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LIFE HISTORY, HOST PLANTS, AND MIGRATIONS 

OF THE BEET LEAFHOPPER 


IN THE WESTERN mUTED STATES 


By WILLIA~l C. COOK,l Entomology Research Division, Agricultural Research Ser'uice 

Shortly before 1900, growers of 
sugal'beets in the 'Yestern States 
were alarmed by a new and serious 
disease that killed small beet 
plants outright and severely dam­
aged larger ones. Because of the 
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 dHferent areas. 

The erratic occurrence of cmly 
top was mysterious until Ban (3):! 
pointed out that the condition was 
related to feeding by the beet 1eaf­
hopper.3 Ball (,0 demonstrated 
later that the leafhopper ,vas com­
ing into cultivated fields from des­
ert areas where it had overwin­
tered, and he discussed several 
such areas in the \Vest. He also 
realized that the breeding area,,; 
would have to 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 by the 
curly top virus and carried by the 
beet leafhopper. 

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

1 Retired 1962. 
2 Italic numbers in parentheses refer 

to Literature Cited, p. 119. 
3 Circulifer tenellus (Baker). This in­

sect is also knov.'l1 in several areas as the 
white fly. As no other leafhopper is men­
tioned jn this bu]]etin, the beet leafhop­
per will usually be referred to as the 
leafhovper. 

life history of this leafhopper and 
to discover and delimit its desert 
breeding areas, primarily for pre­
dicting the probable number of 
leafholJj)ers to be expected in cer­
tain cultivated areas. This predic­
tion would govern the acreage of 
beets to be planted and the time 
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 l'eplaced by nonhost 
plants (Douglass and Hallock 22, 
Fox 26, Lawson and Piemeisel 44, 
Piemeisel 45, Piemeisel and Cham­
berlin 46, Piemeisel and Lawson 
47). At the same time, studies in 
California and Idaho indicated the 
possibility of actually controlling 
the leafhoppers in their breeding 
grounds by spraying their host 
plants (Armitage Z, Cook 7, 10, 
Douglas~ et a1. Z5). In 1958, the 
Bureau of Land Management, U.S. 
Department of the Interior, started 
seeding large breeding areas of the 
beet leafhopper in southern Idaho 
with perennial grasses to reduce 
the stands of leafhopper host 
plants. 

All these methods of attack, par­
ticularly those to control or to pre­
dkt leafhopper populations, must 
incl ude studies on the ecology of 
the leafhopper in its desert habi­
tat. As Ball (4) pointed out, the 
breeding grounds had to be 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 spocific 
breeding areas with specific areas 
of cultivated crops. 

General n~sumes 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-Texas 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 
leafhopper. This insect is second 
only to the migratory grasshop­
pers in its annual movements, and 
the economic problem of the leaf­
hopper and curly top damage is 
still present after .about 60 years 
of intensive studies. 

SOME rEflNITIONS 
Because of the complicated an­

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

Host Plants.-Those plants on 
which the leafhoppers can live 
from egg to maturity are caned 
breed'ing hosts. These may be 
again sulJdivided according to 
their period of succulence into 
sp,'ing hosts and summer hosts. 
Plant~ that sustain the leafhoppers 
when no breeding hosts are pres­
ent but will not permit extensive 
bl'eeding al'e called holdove'r hosts. 
At times of general movements, 
leafhoppers may be found on many 

METHODS OF ESTIMATING 

Sweep-Net Counts 

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

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

Bt'eed'ing Areas. - Leafhopper 
host plants usually occur in 
patches 01' continuollsly over large 
areas, which are termed breeding 
at'eas or b1'eeding grounds. If only 
spring broods of the leafhopper 
are produced in a breeding area, 
it is called a spring b1'eeding area, 
if only the summer broods are 
found, it is a summe1' breeding 
a1'ea, and if both are usually found 
there and leafhoppers are present 
most or all the time, it is a penna­
nent br'eeding area. 

Leajhoppe1' Flights.-The flight 
of leafhoppers from spring to sum­
mer hosts is termed the spring 
'movement, Whel"eaS the reverse 
flight is the fall movement, 

LEAFHOPPER POPULATIONS 

about 32 inches long, was used to 
estimate leafhopper abundance. A 
single sweep was the swing of the 
net through about a 90-degree arc 
while the rim was in contact with 
host plants. From 1 to 100 sweeps 
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constituted a single 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 
meteorological 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 a cylinder method, 
which probably captured most or 
all leafhoppers present. These data 
were all taken on a stand of peren­
nial pepperweed in New Mexico 
during midsummer. He found that 
the number captured was ,affected 
chiefly by temperature and wind 
velocity. A change in the ambient 
temperature from 80° to 105 0 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 to 
8 miles per hour caused a (h.-op 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 valu­
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 

In early leafhopper studies the 
population in beet''ields 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. \Vhen using other meth­
ods of estimation, it was found 
that only a small part of the leaf­
hllppers 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 
where they could be counted. Dorst 
(15) used a loop handle instead of 
the more awkward pitchfork han­
dle. A transparent 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 
leafhoppers in cold weather. The 
modified Hills sampler has become 
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 
CalifoI"lrlia 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 leafhop­
pers as they jumped. The length 
of the strip was paced off after 
the examination, and, assuming 
the strip to be 1 foot \\Tide, the re­
sults wU'c recorded in leafhoppers 
per square foot. This was useful 
only for adults, as the nymphs 
weJ'e too small to be easily seen. 

For nymphs on low-growing 
annuals, a sampling pan (Lawson 
et al. 4.3) was devised. This was 
(Jssential1y 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 
clown OYel' vegetation, the opera­
tor disturbed the plants, cauRing 
the nymphs to jump into the pan, 
where they could be counted. 
Areas of %-,IIi.-, and 1-2 "'lare 
foot were used under varyi 1l1­
ditions. 

N one of these methous were 
very useful on vegetation taller 
than about 1 foot. For tall vege­
tation, Lawson et al. (4.1) devel­
orX'd two devices, a sampling fork 
and a sampling spear. They were 
sprayed with pyrethrum-oil to 
form a trap for leafhoppers and 
inserted lmele!' the tall vegeta­
tion, which \\ as then thoroughly 
sprayed with pyrethrum-oil to 
dislodge tJw leafhoppers. Those 
falling into a marked area of %, 
1:2, or ] square foot on the spear 
or fork were counted. The spear 
was l!sed under large plants with 
a central stem and the fork was 
used in denser, closer growing 

DETECTING AND TRACING 

The beet leafhopper is so small 
that it is not easily seen when 
flying, and few actual flights have 
been seen and recorded. Ball (-'I) 
recorded an evening flight into the 
cultivated areas of the Sevier Val­
ley, Utah. E. \V. 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 
number of eggs laid in host plants 
were tried. In one series of tests 
G. T. York collected host plants 
in the fielcl, cleared and stained 
them, and counted the e~gs that 
had been laid 1n the tissue. This 
method was reasonably accurate, 
but very time consuming and 
could not be adapted for general 
field studies. York and H. E. 
Wallace made another series of 
tests, in which the host plants 
were taken to the laboratory and 
the roots kept in moist cotton 
while the leafhopper nymphs 
hatched. This method also had 
serious drawbacks and was finally
abandoned. 

In 1941, die-cut samples of 
vegetation from breeding areas 
were potted and taken to the 
greenhouse, where they were 
caged and held until any eggs 
present had hatched. Counts of 
the nvmphs hatched gave the po­
ten tial rep rod uction, and field 
samples taken at the same time 
gave the nymphs actually present. 
'1'his method was used through the 
spring of 1943 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 beet 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 were' 
seen dropping from the air and 
,vere captured in a sweep net. 
These last two flights OCCUlTed be­
tween 5 and 6 p.m. 

Severin (.51) made several ob­
servations of Califot'nia flights. 
Lawson et a1. (,42) watched indi­
vidual leafhoppel's and described 
their mode of flight. 

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

Because of the difficulty of fol­
lowing leafhopper flights visual­
ly, several indirect methods of 
tracing movements were used. 

Sampling Stations 

Most of the work of following 
migrations was done by repeated 
sampling at f>pecific stations. Such 
stations were chosen before the 
flights occmTed, when few or no 
leafhopprl's were present, and 
were sampled at frequent inter­
vals, The val'iations 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 to 
measure the direction and inten­
sity of flight along the particular 
line. 

Data of this kind are subject 
to more than one interpretation, 
and a large amount of such data 
if> necessary before definite con­
clusions can be drawn. However, 
in spite of these dra\vbacks, sam­
pling f>tations furnished most of 
the data used in tracing migra­
tions. 

Dorst and Davis (16), using ar­
tificial 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 
1'0 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 
Various types of traps have 

been tried and used rather exten­
sively at times for tracing leaf­
hopper movements. Fulton and 
Chamberlin (28) operated air­
maze traps in southern Idaho to 
capture migrating leafhoppers. 
Their use to indicate leafhopper 
movements is described by An­
nand et al. (1). In general, this 
trap captured too few leafhoppers 
to justify its extensive use. 

Lawson et al. (42) developed 
two types of net traps and de­
scribed 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 tapering 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 
collected only leafhoppers in mo­
tion and prob,~bly 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 h:av­
eling at fairly high speed. For a 
stationary trap, to sample one lo­
cation, the same workers mounted 
two nets at opposite ends of a 
12-foot steel arm, which was then 
rotated at about 3 r.p.m. As ill 
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the car traps, cheesecloth bags re­
ceived the flying insects. Both 
types of traps were very useful. 

Marked Leafhoppers 

Dyed leafhoppers have be.en 
used to a limited extent. The prm­
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 central Cali­
fornia during the fall movements 
of 1941. During the next 2 weeks 
about 45 dyed leafhoppers were 
recaptured, some of which had 
gone 3 Y2 miles and one male 11 
miles up the canyon from the 
point of liberation. This test, \.!n­
satisfactory from the standpomt 
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 radioactive phosphorus by 
H. L. Wilson, of the California 
Department of Agriculture, in co­
operation with R. C. Dixon and 
R. A. Flock, of the University of 
California. No recoveries were 
made from these liberatIOns. 

Leafhoppers were also dyed e~­
peri mentally in southern Idaho m 
about J958, but no results are 
available. 

Color Forms of the Leafhopper 

Severin (50, pl. 2) illustrated 
color forms of the adult leafhop­
Ders, ranging from nearly lemon 
rellow in the summer to a. green­
ish gray with dark markmgs on 
the elytra during the cooler 
months. Harries and Douglass 
(84) found that these color forms 
were related to the temperatures 
under which the late instal'S of 
the nymphs were reared. At 105 0 

F. the color was pale yellow, at 
100': greenish yellow, from 95° 
to 90" greenish or pale green, and 
below 85 0 darker areas appeared 
on the wings, which became 
larger as the temperature ~e­
creased. In general, the overwm­
tering females are th~ darkes~, 
the spring broods are mtermedI­
ate with smaller dark areas and 
more greenish, and the summer 
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 mdicates 
either the development of a new 
brood of adults or a movement 
from some other area. 

Sex Ratio of Migrants 
Severin (50) first published 

data showing that the female leaf­
hoppers migrated from the breed­
ing areas 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 total popUlation by the 
end of the spring migratory peri­
od. He also showed a high pro­
portion of female leafhoppers on 
sugarbeets and various 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) described a method 

of determining the chloroform ex­
tractives content of small samples 
of leafhoppers. Fulton and Rom­
ney (29) used the method for in­
clicating 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 
to decreasing chloroform extrac­
tives, but no sex ratios were 
given. Cook (8) described a sim­
plified method by which many 
more 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 fail' results. The fat content 
helped to substantiate the conclu­
sions drawn from the sampling 
methods. 

ESTIMATION OF HOST-PLAN1' 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. 

Host-plant areas were esti­
mated chiefly in two ways. Where 
areas were large and the general 
area occupied was known in ad­
\'ance, transects were run at as 
regulal' intervals as possible and 
the host-plant areas recorded as 
miles passed on each transect. In 
this method it was assumed that 
the measllred miles of roadside 
hosts bear the same relationship 
LD the total miles traveled that the 
actual area of hosts does to the 
total area involved. Actnal areal 
surveys of critical areas have in­
dicated the validity of the as­
sumption. 

[n some cases where the host­
plant aI'ea \vas 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 crude, but they indicate the 
relative areas occupied 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 point 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 leafhoppers 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 
arc laid in various annual host 
plants, not necessarily the same 
species as those on which the 
adults pass the win tel'. After five 
or six immature stages, a brood 
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 fall brood, pro­
duced as the summer hosts are 
maturing, again flies in search of 
host plants. If rainfall has been 
sufficient, the leafhoppers settle 
clown to pass the winter on newly 
germinated annuals, but if the 
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fall is dry, they may have to sub­
sist on various perennial or fall 
annual herbs or shrubs until the 
win! .1' annuals germinate. 

Number of Broods 

Ball (4) regarded the beet 
leafhopper as a single-brooded in­
sed, the long-lived adults of 
which aestivated in the summer 
and then hibcmatecl 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
CUlTed annually in Utah. Haegele 
(.iO) stated that there were two 
complete broods and a partial 
third in southern Idaho in 1926. 
Harries and Donglass (.].1), after 
a detailed laboratory and field 
study of the leafhopper, concluded 
that it normally hael three broods 
per year in southern Idaho. 
Work at the Jrlodesto, Calif., labo­
ratory of the U.S. Department of 
AgriCUlture during 1933-36 incli­
cated that one or two broods were 
produced in the spring breeding 
areas, with at least three further 
broods on summer hosts. Hills 
(8) found three broods annually 
in the central Columbia River 
area of Washington and Oregon. 
StuC\ips by H. E. Dorst and E. W. 
Davis indicated three broods in 
northern l..:'tah anel five broods in 
the northeastel'11 Arizona-?\' evac1a 
desert. V. E. Romney, O. A. Hills, 
W. A. Shands, and M. F. Bowen 
fonnd five broods in the Arizona 
dpsel·t in favorable years and 
three in unfavorable years. 

To summarize this information, 
the leafhopper apparently has 
three broods annually in the 
northprn part of its range, foUl" to 
fh'e broods in central California 
;'.nd the southern desert, and pos­

sibly an additional brood neal' and 
south of the Mexican border. 

Breeding Host Plants 

The desert habitat of the beet 
leafhopper has a severe climate. 
The host plants on which the leaf­
hopper breeds are almont entirely 
annuals that will germinate when­
e\'er sufficient 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 
move 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 can 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 
bl'OOel may develop in the same 
plants, from eggs laid by the first­
brood adults. The urge to migrate 
is so strong, however, that the 
leafhoppers 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
\V-here else the next week, 01' it 
may have changed host plants 
without moving any great dis­
tance. 

Because of the short period of 
sncculence of most of its breeding 
host plants, the leafhopper leads 
a precarious existence most of the 
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time. Since summer hosts are 
rather long lived, the leafhopper 
will usually remain on one host 
species from spri:'g (April to 
June in different places) until fall 
(September to November). Dur­
ing this period the principal haz­
ard is that of premature drying 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 mature in the fan until the 
ieafhoDper 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 oc­
curs. After the winter annuals 
germinate, a dry period may fol­
low and the plants dry up before 
maturity, forcing the leafhoppers 
back on to holdover hosts. If the 
annuals maintain themselves, the 
leafhoppers may suffer heavy 
mortality 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 
narticularly local ones, have been 
studied extensively. 

Holdover Hosts 

The need for holdover hosts 

varies greatly in the different 
areas where the beet leafhopper 
breeds. In \Vashington, 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. 

Fox (26) discussed the south­
ern Idaho situation, which is typi­
cal of the northern area, for the 
period 1928-32. In 1928 and 
1930, general germination of host 
plants was noted on November 10 
and October 8, respectively. In 
1929, scanty 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
til freezing weather. No com­
Darable study of the northern 
Utah area is available, but con­
ditions are sll-:1ilar to those in 
southern Idaho, and holdover 
hosts assume a similar impor­
tance. In the central Columbia 
River area the fall rains are more 
reliable than in Idaho, and hold­
over hosts are rarely 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 hostr ; 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 3 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
ern part of the range low tem­
peratures may inactivate her for 
days or weeks. Harries and Doug­
lass (34) showed that death from 
lovy' temperature is due to inabil­
ity to feed and may be largely due 
to lack of moisture as wel1. In 
central California, temperatures 

are seldom lethal, but foggy 
weather and high humidity be­
h,'een 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 leafhopper was 
captured in northern Utah. Of 
these, 36 were breeding hosts, 17 
were holdover hosts, and the re­
mainder were plants on which the 
leafhopper was found only during 
migrations. Severin (51) listed 
39 species taken from the field 
from which he had bred leafhop­
per nymphs. The nymphs were 
u.nable 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 l.iterature, from unpub­
lished reports, and from field 
notes 99 possible leafhopper host 
plants, belonging to many fami­
lies. This list was then submitted 

to all active workers on the beet 
leafhopper, 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, 
summer, 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 
or annual that is succulent at the 
time they are forced from their 
summer hosts. As there are many 
such plants, most of those of only 
local importance are not listed 
here but may be considered in the 
discussion of individual breeding 
areas. 

Winter and Spring Hosts 

Common name Scientific name 
Family CHENOPODIACEAE 

Patata. . .... ................................. Monolepis nuttalliancL (Schult.) Greene 

Russian-thistle.. . .................... .......... Salso/a kali val'. tenui/olia Tausch. 

Smotherwced.. .................... Bass'ict hlllllifJpi/olicL (Pall.) Kuntze 


Family CRUCIFERAE 

Blister'cress. " ... E·rysirnwn 1'epandwIn L. 
Peppcl"weeds.. Lepicliwn densiflorum Schrad., lasio­

C(L7'purn Nutt., tatipes Hook, niticlum 
Nutt., tlmrberi 'Wooten ,-

Perfoliate llepperweed .............................. . Lepicli!lrn 1ler/olicttum L. 
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Common name ScienU,ic name 
Family CRUCIFERAE-Continued 

Perennial pepperweed .................................. Lepidium alyssoides A, Gray 

Green tansymustard.................................... Descurainia pinnata va:!:. filipes (A. Gray) 


Peck. 

Flixweed ........................................................ Descltrainia sophia (Lam.) Webb 

Tumblemustard............................................. Sisymbrim)'L altissimltm L. 

Hedgemustard............. ................................. Sisymbriltrn irio L, 

Spectacle-pod mus~,nTd................................ Dithyrea wislizeni Engelm. 

African mustard........................................... Malcolmia africana (L.) R. 13r. 

Bladderpod .................................................... Lesquerella gordonii (Gray) Wats. 


Family GERANIACEAE 

Redstem filaree .............................................. Erodi1tm cicutarium (L.) L'Her. 

Whitestem filaree ....... , ................................. Erodium moschatum (L.) L'Eer. 


Family RESEDACEAE 

Wild mignonette........................................... Olipomeris linifolia (Vahl) MeBr. 


Family BORAGINACEAE 

Nievita........................................................... Cr1Jptantha spp. 

Pectoearya..................................................... Pectocarya spp. 


Family PLANTAGINACEAE 

Desert plantains........................................... Plantago bigelovii Gray, erecta Morris, 
insularis val'. ra.stigiata (Morris) Jeps., 
purshi-i Roem. & Schult., pusilla Nutt. 

Summer Hosts 

Common name Scientific name 
Family CRUCIFERAE 

Pel'enniai pepperweed.................................. Lepidium alyssoides A. Gray 


Family CHENOPODIACEAE 

Russian-thistle.............................................. Salsola kali val'. tenuifolia Tausch. 

Halogeton ...................................................... Halogeton glomeratus (Bieb.) C. A. Mey. 

Lambsquarters.............................................. Chenopodium album L. 

Nettle-leaf goosefoot.. .................................. Chenopodium murale L. 

Beets ............................................................... Beta vulgaris L. 

Bractscale ...................................................... Atriplex bracteosa Wats. 

Fogweed ......................................................... Atriplex expansa Wats. 

Redseale ......................................................... Atriplex rosea L. 

Australian saltbush..................................... Atriplex semibaccata R. Br. 


FamEy AMARANTHACEAE 

Tidestl'omia ................................................... Tidestromia lanuginosa (Nutt.) StandI. 


Family COMPOSI'l'AE 

Chinch weed.................................................. Pectis papposa Harvey & Gray ex. Gray 

Trianthema.... ........... .................................... Trianthema portulacastrum L. 


Holdover Hosts 

Common nctme Scientific name 
Family CRUCIFERAE 

Perennial pepperweed................................. Lepidium alyssoides A. Gray 




12 TECHNICAL BULLETIN 1365, u.S. DEPT. OF AGRICULTURE 

Common name Scientific name 

Family CHENOPODIACEAE 

Perennial saltbushes: 
Chamiso ....... __........................................ Atriplex canescens (Pursh) Nutt. 
Shadscale ............................................... Atriplex confe·rtifolia (Torr. & Frem.) (S. 

Wats.), corrugata S. Wats. 
Quail-brush .......... _................................ Atriplex lentiformis (Torr.) S. Wats. 
Desertsage................................. _ ...........4 triplex polycarpa (Torr.) S. Wats. 
Spiny saltbush....................... _.............. .4t'riplex spiniJe-ra Macbride 

Family ZYGOPHYLLACEAE 

Creos<Jtebush ................................................. Lwrrect tridentata (DC.) Coville 


Family COMPOSITAE 

Sagebrush............... _ ......... _............................ Artemisia tridentata Nutt. 

California sagebrush......... __ ..... ............ A1·tent'isia californica Less. 

False tarragon........... _ ............. _.".............. A.·/"temisia d-racunculoides Pursh 

Rabbitbrushes.................................... Clrrysothamnus spp. 

Snakeweeds ............................... __ .................. Gutier-re;:;ia spp.

Lepic\ospartum ........ _ ..................................... Lepidospartum squamatum (Gray) Gray 


BREEDING 

The beet leafhopper is widely 
distributed over the Western 
United States by its migratory 
habits. Some leafhoppers can be 
found almost any'...·here that their 
hosts occur. However, the need 
for a succession of host plants re­
stricts the abundance somewhat, 
and certain definite areas where 
leafhoppers 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 f01-

AREAS 

lowed in this bulletin: (1) Cen­
tral California; (2) great south­
ern desert of California, Arizona, 
Nevada, and Utah; (3) Rio 
Grande area of New Mexico and 
Texas; ( 4) northern Nevada, 
northern Utah, 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, Climate, and Plant 
Ecology 

Central California includes the 
Great Valley and some adjacent 
areas between it and the coast. 
This val1ey is a large, nearly flat 
plain almost com pIe tel y 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 c 

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 fall 
holdover period on perennials is 
very important. 

The plant ecology of the San 
Joaquin 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 bottom 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 bottom 
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 tree 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) formrrtions 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

lng factor in sugarbect produc­
tion in California in 1899, and the 
leafhopper has been studied ever 
since Ball (3) announced a rela­
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 summarized 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 lVlodesto, Calif., to be nearer 
the breeding areas, and it re­
mained active until 1943. 

Breeding Areas 

Spring Breeding Areas t 
Spring leafhopper breeding has 

been found chiefly in the foothill 
canyons and plains on the west 
side of the San Joaquin Valley 
.i ust 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
ly populated with leafhoppers 
each winter to require control 
treatment. The proximity to large 
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FIGt:RE 2.-Spring and summer breeding 
grounds of beet leafhopper in San 
Joaquin Valley. Summer breeding 
grounds (lined) are mostly in valley 
bottom and spring breeding grounds 
(dotted) lie farther west. (From Law­
son and Piemeisel 44.) 

areas of curly top-susceptible 
crops makes the area highly im­
pOl·tant. From Los Banos south, 
breeding has been found almost 
anywhere within the area out­
lined. High populations of leaf­
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 clo not 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 to con­
trol the annual distribution of the 
leafhoppers. In wet years the 
northern 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 leafhop­
per reproduction, whereas the 
northern area will b~ 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 quanti­
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 Joaquin 
Valley. Local breeding also occurs 
in some of the higher and drier 
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\'allevs of southern California, af­
fecting locally grown crops. 

Summer Breeding Areas 

As indicated in figure 2, the 
;;ummer host plants of the beet 
leafhopper are in the San Joaquin 
Valley bottom, but the most im­
portant summet host areas are on 
the west side of the \-alley, when' 
thev are in or \-ery close to spring 
breeding area'). Figure 2 Il1cli­
catl'S the situation betweeil 1931 
anel 19:W. Sin.ce that time farm­
ing and graz:ng conditions have 
changed greaey, 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 survh'­
ing leafhoppers leave the holdover 
I!osts and spread out on the an­
n uals. At first, and later if ger­
mination is scanty, the lea£hop­
Del'S remaill fairly close to the 
11 01 <1 0 n'J" hosts, but when germi­
nation becomes general they ~will 
drift awav. In the northern and 
central »clrts of the breeding area, 
cold OJ" foggy weather usually 
forces the leafhoppen, up on south 
slopes. 

Cook (12) showed that soil sur­
face temperatures in very low, 
sparse vegetation on south ~Iopes 
\\'ould reach G8" F., the pomt of 
minimum activity of the leafhop­
pers, when thermometers. in a 
nearby standard shelter regIstered 
·1G:. This temperature advantage 
on the south slope enabled the 
leafhonpers to develop and lay 
their eggs when standard shac~e 
temneratures '.vere below theIr 
minimum for activity. Ball (.5) 
o\"pl'look('d 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 
leafhopper breeding in early 
spring, become too hot and dry 
later in the season, and the matur­
ing leafhoppers may find ~l!itab}e 
\-egetation for egg deposItIOn III 
the canyon bottom or even on the 
plains outside the canyons in 
which they lay eggs for a second 
brood. 

Occurrence of Second Spring 

Brood in Desert 


Only occasionally does a large 
second 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, 
511lTeys in February showed a 
very low population of overwin­
tering fema1es, and further sur­
veys In March and April indicated 
the development of a very small 
brood of 1eafhoppers. 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 between 
May 10 and 20 raised leafhopper 
populations in the cultivated 
areas to the highest levels found 
between 1931 and 1943. 

Nymphal Mortality on Spring 
Annual Host Plants 

In California several attempts 
were made to determine the pre­
fen'eel host plants and 1:he nymph­
al mortality more aCClP ,ltely than 
could be done by fielct observa­
tions. An experiment in 1942 gave 
some excellent data on spring 

• 
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mortality under at least ayerage 
spring conditions. 

For this purpose a cylinder of 
hea\'Y sheet metal was deyised, 
sharpened at the lower end and 
with a heayy rim and handle at 
the upper end. This could be 
worked down into moist soil to a 
depth ()f about i) inches. rrhe cyl­
inder of soil and plants so sep2.­
raled could then be transplanted 
into a 6-inch fiowel'pot and tnl1ll.'­
ported. Such samples taken from 
t Iw adual breeding spots were 
held in the greenhouse until the 
eggs contained in the pIa! .t.:; had 
all hatched, so that the nymphs 
could be counted. The Humber of 
nymphs counted in the sample 
gave a minimum estimate of the 
number of eggs laid there, as 
some eggs undoubtedly failed to 
hatch and some young nymphs 
were missed 01' died before the 
eount was made. 

An area of breeding host 
nlants (largely Plantago imill­
!atis \"ar. /astiqiata) was found 
near Taft, Calif., 111 January 19~12 
with about five to six adult leaf­
hoppers pel' square foot. Sets of 

16 plant samples were taken from 
this small ar\lfl, on January 20 and 
29, February 11 and 25, and 
2.'Ial'ch 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 total 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 
fevv, and the bulk of the hatching 
came from the February sampleB, 
indicating that most of the egg:) 
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 March. 

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

T.\Br.g 1. Firlrl (Old (ll'rcnlwHsr plonl ,~alllplcs /1'0111 soulh slopc '11('01" Taft, 
('liZif.. .!IIIII[(1I'!1 .11111'('11 J.C).~2. ('I)lIlhinrr/ [0 inrlicair spring nymphal mortality 
I~r /)el'[ /rll/hllpprJ' prr square fOOl 

Fjp]d popUlation Potential population 
Green­

Sampling dat<' house 
Adults Total nymphs Total Percent of 

highest 

---..----------------------- ­
,Jan, 20 

.Y,t/llner 
1 .)-() 

Sltll1bcr 
0 

Sumber 
15-6 

SWllber 
0 

Number Percent 
:------­ .... - ---------­

.fall. 
Feb. 

ZO 
1L. 

t .)_() 

2.0 
0 
0 

\ 5-6 
2.0 

4.5 ---------- ----.---.-­
70.5 72.5 

, 
100 

Frb. 
:\1ar. 

2.i 
\L 

.7 
0 

10.0 
28.:> 

10.7 
28 .. i 

56.5 
17.0 

i 
67.2 
45.5 

93 
63 

l\Jar. 17. D 31.2 31.2 (2) 31.2 43 
:\1ar. 31 " ~ ....... ~ - ­ 3 () . .) 9,') 1().O (2) 16.0 22 

---,--~~~~ ­ -.~ "----~------"-~~----.. -"" 

I Population £'sl imatrd. 

2 :\0 ..:uup!c.. tnken a-; \"('p;~talinn was drying. 

:. J.,igb t-p/)!orcu ;-;pring generation. 
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production of about 1-1 nymphs 
per female. The \"egetation started 
to elry in mid-:\Iarch, with con­
sequent concentration of nymphs 
and adults on the greener plants. 
For this reason, and also because 
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 
;)7 percent by ~Iarch 17 is indi­
cat('c1. The fieJd population on 
~1al'ch :31 is undoubtedly far to~) 
low, as adult" had been emerging 
for somc time and they tend to 
leave the spot wherr they emerged. 

In the same season, three sets 
of eight samples each were dug 
early in March from the best 
a vailable breeding areas in four 
J)al'ts of the Great Valley for the 
hatching of nymphs. Similar com­
putations w()re made, based on an 
('stimate of overwintcring female 
leafhoppers in January and of 
f,lwing nymphal populations early 
in March. These, with the nymphs 
hatched it'om gret'nhotlse samp1es, 

yield data for potential and actual 
populations (table 2), in which 
each figure is based on samples 
taken from three locations within 
the general 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 
se\'eral years had increased the 
amount of nonhost plants and 
greatly reduced the areas of 
breeding hosts in the northern 
and central parts of the valley 
while increasing the breeding 
hosts in the southern part of the 
,,'alley. Consequently, spring mor­
tality was nearly total for the few 
nyrr:phs that hatched in the north­
('1'n canyons and only averaged 
about 40 percent in the southern 
areas. 
Summer Broods 

Determination of the exact 
Hnmber of summer broods in this 
area is difficult because of over­
laoping of generations, Severin 
(ij()) showed in a chart four gen­
erations of beet leafhoppers per 

T ~m,f:~, Ol'rl'winlrrin(J brri leofhopper popuinlions pel' squa)'£' fool (.Jan, 
2[J·~F('''. 10) anrl Rprillg nYlI/pliol populalionR (JIm', 17-,31) ('oil/pared wilh 
c{}rl'('sp(}llr1ill(J pu[ent/rd 1!!llIlphfll p()pulations from {{1'C(lnhOll.~(, sall/ples taken 
JIllTrh [J In, llJ.;2, ('('nlra{ ('olljo1'ltia 

O\"er-
Area in wintering 

(:r('!lJ Valley adults 
1 

~.--'--
.'"umber 

:\or! }Wfll hilk o 
:\mth l'!'Hlral ,n 
South ('('lIlml .0 
Southern 2.0 

Pot('ntial,;prill/!; 
nymphal population 

Field Totnl 
I're(!l1­
how;(' 

;VUII/!Jrr XUJ/lber Xllmber 
() 2.3 2.3 
.1.2 3.).7 -10.9 
a.o 10.0 22.fJ 

21.:3 Jo.7 :11.0 

, Actual spring 
nymphal population I 

Total 	 . Percent of 
, potential 

Number Percellt 
a o 
J.G ! 13.7 

13.7 00.1 
26.0 n3.-1 

• I 8<JUth(,w area "ampl('d :-'lar. 17 and otll('r:-; l\1ar. ao ··3J to filltlnymphs mostly ill middle 
lIlstars. 



THE BggT LEAFHOPPEH IN THE ·WESTEHN "CXITED STATES 19 

year, including two summer gen­
erations. His tabular data gave 
ample time for the development of 
another summer generation. 

In the summer of 1931, H. C. 
Donohoe, 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 leafhopper popu­
lation. The study, started in June, 
missed most of the first genera­
tion in the beet plants. 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 s,veep-net 
samples for each date is plotted 
logarithmically in figure 3. 

I I 

-

5 r-­
4 ­
3 r­

-

1 I 

JUN JUL AUG SEPT 

FIGURE 3.-Average number of adult 
leafhoppers per 50 sweeps found in 7 
beetfields in Sacramento Delta of Cali­
fornia duriIlg summer of 1931 (data 
by H. C. Donohoe). 

'!'he leafhopper population in­
creased almost at a logarithmic 
rate from the first sample until 
about September 1, when the 
gro,vth 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 20, 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 
substantiated by some sampling 
done by G. T. York on summer 

weed host plants at Modesto, 

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 bradscale and Russian­
thistle at the Modesto laboratory. 
The tests overlapped in time, as 
they were designed to even out 
the work of handling the leafhop­
pers. Four I-generation tests were 
completed on bractscale, for which 
the heat requirement, calculated 
as day-degrees between 58° and 
93° F., averaged about 680 day­
degrees. This checks closely with 
the value of 650 day-degrees 
found by Harries and Douglass 
(34) 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 two 
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, total four generations 
per real'. This "aries in different 
localities and seasons. 

Utilization of Fall Holdover Hosts 

Since the fall, or overwintering, 
IJl"ood of leafhoppers usua1ly ma­
tUres during October, when the 
summer host plants are maturing, 
the adults must seek other sources 
of food. As shown by Lawson et 
ai. (41), the leafhoppers travel on 
the wind, which is usually light 
and variable at that time of year. 
The general \\"ind drift carries 
them south and west from the cul­
ti vated and abandoned areas, 
where summer hosts are drying, 
into the open range. Here they 
must seek sustenance from any 
available plant, of which there are 
only a few at that time of year. 
The bottom of the dry canyons 
usually contains perennial shrubs 
of various species that are still 

succulent (fig. 4), and there are a 
few late fall annuals that can also 
support the leafhoppers. Some of 
the annuals are in the canyons, 
but many of them are 011 the 
benches between the canyons. 

Extensive field obsenations 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 rains 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 fmcl 
winter, making the use of m01s­
hU'e more efficient at those times. 
Lighter rains than these might 
cause limited genllil1ation of an­
nuals where water accumulated, 
but such germination was spotty 
and of little value. In some sea­
sons heavy early rains caused 
widespread germination of an­
nuals, but drought periods that 

BN-26252 

FJGl'RE 4.-Mouth of Cantua Creek on west side of San Joaquin Valley late in 
August, showing perennial vegetation in creek bottom. Dark-colored plants al'e 
largely lepidospartum and desert sage. 
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TABLE 3. ·{Jales of Jall 11l0L'ement (md of germination of winler annuals and 
petiods ()n Iwldmw /iOSl3 fol' beet leafhopper breeding a1'e[lS of central California, 
1912-4') 

ArCtL ill 
Approxj~ 

male date 
Date of germination ()f 

winter anllualii 
Han Joaquin v":tUey of fall 

JnOYC- I 

men! Earliest: LaleHt AVl'rage 
i---.--.._-,,-- --.------1---­

:\ort/wrn .. Ort. 15 I Sept. 12 l .Jall. 14 Xov. 18 
PaUIJ('!H' (}tot. 2;:; Oct. J 
('oulillga ..• :\0\'. 1 Oct. 7 
KC'nt {'(Jun! \.: 

Lowlanc\H. 
Plain~ 
Fool hiJI.~., 

:\()\" 

:\ov. 
Xov, ,j 

Hrpt. ao 
Srpt. '20 
Hept. 26 

followed ki1led the newly sprouted 
plants and forced the leafhoppers 
back onto perennials, This was 
definitely observed in 1939 and 
probably also occurred in 1918. 

W'ea thel' records ,,{ere obtained 
from many stations on the dry 
west side of the San Joaquin Val­
ley and analyzed to estimate the 
approximate time of g'el'mination 
of winter annl1als. The Standard 
Oil Company of California fur­
nished tC'mperatlll'e and rainfall 
l'(·cOl'ds for their pipeline pump 
stations for 1.912-·1:3 and also the 
Shell and Union Oil Companies 
[oJ' shoder periods. A few U.S. 
Weather Bureau stations ful'­
n ished records. 

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

.Jan. 
JUIl. 

l,i 
12 

Xov.22 
::'\()\', 27 

.Jan. 

.Inn. 

.Ian, 

13 
2!)
29 

Xov.30 
:-inv.30 
Dec. iJ 

.Period on 
holdover hosts 

Average Range 

I I 
i Days \ Duys 

34 0-91 
28 0-82 
20 0-73 

I 

I2!) ! 0-74 
29 0-90 
30 I 

I 

0-85: 
I I 

:\orthern, Panoche, Coalinga, and 
Kel'l1 County, wHh the last sub­
divided into lowlands, plains, and 
foothills. The approximate dates 
of fall movements into these 
areas, the earliest, latest, and 
average dates of germination of 
winter annuals, and the ensuing 
holdover periods on perennials are 
sho\m in table 3. 

As indicated in this table, the 
leafhoppers averaged from 26 to 
3·1 days on holdover hosts in dif­
ferent parts of the vaney, with a 
l'[dlge of 0 to 91 days. 

Host Plants 

Wjnter and Sprjng 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 name Scientific name 
Desert plantains.......... ................................. Plantaao erecta, bigelovii, immlaris var. 

jastigiata 
Peppcl'weeds ............................................ Lcpidium niticimn, latipe.9 
Rcdstt'm filul'ce ............... ................ E)'odium clclLtctriurn 
Herniadn.. .............................. Hrrniariu. cinerCCL DC. 
HollistCl'ia. ........... ......................................... H ollisteria lanata Wats. 
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MINOR HOSTS 

Gommonname Scientific name 

Whitestem filaree.......................................... E-rodium moschatum 

Filaree........ , ..................... , ............................. Erodium botrys (Cav.) Bertol. 

Tropidocarpum............................................. 1"ropidocarpum gracile Hook. 

Redmaids........................................................ Calandrinia sp. 


The first plants to germinate in 
the fall are usually the filarees, 
whose seeds will germinate at 
rather high temperatures. Pep­
pel'weeds 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, ho1lis­
teria, tropidocal'pum. 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. 

Desert Plantains. - Plantag(l 
erecta and bigelovii occur together 

NOV. DEC. 
PERIOD OF SUCCULENCE 


OF HOST PLANTS 


FILAREES 

PEPPERWEEDS' >,-, 


DESERT PLANTAINS' 

HERr'HARIA AND ..... 

HOlLlSTERIA 


STAGES OF 

LEAFHOPPERS PRESENT 


OVERWINTERING' 

FEMALES 
 ........
FJRSTBROOD 
NYMPHS 

SECOND·BROOD . 

NYMPHS 


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 
el·ecta. P. insula1'is val'. fasUgiata 
is different in its ecology. 

Plantains of the el'ecta 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 two 
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). 

P. insula.'/'·is var. fastigiata is 
found in the south-central and 
southern parts of the San Joaquin 
Valley and in the great southern 

JAN. FEB. MAR. APR. MAY 

FIGt:RE 5.-Period of succulence of important spring host plants in relation to leaf­
hopper broods. 



Fll;ntE G.--TYl';cal tll'Il,;C stand of Pltllilll!/1! t'I'CChl. 

FI';1"Rr; 7.--1'11111/llfl" iI'3'1/'ll"i.< val', ja.<t igia tIl : ..1. Single plant; B, characteristic 
npen stand. 

d":'l'l't. 1'1111k" th.' p, /l'1 ('hi typ(', 
io,:/ "/'11 ,11/ 11.~uall:; !l('l'Ul'S in l'atIlPr 
r'pl'll stan;!", in whieh till' indi­
'.ldual pla!!t" an- w,,11 !,wpaJ'atl>(i 
(I!g', 7). It i" a l'j,jaliwly rll'l'P­
I" ,.. t·,d alawn!. awl ('all ('ontimH' in 
a g'l""'ll, ,-;'jl'j't!l"llt l'lInriitillll aftpJ' 
lll""t /,1 rwl' allllual" hayc' dried, 

The seed~ of c\es{,l't plantains 
haYt' a )!pla tillDU,S ()utpl' coating, 
whieh ilnbilw;; water and bC'col11PS 
glLll'r aftl'l' a rain, acll1l'l'ing to 
;;mall ;;tOl1l'S and piecp;; of soil or 
plant dl,bris. As til(' soil dries, 
tllis (,(latin)! also (Irll's, atta~'hing 
till' oSl'!!(l firmly to whnte\'l'l' 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 we]] dish'ib­
uted over the breeding areas. They 
occupy the driest and warmest 
slopes in the foothills, and are also 
found on the flats 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 their eggs in these later 
patches of plantain, producing a 
second partial generation about a 
month later than the first genera­
tion. 

The plants are attractive to the 
leafhoppers if measured by the 
populations of oVd'wintering fe­
males found feeding on them. 
They are short plants and gen­
erally favorable in growth habit. 
Theil' period of succulence is long, 
and they are often among the last 
host plants to dry in the spring. 
They consistently occur from year 
to year. When fonnd in mixed 
slands, the plantains make up 
such a small part of the whole 
stand HC; to be negligible. Since 
those of the P. prectcL group some­
times grow too thickly for beet 
leafhopper reproduction, they have 
vcry lo\v populations. P. insula1"lS 
val'. fastigicda rarely grows thick­
ly and is almost always a favor­
able host plant. 

PeppPT1ceeds.-Two species of 
Lepidiu1n are highly important 
host plants of the beet leafhopper 
in this arca. L. nitidum, in par­
ticular, is abundant and wide­
spread and is highly attractive to 
the ovenvintering female leafhop­
pers (fig. 8). . 

L. nitidum is a small, usually 
l1lur.h-branched annual growing 

BN-26247 

FIGURE 8.-Single plant of Lepidimn 
niUclmn. 

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, soon 
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 scattered through rather 
heavy stands of bromegrass (Bro­
1nllS nlbens L.) or rank filaree. 
Pepperweeds will be the first 
plants found on bare slopes or 
flats. They usually mature and 
dry in late February 01' March, 
and before the leafhopper 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 rosette 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 
cloes 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
tun~s early, many eggs are laid in 
it. In many instances, careful 
search through the eighth 01' 
quarter square foot of other host 
plants being sampled in March 
will reveal a few dead 01' dying 
pepperweed plants, from \\'hich 
many of the nymphs found may
have hatched. 

Lepidiurn tatipes is not so com­
mon or widespread as niticl1On, 
but tends to occur with it in 
mixed stands, It is about equally 
attractive to the female leafhop­
pers, and is a good host wherever 
it is found in the breeding areas. 

In brief, the peppel'weeds are 
very attractive to the leafhoppers, 
have a desirable growth habit, are 
widely distributed in the particu­
lar spots ",,-here they are likely to 
be found by the leafhoppers, OCCUi' 
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 leafhopper, as the 
nymphs can move from drying 
peppel'weeds to other more suc­
culent hosts without traveling rar. 

;ll/iler-ias or Filcn·ccs. - Jepson 
(40, 1.). 591) listed five species of 
El'ocliwn as occurring in Califor­
nia. Three of them-cicuta1'iwn, 
moschalw1L, and botJ·ys - are 
found in the leafhopper breeding 
areas. E. moschatu111, usually occu­
pies higher, more moist ground, 
but occasionally invades the lower 
slopes. E. bot'rys is very abun­
dant in the Sacramento Valley 
and in the northern San Joaquin 
Valley, but has not been of any 
great importance as a leafhopper 
host. 

Redstem (cic1da?"ium) and 
\vhitestem (rrwschatwn) f1larees 
may occur in mixed stands. They 
cannot be separated until the 

seeds form. Late-season studies 
have indicated that whitestem 
filal'ee is not abundant in the 
bl'eeding areas, and is only a 
minor leafhopper host. 

Redstem filaree was listed by 
Severin (.51) as the most impol'­
tant spring host plant in the foot­
hill areas. Although later studies 
have shown that it \yas not so im­
pOl·tant as Severin thought, it 
still remains a highly useful mem­
ber of the host-plant complex. It 
was apparently introduced very 
early from the Mediterranean re­
gion, and it is now well adapted 
in many Western States. Unlike 
the pepperweecls 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 to parts of the San J oa­
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 to the leafhoppers, 
as it usually supplies the first suc­
culent food they receive after 
leaving their summer hosts. 

The growing plant first forms a 
rosette, usually from 3 to 6 inches 
in diameter, with the leaves lying 
almost flat along the soil surface 
(fig. 9). 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 set. 
'iVhen moisture is plentiful sev­
el'al long stems arise from the 
rosette, at first erect, then gradual­
ly becoming semiprostrate. They 
may grow 3 feet long and branch 
profusely. If the stand of filaree 
is at all thick, the tangled mass of 
stems will grow 12 to 18 inches 
high. Such tangled mats are not 
favorable for leafhoppers, and 
very few nymphs will be found in 
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FIGL'RE D.-Typical plant of rcdstem 
filaree. 

them. However, such mats grow 
in the moister 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 reputation as a host. 

Filaree has another valuable 
characteristic in certain seasons. 
1£ rains are scanty, the scattered 
plants on dry spots will fold their 
leaves into a tight vertical bunch 
to reduce transpiration and exist 
with little further growth for 
some time. If rain comes late be­
fore the plant is dead, new succu­
lent growth de\'elops, which is 
very attractive to the adults of the 
first spring brood of leafhoppers, 
and they will lay many eggs in 
it to produce a second brood in 
the desert. 

In 1927 and 1940, the filaree, 
growing rankly over many parts 
of the foothills, was almost com­
pletely wipecI out by the attack of 
an aphid closely l'clated 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 brood of that year. 

Filaree is apparently attractive 
to the overwintering females. It 
has a period of succulence gener­
ally sufficiently long to mature a 
complete brood, and in many in­
stances will mature a partial sec­
ond brood. It 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. 

H ernia1'ia. - 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 
Fresno. 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
ly 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 at­
tractive to the first spring brood 
to receive many of its eggs. The 
growth habit (fig. 10) is .suitable 
for the leafhoppers at this time of 
year. It occurs generally in rather 
thin stands, which may be mixed 
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FIGCRE lO.-Single plant of Herniaria 
cinerea. 

with other plants but in many 
cases are nearly pure. Its dish'[­
bution is rather general O\'er the 
northern foothills, especially on 
hilltops and south slopes. The 
chief disadvantage is inconsistent 
occurrence. The factors control­
ling its abundance from year to 
year are not }~nown, but it will 
appear rather suddenly and for a 
year or two be abundant over 
large areas, only to disappear just 
as suddenly. 

Hollistel·ia. - Although ho1lis­
!er,ia belongs to a different family, 
lt lS 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,anc1 because the stem 
internodes are longer, the plant is 
more open. It is also mature and 
dry by the first of June. 

Hollisteria is distributed over 
the southern San Joaquin Vaney 
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. Occa­
sionally heavy populations of 
second-brood leafhoppers develop 
in it, as in the spring of 1937, 

when a large second brood devel­
oped o\'er 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
lik~ pepper weeds, it usually re­
mams succulent long enough for 
the nymphs to mature. It is low 
growing and rather sprawly 
often covcring an area 8 or 9 
inches in diameter with its nearly 
prostrate stems and leaves. Fre­
quently it is found mixed with 
filaree and pepPE'rweeds; the three 
plants possibly cover 50 percent 
of thc ground area. The combina­
tion may prod uce larO'e leafhop­
per populations. 0 

In 1934, counts were made of 
the plant coyer 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 :y,t.-square foot samples. It 
thus appears to be rather gener­

BN-26251 

FIGL'RE n.-Single plant of Tropido­
carpum gracile. 
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ally distributed, although rarely 
abundant. The plant is l'ather con­
sistent ancl tends to occupy the 
same general areas year after 
year. 

Relatil'l' I mportnnee of Spring 
Hosts. - lL is difficult to find a 
quantitatiye basis for rating the 
relative importance of these plants. 
They often occur 1Il mixed stands, 
from which only detailed study 
can determme the true host 
plants. Their relative importance 
varies in different years depend­
ing on their stage of gro\~Tth when 
the leafhoppers are ready to 1ay 
their eggs. Their type of growth 
varies with the rainfall, so that a 
location producing only a few 
stunted plants in one season may 
ha,-e a fair cover of normal plants 
in the next. 

To present their relati\Te im­
portance in general terms, all the 
quantitative samples taken during 
March, April, and May during the 
Slll"Yey have been classified as to 
host plant and area sampled and 
have been avera.,;'ec1. Samp1es 
other than sun'ey samples were 
disregarded, as they gave undue 
prominence to some particular 
nlant or plants being studied. 
Each sample is in itself the aver­

age of 10 or more subsamples. 
Since the field notes gave only 
generic terms for the host plants, 
species could not be segregated. 
The northern area reaches from 
Altamont Pass east of Oakland to 
a point due west of Fresno, the 
central area extends from this 
point south to the north line of 
Kern County, and the southern 
area is south of the Kern County 
line (table 4). 

Of the three host plants tabu­
lated, the desert plantains had the 
highest spring populations of leaf­
hoppers. This superiority was due 
considerably to the presence of P. 
insulctl"is val". fastigiata in the 
central and southern areas. The 
pepperweeds were not too accu­
rately represented, as they usu­
ally matured during March, and 
few later samples were taken on 
them. Filarees, although very 
abundant and consistent, were not 
as good host plants as either of 
the others. The filarees had slight­
ly higher leafhopper populations 
in the central and southern areas 
than in the north. a reflection of 
lower rainfall and sparser stands 
of smaller plants toward the 
south. The central and southern 
areas were far more productive of 

TAHr.:r:.t. Total llUlllbrr of samples on indicated host plants of first spring 
/Jt(lIIrll)('('{ l('a.rhop]J(,J\~ and (/!'erage number of lea/hoppers per square foot in 3 
arClll! oj'Sun JI)(Ujuin I 'alley, 193ft-F3 

Xorthern Central 
l[(j~t plaut 
ill sRmplf''' 

~amples Leaf-Samples 

l)p.;rrt pln.n\Rin:; 
Prpperll"('('ds 
FilMer" . 

hoppers 

Sllm- , Kum- SUI/l.­
ber brr ber 

~67 4.G7 12()
22 1,01. 62 
:i3 4.01 ]21 

.....---.~ ---._. ---"._­
]-l2 3.86 309 

Leaf­
h()pper~ 

iY 1l1l1­

oer 
13.46 
n.09 
5,79 

9.98 

Southern All areas 

Samplei:' I"eaf- Samples Leaf­
,hopper!;, ihoppers 

I 

}';UIII- : lilLln- NII/Il-
\ Num­

ber ber ber ber 
133 12.99 , 326 11.46 

13 6.7~j I 97 8.22 
60 7.33 234 5.78------'--'--­

20G , 10.94 657 i 
: 

8.96 
i i 
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leafhoppers than the north. Dif­
ferenc($ between the central ancl 
southern areas were slight. 

These data, in general, give the 
overall sprIng host-plant picture, 
which changes from year to year 
as the weather changes. In 193:3, 
H. IS. Wallace and G. T. York col­
lected samples of vegetation from 
occupied breeding areas in the 
northern San Joaquin Valley, 
bleached them with household 
bleach, cleared them in gasoline, 
and counte(l the leafhopper eggs. 
hi 10 samples, containing 1,700 
plants, they found 102 eggs in 
desert plantain and only 10 in 
marce, 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 
leafhopper populations of three 
closely adjacent locations near 
Coalinga in the central area, us­
ing a pan~type sampler. After the 
leafhoppers were :.ountecl, the 
plants in the sample were pulled 
up and counted. The samples from 
the three places were dominated 
by pepperweec!s, redstem filaree, 
and goldfields (fJa(,l'ia chrysos­
toma F. & 11.), respectively. The 
results are given in table G. 

In this s('t of samples there 
were over four times as many 
leafhopper nymphs in the location 

dominated by pepperweecls 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 area averaged 12.4 
nymphs per square foot and the 
pepperweed area 26.0 nymphs. 
The latter produced more leafhop­
lX'l"S 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, ancl held them with their 
roots in moist cotton until any 
('ggs laid in them had hatched. 
His samples covered the breeding 
area as far south as Coalinga. The 
n umbers of nymphs he found are 
shown in table 6. 

These samples were taken 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
tions in utilization of the princi­
pal host plants in different places 
and seasons. 

CfLanges in A nnllal r egetation 
Aftel" }Vcl Years. - During the 

TABLE .J. Relationship of nYlIlphal populations of beet leofhopper 10 plant 
CIIl'cr, ('ofllinga, Calif., April J.9.33. (Figl.O'rl; in 'italics shaH' hi(lhrsi PNcrnt­
(([]I' for (arh plant ·~fJCci('s.) 

Leaf­ Plant cover 
hnpprrs 

IDominant phnt :<P(,(,j(,s per 
~quare I P(']lp('r- I Red,,(rm \ Goldfi<·lds .Misccl­

foot \\'('('d;; . filarec i lancous 

Percent Percent PerceTltNllIllllrr Pacmt 
l'('pp<'rw('rds _, . .. . .• ,_._ J.l2. ·1 71.1 

I 
7.1 20.0 1.8 

:jJ .f) :3(j.;~ (i. 7Redstrm fiJarN' •... • •. _..• 29.:3 ·1.1 I 

Gold{j('ld~_ ... _.•. - - ...... . :30.8 2.2 :3.1 76.1 18.6 
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T.-\TILE G. ~Rela!ionship oj nymphal popull1tiun,~ of beet leafhoppers to host-plant 
species. as shl)wn bylaburatur!J ,./,Ill'ings. spring 193.:; 

Xumber 
Leafhopper nymph,; Host plants 

Host plant of ::2.mples 
Xumber Percent Xumber Percent 

of total of total 

Plan lain,,_ ... ___ . _ " " ___ . _.. _ 10 O.j 73.7 1,715 38.1Fililree". _. " __ "___ "" _ _ __" 10 12 0.3 1,040 
, 

23.1Pepperweeu" .• ___ ___ ... ___ . S 1 .8 525 11.6
OU1l'r h,,!'t plant,.; 1.. _. ..". i12 21 16.2 1,227 27.2 

. ...,..,.....- ~-~ - ~ ..~- ­
-> - -~- ---- -­

1 Jnc'Juu('U 9 otlwr JlIaHt~, llonc of whirh made up 4 pcrcellt of host-plant co\·er. 

period 1929-34, rainfall in the 
San Joaquin Valley was consist­
ently below normaL The average 
for [) 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 193-1 and continuing through 
the spring of 19~12, heavier-than­
normal rainfall occurred, averag­
ing 9.1·1 inches for the same sta­
tions. This had a very definite 
effect on the annual ,:egetation, 
which has been discussed from the 
standpoint of stock range by Tal­
bot et aL (55) for the general 
range area of the San Joaquin
Valley. 

In 1933-:3:1, counts of the plants 
on samples taken 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 yegetation had be­
come so obvious that it seemed de­
~il'able to resample the yegeta­
tion. Two sets of samples were 
taken in 1942. The first set was 
taken as close as possible to the 
area where the 1933-3-1 samples 
had been taken to check the 
changes in those particular spots. 
Jfany of these spots had dpveloped 
such ht'avy growth in 1912 that 

th~y would no longer support leaf­
hoppers. The best nearby spots of 
breeding area, comprising the sec­
ond set, were also sampled to find 
out under what conditions the 
leafhoppers were forced to breed. 
In all illstances from 5 to 20 sam­
ples were taken, and the plants 
were sorted 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
3·1 and 1942. Heavy rainfall that 
reduced the leafhopper host plants 
from 200 to about 160 per square 
foot would not have been serious 
except that nonhost 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 second 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
rees and pepperweeds had de­
creased in 1942, whereas plan­
tnins and herniaria had increased. 
Grasses were over 10 times as 
abundant in 19'12 as in 1933-3'1, 
but the presence of 200 grass 
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TABLE 7.-Planl corer in beel leaf­
hopper breeding spols in 1.93';-':J.~. 
compared 10 (·ot'er in same .~P()ts and 
also in nearby fat'orablc breeding 
spots in ltJ.~2, San Joaquin r'alley 

Plants 
Plants per per 
hquare foot Rquare 

in ~ame fC)I)t 
Plant spedes !'pot:; in-- from 

or group best 
nearb,· 

___... ___ breed".. 
in!!: spOt8 

1933-34 19·12 (1942) 

NumiJer Number Nllmber 
Filarees. _........ .. (i7 42 39 
Plantains ........... .. (i6 86 9(j 
Pepperweed:L_ .. .. 55 9 19 
Herniaria .. _.. ,' .. . ·1 22 16 
Tropido('arpum.. {j (J 0 
Redmaid:i ........ .. 2 0 1 

Total 
host 
plants. 200 159 171 

Grasses .............. .. 15 613 200 
Miscellaneous 

annuals .......... .. 52 33 

Total 
non.. 
host 
plants .. 67 687 

===.."::7~. -:;::.;;-=-;~--~ ~.::.=..: 

Total 
plant 
cover.... 267 846 4N 

plants pel' square foot was not so 
serious here as the 600 on the old 
breeding 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 1942 
indicate the presence of much 
grass in nearly aU 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 8, where the samples are 
segregated according to the col­
lection area. 

TABLE 8... A na/ysis of annual plant 
cm'er in /w'Ofable breeding areas 
in dijferent paris of San Joaquin 
l'alley in 193.:]-.)4 as compared 
wilh thai in 19# 

Plants per 
Area and type square foot 

of plantti Change 

1933-34 1942 

Xorthern 
foothills: Xumber ;"umber Number 

Hn::;t:c.. _.. 412 322 -90 
X()nh{)~t,, __ 104 223 +119 

Panorhe: 
Hosts ...... _ .. 147 103 -44 
Xouhost~ __ 37 305 +268 

Coalinga:
Hosts ..... __ .. ]62 167 +5 
Xonhosts_ .. 12-1 322 +198 

Southern plaius: 
Hosts .......... _ 189 79 ! -110 
Xonhosts ... 6 363 +357 

Southern 

foothills: 


Hosts___ ...... 86 184 +98 
:\onhost5__ 59 , 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 1933-34 the plant 
cover in the northern area was 
too heavy for optimum leafhopper 
reproduction and that in the south 
\,"as too light, tbe three middle 
sections produced most of the 
leafhoppers. 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\vhich 150-200 
were host plants. Assuming this 
to be the optimum condition for 
the leafhopper, the only area to 
fulfill the specifications in 1942 
was the southern foothills with 
233 plants per square foot, of 
which 184 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 foothms. 

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

The beet leafhopper may Jay 
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 leafhopper, 
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 sman areas. 

The important spring host 
plants in central California are 
plantams, pepperweec1s, 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 time:; their importance is 
great, but they may be of little 
value for a series of years be­
tween these second-brood situa­
tions. 

Appnrently a plant density of 
200 to 300 plants per square foot, 
of which bvo-thirds are leafhop­
per host plants, will produce opti­
mum breeding conditions. This 
critical density occurring in c1if­
ferE'nt parts of the breeding area 
in different seasons makes it diffi­

cult to assign importance to any 
particular breeding area except in 
tprms of distance from susceptible 
cultiyated crops. Leafhopper pop­
ulations fluctuate from year to 
year, depending on how prevalent 
the optimum 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 early-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 to that of the 
true summer hosts, which remain 
green until fall. Severin (51, 1JP. 
287-296) discussed these and the 
more important plants. 

A group of short-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 cor'dulata Jepson, cor­
onata \\TatS., phyllostegia (Torr.) 
\Yats., 1Ja?'ishii \Vats., and c01'du­
lata \'ar. tulm'ensis 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 (Bmssica 
spp.) may germinate either in late 
fall or early spring. They and the 
pigweecls (Chenopodium, spp.) oc­
cur chiefly as weeds in cultivated 
crops. Their period of attractive­
ness is short, and their growth 
soon becomes woody, 

All these plants except the an­
nual saltbushes occur chiefly in 
irrigated fields, where they will 
hold leafhoppers during May and 
June. When cultivation removes 
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the weeds, the leafhoppers may 
move to any susceptible crops 
present, transmitting curly top to 
them. 

Summer Hosts 

Only such plants as are present 
and attractive when the leafhop­
pers fly from their spring host 
plants and remain succulent long 
enough to mature the last brood in 
October will be considered as sum­
mer host plants. The chief plant 
species are sugarbeets, Russian­
thistle, fogweed, bractscale, ancl 
smotherweec\. 

Sugarbeeis grow from Febru­
ary through ~ovember in the 
Great Valley alH1 provi<le excel­
lent conditions for leafhopper 
multiplication. Samples taken in 
sugarbel't fiplds at approximatply 
wc<'kly intervals during 1931 (fig. 
:~ 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 Xon!mber. 

Smotherweed is of minor im­
portance in central California. It 
occurs chiefly as a weed of barn­
yards and ditchbanks. It is wide­
ly c1istdbuted, 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 I..a wson and 
Piemeisel (44.). These authors do 
not, however, give much informa­
tion regarding their utilization by 
the beet leafhopper. 

RUH,~i(Ln-Thistl('.-Russian-this­
tle uccurs throughout western 
~orth America, where it is one of 
the most widespread and abun­
dant annual weeds. The specie.:; 
apparently approaches its south­
ern limit in the Southwest, as it 
is not a seriolls pest in the Im­
perial Valley of California. It 
has recently spread throughout 
the culti\'ated areas of southern 
Arizona, but ranks as a poor leaf­
hopper host there. It occurs in 
disturbed and o\'ergrazecl lanel in 
central California. 

During 19:31-42, Russian-this­
tle in the San Joaquin Valley 
yatiecl from about 125,000 acres 
ill 1981 to less than 10,000 aCl'es 
in 19 nand 19,12. Since that time 
it has again incr(~ased. According 
to Harold Gn'cn, entomologist for 
the California State Department 
of Agriculture, it appears that 
150,000 to 230,000 acres of Rus­
sian-thistle in the San Joaquin 
Vallev hm'e been treated for 12af­
hopper control each year from 
1960 to 1965, so there must have 
been a still larger total 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 lov,-land in June 
1931. Xormally the bulk of the 
seecl germinates during February 
and March. The plant starts to 
mature seed in August and re­
mains attractive to leafhoppers 
until the last main stem has dried 
in November. 

Uncle]' favorable conditions iso­
lated plants may grow as high as 
G feet and be 6 feet in diameter 
(fig. 12). Entire fields of this 
plant that range up to '1 feet high 
arc fairly common in some sea­
sons. When the gl'owth is thicker, 
an almost solie! stand from 8 to 
] 8 inches in height results. In 
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F1(!CRE 12.-Heavy growth of Russian­
thistle near Mendota, Calif., in 1933. 

either type of stand high popula­
tions of leafhoppers can de\"elop. 

The leafhoppers infest the Rus­
sian-thistle at the time of their 
spr.ing movements, and the popu­
lation increases to about 25 to 30 
leafhoppers per square foot dur­
ing June. The hot weather of 
JUly and August reduces the pOP­
ulation, largely because of mOl-­
tality .of newly hatched nymphs, 
but WIth cooler 'weather in Sep­
tember and October the popula­
ti?n ag~in builds up, reaching a 
hIgh POlllt of about 75 leafhoppers 
per square foot by mid-October. 
The thistle dries early in Novem­
bel' and the leafhoppers leave. 

The importance of Russian-this­
tle as a host plant for the final fall 
generation of leafhoppers is so 
great that a survey, covering from 
30 to 80 fields scattered over the 
known thistle area, was made al­
most every year in mid-October. 
For the period ] 933-:12, the sam­
ples a \'eragecI 62 leafhoppers pel' 
square foot. The highest popula­
tioll was 179 per square foot in 
] 9:3·J and Uw lowest was 16 in 
19·10 and 19~12. 

Large, healthy thistle plants 
may carry enormous populations 
of leafhoppers. . In 193'1, when 
g~neral 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 leafhoppers. 

FO{)lI:eecl or Silverscale. - Fog­
weed is found in many places in 
the central valley of California 
chiefly in locations with a rela~ 
tivp.ly high water table and 'with 
considerable alkali in the surface 
soil. It occurs almost entirely in 
disturbed land and has been able 
to maintain itself indefinitely in 
the grainlands around Tulare 
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 
~lbout 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 leafhop­
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 to 
the leafhoppers until late October 
and then produces a large popu­
lation of fall-brood leafhoppers. 
This ';ariation has not been fully 
explained, but undoubtedly is 
caused, at least in part, by varia­
tions jn available water. 

Fogweecl varied greatly in 
~lbundance during] 930-:13, when 
It was closely observed. About 
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FlGnn:: 13,-Fogweed plant in stubble 
field. 

16;},OOO acre!:; were found in 1931, 
but 11('\'e1' more than GO,OOO acres 
dudng the rest of the period, 
reaching a low 0:' about 10,000 
acres in 19·11 and 19·12, During 
this period, the acreage of fog­
weed was related to the fluctuat­
ing supply of watel" in Tulare 
Lake, a large part of which is a 
reservoir in wet yeal's but is 
farmed in dry years, The acreage 
of grain near and in the lake was 
(\ptpl'mined by the available water. 

in general, leafhopper popula­
tions on fogweed were larger in 
the southern San Joaquin VaHey 
than in the northern part. The 
s('asonal fluctuations in popula­
tion followed the same general 
pattern as those on Russian-this­
tle, with an early peak in June 
ancl a late, slightly higher peak in 
October, With fogweed, however, 
part of this fall peak is illUS01'Y, 
because large fields may dry, leav­
ing only roadside fogweed in suc­
culent condition, which causes the 
leafhoppers to concentrate, and it 
is these concentrations that woule! 
have to be sampled, 

Braclscall'.-Bractscale has been 
found throughout the San Joaquin 
Valley in locations similar to those 
occupied by fogweed. It is less 
tolerant of alkali in the soil than 
fogweecl and more like Russian­
thistle. ~lost stands of bractscale 
ha\'e been found east of the San 
Joaqnin Ri\'er, and its distribu­
tion west of the yalley bottom is 
limited to yery smail disturbed 
~ll'CaS 111 the foothill ranges. 

Bl'actscale 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
ficientlv late in the season to ma­
ture the fall generation of leaf­
hoppers. 

In 1930 and 1931, bractscale 
was \'cry abundant, with about 
11.1,000 acres in 1931. This area 
decreased rapidly to less than 
10,000 aeres III 1935, and bract­
scale was a relatively scarce barn­
yard, fence-row, and clitchbank 
weed for the remainder of this 
study, probably because of shifts 
in agricultural crops ::md tech­
niques, (See Lawson and Pie­
meisel 44.) 

Many field samples of bl'act­
scale were taken during its years 
of abundance, and the leafhopper 
populations found followed the 
general trends of those on Rus­
sian-thistle and j'f\gweed, except 
that the populations on bractscalc 
were at no time as high as on the 
other plants. 

Relalire Impo/'tcLnce of Sum/ncr 
Hosis.-The importance of a host 
plant in the economy of the leaf­
hopper depends on many factors, 
The more obvious of these may be 
summed up in the statement that 
the plant must be in the right 
place at the right time and be at­
tracth'c to the female leafhoppers 
for o\'iposition. 
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Populations of leafhoppers 
found on the three most impor­
tant summer hosts-Russian-this­
tIe, fogweed, and bl'actscale-al'c 
shown in figure 14. Since the 
critical period in the economy of 
the leafhopper comes in the fall, 
Russian-thistle ranks far above 
the others in this respect. This 
plant is also found in the critical 
areas 1n or near the overwintering 
quarters of the leafhopper. Fog­
weeel ranks second because of its 
general distribution. in the valJey 
bottom, whereas bl.'uctscale, with 
a more local distribution and poor 
host-plant qualities in the fall, 
l'anks third. 

Fall Holdover Hosts 

Species Involved. - Although 
many species of perennials are 
found in the wash bottom, only a 
few are both abundant and \vic1e­
spread in the areas where the 
leafhoppers exist. In the northern 
part of the San Joaquin Valley, 
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chrysopsis (Ch1'ysopsis villosa 
(Pursh) Nutt.) occupies much of 
the wash bottom, with occaslOnal 
patches of lepidospartum, alkali 
heath (Fmnkenia gmndifolia C. & 
S.), alkali blite (Suaeda, ?noquini 
Greene), and saltgrass (DistichNs 
spicatcL (L.) Greene). Ascending 
the canyons, other species such as 
California sagebrush, wild buck­
wheat (E1'iogonum fasciculatmn 
Benth.), and snakeweed (Gut'ier­
l'ezia calijorniccL (DC.) T. & G.) 
become more common. On the hill­
sides are found such perennials as 
licorice (GlYCY1'rhiza lepidota 
Pllrsh) and horehound (Mar?'U­
bium vulgare L.) and such an­
nuals as tarweed (Hemizonia 
spp.) and bluecurl (Trichostema 
lCLnceolatum Benth.), sometimes 
covering rather large areas. In 
the central part of the San Joa­
Quin Valley, chrysopsis is replaced 
by desert sage, wild buckwheat 
becomes more abundant, and rat­
tie weed (Astmgalus leucophyllus 

• RUSSIAN-THISTLE 

C BRACTSCALE 

o FOGWEED 

APR. MAY JUNE JULY AUG, SEPT. OCT. 

FIGt'gE H.-Leafhopper populations per square foot on three principal summer hosts 
in central California, 1931-40. 
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T. & G.) begins to become com­
mon. In the southern part of the 
area, desel"t sage is by far the 
most abundant holdover host, with 
lepidospartum and isocoma (180­
com(~ venein (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 0/ samples 
Desert sage .............•............................ 479 

Lepidospartum .................................... 422 

Bluecurl .............................................. 310 

Snakeweed .......................................... 181 

Alkali heath ........................................ 149 

Tarweed .............................................. 140 

Alkali blite .......................................... 98 

Rattlcweed .......................................... 88 

Chrysopsis .......................................... 71 

Isocoma ................................................ 36 


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 areas only briefly visited by the 
leafhoppers (spiny saltbush, al­
kali blite).

Plant species with the greatest 
average leafhopper populations in 
the fall are as follows: 

Lea/hoppers per 
Plant species square foot 
Burro fat (lsomeris arborea 

Nutt.) .................................. 26.8 
Pickleweed (Allenrolfea occi­

dentalis (\Vats.) Ktze.) .... 19.9 
Creek senecio (Senecio doug­

lassii DC.) .......................... 19.0 

Desert sage .............................. 6.2 

Spiny saltbush ........................ 5.0 

Lepidospartum ...................... 4.2 

Jimsonweed (Datura metel­

oides DC.) ............................ 3.5 

Rattleweed .............................. 3.3 

Flax (Limon usitatissint1l1n 

L.) ........................................ 3.1 

Alkali blite .............................. 2.8 


These data emphasize attractive­
ness to the leafhopper rather than 
availability. The first three species 
occur sparingly in the habitats 
sampled, although pickleweed cov­
el'S 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 ..E. Wallace tied cages 
containing 25 to 50 leafhoppers 
each on willow, pine, fig, and al­
mond trees on the grounds of the 
Modesto laboratory dming the 
fall of 1935. When the cages were 
examined in January, 69 days 
later, the mortality was as fol­
lows: 
Host plant llJortality (percent) 
\Villow ................................................ 33.0 

Pine .................................................... 44.4 


I\~o~d"':::::::::::::::::::::::::::::::::::::::::::::: ~~:~ 
The leaves ell'opped from the de­
ciduous trees during this experi­
ment, but the leafhoppel's 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 centra1 California 
conditions. 

k]ortality of Lea/hoppers on 
Holdova Hosts.-In the fall of 
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1933, H. 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 J oa­
quin Valley. The host-plant spe­
cies selected were those 'where 
leafhoppers had been found to 
congregate in the fall. In a north­
ern canyon, 20 cages each were 
placed 011 lepidospartum, snake­
weed, chrysops is, 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 \veekly by cutting off the 
stem of the plant, the leafhoppers 
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 leafhoppers 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 snakeweec1 are 
very important hosts wherever 

they are found, whereas desert 
sage is the only available holdover 
plant in much of the southern San 
Joaq uin Valley. The others are of 
rather minor importance. Al­
though Australian saltbush was 
one of the most favorable plants, 
leafhoppers 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. Fulton at the Twin Falls, 
Idaho, laboratory. .All the leaf­
hoppers in some of these cages 
were dead aft\}r 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 

TAIlLE 9.- Jfor/aZi/y of beellea.rhoppers on holdover hosts ,in San Joaquinl 'alley 
in fall 0/19033 (dala from H. E. 1Vallace) 

Mortality at end of indicated 
exposure in weeks 

Locality and host plant 

I I I1 5 7 8 10--i-/--
Xorthcrn San Joaquin Yalley: Percent Percent 

J,epidospartunL___________________ 3.2 
Snakeweed ________ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ 5.2 II 
ChrysopHiR. _ _____ __ ___ __ ____ _____ 7.2 
California sngehrush_______________ 1.6, 
Wild burh.wheaL _________________ J 11".2 I' 

Central San Joaquin Valley: I. 
Australian saltbuf'h ________________ J 0 I 

Desert sage _______________ .. ______ ! 3.0 I 

7.0 
9.7 

11. 8 
21.7 
41.8.1 

1.G 
36.8 i 4-1.7 t 47.'1 1 63.8 

I 
percent! Percent I' 

8.'1. 8.9 
12.4,; 13.4 I 
14.8 i 16.6. 
31.1; 32.8 i 
81.2_ 8G.5 ,'j:l,

' 
7." i 10.9 

Percent 
12.3 
17.7 
23.8 
38.9 
92.6 

(I) 

_~___,, __.._._~"~...._____~~,_~~ ____.. ______•___._.I __ .-""___._~___ ! I 
1 Australiall ~altbush, It pro:;trate plant, and eag<'s wrre trampled by livestoek between 

8th and 10th weeks. 
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TABLE 10.-~F(!1 con/enl of beeileo/hoppers held for l'al"yinQ 7)cl'iods on naturally 
growing perennials in San J fJaqnin I-alley in fall uf 1933 

Fat, as percent of dry weight, on date indicated 
Host plant 

Oct. 13 , Oct. 19 Oct. 26 Xov.2 

Percent Perceni l'erccni Perceni 
RUBsian-lhistIc _.... _ 2 4-1.7 _______ ~,_ ... __ .,_ ..__ ____ ____ 
Lepidospartum. __ .. __ ._ 
Wild buckwheaL .. _'________ 
(·hry~opsi~__ ._ .. _.. __ .. __ .___ 

311.l 
33.1 
33.1 i 

3-1.2 
2ti.2 
2ti.u 

33.5 
22.u 
2-1.1 

Snakewccd _.. _ _ _ _ _ _ . ___ .. _.. 27. \J :2"1.-1 22.2 

, 
XO\'.9 .l)er'. 22: Jan. 11 

}Jerceni Percent: Percent 
________ ._~_~ ____ ~ ... -- ... ---­

35.9 
13.-1 
23.1 
Iii. ii, 

('alif()rnia~a~('brush- _._._ •.. - __ . __", __ • __ ... --_ .. _••. -----­
AuslralianHtlt!.lllSh ___________________________________ '________ ! 

1Hurvivor~ un DcC'. 22 were held until .Jan. 1 Oll filaree at laboratory. 
2 .Fat C'olltent of leafhopper,; a,; obtained (0 start experiment. .. 

FIGt:RE 15.-Lepidospartum plant in wash bottom. 

lUi 12.6 
9 1 1 

10:2 !-·-·i3~4 
11 .2 : 1U. 8 
8.2 i 2-1.5 

20.1 i 19.7 

BN-26258 

determined by Fulton is given in 
table 10. 

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

all but one case when the sur­
viVOl'S were caged on filaree. 

Cook (11) followed up this find­
ing and substantiated it. He 
showed that leafhoppers 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 parallelc.:cl the mortality on 
the same host plants, as found by 
H. E. Wallace. )feasurements of 
fat content also confirmed 'ral­
lace's finding, In tests wher8 leaf­
hopp;:rs were held on holc1oY(~r 
hClsts for :3(J days and thPIl moved 
to winter annuals 01' sugarbeets 
(Cook 1.), the leafhoppers re­
gained !-lome of their lost fat and 
dtallty and were about. equal In 
both l't.'spects to others held on 
favorable annual hosts for the en­
tin.' period. 

Although the leafhopper can 
exist for some time on anyone of 
a considerable number of peren­
nial and annual holdover host 
plants, lepiclospartum and desert 
sage are of greatest economic im­
portance in central California. 
LE:'pidospartum (fig. 13) is fonnd 
in patches in wash bottoms, where 
somp underground water may be 
available. These patches are in 
strategic locations, and the leaf­
huppel' will find them as it moves 
up from the valley bottom. It is 
an excellent holdover host, as the 
1!'afhoppers lose their vitality and 
~at content very slowly when con­
fmed on it. 

Desert sage (fig. 16) is not 

nearly so good a host plant as 
lepidospal'tum, but it is very im­
portant, as it is '\'iclespreacl on the 
plains outside of the canyons and 
on the sides of the washes. Thus, 
lepidospartnm is important be­
caUSl' it occurs in particularly 
strategic locations, whereas desert 
sage is important because it is 
widely distributed. 

BN-!!G2~5 

FIG1:RE I6,-Desert sage plant. 

GREAT SOUTHERN DESERT 

The great southern desert is the 

mo~t extensh'e desert area in 
Xorth America. It extends about 
300 miles from the California 
Sierras to southeastern Arizona 
and from southern Xe\'ada and 
southwestl'rn "Ctah to northern 
)It'xico. On the topographic map 
(fig. 17) all t.he area sho\.,-n below 
:l.OOU feet is desert, as ~s much of 
that ht't\YC'en :3,000 and ;"),()(JO feet. 
This is all included in the south­
ern desert shrub vegetation type 
of Shantz (.j,!). 

Thp s()utlwrn desert lies be­
tWt'en two great rainfall type:;;, 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. \\'here most 
of the rain comes in the winter. 
As a consequence, there is a defi­
nite rainfall gradient across the 
area from east to west. Most of 
the desert in Arizona has periods 
of rainf.all in both winter anel 
~umml'l". Wint.er rains come from 
Decembt'l' to February, and sum­
mer rains, often locally hea\T 
thunderstorms, C0D1(1 in July and 
August. The northern part of the 
(lest'lt in rtah and Xevada has 
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FIGt.:RE 17.-Topographic map of great southern desert and adjacent areas in western 
"Ctah, eastern Nevada, southeastern California, and western Arizona. 

slightly more winter than summer zona, 11 in Utah and Nevada, and 
13 in California have been aver­rainfall. Farther west in the Cali­
aged and plotted to show thesefornia desert area the summer 
differences in climatic type (fig. rains become less reliable and 

finany fail altogether. Records 18) . 
In the area where summer rainsfrom :31 weather stations .in Ari­



I 

42 TECHNICAL BULLETIN 1365, U.S. DEPT. OF AGRICUL'l'URE 

<Jl 
l.U 

U 
Z 

40 f­
20t 1 oL.....L.--'--L-..L. 

JAN MAR. MAY JU L Y SEPT. NOV. 

F.IGL'RE lS.-Average monthly rainfall 
for 31 weather stations in Arizona, 11 
in Utah and Nevada, and 13 in Cali­
fornia. (From U.S. Dept. Agr. Ybk. 
(1941).) 

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

In clddition to this variation in 
seasonal rainfall, there 1sar.. im­
portant difference in the total 
amount recei·;ed. ThE: Arizona, 
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 .Ii.eavy rainfall 
may be followeel 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
hoppel'. In very dry years the 

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

Work on the leafhopper in the 
southern desert was undertaken to 
locate the sources of beet leafhop­
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 Junction area of 
western Colorado by W. A. 
Shands in 1930. These led inde­
pendently to the discovery of two 
widely separated parts of the 
southern desert breeding area in 
1928 and 1934, respectively. The 
work of Davis and H. E. D01·st 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.. Bov,·en, 
working farther east, traced the 
leafhoppers from western Colo­
rado backv,.-ard into the Arizona 
desert around Phoenix. 

It was thought for some time 
that the two breeding areas were 
unrelated, but further studies 
showed that one large breec1in(T 
area is involved. The \~rasatch 
Range of the Rocky Mountain 
~ystem divides Utah on the north­
south line. Leafhoppers bred in 
the eastern part of the desert usu­
ally mO\Te northward to the east 
of that range, and those from the 
western part move west of the 
Wasatch Range. 

Breeding Areas 

In discllssing the amount and 
c1isb:ibution of rainfall over the 

http:7.49,6.24
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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 
(li ffer considerably in their host­
plant complex and leafhopper sea­
sonal history. The variatIOns are 
gradual, and no definite lines can 
be drawn. In general, the Colo­
rado River separates the Califor­
nia and Arizona areas, and the 

Vtah-Nevada area extends south­

ward into California and Arizona 

about as far as Needles, Calif., 

and Kingman, Ariz. 


Host Plants 

The host-plant situation in the 
great southern desert is even more 
complex than in central Califor­
nia. Seeds of many plants are 
nlentiful, but may lie dormant for 
many years until temperature and 
moisture are faYorable. Under 
sueh conditions the plants may 
germinate profusely, but they 
may nen!r mature because of 
Jack 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
duce a large fall brood of leafhop­
pers in an area where winter ger­
mination is scanty, and the leaf­
hoppers haye to search elsewhere 
for hosts, usually with a heavy 
mortality. 

The fall 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 fa\'.orable are the ovennn­
tering conditIOns for the leaf­
hopper. Since these and other 
hazards keep down leafhoppel' 
populations in this area, it is only 
rarely that high leafhopper popu­
lations are found in the sprmg 
over large areas. 

Winter and Spring Annual Hosts 

The most important winter and 

spring annuals in this area wel\~ 

the pepperweeds, patata, c\esel'c 

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. 
LepicliUln ZaSiOCCl1'PWIl (fig. 19, 
A) was most abundant, wlth an 
occasional L. meciiwn Greene. 
These plants OCCUlTed in varying 
proportions in all parts of the 
desert. At elevations above ~1,000 
feet in the Utah-Nevada and Cali­
fornia areas, stands of L. clensi­
fiorwn were common. In south­
eastern Arizona L. thul'beri 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 stands 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 
o\'erall abundance and they served 
as important breeding hosts for 
the beet leafhopper in the Utah­
X evada and California areas, 
where extensive stands were 
found without intermixture of 
mustards or other prefelTed 
plants. The most common desert 
plantain was Plantago insularis 
val'. /astioiata, with some P. 
pUl'shii. P. e~'ect(L occurred in 
the northern Utah-Nevada area. 

Redstem filaree was very abun­
dant and widely distributed ex­
cept in the southe1'l1 California 
desert area. This plant should not 
be <:lassed among the preferred 
l~,ost plants in most of the Arizona 
area, but E. '.\T. Davis and H. E. 
Dorst found it to be of great im­
portance in the Utah-Xevacla 
urca. It often remained green 
longer than the mustards and sup­
ported large populations of leaf­
hoppers, which hatched on the in­
termixed mustards and were 
forced to move when they dried. 
It was often an important host 
plant for the second spring gen­
cration. 

The tansymustal'ds in the 
southl'l'Il desert were largely De­
~(,lIminia pinnala (\Valt.) Brit­
ton, with some D. obtusa (Greene) 
O. E, Schulz and D. sophia, an of 
which were about equally attrac­
tive to the leafhopper. These 
plants were fairly abundant in the 
Arizona area and common in the 
other areas. 

Se\-eral species of nievita oc­
curred. Crljptantha anousti/olia 
(Torr.) Greene was the most 
abundant, with some C. micran­
tha (Ton.) Johnston and C. mari­
tima (Greenc) Greene. The prin­
cipal range of these plantn was in 
thl' California clesert urca, where 
tliP,\' SPl'v('c] as hosts for thf> sec­
ond spring generation of leafhop­
pers during )lay. 

Blacldel'pod has a rather ex­
tended range in Arizona, but oc­
cUlTed mostly in sparse stands. It 
was a good spring breeding host 
when not mixed with pepper­
weeds or patata. 

\Vlld mignonette (Jig. 21) oc­
curred irregularly. It might be 
very abundant one year and com­
pletely absent the next. The rea­
sons for these fluctuations are 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 enough for two gen­
erations of the leafhopper to de­
velop. In 1939, 'Nild mignonette 
was common in the Phoenix area 
and in the Impel'ial Valley of 
California, and occurred in spotted 
patches over the rest of the Cali­

BN-26265 ,tntl BN-26266 

Fwn!E; 21.-Wild mignonette: A, Stand 
on bottom lam] 11eal' Blythe, Calif., in 
HMO; E, single plant; such individual 
plants may produce as many as G,OOO 
leafhoppers. 
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fornia desert. In 1940, it was very 
abundant throughout its range. 
The largest beet leafhopper popu­
lations per unit area recorded for 
the southern desert have been 
found on this plant, aithough its 
usually scattered distribution and 
irregular occurrence limited its 
importance. 

Other plants of minor impor­
tance as spring breeding host 
plants for the beet leafhopper in 
the southern desert included 
PeCfocCLrYCt h(,[(,l'ocarpa Johnston, 
v!hich was abundant and of some 
importance as a host plant in 
the Ltah-Xevada ancl California 
areas, where it helped mature the 
second spring generation during 
.slay. Other plants were l}licro­
IJisymhriutn la;'iophyllutn (Hook. 
and Am.) O. E. Schulz, Lupin1ts 
a ri:'olliCll.-; (S. Wats.) S. '\Vats., 
and hedgemustard. A popcorn 
flower (Plagio/)olIzrYIJ sp.) is 
associated with desert plantains 
ill tilt! Imperial Valley and often 
carries large leafhopper popula­
tiom;. 

In years of fa \'orable rain­
fall, spectacle-pod mustard occurs 
along the sandy rh'erbeds near 
Phoenix. Although the area is 
comparatively small, the close 
proximity to the cultivated areas 
and the potential productivity of 
this plant as a leafhopper host 
mal\{' it at least of local concern. 
In April 1953, an estimated 6 
square mile~. of spectacle-poel mus­
tare! along the Salt River beel near 
Phoenix contained an average 
leafhopper population of 492 
nymphs and 8 adults per square 
foot. 

Composition and Density of 
Win/t r Annual COl'er.-To obtain 
information on the distribution 
and abul1danCl' of the winter an­
lluals whf.'1"(> the> leafhoppers bred, 
\'. E. Romney and M. F. Bowen 
sampled many places in the south­

ern desert between 1937 and 1940, 
recording the plants present ancl 
the densIty at each stop. An at­
tempt was made to estimate, a~ 
least roughly, the number 01 
square mIles involved in these 
host-plant stands. For the pur­
pose of this analysis, the Arizona 
area was subdivided into south­
east Arizona, including the area 
around Safford and Douglas, and 
the Phoenix area, taking m the 
remainder of Arizona as far as 
Kingman. 

Table 11 shows that in favor­
able seasons the 72,200 square 
miles of clesert may support near­
ly 60,000 square miles, or five­
sixths the total area, of leafhop­
per host plants. As shown, south­
east Arizona ancl Utah-Nevada 
hacl host-plant areas exceeding 
their total extent because of more 
than one host in a particular area. 
These mixed stands were more 
prevalent at slightly highel' 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 

TARLE ll.--Total area of southern 
desert and e.stililatec/ are'a occupied 
by beet leofhopper host plants in 
fawrable winta and sprin(f seasons, 
1937-40 

Area 
Breeding area Total occupied 

area by host 
plants 

i 
Square , Square 
lIIiles miles 

Phopnix, Ariz _ 29,000: 21,700 
HoutlH'a"t Ar.izOIlll 

< 

7,000, 7, 900 
l'tnh-:\(·\'mlll. _ 15 . .jOO 17,000 
('aliforuia. 

.< 

20. 700 ] 2 , 950 

Total. 72,200 59,550,< 

I 
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BN-2625() and BN-26254 

FWI'RE 22.-\Yinter and spring host plants in Phoenix, Ariz., area: .4, FiJaree and 
d",;elt plantains among creosote bushes; E, nearly pure stand of spectacle-pod 
m1.btuld a!"ng :-:a't R,v('!' bed. 

haw 1)1'('11 J'I'('ombinerl in table 12 occupied by each species or grou:J 
to ::.h<I\\' tllp 1'1'lati-,'{' importance of are calculated for each area. The 
til!' illdivi(lLwl ho:;t plants in the sLand density, 01' ground coyer, 
ntYlou$ <11'<.'<1:::. for the different host plants is in­

1n tahh' 1 ~ thl' :-;tands Hl'C sub­ clieated. The peppel'wceds w('n.' 
diviclt'd aC('f)nliug' to the host most abundant in southeast Ari­
plaub pn'::.pnt, and 11)(' J)t'l'cent­ zona an(1 Phoenix areas, buL much 
agp:-; of tlll' tot~\l hosHl\ant stands less important in the California 
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TABLE l~. 'l'lIllll 1)('(1 l(,lIlhopper host-plant IlI'CI1 occupied by Hh/lf/s of pOl'tiC'll/a}' 
,,;pf('ie.~ III' g(()UPS and their ?'aJlge in dcn1>il!J (I]' (ftlJtlltrl ('OI'N 

Total ho,;t-plant stand,; in area iIldi('ated 
(;roulld 

('O\'er 
Pho('nix, 

A.riz. 
Southeast 

Arizona 
rtuh­

)i" evada 
('ulifornia 

fJacelll Percellt Percellt j'('fCfIIl j'erC('ltl 

P('PI)('r\\ I'('d~ 39,6 
De-('rt piur.talll, 29.0 
H.('(btl'lll liIar!'(' 13.4 
T:Lll~vJllu,;tan!;. . 7,,1 
:\ie\·ltus. o 
Hladderpl)d 10.6 

desert. The desert plantains were 
very impodant in the California 
and Phoenix areas, but less im­
portant elsewhere. Reclstem fila­
rev was rather eyenly distributed, 
but somewhat less abundant in 
tlw Phoenix un'a, which has a low 
altitude, than in the higher areas. 
The tansymustarcls were abun­
dant in southeast Arizona only; 
nic\'itas W0re important in the 
Ctah-~eyada anel California areas 
and bla<lclerpocl only ill the Phoe­
nix area. Patata W::lS not included 
ir:. these stand estimates, although 
it was a very important spring 
host pJant in the Phoenix area. 

Abundan('f' of lVinter 11nnllals 
in Relation to Rain/alt.-Precipi­
tation in the fall and early winter 
of 1936-37 was about 19 percent 
above normal, whereas in 1937-38 
in the same area for the corre­
sponding period it was 40 percent 
below normal. This greatly af­
fected both the areas occupied and 
the stand densitv of the winter 
annual host plants. The central 
Arizona area was sampled from 
January to late March in both 
yE?ars; stops were made at 3-, 5-, 
or 10-mile inten'als. At each stop 
the composition and density of the 
annual vegetation were estimated, 

1·1. 7 0-2.345.6 31.2 
8.9 HJ.-l 30.!l 0-8.3 

O~21.;)23.3 20.0 aO.o 
l(j . .) 7.0 o .) 0-2.1\ 

LU) 17.D 0-3.0o 
0··1.53.7 3.3 .3 

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 calculated on the 
solid stand data. The basic data 
and calculations are given in table 
13. 

The only host plant showing a 
positi\'e change from 1936-37 to 
1937-38 was filal'ee, possibly be­
cause its greater drought resist­
ance enabled 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 total area occupied 
from 31,600 to 22,900 square 
miles. Although filaree was ap­
parently the least affected, patata, 
tansymustards, and bladderpod 
were most seyerely 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 1~1. 
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l'A])LE 13.--Host-planl abundance in centraZ Arizona in wet season of 1930-37 
as compared with dry season oj 1937-38 

Wet season (1936-37) Dry seasOIl (1937-38) SolidII' 

-----~----~------;__----~----------I stand 

I change 
Host plant Equiv- Equiv- from 

Total Ground alent Total GrOUnd alent 1936-37 
area cover solid area cover solid to 

stand stand 1937-38l 
------·----------:-S-q-u-a-re ~ Square Sqll-::; ~ISqll=~ 

miles cent miles miles cent' miles cent 
Pectocarya _ _ _ _ _ _ __ _ _ _ __ _ _ __ 8,400 7.2 605 6,000 (j.4 384 - 3(j. 5 
Redstem filaree ____ • ________ 2,900 9.4 273 2,900 11.2 325 +l!J.O 
Desert plantains __ . _________ 6,300 '1.2 2(j5 4,700 2.7 127 -52.1 
Pcppcrwceds ________________ 8,400 2.3 193. u,800 1.2 82 -57.5 
:,attl_ta---,-_- .: _____ • _______ 1, ~OO 10.9 18~ j1,000 I 2.1 21 -8~.~ 
Iansymustllrc!J:i _____________ 1,600 2.8 4,) 100 I 2.0 2 -9.).6 
Bladdcrpod _________________ i2,300 .8 18 1,400, .2 3 -8:3.3 

Total ora\'crage __ ... .131,600 1~11,584122,900'--4~12T!i44· -40.4 
[ ., I 

'fAilLE 14-.-- flost-plant abundance in Kingman area of norlhwesle/'n Arizona 
fv)' dry season ()f 19<35-30 as compared with wet season oJ 1938-39 
--.-------;----------,-----------­

jDry season (1935-36) ! ,,'ct season (193S-39) I Solid 
stand 
change\---,- E' I' , 11" II!Host plunt I • qUIV- , : . ~qUl\r- ! from 

j Total IGrOUnd ale!lt Totul ;(:l'ound: :dc!lt ! 1935-3(j, urcu cover sohd /urea i covcr i solid I to 
stand I i stand '( 1938-39 

___________________:______ I \ ________I
ISquare ~ Square' Square 1~1 Square!
l miles cent miles miles celll, miles 1 Percelll 

PcC'tocaryu. _... ___ • _.. _j 1,000 12.4 124 2,800: 3.8 \ ] 00 I -14.0 
Peppcrweeds_ ........ _•• 1 800 .3 2 2,300, ..t-· 9! +350.0 
R~~stem filllf~C~ .. __ • ___ .,.: 1,600 I 13..1 I 214 2,200) 1~.5 JI 3~1 I +59.3 
Uesertplllnt1l11l~ ..... ____ 300 1.4 4 1,100 _ L9 j i)-I. +1,3;jO.0 
Tllllsymustnrds. ___ ._. ___ ; 300 2.6 8 i 800· .3) 21 -75.0 

Totaloravcruge __ • 4,OOO 18.81352"\9,200 :-----s.6I~1 +45.4 
1 

In the northwestern Arizona area. Redstem filaree appeared in 
study there was a heavier ground both studies to be 1ess affected by 
cover of host plants in the dry shifts in l'ainfall than most of the 
year, but the total square miles of other host plants. 
hosts, either the whole area cov- It is in':eresting to compare 
0n~d or the computed solid stand, these desert areas, with their 
were much less. There were plant stands covering from 4 to 
heavier stands of pectocm'ya and 10 percent of the area, to the 
tansymllstards in the dry season, heavy growth in the San Joaquin 
but these were greatly reduced in Valley of California, -with its 200­
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500 plants per square foot in a areas, as might be expected from 
sol id stand (table 8). their slightly higher rainfall. Also, 

populations varied greatly fromLeafho7J]Je/' POlJUlations on Win­
ter Annuals. -- estimate year to year within any area, a!JTo the 

shown for central Arizona, whic~lpopulation of overwintering fe­
had 0.6 leafhopper pel' 100 squaremales in the southern desert, sam­
feet in 1938 against 3.83 leafhop­pling surveys were made from 
pers in 1936. Furthermore, popu­January to March during 1936­
lations over the entire area varied42. Most of the counts were made 
greatly in different seasons. Inby the hand-and-knee method. Not 
this table, 1936, 1939, and 19<12all the desert was sampled in any 
were seasons of relatively high one season, and the intensity of 
leafhopper numbers, whereas 1938 sampling varied greatly. How­
was very low in the areas sam­('vel', the data in table 15 indicate 
pled.the general magnitude of the 

overwintering populations found. Summer Annuals
This table, although not a com­

pilation for each area for the In those areas where summer 
whol,;! period, shows that adult rains are fairly reliable, a group 
populations varied from place to of annuals germinates in July or 
place and from time to time. In August and remains succulent as 
general, the Arizona areas pro­ long as moisture is available, 
duct!d more prolific leafhopper "\vhich may be as late as Novem­
breeders t han the California ber. These summer hosts are most 

TABLE l.i. ~SwlllJers of ol'erwintering beet leafhoppers fowul in various parts of 
southern desert during 19B(J-42 

" - ~--•.---~----------------------------------------------

Total Samples Adults per 
Year and area sampled 1 samples infested 100 square 

feet 

INumber Percent Number1936:Arizona, eentral ______________________ _ 386 78 I 3.83 
Arizona, southeastt'rn _________ - ________ _ 19 lOa i 9.00 
L"tuh-X evada _________________ - __ - - - --- 21 2.56 

1937:Arizona, centraL _______________________ " 1.18329 :~ I 
Arizona, southeastern ________________ --- 13 1 31 ' .38 

1938: I 
I 

Arizona, centraL _______________ ._____ - -- 265 33 .60 
California, northeastern _____________ - --- 12 33 .58 
California, southern _____________ --- - --- 17 6 .01 

1939: 
Arizona, southeastern _________ - - - ------- 57 49 2.07 
L"tah-Xevada_________________________ _ 1.4238 42 

Cuiifornia, northeastern _________ - -- - - -- ­ 36 58 1.03 
California, southern _____________ - - ----- 37 19 .35 
California, northwestern ____________ ---- 29 7 .21 

1942: .55Arizona, southeastern _________ - - - - - - ---- 16 31 I
31 1.84California, northeastern _______ - ----- ---- 35 

California, southern ______________ ------ 35 i 26 3.51 
; 

--"'--"--~-'--------------------'-:----------------------~ 
1 Compass directions refer to parts of desert, not neces5arily to parts of States. 
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abund<lnt in southern Arizona and 
!wt'I)Il1,' ipss abundaet to the west 
''.lll I north as summc·r rains be­
i.'!lt1l" t.'s,..; reliable, The "Ctah­
.\'"\ada area and the northern 
part ,,!, Califol'uia may contain 
:'l'<lttvl'I·d patclws of these husts in 
fa"orabll' \'eal';'. 

TIll' Pl'i;lCipal summer hosts in 
(·"nll'aI Arizona al'e chinchweed, 
ti<if'.stl'omia, trianttll'ma, ane! some 

annual saltbushes, Chinchwel!cl is 
tht.> most abundant and wide­
spread of this group, tidestl'omia 
oeeurs ow'r the northeu.stprll two­
thirds of eentral Arizona, anel tl'i­
anthema anel the annual salt­
uLlshes are found in the soutl1l'rH 
part of the desert. Charaeteristie 
stands of tidestromia amI trian­
tlwma are shown in figure ~3, 

In the "Ctah-X evacla area the 

BN-262·15 

Fu;rf!f; ~:~ :-:~lmm..!' and fall host plants near Phr){'nix, Ariz" in Septl'rnber: \Yhitp 
nl'l'!!,</ :11 f"!'1').~r"l111d ,'; tHh'strornm, dal'kl'I' plants around it an' tl'iantlwma, and 
tall·,}' dark "bllb 1:. uPl,,-r right background art' Itu:lsian-thistlp, 
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germinate in the spring and re­only important summer hosts are 
main succulent until fall. chinchweed, spiderftower (Cleome 

lutea Hook.) , Russian-thistle, and 
l'edscale. Of these, chinchweed Holdover Hosts 
and spiclerflowel' occurred in the 

Since the southern desert is soopen desert and the others around 
large, with such great variationsthe small irrigated areas. Chinch­
in rainfall and elevation, manyweed germinates with the late 
holdover hosts have been used by summer rains and matures in 
the leafhopper. Some of theseOctober, spiderflower is an early 
hosts and the desert area wheresummer plant maturing in May, 
each is useful are as follows: and Russian-thistle and redscale 

Desert area Species 
Utah-

Arizona Nevada Calijornia 

Creosotebush ................................................................ 
Bursage (F·ranseria anmosa Gray).......................... 
Desert sage .................................................................. 
Chamiso ........................................................................ 
Seepweeds (Dondia spp.).......................................... 
Arrowweed (Pluchea sericea (Nutt.) Cov.) ......... . 
Quail-brush ................................................................ .. 
Burrobrush (Hymenoclea salsola Torr. & Gray) ... . 
Desert thorn (LyciU1n spp.) ............................... ...... 
Spurge (Euphorbia polycarpa Benth.) .................. 
Globemallow (Spaeralcea emoryi Torr.) ................ 
False tarragon .......................................................... .. 
Rabbitbrushes ............................................................. . 
Snakeweeds .. , ............................................................. .. 
Pepperweed (Lepidiwn fremontii Wats.) ............... . 
Goldenweed (Applopappus acradenius (Greene) 

Blake) ..................................................................... . 

X 
X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 
X 
X 

As in California, mortality 
among leafhoppers may become 
high if they are forced to remain 
on some of these hosts for long 
periods. 

Southern Arizona Desert 

The southern Arizona desert 
has both 'winter and summer rain­
fall, with corresponding groups 
of annual plants. Periods on hold­
over hosts come l,1etween 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 areal extent of these late an­
nuals may be at least as impor­
tant in producing a large popula­

tion of spring leafhoppers as the 
number of leafhoppers that over­
wintered. In other words, it 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 at that time. Two 
generations of leafhoppers devel­
op in the spring if vegetation is 
favorable into May, but only one 
generation is found in dry years. 

Generations on Winter Annuals 

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. 

Xymphs were collected with a 
1/1l -square-foot sampling pan at 
approximately semimonthly inter­
vals from many points well scat­
tered over the Phoenix area. 
These nymphs were then grouped 
and the percentage of each instal' 
was determined. During the 
spring seasons of 1935 and 1937 
partial stands of the pepperweeds 
remained alive well into May over 
the areas included 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 Instal'S indi­
cates the maturing of a brood. 
When this is followed b.y a large 
increase in the number of first 
instal'S, another brood is starting. 

The data for 1935 are not clear 
cut for the first spring genera­

tion. There were two peaks of 
.fifth instal's before April 22, in­
clicating a break in egg laying 
probably due to cold \veathcr in 
February. The second generation 
started near April 20, as shown 
by the large proportion of first 
and second instal's, and matured 
late in l\Iay. 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 l\lay. 

Generations on Summer Annuals 

Similar studies of beet leafhop­
per nymphal size and abundance 
were made on summer host plants 
during 1934-41. On the basis of 
nymphal "ize, the data showed 

TABL~ IG.---,Disll'ibulion III beetl('Ofhoppel' nymphs in samples taken ill Phoenix, 
Anz., area Feb~ 21 through JUlle .5,19,:35, and Apr.n lhrough JJay 14 1937. 
IFigures in italics show highest perccntage for e(lch dale.) , 

Xymphal instars in percent of total 
Surn), dale TOlal 


: nymphs 


1985 
Feb. 21-28 _. __ '" .. ,... ...... _ 
Mar. 18-22 _ ',. __ • ... .. .. _• _ 
.Mar. 29 _....... __ .......... _.... . 
Apr. 8-1.) .... _.• _._._ ..• _. ___ 
Apr. 22-20 ............... __ .... • __ _ 
May 14-18___________ •••• , 
.May 27-29 ..•... ____ ... . ___ ..
June 3.•.••. ________________ _ 

1937 
Apr. 7-9 .. __ . ___ _ 
Apr. 13-1;'. __ .... _ 
Apr. 20-27 .. 
:\hy 6-10_. _... 
May 12-J.1 _ 

1 2 3 5 

Sumba Percent Percent Percent Percent Percent 
17-1 12.7 89.1 30A 11.5 6.3 
281 10.7 11.4 2-1.2 2-1.2 29.5 
32,) IJA 17.5 28.3 20.0 22.2 
3·10 8.8 13.3 IG.S 22.7 38.£ 
-120 ~3.2 33.2 12.(j 5.2 3.8 
.s00 10.0 15.3 12.6 21. J 41.0 

I") ;;J4·18 }3.2 16.1 11.1 13. ·1 'I-'~ 

109 :2.~ .8 23.S 19.3 1.3.6 16.5 

21G 4.2 12.9 25..1 i·g·4 28.1 
214 1..1 SA 16.3 30.4 .13.5 
2;[3 8:J.8 :>9.2 17.3 9.9 7.8' -H20 3 .1 14.7 27.1 35.rl 18.9 
·Hil 2A 7.8 lti.l 30.·l .~d.3 
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that from two to three genera­
tions of the beet leafhopper de­
veloped on such summer annuals 
as chinch weed, ticiestromia, and 
trianthema. Two generations oc­
curred every year and a third only 
when new stands germinated in 
early September. During dry sea­
sons the summer annuals may 
dry before the second-generation 
nymphs complete their clevelop­
m(mt, but on such occasions the 
nymphs shift onto many plants to 
complete their development, the 
more important of which include 
spurges, globemallows, annual 
saltbushes, and wild buck\\"heat~. 

Data from these and similar 
sampling studies, together with 
much more field work in the area, 
led to the concl usion that two 
spring and three summer genera­
tions may cl('velop during fa\'o1'­
able years, whereas only one 
~pring and two summer genera­
tions de\'elop in dry, unfavorable 

years. These relationships are 
shown in figure 24. 

Holdover Host Plants 
in Arizona Desert 

In the list of holdoyer host 
plants in the southern desert (p. 
53), eight species arc important 
in the Arizona ciesert area. In a 
fleld experiment, 'V. E. Romney 
caged leafhoppers on all these 
species in the faIL After an ex­
posure of ~o days the leafhopper 
mortality exceeded 95 percent on 
all except bm'sage, where it was 
about 1:;5 percent. Apparently suit­
abilit\" and attracti\"eness to the 
leafhoppers did not coincide, as 
the adult leafhoppers were usually 
found feedmg on spurge and 
globemallow rather than on btll"­
sage. 

Utah-Nevada Area 

Like the Arizona area, the 
1..Ttah-Xevada area also belongs to 

APR .. MAY I~ N~T lUi Y I AUG. SEPT. OCT. NOV. DEC. 
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, 
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~IIMMER ;, JJr>J1 t C iWlt...ITIC'D ... M ............ 
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\ 

I' 
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,Fnf,RrH GFIVFRATJONI Flr+H GENERATION 
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! I 

RAINFALL CONDITIONS 
I I I 
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SECONO GENE'RATION )f" 
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FIGt'RE 24.-Seasonal occurrence and :lumber of generations of beet leafhopper, as 

indicated by siz(' ann abundance of nymphs, in Phoenix, Ariz., area during year 
with favorabl(' rainfall conditions 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, ilat 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 small 
slopes of various sizes and ex­
posures. These breeding areas are 
shown in figure 25. 

The normal monthly tempera­
ture and precipitation from three 

SCALE IN MILES 

25 o 25 50 

FIGt'RE 2:3.-Southern end of cultivated area in Utah and northern part of great 
southern desert, indicating both summer and winter breeding areas of beet leafhopper. 
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selected stations within the Utah­
); •• ada breeding area are given 
in table 17. St. George, Utah, 
(altitude 2,800 feet) represents 
the northernmost extension of this 
area; Logandale, ~ev., (altitude 
1,~100 feet) , approximately 7 
miles southeast of Glendale, rep­
l'PSCllt::; the central part; and 
~('edles, Callf., (altitude ·180 feet) 
represents the southern part. 

The average annual tempera­
ture incl'ease~ from 39.5- F. at St. 
George to 7l.X at );eedles, where­
as at the sam(' time the precipita­
tion decreases from 8.8~1 to ·1.62 
inches, so that conditions become 
much hoUt'l' and drier toward the 
gmlthern pm·t of the area. 

As is generally the case in des­
t'l't areas. the precipitation is ex­
ceedingly \"Uriable. The Weather 
Bureau records at XN~dles have 
been kept since 1892. During this 
period the annual precipitation 
has 	 varied from 0.87 to 13.25 
inches. At St. George, ·whe!·(~ rec­

ords have been kept since 1890, 
the ar.nual precipitation has 
varied from 3.55 to 18.71 inches. 
Logandale is intermediate. 

\Yinter temperatures are mild 
Unoughout the area, the lowess 
temperature ever recorded being 
- 11" F. at St. George, 6" at Lo­
gandale, and 18 at 1\eedles. 

During this study, snow cover 
has not been of any importance 
with one exception. In January 
1937, approximately I:) inches of 
5now f(!Il at St. GeorgC', :3 inches 
at Logandale, and 8 inches at Las 
Vegas. Al though this snow cover 
lasted only about 30 days, it was 
present during the low tempera­
tures mentioned previollsly and 
thus afforded protection to o\'er­
wintering beet leafhoppers. 

Seasonal History 

Temperatures are high enough 
to permit activity of the insect al­
most e\'ery clay during the winter, 
and many nymphs survive, along 

T.UlLB 17. .ll'{:mgc 1Ilonthly temperatures and prc('ipiiClliOll (It d v'calher stations 
in southern winler breeding area of beei lev/hupper 

),lnnth 

January .. 
I<'ebruarv. 
~lMrh .. __ 
AprIl .. 
May ... _., 
June 
,/ uly •_. : ~ : ... ­
Augu>it .... 
:4rptl'mIWf _ 
Ol'tobl'f. 
:\!)YI~mh('~'- : 
r)er(-mrJ('r. ~. 

Annual 
a.vrrap;{· 
ur total. 

-~-- ..--.'-

Logandale, Xl'\'. 

-.--.. ~.---------

Temprr- Precipi- Temper­
at ure tat ion ature 

P. Inches , "F. 
37.9 0.97 '14.2 
43.3 1.09 50..1 
i10.2 .82 5GA 
;,X.D .58 u3.a 
07.J ,43 71.9 
76.5 .25 81.0 
h2.!l .90 87.2 
);0.9 1.02 f 85.3I 

71.S .67 i ~3,3 

;'H.G .RO 6;:i.S 
-17.:i .;:i6 53.,) 
3K.O .75 ;14.6 

~,-.~--

:iU.;; 8,84 6;),6 

'......- -~ 

Preeipi.. 
tatioll 

--_._. 

I nche,~ 

0.92 
.0,)
.J,) 
.27 
.10 
.13 
.4J 
.,)0 
.30 
.;).i 
.3.l 
.5·1 

-~.-.-- ..-- --- .... ~...-.- ...• ~ -- ­

.'jA3 71.1> 4.62 

--.~ ---.... -

Xeedles, Calif. 
-------.--- ­

Temper- Preeipi­
ature tation 

------- ._---
F. Inches 
J1.7 0.58 
,)7.4 .50 
G3.5 .41 
70.S .20 
7S.S .11 

, 	 8'""rt.J~ .08 
9~.1 .35 
91.9 .75 
X3.4 .32 

') ­71.0 ._') 
,)9.0 .35 
53.0 .66 
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with the females that matured in 
the winter breeding area and 
those that moved in from sum­
mer breeding areas late in the 
fall. Data 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 mO\'e to avail­
able summer hosts in the same 
area or may move lrmg distances 
to other summer breeding grounds. 
In the latter area they breed until 
September, when the last fall 
breod moves back into the winter 
area. 

Because of the scarcity of sum­
mer annuals, the popuJation of 
leafhoppers produced during the 
summer and fall within the Utah­
X evada winter breeding area is 
very small. If these were the only 
leafhoppers to be considered, the 
following spring broods would be 
so small as to be of only local 
importance. However, this small 
indigenous population is so com­
pletely overshadowed by fall 
migrants from an outside source 
that the resulting spring brood is 
often so large as to cause economic 
damage at a distance of more than 
200 miles from the breeding area. 

Winter temperatures are high 
t'l1ough in the suuthern California 
desert area to allow an early 
spring brood to mature there and 
move north in time to mingle with 
ovenvintering females in the 
l.;tah-~e\"acla area. This early 
spring brood is ordinarily so small 
because of the e).:tremely dry con­
ditions in the California desert 
that it is of little importance, but 
in years of high rainfall and large 
I~'afhoppel' popUlations, such as in 
1910, it may become extremely 
important. In these exceptional 
~"('ars the progeny of the migrants 
from the southern part of the 
breeding area may constitute a 

large proportion of the total 
sprmg migrants. Both the fall 
and spring movements into this 
area from outside sources confuse 
the situation and increase the lia­
bility of a heavy leafhopper popu­
lation being produced in the 
spring. 

Annual Breeding Host Plants 

In the Utah-Nevada breeding 
area, as in Arizona, rains occur 
chiefly in the late summer and 
again eluring the winter; conse­
quently, both winter and summer 
annuals occur. 

Winter and Spring Annuals.­
Many species of winter annuals 
have been observed in this area, 
but only five ha\'e been important 
host plants of the beet leafhopper. 
These are redstem filaree (fig. 
26), desert plantains (fig. 7), 
wild buckwheat (Eriogonwn tri­
chopes Torr.) (fig. 27), flixweed 
(fig. 26), and wild mIgnonette 
(fig. 21). An except flixweed and 
filaree ~were native desert plants. 

Most of the beet leafhoppers 
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 annuals are limited 
to a much smaller numbel' of 
hand-anel-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 importance in any 
given season depends on the area 
occupied and the density of the 
stand. 

These annuals have been closeJy 
observed as host plants of the bee'; 
leafhopper, with the result that 
filaree was shown to be the most 
consistent winter host plant in the 
higher parts of the breeding area. 
At lower elevations filaree is 
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UN-26256 and BN-26263 

F'.IGCRE 2'i.-Wild buckwheat in Utah-Nevada area: A, Single plant in bloom; B, 
scatt<:red stand around creosotebushes near St. George, Utah, in Jul Jr • 

mixed with desert plantains, and \Yild buckwheat occurs in 
at still lower elevations it is com­ coarse, well-drained soils of flat, 
pletely replaced by this plant. unbroken areas. The maximum 
These' two plants probably pro­ acreage occupied by this plant is 
dU(:t, mnt-tenths of the spring mi­ less than one-tenth that of either 
grants in the area. filaree or desert plantains. Flix­
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weed occurs mainly in small 
patches around creosotebushes, 
and WIld mignonette is found 
scattered ill alkali flats 01' along 
l'oadsi(les. Although the last two 
annuals arC' widely distributed, 
t!wir total acreage is "ery small. 

These annuals germinate with 
the first fall rains and their length 
of hfp dept'nds on the amount and 
dislrilmtiou <>f subsequent pre­
eipitatioll. Jf the rainfall is ade­
quat(' to procluel' ]lormal maturity 
bpf.)!'!:' (kring, desert plantains 
will maLul'l' and dry most rapidly, 
followed b~' lilan'l', Ilixweed, wild 
but'kwlH'at, and wild mignonette 
in «bout the order named. 

SlUlIl1U r Annllals.-In the t:tah­
:\l'\'ada area the important sum­
niP!" ho:;t plants W('l'C found to be 
Hussian-thh;th·, redscal(', spider­
lloWPl', allcl ehiu<:hweed. Rus::;ian­
thi~tl(' and J'edscale normally gel'­
millatt' ill :\Iart'h and remain in 
"xedlf'!lt t'onditioIl until Septem­
bpI'. ~pj<l(,l'fl()\\'('r gprminates late 
iIi WUltt'l' C,l' early in the sp1'ing 
and matures III April or l\fay. 
Chindn'n.'C'<1 g{'rminates with the 
summl'l" rains and matures in 
October. 

Russian-thistlc- ancI n~dscale oc­
etl!' almost t'IYtil'(·ly ill fallow fields 
ul' l'oa(lsidps ill tht' small irrigated 
an-a:'. The maximum amount of 
l~lIs:;;ian-thistl{' found during this 
;;tucly was about 1,600 acres, 
whereas the acreage of l'edscale 
was smallt'!'. 

Spiderilower is scattered in des­
ert wastes adjacent to cultivated 
land. Its abundance fluctuates 
gl'patly from year to year, but it 
is of minor Importance. 

C'hinchweecl occurs in patches 
jn this part of the desert, and in 
vpars of hea \'Y summer rainfall 
~1av COWl' tho~lsands of acres. It 
1;-; an excellent breeding host and 
would produce large numbers of 

leafhoppers except that normally 
very few leafhoppers arC' in the 
area when it is succulent. 

The relath'C' abundance and im­
portance (If these summer hosts 18 

shown by tht.' following tabulatio;l 
of sweep-net samples tak('l1 U\'L':' 

a 9-year period; 

DnlllwPJ!ErS 
SIlII'IHTO.1 mr.ilJ 

~pf('if " :lUI1![!it ,: .~ll·('t fI:{ 

l!us~iarHhistlc ~)!Hl .:).8 
Hedscale 27 1!)7.:~ 
::>phll'rflowcr 4:: 2'1.1 
l'hinchweed 11 SU.!) 

RussiUl1-thist1(' I:; bv far tilt' 
most frequently sample,l, whereas 
chint'hweed is infrNlucntly found. 
Based on till' leafhopper popul:'.­
bOllS, redst'ale is the ut'st hmr t'l)l­
iowt'd in ord(~r b\' chinehwecd and 
Hussian-thistlt'.. 

The st'ascmal clen.'loDll1ent of 
It'afhoppel' populations' on Rus­
sian-thistle is shown by a redis­
triuu lion of thest' samples. 

[,cajhuppers 
?>:ulI!hrl'vl per 50 

;lIunfh I1IWl]1lcs :-:ICCfPS 

January" ... . 
February .. . 
March .. 

o 
3 
8 

o 
38.7 
Hi.:) 

April 
May 
June 

.. 

.. 

.'. 

32.2 
75.0 

101.8 
July .... . 
August .. . 
September 
October .. 

'i8.5 
7GA 
'i5A 
94.2 

November 10.1 
December o 

The leafhopper population on 
Russian-thistle gradually in­
creased during the spring and 
reached a peak in JUlK', after 
which it decreased. The second 
increase found in October 'was due 
to the prpsence of fall migrants 
from outside. These migrants 
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were dark overwintering forms, 
and could be easily sepatated 
from the Indigenous leafhoppers, 
which were still light-green sum­
mer forms. The drying of the 
thistle during October forced the 
leafhoppers to other plants. 

The t()tal area occupied by sum­
mer host plants in the t:tah­
X evada art'a is so small that the 
fali populations or leafhoppers 
procluct'd would only lightly popu­
late thl' largc! areas of winter 
hosts that germinate later. Con­
$('quently, the chief source of 
nVl'rwintering leafhoppers must 
lit' outside this area. 

Perennial Breeding Host Plants 

in the t.:tah-Xe\'ada area, where 
the tpmperatul'cs are not so high 
in th(' summer as in southern 
Arizfma and California, the leaf­
lwpJ)u}';-; ha\'(' b<'(,11 found breeding 
I)n two p('1'ennial hosts, false tar­
l'agr>l\ and croton (Croton lott[Jipcs 
.Jone:;). Dr)th plants l'omain succu­
It-nt cIm'lllg mueh of the summer 
anfl maintain summer leafhopper 
populations. FalSI.' tanagon is not 
"II widp]\' distributed as croton, 
hut it I:> 'an impJ)rtant host where 
it I Jt't'Ul'l>, Thp stands of both of 
I hf':,(' plan ts al'(, so sea ttel'ed that 
it i:i difficult to estimate their 
". al importane!'. Judging from the 
fall populations found in the gen­
('ral ar(~~l, they do not produce 
wry many Ipafhoppel's. 

Utilization of Holdover Hosts 

Th(; l'E;'lati\"(; abundance and 
\'alut' to the leafhopper of the 
holc1Qv(>l' hosts in the t:tah-Xe,'a­
cla art'a ma \~ b(~ obtained from the 
following tabulation of swe\:p-net 
~amfJles takt'Jl on these plants 
from 192!1 to 1~):3:3, in which the 
1)(>I'P11l1ia1$ an' arranged in the 
!Jl'df'l' of tlwi r leafhopper popula­
tions: 

Leufhoppers 

Spfcies 
Sumber oj 

lin.mpleH 
per 50 
sweeps 

False. tarragon
(;roton ... 
Rabbitbrushes 

9 
27 
;j;j 

147.6 
18.6 
11.3 

Chamiso 
::;nakeweed . 

,0 
64 

8.2 
7.4 

Arrowweed G2 7.2 
~eep\veed .... 
Creosotebush 

30 
12J 

1).0 
3.8 

Quail-b~'ush 17 3.7 
Pepperweeu
Burrobrush 

Ii 
:31 

2.5 
1.5 

Goldenweed 14 .5 
BUrsage 16 .3 

Creosotebush and bursage are 
the most widely distributed of the 
plants listed. Creosotebush is 
pl'obablj< the most important hold­
over host because it occurs almost 
e\'e!,}whl're, and the leafhoppers 
can feed on it at any time of year 
in case of necessity. EUl'sage ap­
parently holds very few leafhop­
pers, but this may be partly due 
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
tc'riol' of the slu-ub. On the other 
hand, <:re:)sotebush is a very open, 
high ~hl'Ub, with fiexible stems. 
whieh is easily sampled. Because 
of \'. E. Romney's finding (p. 55) 
that I!?afhopper mortality is very 
low on bUl'sage, this plant may be 
of more importance than is indi­
c:atpd in thIs tabulation. 

Arrowweed and quail-brush 
grow only in bottom lands with a 
high ·water table. Seepweed oc­
curs chiefly in alkali fiats. The 
other plants listed occur in mixed 
stands in flats 01' as patches in 
washes. 

E. W. Davis and H. E. Dorst 
tied cheesecloth bags containing 
female leafhoppers on a creosote­
bush ne<1.r Logandale, ~ev., in the 
fall of 1931 (fig. 28). Three lots 
of about 150 females each were 
placed on different sides of the 
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BN-26251 

FIG{'f<f: 28. . ('1'Jth cage for leafhopper 
mortality study In place on creosotebush. 

:'iamt' plant 011 October 11. Sam­
ph.s of the im;l'cts were taken for 
fat dett'l'minatioIl at the start and 
at four later dates. The leafhop­
DCl'S Wl'ft, c,)lmted a11c1 the mortal­
ity was cc)mputed on the three last 
dates. Thp data obtained are given 
in table 1~. 

TIll' high mOl'talitJ' among the 
It'afhoppprs on December 19, com­
bined with the low fat content at 
that tinh'. indicates that the maxi­
mum peri()d of time they can l'e­

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

Effect of Rainfall on Host plants 
and on Leafhopper Populations 

The critical point of the beet 
leafhopper cycle in this breeding 
area, as elsewhere, occurs during 
the fall and early winter, when 
the leafhoppers live on holclo\'(~r 
plants.

In some years precipitation 
does not OCCllr until December or 
January, and the summer an­
nuals 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 han' 
matured. 

This point can best be illus­
h'atecl by rainfall charts of the 
fall, winter, and spring months at 
Logandale, Nev., as shown in fig­
ure 29. The .3easons 1927-28 and 
1928-29 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 

TABU: J~, ('lUlU(J("'{ in fat amlenl and mortality of beel lea/happel's held on 
1"I'l'II,'<II[(,lmsh at Logandale I -~.,rel',. 1O.3.~ 

IJ::J.1P ThtH' on ;:;IJurc'c of leafhopperl' Fat ('ont('nt Leafhopper 
t·rt~,\''''ot{·.. fOf fat determination (chloroform mortality 

i.ll,h extm('tivesl
10:31 

[)11'lN 
()t1t~itl(> (·:1gc:>.- ___________ • .

O!'t. 11 o do 1" •• ____ • _____ •• ___ • ___ _ 

Ol't. 2(; !.i In-id(, rag('. __ - - _.. - - - - - -- _.. .. 
X"V. 11 In,jde ('age ... _.. -- - - .... - - - •. 

_. tI'L. __ _•. __ • __ -. _- .... - -- ­11('(' III 

Percelli l'ercrmt 
39,;) .. _.... __ - •. 
22,8 ' () 
22.G . o 
14.-1 30 
9.3 88 

------.---.--. 
1 ~:HlIf'I" tahi-!' !, -,'I' wJwthcr handling lcafhoppers in ('aging them had aiTccted their 

vitality. 

http:IJ::J.1P
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1.5 r---------------______-, 
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RAINFALL 

I 
0,5 
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(j) 
W 
I 
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Z 

0 
~ 
~ 
<:C 1.5 
U-
Z S 
<:C 
0:: 

1.0 

NORMAL 

OCT. NOV. DEC. JAN. FEB. MAR. APR. 
FI(lnu; 29.-Monthly rainfall charts for October-April at Logandale, Nev., in (A) 

season of high leafhopp('!' populations (1927-28) and (B) season of low leafhop­
per populations (1928-29). 
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precipitation was above normal in 
October, December, and Febru­
ary, so that the winter annuals 
germinated early and remained in 
l'xcellent condition during the 
winter. Leafhoppers were able to 
movc, therefore, from the peren­
nial holdo\'e1' hosts to the winter 
annuals during October. Conse­
quently, tlwre was little reduction 
of population in the fall, and by 
thv time the plants matured in the 
spring of 19~8 a very high popu­
lation of leafhoppers had been 
produced.

In H)2~-~~), a Yl?ar of light beet 
leafhopper populations, the pre­
cipitation from Oclober to April 
was belo\v normal each month. 
TllP winter annuals did not ger­
millutp until late X ovember and 
thl'l1 only in a very small area. 
COllsequcntly, 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. 

Th(~ conditions shown in figure 
~9 were extreme, but they indi­
cate a relationship between winter 
rainfall and spring population. 
This relationship has been found 
sllfficipntly dependable to be used 
t·· estimate the spring population 
wlwn the incoming fall popula­
tion, the elate of suflicient raiu­
faU to gC'l'minate winter annuals, 
and t1w amount and distribution 
of subsequent precipitation are 
known. 

California Desert Area, 
or Mohave Desert 

The California desert area, or 
~l!ohaw Desert, has not been 
~tudied so thoroughly as either the 
Arizona 01' Utah-Nevada areas. 
:\fost of the information has been 
obtaitwd from a few survey trips 
in years when it seemed probable 

that host-plant conditions were 
favorable fOl' the leafhoppers. 
H. E. Wallace ancl G. T. Yorl, 
studiecl the western end of til(' 
desert from Rh'erside in 1929-32, 
E. W. Davis and W, C. Cook cov­
ered the area rather thoroughly in 
March 19~10, and V. E. 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 desen 
by Harold J. Green, of the Califor­
nia Department of Agricu1ture, 
and his associates in 1%5-62. 

The central part of the Mohave 
Desert is practically clt!\'oicl of 
slimmer host plants. To the north 
of N eedies, Cal if.. an area of 
chinchweed occurs in some years,
and in ami near the irrigated 
areas are considerable patches of 
Russian-thistle. H. J. Green (un­
pubjjshed 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 Palmclale, 
in Lucerne Valley, and along the 
).Iohave Rh'er between Victorville 
and Barstow. 

E. W. Davis and H. E. Dorst 
found that leafhoppers from the 
Wolf Hole area of northwestern 
Arizona would travel southwest 
into the northern :iYIohave Desert 
in the fall, ane! '.V. C. Cook and 
Davis found in 19·10 that leafhop­
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 repol'ts) 
obtained good evidence that leaf­
hoppers from the Russian-thistle 
areas along the east side of the 
Skl'ras tra\'elecl soutlwast 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 
or a large part of it, that the cen­
tral 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. vV. Davis and W. C. Cook made 
an extended sampling trip over 
the area in March 1940, taking 
samples at 95 weil-scattered loca­
tions from the Imperial 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 principal host plants 
were mentioned. The sum is 
greater than 95 because of mixed 
stands at many locations. 

Number 
Species of stops 

Desert plantain .............. ............... 54 

FiIal'ee ............................................ 28 

Wild mignonette ............................ 8 

Pectocaryu (?) .............................. 10 

'Vild buckwheat ............................ 7 

Other species .................................. 11 


The desert plantain \vas P. in­
sular-is val'. fasti,r;icdcL. The specific 
iclentifkation of pectocarya was 
doubtful and not checked later. 
The "other species" included 
smothC'l'weed, pepperweed (L. ni­
tidum) , tansymustards, Russian­

thistle seedlings, and bladderpod. 
At that particular time plantain 
was by far the most abundant 
and widespread host plant. Most 
stands \vere estimated at 5 to 25 
percent, but an occasional stand 
of plantain was recorded as 50 
percent 01' even as a solid stand. 

The distribution of leafhoppers 
found on this trip is shown in fig­
ure 30. The large area with high 
leafhopper 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 
city. Another smaller area of high 
populations lay along the eastern 
side of the Sierras near Indio, 
Calif. As the later studies of H. J. 
Green and his coworkers have 
shown, this southern area 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, indicating 
that a generation had matured al­
ready, as the overwintering popu­
lation in places so far south rarely 
contains males in March. Four 
collections taken from areas of 
high population from Blythe, 
Calif., northward yielded 59 males 
and 409 females, all 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 col1ections 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 March, and this 
brood moved northward, where 
they mingled with leafhoppers 
that had wintered there, to in­
crease the size of the spring brood 
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FIGURE 30.-Distribution of leafhoppers over California desert area in March 1940. 

in that area. In a later trip from 
Phoenix, Ariz., V. E. Romney 
found large numbers of leafhop­
pers breeding north of the Califor­
nia areas 'where E. W. Davis and 
W. C. Cook found them in March, 
sho\'/ing production of a heavy 
second brood there. The chief food 
plant of the second brood \vas nla­
ree at higher elevations. 

To fUrther confuse the general 

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

The California desert area in 
general does not have so many 
holdover host plants as do the 
Arizona and Utah-Nevada areas 
because of more severe climate. 
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Largp areas support only meager 
;;tulld:;; of cl'eosotebush and bur­
sagl'. Along the city washl's and 
St-'I'PS, df's{'rt sage, ehamiso, seep­
\\'(·f·(b, arrO\\'wl'ed, and quail­
brush ('an be flJUnd, X0 studies 
han· been made on the l'eJatiye 
impol'tanct' of these plants. 

E:;calante Desert of 

Southwestern Utah 


Tht· Esealant(' Des('rt lies to the 
W('st of tfw Wasateh Hange and 
llldwl('s tlll' major part of Iron, 
Ben\,!'!', and :JliIlal'd Counties, 
('tah. HO\\'('n'r, the part described 
h\'l'~' a:-; a :mmml.'l' breeding area 
lips within a triangle l'oughly 
formpd with l'I1oc]pna, Lund, and 
('edal' Cit;; as comeI'S (fig.%), 
'1'bl' altitl1lle of ihis area is ap­
pl'o:dmaU'!Y G,OOO feet, and the 
\'!'gf'tati(JIl belongs to th~' northern 
dPRl'lt shl'lIb fOl'ma tioll (5,2). 

TlIp original vegetation hm; 
beell un·aU.v alten·d becau::>e of 
IlI'Y farming and persistent 0\,(,1'­

grazing. The pen·nnials found, in 

on1(>1' t}f abundance" wen' sage­
brush, raobitbrush, shculscale, and 
gr('a$\:wooc! (Sar('obatus /'(f'miCll­

latus (Hook) TOlT,). Pel'ennial 
gl'aS6e$ persist to some extent in 
the southern part, but W(;'1'(, rapid­
ly being replaced by Russian-this­
tle. Annual bromegl'ass OCCllrs, 
becoming more abundant to the 
north. 

Climatic Conditions 

Tempel'atUl'(' and ]11'ecipi latioll 
records haw been talwtl at 1\10­
dena sinc(' 1901 and at Cedar Cit\, 
sinc{' 190;'). The normal monlhl~,: 
temperaturt's and Cl\'Pl'ag(' precipi­
tation then' an' giWll in table 19. 

Wittter temperatures at Modena 
are rathel' low, and the extreml' 
minimum of ~ 32 F. was 1'('­

corded ill 19:37. In J9:~2, 193:3, 
193G, and H);16, bel't leafhoppers 
o\'erwinten'd on experimental 
plots whel'P host plantg were 
gl'mdng- at l\IO(]PllGl and Xacla. 
The a\'el'age monthly minima at 
:\Iodena during tlw wint('I'$ of 
] 931--:32 and 19:32-:):3 ranged from 

T \1:1.1<. In. .\'lIoIHd IJIIJutldy [clIlpcralw'(' WIll {{!'('((l!I(' /JI'('('ipifulifill fI[ .11 m/I'//I/ 

llilfl Crdu/' ('it!!. ('{alt 

Tpmp('r~ 
nt un' 

..- --------,--­
"F.

./;lII11arv -- -- ... - -, 2G.7Ff't,rlJ ('rv :n,2.\lard, 3:'\,2
A!ltll ·Io.n:\1.1\ .);3.;;.1 til,;, 

Oa.l.fIll\' 70.n 
\lJ~li,t nO.2
~('!J11'uJ'f'r GO.n(h-t, ,),!,r 

"".0'\"V/':d",r 30A
Ilpt'dl,I,('r 2){.1 

A\,"raJ!f' tlr total -17.n 

-,,~~ -~-,~ ... 

('('dnr ('ity 

Prt'l'ipi- Tl'lIIpl'r- l'rp('ipi, 
tatioll nt !lr!' tat iOIl 

[ur},,',·, F. [nelli'S 
O.k.; al.I O.Rn 

.OS :l.; ,0 1.22 
l.ttl .J() •• ', J .,IS 

.>-'U ,1'i.0 1.20 

.7D :iH.7 .0:2 

.:12 r-JI ......) .-1:)
I.n" 7a . .! I.as 
1.2\1 7l.J 1.-1:, 

.7'1:'. 0;).:3 1.02 

.7·' ,j I. Ii J ,)­
.~(

.;,!) 11.1 1.01

.)o;g :1O. \l .nl 
JO.17 ;'0." J:Llk 



THE BI':I<;T LEAFHOPPER IX 'l'HE WE:-5TEHX eXITED ~TATE~ 69 

5.:3' to 8.5 and were near the 
lowest for the' period from 1919 to 
193;'). This shows that the o\'er­
wintering of beet leafhoppers is 
possible in this section, proyided 
host plants are present. It would 
appear from table 19 that there 
should be sufficient precipitation 
and high enough temperatures in 
this area to germinate fall an­
nuals. but only once from 1925 to 
] 9:3;') were any fall annuals ob­
sel'\'(~d and thpl1 onlv in a smaU 
area in the fall of 1928. 

Summer Annuals 

Blistel'cl'Pss. Russian-thistle, and 
red",call' constitute over 95 per­
c('nt of the annual covel'. Since 
thpse annuals usually germinate 
early in Apl'il, samples can nor­
mally be taken from early spring 
to late fall. 

The seasonal trend of Ieafhop­

pel' populations in this area from 
1930 to 1936, inclusive, is sh:lwn 
for these three host plant~ in fIg­
ure 31. in which the average num­
ber of leafhoppers per 50 sweeps 
each month is plotted for the 
season. 

Blistercress dries in June ~md 
serves only as a spring host. 
Russian-thistle anel l'eclscale 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 clue partially 
to the limitation of the sweep-net 
method of collecting. Russian-this­
tle is sllcculent in August and the 
net passe::; readily through the 
plant, whereas in September it is 
stiff and woody and only the outer 
surface is reached by the net. 

if) 
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FICt'Ht; 31.-Average number of leafhv!.pers per 50 sweeps from three principal 
breeding host plants in Bscalante Desert, 1930-36. 



70 rrECHNICAL BL"LLETIN 1365, 1.:".8. DEPT. OF AGRICCLTCRE 

However, even if the drop in pop­
ulation is real, a high population 
still remains on this plant in Sep­
tember, 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 all beet leaf­
hoppers have left this area by 
November. 

Blistercress is distributed in the 
llorthern Escalante Desert, where 
1,000-2,000 acres of this plant 
occur. 

Russian-thistle is by far the 
most abundant summer annual in 
this desert. In 1~34, 1935, and 
1936, surveys were made of the 
Russian-thistle area in the south­
em part of the desert and 178,000, 
190,000 and 232,000 acres, l'espec­
tively, of this plant were recorded. 

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

Wolf Hole Area 

The Wolf Hole area is located in 
the high plateau starting about 
35 miles south of St. George, 
Utah, and extending toward the 
Colorado River (fig. 25). The 
vegetation on this plateau also be­
longs to the northem 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 Rats 
and near waterholes have been so 
excessively overgrazed that very 
little 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 
\\tolf Hole area is of pl'actically no 
importance as a winter breeding 
area. 

RIO GRANDE AREA 


The Rio Grande area, the only 
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 southeastern 
New Mexico. According to Shantz 
(52), it is still part of the south­
em desert shrub formation. The 
yegetation resembles that of 
southern Arizona, but mesquite 
(Pl'osopis glandulosa Torr.) is 
more abundant and the iarger 
cacti are absent. 

Romney (.48) studied the area 
from 1928 to 1934. He found that 
the beet leafhoppers were breed­
ing on perennial pepperweed, 
,.,.hich occupied about 2,000-2,500 
square miles in a territory of 
about 8,000 square miles. The 
breeding area was also mapped. 

This perennial pepper weed 
starts sprouting from the crown 
in the fall, flowers and seeds in 
the late spring, and becomes 
partially dormant during the 
~ummer. Romney (.48) found 
leafhoppers breeding during all 
seasons on this pepperweed. A'J 
the same time that the old plants 
resprout from the crown, the seed 
that \vas dropped in the spring 
starts to germinate. Romney 
found this newly germinated 
plant much more favorable for 
leafhopper breeding than the 1'e­
sprouted stems, and he was able 
to demonstrate a relationship be­
tween the amount and condition of 
newly germinated plants in the 
fall and leafhopper damage the 
following spring. 

In addition to the large area of 
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perennial pepperweed, Romney 
also mapped some smaller areas of 
annllal mustards lying along the 
Rio Grande 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 halictonlln Cock­
erell, served as spring host plants. 
Other host plants of minor im­
portance in both areas were 
Cheirinia baked (Greene) 
Ryclb., Lepidium lasiocal']JUm, and 
ilbr'on/a [ragrans 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 a way as 
southeastern Colorado and south­
'western Kansas. The damage was 
much less at a distance than close 
to the known breeding areas. 

In 19b3, a severe epidemic of 
curly top, which is carried only by 
the beet leafhopper, occurred in 
south \vestel'll Kansas, and this led 
to a further study of the Texas­
New Mexico breeding areas. J. R. 
Douglass, W. E. Peay, and other 
workers found during 195<1-58 
that the breeding areas outlined 
by Romney were very dry because 
of several dry years, and that 
leafhopper breeding had extended 
out onto the High Plains of New 
lVlexico, Oklahoma, and Texas, 
where no leafhoppers had previ­
ollsly been found. In this new 
area the host plants were ann nals, 
and a cycle between mustards and 
Russian-thistle kept the leafhop­
pers breeding. 

In 1954, the leafhoppers were 
found just east of the original 
area and also extensively farther 
east and north, extending into 
southwest Oklahoma. In 1955, the 
breec1i ng area had shifted west 

and south, but was still far out­
side the original arel:1. The same 
general areas were occupied 111 

1956, but leafhopper population.; 
were lower. In 1957, the leafhop­
per was widespread but rather 
light. In 1958, the most COllccn­
b'ated breeding occulTcd 1.1 

western Texas-southeastern ~elV 
Mexico, some distancc east of the 
original area. The .)utbl'eak ap­
peared to have subsided by 1960, 
but the perennial pcpperwced 
areas had not l'eco\'el'ed, and 
J)l'eeding was still found east and 
north of them. 

In 1957, J. R. Douglass, W. E. 
Peay, and J. 1. 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 ancl March: 

Host 1'ime.~ reco'rcied 
Tansymustard................... 90 
Tumble and town mustard (Sisym­

brium altisb-imum L., i'rio L.) "." 'iG 

Patata ... " .." ...... "" .. ".." .... "... 59 

l~ussian-thistle " .. ,.""'" ............. 51 

Pepperweed (annual) ........ ' "'"'''''' 48 

Filaree (common) ..... , .. ".... " ... "."... 29 

Pepperweed (perennial) ......... "....... 20 

Pigweed ....................... "'..... " .... ",,..... 1'i 

Kochia sp ... ""............. "........................ 14 

Undetermined plant ......................... 14 

Borage ................... "............................. 13 

Deadnettle (LamiLwL sp.) .................. 11 

Bladderpod ..... " ............. ,'.................... 10 

Filaree {Texas} ................................ 9 

Spinach (Spinacia oleracea L.) ........ 9 

Spectacle-pod ............ " ..................... " 8 

Saltbush .. ".......................................... 7 

Verbena .............................................. 7 

Shepherds-purse (Ca7Jsellc~ burs(~-

1Jastoris (L.) Medic.) .................... 7 

Plantain ................................ ,............. 6 

Turnips (Brassica rapct L.) .............. 5 

African rue (Peganum hanna,lct L.) 4 

Blistercress ........................................ 4 

Falseflax (Lesquel'eli(t sp.) .............. 3 

Flax .." ......... , ...................................... 2 

Red beets .............................. "............. 2 

Dwal'f phlox (Phlox sp.) .................. 1 

Stickleaf (II1ent;:;elia sp.) .................. 1 
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Host Times reeo)'ded 
Buckwheat 1 
Kal" (Bra,<:;iea (lit rilffn vnr. ace­

pi;rlla DC.). '" ..... 1 
;:-:wi,,:; chard (Bein wlgal'h' val", 

cidlL 1.) 1 

This outbreak is described in 
(It.-tail to emphasize that the breed­
in?" areas of the leafhopper arc 
)lot tixpd in eith('!" area or loca­
titlll, an(I new ones may develop 
from time to time. The cause of 
tid..,; OliP was probably the break­
ing up of much grassland in tlw 
High Plains during \\'odd War 11 
f(·t' the growing of wheat ancI cot­
ton, The drought that lasted 
through most of the 1950's ettused 
th is land ti) bl' abandoned, and it 
quickly d(!vl>lopecl a weed cover, 
which included many leafhopper 
host plants. 

H()mll(~y US) stated that Rus­
sian-thistll' ranks fifth among 
summer host plants in the area 
and ("I)mml'nted: "H.ussian-thistle 
seI''''!.'s as all important spring 
host (Jf the beL·t leafhopper in 
some bn'eding" areas, but in Xew 
;'Iexicl) and T('xas it y,erminat('s 
['Hrl~' in the spl"ing anel is limited 
to C'ulti\'at('cI districts, where thc 
us\' of irrigation water leads to a 

rank growth, whieh ill\'ariably 
sponsors low h.>afhopper popula­
tions. It" Wl'y limited distribution 
within the breeding areas is an­
other faetol' whieh places it Mtll 
hl importance as a summer and 
fall host." 

J. R. Donglass and W. E. Peay 
(unpublished report) stated: 
..From August 19 to 30, 1956, a 
study was made of the distribu­
tion of beet leafhoppers anel curly 
top in the easlem pad of Colora­
do and );eW )Iexico and in west­
ern Kan:m::" ); l'I)l'aska and Texas 
... Kocllla (Kochia scopal"iu (L.) 
Schracl.) and Hussian-thistle (Sal­
M)/a kali yar. lenui/olia Tausch.), 
the principal summer weed hosts 
in the abovl' areas, were abundant 
on idle and waste lancls from the 
Edwards Plateau of Texas north 
to til(' Platte HiYer Valley of west­
ern );ebraslm and westward to 
the H.ocky l\lountains." 

This last statement shows how 
the host-plant complex changed 
between 19:31, when Romney's 
studies were completed, and 1956. 
There are also indications that the 
perennial lwpperweecl area has 
become' much larger than it was 
when Romney studied it. 

BelT OF NO WINTER BREEDING 

Very few, if any, leafhoppers 
pass thl' winter in the Escalante 
Des(~l"t of southwestcm l'tah, and 
:-;pring hosL plants are relath'cly 
:-,carce. For thi,.-; l'pason, Dorst ancI 
DavIs (1 1,') depended all al'tifi­
dally d('\'clr'pecl plots of host 
plants to indicate movements of 
thf' IpufhopPt!l's. Few winter an­
Jlual:; an' in tlw rtah·Colol'ado 
art'a. ('urson' examinations of 
south-centrHI ');evada ha \'(~ also 
l"P\"palvd all area wlw1"e v;inter 
hosts an' scare£'. TIl<' ('Huse of this 
plaut distributioll is not known, 
JJllt It h; probably COllllecled with 

faU tempel'atul'(' and rai nfall. 
Th is would indicate that a bel L 
rUllning from western Colorado 
across etah and );evaela south of 
Grand JUl1CtifJll, Colo., and HellO, 
~e\" .. but north of the sharp drop 
that ctiyicles tIl(> llorthel'll desert 
from tl1<' g]'(lat SOlltlwl"ll des('rt, is 
practically free of leafhoppers 
during th(' wintl'l' and is n'pO]JlI­
Jatl'd early in tIll' spring. 

);()1"th of this belt lip the H],(,HS 

of llortlWl"ll {'tah and):('\"ada, tilt' 
Snakp Hiw'l' Plain. and the Co­
lumbia nh'el' Ba~jl1. wherp t11<' 
1cafhoppC'J" sunives til<' winter. 
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NORTHERN NEVADA, NORTHERN UTAH, 

AND WESTERN COLORADO 


Northern Nevada 

Spring brcl'ciing of the beet 
leafhopper has been found ehkfiy 
m'ar the Carson and Humboldt 
Sinks and Pyramid Lake, all in 
llo1'thwl'st'..'rn Xevada. The leaf­
hopper;; overwinter on tansymus­
tar[l and peppel'weed and produce ,t spring gt.'l1el'ation on these 
plant;;, It matures at about the 
samp time as the second gen­
eratioll on the lower Colorado 
RiveI' desert, Rus;:;ian-thistle is 
also p1'e8en t in the \\" alker Lake 
art'a farther south, but no studie::, 
of ()vendntcl'ing have been made, 
and it is questionable whether 
t1H'l'e i;:; m ueh spring breeding ill 
that area. The fall holdover hosts 
in western ::\e\'ada are chiefly 
sagebrush and rabbitbrush, and 
tlH: period on sueh hosts is usually 
short. 

The areas supporting the leaf­
hoppers are small and scatterecl, 
and the total leafhopper popula­
tion is usually only of local sig­
nificance, In certain :y"eal'S, how­
(> \'e1', it is possible, although not 
\"ery probable, that leafhoppers 
from along the Humboldt River 
in northern ::\evaela may inyade 
the Snake H.iver Plain of sDuthel'll 
Idaho. 

Northern Utah 

Winter Breeding Areas 

The northern Utah winter 
breeding areas of the beet leaf­
hopper are loc:ated in the Great 
Salt Lake Basin and lie in the 
northern desert shrub formation 
at an al titude of slightly over 
4,000 feet. Eleven small separate 
arNtS are delimited in th(~ area 
bet\\'een Santaquin on the south 

Hnd Garland on j he north and 
are groupPll some\\ hat differently 
from tht' areas dpscribed by 
KIl()wltoll (·i1). The cultivated 
distl'ict~ l'xtt'ud north and south 
in tlw same tel'l'itol'Y adjacent to 
th(, \'uriou::; breeding HJ'l'as. Wlll'1l 
damagmg 1><'et ll'afhopp(']' popula­
tiou:o; are found in these cultivated 
distl'itts. they are ill most years 
diI'Pctl\' traceablt, to 1 01' morc 01 
the 'II ~1istinct bn:'t'cling areas. The 
locations of these brpeding areas 
111 relatioll to the cultiyatecl dis­
tricts a1'(, shown in figure :32. 

Approximately 80 percent of 
the l.'tah sugal'bept acreage lies 
in the llorthel'll part of the State. 
The major pmt of the leafhopper 
populations in this beet district 
comes from the northern Utah 
winter-breeding areas. The geo­
graphical distribution r)f the 
breeding area:; and their proxim­
ity to specialized culth'ated crops 
necessitate discussing each area 
mcliviclually. 

Xo ·weather data are given here 
since climatic conditions are 
essentiallv similar to those de­
scdbed by Cartel' (6) for tIl(' 
Twin Falls, Idaho, area. 

Ctah Lake Gf'OlljJ.-ff/esl Moun­
tain lies east of the south tip of 
Vtah Lake, adjacent to the shore. 
The breeding area occupies about 
10 square miles of the south end 
of \Vest :Mountain. Beet leafhop­
pers from this area need to traveJ 
onh" ;) to 10 miles to the Santa­
quin-Provo culti\"ated areas. 

The lI'e...:t [:taIL Lake al'ret is 
south of Lehi and occupies ap­
proximately 25 square miles be­
tween Lake ~Iountain and Utah 
Lakt'. This area is from 7 to 12 
miles from and contributes leaf­
hoppers to the cultivated areas of 
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FWCRE 32.-Principal local breeding areas and beet-growing districts of northern 

Utah. 

Lehi and vicinity. This area may tion was obtained during the 
possibly contribute leafhoppers study.
also to the northern part of the iv!agna Group. - The Jlagn(~
Santaquin-Provo cultivated areas l arm extends from the Great Salt 
but no evidence of this distribu- Lake south along the east side of 
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the Oquirrh Mountains to the 
vicinity of Harriman and occu­
pies approximately 10 square 
milt'S. It is from 1 to 15 miles 
from the culth'atecl areas of :'Iag­
na, ::YIidvaJe, and Riverton. 

The Salt Lake Flats (l/'f'(L occu­
I'il'S about Ii> square miles of the 
flats between Salt Lake City air­
port and Saltair. Antelope Island 
!:; nearby. The east slope of the 
Antelope mountain range, or ap­
pro:nmately IG square miles of 
thl' Island, is a hl'£.'eding area. It 
I:; from ;} to ] G miles from the 
lultivatecl art~a b(·tween Salt Lake 
City and Kay:;dIle. 

Tht' 'l'oodc al'en lies north of the 
city of Tooele. The breeding area 
('ol1tains about 1i) square miles 
mid occupies a narrow strip along 
tl1!! Wl'st sidl' of the Oquirrh 
:\ll)uJ1tains and the adjacent fiats 
to the west. The area 1s from 10 
tr) 1~ milc8 from the culth'atcd 
an'as of Salt Lake County, 

•...,'Indl ralll'l/ is located in cen­
tral TooI'lE' County and contains 
a bn~eding area of approximate­
ly 10 square miles. It includes a 
mUTUW strip in the norlh part of 
this valley along the west side of 
th~' Stansbury }lountainc. This 
:.~rpa ll; approximately 25 miles 
[1'IJm any bcct- or tomato-growing 
arpas. 

During recent years there has 
lJ(len no indication that the leaf­
hopper movement from Tooele or 
Skull Valley has damaged any of 
the present beet- or tomato-grow­
ing s('ctions of t:tah. 

B(,pts were grown in Tooele 
County at Grants\'i!Ie and vicin­
ity at one time, but their culture 
was abandoned. probably because 
damage resultpd from the beet 
leafhoppers that moved from the 
two brepding areas previously 
mentioned. 
. P romon/oJ'Y (Jroup. - Little 
Mounlain (li'l'(t west of Ogden is 

on the extreme west part of the 
mainland that adjoins the Great 
Salt Lake and occupies approxi­
mate1y 10 square miles. It is not 
ovel" 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 Promontor'ij 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 80 square 
mnes. This lies about 12 to H 
miles from the nearest beet and 
tomato areas in Dads and Weber 
Counties. 

Lampo GrOU)). - The Lampo 
((fe(L contain& about 25 square 
miles and is from X to 10 miles 
from the cultivated areas of Pen­
rost', Thatcher, and Tremonton. 

Th\., Little Mountain urea !{'est
of Corinne contains approximate­
ly G square miles and is about 8 
miles northwest of Corinne. It is 
from :3 to 8 miles from the beet 
and tomato areas of Corinne, Bear 
H.iver City, and Honeyville. 

The H'CS{ Curland arca of ap­
proximately 5 square miles occu­
pies the south slopes of the foot­
hills to the west of Garland. The 
area is adjacent to beeL- and to­
mato-growing areas near Garland. 

Host Plants 

Annuals in Summet Breeding 
At'eas. - 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 1lot far dis­
tant. Consequently, very little 
mortality of the beet leafhopper 
occurs during the fall migration. 
Observations have shown that 
populations of the leafhopper on 
summer hosts are usually suffi­
cient to produce from 1 to 10 
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remale~ per square foot on the 
winter annuals after the fall 
mO\'ement. 

Pll'fnnzal Holclouer Hosts.­
Pl'l','lluml holdover hosts are ra1'e­
1:, required in tIns area. However, 
In the occasional dry years \vhen 
the: beet leafhopper must use these 
plants, the principal holdover­
sf,l'cies are sagebrush, pickleweed, 
SC(!pw<'cd, and gl'easewoocl. 

H'in!(/' Annuals.-Redstem fila­
1 PI' is tht· principal overwintering 
and spring annual in the area of 
)fagna, Salt Flats, Lime Moun­
tain west of Ogden, Promontory 
Point, Little ~rollntain west of 
('oriurH, and west Garland, and is 
found tei some t'xten t in all the 
willtl')' bl'(~eding an:as of northern 
nall. BJistel'cl't'Ss is tIl!' principal 
/Jvl'rwintering and spl'ing annual 
in the west etah Lake, Tooele, and 
Skull \,'al1<'y breeding areas. Afri­
Lan mtu,tard is the principal over­
wintc'ring and spring host in the 
\,'('st )(Iountain and Lampo breed­
ing arpas. Blistel'cress and Afri­
can mustard are both introduced 
wild mustards. These mustards 
and filaree usually germinate in 
thp fall or early winter and ma­
l m'I' in fatl' spring. The area oc­
('uph~(l by tllL's(l annuals has not 
lW('ll cOllstant from year to year. 
The Uel'pagt' of African mustard 
int'l'easeci in the Lampp area and 
that of blistel'cress ill Skull VaUey 
during these studies. 

Winter Mortality 

In H);n-;3~ and 10:32-:33, E. W. 
Du \-is un(I H. E. Dorst placed out­
door eagE's SImilar to those used 
by Cartpl' un in Idaho over 
healthy plants of blistercress in 
Skull Valley, about -10 miles west 
of Salt Lake City. The cages had 
hv{) compartments, one of which 
wuld bp closed against the 
wpathcl' and the other left open 
for rain or snow. About 150 

female leafhoppers were liberated 
in each half of 10 cages late in 
the falL Distant-reading thel'mo­
graphs recorded weather concli­
dons in the cages. The cageswel'C 
left undisttll:becl until the follow­
ing ~ral'ch, when they were 
opened and the sLll'viving leafhop­
pers counted. At this time the 
host plants were fOllnd to be in 
good condition in both compart­
ments of all cages. The survival 
in the two seasons is given in 
table 20. 

TABLE ~O_ Surtil'tll of adult femole 
beft lel1j'11tifJPi'r,'{ raaed Olt bli8[l'r('fl's.~ 
ill Skull I'lllll'!/, nul!. during 
win/N,., I~r J.'MJ .1.2 (lwl JlM2~ ,3.1 

Hl'­
~('a~on aud PI:L('prl ('II\-('r(',1 ~un'h-nl 

('ompnrtlll('llt ill ('ll)!;P'" frolJl 
('age=-­

1931-32: .\'wllbn ;\'Iwt/ur 1)1 rI'/1L1 

E:qlt"('d 1,.ilO ,i()2 33_3 
( 'o\'('red l,.i2() l.i9 1O ••i 

T'ltal 3.030 UOI 21.!i 

1932-33: 
Expos('d 1,.'i03 70 .I.(j 
('uvl'rl'd ~ l,:i03 4:i 3.0 

Total 3,()O() 113 ~)J3 

In 1931-32, the ail' tempera­
ture did not dip below zero until 
the middle of January, after 
which there were two short peri­
ods of subzero temperature. Snow 
cover was light or absent. In 
1932-3:3, subzero Y,'eather came in 
December and February. The De­
cember colcl snap came when there 
was no snow co\'er, whereas a 
continuous snow CO\'er was main­
tained through most of January 
and February, as indicated by the 
soil thermographs. In 1981-H2, 
the soil surface temperature was 
rather Yal'iable, whereas in 1932­
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:):) it aVt'l'uged close to 80 - F" 
,nth minor fluctuations, 

Leafho}Jlwr survi\'al in the ex­
{lo':;e(l compartnwnts was higher 
than III thl' c(}vl'l'ed compartments 
III both years, but the most note­
\.orthy l't'sult was the great sea­
:-lIJlla! elilrl'l'Pllel' ill survival, which 
was 0\'1.'1' fin' tinll'S as great in 
l~J:H-:t~ as in 1!):32-:3:3, Probably 
Hj(· long clmtinued exposure to 
low tempvratures in 19:3:~-:33 was 
(t.:l instl'umt'ntal in causing mor­
. ality as the sharp temperature 
drop III Dl'c('mber, Tht'st' results 
IOn·shadow the conclusions of 
Ha1'1'i('s and Douglass (.l·i) re­
llfll't!'d 1:) years later. 

This variatioll in winter SUl'­
,',nt! WU:i l'pfh'ctNl ill the number 
,,1' ]!'aflllJp])prs in till' spring brood 
:hat wer!' found in tlw bcetfields 
,,1' lwarhy !')alt Lake County. In 
H):l~, wh~'11 winter sun'inll was 
fJigh. ttw uwrag<' was about IH 
!t'afhoPIJl'l'S P<'l' 100 beet plants in 
mid-April, whereas in 198:3, after 
low wintl'l' survh"al, the average 
at tllP same timp was about ,1 leaf­
IHJj)Jwl'S IWI' HID lWl't plants, The 
drop in spring population was 
::;unwwhat Ipss than proportional 
to tilt' wint<·}" mortality in the two 
:-:(la~()n.:;, 

Development of Spring Brood 

Ball (.1) statpd definitely that 
it was impossible for a genera­
tion of the beet leafhopper to ma­
tm'p in tlw dpsert areas before the 
spl'ing m()n~ment to beets, and 
that the adults which moved into 
the bt'('ts in tht' spring were the 
~anw OlWS which had left the pre­
cl'ding autumn. That he was mis­
takpll in thhi statement has been 
([!'monstrated many times by field 
workers, but most of the evidence 
has been indirect and possibly 
misin tPl'1))'pt eel. 

Ball's assumption was based on 

monthly u\"crage temperatures 
taken in standm'cl shelters. The 
tl'mperatllrl.'s near the soil ~ur­
face, where the leafhoppers are 
breeding, run much higher. Cook 
(12) showed that sufficient heat 
was received at the soil surface 
Oil a south slope in the central San 
Joaquin Valley to mature adult 
leafhoppers befort· the Ih'st adults 
appeared in the \"alley bottom. Un­
fortunately too few leafhoppers 
Wl're on thiS particular slope to 
make possible regular sampling of 
the developing population. 

Collections by H. E. Dorst in 
northel'll Ctah in the spring of 
19:36 gin~ e\"idence that a brood is 
also prod lIcecl there III the spring 
on overwintering hosts before 
migration!:; occur. Two inclepelld­
(lnt but related lines of e\"idence 
are presented, 011(' based on dis­
section of females for eggs and 
the other based on coliectlOns of 
nymphs at short intel'nlls from 
stations in the bl'eeding areas. 
Both lines of e\"iclence are af­
fected by temperature. 

J.leasul·ements of s;.andard 
shade (Weather Bureau shelter) 
and soil surface temperature were 
recorded on a south slope at 
Promontory Point, Utah. The roel 
of the soil thermograph was CO\'­
ered with a thin layer of soil of 
the same texture as that in which 
the plants were growing, so that 
the temperature recorded by the 
soil thermograph was a close du­
plication of the temperature in 
the habitat of the beet leafhopper, 

Figure 8:3 presents air anel soil 
thermograph records for the week 
ending May ·1, 1936, on a south 
slope at Promontory Point, This 
is a representative week and illus­
trates the difference between 
stancland shade temperature and 
the temperature where the leaf­
hopper is feeding, The minimum 
temperatures in standard shade 
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and at the soil surface are very 
similar, but the difference in the 
maximum l'C'col'dings in the shade 
aIHI at the soil surface illl1stl'at<.'s 
the effect of direct radiation Oil 
the soil surface. 

The dark overwintering fe~ 
males dc\'elop mature eggs as soon 
as warm weather starts in th(.> 
spring and continue to do so for 
the l'<'st (Jf their lives. On the 
othel' hand, newly emerged fe­
males do not contain mature eggs 
during thl' first few clays of their 
adult live.:;. but generally mature 
some eggs after a few days. Hence 
the presenCe of light or semilight 
femalps, without mature eggs, in 
th<' lat(! spring indicates the 
emergence of the first spring 
brood. At the time the spring 
forms ~tal't to appeal', the few 
dm'k o\'prwintel'ing females left 
a1'(> worn and frayed and easily 
distinguihhed from Uw freshly 
emel'gpd spring forms, rt'ganl­
I('ss of their coloration. 

Elm /}('I'l'lo]Jm{'nl Sfud!J.-This 
.-;tutly {'mbrac('d fOUl' adjacent 
;:;Iop!'~, 'Two of tlws(' fncl'd south 
Ilnd southwest and tiJp other two 
ea:-;t and southeast. lkcaus(l there 
was littl" dilr('l'ellCe within the 
pairs as listpd, tht' l'PSl1lts han' 
bp('ll grouped. 

Dissection of females started 
dtll'ing the last part of February 
IH:36, coincident with the first ac­
tivity of the be!:t lpafhopper in 
the spring. Collections of 1;; 01' 
20 femaJps WPl'fl mach' wHh a 
Hills' sampler at :~- 01' 4-<lay intel'­
\,Hl.f' on tilaree, Hussi(ln-thistll', 
anel Afl'kan mustard. Dissections 
\\'Pl'(' marlp nnder 11 binocular 
microscope. 

Tabk 2J sho\vs the results of 
(lissPC'ting fpmalps from the S(;'­

]pded slopes, Sinee the numbe)' 
of eggs 1)(>1' fpmalt> \'al'ipd only 
slightly within H tlisspeted group, 
the numb(,l' of Pggs l'P('ol'clml tltl­

del' each date is the average (to 
the nt.'al'est whole number) of 15 
to :W indidduals of each color 
form found in each area on thE! 
date gi\'en. The blanks in the 
table previous to ~'1al'ch l~ incli­
cate that no collections were made 
bl'callse of no spring host plants 
at. these locations. Blanks after 
':'Ial'ch 1~ indicate that although 
collections W('re made, cel'tam 
colol' forms were not found in suf­
ilcIent Humber:; for dissection. 
The newly emerged light forms 
could pasily be separated from 
older light forms by the unex­
])anded translucent abdomen and 
somewhat smaller size. This sepa­
ration has been made in table 21 
to show toughly the time of their 
first appearance and the Jength of 
time required for the de\'elopment 
of mature Pggs. 

Th('re was no egg development 
in the first females collected £l'om 
thv :;outh and southwest slopes, 
but by Mal'ch 2 one 01' two im­
matUl'l' onilps were found in near­
ly en:ry [emale'. 

TIll' clark o\'el'winteri,~g incli­
dduals had disappeared by the 
lagt of )f.ay. Semilight fOl'ms sud­
denly appear/,ld in aU the areas on 
AP1'jJ 16, Theil' origin is un­
known, but the fact that they ap­
peared a few clays after migrating 
adults we1'e taken in the Escalante 
Desert (p, 91) and at about the 
same time that similar forms 
appeared in the Sevier Valley 
strongly indicates that they came 
from the southel'l! breeding area. 

The data in table 21 also show 
that newly emerged females ap­
peared on the south and southwest 
slopes on nIay 11 ancl 1·1, but did 
not appeal' on the east and south­
past S!OPl'S l1ntll June 1. South and 
s()uth wC'st slopes received more 
lwat [rom the sun during the 
W8l.'mf.'st part of the day than the 
('l:l::;t anel southeast slopl:s, The 
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TABLE ~H.-Averagc number oj mal'ute eggs pel' female beet leaJhoppe1' collected 
in northern Clah 'Winier breeding areas during spring of 1936 

Eggs per female leafhopper found on-

South tlnd southwest slopes East and southeast slopesi 
Date :--D-a-rk---~----~----~-----

Duk . I 
over­ Semi- II Light :\ewly over- Semi- i Light j XewlyIwi,ntcr­ light emerged winter- light Iemergedi 

IDg I ing I I 
Feb. 2·L___ 0 _______________________________________________ J-_-__-_-_-__-_ 

27____ 11 _______________________________________________________ _ 
lVlar. 2____ 11 _______________________________________________________ _ 

ii_",. 1 _______________________________________________________ _ 
!!---- 2 ____ • __________________________________________________ _ 

12____ 3 ________ ________ ________ 1 _______________________ _ 
15____ 4 ________ ________ ________ 2 _______________________ _ 
19.___ <1 ________ ________ ________ 3 _______________________ _ 
23____ 6 ________ ________ ________ 4 _______________________ _ 
26____ 6 '-______ ________ ________ 5 ______________________ _ 
30____ 7 ______ • ________ . ________ 5 _______________________ _ 

Apr. 2____ 7 ________ ________ ________ 5 _______________________ _ 
6____ 7 _____ ___ ________ ________ 5 _______________________ _ 
9____ 9 ________ ________ ________ 5 _______________________ _ 

13____ 9 ________ ________ ________ 7 _______________________ _ 

~g=:=:1 1~ ~ ======== ======== gI ~ ::::===: :=:::::=23____ ) 0 8 ________ ________ 8 7 1 _______________ _ 

May '~::~I II 1I :::::::: :::::::: i :i ~~~~~~~: ~::~~~:: 
U:::=I ;~ I, ~ C:===E= ------g. ~ ~ ------7- ======:: 
18.___ ________ 7 7 0 4 7 7 _______ _ 
21.---1------·- 7 10 2 2 6 ]0 __ • ____ _;5____ _______ +_______ 8 6 3 5 8 __ • ____ _ 

1-8---- i---------------- 10 6 ________ 4 7 ________ 

June 1----1-------+------- 8 7 -------- 61 ~ g
10==~=[:======!--- .. --4-, ______ ~_ ------8- =======~ .. _____:_ ________ 4 
15 ____ ;_______+______ +_______ -------- -------- ._______ 1________ 0 

1 Some eggs found, but less than one mature egg per female 

light forms, which emerged from wintering leafhoppers were pres­
the south and southwest some­ ent until May. 13, semilight incli­
where in the area, appeared May v~duals were present at the time 
11-14 on all slopes. of the first count, and light forms 

Table 22 shows the time of ap­ became numerous about May 21, 
pearance of these forms in the which is about 11 days later than 
cultivated fields. The data in this they nrst appeared on the local 
table are average populations of breeding grounds (table 21).
beet leafhoppers per 100 square Nympts were found in the beets 
feet in seven beetfields neal' the before May 21. Since they were 
local breeding areas. Dark over- not sufficiently developed to pro­
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'fA HLE 22.~-P()pulati()ns (~f dark, sellti­
light, and lighi beet leafhoppers 1Jer 
10U WlllClI'C' feel in 7 beelfields in Box 
Elder County, {'[all, ill spl"ing of 
lEMa 

Dark Hemi- Light 
llate rOI'OI" light forms 

fontl,; 

Apr. 27. u.7 1.3 0.3 
May 	 L -- 2.0 2.ll 0 

5_ ... 2.0 2.0 ; 0 
1-> _~ 

~ 

.7 2.0 0 
l~L. __ 0 3.3 0 
13 __ 

-' .ll .1.1' .3 
() ,j.l , 0LL - - -.- I 

J~L_ .• _ 0 3.0 ,9 
2L. ., 0 2.a , 3.4 
25 0 6.0 12.0 
21'--. 0 5.7 20.9 

.1ull(· 10 __ ~ •.• 0 0 120.0 
12.... _. 0 0 12S.5 
l.L .. - 0 (j .f- ~ 49.3 

I Ha~ed Oil ('ounls in two _fields 'Jilly. 

2 Based Oil ('UUItts iIt thr('(' fieJds, • 


duce light adults by that date, the 
light forms must have come from 
the nearby breeding area. 

Nymphal Development Study.­
For this study, nymphs of the 
beet leafhopper were colle(!ted 
during the spring of 1936 in the 
same locations and from the same 
host plants as the females that 
were dissected for eggs. Six sam­
ples were taken at random every 
3 or ,1 days at each location with 
a pan sampler, which covered one­
half square foot. The nymphs 
were removed from the sampler 
and classified accol'ding to instm' 
under a binocular microscope. 

Three of the five stations sam­
pled were south slopes and their 
records of nymph development 
-were so similar that they have 
been combined. Figure 34- gives 
the number of insects in each 
stage collected during the spring. 

Only first-instal' nymphs were 
fonnd on April 20. Second-instal' 
nymphs appeared on April 23 and 

third-instal' nymphs on April 27. 
The peak of abundance of first­
instal' nymphs ,vas on April 23 
and of last-instal' nymphs about 
May 14. Light adults were first 
seen on ~Iay 14. 

Harries and Douglass (34) 
showed that an accumulation of 
about 650 day-degrees of tempera­
ture between 58° and 92° F. is 
necessary to mature adults from 
newly lald 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 
March. This is further substan­
tiated by the finding (table 21) 
that many of these light forms 
contained no matme 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 at the same times at one 
station each on the east and the 
southeast slopes. Development was 
similiar on the last two slopes, so 
the results have been combined. 
Also, the population curves for the 
sevcl'al instal's were similar to 
those shown in ngUl'e 34, except 
that the peal{s of abundance were 
at later dates. The fifth instal' 
may be taken as representative of 
the nymphal c1 eve]op;nent. The 
seasonal abundance of the iifth­
instal' nymphs collected on the 
south and the east and southeast 
s]0;>e8 is illustrated in ngure 35. 
The south slopes were 18 days 
earlier in producing the earliest 
fifth-instal' nymphs and the peak 
of nymphal population. 

SlImmer Broods 

When it is considered that over­
wintering females lay eggs for 



20 

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

80 I 

60 I 


1ST INSTAR40 

O~~ll-~~llJ~~~L--LL-+-______~ 

40 
~ 2ND tNSTAR20 

I­
l.I.. 
O~-~~~~LD~~~~~~~~__~ 

0' 

~ 40 
0::: 3RD INSTAR 
~ 20 

~ Of-------D~~~~~~~~~~~-=--~--~ 
CL 

~ 60>­z 4TH lNSTAR 
l.I.. 40 
o 

6~t · : 5TH lNSTAR 
40 I · 
20 I · 
O~------~~~~~~~-llJL~JL--~_4 

80 
ADULTS

60 !­

40 

OL-~~~~~~~~~~~~~~l.~--~~ 
1114 18212528 1 

MAY 
COLLECTION DATES 

FIGURE 34.-Number of beet leafhopper nymphs per 3 square feet, segregated into 
various stages, as collected on representative south slopes in northern Utah during
spring of 1936. 

20 



THE BEET LEAFHOPPER IN THE 'WESTERN UNITED STATES 83 

100--------------------------------------~ 

. ~ COLLECTED FROM- ~ ­
~ ~. SOUTH SLOPES r.• -en 80 E] EAST AND SOUTHEAST SLOPES 
(Y) .;! 
a::: ... -u.J 
n.. 
en 
I 60 f­
a.. 
~ 
>­ ~ z 
a::: 
~ 
I­ 40 en 

~ 

z , 
I I-
I­
LO 

lJ... 
o 20 ... 
a::: 
w 
CO ~ 

I~ 
::J 
Z 0 

30 4 7 11 14 18 21 2528 1 4 10 15 
APRJL MAY JUNE 

COLLECTION DATES 

FIGURE 35.-Number of fifth-instar nymphs of beet leafhopper per 3 square feet on 
south slopes compared with number on east and southeast slopes at same time. 

over 2 months; that semilight Also, the temperature in the 
forms usually appear in April beetfields in the summer is lower 
from the southern area and lay and leafhopper development is 
eggs for at least 6 weeks in both slower than on short annuals dur­
the northern winter breeding area ing the spring, a point discussed 
and the cultivated area; that by Carter (6). Field collections 
progeny from the overwintering and rearing experiments seem to 
females appear before the semi­ indicate that two summer broods 
light forms die; and that the are produced in the beet areas 
emergence of light spring forms after the local migration. 
is greatly affected by local con­
ditions of slope and temperature; Breeding Areas in Eastern Utah 
it can be seen that later broods and Western Colorado 
become a hopeless tangle, and It 
is impossible to separate them in The spring-summer areas of the 
field collections. beet leafhopper in eastern Utah 
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and western Colorado were lo­
cated and studied during 1930-38-
They have been comparati\'ely un­
important as a source of beet leaf­
hopper infestations into the east­
ern Ctah and \vestern Colorado 
sugarbeet-growing districts. 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 193-1 and may ha\'c 
contributed to some extent during 
the seasons of 1935 and 1938; 
thus only during 1 year of the 8 
studied were these areas impor­
tant to the agricultural districts. 

The high leafhopper productiv­
ity in the spring of 193-1 vms 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 areas are 
usually populated during April 
andlvIay by first- and second-gen­
eration beet leafhoppers from 
warmer areas. The population 
of overwintered beet leafhopper 
adults in the northern breeding 
arCf'J was usually very low or ab­
sene 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 
evideut that leafhoppers often re­
mained in the northern desert 
breeding ar2HS during the sLIm­
mer and did not augment popula­
tions in the agricultural districts. 

\Vinter annuals such as blister­
cress and tumblemustarcl OCCUlTed 
only in limited patches within the 
eastern l!tah-western Colorado 
breeding areas. This lack of fa­
vorable overwintering plants to­
gether ~with low winter tempera­
tures is apparently responsible for 

either wry low survival or com­
plete mortality of the beet leaf­
hopper during the winter. 

Spidel'flower germinated in 
lVIarch and produced one and a 
partial second generation of beet 
leafhoppers before drying in May 
01' June. The plant occurred most­
ly adjacent to agricultural dis­
tricts, and beets neal' such areas 
were damaged by leafhoppers 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. 

Russian-thistle was the chief 
spring ane! summer breeding host 
plant for the leafhopper in this 
area. The annual cycle of both 
plant and insect is similar to that 
described for the California and 
Utah-Xevacla desert areas, except 
that the plant is sometimes killed 
by drought in spring or early 
summer. 

The leafhoppers are on holdover 
hosts from Octobcr or November 
until spring. The principal hold­
over hosts are snakeweed, shad­
scale, and Atriplex corrugntcL. Of 
these plants, snakeweed seems to 
be preferred, and in some areas 
large numbers of leafhoppers have 
been found on it early in the 
winter. Survival, however, has al­
ways been low. 

In 1937, O. A. Hills selccted a 
patch of snakcweed near Moab, 
Utah, which hac! a high leafhop­
per population late in the fall. 
Samples of the leafhopper popu­
lation were taken twice each 
month between November 11, 
1937, and March 3, 1938, by 
means of the sampling cage. In 
cold weather a specially designee! 
heater (Hills 39) was used to ac­
tivate the leafhoppers for count­
ing. The female leafhoppers de­
clined from 3J.7 in November to 
1.:~ per plant in March. As can 
be seen from figure 36, most of 
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FIGuRE 36.-Population changes of beet leafhopper 011 snakeweed near Moab, Utah, 
during winter of 1937-38. 

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

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

survival would :::,robably have 
been even less under normal or 
subnormal temperatures. Since 
snakeweed was considered to be 
a prefeJ:red host among the im­
pOl·tant 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
tensi vely studied for many years. 
Stahl (54) reported on Hfe-his­
tory investigations of the beet 
leafhopper in the area during 
1913-14, and a laboratory was 
established at Twin Falls, Idaho, 
in 1925, which was still ac:tive in 
1965. During that period many 
detailed investigations W€l'e 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 

Carter (6), which outlined the 
problem, Harries (32, 38) and 
HalTies and Douglass (34) 
studied the physiological life his­
tory of the leafhopper in relation 
to its environment. Fox (26), 
Piemeisel (45), and Piemeisel and 
Chamberlin (46) discussed vari­
ous phases of the host-plant suc­
cession and its relation to leaf­
hopper population. Douglass and 
Hanoek (21, 22) reported on ex­
perimental studies of various host 
plan ts and on the distribution of 
Russian-thistle. Henderson (35, 
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:]6) studied important parasites of 
thl' beet leafhopper in that area 
and their synchronization with 
the life history and movements of 
the leafhopper. 

Thp ann ual rainfall over the 
Snake HiveI' Plain varies from 
less than 10 to about 12 inches. 
In most places it is insufficient for 
rh'yland farming, and irrigation 
i~ required. :'fost of the scanty 
rainfall occurs from November 
through May, \vhen temperatures 
are low and moisture is of great­
est value. July and August are 
the driest months. Fall rains are 
usually sufficient to germinate the 
winte!' annual cover in October, 
but this germination may be de­
laved until November, 

-This area was originally cov­
l'red with sagebrush and grass, 
and was in the northern desert 
shrub formation of Shantz (5~). 
The land lying near the Snake 
HiveI' has mostly been irrigated 
and is farmed intensively. Sur­
rounding the irrigated area is a 
much larger area, most of which 
Ilas never been plowed and which 
contains sagebrush and anpual 
grasses. In the most overgrazed 
arp<1S the grasses have almost 
completely disappeared, leaving a 
cover of weedy annuals, many of 
which are good host plants for the 
bept leafhopper. If the land is not 
cultivated, heavily grazed, 01' 
burned over for several years, 
r!ovmy bromegrass (Bromus t('c­
tM'um L.) will replace the\veec1s. 
BromE'grass is not a leafhopper 
host, but it grows very thickly and 
matures early in the summer, pre­
senting a serious fire hazard. Con­
:;equently, 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 fib') have discussed these 
changes in considerable detail. 

Seasonal History 

The fertilized female leafhop­
pers o\'erwintel' on annuals 
around the base of sagebrush and 
other shrubs. Carter (6) empha­
sized that in Idaho the overwin­
tering leafhoppers must have food 
for survi\'al, as the insects become 
active \vhenever temperature per­
mits. He presented evidence that 
the leafhoppers could not endure 
subzero temperatures fOl" more 
than a few hours. His outdoor 
tests indicated that sno,v cover 
protect0d them during the coldest 
weather in the Twin Falls area. 
Harries and Douglass (34) con­
firmed Carter's -findings, but 
found further that the effects of 
cold could be greatly modified by 
breaking the exposure and warm­
ing the insects, if only for a few 
minutes each day. Temperature 
may thus be important-as a 
short cold snap without protec­
tion, which kills many leafhop­
pers from exposure, or as a prOT 
traded period of cold v,reather 
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 Mayor 
June. At that time the annuals on 
which they bred are maturing and 
drying, and the leafhoppers move 
from them to other hosts. If 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 drying summer hosts fDr 
holdover hosts or newly germi­
nated "..-intel' annuals (Harries 
and Douglass 84). The period on 
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huldover hosts i.:; usually short, 
and in many seasons the winter 
ulluttals have already germinated 
wlwn the leafhoppers leave their 
~;umm\'r hO&td. ~lol'tality in the 
fall and winter is very important 
in preventing excessively high 
spring br()od populations in this 
area (Douglass et al. 2~). 

Host Plants 

Douglass and Hallock (21) 
made greenhollse and plot studies 
(Jf1:~ species of leafhopper host 
plants in southern Idaho. In their 
summary they stated: (lIn burned, 
ovprgrazed or deteriorated range­
land thE' most important host 
plants were flixweed, per£oliate 
pepperweed and tumblemustard. 
In the sagebrush areas green 
t&nsymustard was the most im­
portant.... The largest nymphal 
populations were prodnced on fan­
weed in early summel', patata in 
midsummer and smotherweed in 
late summer. There was no sig­

nificant difference bet\....een the 
nymphal populations de\'eloping 
on cut-lea \'ed nightshade, redscale, 
Russian-thistle and smothel'weed 
during late summer." 

This citation only shows the 
relative usefulne.ss of these plants 
ane! does not mention their abun­
dance. If their distribution ancl 
abundance are considered, flix­
weed, perfoliate pepperweed, tan­
symustal'cl, and tumblemustard 
are the most important spring 
hosts and Rl!sslan~thistle the mos 
important summer host. 

In recent years halogeton, an 
introduced poisonous weed, has 
become abundant in southern 
Idaho and northel'1l Utah. Tests 
have shown it to be about equal to 
Russian-thistle in pl'oclucing and 
maintaining fall populations of 
leafhoppers. 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. 2.3, Hallock 
and Douglass ;31). 

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

CENTRAL COLUMBIA RIVER AREA 


The central Columbia River 
nrea {.·mbraces land on both sides 
of the Columbia River in central 
Washington and Oregon and ex­
tends into the newly irrigated sec­
tion known as the Columbia Basin 
Projeti. It lies in the dry sage­
bl'ush 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, but there are scabland 
areas and higher hills that are not 
profitably irrigable, many of 
which bear leafhopper hosts. 

The arca 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~ 
pel'S per year, one each in spring, 
summer, and fall as in the Snake 
River Plain. Hills found redstem 
filal'ee and tumblemustard to be 
the principal ",,tinter and spring 
hosts and Russian-thistle the chief 
summer host. Holdover host 
plants are rarely necessalY, and 
the leafhoppers usually move di­
rectly from summer to winter an­
nuals. In the rare dry autumn 

http:usefulne.ss


88 TEC'lI.\"lC'AL Bl'LLETIX 1:m5. C:--. VEI'T, of ACiHHTL'lTHE 

~eas!)ns sagebrush and l'abbit­
brush sene as llOldoyer hosts. 

The chief breeding areas, as 
mapped by Hills (.]i), lay on 
b(Jtl~ sides of the Columbia llh'er 
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 :-louth was occupied by irri­
gated farms. 

I{ecent studies in the area b\" 
E, C. Kll)sternwyel' and E. I';. 
Dailey. of the WaShington Agri­
cultural Experiment Station. and 
by JOl' Cappizzi, of the Ort'gon 
State Department of Agnculture, 
indicatt' that the picture has 
changed consh:h.'rably. Since thl' 
original breeding' :l1'('as hay!! been 
ml)},£' carpi'ully farmed an(t grazed, 
h·afhrJppt·r host plant::; al'l.' ran: 
(,XCl'pt wlwre <l summel' fire has 
dpstroyed the grass covel'. The 

'>penillg of a large an.'a b) iniga­
twn in tl'utral Washington has 
greatly iucn'ased the clistri}JUtiuIl 
anti abundance of both sIlring and 
summer host planti>, whieh are 
found 011 roadshh!s, (lit<:hballks, 
and :3cablulld fields scattel'(;!d 
thl'cJugh the irrigated area. This 
makt-::; the problem local, a::; it is 
only a short distantt! from spring 
to summer hosts. 

As during the earlier studies, 
Russian-thistle is the dlief sum­
mer host. Pel'foliate pepperweed 
ha::; bel'onw abundant and now 
ranks nutwl' high as a spring 
host. TIlt' principal spring hosts 
are tumbh'mustanl, Ihxwel'd, pel'­
foliate pl'})pel'weed, :111c1 filaree, in 
about that unlt'r, in the "'ashing­
ton an'a, whel'pas lilaree is some­
what more abundant ane! impor­
tant suuth of tilt' Columbia Hi\'er 
1Il Oregon, 

MIGRATIONS 


Several methods have been used 
in tracing the migrations of the 
beet leafhopper or in deducing 
their direction and extent, but, in 
general, gn'atest reliance has been 
plal't'd on serial samples from the 
same or nearby lr)cations taken at 
frequent intervals dul'ing the mi­
grations. 

The only definite summer mi­
gration was in the Arizona c1esert, 
where summer hosts were repopu­
latN1 during July. Fall migrations 
have been studied in California 
(La\\'80n et aI. .~2, Seve !'in 51) 
and in southwestern l;tah, The 
spring migrations werE' by far the 
most extensive and important and 
haw bl'l')1 studied in (letail in sev­
eral places (Allnand c~t at 1, Dorst 
<mel Davis Hi, Douglass et aI. 20, 
Fulton and Homney o!!l, LaWf)(lll (>t 
al. ,~l. St'\'P!'ll1 51 ) . 

Repopulation of Summer Hosts in 
Arizona Desert 

Between drying of spring host 
plants and germination of late 
sumnWl' hosts, conditions in the 
Arizona desert were so hot and 
dry that all leafhoppers '.yere 
i'orecd to leave. When the summer 
hosts finally germinated, they 
wel'e immediately repopulated 
with leafhoppers from some out­
side source. This sOLll'Ce remained 
som0what of a mystery until, in 
the summer of 1938, a widespread 
sampling survey of the newly ger­
minated SllJ11mrl' hosts showed 
that the highest populations of 
leafhoppers and the highest per­
Cl'lltage of males in the population 
\vere both found toward the south­
ea~t. 

A furthel' spareh led to the c1is­
co\,('ry of an area around Douglas, 



Ariz., about 1;)0 to 200 mile:; north anci northwest. A sun'l'\" 
southeast of tht, central Arizona 
desert, at an altitude of :3,000 feet 
or more, where a late-maturing 
peppel'weed, Ll'pidiuJn thurherl, 
was producing leafhoppers. This 
disco\ cry led to a more detailed 
study in IDa9. In that season, 
when adequate rains had only 
fallen on about two-thirds of the 
potential host <lrea, some J,600 
square miles of this host plant 
were found anti samplpd fin' 
timeH bel ween )'la1'ch 7 and 
August D. The results are given 
in table 2:~. 

The L, tJwl'bU'i stands were 
found to be practically without an 
(),envintel'ed population (;f the 
leafhopper, as showll on ~\Ial'<:h 
i-X. This ml'ans that tht· plnllt 
would not serve as a bl'eeding host 
until populated by flights of lin:it­
generation adults from areas pro­
ducing them by late ~Iarch 01' 
April. During the survey of 
Apl'il 21, first-generation adults 
wel'e found to be fairly abundant 
ancI small nymphs ,'(ere beginning 
to appear. This indicated that 
these plants had received an in­
flux in early April from other 
de.5ert bl'eeding areas con taini ng 
other speeies of peppel'weed. The 
most likely sources wero to the 

made on }lay 2:) showed that ~l 
lal'ge first generaUun was present 
(\11 this plant, but it consisted 
mustly of nymphs, since the adult 
population was comparatively low 
and the proportion of malt'S was 
also small. By July 7, leafhopper 
populations on L. tlt!lI'i)( I'i aver­
aged :)1:~.G per square foot. By 
August U, practically all the leaf­
hOJ)pl'l's had lefL. It was this July 
population that mowd north and 
Wl'st, rep{)pulating the desert 
bl'l'eding ureas in latl~ July 19:39. 

Se\'erin (50) showl'd that fe­
males tended to mig-ra te greater 
distances in Califol'llia than males 
and, therefon~. nftl'!" a migration 
there W('1'<.> more males than fe­
males remaining in the breeding 
SOLln~e. This same cundition was 
found in the Arizona arcas, where 
an excess of males was considered 
as good c\'idcll<.:e that the area in­
Yolvt'd was the SOll1'ce of a migra­
tion. A survey was made on 
August 7-10, 1939, to determine 
the sourCe of the reinfestation in 
other parts of the breeding area, 
The l'esult.:i are gh'en in table 24. 

The a ,'erage n umbel' pel' 100 
sweeps and the sex ratio indicate 
that the source was in the direc­
tion of the Douglas area, since a 
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higher proportion of males was 
dosest to that area. The data also 
indicatl'd that larger numbers 
moved north\vest than west. This 
is to b(' expected since the moun­
tain ranges nln northwest, and in 
oJ'del' to go \vest they must crOSs 
several basins and small mountain 
ranges, which would not be diffi­
cult if winds were favorable, but 
apparently thpy were not. 

During' the previous summer 
(l9~38) '1imilar data had been ob­
tained. By late July the flight had 
extended northwest beyond Desert 
ren tel', Calif., about 350 air-line 
miles from the western edge of the 
Douglas area. Many leafhoppers 
migrating to the southeastern 
California areas, where summer 
hosts arc limited, probably died 
after remaining for several 
months on undesirable food plants. 

As may be noted, this study was 
clone in 1939. By 1965, conditions 
had changed considerably in the 
Arizona desert. Since more sum­
mer hosts are availab[e inside the 
il'rigat('d at'cas, the Douglas area 
and L. thurb('1'i need further 
study. 

Fall Migrations 

The fall migratio1J from sum­

Av!.'ru.ge Averng!.' 
Htops adult!" 'fol!L! proportiOl) 

p~r 100 adults of male,; 
::;\\,('('p::; 

i
Number Sumba .\'umbel' Percent 

(j 15.,s 200 21.5 
'1 12.6 88 

; 
10.2 

a -I,a 61 4.1) 
I _,1~ .., .. ,) - ')-

1 16.0 
f2 a.o ,10 , 8.7 

3 ;).3 ;)2 5.8: 

mer hosts to holdover or winter 
hosts is usually a gradual drift. 
Leafhopper populations build up 
slowly on the hoic1over hosts dur­
ing the fa11, with little evidence of 
rapid shifts in population. The 
mechanics 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 leafhopper 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 southerll 
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 Al'i­
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 low pass over 
the mountainsJ and again, in Salt 
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LHke Valle\' and Heal' River Val­
!t'y-do;>p to low passes, suggests 
.:'tl"rmgly that tlH' nah infections 
I..'llfllt from the Escalante Desert 
regilm, awl the finding of beet 
INlfhuppt'l's fairly thick in several 
places 1'1 thc! Desert appears to 
(:ontirm this. The only difficulty 
w it!! this (:oIl('lusioll is that these 
11IIl>pt'J's in the desert may have 
!}('en from swarms that flew ill 
thl·rt> from stiJJ more distant re­
gums." TrH' present studies con­
lirm this lcl.~;t statement. 

ExtplIsive SUl'w'yS showed that 
tJl'dinarily t}l{' beet jpafhopper dId 
llot overwintf'l' in the Escalante 
J)('sf'rt, owing apparently to the 
latk of suitable host plants. Col­
I('CtiOIlS were made in the Esca­
lante Ve::lert and Sevier Valley 
froml H27 through 1936, approxi­
lnHtuly every ] 0 days from early 
spring until after the migration. 
11w datI's of first appearance of 
illf' insect in both al'cas during 
this lWl'iocl an' as follows: 

E'8calttn/c Seder 
Ih'Ht'l't Val/ell 

1!J~7 
HJ28 

May!) 
Apl-.14 

May3 
1Apr. 24 

1!J2~1 
l!J:W 
l!J:n 
l!1:12 
H);l:~ 

In4 
1!I:~;j 

1JJ3fi 
Avel'uge date 

May 17 
lV[ay 1 
Apr,211 
A»1',14 
Apr. 24 

.. Mar. 22 
Apr.11i
Apr, 10 

. Apr. 21 

June 1 
1May (j 
Apr. 22 
Apr.14
Apr. 17 
Mar. 18 
Apr. 15 
Apr. 8 
Apr. 22 

1 Approximate; exact date not known 
owing' tt) weathel' cor.ditions. 

'Phese dates show that in most 
Y£lars the leafhoppers appeared in 
the Escalante Desert and hl the 
beetfields of the Sevier Valley at 
about the same time l indicating 
that the leafhopperil h) both areas 
harl a common source, which was 
fnund to be the Ctah-Nevac1aal'ea. 

Thp Escalante Desert, though 
not a direct source of leafhopper.s 

foJ' the spring migratioW';, has 
bet'tl fOllwl to bt· an impOl't<:tllt 
summer breeding area (p. GU), 
from which leafhoppers repopu­
lated the Ctuh-:\e\'ada desert 
areas in the fall. 

In some places the summer 
breeding areas of the Escalante 
Dl'sert and the winter breeding 
areas of the Houlliern desert are 
only about 30 miles apart. How­
e\'('r, :mmmer areHS lie at an alti­
tude of 5,000 feet 01' more, where­
as the winter areas are below 
:3,000 feet. This difference in alti­
tude, ....,.ith its parallel difference 
in temperature, causes dark leaf­
hoppers to mature in the Esca­
lante Desert, whereas those pro­
dUC{ld at the lower altitude are 
still light green. This difference 
enables easy separation of leaf­
hoppers from the two sources. 
Furthermore, the area between 
the two types of breeding grounds 
is largely sagebrush and j uni pel'S 
(Juniperus 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 ''lintel' 
breeding arca from the Escalante 
Desert were made early in Octo­
ber 193d. The migration had al­
ready started, but its peak was 
observed on approximately Octo­
ber 10. 

1n 1935, the fall migration 
into the southem breeding areas 
started during the middle of Sep­
tember and reached a peak about 
October 18. The movement was 
actually encountered near St. 
George, Utah, on October 18 at 5 
p.m. The leafhoppers were mov­
ing in a southerly direction on a 
light breeze. Sweeps made in the 
open ail' with an insect net at 
shoulder height in the middle of 
tl1e road gave five leafhoppers per 
20 sweeps. Surveys were made to 
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ascertain routes of migration, but 
the only routes followed during 
these surveys that gave posi­
th'c results weI'e from the Esca­
lante DL'Sel't. A iarge area of Rus­
sian-thistle in the Wolf Hole area 
in 19:3G carried an extremely high 
population of leafhoppers, but no 
evidence was obtained that this 
area contributed any large llum­
bel' of leafhoppers to the winter 
breeding area north of Las Vegas,
Xcv, 

The annual fall migrations 
from both thC' Escalante Desprt 
and the "\YoU Hole area were gen­
erally southv,'estel'ly during this 
study and the lines of movement 
were roughly pal'allel. The dis­

tann' L'oven!cl by a single fall m:· 
gration and the magnitude of pop­
ulation changes art' shown in table 
.) ­_.). 

Tilt' relationship of these 
ehallges to topography arc shown 
in fIgure 37, The map shows pop­
ulation increases at all collecting 
points, The areas of largest in­
crease lie close to Littlefield, Ariz" 
neal' ~Iesquite, and neal' the point 
where the nIuddy Rh'el' and 
)feadow Valley Wash join the 
drainage of the Virgin River, All 
these places are on streams and 
washes, which ell'ain southward 
from thl' Escalante plateau and 
form natural channels of air 
drainage, which are probably fol­

T,\BLg '2.J.-·Dis{ll/lCC frll/ll I'iWI!I/l/ l'lm'flling arm fwd numb('/' 11/ bccll('(I.f/wp]Jel's 
pCI' ;;0 SU'CCpN in Cl(lh-Srl'l1r/ll lI'inll'l' htC('llirt{j 11/'('(1 IJ(/ore ([/lI1 a/tN migration 
IIJ O<'l()/;er 17--18, 1 f).j!i 

Lo('atioll 

Arizona, 	mil!·s ffllm Littll·lipltl: 
KX north .., 
1.9 north 
.7 north. -- . 
2l'outh. 
Vl'outh. __ . 

X rvad:l, mil!'," frolll 
l\r('~quit(', O..j north. 
( ;jrntialc': 

29 nort lr\\('~t 
13 )lurtla':l-! 
10 nort It(':l~t 
tj lwrthwl',t. 
,[ !lmtIlIIP·t ... 
·t ;;"uth 
7.2 ~!luth 
7a~outh 
X,..l;'flut!t 
1Li ;.out!t\\'p"t
:n,a >"utlj\\'(,.~t 

1.:1' r('ga~: 
12 ;.ou t h('[i~L _ 
17..i ,,,othc'a>! 

-< - • - - - ~ -­

- - .. - . -. 

- - - - - - -- -' 

- .. - ~ ... ,- '" .. - - - ­

Appro:d­
mnte 

dbtnncp 
from 

;<umnw[ 
hreptiing 

UH'1l 1 

.11 ilCH 

:3li 
,13 
·11 
·17 
:;1 

.j.~ 

40 
.i;j 
;):-> 
.j(i 
;)i; 

no 
(iB 
GB 
(j·l 
7·[ 
il7 

100 
10,) 

Population on-

OcL Oct. 
15-17 19-20 
h('fore after 

migration " migmtion 

.Y /III/ber .vllll/ber 
0 G.O 

i .;') (i.0 : +a.;;
(i .;)- 35.0 , +28.5 
1.0 , 32.0 +31.0 
l.ii 8.5 +7.0 

I~LO ;j3.0 ! +10.0 
I 

1.0 7.0 +5.0 
0 , 10.0 +10.0 
3.0 19.0 +1G.0 
·L5 i 

; 9.5 +5.0 
1.0 20.0 +19.0 

11.0 19.0 I +8.0 
3.0 , (U I +3.1 
2.i) (i, 9 I +3.4 
3.3 	 4.7 +1.4 

.,j 15.5 , +15,0 

. ij G,;) i +G,O 

2.0 G,i) +1.5 
0 ~Lj +:3.ii 

- ~-----~ 

Popu­
lation 
('hange 

.vilmbI'r 
+~·9 

I Air-Jilll' !!Illt·,_ lI"t di-Iarll'(> trawled by ]!'afhnPP('r to rNlel! plllce indicated. 
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~S{jMMER BREEDING AREA 

~ WIN TER BREEDING AREA 

SCALE 

o 25 50 

FIGURE 37.-Changes in beet leafhopper populations in southern winter breeding 
area caused by a fall migration between October 15-17 and October 19-20, 1935. 
Encircled number;:; represent increases in leafhopper populations per 50 sweeps. 

lowed by the migrating leafhop­ 100 air-line miles from the near­
pers. est point in the Escalante Desert 

Increases from 3.5 to 6 leafhop­ breeding area. 
pers per 50 sweeps were found In 1936, the leafhopper migra­
near Las Vegas, which is about. tion started on September 8 and 





94 TECHXICAL B(,LLETIX l3G5} 1:.S. DEPT. OF AGRICULTURE 

reached a peak on appl'oximately 
Septembel' 21. Xo further direct 
observations of the fall migra­
tions have been made in this area. 

Local variations in topography 
and variations in host-plant COll­

clition result in such irregular 
local concentrations of migrating 
leafhoppers that any detailed con­
clusions as to routes tnweled are 
impossible. The data indicate a 
general decrease in population 
with increasing distance from the 
summer breeding areas. Not only 
do the fait migrants incl'ease the 
resident population in those parts 
of the winter breeding area al­
ready occupied, but some of them 
disperse over the entire '\'inter 
breeding area, so that they arc 
present in any part when winter 
annuals germinate. 

Spring Migrations 

Lawson ct al. (42) attempted to 
determine the conditions undcr 
which the leafhoppers leave their 
hosts and the mechanics of their 
migrations in central Califol'1lia. 
They foune! that leafhoppers seem 
to hm'e an inbol'n urge to migrate, 
which IS evident 'with the matura­
tion of each generation. This urge 
is related, in the female, to the 
prcoviposition period, and few fe­
males containing ripe efgs mi­
gratc' any distance, 

The temperature threshold, be­
low which flights do not take 
place, they found to be between 
60 and M: F. ).Iost flights take 
place in the lah' afternoon, 11eal' 
and after sunset, but some acti\'­
ity is shown in the early morning 
at the same temperatures. The 
flights cease when the tempera­
ture drops below the threshold 
value. On a cool mOl'nil1g after a 
heavy fiight, torpid leafhoppers 
can be found lying on the ground, 
01' even in thc mad, as their fI ight 

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 ail' 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 Joaquin 
Valley and the winds that most 
often occUlTed ill 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 to trace any long-dis­
tance migrations, but believed 
that these would follow those de­
scribed. 

Central California 

Severin (51) discussed the 
main features of the long-distance 
migrations from the San Joaquin 
to the Sacramento and Salinas 
Valleys, on the basis of observa­
tions made largely by E. A. 
Schwing and himself. He con­
cluded that these movements oc­
curred on calm, warm evenings, 
when the normal ail' circulation 
was disturbed 01' nullified by gen­
eral weather conditions. He 
thought that the insects flew 
against light northwest winds in 
the San Joaquin Valley, but later 
\\'ork has shown this Dnding 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, 
j'immec1 by high mountains, is 
usually considerably warmer than 
adjacent areas, so that the rising 
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warm air is replaced by currents 
flo'wing into the valley through 
every opening. The chief gap on 
the west side is the San Francisco 
Bay opening, which cuts the 
mountains clown to sea le\'el. 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 leafhoppers to\{ard the 
northwest from the breeding 
arcas, and usually are so strong as 
to completely bar northward 
movement, even on the east side of 
the \·alley. 

With the approach of cyclonic 
storms from the north, a wind 
from the southea.st may blow in 
the \'alley, partially neutralizing 
the normal circulation, and allow­
ing the leafhoppers to travel to 
the northwest. The suction cre­
ated by these winds, ho\vever, 
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. If a south wind occurs on 
a warm evening and heavy popu­
lations of leafhoppers are ready to 
move, large numbers may be car­
ried into the far northern end of 
the Sacramento Valley. 

The populations of leafhoppers 
found in the east and \....est side 
areas of both the San Joaquin and 
Sacramento Valleys confirm 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 Fresno and again 
between Modesto and Merced. 

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

data were fragmentary. In the 
spring of 19~1O, the development 
of a large second brood of leaf­
hoppers in the northern and cen­
tral breeding areas gave an oppor­
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 weeki;), or semiweekly sam­
ples during late April and May 
o\'e1' 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 vel'y cliffi­
cult. During these trips numerous 
samples were also taken for fat 
determination and analyzed at the 
::\Ioclesto laboratory. 

Unpublished studies have shown 
that the average fat content of re­
cently emerged fem~ ;es during the 
preoviposition peric,j ranges be­
tween 15 and 20 pel:cent 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 leafhoppers. 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 migl"[mts 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 to sample the 
very lowest populations, and this 

http:southea.st
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lack of data tended to confuse the 
situation somewhat. In 19~10, fat 
analyses from the areas as far 
north as Sacramento agreed In 
indicating a 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 can-iee! leafhoppers to 
the northern end of the Sacra­
mento Valle v in considerable 
numbers. . 

Population samples were mud: 
more clefinit('. T::lble 26, in which 
the areas are arranged from south 
to 11()1-th , shows that the highest 
leafhopper populations were found 
in Salt .Joaquin weed areas east 
of thl' l'jYel' on :JIay 7-~, 011 beets 
west ()f the river in the same part 
of the yalley on :Jfay 10-11, anel 
in thp Delta area on :JIay 1:1-15. 
At this last elate the peak popula­
tion was also recorded in the 
Hamilton City anel Chico beet 
at'ea 100 miles farther north. In 
the al"(las designated as "south­
west of Sacramento," "Sacramen­
to to Knights Landing," and 
"Knights Landing to Hammon 
City," all three of which "yere 
west of th\' Ft.'athel· Riycl', al­
though the last OIlP mentioned is 
east of tlll' Sacramento River, 
Twak population:;, much 1mve1' than 
those around Hamilton Citv and 
Chico, were recorded about aweek 
later. 

Because of the high leafhoPlx~l' 
populations around Hamilton City 
and Chico on :\Iay 1·1-15, a special 
effort was made to find anel sample 
beets east of the Sacramento and 
Feather Rivers the following 
week. At this time eight fielels 
south of Sacramento and east of 
the l"ivel's averaged 40 leafhon­
nel's per 100 square feet, and eight 
fields north of Sacramenlo and 
east of the l'outes followed earlier 

averaged 53 leafhoPoel's. These 
l{'afhopper populations were defi­
nitely much .hig-her than in any 
other areas north of the San J oa­
quin 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 occurred about 
:Jlay 1·1, which carried large num­
bers of leafhoppers up the eastern 
side of the Sacramento Valley to 
the northern end, and this move­
mcut "vas followed by ;~ drift 
\vestward across the valley, which 
increased leafhopper populations 
\\-est of the river by "May 20. 
These movements are indicated in 
figure 38. 

Arizona Desert 

Ti'acing the Migmtions. - Sur­
veys made during April and May 
from 1932 to 1938 showed that 
beet leafhopper populations in­
creased on host plants from Granel 
Valley, Colo., toward the southern 
desert breeding areas in Arizona. 
The adult sex ratio also indicated 
these desert areas to be the source 
of northern infestations. A sur­
\'ey made on April J 9-2"1, 1933, 
along a route on the western side 
of the migration circuits (fig. 39) 
showed that the average percent­
age of males was as follows: 3.2 
in southeastern Utah, 11.7 over 
northern Arizona, 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 19-25) 
after a large migration. of second­
generation adults over the same 
route and at the same locations 
had occurred, the following per­
centages of the adult popUlation 
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CENTRAL-.. CALIFORNiA• 
\BUTTE 

GLENN 

\ 
BEET LEAFHOPPERS 

(PER 100 SQUARE FEET) 
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_ 21-50 

~ 51-100 


COLUSA 
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FIGCRE 38.-Leafhopper populations per 100 square feet and probable routes of move­
ment in Sacramento Valley of California in May 1940. Arrows indicate general 
direction of movement. 
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FIGt'RE 3g.-Spring breeding areas of beet leafhopper in southern desert and circuits 
traveled in studying long-distance spring flights into western Colorado. 

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

Fulton and Romney (£9) showed 
that the chloroform-soluble ex­
tractives of female beet leafhop­
pers, collected along the same mi­
gration route as was surveyed for 
sex ratio in 1933, decreased as 
distance from the breeding areas 
i ncreasecl. 

To further study beet leafhop­

per migrations from southern 
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
cuits, as shown in figure 39. These 
were designated as the upper, cen­
tral, and lower circuits. Samples 
were tal<en with a sampling cage 
at regular intervals when Rus­
sian-thistle was available or wher­
ever plants could be found. From 
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a to 14 stops were made between 
each pair of towns shown in table 
27. 

April dispersals result from 
maturation and movement of '.;he 
first generation in t1w southern 
desert, and May dispersals in­
volve chiefly second-generation 
adults. The peak of emergence for 
each generation in the spring of 
19:37 was late April ancllate May, 
respectively. 

As shown in table 27, migrant 
leafhoppers had rcached about thc 
northern limits of Arizona by 
April ~2, and G clays later small 
llumbel's hac! reached Grand J unc­

tion, Colo., with proportional in­
creases at points toward the 
southern breeding areas. Studies 
at Grand Junction from 1930 to 
19:38 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 l\fay. 

Conditions in 1937 deviated a 
little from this by showing a com­
flaratively heavy influx of leaf­
hoppers all along the line from 
lYray 11 to 16. This large increase 
was apparently brought about 
mostly by second-generation leaf­
hoppers being forced to migrate 

TABU; ~7.··A1'CI"ll(IC nUl1!brl' IIi bcet lcafhopper adults found on Russian-thistle 
during 1fJ.)7 spring 81m'C!;/! along 'Wcst ((nil cosl sides of ;) circuiis shoWJL 1:n
jigu/'c d[) 
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prematurely [IS a result of drying 
of host plants in the soutlwrn 
bl'pecling arcas. Othel'wise, studies 
ha \'t' showll tha t Im'gl' n umbcl'S 0(' 
second-gcneration adults wtndd 
not have movcd until latl'r, 1·'01' 
l'xam!Jle, in Nlrly ]'Iay 19:H:i, lal'gl' 
numlK'l's of aclults wel'(' present in 
LIlt' ilouth('1'11 breeding areas and 
willd cond ilions \\'e1'(' fa vorabi(~ 
for displ'rsals, but they did not 
move until aft('1' l\Iav 20 because 
host-plant drying did not force 
L1ll'm out Hil iL did in 19:37, CoIll'c­
tiOim wert' lIot madl' a1.'OLllHl thl' 
e('ntl'al eil'cuit in latp ;\lay ] 9:31, 
but data from LIlt' UP))t'!' and 
lo\\'p], ell'{;uits (tabl(' 27) shcm'ecl 
thaL addii.iol1al influxes Ot'eul'I'pd 
in lat(' May, which is LIlt' lIsual 
tin)!' rot, large numbers Lo 1110\'l'. 

j 11 gt'IH'I'al, the data in tablt' ~7 
illdkal,' all incl'l'ast' in Ipafhop­
[ll'1' populations towal'cl L1H' south, 
11l1! thl'I't, an' l'xCe]JliOllS such as 
from ~\Il';d{'an nat to Kayenta and 
from KaYl'ntu to Tonal('H, LoweI' 
populatiolls at UH'S(' points do lIot 
IH't'l'ssal'ilv nwan that this t('ITi­
lOI',\' was 'not in L1H' main path of 
till' disrll'nmls, but ratht'1' indi­
eatl'S a l(l('k of adt'C]ual{' food 
plants along the' route 01' topo­
g'mphical conditions unfavorabk 
1'0], the cll'posilion of migrating 
IpH [hoPI)(,1'8, 

j n 1 H:~7, tIw ]('a1'hoPPl'j' J)opula­
lions Oil the ('ast side of tlw cir­
('uits wUJ'C 10\\'(,1' than thost' on th(' 
west side, lio\\'('\'pl', in two ollwr 
seasons oul of" (light studied, 
Ial'gt'l' nUl111)('l's of 1('afhoppt'l's 
Wl'l't' found on th(' (last side of tht' 
('lrcuits, In both of lhl'Sl' seasons 
bl,,('t It'afIIOPI)('rs WCrt' mol'(' abun­
dall Lin the Dl'l ta, Colo" district 
to till' southeast than in th!' Cl'ancl 
Junctioll an.~a. 1n all seasons 
tllPl'p was n mal'k('d increasl' in 
ll'afhoPPP1' populations as one 
t ,'a vpled (rom w('sh'l.'n Colorado 
into Arizona. A slrin of t('rl'itory 

about 100 miles wide, with the 
Colorado River in the middle, is 
considpn'd to b0 the main route of 
dislWl'sal in 111051: seasonS, 

As a result o[ these studies and 
oUH'rs from 19;~~ to 198~, it has 
been conc:l uded thHt the mignl­
tions are of a blanket movement 
ty])t', since wlll'n incl'eases were 
recorded in Grand Valley there 
\\-ere proportional increases on 
l{ussian-thistle all along the line 
southwHrd, The studies tend to 
inditatt' that most leafhoppers in­
resting a given host area 01' beet­
Ikld as a result of a sudden long­
distance migration could have 
ll'<l\'{lrsed the ·10n to GOO miles 
without intl'l'l1wclialt' stops, 

IV('((I hc)' Condit iOIl~ ((s Rclal cd 
to Tim!' of Jli!J/'«liolls,-Thc pcri­
ods during which long-distance 
I)e<'t leafhopp('r migrations oc­
C'ul'l't'd \\'t'l'l' c:lwcked with daily 
\\'l'allll'r maps c:ompiIed by the 
l' ,S, \\\'ather Bureau, A 10\\'­
IH'pssure arca would usually pro­
gTl'SS eastward from the west 
coast through Tonopah, Nev" to­
ward Dl'!1\'('r, Colo, This conditiOIl 
was aceompanied by winds mostly 
fl'om the sou th \\'l'St at Pho('nix, 
Ariz" bh)\ving ill a norlllt'astwal'C1 
dil'l'ctiol1 up the Colorado Rivcr 
drainage. TIll' velocily of thcsc 
\\'ind~ during daylight hours usu­
ally rangpel from;) to 15 mill'S J)('1' 
hour ,.I [('('t abo\'c the ground in 
til(' breeding an'as, whcreas in 
norUlt'I'n Arizona tllt' same winds 
would blow from ~O to :~O miles 
Ix'r hour, From 19:~() to ] 938, 
most bpel leafhopper influx('s into 
bt'eifielcls in Grand Valley, Colo" 
oceulTt'd coincic1entallv with such 
windy IWl'iods, . 

During ,May 19;~7, leafhoppcr 
po])ulaUons in the soulhcl'll dt'st'rt 
areas \\'('1'(' fairly large. The 
weaUH'l' maps ('ompill'<l at Phoe­
nix WPJ'e examilwd daily during 
:VIa,\' to determilll' lhe' time whell 
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wind conditions 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. (5.1), was placed at 
an elevation of 6,900 feet 10 miles 
west of Flagstaff, Ariz. A care­
taker collected daily all leafhop­
pers that stuck to the tanglefoot 
screen during l\[ay 1937. 

On the afternoon of l\Iay 9, 
19:37, wind conditions were favor­
able for a long-distance movement 
of the leafhopper. During the 
forenoon of l\Iay 10 while wind 
conditions were still favorable, 
se\'en adult beet leafhoppers were 
caught in a cone-shaped ail' dredge, 
which was attached to the auto­
mobile fender, over a distance of 
BS miles south of Ashfork, Ariz. 
(fig. 39). This tel'l'itory is mostly 
mountainous wit}, some open 
grassland valleys. Records from 
tlw tanglefoot trap showed that 
foul' aclultfi were caught on May 9 
and on l\Iay 10 foUl' more adults 
were taken. A hea\'y influx of 
beet leafhoppers occulTed in 
Grand Valley, Colo., during May 
8-10. 

The second fa\'ol'abk period for 
leafhopper movement occurred on 
l\Iay 17-18. The ail' dredge was 
not used and the tanglefoot trap 
did not catch leafhoppers at that 
time, although a second May in­
flux into Grand Valley occurred 
on l\Iay 18-19. 

The third favOl'able windy peri­
od occUl'red on May 2~1-25. On 
l\Iay 25, six adults \vere caught in 
the air dreclge over the same 88 
miles south of Ashfork, and the 
tanglefoot trap caught foUl' adults 
on May 2:t and three on May 25. 
The trap eliel 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 2~1-27. These data indicate 
that adult beet leafhoppers move 
during the windy periods. 

Correlation of Breeding A.1'ea 
Conditions With Intensity of Ini­
tial Infestations of LeafholJpers in 
Beetfields of TVestern Colomclrt.­
Beet leafhc~per populations iu the 
Phoenix, Ariz., area from the fall 
of 1934 to the end of the 1938 
spring season were corl'elaced with 
leafhopper populations found each 
spring in the beetfields of western 
Colorado. 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 gi\'en in table 28. 

1934-35. Beet leafhopper pop­
ulations on chinchweed in the fall 
of 1934 '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 
.1,300 square miles of host plants 
for the second generation, all con­
ditions 'were favorable for large 
nopulations in the spring of 1935. 
After the late May 1935 dispers­
als, there were on an average 210 
adults pel' 100 feet of sugarbeet 
row in Grand Valley, Colo. This 
is a high initial infestation for the 
valley. 

1935-36. In the fall of 1935, 
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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TAIlLE 28.--IJosl-planl cundilions and beet leajhoppel' populations in fall and 
,'!prillg in Phoenix, Ariz., ((rea (flu. 24) jrom 1934 10 .19.38 as tela/cd to infesta­
tions on s!lual'becis in Grand Yalley, Colo., a.flel' sPl'inU 1I1OI'emeni froll1 
Arizona 
--------,---------------------

I 
Phoenix area I 

___ .,--__--:___-;____-,--__---,,--__._ 

I Slops in i 
I nr('lt with i Ll'lLf- . 
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weed per ~quare. Holdover 

prci'enl foot on I period 
late in (,hinc'h-' 

I Sept em- i weed 
i her i 

Leaf-
Area of ! hoppers An'n of 

hostpl'r sq uare' host 
plants I foot 011 ! plants 

for .first i pepper- :for. Reeond
spring I wccd nt' gcner­
gener- \' peak of ationI' 

ation first gCII­

____ I1__._11__,__1____:.___ cmUon 1 

Leaf-
I hopper
I adults 
! per '100 
\ feet of 
I sugar­

l
beet roll' 
in (,mild 

: Vallry 

I 
I 

HJ3·1-3;'i._ .. _.i 

193;'j-3tL. •. ,.' 
1936-37•. ,.. ' 
J937-3FL. ___ ' 

\

I'ercelll NlIIllber 

90 I 11.0 
100 ' 18.2 
9;'j . 
61 

:i.8 
7.4 

Days 
10-15 
75-90 
20-30 
55-70 

Square 1 SqllareI 
lI~iles Number lIlil~s 
1,),000 I 20.1 I ·1,300 
7,000 2.1 200 

1-1,200 \ ,j.·1 i 2,360 I 
8,349 2.0 l 500 

Nlllllbcr 
210.0 
]6.3 
9;'j.0
9,j.0 

-----.--.-----~j---~--~------~----~I------~-----

el'ation was a long period of 75 to 
00 clays 011 holdover hosts in the 
fgll, during \vhich most of the 
leafhoppers died. Also, the areas 
and density of winter annuals 
were low because the rainfall was 
only 74 pel'cent of norma1. The 
spring hosts nearly all dried in 
April except for an estimated 200 
square miles offilaree at the 
higher elevations. As a l'esult of 
these conditions, the beetfields of 
westel'll Colorado had very low in­
festations of leafhoppers in May. 

1936-37. Fall leafhopper pop­
ulations were low on chinch\veed, 
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 
generation was small, but a sec­
ond generation developed during 
IVlay on 2,360 square miles of host 
plants, which included pepper­
weed and wild mignonette. The 
resulting infestation in western 
Colorado was moderate by late 
May. 

During these three seasons there 
was a close correlation between 
the populations of leafhoppers 
found in the Arizona desert 
around Phoenix and the popula­
tion of leafhoppers found in the 
Grand Valley of Colorado after 
the spring movements. In the fol­
lowing season (193'7-38), how­
ever, the correlation failed almost 
completely. 

1937-38. In the fall of 1937, 
leafhopper numbers were again 
fairly low on chinchweed (table 
28) . The holdover period was 
fairly long, and numbers at the 
peak of thL' first generation on 
pepperweed were low. The 500­
square-mile host stand for the sec­
ond generation was againfilaree 
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 C010rado beetfields 
was moderately large. This con· 
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clition indicated that otlu.'l' areas, 
in addition to the Phoenix arca, 
must bo l'cspoJlsibIP for leafhop­
per infestations into sugarboet 
tields of w('stcrn Colorado. It was 
known that different conditions 
existed in breeding areas in south­
eastern Arizona as woll as in 
southeastern CaIifo1'l1i~l, and it 
was sllspectcd that these other 
areas afTt'ctecl the Colorado infes­
tatiom; in the spring of 1938. 

Following the POOl' correlation 
()f spring populations in the 
Phoenix area with the Colorado 
Ipafhopperi nfostation of 1938, 
Slll'\'eys W('l'C immediately ex­
tprHI('d to otlW1' breeding are'as 
during late April. Heet leafhopper 
populations found during late 
April 19m~ in soutlll'HSt and north­
Wl'st Al'izona and nort.heast Cali­
fornia an' giwJ1 in table 29. nIany 
h'al'hopj)l'l's were found in the 
Salron] and Douglas (southeast. 
Adz.) H I'PHS 011 popJ)(,I'weods, tnn­
sYl1111stanh;, and blac1del'pocl, part 
of which \\'('1'(' s(lconcl-gencl'atiolt 
nymphs. .:\rany lpafhoppcl's were 
a 1::;0 fonnd ill the Kingman 
(l1ol'thwC'st Ariz.) and Needles 
(llo1'llwast Cal if.) arcas in Jate 
A]wil 1D;~H on peppel'wt'cc1s, tnn­
symtlstaJ'ds, l'l'dstem Jilal'ee, and 
jll'doear,ra. 8i11co the plants wero 
in fairly good condition, these 
Hr(>as could have contributed to 
'he Colol'ado infestation in the 
8J)l'ing of 19:38. An estimate of 
tne extcnt of stands in square 
miles for cach area was !lot made 
in 19:31i, but tll<' amOllnt of succu­
1('11' plant stands was fairly ex­
t!'n:;i\'p and many 10afhoppcl's 
\\'('l'!' pl'Odu{:ed in thes(' areas af­
tt'l' the PllOpnix an'a plant stands 
had. almost (:omnletoly dl'ied. 

l)ul'illg the ::;pring of 1.9:39 and 
1!J 10, Slll'VPYS \\'('1'(' extended to 
tJw [m)wl'ial Valley, .Needles, 
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Blythe, and Barstow, Calif., areas 
(fig. 39) to determine their im­
portance as beet leafhopper bl'eed­
lIlg areas. These data are given in 
tl:l:llo 29. The surveys were not 
o\'cr the same tel'l'itory both sea­
sons. 

Plants pl'oductiVl' in the Im­
perial Valley area on April 14, 
1939, were descrt plantains, wild 
mignonette, and sandverbena 
(Ab/'onia sp,). Olle of the three 
plants was found at practically all 
systematic stops made in the area. 

Sections surveyed on ·May 11­
1 . .1, 1939, in the Needles (north­
east Cali E.) area sh.owed large 
populations on peppel'weeds and 
wild mignonette, with. fail' num­
bers on desert plantains and 
smaller numbers on nievitas. 
About the same time in the Blythe 
(southern Calif.) at'ea snch plants 
as pl'p]lerweecls, dest'l't plantains, 
and nh.'vitas were important in 
supporting adult and nymphal 
populat.ions. 

Sections surveyed on IVfay 1-.1, 
19·10, in the ~eedles (nol'lheasl 
Calif.) area showed comparative­
ly large populations on aU plants 
listed in table 29, excopt on recl­
stem filal'l~e and pectocarya, and 
this condition existed again aL a 
time when host plants werc dry in 
thc Phocnix arca. Parts of the 
Blythe (southerll Calif.) ai'ea SUl'­
veyed in 19·10 showed desert plan­
tains, nievitas, anel wild mignon­
ette to be the important plants. 
:;\Iost of thc Barstow (northwest 
Calif.) area was surveyed in 
19-10. Peppel'weecls, desert plan­
tains, n iC!\'itas, wild mignonette, 
and sanclvcrbena supported fairly 
large popUlations, whel'eas Ilum­
bel'S on redstem film'co werc low. 

The comparative abundance of 
the various host plants for the 
19:~9 and 19·10 sUI'\'e.\'s arc shown 
in tabk' 12. 
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Utal't-Nevada Area 

It became apparent during early 
inve:;tigatiOl1S in the Sevier Val­
ley ,£ Vtah that beet leafhoppers 
had moved into sugarbeet fields 
from an outside source, probably 
the desert breeding areas. It 'was 
essential to define such areas be­
fore any control of the leafhop­
per in the desert could be possi­
ble. Therefore, tracing leafhop­
per movcmcnts from the breeding 
areas to the sugarbeet fields was 
of primary importance hl deter­
mining which breeding areas 
were of economic significance. 

Surveys had indicated that the 
spring migration of the leafhop­
per into the southern beet-grow­
ing section of Utah must be from 
a great distance, because the near­
est winter breeding area was 
about 200 miles southwest of the 
b('et-growing section and a large 
part of the intervening territory 
OWl' which the migrations OCcur 
is desert. Consequently, there is 
an absence of suitable plants from 
which leafhoppers may be col­
lected to detect movements. To 
overcome this deficiency, small ex­
perimental plots of host plants 
(Dorst ane! Dcwis 16) were ger­
minated in the fall by irrigation 
and maintained in a growing con­
dition so that early in the spring 
the plants wer(' growing vigorous­
ly and were of a suitable size to 
be sampled for leafhopper popu­
lations. 

The principal mountain ranges 
in the area observed extend 
from north to south. The Virgin 
and the Santa Clara Rivers and 
their tributaries traverse the 
southern winter breeding area. 
Thest' rivers ha\'c created open­
ings through the mountain ranges, 
which offer routes of migration 
for tIl<' beet leafhopper. Some 
plots Wel'(' established neal' these 

openings from the winter breed­
ing area and on these suspected 
routes; other plots \vere placed to 
the west and northwest to check 
other possible routes and sources. 

The most outstanding feature 
of the plot collections was their 
inegularity, which is in accord 
with data regarding migrations of 
the beet leafhopper obtained by 
other means. lVligrations take 
place hl favorable weather, but 
are checked by cold weather, 
heavy rains, 01' unfavorable 
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 or 
successive dates. 

The time of movement of the 
beet leafhopper is fundamentally 
govel'l1ed by the time the broods 
mature in the breeding area. 
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 leafhopper. For 
example, data 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 direction 
of migration may be indicated by 
the inverse 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 
from 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 pel' season at each plot. tions in table 30 is roughly from 
.rhe.-;e summarized data are shown south to north. To show the rela­
in table 30. tionship of beet leafhopper move­

Since it was neceRsary to place ments to topography, these sta­
the plots where operators could be tions and the average seasonal 
found for them, it was not possi­ catches, as given in table 30, are 
ble to covel' the territory ade­ mapped in figure 40. 
quately. More plots at intermedi­ In general, the catches decreased 
ate points would probably have from south to north, and rela­
served to clarify the situation if tively low catches were usually 
they could have been so placed. So recorded north of Delta. The data 
far as the data may be inter­ indicate that the leafhoppers may 
preted, the spring migration is reach the Sevier Valley by three 
probably a blanket movement over routes. They may travel through 
the entire desert, in which the Modena, Nada, and Beaver to a 
density of leafhoppers is greatest pass opposite the south end of the 
along channels of. natural ail' cultivated area 11ear Sevier. In 
drainage 01' wind movement. The some seasons the leafhoppers may 
suspected routes described below travel slightly farther west either 
follow such channels. through Modena, N ada, Milford, 

The arrangement of the sta- and Delta 01' by a route farther 

TABLE :30.-Tolal beel leafhoppers collected from plots in Utah /01' 1932-35 
and C!L'c/'age for each plot 

- ~~~-~---'----~'-----'-,----------------,-----

I,oration 1932 1933 1934 1935 I Average 

iVumber XlIInber! NllIllbe.' j N1Imber 1 NWllber 
~lodena__________ .. ________ __________ 810 ' __________ ; 5,655 3,233
(,Icudalc ____ .... ____ . _____ ._________ 2,30,[ i 236 : 2,142 I l,5(il
Cedar City ________________ , 112 I 380' 118 i 917 382' PllrtlWarL ________________ • .! __ . __ . _ .. _: H 28 I 130 I 67 
p!U1guit(·h .. __ .- .. -. - ------t------~---i ,:>;0 31.,?)9 1----1--,3-0.7--1 125
.\Ilda___________ __________ 127' __7 2 :,)031
BrlLver.. .. ______ .. ---------,- -------- 53 192 [ 1,090 I ·\45 
:\lilford _ ... _________ • ___ .1_________ 90 132 133 118 
.Marygvalc ______ ._. ___ . ___ ~!__________ 224 79 231 178 
('ove Fort. __ ... __ . __ ..... _1 .. _. ______ 1__________ : 47 1'73 112 
HcvirrL _____ . ____________ i ·12 : 221 J 79 I 229 143 
Sevier 2 ___________________ .I __________ : 633 1__ ----- ___ I 735 686
Fillmore __________________ -'. _________ , __________ : 18 I vv 37 
Hinckley- .. - -- - - - - -- - .. -. -- --; 23 If ------- - --\- -- ---- ---I' -----~ --- 123 
f)~lt!1- __ .. _. _____ -. - ....... ___ i 2-h .__ -- -" __ - -I 407 I 6·a 357 
t-lelplO. --------.- .. --------: .. --_-----1 881- ________ 1'--------- 138 
LvnndyL __________________ . 4:') r 42 i 135 22 61r- k : l . ~ 1 

~~f;fi~fS::-~=~ =: ==: ==: =~ = ~_i === =====~ =1==== === =~= == === = = 
10 

4 

4 

===1 ________ ==iLehl. _______________ .- _____! 6 '- _________ 1 87 10 34 
10

i~~~np~~~~:===== =:: ======: :=1. ___ -- __~J---- ---2 -1·- --- -- -58- ===== ===== 30 
,10Tooelc;--------------------i----------j 20 ~1 19Burmclster ___________________________1__________ ' 363 ---------- 1363 

Hl)oper. ___________________1 2 1 I 123 5 33 

1 Xot included in fig. '10 because trap plots were only operated for une season. 
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H H • 5. 75 I •• 

FIGl'RE 40.-Topographic map showing average collections of beet leafhoppers on 
plots during spring migrations of 1932-35. 
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west from Modena to Delta 
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 au~rmented by leaf­
hoppers coming from the lower 
areas through smaller openings 
between Modena and Cedar City. 
A third route is by way of the Vir­
gin River through St. George and 
Glendale, reaching the headwaters 
of the Sevier River neal' Pan­
guitch. 

Ball (4) mentioned leafhoppers 
swarming neal' 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 
Panguitch, illdicating that some 
other route was followed by the 
leafhoppers. On the other hand, 
the 1934 collections are larger at 
Panguitch than at either Marys­
vale or Sevier, showing that the 
ieafhoppers may have passed 
through Panguitch on their way 
to 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 4.0 illus­
b.·ate this possibility. 

These plot collections have 
shown that only small numbers of 
leafhoppers reach north 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 leafhop­

pel'S captured between nearby 
stations may be due partly to the 
inadequacy of the sweep-net 
method, but probably largely to 
variations in local conditions. 
Such irregularities have been 
found wherever movements have 
been traced over rough 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 Peak 
1927 ..................... May 3 (1) 

1928 ..................... Apr. 24 2 (1) 

1929 ..................... June 1 (1) 

1930 ..................... May 5 2 May 26 

1931.. ................... Apr. 22 May22 

1932 ..................... Apr. 14 June 2 

1!)33 ..................... Apr. 17 2 June2 

1934 ..................... Mar. 18 May5 

1935 ................... Apr.15 Mayl0 


1 No record. 
2 Exact date not known owing to 

weather conditions or absence of collec­
tor. 

The start of the migration was 
very easily determined, because 
the beet leafhopper does not over­
winter in the Sevier Valley area. 
The peaks are recorded as the 
time when the greatest increase 
\...·as observed. It can be seen from 
this tabulation that the period 
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. 

Northern Utah Breeding Areas 

The major irrigated area in 
Utah occupies a narrow strip, 
which lies to the west of the 
Wasatch Range and extends from 
Joseph 611 the south to 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 
seve-1,~} sources contribute. The 
distribution of leafhoppers in the 
beetfields of Utah after the spring 
mo\'ements are over indicates that 
lach section is largely populated 
with leafhoppe!'s from specific 
breeding areas and not from any 
breeciing area that is common to 
the entire 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 leafhop~ 
per from these breeding areas af­
fect chiefly nearby fields of beets, 
and the distribution of leafhop­
pers over northern Utah after the 
local migration is very irregular. 
Ordinarily the migrations from 
the southern Ninter breeding 
grounds are about a month earlier 
than .the northern migrations 
from local breeding at·eas. This 
makes it possible to separate 
roughly the contribution of leaf­
hoppers to the northern Utah 
beetlielcls from the two general 
sources by making population 
counts in the beetfielcls before and 
after the local migrations. 

The records obtained in 1935 
illustrate the distribution of the 
leafhopper in the beet area in 
years of normal long-distance 
migrations from southern Utah. 
Population determinations were 
macle on May 24 after the peak of 
the long~clistance 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 
1S, after the migrations from the 

local area had occurred. Surveys 
wel'e made ,vith 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. ·n.) 

The small peak of leafhopper 
abundance at Payson was caused 
probably by an influx of beet leaf­
hoppers from the \Vest Mountain 
breeding area; 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 Gl'eat 
Salt Lake. To show these rela­
tionships more clearly, the general 
areas co\'ered by migrations from 
the southern and northern winter 
breeding areas are indicated in 
figure ·n, and the names of the 
local breeding areas ha\'e been 
so placed as to show their effect 
on local populations. 

It js apparent from figure L11 
that the contributions from the 
local breeding areas far out­
weighed those from the southern 
breeding area in the entire telTi­
tory north of Santaquin. 

To show variations between sea­
sons, the beetfield populations 
,,{ere ayeraged by counties and ar­
ranged from north to south for 
1931-40, as shown in table 31. 
The population data from 1931 b 
1933 were obtained by the hand­
and-knee method. After 1933, 
population data were obtained 
\,,-jth the Hills sampler. From 10 
to 50 square-foot samples were 
taken in each field, depending on 
the population present. Since com­
parati\'e collections indicated tha: 
the population of leafhoppers 
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FIGURE 41.-Populations of beet leafhopper in various beet-growing sections of central Utah after early movement from southern breed­ t-' 
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TAllLE 31.--Nwnber oj beelleajhoppers pel' 100 plants 1:n bee/fields oj central and northern Utah aJle)' spring migrations 
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~ 
County 1931 I 1932 1933 193,1 1935 1936 1937 1938 1939 I 19.10 Average t'! 

t."lI ~ Cache_______________ 4.3 33.0 46.u 0.6 16.8 15.0 2.7 96.7 26.9 'Z-----_ ... -- ---------Box Elder ___________ 11.2 353.6 71.9 26.6 11.0 35.3 32.6 134.0 84.5 .....Weber______________ --------- --------- o:J ... _-- .. 8.6 414.0 79.0 10.0 60.0 47.0 78.3 180.0 109.6 
0>Davis _______________ --------- - ... -­

7.7 472.0 68.0 37.9 30.0 49.0 90.0 1<16.7 112.7 ~C11 
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 ~ Juab________________ 103.2 15.5 228.0 94.5 90.0 15.0 190.0 105.2 rn--------- -------'-- ---------Sanpete_____________ 97.2 34-.4 19.8 58.0 45.1 3.6 192.5 22.0 2.0 120.0 59.5
Sevier_______________ 1,458.6 86.0 55.0 116.6 271.9 34.0 277.5 20.0 19.5 203.3 2)20.'1 tj 

t."l 
Average_______ 

'"d 
----_ ... --- --------- 14.3 290.0 100.6 22.1 95.6 39.9 44.1 147.1 !l3.1 ~ 

o 
1 ]940 data taken before local movement occurred and represent almost entirely results of very heavy movement from southern hreeding I:;j 

area. >­
2 ]931 omitted in determining average for Sevier County (see text). G1 
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~hown by square-foot samples was 
approximately 8.6 times that 
shown by the hand-anc1-1;:nee 
counts, the counts for the years 
U);n-:~:3 ha\'(.' LK'l'll multiplied by 
this factol' befon' tlwy wen' ('n­
ll'l'l'd in table :31. 

LIl ) D:n, out of lhe :3:3 fields 
I'xamint'(l in Scviet' Counlv therp 
\\'('l'l' 87 lipids ill which the beet 
ll-afhoppPl's \\'('I.'e too numerous to 
('ouut. The population of these 
fil'lds was arbitrarily placed at 
200 leafhopp<'l's Pl'[' 100 beet 
plall ts (hnnd-all<1-kIwt' coun t) ane! 
\)(:'(;an1(' 1,720 wh('11 Lhe counts 
were eOl'l't'cted, However, the 
aVl'rnge fol' the ;33 fields was 
1,I;)X.6. As 111l' figure for this 
Y('<lr is mNPly a correcteci 0sti­
maL(',1 n:n was omitted ill figur­
ing tlI(l average for Scvier County 
ill tabl!' :0. Examination of the 
a \'('ragps in th is table shows that 
tlw smallt'st Hum\)t'rs of l('afhop­
IW1'S l'('ael1l'd Cache County. 

Thel'e are no local leafhopper 
b[,(l('ding arms in Cache County, 
and till' movl'nwnL from the south­
('I'll an'as ran'i,r I'(~aches there, 
Average populations increased 
fror.l 8-1.;) kafhoppers pt'!' 100 
bet't plants in Box 1%ler County 
to 1:~G.:3 kafhoppc['S in Salt Lake 
County, The breeding arcas 
arounci Gn'at Salt Lakl' consist of 
a lr.rgl' area north of the lake at 
a considerable distance from beets 
(Promontory Point, Lampo, west 
Garland), some very small areas 
east of the lake in close proximity 
to beets (Littlc) }Iountain west of 
Corinne, Little }[ountain west of 
Ogden), and a large arca south or 
the lnkt' immcdiately WQst of tl1C' 
b('('t-gl'owing area (l\[agna, Salt 
Lake Flats) , Th(' beet k'afhoppcl's 
eontl'ibutecl by thcse brceding 
al'('a~ to tilt' counti('s mentioned 
appear to yary directly as the size 

of the breeding' area and inversely 
as their dislance from the sllga1'­
beet n'giol1, 

Populations in Utah, Juab, and 
Sanpete Counties are similar to 
those in Box Elder and Weber 
COl~nt.ies. Thc8e counties contain 
two small breeding grouuds (West 
l\[ountaiu and West Utah Lake) 
and are between the areas nor­
mally afrected by either of the 
main movemcnts, 'l'hey may re­
ceive leafhoppcrs from either 
brel'(ling area, Sevier County 1'0­
cei\'cs its high populations almost 
entirely from the southern breed­
lI1g area, 

A comparison of the leafhoppcr 
population in Scvier County with 
that in the counties from Salt 
Lake north will show the relative 
magnItude of the southern and 
nOI't1wrn migrations in any sea­
SOIL The sOlltheL"l1 migl'ation was 
heavier in 19~n, 1932,1933,1935, 
1D:n, and 19,10, whereas thc 
nOl'ther'.l migration was heavier 
in 19:3·1, 1936, 1938, and 1939. 
The abnol'l1utl year of 193.1 stands 
oul in table :31, as populations at 
all points north of Sanpete Coun­
ty t'xct'pt Cache County were 
higher than those in Sevier 
County. 

The an'rages given indicate 
that 19:3,.1, 1935, 1937, and J 940 
had rclatively large beet leafhop­
J)C'r populations in the areas as a 
whole, whereas 1933, 1936, 1938, 
and 1939 had relatively small 
populations, , 

Snake River Plain Area 

The spring brecding grounds in 
the Snakc Rivcr Plain area lie to 
llw west and northwcst of the cul­
tivaled areas, and the leafhoppers 
drift 011 the prevailing wcsterly 
winch; into the cultivated areas 
during l\fay and June. Sometimes 
drying winds will force most of 



114 TEClIXIC'AL B1:.-LLETIX l3G5 .• L.S. DEPT. OF AGRICULTURE 

the leafhoppers to migratE:: about 
the same time, but usually the 
mO\'ement is gradual, reaching a 
peak in late June. This is very 
similar to the migrations into 
Borthel'll (-'tah cultivated areas 
from their local breeding grounds. 
The particularly hea....y spring 
movemenL of 1930 was discussed 
ill detail by Annanc1 et aI. (1), 
hnd its pattel'll is typical of such 
local mo\'cmCl1ts. 

There is considerable evidence 
for an occasional spring migra­
tion of k'afhoppcl's into southel'n 
Idaho frol1l the southern desert, 
but f;uch mo\'ements are rare. 
Such a movement was suspected 
in 193·1, but the evidence was not 
suffieient to prove just where the 
l('at'hoppers originated. In 1958, 
the Snake River Plain received a 
vcry hea\')' early migration from 
a southem source. Earlier exam­
ination of local breeding areas and 
adjacpnt parts of northern N"!va­
<la ruled out any northern source, 
and ll'afhoppers were very abun­
dant in the southe1'll desert that 
spring. H. E. Dorst also reportee! 
a Iwa\'y mo\'ement of leafhoppers 
1'1'0111 the southel'l1 desert into 
nOl'thel'l1 etah at about the same 
time as the idaho movement. This 
('\'iclencl' leaves little cloubt that 
the sourcC' was the southern 
drsl'l't. 

Spring Migrations Into Territory 
Not Normally Occupied 

rn seasons when the leafhoppers 
HI'P particularly abundant in their 
spring breeding areas, favorable 
winds at just the right time may 
c:arry them far outside their no1'­
mal range. Suspected migrations 
of this type occurred from the 
southern desert in to southern 
Idaho. 

Da vis (1.~) l'E'portNl tht' OCCl1l'­
l'l'nee of til(' bept leafhopper and 
em'ly top in many m'C'HS west of 

the Cascade Range in Oregon, 
Washington, and British Colum­
bia in August 1926. Carter (6) 
examined parts of these areas in 
the spring of 1927 and found no 
leafhoppers. Curly top has not 
been serious in any of these areas 
since that time. Carter (6') 
thought the climate too humid in 
winter and spring for the leafhop­
pers to survive, an opinion with 
which the present writer concurs. 
This is a clear-cut case of move­
ment into the area in the spring, 
probably through the Columbia 
River Gorge from the central Co­
lumbia breeding area. Since east 
winds down that gorge ill the 
spring are not common, the flight 
has not been repeated on a detect­
able scale. Cartel' also discussed 
the finding of leafhoppers and 
curly top in western Montana, 
probably from the Snakl1 River 
area. 

Douglass (17) discussed many 
of these unusual flights, particu­
larly from the Rio Grande area 
into the Great Plains and as far 
north and east as Minnesota and 
lllinois. He also suggested a caus­
al connection between the appear­
ance of the leafhopper in Wyom­
ing and central Montana and very 
early and hea\'}" migrations in 
southem Idaho. 

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 Westel'll States for many 
years before it migrated east. 
:\"0"\\' it is ,veil adapted in what ap­
peal':; to be a much more humid 
environment than in the West. 
There is always the possibility 
that the beet leafhopper might do 
likewise and become adapted to 
fanning conditions in the East­
ern States. 
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Small colonies of the beet leaf­
hopper have maintained them­
selves in Illinois and in Florida 
for some time (Douglass 17). 
These have apparently found fa­
vorable microclimates, but show 
no signs of spreading into unin­
fested territory. Other than these 
two instances, all local infesta­
tions outside the normal distt·ibLl­
tion of the leafhopper have been 
sp01;adic, dying out after one 01' 

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 previously 
uninfestec1 areas. Likewise, the 
shift of leafhoppers into the Co­
lumb~a Basin is not an adaptation 
of the leafhopper, but a change in 
farming conditions that produced 
a more favorable host-plant ;:;uc­
cession. 

There is no evidence that the 
leafhopper can permanently oc­
cupy any desert or semiclesert 
territory outside that normally 
occupied. 

Effect of Weather on 

Leafhopper Flights 


To get an idea of the actual 
weather conditions accompanying 
migrations, the author obtained 
flight records fi'om O. A. Hills f01" 
the Arizona movements, from H. 
E. Dorst for those from the south­
ern desert to central and nodhern 
Utah, and from K. E. Gibson for 
the Snake River Plain. California 
Tecords 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 leeway of 2 to 
7 days in most cases, as samples 
were taken at intervals of several 

clays, and not every day. In the 
earlier years the dates were not 
so reliable as more recently. 

Through the cooperation of 
Lester B. Larson, meteorologist, 
U.S. Weather Bureau in Walla 
Walla, Wash., the author was able 
to examine a sel·ies of historical 
daily weather maps covering prac­
tically the entire period. Out of 
the ·let available dates, 34 fe}] 
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
Sllre across the middle of the 
Great Basin area usually brought, 
on its southeast quarter, strong 
winds from the Southwest. In 
central Califomia the high moun­
tain range to the east changed the 
surface direction to south or 
sou theast and produced long-dis­
tance migrations into the Sacra­
mento Valley. On most of the 10 
dates\rhere the favorable weather 
complex was not found, there was 
some question as to the exact dates 
of migrations, as the movements 
were small and their detection 
was difficult. 

In a few recent instances, 
where weather maps were avail­
able fOl· the 10,OOO-foot level, 
agreement between migrations of 
leafhoppers <wel the passage of 
low-Dressure areas was even more 
mariwd than in the maps of sur­
face winds, as the surface winds 
at particular stations appeared to 
be strongly affected by purely local 
conditions, whereas those at 
higher altitudes were not and 
probably gave a better picture of 
general conditions. The heavy 
movement of leafhoppers from 
southern Arizona into northern 
Utah and the Snake River Plain 
in 1958 accompanied a particular­
ly well-developed wind circulation 
in the right direction, especially 
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as shown on the lO,OOO-foot alti­
tude maps. 

On the other hand, at least 2 
years "were known in which the 
leafhClppers in Califol'l1ia 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 
southel'l1 California, and that area 
had a rare outbreak of curly top. 
In those seasons, the daily maps 
showed no time during the matUl'­
lng of the leafhoppers when winds 
wel'e favor able for nortlrwarc1 
flights. 

NATURAL 

Egg parasites as natul'al ene­
mies of the leafhopper were dis­
cussed by Henderson (35, J6) 
under Idaho conditions. The pre­
daceous bug Geor:oris ,vas studied 
by York (50) in California. Pub­
lications by Severin and Knowl­
ton, previously referred to, as well 
as others, have considered the na­
tural enemies. In this study the 
natural enemies were not suffi­
ciently effective to reduce large 
leafhopper populations and pre­
vent outbreaks. Local populations 
have been reduced during wet 

The leafhoppers are at the 
mercy 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 
bl'eeding grounds and strong air 
currents at the propel' time has 
probably caused most of the long­
distance movements in which leaf­
hoppers have been found outside 
their normal range. 

ENEMIES 

weather, possibly from fungus 
cJiseases, but no stUdies have been 
made to justify this statement. 

The leafhopper is undoubtedly 
an introduced insect from the 
l\Icditerranean region of Europe 
anel Afdca, and apparently none 
of its natural enemies ,yere im­
ported with it. It seen.'lS likely 
that some predator 01' parasite 
may be found in the native coun­
try of the leafhopper that might 
pl'ove effective in western North 
America, but none are yet avail­
able. 

DISCUSSION 


The studies described in this 
bulletin have generally fonowed 
the outline first given by Ball 
(4). Much work has been done 
on the life history, host plants, 
breeding areas, and migrations of 
the leafhopper. It is evident that 
the leafhopper is adapted to any 
of the deserts or semic1eserts of 
western N Ol'th America. In the 
~orthwestel'n 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 
the 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 cOl'respondence 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 1 

• annual 
conditions change. ~.~afhopper 
movements from such areas are 
usually'very local, affecting chief­
ly agricultural crops grown with­
in ;:>0 to 100 miles to leeward of 
the breeding area. Unusually fa­
vorable conditions, such as a 
l'ange the covering a large area 
followed by favorable fall and 
wintcr conditions, may cause very 
high populations of leafhoppers, 
which will move to greater dis­
tances. (See Douglass 17.) 

Host-plant areas and the leaf­
hopper breeding associated with 
them may shift widely in short 
periods lllldcl' the effects of 
pseudocycles of wet and dry years. 
The pronounced' shift from the 
northern to the southern part of 
the San Joaquin 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 are 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 cllrly top in areas not usually 
infested, or the appearance of the 
insects in unexpectedly Jarge 
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 thc insects may remain on 
spring host plants for some time 

aw~)iting a particular wind direc­
tion, unless driven off by drying 
of the host plants. In general, 
leafhoppers from a particular 
breeding area tend to travel to 
the same general destination every 
year, but this is subject to wind 
direction. For example, a large 
population of leafhoppers that de­
veloped around the Colorado River 
in California and Arizona might 
move northeast into western Colo­
rado, north-northeast into north­
ern Utah, 01' even (very rarely) 
north into southern Idaho. 

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

Still farther south, below this 
belt of no breeding, 'lies the vast 
southern desert extending from 
southel'l1 Calif01'llia eastward into 
Texas and from southern Nevada 
anel etah southward into Mexico. 
These breeding areas in the South 
offer a great contrast to those in 
the Northern States. The incli­
vid ual areas are very large, and 
in years with favorable rainfall 
may extend for many miles in all 
directions. Enormous numbers of 
leafhoppers can breed in these 
large areas. Theil' migrations may 
extend for 500 miles or more and 
blanket entire agricultural areas. 
l\Iovements from the southerll 
areas sometimes carry the leaf­
hoppers far outside their normal 
range of distribution to start in­
cipient and temporary infesta­
tions. 

Leafhopper breeding areas in 
the N orthel'll States are relatively 
fixed in position. In a spring sur­
\'ey of the general area, usually 
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most of the leafhoppers will be 
found within a few miles of the 
places where they occurred the 
preceding year. On the other 
hand, leafhoppers move around 
extensively in the southern areas, 
ane! their abundance in any par­
ticular year depends on favorable 
host-plant conditions. Breeding in 
any particular year may be sev­
eral hundred miles from the 
places located the preceding year. 

The beet leafhopper has a much 
wicler range of host plants than 
many insects. Important breeding 
host plants include about :35 
species helonging to 7 families. In 
acldi tion to this wide host range, 
the leafhopper nymphs are able to 
transfer from a dying plant of 
one species to a slicculent plant of 
another, even of another plant 
family, with relatiYely low mor­
tality. Such transfers are com­
mon and enable the nymphs to 
survive ·where many other insects 
might perish. 

1 n the northern areas almost all 
the important host plants are in­
troduced weeds. These include 
rcdstem filaree, blistercress, Afri­
can mustard, smotherweecl, per­
foliate peppenveec1, and tumble­
mustard among the spring host 
plants and Hussian-thistle as a 
slimmer host. The host plants in 
the southern desert are largely 
native. Filaree anel Russian-this­
tle a1"(' important all over the 
Western States, but most of the 
other host plants, such as the 
desort plantains, pepperweecls, 
chinchweecl, tidestromia, and wild 
mignonette, are indigenous to the 
areas. 

The ch leE characteristics of all 
these host plants is their aggres­
Sl veness and ability to colonize 

abandoned lands at the first op­
portunity. When some area is 
'farmed and then abandoned, the 
annuals immediately take posses­
sion; when a Series (\f dry years 
causes the stockmen to overgraze 
their ranges, annual weeds soon 
appear; a range fire may 1'emo\'e 
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 oc­
curred in the central Columbia 
River area since 1935. 

The leafhopper host-plant com­
plex is not stable, but is constant­
Jy changing. S.ince 1 n,15 the nre­
plant (Kochia Sco})([l"ia (L.) 
Schrac1.) has escaped cultivation 
and become of considerable im­
portance as a leafhopper host 
(31). The introduced poisonous 
weed halogeton has taken over 
large areas in northern Utah, 
southern Idaho, and southern Ore­
gon during the same period. It 
is not one of the most favored 
hosts of the leafhopper, but may 
become important because of its 
wide distribution. Perfoliate pep­
penveed has spread rather rapid­
ly from Idaho into Oregon and 
\Vashington, and has become 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. If 
some plant should be introduced 
that could overwinter in a green 
condition in the present belt of no 
breeding and also was a favorable 
overwintering host plant, that belt 
might become of importance, as 
it contains a large area that is 
closer to the northern cultivated 
areas than the southem desert. 
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SUMMARY 


The beet leafhopper (CircuZifet 
teneillls (Baker)) is a desert in­
sect that breeds on wild annllal 
plants. It suddenly appears in 
cultivated areas carrying curly 
top, a seriolls virus disease that 
affects many plants. From three 
to five broods pel' year are pro­
duced in different parts of the 
\Vest, depending on temperature 
and availability of host plants. 

About 33 economically impor­
tant host plants belonging to 7 
plant families are discussed, ancl 
their relative importance is esti­

mated. Most of these m.'e annuals, 
and many of them are introducecl 
weeds. 

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

Detaile~l studies of the life his­
tory, host plants, and migrations 
are presented, and the constantly 
shifting leafhopper-host plant re­
lationship js described. 
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