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/LIFE HISTORIES AND BEHAVIOK OF FIVE INSECT
~ ' VECTORS OF PHONY PEACH DISEASE

Ty Wroriay P, Teexen’ and Hsrscnrr, N. PorLawn, entomologists, Entaomalogy
Research Ricision, Agricaltural Researel Serpice

The inerimination ot four species of leathoppers——{Tomalodisca
coagulate (Say)# Oneomelopic wndata (B.), (fraphoce phala versuta
{(Suy}, and Cuerng costalis {F.)—ns vectors ot phony peach was an-
nounced in 1949 (8).* Since then at least two other ciendellids—
Homalodisca insolita (Wlk.) and Drueculacephala sp.—have been
shown to transmit the disease.” 7/, insofita isas effective experimentally
us the first four species, but appavently raceniacephala sp. is not
an eflicient vecior ().

The first two species are primary natural vectors. 6. versufe is
next in importance. Whether rosfalis and #nsolite induce natural
spread, except rarely, is doubtful.

The search for vectors of phony peach was begun in 1936 with beth
extensive and intensive surveys of the insect fanuna assoviated with
peach ovchards in the Houtheustern United Stutes. In conjunction
with these surveys, the habits of the first four vecfors, together with
those of many other species of ITomaptern, were observed incidentally.
By 1042, when circumstuntial evidence pointed more and more
strongly to a small group of Tettigellinne as suspects, additional at-
tention was devoted to observations on the habits and Lehavior of
this group. Once the four members of this subfamily were actually
incriminated as potential vectors, a more concerted effort was made
to study their fife histories and to determine definitely the nature
of their association with peach orchurds, Studies based on direct
observations in the field have been supported by data obtained through
the use of sticky-hoard teaps (), andd the field work has been sup-
plemented by Timited stucies conducted in an insectury at Fort
Valley, G, on the life histories of the different species.

etd observations of insolite were begun n 1952 and have also
been supported Ly limited life-history studies in the insectary, This
species is native Lo Mexico and the Southwestern United States, in-
cluding Arizona, New Mexico, and wostern Texas, and it has recently

“extended its range anceross the Gulf Siates. It was observed for the
first time at Fort Valley in September 1950, and since then it has

] P Relired May 31, 1057,

*UNEH recently the spocies of Hamotodisea canvuonly foumwd in the South-
. eastern United States bas been designated as frigectre (). Corrent <tudies
by Iy A, Young, North Caroling State Collegs, demousteate Lhat triguetre is
i 8outh snd Central Anterienn species that is not Sound within the limits of the
continentnt United States,  The species deseribed in this balietin is cotrgrifid
{Say).

A Italic nmnbors in parentheses relor bo Lileeatere €ited, p, 28
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increased in numbers so rapidly that it is now as abundant as any of
the other potential vectors with the exception of versuta.

Because of the marked inefficiency ot Draeculacephala sp. in trans-
mission experiments, its habits and behavior have not been studied
in detail. The members of this genus that occur in the Southeast
are typically gruss feeders. In our surveys and studies they have
never been found nssociated with peach trees. Although they can
live for a considerable time when confined on peach, it appears cer-
tain that they rarely, it ever, feed on this host by choice.

All the insects that have demonstrated ability to transmit phony
peach belong to one subfamily of the Cicadellidae—the Tettige linae.
Four of the six species are members of the same tribe—the Proconiini.
None of these leathoppers have ever been given common names, but
members of the subfamily as a whole are commonly called

sharpshooters.
DESCRIPTIONS

The adults of coagulata (fig. 1, J) are lurge, rather slender leaf-
hoppers, measuring from 11 to 13 mm. in length. The males ure
slightly smaller than the females. The head is bluntly angled and the
crown nearly flat. The general color is brown. The venter is ivory
with conspicuous black markings. At the base of the abdomen the
ivory color extends upward, so that when observed from above, the
insect appears to beav an oblique ivory blotch on either side of the
abdomen. The face, genital plates, and legs are approximately
mandarin orange. In newly transformed adults the veins of the fore-
wings are bright red and apots of red occur toward the tips of the
wings. Within a few days these aveas darken until the dorsal aspect
presents a homogencous brown appearance to the naked eye.

The nymphs (fig. 1, /} ave olive gray. In the first two instars the
eyes are reddish: in the later instavs they are darker, The uveragn
meusurements, in millimeters, of the nymphal stages are as follows:

st i} 3l ith 5th

jngtar  instar  instar  instar instae
Length of nymph 20 25 4.0 40 7.5-80
Width of hiead, including eyes oo 1.¢ 1.2 1.8 20 3.0

The adults of undeta (fig. 1, D) ave large, robust leafhoppers,
mensuring from 11 to 13 mm. in length.  The head is broad with a
rannded anterior margin and a sloping crown. The forewings and
pronotum are greenish blue to blue with irregular dark spots and
dlots. The crown. anterior margin of the pronotum, and the scutellum
are orange with characteristic black markings. Ventrally the insect
is orange and black. The legs are orange with sparse blaclk blotches.

The nymphs are davker colored than those of cougulata. The early
~stages have n bluish cust, and the later stages are slightly lighter.
The Afth-instar nymphs (fig. 1, ¢) bear dark markings on the head,
prothurax, and wing pads similir to those on the mlults, and some
of the adult blue coloring appears on the prothorax and wing pads.
The coloving and markings of fifth-instar nymphs of undara simulate
acult characters much move clozely (han those of coagulata. The



http:ofverf:n.da

FIVE INSECT VECTORS OF PHONY PEACH DISEASE 3

2

e I g e I e M

g

e it i AP

,

o

PN-f10

. F1cURE L—Cuernn costatis adult (A) and fifth-instar nymph (B5), Oncametopia
wndaie adull, () and Blib-instar nymph (O, Graphocephate versude adull ()

and fifth-instar nymph (FY, Homelodisea insolite adulit (67 and fiflh-instar
nymph {5, Homaledisca congrlate adult (f) and fifth-instar nymph (1), X (M4
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average measurements, in millimeters, of the nymphal stages are as
follows:

1st 2d 3d 4th 5th
instor  Insiar  instar  instor ingtar
Lengthof nympho. oo ____ 20 28 335 50 835300
Width of head, including eves.___._._____ Lo 11 L& 20 2.0

The overall width of the heads of undute nymphs is no greater than
that of coagulata nymphs. IHowever, the broadly vounded anterior
margin and curving crown make the heads of the former species ap-
pear appreciably larger than those of the latter.

The adults of wersuta (fig. 1, £’} ave elongate leafhoppers, but
this species is much smaller than any of the Proconiini, measnring
approximately § mm. in Jength. The head is bluntly angled anteriorly
and the crown is flat. The adults ave green with orange or ved stripes.
During hot weather these stripes are very light colored. and at a casual
glance the insect nppears to be yellowish green. With the advent of
cool weather in the fall the color deepens until the red markings ave
obtrusive. In the late fall and winter close examination is needed
to distinguish_this species trom small specimens of the generaily
higher coloved Graphocephala coccinea (Forster). The head of
versuie bears a charactevistic design of black lines, quite different
from the markings on corciner.

The nymphs (. 1, I} are yellowish white with large, angled heads
and a flattened crown. The average measurements, in millimeters, of
the nymphal stages are us follows:

Ist ad 3d sth 5th
instar  instar  instar  Instar instar
Length of nymph___ . ____ . ______ o ___ La L7y 20 28 4. 0
Width of head, including eves_____________. .5 .G .8 LD 1.3

The adults of costalis (fig. 1, 4) nre rather Inrge, robust leatf-
hoppers, though definitely shorter than the coagulate or wndata
adults. They average from 7 to 9 mm. in length. Anteriorly the head
is rounded and the crown is nearly flat, At a easunl glance the in-
sects appear to be dull red. Actually the forewings bear alternate,
narrow stripes of red and bluck. The crown, pronotum, and scutellum
are blackish with ivory markings. A conspicuous ivory stripe along
each side commences in front of the eyes und continues along the
entire Jength of the hody. The venter is black with ivory dots. The
legs ave blaclk and ved.

The nymphs (fg. 1, B) ave strikingly colored. The dorsal sur-
face bears 4 fuscous and 3ivory or cream-colored stripes commencing
at the middle of the crown and extending to the tip of the abdomen.
Other coloring and markings are similar to those of the adults, except
that the venter is red instewd of hlack. The average measurements,
in millimeters, of the nymphal stuges ure as follows:

Ist %] a 4Lh 5th

instnr instar  instur  instar instor
Lenpthof nympho oL ____ . _____ L3 22 24 4.5 55G0
Width of bead, including eyoes___. ., _._. . LT O L2 LT 2.0

The adults of inselite (fig. 1, €2) are rather large, slender leaf-
hoppers but distinctly smaller than the congnlat ndults.  The fe-
nutles average 10 to 11 mm. in Jength. The males are slightly shorter




" and more slender than the females. The general color of the females”
is dark brown, whereas the males avesnearly black. Both bear a
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conspicuous longitudinal ivory strvipe along each side of the body,
extending from the eyes to the tip of the abdomen. The legs of
recently transformed adulis are bright ved, but with age this color
changes to dull orange or even to orange yellow.

The nymphs (fig. 1, H) range from olive gray to greenish gray,
the later stages being marked with progressively prominent dark
stripes on the abdomen. There is also a charuscteristic pattern of
spots and stripes on the crown, pronotum, and sides of the abdomen.
The average measurements, in millimeters, of the nymphal stages are
ns follows:

18t &d Al 4th sth

. Instar  instar  instar  insiar lugkar

Length of nymph____ . ____ 24 33 44 55 8.0

Width of head, includingeves_ ____________ .7 Lo L2 18 2.0
DISTRIBUTION

These five leathoppers ave primarily southevn species and eoagulate
is strictly so. It is abundant in the Coastal Plain from the generul
latitude of Leesburg, Fla., to that of Augusta, Gu. South of Lees-
burg and north of Augusta the population decreases very rapidly.
Specimens have been taken as far south as Homestead, Fla., but in
Georgin we have failed to collect roagulaie north of a line running
from Carrollton to Madison. In South Carolina no specimens have
been taken in the Spurtanburg area. In North Carolina oceasional
individuais have been collected in the Coastal Plain as far north as
Fayetteville, but the species is moderately abundant only near Lumber-
ton. At this Iatitude we have never found it so abundant near the
coast as we have farther inland.

In the Mississippt basin ecoagulate has been reported as far north
as St. Louis. This occurrence must have reselted from an accidental
movement or from a temporary, northwurd surge caused by some un-
asanl climatic conditions. During 19 years of surveying we have
never taken coagulate in the Mississippl Deita north of Mavianna,
Ark., and Greenwood, Miss., and only rarely at these points. Oddly
enough the species is not at all uncommon in the hill country of eastern
Mississippt as fav north ns Pontotoc and is abundant in the THghlands
area at Nashville in southwestern Arvkansas. In Texas roagulete is
common throughout the eastern part of the State.  Qur surveys show
it is rather abundant as far west as Brown and Kerr Counties, and
specimens have been tiken in Val Verde and Bdwards Counties.

0. undate has & much wider distribution than #. cengulnta. 'The
former is found in appreciable numbers from the southern tip of
Florida at Homestend to northern Maryland near the coast and to
northeastern West Virginia farther iniand. Occasional specimens
have been taken in Pennsylvania, and a specimen has been recorded
from Oswego, N. Y. (4. p. 160).
 Farther west we have taken considerable numbers of undate as far
north as Vincennes, Ind., and Centralia, Ili. The species is common
throughout the Mississippi Delta at Jeast as far novth as Lake County,
Tenn. It has been collected in the delta counties of southeastern Mis-
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souri and throughout the sontheastern half of Arkansas from the
Missouri line to the Highlauds nrea at Nashville. In Texas the spe-
cles has been collécted near Tyler and Novth Zuleh. Tt has been re-
ported from Arizona, but westwardly it appears to become scaicer.
At Brownwood, Tex., we failed to find it on hosts that are partien-
larty favored farther east and that were supporting considerable pop-
vlations of coagulata. In areas offering optimum conditions for coag-
wlata that species is far move common than undeta, cutnumbering it
by ratios ranging from 8 to 1 to as much as 80 to 1, the proportions
varying greatly from year to year (table 1}.

Tasre 1. —omparative calches of Homalodisca coagulata and On-
cometopia undata adults by seasons, 1947-52

i Homalo- : Oncome-

Season and date : Haost disca tapin
cougulfaln |\ undaeto
Winter (hibernation area): , Number . Nwsaher
Feh, 14-Mar. 20, 1047, ______ > Shrubs in woods_____.___ 130 Ly
Farly spring:
Mar. 29-30, 1948 ___________. Peach____________..____ 8 203
Midspring: )
Apr. 18-May 5, 1049 _________0 Ashio nursery___.______ 52 235
May 18-20, 1940 __._________ , Bunflower_____________. 13 35
Late spring and summcer:
June £3, 1949, ___________ emmam Ao oo 104 13
June 22-July 13, 1950______.. ._.__do 182 20
July 12-18, 1950 _.__________ Peach (phony stumps)__ ¢ 76 15
July 20, 1949 .. CORe e e : 174 | a7
Aug, 10-24, 1940 ___________} “Siek™ peach and phony : 40 1113
" stumps. ;
Late summer and fail: '
Sept. 5, 1952 _ __ . _________.__ Phony stumps___ _______ 52 I
Oeot, G=0, 1952 _ . .. Peneho oo oo L. : ig 1
2 - l

Qet, 18, 1049 T TTTTTTmT edo_ L IIIIITIIT :

! This Beare is probably undaly low, sloce there s consbdoralde evidence thut this spocies hiberaites
partiy In the lest nyniphal swaee.

Until very recentiy the southward distribution of wadate was dif-
ficult to understand. \lthough its northern range far exceeded that
of eoagulata and althongh wnduts is far less abundant than coagulala
in central and southern Gieorgia, yet in Flovida wndata is the pre-
dominant species from the approximate latitude of Ocuala southward.
It outranks ceagulate by as much us 18 to 1 near Lakeland and Bar-
tow and is common asg far south as Tlomestend. Indeed undata is
much more abundant in Florida than it is in central and south
Georgia. Studies made by D. A, Young in 1956 may solve this
anomaly. Dr, Young found that the sedeagus of some specimens of
undate near Jacksouville, [la.. varies distinctly from the nedeagus
of males from more northern latitndes, Snbsequent collections 1n-
dicate that the forms in peninsubur Florida are ail the southern type
and that typical undate and the Florida form overlap in a narrow
zong in extreme southern CGreorgin. In this zone many of the males
have the aedeagus intermedinte between the twp extremes. At pres-
ent it is uncertain whether these two forms represent distinct species
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or merely varvieties or geographical races. Specimens of undute
from Florvida cannot be distinguished tfrom Georgia specimens by any
recognized external characters.

G wersute appears to be more restricted in its northern range than
0. undata. We have taken wersute in Virginia and Maryland, but
failed to take it in Pennsylvania. It is not recorded as Leing pres-
ent in New York. Farther west we found it occasionally at Vin-
cennes, Ind., Annn, IIL, in southeastern Missouri, thronghout Avlun-
sas, and as far west us Brownwood, Tex. Our southernmost record is
Homestead, Fla.

Osborn {6, p. 99) has stated that costalis {(futeralis) “is a northern
species,” and he has listed several collections from various localities
in Maine,  Also lie (7. p. 229) stated that the species “occurs through-
ounf the northern United States from Maine to the Rocky Monntaing
and alse to the south including Tennessee und the Carvolinas,” al-
though at the same time he has remarked on the paucity of recorded
collections from Ohio, except along the Ohio River. Leonuard (4 p.
160} has recorded specimens from zix localities in New York, includ-
ing the Adivondacks, Medier (5. p. $2) has examined 104 specimens
from Mmnesota and has veported that costalls is present “through-
out the State.”

Althongh costalis obviously has a wide range in the Eastern
United States, our swrveys indicate that even this species may be
elassed us  fundamentally southern. Tt is common and appears in
large popuiations throughout the Coastal Tluin from North Ctarolina
ta east Texas. We have taken cosielis as Fav south as Dasco
County, Iln.

I, tnsolite invaded the Southesst so recently that its distribution
13 still indeterminafe. At present it ocenpies much the same ares us
coagulatn. Specimens have been taken as fur south as Oeala, Fla, To
the north it bas been eolleeted at Rockingham, N. C. and Guild,
Tenn., shightly north of where coagulatn is fornd.  Surveys suguest
that the northward spread of fnselite is very slow and the species
may have about reached s limit in that direction,

HABITS AND BEHAVIOR

Althougl the Tettigeliinae vary widely in their habits and behavior,
they have one churacteristic in common—they feed from the xylem of
thetr plant hosts.  Several of them seem to obtain all their food from
this souree, u feature that appemrs to be critical in natira) bransmis-
ston of phony peach, becanse the virus itsell is confined to the woady
eylinder of its hosgts. The five leafhopper species described in this
bulletin have some habifs in common, although they vary notably
in others. It appears best to present our asta in a general man-
ner, indicating the similarities and dissimilarities among the different
species with regard to their seasonad behavior and feeding habits.

Seasonal Progression

Hibernation.—A\Jl five species normally overwinter as adults,
However, nearly grown nymphs of coaguluto. undata. and costalis mny
begin hibernation as nymphs and transform to adults during warm

1677800 —58——2
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periods early in the winter. Once fifth-instar nymphs of wndata were
collected while feeding on laurelcherry on March 31.

In middle Georgia cogglata, undate, versute, and insolita move
to wooded areas with the advent of cold weather and spend the entire
winter there. They may overwinter in hedgerows or in and around
farm buildings, but no dirvect evidence of such a habit has been ob-
tained. In contrast to the other sharpshooters, costalis spends its win-
ters in open fields, orchards, or along the margins of woods, seeking
shelter under such matted grasses as Bermuda grass and crabgrass.

Hibernation is incomplete for all five species. The insects are qui-
escent during cold periods, but warm, daytime temperatures induce
appreciable activity, including feeding and, for those species sojourn-
ing in woods, considerable flying. At times during the winter speci-
mens have been observed on deciduous trees feeding on the twigs, which
may be 15 or 20 feet aboveground. All attempts to carry individuals
of cougulate over the winter at continuous low temperatures have re-
sulted in death of the insects within less than 2 weeks. Probably
feeding at intervals throughout thie winter is obligatory for some
species.

Spring.—When the weather commences to warm up in Iate winter
or early spring, which is from mid-February te early Muarch in
central Georgin, insect activity becomes more and more general. O.
undate leaves the woods vather early. By early April considerable
numbers may be found feeding on twigs of peach trees and on many
other trees and shrubs growing in open fields and around homesteads.
1. coagulate appears to be more reluctant to leave the woods, and
except for an occasional individual its spring migration lags behind
that of @. undeatn by as much us § or 4 weeks, So for a limited time
undaie appewrs to be more abundant than ceagrdata, although ac-
tually the latter species was always much more numerous in the ares
imvestigated. This early-spring behavior is also anomalous, in that
all members of the dilatory species finally leave the woods, whereas
an appreciable percentage of the wmore precoclous species remaing in
the woods throughout the year.

After considerable populations of these two species appear rather
suddenly in the field during late Mareh and April, the numbers of
adults gradually decline as overwintering insects die off, so that udult
populations are at a low ebb in May and individuals ave diffienlt to
find. When first-gencration adults uppear exrly in June, the numbers
vapidly increase, and the adult populations reach their peak during
the Jatter half of June or early in July.

H. insolita and (. wersute both jeave their hibernation quarters by
early March, the former moving immediately to grasses and the
Tatter settling on shrubs and perennials, such as wild, or chickasaw,
Plum, privet, and blackherry.

No muarked spring migration of eostalis oceurs. These insects feeil
on rejuvenated perennial grasses or on low-growing biennials, such
ag evening-primrose, in the immediate localities wheve they over-
wintered, or they move only short distances to find satisfactory foodl
plants.

1. congulata and 0. undate mostly confine their feeding to twips
of woody plants until such time ag stout-stemmed annnals {e. g., sun-
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flower, hollyhock) reach a satisfactory stage of growth—an indefinite
peried from mid-Muy to early June. @&. versute nlways prefers per-
enninl plants. Though occasional specimens may be found feeding
on tender new growth of shrubs and trees, most of these insects
spend the entire spring on such hosts as blackberry and ragweed
or young cultivated plants, such as sunflower or cotton.

. costalis largely feeds on grasses, but it also feeds in early spring
on low-growing broad-leaved weeds. Later in the season some in-
dividuals transfer to the stems of taller annuals, such as cotton,
sunflower, or ragweed, and even fo scedlings of such woody plants
as panch,

I1. nsolita is move strictly a grass feeder, seldom heing found on
iny other host. .

ummer.—During the summer congulnte and undate feed largely
on weeds and certain field crops. Heowever, occasional individuals
continue to feed on peach and other tree hosts throughout the sum-
mer. If peach trees decline from any ecause, such as winter injury
or severe seale duwinage that induces “sour sap,” coagulate in particu-
Lar swarms to such trees in great numbers.

", costaiis and /. insolita attack grasses almost entirely, although
the former may still be taken oceasionally on crop plants or on broad-
leaved weeds. (7. wersute continues to be a rather difluse feeder,
exhibiting no striking host preferences among the various broad-
leaved annuals and perenninls. Individunl insects may he taken on
wild plum and other shrubs or on young trees in hedgerows and
thickets.

Late Summer and Fall.—In Tate summer s their favored weeds
and feld crops begin to mature and dry up, eoaguiaie and undate
transfer more rapidly to wooly plants. This movement may begin
in late August. By mid-September it is in full swing, and by early
October practicaily all feeding is conlined to trees and shrubs. Tt
is at this time thut individnals arve found on peach trees in greatest
nunibers,

(%, wersuta, with more cosmopolitan tastes ns to herbaceous food,
continues to feed on many of the lale-blooming Compositue through-
out the fall, and no marked trend on the part of this species to seel
woody plants at this time of yvenr has been observed.  As might be
antieipated, during the fall costalis feeds more and more on grusses
and dnsolite teeds exclusively on this host.

With the maturing of the seeond generations. eoaguinia and inso-
Lita increase appreciably in numbers during late September and carly
October. “This particular phenomencn has not been observed for the
other three species. In fuct undata appenrs to be at its lowest ehb
at this time. Since these observations ave purtly bused on data
obtained with sticly-board traps, it is quite possible that they do not
present an entirely tene picture.  During the specified period cougu-
lufe is moving from herbaceous to wooly hosts, and insofife appenrs
to be very active, perhaps preliminary to migration into winter quumr-
ters. On the other hand. rersuta does not appear to experience any
sensonal restlessness at this time, and eosfedis. with no change of host
and ne fall migration in prospect, is notably quiescent. No expla-
nation of the comparative searcity of undate is forthcoming,
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“Those species that winter in the woods begin gradually moving
from the fields as early as mid-October in some years. The migra-
tion i long and drawn out, its rate depending on the occurrence or
absence of cold spells of limited duration rather than on general mean
temperatures. Usually most of the insects are in the woody by the
first of December, but during the abnormally warm antwmm of 1947
considerable numbers of coagulate were still in peach orchards as
late as December 15. In 1948 the fall was again unusually warm,
and large nunbers of coagulata that were feeding in oak trees in the
open on Deceniber 28 were killed as the result of n sudden freeze.

Mating and Oviposition

The adults of costalis. wintering under matted grass, have been
observed in copula as early ns Junuary 19, and several mating pairs
have been seen during January and February., Such early sexual
activity does not appear to result in very early reproductive activity.
The earliest date on which we have found egg clusters is March 8.
Undoubstedly other clusters have been overlooked, and oviposition
may commence sooner than the frst of March. Ilowever, we have
never found any hatched eggs prior to April 12. Mating pairs have
been obseived during every month from January to August, except
July, indicating » pronounced overlapping of generations during each
Fear,

Because of the manner in which coagulate and undate hibernate
and start their yearly nctivities in envly spring, it has not been feasible
to observe thetr foremost matings. Ouv earliest records for these
species were mude in April.  Actunlly copnlation must occur rather
commoniy at least in Mareh, because egg masses of coagulate have
been found in April and once in 1952 as early as April 4. Similarly,
ega masses of wndata huve been noted as early as April 5 in 1951 and
April 9 in 1952, Mating pairs of coaguleta have been taken monthly
from April through September. Similar captures of paired undata
have been made monthly from April through August. “Although the
data are only gemerally indicative, the greatest numbers of paived
coagulate and undate were tuken in June and July and in April and
May, vespectively, and the next Inegest numbers in April and in June
andg . July. respectively.

Very few mafing pairs of insolite have been observed, largely be-
cause of the rather obscure location in which they live and because
almost all collections of this species liave been made by rigorous sweep-
ing.  Fowever, one paiv was collected as enrly as Mureh 17 and other
mating couples have been ohserved in June, Julyv.and Angust.

Data concerning early-season sexual activities of rersuta arve only
fragmentary. Actually our earliest observation of copulation was in
May. However, the insects are abundant in the field by March 15,
and mating and oviposition by the overwintered generation must
occur ag early as ov earlier than for congulate and wndate. Luater
observations on mating pairs have been made monthly from June
through September.

The fonr members of the Proconiini--congulata. undata, costalis,
and inselite—lay their cegs in clusters. The eggs arve inserted just
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Fusrree, Do~ Few mwiass ol Queomefopio aidala in stem of polieweed (03 il of
e coxfalis in blade of Jabnson grass 8y, N G,

mider the epiderinis of a leal or of o tender plant =tem, A cluteh
cotststs of 3 or 4o 2% cpes the foriier the resnli of some interference
witle the ov I]Jf:-,li!rilf Femmle, The vires Qie closely side by =ide oo
single Javer. Each cge is inserted dependently of the others. but
the Temale {|i‘])()'-1[- them o neatly 1i the individual oviposition
punctures are alined ahnost <o aight or in s very slighi. even are.
Fhe epes are inzerted deeply {‘!it)l!“‘h %o that they are fully coves {‘il
by the epidermis of the supporting leal or stem, but flie covering is
so thin that the ontline of exch eoe winy be diseerned withont mmrnill—
cafion.  AS the eges matnre, o chatge of color imay be deee becls anel
when the red eve spots develop hhnlil_\ hefore hatelilng, these spots
are strikingly evident.  (Fig. 2 band 50

After the comnpletion of o single tli:[t he the wedute emale vovers
Hhe entire aren with n heavy challe conting seeveted from the anal
vegion. . coaguluta and insolite lzo seevele the vhally neuerial, bat
they coal their ege batehes mneh more lipghtly.  Sometrinies the cont-
ing s hardiy noticenble alter o day or twe. Anointerestioe habht has
been obzevved i connection with thiz ehalky secretion. The gesvid
fomules oceasionally stroke the ips of (heir hadios with theie hindd
tiline, franslerring some of the ehalk o their legs. Then bringing the
Pibipe forwad, they beans=fer the aaaterial to theie elyvies by rabbing
tiom with s civendae motion. The aetion leaves rather hiree, iuliml
=pots of ehatk onthe elyim, These dey quielkiy wnd usially remain in
place during the rest of the inseci = hfe,
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€. costalis does not produce the chalky material and of course does
not cover its egg clusters as do the other three species. :

In the choice of oviposition sites these four species exhibit some .
very Interesting differences in behavior, which in ne way conform to
taxonomic relationships. In confinement all the species wiil lay eggs
on peach and wild plum, althongh this procedure appears to be very
abnormal under natural conditions. When caged on these hosts, three
specles oviposit in leaves, showing little if any choice between upper
and lower surfaces, wheveas insolitn lays only in twigs.

The observed host plants of the five leafhopper species are recorded
in table 2. Under natural conditions coagulate ovi posits mostly in the
leaves of herbaceous plants, both annuals and perennials, although oc-
casional egg packets have been found in the leaves of woody plants.
All the observed egg packets were inserted in the lower surface of the
leaves, with one exception. One batch was found in the upper surface
of a redbud leaf.

TaBLE 2.—Hosts of phony peach insect vectors, based on field oviposition
records, 1949-55

ffomualo- Drigome- Cuarna flomulo- Grapho-
diveq tnpin - gostaliz dizcq cepfinla
coagulala nadote insolita rersuin

WaoDY PLANTS

Crapemyrtle
Elderberry
Houeysuckle
Pench

Blackberry
Coffeeweed
Cowpen
Dahlia

Girasses:
Bermudu

Fexas millet _______________"
Creonbrier
Mibviseus. oo oo .__ . ot
Hollytook

Ragwend
Sunfower
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0. undate is less consistent in its choige of sites for oviposition. Xt
too mostly prefers herbuaceous to woody plunts, but it lays its egps
rather indifferently in both leaves and stems. Like coagulata, it pre-
“fers the lower surface when ovipositing in leaves, the only exception
in our observations again being the redbud. Our vecords of undate
are much move numerous than those of ceagulete—undoubtedly be-
cause the heavily whitened egg packets of the former are so much
move conspicuous than those of coaguieata.

. costalis and H. inselita oviposit in grasses, the former in the
lower surface of the blades, the latier in the leaf she«ths. The eggs
of énsolite have been found only in Johnson grass and Texas millet,
except for a single cluster observed in ernbgrass. Those of costalis
have been observed in Johnson and Bermuda grass, as well as in
Texas millet and erabgrass. One bateh of eggs of this species was
found in the lower surface of a cowpea leaf and another in the upper
surface of a low-hanging peach leaf. This lust site was undoubtedly
abnormal.

In contrast to the other four species, versufu Jays its eggs singly.
These are deposited just under the epiderimis of leaves and are appat-
ent as very small wet spots, an effect probably due to the separation
of the epidermis from the leaf purenchyma during oviposition. As
with the other vectors, versusa will lay exgs in peach leaves when con-
fined on them. However, we have never observed the eggs on peach
in the open, nor have we ever found nymphs on this host. In the
field, eggs have been tound in the leaves of ragweed, sunflower, and
okra. ﬁ:]ggs can be detected only as the result of tedious seavching,
and it seems cevtain that the species must oviposit in many other
annnals and perennials, since small nymphs have been observed, some-
times in abundance, on such plants. This is particularly true of
blackberry. TUnder natural conditions all egys we have found have
been laid in the upper side of the leaves,

Food Plants

Since all five species of leathoppers are about equaliy effective in
the experimental transmission of phony peach, a knowledge of their
nataral feeding habits, particularly their definite association orv luck
of associntion with peach, is of paramount importance as & guide to
weighing their probable role as natural vectors of the diseasze.

Most, of these sharpshooters are found on a great vaviety of plants.
H . insolita appears to confine its choice to a limited number of grusses,
but the other four species accept a very wide range ot {ood plants,
apparently without reluctance. As an exumple, coagulete has heen
observed feeding naturally on over 100 species of plants belonging to
31 families, from Pinaceae to Compositae {table 3). 1ts actual food
range is even wider, since new hosts are being recorded yearly. The
list of observed hosts of wndate is shightly suuBer, undoubtediy be-
cause this species 18 much less abundant than conguelafe in central
Georgta and consequently has been less frequently observed in the
field.  All available data suggest that undete will feed naturally on
any plant thut cougulate will feed on wnd vice versa.
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TaBLE 3.~=Food plants of phony peach insect vectors

Foma- | Onco- | Cicerna Hama- | Grepho- : .
Host fodixca | mefopia | costalis {oitiece | cephala ;
falaj wndufa insolita | cersuta

WOODY PLANTS

Anacardincene:
Mango (Mangifera indica)
Suinae (Rhus ap.)

Aquifoliaceae:
Hollies ([lex spp.)
Yaupon ({lex vomdtoria)

+ Bignoniaceae:
atalpa (Celalpa bignonicides)

Trumpetcereeper (Campsis radicans)

Caprifoliaceae:

Elderberry (Sembucus conadensts)
Honeysuckle {Lonicera juponica)

Eincagnacene:

Elaeugnus (Elgeagnvs sp.)

Luphorbiaceae:

Tung (Aleuriles fordi

Fagacenc:

5:11{5 (Quercus SPP.) - v oo e ;

Ginkpgonceae: !
Maidenhair-tree (Ginkgo biloba)

Hamamelidaceae: :
Sweetgum (Lipeddembur siyrociffua) .. ___,

Juglandaceae: .
Pecan (Carya illinsensis)

Watnut, black {Sughtns nigra) . . ..

Lauraceac: :

Sassafras (Sussefrus elbidum)

Leguminosar:
Redbud (Cereis spd oo .o .....
Bilktree (Adbizzia fuliberissim._______ . _
Wisteria (Histeria sp.)

Lilinceae:
Yucen (Vucca aloifolim

Lythraceae:

Crapemyrtle ( Lagerstroenriv fndicad

Magnoliucear:

Bweetbay (Magnolie virgintnne)

Melineeae:

Chinaberry (Melin o zedaraeh)

Moracene: ;

Fig (Ficws) ... o e i

Nyssacere: |
Blwckgnm (Nyssu sylvalicd)

Oleaceno:

Ash (Frazinus s .. _ L. . ...
Jasinine (Jusminim primuling )
Privet (Ligustrum sp.)

Pinncene:

Arhorvitae (Thuge spd. oL .. ______
Pine (Pinus pulunstrisy |

Pittosporaceae:

Pittosporum (Piltosperiim =p.)

Rosacear: :
Apple (Malws sylvestris)y .. ...
Cherry, black (Prunes seroffne) ... .. ...
Cotoneaster (Cotoncaster sp.)

Firethorn (Pyracanthe coceined)

MoMom
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‘TaBLE 3.—Food plants of phony peach insect vectors—Continued

Tloma- | Ones- | Cuerna { Fiama- 1 Grapho-
Host lodisce § metopia | costalis | lodirca | cephaln
gitlalal undate insolita | reranta

WOO0DY PLANTS—Continned

Rosaceze—Continued
Laurelcherry {Prunus eqroliniana)
Peach (Prunus persical._.______.
Pear {Pyrus communis} |
Plum, chickasaw (Prunvs a ngqustifolial ___
Plum, cultivated {Prunus spp.)

Salicaceze:
Willow (Saliz nigra)}

Theaceae:
Camellia (Camellia joponica)

Ulmacene:
Elm (Ulmus americana)

Vitaceae: :
Grapes (Vs spp.) o omm L

i

Amaranthaceae:
Pigweed:
{ Awmaranthus hybridus)
{Amaranthus spinesus)
Asclepiadaceae:
Milkweed (Aselepius sp.)
Chenopodiaceae:
Lambsquarters (Chenopodivm cthum)
Compositae:
Bitterweed {Helenium tenuifolivm)
Boneset ( Enpatorium perfoliatum) X
Chrysanthetwm (Chrysanthemen spy_ oo ____ |
Cocklebur { Xanthivm sp.) X
Dahlia {(Dakliasp) .. .. . _._ . __‘__.. __
Dogfennel {Bupalorivm capillifolinm) _ . X
Goldenglow {Rudbeekia larininta var,
horéiensia)
Goldenred {Sofitago sp.)_
lorseweed {Erigeron canadensis) . _ ... _ .
Lettuce, wild {Laclure canadensis)
Ragweed (Ambrosin artemisiifotia)
Bunflower {(Helianthus spp.)
Cruciferae:
Turnip (Brassice rapa)
Geraniaceae:
Geranium, wild (Geraninm sp.)
Gramineae:
Bermuda peass {Cynodan ductyion)
Corn (Zea mays) ... . ..
Crabgrass (Digilaria sunguinalis)
Johnsan gruss (Sorghum hele pense)
Rye (Secale coreale)
Ryeprass (Loltvm multiflorum)
Texus millet (Pandewm tezanum_____ ... .. ... X
Wheat (Triticum eestivwm) .. ________________ ... X
Iridaconce: ; | =
Gladiolus (Gladiofus sp.) oL ______ b X
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TasLE 3.—Food plants of phony peach insect vectors—Continued

Foma- | Onco- | Cuerne § Grapho- -
Host {odisen § metopia | costalis F cephala
gulats) undata ingolfle | persuta

EERBACECUS PLANTS—econti

Labiatae:
Wild bergamot {Menarda fistulosa}
Leguminosae:
Coffeeweed: .
{Cassia eccidentalis)
_ {Cassia tora)
Cownpes {Vigna sinensis)
Lupine, blue {Lupinus angustifolius)
Peas, Austrian {Pisum salivum var.).__
Peas, garden (Pisum safivum)________.__ f
Lilinceae:
Asparagus (Asparagus officinalis)
Malvaceae:
Cotton {(Gessypium herbaceum) .
Hibiscus {(Hb1seus 8P} e m
Hollvhock (Althaea rosea}
Okra { Hibiscus esculenits)
Onagraceae:
Evening-primrose:
{Oenothera biennis)
(Denothera laciniata)
Phytolaccaceae:
Pokeweed (Phyfolacca americana}
Polygonaceae:
Diock (Rumer sp.)
Rosaceae:
Blackberry (Rubus spp.) -

Even so, these two species do exhibit a certain amount of food
preference. In central {ieorgia, sunflower, hollyhock, okra, and
Tambsquarters nre favored herbuceous hosts, together with such field
erops as cotton, corn, and cowpeas. Qur observations have not been

- sufficiently exhaustive to designate the outstunding favorites among
woody plants. However, ok, ash, silktree, and crapemyrtle are near
the top of the list and peach is undoubtedly a favorite.

The selection of x woody host at any one time uppears to depend
considerably on the temporarily satisfactory condition of that plant
and equally on the unsatisfactory condition of alternate food plants.
During 3 consecutive years lurge numbers of cougu/ate and undata
were attracted in early spring to ash trees prowing in a nursery.
They were not found on this host until new growth started, and they
left us soon as the new leaves were fully opened. In 1948 and 1949
coagulata ted very freely on ceapemyrtle bushes of varying size near
Fort Valley. Since then no specimens have been found on these
particular planis. In 1948 and 1949 buge numbers were token on
crapemyrtle growing in a nursery nemi Fort Valley. Subseguentiy,
very few were found on erapemyrtle in this nursery until 1952, when
they were again abundant. Many other variables and unconformities
might be recorded with regurd to the feeding habits of coagulaln
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and wndate. However, two features of these phony peuch vectors
are outstanding: (1) Their wide choice of food plants, with the sub-
sequent effect on efforts to control the species with insecticides: nnd
(2) their pronounced attraction to peach as a favored host, particu-
larly during the spring and fall,

The older nymphs of these two species have been collected on almost
all hosts that have been recorded for the adults, However, nymphs
in the first two instars ave generally unable to survive on woody
plants. Many times when gravid females confined in tight cloth
cages have laid eggs in the leaves of peach or plum, all resulting
nymphs died without reaching the second instar. All attempts failed
to rear the younger stages on peach twigs in an insectary. Some
newly hatched individuals did develop very slowly and molted once,
but all died during the second instar.

Althongh wersute feeds indifferently on woody and herbaceous
hosts, no seasonal migration from one type to the other has been
observed, nor has evidence been oblained that indicates any pro-
nounced attraction to woody hosts at any time. Scattered specimens
are commonly fonnd on wild plum thronghout most of the growing
season. Individual insects are oceasionally taken on peach, but any
nssociation between this leathopper and peach appears to be casual,
(", costalis feeds for the most part on a wide vuriety of grasees,
Jow-growing herbs, such as evening-primrose, and seedlings of hoth
herbaceous and woody plants, particularly when they are growing in
grassy areas. Sudden elean cultivation of infested grass plots is
particularly effective in driving this leathopper to other host plants.
At times rostelds is found feeding on tall-stemmed piants a5 much as
+or & feeb aboveground. Mowever. this species generally likes to
stay close te the soil.

. insolita limits itz choice even more to n small roup of grasses.
Thus far we have found it commanly only an Johnson greass und
Texas millet. excepi itn one locality i1 norfhwostern Elorida, where
1t was feeding freely on another Panicum (1) too immature for iden-
fification. Flowever, the adults have been observed twice on peach,
once on a twig about 6 feet nboveground und once on low-hanging
twigs of a dehorned tree. ’

Althongh costalis frequently feeds on young peach seedlings and
individuals have been taken oeeasionally from older trees. therp ts
no evidence of any regular association of cither costalis or insolite
with peach orchard trees.

Feeding Habits

The adults and older nymphs of congdata and wndate Food on stens
of their hosts or occasionally on stout feaf petioles of sl plants as
sunflower, ok, snd cotton. The nymphs in the lirst Fwo insta s usia -
Iy feeet on the Jarger veins of the leaves and moztly on the under-
surfnee. On stems or twigs the inseets wssunie n position paraltel o
the axis, with the head downward, This last traif is very prouounced.
With few exceptions they adopt « head-up position only thinediately
after or preparatory to flight. On treex thess insecte seldam feer on
horizontal twigs, but select shoots that are growing upward-—a char-
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acteristic that further emphasizes the importance of the head-down
position. However, on grapes they feed vather freely on horizontal
canes when acceptable upright shoots are not avatlable, und no orien-
tation toward or away from the main trunk is observable,

The aclnits ravely walk forward on twigs. If disturked, they dart
very rapidly sidewuys around the twig, placing it between themselves
and the cause of the disturbance. The exact nature of their vision
15 not known. Althongh they can distinguish between colors us demon-
strated by their reaction to different-colored sticky bourds, they prob-
ably register movement more than form,

When someone approaches an infested plant, nearly all the insects
will dart around to the back of the stem or twig on which they are
vesting. This action takes place when the person is still several feet
from the plant. On the other hand, if someone stands within a foot
or fwo of an occupied twig and movex any object behind and close to
the twig, the insects on the back side will move around to the side
facing the observer and trequently will remain therve unless again dis-
furbed by a quick movement on the part of the observer. It is this
hubit of hiding, pavtienlarly marked in eoagulatae and wndata, that
led to the oviginal designation of sharpshooters for these particular in-
seets, ® term that has been extended to include all members of the sub-
family, even some species in which the trait is not strongly developed.

During much of the year both eoagulatu and undata tend to be soli-
tary feeders. particilarly when a favored host is locally abundant, as
commercial plantings of okrn or cotfon, Then only an occastonul
plant is infested. Seldom are more than one or fwo nsects foind on
a single plant. On the other hand, small plantings of okru, such asin
home gardens, or small patebes of sunflower may be heavily infested
with as many as 15 to 20 sharpshooters on one Individual host.
(hregarionsness is also exhibited on weuk trees or even on single limbg
it they are dying from severe scale injury ov arve prematurely defolinted
from seme other natural eange.  Artificial defeliation of peach limbse
in early fall does not noticeably attract the insects. Extreme examples
of pregarionsness have heen noted.  Over 120 cougulate leathoppers
were collected from one very weal peach tree, and many others were
seen.  In late December over 500 individuals were observed on the
oround under a Targe willow oak on the morning after a severe freeze.
Very few could be found under five other onks growing in the same
yard.

On herbaceons plants enugrlate tends to feed well up on the stems,
frequently as high ax 8 or 10 feet on tall sunflowers. Also, this species
appeats to have a particular aversion to heavy shade. Although wn-
data iy be Tound Teeding in the immediate vicinity of coaguluta. gen-
erally it tends (o locate nearer the ground.

The voung of both these species from the third to the fifih instars
have feeding hahits gencraliy similar to those of the adilts. The
nviphg are notably solitary in habif by the time they become large
enourh to feed on stems, even though the eges from which they have
hatehed are laid in packets. Seldom are more than two nymphs ob-
server on one host plant, and generally they feed singly. This phe-
nomenon ey resule fram g high mortabite among voung nyvinphs, (Jn
the other hand, these nymphs wie powerful jumpers and their range
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is rather wide. Thus the young from one batch of epgs may disperse
over a considerable area by the time they are half grown,

Sharpshoeoters do not appear to be attracted to stout-stemmed her-
baceous plants until the stems have become rither woody. When feed-
ing on peach, they decidedly prefer year-old twigs as compared with
growth of the eurvent year. On the other hand, new growth of ash,
crapemyrtle, silktree, and grape appears to be more attractive than
older wood,

The other two members of the Proconiini—eostalis and insolite—ex-
hibit the traits and habits of shurpshooters, modified by the nature of
their host plants and microenviromment.  When feeding on tail-
stenimed plants costalis behaves just like coaguieta and unduota. except
that it is apt to locute even Tower on a stalk than wadeta. Both costelis
and insolita teed head down on the stems of their prineipal hosts, the
orasses, or occasionally on the midribs of the blades. DBecause grasses
erow so densely, numerous adults and aymphs ave commonly found
Hving within a limited aven, sinulating gregurionsness. but one grass
stem is usnally cccupied by only one insect. Large local populations
appear to result from tatlure to disperse, owing partly teo the lack
of any need to seek acceptable food rather than to any tendency
to congregute.

T"nlike the members of the Proconiini, varsuia uses stems as only one
of its feeding sites.  Many adults will be found on leaves, frequently on
the upper surface. 7. persuia. which lays epgs singly. tends much more
toward gregarionshess, especially in the nymphal stages, thun the
species that lay their eggs in clustere, However, rersufu is more gen-
erally andd eveniy distributed than the other xpecies, possibly hecause of
its greater abundance and its comparative Inck of selectivity in pick-
ing its host plants.

Flight Characteristics

T an attempt to obtain information concerning altitude of flight
and seazsonal movements to and from wooded arveas, 6 special as-
semblages of sticky-board traps were set ip around a sall woodlnd
of deciduons trees at the United States TTorticuliural Field Labora-
tary near Fort Valley, Ga. A eingle assembinge comprised 12 boards
attacher (o n pole. The boards were mranged in 3 groups of -+ honrds
each, located nt distunces of 2, G, and 10 feet aboveground when
nieasured to the bottom of the bourds. The poles were o oriented
that, the & boards of eaeh group faced the -+ cardinal points of the
COMPAYS, .

Tusefar as developing information on direction of Hight, the ex-
periment failed. 1t quickly became evident that an insect flying from
north to soutl was as apt to veer snd light on the vazt- or wost-fucing
Doartd ws 1t was to fly directly £o the bowrd that faced due north, On
the other hand, the installation didd furnish very satisfactory data
concerning the general nltitude ot which (he different species of
sharpshoorers fly.

The assemblages of traps were installed in 1930 and have been
maintained continnously since that thine. The data obtained each year
from 1950 theaugh 1954 conformed notablv.exeept onee or twive when
the total carch of a species was too sall to furnish veliable figures,
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Fioure S—Comparative tlight altiitudes of five insect vectors of phiouy peneh,
showing pereentage of tofad cateh ot fdicnterl heights, 150-53,

Figures for the 5-year period are presented graphically in figure 3.

Beciuse of certain wealknesses in the attraction of sticky-bourd
traps, our vecords probably deal only with the local uctivities of the
insects involved. No exact data have heen obtained on distances com-
monly flown or on the altitude of llight during movements of any
appreciuble magnicude. It is true that many of the trapped insects
were migrating to or from the woods. Although some members of
the four species that hibernate in woods travel considernable distances
each spring and fall. probably these migrations are broken up inte
several short movenenis.

Throughout the Southeastern States Johnson grass, crabgrass, and
Bermuoda grass are very common weeds. Hence, it is eusily con-
ceivabie that costalis is a rather sedentary species. It might be antici-
pated that fnsolite woukl alse move wbout very little, ut Jenst during
the growing season. Nurvey daty Turnished strongly presamptive
evidence that this species extended its range some 1,008 or 1.500 miles
in a period of about 10 years, during which it thoroughly invaded the
aren inte which it moved. Ilowever, once the species has attuined a
state of equilibrium in the newly tnvaded territory, it appears doubtful
that most of its members will move far from where they are hatched.

Because of their more diverse feeding hubits, the range of roagulatu
and wadate might be greater than that of costalis. This is partly true,
but when obliged to change hosts even congninte and wndata com-
monly seek the nearest acceptuble food plants rather than make fang
flights. These species sometinies concenfrate on summer herbaeeons
hosts outside. but closely adjacent to, peach orchards.  After these
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sumimer hosts mature, numbers of sharpshooters are cominenly found
concentrated on peach trees in the first 4 or 5 rows of the orchards.
Similarly phony peach spreads within a young orchard immediately
adjacent to an older infected orchard.

Exceptions do occur. Individual trees sometimes overwhelmingly
attract insects over very appreciable distances. For example, coagu-
late may be Jured all the way across a large block of trees. The situ-
ation is demonstrated rarely when the fivst case or cases of phony peach
in a new planting oceur on the opposite side of the planting from the
nexrest source of inocndum.

Although most individunls of the five lenfhopper species appear to
be rather circumseribed in their movements, occasiomlljly insects move
farther during the growing season. These moves may be deliberate,
but probably most of them nre accidental, Tn collections of single
specimens of coagulate and undute at altitudes of 3,000 feet (2, p. 65},
the insects must have been caught by wind curvents and blown abont
involuntarily, and presumably the more numerous specimens collected
at 300 feet were not there voluntarily.

Fluctuating Populations

During the late forties coaguluta, undata, versuta, and costalis were
abundant in central Georgia, and the annual incidence of new cases
of phony peach reached a high level. In late November 1950 a severe
freeze occurred, with minimum temperatures as low as 8° F. Not
only was this freeze unusually low for the Southeast but it was most
unseasonl.  As a result, large numbers of unprotected sharpshooters
still feeding in orchards and open fields were killed.

The following year congulate and undata were notably searce and
the number of versuta decreased obviously. Rven costalis was affected
to some extent, though less than the other species. During the next
2 or 3 years the rate of spread of phony diseuse declined even though
populations of 1l four species bult up to some extent, but not to the
prefreeze level.

A prolonged drought and excessively high temperatures during the
entive sunmmer prevailed in 1934 Populations ot all species. inctuding
tnsolita. were normal during the spring but progressively decreased
as the summer advanced. In the fall of 1954 collections with sticky-
board traps were the lowest in § years, and records obtained from
traps hung in wooded aveus indicated that very few sharpshooters
were moving into hibernation quarters.  1n 1933 populations of alf
five species were the smallest that we had observed during 10 years
of study. Again the rate of spread of the phony virus declined,

General use of the new organic insecticides in peach orchards during
the spring and again in Tate summer and early full, together with
widespread use of these materinls on cotton and other field crops
throughout the growing season, may have contributed to the present
recession in vector populations. but such possible effects are not mens-
urable or even demonstrable. Oun the other hand, eircumstantial ovi-
dence of the effect of severe climatic phenomena is too strong to
ruestion.
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Rearings

As has been reported by other workers (7}, it is difiicult to vear any
member of the Tettigellinae in confinement. Of the five species,
only the grass feeders costelis and 4nsolite have been maintained
through direct lineage from early spring to late full. 0. undate has
been carvied through fwo full generations and the first four instars
of a third. f1. congulata has been reared lineally through the fourth
instar of the second generation. In uddition, this species has been
rearved to the adult stage from feld-collected eggs that were laid well
after second-generation adults of coagulate had appeared in our lineal
rearings. Data from feld observations on seasonal abundance of
adults and varions nymphal stages, percentage of mating insects, and
egg-laying activities furnish strongly presumptive evidence that these
last insects represent a partial third generation,

(¢ rersuta has been reared divectly through three generations. In
addition, two tull generations were veaved, starting with feld-cap-
tured nymphs contemporaneons with rearved nymphs of the third
weneration. This incomplete evidence that rersuta hins foar full gen-
erationsa vear issnpported by the evidence (table ) that the nymphal
periods of versufa arve appreciably shorter than those of the other
species.

Most of the life-history studies were conducted in nn insectary, It
was a trame rootfed buikling with wide eaves. The Tower side walls
were bourded: the upper 4 feet from the top of the benches to the
enves was covered with t6-mesh screen. Conditions were not entirely
satisfactory, since the host plants never received divect sunlight. Sueh
plants soon lost their effectiveness us food sources, and the hosts had
to be replaced more frequently than would otherwise have been heces-
gary. Sometimes nymphs that lingered in one instar for a considerable
time transtormed to the next instar very quickly when moved to
frosh plants.  Alzo datu obtuined as « result of » few reavings in out-
of-door cuges indicated that the developmental period for the insects
reared in the invectary was somewhat longer than that oceurring
under more natural conditions,

A number of different plants were tested ag possible hosts. It was
fonnd that Johnson grass was best for costalis and insolita, although
the former species also developed snccessfully on Bermuda grass.
. congulata and €. nnduata were mere dillicuit to satisfy. In the
enrly studies sunflower. okira. and coiton were the principal hosts.
Cowpeas eventually proved to be the best overall plant under in-
sectary conditions. Cowpeas were also a satisfactory host for versifa.

Diffienlty in rearing these leathoppers was partly due to (1} the
nse of too roomy cages and (2) the acenmiulation of excessive amounts
of honeydew in small cages. Lurly experience showed that coaguicia
and wndata, particularly, are very vestive under confinement, In
wive-gereen cages of 2 feet or more, the adults flew against the sides
with such force that they killed themselves in a very short time. On
the other hand, if several nyinphs weve confined in smaller cages,
many of them became enfangled in honeydew. with resultant high
mortalities,
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Our most successtul rearings were accomplished with single nymphs
caged in Jamp chimneys on plants grown in 6-inch flowerpots. Broad-
leaved plants did not survive so well in such cages as they did under
screen, but glass sides greatly facilitated observations on development
and obviated frequently removing the cages. For mass rearings of
costelis and insolitu, wive cylinders over Jolnson grass grown in
10-inch pots were quite satistactory. ’

Matings.—Apparently the females of all five species mate only
once. At least secondary matings have not been observed and singly
mated temales have produced large numbers of eggs that were laid
over n considerable period of time.

Under experimental conditions femules of all the species have mani-
fested considerable diversity in the length of the preoviposition
period, the time varying from approximately 1 day to as much as 9
days with members of the Proconiini. Females of rersuta have
shown even greater variation, the observed extremes being 6 and 20
days.

Oviposition.—\Although complete ovipesition records have been ob-
tained for only one species, énsolite. incomplete records indicate that
all the Proconiini are prolific reproducers. One female {nsolifa laid
65 clusters, totaling 1,170 viable euws during an oviposition period
of 37 days. Several others produced hetween 600 and St0 eggs apiece.

Egg Stage—Few data have been obtained on the durntion of the
cay stage. Available fimures indicate & marked scasonal variation.
presumably due to the eflect of remperature. Eggs of cosfalis laid
between March 26 and April ¥ hatched in from 23 to 32 days. Beps
of cougulute and unduta laid on April 20 hatched in 12 days. In
Angust the total period from mating to hatching for one lot of ergs
laid by costalis was only 10 dayvs. Kggs of zersuie laid on April 29
hatched in 16 days. Three lots of egas luid in August hatched in
8 to 11 days.

Nymphal Stage.—Dain on the duration of cach of the five
nymphal stages by gencrations and by species are presented in table
4 Lacunae in diveet lineage records aie indicated by the bilanks in
ffth-instar coliumns for the seeond generation of congulata and for
the thivd generation of wndaia.

Generations.—Ilefinite evidence has been obtained that costalis und
insolite have two toll generntions and a partial third one annually.
Cireumstantial evidence indicates that this is alse frue for rongnlatu
and wndate.  However, there is such marked overlapping of genera-
tions hy the end of the season that positive proof of the ovcurrence
of a third generation can only be adduced from nainterrupted lineul
rearings.

The nevitability of such profound overlapping ix manifest when
average developmental and oviposition periods are compared. Thus,
insolite develops from egg to adult 1n about -+ days during the
summer, whereas oviposition periods of as mueh a2 87 days have
heen recorded. As a result. mauy first-generation fenales are still
actively ovipositing up to the time when the insects begin (o move
into winter guarters.




TasLe 4.—Length of nymphdl and adult stages of phony peach insect vectors, Fort Valley, Ga."

18t generation . 2d-generation 3d generatlon " 4th generation

X Duration of stage Duratlon of stage Duration of stage Duration of stage
Number Number Number Number
reared reared ) reared reared
Range Average - Range Avoernge Range Average Range Average
(Days) {(Dnys) (Days) (Days, (Days) {Days) (Days) (Days)

HOMALODISCA COAGULATA

Nymphal:
7-15

NCOMETOPIA UNDATA

Nyimphal:
Tst. ..o 4 . 6-14

. . O 4-19

5-16
5-37
) 15. 14-25

Adnlboiaeinn 3. 1 61-76

S b
90 O &1 00 Ngo
MO LW
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CUERNA GOSTALIS

7-14
- 5-15
4-13
5-17
4 . 12-53
Adulto.. .._..: 4 9. 35-84

Nymphal:
Ist

[OMALODISCA INSOLITA

Nymphal: ’
Ist R 1 4-8
2d il e : C6 0 114 4-9

., k 4-17

415

2. ] 4 6-18

Adult.o iocoonan, 37. 4 2746

514

GRAPHOCEPHALA VERSUTA

Nymphal: :
1st ] <68 3. 16 4-10

: 4-12 L 15 4-15

4-8 . 14 4-15
5-19 . 13 4-14
5-14 . 6 12 7-17
25-41 36. ] 121 26-59

. 1 AlLspecies were reared (n 1051 except insolita, which was reared 1n 1053.
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(. versute has three full generations a year, with strong presump-
tive evidence for a partial fourth generation, '

Cessation of Mating.—In our cages no thivd-generation adults
appeared prior to September 1, note laid eggs, nor were any observed
in copula. With few exceptions adults of the second generation that
matured affer September 1 also failed to mate ov oviposit. However,
females that started oviposition prior to early Septewber continued
to Jay eggs well into the fall, sometines ns late as November 1. In
the field only two mating pairs of coagulute were observed during the
first hilf of September and none after the middle of the month.
Cessation of mating, then, appears to be seasonal, fully effective in
third-genevation adults but not completely so for late-developing
members of the second generation. The basic factor or factors are
unknown. Certainly temnperature is not a primary factor, since hot
weather frequently prevails in the Fort Valley area well into and
often throughout September. Perhaps one basic cause stems from
nutritional changes in the maturation of the host plants.

PARASITES

Hywmenopterous parvasites were reared from field-collected eggs of
#} fve species of leathoppers. Data obtained from these vearings
are presented in table 5. All the material with two exceptions was
collected in the vieinity of Fort Valley. Lymeenon sp. Was reaved
from one cluster of coagulate eggs collected near Meridian, Miss.,
and from one cluster of undate eggs collected near Plant City, Fla.
All the reared egy parasites were identified by A. B. GGahan or B.
D. Burks, Entomology Research Division, Agricultural Research
Hervice.

WABLE 5.—[nq parasites reared from vhony peach tnsect vectors, Forl
b4 reared phony ,
Valley, a., 1040-55

Hrmm!'r)-] Caeame-| Cuernn | fopaio-) Sragio-
Parasite disen | topie coslirfix Hizer | cephuti
cougtlatay vudals inxodita | Fersita

1}

MYMAHRIDAR

Anagrus girowlts Owid_ ... b U R Y PR S P
Cosmocomaidee morrittli How____.__._._ .. B O [ U e m
Lymaenon ashmeodd (Grley ... Y X S R
Lymacnon fasciotus (Grllyaoe_ o coooo. b X4 oo |-en o | iaamas
Lapmienon nowvifascietis {Grit) o oo L.} PN SR D e .- X

Ll OO RON Bl e amee e e oo mmmm e e —mmmmn n X Nola.. B P

TRICHOGUAMMATIDATR

Abbelte pewminata (Ashm.) .- .o ... I N A b W
Oligosile americone Grib ... DR S D, G P
Ufens niger (Ashm.) o oolao.-. e [ ATV S G (RO
Ufens spiritus americanns Grite .o b O U PR S,

Ufens apiritus spiritus Grlbo oL .o X E N oo
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Two species of Strepsiptera were reaved from leathopper adults—
Halictophagus omani R. Bohart from costalis and I. oncometopiae
{Plerce) from undate. The Strepsiptera were identified by Richard
M. Bohart, University of California.

None of the parasites appear to be effecting any appreciable amount
of economic control. Although considerabie numbers of parasitized
eggs of both costaliv and dnsolite muy be found in limited areus, the
overall percentage of parasitisni 1s very low. This is even motre true
with coaguleta und undata. It is interesting to note that the three
species of Trichogrammatidue—Abbelle acuminata {Ashm.), Cligo-
sita americane Grit., and Ufens niger (Ashm.)—which were reared
in greater numbers than all the other species of egg parasites com-
bined, confine their attacks to eggs laid in grasses close to the surface
ot the ground. '

The exnct amount of control exercised by the Strepsiptera is not
lmown., Leathoppers parasitized by these insects are definitely dis-
commoded in walking and hopping, and flight is probably seriously
curtailed. On the other hand, the parasites do not appeur to prevent
completely the normal biclogical processes of their hosts. At least
parasitized femules of costafis Inid viable egys, although there was
some incication that they laid fewer than nermal females.

DISEASES

An unidentified fungus attacks both adults and nymphs of congu-
{rtes during some yeurs. Diseased specimens have been tuken on peach,
okra, sunflower, dogfenuel, sweethuy, and sassafras. In 1944, when
the disense appenred to be more prevalent than in subsequent years,
abeut 50 aflected adulis were seen on peach twigs in o low aren neara
swamp. In this particalar orchiurd no diseased specimens were tfound
on higher ground a short distance away. Other collection data sup-
port the hypothesis that low altitudes and moist conditions greatly
facilitate the operation of the fungus, although oceasional aftected
adults and nymphs have been observed at higher locations under drier
conditions. Dead bodies of uflected insects cling for many months to
the twigs or stems on wlhich they died.

According to our observitions this fungus disease is not of present
economic importance. It appenrs doubttul that adequate inseet con-
trol could be etfected through artificial manipulation of the disease
orguanism.

SUMMARY

Five leafhoppers of the subfumily Tettigellinae have been incring-
nated as vectors of phony peach. These ave Homalodisea eoagulata,
(Say), Oneometopic wwlute (F.). Craphocepludn repsuta {Say},
Cuerna costalls (). and Homalodiseq insolite (Wik.), The first
two species ure primary natural veetors. €f repsuéu is next in im-
portance. Whether the lust two species induce natueal spread, except
rarely, is douhbtful.

The species roagulata. undata. versuta. and insolita hibernate in the
woods; costalis overwinlers under matted grasses s open fields and in
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orchards. The first three species are very general feeders, including
many trees and shrubs among their hosts. €. costalis feeds principally
on grasses and herbaceous plants, wherens /1. insolita restricts its feed-
ing to a few species of grass. Only coagulate and undate include
peach among their favorite host plants, AN five species ure stem
feeders, a critical factor in the transmission of phony peach, which is
a xylem-limited digease,

Populations of all five species fluctuate markedly, largely as the
vesult of favoruble or unfaveorable weather conditions. T.ow popula-
tions of the vectors, particulurly coagulata and wndnta, ave followed
by o decline in the rate of spread of phony peach.

The four members of the Proconiini—coaguiata, undata, costalis.
and #nselife—Ilay their egres in clusters under the epidermis of n leaf
or of o tender plant stem. Most eges of the first two species are laid
in the lexves of herbaceous plants, whereas costalis and insolita oviposit
in the blades or leaf sheaths of grasses. (7. wersuta lays its eggs stngly
in the leaves of herbaceous plants.

The fourmembers of the I'roconiini have two complete and a partial
third generation annually, whereas zersufe has three full menerations
with presumptive evidence for a partial fourth generation.

Eeg parasites have been reaved from all five leafhopper species, and
two species of Strepziptera have heen reared from undata and costalis
adults. However, there is no evidence that these parasites have any
profound effect on the size of insect populations,
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