still hatching in the field.

o long as temperature and other conditions remain favorable for
development and activity, the adults of any given generation behave
similarly to the adults of any other generation since they immedintely
mate and begin egg laying. When%ute adults of the first generation,
adults of the second generation, and early adults of the third genera-
tion were mated on the same day, viable eggs were laid by each of
these females at approximately the same time,
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Fenton and Hartzell (19, p. 394), working with potato, state:
During the three years that life lustory studies were conducted,
atfempts were made to rear a third generation, but in every instance
the results were negative.” In the light of the data obtained during
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the present study and reporied above concerning the behavior of the
newly emerged adults, it 1s difficult to understand this negative resuls,
unless the different liost (potato) might explain this difference.
Porbes and Hart (21) have already reported four broods in Illinois,
Webster (60} reported. four hroods in lowa, and Washburn (52, 56)

rei)ort.ed three broods and probably four in Minnesota. It is doubt-
ful that these workers confused this with Empoasce maligne Walsh
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(E. unicolor Gillette), as Tenton and Hartzell suggest, because the
latter species has only one generation a year. The writer believes,
furthermore, that the present study is the first that has been reported
in which the morphologic characters were ever used to identify the
species both in the field and in the detailed biological studies.
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LONGEVITY

Longevity records for 71 females under observation in 1926 gave an
average of 30.3 days, in 1927 an average of 34.1 days was obteined
for 37 females, and In 1928 records for 18 females gave 33.6 days.
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In view of the fact that a number of records of 8, 9, 19, and 12 days
are included in the average for 1926, the average numbers of days
recorded for 1927 and 1928 are probably nearer the normal. In
each year some records are included where sdults were known fto
have escaped or to have been kilied, or where ohservations were
discontinued hecause of insufficient time for detailed records.

The maximum records for longevity were obtained in 1927. On
May 25 a female taken from the field was kept under observation
until August 25, n. period of 92 days. On June 29 a female emerged
which was kept under observation until September 28, a period of
91 days. These two longevity periods are the longest recorded for
this insect.

In 1926 the longevity Tecord for 59 males averaged 33.5 days. In
1997 records for mine males gave an average of 33.3 days. Records
kept for six males in 1928 gave an average of 33.6 days. No records
heve been obtained for males which will compare with the 91- and

9. ...ay records for the females, but the average1s shown to be as long.
HARBITS AND ACTIYITY

Both: the adults and nymphs are very active and respond quickly
to movements of the investigator, even when the plant Is not dis-
turbed. The normal place of feeding is underneath the leaf near the
midrib or large veins and to a large extent upon tlie main stems or

etioles of the lenves, espeeially when these are not exposed to bright
ight. This may be & response to one of several stimull or a combina-
tion of these. It may be a positive geotropic response or & negative
phototropic response, or may be a response to a condition of humidity,
since the transpiration on the under side of the leaf 15 much greater
than that on the upper surface and the humidity below is conse-
quently higher.  Measurements conducted during this study by G. W.
Blaydes showed that on a normal bean leaf under field conditions the
transpiration rate was much greater upon the nnder surface than upon
the upper surface. If disturbed in any way, the hoppers usually
walk sidewise and use this type of Jocomotion in going over the edge
of the leaf from upper to lower surface or vice versa. This is espe-
cially true of the nymphs. The adulis and frequently the larger
nymphs jump or hop when disturbed and thus perform the charac-
teristic type of locomotion for which they are named. If the leaf is
turned upside down the nymphs usuelly orient themselves very
quickly to this condition by running over the edge of the leaf to the
upper surface, which is then underneath.

The adults in the field are continuously changing from plant to
plant; and the nymphs change from one plant to another either by
hopping or less frequently by migration, especially when plants mature
or are destroyed by disease.

Both adults and nymphs feed from the leaves and stems of plants
by puncturing the surface with their slender elongated needlelike
mandibles. The maxillae, attached to each other, are then inserted,
forming a sucking tube through which plant juices are taken into the
pharynx, very much as in other Homoptern. The beak extends
backward ventrally, between the fore legs. When feeding, the insect
remains quiet, as o Tule, with the beak inserted in the plant tissue for
a considerable period of time. During this feeding process it pumps
out an enormous quantity of plant sap and excretes a large quantity
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of liquid which is dropped upon the plant foliage or fruit. When a
few of these hoppers are confined to a small ares of leaf surface, they
cause it to die in the course of 4 or 5 days. This demonstrates that
the actual drain upon the plants caused gy feeding is very severe.

A COMPARATIVE STUDY OF EMPOASCA FABAE AND E. ABRUPTA
UNDER OHIO CONDITIONS

During the summer of 1929, while the writer was still attempting
to solve the problem concerning the number of economic species of
Empoasea oecurring in the United States and their relationship to
E. fabae, permission was granted by the Bureau of Entomology to
bring hiving specimens of %‘ abrupie (then known as . fabae) nto
Ohio for attempted crossing with Ohio specimens. This study was
carried on under the most careful conditions, and a)l specimens were
killed at the termination of these experiments. The material of
E. abrupte was obtained through the kindness of H. H. P. Severin, of
the University of California, who collected the insects from potato.
The material arrived from California on June 10, and eggs which had
been deposited on sugar beet en route began hatehing June 12. On
June 27 several had matured to adults. A second brood was pro-
duced in July and the early part of August, and eggs for a third brood
were hatching on September 1. The material remained on hand
until October 10, when it was destroyed and the experimens terminated.

During the period from June 10 to October 10, unsuceessful attempts
were made t0 mate newly matured males or females from California
{Emponsca abrupta) with newly matured adults of the opposite sex
from Ohio (£. fabac). From June 27 to September 15, 25 reared
females from each lot of material were mated with males from the
other Iot. Not a single fertile egg resulted, although either species
could be reared abundantly if the females were mated with their
respective males under exactly the same conditions and in cages
similar to those used for these attempted crossings.

In order to prevent error in these experiments, plants were grown
in protected places to prevent egg deposition by leafhoppers before
they were exposed to the females under study. In order to prevent
fertilization soon after emergence, each individual nymph of either
lot was isolated during the last instar and permitted to emerge as an
adult in an individual container. Each was then examined to obtain
the sex record, and mated with a newly emerged adult of the opposite
sex from the other lot.

Certain coworkers had previously expressed the opinion that
because of climatic factors hopperburn did not oceur in Californin or
the arid West. In view of the fact that an éxamination of the in-
ternal genital picces had indicuted & distinct species and unsuccessful
atternpts had been inade to cross these two lots or species, experi-
ments were performed to obtain comparable types of injury of the
Ohto end California material under exactly the same conditions and
in a region where hopperburn is abundantly produced.

The same number of fertile females of each species, ranging from
3 to 10 in different tests, were placed on eacl plant and permitted to
feed and build populations without disturbance. The plants were
selected from potatoes planted at the same time and of approximately
the same size and condition. The leafhoppers were placed under
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FIGGRE 40.—.1, Potato pisnt injured by a known population of Empoasca febpe noder Ohip conditions; 5,

tato plant injured by s lealhopper population of the same pamber 55 csused the injury shows in .,

11t i this case the Insect was Entpoases abrupls. ‘The two plants wers in similar conditien and the tests
weve mads at the same time and place in Ohio.
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cages of 40-mesh copper screen wire {fig. 31) and were kept under
conditions as nearly normal as possible. In from 12 to 15 days
hopperburn appeared on the plants infested with populations of the
Ohio form (Zmpogsca fabue) and it rapidly inereased in severity
{(fig. 40, 4.) No hopperburn was produced on any of the plants
infested by the California species (E. abrupta), but an entirely different

u

Freure 41.—Beon el injured by Fmpousca ebrupte under Ohio conditions. Note the mottled appearancs
atk absence of curling,

type of Injury was produced, o stippling (fig. 40, B) which did not
cause the leat to curl or turn brown, but which resulted in the loss of
chiorophyll and o speckled-white appearance. The injury appeared
entirely different and was readily distinguished from hopperburn
cgused )by E. fabae. 'The same difference wes noted on bean plants
{fig. 41).
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These experiments show that Empoasca fabae and FE. abrupte are
not only morphologically different but biologically distinet, and have
different feeding habits,

Following this attempted mating and the differentintion of economic
injury by the writer, Smith and Poos performed similar experiments
in 1931 and made microscopic examination of feeding punctures of
these and other closely related species. In a recent report of this
work (48) they have shown that fmpoasca aebrupte, E. bifurcate, E.
Silamenta, E. maligna, and E. erigeron feed by puncturing the lower
epidermis of the leaf and then feeding upon the mesophyll tissue in all
directions from this point. This is responsible for the production
of the whitish spots (stippling) on the upper surface, In the case
of injury by FE. fabae the phloem cells are punctured, torn, and dis-
torted, and in portions of the midribs and stems of potato, alfaifa, etc.,
plugging is evident in the xylem tubes. This difference in feeding
undoubtedly accounts for the different type of injury.

SUMMARY

It has been found that the potato leafhopper (Empoasca fabae
Harris) has previously been confused with several other species, both
gconomic and noneconomie, occurring in diflerent areas of the United

tales,

Empoasca febae feeds upon a variety of cultivated host plants and
may cause several types of injury, such as hopperburn on potato,
eggplant, dahlia, and rhubarb; stunting, dwarfing, and rosette forma-
tion on beans; and pigtnentation on alfalfa and clover. Tlhese in-
juries are caused by its method of feeding. Severe losses are suffered
by its feeding on these crops.

Empoeasca jabae is primarily a low-altitude, humid-climate species,
although it occurs in small numbers in low-altitude areas of the
Pacific coast where rainfall is scarce. In order for it to build eco-
nomie populations it is apparently necessary that there should be
several inches of rainfall during the growing season.

Definite proof has not been obtained to show that Empoasca fabae
passes the winter in the Northern States. The evidence points to a
migration in the spring of the year from some more southern breeding
ground. This has been assumed after failure to find it in hibernating
quarters with other closely related forms, failure to carry it over when
it has been placed in hibernation, and fatlure to find a wild host upon
which it might breed. The late appearance in the field in the spring
would indicate that, if it overwinters in the Nortl, it must have been
active upon some plant. Finally, the sudden appearance of large
numbers of adults upon economic crops indicates migration from some
other source.

Empoasca fabae always appears in the field late in the spring (about
the middle of June in Ohio). Climatic factors and their effect upon
the growth of different types of plants were apparently determining
factors in regard to host preference and spring activity in the field.

When mating occurs normally the preoviposition period is from 3 to
5 days in duration.

The oviposition record can be estimated only on the basis of eggs
that hatch. During the 3 years in which detailed records were
obtained the average number of eggs produced per day per female, for
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all females of ail generations, was 2.8 in 1926, 2.3 in 1927, and 3.0
in 1928. Variations in temperature caused flu~tuations in egg laying.

The average incubation period during the season of 1926 was 9.9
days, in 1927 it was 10.4 days, and in 1928 it was 9.8 days. The
period of incubation, within normal growth temperatures, varies
with the temperature.

Nymphbal development also varies with temperature. The average
time for development during 1926 was 12.9 days, In 1927 it was 15.4
days, and in 1928 it was 12.3 days.

During the 3 years of study four distinet broods were produced
upon bean each season. The first was complete, the second practi-
cally complete, and the third and fourth were purtial generations only.

Records showed longevity averages of 30 to 34 days for all females
during the three seasons. The longest record obtained was that of a
female that lived 92 days after capture in the field.

An attempt was made to mate Empoasce fabae and the California
species JI. abrupte. All rgcords were negative, and no progeny were
produced. In addition, different types of economic injury were con-
sistently produced by eaclh species.
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