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LIFE HISTORY, HOST PLANTS, AND MIGRATIONS
OF THE BEET LEAFHOPPER
IN THE WESTERN UMITED STATES

By WiLLiaM C, Cook,1 Entomology Research Division, Agricultural Researeh Service

Shortly before 1900, growers of
sugarbeets in the Western States
were alarmed by a new and serious
disease that killed small beet
plants outright and severely dam-
aged larger ones. Because of ihe
effects on the plants the disease
has been named curly top. It has
appeared in some seasons and not
in others and has varied in its
severity in different areas.

The erratic occurrence of curly
top was mysterious until Ball (3)*
pointed out that the condition was
related to feeding by the beet leaf-
hopper.* Ball (4) demonstrated
later that the leafhopper was com-
ing into cultivated fields from des-
ert areas where it had overwin-
tered, and he discussed several
such areas in the West. He also
realized that the breeding areas
wolld have fo be studied and the
nature of the flights determined.

Later a disease of tomatoes,
garden beets, snap beans, and
other crops and ornamental plants
was found to be caused hy the
curly top virus and carried by the
beet leafthopper.

Since there was no direct con-
trol for the disease at that time,
the first objective was to study the

1 Retired 1062,

2 Ttalic numbers in parentheses refer
to Literature Cited, p. 119,

3 Ctreulifer tenellus (Baker). This in-
sect is also known in several areas as the
white fly. As no other leafhopper is men-
tipned in this bulletin, the beet leafhop-

er will usually be referred to as the
eafhopper.

life history of this leathopper and
fo discover and delimit its desert
breeding areas, primarily for pre-
dicting the probable number of
feafhovpers to be expected in cer-
tain cultivated areas. This predic-
tion would govern the acreage of
beets to be planted and the {ime
of planting (Carter 6.

As the studies progressed, it be-
came obvious that the hosts of the
leafhopper were largely range
weeds, and plant ecological studies
were made to determine the con-
ditions under which the weed hosts
might be replaced by mnonhost
plants (Douglass and Hallock 22,
Fox 26, Lawson and Piemeisel 44,
Piemeisel 45, Piemeisel and Cham-
berlin 46, Piemeisel and Lawson
47Y. At the same time, studies in
California and Idaho indicated the
possibility of actually countrolling
the leafhoppers in their breeding
grounds by spraying their host
plants {Armitage 2, Cook 7, 10,
Douglass et al, 25). In 1938, the
Bureau of Land Management, U.S.
Department of the Interior, started
seeding large breeding areas of the
heet leafhopper in southern Idaho
with perennial grasses to reduce
the stands of leafthopper host
plants.

All these methods of attack, par-
ticularly those to control or to pre-
diet leafthopper populations, must
include studies on the ecology of
the leafhopper in its desert habi-
tat. As Ball {4} pointed out, the
breeding grounds had to he found

1
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and mapped, methods of quickly
measuring plant density and leaf-
hopper populations developed,
and the leafhopper movements
followed so as to relate specific
breeding areas with specific areas
of cultivated crops.

General vésumés of the seasonal
history, host plants, breeding
areas, migrations, and control
measures have been published
(Cook 9, Douglass and Cook 18,
19). More detailed studies of the
Columbia Basin area (Hills 38)
and of the New Mexico-Texag area
(Romney 48) are also available.
However, conditions have changed
considerably in those areas since
the original studies were made and
some amendments seem necessary.

Many papers also have been pub-
lished regarding particular phases
of the problem in the Snake River
Plain of Idaho and Oregon, but no
general statement of the situation
there is available,

It is the purpose of this bulletin
to bring together the unpublished
basic data, combine them with re-
views or abstracts of published
papers, and present in detail the
life history, host plants, breeding
areas, and migrations of the beet
leathopper. This insect is second
only to the migratory grasshop-
pers in its annnal movements, and
the economic problem of the leaf-
hopper and curly top damage is
still present after about 60 years
of intensive studies.

SOME [CEFINITIONS

Because of the complicated an-
nual cycle of the leafhopper, cer-
tain terms have been defined to
designate wvarious types of host
plants, breeding areas, and move-
ments of the insect.

Host Plunts.—Those plants on
which the leafhoppers can live
from egg to maturity are called
breeding hosts. These may be
again subdivided according to
their period of succulence into
spring hosts and summer hosts.
Plants that snstain the leafhoppers
when no breeding hosts are pres-
ent but will not permit extensive
breeding are called holdover hasts,
At times of general movements,
leafhoppers may be found on many

other plants, but these are not con-
sidered host plants.

Breeding Areas. — Leafhopper
host plants usually occur in
patches or continuously over large
areas, which are termed breeding
areas or breeding grounds. If only
spring broods of the leafhopper
are produced in a breeding area,
it is called a spring breeding area,
if only the summer broods are
found, it is a summer breeding
area, and if both are usually found
there and leafhoppers are present
most or all the time, it is a perma-
nent breeding area.

Lenfhopper Flights.—The flight
of leafhoppers from spring to sum-
mer hosts is termed the spring
movement, whereas the reverse
flight is the fall movement.

METHODS OF ESTIMATING LEAFHOPPER POPULATIONS

Sweep-Net Counts

In the earlier studies a standaxrd
sweep net with an opening about
15 inches in diameter and a depth
of 18 to 24 inches, on a handle

about 32 inches long, was used to
estimate leathopper abundance. A
single sweep was the swing of the
net through about a2 90-degree are
while the rim was in contact with
host plants. From 1 fo 100 sweeps
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constituted a rsingle sample, de-
pending on the density of the leaf-
hopper population. It was soon ap-
parent that the numbers of leaf-
hoppers captured varied with
meteoroclogical and physical fac-
tors.

Romney (49) published a de-
tailed study in which he compared
samples taken with the sweep net
with samples taken in the same
area with a2 cylinder method,
which probably captured most or
all leafhoppers present. These data
were 2]l taken on a stand of peren-
nial pepperweed in New Mexice
during midsummer. He found that
the number captured was aftfected
chiefly by temperature and wind
velocity. A change in the ambient
temperature from 80° to 105° F.
increased the number captured in
the net by 200 percent, whereas an
increase in wind velocity of about
4 miles in wind ranging from 1 o
8 miles per hour caused a drop of
about 50 percent in the total catch.

Sweep-net captures also vary
with the growth habit of the plants
being sampled. A plant with pli-
able stems will bend when hit with
the net, tending to thresh out the
insects, whereas a plant with stiff
stems resists such action. In many
cases the net rim cannot penetrate
into the interior of stiff plants,
where many leafhoppers are found
in hot weather.

in spite of its known disadvan-
tages, the sweep net is still valo-
able for obtaining rapid estimates
of leafhopper populations and is
used extensively, Romney’s cylin-
der method, although very accu-
rate, proved too time consuming
for general field work.

Hand-and-Knee Counts

{n early leafthopper studies the
population in beetfields was esti-
mated by workers crawling along
on their hands and knees, disturb-

ing the beet plants ahead of them,
and counting the dislodged leaf-
hoppers. When using other meth-
ods of estimation, it was found
that only a small part of the leaf-
huppers was counted on hands and
knees, and the method was aban-
doned.

Cylinder Counts

Hills (37) described a cylin-
drical cage 1 square foot in area
and about 18 inches high, open at
both ends. The cage frame of light
metal was sharpened on the lower
side and covered with muslin. A
pitchfork handle was fastened to
the side of the cage. The cage was
set down over the host plants with
the lower rim in the topsoil, and
the vegetation was disturbed with
the hand so that any leafhoppers
present flew up on the cloth side
whete they could be counted. Dorst
(15) used a loop handle instead of
the more awkward pitchfork han-
dle. A fransparent plastic lid was
added for use in hot weather, when
the leafhoppers were very active,
Later Hills (39) described a blow-
torch heater for activating the
leafhoppets in cold weather. The
modified Hills sampler has becomc
standard in later work on the leaf-
hopper.

Methods Based on Spraying

E. A. Schwing, when entomolo-
gist for the Spreckels Sugar Com-
pany, showed that it was possible
to activate sluggish leafhoppers
with a pyrethrum fly spray and to
count them as they jumped. In the
method finally developed for use
on adults during the winter in
California and Arizona, the sam-
pler walked slowly along in a
bent-over position, spraying just
ahead of his feet, watching a strip
of vegetation immediately in front
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of him, and counting the leafthop-
pers as they jumped. The length
of the strip was paced off after
the examination, and, assuming
the strip to be 1 foot wide, the re-
sults were recorded in leafhoppers
per square foot. This was usefnl
only for adulls, as the nymphs
were too small to be easily seen.

For nymphs on low-growing
annuals, a sampling pan (Lawson
et al. 42} was devised. This was
essentially a dark metal pan hav-
ing 8- to 10-inch sides with a hole
of definite area cut out of the
bottom. When the pan was set
down over vegetation, the opera-
tor disturbed the plants, causing
the nymphs to jump into the pan,
where they could be counted.
Aveas of 14-, I4-, and 15 ~uare
fuot were used under vary] n-
ditions.

None of these methous were
very useful on vegetation taller
than about 1 foot. For tall vege
tation, Lawson et al. {42} devel-
opeil two deviees, 2 sambpling fork
and a sampling spear. They were
spraved with pyrethrum-sil to
form a trap for feafhonpers and
inserted under the tall vegeta-
tion, which was then thoroughiy
sprayed  with pyrethrum-cil to
dislodge the leafhoppers. Those
falling into a marked avea of 14,
Ty, or 1 square foot on the spear
or fork were counted. The spear
was vsed under large plants with
a central stem and the fork was
vsed in denser, closer growing

DETECTING AND TRACING

The beet leafhopper is so small
that it is not easily seen when
fiving, angd few actual flights have
been seen and recorded. Rall ()
recorded an evening flight into the
cultivated areas of the Sevier Val-
ley, Utah. E. W. Davis witnessed
the end of a flight into the same

plants, where it could be more
easily inserted and retrieved than
the spear,

Hatching of Eggs From
Host Plants

Between 1932 and 1943, differ-
ent methods of estimating the
numbeyr of eggs laid in host plants
were tried. In one series of tests
G. T. York collected host plants
in the field, cleared and stained
them, and counted the exes that
had been laid in the tissue. This
method was reasonably accurate,
but very time consuming and
couid not be adapted for general
field studies. York and H. E.
Wallace made another zeries of
tests, in which the host plants
were taken fo the laboratory and
the roots kept in moist cotton
while the leathopper nymphs
hatched. This method also hagd
serious drawbacks and was finally
abandoned.

In 1941, die-cut samples of
vegetation from breeding areas
were potted and faken to the
greenhouse, where they were
caged and held until any eggs
present had hatched. Counts of
the nvmphs hatched gave the po-
tential reproduction, and field
samples taken af the same time
gave the nymphs actually present.
This method was used through the
spring of 1843 and gave valuable
information on nymphal mor-
tality.

LEAFHOPPER MOVEMENTS

area on May 3, 1927. The flying
insects were captured in a net and
identified. No %eet leafhoppers
were present in the valley before
the flight, but 41 leafhoppers per
50-sweep sample were found af-
terward. On October 18, 1935,
Davis and H. E. Dorst witnessed
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a flight into the St. George, Utah,
area. Here again the insects werce
scen dropping from the air and
were capfured in a sweep net.
These last two flights occurred be-
tween 5 and 6 p.m.

Severin (51} made several ob-
servations of California flights.
Lawson et al. (42) watched indi-
vidual leafhoppers and described
their mode of fight.

All these accounts agree that in
true flight the beet leafhopper
flies with whatever wind is pres-
ent, taking an erratic but definite
course.

Because of the difficulty of fol-
lowing leafhopner flights visual-
ly, several indireet methods of
tracing movements were used.

Sampling Stations

Most of the work of following
migrations ivas done by repeated
sampling at specific stations. Such
stations were chosen before the
flights vecurved, when few or no
leafhoppers were present, and
were sampled at frequent inter-
vals, The variations in leafhop-
per populations were assumed to
measure the time and intensity of
the movements. Variations be-
tween stations along a supposed
line of movement were used fo
measure the direction and inten-
sity of flight along the particular
line.

Data of this kind are subject
tc more than one interpretation,
and a large amount of such data
is necessary before definite con-
clusions can be drawn. However,
in spite of these drawbacks, sam-
pling stations furnished most of
the data used in tracing migra-
tions.

Dorst and Davis {76), using ar-
tifictal sampling stations, planted
small plots of spring host plants

in country along the supposed line
of flight of leafhoppers where
few or no wild hosts were avail-
able. These plots, planted in the
fall and maintained by irrigation,
were swept daily by cooperators
during the spring movements, and
all insects found were forwarded
fo a central point for determina-
tion. By using these plots, leaf-
hoppers were traced across the
Escalante Desert in southern
Utah into the Sevier Valley and
northern Utah.

Traps

Varicus types of traps have
been tried and used rather exten-
sively at times for tracing leaf-
hopper movements. Fulton and
Chamberlin (28} operafed air-
maze fraps in southern Idaho to
capture migrating leafhoppers.
Their use to indicate leafhopper
movements is described by An-
nand et al. (7). In general, this
trap captured too few leathoppers
to justify its extensive use.

Lawson et al. {42} developed
two types of net traps and de-
seribed the results obtained with
them. In the earlier version a
cone of screening, about 18 inches
in diameter at the forward, or
open, end and fapering to 3 inches
at the rear, was mounted on the
front fender of an automobile. A
cheesecloth bag was tied on the
small end of the funnel to receive
the intercepted insects. This trap
collectad only leafhoppers in mo-
tion and probybly only those in
actual migratory flight, as it took
leafhoppers flying above the road
as the car passed. It was only
operative when the car was trav-
eling at fairly high speed. For a
stationary trap, to sample one lo-
eation, the same workers mounted
two nets at opposite ends of a
12-foot steel arm, which was then
rotated at about 3 r.pan. As in




6 TECHNICAL BULLETIN 1363, U.8. DEPT. OF AGRICULTURE

the car traps, cheesecloth bags re-
ceived the flying insects. Both
types of traps were very useful,

Marked Leafhoppers

Dyed leafhoppers have been
used to a limited extent. The prin-
cipal difficulty was in coloring
sufficient insects to make up a de-
tectable part of the total popula-
tion. About 250,000 leafhoppers
were dyed and released in the
mouth of a canyon in eentral Cali-
fornia during the fall movements
ef 1941. During the next 2 weeks
about 45 dyed leafhoppers were
recaptured, some of which had
gone 3146 miles and one male 11
miles up the canyon from the
peint of liberation. This test, un-
satisfactory from the standpoint
of returns, did indicate that leaf-
hoppers drifted up the canyons
for some time during the fall.

In the spring of 1954, accord-
ing to H. J. Green, several thou-
sand beet leafhoppers were marked
with radiocactive phosphorus by
H. L. Wilson, of the California
Department of Agriculture, in co-
agperation with R. C. Dixon and
R. A, Flock, of the University of
California. No recoveries were
made from these liberations.

Leafhoppers were also dyed ex-
perimentally in southern Idaho in
about 1958, but no results are
available,

Color Forms of the Leafhopper

Severin (50, pl. 2} illustrated
color forms of the adult leafhop-
vers, ranging from nearly lemon
yvellow in the summer to a green-
ish gray with dark markings on
the elytra during the cooler
moentha. Harries and Douglass
(24} found that these color forms
were related to the temperatures
under which the late instars of
the nymphs were reared. At 105°

F. the color was pale yellow, at
100~ greenish yeliow, from 95°
to 90° greenish or pale preen, and
below 85° darker areas appeared
on the wings, which became
larger as the temperature de-
creased. In genersl, the overwin-
tering females are the darkest,
the spring broods are intermedi-
ate with smaller dark areas and
more greenish, and the sumrner
forms are usually very pale green
or all yellow. These color forms
are useful in field work, as the
appearance of a new co.or form
in considerable numbers indicates
gither the development aof a new
brood of adults or a movement
from some other area,

Sex Ratio of Migronts

Severin (50) first published
data showing that the female leaf-
hoppers migrated from the breed-
ing avreas in the spring in greater
numbers than the males, leaving
in the foothills an excess of males
that amounted to nearly 90 per-
cent of the tofal population by the
end of the spring migratory peri-
od. He also showed a high pro-
poertion of female leafthoppers on
sugarbeets and wvarious weed
hosts in the -cultivated areas,
amounting to about 92 percent of
the population, just after the
spring movements, No attempt
was made to correlate the propor-
tion of males with the distance
flown. The method has been
rather widely used by many work-
ers for following suspected migra-
tion routes, but very few, if any,
of the results have been published.

Fat Content of Migrants

Fulton (27) deseribed a method
of determining the chloroform ex-
tractives content of small samples
of leatheoppers. Fulton and Rom-
ney (29) used the method for in-
dicating three possible routes of
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migration in the spring, These
studies were supported by sample
counts, showing that decreasing
leafhopper numbers were parallel
te decreasing chloroform extrac-
tives, but no sex ratios were
given. Cook (8) desecribed a sim-
plified method by which many
mote lots of leafhoppers could be

tested. This method was used once
to try to trace movements from
the San Joaquin Valley into the
Sacramento Valley of California,
with fair results. The fat content
helped to substantiate the conclu-
sions drawn from the sampling
methods.

ESTIMATION OF HOST-PLANT STANDS

Methods had to be developed to
estimate the area occupied by
host plants and the density of the
host-plant cover in order to calcu-
late the total leafhopper popula-
tion of a particular area.

Hest-plant  areas were esti-
maled chiefly in two ways. Where
areas were large and the general
area occupied was known in ad-
vance, transects were run at as
regular intervals as possible and
the host-plant arcas recovded as
miles passed on each fransect. In
this method it was assumed that
the measured miles of roadside
hosts bear the same relationship
Ls the total miles traveled that the
actual area of hosts does to the
total arca involved. Actual areal
strveys of critical arveas have in-
dicated the validity of the as-
sumption.

{n some cases where the host-
plant area was readily accessible,

closed transects were run around
the area, and the included area
was measured on a map with a
planimeter.

Both of these methods are
rather etrude, but they indicate the
relative areas occupled by differ-
ent plant species in a particular
year or by the same plants in dif-
ferent years.

Plant density usually was esti-
mated by a pacing method. A
point is marked on the toe of one
boot and a record is made each
time that peoint touches a host
plant of the species being studied.
The number of contacts made in
taking 100 paces gives the per-
cent density. After considerable
practice with this method, a care-
ful operator can usually estimate
the plant density visually without
making the counts. The accuracy
is not high but sufficient for this
type of field work.

LIFE HISTORY

The female leafthoppers are fer-
tilized in the fall, and the males
die during the winter. No true
hibernation occurs, and the insect
is active whenever the weather
is warm. In the spring the eggs
are laid in various annual host
plants, not necessarily the same
species as those on which the
adults pass the winter., After five
o six immature stages, a hrood
of spring adults appears. One or

two broods develop on the wild
desert vegetation, and those adults
then leave these areas to seek
summer host plants. Two or more
further broods develop during the
summer. The final {all brood, pro-
duced as the summer hosts ave
maturing, again flies in search of
host plants. If rainfall has been
sufficient, the leafhoppers settle
down to pass the winter on newly
germinated annuals, but if the
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fali is dry, they may have to sub-
sist on various perennial or fall
annual herbs or shrubs until the
win! . annuals germinate.

Number of Broods

Ball (4) vegarded the beet
lealThopper as a single-brooded in-
sect, the long-lived adults of
which aestivafed in the summer
and then hibernated through the
following winter before laying
their eggs. Stahl (54) postulated
two broods in southern Idaho and
probably more in the coastal areas
of California. Knowlton (41)
thought at least two broods oc-
curred annually in Utah. Haegele
(30} stated that there were two
complete broods and a partial
third in southern Idaho in 1926.
Harvies und Douglass (.24), after
a detailed laboratory and field
study of the leathopper, concluded
that it normally had three broods
per yeur in southern Idaho.
Work at the Modesto, Calif., labo-
ratory of the U.S. Department of
Agriculture during 1933-36 indi-
cated that one or two broods were
produced in the spring breeding
arecas, with at least threc further
broods on summer hosts. Hills
(28} Found three broods annually
in the central Columbia River
area of Washington and Oregon.
Studies by H. E. Dorst and E, W.
Davis indicated three broods in
northern Utah and five broods in
the northeastern Arizona-Nevada
desert. V. E. Romney, 0. A. Hills,
W. A. SBhands, and M. F. Bowen
found five broods in the Arizona
desert in favorable vears and
three in unfavorable years.

Tn summarize this information,
the leafhopper apparently has
three hroods annually in  the
northern part of its range, four to
five broods in central California
«nd the southern desert, and pos-

sibly an additional brood near and
south of the Mexican border.

Breeding Host Plants

The desert habitat of the heet
leafhopper has a severe climate.
The host plants on which the leaf-
hopper breeds are almost entirely
annuals that will germinate when-
ever suffleient heat and moisture
are available, grow rapidly for a
short time, mature, and die. The
leafhopper must find these plants
in order to oviposit in them, and
then the nymphs must be able to
reach the adult stage before the
plant dries up. The leafhopper is
well equipped to cope with these
conditions. The nymphs can de-
velop on many different plants, so
that the drying of the original
plant may only cause them to
Imove to another more succulent
plant of the same or a different
species in order to find food and
mature. Since the nymph cannot
fly, the distance it ean move be-
tween plants is rather limited,
and many nymphs die when their
food plants dry up.

By the time the winged form
appears, the plant is usually ma-
ture, but, in some cases, a second
brood may develop in the same
plants, from eggs laid by the first-
hrood adults. The urge to migrate
iz so strong, however, that the
leathoppers will at least move to
another plant of the same species,
or, if need be, to another species,
sometimes miles away. This
means that a population of leaf-
hoppers being studied may be in
one place one week and some-
where else the next week, or it
may have changed host plants
without moving any great dis-
tance.

Because of the short period of
succtilence of most of its breeding
host plants, the leafhopper leads
a precarious existence most of the
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time. Since summer hosis are
rather long lived, the leafhopper
will usnally remain on one host
species from sprirg (April io
June in different places) until fall
(September to November). Dur-
ing this period the principzal haz-
ard is that of premature dvying of
its host. Conditions are more
severe in the southern desert than
in most other breeding areas. A
period of heat and drought forces
the leafhoppers to leave in late
spring and seek host plants in
cooler, moister areas. Summer
rains, usually starting in July,
germinate summer annuals, and
the leafhoppers can then repopu-
late the desert.

From the time the summer
hosts matare in the fall until the
leafhopper is again on them the
following spring, many hazards
are present. If fall rains have not
germinated the overwintering an-
nuals, the leafhopper must pass
some time on holdover hosts, on
most of which a high mortality oe-
curs. After the winter annuals
germinate, a dry period may fol-
low and the plants dry up before
maturity, foreing the leathoppers
back on to holdover hosts, If the
annuals maintain themselves, the
leafhoppers may  suffer heavy
mortatity during the winter from
unfavorable weather conditions.
After the eggs have been laid and
have hatched, the nymphs may be
forced to other plants to mature.
Sometimes drought in the early
spring, combined by drying
winds. has completely dried the
annuals over large areas before
the leafhopper nymphs could ma-
ture and caused complete mor-
tality. These hazards, and other
narticolarly local ones, have been
studied extensively,

Holdover Hosts

The need for holdover hosts

varies greafly in the different
areas where the beet leafhopper
breeds. In Washington, Oregon,
Idaho, and northern Utah the
period of feeding on fall peren-
nials is very short. In some years
rain sufficient to germinate winter
annuals has fallen before the sum-
mer hosts mature, so that no hold-
over hosts are needed, but when
the fall is dry, a month or more
may be spent on them.

Fex (28) discussed the south-
ern Tdaho sitwation, which is typi-
cal of the northern area, for the
period 1928-32. In 1928 and
1980, general germination of host
plants was noted on November 10
and October 8, respectively. In
1929, secanty early germinated
host plants dried up and the leaf-
hoppers were kept on holdover
hosts for some time. In the other
2 years, the leafhoppers were
mainly held on holdover hosts un-
fil freezing weather. No com-
parable study of the northern
Utah area is available, but con-
ditions are suuilar to those in
southern Idaho, and holdover
hosts assume a similar impor-
tance. In the central Columbia
River avea the fall rains ave more
reliabie than in Idaho, and hold-
over hosts ave ravely needed. In
central California the leafhoppers
usually spend from 2 to 5 weeks
un holdover hosts in various parts
of the breeding area.

Several studies have been made
of the effects of this feeding on
holdover hosts; on the vitality and
mortality of the leafhoppers.

Winter Mortality

After the fertilized female has
safely transferred from holdover
hosts to winter annuals, there is
a period of 1 to 8 months before
the weather warms and eggs can
be laid. During this time the
female is subject to mortality
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from many causes. In the north-
arn part of the range low tem-
peratures may inactivate her for
days or weeks. Harries and Doug-
lass (J44) showed that death from
low temperature is due to inahil-
ity to feed and may be largely due
to lack of moisture as well. In
central California, temperatures

are seldom lethal, but fopgy
weather and high humidity be-
tween foggy periods, as shown by
Harries and Douglass (34), may
destroy many leafhoppers. In the
southern desert the principal
cause of mortality is the drying of
host plants.

HOST PLANTS

Because of severe environmen-
tal fluctuations, the leafhopper
has become adapted to a wide
range of host plants. Knowlton
(41) listed 108 species of plants
from which the leathopper was
eaptured in northern Utah. Of
these, 36 were breeding hosts, 17
were holdover hosts, and the re-
mainder were plants on which the
leathopper was found only during
migrations. Severin (51) listed
39 species taken from the ficld
from which he had bred leafhop-
per nytnphs., The nymphs were
unable to mature on many of
these plants. Douglass and Hal-
lock (21) made field and plot
studies of 43 host plants in south-
ern Idaho.

To shorten the lengthy lists by
elimination, the author listed
from the literature, from unpub-
lished reports, and from field
notes 99 possible leafhopper host
plants, belonging to many fami-
Yies. This list was then submitted

tc all active workers on the bheet
leathopper, and the plants were
roughly graded as to their impor-
tance as host plants in particular
areas. Many of these proved of
rather limited importance and
were dropped. The remainder
have been combined into a tri-
partite list of winter and spring,
summet, and holdover hosts that
are of considerable importance in
the Western States.

Over 25 species of winter and
spring hosts are listed and only
about 10 summer hosts. The list
of fall holdover hosts is short,
chiefly by elimination. The leaf-
hoppers will stay on any perennial
ot annual that is suceulent at the
time they are forced from their
summer hosts, As there are many
stich plants, most of those of only
loeal importance are not listed
here but may be considered in the
discussion of individual breeding
areas,

Winter and Spring Hosts

Common nome

Seientific name

Family CHENQPORIACEAR

Patata.

. Monolepis nuttelliune (Schult.}) Greene

Russian-thistle. .. . . ........... Sulsole kell var, tenuifolic Tausch.

Smotherweed..

. Busgie hyssopifolia (Pall)) Kuntze

Family CRUCIFERAE

BlSEeICrOsS. . o et e e e
Peppoarweeds. . .

Perfoliate pepperweed ...

Eyysimen repandum L.
Lepidium

{usio-
niticdum
’,

densiflorum  Schrad.,
carpum Nutt, latipes Hook.,
Nutt., tirerberi Wooten

Lepidium perfolictum L.,




THE BEET LEAFHOPPER IN THE WESTERN UNITED STATES 11

Common name

Scientiic name

Family CRUCIFERAE—Continued

Perennial pepperwead
Green tansymustard

Filixweed

Tumblemustard
Hedgemustard ... ... s
Spectacle-pod rmustacd.. ...
African mustard
Bladderpod....ocerenas

Lepidium alyssoides A, Gray

Descurainia pinnata var, filipes (A, Gray}
Peck.

Descurainia sophia (Lam.) Webb

Sisymbrium aliissimum L.

. Swymbrium irio L.

Ihthyrea wislizeni Engelm,
Maleolmia africana {L.} R. Brx.
Lesguerella gordonit {Gray) Wats.

Family GERANIACEAE

Redstem filaree
Whitestem filaree

. E'rodiwm clenterivm (L.) L'Her.

Erodizem moschatum (L.} L'Her.

Family RESEDACEAE

Wild mignonette

. Oligomeris linifolic {(Vahl)} McBr.

Family BORAGINACEAE

Nievita,
Pectocarya....

Cryptantha spp.
Peetocarya spp.

Family PLANTAGINACEAR

Desert, plantains

Plantage bigelowvii Gray, erecta Morris,
insularis var. fastigiate (Morris} Jeps.,
purshii Roem. & Schult.,, pusilla Nutt.

Summer Hosts

Common name

Scientific name

Family CRUCIFERAE

Perennial pepperweed.

Lepidium alyssoides A. Gray

Family CHENOPQODIACEAE

Russian-thistie
Halogeton. .o
Lambsquarters
Nettle-leaf goosefoot
Eeets

Eractscale

Fogweed
Redscale
Australian saltbush

. Salsole kali var. tenuifoliz Tausch.

Halogeton glomeratus (Bieb.) C. A. Mey.
Chenopodium album L.

Chenopedium murale L.

Beta vulgaris L.

Atﬂp!ex bracteosa Wats,

.. Atriplex expansa Wats.
v Atriplex rosea L.

Atlriplex semibaccata R. Br.

Famity AMARANTHACEAE

Tidestromia

Tidestromia lanuginesa (Nutt,} Standl

Family COMPOSITAE

Chinchweed. . _.
Trianthema

Pectis papposa Harvey & Gray ex, Gray
Trianthema portulacastrum L,

Holdover Hosts

Common name

Scientific name

Family CRUCIFERAE

Perennial pepperweed............coivveeeen.

Lepidium alyssoides A, Gray
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Common nome

Scientific name

Family CHENQPODIACEAE

Perennial saltbushes:
hamiso

Shadseale......

Quail-brush. . e e e
Desert sage
Spiny saltbush

Atriplex canescens (Pursh) Nutt,
.. Atriplex confertifolie (Torr. & Frem.) (8.

Wats.), corrugate 8. Wats.

Atriplex lentiformis (Torr.) S. Wats.
Atriplex polycarpa {Torr.) 8. Wats,
Atriplex spinifera Macbride

Family ZYGOPHYLLACEAE

Creosutebush..

Lurrea tridentate {(DC.) Coville

Family COMPOSITAE

Sagebrush...
Califernia sageblush e ae e v
False tarragon..
Rabbitbrushes |
Snakeweeds. ..o cveen s -
Lepidospartum..... o iiciivinneenn

Artemista tridentata Nutt,

. Artemisio celifornice Less.

Artemisie d rucunculoides Pursh
Chrysothamnusg spp.

. (rulivrresig spp.

Lepidogpartum gguamutum (Gray) Gray

BREEDING AREAS

The beet leafhopper is widely
distributed over the Western
United States by its migratory
habits. Some leathoppers can be
found almost anywhere that their
hosts occur. However, the need
for a sucecession of host plants 1e-
stricts the abundance somewhat,
and certain definite areas where
leathoppers breed in the spring,
summer, or both are recognized as
breeding areas.

Douglass and Cook (19) gave
the following six major breeding
areas, which will be generally fol-

lowed in this bulletin: (1) Cen-
tral California; (2} great south-
ern desert of California, Arizona,
Nevada, and Utah; (8) ZRio
Grande area of New Mexico and
Texas; (4) northern Nevada,
northern TUtah, and western
Colorado; {(5) Snake River Plain
of idaho and eastern Oregon; and
{6) central Columbia River area
of Oregon and Washington. These
areas differ in climate, host-plant
complex, and leafhopper seasonal
history.

CENTRAL CALIFORNIA

Topography, Climote, and Plant
Ecology

Central California includes the
Great Valley and some adjacent
areas between it and the coast.
This valley is a large, nearly flat
plain almost completely sur-
rounded by mountains. The Sac-
ramento River drains the north-
ern part and the San Joaquin
River the southern part. The en-
tire valley is over 300 miles long

and averages 50 miles in width,
The only opening in the Coast
Ranges, which border it on the
west, is at San Francisco Bay,
where the two rivers join and
enter the sea. (Fig. 1.)

The summers have frequent
maxima above 100° F. between
June and September, and the win-
ters are cool. Frosts may occur
between October and March, but
the lowest temperatures recorded
are about 10° in the Sacramento
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occur in the Great Valley, over-
wintering leafhoppers can become
active for at least part of each day
during the winter. Some seasons
have long spells of foggy weather,
with temperatures of 40° to 50°
F., which either kill many of the
leafhoppers or force them to move
into higher areas above the fog.
The eggs are laid during Febru-
ary and March and the first
spring brood usually matures in
April. A partial second brood
sometimes develops before the an-
nuals dry up, and the adults
move out late in May. The fal
holdover period on perennials is
very important.

The plant ecology of the San
Joaguin Valley, as related to the
host plants of the beet leafhopper,
has been discussed by Piemeisel
and Lawson (47) and that of the
summer weed hosts by Lawson
and Piemeisel (44). A large part
of the Great Valley bottomn is now
irrigated and cultivated, but it
was formerly occupied by grass-
land throughout the Sacramento
Valley and the northern San Joa-
quin Valley. The largest part of
the San Joaquin Valley tottom
had various types of desert shrub
and alkali land communities. Pro-
ceeding upward from the bottom,
the grassland and desert types
pass into shrub or free savanna,
and then into forest, which encir-
cles the Great Valley at higher
elevations. The host plants of the
beet leafhopper grow chiefly in
the valley bottom desert forma-
tions and in the grassland and
shrub (chaparral) formations of
the foothills.

Previous Studies

The central California area has
probably been more intensively
studied over a longer period than
any other part of the beet leafhop-
per range. Curly top was a limit-

ing factor in sugarbeet produc-
tion in California in 1899, and the
leathopper has been studied ever
since Ball (3) announced a rvela-
tionship between leafhopper feed-
ing and “blight.” The earlier
studies have been summarized by
Ball (4).

Severin, at the University of
California, worked on the leaf-
hopper problem from 1918 to
1932 and surnmarized his findings
(50, 51). These two publications
formed the point of departure for
all later work. E. A. Schwing,
entomologist for the Spreckels
Sugar Company, studied the prob-
lem from about 1918 to 1940. The
former Bureau of Entomology
and Plant Quarantine of the U.S.
Department of Agriculture estab-
lished a laboratory at Davis,
Calif., in 1929, under the late P.
N. Annand. In 1933 it was moved
to Modesto, Calif, to be nearer
the breeding areas, and it re-
mained active until 1943.

Breeding Areas
Spring Breeding Areas

Spring leafhopper breeding has
been found chiefly in the foothill
canyons and plains on the west
side of the San Joaquin Valley
just east of the main Coast
Ranges. The rain shadow of these
ranges reduces rainfall to small
values along its inner side. As
indicated by Severin (51, fig. 1),
these areas extend along the inner
side of the Coast Ranges from
San Francisco Bay to the south
end of the valley. Figure 2 shows
the breeding grounds in detail.

North of Los Banos, breeding is
confined to the bottom and south
slope of dry washes. About 2,000
to 3,000 acres have been sufficient-
1y populated with leafhoppers
each winter to require control
treatment. The proximity to large
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T

FicURE 2.—Spring and summer breeding
grounds of beet leafhopper in San
Joaguin Valley, Summer breeding
grounds (lined} are mostly in valley
bottom and spring breeding grounds
{cdotted} lie farther west, {From Law-
son and Piemeisel 44.)

areas of curly top-susceptible
crops makes the area highly im-
portant. From Los Banos south,
breeding has been found almost
anywhere within the area out-
lined. High populations of leai-
hoppers often develop between
Los Banos and Devils Den, which
produce heavy long-distance move-
ments into the Sacramento Valley.
South of Devils Den the leafhop-
pers do net appear to move into
the Sacramento Valley, but are
important as far north as Merced
and occasionally fly into the
coastal areas of southern Califor-
nia.

Rarely, if ever, are high popu-
lations of leafhoppers produced in
the entire breeding area at one
time. The rainfall gradient from
north to south is sufficient fo con-
trol the annual distribution of the
leafhoppers. In wet years the
northein area produces few leaf-
hoppers, whereas the southern

area may have enormous popula-
tions; in dry years the southern
area may be too dry for leathop-

per reproduction, whereas the
northern area will bz well popu-
lated. In most seasons at least
moderate populations of leafhop-
pers may be found in the central
area,

In the smaller areas west of the
Coast Ranges, leafhopper breed-
ing is sporadic, depending on ab-
normally dry winters and the
presence of considerable guanti-
ties of summer hosts to populate
the foothills. At the upper end of
the Salinas Valley leafhoppers in
several canyons occasionally be-
come important and migrate to
nearby crops. Some breeding has
also been detected in the Carrizo
Plain and Cuyama Valley, both to
the southwest of the San Jeaquin
Valley. Local breeding also occurs
in some of the higher and drier
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valleys of southern California, af-
fecting locally grown crops.

Summer Breeding Areas

As indicated in figure 2, the
summer host plants of the beet
leafhopper are in the San Joaquin
Valley bottom, but the most im-
portant summer host areas ave on
the west side of the valley, where
they are in or very close to spring
breeding areas., Figure 2 indi-
cates the situation between 1931
and 1937. Since that time farm-
ing and grazing conditions have
changed great'y, and larger areas
of summer hosts are in the south-
western part of the valley.

Seasonal History
Overwintering and Spring Breeding

When winter rains germinate
the annual vegetation, the surviv-
ing leathoppers leave the holdover
hosts and spread out on the an-
nuals. At first, and later if ger-
mination is scanty, the leathop-
pers remain fairly close to the
holdover hosts, but when germi-
nation becomes general they will
drift away. In the northern and
central parts of the breeding area,
cold or foggy wealher usually
forees the leafhoppers up on south
slupes.

Cook (1.2) showed that soil sur-
face temperatures in very low,
sparse vegetation on south slopes
would reach 5&8° F., the point of
minimum activity of the leathop-
pers, when thermometers in a
nearby standard shelter registered
4537, This temperature advantage
on the south slope enabled the
leafthonpers to develop and lay
their eggs when standard shade
lemneratures were below  their
minimum for activity. Ball (5)
overlooked this point when trying
to prove that a generation of leaf-

hoppers could not be produced in
the desert breeding areas in the
spring.

These slopes, so favorable for
leathopper breeding in early
spring, become too hot and dry
later in the season, and the matur-
ing leafhoppers may find suitable
vegetation for egg deposition in
the canyon botlom or even on the
plains outside the canyons in
which they lay eggs for a second
hrood.

Oceurrence of Second Spring
Brood in Desert

Only occasionally does a large
sccond brood of leafhoppers de-
velop in the spring breeding area,
but when it does, the resulting
leafhopper populations are much
higher than those following move-
ments of the first brood. In 1940,
surveys in February showed a
very low population of overwin-
tering females, and further sur-
veys in March and April indicated
the development of a very small
brood of leafhoppers. These
moved out into the lowlands late
in April, leaving almost no leaf-
hoppers in the original areas, Late
in that month, nymphs started to
appear in desert locations not oc-
cupied earlier, and these nymphs
matured and moved out during
May. This movement Dbetween
May 10 and 20 raised leafhopper
populations in the cultivated
areas to the highest levels found
between 1931 and 1943.

Nymphal Mortality on Spring
Annval Host Plants

In California several attempts
were made to determine the pre-
ferred host plants and the nymph-
al mortality more aceu: tely than
could be done by field observa-
tions. An experiment in 1942 gave
some excellent data on spring
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mortality under at least average
spring conditions.

For this purpose a cylinder of
heavy sheet metal was devised,
sharpened at the lower end and
with a heavy rim and handle at
the upper end. This could he
worked down info moist soil to a
depth of about § inches. The cyl-
inder of soil and plants su sepe-
raled could then he transplanted
intu a 6-inch Howerpot and trang-
ported. Such samples taken from
the actual breeding spots were
held in the greenhouse unftil the
eggs contained in the pla:ts had
all haiched, so that the nymphs
could be counted. The number of
nymphs counted in the sample
gave a minimum estimate of Lhe
number of eggs laid there, as
some eggs undoubtedly failed to
hatch and some young nymphs
were missed or died before the
count was made,

An area of breeding host
plantg  (largely Planiago insu-
faris var. fasHigiafa) was found
near Taft, Calif,, in Januayy 1942
with about five to six adult leaf-
koppers per square fool. Sets of

Tanee L
Calif, Jenenry Marek 1942, combin
af heel lenfhappre per syuare foot

Field population

Adults

Sampling date < .
Nymphs

16 plant samples were taken from
this srall arcea on January 20 and
29, February 21 and 25, and
March 9. The adult population
was estimated on the first two
sampling dates, but quantitative
samples of the field population
were made at all later dates. By
adding the number of nymphs
hatched in the greenhouse, from
a particular set of samples, to the
field population of adults and
nymphs found on the same date,
the fotal can be compared with
the field population to indicate the
nymphal mortality. The pertinent
data are found in table 1.

The greenhouse samples for
January 20 contained no eggs that
hatched, those for January 29 a
few, and the bulk of the hatching
came from the February samples,
indicating that most of the egegs
were laid before February 25. The
disappearance of the overwinter-
ing adults in March is normal, as
is the finding of the first spring
brood adults at the end of Maych.

The potential population indi-
cates a fairly high rate of egg
deposition, as the data show a

Field and greenhouse plant samples from south slope near Taft,

ed to dicale spring nymphal moriality

Potential populution

Gireen-
house

nymphs

Total : Percent of
highest
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production of about 14 nymphs
per female, The vegetation started
to dry in mid-dMarch, with con-
sequent concentration of nymphs
and adults on the greener plants,
For this reason, and also hecause
it was getting too late for oviposi-
tion, no samples were taken to the
greenhouse on March 17 and 31.

The potential population is un-
doubtedly underestimated, but in
spite of this a total mortality of
57 percent by March 17 is indi-
cated. The field population on
March 31 i1s wndoubtedly far too
low, as adults had been emerging
for some time and they tend to
leave the spot where they emerged.

In the same season, three sets
of eight samples ecach were dug
early in March from the best
available breeding areas in four
parts of the Great Valley for the
hatehing of nymphs. Similar com-
putations were made, based on an
egtimate of overwintering female
leathopners in January and of
anring nymphal populalions early
in March, These, with the nymphs
hatched from greenhouse samples,

Tanne 2.

vield data for potential and actual
pepulations (table 2), in which
cach figure is based on samples
taken from three locations within
the gancral area.

The data in table 2 give a fairly
good picture of the relative suit-
ability of the various areas for
spring reproduction In 1942,
Heavier than normal rainfall for
several years had increasad the
amount of nonhost plants and
greatly  reduced the areas of
breeding hosts in the northern
and cenfral parts of the wvalley
while increasing the breeding
hests in the southern part of the
valley. Consequently, spring mor-
tality was nearly total for the few
nymphs that hatched in the north-
crn canyons and only averaged
about 40 percent in the southern
areas.

Summer Broods

Determination of the exact
number of summer broods in this
arca is difficult because of over-
lapping of generations. Severin
(5) showed in a chart four gen-
erations of beet leafhoppers per

Grerwinlering heetl feafhopper populntions per square fool (Jan.

20-Fely 10 aned spring nynphad populations (Mar. 17-31) compared with
correspanding polenlied nymphal popdations frone greenhouse samples taken
Mareh 810, 1942, centrof Californic

! Potential spring Actual spring
nymphal population nymphal population !
Over- e
Areain wintering 1
Great Villey adults o Actun!

Fielii ¢ hatehin Total Total Percent of

green- . potential

. house :

- e o e i e e e e e

Number Number Number Nrmber Nuwdber Percent

Norihern hills_ 0 0 2.3 2.3 0 - 0
Notth ventral 6 2.2 33.7 10.9 a.b ! 13.7
South eeatral Y 3.0 19.0 2.9 13.7 60. ]
Svuthern .. 2.4 271.3 19.7 11.0 26.10 63.4

! Wouthern wrea sampted Mar, 17 and uthers Mar. 3031 to fud nymphs mostly in middle
instars.
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vear, including two summer gen-
crations. His tabular data gave
ample time for the development of
another summer generation.

In the summer of 1931, H. C.
Donochoe, of the former U.S. Bu-
reau of Entomology and Plant
Quarantine, collected a series of
weekly sweep-net samples in_the
beetfields of the Sacramento Val-
ley. At each stop 10 sets of 50,
25, or 10 sweeps each were taken,
the number of sweeps depending
on the size of the leathopper popu-
jation. The study, started in June,
missed most of the first genera-
tion in the beet piants. Since vari-
ations over the whole territory
were too great to be averaged be-
cause of differing dates of spring
leafhopper movements and differ-
ing growing conditions, seven
fields in the Sacramento Delta
area were chosen as a typical ex-
ample. The average number of
leafhoppers found in 50 sweep-net

samples for each date is plotted
logarithmically in figure 3.
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FIoURE 3.—Average number of adult
ieafhoppers per 50 sweeps found in 7
beetfields in Sacramento Delta of Cali-

fornia during summer of 1831 (data
by H, C. ironohee).

The leafhopper population in-
creased almost at a logarithmic
rate from the first sample until
about September 1, when the
growth slackened because of the
maturing of the beet plants. There
were three periods when the num-
ber of adults captured reached a
peak and remained steady for a
week or two before resuming its
general progress. These came
around June 2¢, July 20, and Au-
gust 30, and indicated the period
of maximum emergence and emi-
gration of adults of three summer
broods. These findings were also
substantiaied by some sampling
done by G. T. York on summer
weed host plants at Maodesto,
Calif., in 1934 and 1935.

In the summer of 1934, L. C.
Stanford, of the former U.S. Bu-
reau of Entomology and Plant
Quarantine, extensively reared
beet leafhoppers in cheesecloth
cages tied on naturally growing
plants of bractscale and Russian-
thistle at the Modesto laboratory.
The fests overlapped in time, as
they were designed to even out
the work of handling the leafhop-
pers. Four 1-generation tests were
completed on bractscale, for which
the heat requirement, caleulated
as day-degrees between 58° and
93° F., averaged about 680 day-
degrees. This checks closely with
the wvalue of 650 day-degrees
found by Harries and Douglass
(84) in Idaho. Using 680 day-
degrees as a measure, there is am-
ple time for three summer gen-
erations between mid-May and
late August or early September in
most years. When there are {wo
broods in the foothills, the proge-
ny of the second spring brood
probably produce only two further
broods before autumn,

More recent work by H. L.
Wilson, California Department of
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Agriculture, indicates two com-
plete generations during the sum-
mer, which, with the spring and
fall broods, fotal four generations
per year. This varies in different
Iocalities and seasons.

Utilization of Fall Holdover Hosts

Since the fall, or overwintering,
brood of leafthoppers usually ma-
Lures during October, when the
summer host plants are maturing,
the aduits must seek other souvces
of food. As shown by Lawson et
al. (42}, the leathoppers travel on
the wind, which is usuaily light
and variable at that time of year.
The general wind drvift carries
them south and west from the cul-
tivated and abandoned areas,
where summer hosts are drying,
into the open range. Here they
must seck sustenance from any
available plant, of which there are
enly a fow at that time of year.
The bottom of the dry canyons
usually contains perennizal shrubs
of various species that are still

Figvre J—~Mouth of Cantua Cresk on w
August, showing perennial vegetation in ercek bottom.

largely lepidospartum and desert sage.

succulent (fig, 4), and there are a
few late fail annuals that can also
support the leafhoppers. Some of
the annuals are in the eanyons,
but many of them are on the
benches between the canyons.

Extensive field observations of
newly germinated annuals and the
effect of rainfall immediately pre-
ceding germination indicated that
at least 0.75 inch was needed to
start germination in October, but
if fall yains were further delayed,
0.50 inch or more would initiate
the process in November, or 0.25
inch in December or January.
These figures reflect the lessened
evaporation in the late fall and
winter, making the use of mois-
ture more efficient at those times.
Lighter rains than these might
cause limifed germination of an-
nuals where water accumulated,
vut such germination was spotty
and of hitfle value. In some seca-
song heavy early rains caused
widespread germination of an-
nuals, but drought periods that

BMN-26252

est side of San Jozquin Valley late in

Dark-colored plants are
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TavLe 3. -Dates of fall movement and of germination of winfer anmuals and
perfods on holdover hosts for beel teafhopper breeding arews of ceniral California,

1912-43
e e S, i e t
Approxi- Date of germination of : Period on
Area in mate dafe winter annuals holelover hosts
Han Joaguin Valley of fuli
move- ! :
ment | Eoriest « Tadest  Average ™ Averape  Range
i . .
i ! . % Duys . Days
Narthern, Qet. 15 Hepl. 12 7 Jan. 14 Xov, 18 34, 0-9L
Pavoche . Oet. 25 Oet. 1 Jan. 157 Now, 22 25 ¢ 0-82
Coanlingu . . Nove 1 Ocl. 7 Jan. 12 Nowv. 27 o 0-73
Kern {ounty: . i
Lowlands, Nov., 1 SBept, 30 Jan. 13 Nov. 30 29 0-74
Plains . . . XNov. 1 Sept.26 lan. 20  Nov. 30 29 . 0-90
Foolhills..... . .. Nov. 3 Sepl. 26 Jan. Dee, 3 30 0-85

followed killed the newly sprouted
plants and forced the leathoppers
back onto perennials. This was
definitely observed in 1939 and
probably alse oceurred in 1918,

Weather records were obtained
from many stations on the dry
west side of the San Joaquin Val-
ley and analyzed to estimate the
approximate time of germination
of winter annuals, The Standard
Oil Company of Califernia fur-
nished temperature and rainfall
records for their pipeline pump
stations for 1%12—13 and also the
Shell and Union Qil Companies
for shorter periods. A few U.S.
Weather Bureau stations fur-
nished records.

For the purnoses of this study,
the winter and spring breeding
areas of the San Joagquin Valley
have been divided from north to
south into six areas, designated as

Northern, Panoche, Coalinga, and
Kern County, with the last sub-
divided into lowlands, plains, and
foothills. The approximate dates
of fall movements into these
aveas, the earliest, latest, and
average dates of germination of
winter annuals, and the ensuing
holdover periods on perennials are
shown in table 3,

As indicated in this table, the
teafhoppers averaged from 26 to
34 days on holdover hosts in dif-
ferent parts of the valley, with a
range of ¢ to 91 days.

Host Plants
Winter ond Spring Hosts

The following plants, arranged
as to their relative importance,
have been found to be winter and
spring host plants of the beet leaf-
hopper in central California:

IMPORTANT HOSTS

Common nume
Desert plantains.... ...

Pepperweads ... e
Redstem filavee . .. . .
Hevpiaria.. ... .. . ..
Hollisteria. ..o oot

Scientific name

. Plantugo erecta, bigelovii, insularis var.

fastiginta

Lepidinm nitidum, latipes

o Erodiym elenturium

Hernforin einerca DG
Hollisteria lunpte Wats.
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MINOR HOSTS

Common name

Whitestem filaree... eremeenenrrr s
Filaree.
Tropidoearpum .
Redmaids

The first plants fo germinate in
the fall are usually the filarees,
whose seeds will germinate at
rather high temperatures. Tep-
perweeds usually appear next, and
as the weather cools, desert plan-
tains come up. Early drying of
pepperweeds in many years forces
the leafhopper nymphs to other
plants, such as the filarees and
plantains, As these winter an-
nuals mature, other plants that
germinate late and grow slowly
during the early spring take over.
These include herniaria, hollis-
teria, tropidocarpum. and red-
maids. The second spring brood
is usually produced on filaree and
on these last plants. The periods
when these plants are generally
succulent in relation to leafhopper
broods are shown in figure 5.

Pesert Plantains, — Plantage
erecta and bigelovii occur together

Scientific name

Erodivm moschatum

Evrodium botrys {Cav.} Bertol
Propidacarpum gracile Hook.
e Calandrinia sp,

throughout the northern and cen-
tral parts of the Great Valley and
are not easy to distinguish in the
field. Consequently, both have
been recorded in field notes as
erecta. P.insularis var, fastigiala
is different in its ecology.

Plantains of the erecle group
are very small, rarely over 4
inches in height. Usually they
grow in dense stands, where the
individual plant generally has six
leaves or less and one or i{wo
flower heads. These stands are
often so thick as to crowd out all
other plants, and the resulting
pure stands have a characteristic
gray appearance, which makes
them visible for some distance
(fig. 6), N

P, insularis var. fastigiate is
found in the south-central and
southern parts of the San Joaquin
Valley and in the great southern

NOY. BEC.

JAN, FEB. MAR. APR, MAY

PERIOD OF SUCCULENCE
OF HOST PLANTS

FILAREES

PEPPERWEEDS”
DESERT PLANTAINS ~

HERNIARIA AND -
HOL LISTERIA

STAGES OF
LEAFHOPPERS PRESENT

QVERWINTERING
FEMALES

FIRST.BROOD "
NYMPHS

SECOND-BROODD ™
NYMPHS

FioURe 5.—Period of suceulence of important spring host plants in relation to leaf-
hopper broods.
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FIURE Go—~Typical dense staml of Plavtage creeta.

BN-23250 apd BN-23260

FIURE .- Pluvtag.s irodarie var, fustigiote: A, Single plant; B, characteristic
open stand.

iesert, Tnhike the P,ormoefa type,
foc st danally oeeurs in rather
stands, in which the indi-
vidund plants wee well separiated
(e, Tr. s a relatively deep-
poteed atinal, aied can continue in
woreenn, <teenlent condition after
mest other annuals have dried,

rpeen

The =eeds of desert plantains
have a gelatinous outer coating,
which mbibes water and becomes
eluey after a rain, adhering to
small stones aned picees of soil or
nlant debris. As the soil dries,
this coating alsa dries, attaching
the seed firmly Lo whatever it hap-
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pens to contact. The seeds ger-
minate only at relatively low tem-
peratures, and young seedlings
are rarely found before January,
even when fall rains come early.

The plantains are well distrib-
uted over the breeding areas. They
occupy the driest and warmest
slopes in the foothills, and are also
found on the Aats and plains out-
side the foothills. On these plains,
where there is less heat and more
moisture than in the foothills,
they grow more slowly, and leaf-
hoppers leaving the foothills early
in the spring often stop and lay
part of theilr eggs in these later
patches of plantain, producing a
second partial generation about a
month iater than the first genera-
tion.

The plants are attractive o the
leafhoppers if measured by the
populations of ovorwintering fe-
males found feeding on them.
They are short plants and gen-
erally favorable in growth habit.
Their period of succulence is long,
and they are often among the last
host plants to dry in the spring.
They consistently oceur from year
te year. When found in mixed
slands, the plantains make up
such a small part of the whole
stand as to be negligible, Since
those of the P. erecte group some-
times grow too thickly for beet
leafhopper reproduction, they have
very low populations. P. insularis
var. fastigiate varely grows thick-
lv and is almost always a favor-
able host plant.

Peppertceeds—Two species of
Lepidiwm ave highly important
host plants of the beet leafhopper
in this areca, L. nitidum, in par-
ticular, iz abundant and wide-
spread and is highly attractive to
the overwintering female leafhop-
pers {fig. 8). .

L. witidum is a small, usuaily
much-branched annual growing

BMN-26341

FiGUre 8.—Single plant of Lepidaum
nitidum.

from 1 to 6 inches in height. Like
the desert plantains, its seeds are
coated with a gelatinous layer,
which imbibes water. The seeds
will not germinate until fall, but
usually sprout in November, scon
after the first rain falls. Under
very dry conditions these plants
will mature a single pod with two
seeds. Such depauperate forms
are often found on south slopes
that are too dry for other plants.
The pepperweeds can endure com-
petition, and small, stunted plants
may be secattered through rather
heavy stands of bromegrass (Bro-
mus rubens 1.} or rank fAlaree.
Pepperweeds will be the first
plants found on bare slopes or
flats. They usnailly mature and
dry in late February or March,
and before the leathopper nymphs
can mature, they must complete
their development on other hosts.
Also, pepperweed that has started
to flower seems less attractive to
female leafhoppers than that in
the early or rosetfe stage. If the
plant is flowering in January, the
leafhoppers when ovipositing will
often pass it by in favor of other
less mature host plants.

On the other hand, if the fall
rains are late, so that pepperweed
does not sprout until late Decem-
ber, it will be in a very attractive
condition at the right time and
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will receive a large share of the
total eggs laid. Even when it ma-
tures early, many eggs are Iaid in
it. In many instances, careful
search through the eighth or
quarter square foot of other host
plants being sampled in March
will reveal a few dead or dying
pepperweed plants, from which
many of the nymphs found may
have hatched,

Lepidium lutipes is not so com-
mon or widespread as nitidwmn,
but fends to occur with it in
mixed stands. It is about equally
atiractive to the female leafhop-
pers, and is a good host wherever
1t is found in the breeding areas.

In brief, the pepperweeds are
very attractive to the leafhoppers,
have a desirable growth habit, are
widely distributed in the particu-
lar spots where they are likely to
be found by the leafthoppers, cceur
in open stands, are almost always
abundant, and occur consistently.
They often are mixed with other
leafhopper host plants, but this
does not seriously affect their
value to the leathopper, as the
nymphs can move from drying
pepperweeds to other more sue-
culent hosts without traveling far.

Alfilerias or Filurees. — Jepson
(40, p. 591) listed five species of
Erodium as occurring in Califor-
nia. Three of them—eicutarivm,
moschutum, and  botfrys — are
found in the leafhoppey breeding
areas. K. moschatum usually oceu-
ples higher, more moist ground,
but occasionally invades the lower
slopes. E. botrys is very abun-
dant in the Sacramento Valley
and in the northern San Joaguin
Valley, but has not been of any
great importance as a leafhopper
host,

Redstem (cicutarium) and
whitestem (moschatum) filarees
may oceur in mixed stands. They
cannot be separated until the

seeds form. Late-season studies
have indicated that whitestem
filavee is not abundant in the
breeding areas, and is only a
minor leafhopper host.

Redstem filaree was listed by
Severin (5§1) as the most impor-
tant spring hest plant in the foot-
hill areas. Although later studies
have shown that it was not so im-
porfant as Severin thought, it
still remains a highly useful mem-
ber of the host-plant complex. 1t
was apparently introduced very
early from the Meditervanean re-
gion, and it is now well adapted
in many Western States. Unlike
the pepperweeds and plantains,
some of its seed will germinate
whenever moisture is sufficient,
as in June 1931, when local cloud-
bursts supplied nearly an inch of
moisture {0 parts of the San Joa-
quin and Salinas Valleys. Within
a week these areas were green
with newly germinated filaree. It
is ordinarily the first plant to ger-
minate after the fall rains com-
mence. For this reason, it is high-~
ly important fo the leafhoppers,
as it usually supplies the first sue-
culent food they receive after
leaving their summer hosts.

The growing plant first forms &
roszette, usually from 2 to 6 inches
in diameter, with the leaves Iying
almost flat along the soil surface
(fig. 8). In a dry season or in dry
locations a few blossoms are pro-
duced on stems arising from the
rosette, and a few seeds are sef.
When moisture is plentiful sev-
eral long stems arise from the
rosette, at first exect, then gradual-
ly becoming semiprostrate, They
may grow 3 feet long and branch
profusely. If the stand of filaree
1s at all thick, the tangled mass of
stems will grow 12 to 18 incheg
high. Such tangled mats are not
favorable for leathoppers, and
very few nymphs will be found in
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BN-25215

FiGURE 9~—Typical plant of redstem
filarae,

them. However, such mafs grow
in the meoister places, and when
the stunted plants on south slopes
and similar locations dry up, the
leafhopper nymphs are often
forced onto the heavy growth, and
enormous populations may be
found there near the time of the
spring movements. Such aggre-
gations of adults and nymphs on
this plant have greatly enhanced
its veputation as a host.

Filaree has another valuable
characteristic in certain seasons.
If rains ave scanty, the scattered
plants on dry spots will fold their
leaves into a tight vertical bunch
£0 reduce transpiration and exist
with little further growth for
some time. If rain comes late be-
fore the plant is dead, new succu-
tent growth develops, which is
very attractive to the adults of the
first spring brood of leathoppers,
and they will lay many eggs in
it to produce a second brood in
the desert.

In 1927 and 1940, the filavee,
growing rankly over many paris
of the foothills, was almost com-
pletely wiped out by the attack of
an aphid closely related to the
pea aphid. Within a few days,

areas of many square miles where
rank filaree had been growing
were brown and dry. However,
the filaree in many places puts out
basal shoots of new growth, and
in 1940 many leafhoppers laid
their eggs in this growth and thus
contributed toward the large sec-
ond brocd of that year.

Filaree is apparently atiractive
to the overwintering females. It
has a period of succulence gener-
ally sufficiently long fo mature a
complete brood, and in many in-
stances will mature a partial see-
ond brood. [t is the most gener-
ally distributed plant in the
desert. It often occurs in pure
scattered stands, which are very
attractive to leafhoppers, and
often in heavy stands mixed with
bromegrass, which do not attract
this insect. In brief, under cer-
tain conditions it is an excellent
host, under others, worthless.

Herniaria. — Herniaria, a tiny
plant with small leaves, grows in
rather heavy stands on the north-
ern foothills of the Great Valley,
but it is not abundant south of
Fresnu, It germinates in early
spring rather than in late fall or
winter as the previously men-
tioned host plants. During March
the tiny seedlings may be found
in the cotyledon stage, growing
thickly in the breeding areas. In
April the plant starts to grow,
and by the middle of May it is full
size, which may be 3 or 4 inches
in height. The plants are normal-
Iy dry by the end of May.

The plant is too small at the
time the overwintering females
are ovipositing to receive any of
the eggs, but it is sufficiently af-
tractive to the first spring brood
to receive many of iis ezgs. The
growth habit (fig. 10) is suitable
{or the leafhoppers al this time of
vear. It occurs generally in rather
thin stands, which may be mixed
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BN-26249

Ficrre 10.—Single plant of Herniaria
cinereq.

with other piants but in many
cases are nearly pure. Its disfri-
bution is rather general over the
northern foothills, especially on
hilltops and south slopes. The
chief disadvantage is inconsistent
occurrence., The factors control-
ling its abundance from year Lo
year are not known, but it will
appear rather suddenly and for a
year or two be abundant over
large areas, only to disappear just
as suddenly.

Hollisteria. — Although hollis-
teria belongs o a different family,
it is very much like herniaria in
its general habits. It is also a
small grayish-green annual that
germinates early in the spring.
The fully developed plants may be
somewhat larger than those of
herniaria, and because the stem
internodes are longer, the plant is
move open. It is also mature and
dry by the first of June.

Hollisteria is distributed over
the southern San Joaquin Valley
and is abundant on the plains
near Middlewater and in the hills
and canyons as far north as Fres-
no. Like herniaria, it occurs er-
ratically from year to year. Qcca-
sionally heavy populations of
second-brood leafhoppers develop
in it, as in the spring of 1937,

when a large second brood devel-
oped over a rather large area.

Tropidocarpum. — This is a
rather small yellow-flowered mus-
tard (fig. 11). It is an excellent
host plant and very attractive to
the leafhoppers, which may be
found feeding on it before they
are ready to lay their eggs. Un-
like pepperweeds, it usually ve-
mains succulent long encugh for
the nymphs to mature. It is low
growing and rather sprawly,
often covering an area 8 or 9
inches in diameter with its nearly
prostrate stems and leaves. Fre-
quently it is found mixed with
filaree and pepperweeds; the three
plants possibly cover 50 percent
of the ground area. The combina-
tion may produce large leafhop-
per populations.

In 1934, counts were made of
the plant cover in 23 locations in
the desert breeding areas, scat-
tered from north to south. Twelve
of these locations yielded one or
more plants of tropidocarpum in
ten 1l4-square foot samples. It
thus appears toc be rather gener-

P;l;_lpi;g,qj;l_irftpll? i
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BN-26151

Frovre 11.—Single plant of Tropido-
carpum gracile.
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ally distributed, although rarely age of 10 or more subsamples.
abundant. The plant is rather con- Since the field notes gave only
sistent and tends to oeccupy the generic terms for the host plants,
same general areas year after species could not be segregated.
year, The northern area reaches from
Relative [mportance of Spring Altamont Pass east of Oakland to
Hosts. — 1L is difficult to find a a point due west of Fresno, the
quantitative basis for rating the central area extends from this
relative importance of these plants.  point south to the north line of
They often occur in mixed stands, Kern County, and the southern
from which only detailed study area is south of the Kern County
can defermine the true host line (table 4).
plants, Their relalive importance 0Of the three host plants tabu-
varvies in different years, depend- lated, the desert plantains had the
ing on their stage of growth when highest spring populations of leaf-
the lealhoppers are veady to lay hoppers. This superiority was due
their eggs. Their type of growth considerably to the presence of P.
varies with the rainfall, so that a insularis var. fastigiate in the
location producing only a few central and southern areas. The
stunted plants in one season may pepperweeds were not too accu-
have a fair cover of normal plants rately represented, as they usu-
in the next. ally matured during March, and
To present their relative im- few later samples were taken on
portance in general terms, all the them. Filarees, although very
quantitative samples taken during abundant and consistent, were not
March, April. and May during the as good host plants as either of
survey have been classified as to  the others. The filarees had slight-
host plant and area sampled and ly higher leafhopper populations
have bheen averaged. Samples in the central and southern areas
other than survey samples were than in the north, a reflection of
disreparded, as they gave undue lower rainfall and sparser stands
praminence to some parficular of smaller plants toward the
plant or plants being studied. south. The central and southern
Each sample is in itself the aver- areas were far more productive of

Tasue 4. Tolol number of semples on indicated host planis of first spring
braod beel teafhoppers and average momber of leafhoppers per square fool in 3
areas ef Sun Joaquia Valley, 1934-43

Northern Central Souihern All areas
st plapt .
in samples

Samples Leaf- Samples Leaf- S:nnp]e? Leal- Samples Leaf-
hoppers happers hoppers, hoppers

Anm- - Nwm- Num- Nuwm- Num- Num-  Num- | Num-

ber ber ber ber ber - ber ber ;| ber
Desert planiains 67 467 126 13.48 133 | 12.90 326G ; 11.44
Pepperweeds .. L a2z 1.01 62 11,09 13 . 06.75 . 97 ¢ 8.22
Fitarers . . a3 4.0 121 5.9 60 7.33 . 234 78

3
Al plants . 142 3.86° 300 0.98 206 10.94° 637 8.96
; . i |
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leathoppers than the north. Dif-
ferences between the central and
southern areas were slight.

These data, In general, give the
overall spring host-plant picture,
which changes from year to year
as the weathor changes. In 1933,
H. E. Wallace and G. T. York col-
lected samples of vegelation from
oceupied breeding arveas in the
novthern  San  Joaguin  Valley,
bleached them with houschold
bleach, eleared them in gasoline,
and counted Lhe leathopper eggs.
in 10 samples, containing 1,700
plants, they found 102 cggs in
desert plantain and only 10 in
filaree, showing a strong prefer-
ence for plantain in that place and
season.

In that same season W. C. Cook
and F. R. Lawson sampled the
ieafhopper populations of three
closely adjacent locations noear
Coalinga in the central area, us-
ing a pan-type sampler. After the
leafhoppers were .ounted, the
plants in the sample were pulled
up and counted. The samples from
the three places were dominated
by pepperweeds, redstem filaree,
and goldficlds (flaecria chrysos-
toma F. & M.}, respectively. The
results are given in table 5.

In this sel of samples there
were over four times as many
leathopper nymphs in the location

dominated by pepperweeds as in
the other areas. On the following
day the same workers sampled a
south slope dominated by desert
plantains and an adjacent bottom
area dominated by pepperweeds.
The plantain arvea averaged 124
nymphs per square foot and the
pepperweed avea 26.0 nymphs.
The latier produced more leathop-
pors in both instances.

in the spring of 1935, G. T.
York obtained 19 host-plant sam-
ples from various breeding areas,
segregated the host plants by spe-
cies, and helid them with their
roots in moist cotton until any
oggs laid in them had hatehed.
His samples covered the breeding
area as far south as Coalinga. The
numbers of nymphs he found are
shown in table 6.

These samples were {aken too
late for the maximum number of
nymphs from the pepperweeds,
but as pepperweeds made up just
over 10 percent of the host-plant
cover, they were not very impor-
tant. Nearly three-fourths of the
nymphs were produced on the
plantains,

These examples show the varia-
tiocns in utilization of the princi-
pal host plants in different places
and seasons.

Changes in Annual Vegelaiion
After Wet Years.— During the

Tanni 5. - Relutionship of npuphal populations of beet leafhopper to pland

cover, Conlinga, ('alif., April 1933.
age fur cach plant species.)

Leai-

{Iigures In tlalics show highest percent-

; Plant cover
hoppers
Daminent plant xpecies per ' :
square | Pepper- | Redstem o Goldfields . Miseed-
{ doot - weeds filaree fancous
i I : i :
U Number - Percent | Pereent o Percent fercent
Pepperweeds . .ooooe ool 1424 R 7.1 20.0° 1.8
Redstem flaeee . . ..o Ll 26.3 4.1 a0 6.3 6.7
Cloldfielda. . ool oo ans i 2,2 3.1 0. 18.6

30.8

i
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TanLe . —Relationship of nymphal populations of beet leafhoppers to host-plani

Number

Leafbopper nymphs

species, as shown by laboralory rearings, spring 1935

Host plants

tiost plant of zzmples

Number  Pereent  Number  Percent

uf total of igtal
Planteins ... ... ... ... .. 19 95 73.7 1,715 38.1
Filarees. .. . __ ... .. _._. 19 12 9.3 1,040 ° 23.1
Pepperweeds . .. ... ___. b i 8. 325 11.6
Other host plants 1. _. 12 21 16.2 1,227 ¢ 7.2

! Included 8 other plants, none of which made up 4 percent of host-plant cover.,

period 1929-34, rainfall in the
San Joaguin Valley was consist-
ently below normal. The average
for 9 to 12 weather stations in the
breeding areas was 5.57 inches
from July 1 through June 30.
Vegetation was probably at a low
point, as such droughts were not
too common. Starting in the fall
of 1934 and continuing through
the spring of 1942, heavier-than-
normal rainfall occurred, averag-
ing 9.14 inches for the same sta-
tions, This had a very definite
cffect on the annual vegetation,
which has been discussed from the
standpeint of stock range by Tal-
bot et al. (55) for the general
range area of the San Joaguin
Valley,

In 1933-34, counts of the plants
on samples 1aken for leafhopper
nymphs were made at 20 loca-
tions in the San Joaquin Valley.
These plant counts were filed and
almost forgotten until, in 1942,
the changes in vegetation had be-
come so obvious that it seemed de-
sirable to resample the vegefs-
tion. Two sets of samples were
taken in 1942, The first set was
taken as cluse as possible to the
area where the 1933-34 samples
had been taken to check the
changes in those particular spots.
Many of these spots had developed
such heavy growth in 1912 that

they would no longer support leaf-
hoppers. The best nearby spots of
breeding aren, comprising the sec-
ond set, were also sampled to find
out under what conditions the
leathoppers were forced to breed.
In all instances from 5 to 20 sam-
ples were taken, and the plants
were soried and identified in the
field. About 20 locations in the
general breeding area were sam-
pled. The plant cover is shown in
table 7.

The plant cover is shown for al-
most identical locations in 1933-
31 and 1942. Heavy rainfail that
reduced the leathopper host plants
from 200 to about 160 per sguare
Toot would not have been serious
except that nonhest plants in-
creased 10 times, to nearly 700
per square foot. Vegetation of this
density is too heavy for beet leaf-
hopper reproduction, especially
when most of the plants are non-
host grasses.

Comparing the seecond and
fourth columns of table 7 will give
some idea of the actual conditions
under which the leafhoppers were
breeding in the two seasons. Fila-
rces and pepperwecds had de-
creased in 1942, whereas plan-
tains and herniaria had increased.
Grasses were over 10 times as
abundant in 1942 as in 1933-34,
but the presence of 200 grass
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Tante ?.—Plent cover in beet leai-
hopper breeding spuls in 1933-34
conrpared o cover in sume spols and
also in nearby foverable breeding
spots in 1942, San Joaguin Valley

Plants
Piants per per
sguare fook squure
I same fot
Plant species spots in—- from
Or group best
nearhy
= e . hreed-
ing spols
‘1033-34 1942 (194
Number Number Nuwwber
Filarees. . .. .. 67 42 39
Plantains. ... ___ 86 56 9%
Pepperweedu. .. 20 9 19
Flerntaria_ . ... 4 a3 1G
Tropidocarpum. 14 O 0
Redmaids. ... . 2 0} i
Fotal
host
planis. 200 159 171
Grosses__..o-.. 13 613 200
Miscellancous
annuals. .. ... a2 . ii 33
Total
non-
host
plents. 67 G87 253
Total
plant
over.. 267 846 424

ptants per square foot was not so
serious here as the 600 on the old
hrecrling areas. The increases in
plantains and herniaria insured a
host-plant succession, and a sec-
ond brood was noted in at least
three seasons. Field notes in 1542
indicate the presence of much
grass in nearly all parts of the
breeding area.

Since rainfall is heavier in the
northern part of the San Joaquin
Valley than in the south, a general
increase in rainfall shifted vege-
tation zones to the south, as shown

in table B, where the samples are
segregated according to the col-
lection area.

Tanee 8 - Analysis of annual plant
cover in favoruble breeding areas
in different paris of San Jeaguin
Vialley in 1883-34 as compared
with that in 1942

Plants per
sqpuare (ool
] Change

Area and type
of plants

1933-34 1942

Northern
{oothills: Number Number Number
Hoste_... - 412 322 —80
Nonhosts. . 104 223 +118
Panochae
Hosis. ... . 147 103 —i44
Nonhosts. . 37 305 +268
Coalinga:
Hosts. ... 152 167 - +5
Nonhosts. . 124 322 +198
Bouthern plains:
Hosts_____. 189 79 —110
Nonhgsts. . H 363 - +357
Southern :
faothills: :
Hostso._ ... 86 184 - +98
Nonbosts. - I 49 —-10

In both sampling seasons the
plant density decreased rather
regularly from north to south, in
conformity with decreasing sea-
sonal rainfall. In 1933-34, host
plants made up more than half the
total plant cover in all areas, but
by 1942 three of the five areas
contained more nonhosts than
hosts.

Since in 1933-84 the plant
cover in the northern area was
too heavy for optimum leafhopper
reproduction and that in the south
was too light, the three middle
sections produced most of the
leathoppers. By 1942, the heavy
grass cover was present every-
where except in the southern foot-
hills, In 1933-34, the three cen-
tral sections had an average total
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plant cover of 175-300 plants per
square foot, of which 150-200
were host plants. Assuming this
to be the optimum condition for
the leafhopper, the only area to
fulfill the apecifications in 1942
was the southern foothills with
233 plants per sguare foot, of
which 181 were host plants. In
all the other areas there were
more plants, with nearly as many
or more nonhosts as hosts. Very
few leafhoppers were produced in
1942 anywhere except in the
southern foothills.

The spring host-plant complex
in central California may be sum-
marized as follows:

The beet leafhopper may lay
eggs and the nymphs may mature
in many species of annual range
plants (Severin 51}, but only a
few of these are Important be-
cause of the leafhopper popula-
tions produced. Many plants are
excellent hosts for the leafthopper,
but they may be unattractive to
the female, may mature at the
wrong time, may be widely but
sparsely distributed, or may, on
the contrary, be concentrated on
one area or a few small areas.

The important spring host
plants in central California are
plantains, pepperweeds, and fila-
rees, in about that order. Other
hosts, such as herniaria and hol-
listeria, will help to produce a sec-
ond brood in certain years, at
which times their importance is
great, but they may be of little
value for a series of years be-
tween these second-brood situa-
tions.

Apparently a plant density of
200 to 300 plants per square foot,
of which two-thirds are leafhop-
per host plants, will produce opti-
mum breeding conditions. This
critical density neccurring in dif-
ferent parts of the breeding area
in different seasons makes it diffi-

cult to assign importance to any
particular breeding area except in
terms of distance from susceptible
cultivated crops. Leafhopper pop-
ulations fluctuate from year to
year, depending on how prevalent
the optimutn conditions are and
how many leafhopper adults
found their way to those areas
during the fall and early winter.

Late-Spring and Early-Summer
Breeding Hosts

The late-spring and ecarly-sum-
mer breeding hosts germinate in
the fall, winter, or spring, but
chiefly in the spring, and mature
by midsummer to a point where
the leafhoppers cannot breed on
them. The importance of these
plants is secondary fo that of the
true summey hosts, which remain
green until fall. Severin (51, pp.
287-2586) discussed these and the
more important plants,

A group of snort-lived annual
saltbushes (Atriplex spp.) occurs
in many parts of the Great Valley,
but none of them have high leaf-
hopper populations and they ma-
ture late in June. These include
the species cordulate Jepson, cor-
onata Wats., phyllostegia (Torr.)
Wats., parishii Wats., and cordu-
{ata var. fularensis Jepson. They
occur in the lower, more alkaline
parts of the Great Valley, and
their stands are scattered. The
total acreage is small.

The annual mustards (Brassica
spp.) may germinate either in late
fall or early spring. They and the
pigweeds (Chenopodium spp.) oc-
cur chiefly as weeds in cultivated
ereps. Their period of attractive-
ness is short, and their growth
soon becomes woody.

All these plants execept the an-
nual saltbushes occur chiefly in
irvigated fields, where they will
hold leathoppers during May and
June. When cultivation removes
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the weeds, the leafhoppers may
move to aany suscepiible crops
present, transmitting curly top o
them.

Summer Hosts

Only such plants as are present
and attractive when the leafhop-
pers [ly from their spring host
plants and vemain succulent long
enough to mature the jast brood in
October will be considered as sum-
mer host planis. The chief plant
species are sugarbeets, Russian-
thistle, fogweed, bractscale, and
smotherweed.

Sugarbeets grow from Febru-
ary through November in the
Great Valley and provide exeel-
lent conditions for leafhopper
mulliplication. Samples taken in
sugarbeet ficlds at approximately
weekly intervals during 1931 (fig.
3 and p. 19) showed that the
leafhopper population increased at
a logarithmic rate from the time
the migrant leafhoppers reached
the fields in May until about Sep-
tember 1. The generation pro-
duced in September was smaller
in numbers, and these leafhoppers
began to leave the beets as they
developed wings. Some of them
anparently remained in the beet-
fields until November.

Smotherweed is of minor im-
portance in central California. It
oceurs chiefly as a weed of barn-
yvards and ditchbanks. 1t is wide-
Iy distributed, but the total acre-
age is small.

Russian-thistle, fogweed, and
bractscale are the summer hosts
of greatest importance in central
California. The distribution and
ecology of these plants have been
covered in detail by Lawson and
Piemeisel (44). These authors do
not, however, give much informa-
tion regarding their utilization by
the beet leafhopper.

Russian-Thistle —Russian-this-
tle oecurs throughoul wesiern
North Amerieca, where it is one of
the most widespread and abun-
dant annual weeds. The species
apparently approaches its south-
ern limit in the Southwest, as it
is not a serious pest in the Im-
perial Valley of California. 1L
has recently spread throughout
the cultivated arcas of soulhern
Arizona, but ranks as a poor leaf-
hopper host there. 1L occurs in
disturbed and overgrazed fand in
central California.

During 193142, Russian-this-
tle in the San Joaquin Valley
varied from about 125,000 acres
in 1931 to less than 10,000 acres
in 1911 and 1912, Since that time
it has again increased. According
in Harold Green, entomologist for
the California Slate Department
of Agriculture, it appears that
150,000 to 250,000 acres of Rus-
gian-thislle in the San Joaquin
Valley have been treated for Jeaf-
hopper control each year [rom
1960 Lo 1965, so there must have
heen a still larger fotal acreage.

In central California, Russian-
thistle seed will germinate any
time except midwinter if suffi-
cient moisture is present, Heavy
stands followed the inundation of
a large area of lowland in June
1931. Normally the bulk of the
seed germinates during February
and March. The plant starts to
mafure seed in August and re-
mains attractive to leafthoppers
until the last main stem has dried
in November.

Under favorable conditions iso-
lated plants may grow as high as
5 leet and be 6 feet in diameter
{fig. 12)}. BEntire fields of this
plant that range up to 4 feet high
are fairly common in seme sea-
sons. When the growth is thicker,
an almost solid stand from 8 fo
18 inches in height results. In
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Fiecre 12, —Heavy growth of Russian-
thistle near Mendota, Calif., in 1933,

either type of stand high popula-
tions of leathoppers can develop.

The leafhoppers infest the Rus-
sian-thistle at the time of their
spring movements, and the popu-
lation increases to about 25 to 30
leathoppers per square foot dur-
ing June. The hot weather of
July and August reduces the pop-
ulation, largely because of mor-
tality of newly hatched nymphs,
but with cooler weather in Sep-
tember and October the nopula-
tion again builds up, reaching a
high point of about 75 leafhoppers
per square foot by mid-October.
The thistle dries early in Novem-
her and the leafhoppers leave.

The importance of Russian-this-
tle as a host plant for the final fall
generation of leathoppers is so
great that a survey, covering from
30 to 80 fields scattered over the
known thistle area, was made al-
most every vear in mid-October.
For the period 193342, the sam-
ples averaged 82 leafhoppers per
square foot. The highest popula-
tion was 179 per square foot in
1931 and the lowest was 16 in
1310 and 1942,
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Large, healthy thistle plants
may carry enormous populations
of leafhoppers. In 1934, when
general populations were very
high, three sets of five samples
each, taken at random from three
large fields, averaged over 1,000
leafhoppers per square foot. The
plants in these fields averaged 3
feet in height, with a stand den-
sity of 50 to 75 percent. Such
fields produced enormous numbers
of leathoppers.

Fogweed or Silverscale. — Fog-
weed is found in many places in
the coentral valley of Californiz,
chiefly in locations with a rela.
tively high water table and with
considerable alkali in the surface
soil. 1t oceurs almost entirely in
disturbed land and has been able
to maintain itself indefinitely in
the grainlands around Tulave
Lake.

The seed of fogweed germinates
late in the winter, usually in Feb-
ruary or early March. The small
plants grow very little until the
grain is harvested, when they are
about a foot high. After the grain
is cut the plants grow rapidly,
reaching 3 feet in height by Sep-
tember (fig. 13)}. The plant ma-
tures and dries soon afterward.
This drying usually takes place
before the fall brood of leafthop-
pers develops and results in a high
nymphal mortality or a forced
movement to other plants. In cer-
tain seasons and locations, how-
ever, fogweed has been known to
remain succulent and attractive o
the leafhoppers until Jate Qctober
and then produces a large popu-
lation of fall-brood leafhoppers.
This variation has not been fully
explained, but undoubtedly is
caused, at least in part, by varia-
tions in available water,

Fogweed varied greatly in
abundance during 193013, when
it was closely observed. About
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BMN-86263

Fictrre 13.—Fogweed plant in stubble
field,

165,000 acres were found in 1931,
but never more than 30,000 acres
during the rest of the period,
rcaching a low of about 10,000
acres In 1611 and 1942, During
this period, the acreage of fog-
weed was related lo the fluctuat-
ing supply of water in Tulare
Lake, a large part of which is a
reservoir In wet years but s
farmed in dry years. The acreage
of grain near and in the lake was
dotermined by the available water.

In general, Jeathopper popula-
tions on fogweed were larger in
the southern San Joaquin Valley
than in the northern part. The
seasonal fiuctuations in popula-
tion {ellowed the same general
pattern as those on Russian-this-
tle, with an early peak in June
and a late, slightly higher peak in
October. With fogweed, however,
part of this fall peak is illusory,
beeause lavge fields may dry, leav-
ing only roadside fogweed in suc-
culent condition, which causes the
leafhoppers to concentrate, and it
is these conecentrations that would
have to be sampled.

Braciscule.—Bractscale has been
found throughout the San Joaquin
Valley in locations similar to those
occupied by fogweed. 1t is less
tolerant of alkali in the soil than
fogweed and move like Russian-
thistle. Most stands of bractscale
have been found east of the San
Joaquin River, and its distribu-
tion west of the valley bottom is
limited to very small disturbed
arecas n tie foothill ranges,

Bractseale germinates in the
late winter, and has a seasonal
history like that of fogweed. Gen-
erally it matures later than fog-
weed, and is often succulent suf-
ficiently late in the season to ma-
ture the fall generation of leaf-
hoppers,

In 1930 and 1931, bractscale
was very abundant, with about
114,000 acres in 1931. This area
decreased rapidly to less than
10,000 acres i 1935, and bract-
seale was a relatively searce harn-
vard, fenece-row, and ditchbank
weed for the remainder of this
study, probably beecause of shifts
in agricultural crops and tech-
niques. (See Lawson and Pie-
meisel 4.4.)

Many field samples of bract-
seale were taken during its years
of abundance, and the leafhopper
populations found followed the
general trends of those on Rus-
sian-thistle and frgweed, except
that the populalions on bractscalc
welre at no time as high as on the
other plants.

Relative Imporiance of Summer
Hosts—The importance of a host
plant in the economy of the leaf-
hopper depends on many factors.
The more obvious of {hese may be
summed up in the statement that
the plant must be in the right
piace at the right time and be at-
tractive lo the {female leafhoppers
for oviposition.
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Populations of leafhoppers
found on the three most impor-
fant summer hosts—Russian-this-
tle, fogweed, and bractscale—are
shown in figure 14. Since the
critical period in the economy of
the leafhopper comes in the fall,
Russian-thistle ranks far ahove
the others in this respect. This
plant is alsoe found {n the critieal
areas in or near the overwintering
quarters of the leafthopper. Fog-
weed ranks second because of its
general distribution in the valley
bottom, whereas byactscale, with
a more local distribution and poor
host-plant qualities in the fall,
ranks third.

Folf Holdover Hosts

Speciey  Tnvolved. — Although
many species of perennials are
found in the wash bottom, only a
few are both abundant and wide-
spread in the areas where the
leafhoppers exist. In the northern
part of the San Joaquin Valley,
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chrysopsis (Chrysepsis wvillosa
{Pursh} Nutt.} occuples much of
the wash bottom, with oceasional
patches of lepidospartum, alkali
heath (Frankenia grandifolia C. &
S.), alkali blite (Suceda moguini
Greenc), and saltgrass (Distichlis
spicate (L.) Greene), Ascending
the canyons, other species such as
California sagebrush, wild buck-
wheat {(Eriogonum fasciculatum
Benth.), and snakeweed (Gutier-
rezia ealifornica (DC.) T. & G.)
become more common. On the hill-
sides are found such perennials as
licovice (Glyeyrrhiza lepidota
Pursh} and horehound (Marru-
bium wvulgare L.) and such an-
nuals as tarweed (Hemizonia
spp.) and bluecurl (Trichostemn
funceolatum Benth.), sometimes
covering rather large areas. In
the centrai part of the San Joa-
auin Valley, chrysopsis is replaced
by desert sage, wild buckwheat
becomes more abundant, and rat-
tleweed (Astragalus lewcophyllus

20

80
| M RUSSIAN-THISTLE
60 [ BRACTSCALE
] FOGWEED
40

LEAFHOPPERS PER SQUARE FOOT

APR, MAY JUNE JULY AUG, SEPT OCT

Frorne 1. —Leathopper pepulations per square foot on three prineipal summer hosts
in central California, 1$51-40,
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T. & G.) begins to become com-
mon., In the southern part of the
avea, desert sage is by far the
most abundant holdover host, with
lepidospartum and isocoma (Isgo-
coma venete (H. B. K.) Greene)
as minor hosts,

The relative abundance and at-
tractiveness to the leafhopper of
the principal fall holdover hosts
in central California, where sam-
ples were taken on all holdover
hosts for many years, were tabu-
lated. Plant species on which the
largest number of samples were
taken are as follows:

Plant species Number of sumples

Desert sage . . 474
Lepidespartum .....eeeeee. 422
Bluecurl ... 310
Snakewead ... 181
Alkali heath ... 140
Tarweed ...

Alkali blite

Rattleweed

Chrysopsis ...

Ispcoma ...

These data should not be confused
with the general abundance of
these species in central California,
as some abundant species were
usually too dry to sample late in
the fall (chrysopsis) or occurred
in aveas only briefly visited hy the
leafhoppers (spiny saltbush, al-
kali blite).

Plant species with the greatest
average leathopper populations in
the fali are as follows:

Leafhoppers per

Plant species squure foot
Burro fat (fsomeris arborea

NUth)  coeecerececeemeeeeaeeerne
Picklaweed (Allenrolfea occi-

dentelis (Wats.) Ktze.).... 19.9
Creek senecio {(Senecio doug-

lussii DC) e 198
Deasert sage .. e 0.2

Spiny saltbush ...
Lepidespartum

Jimsonweed (Daturae metel-
oiddes DC) s 3
Rattleweed ...ooovivieieeeseereee B
Flax {Limom usitatissimum 5
2

L) . -
Alkali Blite .

These data emphasize attractive-
ness to the leafhopper rather than
availability. The first three species
occur sparingly in the habitats
sampled, although pickleweed cov-
ers thousands of acres in the val-
ley bottom.

Both tabulations emphasize that
the leafhopper will try to feed on
any green plant that is available
in the fall, and the utilization of
certain host plants is due as much
to their location as to their suit-
ability for maintaining the leaf-
hoppers. Australian saltbush and
quail-brush are both excellent host
plants when leafhoppers are con-
fined on them, but, although both
species are fairly common in the
areas where these insects seek
holdover hosts, very few leafhop-
pers are found on them in central
California.

To further emphasize the wide
variety of host plants on which
the leafhoppers may feed during
the fall, H. X, Wallace tied cages
containing 25 to 50 leafhoppers
each on willow, pine, fig, and al-
mond trees on the grounds of the
Modesto laboratory during the
fall of 1985, When the cages were
examined in January, 69 days
later, the mortality was as fol-
lows:

Host plant Mortality (peveent)
WHLOW  eereermreeremeeean e renansrass e ameas e 33.0
Ping ot 44 .4
Fig cvveeeineen 47,5
AIMOnd et B6.3

The leaves dropped from the de-
ciduous trees during this experi-
ment, but the leafhoppers main-
tained themselves on the green
stems. This would indicate that
almost any plant can maintain
them in the fall for a considerable
period under central California
conhditions.

Mortality of Leafhoppers on
Holdover Hosts.—In the fall of
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1933, . E. Wallace tied cheese-
cloth bags containing 25 beet leaf-
hoppers each on naturally grow-
ing perennial plants in canyons
on the west side of the San Joa-
quin Valley. The host-plant spe-
cies selected were those where
leathoppers had been found to
congregate in the fall. In a north-
ern canyen, 20 cages each were
placed on lepidospartum, snale-
weed, chrysopsis, California sage-
brush, and wild buckwheat. Be-
cause some of the important hosts
did not occur so far north, 10
cages each were placed on Austra-
lian saltbush and desert sage in
an area 50 miles farther south,
Some or all of the cages were re-
moved weekly by cutting off the
stem of the plant, the leathoppers
counted into a pipet, and the sur-
vivors recaged on another branch
of the same plant. Another set of
cages was tied on the same plants
to supply leathoppers for fat de-
terminations. The mortality in
this test is given in table 9.

This mortality varied greatly
on different holdover host plants.
Lepidospartum and snakeweed arve
very important hosts wherever
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they are found, whereas desert
sage is the only available holdover
plant in much of the southern San
Joaquin Valley. The others are of
rather minor importance. Al-
though Australian saltbush was
one of the most favorabie plants,
leathoppers rarely fed on it in
large numbers during the fall. A
direct comparison of the mortal-
ity between the first five and the
last two plants cannot be made
because of the differing locations.

At the time that the counts
were made, samples of leafhop-
pers from other cages were taken
for fat samples and shipped to
R. A Fulten at the Twin Falls,
Idahe, laboratory. All the leaf-
hoppers in some of these cages
were dead after 4 weeks, and no
more were available for fat analy-
sis until the test was terminated
on December 22, after 10 weeks,
when samples were taken from
the surviving leafhoppers in the
mortality test cages. The remain-
ing live leafhoppers were taken to
the laboratory and caged on filaree
for 12 days, when final fat sam-
ples were taken. The fat content

Taure 0. Mortalily of beet leafhoppers on holdover hosis in San Joaguin Valley
w fall of 1933 {dala from H. E. Wallace)

Locality and host plant

Mortality at end of indicated
exposurc in weeks

1 3 7 ! 8 ’ 10
Northern San Joncuin Valley: Fereent | Perceni | Percent ‘ Percent | Percent
Lepidospartum___.__.._ ___________ .2 7.0 8.4 8.9 12.3
Soakeweed .o .. ____________. [ 9 B 12.4° 1341 17.7
Chrysopsis. oL ____ . _______ ! 7.2 11.8 14.81 16.6 ! 23.8
Californis sagebrush_______________ ; 1.6+ 21.7 81,1 32.8; 35.9
Wild buehwheat. ... ____________ P2y 41,87 81.2% 86,5 92.6

Central San Joaquin Vulley: f : i i I

Australion salthush___ . __ . _._. 0 LG} 7.0, 10.¢ | (Y

©8.0 36.8! 4h7. i 03.8

Idesert ngeooe i :

47.4
l

U Austrullun saltbush, o prostrate plant, and eages were Lrampled by livestoek between

8ih and 10th weeks.
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TABLE 10.-- Fal conlend af beet leaThoppers held fur varying periods on nelfurally

growing perennials in San Soaquin Valley in foll of 1933

Fut, us percent of dry weight, on date indieated

Host planl

Oct. 18 Oet. 19 (et 26 Nov.2 Nov. § e 22 Jur., 1

Percent  Percenl
Russinn-thistie

Lepidospartum

Wild buekwheat

Chrysopsis__.. ... . ereanna
Snakeweed ... . ..

Californin sagebrush.

Australian salthush .

Percenl  Percent | Percend | Percent

rd e
OO = T

L Survivors on Dec, 22 were heid until Jan, 1 on filaree at lubaratory.
* It content of lenfhoppess us obtained to start experiment.

Ficure 15.—Lepidospartum plant in wash bottom.

determined by Fulton is given in
table 10.

The decline in the fat content
ot the leafhoppers is fairly indica-
tive of their loss of vitality and
consequent mortality. Note that
the fat content inereased slightly
from December 22 to January 1 in

all but one case when the sur-
vivors were caged on filaree.
Cook (71) followed up this find-
ing and substantiated it. He
showed that leathoppers held on
holdover hosts lost vitality, which
varied with the host plant and the
length of time they were caged.
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This paralleled the mortality on
the same host plants, as found by
H. E. Wallace. Measurements of
fat content also confirmed Wal-
tace's finding. In tests where leaf-
hoppers were held on  holdover
husts for 30 days and then moved
to winter annuals or sugarbeets
{Cook 1), the leafhoppers re-
gained some of their lost fat and
vitality and were aboul equal in
both respects to others held on
favorable annual hosts for the en-
tire period.

Although the leafhopper can
exist for some time on any one of
a considerable number of peren-
nial and annual holdover host
plants, lepidospartum and desert
sage are of greatest economic im-
portance in central California.
Lepidospartum {fig. 15) is found
in patches in wash bottoms, where
some underground water may be
available. These patches ave in
strategic locations, and the leaf-
hupper will find them as it moves
up from the valley bottom. It is
an excellent holdover host, as the
leafhoppers lose their vitality and
fat content very slowly when con-
fined on it.

Desert sage (fig. 18) is not

nearly so good a host plant as
lepiduspartum, but it is very im-
portant, as it is widespread on the
plains putside of the canyons and
on the sides of the washes. Thus,
lepidosparium is important be-
cause it ocenrs in particwlarly
strategic locations, whereas desert
sage 1s important because it is
widely distribuated.

FIGURE 16.—Desert sage plant.

GREAT SOUTHERN DESERT

The great southern desert is the

most  extensive desert area in
North America. It extends about
500 miles from the California
Sierras to southeastern Arizona
and from southern Nevada and
southwestern Ttah to northern
Mexico. On the topographic map
{fig, 17) all the arca shown below
3000 feet is desert, as js much of
that helween 3,000 and 5,000 feet.
This is all included in the south-
ern desert shrub vegetation type
of Shantz {72).

The southern deseri lies be-
tween Lwo great rainfall types, the

southern Great Plains type on the
east, where most of the rain falls
during the summer, and the Pa-
cific type on the west, where most
of the rain comes in the winter.
As a consequence, there is a defi-
nite rainfail gradient across the
area from east to west. Alost of
the desert in Arvizona has periods
of rainfall in beoth winter and
summer, Winter rains come from
December t» February, and sum-
mer rains, often locally heavy
thunderstorms, come in July and
August. The northern part of the
desert in Utah and Nevada has
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FigURe 17.—Topographic map of great southern desert and adjacent areas in western
Ttah, eastern Nevada, southeastern California, and western Arizona.

slightly more winter than summer
rainfall. Farther west in the Cali-
fornia desert area the summer
rains become less reliable and

finally fail altogether. Records
from 31 weather stations in Ari-

zona, 11 in Utah and Nevada, and
13 in California have been aver-
aged and plotted to show these
differences in climatic type (fig.
18).

In the area where summer rains
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ORNIAL -

i CALIF

AVERAGE MONTHLY RAINFALL, INCHES

JAN  MAR. MAY JULY SEPT. NOY.

FIGURE 1B.—Average monthily rainfall
for 31 weather stations in Arizona, 11
in Utah and Nevada, and 13 in Cali-
fornia. (From U.8, Dept. Agr. Yhbk.
{1941).}

are more or less reliable, several
summer annuals germinate in
July and remain green until fail,
In the western part of the desert
these annuals are lacking, and the
only summer host planis’ are
weeds around the irrigated parts
of the desert,

In addition to this variation in
seasonal rainfall, there is ar im-
portant difference in the total
amount received. The Avrizona,
Utah-Nevada, and California sta-
tions averaged 7.49, 6.24, and 3.51
inches, respectively.

Besides being scanty, the rain-
fall in these desert areas is very
erratic. A year of heavy rainfall
may be followed by 2 or 3 years
of little or no rainfall, or vice
versa. In the years of heavy, wide-
spread rains, annual vegetation
will germinate over a large part
of the desert and may support
large populations of the beet leaf-
hopper. In very dry years the

annual vegetation, where present,
is confined to small patches
around the base of desert shrubs
and may be enfirely absent over
large areas. Under such condi-
tions few beet leathoppers are
produced.

YWork on the leafhopper in the
southern desert was undertaken to
locate the sources of beet leathop-
pers that invaded the beetfields of
central Utah and western Colora-
do. Studies were made in central
Utah by E. W. Davis in 1927 and
in the Grand Junection area of
western Colorade by W. A.
Shands in 1930, These led inde-
pendently to the discovery of two
widely separated paris of the
southern desert breeding area in
1928 and 1834, respectively. The
work of Davis and H. E. Dorst in
Utah located the source of the
leafhoppers infesting central Utah
in the tongue of desert running
south and west from St. George,
Utah, and spreading into the main
desert as far as Kingman, Ariz.,
and Needles, Calif. W, A, Shands,
V. E. Romney, and M. F. Bowen,
working farther east, traced the
leathoppers from western Colo-
rado backward into the Arizona
desert around Phoenix.

It was thought for some time
that the two breeding areas were
unrelated, but further studies
showed thal one large breeding
area is involved. The Wasatch
Range of the Rocky Mountain
system divides Utah on the north-
south line. Leafhoppers bred in
the eastern part of the desert usu-
ally move northward to the east
of that range, and those from the
western part move west of the
Wasateh Range.

Breeding Areas

In diseussing the amount and
distribution of rainfall over the
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great southern desert (p. 40), the
weather stations were grouped as
follows: Arizona, Utah-Nevada,
and California. These same group-
ings serve to separate three parts
of the desert breeding area, which
differ considerably in their host-
plant complex and leathopper sea-
gonal history. The variations are
gradual, and no definite lines can
be drawn. In general, the Cole-
rado River separates the Califor-
nia and Arizona areas, and the
Utah-Nevada area extends south-
ward into California and Avizona
about as far as Needles, Calif,,
and Kingman, Ariz.

Host Planis

The host-plant situation in the
great southern desert is even more
eomplex than in central Califor-
nia. Seeds of many plants are
plentiful, but may lie dormant for
many vears until temperature and
moisture arc favorable. Under
such conditions the plants may
germinate profusely, but they
may never mature because of
lack of rainfall following germi-
nation. This happens much more
frequently here than in central
California. An additional hazard
is high wind, which carries sand
and fine gravel along the surface
and may cut off the plants at the
ground level. Another hazard is
the irregularity of the plant
stands. Summer annuals may pro-
cduce a large fall brood of leafhop-
pers in an area where winter ger-
mination is scanty, and the leaf-
hoppers have to search elsewhere
for hosts, usually with a heavy
mortality.

The fali or winter rains that
germinate the winter annuals may
start any time between October
and February. The earlier the

host plants are germinated, the
more favorable are the overwin-
tering conditions for the leaf-
hopper. Sinece these and other
hazards keep down leathopper
populations in this area, it is only
rarely that high leathopper popu-
lations are Tound in the spring
over large aveas.

Winfer and Spring Annval Hosts

The most important winter and
spring annuals in this area were
the pepperweeds, patata, deser:
plantains, redstem filaree, tansy-
mustards, nievitas, and bladder-
pod.

The pepperweeds had the wid-
est distribution of any winter an-
nual over the area as a whole,
Lepidium lasiocarpum (fig. 19,
A) was most abundanl, with an
oceasional L. medium  Greene.
These plants occurred in varying
proportions in all parts of the
desert. At elevations above 4,000
feet in the Utah-Nevada and Cali-
fornia areas, stands of L. densi-
florum were common. In south-
eastern Arizona L. thwrberi re-
placed the others (fig. 20}. In
some years stands of this plant
occupied nearly half the total area
in this section. Pepperweeds are
among the most favorable breed-
ing host plants of the leafhopper,
and the overall population density
of this insect in many areas can
be judged from the abundance
and condition of these plants.

Patata (fig. 19, B} was the sec-
ond most important annual for
overwintering and development of
the first spring generation in the
central Arizona area. The 1937
survey, including 345 random
stops, showed that stauds of this
plant occupied about 1,665 square
miles, with an average density of
10.9 percent. The plant was also
found in scattered patches in
southeastern Arizona.
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Desert plantains were third in
overall abun-ance and they served
as important breeding hosts for
the beet leathopper in the Utah-
Nevada and Californjia areas,
where extensive stands were
found without intermixture of
mustairds or other preferred
plants. The most common desert
plantain was Planfugo insuluris
var, fastigicte, with some PF.
purshii. P. erectw oceurred in
the northern Utah-Nevada area.

Redstem filaree was very abun-
dant and widely distributed ex-
copt in the southern California
desert arca. This plant should not
be c¢lassed among the preferred
Lost plants in most of the Arizona
area, but K. W, Davis and H. E.
Dorst found it to be of great im-
portance in  the Utah-Nevada
arca. Mt often remained green
Ionger than the mustards and sup-
ported large populations of leaf-
hoppers, which hatehed on the in-
termixed mustards and were
foreed to move when they dried.
1t was often an important host
plant for the second spring gen-
cration.

The tansymustards in the
southern desert were largely De-
serrainic pinnale (Walt)) Brit-
ton, with some D. ebiusa (Greene)
0. E. Schulz and D. sophia, all of
which were about equally attrac-
tive to the leathopper. These
plants were fairly abundant in the
Arizona area and commeon in the
other areas.

Several species of nievita oc-
curred. Cryptuntha angustifolia
(Torr.) Greene was the most
abundant, with some €. micran-
it {Torr.) Johnston and €. mari-
tima (Greenc) Greene. The prin-
cipal range of these plants was in
the California desert area, where
they served as hosts for the sec-
ond spring generation of leathop-
pers during May.

Bladderpod has a rather ex-
tended range in Avizona, but oe-
curred mostly in sparse stands. [t
was a good spring breeding host
when not mixed with pepper-
weeds or patata.

Wild mignonette (fig. 21} oec-
curred irregularly. [t might be
very abundant one year and com-
pletely absent the next. The rea-
sons for these fluctuations ave not
known. In 1937, this plant was
not easily seen during March in
the Phoenix, Ariz., area, but by
May its stands were estimated to
occupy some 1,000 square miles,
and it was found to be a very im-
portant host plant, as it remained
green long encugh for two gen-
erations of the leafhopper to de-
velop. In 1939, wild mignonette
was common in the Phoenix area
and in the Imperial Valley of
California, and occurred in spotfed
patches over the rest of the Cali-

BN-26265 and BM-26266

Ficreg 21.—Wild mignonette: A, Stand
on bottom land near Blythe, Calif., in
1940; B, single plant; such individual
planls may produce as many as 5,000
leafhoppers.
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fornia desert. In 1940, it was very
abundant throughout its range.
The largest beet leathopper popu-
lations per unit area vecorded for
the southern desert have been
found on this plant, aithough its
usually seattered distribution and
irregular occurrence limited its
importance.

Othey plants of minor impor-
tance as spring breeding host
plants for the beet leafhopper in
the sounthern desert included
Pectoearya heteroearpe Johnston,
which was abundant and of some
importance as a host plant in
the Utah-Nevada and California
areas, where it helped mature the
second spring generation during
May. Other plants were Micro-
givgmbriun leriophyltum  (Hook.
and Arn.) Q. E. Schulz, Lupinus
arizonicus (8. Wats) 5. Walts,
and hedgemustard. A popcorn
flower  (Plagiobothrys sp.) s
associaled with desert planfains
in the Imperial Valley and often
carries large leathopper popula-
tions.

In vears of favorable rain-
fall, spectacle-pod mustard oceurs
along the sandy riverbeds near
Phoenix. Although the area is
comparatively small, the close
proximify to the cultivated areas
and the potential productivity of
this plant as a leathopper host
make it at least of local concern.
In April 1953, an estimated 6
square mile: of spectacle-pod mus-
tard along the Salt River bed near
Phoenix contained an average
leafhopper population of 492
nymphs and 8 adults per square
foot,

Composition and Density of
Winke r Annual Cover—To obtain
mformation on the distribution
and abundance of the winter an-
nuals where the leafhoppers bred,
V. &, Romney and M. F. Bowen
sampled many places in the south-

ern desert between 1937 and 1946,
recording the plants present and
the density at each sfop. An at-
tempt was made to estimate, 2!
least roughly, the number o(
square miles involved in these
host-plant stands. For the pur-
pose of this analysis, the Avizona
area was subdivided into south-
east Arizona, including the area
around Safford and Douglas, and
the Phoenix area, taking in the
remainder of Arizona as far as
Kingmai,

Table 11 shows that in favor-
able seasons the 72200 square
miles of desert may support near-
ly 60,000 square miles, or five-
sixths the tntal area, of leafhop-
per host plants. As shown, scuth-
cast Arizona and Utah-Nevada
had host-plant areas exceeding
their total extent because of more
than one host in a particular area.
These mixed stands were move
prevalent at slightly higher eleva-
tions than the others, indicating
somewhat higher rainfall.

Characteristic stands of winter
and spring host{ plants are shown
in figure 22,

The same data used for table 11

TapLe 11.-Tolal erea of southern
desert and estimaled aree occupied
by beet leafhopper host planis in
Sarorable winter and spring seasons,

Area
ocrupied
by host

, blants

Total
aren

Breeding nrea

Swuare  Sguare
miles wiles
Phoenix, Arviz ____. .. 29,000 0 21,700
Southeast Arizona 7,000 . 7,900
Uteh-Nevada ... . . 15,308 17,000
(abiforain. . .. 20, THO 12,950

59,550

Total ... .. 72,200
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BN-2625% and BR-26254

Fiovre 22 —\Winter and spring host plans in Phoenix, Ariz,, area: 4, Filaree and
desert plantains among crensote bushes; 53, nearty pure stand of spectacle-pod

mustord almg Saly Rover bed,

have been recombined in table 12
1 show Lthe relative importanee of
the mdividaal host plants in the
viriols areas.

Ly tabde 12 the stands are sub-
divided according (o the host
plants present, and the pereent-
ages of the tolal host-plant stands

occupied by each species or grous
are caleulated for each area. The
sltand density, or ground cyver,
for the different host plants is in-
dicated. The pepperweeds were
most abundant in southeast Ari-
zona and Phoenix aveas, bul much
fess important in the California
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TanLe 17, Tubd heel lewfhopper host-plant area vecupied lny stods aof partiewtar

species o groups and their range in densily ol growned vover

Tytal host-plant stands in wren Indicated

Cround

Hut plaant
Phaoenix,
Ariz,

Percent
Pepperwepids .
De-ert plantain-
Redstem Klarew
Tansymustand-.
Nievitas
Bladderpms]

Soulheast
Arizona

Percent
13.6 31.2
8. 19,4
23.3

6.3 . 6.2
] 15. 17.0
3.7 . .3

- . Pver
Ltakh- Califurnia
Nevatla

e e — a ems et T moman s mn e

Percent Pereent
4.7
30.9
20.06 3.9

Percent

E_IED;«"::‘.HE.;-L‘,

dosert. The desert plantains were
very important in the California
and Phoenix areas, but less im-
portant elsewhere. Redstem fila-
you was rather evenly distributed,
bhut somewhat less abundant in
the Phoenix area, which has a low
altitude, than in the higher areas.
The tansymustards were abun-
dant in southeast Avizona only;
nievitas were important in the
Utah-Nevada and California areas
and bladderpod only in the Phoe-
nix area. Patata was not included
i these stand estimates, although
it was a very important spring
host plant in the Phoenix area.
Abundanee of Winter Annuals
in Relation to Ruainfall—Precipi-
tation in the fall and early winter
of 1936-37 was about 19 percent
above normal, whereas in 193738
in the same area for the corre-
sponding peried it was 40 percent
Lelow normal. This greatly af-
fected both the areas occupied and
the stand density of the winter
annual host plants. The central
Arizona area was sampled from
January to late March in both
vears; stops were made at 3-, 5-,
or 10-mile intervals, At each stop
the composition and density of the
annual vegetation were estimated,

and the total area occupied, in
square miles, was projected from
these basic data. The equivalent
solid stand was obtained in each
case by multiplying the total area
covered by the percent density.
The changes from 1936-37 to
1937-38 were caleulated on the
solid stand data. The hasic data
and calculations are given in table
13.

The only host plant showing a
positive c¢hange from 1936-37 to
1937-38 was filarce, possibly be-
cause its greater drought vesist-
ance enabiled it to continue grow-
ing in 1938 after competing an-
nuals had died. The ground cover
for all species combined was re-
duced from 5 to just over 4 per-
cent, and the tofal area oceupied
from 31,600 to 22,900 square
miles. Although filavee was ap-
parently the least affected, patata,
tansymustards, and bladderpod
were most severely affected, with
reductions of about 90 percent in
their total plant population.

A similar study was made near
Kingman, Ariz., in which the dry
season 1935-36, with 3.18 inches
of rainfall, was contrasted with
the wet season 1938-39, with 6.36
inches. The data are given in
table 14,
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TanLe 13.—Hosi-plant abundance in central Arizena in wel season of 1986-87
as compared with dry gseason of 1987-38

Wet senson {1938—3?) i Dry season (1837-38) | Solid
i stand
change
Host plant Equiv- Equiv-| from
Total IGround} slent | Total {Ground) alent |1936-37
aren | cover | solid areg | cover | solid to
stend } stand [1837-38
} i
Square} Per- | Square!l Squarel Per- | Square Per-
nitles cent miles | miles t cent miles | cent
Pectocaryn oo ooooa. 8,400 7.2 603 | 6,000 G.4 384§ =36.5
Redstem Glaree. .. .__ 2,500 0.4 273 2,990 11.2 325 | +18.0
Desert plantains_.._........| 6,300 4.2 265 | 4,700 2.7 127 | —52.1
Pepperweeds_ ... _____._. 8,400 2.3 193 | G, G800 i.2 8231 —57.5
Patata. . . . . _..______ 1,706 1 10.9 183 1 1,000 2.1 21 ; —88.8
Tansymustards. ... . ___ 1,600 2.8 45 l 100 2.0 21 —95.6
Bladderpod.. ... ... ... 2,300 .8 18 11,400 .2 31 —83.3
Tutal or average. ... -I31.600 5.01 1 1,584 |i2 900 { 4.12 Q44 { —40.4

TasLe 14— [fost-plant abundance in Kingman arvea of northwestern Arizona

fm dry seuson of 1935-36 us compared with wel seuson of 1938-39

P

L
i Dry season (1935-36) | Wel season (1938-39) |  Solid
i ! © stand
: . : i echange
Hest plant } Eguiv- : Piquiv-: from
; Total [Ground] alent y Total Ground alent | 1935-36
i area | cover | solid | aren : vover '; solid ; to
| stand : , stand | l 1938-29
| ! !
| Square| Per- | Square| Square! Per- | ;Sqmzre
Domiles 1 cent | aniles | miles cent i tles : Percent
Pectorarya._. .. ........ ' 1,000 | 12.4 124 [ 2,800 ' .8, 300 —14.6
Pepperweeds___ ... .. ! 8{}0 .3 212,300 o ] { +4350.0
Redstem filaree. ..o . .. 1,600 | 13.4 2§14 12,200 ' 5.5} 341 +58.3
Desert plantains . ... ____. 300 .4 411,100 4.9 a4 | 41,330.0
Tansymustards. ..o __ 380 2.6 81 8bo 31 2 ] —-75.0
Tetul or average. .. 4,000 8.8 352 19,2001 5.6} 3512 i +45.4
In the northwestern Arizona area. Redstem filaree appeared in

study there was a heavier ground
cover of hest plants in the dry
year, but the total square miles of
hosts, either the whole area cov-
ered or the computed solid stand,
were much  less.  There were
heavier stands of peclocarya and
tansymustards in the dry season,
but these were greally reduced in

both studies to be less affected by
shifts in rainfall than most of the
other host plants.

It is in’eresting to compare
these desert areas, with their
pant stands covering from 4 to
10 percent of the avea, to the
heavy growth in the San Joagquin
Valley of California, with its 200
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500 plants per square foot in a
solid stand (table 8).
Leafhopper Populations on Win-
ter Annuals. — To estimate the
population of overwintering fe-
males in the southern desert, sam-
pling surveys were made from
January to March during 1936-
42, Most of the counis were made
by the hand-and-knee method. Not
all the desert was sampled in any
one season, and the intensity of
sampling vavied greatly. How-
over, the data in table 15 indicate
the general magnitude of the
overwintering populations found.

This table, although not a com-
pilation for each area for the
whole period, shows that adult
pepulations varied from place fo
place and from time to time. Tn
general, the Arizona areas pro-
duced more prolific leafhopper
breaders than the Califernia

areas, as might be expected from
their slightly higher rainfall. Also,
populations varied greatly from
yvear to year within any area, as
shown for central Arizona, which
had 0.6 leafhopper per 100 square
feet in 1938 against 3.83 leafhop-
pers in 1936. Furthermore, popu-
lations over the entire area varied
greatly in different seasons. In
this table, 1936, 1939, and 1942
were seasons of relatively high
leafhopper numbets, whereas 1938
was very low in the areas sam-
pled.

Summer Annuals

In those areas where summer
rains are fairly reliable, a group
of annuals germinates in July or
August and remains succulent as
long as moisture is available,
which may be as late as Novem-
ber. These summer hosts are most

TaBLE 15, —Numbers of overwintering beet leafhoppers fmnd in various parts of
southern deserl during 193642

[ i
i i Adulis per

Tolal Samples
Yeur and area sumpled ! sumples infested ;100 square
: : feet
| ]
| \.

1936: Number Percent i. Number
Arizona, ventral o oo eae 386 | | 3.83
Arizona, southeasterno . . ____... 19 , 100 | 9.00
Ctah-Nevada oo o oo aeen 21 ! 7l 2.56

1937: .

Arizona, central ______ . ___ e ———— ’ 329 | a7 i 1.18
Arizona, southeastern. ... oo 18 | 3L .38

1938:

Arizona, centralo oo oo aaea 260 . 33 .60
California, northeastern. .. .o oo 12 % 33 .a8
Califernia, southern__ . ______ . .- 17 i} .01
1939: ]
Arizong, scutheastern. ... _._____. 57 49 2.07
Utah-Nevadse o oo oo mmmeeea 38 ’ 42 1.42
(ulifornia, northeastern______ . ... 36 | 38 1.03
Californin, southern. oo ..o 37 19 .35
Califormin, northwestern_ _ oo oeoeomon 29 i 7 .21

1042: !

Arizona, southeastern_ .. oo __ 16 4 31 f 0D
California, nertheastern. ..o .. 35 1 31! 1.84
("alifornia, southern. oo .o .. .. 35 26 3.51

L ("ompass directions refer to parts of desert, not necessarily to parts of Siates,
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abundant in southern Avizona and
bevome less abundarvt to the wost
andd north ag summer vains be-
vonrle ess veliable. The Utah-
Nevwla avea and the northern
part of California may contain
=vitttered patehes of these hosts in
furorable years,

The principal summer hosts in
central Arvizona are chinchweed,
tidestromia, trianthema, and some
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annual saltbushes, Chinchwecd is
the most abundant and  wide-
spread of this group, tidestromia
nceurs over the northeastern two-
thirds of central Arizona, and tri-
anthema and the annual salt-
bushes are found in the southern
part of rhe deserl. Charaeteristic
stands of tidestromia and trian-
thema are shown in ligure 23,

In the Utah-Nevada arca the

BN-26245

Samumer ard fall host plants near Phoenix, Ariz., in Seplember: White
s Parerrowsd s tidestromea, dacker plantz around it are trianthema, and

taner dlark plaets i upper vight background are Bussian-thistle.
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only important summer hosts are
chinchweed, spiderflower {(Cleome
luteq Hook.), Russian-thistle, and
vedscale. Of these, chinchweed
and spiderflower occurred in the
open desert and the others around
the small irrigated areas. Chinch-
weed germinates with the late
summer rains and matures In
October, spiderflower is an early
summer plant maturing in May,
and Russian-thistle and redscale

Species
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germinate in the spring and re-
main sucenlent until fall.

Holdover Hosts

Since the southern desert is so
large, with such great variations
in rainfall and elevation, many
holdover hosts have been used by
the leafhopper. Some of these
hosts and the desert area where
each is useful are as follows:

Desert area

Utah-
Arizona Nevede Cualifornia

Crecsotebush X X X
Bursage {(Frenseria dumose OTETY comertersrneeraromcas S X X
Desert SAEe .ovvveccricensas x X X
Chamiso X X X
Seepweeds (Londie spp.) .. X X X
arrowweed (Plucheo sericea {Nuft.) Cov.) oo X X
Quail-brush ... X x
BEurrobrush { Hymenoclea salsoly Torr. & Gray) ...- X X
Desert thorn {Lyctaem SPD.) coeseeensomssmmnsnnnmeies wnees X
Spurge (Euphorbie polycarps Benth.} ... . X
Clobemaliow {Speeraleeg emoryl TOTT.) wvrienns X
Faise tarragon _. X
Rabbitbrushes . X
Snakeweeds . ..ooeieriiiinn . X
Pepperweed (Lepidium fremontii Wats,} . eerannees X
Goldenweed (Applopuppus ccrudenius {Greene)

Biake) . X

As in California, mortality tion of spring leafhoppers as the

among leathoppers may become
high if they are forced to remain
on some of these hosts for long
periods.

Southern Arizona Desert

The southern Avizona desert
has both winter and summer rain-
fall, with corresponding groups
of annual plants. Periods on hold-
over hosts come hetween May and
July, and in many years again in
November and December. Some
of the winter annuals remain suc-
culent into May, and studies over
a period of years indicated that
the arcal extent of these late an-
nuals may be at least as impor-
tant in producing a large popula-

number of leafhoppers that over-
wintered. In other words, if is
possible for a small number of
leafhoppers surviving in early
spring to build up a high popula-
tion by May if succulent vegeta-
tion is abundant af that time, Two
generations of jeafhoppers devel-
op in the spring if vegetation is
£avorable into May, but only one
generation is found m dry years.

Generafions on Winter Annvals

It is difficult to deduce the num-
ber of generations from overall
population trends as the plant
stands thinned and contracted
during the spring, concentrating
the leafhoppers. Consequently, an
analysis of the percentage of the
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nymphs in the various stages was
made in conjunction with meas-
ures of total population density.

Nymphs were collected with a
ly-square-foot sampling pan at
approximately semimonthly inter-
vals from many points well scat-
tered over the Phoenix area.
These nymphs were then gronped
and the percentage of each instar
was determined. During the
spring seasons of 1935 and 1937
partial stands of the pepperweeds
remained alive well into May over
the areas inciuded in the study.
The data concerning nymphal
populations for these two seasons
are given in table 16.

In this type of sampling study
a gradual increase in the number
of fourth and fifth nstars indi-
cates the maturing of a brood.
When this is followed by a large
increase in the number of first
instars, another brood is starting.

The data for 1935 are not clear
cut for the first spring genera-
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ticn. Thers were {wo peaks of
fifth instars before Aprii 22, in-
dicating a break in egg laying
probably due to cold weather in
rFebruary. The second generation
started near Apri! 20, as shown
by the large proportion of first
and second instars, and matured
late in May. Favorable host-plant
conditions made it possible to
start a third generation early in
June, but these perished from
heat and drying of their hosts.

In 1937, sampling was started
later, so that any irregularities in
the broods of the first generation
did not appear. The first spring
generation matured about April
15 and the second near the middle
of May.

Generations on Summer Annvals

Similar studies of beet leathop-
per nymphal size and abundance
were made on sumimer host plants
during 1934—41. On the basis of
nymphal ~ize, the data showed

TanLe 16.- -Distribulion of beel leqfhopper nymphs in sainples taken in Phoenix,
Ariz, avea Feb. 21 through June 5, 1935, and Apr. 17 through May 14, 1937,
(Figures in italics show highest percenlage for each dale.)

Nymphal instars in percent of total

Survey date Total
. nymphs
1 2 3 4 B

1935 Number Percent  Percenl | Fercent  Pereent  Percent
Feb, 21-28 . . ... . . _._.... 174 2.7 38.1 30.4 1.3 6.3
Mar. 18-22. ... ... 281 10.7 11.4 24.2 24.2 208.5
Mur 29 .. 225 1.4 - 17.5 28.8 20.6 . 22,2
Apr. 8-13.... . [ U 310 8.8 13,5 6.8 227 382
Apro22-26.. ... _._. 420 43..2 35.2 i2.6 2.2 3.8
Moy 1418 L. L. L. ... §00 10.0 1n.3 12.6 2.1 2.0
May 2729 . 445 13.2 16.1 11,1 15.4 S22
June S ... 106 24.8 23.8 19.3 ia.6 16.5

1937
Apr. 7-9.. . et e, 214 1.2 12,9 35.4 28.4 28.1
Apr, 18-15. . 204 b.-b 8.4 6.3 3064 43.5
Apr, 2G-27. . . . REK] 35,8 G2 17.3 9.9 7.8
May 6-10 .. ... ... 520 3.7 17 9Tl 834 18,9
May 12-14 .0 T 161 2.4 .8 1601 3004 13.3

|
{
i
I3
v
|
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that from two to three genera-
tions of the beet leathopper de-
veloped on such summer annuals
as chinchweed, tidestromia, and
trianthema. Two generations oc-
curred every year and a third only
when new stands germinated in
early September. During dry sea-
sons lhe summer annuals may
dry before the second-generation
nymphs complete their develop-
menk, but on such oceasions the
nyvmphs shift onto many plants to
complete their development, the
more important of which include
spurges,  globemallows, annual
saltbushes, and wild buckwheats.

Data from these and similar
sampling studies, together with
much more field work in the area,
led to the conelusion that two
spring and three summer genera-
tions may develop duving favor-
able years, whereas only one
spring and two summer genera-
tions develop in dry, unfavorable

55

years. These relationships are
shown in figure 24.

Holdover Host Plants
in Arizona Desert

In the list of holdover host
plants in the southern desert (p.
53), eighl species arc important
inn the Arizona desert area. In a
field experiment, V. E. Romney
caged leafhoppers on all these
species in the fall. After an ex-
pusure of B0 days the leafhopper
mortality exceeded 95 percent on
all except bursage, where it was
about 85 percent. Apparentiy suit-
ability and attractiveness to the
leathoppers did net coincide, as
the adult leafhoppers were usually
found feeding on spurge and
globemallow rather than on bur-
sage.

Utah-Nevada Area

Like the Arizona area, the
Utah-Nevada area also belongs to

VAR, APR.

TN T R _ war _mugf'g"g_;f Tae. | s | ocw. T wow. ! DEC,
.FAVORA_.BLE RAiINFALLj CONDI:TIONS {
NINTER ANNUALS - ¢ —SUMNER ‘f‘””““s WINTER mnusts)|
£BIY  SEGERATCN i ';
" SECDnG GENERATION !
! I i 1A CATION
. O HATION
i i . FIETH GENERATION
; { i { ,
i ! !
f . UNFAVORABLE RiAiNFAL’L CONOITIONS
HENTER. ANN”A[;& > Il [ : ‘ MER AMNMNUA > ! -
e R : : i
. . ! ilfii;.") Gif-“-?-‘irfgv
; E i, L{.‘,'fp.dr!c.'»_”____

i
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FigUrE 24.— Seasonal occurrence and number of generations of beet leafthopper, as
indicated by size and abundance of nymphs, in Phoenix, Ariz., area during vear
with faverable rainfall eonditions compared with dry season. Dotted bars represent
overwintering adults and black bars the nymphs of given generations.
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the creosotebush formation, but it
has less rainfall. Large, flat val-
leys merge into gentle slopes, end-
ing abruptly in steep mountainous
formations. These valleys range
from 5 to 50 miles in width and
from 5 to 100 miles in length (fig.

17). Cross channels cut by cloud-
burst rainfall provide many smail
slopes of various sizes and ex-
posures. These breeding areas are
shown in figure 25.

The normai monthly tempera-
ture and precipitation from three

SCALE WV MILES

4 25

FIGURE 25.—Southern end of cuitivated area in [Stah and northern part of preat
southern descrt, indicating both summer and winter breeding areas of beet leafhopper.
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selected stations within the Utah-
Ny .ada breeding area are given
in table 17. St. George, Utah,
(altitude 2,800 feet) represenis
the northernmost extension of this
area; Logandale, Nev., {(altitude
1,400 feet), approximately 7
miles southeast of Glendale, rep-
resents the eentral part; and
Newdles, Calif., (altitude 180 fect)
represents the southern part.

The average anngal tempera-
ture increases frem 525 F.oat St
Genrge to T1.8  at Nvedles, where-
as at the same time the precipita-
tion decreases from 8.84 to 1.62
inches, so that conditions become
much hotter and drier toward the
southern part of the area.

As is generally the case in des-
vrt arcas, the precipitation is ex-
ceedingly variable. The Weather
Burean records af Needles have
been kept since 1892, During this
period the annual precipitation
has varied from 0.87 to 13.25
inches, At 5L Ceorge, where rec-

ords have been kept since 1850,
the annual precipitation has
varied from 3.5 to 18.71 inches.
Logandale is intermediate.
Winter temperatures are mild
{hroughout the area, the lowes:
temperature ever recorded being
— 11~ F. at St. George, 6° at Lo-
gandale, and 18 at Needles.
During this study, snow cover
has not been of any importance
with one exception. In January
1937, approximately 135 inches of
snow fell at St. George, 3 inches
at Logandale, and 3 inches at Las
Vegas. Although this snow cover
jasted only about 30 days, it was
present during the low terapera-
tures mentioned previously and
thus afforded protection to over-
wintering beet leathoppers.

Seasonal History

Temperatures are high enough
to permit activity of the insect al-
most every day during the winter,
and many nymphs survive, along

Panve 17, rverage monthly temperatures and precipitation al 3 wenther slafions

in southern winler breeding aveu of beef teufhupper

Jt Goorge, Utah

Logandale, Nev.

Needles, Calif,

Month
Temper-
wlure

Precipi-
tation

Temper-
ature

Precipl-
tetion

Temper-
whure

Precipi-
tatio

frches
January . Lo g.97 -
February . . ;
Mareh
Aprd o L.
May, ... .. L.
June ... -
July
August .. . -
september. .
Oetober. ... .
November, .
Deeember. ...

L O
FEN
50.
a.
63.

fnehes . frnches
.92 7 0.58

NN 56

L3

27

1]

13

AL

L5l

.30

eadid

J3a

e

1 I v
10 B 00 1O £ D 5 e e 1

o

Annual
RVPTUEE
ne total

G5.43




58 TECHNICAL BULLETIN 1365, U.S. DEPT. OF AGRICULTURE

with the females that matured in
the winier breeding area and
those that moved in from sum-
mer breeding areas late in the
fall. Daia from collections made
throughout the year indicate that
about five broods of leafhoppers
are produced, as in Arizona.

As the winter annuals dry, the
leafhoppers either move to avall-
able summer hosts in the same
area oI may move long distances
to other summer hreeding grounds.
In the latier area they breed until
September, when the last fall
breod moves back ints the winter
area.

Decause of the searcity of sum-
mer annuals, the population of
leafhoppers produced during the
summer and fall within the Utah-
Nevada winter breeding area is
very small. [f these were the only
jeafhoppers fo be considered, the
following spring broods would be
so small as to be of only loeal
importance. However, this small
indigenous population is s¢ com-
pletely overshadowed by fall
migrants from an outside source
that the resulting spring brood is
nften so large as fo cause economic
damage at a distance of more than
200 miles from the breeding area.

Winter temperatures are high
enough in the southern California
desert area to allow an early
spring brood to mature there and
move north in tirme o mingle with
overwintering females in the
Ttah-Nevada area. This early
spring brood is ordinarily so small
because of the extremely dry con-
ditions in the California desert
that it is of little importance, but
in years of high rainfall and large
leathopper pepulations, such as in
1910, it may become extremely
important. In these exceptional
yvears the progeny of the migrants
from the southern part of the
hreeding area may constitute a

large proportion of the total
spring migrants. Both the fall
and spring movemernts into this
area from outside sourees confuse
the sttuation and increase the Ha-
bility of a heavy leafhopper popu-
lation being produced in the
spring.

Annual Breeding Host Plants

In the Utah-Nevada hreeding
area, as in Avizona, rains oecur
chiefly in the late summer and
again during the winter; conse-
quently, both winter and summer
annuals occur.

Winter and Spring Annuals.—
Many species of winter annuals
have been ohserved in this area,
but only five have been important
host plants of the beet leathopper.
These are redstem filarvee {fig.
26), desert plantains {fig. 7},
wild buckwheat (Eriogonum (ri-
chopes Torr.) (fig, 27}, flixweed
{(fig. 2B), and wild mignonctte
(fig. 21}. Al except flixweed and
filaree were native desert plants.

Most of the beet leathoppers
upon which data for this part of
the desert are based were collected
with a sweep net, which does not
accurately sample low-growing
annuals, Consequently, data for
low-growing annuais are limited
to a much smaller number of
hand-and-knee counts and some
counts with a pan sampler in the
later years of investigation. Any
of these annuals are capable of
producing several nymphs per
plant, and their importanee in any
given season depends on the area
occupied and the density of the
stand.

These annuals have been closely
observed as host plants of the bee:
leathopper, with the result that
filaree was shown to be the most
consistent winter host plant in the
higher parts of the hreeding area.
At lower elevations filaree is
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BN-26256 snd BN-24253

Ficvre 27 —Wild buckwheat in Utah-Nevada area: A, Single plant in bloem; B,
scattered stand around creosotebushes near St. George, Utah, in July,

mixed with desert plantains, and
at still lower elevations it is com-
pletely replaced by this plant.
These two plants probably pro-
duee ninc-tenths of the spring mi-
grants in the area.

Wild buckwheat occurs in
coarse, well-drained soils of flat,
unbroken areas. The maximum
acreage occupied by this plant is
less than one-tenth that of either
filaree or desert plantains. Flix-
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sued oeeurs mainly  in small
patches  around  ervosotebushes,
and wild mignonette is found
scattered in alkali flats or along
roadsides. Although the last two
annuals are widely distributed,
their total acreage is very small.

These annupals germinate with
the fivst fall vains and their fength
of life depends on the amount and
distribution of subsequent pre-
cipitation, 1f the rainfall is ade-
gquate to produce normal maturity
before  dryving, desert plantaing
will mature and dry most rapidly,
followed by filavee, flixweed, wild
buckwheat, amd wild mignonette
1 about the order named.

Suncnu r Annuels.—In the Ttah-

Nevada area the important sum-
mer host plants were found to be
dussian-thistle, redscale, spider-
Hower, and chinechweed, Russian-
thistle and redseale normally ger-
minate in March and remain in
exeetlent condition until Septem-
ber. Spiderflower germinates late
in winter or early in the spring
amed matures o April or May.
Chinchweed germinates with the
summer rains and matures in
{ctober.

Russian-thistle and redseale oe-
cur almost entirely in Tallow fields
ur roadsides in the small irrigated
areas. The maximum amount of
Bussian-thistle found daring this
study  was about 1,600 aeres,
whercas the acveage of redscale
wag smaller.

Spiderflower is scatfered in des-
crt wastes adjacent to cultivated
Jawl. Its =abundance fuctunates
greatly from year to year, butf it
is of minor mmportance.

Chinchweed oecurs in patches
in this part of the desert, and in
yvears of heavy summer rainfall
may cover thousands of acres. it
is an excellent breeding host and
would produce large numbers of

leafhoppers except that normally
very few leafhoppers ave in the
area when it is succuient.

The relative abundanee and im-
portance of these summer hosts 13
shown by the following tabulatio.:
uf sweep-net samples taken over
a Y-year period:

Juaihuppers

Numberof  mrat

Npeefes steppe s NUCE P8
Russian-thistle . o2 MR
Redscale . . .. 87 197.3
Spiderflower D 241
Chinchweed . 11 899

Russian-thistle is by far the
most freguently sampled, whereas
chinchweed is infrequently found.
Based on the leafhopper popuis-
tions, redseale is the best hos . ful-
Towed in erder by chinchweed and

lussian-thistle.

The seasonal development of
leathopper populations on Rus-
sian-thistle is shown by a redis-
tribution of these samples.

Leafhappers
Nowmberof  per 34
Monté seeppes RUECHS
January .. . 1] 0
February ... .. 3 38.7
March . ... ... 8 16.5
Aprdd .. hric3 322
May e 111 8.0
June .. ... .. ol 141.8
July oo 84 8.5
August - 52 70.4
September .. 5o To.4
Oetober ... . s 94.2
November . ... 26 101
Liecember . .. ¢ ¢

The leafhopper population on
Russian-thistle gradually in-
creased during the spring and
reached a peak in June, after
which it decreased. The second
increase Tound in QOctober was due
{v the presence of fall migrants
from outside. These migrants
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were dark overwintering forms,
and could be casily separated
from the indigenous leafhoppers,
which weve still light-green sum-
mer forms., The drying of the
thistle during October forced the
leafhoppers to other plants.

The total area oceupied by sum-
mer host plants in the Utah-
Nevada area is so small that the
falt populations of leafhoppers
produced would only lightly popu-
late the iarge aveas of winter
hosts that germinate later. Con-
sequently, the chief source of
overwintering leafhoppers must
lie putside this area.

Perenniol Breeding Host Plants

In the Utah-Nevada avea, where
the temperatures are not so high
in the summer as in southern
Arizena and California, the leaf-
hoppers have been found breeding
on two perennial hosts, false tar-
vagon and eroton (Crofon longines
Juntesy. Both plants remain sucen-
lent during much of the summer
and maintain summer leafhopper
populations. False tarragon is not
=t wilely distributed as croton,
but it 15 an important host where
it oceurs. The stands of both of
these plants are so scattered that
it 15 difficuit to estimate their
roal impaortance. Judging from the
fall populations found in the gen-
eral area, they do not produce
very many leafhopnpers.

Wtitization of Holdover Hosts

The velative abuundance and
value to the leafhopper of the
haoldaver hosts in the Utah-Neva-
tla area may be obtained from the
following tabulation of swecp-net
samples taken on these plants
from 1920 to 1933, in which the
perennials are arranged in the
arder of their leafhopper popula-
tivns:

TECHNICAL BULLETIN 1365,
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Leafhoppers

Number of  per 50

Sptcies samples sweeps
False tarragon 9 147.6
Croton .. . 27 186
Rabbitbrushes ) it.3
Chamisg - 70 82
Nnakeweed . . 4 T
Arrowweerd [P 7.2
Seepweed .. st G.0
Crensotebush . 125 3.8
Quail-brush 1% 3.7
Pepperweed . 8 2.5
Burrobrush 31 1.5
Coldenweed 14 )
Bursage 15 3

Creosorebush and bursage are
the most widely distributed of the
plants  listed.  Creosolebush is
probably the most important hold-
over host because it oceurs almost
everywhere, and the leafthoppers
can feed on if af any time of year
inn case of necessity. Bursage ap-
parently holds very few leafhop-
pers, but this may be partly duc
to the method of sampling. Bur-
sage is a low, rounded, compact
bush with stiff stems, and a sweep
net could not reach into the in-
terior of the shrub. On the other
hand, crensotebush is a very open,
high shrub, with flexible stems,
which is easily sampled. Because
of V. E. Romney's finding {p. 55)
that leafhopper mortality is very
low on bursage, this plant may be
of more importance than is indi-
¢ated in this tabulation.

Arrowweed and quail-brush
grow only in bottom lands with a
high swater table. Seepweed oc-
curs chiefly in alkali flats. The
other plants listed occur in mixed
stands in flats or as patches in
washes,

E. W, Davis and H. B. Dorst
tizd cheesecloth bags containing
female leafhoppers on a creosote-
bush near Logandale, Nev,, in the
fall of 1931 (hig. 28). Three lots
of about 150 females each were
placed on different sides of the
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BN-26207

Figieg 28, (Moth cage for leafhopper
mnrtality study 'n place on erevsotebush.

same plant on October 11. Sam-
ples of the insects were taken for
fat determination at the start and
at four later dates. The leafhop-
pers were counted and the mortal-
ity was computed on the three last
dates. The data obtained are given
in table 18,

The high mortality among the
leafhoppers on December 19, com-
bined with the low fat content at
that tinws, indicates that the maxi-
mum peried of thne they can re-

main on creosotebush at that time
of year is not much over 69 days.

Effect of Rainfali on Haost Plants
and on Leafhopper Populatians

The critical point of the beet
leafhopper cycle in this breeding
area, as elsewhere, oceurs during
the fall and early winter, when
the leafhoppers live on holdover
plants.

In some years precipitation
does not ocenr until December or
January, and the summer an-
nuais dry during the early part of
October. In such years the leaf-
hoppers are forced to live for a
long time on perennial holdover
hosts. In some years sufficient
precipitation occurs to permit the
germination of the winter annuals
before the summer annuals have
matured.

This point can best be illus-
trated by rainfall charts of the
fall, winter, and spring months at
Logandale, Nev., as shown in fig-
ure 29. The seasens 1927-28 and
162829 were chosen because of
the extreme contrasts both in
rainfall and in populations of beet
leafhoppers.

In 1927-28, a year of heavy
beet leafhopper populations, the

Tanre 18, hanges in fal content and mortelily of beel leafhoppers held on

erensolvhush ol Logandale, Nev., 1934

Nate Tin:e on Suree of leallioppers Fut content  Leafhopper
-1 pretat e fior {nt determination tebloroform  martulity
hash extractives)

Lrgs DPercent Percent
Oet. 11 B Oubside enges. oo 305 e
o - B [T N e mmnm—amn 228 Q
Ot 26. b Triside vage . oo 2.5 0
Newv. 1} A1 Insbde COER. o o I A 30
I 14 3% BT 7 S 9.3 88

1 Ranple tahen tasve whether handling leathoppers in eaging them had affected their

vitality.
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Figrre 29.-—Monthly rainfall charts for October-April at Logandale, Nev., in (A)
season of high leafhopper populations {1927-28) and (B) season of low leathop-
per pnpulations (1928297,
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precipitation was above normal in
October, December, and Febru-
ary, so that the winter annuals
germinated early and remained in
excellent  condition during the
winter. Leafheppers wore able to
move, therefore, from the peren-
nial holdover hosts to the winter
annuals during QOctober. Conse-
quently, there was little reduction
ol population in the fall, and by
{he time the plants matured in the
spring of 1928 a very high popu-
lation of leathoppers had been
produced.

in 1928-29, a yrar of light beet
leafhopper populations, the pre-
¢ipitation from October to April
was below normal each meonth.
The winter annuals did not ger-
minate until late November and
then only in a very smaill area,
Conseqoently, the beet leafhopper
population was so reduced by
forced feeding on perennials that
only low populations were pro-
duced in the small area of an-
nuals found in the spring of 1929,

The conditions shown in figure
29 were extreme, but they indi-
cate a relationship between winter
rainfall and spring population.
This velationship has been found
sufficiently dependable to be used
t estimate the spring pepulation
when the incoming fall popula-
tion, the date of sufficient rain-
fall Lo germinate winler annuals,
and the amount and distribution
of subsequent precipifation are
krown,

California Desert Areq,
or Mohave Desert

The California desert area, or
Mohave Desert, has not been
siudied so thoroughly as either the
Arizona or Utah-Nevada areas.
3Most of the information has been
obtained from a few survey trips
in years when it seemed probable

that host-plant conditions were
favorable {for the leathoppers.
H. E. Wallace and G. T. York
studied the western end of the
desert from Riverside in 1929-32,
L.\, Davis and W, C. Cook cov-
ered the area rather thoroughly in
Mareh 19140, and V. I, Romney
made similar sampling trips in
several years. The development of
a California State program for
control of the beet leafhopper has
led to further study of the deser.
by Havold J. Green, of the Califor-
nia Department of Agriculture,
and his associates in 1955-62.

The central part of the Mohave
Desgert is practically devoid of
summer host plants. To the north
of Needles, Calif,, an avea of
chinchweed occurs in some years,
and in and near the irrigated
areas are considerable patches of
Russian-thistle. . 4. Green {(un-
published reports) has mapped
from 10,000 to 25,000 acres of
Russian-thistle along the western
edge of the desert, just east of the
Sierras and from the Santa Ana
River southward. Russian-thistle
also occurs in the Antelope Valley
around Lancaster and Palmdale,
in Lucernc Valley, and along the
AMohave River between Victorville
and Barstow.

E. W. Davis and H. I&. Dovst
found that leafhoppers from the
\WWolf Hole area of northwestern
Arizona would travel southwest
into the northern Mohave Deserl
in the fall, and W. C. Cook and
Davis found in 1940 that leathop-
pers from a source in that direc-
tion had traveled down the Colo-
rado River at least as far as
Blythe, Calif. H.J. Green and his
coworkers {unpublished reports)
obtained good evidence that leaf-
hoppers from the Russian-thistle
arcas along the cast side ol the
Sierras traveled southeast in the
fall, and were an important source
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of overwintering and spring leaf-
hopper populations on wild hosts
around the Imperial Valley.

These sources of infestation ac-
count for the finding of spring
populations of leafhoppers around
the periphery of the desert. How-
ever, it is only rarely, when un-
usually heavy fall rains germinate
winter hosts over the whole area
oi a large part of it, that the cen-
}1‘;1111 area becomes infested in the
fall,

In the fall of 1939, heavy rains
fell over a large part of the Mo-
have Desert, and these were fol-
lowed by several rains during
the winter. They germinated and
nourished a good cover of annuals
over a large part of the desert.
E. W. Davis and W. C. Cook made
an extended sampling trip over
the area in Mavch 1940, taking
samples at 95 well-scattered loca-
tions from the [mperial Valley to
St. George, Utah. At each stop,
records were made of the vegeta-
tion present. They give a gen-
eral idea of the prevalence of
various breeding host plants in
that season. The following tabu-
lation gives the number of stops
at which the prineipal host plants
were mentioned. The sum is
greater than 95 because of mixed
stands at many locations.

] Number

Species of stops
Desert plantain ... oo 54
Filaver . ... T 28
Wild mignonette ... 8
Pectocarya (1) e 10
Wild buckwheat ... T
Other species _.ooevn 11

The desert plantain was P. in-
sulares vay, fastigicte. The specific
identification of pectocarya was
doubtful and not checked later.
The ‘"“other species” included
smofherweed, pepperweed (L. mi-
fadum), tansymustards, Russian-

thistle seedlings, and bladderpod.
At that particular time plantain
was by far the most abundant
and widespread host plant. Most
stands were estimated at 5 to 25
percent, but an occasional stand
of plantain was recorded ag 50
percent or even as a solid stand,

The distribution of leafhoppers
found on this trip is shown in fig-
ure 30. The large area with high
leathopper populations extended
almost directly down the Colorado
River from the Escalante Desert,
which is north of St. George,
Utah, and from the Wolf Hole
area, which is south of the same
cify. Another smaller arvea of high
populations lay along the eastern
side of the Sievras near Indio,
Calif. As the later studies of H. J.
Green and his coworkers have
shown, this southern arvea was
probably populated from Russian-
thistle areas just north and west
of where the spring population
was found.

Collections of adults from two
places near Indio contained 162
males and 62 females, indieating
that a generation had matured al-
ready, as the overwintering popu-
lation in places so far south rarely
confains males in March. Four
coliections taken from aveas of
high population from Blythe,
Calif., northward yielded 59 males
and 409 females, alt light-colored
forms. These adults must have
moved into the more northern
areas from the south very recent-
ly, as few large nymphs were
found. These collections indicate
that two things were happening.
The temperature in the southern
part of the desert was sufficiently
high to mature a generation by
the middle of Mazrch, and this
brood moved northward, where
they mingled with leafhoppers
that had wintered there, to in-
crease the size of the spring broed
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Ficvre 30 —Distribution of leafhoppers over California desert area in March 1540,

it that area. In a later trip from
Phoenix, Ariz.,, V. E. Romney
found large numbers of leathop-
pers breeding north of the Califor-
nia areas where E. W. Davis and
W. C. Cook found them in March,
showing production of a heavy
second brood there. The chief food
plant of the second brood was fila-
ree at higher elevations.

To further confuse the general

situation, there is some indiecation
that leafhopper breeding may con-
tinue through the winter in the
Imperial Valley and northern
Mexico to preduce a still earlier
brood.

The California desert area in
general does noi have so many
holdover host plants as do the
Arizona and Utah-Nevada areas
because of more severe climate.
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Large arcas support only meagey
stawds ol creosutvbush and bur-
sage, Alony the dry washes and
seens, desert sage, chamiso, seep-
weeds, arrowweed, and  quail-
brush can be found. Na stodies
have been made on the relative
importance of these plants.

Escatante Desert of
Southwestern Utah

The Escalante Desert lios to the
west of the Wasafch Range and
mehwdes the major part of [ron,
Deaver, and  3illard Counties,
Utah, However, the part deseribed
Lere as a summer breeding arvea
Hes  within a triangle roughly
formed with Modena, Laund, and
Cedar City as corners {fig. 253},
Thie altitude of this area is ap-
proximately 5,000 feet, and the
vegetation belongs Lo the northern
desert shrub formation (52).

The wriginal vegetation has
beeu greatly altercd beeause of
dry farming and persistent ovor-
grazing. The pevennials found, in

order of abundance, were sage-
brush, rabbitbrush, shadscale, and
greasewood (Sarcobufus vermicn-
latur (Huok) Torv.). Perennial
grasses persist fo some extenl il
the southern part, but were yapid-
1y beiug replaced by Dussian-this-
tie. Annual bromegrass occurs,
becoming more abundant o the
north.

Climatic Conditions

Temperatuve and precipitation
records have been tlaken at Mo-
dena since 1901 and at Codar City
since 1903, The normal monthly
temperatures and average precipi-
tation therv are given in table 19.

Winter temperatures at Modena
are rather low, and the extreme
minimum of - 32 F. was re-
corded in 1937, In 1932, 1933,
1985, and 1938, beet leafhoppers
overwintered on experimental

plots  where host plante  were
growing at Modena and Nada.

The average monthiy minima at
Modena during the winters of
1931--32 and 193238 ranged from

Tabie 1 Novwal montldy temperabure and avevage preefpitudion ol Modewn
and Codur City, Ul

Mondena Cledar City
Month o
Temper-  Precipi- Tomper-  Precipi-
ature tation ature taline

s F, Faeken M. Inehes
Jeweey 26,7 0,55 3.1 0,86
Febru ey 31.9 U 33.0 i,
Maret, aN.e .03 a3 118
Agera! - 460 s A8 1.30
M 3.5 .74 1 9
Hizer . i3, 4 R 672 3
duly ) 7O 0 10K 7320 (Y
g i, 2 1,24 7L [N
Sentiee e G0 TR 0.3 1.02
Uetuber 45,0 L7 MNT I.27
Noweriber 361 i) 111 1.0t
i devewber 94| L83 L0 L0
AL erare ne taotbyl A7.0 1IN a0s IE
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537 to 8.5 and were near the
lowest for the period from 1919 to
1935. This shows that the over-
wintering of beet leafheoppers is
possible 1n this section, provided
host plants ave present. 1t would
appeat from table 19 that there
should be sufficient precipitation
and high enough temperatures in
this area to germinate fall an-
nuals, but only onee from 1925 to
1935 were any fall annuals ob-
served and then only in a2 small
area in the fall of 1928,

Summer Annugls

Dlistercress, Russian-thistle, and
redscale constitute over 95 per-
cent of the annual cover. Sinee
these annuals usually germinate
earty in April, samples can nor-
mally he taken from early spring
to late fali,

The seasonal trend of leafhop-

300 r ! !' T

per populations in this area from
1930 to 1936, inclusive, is shown
for these threc host plants in fig-
ure 31, in which the average num-
ber of leafhoppers per 50 sweeps
each menth is plotted for the
season.

Blistercress dries in June and
serves only as a spring host.
Russian-thistle and redscale last
through the summer and support
high populations of the beet leaf-
hopper as late as September, The
sharp drop in these populations on
Russian-thistle from August to
September may be due partially
to the limitation of the sweep-net
method of collecting. Russian-this-
tle s succulent in August and the
nel passes readily through the
plant, whereas in September it is
stiff and woody and only the oufer
surface is reached by the net.

200
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PER 50 SWEEPS

AVERAGE NUMBER OF LEAFHOPPERS

HOST PLANTS
e RUSSIAN-THISTLE |
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E S1—Average number of leafhtipers per 50 sweeps from three principal

breeding host plants in Esealante Desert, 1930-386,
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However, even if the drop in pop-
ulation is real, a high population
still remains on this plant in Sep-
fember, Populations on redscale
decline slightly from July to Sep-
tember and are slightly below
those on Russian-thistle in Sep-
tember. The fall migration starts
early in October, and ail beet leaf-
hoppers have left this area by
November.

Blistercress is distributed in the
northern Escalante Desert, where
1,000-2,000 acres of this plant
oteur,

Russian-thistle is by far the
most abundant summer annual in
this desert. In 1934, 1935, and
1936, surveys were made of the
Russian-thistle area in the south-
ern part of the desert and 178,000,
190,000 and 232,000 acres, respec-
tively, of this plant were recorded.

Redscale in this area does not
exceed 2,000-3,000 acres and is
scattered in small patches,
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Woif Hele Area

The Wolf Hole area is located in
the high yplateau starting about
35 miles south of St. George,
Ttah, and extending toward the
Colorados River (fig. 25). The
vegetation on this plateau alsc be-
longs to the northern desert shrub
formation and lies in the upper
part of the sagebrush association.
Most of it still contains sufficient
grass to make it excellent for
grazing. Large areas of this sage-
brush and grassland in the flats
and near waterholes have been so
oxcessively overgrazed that very
hittle grass remains. In the over-
grazed areas as much as 400,000
acres of Russian-thistle have been
recorded. In some years this plant
produces large numbers of mi-
grant beet leafhoppers.

Like the Escalante Desert, the
Wolf Hole area is of practically no
importance as a winter breeding
area,

RIO GRANDE AREA

The Rio Grande area, the oniy
large breeding area of the beet
leafhopper east of the Continental
Divide, lies around the Rio
Grande and Pecos Rivers in west-
ern Texas and in scutheastern
New Mexico. According to Shantz
{52}, it is still part of the south-
ern desert shrub formation. The
vegetation vresembles that of
southern Arizona, but mesquite
(Prosopis glandulosa Torr.) is
more abundant and the larger
cacti are absent.

Romney {48} studied the area
from 1928 1o 1934. He found that
the beet leafhoppers were breed-
ing on perennial pepperweed,
which occupied about 2,000-2,600
square miles in a ferritory of
about 8,000 sgquare miles. The
breeding area was also mapped.

This perennial pepperweed
starts sprouting from the crown
in the fall, flowers and seeds in
the laie spring, and becomes
partially dormant during the
summer. Romney (48) found
leafhoppers breeding during all
seasons on fthis pepperweed. AL
the same time that the old plants
resprout from the crown, the seed
that was dropped in the spring
starts to germinate. Romney
found this newly germinated
plant much more favorable for
leafhopper breeding than the re-
sprouted stems, and he was able
to demonstrate 2 relationship be-
tween the amount and condition of
newly germinated plants m the
fail and leathopper damage the
following spring.

In addition to the large area of
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perennial pepperweed, Romney
also mapped some smaller areas of
annual mustards lying along the
Rio Crande north of Ei Paso,
Tex., and in the Big Bend area
farther south. In these areas spec-
tacle-pod mustard and a tansy-
mustard, Sophia halictorum Cock-
erell, served as spring host plants.
Other host planis of minor im-
portance in both areas were
Cheirinie bakeri {Greene)
Rydb., Lepidium lasiocarpum, and
Abronia fragrans Nutt. ex Hook.
Romney estimated that about 90
percent of the total spring leaf-
hopper population was produced
on perennial pepperweed.

Leafhoppers produced in the
spring in these areas moved to the
north and east, causing some
damage in areas as far away as
southeastern Colorade and south-
western Kansas. The damage was
much less at a distance than close
to the known breeding areas,

Iin 1953, a severe epidemic of
curly tep, which is carried only by
the beot leafhopper, occurred in
southwestern Kansas, and this led
te a further study of the Texas-
New Mexico breeding areas. J. R.
Douglass, W. E. Peay, and other
workers found during 1954-58
that the breeding arveas outlined
by Romney were very dry because
of several dry years, and that
leafhopper breeding had extended
out onte the High Plains of New
Mexico, Oklahoma, and Texas,
where no leafhoppers had previ-
ously been found. In this new
area the host plants were annuals,
and a cycte between mustards and
Russian-thistle kept the leafhop-
pers breeding.

in 1854, the leafhoppers were
Tound just east of the original
area and also extensively farther
east and north, extending into
southwest Oklahoma. In 1955, the
breeding area had shifted west
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and south, but was still far out-
side the original area. The same
general areas were occupied m
1956, but leafhopper populations
were lower. In 1957, the leathop-
per was widespread but rather
light. In 1958, the most concen-
trated breeding oceurred L1
western Texas-southeastern New
Mexico, some distance cast of the
original area. The outbreak ap-
peared to have subsided by 1960,
but the perennial pepperweed
areas had not recovered, and
breeding was still found east and
north of them.

In 1957, §. R. Douglass, W. L5,
Peay, and J. I. Cowger, Plant
Pest Control Division, U.S. De-
partment of Agriculture, (unpub-
lished report) tabulated as fol-
lows the frequency with which
each host-plant species was found
in a total of 211 stops in the
southern Great Plains during
February and March:

Host Times recorded
Tansymustard a0
Tumble and town mustard (bib_;m—

brivm altissimum L., iriv L. . Th
Patata ... 54
Russian- th;stle
Pepperweed (annual)
Filaree {(common) .
Pepperweed (perenmal)
Pigweed [T
Fochie sp ..
Undetermined plant
Borage ..
Deadnettie (Lammm Sp }
Bladderpod ........... .
Filaree (Teﬁcas)
Spinach {Spinccia oleracen L. )
Spectacle-pod .. e
Salthush
Verbena
Shepherds-purse  {Capselle  burse-
pastoris {L.) Medic.}
Plantain
Turnips (B?'QSS‘IC(L mpu 1. } ..............
African rue {Pegonum harmaie L, )
Blistercress ... R
Falseflax {Lesqzw;e!l«. sp}
Flax ... ... -
Red beets .
Dwarf phIO\ (PM(J:: sp }
Stickleaf (Afendzelic sp.)
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Huyst Times recorded

Bockwheat . . . . 1

Rale (Lrassica olerneen var. oee-
phoady L0 BT |

i (Bete vulgeric var,

Hwizs chard
ol 1) 1
This outbreak is deseribed in

detail to emphasize that the breed-
g arcas of the leathopper arve
not fixed in either arca or loca-
tia, and new ones may develop
from time o time. The cause of
this one was probably the break-
ing up of much grassland in the
High Plains during World War 11
fer the growing of wheat and cot-
ton.  The drought that lasted
through most of the 1950's caused
this Jand to be abandoned, and it
quickly developed a weed cover,
which included many teafhopper
st planits,

Romney (48) stated that Rus-
sian-thistle  ranks fifth amoeng
summer host planls in the arca
andl commented: “Russian-thistle
serves as an  important spring
host of the beet leafhopper in
some brecding areas, but in New
Mexieo and Texas it eerminates
varty in the spring and is limited
tn cultivated distriets, where the
use of Jrrigation water leads to a
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rank growth, which invariably
sponsors low leafhopper popula-
tinns, Its very limited distribution
within the breeding areas is an-
other factor which places it fifth
in importance as a summer and
fall host.”

J. R. Douglass and W. E, Peay
(unpublished report) stated:
“From August 19 to 80, 1956, a
study was made of the distribu-
tion of beet leathoppers and curly
top in the eastern part of Colora-
do and New Mexico and in west-
it Kansas, Nebraska and Texas
... Kochia (Kochia seoparie (1..)
Schrad.) and Russian-thistle (Sai-
sola kali vav. fenuifolic Tausch.),
the principal summer weed hosts
in the above arveas, were abundant
on idle and waste lands from the
Sdwards Plateau of Texas north
to the Platie River Valley of west-
ern Nebraska and westward to
the Rocky Mountains.™

This last statement shows how
the host-plant complex changed
between 1931, when Romney's
studies were completed, and 1956,
There are also Indications {hat the
perennial pepperweed area has
hecome much Jarger than it was
when Romney studied it

BELT OF NO WINTER BREEDING

Very tew, if any, leafhoppers
pass the winter in the Escalante
Desert of southwestern Ttab, and
spring host plants are relatively
searee. oy this reason, Dovst and
Davis (14) depended on artifi-
cially  develaped plots of host
plants to indicate movemoents of
the leafhoppers. Few winter an-
ruals are In the Utah-Colorado
area,  Cursory  examinations of
soulli-central Nevada have also
revealed an area where winter
hests are searce, The cause of this
plant distribution is not known,
but it is prebably conneeled with

fall  temperature and rainfall,
This would indicate that a bell
running from western Colorado
across Utah and Nevada south of
Grand Junction, Colo., and Reno,
Nev, but north of the sharp drop
that divides the northern desoert
from the greal seuthorn desert, is
praclically free of leafhoppors
during the winter and is vepopu-
Jated early in the spring.

North of this belt lie the areas
of northern Tlah and Nevady, the
Snake River Plain, and the Co-
lumbia River DBasin, where the
leafhopper survives the winter.
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NORTHERN NEVADA, NORTHERN UTAH,
AND WESTERN COLORADO

Northern Nevada

Spring breeding of the beel
leafthopper has been found chicfly
near the Carson and Humbcoldt
winks and Pyramid Lake, all in
northwestorn Nevada, The Jeaf-
hoppers overwinter on fausynmus-
tard and pepperweed and produce
w  spring  generation on  these
plants, It matures at aboul the
same time as the second gen-
eration on  the lower Colorado
River desert.  Russian-thistle is
also present in the Walker Lake
area farther south, but no studies
6f averwintering have been made,
and it is guestionable whether
there iy much spring breeding in
that area. The fall holdover hosts
in western Nevada are chiefly
sagebrush and rabbitbrush, and
thi- period on such husts is usually
short,

The areas supporting the leaf-
hoppers are small and scattered,
and the total leafhopper popula-
tion is usually only of local sig-
nificance. In certain years, how-
ever, it is possible, although not
very probable, that leafhoppers
from along the Humboldt River
in northern Nevada may invade
Lthe Snake River Plain of southern
Idaho.

Northern Utah
Winter Breeding Aredas

The northern Ulah winter
hreeding areas of the beet leaf-
hopper are iocated in the Great
Salt Take Basin and lie in the
northern desert shrub formation
at an altitude of slightly over
1,000 feet, Eleven small separate
arcas are delimited in the area
between =antaguin on the south

and Garland on fhe north and
are grouped somew hat differently
from  the areas  deseribed by
Kaowlton (47). The eultivated
distriets extend north and suuth
in the same territory adjacent to
the various breeding arceas. When
damaging beet leathopper popula-
Lions are found in these cultivated
districts, they arce in most vears
directly traceable to 1 or more of
the 11 distinet breeding areas. The
locations of these breeding areas
m relation to the caltivated dis-
tricts are shown in figure 32

Approximately 80 percent of
the Utah sugarbeet acreage lies
in the northern part of the State.
The major part of ithe leafhoppoer
populations in this beet district
comes from the northern Utah
winter-breeding arcas. The geo-
graphical  distribution «f the
breeding areas and their proxim-
ity to specialized cultivated crops
necessitate discussing each avea
individually.

No weather data are given here
since climatic conditions are
esgentially simitar to those de-
seribed by Carter (6} Tor the
Twin Falls, ldaho, area.

Ulah Lake Group.—iVest Moun-
tain lics east of the scuth tip of
Utah Lake, adjacent to the shore,
The breeding area occupies about
10 sgquarc miles of the south end
of West Mouontain. Becet leathop-
pers from this area need {o travel
only 5 to 10 miles to the Santa-
quin-Provo cultivated areas.

The west Utah Lake area is
south of Lehi and occupies ap-
proximately 25 sguare miles be-
tween Lake Mountain and Utah
Lake. This area is from 7 to 12
miles from and contribuies leaf-
hoppers to the cultivated arcas of
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FiGUre 82.—Principal local breeding areas and beet-growing districts of northern
Utah,

Lehi and vicinity, This area may
possibly contribute leafhoppers
also fo the northern part of the
Santagnin-Provo cultivated areas,
hut no evidence of this distribu-

tion was obtained
study.

Magna Group. — The Magnu
arert extends from the Great Salt
Lake south along the east side of

during the
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the Oquirrh Mountains to the
vicinity of Harriman and oecu-
ples  approximately 10  sguare
miles. It is from 1 to 15 miles
from the cultivated areas of Mag-
na, Midvale, and Riverton.

The Salt Lake Flats area occu-
pies about 15 square miles of the
Hats betwoen Sait Lake City air-
port and Saltair. Antelope Island
is nearby. The cast slope of the
Antelope mountain range, or ap-
proximately 15 square miles of
the sland, is a breeding area, It
ts from 3 tu 15 miles from the
cultivated area between Salt Lake
ity and Kaysiille,

The Toucte area Hes north of the
city of Tooele. The breeding avea
contains ahout 13 square miles
and vecupies 2 narrow strip along
the west side of the Oquirrh
Mountains angd lhe adjacent flats
to the west, The area is from 10
to 12 miles from the cultivated
areas of Salt Lake County.

Nhkewll Veallen is located in cen-
tral Tooele County and contains
a breeding arca of approximate-
v 14 sguare miles. 1t includes a
narrow strip in the north part of
this vailey along the west sidé of
the Stansbury Mountains., This
area is approximately 25 miles
[rom any beet- or tomato-growing
areas.

During recent years there has
been no indication that the leaf-
hopper movement from Tooele or
Skuit Valley has damaged any of
the present beet- oy tomato-grow-
ing sections of Utah,

Beety were grown in Tooele
('ounty at Grantsville and vicin-
ity at one time, but their culture
was abandoned, probably because
damage resulted from the beet
leafhoppers that moved from the
two  hreeding  areas previously
mentioned.
~ Promontory (Group.— Liltle
Mountain areq west of Ogden is

75

on the extreme west part of the
mainland that adioins the Great
Salt Lake and occupies approxi-
mateiy 10 square miles. If is not
over 6 to ¥ miles from the culti-
vated area of Hooper. Fremont
island is of similar size and is lo-
cated south and west of Little
Mountain.

The Promontory Point area is
on the southern part of the penin-
sula that extends into the Great
Salt Lake from the north and oc-
cupies approximately 30 sqguarc
miles. This lies about 12 to 14
miles from the nearest beet and
tomato areas in Davis and Weber
Counties.

Lampo Group.— The Lumpo
aree containg about 25 squaic
mijes and is from 8 io 10 miles
from the cultivated areas of Pen-
rose, Thatcher, and Tremonton.

The Little Mountain arew woest
of Corinne coniains approximate-
Iy % square miles and is about 8
niiles northwest of Corinne. it is
from 3 to 8 miles from the beet
and tomato areas of Corinne, Bear
River City, and Honeyville.

The west Garland wreq of ap-
proximately 5 square miles oceu-
nies the south slopes of the foot-
hills £o the west of Garland. The
area is adjacent to beet- and to-
mato-growing areas near Garland.

Host Plonts

Annuals tn Summer Breeding
Arees., — The principal summer
host plants in the northern Utah
areas are Russian-thistle and
beets. Small areas of Russian-this-
tle lie adjacent to winter breeding
areas and beets are not far dis-
tant. Consequently, very little
mortality of the beet leafhopper
oceurs during the fall migration.
Observations have shown that
populations of the leafhopper on
summer hosts are uvsually suffi-
cient to produce from 1 fo 18
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femates per squarce foot on the
winter aannuvals after the fall
movement.

Perennial Holdover Hosls—
Perenial holdover hosts are rave-
Ly required in this area. However,
i the occasional dry years when
the beet leafhopper must use these
plants, the principal hoeldover
species are sagebrush, pickleweed,
seepweed, and greasewood.

Hinter Annualy —Redstem fila-
tov is the principal overwintering
and spring annual in the area of
Magmna, Salt Flats, Little Moun-
tain west of Ogden, Promontory
Point, Little Mountain west of
Coringe, and west Garland, and is
found to some extont in all the
winter breeding arveas of novthern
Utah., Diistercress is the prineipal
sverwiniering and spring annual
in the west Utah Lake, Tooele, and
Skull Valley breeding areas. Afri-
tan mustard is the principal over-
wintering and spring host in the
West Mountain and Lampo breed-
ing areas. Blistercress and Afri-
can mustard are both infroduced
wild mustards. These mustards
and filaree usually germinate in
the fall or ecarly winier and ma-
ture in late spring. The area oe-
cupied by these annuals has not
been constant from year to year.
The acreage of African mustard
inereased in the Lampo area and
that of blistercress in Skull Valley
during these studies.

Winter Mortality

In 185132 and 1932-33, E. V.
Davis and H. E, Dorst placed out~
door cages similav fo those used
by Carter (6) in Idaho over
healthy plants of blistercress in
Skull Vailey, about 40 miles west
of Salt Lake City. The cages had
two compartmentis, one of which

could  be closed against the
weather and the other left open
for rain o snow.  About 150

U3, DEPT. OF AGRICTLYURE

female leafhoppers were liberated
in each half of 10 cages late in
the fall. Distant-reading thermo-
graphs recorded weather condi-
tions in the cages, The cages were
left undisturbed until the foliow-
ing JMarch, when they were
opened and the surviving leafhop-
pers counted. At this time the
host plants were found to be in
good condition in both compart-
ments of all cages. The survival
in the two seasons is given in
table 20.

TauLe 20, Swrrival of wdult fonale
beel leafhoppers caged on blistereress
in Newll Valley, Ulah, during
winfers of 1038 42 aned 103243

Re-
Searou and Plhwed  covered Survival
campartiment  in eages  from

tages

1931-32: Nember Nnumber  Prresnd
I':.‘C];{:-I'f,! 1 ,-JIU .-)02 33.3
Coversd . 1,320 139 10,3

Tutal 3.030 G 21.6

1932-33:

Ixpusedd P,a03 i) 4.6
Covered . §,303 4% 3.0
Tutad 3,006 I 3.8

fn 1921-32, the air lempera-
ture did not dip below zero until
the middle of January, affer
which fhere were {wo short peri-
ods of subzero temperature. Snow
cover was tight or absent. In
1932-33, subzero veather came in
Becember and February. The De-
cember cold snap came when there
wWas Nno snow cover, whereas o
continuous snow cover was main-
tained through most of January
and February, as indicated by the
soil thermographs. In 1931-52,
the soil surface temperature was
ralhier variable, whereas in 1932—
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S0t averaged close to 30X,
with minor iluctuations,

Leathopper survival in the ex-
pused compartments was higher
than i the covered compartments
nt both years, but the most note-
worthy result was the great sea-
sonal diflerence in survival, which
was over {ive times as great in
13 1-32 as in 1932-33. Probably
the long continued exposure to
low temperatures in 1932-33 was
as mstrumental in causing mor-
‘ulity as the sharp temperature
drop m December. These results
toreshadow  the  conclusions  of
Harries and Douglass (23) re-
povted 13 years latey.

This variation in winter sur-
vival was refiected in the number
of leafhoppers in the spring brood
*hat were found in the beetficlds
ol nearby Salt Lake County. 1n
1232, when winter survival was
nigh, the average was about 18
leathoppers peyr 100 beet plants in
mid-April, whereas in 1933, after
fow winter survival, the average
at the same time was about 1 leaf-
hoppers per 100 beel plants. The
drop in spring pepulation was
somewhat less than propertional
to Lhe winter moviality in the two
SOASONS.

Development of Spring Brood

Ball {3} stated definitely that
it was impossible for a gencra-
tion of the beet leafhopper to ma-
ture in the desert areas before the
spring movement to beets, and
that the adults which moved into
the beets in the spring were the
same ones which had left the pre-
e¢eding autbumn. That he was mis-
taken {n thix statement has been
demonstrated many times by field
workers, but most of the evidence
has been indirect and possibly
misinferpreted,

Bail’s assumption was based on

monthly average temperatures
taken in standard shelters, The
temperatures near the soil sur-
face, where the leathoppers are
breeding, run much higher. Cook
(1.2) showed that sufbcient heat
was received at the soil surface
on & south slope in the central San
Joaguin Valley to mature adult
leafhoppers before the frst adults
appeared in the valley bottom. Un-
Fortunately too few leafhoppers
were on this particular slope to
make possible regular sampling of
the developing population.
Collections by H. E. Dorst in
novthern Utah in the spring of
1936 give evidence thut a brood is
alse produced theve mn the spring
on  overwintering hosts  before
migrations gecur. Tweo independ-
ent buf related lines of evidence
are presented, one hased on dis-
section of females for eggs and
the other based on collections of
nymphs at short intervals from
stations in the breeding areas.
Both lines of evidence are af-
fected by temperature.
Measurements of siandard
shade (Weather Bureau shelter)
and soil surface temperature were
recorded on a south slope at
Promontory Peoint, Utah. The rod
of the soil thermograph was cov-
ered with a thin layer of soil of
the same texture as that in which
the plants were growing, so that
the temperature recorded hy the
soil thermograph was a close du-
plication of the temperature in
the habitat of the beet leafhopper.
Figure 33 presents air and soil
thermograph records for the week
ending May -1, 1936, on a south
slope at Promontory Point. This
is a representative week angd illus-
trates the difference between
standand shade temperature and
the femperature wheve the leaf-
hopper is feeding. The minimum
temperatures in standard shade
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and at the soil surface are very
simitar, but the difference in the
maximum recordings in the shade
and at the soil surface illustrates
the effect of direel radiation on
the soil surface,

The dark overwinterving fe-
males develop mature cggs as soon
a3 warm weather starts in the
spring and continue to do so for
the rest of their Hves. On the
other hand, newly emerged fe-
males do not contain mature eggs
during the first few days of their
adult lives, but genevally mature
gsome eggs after a few days. tlence
the presence of light or semilight
females, without mafure eges, in
the tate spring indicates the
emergence of the firsl spring
brood. At the time the spring
forms start Lo appear, the few
dark overwintering {emales loft
are worn and Drayved and easily
distinguished [rom  the [reshly
emoerged  spring  Loyms, regavd-
bess of their colovation,

Fogy Developnen! Study.—-This
study  embraced  four adjacent
slopes, Two of these [aced south
and southwest and the other two
east and southeast. Beeause there
was little difference within the
pairs as Hsted, the resulls have
boeen grouped.

Dissection of females started
during the last part of February
1936, coincident with the first ac-
tivily of the beet leafhopper in
the spring., Collections of 15 or
20 females wers made with a
Hills" sampler at 3- or 4-day inter-
vals on  Nlaree, Russian-thistle,
and African mustard. Dissections
were made under a  binoenlar
microscope.

Table 21 shows the resolts of
digsecting females from the se-
Jocted slopes. Sinee the number
ol oges per female varied only
slightly withiir a disseceled group,
the number of egus recovded un-

der each date is the average (fo
the nearest whole number) of 18
to 20 individuals of each color
form found in each arvea on the
date given, The blanks in the
table previcus to March 12 indi-
eate that no collections were made
because of no spring host plants
at these locations. Blanks after
March 12 indiecate that although
eolfvctions  wore made, certain
color forms were not found in suf-
ficienf numbers for dissection.
The newly emerged tight forms
could esasily be separated from
older light forms by the unex-
panded translucent abdomen and
somoewhat smaller size, This sepa-
ration has been made in table 21
to show roughly the time of their
frst appearance and the length of
time reguirved for the development
of mature oges.

There was no egg development
in the first Females collected from
the south and southwest slopes,
buat by Maveh 2 one or two im-
mature ovules were found in near-
v every female.

The dark overwinfering indi-
viduals had disappeared by the
last of May. Semilight forms sud-
denly appeared in all the areas on
April 16, Their origin is un-
known, but the fact that they ap-
peared a few days after migrating
adulis were taken in the Escalante
Descert (p. 91) and at about the
same time that similar forms
appeared in the Scvier Valley
strongly indicates that they came
from the southeri. breeding arvea,

The data in table 21 also show
that newly emerged females ap-
peared on the south and sonthwest
stopes on May 11 and 14, bat did
not appear on the east and south-
cast slopes until June 1. South and
southwost slopes received more
heat from the sun during the
warmest part of the day than the
cast and southeast slopes. The
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TABLE 21.—~Average number of mature eggs per female beet leafhopper collecied
wn northern Ulah winter breeding areas during spring of 1936

Egps per female leafhopper found on—

South und seuthwest slopes ‘
i

Fast snd southenst slopes

Date

Dark
over- . Semi- |
winter- | light |
ing i

Light

: ) |
Dark :
OVEr-

winter- |,

ng

P Newly

' Semi- | Light :
s emergad

light

Feh, 24_._.
1
Muor. 2__._ L

Apr.

—
=
'
t
1
-

June 1

i

1 S S

1

Sl e}

light forms, which emerged from
the south and southwest some-
where in the avea, appeared May
1i-14 on zll slopes,

Table 22 shows the time of ap-
pearance of these forms in the
cultivated fields. The data in this
table are average pepulations of
beet leafhoppers par 100 sguare
feet in seven beetfields near the
local breeding aveas. Davk over-

! Bome epgs found, but less than one mature egg per famale

wintering leafhoppers were pres-
ent until May 13, semilight indi-
viduals were present at the time
of the first count, and light forms
became numercus about May 21,
which is about 11 days later than
they first appeared on the loeal
bresding grounds (table 21).
Nympks were found in the beets
before May 21. Since they were

‘not sufficienfly developed to pro-
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TapLE 22, - Populalivns of dark, semi-
Light, und fight beet leaflioppers per
100 square feet in 7 beelfields in Box
Elder County, Ulnh, in spring of
1936

- Hemi-

Dark Light
Plate forms lighi furms
forms
Apr, 270 6.7 1.3 0.3
May 1. 2.0 2.6 0
3. 2.0 2.0 0
.. 7 2.0 0
12 o 3.3 0
13 B 4.0 .3
3. {} a.l 0
8. ... 0 3.0 Rt
24, 0 2.3 . 3.4
25 & 6.0 12,0
4., 0 3.7 20,0
Joue 10 ... 0 0 12¢.0
12 0 o L1345
1. 0 6.7 10,3

U Rosed on counts in two felds only.
2 Based on counts in three fields.

duce light adults by that date, the
Heght forms must have come from
the nearby breeding area.
Nymphal Development Study.—
Tror this study, nymphs of the
beet leafhopper were collected
during the spring of 1936 in the
same locations and from the same
host plante as the females that
were dissected for egps. Six sam-
ples were taken at random every
3 or 4 days at each location with
a pan sampler, which coverad one-
half squave foof. The nymphs
were removed from the sampler
and classified according to instar
under 2 binecular microscope.
Three of the five stations sam-
pled were south slopes and their
records of nymph development
wore so similar that they have
been combined. Figure 34 gives
the number of insects in =ach
stage collected during the spring.
Only first-instar nymphs were
found on April 20. Second-instar
nymphs appeared on April 23 and

81

third-instar nymphs on April 27,
The peak of abundance of first-
instar nymphs was on April 23
and of last-instar nytuphs about
May 14. Light adults were first
seen on May 14.

Harries and Douglass (34)
showed that an accumulation of
abouf, 650 day-degrees of tempera-
ture bebween 58° and 92° T\ is
necessary to mature adults from
newly laid eggs. This accumula-
tion of soil surface temperature
was reached on May 11 on one of
the south slopes studied, so that
the first light adults could have
developed from eggs laid early in
Mareh, This is further substan-
tiated by the finding (table 21)
that many of these light forms
contained no mature eggs on May
11.

As with the adults discussed
previously, temperature had a
considerable effect on the rate of
nymphal development. In addi-
tion to the data given for the
south slopes, collections were
made af the same times at one
station each on the east and the
southeast slopes. Development was
similiar on the last two slopes, so
the resuits have been combined.
Also, the population curves for the
several instars were similar to
those shown in figure 34, except
that the peaks of abundance were
at later dates. The fifth instar
may he taken as representative of
the nymphal development. The
seasonal abundance of the fifth-
instar nymphs collected on the
south and the east and southeast
slopes is illustrated in figure 35.
The south slopes were 18 days
earlier in producing the earliest
fifth-instar nymphs and the peak
of nymphal population.

Summer Broods

‘When it is considered that over-
wintering females lay eggs for
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FIGURE 35.—Number of fifth-instar nymphs of beet leathopper per 3 square feet on
south slopes compared with number on east and southeast slopes at same time.

over 2 months; that semilight
forms usually appear in April
from the southern area and lay
eggs for at least 6 weeks in both
the northern winter breeding area
and the cultivated area; that
progeny from the overwintering
females appear before the semi-
light forms die; and that the
emergence of light spring forms
is greatly affected by local con-
ditions of slope and temperature;
it can be seen that later broods
become a hopeless tangle, and it
is impossible to separate them in
field collections.

Also, the temperature in the
beetfields in the summer is lower
and leafhopper development is
slower than on short annuals dur-
ing the spring, a point discussed
by Carter (6). Field collections
and rearing experiments seem (o
indicate that two summer broods
are produced in fthe bheet areas
after the local migration.

Breeding Areas in Eastern Utah
and Western Colorado

The spring-summer areas of the
beet leafhopper in eastern Utah
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and western Colorado were lo-
cated and studied during 1930-38.
They have been comparatively un-
important as a source of beet leaf-
hopper infestations into the east-
ern Utah and western Colorado
sugarbeet-growing distriets. From
the spring of 1931 to 1938, inclu-
sive, data indicate that these local
breeding areas were important in
contributing to the beetfield leaf-
hopper infestations only during
the spring of 1931 and may have
contributed to some extent duving
the seasons of 1935 and 1938:
thus only during 1 year of the 8
studied were these areas impor-
tant to the agricultural disiriets.

The high leathopper productiv-
ity in the spring of 1934 was ap-
parently caused by the preceding
warm winter, the warmest in 43
years, combined with early ger-
mination of Russian-thistle. These
spring-summer breeding aveas are
usually populated during April
and May by first- and second-gen-
cration beet leafhoppers from
warmer areas. The population
of overwintered beet leafhopper
adults in the northern breeding
arerss was usually very low or ab-
seni in April, but their progeny
and that of first migrants from
the south developed nearly simul-
taneously. On the basis of nymph-
al size and adult sex ratio it was
evident that leafhoppers often ye-
mained in the northern desert
breeding arsas during the sum-
mer and dig not augment popula-
tions in the agricultural distviets.

Winter annuals such as blister-
cress and tumblemustard occurred
only in limited patches within the
eastern  LU'tah-western Colorado
breeding areas. This lack of fa-
vorable overwintering plants to-
gether with low winter tempera-
tures is appavently responsibie for

gither very low survival or com-
plete mortality of the beet leaf-
hopper during the winter,

Spiderflower germinated in
March and produced one and a
rpartial second generation of beet
leafhoppers before drying in May
or June. The plant occurred most-
ly adjacent to agricultural gis-
triets, and beets near such areas
were damaged by leathoppers that
were forced from the plant stands
because of drying. It was suffi-
ciently abundant to be of impor-
tance in only one season in eight.

Fussian-thistle was the chief
spring and summer breeding host
plant for the leafhopper in this
area. The annual cyele of both
plant and insect is similar to that
deseribed for the California and
Utah-Nevada desert areas, except
that the plant is sometimes killed
by drought in spring or early
summner,

The leafthoppers are on holdover
hosts from October or November
until spring. The principal hold-
over hosts are snakeweed, shad-
scale, and Atripler corrugate. Of
these plants, snakeweed scemns to
be preferred, and in some areas
large numbers of leathoppers have
been found on it early in the
winter. Survival, however, has al-
ways been low.

In 1837, O. A. Hills sctected a
patch of snakeweed near Moab,
Utah, which had a high leafhop-
per population late in the fall,
Samples of the leathopper popu-

lation were taken twice each
month between November 11,
1937, and March 3, 1938, hy

means of the sampling eage. In
cold weather a specially designed
heater (Hills 39) was used to ac-
tivate the leathoppers for count-
ing. The female leafhoppers de-
clined from 21.7 in November to
1.3 per plant in Mareh. As can
be seen from figure 36, most of
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FigUrE 36.—Population changes of beet leafhopper on snakeweed near Moanb, Utah,
during winter of 1937-38.

the mortality came between No-
vember and early January. The
number of dead specimens found
under the plants indicated that
the insects had not moved to other
plants.

The winter of 1937-38 was con-
siderably above normal in tem-
perature in the Moab area, so that

survival would probably have
been even less under normal or
subnormal temperatures. Since
snakewecd was considered to be
a preferred host among the im-
portant host plants, it can be seen
that winter survival in the east
ern Utah-western Colorado breed-
ing areas must be very low,

SNAKE RIVER PLAIN

The Snake River Plain was in-
tensively studied for many years.
Stahl (54) reported on life-his-
tory investigations of the beet
leafhopper in the area during
1913-14, and a laboratory was
established at Twin Falis, Idaho,
in 1925, which was still active in
1965. During thai period many
detailed investigations were re-
ported, including the life history
and seasonal history of the leaf-
hopper, its migratory movements,
and the host-plant complex.

Following the pioneer work of

Caxter (6), which outlined the
problem, Harries (22, 32) and
Harries and Douglass (84)
studied the physiological life his-
tory of the leafhopper in relation
to its environment. Fox (28),
Piemeisel {45}, and Piemeisel and
Chamberlin (46) discussed vari-
ous phases of the host-plant sue-
cession and its relation to leaf-
hopper population. Douglass and
Hallock {21, 22} veported on ex-
perimental studies of various host
plants and on the distribution of
Rusgsian-thistle, Henderson (85,




86  TECHNICAL BULLETIN 1365, U.S. DEPT. OF AGRICULTURE

36 4 studied important parasites of
the beet leathopper in that area
and their synchronization with
the life history and movements of
the leathopper.

The annual rainfall over the
Snake River Plain varies from
less than 10 to about 12 inches.
In most places it is insufficient {or
dryland farming, and irrigation
is required. DJost of the scanty
rainfall oecurs from November
thvough May, when temperatures
are low and moisture is of great-
est value. July and August are
the driest months. Fall rains are
psually sufficient to germinate the
winter annual cover in October,
but this germination may be de-
layed untll November,

This area was originally cov-
vred with sagebrush and grass,
and was in the northern desert
shrub formation of Shantz {(52).
The land lying near the Snake
2iver has mostly been irrigated
and is farmed intensively. Sur-
rounding the irvigated avea is a
much larger area, most of which
nas never been plowed and which
contains sagebrush and annual
grasses. In the most overgrazed
areas the grasses have almost
completely disappeared, leaving 2
cover of weedy annuals, many of
which are good host plants for the
bect leathopper. If the land is not
cultivated, heavily grazed, or
bhurned over for several years,
dfowny bromegrass (Bromus tre-
corpm 1..) will replace the weeds.
Bromegrass is not a leafhopper
host, but it grows very thickly and
matures early in the summer, pre-
senting a serious fire hazard, Con-
sequently, large areas of brome-
grass are burned over almost
every summer and revert to their
preceding weed cover. Piemeisel

45) and Piemeisel and Chamber-
lin  (46) have discussed these
changes in considerable detail,

Seasonal History

The fertilized female leafhop-
pers overwinter on annuals
arocund the base of sagebrush and
other shrubs. Carter (§) empha-
sized that in Idaho the overwin-
tering leafhoppers must have food
for survival, as the insects become
active whenever temperature per-
mits. He presented evidence that
the leafhoppers could not endure
subzero temperatures for more
than a few hours. His outdoor
tests indicated that snow cover
protected them during the coldest
weather in the Twin Falls area.
Harries and Douglass (84) con-
firmed Carter’s findings, but
found further that the effects of
cold could be greatly modified by
breaking the exposuie and warm-
ing the insecets, if only for a few
minutes each day. Temperature
may thus be important—as a
short cold snap without protec-
tion, which kills many leathop-
pers from exposute, or as a pro-
tracted period of cold weather
when the leafhoppers have no op-
portunity to feed.

The surviving leafhoppers lay
their eggs in March or early April
in the annual plants on which they
overwintered. One generation pro-
duced here matures in May or
June. At that time the annuals on
which they bred are maturing and
drying, and the leafhoppers move
{rom fhem to other hosts. 1f sum-
mer annuals are present in the
area, many of the leafhoppers will
remain there, but usually most of
them move into nearby cultivated
areas, where they infest many
crops. Two summer generations
are usually produced. The adults
of the second summer generation
leave the drving swmmey hosts for
holdover hosts or newly germi-
nated winter annuals {(Havries
and Douglass 84}. The period on
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holdover hosts is usually short,
and in many seasons the winter
annuals have already germinated
when Lthe leafhoppers leave their
summer hosts. Mortality in the
Tal and winter ig very important
in preventing excessively high
spring brood populalions in this
area (Douglass ef al. 24).

Host Plants

Douglass  and  EHallock  (21)
made greenhouse and plot studies
of 13 species of leathopper host
plants in southern Idaho. In their
summary they stated: “In burned,
overgrazed or deteriorated range-
land the mopst important host
plants were [flixweed, perfoliate
pepperweed and  tumblemustard.
In the sagebrush areas pgreen
tansymustard was the most im-
portant. . . . The largest nymphal
pupulations were produced on fan-
weed in early summer, patata in
midsummer and smotherweed In
late summer. There was no sig-

S7

nificant difference between the
nymphal populations developing
on cut-leaved nightshade, redseale,
Russian-thistle and smotherweed
during late summer.”

This citation only shows the
relative usefulness of these plants
and does not mention their abun-
dance. If their distribution and
abundance are considered, Mix-
weed, perfoliate pepperweed, tan-
symustard, and tumblemustard
are the most important spring
hosts and Russian-thistle the mos
important summer host.

In recent years halogeton, an
introduced poisonous weed, has
become abundant in  southern
ldaho and northern Utah, Tests
have shown it to be about equal to
Russian-thistie in producing and
maintaining fall populations of
teafhoppers. Its importance can-
not be estimated at present. It is
still spreading, but serious at-
tempts to control it are being
made (Douglass et al. 2.2, ITallock
and Douglass 41).

The most abundant holdover
host plants in this area are sage-
brush, rabbitbrush, and shadscale.

CENTRAL COLUMBIA RIVER AREA

The central Columbia River
aren embraces land on both sides
of the Columbia River in central
Washington and Oregon and ex-
tends into the newly irrigated sec-
Lion known as the Columbia Basin
Preoject. lb lies in the dry sage-
brush plains east of the Cascade
Mountains, where the annual rain-
fall is 10 inches or less. Much of
the lower and better land is now
irrigated, buf there are scabland
areas and higher hills that are not
profitably irrigable, many of
which bear {eafhopper hoats.

The area was studied by Hills
from 1930 through 1933, and his
findings have been published (38).

Hills' publication gives the essen-
tial facts regarding the life his-
tory and host plants of the leaf-
hopper and should be consulted
for detailed information. He pos-
tulated three broods of leafhop-
pers per year, orne each in spring,
summer, ahd fall as in the Snake
River Plain. Hills found redstem
filaree and tumblemustard to be
the principal winter and spring
hosts and Pussian-thistle the chief
summer host. Holdover host
plants are rarely necessary, and
the leafhoppers usually move di-
rectly from summer to winter an-
nuals. In the rare dry autumn
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seasons  sagebrush and rabbit-
bhrush serve as holdover hosts,

The chief breeding areas, as
mapped by Hills {48), lay on
botk sides of the Columbia River
in Washington and Oregon. The
area north of the river was large-
ly overgrazed range and dry
farmed land, and part of that to
the south was oecupied by irri-
gated farms.

2ecent studies in the avea by
B, O Klostermeyer and E, I
Dailey, of the Washington Agri-
cultural Bxperiment Station, and
by Jouo Cappizzi, of the Oregon
State Duepartment of Agriculture,
indicate that the picture has
changed considerably. Since the
original breeding areas have buen
more carciully farmed and grazed,
eafhopper hnst plants are vare
except where o suminer fire has
destroyed the grass cover. The
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openitg of a large area to lrriga-
tion in central Washington hus
greatfy nereased the distribution
and aoundance of both spring and
sumner host planly, which are
found on roadsides, ditehbanies,
and  seabland  fields  scattered
through the irrigated area. This
makes the problem local, as it s
only a short distance from spring
te summer hosts.

Az during the eavlier stodies,
Russian-thistie is the chief sum-
mer host, Perfoliate pepperweed
has become abundant and now
ranks rather high a3 a spring
host, The principal spring hosts
are tumblemustard, thxweed, peg-
foligte pepperweed, and filaree, in
about that order, in the Washing-
tou arca, whereas filaree is some-
what more abuudant and mpor-
tant aouth of the Columbia River
in Oregon.

MIGRATIONS

Several methods have been used
in tracing the migrations of ihe
buect leafhopper or in deducing
their direction and extent, but, in
general, greatest reliance has been
placed on serial samples from the
same or negrby Incations taken at
frequent intervals during the mi-
grations.

The only definite summer mi-
gration was in the Arizona desert,
where summer hosts were repepu-
lated during July. Fall migrations
have been studied in California
(LLawson et al. 42, Severin 51)
and in southwestern Utah, The
spring migrations were by far the
most extensive and important and
have been studied in detail in sev-
erat places ( Annand ot al. 7, Dorst
and Davis 76, Douglass et al, 20,
Fulten and Romney 28, Lawson of
al. 42, Severin 31).

Repopulation of Summer Hosts in
Arizona Desert

Between dryving of spring host
plants and germination of late
summer bosts, condifions in the
Arizona desert were so hot and
dry that all leafhoppers were
foreed 1o leave. When the sumrey
hosts  finally  germinated, they
were immediately repopulated
with leafhoppers from some out-
side source. This source remained
somowhat of a mystery until, in
the summer of 14338, a widespread
sampling survey of the newly ger-
minated summer hosts showed
that the highest populations of
leafhoppers and the highest per-
centage of males in the population
were both found Loward the south-
east.

A Turther svarch led e the dis-
covery of an area around Douglas,
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Ariz., about 150 fo 200 miles
southeast of the ceptral Arizona
desert, at an altitude of 3,400 feet
or more, where a late-maturing
pepperweed, Lepidium  Fhurber:,
was producing leafhoppers. This
discorery led 1o a more detailed
study in 1939. In that season,
when adequate rains had only
fallen on about two-thivds of the
potential hust area, some 1,600
square miles of this host plant
were  found  and  sampled  five
times  bolwesn  March 7 and
Atgust 9. The results are given
in table 23,

The L. thurberi stands were
found to be practically without an
overwintered population of the
leathopper, as shown on March
T-8. This means that the plant
would not serve as a breeding host
until populaied by flights of first-
generation adults from areas pro-
ducing them by late Mavch or
April.  During the swrvey of
April 21, first-generation adults
were Tound to be fairly abundant
and small nymphs were beginning
to appear. This indicated that
these plants had received an in-
flux in carly April from other
desert breeding areas containing
other species of pepperweed. The
most likely sources were to the

TauLe 23,

north and northwest, A survey
made o May 23 showed that a
large first generation was present
e this plant, but it consisted
mustly of nymphs, sinee the adult
population was comparatively low
amd the proportion of males was
also small. By July 7, ieathopper
populations on L. thurberi aver-
aged 513.6 per square foot. By
August Y, practically all the leaf-
hoppers had left. It was this July
popualation that moved north and
woest,  repopulating the  dosert
breeding areas in late July 1939,

Severin (50) showed that fe-
males tended to migrate greater
distances in California than males
and, therefore, after a migration
there were more males than fe-
males remaining in the breeding
source. This samoe condition was
found in the Arizona areas, where
an excess of males was considered
as geod evidence that the area in-
volved was the source of a migra-
fion. A survey was made on
August 7-10, 1939, to determine
the source of the reinfestation in
other parts of the breeding avea,
The results are given in fable 24.

The average number per 100
sweeps and the sex ratic indicate
that the source was in the divee-
tion of the Douglas area, since a

Poprdations af bedd lewhuppers found on Lepidium thurberi i
snddhensierse drizona during spring and sunmer of 1939

Lealhoppers per square foot

Bate of ;sampling  Stations Sungples Aaje
adults
Adults Nymphs Total

Number Number Nuwmber Number Number  Percent
Mar, T-5_ ... g - i, 1 ) 4] e cmre et cwaea
Ape. 2.0 ... a3 61 3.0 o 0.5 18
Muay 23 . ... 3 i 23.4 164.6 188.6 . 35
July 7.0 ... 3 0 73.2 4344 213.6 Bl
Aup. 9., . _ 3 2% i 143.2 67

9.6 :

Pofoa enrdy to messure spring repeaduction.  One female found in 900 hnoal foot of

ftnE stands.
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TanLe 4. Beal leafhopper adulls per 100 sweeps el ser rafio of adulls

vedlected From swnmner host plants dugust 7
haed been veinfesicd by tung-distance flights

~

A, 1038, wfier semidesert areas

Approximaie air-line ; - Awverape Averape
distunee from edge iMrection from . Btops adulls Potul  proportion
of Dougles, Anz, Duouglas aren per 100 aduolts of males

area fmiles: , SWECPS
}
1 Number -~ Number Number - Percent
115 . .. .. Nurthwesi.._ ... [t} 158 200 ¢ 21,5
230 . . : do. .. .. .. 4 12,6 88 10.2
Y B T I 3 4.3 01 4.0
160y Yent oo 2 7.5 231 15,0
13} o A | ') T ! 2 3.0 46 8.7
3.3 52 5.8

ESH) B ¢ [ M :

higher proeportion of males was
closest to that area. The data also
indicated that larger numbers
meved northwest than west, This
is 1o be expecied since the moun-
tain ranges run northwest, and in
order to gn west they must cross
several basins and small mouniain
ranges, which would not be diffi-
cult if winds were favorable, but
apparently theyv were not.

During the previcus summer
{1938) similar data had been ob-
tained. By late July the flight had
extended northwest heyond Desert
Center, Calif,, about 358 air-line
miles from the western edge of the
Douglas area. Many leathoppers
migrating te the southeastern
{(lalifornia areas, where summer
hosts are limited, probably died
after remaining for several
months on undesirable food plants.

As may be noted, this study was
done in 1939. By 1965, conditions
had changed considerably in the
Arizona deserl. Since more sum-
mer hosts are available inside the
irvigated areas, the Douglas avea
and L. lhurberi need further
study,

Fall Migrations
The fall migralion from sum-

mer hosts to holdover or winter
hosts is usually a gradual driff.
Leafhopper populations build up
slowly on the hoidover hosts dur-
ing the fall, with Jittle evidence of
rapid shifis in population. The
mechanies of these movements in
central California was discussed
by Lawson et al. (42). They found
no evidence of large numbers of
leafhoppers moving farther than
20 to 30 miles from the summer
hosts, and the leathopper popula-
tions were highest in late fall on
those patches of holdover hosts
within a few miles of summer
host plants.

Repopulation of Winter Hosts in
Utah-Nevada Area

In repopulation of the southern
desert during the summer, the
total amount of summer host
plants in the Utah-Nevada area
was too small to produce sufficient
leafhoppers and the area was so
far from the southeastern area
which repopulated the main Avi-
zona desert that very few leafhop-
pers from that source reached it.
Ball {4} stated: “The occurrence
of curly-leaf in the Sevier Val-
ley, where there is a Jow pass over
the mountains, and again, in Salt
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Lake Valley and Bear River Val-
Joy- close to low passes, suggests
strongly that the Utab infections
cume from the Escalante Desert
vegion, and the finding of beet
leathoppers faivly thick in several
places 1 the Desert appears lo
confirm this. The only difficulty
with this conclusion is that these
hoppess in the desert may have
beenn from swarms that Hew in
there from stilt more digtant re-
gions,” The present studies con-
lirm this last statement,

Extensive swrveys showed that
vrdinarily the beet leafhopper did
not overwinler in Lhe Esealante
Desert, owing apparently to the
lack of suitable host plants. Col-
lections were made in the Bsca-
lante Desert and Sevier Valley
from 1927 through 1936, approxi-
mately every 10 days from carly
spring until afler the migration.
The dates of first appearance of
the inseel in both areas during
this period are as follows:

Flaealunle Sevier

Deserr Valley

1427 . Mays  May3s
14924 Api, It TApr, 24

[V May 17 Junel

1 - May L iMays
1941 Apr 26 Apr. 22
IR Apr.l4 Apr 14
pang Apr. 24 Ape 17
IHEE! L Mar. 22 Mar, 18
1435 Apr. Id Apr. 15

s . . Apr iy Apr. 8
Averpgedate | Apr. 21 Apr, 22

] dpgroximate; exaet date not known
owing io weather conditions.

Thoese dates show that in most
yvears the leafhoppers appeared in
the Esealante Desert and in the
bectlields of the Sevier Valley at
about the same time, indicating
thal the leafhoppers in both areas
had & common source, which was
found o he the Utah-Nevada area.

The [Escalante Desert, though
not a direct source of leafhoppers

for the spring migrations, has
been found to be an impovtand
summer breeding avea {p. 6493,
from which leathoppers rvepopu-

lated the Utah-Nevada dogert
areas in the fall,
in some places the summer

breeding areas of the Escalante
Desert and the winter breeding
arcas of the soullern desert are
only about 30 miles apart. How-
ever, summer areas lie at an alti-
tude of 5,000 fect or more, where-
as the winter areas are below
3,000 feet. This difterence in alti-
tude, with its parallel difference
in temperature, causes dark leaf-
hoppers to mature in the Isca-
lante Desert, whereas those pro-
duced at the lower altitude are
still light green. This difference
enables easy separation of leaf-
hoppers from the two sources.
Furthermere, the area between
the two types of breading grounds
15 largely sagebrush and junipers
(Juniperuy spp.}, on which leaf-
hoppers are only found when mi-
grating, and this fact also aids in
the detection of movements,

The first records of the fall mi-
gration into the southern winker
breeding arca from the Escalante
Desert were made early in Octo-
ber 1934, The migration had al-
ready started, but its peak was
observed on approximately Octo-
ber 10.

In 1835, the {fall migration
into the southern breeding areas
started during the middle of Sep-
tember and reached a peak about
October 18. 'The movement was
actually  encountered near 5t
George, Utah, on October 18 al 5
p.m. The leathoppers were mov-
ing in a southerly direction on o
light breeze, Sweeps made in the
opest air with an insect net at
shoulder height in the middle of
the road gave five leafhoppers per
20 aweeps. Surveys were made to
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ascertain routes of migration, but
the only routes followed during
these surveys that gave posi-
tive results were from the Esca-
lante Desert. A iarge area of Rus-
sian-thistle in the Wolf Hole area
in 1935 carried an extvemely high
population of leafhonpers, but no
ovidence was cbtained that this
area contributed any large num-
ber of leafhoppers to the winter
breeding area north of Las Vegas,
Nev.

The annual  fall  migrations
from both the Escalante Desert
and the Wolf Hole area were gen-
erally southwesterly during this
study and the lines of movement
were roughly parallel, The dis-
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tance coversd by a single fall mi.
gration and the magnitude of pop-
ulation changes are shown in table
.—;'-)-

The relationship of these
changes Lo topography are shown
in figure 37. The map shows pop-
ulation increases at all collecting
points., The areas of largest in-
crease lie close to Littlefield, Aviz.,
near Mesquite, and near the point
where the Muddy River and
Meadow Valley Wash join the
drainage of the Virgin River. All
these places are on streams and
washes, which drain southward
from rthe Escalante plateau and
form natural channels of air
drainage, which are probably fol-

Tanug 25.- - Disbanee frow sunonee breeding acen and wainer af beet lewfhoppers
er 0 sweeps in {loh-Novuda winler breeding avea before aund afler migralion
R £ )

of Ueliber 17--18, 1945

Lavation

Arizona, miles from Thttebcld:
AN onaetl . . .
1.9 north e .
Snertho . L .
2 south. . .
G eouth._. ..
Nevada, mites Tromy-

Mesguire, 0.5 nuacth. ..

{lendalc:
20 northwest o
13 northeast . el
10 noptheast [
5 nerthwes e e e
Fnorthwe-t e
drouth . o L L Lo
T2 wtl e e e
7.4«
SoF snuth
115 suuthwest
253 sontliwest

L Yegon:
12 sautheast. - .
F7.0 =gt leenst

Udre-line nudes, not distunce traveled by lealhopper to reneh place indiented.

Approxi- Population on—
mate
distancs Popu-
from Oet. Qet. lation
Autmer 15=17 16-20 change
breeding before after

aren migration * migration

Miles Number  Number « Number
36 0 5.0 . +6.0
43 o 6.0 . +5.5
W 5.5 35.0 +98.5
A7 1.0 32.0 4314
a1 (.4 8.5 +7.0
e 13.0 33.8 +10.¢
46 1.0 7.0 +6.0
N 0 10.4 4-i0.0
3% 3.0 0.4 . +15.0
b 4.5 9.0 +a.0
a3 1o 2G.0° 418,40
6l 1.9 - 18,01 -+8.0
63 3.0 6.1, 4+3.1
63 205 6.9 434
5 3.4 1.7 +1.4
! ] i5.5 +15.0
87 5] 6.3 : +6.0
100 2.0 G.a 4.6
103 [ 3.4 +3.5
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FIGURE 37.—Changes in beet leafhopper populations in southern winter breeding
area caused by a fall migration bebwern October 15-17 and October 19-20, 1935,
Encircled numbers represent increases in leafhopper populations per 50 sweeps.

lowed by the migrating leafhop- 100 air-line miles from the near-

peTS. est point in the Escalante Desert
Increases from 3.5 to 6 leafhop- breeding area.

pers per 50 sweeps were found In 1936, the leathopper migra-

near Las Vegas, which is about tion started on September 8 and
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reached a peak on approximately
September 21, No further divect
sbservations of the fall migra-
tions have been made in this area.

Local vaviations in topography
and variations in host-plant con-
dition result in snch irregular
local concentrations of migrating
leafhuppers that any detailed con-
clusions as to routes traveled are
impossible. The data indicate a
general decrease in  popniation
with increasing distance from the
summer breeding areas. Not only
do the fall migrants increase the
resident population in those parts
of the winter brecding area al-
ready occupied, but some of them
disperse over the entire winter
breeding avea, so that they are
present in any part when winter
annuals germinate.

Spring Migrations

Lawson ef al. (42) attempted to
determine the conditions under
which the leafhoppers leave their
hosts and the mechanics of their
migrations in central California.
They found that leafhoppers seem
to have an inborn urge to migrate,
which 1s evident with the matura-
tion of each generation. This urge
is related, in the female, to the
preoviposition period, and few fe-
males containing ripe ergs mi-
grate any distance.

The temperature threshold, be-
low which flights do not take
place, they found to be between
60 and 61 F. Most flights take
place in the late aftevnoon, near
and after sunset. but some activ-
ity is shown in the carly morning
at the same temperatores. The
flights cease when the tempera-
ture drops below the throshoeld
value. On a eool morning after a
heavy flight, tovpid leathoppers
can be found lying on the ground,
or even in the road, as thewr flight

was stopped by falling tempera-
ture. Evening flights will continue
into the night if the temperature
remains above their threshold.
Undoubtedly many leafhoppers
are borne aloft on air currents
from which they cannot escape
and continue to be carried at tem-
peratures below their threshold.

These workers found that the
conformation of the San Joaguin
Valley and the winds that most
oiten occurred in the spring at
times favorable for flight com-
bined to produce migrations from
the breeding areas to the north
and northeast into the valley bot-
tom. Under other circumstances
they found the leafhoppers mov-
ing up canyons and over passes
into the Salinas Valley and west
across the Coast Ranges. They
did not try te trace any long-dis-
tance migrations, but believed
that these would follow those de-
sceribed,

Central California

Severin (51)  discussed the
main features of the long-distance
migrations from the San Joaguin
to the Sacramento and Salinas
Valleys, on the basis of observa-
tions made largely by K. A.
Schwing and himself. He con-
ciuded that these movements oec-
curred on calm, warm evenings,
when the normal air cireulation
was disturbed or nullified by gen-
eral weather conditions. He
thought that the insects flew
against light northwest winds in
the San Joaquin Valley, but later
work has shown this finding to be
erroneous. The probable mechan-
ics of these movements, worked
out in detailed studies over many
years, is about as follows:

The Great Valley of California,
vimmed by high mountaing, is
usuaily considerably warmer than
adjacent aveas, so that the rising
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warm air is replaced by currents
flowing into the valley through
every opening. The chief gap on
the west side is the San Franciseo
Bay opening, which cuts the
mountains down to sea level. At
a higher level is Pacheco Pass,
about 80 miles farther south, at
an altitude of about 2,100 feet.
The currents blowing through
these openings block the move-
ments of leathoppers toward the
northwest [rom the breeding
areas, and usually are se strong as
to completely bar northward
movement, even on the east side of
the valley.

With the approach of cyclonie
storms from the morth, a wind
from the sputheast may blow in
the wvalley, partially neutralizing
the normal civeulation, and allow-
ing the leafhoppers to travel to
the northwest. The suction cre-
ated by these winds, however,

keeps the crosswinds in motion,
only deflecting them toward the

north. The net result of this cir-
culation is that leafhoppers on the
east side of the valley can move
north and west on south winds,
but those on the west side must
cross the valley and then move
north. [f a south wind oceurs on
a warm cvening and heavy popu-
lations of leathoppers are ready to
move, large numbers may be car-
vied inty the far northern end of
the Sacramente Valley.

The populations of leafhoppers
found in the east and west side
areas of both the San Joaguin and
Sacramento Valleys eonfivm this
type of movement. They are al-
ways higher east of the rivers in
both valleys, and, on the east side,
the leafhoppers tend to pile up in
the area around Ifresno and again
hetween Modesto and Merced.

These movements have been
confirmed many times by field col-
lections, but in most seasons the

data were fragmentary. In the
spring of 1940, the development
of a large second brood of leaf-
hoppers in the northern and cen-
fral breeding areas gave an 0ppor-
tunity for detailed checking,
which was utilized as fully as pos-
sible with available manpower.

M. F. Bowen and G. T. York,
of the Modesto laboratory staff,
took weekly or semiweekly sam-
ples during late April and May
over routes covering the northern
part of the San Joaquin Valley
and the Sacramento Valley west
of the river. The east side of the
Sacramento Valley was not sam-
pled until late in the season, be-
cause heavy rains had washed out
roads and made travel very diffi-
cult. During these trips numerous
samples were also taken for fat
determination and analyzed at the
Modeste laboratory.

TUinpublished studies have shown
that the average fat content of re-
cently emerged femsles during the
preoviposition pericd ranges he-
tween 15 and 20 percent of the
dry weight. Migratory movements
reduce this fat content, but the
energy used is replaced in a short
period of feeding on a good host
plant. Thus, a drop in fat content
during a series of samples at one
station indicates the presence of
migratory leaftioppers. This is
usually followed by a rise unless
further migrants arrive at such a
rate as to hold the fat content con-
stant. The drop in fat content is
usually not large, as the migra-
tory forms merely dilute the popu-
lation already present. However,
if migrants enter a previously un-
fested area, the fat content of
those migrants is considerably be-
low the normal average.

Since from 50 to 100 females
are needed for a good analysis, it
was not feasible te sample the
very lowest populations, and this
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lack of data tended to confuse the
sifuation somewhat. In 1940, fat
analyses from the aveas as far
north as Sacramento agrecd In
indicating a4 movement of leaf-
hoppers from their foothill breed-
ing areas into the valley and
northward on about May 6 or 7
and continuing to about May 15,
At this last date, a very heavy
migration cavried leafhoppers to
the northern end of the Saera-
mento Valley in considerable
numbers,

Population samples were much
more definite, Table 26, in which
the aveas are arvanged from south
Lty north, shows that the highest
leafhopper populations were found
in San Joaguin weed areas east
of the viver on May T-8, on beets
wesl of the river in the same part
of the valiey on May 10-11, and
in the Delta avea on May 11-15,
Al this last date the peak popula-
tiont was alsp vecovded in the
Hamilton City and Chico beet
area 100 miles farther north. In
the areas designated as “south-
west of Sacvamento,” “Sacvamen-
to to Knights Landing” and
“Bnights Landing to Hamilton
City,” all thvee of which were
west of the Feather Rivey, al-
though the last one mentioned is
east of the Sacvamento River,
neak populations, much lower than
those around Hamilton City and
Chico, were recorded abouf a week
later,

Because of the high leathopper
populations around Hamitton City
and Chico on May 1.4-15, a special
effort was made to find and sample
beets east of the Sacramento and
Feather Rivers the following
week. Al this time cight fields
south of Sacramento and east of
the rivers averaged 10 leafhop-
ners per 100 squave feet, and eight
ficlds north of Sacramenlo and
east of the voutes followed earliey

averaged 53 leathoppers. These
leathopper populations were defi-
nitely much hicher than in any
other areas north of the San Joa-
guin River.

The best possible interpretation
of these data is that a movement
of leafhoppers left the northern
part of the San Joaquin Valley
and infested the southern beet
areas between May 7 and 10. An-
other movement occcurred about
May 14, which carried large num-
bers of leafhoppers up the eastern
side of the Sacramento Valley to
the novthern end, and this move-
mout was followed by o drift
westward acvoss the valley, which
increased leathopper populations
west of the river by May 20.
These movements are indicated in
figure 38.

Arizona Desert

Tracing the Migrations. — Sur-
veys made during April and May
from 1932 to 1938 showed that
beet leafhopper populations in-
creased on host plants from Grand

‘alley, Colo., toward the southern
desert breeding areas in Arizona,
The adult sex ratio alse indicated
these desert areas to be the source
of northern infestations. A sur-
vey made on April 19-24, 1933,
along a route on the western side
of the migration cireunits (fig. 39)
showed that the average percent-
age of males was as foliows: 3.2
in southeastern Utah, 11.7 over
northern Arvizona, and 81.3 in the
Arizona desert breeding areas.
These collections were made im-
mediately after a heavy April dis-
persal had taken place.

The same season (May 18-25)
affer a large migration of second-
gencration adults over the same
route and at the same locations
had occurred, the following per-
cenlages of the adult population



Tanve 26, Populations of beel leafhoppers per 100 square feel on various dales in 1940 during spring migration. (Highest
populations found in each area are in talics.)

April ‘ May

Location

o i b <A S e btk 5 e it g

San Joaquin:
East of river
West of river
Delta:
South of river .
North of riverceeeoeao b ool
Southwest of Sacramento ..l ...
Sacramento to Knights Land- i |

g
](xziglxts Landing 1o Hamiiton
Y i e
Hamilton City and Chico
Tast of Sacramento and Feather
Rivers and ~
South -of Sacramento ...
North of Saeramento.....
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CENTRAL
CALIFORNIA

BEET LEAFHOPPERS

_— o (PER 100 SQUARE FEET)
o 0-20
w 21-50
@ 51-100
COLUSA ® OVER 100

SACRAMENTO

Figrre 38.—Leafhopper populations per 100 square feet and probable routes of move-
ment in Sacramento Valley of California in May 1940, Avrows indicate geneval
direction of movement.
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FicUre 39.—Spring breeding aveas of bee

t leafhopper in southern desert and circuits

traveled in studying long-distance spring flights into western Colorade.

were males: 13.6 in southeastern
Utah, 39.5 in northern Avizona,
and 66.1 in the southern desert
breeding aveas.

Tuiton and Romuey {22} showed
that the chlovoform-soluble ex-
tractives of female beet leafhop-
pars, collected along the same mi-
gration route as was surveyed for
sex ratic in 1933, decreased as
distance from the breeding areas
increased.

To further study beet leafhop-

per  migrations from scuthern
Arizona to western Colorado,
existing roads were traveled peri-
odically during April and May
from 1936 to 1939, inclusive. The
area was covered by three cir-
cnits, as shown in figure 39, These
were designated as the upper, cen-
tral, and lower circuils., Samples
were taken with a sampling cage
at regular intervals when Rus-
sian-thistle was available or wher-
ever planis eould be found. From
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3 to 14 stops were made bebween
cach paiv of towns shown in table
27,

April dispersals result from
maturation and movement of Lho
first generation in the southern
desert, and May dispersals in-
volve chiefly second-generation
adults, The peak of emergence for
each generation in the spring of
1937 was late April and late May,
regpectively,

As shown in table 27, migrant
leafhoppers had reached about the
novthern limils of Avizona by
April 22, and 5 days later smali
numbers had reachod Grand June-

TaoLe 27,

tion, Colo., with proportional in-
creases at  points toward the
southern breeding areas. Studies
at Grand Junction from 1930 to
1938 showed that two migration
periods occurred most commonly,
the first during the last 10 days of
April and the second during the
last 10 days of May.

Conditions in 1937 deviated a
little from this by showing a com-
paratively heavy influx of leaf-
hoppers all along the iine from
May 11 to 16. This large increase
was appavently brought about
mostly by seccond-gencration leaf-
hoppers being forced to migrate

----- Average number of beet leafhopper adulis found on Russion-thisite

during 1937 spring surveys along west and cost sides af 3 eireuils shown in

figure 39

WEST RiRE

Lacations helween points

tirand Junelion Croseeat Junetion,
Uirand Junetion  Mouah
Monb Moantieeils,
Monticell  Bloil
Biuft  Mesiean Hal
Mexienan Hal  Kuventa
Wuventn  Tonule
Tonalea  Cameron
Cameron Playgestad
Flysstafl  Ashfork
Ashfork  Presealt

Leafhopper sduits per 100 square feel on- -

L
' '

EAST 51

irnnd Junetlon  Blelig
Delin Montrose
Moutrose - Ridgewny
Hidpewny  Nntorita
Nituritn Dove {reek
Cortez Shiprock
Shiprock - Ciallup
tadlup  Navajo
Nuvajo  Holbrook

Apr, Apr. My Muy
1922 93-07 T-i6 ] 20-36
i i
e : i
Number Number - Number | Number
- a.2 - LI S 3.9
L85G 110.0
. 0 .06 §5.0
o 9 43.6 L.
0 16.7 300§
1.4 3.0, 0.0
3.0 6.3 43,60 1
a7 2.5 E111 I
13.0 - aT.0 08.0 .. ...
L EC T S .0 388.5
(62110 1 206.5 i 399.6
i
i} 2.2 HZ2.9
4] 6.0 48,0
t} 1.7 32.2
{ 1.4 2.5
n {4 I 7.3
1.3 08
2.0 N2 L L .
4.5 23.49 i .
30,7 O8.6 . ... .
2.0 22G.0 - 204.8
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prematurely as a result of deying
of host plants in the southern
breeding areas. Otherwise, studies
have shown that lavge numbers ol
seeond-generation  adults  would
not have moved until later. Fov
example, in cavly May 1935, large
numbers ol adults were present in
the southern breeding aveas and
wingd condilions were  favorabie
for dispevsals, bul they did not
move until after May 20 beeause
host-plant  drying did not force
them out as iU did in 1937, Collec-
Lions were not made around the
central civeuil in late May 1937,
but data from the upper and
lowoer ceircuits (Lable 273} showed
that additional influxes oceurred
itt late May, which is the usual
time for large numbers to move.

in general, the data in lable 27
indicate an incredase in lealhap-
per pepulations toward the south,
but there are exceptions such as
ram Mexican Hal to Kaventa and
from Kayenta lo Tonalea. Lowoer
populationg at these poinls do not
necessarily mean that this Lerri-
tory was nol in Lthe main path of
the dispersals, bul rather indi-
ates 4 lack of adequate food
planls aleng the roule or topo-
wraphical conditions unfaverable
for the deposition of migrating
lealThoppers,

In 1957, the lealhopper popula-
tions on the east side of the cir-
cuils were lower than those on the
west side. However, in Lwo other
stasens oul ol cight  studied,
larger numbers ol lealhoppers
wore found on the east side of the
cireuits. In bolth of these seasons
heot leafhoppers were more abun-
danl in the Delta, Colo., district
to the southeast than in the Grand
Junction avea. In all seasons
there was a marked increase in
leafthopper populations  as  one
traveled from western Colorado
inky Arvizona. A strip of lerritory

101

about 100 miles wide, with the
Colorado River in the middle, is
considered to be the main route of
dispersal in most seasons,

As a vesult of these studies and
aothers Trom 1932 15 1938, it has
been concluded (hal the migra-
Lions are of a blanket movement
type, since when inereases wore
recorded in Grand Valtley there
were  proportional inereases on
LRussian-thistle all along the line
soulhward., The studies tend to
indicate that most leathoppers in-
festing a given host area or boeet-
field as a result of a sudden long-
distance migration could have
Lraversed the 400 o [0 miles
without intermedinte slops.

Weaher Conditions as Relafed
to Tinme of Migrations.—The peri-
otls  during which long-dislance
Leel  lealhopper  migrations  oe-
curvett were checked with daily
woeather maps compiled by the
.8, Weather Bureau. A low-
pressure avea would usually pro-
rress  easlward [rom the wesl
coast through Tonopah, Nev,, lo-
ward Denver, Colo, This condition
was aceompanicd by winds mostly
from the southwest al Phoenix,
Ariz., blowing in a northeaslward
diveetion up the Colorado River
drainage. The wvelocity of these
winds during daylight hours usu-
ally ranged from 5 Lo 15 miles per
hour «l Teet above the ground in
the breeding arcas, whereas in
northern Arvizona the same winds
woutld blow {rom 20 o 30 miles
pec hour. Frem 1930 to 1938,
most beet lealhopper influxes into
beethiclds in Grand Valley, Colo.,
accurred coincidentally with such
windy periods.

During May 1937, lealhopper
populaiions in the southern desort
areas  were  flairly large. The
weialher maps compiled al Phoe-
nix were examined daily during
May to determine the time when
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wind condifions were favorable
for long-distance flights. As soon
as conditions were found to be
favorable, a survey was started
around the lower circuit, as shown
in figure 39.

A tanglefoot trap, fashioned
somewhat after that described by
Smith et al. {57), was placed at
an clevation of 6,900 feet 10 miles
west of Flagstaff, Aviz. A care-
taker coliected daily all leafhop-
pers that stuck to the tanglefoot
sereen doving May 1937,

On the afternoon of May 9,
1937, wind conditions were favor-
able for a long-distance movement
of the leafhopper. During the
forencon of Bday 10 while wind
condifions were still favorable,
seven adult beet leafhoppers were
caught in a cone-shaped air dredge,
which was attached to the auto-
mobile fender, over a distance of
38 miles south of Ashfork, Ariz.
(Ag. 39}, This tervitory is mostly
mountainous with some open
grassland valieys. Records {irom
the tanglefoot trap showed that
four adults were caught on May 9
and on May 10 four more adults
were taken. A heavy influx of
beet leafhoppers oceurred in
Grand Valley, Colo,, during May
R-10.

The second favorable period for
leafhopper movement ocenrred on
May 17-18. The air dredge was
not used and the tanglefoot trap
didd not catch leathoppers at that
time, although a second May in-
flux into Grand Valley occurred
on May 18-19,

The third favorable windy pervi-
od occurred on May 24-25. On
May 25, six adults were caught in
the atr dredge over the same 88
miles south of Ashfork, and the
tanglefoot trap canght four adults
on May 214 and three on May 25.
The trap did not show catches on
any other dates during May. The

peak in beet leafhopper numbers
migrating to the Grand Valley
beetfields was recorded during
May 24-27. These data indicate
that adult beet leafhoppers move
during the windy periods.

Correlation of Breeding Areq
Conditions With Intensity of Ini-
tiel Infestations of Leafhoppers in
EBeetflelds of Western Colorads.—
Beet leafhcuper populations i the
Phoenix, Ariz., arvea from the fall
of 1934 to the end of the 1938
spring season were correlaced with
leafhopper populations found each
spring in the beetfields of western
Colorade. Studies in the Phoenix
area were made by surveys. Many
well-scattered locations over most
of the extensive breeding area
were sampled each year at about
the same time. The data obtained
are given in table 28,

1934-35. Beet leafhopper pop-
ulations on chinchweed in the fall
of 1931 were high followed by
large numbers per unit area on
pepperweed at the population peak
for the first spring generation,
and also a second generation was
large in May. Since considerable
areas of pepperweed and wild
mignonette were included in the
4,300 square miles of host plants
for the second generation, all con-
ditions were favorable for large
vopulations in the spring of 1935.
After the late May 1935 dispers-
als, there were on an average 210
adults per 100 feet of supgarbeet
row in Grand Valley, Colo. This
is & high initial infestation for the

valley,
1935-36. In the fall of 1835,
large numbers of leafhoppers

were again found on chinchweed,
but the peak of the first spring
generation on pepperweed was
low, and very few second-genera-
tion leafhoppers were produced.
The apparent reason for the small
numbers in the first spring gen-
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TanLe 28.-- Host-plant conditions and beet leafhopper populalions in Joll and
spring in Phoentr, Aviz., arec (fig. 24) from 1934 Lo 1938 as related {o infesto-
ftong on sugarbeels in Cirand Valley, Colo., after spring movenent froim
rizona
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eration was a long period of 75 to
90 days on holdover hosts in the
Tall, during which most of the
leathoppers died. Also, the areas
and density of winter annuals
were low because the rainfall was
only 74 percent of normal. The
spring hosts nearly all dried in
April except for an estimated 200
square miles of filaree at the
higher elevations. As a result of
these conditions, the beetfields of
western Colorado had very low in-
festations of leafhoppers in May.

1936-37. Fall leafhopper pop-
ulations were low on chinchweed,
and the number entering the win-
ter was small in spite of a favor-
able short period (20-30 days) on
holdover hosts. The first spring
gencration was small, but a sec-
ond peneration developed during
May on 2,360 square miles of host
plants, which included pepper-
weaed and wild mignonette. The
resulting infestation in western
Colorado was moderate by late
May.

During these three seasons there
was a close correlation hetween
the populations of leafhoppers
found in the Arizona desert
areund Phoenix and the popula-
tion of leafhoppers found in the
Grand Valley of Colorado after
the spring movements. In the fol-
lowing season (1937-38), how-
ever, the corrvelation failed almost
completely.

1937-38. In the fall of 1937,
leafhopper numbers were again
fairly low on chinchweed (table
28). The holdover period was
{airly long, and numbers at the
peak of the first generation on
pepperweed were low. The 500-
square-mile host stand for the sec-
ond generation was again filaree
at the higher elevations, which
supported very low populations by
the middle of May. Practically no
second generation was produced
in the Phoenix area during May
1938, and yet the infestation into
the western Colorado beetfields
was moderately large. This con-
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dition indicated that other aveas,
in addition to the Phoenix area,
must be responsible for leaihop~
per  infestations into sugavbect
fields of western Colorado. 1f was
known that different conditions
exisled in breeding aveas in south-
vastern Axtzona as well as in
southeastern California, and it
was suspected that these other
arcas afleeted the Colorado infes-
tations in the spring of 1938.
Following (he poor corvelation
of  spring populations in  the
Phoenix area with the Colorado
leathopper infestation of 1938,
surveys  were  immediately  ex-
lenided o other breeding aveas
during late Apvil. Beet leafhopper
populations  found during late
April 1938 in southeast and novth-
wost Arizona and northeast Cali-
fornia are given i table 29. Many
leafhoppers were Tound in the
Safford and Doaglas  {southeast
.«‘u-iz.) areas on pepperwecds, tan-
symuslards, and bladderpod, part
of which were second-gencration
nymphs. Many leafhoppers woere
also found in  the Kingman
(northwoest Arviz,) and Needlos
(northeast Calif.y areas in late
April 103 on pepperweeds, Lan-
symustards, rolstem flavee, and
peclocarya. Since the plants were
in Fairly good condition, these
areas could have contributed to
*he Colovado infestation in the
spring of 1938. An cstimate of
the extent of stands in square
miles fov cach area was not made
1938, but the amount of suceu-
fent plant stands was fairly ex-
tensive and  many  lealhoppers
were produced in these areas af-
ter the Phoenix avea plant stands
had almost completely dried.
During the spring of 1839 and
1910, surveys were oxtended (o
the  Imperial  Valley, Needles,
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Dlythe, and Bavstow, Calif,, areas
(fig. 39) to determine their im-
patrtance as beet leathopper bread-
ing areas. These data are given in
tehle 28, The surveys were not
over the same tevritory both sea-
B0NS.

Plants productive in the 1lm-
perial Valley avea on Apvil 14,
1939, were desmt plantains, w ild
m:gnonettc and saudverbena
(Abronie sp.). One of the three
plants was found at practically atl
systematie stops made in the avea.

Sections surveyed on May 11—
-, 1939, In the Needles {(north-
east Calif.) area showed large
populations on pepperweeds and
wild mignonette, with fair num-

bers on  desert plantains and
smaller numbers on nievitas.

About the same time in the Biythe
(southern Calif)) area such plants
as pepperweeds, desert plantains,
and nievitas were imporlant in
supporting  adult and nymphal
populalions,

Sections surveyed on May 1-1,
1910, in the Needles (northeast
Calil.) area showed comparalive-
Iy large populations on all plants
listed in table 29, except on red-
stem flarce and pectocarya, and
this condition existed again at a
time when host plants were dry in
the Phoenix area. Parts of the
Blythe (southern Calif.) avea sur-
veyedl in 1940 showed desert plan-
tains, nievitas, and wild mignon-
etfe to be the important plants.
Most of the Barstow (northwest
Calif.) area was surveyed in
1910, Pepperweeds, desert plan-
tains, nievitas, wild mignonette,
and sandverbena supported fairly
large populations, whercas nom-
bers on redstem filaree woere low,

The comparative abundance of
the vavious host plants for the
1939 and 1210 surveys are shown
in table 12,



TanLe 29, Beel leafhopper populations per square fool found on various spring hosts in southern desert during sumpling
surveys in 1938, 1939, and 1940

12ate and area ! Pepper- Tansy- ! Bladder- | Desert Nievitas | Redstem | Wild mig-; Pecto- Sand-
weeds mustards pod i plantains filaree nonette carya verbena
April 18-28, 1938:
Arizona, southeast. . __.... 2.8 6.4 3.8 i
Arizona, northwest. ... 3.2 5.9 | deicaeas
California, northeast. . __... b0 I FECUR R USRI FLpIUpU P
April 14, 1939:
California Imperial Valley. .o}oc oo icefoammammomadocioonaas 6.0
May 11-14, 1939: :
Cualifornia, northeast _-__... 18.0 [cvmmmecciafann hemmm—— 5.6
California, southern....__.. BT S 0 I RS S, 12.5
May 1-4, 1940:
California, northeast_.___._._ 72.6 17.0 72.0 21.1
California, southern.___ oot e T 14.6
California, northwest____..._ % 1:30: 70 . EII 14.7

1 Directions efer to parts of southern desert, not necessarily 1o parts of States as a whole.
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Utai-Nevada Areq

it became apparent during early
investigations in the Sevier Val-
ley & Utah that beet leafhoppers
had moved into sugarbeet FRelds
from an outside source, probably
the desert breeding areas. It was
essential to define such avecas be-
fore any control of the leafhop-
per in the desert could be possi-
ble. Thevefore, tracing leathop-
per movements from the breeding
areas to the sugarbeet fields was
of primary importanee in deter-
mining which breeding aveas
wore of economie significance,

Suvveys had indicated that the
spring migration of the leafhop-
per into the southern beet-grow-
ing scction of Utah must be from
a great distance, because the near-
est winter breeding area was
about 200 miles southwest of the
beet-growing seetion and a large
part of the intervening territory
over which the migrations sceour
is desert. Consequently, theve is
an absence of suitable plants from
which leafthoppers may be col-
lected to detect movements. To
overcome this deficiency, small ex-
perimental plots of host plants
(Dorst and Davis 18) were ger-
minated in the fall by irrigation
and maintained in a growing con-
dition so that early in the spring
the plants were growing vigorous-
Iy and were of a suitable size to
be sampled for leafhopper popu-
iations.

The principal mountain ranges
in the area observed extend
frem north to south., The Virgin
and the Sania Clara Rivers and
their  tributaries traverse the
southern winter breeding area.
These rivers have created open-
ings through the mountain ranges,
which offer routes of migration
for the beet leathopper. Some
rlats were established near these

openings from the winter breed-
Ing area and on these suspected
routes; other plots were placed to
the west and northwest to cheek
other possible routes and sources.

The most outstanding feature
of the plot collections was their
irregularity, whieh is in accord
with data vegarding migrations of
the beet leafhopper obtained by
other means. Migrations take
place in favorable weather, but
are checked by cold weather,
heavy rains, or unfavorabie
winds. Data from the trap sta-
tions indicated that the leafhop-
pers covered considerable dis-
tances in a short time, as heavy
increases might be found at points
150 miles apart on the same ov
successive dates,

The time of movement of the
beet leafhopper is fundamentally
governed by the time the broods
mature in the breeding avea.
After the beet leafhoppers leave
the breeding area, their move-
ments are affected by weather
conditions, especially wind and
temperature encountered en route,
which affect the direction and rate
of travel of the leathopper. For
example, dala from plots and field
collections in 1933 showed that
after the migration had begun,
adverse winds stopped its prog-
ress, but with the reappearance of
favorable winds the movement to
the beet-growing area was re-
sumed.

On a given route, the divection
of migration may be indicated by
the nverse ratio of the leafhop-
per density to the distance from
the breeding area. To utilize this
fact in demonstrating routes of
migration in southern and central
Utah, daily sweep-net collections
ifrom all plots have been assem-
bled to form seasonal totals, and
these totals averaged so as to give
the number of beet leafhoppers
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captured per season at each plot.
These summarized data are shown
in table 30.

Since it was necessary to place
the plots where operators could bhe
found for them, it was not possi-
ble to cover the territory ade-
qguatelty. More piots at intermedi-
ate points would probably have
gerved to clarify the situation if
thay could have been so placed. So
far as the data may be inter-
prefed, the spring migration is
probably a blanket movement over
the entire desert, in which the
density of leafhoppers is greatest
along channels of natural air
drainage or wind movement. The
sugpected routes described below
follow such channels.

The arrangement of the sta-

tions in table 30 is roughly from
south to north, Teo show the rela-
tionship of beet leathopper move-
ments to topography, these sta-
tions and the average seasonal
catches, as given in table 30, are
mapped in figure 40,

In general, the catches decreased
{from south to north, and rela-
tively low catches were usually
recovded north of Deita. The data
indicate that the leafhoppers may
reach the Sevier Valley by three
routes. They may travel through
Modena, Nada, and Beaver to a
pass opposite the south end of the
cultivated area near Sevier. In
some seasons the leafhoppers may
travel slightly farther west either
through Modena, Nada, Milford,
and Delta or by a route farther

Tanne 30.—Total beet leathoppers collecled from plols in Uleh for 1932-85
and average for each plot

Toeation 1932 1983 1034 1935 ! Average
| ! |
Number ¢ Number * Numbe ; Number Niumnber
Modent. oo e e S10 . 3,033 ! 3,233
(lendale_ ___ . 2,304 236 | 2,142 - 1,361
Cedar City.. . 380 - HE 917 ¢ 332
PRrownn . ..o eeieeanaas e o 28 ! 1301 67
Paneuiteh e oo s el 90 | 159 - : 125
Nadi, . iia-- i 127 227 ¢ 352 | 1,307 ¢ 503
Beaver . oL .. oiiiaas (O a3 192 ¢ 1,090 | 45
Miford. oo ... oLl 90 132 133 ! 118
Maeysvaloo .o 224 ! 79 231 178
Cove Fort . et e e 47 173 | 112
Sevier ... ... : 32 221 79 : 229 143
Bevier 2o i eeecman e 633 .- ; 735 686
Filmare. . . oo oo e e 18 ¢ B5) 37
Hinekley_. . ... 2111000 a3 vl el . 193
Deltn_ . _ . aaaa. 0 2 I i 407 HETN 357
BOIDIO -+ = oo e e 38 . L 138
Lyondyl oo . 451 42 1351 22 41
Boreka. o .. i .ao-- : Ay 3 i ____________________ 4
Infgroeen. oo ool ooaali [ Lol SOLEEEEE P to
Fafrfiel) oo [ | : 4 i 4
| L T i 61 ... 87 15 34
TN o o e e e eamemam } V3 I R g
{osepu .o ieaeos S ! 2 58 [ceaeoao 30
N L S S i 20 | 81 19 40
Burmelster oo oo Ll Ve aas H 363 [emeemmenen 1363
Hooper. - o comeecameeeaaa 2 i 1 { 123 5 33
| : '

! Not ineluded in fig. 10 beeause trap plots were only opernted for one season.
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west from Modena to Delia
through an area in which it was
impossible to maintain plots and
no host plants occur upon which
to check the possibility, finally en-
tering the Sevier Valley at the
north end and traveling up the
river. The migrations on these
routes may be augmented by leaf-
hoppers coming from the lower
areas through smaller openings
ketweern Modena and Cedar City.
A third route is by way of the Vir-
gin River through Sf. George and
Glendale, reaching the headwaters
of the Sevier River near Pan-
guitch.

Bail {4) mentioned leafhoppers
swarming near Panguitch. From
this point they may follow the
Sevier River northward into the
beet areas. Table 30 shows the
1933 collections to be larger at
Marysvale and Sevier than at
Panguiteh, indicating that some
other route was followed by the
leathoppers. On the other hand,
the 1934 collections are larger at
Panguiteh than at either Marys-
vale or Sevier, showing that the
leathoppers may have passed
through Panguitch on their way
{o the Sevier Valley in this season.

The large catches of leafhop-
pers on the trap plot at Glendale
illustrate the funneling effect that
would drive the leafhoppers into
that area from the west and
southwest. A westerly wind would
carry leafhoppers east from Glen-
dale into a migration route lead-
ing to western Colorado. The con-
tours in figures 17 and 40 illus-
trate this possibility.

These plot collections have
shown that only small numbers of
leathoppers reach mnorth Utah
from the southern desert during
the period of observation and that
the leafhoppers may leave the des-
ert on several routes, The irregu-
larity in the number of leathop-

pers captured between nearby
stations may be due partly to the
inadequacy of the sweep-net
method, but probably largely fo
variations in local conditions.
Such irregularities have been
found wherever movements have
been traced over vough country by
any method,

The dates of the start and peak
of the spring migrations into the
Sevier Valley were determined for
4 years by the plot method, and
for 5 additional years from the
regular survey collections. These
data are as follows:

Year Start Pealk

1 No record. .

2 Exact date not known owing to
weather conditions or absence of collee-
Lor.

The start of the migration was
very easily determined, because
the beet leathopper does not over-
winter in the Sevier Valley area.
The peaks are recorded as the
time when the greatest Increase
was observed. It can be seen from
this tabulation that the peried
from the start to the peak of the
migration from the southern
breeding area ranged from 21 to
49 days and that the date of the
first spring migration varied be-
tween March 18 and June 1.

Nerthern Utah Breeding Areas

The major irrigated area in
Utah occupies a narrow strip,
which lies to the west of the
Wasaich Range and extends from
Joseph on the south fo the State
line on the north, a distance of
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over 200 miles. Curly top dam-
age, if the infestation was from
one source, theoretically would be
proportional to the distance from
the source. The fact that damage
is irregularly distributed through
the northern areas indicates that
severnl sources contribute. The
distribution of leafhoppers in the
beetfields ot Utah after the spring
movements are over indicates that
cach section is largely populated
with ieafhoppers from specific
breeding areas and not from any
breeding area that is common to
the entirve region.

Breeding grounds in northern
Utah are small isolated areas of
host plants at short distances
from the cultivated areas. As a
‘result, migrations of the leathop-
per from these breeding areas af-
fect chiefly nearby fields of beets,
and the distribution of leafthop-
pers over northern Utah after the
local migration is very irregular.
Ovdinarily the migrations from
the southern winter breeding
grounds are about a month earlier
than the northern migrations
from local breeding areas. This
makes jt possible to separate
roughly the contribution of leaf-
hoppers to the northern Utah
beethields from the two general
soureces by making population
counts in the beetfields before and
after the local migrations.

The records obtained in 1935
iHustrate the distribution of the
leafropper in the beet area in
years of mnormal long-distance
migrations from southern Utah.
Population determinations were
made on May 24 after the peak of
the long-distance migration had
reached the beet-growing area
and previous to the start of the
migrations from the local breed-
ing areas. The second population
survey in 1935 was made on June
14, after the migrations from the
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local area had occurred. Surveys
were made with the square-foot
sampling cage. The leafhopper
population was determined by tak-
ing between 100 and 200 square-
foot samples in each of 98 fields
on both surveys. (Fig. 11.)

The small peak of leathopper
abundance at Payson was caused
probably by an influx of beet leaf-
hoppers from the West Mountain
breeding arex; the peaks between
Lehi and Farmington by migra-
tions from the Magna group and
possibly smaller adjacent breed-
ing grounds; the peak at Hooper
by movements from Little Moun-
tain west of Ogden and Promon-
tory Point; and the peak between
Corinne and Garland by move-
ments from local breeding areas
around the north end of Great
Sait Lake. To show these rela-
tionships more clearly, the general
areas covered by migrations from
the southern and northern winter
breeding areas are indicaied in
figure 41, and the names of the
local breeding areas have been
so placed as to show their effect
on local populations.

1t is apparent from figure 41
that the contributions from the
local breeding areas far out-
weighed those from the southern
breeding area in the entire terri-
tory north of Santaquin.

To show variations between sea-
sons, the beetfield populations
were averaged by counties and ar-
ranged from north to south for
1931-10, as shown in table 31.
The population data from 1931 {o
1933 were obtained by the hand-
and-knee method. After 1933,
populaktion data were obtained
with the Hills sampler. From 10
to 50 sguare-fool samples were
taken in each field, depending on
the population present, Since com-
parative collections indicated tha*
the population of leafhoppers
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TABLE 31.---Number of beet leafhoppers per 100 planls in beelfields of central and northern Ulah after spring migrations

County 1931 1932 1933 1934 1935 1936 1937 1938 1939 11940 | Average

Cache ool o e 4.3 33.0 46.v 0.6 16.8 15.0 2.7 96.7 26.9
Box Elder. e i 11.2 353.6 71.9 26.6 11.0 35.3 32.6 134.0 84.5
Weber. e 8.6 414.0 79.0 10.0 60.0 47.0 78.3 180.0 109.6
Vavis oo locomo oo 7.7 472.0 68.0 37.9 39.0 49.0 90.0 146.7 112.7
Salt Lake..._.____... 146.2 18.1 4.3 586.4 153.,7 44.6 75.0 118.0 80.0 126.7 135.3
Utah_ ... 38.7 11.2 3.4 348.8 75.5 19.7 106.7 37.6 48.0 126.7 81.6
Juabao ool 103.2 15.5 |ccmcaacncn 228.0 94,5 |eooomoaao 90.0 15.0 joroceocan 190.0 105.2
Sanpete._ o ocanas 97.2 34.4 19.8 58.0 45.1 3.6 192.5 22.0 2.0 120.0 59.5
Sevier. - oo.ioioc 1,458.6 86.0 55.0 116.6 271.9 34.0 277.5 20.0 19.5 203.3 2120.4
Average_.:ooo|ceeiiceiamoaoaas 14.3 290.0 100.6 22.1 95.6 39.9 44.1 147.1 93.1

11940 data taken before Jocal movement occurred and represent almost entirely results of very heavy movement from southern breeding

areq.
21931 omitted in defermining average for Sevier County (sec text).

FYALTIADIYOV 0 "LIEA 'S0 ‘98T NILHTIAE TVOIINHOIL AN
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shown by square-fool samples was
approximately 8.6 times thai
snown by the hand-and-knee
counts, the counis for the years
1931=-33 have been multiplied by
this factor before they were on-
tered in table 31,

in 1931, out of Lhe 33 lields
cxamined in Sevier County there
were 27 {telds in which the beet
leathoppers were oo aumerous Lo
eount.  The populalion of these
fields was arbibvarily placed at
200 lealhoppers per 100 beet
planls (hand-and-knee count) and
became 1,720 when the counts
were corrected,  llowever, the
average for the 33 fickds was
1,158.6. As lhe figure for lhis
yoear 13 moerely a corvected esti-
mate, 1931 was omilted in figur-
g the average for Sevier County
t table 31, Kxaminalion of the
averages in this table shows that
the smailest numbers of leathop-
ners reached Cache County.

There are no tpeal leafhoppey
breeding areas in Cache County,
and the movement from Lhe south-
ern areas rarely eeaches thero.
Average populatlions increased
Mrore 345 lealhoppers per 100
beet plants in Box Elder County
to 1353 leafhoppers in Salt Lake
County, The breeding  arveas
arvound Great Salt Lake consist of
a lerge arca north of the lake at
a considerable distance Trom beets
{Promontory Poini, Lampo, west
Garvland}, some very small aveas
east of the lake in close proximity
to beets (Little Mountain west of
Corinne, Little Mounlain west of
Ogden), and a large avea south of
the lake immedialely west of the
beel-growing area {Magna, Sall
Lake Tlats). The beet leafhoppers
contributed by these breeding
areas Lo the counties montioned
appear to vary direetly as the size

of the breeding area and inversely
as lheir dislance from the sugar-
Leel region,

Populations 1n Utah, Juab, and
Sanpete Counlies are similar to
those in Box Elder and Weber
Countics. These counties contain
fwo simall breoding grounds (West
Mouniain and West Utah Lake)
and are between the areas nor-
mally aflected by cither of the
main movemenls. They may re-
cetve  leafhoppers  from  either
breeding area. Sevier Couuty re-
ceives its hipgh populations almost
entirely from the southern breed-
g avea.

A comparison of the leafhopper
popuiation in Scvier County with
that in the counties from Sailt
Lake north will show the relative
magnitude of the southern and
northern migrations in any seca-
sotr. The southern migration was
heavier in 1931, 1932, 1933, 1935,
1837, and 18140, whereas the
northern migraltion was heavier
in 1434, 1936, 1938, and 1939,
The abnormal year of 1934 stands
oul in table 31, as populations at
all points north of Sanpete Coun-
ty oxecopt Cache County were
higher than those in  Sevier
(ounty.

The averages given indicate
Lhat 1934, 1935, 1937, and 1940
had relatively lavge beet leafhop-
per populations in the aveas as a
whole, wherveas 1933, 1936, 1938,
and 1939 had relatively small
populations,

Snake River Plain Area

The spring breeding grounds in
the Snake River Plain area lie to
the west and northwest of the cul-
tivated arcas, and the leafthoppers
drift on the prevailing westerly
winds info the cultivated aveas
during May and June. Sometimes
drying winds will foree most of
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the leafhoppers to migrate about
the same time, but usuvally the
movement is gradual, reaching a
peak in late June. This is very
similar to the migralions into
northern Utah cultivated areas
from their local breeding grounds.
The particularly heavy spring
nmovemeni of 1930 was discussed
in detail by Annand ot al. {1),
and its pattern is typical of such
loeal movemoents,

There is considerable evidence
for an oeccasional spring migra-
tion of leafhoppers inlo southern
Idahe from the southern desert,
but such movements are rave.
Such a movement was suspected
in 193.1, hut the evidence was not
suficient to prove just where the
lealhoppers originated. In 1958,
the Snake River Plain received a
very heavy early migration from
a southern source. Earlier exam-
ination of local breeding arcas and
adjacent parts of northern Nava-
da ruled out any northern souree,
and leafhoppers were very abun-
dant in the southern desert that
spring. 1l E. Dorst also reported
a heavy movement of leafhoppers
[vom the southern desert into
northern Utah at about the same
time as the Idahe movement. This
evidence leaves little doubt that
the source was the sputhern
desert.

Spring Migrations Into Territory
Neot Normally Occupied

In seasons when the leafhoppers
are particularly abundant in their
spring breeding areas, favorable
winds at just the right time may
carry them fav outside their nor-
mal range. Suspected migrations
of this type oecurred from the
southern  desert  into  southern
ldaho,

Davis (14} reporied the oceur-
rence of the beet leafhopper and
curly top in many aveas west of
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the Cascade Range in Oregon,
Washington, and British Colum-
bia in August 1826. Carter (&)
examined parts of these areas in
the spring of 1927 and found no
teafhoppers. Curly top has not
been serious in any of these areas
gince that time. Carter (4)
thought the ciimate too humid in
winter and spring for the leafliop-
pers to survive, an opinion with
which the present writer concurs.
This is a clear-cut case of move-
ment into the avea in the spring,
probably through the Columbia
River Gorge from the central Co-
lumbia breeding avea. Sinece east
winds down that gorge in the
spring are not common, the flight
has not been repeated on a detect-
able scale. Carter also discussed
the finding of leafhoppers and
curly top in western Montana,
probably from the Snake River
avea.

Douglass (17) discussed many
of these unusual fights, particu-
larly from the Rio Grande area
into the Great Plains and as far
north and cast as Minnesota and
Hlinois. He also suggested a caus-
al connection between the appear-
ance of the leafhopper in Wyom-
ing and central Montana and vevy
early and heavy migrations in
southern Idahe.

With any introduced insect
there is always the possibility
that it may suddenly adapt itself
to conditions other than those
under which it first became abun-
dant. The alfalfa weevil occupied
the Western States for many
years before it migrated east.
Now it is well adapted in what ap-
pears to be a much more humid
environment than in the Waest,
There is alwavs the possibility
that the beet leafhopper might do
likewise and become adapted to
farming conditiong in the East-
ern States.
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Small colonies of the heet leaf-
hopper have maintained them-
selves in 1llincis and in Florida
for some time (Douglass 17).
These have apparently found fa-
vorable microclimates, but show
1o signs of spreading into unin-
fested territory. Other than these
two instances, all local infesta-
tions outside the normal distribu-
tion of the leafhopper have been
sporadic, dying out after one or
a few seasons. The recent shift
in breeding area in west Texas
was not an adaptation on the part
of the insect, but rather a shifting
of climatic conditions that made
breeding possible in previcusly
uninfested areas. Likewise, the
shift of leafhoppers into the Co-
lumbia Basin is not an adaptation
of the leafhopper, but a change in
farming conditions that produced
a more favorable host-plant sue-
cession.

There is no evidence that the
leafhopper can permanently oc-
eupy any desert or semidesert
tervitory outside that normally
occunied,

Effect of Weather on
Leafhopper Flights

To get an idea of the actual
weather conditions accompanying
migrations, the author oblained
flight records from O. A. Hills for
the Arizona movements, from H.
E. Dorst for those from the south-
ern desert to central and northern
Titah, and {rom K. E. Gibson for
the Snake River Plain. California
records were already available
from data of E. A. Schwing and
the Modesto laboratory. About 44
dates were selected on which the
beet leafhopper population showed
rapid changes over a short period.
These dates give a Jeeway of 2 fo
7 days in most cases, as samples
were taken at intervals of several

days, and not every day. In the
eariier years the dates were not
sa reliable as more recently,
Through the cooperation of
Lester B. Larson, meteorologist,
1.8, Weather Bureau in Walla
Walla, Wash,, the authsoy was able
to examine a series of historical
daily weather maps covering prac-
tically the entire period. Out of
the 4 awvailable dates, 34 fell
within 2 or 3 days of a favorable
wind complex as shown on the
maps. As noted earlier, in the
Arizona-Colorado migrations, the
passage of an area of low pres-
sure across the middle of the
Great Basin area usually brought,
on its southeast gquarter, shtrong
winds from the Southwest. In
central California the high moun-
tain range to the east changed the
surface direction fto south or
southeast and produced long-dis-
fance migrations into the Sacra-
mento Valley., On most of the 10
dates where the favorable weather
complex was not found, there was
some question as to the exact dates
of migiations, as the movements

were small and their detection
was difficult.
In a few recent instances,

where weather maps were avail-
able for the 10,000-foof level,
agreement between migrations of
leafhoppers and the passage of
low-pressure areas was even more
marked than in the maps of sur-
face winds, as the surface winds
at particular stations appeared to
be strongly affected by purely loeal
conditions, whereas those at
higher altitudes were not and
probably gave a better picture of
general conditions. The heavy
movement of leathoppers from
southern Arizona into northern
Utah and the Snake River Plain
in 1958 accompanied a particular-
ly well-developed wind eirenlation
in the right direction, especially
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as shown on the 10,000-foot alti-
tude maps.

On the other hand, at least 2
yedrs were known in which the
leafhoppers in California did not
reach the Sacramento Valley al-
though they were numerous in the
San Joaquin Valley. In those
years many of the leafhoppers
moved south and southeast over
the Tehachapi Mountains into
southern California, and that area
had a rarc outhreak of curly top.
In lhose seasons, the daily maps
showed no time during the matur-
ing of the leafhoppers when winds
were favorable for northward
flights.

NATURAL

Lgg parasifes as natural ene-
mies of the leafhopper were dis-
cussed by Henderson (85, 46)
under Idaho conditions. The pre-
daceous bug Geocoris was studied
by York (56) in California. Pub-
lications by Severin and Knowl-
ton, previously referred to, as well
as others, have considered the na-
turai encmies. In this study the
natural enemies were not suffi-
ciently effective to reduce lavge
leafhopper populations and pre-
vent outbreaks. Loecal populations
have been reduced during wet
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The leafhoppers are at the
merey of whatever wind is blow-
ing when they are ready to move,
and the extent and intensity of
the movements depend on how
many leafhoppers are ready to
move on a particular wind and on
how long and strong that wind
blows. The combination of high
leafhopper populations in spring
breeding grounds and strong air
cutrents at the proper time hag
probably caused niost of the long-
distance movements in which leaf-
hoppers have been found outside
their normal range.

ENEMIES

weather, possibly from fungus
tliseases, but no studies have been
made to justify this statement.

The leafhopper is undoubtedly
an introduced insect from the
Mediterranean vegion of Europe
and Afriea, and appavently none
of its natural enemies were im-
ported with it. It seems likely
that some predator or parasite
may be found in the native coun-
try of the leafhopper that might
prove effective in western North
America, but none are yet avail-
able.

DISCUSSION

The studies described in this
bulletin have generally followed
the outline first given by Ball
(4). Much work has been done
on the life history, host plants,
breeding aveas, and migvations of
the leafhopper. It is evident that
the leafhopper is adapted to any
of the deserts or semideseris of
western North America. In the
Northwestern States the breeding
areas are small and largely local
in their effects. The individual

areas may be but a few square
miles in extent, as shown by the
detailed study of northern Utah.
The very smallness of these breed-
ing areas makes the breeding of
Lhe leafhopper on ditchbanks and
in fence rows, as well as in small
temporarily fallow or abandoned
fields, of considerable importance.
This point was stressed by several
workers in correspondence with
the author.
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The particular spots where leaf-
hoppers may be found in any year
are variable, as they are caused
by overgrazing, range fires, or
abandonment, and t': annual
conditions change. . afhopper
movements from such areas are
usually very local, affecting chief-
ly agricultural crops grown with-
in H0 to 100 miles to leeward of
the breeding area. Unusually fa-
vorable condilions, such as a
range fire covering a large area
followed by favorable fall and
winter conditions, may cause very
high populations of leathoppers,
which will move to greater dis-
tances. {Sec Douglass 17.)

Host-plant areas and the leaf-
hopper breeding associated with
them may shift widely in short
periods  under the effects of
psendoeycles of wel and dry vears.
The proncunced shilt from the
northern to the southern part of
the 8an Jeaquin Valley in Cali-
fornia during 1934-42 was dis-
cussed earlier. The fluctuations
in annual cover in the southern
desert are similar in nature, New
breeding areas may be expected to
develop wherever and whenever
ecological conditions arve favor-
able for leafhopper host plants,
and these areas will shift or die
out as conditions change. These
shifts can only be appraised by
annual study of the entire area.
Unless this is done, the first warn-
ing of a shift in breeding areas is
the appearance of leafhoppers
and curly top in areas not usually
infested, or the appearance of the
insects in unexpectedly large
numbers in areas usually moder-
ately infested.

The movements of the leafhop-
pers are determined by the winds
blowing at the time of migration,
although there is some cvidence
that the insects may remain on
spring host plants for some time

awaiting a particular wind direc-
tion, unless driven off by drying
of the host plants, In general,
leafhoppers from a patticular
breeding area tend to fravel to
the same general destination every
year, but this is subjeet to wind
direction. For example, a large
population of leafthoppers that de-
veloped around the Colorado River
in California and Arizona might
move northeast into western Colo-
rado, north-northeast into north-
ern Utah, or even (very rarely)
north into southern Idsho.

South of the region in which
leafhopper breeding is almost en-
tircly found in local spots is a belt,
in which few or no leafhoppers
breed in the spring. Many factors
must interact to cause this con-
dition, but the chief factor is the
lack of fall-germinated host plants
to hold the aduits through winter.

Still farther south, below this
belt of no breeding, lies the vast
southern desert extending from
southern California eastward into
Texas and from southern Nevada
and Utah scuthward into Mexico.
These breeding areas in the South
offer a great contrast to those in
the Northern States. The indi-
vidual arveas are very large, and
in years with favorable rainfall
may extend for many miles in all
divrections, Enormous numbers of
leafhoppers can hreed in these
large areas. Their migrations may
extend for 500 miles or more and
bianket cntire agricultural areas.
Movements from the southern
arcas sometimes carry the leaf-
hoppers far outside their normal
range of distribution to start in-
cipient and temporary infesta-
tions.

Leafhopper bhreeding areas in
the Northern States are relatively
fixed in position. 1n a spring sur-
vey of the general avea, usually
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most of the leafhoppers will be
found within a few miles of the
places where they occcurred the
preceding year. On the other
hand, leafhoppers move around
extensively in the southern areas,
and their abundance in any par-
ticular year depends on favorable
host-plant conditions. Breeding in
any particular year may be sev-
eral hundred miles frem the
places located the preceding year.

The beet leafhopper has a mueh
wider range of host plants than
many insects. Important breeding
host  plants  inelude about 235
specics helonging to 7 families. In
addition to this wide host range,
the leafhopper nymphs are able to
transfer from a dying plant of
one speeies to a succulent plant of
another, even of another plant
family, with rvelatively low mor-
tality. Such transfers are com-
mon and enable the nymphs to
survive where many other insects
might perish.

In the northern aveas almost all
the important host plants ave in-
troduced weeds. These include
redstem filaree, blistereress, Afri-
can mustard, smotherweed, por-
foliate pepperweed, and tumble-
mustard among the spring host
plants and Ruossian-thistle as a
summer host. The host plants in
the southern desert are largely
native. TFilaree and Russian-this-
fle are important all owver the
Western States, but most of the
other host plants, such as the
desert plantains, pepperweeds,
chinchweed, tidestromia, and wild
mignonetie, are indigenous to the
areas.

The chief chavacteristics of all
these host plants is their aggres-
siveness and ability to colonize

abandoned lands at the first op-
portunity. ‘When some area is
Tarmed and then abandoned, the
annuals immediately talke posses-
sionn; when a series nf dry years
causes the stockmen to overgraze
their ranges, annual weeds soon
appeatr; a range fire may rvemove
the grass and leave space for the
annuals. The result is that the
actual area occupied by weed
hosts may change greatly in a
short time. Such a shift has oe-
curted in the centval Columbia
River area sinee 1935.

The leathopper host-plant com-
plex is not stable, but is constant-
ly changing. Sinee 1945 the firve-
plant  (Kochia scoparia {L.)
Sehrad.) has escaped cultivation
and beecome of considerable im-
portance as a leafhopper host
(31). The introduced poisonous
weerd halogeton has taken over
large areas in northern TUtah,
southern Idaho, and southern Qre-
gon during the same period. It
1s not one of the most favored
hosts of the leathopper, but may
hecome important because of its
wide distribution. Perfoliate pep-
perweed has spread rather rapid-
ly from ldaho into Ovegon and
Washington, and has becomec an
important host in all these arcas.
It may be expected that other
plants will be introduced from
time to time, and some may prove
to be good leafhopper hosts. [
some plant should be introduced
that could pverwinter in a green
condition in the present belt of no
breeding and also was a favorable
overwinfering host plant, that belt
might become of importance, as
it confains a large area that is
closer Lo the northern cultivated
areas than the southern desert,
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SUMMARY

The beet leafhopper {Circulifer
tenellus (Baker)) is a desert in-
sect that brecds on wild annual
plants. It suddenly appears in
cultivated areas carrying cuarly
top, a serious virus disease that
affeets many plants. From three
to five broods per year ave pro-
duced in different parts of the
West, depending on temperature
and availability of host plants.

About 35 ceonomically impou-
tani host plants helonging to 7
plant families are discussed, and
their relative importance is esti-

mated. Most of these are annuals,
and many of them are introducet!
weeds.

Breeding areas extending over
the Western States from Wash-
ington  south into Mexico ave
roughly ouflined and the princi-
pal features discussed. Migrations
of the leafthopper from its desert
breeding areas info cultivated
fields are described.

Detailed studies of the life his-
tory, host plants, and migrations
are presenfed, and the constantly
shifting leafhopper-host plant re-
lationship is deseribed.
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