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PREFACE

Assembled in this publication are all the important facts we
know about the High Plains grasshopper (Dissosteira longipennis
(Thomas) ), and records of its occurrence and of Federal, State,
and farmer-rancher efforts to control it. These facts are presented
for the use of control and research workers.

This information heretofore has heen unavailable except to those
who searched diligently and at length. Published records of the
species are <« lumincus but scattered and sketchy. Many of the
useful facts, particniarly on control operations, have heen recorded
in unpublished official recovds or in newspaper stovies published
locally during outhreaks.

This publdication is intended to serve six major purposes:

First, it traces the transformation in economic status of an
insect spacies. The High Plains giasshopper, long considered as
being nonmigratory and injurious only to small aveas of range
grass, hecame strongly migratory and serviocusly damaged range
grasses and crops over an extensive region.

Second, it demonstrates the latent danger of the High Plains
grasshopper. Since longipennis is economically important only at
intervals, the public and some entomologists {orget it or diseount
it between outhreaks.

Under the influer ce of a combination of {avoring circumstances,
the High Plains grasshopper could again increase with astounding
rapidity .nto major cutbreal proportions—if signs of ils resurg-
ence ave unnoliced or ignored, The possible cost of srch negligence
may be estimated from resulis of the most recent outbreak—that
of 1933—10. That outhreals had a calamitous effect on the agricul-
tural economy of five States, demoralized the business life of towns
in the infested areas, and interfered with the conduct of regular
gavernmental functions of the States and counties involved,

Third, it describes the natuve of this insect enemy—its hiology,
distribution, range, and habitat—and defines geographieal, iopo-
graphical, and climatic factors thal limit or favor increase and
dissemination.

Fourth, it shows the influence of natural enemies of longipennis.

Fifth, it includes information that will help in the control of
the grasshopper both during and between outhreaks.

Since the habitat of lengipennis is a comparatively small area, it
is practicable to find population concentrations when they begin to
form and to eliminate the grasshoppers at nominal cost. Injurions
infestations cannot develop i population nuclei are destroyed.

Should large-scale contral operalions again become necessary,
facts to form a reliable hasis Tor planning and conducting such
operations ean he gleaned from records of experience of ranchers
and State and Federal agencies in control of the species during
the years 1937 to 1540,

1r




Sixth, this compilation reveals the many gaps in our scientific
knowledge of this grasshopper and discloses realms in which
further research is needed.

Acknowledgments: Many persons furnished or verified infor-
mation used in this publication. Their assistance is gratefully
acknowledged. Among these are entomologists, State officials,
newspaper editors, and curators of insect collections.
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INTRODUCTION

The High Plains grasshopper? inhabits only the High Plains of
the United States. Within that geographical region it has reached
outhreak proportiens in parts of Colorado, Kansas, New Mexico,
Oklahoma, and Texas.

The High Plains grasshopper was considered to be of minor
importance for a quarter of a century after it was discovered in
1867. During the next 42 years, a few small, shoxt-lived outbreaks
aroused apprehension that the species might become migratory
and destructive. This apprehension was justified by the behavior
of longipennis during the widespread outhreak of 1933-40.

In the outbreak of 19338—-40 adults of this species flew hundreds
of miles, and bands of nymphs made countywide marches. It
became necessary to conduct costly, extensive control operations
to save large areas of range forage from compiete destruetion.
Baiting, the main control method, began in 1937 and increased
in intensity and design during each of the succeeding two years.
By 1940, baiting and control by natural agencies—hbirds, weather,
animal and insect predators, and insect parasites—had checked
the outbreak. The cost of control operations during this outbreak
was approximately 214 million dollars.

There have been no longipennis outhreaks since 1940, From
1940 until 1951, when abnormally wet weather in the High Plains
was probably the main detervent to population increase, survey
revealed the presence ravely of only sinole specimens. Although
the weather since 1950 has favored population increase, it was
not detected until 1955 when a light infestation was found in a
small area in southern Union County, New Mexico, Some ecggs
were laid in the fall on land owned by a rancher who remembered
the devastation wrought by the last outhreak, He plowed under
known small egg beds, 20 controlled the main infestation. Range
land in the southern part of Union County was sprayved in 1956
to control range species sne of which was the Iligh Plains grass-
h mper. After the control season, however, live adults were found
widelv seattered outside of the controlled area so the infested area
was iorger in 1956 than it was in 1955, Doubtless the expected
increase did not materialize during the four drought years
(1951-54) hecause the species was so nearly extinct that a
population buildup began very slowly,

! Dissosteiry longipennis (Thomas).
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The High Plains grasshopper was not found in 1957 in the area
in Union County that was sprayed in 1956, but a spring survey
in 1957 disclosed a light infestation further south in the same
county. This was sprayed after the High Plains grasshoppers had
become adult, again to control a mixed population of range species.
Later, living High Plains grasshoppers could not be found in
the spraved avea but neither could many dead ones. Howaever,
dead grasshoppers of that species were found on distant un.
sprayed land, so it was assumed that adults had taken wing
after they were sprayed and had died elsewhere. Affer con.
trol operaticns were completed about midsummer 1957, another
small infestation of the High Plains grasshopper was found in
Union County, N. Mex., south of that area that was spraved that
year,

Another major outhreak need nof occur. When concentrations
of grasshoppers mark the beginning of longipennis outbreaks,
control can be accomplished at a fraction of the cost that would
be requived if the opportune fime were neglected. The key to
prevention of outbreaks is watchfulness in the form of well-
organized surveys made annuaily and prempt control action to
stamp out small concentrations of grasshoppers when they are
found.

ECONOMIC EFFECT

The High Plains grasshopper was for many years considered to
be only a range-grass feeder. Even when it reached outhresak
proportions in Lincoln County. Celo., in 1891, it was not looked
upon by competent entomologists as a potential enemy of planted
crops. When Bruner (73)¢ investigated the Colorado outbreak he
said (p- 18):

This insect . . . covered an area of about 400 square miles of
territory in sufficient numbers to materially injure the grasses
growing on the ranges of the e=tire region, and amongsi these
grasses the species of Bouteloun vr Cramma prasses, and the RBul
tale Grass, Buchiod dectyloides. Grains and other cultivated plants
did not appear to be especially attraclive to it. In fact very little or
no injury was done by it to the cuitivated crops growing within the

region infested. . . |

Popenoe visited the same infestation that vear, and an abstract
of his report to the Association of Economic Entomologists stated
(68, p. 47) that grasshoppers “traveled over bluffs and rounded
hills, eating the huffalo and gramma grass,” and that “Thoy are
credited with ail the destruction which has been done by all kinds
of insects, and he [Popenoe] thinks that they did but very little

*Itulic numbers in parentheses refer to Bibliography, pp. 156 to 168, If the
number is followed by an asterisk, the reference is to the list of typewritten
reports, inseet callections, correspondenee, and manuseripts, p.163; a number
without an asterisk refers ta the list of publications, 1. 156.
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damage to potatoes and corn, aithough marching throvgh the
fields in greaf numbers, At the time of his visit they were march-
ing through wheat fields in the same way, but since he left they
have done some damage {o this crop.”

Brunev (19, p. 38) continued to study the species, and after 5
more years had clapsed expressed alarm that it might be aceom-
modating ifself to feed upon a wider variety of plants. He said:

The oniy remaining species of locust that was found by me to be
harymful this yvear is [issosieire lorzqapmma and from the faet that
it actually attacked o number of cuitivated plants not heretofore
reported as being in ils bill of fare, we may he pardoned if we are
somewhat apprehensive concerning it as to the {futere. It acteally
destroyed entire ficlds of =mall grain, some corn, potatoes, and a
number of garden niants in the vicinity of Lodge Pole and Sidney

. Although it still seems to prefer the grama and other short
grasses of the plains, the fact that it has destroyed the above-named
cultivated plants would indicate thal it is ecapuble of hairm when
opportunities for so daing are oflered.

Smith 787, 9. 6) in 1913 found that in New Mexico, although
the High Plains grasshopper preferred the shoet grasses, it readily
fed upon many cultivated crops:

Felds of maize, kafir corn, and millet were completely devastated.
Millet is in all instances a most desirable food plant. Mi. Hobson, of
Elida, informed the writer that he noted the wrasshoppers massing
in 5 acres of millet on his farm, and in less than 30 minutes every
plant had been eaten to the gzround, Sorghum is fed upon Lo a slight
extent, but is =eldom disturbed i other more desirable food plants
are readily available.

Truck crops in the infested area were enfirely defoliated . . .

In the frst record of the species where confrol was undertaken
in 1921, Corkins (28, p. 37} spoke of the damage io cultivated
crops:

While on the march, nvmphs, passing through native vegetation,
would clean up Grama and Boeflalo-grass as they went, leaving only
weeds, Corn, beans, cane and sudan-prass were the principal cultj-
vated erops in this region, and all were attacked. Sometimes when
a field of corn was encouniered, for some unkinown reason, the army
of nymphs would split and go around it. At other times they would
po directly through, parlially or lotally destroving the planis.

Little information is available concerning the effect of the High
Plains grasshopper on cultivated cvops in the early part of the
buildup of the 193310 cuthreak. McCampbell (35%) reported:

My own observations during 1924 and 1945 are that nymphs may
Ffead on almost any cultivated erops they encounler. Migrating
aduits stronply prefer native grasses but have been found very
destruclive to fall wheal and feeding {o a Jimited extent on the heads
of maize. A fow eases of sudan heing destroved are reported in Baca
and Las Animas Counties in southern Colorado in 19586,

McCampbe]I (38%) recorded loss or damage from the High
Plains srasshopper in Colorado in 1937 as follows:

More than 2,500 zcres of crops have been severely injured. (Ofero
County) . .. Most of the grasshoppers that were nol killed in this
county have left. , . . More than 30,000 acres of crops have been
seversly damaged, (Baca Counly) Losses include ahout 104600 acres
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of crops completely destroyed and 3,000 acres damaged. (Las
Animas County). Migratory hoppers are doing much damage to
crops near Walsenburg, Rattle Snake Buttes, Turkey Ridge, and
Turner. . . . Crops have been seriously damaged in a fourth of the
county. {(Huerfano County) ... A band of D. longipennis fiew onto
the ranch of L. H. Fields in Lincoln County and in three days entirely
consumed the grass on 25,000 acres of land, forcing the owner to seil
his entive herd of 500 cattle,

. A. Morten (48%), after investigating the infestation in Lincoln
County, Colo., in June 1937, reported:

Practically all of the grass within the infested area had now
been . . . stripped by marvehing bands with the exception of those
ranches that are being protected by baiting operations. Crops of zll
kindg weve Jess than 4 inghes high and were cleaned to the ground
whlerever bands crossed. Known forced sales of livestock were as
follows:

Trank Smith, sald 700 cattle—entire herd.

Les Jurgen, moved 1,000 cattle—entire herd.

R. W, Meallister, sold 250 cattle—entire herd.
Tom MeCullen, sold 200 eattie—entive herd.

Al Barndale, sold 250 eattle—entire herd.
Patterson and Svott, sold 200 eattle—entire herd.
B, F. Ross, sold 230 eattle—entire herd.

Mr, Lachdahl, sold 150 entile—enijre herd.
Weston Properties, sold 1,000 cattle—moved 1,000,
George Bhailer, sold 600 eattle—one-half of herd,
Alec Matheson, sold 3,000 sheep,

Brett Gray, sold or moved 12,000 sheep.

L. S. Kurtz (19%), Extension Agent, Union County, N. Mex.,
reported: :

The first crop damage noted was to sudan grass the tenth of June
f1938]. It was necessary for a number of farmers to replant their
crops two and three times, especlally where sudan grass and millet
were planted. For the most nart, the *hoppers confined their feeding
to range land which was composed mostly of blue grama grass;
however, wheve they did strike a field of mood sudan, millet, or beans,
they generally made a clean sweep.

Ben Ehrlich (40*), County Agricultural Agent, Phillips County,
Colo., reported in 1938:

Hordes of migratory prasshoppers are flying in from the south
nearly every morning., Edges of cornfields have been severely dam-
aged. Several stands of millet, cane and sudan grass have heen
destroyed. Many farmers have cut small grain while it was green to
save as much of it as nossible.

McCampbell (40%*} reported other losses in Colorado in 1938,
Lincoln County: 25,000 acres of good grass destroyed ; more than
1,000 head of cattle forced to be sold when deprived of grazing
grass; 200 sections of grasslands and 3,000 acres of crops severely
damaged. Baca County: Moxe than 20,000 acres of crops severely
damaged. Las Animas County: Close to 10,000 acres of young
crops destroyed. Kiowa County: 300 sectiong of grasslands and
500 acres of crops damaged. Cheyenne County: In £ days, grass-
honpers devoured the grass covering on 4 sections of land.

There are few records of specific losses of eultivated erops in
published literature or in the reports of State leaders and control
supervisors who were concerned with the 1933-40 outbreak. Yet
men who worked on control during that period recall that prac-
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tically all crops were seriously injured or destroyed when dense
hands of this grasshopper migrated into them. It has been evident
from the data studied that, although alfalfa has been invaded
many times by longipennis, it has rarvely been fed upon and then
not seriously damaged. Reports of the grasshoppers feeding on
many grasses or weeds are so numerous that there appears to be
no object in listing the species of plants attacked. There is no
doubt that longipennis causes damage primarily to the short grass-
es, principally to the grama grasses and buffalo grass (figs. 1, 2,
and 3). When the grasshoppers leave preferred food-plant areas,
either in search of food or because of population pressures, they
damage or destroy most species of range grasses or cultivated
crops through which they migrate.

Isely (49, pp. 65-66) said: “Morphologically, mandibles are
definitely correlated with food . .. “Food specificity appears to
offer tangible clews toward a better understanding of grasshopper
communities and the interrelationships hetween . . . Orthoptera
and plants.”  “it should be evident that food specificily research
will contribute to further progress in working out the control of
pest happers.” The species of the Qedipodinae which he studied
for mandibular structure and which he tested for food preference,
he grouped on simitarity of mandible models. These he found to

HB-19d4
FicURe 1~—Blue grama-buffale grass range in Yuma County, Cole, 153%,
protected frowm grazing.
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Be-1843
Ficrre 2.—Range in castern Colorado before being fed upon by longipennis,
1839, {Phoio by Colorade State University.)

Ficure 3.—Anppearance of range in ecastern Colorado soon affer it was
invadod by fongipennis, 1939, (Photo by Colorado State University.)
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parallel feeding behavior. He conciuded that mandibles of the
Oedipodinae are of three patterns: grass-feeder, forbs-feeder, and
mixed-feeder, and that longipennis is a grass feeder while curolina
is a mixed feeder. Although longipennis definitely is primarily a
grass feeder, judged by the number of times it is known to have
fed on other than grass plants, it must be considered also as a
mixed feeder on occasion.

Estimates of crop and range losses caused by the High Plains
grasshopper are nonexistent prior to 1921, although Smith (87,
. 3) said of the 1913 cutbhreak in New Mexice, “this species ex-
tended over 400 to 500 square miles, the prairie grasses, grain,
and garden crops within this area being i great part devastated.”
Corkins ¢28) estimated the potential acreage of crops saved hy
the control program in 1921 at 80,640 acres.

Henry Iledso, interviewed at his ranch in 1952, told how
adult grasshoppers flew onto his rangeland in El Paso County,
Colo., 1n the fall of 1937, destroyed all forage on about 5 of the 20
sections he held, and severely reduced the forage on an additional
5 sections. He had to find other vange and buy 140 tons of hay
to replace the ferage destroyed on his winter range. He moved
his cattle to range in Crowley and Oterc Counties in 1938 only
to have the forage for winter feed again destroyed; he was forced
to spend $7,500 for hay to earry his stock through the winter.
This loss was exclusive of his cost for locating grasshopper bhands
and hauling and distvibuting hait to protect some of his winter
range.

Séf}ain (717%) said that in Briscoe County, Tex., in 1939:

... part of a band of lengipennis had migrated from a pasture into

green wheat just heading out. An estimated 99 percent eontrol had

been attained in both wheat and pastuic although it took three appli-
cations of bail in the wheat to wel the same percent kill in the

pasture with one spreading. 10 percent of the leaves and 2 percent
of the wheat heads were stripped and cut off.

In Baca County, Colo., 1939, Scharff (56%) reported:

On the Brooks Brinkley ranch .. . i5 an ege bed of 20 acres, situ-
ated on level disced cropland, part of which is planted to wheat, now
& inches high, Two acres of the egx bed exiend into the wheat. . . .
The hatch was estimated as 50 percent complele . . . and in the
wheat, 50 per square vard, all first instar. . . . There was consider-
able evidence of fecding having been done on the wheat.

In Colorado in 1939, Davis and Mickle ¢(2*) concluded:

Practically all destruction by lengipennis 'hoppers was to the
grasses of the native prairie. However, in somg cases, they migrated
inte grain crops and accounted For considerable damage te those
CIons.

T. R. Hupper {47*) in 1939 said:

Crop injury was first noliced on early plantings of spring wheat,
winter wheat, and harley. Due to the lack of atiractive planis on the
marging of fence rows the ‘hoppers quickly marched inla the fields
«.oan search of food. | L. Inone case S longipeanis horched within
a field planted te wheat and as the tender shnots appearved the fivst-,
second- and third-instar nyinphs cut them down. ., . Incidentally, /.
longipennts did not geem Lo develon at the nermal rate on a diet of
wheat; buifale grass wa ssuperior in Lhis respect.
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Many specific reports o1 estimates of damage caused by D.
longipennis appeared in items in newspapers in the infested areas
during outbreaks. Four such items are briefed below.

The Mountain and Plain Weekly, Denver, Colo, on July 20,
1937, reported that eastern Colorado stockmen were moving cattle
to market because the grasshoppers had left nothing for the cattle
to eat. The grasshoppers were forcing the sale of breeding stoek
as well as of market beef. In Lincoln County, it was reported,
1,000 head of cattle had abready been sold. In Kit Carson County
10,000 acres of green barley and 5,000 acres of other crops had
heen eaten by the grasshoppers.

According to a news item in the Amarillo {Tex.} News, May
21, 1938, the grasshopper situation was more serious than drought
in the Panhandie of Texas, particularly in the northwest tier of
counties. The grasshoppers at that time were beginning to march
in ranch sections of Dallam and Hartley Counties. A local rancher
predicted that it would take State and Federal action plus all the
local cooperation possible to combat the plague.

Table 1.—Crop and range grass {osses from Dissosteira longipennis
and crops and range sared by control, as estimated from data
compiled from all quthentic sources?

Crops Range
State and . s ; —_—
year : 3 Saved by | | Saved Ly
Lams 2 control 3 Looss l control
e . -
Colorado: i . .
A0S0 et oo | 10000 neres |
i ! destroyed, |
LE$K o ZBEIN neres J37,481 211,440 ¢ %60, 000
. o, : :
135 . S 822 617 S451,546 - $304,420 ° 3964 ,500
o . Ritaliy e oo Hlight emmm s,
Now Mexiea; : : :
1S 1o T . B2 S118,681 313,600 3804,904
110 Noe e None  eeeioll .

*Although lengipennis was present in Colorado, Kansas, New Mexico, Okla-
homa, and Texas for several years, no data are available on losses or savings
for years and States other than these shown in this table,

*Where a figure iz given for loss it was derived as follows: Losses werc
totaled in all ecounties in the infested areas for all crops except alfalfa,
sugar beets, Liuck crops, and native hay; 10 percent of this total was
estimated to be the loss caused by longipennis. This is considered a reasonable
and conservative estimale, since all such crops were altacked by the species
and often destroyed by them.

*Each figure for crops saved by control was derived as Tollows: All crons
harvested i the infested area(except alfalfa, sugar beets, truck crops, and
nutive hay) were totaled; 10 pereent of this total was estimated o be the
amount saved by conirol,

Source: Based on data from MeCampbell £85%, 40%), Mickie (42*), and
Hildwein (19%, 21*).
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An editorial in the Moore County (Tex.) News, June 2, 1938,
described the “march of death accompanying this section’s worst
grasshopper invasion.” The writer traveled for miles and found
no letup in the infestation. Squirming hordes of grasshoppers
were stripping the foliage and heads from wheat stalks, then
mazrching on to threaten everything green in their way.

In June 1939 the Amarille Daily News reported that damage
estimated to be befween $500,000 and $1 million had already been
done by grasshoppers in Dallam, Hartley, Sherman, and Moore
Counties.

Reports are replete with statements that longipennis destroyed
or severely damaged range grasses wherever bands of grass-
hoppers marched over the range or invaded it by flight. From
1936 to 1940, 10,927,313 acres were haited to control the species.
An extremely conservative estimate therefore is that, without
control, about 10,000,000 acres of grass would have been destroyed.
Since most of the baiting was to kill concentrations of grass-
hoppers near their eggbeds or hatching grounds, it is reasonable
to conclude that if their spread had not been deterred hy baiting
Ehey {xivou}d have destroyed grass greatly in excess of the acreage

aited.

When drought and severe grasshopper damage occur simul-
tancousiy it rarely is possible to distinguish which causes the
greater loss. A combination of the two usually results in complete
range or crop loss unless it is prevented by an effective grass-
hopper-contrel program. Losses, and savings resulting from
control, ave listed in table 1.

POLITICAL EFFECY

Injoricus outhreaks and the human pattern of action to combat
them are similar for many species of grasshoppers. Light infesta-
tions generally ave ignored as long as they do not cause easily
detected damage to farm or range crops. When a major outhreak
occurs, vegetation is attacked over such a widespread area that
control by individuals is hopelessly impracticable or prohibitively
costly. The economic effect of an cuthbreak then influences political
action intended to avert disaster. Individuals or communities
request or demand assistance in some form from governmental
agencies, local or national. Sooner or later most of those requests
concerned with major cutbreaks are channeled to reach the United
States Department of Agriculture, either directly or through the
people’s elected representatives to Congress.

In most outbreaks, grasshopper devastation, arousal of public
interest, and eventual control operations oceur in ahout the same
sequence. This sequence and the political impact of an outbreak
of the High Plains grasshopper are illustrated by a few ease
happenings.

In the fall of 1912 ranchers in Roosevelt County, N. Mex., had
warning of an impending outbreak when they saw hordes of flying
grasshoppers alighting on the range, but since they had had no
experience with similar invasions they did not recognize the
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warning. Consequently, the 1913 outbreak was not expected and
no plans were made for controlling it. The situation is graphically
described by Harrison E. Smith (87, p. 4):

This putbreak originated from a tremendous swarm of adults
flying from some unknown point to the norvh. These settled in the
cutlying distriets of Elida, N. Mex., during the latter part of
August and early September. During one evening, when swarms of
this species were passing over Elida, large numbers of them flew
against the plate-glass window of a brilliantly lighted barber shap.
The following morning several bushels of dead grasshoppers were
heaped on the sidewalk.

The breeding grounds on which these swarms settled to deposit
their egps were in most part in a chain of sandhills running from
about 8 {o 10 miles northwest to southwest of Elida. . ..

On May 4, 1915 . . . Mr. B. W, Kinsolving noted the tiny grass-
hoppers coming out of the sand “by the million.” Watching this
area for a little over a week Muv, Kinsolving says: “Tiny hoppers
appeared to be coming out of the sand continually, One evening
during a heavy shower certain areas of this breeding ground were
covered at least 6 inches deep with liny hoppers.”

On May 6. .. Mr. Bruce Marsh noted the tiny grasshoppers issu-
ing from the sand in an area nearly 1 mile square, “the ground over
this area appearing like a living mass of crawling magmots.”

At abouf the same time the cowboys on the Littlefield ranch . . .
noted the sand moving up and dewn over a great avea. When
examined they found “countless millions of tiny hoppevs crawling
to the surface.”

Faced abruptly with complete range devastation by a full-fledged
cuthbreak, ranchers in the infested area sought help through public
agencies. They took their problem to the local postmaster, probably

because he was the Government official most readily available, In
the United States Archives in Washington, D, C,, is a chrono-
logical record that shows how the service of the Department of
Agriculture was enlisted in the 1913 outbreak., The following
telegram, dated May 24, 1913, was addressed to the Secretary of
Agriculture:

The grasshepper plague has come to our country and they are heve

by the billion. Just south and west of fown and we want vou to send

someone here at once in an endeavor to eradicate them before they

destroy the whole agricultural crops. aet as soon as possible for

the grasshoppers are multiplying rapidly and moving northward.
Henry Rankin, Postmaster,
Elida, N. Mex,

The Secretary of Agriculture responded by telegraph to Mr.
Rankin's appeal:

May 24 telegram received. Representative Bureau of Entemology
instructed to proceed from Roswell to Elida at once to investigate
prasshopper situation.

Houston.

The representative referred to undoubtedly v~ A, G, Hammar
who was stationed in Roswell, N. Mex., for « May 25 A. L.
Quaintanee, of the Burean of Entomology, received from this field
assistant a telegram reading:

Hoppers at Elida of migratory habit. Oviginated from swarm that
settled thiz part of country last fall. Are all grazing. Country very
sparsely settled of which over 100 squave miles arve infested. Have
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advised moviny of stock from infested section. Hoppers migrating
new due northexzst and have progressed 10 miles in three weeks.
A, G. Hammar
Elida, N. Mex.

Although the addressee is not named, the following telegrarm of
May 26 probably was sent to a Member of the New Mexico Con-
gressional delegation:

Will vou please get some immediate action from the Department of
Agriculture on matter of assistance to loeal man in endeavor to
control immense swarm migratory grasshopners extending between
Klidza and Kenna, moving northeast Portales Valley and Santa Fe
railroad now active with men and money. Have Department of
Apriemlgure refer to wire and veport their loeal man Hammar, These
hoppers constitute considerable menace to eastern States.

A. A, Ropers

Roswell, N. Mex.

BE. 0. G. Kelly was then in charge of a Bureau of Entomology

® field station at Wellington, Kans,

In the chronological sequence of events we deduce that the
problem of the New Mexico grasshopper outbreak was then
referred to F. M. Webster, chief of the Division of Cereal and
Forage Insect Investigations, for the Archives record contains the
following telegram:

Washington, D. C.
May 29, 1913
E. 0. G. Kelly
Wellington, Xans.
Smith detailed New Mexico, sec Postmaster Rankin al Elida. . ..
Webster.

Mr. Kelly wrote Webster June 2:

Your telegram of today has just been received. Smith has starfed

to New Mexico, will be in Amarille loday for consultation with the
A, T. and 8. I. freight agent and will go right on to Elida to-
mMorrow, . . .
Yours very truly,
E. 0. G. Kelly.

® Mr. Webster wrote Kelly, June 2:

1 cortainly hope Lhat Mr. Smilh will malke good in managing the
egrasshopper outbreak. . . . T have a telogram from him saying that
he is leaving Amarillo today in compuny with the Santa Fe Railroad
expert.

Publicity on the outbreak apparently made the local papers first
on May 30, 1913, when the Clovis Journal reported that an invad-
ing army of grasshoppers had been seen “down the line south.”
The “advancing column” was reported to he 5 miles deep and

- nearly 20 miles wide; it was moving northeastwardly, directly
toward Clovis.

Shortly after this first report, the outbreak made headlines
through a release by the Department of Agriculture. In the USDA

- release, F. M. Webster of the Bureau of Entomology said that
“this looks like a grasshopper vear.” The release said further that
the U. 8. Department of Agriculture regarded the New Mexico
outbreak so seriously that an expert in the Division of Cereal and
Forabgle Insect Investigations had been ordered to the scene of the
trouble.
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Colorado, 1936 to 1938

When the High Plains grasshopper invaded eastern Colorado in
the fall of 1936 Sam C. McCampbell (35%), State leader of grass-
hopper control, after making an investigation, estimated that
adults laid their eggs over an area involving 2 million acres of
rangeland. From the extent of the migration he sensed the need
for control in 1937 when he said: “Becanse of the sparsely settled
nature of the country infested with longipennis and the low
productivity of the land, outside aid will be necessary hoth in the
form of poison bait and supervisional help. The success of our 1984
campaign was largely due to Federal aid in the form of bran and
sodium arsenite and an entomologist in the field. Residents of this
section are hoping for such help in 1937."

The Colorado Legislature in 1937 sent a memorial to the Presi-
dent of the United States, to the Secretary of Agriculture, and to
Members of Congress urging passage of a bill providing $5 million
for the control of grasshoppers, Morimon crickets, and other insects
similarly subjeect fo interstate migratory movements. The amount
appropriated under the bill was $2 million. McCampbell 738%)
said: “The appropriation was all spent eavly in July and only
through timely passage of a second appropriation for $1 million
was Colorado able to meet the serious ‘hopper invasion. It is esti-
mated that $9 million in crops was saved through this year's
hopper campaign. The §3 million loss from grasshoppers would
certainly have heen much lower if adequate funds had been
provided earlier in the season.”

The Governor of Colorado was besicged by requests for aid in
1937 after manpower and money for continuing the control fight
were nearly exhausted. He investigated the situation personally,
as reported in the July 2 issue of the Bastern Colorado Plainsman
and Range Ledger,

The newspaper 1eport, briefed helow, reveals the seriousness of
the economic effects of the outhreak and its political significance.

According to the report, the Governor visited the fields near
Hugo where grasshoppers were feeding and observed the damage.
He talked to the county agent and was informed that poisoning
crews, which had been working for a week spreading poison in
the vicinity, could not fight the grasshoppers by themselves. “It's
a superhuman task for a vast army of workers,” said the agoent,
The Governor then called out the National Guard to help in the
fight and appealed 1o the WPA for a blanket project.

On July 13, 1937, the Denver Post published a news item con-
cerning State assistance: “One hundred and thirty-six [National
Guard] trucks were sent into southeastern Colorado about 2 weeks
ago and have heen fighting the plague there from headquarters
in Colorade Springs.”

Aroused by the economic and political effects of the 1937 oui-
break, Governor Teller Ammons, on February 23, 1 238, outlined
his view of the problem that year in a memorandum to F, A,
Anderson, director of the Colorado Extension Service. Excerpts
from the memorandum (40%) emphasize how a grasshopper out-
break influences political action:
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The destruction of erops by insect pests is one of the greatest
hazards constanily confronting farmers of eastern Colorade and is
of more serions consequence even than the failure to produce crops
because of serious drought, as has been our experience in varying
B degrees for seven consecutive years, Losses incurred from destruction
by insect pests include not only the investment in land and equip-
ment, but the expense of planting and cultivation.

Senators Alva B, Adams and Edwin C. Johnson, and Congressmen
Edward Tavlor, John A. Martin, Lawrence Lewis and Fred Cum-
mings, eomprising Colorada’s delegatinn to Congress, this year as
last, initiated an eariy eifort with the cooperation of their colleagues
in obtaining Federal aid. After conferring with the Director of the
Budget, arrangements were made for the introduction of a joint
resolution for approximately 32,000,000 for the control of prass-
hoppers and other inseet pests. This resolution was approved by
the House of Representatives on February 17, and received favorable
consideration by the Senate Appropriations Committee with the
prospect of its early passape by the Sepate, as reported in a telegram
received on Februavy 18 from Senator Adams.

. Several weeks undoubtedly would have elapsed in making Federal
funds available had the anpropriation been permitted to remain
with the hundreds of other items in the regular agricultural appro-
priation bill now in Congress. We are, therefore, indebied fto our
Senaiors and Congressmen for their aggressive and successful effort
to make Federal funds available immediately and in ample time fo
use them effeetively this spring.

When Federal funds were exhausted before the control cam-
paign was completed, the Rocky Mountain News, July 1, 1938,
announced action that was taken by the State in the emergency:

Issuance of 525,000 worth of State certificates of indebtedness
was ordered vesterday by Governor Ammous to supply funds for
a new campaign against grasshoppers. The Governor issued an
executive order declaring a state of emerpency exists after it was
found Federal funds . . . are exhausted and the various counties are
without funds. The Governor declared, 1 don’t believe we can let
up now as crep prospects are the best in sevoral years.” Attorney
General Byron G. Rogers approved the execuiive order and the
issue of certificates which will be presented to the legislature in
Janunary for covering the appropriation.

New Mexico, 1937 and 1938

Under the caption “Tingley Juins Hopper War,” the Clayton
News wrote on June 1, 1937:

Governor Clyde Tingley eame to Clayton this noon, had lunch with
county offieials and after he visited the grasshopper-infested por-
tion of fhe county, threw resources of the State inte the fight.

He ordered out the National Guard trucks and a number of
* smalter cars. Saturday morning, after an all night drive, these
staried hauling poisen mash to the area. Tinpley instructed I. B.
Tyson, district engineer, o throw the entive resources of his district
into the fight. Now fifteen [rucks are running night and day from
the milis west of Springer to (he area al Clayton, Greenville, and
Des Moines.

The Governor instvucted the county cngineer o ovder noison,
molasses, bran, and necessary supplies to the amount of $15,000. ...

The Colorado Springs Gazette published a news item datelined
Clavton, N. Mex., July 11, 1937 :
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A thousand ranchers, farmers, businessmen, soldiers and CCC
enrollees formed the determined army that swung into action two
hours before dawn.

Captioned “Valuable Assistance by Guardsmen,” the Clayton
News, July 14, 1937, editorialized:

If the invasion is stopped, and it looks as if it may be, much of the
credit should go to the guardsmen. We here in Union County have
appreciated their aid; we could not have gotten along without them.

The State Highway Department is also due our thanks for the
spiendid way in which they cooperated with trucks and men. . . .

In 1938 the State of New Mexico again threw all available
vesources into the fight against this grasshopper, as evidenced in
a news release June 7 in the Alhuquerque Tribune:

Gov. Clyde Tingley, acting guickly to aid embattied northeastern
New Mexico residents fighting an invasion of grassheppers, calied
out 30 National Guardsmen to duty in that sector today.

He also ordered 15 National Guard trucks to the area with the
troops headed by Adj. Gen. R. C. Chavlton.

The Governorv announced that orders had been placed for immedi-
ate construction of 25 move spreaders. This will bring the number
to 80

“Everything possible must be done this week to lick the grass-
hoppers or they’ll lick us,” the Gevernor declured, . . .

The executive also dispatched a telegram to Gov. James V.
Allved of Texas, asking that the Lone Star State cooperate in
Dallam and Hartley Counties, bordering northeast New Mexico.
“Farmers and ranchers of the northeastern counties have been
putting on a real fight,” said he,

In an interview in February 1953 ex-Governor Tingley said
that, when northeastern New Mexico urged him to help in control
ol the 1838 outbreak, he drove to Clayton and went out to see
the infestations before he decided upon what the State could best
do to further contrel work. He declared that nobody could believe
the immensity and density of the grasshopper swarms without
having actually seen them. “Where the swarms had passed on,”
he said, “the ground was as bare as that pavement out there.”
He saw the necessity for immediately inereased control work if
crops were to be saved. That evening, he promised 400 ranchers
and businessmen assembled in Clayton that the State would give
them prompt help. Concerning that promise, J. E. Staley, editor
of the Clayton News, said that following the meeting the Governor
telephoned his State ofticials and that by daylight the next morn-
ing “State Highway and National Guard trucks were rolling into
Clayton with their bed rolls.”

Said Mr. Tingley: “It takes money to fight a grasshopper out-
bhreak as bhig as that. The only thing that was i my mind was to
kill the grasshoppers and save the crops. I didn't know where the
money was coming from but had the power to assign State
personnel and equipment to the job. I called highway trucks from
as far as 400 miles away, and called on the National Guard and
other organizations under my command, such as the Welfare
Department, to furnish available equipment or other facilities.
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State personnel and equipment expenses were paid out of State
funds appropriated to the various departments for conducting
their regular operations.’” The Governor ordered 100 traction hait
spreaders, which weve constructed in the shops of the State High-
way Department and of the Santa Fe Railroad, hauled to the
outbrealk area on State-owned trucks, and paid for ouf of State
funds. A separate account of State expenditures for grasshoppers
control was not kept, but Mr. Tingley estimated it was at least
$50,000, for it included payment of regular salaries, ftemporary
labor, and such items as the maintenance of camps and the feeding
of State Highway and National Guard members.

TEXAS, 1938

Texas did not need to ovganize for control of this grasshopper
until 1938, In that vear, the feature front-page article of the
Amarillo Daily News, June 10, was devoted to the subject.
Excerpts from that avticle follow:

The fight on the renacing hordes of migratory grasshoppers in
northwest Panhandle will take on all the appearances of the way
that it is today when 40 Army trucks manned by soldiers take the
fetd to seatter poiseh,

The 40 National Guard trucks which mobilized in Amarille vester-
day . . . will pull poison spreaders in Nallam, Hartley, Sherman and
Roore Counties.

Beavier trucks, from the State Highway Department . .. will
haul sawdust Trom Springer, N, Mex,, to the poison-mixing plants
and the mixed poison to the range land and ficlds in which the
spreatlers are aperating.

The Government ig Turnishing the poison, the WPA {s mixing it

Fnlisted men have heen assigned Lo drive the trucks and one
sergeant has been assigned to the agriceltural agent in cach ol the
four cvounties. Warking with the county aweats, the sergeants will
mive instructions to the truck drivers. The county agents are
working with each other and with Ted Houghton, the poisen-program
coordinator for the four counties. My, Houghron and the county
agents know where the puison sheuld be speead. ..,

Calonel Perrine tallzed with the sergeants and drivers and infarmed
them that they would not be under striet military regulations,
saving, “Boys, | don't know whether you have ever foupht prass-
hoppers and [ want cach of you to make a hand. Cooperate with M
Houghton, the eounly agents and your sergeants and malke 2 hane
in overy respect. ... We're here o get the grasshoppers before Lhey
have a chanee W start dying.”

The National Guardsmen will be fed and housed by farmers and
vanchers. Some af the men will gpend geveral days at a time as far
as B0 to T35 miles away from tows,

1t was al the roquest of Gavernor Tingley thal Governor Alfred
ordered the Texas National Guard and highway department into
the war.

Measures taken to guell major outhreaks of grasshoppers often
require the diversion of Tunds from projects for which they were
appropriated. The effect of such emergeney is not so easily meas-
ured as crop losses caused Dby grasshoppers, but it is important
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to the economy of a State or a county. Assignment of resources to
work other than that for which funds were appropriated results
in delay, curtailment, or abandonment of scheduled work.

If grasshoppers were not controlled, officials have faced the
prospect of decreased revenues and profitless farm operations that
would lead to numerous tax delinquencies and eventually to the
loss of a permanent, stable farm population. In many outhreaks
that have occurred, responsible officials have chosen to divert
regular funds to the grasshopper emergency, reasoning that grass-
hopper control was more important to their State or county than
some work that was already scheduled.

OUTBREAKS RECORDED

Considered from the standpoint of controlling it, a grasshopper
outhreak may range in importance from minor to major. It is a
minor outhreak if it occurs enly locally and, therefore, does not
require extensive operations to bring it undex control. It also is
a minor outhreak when local populations spread to adjacent areas
but large-scale control operations are not required to prevent
severe damage. A major outhreak is one that affects a large avea
with grasshopper populations so great that extensive operations
are necessitated to control it.

The High Plains grasshopper is known to have developed to
major outbreak proportions only during one period—1936—10.
This outbreak had its beginnings in local outbreaks in Colorado
and New Mexico in 1933. The area infested expanded each year
thereafter until it reached its pealk in 1939, then it receded rapidly.
At least 28,575,000 acres of land in 5 States were infested hy
economnic populations of the High Plains grasshopper during the
5 years of this major outbreak.

The size of infested avea, for each year when it was known,
was as follows:

Acres

1891 s e 256,000
1918, ... .. . 288,000
40,320

- 448,000

... 2,000,000

e 3,400,000

. 6,406,000

11,485,000

194,000

1891

The first authentic yeport of longipennis in outhreak proportions
was in 1891, although some of the earlier severe dumage to vege-
tation in one or more of these States might well have heen caused
by the species. Corkins (28, p. 35) reports one such case when he
says, “To My. I. A, Perkens, County Assessor of El Paso County,
[Colorado], we are indebted for the record that, in 1873, £rass-
hoppers completely cleaned up the vegetation in the county, There
are no definite data which prove the identity of the locust con-
cerned, but it is altogether possible that it was this speeies.”
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The local outbreak of 1891 was sufficiently unusual and destrue-
tive to make press headlines. In a column of news items captioned
“Railroad Couplings,” the Goodland, Kans., News, June 25, 1891,
said: “At Limon [Lincoln County, Colo.] trainmen are having
‘plenty trouble’ with the grasshoppers. The insects get on the rails
and, when run over, grease the iron and drivers so that it is
impossible to pull a load up the grade.”

On July 16 the Daily News (Denver, Colo.) published an eye-
witness account of the grasshopper outbreak sent in by a reporter
who had heen dispatched to Axriba, in the part of the State where
an invasion of grasshoppers had been reported. According to the
account a swarm at least 23 miles wide and 70 miles long was on
that day centered about Bovina. The grasshoppers would not be
able to fiy for another 2 weeks but they weve hopping eastward
2 to 4 miles a day. The swarm was made up of the young of grass-
hoppers that had been in the same avea the year before; now theyv
had inereased many fold.

The report went on to say that the grasshoppers stopped every
westhbound train that went through Axriba at night. The grass-
hoppers clustered on the rails, which were warmer than the cold
night aijr, and almost hid the rails from view. When a train
attempted to climb the upgrade, its drive wheels would revolve
but slide helplessly upon the rails. Much anxiety was expressed
by the citizens in Colorado for the welfare of Kansas, which was
in the path of the grasshoppers.

When news of the outbreak in Colorado reached the Department
of Agriculture in Washington, D. C., C. V. Riley, entomologist
for the Department, dispatched trained entomologists to the scene
to ascertain the corvectness of the reports being received. Law-
rence Brumer, entomologist for the University of Nebraska and a
leading authority on Orthoptera, was one of the entomologists
commissioned for the task. When he had finished his investigation
he wrote (132, pp. 18-19):

During the early part of July reports came from the castern and
southeastern portions of Colorado of locust depredations, The first
of these was thab trains had been stopped by grasshoppers getting
on the rails of the Sunta e Railroad 10¢ miles or thercabouts east
of Denver. Shortly after this report appeared in the newspapers
of sericus damage being done around the point where they were first
mentioned as stopping trains. . .. On the strength of these reports
Professor Riley instructed me to visit the localities for the purpuse
of ascertaining the ~xteni of country overrun, the actual and pos-
gible future injury which might result, and the exact jdentity of the
species concerned. . . . T first visited Akron, Colorada, the nearest
point on the Burlinglon and Missouri Jine fo the region infested.
There securing a team and driving io the scuth enly about 4 miles
the advance guard of lhe enemy was encountered. Imugine my sur-
nrise at finding here an entirely new insect as far as destructive
locusts are concerned. Here in Coluvado, and in -immense numbers
was the Dissesleira fongipennis, an insect usually considered rare
in collections und one heretofore oniy known to oeeur over the
higher perlions of the plains lying to the eastward of Che Rocky
Mountaing, in the States of Wyoming, Colorade, und New Mexico.
This insect, as aseertained from inquiry, covered an arca of about
400 square miles of territory in sufficient numbers to materially
injure the prasses prowing on the ranpes of the entire replon, and
amongst these grasses the species of Bodelowe or Gramma grasses,
and the Buffalo mrass, Buehiled daciiydoides. Grains and other culti-
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vated planis did not appear to be especiatly attractive to it. In fact
very little or no Injury was done by it to the cultivated crops grow-
ing within the region infested. . . . This year {18911 when the
eges hatched the young began to move from their breeding centers
in all directions, seeking open places and the edges of plowed fields
and following roadways. This trait of seeking open spots this season
is probably due to the habit of the insect of naturally living on
open ground, where grasses are short and scattering, The present
yeay was very wet in this particular region and caused an under-
growth of prasses; hence the desive to find the natural conditions
under which the insect lives. The young began moving, and finding
these open places, congregated there. Having thus congregated, they
must naturally feed, and they swept the grasses clean zround these
spots. 3o noticeable was this that, in certain spots where they had
gathered about the hiils of a species of ant which rajses mounds of
small gravel and cuts away the vegetation for some distance zround
them, they had enlarged these areas in some places for fuliy half an
acre. This year Messrs, Snow and Popence observed them flying
southward with such ease, by reason of their long wings, that they
resembled birds.

When Bruner wrote this repoxt longipennis had been known in
the United States for 24 years. During that period it was thought
of only as a rare, curious, harmless, strong-fiying grasshopper of
the western plains. The first recognition that the species might
develop into one of economic importance came in Bruner's state-
ment: “Imagine my surprise at finding here an entirely new insect
as far as destructive locusts are concerned. Here in Colorado, and
in immense numbers . . . the Dissosteira longipennis . . . covered
an area of about 430 sguare miles of territory in sufficient numbers
to materially injure the grasses growing on the ranges .. .”

E. A. Popenoe, an entomelogist Tor the Department of Agricul-
ture, apparently was on the scene of the outhreak in Colorado
reported by the [Denver] Daily News (p. 17). An abstract of his
report to the Association of Economie Entomologists stated
(68, v. 41):

July 10 to 19 the author visited the northern part of Linceln
County, Colo., on account of newspaper reports of the stopping of
trains by grasshoppers. He found a strip of country 16 by 25 or 2
miles in extent fairly covered with locusts, which proved to he
Diissosteire lomgipenwis. . . They were congregated especially in
the boundaries of this area. The wountry is poor and planted here
and there to corn and sorghum, and there are oceasional patches of
rarden vegetation, The season has been favorable and cool. The
ocusts are said to have come in swarms from the south last fall
and to have settled alony the Big Sandy Creek in a patch two or
three miles in circumierence, in which they laid their eggs in great
numbers. Upen hatehing this sjping the young spread outwards. At
the time of his fthe writer’s? visit in the northern pact of the strip
the insects were in the last larval and popal stages, with very few
images. At the south line, however, the winged individuals were v 1Y
abundant and flew like birds. . ..

Bruner, Popenoe, and the reporter for the Daily News weye in
close agreement on the size of the 1891 outbreak in Colorado. It
apparvently was restricted to one county and covered about 400
square miles 01 about 256,000 acres.

Herber{ Osborn (66), an agent for the Department of Agricul-
tore, found longipennis in several counties in Kansas in 1891 hut
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not in outhreak numbers or giving evidence of soon attaining such
proportions {p. 55).

. Dissosteira longipennis was taken in some numbers at all points
visited in Finney, Kearney, Hamilten, and Greeley Counties {Kan-
sas), and as this species has caused so much injury in eastern
Colorade this season, I tcok rather special pains to note jts abum-
dance and inquire as to any destruction resulting from it. At no point
did it ocecur in destructive numbers, and I should not look for any
injury from it in these localities in the near futuve at least.

Most of thmse noticed were winged, some still fresh from the
pupa stage. In meneral all the winged ones, when disturbed, moved
southward, but nothing like a general migration was seen. . . .

Tn 1892 Vernon L. Kellogg (52), of the University of Kansas,
expressed an opinion (pp. 43, 49) similar to Osborn’s concerning
the economic importance of the species in Kansas.

This locust, not until recently recognized as an injurious species,
. because of its comparative rarity, more nearly resembles the migra-
tory loeusts of the Old World than any other of our Awmerican

forms. ...

The species while doing much damage in a restricted portion of
eastern Colorado (400 square miles} last year, has not yet appeared
in Kansas in seriovs numbeys. . . .

Writing in 1891, Riley (72, p. 424) even expressed doubt wheth-
er the species was or ever would become migratory:

This speeies, in size and length of wing, much more closely resembles
the migratory and destructive species of Burope and some other
countries than the Rockvy Mountain Locust (Caloptenus spreius)
and there seems to be no particular reason why, at times, it should
not become destructive and fiy in vast swarms from one locality to
another., So far as past experience justifies calculation, however, it
will not do so, znd I think there is little reason to fear any con-
tinued or widespread injury from this species.

By 1893, Bruner (16) was beginning to take a different view,
for by then he had found that the species showed a tendency to
. fly to new territery. He said (pp. 36-38):

Perhaps the greatest surprize to entomologists in the shape of
injuries caused by locusts in this country was that cecasioned during
the past {1801] suminer by the insect named above. Although it has
been known to entomologists for twenty yvears, and has been twice
described, this locust has be:n considered as belonging with our rarer
representatives of the fandly of Joensts. . . . longipennis is rather
restricted in its range, being found only upon the plains of western
Nebrasks, Kansas, southeastern Wyoming, eastern Colorado, and
northeastern New Mexico, at an elevation from 32,500 te 6,000 feet
above sea ievel. . . .

- During the autumn of 1876, when the true Migratory Loeust was
passing over the castern part of Nebraska, a large specimen of this
long-winged *hopper was seen fo alight at West Point, in that State,
where the writer was at the time engapged in hay-making, It was
captured and shortly afterwards deseribed as Oedipoda nehrascensis.
. This 15 the only record of the inseet having heen taken so far away
from its nabive region as since ascertained. Several ycars later,
Avgust, 1881, while spending some time in the vicinity of Greeley,
Colo., this species was very freguently met with both to the north-
ward and southward of the town, upon the bench lands . . . Again,
in 1889, while cotlecting specimens of varvious kinds in the extreme
western part of Nebraska, a few individual specimens of this insect
. were taken, while, a year or two previcusly, it was obtained from
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Prof. F. W. Cragin, of the Washburn Coliege, located at Topeka,
Kans., who coliected it in Barbour County, in that State.

* * ® * * * * * * * * *

As would naturally be supposed, if we were to judge from the ample
wings with which it is provided, this insect is an excelient fAyer, It
has shown a tendency to migrate during the past summer in Colorado,
and s reported to have come into that vegion from the southward
in 189¢ priox fo egy laving. . ..

1898

The outbreak in Colorado subsided after 1891, and there were
no further reports of population increases in the State until 1898,
During that period, however, the status of longipennis had altered,
and entomologists were becoming alarmed by its demonstrated
habit of migrating by flight, its changing food habits, and the
extension of the area infested. Bruner (20, pp. 126-127) expressed
this viewpoint when he wrote:

Since that time [1891] the insect has been more or less numerous
every year, and has found its way eastward azimost to the Missouri
river m Kansas and Nebraska. It has been quite destructive to
crops of nearly all kinds in some parts of [Nebraskal and adjoining
states, and has shown a fendency toward becoming a leading member
among the list of destructive grasshoppers.

During the past year, 1896, it was exceedingly sbundant in the
vicinity of Sidney, and did much harm to both small grain and corn
crops, as well as to potate and other parden vegetation. Fuirther
south . . . it did not adhere as closely as formerly to the native
grasses when choosing its feod, not did it seem to aveid entering
the prairie vegetation as was its custom when first studied by me.
In other words, this insect seems to be graduwally changing its habits,
and if the change conlinues is go on, we may look for it to be per-
manently 2 dreaded pest.

Bruner also reported (19, . 38) that longipennis in 1896 had
destroyed entire fields of small grain, some corn, potatoes, and
gardens in the vicinity of Lodge Pole and Sidney Nebr. He ex-
pressed apprehension concerning its future economic importance.
{(See p. 3.)

No hint of the size or location of infested areas in 1898 has
been found although authentic reports conclusively show that
there were large areas infested with longipennis some place within
its hahitat during the spring angd early summer. How, otherwise,
could such hoards of flying grasshoppers have descended upon the
city of Colorado Springs, Colo., as reported by Hunter (45, p. 299) :

On the evening of July 21, this year, locusts came from the west
down into Colorade Springs in countless numbers. Press veports
stated “at some places they were in piles from 7 to 10 inches deep.”
Blectric lights were not used for several evenings afterward fo
avoid atfracting those passing over. Specimens sent by Board of
Commerce of Colorado Springs to this department showed the
invading species to he Dissosteiva longipennzs, Engineers running
from Limon, Col., to Goodland, Kans., told the writer that night
trains encountered locusts in preat numbers on the traeks in the
vicinity of Arriba, Col., from July 23d to 26th. It seemed evident
that the rails by retaining heat longer at night than the esrth
attracted the insects., From the numbers of Dissosteira longipennis
found about the engines coming into Goodland in the morning from
the west, it is safe to say that the above was the predominant species,
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The invasion of Colorado Springs was also described by Tucker
(97, pp. 112-713) :

Some years ago, while living in Colovade Hprings, the business of
insect collecting vras one night unexpectedly foreed uwpon me. A
migration of locusts, the long-wingad grasshopper, known as
Digsesteire longipennis Thomas, was evidently detracted from flight
aver or near the city by the eleciric lighis, directly after dark one
evening, and the streets soon became covered with the living insects.
In seeking every source of light, they invaded open places of business
faster than they could be cleared away. They were eaught in hand-
fuls and flung into pails of scalding water fo end their strugrles.
The sidewalks and streat-crossings of severai business bloeks were
covered so thickly that people walking there would erush a mass of
bodies underfoot at every step. Next morning the street cleaners
carted off dead grasshoppers by the wagon load, and for fear another
invasion might come, the streets were not lighted for several nights
afterward. This phenomenon oeccurred on Thursday evening, July
21, 1898; and the ridiculous part of the affair was the claim made
in the daily papers that the insects came from Kansas, when, as a
matter of fact, the species is more native to the Colorade plains,

Corkins (28, ». 86} gives additional informaticon on Colorado
Springs invasion in 1898:

Mr. James P. Shearver kindly furnished us with the following notes
on this outbreak:

"I am pleased {0 be able w give you Lhe exacy date of the grasshopner seourje
some years auwe. which was on the night of July s, 1585, ihat being the night of
my widding They were so Lad at the corper of Pike's Peak and Teion Streets that
they stopped the sireet eirs. The next morning ther shoveled more than an ordinory
express load of them out of our Fike's Peak entranece fio Perkins-Shearer Clolhing
Company store}™.

Mr. B. B. Reynolds, Superintendent of the Colorade Springs
Water Department, who was serving on the City Fire Department
at that time, recalls that the horses of the Department had to be
roughshod to keep from slipping on the streets.

1899

The species oceurved in local outhreak numbers some place in
the gencral region of Goodland, Kans. in 1899 but again knowledge
of the size of the infested area is lacking. 3. J. Hunter (46, pp.
16-17), entomologist for the University of Kansas, recorded his
impression of the 1899 infestation of longinennis:

Press reports having been sent out from Goodland concerning
the prevalence of grasshoppers along the railvoad, their numbers
being reported such as to interfere with the action of the drive
wheels upon the rails, I decided to go out and investigate. . .. I found
[from examination of coweatehers on railroad engines] the species
which were most common there to be the long-winged locust, Disso-
steirg longipennis, the Carolina locust, i sesteiva curoling, and the
vellow Joeust, Melunoplus differentiofis. . . .

1900

A local outbreak of the species must have oceurred some place
near the southwestern extremity of its habitat in 1900 when Smith
(87, . 3) reported that “IJn 1900 this insect invaded the town of
Las Vegas, N. Mex., in great numbers and erushed specimens were
everywhere seen on the sidewalks.”
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1901

The species was present in 1901 in unusual numbers in south-
western Nebraska, but apparently was of minor importance
elsewhere (23): “Dissosteira tongipennis Thos. . . . not nearly so
abundant as it was 4 or 5 years ago.”—(p. 438). However, “At
McCeok, Nebr., [southwestern Nebr.] August 9, we collected
some thirty-odd pieces [species] of the native grasshoppers, which

abound in this vicinity. . . . Among the . . . species which existed in
unusually large numbers [was] Dissosteira longipennis . . W —
{p. 40).

1913

Other jocal outhreaks, after that of 1891, must have heen com-
paratively small, Tor the extent of the territory infested has not
been recorded. However, in 1913, in Roosevelt County, N. Mex,,
another local outhreak occurved that was similar in size and inten-
sitv o that in Colorado in 1891,

Again, after the serionsness of the situation had been reported
by local residents to the Department of Agriculture, the Bureau of
Entomology dispatched an entomologist, Harrison E. Smith, to
ascertain the facts and to give assistance.

The 1913 outhreak originated from grasshoppers that had Hown
into Roosevelt County and deposited their eggs the previous fall.
Smith (87, p. 3) found that:

The 19135 outbreak [in Roosevelt County, N. Mex,] of this species
extended over 400 to 500 square miles, the prairie grasses, grajn, and
garden crops within this area being in great part devastated. Herds
of cattle wsually yrazing within this infested area were foreed to
travel from 11 fto 13 miles for grazing facilities, and would vetnrn
to their usual watering places only at intervals, varying from 24 to
56 howrs. Freipht and passenger trains were repeatedly stopped by
grasshoppers massing upon lhe raitroad tracks, this being frequent
from the middle of May until the first of July,

The prairie prusses within the infested area were so completely
ravaged that hardly a surface depression of the soil could be Iocated
which was not from one-fourth te completely filled with grasshoppers’
droppings,

The infested area was mainly from the town of Elida south.
westward about 614 miles and northwestward about 10 miles (87},
Albert Tillinghast, who lived in the midst of the 1913 cuthreak,
was interviewed at his ranch in Februarvy 1952, He lives on the
same rvanch his father homesteaded, and vividly remembers the
1913 outhreak which occurved when he was 16 vears old. IHis
ranch was in about the eenter, north and south, of the band of
longipennis that migrated in a general eastward direction in 1913.
He said that the band of grasshoppers was {rom 34 to 114 miles
wide, and that it continued migrating through his father’s ranch
for 3 weeks. The grasshoppers “eompletely destroyed everything
green in their path, ate corn and garden crops clear into the
ground, and completely cleaned the hark from cedar fence posts.”

M. Tillinghast remembers nymphs as being about 145 to ¥4, inch
long when they were migrating through his ranch. They com-
pletely covered the surface of the wround and he compared their
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surging movements to waves or ripples in a grain fieid. He
described the difficulty when driving or riding of foreing horses
into the dense band, and told how the mashed nymphs bailed up
like thick mud on the buggy wheels and horses’ hoofs.

He said that when migrating nymphs diagonally encountered
the right-of-way of the Santa Fe Railroad about 1 mile northwest
of his ranchhouse, they piled up against the track and some of
them changed direction somewhat so they followed along the
track. They forced the railroad to break its westbound freight
trains into 8 sections and, from his ranch tn Toreno station, to
pull each section with 2 engines. Toreno is the high point on the
railroad between the Brazos and the Pecos watersheds. For about
8 weeks the extra engine was used as a helper. He said that day
after day and night after night, with both engines putting out
all the sand they could, he would hear the engines chuffing away,
wheels spinning on rails made greasy-slick by the mashed bodies
of countless numbers of grasshoppers.

The grade appears moderate to a casual observer, but sometimes
it required 2 hours for train sections to negotiate the 2 miles from
the Tillinghast ranch to Toreno.

Mrs. Eulia Swaggerty of Elida remembers the invasion when it
reached her father’s ranch at the east end of town. The grass-
hoppers had destroyed nearly everything green as they passed
through town, but the ferocity of their attack was by that time
abating. Her father saved most of his 40-acre grain field by plow-
ing furrows all around it. Most of the pests followed the furrows,
and not much damage was donc by those that crossed into the
field. She remembers the grasshoppers continuing their march
eastward past her father’s ranch but in much lesser numbers than
had devastated the countryside west of town.

The 1913 outbreak in New Mexico apparently subsided without
giving rise to a greater outbreak the following year in that area
or elsewhere,

1921

The next we know of longipennis reaching alarming populations
was in 1921 when it went on a rampage in Colorado. Subsequently
it was learned that, unreported. the infestation had been building
up and spreading in the outbreak area for about 2 years. Corkinsg
(28, p. 36) described this outhrealk:

The swarm of lecusts which caused the infestation in 1921 origi-
nated in the low land adobe flats in northwestern Crowley County.
. Here, under natural conditions, the swarm had increased in
?ulltnbers for 2 years, according to residents, with no alarm being
elt.

The infestation of 1921 begun migrating foward the highlunds,
moving in an army-like front 42 miles long and averaging 13 miles
deep. In thickness, the *hoppers vavied from 50 to 200 per squave foot.
Figuring on this basis, the actual infestation of nymphs was 40,320
acres abt one tima. . . .

Presumably, nymphs in the 1921 infestation spread from Crow-
ley County, Colo., inta the adjacent portions of three other counties,
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for Corkins acknowledged sevvices rendered by county agents of
El Paso, Pueblo, and Lincoin Counties in quelling the outbreak.

1934

The next cuthreak was in Lincoln County, Colo. The State Ex-
tension Entomologist (84%) assisted the county agent in organizing
to fight the grasshoppers that infested 700 square miles of land.
This cutbreak persisted until 1940. Increase and decrease of the
infestation from 1983 to 1940 is shown in figure 4.

1936

Between the summers of 1934 and 1936, populations of longi-
pennis had built up extensively some place within its range, for
Sam C. McCampbell reported (35*) that by mid-August 1936,
thousands of acres of winter pasture had been destroyed in
Colorado. This damage was caused mainly by adults that flew into
10 southeastern counties of the State,

This season’s losses from longipennis [in Colorada] were practi-
cally unavoidable. The major invasion of the State did not take place
until after the fivst of Auvgust. . . . The infestation . . . extends about
125 miles north fromn the New Mexico and Oklahoma line and about
75 miles west from the Kansas line. This vast area could not be
surveyed intensively. County apents and ranchers assisted in locating
areas on which flight ‘hoppers had settled. The result was that almost
2,000,000 acres were located as ‘hopper landing fields. Of this area,
the amount that actually is infested is larmely a guess.

Parker and Shotwell (49*) said “In Colorado, Dissosteira
longipennis was numerous and dominant in a large part of the
rangeland in the southeastern guarter.”

D. longipennis was of no economic importance in Kansas in 1986
buf it was mentioned a few times in the fall survey ¢(61%). It was
recorded only in Unjon County, N. Mex., and in Cimarron and
Texas Counties, Okla. It was not recorded in Texas.

1937

In his 1937 veports (37* and 388%) MeCampbell estimated that
3,400,000 acres of land in Colovado had heen infested with longi-
pennis just after egg-hatching time: “In 1937, egg beds have been
found in large numbers in 11 counties and smaller nambers in 2
other counties. . . . Much of the area that is infested with longi-
pennis eggs has never been recorded before as egg heds of the
species.”

Some indication that the species was increasing throughout its
range is to be found by comparing the number of times it was
collected in each of the five States in 1938 and in 1987. These
comparisons are valid only as trends, because the interest aroused
by the necessity for large-scale control in 1937 stimulated increased
effort to find the species when workers made the fall survey.
Comparisons of the number of t{imes the species was collected
(61%, 62*) in each State each year are given:
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15360 1887
Colorado 1 1,114
Kansas 0 20
New MeXICo .wvesmmes om0 136
QOklahoma ] 21
A Y U | 10

1938

The area infested in the spring of 1938 in Colorado, determined
by the 1937 fall survey ($7%, 38*) was 4,026,000 acres, W. M. Ginn
(13%, 14*) of the New Mexico State College, stated: “The southern
third of Union County, the southern and eastern borders of Colfax
County, the northern borders of Harding and Quay Counties, and
the northeastern tip of Mora County contain quantities of longi-
pennis egg beds.”

From Ginn's reports it is estimated that approximately 1 million
acres of rangeland in New Mexico was infested in 1938. “The
county agent of Union County estimated (19*) that over 1,870,000
acres were included in the area that grasshoppers had damaged
considerably during the spring and summer,

Kelly ¢27%) said: “D. longipennis was plentiful in western
[Kansas] counties on the wing.”

The species was present, but of little importance, in the Pan-
handle counties of Oklahoma and Texas as evidenced in reports:
“ .. there was practically no damage in the Panhandle counties
[Oklahoma] until late in the season when Dissosteira longipennis
flew in from some other part of the country. . . . Around July 20,
the first Hights . . . were observed in Cimarron County. Later
flights occurred almost daily and continued on up to September 1.
... At present this species is pretty generally distributed through-
out the Panhandle counties as far east as Beaver.”—(75%).
“Dissostelra longipennis was destructive in the northwestern part
of the Texas Panhandle. They did not seriously invade territory
that was free from grasshoppers earlier in the season.”—(5%).

No estimate of the area infested in Texas in 1938 has been
found, hut of the 1,222,830 acres of range and pasture land that
was baited (5%) approximately one-halt, or 687,000 acres, was
for control of longipennis.

1939

The fall survey of 1938 indicated that about 4,600,000 acres in
153 southeastern Colorado counties would be infested with the
High Plains grasshopper in 1939 (40%).

According to Spain (?1*, 72*), the nymphs in Kansas in 1939
did not band together or migrate in characteristic manner, and
Kelly (28%) said: “D. Longipennis taid few eggs in southwest
Kansas in 1938 but was not a pest [in 1939] at any time. No egg
beds were found in either the fall or spring surveys. Nymphal
populations in several pastures [1939] of Stanton and Stevens
Counties indicated there may have been a few light concentrated
egg heds.”
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The 1938 fall survey in New Mexico, reported by Landrum
(66%), indicated 1,206,000 acres would e infested in 1939,

According to the Oklahoma State leader of grasshopper control,
longipennis was not dominant in any county in that State in 1939
(76}, but from the estimate of bait needed to control the species
it was deduced (68*) that 50,000 acres would be infested.

The Federal supervisor in charge of control in New Mexico,
Oklahoma, and Texas in 1939 estimated (6%) that 6,835,000 acres
were infested that year in the 3 States.

1940

The 1939 fall survey showed that about 30,000 acres of range
would be infested with the High Plains grasshopper in 1940 in
New Mexico (7*) and about 164,000 acres in Colorado (3*).

RANGE AND DESCRIPTION OF SPECIES

Dissosteire longipennis is a native of the High Plaing in the
United States and is not known to oceur elsewhere in the world,
Willard D. Johnson (30} described the High Plains as a topo-
graphic unit, and mapped it as an area comprising in the main
eastern Colorado, southwestern Nebraska, western Kansas, the
Panhandles of Oklahoma and Texas and an area in these States
to the east, and eastern New Mexico. (See fiyg. 5.)

Description

The species was studied, first described, and named Oedipoda
longipennis by Cyrus Thomas from specimens collected in Kansas
in 1872 hy an expedition of the U. 8. Geclogical Survey (93). It
previously had been collected in Colorado in 1867 by C. V. Riley
{72, p. 423), who said, “This species always occurs in that section
[eastern Colorado], and some of the first insects which I collected
in Colorado on my first visit in 1867 were of this species, and are
now in the National [Museum] Collection.”

The type specimen of the species is in the collection of the U. 8.
National Museum, Washington, 1J. C., and bears the Lroad reneral
labei, “Kansas, Collection of C. V. Rilev.” This collection ineludes
many specimens that may 01 may not have been collected by Riley.
They have been incorporated into the museum collection.

The original description of the species (93, pp. 463-464) is as
Toliows:

OF. longipennis, nov, s,

Elytra and wings longer than Lhe body; the ¢lytra spotted; the
wings black or dark Tuliginous al the base.

Metle~—The vertex nol very browd; cenleal foveols elongate ellipti-
cal, with a slight median raised line, and open in front; frontal eosta
rather narrow, glightly expanded at the ocellus, sulcale, not expand-
ing helow, Median carina of the pronclum prominent, sub-cristate,
a5 in OF. Carolina, cut near the middle by the posterior transverse
incision, each part arcuale; anterior margin somewhat angled, and
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extending slightly on the occiput; the posierior extremily acutely
and rather sharply angled; the disk of the postevior lobe smooth
and apparently without punctures. The elylra narrow, remarkabiy
straight, the margins parailel; lonper than the enlive body, Wings
about the same length, and broad. The posterior femora not chan-
neled beneath. The cerei rather Jong, subeviindrical, and terrete.
Antennae passing the thorax,

Color, {dried after long immersion in aleohol.)—Reddish vellow,
The head and pronvlum, especially the dorsal portions, pale roddish,
dofted with pale brown. The basal portion of the elvtra reddish-
yvellow, the apical portion pellucid; marked thvoughout with dark
brown spots somewhai in the [orm of bands. The wings for 2 very
small space around the immediate base are lranspavent yellow; a
trianpgrular space at the apex extending inward about one-third of the
way to the base peliueid, sprinkicd at the inmmnedizle apex with
fuscous dots; the posterior murgin has a narrow nt-lluud rim; the
rest is of a dark fuliginous color, which, when the wing is full\
spread, appears like a very broad band across Lhe basal Lwo-thivde,
with its outer border parallel to the bedy. The posterior fomora have
o obligue brownish bands on the external face; within are two
biack bands; apex black internally. Venter and pectus «dull vellowish-
white. Antennae pale at base; apieal portion dusky.

Ditmensions.—ILength, 1.14 inches; elytra, 1.25 inches; posterior
femora, 64 inch; posterior tibiae, .35 inch.

Found among the colleciions submitted to me from the Agricultural
Department, marked Kansas, which, {rom the other speeimens, }
suppose to be correct. The species is somewhat remarkable, and
quite dilferent from any other one belonging to the United States
which I have scen. The dark wing would appear {o bring it near
Carolina and Cuvlingtuna, but while it approaches the former in its
slender form, it is nevertheless very distinct. I have never met with
it at any point in the West, nor have [ seen it in any other western
collection. Un this account, added to that of its semitropical lock.
{this word convevs my idea better than a long sentence}, I am
inclined to believe it 1s 2 southern species, and may be found in the
Indian Tervitory or Texas,

SCIENTIFIC AND COMMON NAMES

Scientific Kames

In 1876 Samuel H. Scudder ¢75) proposed Dissosleira as a new
genus, in which he grouped Oedipoda longipennis Thos. and Gryl-
s caroling L. and designated the latter species as the genotype.

Lawrence Bruner (9), from a single specimen which had alight-
ed in a hayfield at West Point, Nebr., in August 1876, deseribed 2
new species which he named Qedipoda nebruscensiz n. s. At that
time le apparently was either unaware of Thomas' original de-
scription or did not recognize Ce. longipennis and Oe. nebrascensis
as two different names for single species. He may have been yet
unacquainted with Scudder’s propoesal of a new genus.

The original description by Thomas was based on a study of 2
male specimen and included the statement “Female unknown’”
Although Bruner’s description was of a female, he indicated
(16, p. 88) that he had later studied both sexes, in differentiating
between males and females as follows

Length of body-——male, 285", female, 43"; of tepmina—imale,
31.5™™ female, 47'™"; of pos.te; ior femora—-nmle, 16" female, 217"
apr ead of \\'mgs--m.lle, 679 [emale, 1009
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In 1883 Bruney referred to the species as Oedipoda longipennis
(11, 3. 54} but listed it (2. 57) as Dissosteria [Dissogteira] longi-
pennis, indicating his possible acceptance of Scudder’s proposal
for a change in generie name. C. V. Riley (70} indicated in 1884
that he was turning toward the acceptance of the generic name
Dissosteira when he wrote of “'Oedipoda (Dissosteria) longi-
pennis.”’ Both Bruner and Riley had completely accepted Scudder’s
propoesal by 1891, Tor then they were publishing acepunts referring
to the species as Dissoslelra fongipennis (14, 71), the name which
is in use foday.

Common Names

Several common names have Deen used for Dissosteirn longi-
pennis. Among these are “long-winged locust” (13, 14), “long-
winged locust of the plains™ (16, 20), “long-winged plains locust”
r197, “long-winged prasshopper’™ r87), and “long-winged prass-
hopper of the plains” ¢32). When the species was in extensive
outhreak numbers during the period 1937—10, it was generally
referred fo in the press as the “migratory grasshopper,” and many
ranchers and others cailed it the “migratory grasshopper of the
plains,” the “long-winged migratory grasshopper,” or the “long-
winged migratory grasshopper of the plains.” The American
Association of Economic Entomologists 765) in l"}lf) approved
the common name “long-winged plains grasshopper.” Since its
native home is restricted to the Iligh Plains, which constitutes
onlv a small portion of the Great Plains and other long-winged
species occur in the plaing area, the Entomological Society of
America in 1930 approved the common name “Tligh Plains
grasshopper” (74, p. 8 ).

DISTRIBUTION

In this publication, “distribution” denotes only the gengraphical
location at which a specimen has been collected ; “habitat’ refers
to the natwral region that tongipennis inhabits.

All the locations found in this study where the species has heen
(o]lecte(] o1 authentically reported are listed in Distribution
2eenrds, pages 32 to 59,

The known distribution of lengipeanis is shown in figure 6.
This map is a composite picture of all counties in which the
species has heen recovded during the period 1867-1957. It has no
reference to the severily of an inlestation in a particular county
o1 tn the number of timies the species may have been found there.

The oceasional invasion of fringe countics is a “spill-over”
brought about by the insecls marching or flying out of nearby
heavily populated areas within its hahitat. Adulls are strong fliers
Invasions of counties remote from the habitat of the species un-
doubtedls are by flights that occur mainly during periods when
the species has developed to oulbreak proportions within its
hahitat. Aduits collected as far away as Beadle Countly, 8. Dalc,,
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and Des Moines County, lowa, 450 miles and 750 miles, respective-
Iy, Trom the nearest part of the habital, probabily reached there
by fiying.

Whether adults of the High Dlains grasshopper reach remote
points by sustained flights or by a series of shorter ones is not
known. In areas where adults have been collected oftenest and in
greatest numbers outside ol the habitat, Right probably is a com-
bination of both. Flight outside of the habitat generally has heen
in a northeasterly direction. The species is not known to have
invaded any areas west of the Continental Divide.

Entomologists of {he Colorado Agricultural BExperiment Station
(40%) liberated 2,840 marked adulls in 1938 at soverai points
within the State. Seventeen adults that the workers believed Lo
e among those originally marked were later recaptured. These
captures showed that, from the point of liberation, 3 adults had
flown 16 miles, 2 had flown 30 miles, 3 had Rown 60 miles, 1 had
flown 75 miles, 3 had flown 114} miles, 2 had flown 125 miles, 2 had
fiown 140 miles, and 1 had flown 175 miles. \Whether the distances
covered were in one sustained flight or in a series of short flights
was not ascertained.

Proof that the High Plains grasshopper makes massed flights
that carry it long distances is ample. Why it does is largely a
matter of speculation, for rescarch directed toward making that
determination has not been condueted. Faclors influencing flight,
as observed in survey and controt work in the field, are discussed
under the heading “RBiclogy."

When he first described the species, Cyrus Thomas (93, 0. 464)
helieved it had very limited distribution. Tle said, “1 have never
met with it at anv point i the West, nor have I seen it in any
other western collection.” The species was collected in 1867 (72)
in Colorado, and in 1876 (767 in Cuming County, Nebr., near the
eastern boundary of the State. Colorado and Kansas by 1881 had
heen included in the areas in which the species was distributed,
for . V. Rilex (70, p. 202) spoke of “QOedipoda (¢ Dissosieria)
longipennis, which is met with on the plains of Colorado and
Kansas . . .7 During the same vear Saussure (74} listed it as
nccurring in Kansas and Texas.,

With the passing of vears, the area in which the Species wis
known to exist expanded until by 1891 Bruner (68, p. 51} ve-
ported it to include Nebwaska, Nansas, Colorado, Wyoming, and
northeastern New Moexico. Bruner said in 1893 (16, pu. 36=7
“longipennis is rather restricted in its range, being found only
upon the plais of wesiern Nebragka, Kansas, southeastern Wy-
oming, eastern Colorado, and uortheastern New Mexicn, at an
clevation of from 3,504 to 6,000 feet above sea level.”

By 1896 this grasshopper was known (78, 3. 28) in “portions
of the high prairies Iving between the upper Niobrara and North
Platte, belween the lattey and the South Platte, helwoeen this and
the Republican, and soulhward o bhevond the Arkansas inte
noitheastern New Moexico. It oxtends from the vieiniLy of the one
hundred and first meridian on the ecast to the hase of the Hocky
Mountains, and occasionally drifls eastward with the winds in
considerable numbers even Lo Lincoln, Nebr.”
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Several of the publications studied include fdahe and Montana
in the area in which longipennis had been collected. Speaking of
Idaho, Robert Milliken (63, p. 19) in 1893 said, “There are several
species of locusts to he found in the infested fields . . . [ineluding]
yuite a sprinkling of Dissosteira longipennis and D. caroling.” In
the “Catalogue of the Deseribed Ovthoptera of the United States
and Canada’” (76), longipennis is shown as occurring (1900) in
idaho and Montana. Habitat (1905) is given in the “Biologia
Centrali-Americana, Acridiidae,” in voi. 2 of “Orthoptera”
(24, p. 163} as “North America—Idaho and Montana to Texas and
New Mexico.” Distribution, as discussed in “The Grasshopper
Quthreak in New Mexico During the Summer of 19137 (87),
includes the State of Tdaho.

Siuce this study has produced no authentic record that the
species was ever collected in either Idahoe or Montana, it is con-
cluded that several errors that have crept into the literature have
heen accepted as facts. Milliken’s report must have been a case of
erroneous identification, for though there have leen repeated
surveys since 1893, the species has not been captured or reported
in ldaho.

Regardless of extreme care taken in the search for information
on distribution, the possibility remains that certain collection
records may be overlooked becanse they do not appear in published
form. In 1929 longipennis was collected hy E. R. Tinkham in
Presidio County, Tex. 1le wrote (94, p. 786/ “the Marfa records
are a considerable extension southward of the known range of this
species and hence are the first from southwestern Texas.” The
present study has found that the species was collected by Rehn
and Hebard in 1912 in Reeves, Terrell, and Val Verde Counties,
Tex. (76%), and by Poling in Presidio County, Tex., in 1925 (17%,.
In the Distribution Records (p. :32), the person named is the
one whoe collecled the species, In a few instances where the col-
lector is unknown, the person who determined the specimens,
searched the speecies out in museum collections, or published on it
is named.

The list of distribution records was prepared from bulletins,
entomological magazines, insect collections, processed survey re-
ports, typewritten or mimeographed grasshopper survey or con-
trol reports, and so Torth. Prior to the general outbreak of
1933141 there were Tew records; all thase found are included in
the list. After the species had caused damage, focusing widespread
attention on it, records became guite voluminous and many repe-
Litions oeceurred. For example, {ongipennis was reported many
times in a single county in a single vear when survey and conlrol
repoits were made by personnel of the Bureau of Entomology and
Plant Quarantine, both weekly and annually. Other records were
made by entemologists hired in various capacities by the States.
Duplications woere avoided as far as consistent with the showing
of participation by each cooperating agency.

Distribution records are incomplete, Befove fongipennis hecame
economically important, it was recorded only rarely hy a few
individuals who had taken i on exploration or insect-collection
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expeditions. After it had been recognized as injurious to range and
planted crops, it became an inseet of potential economic importance
and as such attracted the attention of entomologists generally.
Recoxds of distribution increased in proportion to this increased
interest. From 1933 to 1936, when a general outhyeak was develop-
ing, records of distribution of longipennis did not keep pace with
the acceleration in the increase and spread of the species. During
that period it often was not recorded by State and Federal men
who made surveys because usually only the dominant species and
the one next in importance, in nambets, were recorded. When, in
1936, it was vecognized that a general outhrealk was impending,
special surveys were conducted to determine the extent of the
infestation and to provide information that could serve ag a basis
for planning control. Special sulrveys were continued through the
season of 1840 to provide information necessary for control opera-
tions and appraisal of results. Through the yeavs 1941-55 limited
surveys in habitat areas were made for the purpose of detecting
local population buildups, if they occurred, before they conld
reach outbhreak proportions. Daring that period no such buildups
were found. Indeed, only a few single specimens weve seen and
those hut ravely.

Distribution Records

State and county Reference or collector!

Colorado Riley (72)
Kansas {93)
Colorado: Bl Paso Uhler ¢87)
Nebraska: Cuming Bruner (16)
Colorado: El Paso Uhler (99)
Kansas: Kearny (15%), (17%)
Colorado: Weld Bruner (17%)
Kansas: Barber (17%)
Kansas: Barber Cragin (17*)
Colorado: Lineoln Popenoe (68,
egg and adult
Colorado: Lincoln Bruner (14), nymph
Popenove (48),
nymph and adult
Washington Bruner (14),
ny¥mph and adylt
Popence (16%)
Kansas: Finney Bruner (14)
Grecley Bruner (74),
Riley (15%),
Oshorn (68)
Hamiiton Oshorn (66},
Bruner (14),
Riley (15%)

'Where no stage is indicated only adulls were colleeted. (I} and (S)
indicate {all or spring observatian,




Year

i892

1804
1895

1896

1897

1898

1859
1900

1901

1904

DISTRIBUTION

State and county

Nebraska:
Kansas:

Nebraska:

South
Dakota:

Colorado:

Nebraska:

Kansas:
Webraska:
Kansas:
Nebraska:
Colorado:

Kansas:

Kangas:

New Mexico:

Colorado:

Nebraska:

New Mexico:

Oklahoma:
Colorado:

Kearny

Hall
Finney
Hamilton
Sedawick
Cuming
Hall
Lancaster
Madison
Platte

Fall River
Washington
Yuma
Cheyenne

Lancaster
Riley
Cheyenne
Denel

Douglas
Cheyenne
Keith
Lincoln
El Paso
Prowers
Edwards

Douglas
Sherman
San Miguel

Larimer

Otero
Pueblo
Dundy
Redwillow

Lincoln
San Miguel
Union
Payne
Bent
Denver

Ei Paso

Fyremont

33

Reference or collector

Bruner (14},
Osbown (52)
Bruner (17}
Kellogyg (48}
Kelloge (53)
Tucker (26%)
Bruner (17)
Bruner (17)
Bruner (17)
Bruner (17)
Bruner (17)

Bruner (17}
(15%)
(15%}
Raymond
and Moffitt (18%)
(16%)
(70%)
Bruner (20)
(18%)
Hunter (44}
Hunter (48)
Hunter (48)
Hunter (48)
Hunter (45), (48)
(15%)
Hunter (44), (87),
epg and adult
Hunter (44)
Hunter (46)
Smith (87)
Scudder
and Cockerell (77)
Dyer and
Caudell ¢15*)
(45%)}
(16%)
Bruner (18%)
Carriker (18%),
Bruner (23}
Townsend (77)
Blake, Cockerell (77)
Bruner (77}
Caudiff (25)
Gillette (38)
Gillette (88), Rehn
and Hebard £69)
Hebard (16%),
Gillette (88)
Gillette (38)
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Year

1804

1905

1811

1912

1813

1914
1915

1916

1617
1918

THE HIGH PLAINS GRASSHOPPER

State and county

Colorado:

Nebraska:

Oklahoma;

Texas:

Kansas:

Kansas:

New Mexico:

Texas:

New Mexico:

Colorado:

Colorado:
Nebraska:

New Mexico:

Kansas:

Oklahoma
Kansas:

Cklzhoma :

Larimer

Logan
Morgan

Otero

Prowers
Pueblo

Washington

Weld
Cheyenne
Kiowa
Hardeman
Donley
Potter

Meade
Stanton
Stevens

Osborne
Trego
Chaves
Bell

Eastland
Midland
Reeves
Tarrant
Terrell

Val Verde

Curry
Roosevelt

Otero

El Paso
Lancaster
Sandoval

Barber
Wilson
Rush
Cimarron
Comanche

Comanche

Reference or colleetor

Gillette (88}, Rehn

and Hebard (69)
Gillette ¢88)
Gillette (328), Rehn

and Hebard (69)
Gillette (88}, Rehn

and Hebard ¢68)
Gillette (38)
Gillette (38)
Gillette (88)
Gillette (28)
Rehn and Hebard (69)
Morse (15*%)
Morse (15*)
Morse (17%)
Morse (17*)
Williams (16*%)
Williams (16%)
Williams {16%)
Wiiliams (76*)
Williams (26%)
(15%)
Rehn and

Hebard (16%)
Rehn and

Hebhard (16%)
Rehn and

Hebard (16+%)
Rehn and

Hebard (16%)
Rehn and

Hebard (16%)
Rehn and

Hebard (16%)
Rehn and

Hebard (16%)
Smith ¢87)
Smith (87},

nymph and adult

(15%)
Baker (16%)
Partridge (18%)
Woodgate (74%)
Beamer (16%)
Beamer (16%)
(17%}
Fenton (85)
Hubbell and

Ortenburger (48)
Hubhell and

Ortenburger (43)




Year

- 1919

1921

DISTRIBUTION

Staile and countly

Colorado:

Nebraska:
Tiansas:

South Dakota:

Colorado:

Kansas:
New Mexico:

Qklahoma:
Texas:

Nansas:
Texas:

Oklahoma:

Texas:
Texas:
Oklahoma:
Texas:
Olklahoma:

Texas:
Colorado:

Coloradeo:

New Mexico:

Bent
Tas Animas
Otero

Redwillow
Rush
Jonses

Crowley

El Paso
Lincoln

Pueblo

T{amilton
Thomas
Culfax
Roasevelt

Texas
Childress
Lublbock

Potter
Sherman
Presidio
Jaclk
Beeltham
Cimarron
Harmon
Texas

Lubbock
Terry
Presidio
Waods
Presidio
Cimarron
Texas
Lipscomb
Kiowa
Kit Curson
Lincaln

Union

35

Reference or collector

Hubhell (17*)
Rehn and
Hebard (16*)
Rehn and
Hehard (16%)
Rehn and
Hebard (16*)
Morse (17*)
(17%)
Severin (58%),
Hebard (3%)
Corking ¢28),
nyimph and adult
Cavking ¢(28)
Corkins (28),
avmph and aduit
Corkins (28),
nymph and adult
Rehn and
Hebard (16*)
Rehn 716%)
Ortenburger (17*)
Rehn (16%)
Rehn and
Hebard (16%)
Rehn (76%)
Rehn (16%)
Rehn and
Hebard (76*)
Hebard (76%)
Beamer (16%)
Poling (17%)
Baker (717%)
Remie (17%), nymph
Flubhell, Remie {17*)
Hubbell ¢(17%)
Remie (17%), nymph
Hubbell ¢17*)
Little (57%)}
Little (51%)
Tinkham (96}
Bivd (17%)
Tinkham (96)
{16%), Shotwell (5*)
Stiles (77%)
Isely (16%)
Rodeck and James (1%}
Rodack and James (1%)
MceCamphell (33%),
erg (S) and nymph
Eyer and Steward (9%)
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Year Staite and county

1935 Colorado:

Oklahoma :

South Dakota:
Texas:

1936 Colorado:

Kansas:

New Mexico:
Ollahoma:

Arapahoe
Baca

Chevenne
Denver
Kiowa
Lineoln
Prowers
Washington
Weld

Beaver

Lyman
El Paso
Lamar
Baca

Bent
Chevenne

Crowley
Kiowa

Kit Carson
Las Animas
Lincoln
Otero
Prowers

Grant
Gray
Greeley
Hamilton
Morton
Stanton
Stevens
Wallace
Unigon
Cimarron

Texas

Reference or collector

Mickle (59%}
Mickle (59%),
egg (F) and adult
Mickle (559%)
Mickle (60%)
Mickle (58%)
Mickle (60*)
Mickle (59%)
Mickle (60+)
Mickle (59%)
egg (F) and adult
Forgan and
Hubbell ¢17*)
Peterson (60%)
(51%)
(51%)
McGampbell (36%),
egg (F) and adult
MeCampbell (36%),
egg (F} and adult
McCampbell (36+),
egg (I') and adult
McCampbell (86*)
McCampbeli (36%),
egg (F) and aduit
MeCampbell ¢(36%),
egg (F) and adult
MecCampbell (36*),
egg (F) and adult
MeCampbell (26%),
egg (F'} and adylt
MeCampbell (26+),
egeg () and adult
MceCampbell (26%),
egg (F) and adult
Wilbur (61+)
Wilbur (61%)
Wilbur (61%)
Wilbur (61%)
Wilbur (61%*)
Wilbur r671%*)
Wilbuy (61%)
Wilbur r61%)
Hollinger (24%)
Bieberdorf ¢61%*),
egg (F)} and adult
Stiles et al. (92) nymph
Irenton (70%)
Bieberdort (61%),
e (F) and adult
Stiles (92)




1937 Colorado:

DISTRIBUTION
State and ceunty

Adams

Baca

Bent

Cheyenne

Crowley
Custer
Denver

Douglas
Elbert

El Paso

Fremont

Huerfano

Kiowa

Kit Carson

Las Animas

37

Reference or collector

MeCampbell (38%),
egg (F)

MeCamphell (38%),
egg (F) and nymph;
(62%), adult

McCamnpbell (38%),
egg {F) and nymph;
(62%), adult

Morton (63*%)

McCampbell (62%),
ege (F) and adult
(38*), nymph

Morton (63%)

McCampbell (38%),
egg (F) and adult

McCampbell (38%),
ege (F) and adult

Morton (63%)

Wallace (17*)

McCamphell (38*)

McCamphell (38%},
egg {F) and adult
Willis (637%)
McCampbell (38%),
egg (F}, nymph, and
adult
Willis (63%)

McCampbell (38%),

egg (F); (62%),
adult

Willis (62%)

MceCampbell (38%),
egg (F} and adult

Willis (6.%)

MceCampbell (38%),
egg {F) and nymph;
(62%), adult

Morton (63%)

McCampbell (62*),
egy (F) and adult;
(358*), nymph

Morton (6%}
MeCamphell ¢38%),
egg (I}, nymph, and
adult
Morton (63%),
nymph and adult
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Year

1937 Colorado:

Kansas:
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State and county

Lincoln

Otero

Phillips
Prowers

Pueblo

Sedgwick
Washinglon
Weld

Yuma
Butler

Clark
Comanche

Ellis
Finney

Ford
Gove
Gray
Greeley
Hamilton
Logan

Meade

Oshorne
Oftawa
Pawnoee

Riley
2ush

Reference or collector

McCampbell (38%),
egg (F}, nymph, and
adult
Shotwell (48*}, nymph
Morton (48%)
nymph and adult
McCamphbell (88*),
egg {F) and nymph;
(62%), adult
Willis {62%)
McCampbell (38%)
McCampbell (88%),
egg {(F) and nymph;
(62%}, adult
Morton (6i3*)
MeCamphell (38*),
ege (F) and adult
Willis (63*)
McCampbell (62%)
MeCampbell (62%)
McCampbell (62*%)
MeCampbell (328%)
Kelly and Portman
(62%)
Kelly and Portman
(62%)
Kelly and Portman
(62%), egg (F)
Movton (63*)
Kelly and Portman
(62%)
Portman ¢62%)
Portman (§1%)
Kelly and Portman
(62:!:)
Kelly and Portman
(62*)
Kellr and Porlman
(62%}
Morton (63*)
Kelly and Portman
(6.2%}, egg (1) and
adult
Portman ¢4.2%)
Portman (63%)
Kelly and Portman
(62%)
Moore (6.3%)
Kelly and Portman
(G2%)




DISTRIBUTION

State and counly

Nebraska:

New Mexico:

Oklahoma:

Russell

Seward
Stanton

Thomas
Wallace

Box Butte
Deuel
Grant
Hitcheock

Colfax
Curry

Harding

Lea
Mora

Quay

San Miguel
Union

Alfalfa
Beaver
Beclkham

Blaine
Canadian
Cimarron

Custer
Dewey
Garfield
Grant
Greer
Harmon

39

Reference or collector

Kelly and Portman
(62*)

(81*)

Kelly and Portman
(62%)

Morton (63%)

Kelly and Portman
(62%)

Morton (63*)

Morton (63*)

Morton (63%)

Morton (63%)

Morton (63%)

Ginn (62*),

age (F) and adult
Ginn (63*) adult
Boykin (2%)
Ginn (62*),

egg (F) and adult
Boykin (2*)
Morton (81%)
Ginn (62*),

egg (F) and adult
Boykin (2*)
Ginn (62%),

egg (F) and adult
Boykin (2*)
Boykin (2%)
Ginn (62%),

egg (F) and adult
Bovkin (2%), nymph

Stiles et al. 762*)
Shotwell ¢452%)
Kaiser and Standish
(16%)
Shotwell (62%)
Shotwell (62%)
Stiles et al. (62%),
egg (K)
Morton (63*)
Hubbell (17*)
Shotwell (§2%)
Kaiser (16*)
Shotwell (62%)
Stiles et al. (62*)
Stiles et al. £62*)
Stiles et al. (62*)
Stiles et al. (62*),
egg (F)
Shotwell (627%)
Blair (17%)
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Year State and county

1957 Oklahoma:

South Dakota -

Texas:

1938 Coelorado:

Harper
Jackson
Kay
Oklahoma
Osage
Payne
Pittsburg
Texas

Woods
Woodward

Beadle
Todd

Carson

Dallam

Donley

HansTord

Hartley

Moore

Ochiltree

Adams

Arapahoe

Baca

Bent

Reflerence or collector

Shotwell (62*)

Stiles et al. (62%)

Hubbell ¢17%)

Stiles et al. (62*)

Blair (19*%)

(77%)

(77*)

Stiles et al. (62*%),
egg (F) and adult

Hulbbell ¢19%)

Stiles et al, (62%)

Shotwell (62*)

Sandetson (63*)
Sanderson (63*)

Reppert and Gable
(62%)
Morten (63*)
leppert and Gable
(62%)
Morton (63%)
Reppert and Gable
(62*), egg (F} and
adult
Reppert and Gable
(62%)
Reppert and Gable
(62*), egg (F) and
adult
Reppert and Gable
(62*%), egg (F) and
adult
Morton (63%)
Reppert and Gable
(62%)
McCampbell (40*), egg
{F) and adult
robb (64%), egg (T7)
and adult
MceCamphell (50%), egg
(F

Robb (64*)
MceCampbell (40%), egg
(I}, nymph, and
acult
Nuoci (64%), ege (T)
Hupper (64%)
McCampbell (40%), egg
(I}, nymph, and
adult
Beuls (647%), egg ()
and adult




DISTRIBUTION
Staie and county

Cheyenne

Crowley

Custer

BElbert

El Pasc

Fremont

Huerfano

Jefferson
Kiowsa

Kit Carson

Las Animas

Lincoln

41

Reference or collector

MeCampbell (40%), egg
{F}, nymph, and
adult
Biederman (64%), egg
(F)

Kropf (64*)
McCamphell (40%), egg
(F}, nymph, and

adult
Kropf (647), egg (F)
and adult
MeCampbell (40%),
nymph
MceCamphbell (40%), egg
{F}, nymph, and
adult
Lewis (64%), egg {F)
and adult
Morton (65%), nymph
MeCampbell (40%),
nymph
Mickle (65%)
Wallace (17%)
McCampbell (407},
nymph
Biederman [65%)
MeCamphell (40%),
nymph
Giles {64%*)
McCampbell (40%)
McCampbell (40%), egg
(F), nymph, and
adult
Nuoci (64*), egg (F)
Kropf (64%)
MeCampbell (40%), egy
(F}, nymph, and
adult
Biederman (64%)}, egg
(F) and adult
MeCamphbell (40%), egg
(F), nymph, and
adult
Nuoci (64%), egg (F)
and adult

" McCampbell (40%), egg

{F}, nymph, and
adult
Biederman (64%), egg
) |
Lewis (64%)
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Year State and county

1938 Colorado:

Kansas:

Nebraska:
New Mexico:

Logan
Morgan
Otero

Prowers

Puehlo

Washington

BRutler
Clark
Brown
Ellis

Dickinson
Finney
Ford
Crant
Creeley
Hamilton
Hodgeman
Kearny
Lane
Meade

Morton
Ness
Pawnee
Rush
Scott
Seward
Stanton
Stevens
Thonas
Wallace
Wichita
Clay
Colfax

Reference or collector

Mickle £65%)

Mickle (65%)

McCampbell (40%), egg
(S), nymph and

adult

Beals (64%), egg (F)
and adult

Nuoei (64*), egg (F)

Hupper (64*)

McCampbell (40%),
nymph

Mickle ¢65%)

McCampbell (40*), egg
{F} and adult

Biederman (64*), egg
(F)

Mickle (64%)

Curtiss (64%)

Curtiss (64%)

Portman (65%)

McDonald (64*), egge
(F) and adult

MeDonald (65+)

Curtiss (64%)

Curtiss (64%)

Curtiss (64%)

McDonald (65+)

Curtiss (64*)

Curtiss (64*)

Curtiss (64%)

McDonald (64*)

Hibbard (77*), nymph

Curtiss (64%)

(17%)

Curtiss (64*)

McDonald (64%)

McDonald (64%)

McDonald (64%)

McDonald (64%)

Curtiss (64%)

Curtiss (64*)

Curtiss (64%)

Portman (65*)

McDonald (64%)

McDonald (64*)

Eckhoff (65%)

Landrum (7*), egg (F)

Hildwein (19%), egg
{3} and nymph

Resley (64*)
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Oklahoma:

DISTRIBUTION

Year State and county

Curry

DeBaca
Guadalupe

Harding

Lea
Mora

Quay

Roosevelt
San Miguel

Union

Alfalfa
Beaver

Beckham

Cimarron

Comanche
Custer
Elis
Carfield
Grant
Greer
Harmon
Harper
Hasicell
Jackson

Kay
Kingfisher
Kiowa

43

Reference or collector

Landrum (64%}, egg

(F)

Hare (64*)

Landrum {7%), egg (F)
and adult

Landrum (7%), egg (F)

Resley (64%)

Landrum (7*), egg (IV)

Hildwein (19%}, egg
{3} and nymph

Resley (64%)

Landrum {84%)

Hildwein {19%}, egg
{3} and nymph

Landrum (7%}, egg (F)
and aduif

Hildwein (19%), egg
{8) and nymph

Landvrum (9%}, egg (F)

Landrum (64%)

Landrum (64%)

Landrum (64%), egg
(F}

Hazre (64%)

Landrum {7%), egg (F}

Hildwein (19%), egg
{8} and nymph

Resley and Hare (64%)}

Williams (65%)

Landram (7%}, egg (F)

Moore (64%)

Willlams (64*)

Moore (64%), egg and
adult

Landrum (7*), nymph

Stiles (73%)

Wiliams 765%)

Williams (65%)

Moore (64%)

Moore (64%)

Willilams (64*)

Williams (64%}

Willlams (64%}

Moore (64%)

Williams (64%)

Williams (64%)

Blair ¢77%), nymph

Williams (65%)

Williams (64%)

Williams (64%)
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Year State and county Reference or collector
1938 Oklahoma: Le Flore Williams (64%)
Mecintosh Williams (64%)
Major Moote (647)
Ckfuskee Williams (64*)
QOklahoma Moore (64%)
Okmulgee Williams (64*)
Payne (77%)
Williames (65*%)
Pittsburgh (v7*)
Duck (17*)

Sequoyah Williams (64*)
Texas Moore (647}, egg (F)
and aduit
Tillman Williams (64%)
Washita Williams (64%)
Woods Moore (64%), egg (F)
and adult
Woodward Moore (64%)
Texas: Armstrong Clearman (64%), egg
(F) and adult
Bailey Clearman (64*)
Briscoe Clearman (64*), egg
(F) and adult
Carson Miller (64*), egg (F)
Clearman (64%)
Castro Clearman (64*), egg
(F) and adult
Childress Clearman (64*)
Blaiy (17%)
Cochran Clearman (64*)
Collingsworth, Clearman (64*)
Croshy Clearman (84*)
Daliam Landrum (64*), egg
(F
Miller (64*), nymph
and adult
Dallas Miller (64%)
Deaf Smith Cleavman (64%), epg
(F') and adult
Dicliens Williams (64%), egg
(F} and aduit
Floyd Williams (64%), eggp
(I .
Clearman (64*)
Foard Miller (64%)
(iray Clearman (64%), e eges
(F) and adult
Hale

Roger Mills

Moore (64%)

Williams (64*), egg
(F)

Clearman (64*)




Wyoming:

DISTRIBUTION

State and county

Hall

Hansford

Hartley

Haskell
Hemphill

Hockley
Howard
Hutchinson
King

Knox
Lamb

Lipscomb

Moore

Ochiltree
Oldham
Parmer

Potter

Randall
Raberts
Sherman

Stonewall
Swishaer

Terry

Camphell
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Reference or collector
Clearman (64%), egg
(F) and aduit
Miller (64%}, egg
and adult
Landrum ¢82* )}, nymph
Miller (64%), egg (F)
and adult
Landrum (32*), nymph
Miller (64™)
Miller (64%), egg (F)
and adult
Landrum (32*), nymph
Clearman {64*)
Williams (64*), egg
(F) and adult
Miller (64%), egg (F)
and adult
Moore (64%), egg (F)
Miller (64%)
Miller (64%)
Clearman {64%), egg
{F) and adult
Miller (64%), egg (I}
and adult
Miller (64%), egg (F)
and adult
Landrum (32%}, nymph
Miller (64%*)}, egg (F),
nymph, and aduit
Clearman (64%), egy
(F) and adult
Clearman (64%), egg
(F) and adult
Miller (64%), egg (F)
and adult
Landrum (32*%), nymph
Clearman (64%), egg
{F) and adult
Miller {64*), egg (F)
Clearman (64%)
Miller (64*), egg (T},
nymph and adult
Miller (64%)
Clearman (64*%), egg
(F) and adult
Williams (64%), egg
(F) and aduit

Thrailkill (5*)
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Year State and county

1939 Colorado; Adams

Baca

Bent

Cheyenne

Crowley

Denver
Douglas
Elbert

- El Paso

Reference or collector

Davis and Mickle (7*),

egeg (S, F), nymph,
and aduit

MecCampbell (41%),
nymph and adult

Shotwell (68%), egg
(F)

Scharft (6%), egg (S)

Scharff (57%)

Davis and Mickle (7*),
egg (S) and nymph

MeCampbell (41%),
nymph and adult

Shotwell (68%)}, egg (F)

Hupper (7*)

Scharff (6*), egg (8)
and nymph

McCampbell (41%), egg
(F') and adult

Davis and Mickle (7*),
egg (S) and nymph

Hupper (7*)

Shotwell (68%), egg (F)

Davis and Mickle (7%),

egg (S, F), nymph,
and adult

Mickle (7*), nymph

McCampbell (41*),
nymph and aduit

Shotwell (68*), egg (F)

Scharft (6*), egg (S)
and nymph

Scharff and Gardner
(7*), egg (F) and

adult

Scharff (57%)

Davis and Mickle (7#),
egg (5) and nymph

Scharft (6*), egg (8)
and nymph

MecCampbell (41%),
nymph and adult

Scharff ¢57*)

Walkeland ¢7%)

Biederman (7%}

Davis and Mickle (7+),
egg {S) and nymph

McCampbell (41%)

Biederman (7*), egg
(F) and adult




DISTRIBUTION

State and county

Kiowa

Kit Carson

Las Animas

Lincoln

Logan
Morgan
Otero

Phillips
Prowers
Pueble
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Reference or collector

Davis and Mickle {7%),
egg (8) and nymph
Scharff (6*), egg {S});
¢{57*), nymph
Biederman (7*), egg
(F) and adult
McCampbell (41%)

Davis and Mickle (7*),
egg (3) and nymph

Biederman (7%), egg
and adult

McCamphell (41%)

Davis and Mickle (7%},

egg (3, F), nymph,
and adult

Shotwell (57%}, ege (F)

Scharff and Wood (7%),
egg (F)

Scharfl (6%}, nymph;
{(57%)}, adult

Hupper (7%}

Davis and Mickle (7%,
egg (S, F), nymph
and aduit
Shotwell (68%}, egp (F)
Scharft and Gardner
(7%), egg (F)
Scharff (7*), egg (8);
(6%), nymph; (57),
adult
McCampbell (427%)
Biederman (7%)
Robb (7*)
Mickle (7°*)
Davis and Mickle (7%},
egg (3, F), nymph,
and adult
Scharff (6%), epg (S)
and nymph,; (57*),
adult
Shotwell (68*), egg (F)
Hupper (7*), egg (F)
and adult
Robb ¢7*)
Hupper (7%)

Davis and Mickle (7%),
egg (F} and adult
Shotwell (68%), epp (IF)
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Year State and county

1939 Golorado:

Kansas:

Pueblo

Sedgwick
Washington

Weld
Yuma

Barton
Decatur
Ellis
Finney
Ford
Gove
Graham
:srant

Gray
Greeley

Hamilton
Haskell

Hodgeman
Jewell
Kearny

Kiowa
Logan
Meade
Mitchell

Morton

Ness
Norton
Osborne
Phillips
Pratt
Rawlins
Rooks
Rush
Russell
Seott

Reference or collector

Scharff and Gardner

(7%), egg (F) and
adult

MecCampbell (41%},
nymph

Scharff (57*)

Robb (7%}

Davis and Mickle ¢7%),
egg (S} and nymph

MceCampbell (41%)

Robb (7%)

Gardner (7%)

Robb ¢74%)

Wallace (17%)

Tuck (7%}

Tuck (7%}

MeDonald (7%)

Spain (67%)

Tuck {7*)

McDonald (7%

Tuck (7*)

Landrum {7*), nymph

Scharff (6%}, nymph

Tuck (7*)

Tuek (7%)

Landrum (7%}, nymph

MeDonald (7%)

Landrum (7%), nymph

Landrum (7%), nyvmph

MceDonald (7*)

Tuck (7*)

McDonald (7%)

Scharff (6%}, nymph

Tuck (7%}

MceDonald (7%)

Tuck ¢7%)

Tuck (7%)

Kelly (28%)

Tuck (7%)

Landruny (7%}, nymph

MeDonald (7%

Tuck {7%)

MeDonald (67%)

Tuck (7%

Tuck (7*)

Tuck ¢(7%)

Tael (7*)

MeDonald ¢7%)

McDonald (7#)

Tuck 7%}

Tuck ¢7*)




Yeur

Nebraska:

New Mexico:

DISTRIBUTION

Stite and counly

Seward

Sheridan
Sherman
Smith
Stafford
Stanton

Stevens

Thomas
Wallace
Wichita
Chase
Cherry
Dawson
Dundy
Frontier
Furnas
Hiteheock
Keith
Lancaster
Perkins
Red Willow

Scotts Bluft
Chaves

Curry

De Baca

Cuadalupe

Harding
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Reference or collector

Landtum (7%)

MecDonald (7%)

McDonald (7*)

MeDonald (67*)

Tuck (7*)

Tuck (7*)

Landrum (7%), nymph

Scharff (6*), nymph

Tuck (7%}

Spain (67%)

Scharft (6%), egg (S)
and nymph

Landrum (7*), nymph

Kelly (28%}, nymph

Tuek (7%)

Tuek (7%)

MeDonald (7%)

Tuck (7%}

Hauke (7%)

Eclchofft (18%)

Hauke {7%)

Haulke (7*)

Hauke (7%)

Hauke (7%)

Hauke (7%)

Hauke (7%)

Gates (18%)

Hauke (7%)

Hauke (7%)

Eckhoff (18%)

Eckhoft (67%)

Shotwell (68%), egg (F)

Resley (7%), egg (F)
and adult

Hildwein (20*), egg
(8) and nymph

Qhls (7%#)

Keys (7#), egg (F)

Landrum (7*), egg (F)

Shotwell (68*), ege (IF)

Landrum and Spain
(71, egg (F)

Resley (7F), nymph

Ohls (7%)

Spain (717}, egg (8)
and nymph

Resley (7*), egr (S)
and nymph

Ohls {7*)

Hildwein (20%), egg
{8) and nymph
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Year Stale and couniy

1939 New Mexico: Harding

Oklahoma:

Texas:

Lea
Quay

Roosevelt
San Miguel

Union

Alfalfa
Beaver

Caddo
Cimarron

Dewey
Grant
Harmon
Haiper
Jefferson
Kiowa
Le Fiore
Texas

Waods
Woodward
Armstrong

Bailey
Brewster
Briscoe

Relerence or collector

Resley (7*), nymph

Keys (7%), egg (F)
and adult

Resley (7%)

Spain (71*), egg (S)
and nymph

Ohls (7*), egp (F) and
adult

Shotwell (68%), egyr (F)

Spain and Landrum
(7%}, egg (F)

Resley (7*), nymph

Furry (17*)

Resley (7*)

Resley (7%), nymph

Ohls (7*)

Spain (71*), egg (S)
and nymph

EResley (7%), nymph and
adult

Keys (7%)

Moore (67%)

Landvum (%#*), nymph

Williams (7*)

Moore (67*)

Stiles (76*), egp and
adult

Miller (7*), nymph and
adult

Spain (67%)

Moore (67%)

Moore (67%)

Moore (67%)

Moore (67%)

Moore (67%)

Moore (67%)

Moore (67%)

Miller (7%), egg (S),
nymph, and adult

Spain (67*)

Moore (67%)

Moore (67%)

Spicer (7%), egy (8)
and nymph

Williams (7*)

Isely (16*)

Clearman (7*)

Isely (16%)

Spain (71%), egg (8)
and nymph

Clearman (7*)




DISTRIBUTION
State and county
Carson

Castro

Collingsworth
Dallam

Deaf Smith

Donlex
Floyd

Gaines
Gray

Hale

Hansford

Haxtley

Hemphill
Hutchinson

Lamb
Lipscomb

Moore

Ochiltree

Oldham
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Reference or collector

Spicer (7%}, egg (3)
and nymph

Williams (7%#)

Clearman (7*), egg (3)
and nymph

Clearman (6%)

Williams {(7*)

Qhls (7%), egg (S)

Spicer (67*), nymph;
(6%), adult

Clearman (7%}, egg (S)
and nymph; (6%},

adult

Spain (67*%)

Williams (6%)
Clearman (7%), egg (3)
and nymph; (6%),

egg (F) and adult
Clearman (6%}
Spicer (7%}, egg ()
and nymph
Williams (6%)
Spain (67*#)
Clearman (7*), egg (S)
and nymph; (6%),
adult
Spicer (7%}, egg (S3)
and nymph; (6%),
adult
Spain (71%), egg (B8)
and nymph
Spicer (67%), nymph;
(6%}, adult
Witliams (6%)
Spain {71%), egg (8);
(6%}, nymph
Spicer (67%), nymph;
(6%}, adult
Clearman (7*), eggr (S)
and nymph; (6%),
adult
Williams (6*), nymph
and aduit
Spain (71%), egg (3)
and nymph
Spicer (67%), nymph;
(6%}, adult
Spicer (67%), nymph
Willlams (6%)
Spain (71%), ege (S)
and nymph
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Year State and county

1939 Texas:

W yoming:

1940 Colorado:

Kansas:

New Mexico:

Oldham

Parmer

Potter

Randall

Roberts
Sherman

Swisher

Wheeler
Yoakum

Goshen

Adams

Cheyenne
Crowley
El Pasec

Las Animas

Lincoin

Moergan
Otero

Prowers
Pueblo
Yuma

ILinculn
Ness

Philiips
Chaves

Reference or collector

Spicer (67*), nymph;
(6*), adulf

Clearman (7*), egg (8)
and nymph; (6*),

adult

Spain (71%)}, egg (3)
and nymph

Spicer (67*) nymph;
(6%}, adult

Spain (71*), egg (S)
and nymph

Clearman (6*)

Williams (6*)

Ohls (7*), egg (8) and
nymph

Spicer (7*), nymph;
(6%}, adult

Spain (67*)

Spain (?71%), egg (8)
and nymph

Clearman (%)

Williams (6%)

Landrum (7*), nymph

Clearman ($%)

Beals (6%)
Skoog (8§1%)

Mickle (83*), egg (S)
and nymph

Mickle (8§3%), egg (8)

Mickie ($3*), nymph

Mickle (83*), egg (S)
and nymph

Mickle (83%), egg (S)
and nymph

Scharft (57%), egg (S)

Mickle (88%), egg (S)
and nymph

Scharft (69%)

Sceharfl (69%)

Mickle (83%). egg (S)
and nymph

Scharfl (57% ), egg (S)

Scharfl (49%)

Mickle (83*%), egg (8)
and nymph

Scharft (69%)

Tuck (69*%)

Tuck (69%)

Tuck (69%)

Landram (84%), egg
(S} and nymph




DISTRIBUTION

State and county

Texas:
Wyoming:
Colorado:

Kansas:

New Mexico:

South Daliota ;

Nebraska:

South Dalkota :

Colorado:

Texas:
Kansas:
New Mexico:
Now Mexico:

New Mexico:

New Mexico:
New Mexico:

Colorvado:

De Baca

Eddy

Quay

Presidio
Platte
Chevenne
Crowley
Kiowa
Lincoln

Otero
Prowers
Pueblo
Haskell
Kearny
Saline
Seward

Lea
Shannon
{Washington)
Banner
Washington
Baca
Chevenne

Crowley
El Pasg
Las Animas

Potter
Hamilton
Inion
Union

Union
TUnion
Union

Bent
Larimer
Logan
Otero
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Reference or collector

Landrum (83*), egg
(S) and nymph
Scharvfl (57%), egg (8)
Schar ¢57%), nymph
and adult
Landrum (83% )}, egy
(8) and nymph
Scharfl (57*), egg (8)
Tinkham ¢96)
Morton (81%)
Scharff (84*), nymph
Scharft (84*}, nymph
Scharft (84%), nymph
Scharft (£4*), nymph
Skoog (8§1%)
Skoog and Willis (81%)
Schareff (84*}, nymph
Scharff (84*%), nymph
Scharff (84*), nymph
Scharfl (84%), nymph
Shotwell ¢87*)
Scharft (84%), nymph
Seharft (84%), nymph

Wovl (87%)
Newton (817%)
Skoog (81%)
Bakke (85%)
Landrum and Spicer
(85%)
Kropt (458%)
Parker (85%)
Stewart 785%)
Spicer (§6%)
Ridgway (22*)
Landrum (23%)
Spicer (8*)
Bergstrom (8%)
Hauke (Sa*)}
Hauke (86%)
Seaton (8e*)

fncomplete Records

Snow (16%)
Candell (26)
(16%)
Skinner ¢17*)
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Year State and couniy Reference or collector
Towa: Des Moines Jackman (5%)
Kansas Barber Cragin (16%)

(41)
(7)
Butler (41}
Cheyenne (41)
Williams (16%)
(7)
Comanche (7)
Decatuyr (41)
Williams (16%*)
{(7)
Foxd (41}
(7}
Grant (41)
{(7)
(Greeley (41)
Williams (16%)
(7)
Hamiiton (41)
(16%)
Harper (41)
(7)
Hodgeman (41)
Logan (47}
Snow (16*)
(7)
Meade (41)
(7}
Morton (47)
(7}
Nass (41}
Norton (41)
Osborne £41)
Pratt (41)
(7)
Scott (41)
(7)
Sedgwick (41)
Sheridan (41}
Sherman (41)
(7)
Stanton (457)
(7}
Stevens {7)
Trogo (41)
Wichita f41)

Williams (16¥)
(7)

Wilson (41)




DISTRIBUTION
Stafe and county Reference or collector

Nebraska: Box Butte Hebard (18*)
Cheyenne (16*}
Lancaster Hebard (16%)
Sioux Hebard ¢18%)
New Mexico: Chaves Smith (15%)
Oklahoma: Beckham {41)
Custer Hebard (42)
Texas Dallas Boll (17%)
Yiley (15%)
Wyoming: Albany Pladt (50%)

HABITAT

During the 90 years the liigh Plains grasshopper has been
known, it has not extended its habitat beyond a comparatively
small region, although it has many times migrated great distances.
It may logically be concluded that limitations to expansion of its
habitat will be operative in the future as they have heen in the
past, and that the habitat will remain alout wherve it is. The
species has Leen of little economic importance in counties on the
perimeter of its hahitat.

Geographically, the habitat, as shown in figure 3, is limited to
an area in about the center of the High Plains. This area is about
200 miles wide hy 350 miles long in the widest and Jongest places,
hut the area does not exceed about 50,000 square miles. Ecological,
climatic, and topographical conditions limit the habitat of the
insect fo a relatively smali area in southeastern Colorado, scuth-
western Kansas, the Oklahoma Panhandle, the Texas Panhandle,
and northern New Mexico, all within the short-grass area of the
plains,

The habitat is confined ecologically to the short-grass belt,
principally to the grama grass association. It is confined topo-
graphically to an elevation of from 3,600 to 6,000 feet, mainly
froin 4,000 to 6,000 feet. It is confined climatically, cast and west,
to the 15-inch or less annual rainfall belt, and north and south to
a zone where the average winter temperature is from approxi-
mately 28" to 38° F,

The High Plains were studied, described, mapped, and named
by Willard D. Johnson ¢30) of the United States Geological Sur-
vey. He considered ithem as a topographical unit and described
them ns follows (pp. 610-617, 658-659) -

The High Plains approximately cotrespond to what is sometimes
called, merely for convenlence of sobdivision, the Central Plains
region. They lic in irregular belt form aboul midway across the
Tongr castward slope of the Great Plaing, They have fairly definite
boundaries, however, and are in fact a natural subdivision of the
Great Plains area.

The Great Plains as a whole conslitute w geopraphic unit, Their
extent is so great that they sre properly Lo be regarded as once ol the
primary divisions of the continent. In thal broad sense they are a
plain. But lopographically they presenl, in the mmain, an erosion
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surface—=a surface of degradation—with topopraphic diversity. That
ig, in dotail they have not, in the main, ihe character of a plain,

The High Plains arve the exception. They have practically no
drainage, the local precipitation being disposed of by absorpticn.
Comparatively, thevefore, their sorfaee has the general effect of a
dead level. Indeed, by way of distinetion, they are wo some extent
localty known as *“The Flats” ... Of the Great Plaing avea they are
a natural subdivision by topographic difference, In this sense they
are a tepographic unit,

AL the same fime they are upland or plateau flats. And they ave
uplandd fats of survivals differential erosion of an original vasily
extended plane surface has left here o fragment, or a close assem-
ULlage of frapgments, in reliel, The relief is not ennsiderable. [t is,
however, suflicient to be dominaiing. But the High Plains—Ioeally
s50 called to some exunt also -are individual more beeause of the
congpicuinus contrast of sarface chavacter they present. They arve
virfually unseorwl by cresion; though but s fractional part of ihe
whele slope, they are yetr absolutely of great size, and the traveler
upon them immediately recarmizes that they eonstitute the Plains
]}l‘ﬂ|}(‘1‘. P

(A Clissatical uit--1 The Great Plains arca, furthermore, may
be regarided as nurorally subdividad into befts by climatic dillerence
also. In its westward vise of thousands of feet it passes through eli-
matie pradaiions from humid 1o arid, Although, necessarily, along a
unifermly rising slope, the passage is wradual, so that any subdivision
must be arbitrary, it mav at least be said that midway, across a
considerable hreadih, the elimate s somiarid or subhumid. Indeed,
the vague Central Plaing region is sometimes called the Subhumid
Belt, Agecing geaerslly in posttion with the topographic sub-
division of the High Vlains is this subdivision by elimatic difference.
The houndaries of the toporraphie belt, to a ronsiderable extent, have
been given sharp definifion by marvginal reccssion- a work of hoal-
streany sapping and encroachment from the eroded area | . . —-and
the {opographic belt in consequence lics somewhat contracted within
the limits of the climatie belt: but substantially there is agreement
in position. Cause and etleet heve may appear to be far apart, but
it is not diflieult 1o traee ther eonneclion. ., .

[(Factors Widele Make Up Climate . —] The factors which, from the
peoint of view of the farmer, po 1o make up climate are not only
precipitation and its distribution thenughout the year, The barren
Staked Plains of Texas have a precipitaiion Tully equal to that of
the major portion ol the wheat lands of the Dakotas, and it is of the
same Lype of monthly distribution; but they are in offeet much drier,
sinee other conditiong, condueive 1o greater evaporafion, notably
veduce the seil moisture available Tor growing eraps. These other
conditions are: (1) A more spasmodic chavacter of the sumnier
raing, favoring svaporation s againat soil absorntion; (2} a higher
temperature resulling in o lower “relative humidity” . .. 7 () more
hours of sunshmes; and 1] a preater wind movement,

The meteorolugical records of the United Slates Weather Bureau
ofter abundant datn for a statoment, sufiiciently definite for present
purposes, of the climaie of the High Plaing, expressed in {erms of
normad precipitation, temperaiure, relative huwmidity, sunshine and
cloudinesz, wind movement, and evaporation, hoth averaged for the
vear mul, whal i= of much mnre practical interest, presented Tor the
crop-growing stason only. AC the same tine they show that the
changes of climale, which an several oeeasions have oxtetded the
humid arca nearly to the fanthills of the mountaing, and agrain have
comtraclted it, {0 the sertous injury of eatablished farming interests
to the vastward, are bul aseillations aeross a stable mean and have
Tairly definite preriods,

+ - ks a w 2 ¥ 13 * *

[#reeipiintion Belts of e COread Plains-—] Thoess records . . . show
uniform decline in preeimiation across the Greal Plams westward,
with rise again to compavalive hwmidity  Jocally in the Rocky
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Mountains. Upen a climatic map this gradation in precipitation
might be represented by north-south beits, indicating four sub-
divisions westward, as humid, subhumid, arid, and, again, subhumid.
The High Plains woulid be seen to be included within the second or
subhumid division. As a topographic zone of virtuzlly no erosion this
region of flat uplands would show fading off on the west Into the
eroded country of the arid belt, but abrupt termination on the sast
alorg a muck-indented escarpment, well within the subhumid lnits.
The remaining strip would represent a zone rf sharp erosion—a zone
of capture by headwater zapping on the part of the muoliitude of
streams of the humid belt. . .. the High Plains [are] a broad ferrace
of survival within the helt of medium precipitation.

But a map which should show precipitation only would not be
complete as a climatic map. To the northward upon the Great Plains
it would not be even approximately accuraie. For example, precipi-
tation on the Staked Plains us vepresented by the . . . record at the
Amarillo station in the center of the Panhandle of Texas, is 21.04
[20.993° inches; at Garden [City], midway across the High Plains,
in ceniral-western Kansas, it is 1738 [19.01] inches; at Coodland,
northwestern Kansas, at aboul the northern Iimit of the High Plains,
it is approximately 21 [17.67] inches; white in central North Ilakota
it is but 18 inches, and at S, Vincent, near the northeastern corner
of that State . . . it 15 only 19.5 inches. In short, the vast barren
fiats of the High Plains have a slightly greater precipivation than
even the major portion of the wheat lands of the Northwest. ., .

Nearly all of the High Plains is in the plains grassland known
as the short-grass area or belt. It was discussed and described by
Shantz (78) in 1923, He said (pp. 89-99, 22-93, 105):

The typical appearance of this grassiand as a whole is that of a
closely pastured meadow. Except during years of more than normal
rainfall the wller growing plants are aimost enfively absent, and
the vegelation presents the appearance of extreme monotony. Theye
is little varistion in appearance from north 1o somb or east tn west.
Changes in the vegetation within the ares are due largely to dilTer-
enees in soil texture, ran-oif or Hood-water irrigation which affect the
available soi] moisture supply.

® * - ® * % @ EY A x x *

The short-grass fonmation is typical for rhe Great Plains, Along
the Canadian boundary it oceurs from western North Dakoia across
Montana to the Rocky Mountains, It extends in 1 broad band down
acrogs the Great Pluins and alminst to the southern escarpment of
the High Plains in Texas. , .. {The western boundary follows the
east side of the Rocky Mountains to the Montana-Wyoming boundary
where it tums east to the eastern side of the Bix Horn Mountains,
extending south to the lower end of the Rangre de Christo runce,]
The [castern] boundary [from Brule County, 8. Dak.] then swings
west around the great sand-hill area of Nebraska, then southeast
and south across Konsus a lilile west of the 99th degree of west
longitude, heading westward and extending south along rhe ocast
houndary of the “Panhandle” of Texas. in Texas the short-gruss
formation is limited to the “Parhandle” sad the southern pertion
of the High Plaing. In castern New Bdexico it i5 also limited to the
High Plains and o portions of northeastern New Mexico, . . .

Girapte-grass dssocintion .. .—The dominant plant in this associn-
tion is grama prass (Bewlelowa grocifis). .. | In general appearance
it i3 typical shuri-giass land,

The area occupied by this asseciation forms a wodpe, very bread
In the north and very nurrow in {he south, lying just casi of the

. ® Figures in brackets show latest estaliished normals.
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mountains, fn Montana it extends from the mountains on the west
to the eustern boundary of the state, but in Colorado forms only a
narrow hand,

This gragsland occunies a soil which is very shallow, ranging in
depth from § te 18 inches to the laver of carbonute accumulation,
helow which Is a permanently dry subsoil. . . . There is no storage
of water from year lo yeai, and only during years of excoptional
ramnfall does water penetrate the soil belyw the laver of carbonatce
accomuiation. ., .,

Crrumea and buffalo-grass gssoelution ., —The grama and bufalo-
grass associution is Lypical of the High Pluins. The plant cover is
often uniform and covers the ground with an open or dense mat-like
growth. During wet yenrs the short grass flowers and many annuals
and perennials become prominent in the plant cover. It js dominated
by almost equal yuantities of grama grass (Bountelona gracilis} and
buflale grass {Bulbilis duciyloides). Often the cover is almost pure
but at olher times there are mixed with these Fruasses many sinall
annuals ., . During years of more than normal rainfall, other and
more prominent plants .. ., are prominent.

This association extends from South [akola seross western
Nebraska, eastern Colorado, southwestern Kansas, northeastern New
Mexico, western Oklahoma, and northwestern Texas,

. . - The soil is not as shallow as under grama grass, the depth to
the Jayer of carbonate accumulation ranging from 14 Lo 18 inches. . . .

Black groma assoclation . . ~Black grama ( Houtcelonn eriopodu)}
charactoerizes the dry desert plains of west Texas and New Moxica.
It docs not form a sod but ruther an open grass cover. Black rramg
is seldom an unmixed grassland, and there are uften yucca, mesquite,
and olher desert shrabs scattered over the grass cover. The sofl is
shallow, often with carbonates at the surface. Rainfall usuatly stares
growth during the summer when the lemperature is high and
evaporation rapid. . . .

Speaking of the short-grass plains, Weaver and Clements
(108, pp. 402-504) say:

The grasses forn 2 low mai or sod due to extensive projpagation
by vhizomes and stelons, In the dricr portions, much soil surface ig
exposed, but under more favorable moisture eonditions, the sod mats
are more nearly continuous. Recause of deficieney of soil moisture
and severe summer drought, the vegetation matures eariy . . . The
grasses “cure' on the ground but may resume prowth upen the
advent of opporlune showers. Preeipitation is so limiled that the
soil {5 seldom moist below a depth of 2 feet, Water penctrates slowly,
owlng in part o the high water-retaining power of {he surface layers
of fine sandy-loam or clay-loam soils and aiso to the Vigorous
absorption by the short grasses. The small amount of moisture, if
any, stored during the winter scason in the fool o1 two of surface
soil, together with the rainfall of spring and early SUMMEr, may
enable prowth to continue until early July, when ustally all the soif
maisture is exhausied, As a consequence, deeply rooted tal] prosses
and other herbs are freguently excluded, and the typical shorf-grass
cover is very waiform and monolonous as g resuil.

During unusvally dry vears even short grasses may fail to fiower,
but during wet anes growth may continue without intorruption. The
eontinued penctration of water to only 16 to 24 inches has resulted
in o eoneentration of the leached salls and afluviated elay, which
form » carbonate fayer varyving from 8 lo 24 inches in lhickness
and sometimes oeevrring at depths of only 8 in 10 inches. Below
the havdpan oceurs a dry subsail. By bindering water peactration . |, |
the pative vegetation has exeried a profound effect upon soit =truce-
ture and soil profile in the short-prass plains,

Comparison of the area in which grama grass is dominant or
sub~ominanl with a soils map of the Groat Plaing suggesls that
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the cause of short grass heing restricted eastward and westward
15 the soil on which it grows. (See lig. 7.) The short-grass area
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mainly coincides with what Marbut (60) calls the dark brown
and the brown soil belts. He describes the general featuves,
boundaries, and profiles of the soil as follows (pp. 42-43, 62):

The Great Plains . . . include that part of the United States, Iying
east of the Rocky dMountains, in which the scils are characterized,
at matarity of development by (1) the presence, on some harizon of
the soil section or profile, of a zone of alkaline salt accumulation,
usually, not exclusively, line carbonate and (2} a relatively dark
colored surface soil. The color varies, from place to place, in degree
of davkness but throughout the region it is darker than the mature
soil in any other part of the country in which the zone of salt
accuimulation is present in the soil,

* * ¥l E] £l B W Ed B &* - *

The Fustern Bowndery—Since a dark sarface seil is characteristic
not only of the soils of the Great Plains, but of an extensive region
east of the Great Plains, it is evident that the eastern boundary of
the region must be determined on the basis of the other characteristic
of the Great Plains soils--~the zone of carbonate accumulation. Since
the Great Plains vegion as defined, does not extend east of the area
in which the zone of carbonate accumulation is present it is evident
that the eastern boundary is also the bhoundary of the zona of
carhonate aceumulation.

Since nature rarely establishes sharp boundaries, and since man
must usually do so, we define the eastern boundary of the Great
Plains as the Jine along which the zono of carbonate accumulatign,
universally present throughout the Great Plains, disappears entively
or lbecomes so fainily developed that it cannot be ideniified hy
ordinary field gbservation. . . .

* % ¥ % EY - * 2 - r ¥ 3
The Western Bowndurs.— . . . the Rocky Mountaing bound the
Great Plains on the west, This is In general true, but, - . . they seem

to be more or less accidentally situated alongy the western houndary
since this line would be, in part at least, where it is iT the mountains
did not exist. The western boundary where the mountaing do not fix
it, must be established on the hasis of soil color, since the other soil
characteristic of the Great Plains, the presence of a zone of carbonate
accumulation, extends westward far beyond their western boundary.
The western bhoundary therefore lies alonp that line or zone whieh
divides the davk coloved soils of the Creatr Pluins from the light
coloved soils of the region west of the Great I'ains, leaving the
mountains out of consideration.

[A soil profile in the dark-brown belt near Two Buties, Cola., is as

follows:]

faches
1. Brown elay loam. dark shade, somewhat granular lin §
2. Brown clay loam, cloddy. .. R .. & to 1t
3. Calearecus horizon .. ... . . i1-

The habitat of the High I’lains grasshopper is all within the
High Plains and nearly altogether within the grama grass asso-
ciation arvea. This is cleavly shown in figure 8, which is an adapta-
tion rom Johnson's map of the High Plains (50 and Shanty'
sketeh map of the Great Plains region (79) showing the areas
occupiced by the prineipal plant communities. The only area where
onc of the species of grama grasses is not dominant and where
longipennis is known Lo have reproduced is a small portion of the
wire grass area in southwestern Kunsas, northwestern Qklahoma,
and in the castern pavt of the Texas Panhandle. In this wire orass
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area it has not long survived and has been of Hitle or no ceontomic
importance.

Although research has not been conducted that provides prool
that longipennis breeds only in areas where grama grass is domi-
nant or sub-dominant, voluminous observations by collectors,
nsect surveyors, and control men support that conelusion. Grant-
ing this, the fact throws no light upon why the habitat does not
extend farther novthward or southward while the rama grass
assoctation extends into Canada and almost into Mexico.

The habitat les altogether within the elevation belt of 3,000
to 6,000 feet, and the most troublesome, persistent infestutions of
the species have been hotweern LO00U and 6,000 feet (fig. 9).

The only exception was an area in northern New Mexico where
grasshoppers expanded westward into adjacent Colfax County
during the severe outhbreak in Union County in 1937 and 1938,
Elevation alone, however, does not explain why the habitat is
restricted to such a small area, {or the SAH0 te 6,000-foot belt
continues for great distances northward and southward beyond
the habitat area.

Most of the habital area lies within the belt that has 15 inches
or less average annual rainfall; a very small portion of the habitat
extends infe the 15- to 20-inch belt, in the eastern part af the
Texas Panhandle (fig. 310). 1o that area, as explained heretofore,
the species has nol long persisted and has not been of appreciable
economic importance, In the area where the species has oecurred
most frequently and where infestations have persisted longest,
that is, in Bent, Crowley, Elbert, El Puso, Las Animas, Lincoln,
Otero, and Pucblo Counties, Colo., the annual average precipitation
is 13.56 inches, varving from a low of 11.03 incles in Crowloy
County to 16.20 inches in Las Animas County.

The portion of the habitat next in impoirtance is that in north-
eastern New Mexico; this portion comprises Union County and
parts of Colfax, Narding, und Quay Counties, where the avelrage
annual precipitation is 16.29 inches, varying from a low of 14.65
inches in Colfax County to 18.03 inches in Quay County.

Two other areas within the habitat in which outhreaks have
heen less frequent, of shorter duration, and less destruetive than
those in Colorado and New Mexico are the Panhandie of Oklahoma
and the northwestern portion of the Texas Panhandle. The
average normal annual precipitation within that part of Oklahoma
comprising Beaver, Cimarron, and Texas Ceuntics is 17.39 inches,
varyving from a low of 16.19 inches in Texus County to 19.36
inches in Beaver County, The average normal annual precipitation
for 2 of the 53 Texas Panhandie countics where the High TPlains
grasshopper has been of most importance is 19.5 inches. Lt varies
from 18.01 inches in Hartley County to 20.99 inches in Potier
County. Weather Bureau records for Dallam, Moore, and Sherman
Counties are incomplete.

The pertion of the habitat that is in Kansas is in Greeloy, Ham-
ilton, Kearny, Stanton, Grant, Morton, Stevens, and Seward Coun-
ties. Its average normal annual precipitation is 16.6 inches, vary-
ing from 15.85 inches in Stanton County to 17.13 inches in Morton
County.
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Apparently, the most favorable environment for the survival
and reproduction of lsngipennis is a combination of shori-grass
range, an elevation bebween 4,000 and 6,000 feet, and an annual
precipitation of 15 inches or less, This environment is found in
the Colorado and New Mexico portions of the habitat where
infestations have been the most [requent and prolonged. One oy
more of these environmental conditions is lacking in the Kansas,
Oklahoma, and Texas portions of the habitat, wheve infestations
have been less frequent and less intensive.

Elevation or precipitation offers no explanation of why the
habitat is limited novithward and southward. The reason appeairs
to be related to winter temperature. There is no apparent relation-
ship hetween the patlern of average annual temperature, warm-
season Lemperature, or swmmer temperature, and the pattern of
the habitat area. The possible spring mortality of grasshoppers
cannot be discussed in the absence of sufficient research records
on the subject. The average winter temperature of the Great
Plains, as mapped by Kincer (53), shows that the temperature
sones traverse the habitat avea in generval from cast to west. (See
fig. 10.) The portion of the habitat that is the most {favorable from
the standpoint of elevation and precipitation does not extend
northward beyond the zone of about 287 F. average winter tem-
perature {December—February) or south of the zone of about 387
. The offects of winter temperatnre are not known. It is possible
that at the northorn limits the eggs of the IHigh Plains grass-
hopper cannot survive the low temperatures and that at the
southern limit, ege mortality results from lack of snow cover,
low soil moisture, low humidity, and high evaporation rate, all of
which cause desiceation of the eges.

Summarized below are the elevations, precipitations, and winter
temperatures of all portions of the habitat of this grasshopper:

Annunld precipitntion Approsimate
NN e e et e ama = WVeri e
Rlate Ilevation wintor
Average Haugoe tomperature
Feel fnehes frches ° .
Colarado. .. _ . 1,000-6000 14,56 1187 (Pueblo to— 28-33
17.85 (Akront.
Kansas . .. .. - 3,000-4.000 WG 1585 tobnsony Lo -- 30-33
1713 flndkhariy,
New Mesieo 4 000 3,000 1642 LLAG (Springess (o 34-38
18.03 ¢Tyeumenri).
Oklahoma .. . 3,000- 5,000 PTG ot Cify) lo— BEESLY

330 {Beaver),
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BIOLOGY

Dissosteira longipennis completes one life eycle annually. Eggs
laid in the fall hateh the Tollowing spring. Nvmphs leed, grow,
and migrate by crawling during late spring and carly summer.
Adults continue to feed, migrate by {lght, mate, and lay eggs
during late summer and early fall. The dates of epy laying, egw
hatehing, and transformation of nymphs to adults, and the dura-
tion of cach metamorphic stage vary from area to area. Within
arecas, these dates vary from year to year and seasonally with
local influences. Infiuencing Factors are ¢limate, Ltopography,
elevation, latitude, slope of exposure, and vegetative types.

Comprehensive data on the life cyele of the species ave availahle
only for the period when supervisors made observations in con-
nection with contro! during the 1933-41) outbreak, They ave incom-
plete because supervisors and cooperators could not he present
in each leocality to record developments. Gleaned from numerous
reports, data on the seasonal development ol the species have been
assembled in tabie 2,

Workers made numerous records on the biology and habits of
longipennis during the period. Many records prior to 1939 provide
interesting information, but from them it is difficult or impossible
to obtain a connected picture of the life pattern and activities of
the species. Louis A. Spain and Donaid K. Scharftf in 1939 had the
opportunity, as survey supervisors, to observe hahits and develop-
ments more closely than conlrol supervisors. Their data as assem-
bled by Spain (7.2%) are drawn on almost ent| rely for the following
account.

Egas

Eggs are Jaid mainly in limited aredas where egg masses are
concentiated in large numbers to form what are commonly known
as egp beds. In the fall, an infested area might cover many thou-
sands of acres with here and there an eay bod. Interspersed he-
tween ege beds, seattered grasshoppers may deposit individual egy
pods.

Bggs are found during the fall and spring in field margins of
cropland, grassland, pastures. bottom land, hill land, wasteland,
and restoration land. More than 90 pereent of them oecur in buftalo
grass and grama grass range and pasture. A fow ege heds max he
found in tall grass, woeedy wrassland, small girain, sorghum and
corn stubble, and some in abandoned land. Egg heds are rarciy
found in non-grasslands,

Ega beds oceurred in a variety ol tupographical and soil condi-
tions, the majoriiy being on exposed slopes in firm, sandy-loam
sotl. Occasionally they woere found in level bottom land and on hill-
tops, Several egy bhids were located in very rocky soil in nopth-
castern New Mexico aml southern Colorado, In typical beds i
bullalo-grama grass rangoe, egy pods were placed arvound Lhe clues
of the grass plants and in the intervening have spots. The longr,
large egg masses were arvanged in a nearhy horizontal position,
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1 to 2 inches below the soil surface with the upturned froth cap
approaching the surface. Eggs within the pod were arranged in
almost vertical rows (fig. 11).

In the spring survey in 1959 the number of eggs in 187 egw pods
vavied from 32 to 84 and averaged 65. Examination of typical egg
beds in the spring vielded the following information:

. . Mvernge i Pagls peer sopare
SMale Beds examined dverag e xls et mouar
ol Iuuls Tool, wverng:
Now by Aores Number
Colowrawle oo . _ as 23 3.
New Mexieo. o .. 2% 3. .3
Texas_ .. ... . . 14 5 6.6

Egg heds in the longipennis habitat rznged in size from one-half
to 200 acres and averaged about 15 acres. The egg pod population
of 75 beds that were examined ranged Trom 0.7 to 20 per square
Toot and averaged nearly 5.4,

Data concerning the hatehing period are summarized for 1939
as follows:

s o Ty LLaieling Average duration of
Htate M-t lusteh compleis liniehing period
Days
Colorwde ... .. . May 2 June | 18
Now Mexien. . April 21 June 5 23
Texus .. L L. April 22 May 30 23

Two egg beds in Colorado were completely hatched 11 days alter
emergence began. Bgg hatching continued for 30 davs in one of the
most concentrated beds in Guadalupe County, N. Mex. Fggs started
to bateh in a number of beds in New Mexico and Tesas in late
April, influenced by a spell of unseasonable warm weather, hut
the hatching period was protracted to 23 days of" cool weather
during the Hrst half of Mayv. In contrast, the same spell of ecool
weather occurred in Colorado before egy hatehing became general.
Its influence deferred the date of hatehing: however, because
weather therealter was favorable, the hatching period lasted only
18 days.

The pronounced influence of terrain is evident when first hateh-
ing dates of beds at high and a{ low elevations are compared, and
when the types of exposures are considered. Lgas at Iower eleva-
tinns, in warm exposures, began to hateh as much as 19 davs
carlier than some of those on high mesas. One ege bed in Einceoln
County, Colo., so situated that il included terrain with hoth a
sauthern and a northern exposure, exemplifies the effeet of a favor
able location. At the time hatehing on southern slopes was complete
only 53 pereent of the eggs on northern slopes had hatehod,
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TABLE 3.—Seasonal development of Dissosteira longipennis «at
Tucumeari, N. Mex., 1939

Tnstar of nymphs

Tgps . e At
Date hal&ﬁ(‘d ) emerged
1zt 2 Bl 4th Sth

Pereent Pereent Pereent Pereent Poreent Poreend Pereend
Apr. 20, 2 Moo . L e e L
Mav 1oL 00 ) 30 ... B,
I3 . 106 o 25 G} 3oL e e
Z3 - .. 5] a) Ji} S
June 1 . . . i 53 b
i) . . . 25 iy in
13 . e o . i) Bl
1t . o o . It} 4
25 . ... . . 2 fihS
Julv 4 . . . . 106

Nymphs gradually dispersed as theyv fed and grew; with each
successive molt the number of nymphs per square vard became
fewer. Dispersal appeared to e independent of the infiuence of
control. Baiting abruptly thinned populations, decreasing the size
of the bands. Frequently, baiting resulted in the replacement of a
layge band by several small ones. Populations of bands of first-
instar nymphs ranged from a fow to a maximum of 2,000 pexr
square yard and averaged about 500. The heaviest population of
last-Instar nymphs encountered in the soulhern part of the area
was 150 per square yard with an average of less than 30. The aver-
age in Colorade was about 160 per square vard.

L. longipennis persisted in hands (figs. 12 and 13) throughout
the nymphal period except where populations were too low o be-
come gregarious. Such low populations oeenrred cither naturally
or as an effect of haiting. Populations of less than 5 per square
vard in new Mexico and Texas and 20 per square vard in Colorade
were not observed to hand together. This disparity probably re-
presents the range within which nymphs will form into bands,
influenced hy such factors as nymphal age, vegetation, fopography,
or weather.

The role of environment in relation to nymphal aclivity involves
many factors. Scharff found that most nymphal feeding was done
when the soil-surface temperature was between 8O- and 105 .
Spain observed that such feeding was at air tem pevatores hetween
71 and 91 F., a range comparable to the range in soil tempera-
tures recorded by Scharfl, Nymphs migrated mainly when soil-
surface temperatures ranged between 90 and 115 F. Vegetation
alone rarely influenced the direction of nymphal migration, for
bands frequently moved from areas supporting stands of good
grass to areas ol poor grass,

Nymphs in some cases remained on the egw beds fory more than a
week after the eggs hatehed. In others, they began to eraw] away




cat

sl et vy

i

3y

—
—
—

4
—~
—
—_—
-
(=]




2 THE HIGH ¥LAINS GRASSHOPPER

as soon as they emerged. Migration usually began near the end
of the first week after emergence and thereaTter increased rapidly.
The rate of travel of nymphs was about as follows - First instar,
3 feet per minute; third instar, 6 to 12 feet; and late instar, 10
or more feet per minute. In 1937 Willis (48*) found that one band
of nymphs had traveled 2!, miles in one day.

The direction of nymphal migrations in 1939 in Colorade was
generally slightly west or north, but in New Mexico and Texas no
general direction of march was detected as bands were observed
moving in all directions during a single day or within one locality.
Because bhands repeated|y changed directions in New Mexico and
Texas they did not travel far, but a few were known to have
traveled from 2 to 3 miles from where the eggs had hatched.

Within a week or 1¢ davs after emerging, bands of nymphs
often had spread until occupied areas were 10 times or more the
size of the original egg beds. For example, nymphs from an egg
bed of one-half acre in Texas had spread out over 30 acres in less
than 2 weeks; bands of last-instar nymphs in Colorado occupied
areas 5 times greater than the egg beds: and fifth-instar nymphs
in New Mexico infested areas tenfold the size of the egg beds.

Adults

The first adults (fig. 11) in 1939 were found June 53 in New
Alexieo and Texas, and June 15 in Colorado. Ninety-eight percent
of the nymphs had transformed to adults by Julx 1 in the former
States and by July 15 in the lutter. New areas hecame infested hy
adults that flew soon after transformation, ieaving behind a
scattering of nymphs that weye molting. Adults dispersed by fiy-
ing; for a peried of 1 month Tollowing emergence of the first
individuals, adults showed no evidence of the gregariousness ex-
hibited by the nyvmphs. On first Hights adults traveled from 25
Lo several hundred yards at a time, usually not more than 50 feet
above the ground. High, long flights then occurred that dispersed
the adults to arcas widely separated from those in which they had
developed. Dispersing adulis frequently were attracted from the

Frovwe 1. fiscosteira fongip anis. Aduli female, enlarged.
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sky at night to the lights of towns. After adults had migrated and
alighted on the ground they soon began to congregate. In this
process, short, low flights were again observed, and concentration
points became potential sites for egg beds. The activity of adults
from emergence to oviposition in 1939 is summarized as follows:

State Fmergenee of Trirst First
o first adulss eongregation oviposlion
Coloradn . . Jume 15 July 16 August b,
Now Mexico June o July 5 Julye 17,
Texas . June b

I Nog congrepation ohserved,

Adults beeame widely and uniformly distributed during the
solitary period; they rarely were more numerous than 1 per
square vard. An area of 150 square miles in Quay County, N,
Mex., which in May contained many concentrated, roving bands
of nymphs, had been reduced in population by July 5 to an average
of 1 adult per square yvard; not more than 2 per square yard were
found in any part of the area.

The average population of adults after they had handed for egg
laving was about 20 per square yard. Ovipositivn started 12 to 15
davs after adults began te concentrate. Long-distance flights
practicaily ceased when oviposition got under way. In Colorado
a gradual movement northward continued at a rate of about 1.5
miles per week during the egg-laving period. The first aviposition
was seen July 17 in New Mexico and August 1 1in Colorado.

Aost of the egr deposition look place between 9 and 12 o'vloek
in the morning, when the air temperature was hetween 80 and
90 [, During the ecarly morning, especially at the start ol the
laving period, femajes were seen working shallow holes into the
soil without distending their abdomens and withoul depositing
vags. Shortly thereafter females began working holes into the
soil with their distended abdomens, Several males gathered around
sach female and when she withdrew her ovipositor from the soil,
mating took place. Sometimes Jarge numbers of holes were made
withoul eggs being deposited. Usually mating occurred on actual
egg beds or in areas where eggs were later deposited.

Adult populations on egg beds fluctuated during a day. There
was little activity in midafternoon; fewer adulls were then on
the ege beds than at any other time of day. By I or 5 pm.
migrations to the egg heds became very noticeable, and popula-
tiong increased throu hoot the late afternoon and early evening.
In the mornings adults milled around in low flight with a general
movement away from egg beds toward the outer margins of bands
whore food was more abundant, Most of the gravid females re-
mained on the egg heds until aftey ovipositing when they, too.
abandoned the laving ground. In the low fHghts Lo and from egy
l;vdsl:md feeding grounds the grasshoppers moved from s mile to
3 miles.




74 THE HIGH PLAINS GRASSHOPPER

b L]

Ficure 15—Range denuded of vegetalion. Typical appearunce of an ewyr bed.

Egg beds were for the most part placed in friable, sandy soil
of grama grass and haffale grass range, on bare upland exposures
free of shrabs. However, several egy beds were found in very
rocky soil. Many females exhibited a decided preference lor the
stightly disturbed soil of tracks made by trucks ov bait spreaders.

The appeavance of the veuetation aided surveyors in locating
egg beds in open grasslands (fig. 13} ; the egg heds wore a mueh
darker gray than the surrounding grasslands.

CAUSES OF OUTBREAKS AND OF THEIR SUBSIDENCE

Natural factors, including weather, hivds, insect parasitos and

predators, and animals, atleet the ahility of Ponggipe nies 6 main-

Ctain itsell continuousiy In an area op 10 inerease is nunbors to
outhreak proportions.

Normal weather conditions operate o vesiriet 1he habitat to
a definite and comparativels Hmited .. Seasonal periods of
weather adverse to the species have reduesd infostations s, in
solated instances, have almost wiped om popitalions m certain
areas. Weather unfavorable to grasshopper survival may not
ocenr simultancously throughoul the habitat at the fime wlien
grasshopper nvmphs are most suseeptible to its killing influence.

Birds, beeause they can quickly reach areas whoere assembled
grasshoppers furnish them with abundant. easily procured food,
have probably been the most eff'ective natural CRemies,
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Insect parasites and predators have made serious inroads on
populations of longipennis in specific instances. Since it is im-
probable that many insect eneraies accompany this species when
it flies long distances from the areas it infested in the spring aud
summer to the areas where it will deposit ifs eggs, the extent to
which it will be attacked by insect parasites and predators i the
area it invades is governed by the chance of location. If it alights
in an area where grasshoppers already ave present, and wheve
insect enemies have had opportunity to increase, the probability of
longinennis being attacked by insect parasites and predators is
high.

Animal predators, such as rats, mice, and gophers, in some
areas have devoured a great many eggs, nymphs, and adalts.
TNonbtless thev have destroved various forms of the species far
mere extensively than the meager data available indicates. Since
the smaller animals are relatively ncoumigratory, the degree to
which they reduce populations of longipennis is directly dependent
on the number of grasshoppers that fly into aveas alrveady popu-
lated by the animals.

The effectiveness of animal enemies was especially pronounced
in 1938, 1939, and 1840, when heavily infested areas became
progressively smaller as a consequence of control of the species hy
Lait, Then, an increasing population of all natural enemics concen-
trated on a continuously diminishing population of grasshoppers.
There were many instances where grasshoppers that escaped the
offects of poisoning were exterminated by thelr animal enemies.

The adverse weather and arimal enemies redoced the amount
of baiting planned for in several instances duving ihe 193710
period, and in some cases eliminated the necessity for it. They raay
even have prevented the development of outhreaks in isolaled in-
stances. The value of natural factors in reducing the amount of
haiting necessary for control of the species caunnot e dis-
counted. Howsver, valuable as these controls were, there could
be no advance assurance of whether, where, or to whal extent,
they would operate. Their contribution to control could not e
anticipated when control plans were made.

Weather

Quthreaks of fongipeanis have followed perivds of drought and
have subsided when precipitation was appreciably above normal.
Severity, extent, and duration of cuthreaks have, in the main, heen
soverned by the duration and severity of drought.

In the absence of hiological studies of the species made con-
currently with weather observations, the wifluence of weather bas
been deduced from teraperaturve and moisture conditions that pure-
vail in outhreak areas during the four outhreaks for which the
size of the infested area has heen recorvded. Three of these, the
outhreaks of 1891, 1913, and 1921, were restricted to local arcas
and lasted only 1 vear: the Fourth persisted from 14535 to 1840
and covered an extensive area. Moisture conditions influencing the
three 1-year outbreaks are shown in tables | to 6. Moisture con-
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ditions influencing the 1933-40 outbrealk are shown in tables 7
to 10; temperature conditions infl uencing this outbreak are shown
in tables 11 to 14.

The outhreak in Lincoin County, Colo.,, in 1891 (table 4) was
preceded by 3 dry rears in which precipitation was from 62 to 88
percent of normal. Probably the population of longipennis had
begun increasing in the early part of this dvought period but re-

TaBLe J-—PRECIPITATION IN LINCOLN COUNTY, COLQ.,
}‘891 OUTBREAK: Percontage of normal precipitation in Pucblo.
colo., 1888-82

r_"‘__‘r"__'_"l"___]-"‘"_ i T H T . T
é Jan. Feo.l taxr.t Apr. May ! Jupe| July « | Sept Uct.l Nev.! Dec.|l Ann,
I h ; ; :

- 36 5 69 | 126 23 | &a
1383 ab ] 731 @2f BI| &0 ] %5 ] 90 2 231t a535 1 3
12
iz

Meas T % 1B T %1192 Wl o T

=590 | 32 | 551 B9l 18] o9 | Bl 3 |1 ] e | @l
1591 32 15 105 | 30 A 169 by T2 13 3B 255 110

12898 [ 567" I3V 519  95] 1051 107 Tipe T8 Ty 283 [ 2151 237 ey !

Wippioly b

'Average annual precipitation, 91 percent of normal, Precipitation below
noermal {indicated by shading) in 65 peveent. of all months.

1aBLE 5.—PRECIPITATION IN ROOSEVELT COUNTY, N.
MEX, 1913 OUTBREAK : Percentage of novmal precipitation in
Portales, N. Mex., 1909-141

oy s

{L— Jdan, Mert Apr. Ma}'}r June| July | Bept | Hov. DPec.| Ann:

12909 |- o 0] 107 Q 21 I [ 66 | 68 | 38 231 . 411 59|
151C [*) 95 | 127 T3 25 52 %0 4g | 3 72
1611 261 | 38077 13 | i1 %5 70 i BB 5L 1 1T
1012 170 ] 3f2 R IE T2 3T 1133 | 175 ol 4z
191% | -89 | 226 W] 16 O T 337} 30| 118
iioh | A [ BY iR T3] 5ok | A8 T3 T e L] 664 133

;0
54

*Average annual precipilation, 94 pereent of normal. Preeipitation below
normal (indicated by shading} 68 pereent of all months.

TABLE 6.—PRECIPITATION 18 LINCOLN COUNTY, COLO,,
1921 OUTBREAK: Percentaye of normal precipitation in Pueblo,
Colo., 1916-21

R LT BT :

. Lo . o o T
' Jen. Peb. Mar. Apr.  Hay © June | July nug.I Sept| Oct.l Hov, Dec.[ Rr1|1,|
. ) |

doe U 58 1 [ 937165 1 36 | 87 | WE [l o T 431 53 | 83
107 [ 5B | 102 ; 63 | 117 73 8 4335 | 73 i 7 116
JL918 | 161 165 . 50 | 108 | 3 51 2 ) 191 201 1ha | 21 | 74
1919 BT 175 7oh . 15 2 163 181 [Ter2 [ 43 T 136 1 147 | 148
2920 196 |15 | By | 63 1 43 90 § 106 T 177 130 [ 50 Eg L:5)
G 0 W .0 IV R U TR - O N S S I K S T 2o | 171

4.

“Average annual mrecipitation. 1i6 pereenl of wormal, Precipilation helow
nermal (indicated by shading) 38 percent af afi months.
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TaBLE T.—PRECIPITATION IN PRINCIPAL HABITAT, 1933-
40 QUTBREAX : Percentuge of normal precipitation in Arriba,
Colo., and Clayton, N. Mex., during first 7 yeawrs of 1941-46
drought?

Avrriba, Colo.

Jun. | Feb, | Mar. | apr. | May | June | July| Aug.| Sept| Oet.| Hov.| Dec.
TosL | 6 1287 | 213 [ 3B | G iy [ 6 | et 18| -1iiies| w1
1932 | 203 -1 Bb | 127 S0 | 12 53] 26 20 2] 80 | &b
1933 | =L | 21 | 51 1207 i Bﬁ g 1ok ) 117 | @2 1 -1 [ 15 | 220 ! 92 ]
w93k T [ 236 2 26 2 L1 N Th -1 | ka =1 3T
1935 | -1 | 113 [ 1ok Ei] Tt | i o6 | 20 | 35 1 2L | 90
1936 z1 | &7 | ST 35. 9% 6L | 57 {153 [ 106 | 12 | 3= 1 7%
1937 | 21 ] 26 [ 103 | N Ay ] ¢ Lo |l Bol %o 55 [ 85 | A

Clayton, N. Mex.

. :
Jen, | Feb, | Mar. | apr.| May | Juoe | Julyi Aug.] Sept} vet. iiov..[ Oec. | Ann.

193 | -0 J1a8 [ 88 | 64 | 93 ] 31 ¢ as 123 | 110 | .- il B 9
1032 | 158 55 57 Bl | &2 1128 26 35 1 108 32 éhl 129 ﬂ
1933 ‘=l - i R (] 50 102 g : =1 |-
1G3h -1 | 123 =L | i6 | 19 § 56 | b | B3 | “Eg } _E W6 | b
1935 | 273 50 17 -1 {106 52 _% 35 g 55.| I3 Lo
1936 [] ] =] oF | 31 - 35 TT L AL ]
1937 T3 % 13 | 169 | 105 | 16 | 1% [ L3n | B9l 36| 79 | T

*iverage annual precipitation, 66 percent of nermal. Precipitation helow
normal {indicaied by shading} 79 percent of all months in Arpiba, and 82
percent of ail months in Clayten.

mained umreported until the species ereated an gconomic problem
5y the proportions of the outbreak in 1891. The outhreal appar-
ently did not gain momentum during the year in which it gceurred
ecause moistire that year was 110 percent of normal, and it sub-
sided hy 1892 when precipitation was 125 percent of normal. Fou
the vears 1888 to 1891, inclusive, the average annual precipitation
was only 91 percent of normal; 65 percent of all months in that
period were below normal in precipitation. At that time the
Weather Bureau station nearvest the Lincoln County outhreak was
at Pueblo in an adjacent county.

The outhreak of 1913 in Roosevelt County, N. Mex. (table 5),
originated in 1912, In 1912 the annual precipitation at the Pox-
tales station was 82 percent of normal; 9 months of the year were
below normal. Probably populations began increasing in 1909 and
1910, when the precipitations were 59 and 72 percent of normal
and the incresse was interrupted by above-normal precipitation in
1911. The outhreak subsided during the yvear in which it cccurred
when the annual moisture was 118 pereent of normal, and dis-
appeared by 1910 when the annual precipitation was 133 percent
of normal.

The influence of moisture on the 1921 outhrealk in Lincoln
County, Colo. (table 8), is inconclusive. Although during the year
preceding the outhreak the anunual precipitation was but 83 per-
cent of normal, the annual precipitation for 5 vears had fluctuated
vearly from helow to above novmal. The average annual precipi-
tation for the vears 1916 to 1921, inclusive, was 110 percent of
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TABLE 8.—PRECIPITATION IN SECONDARY HABITAT, 1933-
40 OUTBREAK: Percentage of normal precipifation in Tiro
Buttes, Colo., Goodwell, Okiu., und Dalhart, Tex., during first 7
yetrs of 1937-40 drought !

Two Buttes, Colo.

Feb.} MHer. J May July

| 26k | 135 | a5 I aE
A Y E%]

£
B0
9 135 [ 26 4 o8
403 | 26 : 'G* MR
RS T 39 —&? T Be T
15[ A5 oo IR 7708 |
“¥T B0 Foi 2%

Goodwell, Okia,

T R .
Feb.] Mer. | #ay | June Jul}'r.-’\ug.

| —
250 | 335 02 1.61 | k2 0
k] 152 ] e 1738 :

Ty

qo B8 %] doo [ B TR

9] <1 301 150 15~
Dathar(, Tex.

: J’an._gt Fe'b.? Mar. ! npr.g oy  June July Aﬁg.{
B _ ! . .

8T 79) @4 j 1261 731 30 |1t | 9a Lo Sk
2R [TES TR IS ek 311 T 85 ek dor T 27

€1 26 [ S| 28 215 33 F3Y
el [ 52 3% Wl 57 Frdll Y Eil
1. 219 3] W -1 7 P 87 ] 117 7 307 13g¢
ilg 2 -3 - | 137 103 73} 4 1L
3 OTTOT B sy 1 2 52t 10

"Averapge annual precipitation, 69 pereent of normal. Precipitation helow
narmal {indicated by shading) 74 percent of all months in Two Buttes, 71
pereent of all months in Goodwell, and 81 percent of all months in Dalhart,

aormal. In common with the two other iocal outhroaks discussed,
the 1921 outbreak subsided during the year in which it ocenried,
apparently influenced by the effect of excess moisture, The annual
precipitation for 1921 was 171 pereent of normal.

The outhreak of 1933-40 was the most severe and extensive of
any recorded. Concurrently with fhat outbreak, drought in the
habitat of the species was more severe than for any other similar
period. In the habitat area as a whole drought began in 1931 and
continued Tor 14 consecutive vears. The population increase of
longipennis began to be noticeable in 1934, and increased {o out-
breale proportions by 1936, After 1936 the outhreal annually
beeame larger and more intense until 1910, when it was brought
under control by baiting and by natuwral enemics of the grass-
hoppoer,

After the first year, the 193310 outhreak showed no similavity
to the outhreaks of 1891, 1913, and 1821, Those had subsided
quickly, apparently beeause above-normal precipitation had oc-
curred during the year when populations were incireasing 1o out-
hreak proportions. No similay phenomenon impeded the outhreak
of 193:3—40,
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TapLe 9—PRECIPITATION IN MINOR HABITAT, 195310
QUTBREAK: Perceniuge of wnormal precipitation in Jolnson,
Kans,, Beaver, Gkla., and Spearman, Tor., during frst 7 years o}
192140 drought ¢

Johnson, Kans.

May Jups | July| Aug.

Jrel s ] 165
Zha [ &3

1ol %.3 . 370
K3 1 - 108
134

e

Beaver

¥ay | June
3

& e e
i

166 -RG
T2 .63 136

Spearman, Tex.

Moy | June | July| Aug. .| Hov, | Dec.

1931 [ Rg 117 ” % | 53 Nl B ass [ el T
igl2 167 | &3 | Gk (136 | 1B {285 | G2 | B& Y 15 ] xh3 |,
1233 =1 1 =F &~ 19 ke | "~ 325 3.

193tk g6 115 | 33 ¢ W7 | - 1? T
Aﬂg__jﬁ 53 10 1197 | B3 | e By T Tk [ o8 I
1936 |270 1 Q ass |18k T | a2 1 © rise

11537 | &3 B2 T 66 | 55 | 139 o 5 B

‘Average anawval precipitation, 77 percent of normal. Precipitation below
normal findicated by shading) 71 pereont of wlb moaths 1a Johnson, 70 pereent
of all manths in Beaver, anda 75 percent of all months in Speariman.

Although the development of the outhreak was nol apparent
until 1931, the population of longipenais probaidy began increas-
ing in 1931, the fivst vear of the To-yvear dreought. The development
of the onthireak is mapped in fgurve -k, facing page 21 The magni-
tude of the dirought is apparent in tables 7, ¥, and 9.

Precipitation data, in tables 7, 8, and 9, do not include records
For the last 3 wogiw of the 1933200 outhreak, During 1938, 1034,
and 14§, balting ard natwread enemies progressively reduced pop-
ulations of fongipewnis vovardiess o woeather conditions, Procipi-
wation in 18 H—neariy doubled the normal (table 193 - -could not
have affected the outhirealk; by then iU had already subsided.

The averase annual tempesaidre was in oxeess of normal for
O of the 10 vears ol droungnd tn the loagipe nnis habsitad (lable 117,
Temperatuire records ave nol available for four of the stations in
1930, Sinee two ol these are located where temperature is typi-
cally warmer than the average forr all stations, it is probable that
the Hi-year average temperalare was above normal.

The severe aniuval moisture deficiency and Lhe vomparatively
small inerease In average annual temperaiure during the frst 7
drought vears are shown in table 15.




TABLE 10.—Annual precipitation (in inches) at Weather Buretu stations 1n the Dissosteirva longipennis habitat
: during the period 1930-41

e - T T e : :
Station | Normal ;1930 | 1931 i 1932 | 1933 | 1934 | 1935 . 1936 | 1937 | 1038 | 1930 | 1940 | 1041
! $ [ : :
L SO S L S T R e e SR (N
Colorado: i ; |
Arrba. ..o o 16,30 | 17.27 1 13.04 1 10,71 | 14.89 | 6.07 | 14.58 | 11.57 | 10.94 16.66 1 10,08 | 13.03 | 27.60
Two Buttes_ ... o -0 .15.038 P95 7 8.38 1 13.78 110:40 ] 8.63] 8.53 1 8,461 8$.381 15.03 11,290-1715.21 31.46
Kansas: Johmson.._.. ... ' 15.85 1 21.02] 11.26  15.08 | 16.17 | 9.38 0.89 : 10.66 | 9.26 | 14.07 | 9.71 | 12.61 [ 28.18
gf?\’IBICXiC(): Clayton. - Cor 16.20 0 18,1211 11,45 ¢ 10.98 T8 7.24 9.53 5.54 1 12.03 § 15.48 | 13.13 | 10.99 37.66
Kdahoma: , j ,
Beaver.. ... .. s 19,3600 1510 1 1846 5 19,43 1 10.03 115,401 14,49 ¢ 15.03 | 12,61 17.55 1 14,36 1 18.59 | 35.33
Gondwell. .. . ceeeeon 16,9400 18,53 116,24 ] 1471 1 12,62 § 14.27 { 11,60 | 9,69 ] 11,50 © 14.86 1 13.64 | 16.22.{ 2631
Texas: } i
Dalhart. oo 18,01 25,26 ¢ 14.66 | 20.09 1 10.14 9.78 } 13.31 9.93 | 14,48 | 14,08 | 14.75 | 12.74 | 40.91
Spearman.. ... . .0 219§ ¢ 8.04 1 20.506 i 20.20 7 14,07 113,92 | 17.32 | 22.63 |.16.83 ] 21.99 | 22,926 20,53 | 36.27

Average........ooo 1787 17,79 ] 14,26 1 15.62 1 11,03 1 10.50 | 12.42 L1169 | 12.01 P16.22 1 13.65 | 14.99 | 32,97

08
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TABLE 11 ———lnnual average temperature (in degrees) at W (’a/hm Bureaa stations in the Dlssosteu a longipennis
habztai du/mJ the pm zod 1930-41

Station ' Normal 1030 1031 1982 1033 1934 © 1935 | 1036 . 1937 | 1938 | 1938 | 1940 | 1941

Colorado: ‘ : : :
Arriba. ... . O . S PP I SRS SCRE N ¥ S | R SRR B 1. 3
Two Buttes.o... ... .. B T S, SRS PR (70 55,6

Kansas: - Johnson. ... .- .. 32, 3.8 0 5.2 Pt 57,47 88.8 1 57,1

New Moexico: Clavton oo - N L 83,8 . 55.6 0 B6.8 7 53.8

Oklahoma: : : f i
Beaver.

K

WL
PR
Eogv sl VRV

52. 0 . 48,
54.9

57 .7
5.4

60.

Lrn o

\'l

ST
15

Texas:
1)'1ﬂmt,__. e
Spearman

toodwell . _ L S U L L8700 ah. 8.4 7 ab.s | . 3.6
' 8
1

2
=
=2

Averiage

I8 HONJAAISANS YIFHL 0 ANV SVIYILAO0 4O SHSNVD
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TABLE 12.—TEMPERATURE IN PRINCIPAL HABITAT, 1933
40 QUTBREAK: Pereentage of normal temperoture in Arriba,
Colo., und Clayton, N. Mex., during first 7 years of 1831-40
drought *

Avrriba, Colo.

Jas.] Tew.| Far.| apr.| tay Juned guly} avg.! Sept] wet.] Now. Dec.|

Ann

1931 | g0 | 113 85 57 o5 104 [ 10 106 T 100 | 10k 9 . W 1og

19327 200 | 114 | B0 | 102 | 10k 97 1183 102 <- 921 10 . b7 . 95
1233 ] 3161 &5 105 b & 109 143 93 | 106 | T09 1 1357 130 108

193% | 135 1 1A0 | 362 1710C | Tac | 107 | 108 | 10% 93 | 309 I 1051 107 Lﬁ?
1935 1 129 1 Ao | 166 1 23 | o7 s 1103 PU03 ] 1ce T w8 o3 jem 1100

361 o7 [ BT L 0L T 705 | 106 1165 1103 | o, 32 | 302 | 109 | 100
SR IS =3 S e I T S BT - RN I T ;

Clayton, N. Mex.

i den.| Feb.f der.| apr.| May | June July! aug,| 3epi] et. Hov.‘ Dec.! Ann.|
1 i 1

1931 | 107 | 106 | B9 o7 93 | 106 | 1o T 3B [ 206 | achk | 106 | 10h 10 |
1932 | o "5 | BB 108 | foh | 37 1303 JIoL T o7 g8 I 80, 55,
REEEN RS (O N o) S5 | 300 | T 0% 99 [366 T 1o7 T 117t 127 | 1ok
103L | Ik T I8 105 | 106 [ 1 105 1367 106 6 0 ! 1L o7 | 106
L9331 19 | 103 1 110 | 5071 A1 3ec ) T (161 TG e e I,
93E 3 45 | 107 | lo3 o | 103 <5 310 o e 95 [ A0S | 190
fro37 1 %31 97 ] %6 we | 1 Py T208 [306 | 103 J 0% | 106 1 302 | 1ou,

'Average annual temperature, 101 percent of normal, Temperature ahove
normal (indicated by shading) 2 percent of all months in Arriba and 63
percent of all months in Clayton.

The annual precipitation is not the sole, or even sometimes the
chief, eriterion of moisture favorable to crop growth, The hahitat
area ol longipennis is characterized by flash floods. Local areas
may receive excess annual noisture accounted Tor hy torrential
rains in one of the summer months, vet be deficient In moisture
favorahle to plant growtl. Little of the excess water Is avatlable
Lo plants becavse of low soil nenotration, rapid runof, and the
high rate of evaporation and trangpiralion.

Summarizing the vature ol the precipitation and evaparation
of the High Plalus, Johnsonrso, pp. 663, G7F-078) says:

The mst effective raing are thnse which Fall slowly and are
followod by Mngering cloudmtess, Thore is then a maximum ground
ahsnrption 2l o nunowum of evaporation, Such raing, as a rule, are
wilely slstributed aud oeenr mainly alone recopnized storm tracks.”
The rains of the High Plains ave parely of this eha racter, The normat
rexvlonie” storms closs Uwse uplands iy winter only. The summer
rams huve the civracter of abrap, heavy and brief downpours, are
loeal, and have shoot and erratie eoursed. They are uswvaily aceam-
partied by hail, and olten do damape 1o crops Teom 1his cause, aned
accamplish ouly a minimum of gond, ewing o their vielent cha racter
in general. Furthermare, though they ave of Frequent oceurrence
tluring the growing svasoi, eansidored Tor any lurge areg ox a whale,
the distribution of moisture is unequal foeally, and (heir wandering
and erossing tracks may here and there loave small areas very lightly
watered or wholly anvisited,

The High Plains may be taken as very nearly a unit area with
Fespecl Lo evaporation, while th the nordy of the Kansas-Nebragka
boundary there is vapid decrease toward the northeast, Amarillo hos
an evaporation reenrd of 35:0 inches; Didpa, 54.0 inches; while, in
order northwaird, Novth Platte has a roeard of 41.0 inches; Bismarek,
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TaBLE 13.—TEMPERATURE IN SECONDARY IABITAT,
1933-10 QUTBREAK : Percentaye of normal temperalure in Tiro

Buttes, Colo., Goodwell, Olida., and Dalhart, Ter., during first 7
years of 122140 diraught *

Two Buttvs Colo.
- .5
L May i ..Tuuﬂ July ;\ug.
22 | 1ok | 102 3
108 oh [ 10h ["io2
] 103 27
T 110|105
e L 3106 | 103
103 | icc { 106 1103
Io5 | 5, [o2 | ioh

Goodwell, Qkla.

. Kay r Jume | Tuly | Aug. L.
137 g 1o ] i 10'31 L
G 10h | igo Ay L b
110 | 1o ] lOT 102
109 | 106 .05 i 106
0% 1 igs | 1683 103
106 | A0k | 106 | 4r 5
163 | 20k | 167 | to3 { ol |

I)cl]h(ll 1, FL‘\

Aay ! .‘.;ne' .‘-x'.;.' Aug.’ wert: et

- +

s o Taoh [ v 108 ] 101L1 2 |_108 |

re TOAG T I08 T A F 302 | 1ot " gu i T
102! 540103 | 108 T1os | 104 1'56' loh 126
AT Foy | A1g ] 1oy | 108 | 106 J7 o ] i 111
iG] ac | 301 | 103 { 102 A P10l s | 106
105 | 101 | 105 | 10F [ 162 | 109 ix e 110] 101
S0, 101 | 105 | i § 103 | 307 § 103 L1028 102l loul

Average annual temperature, 102 pereent of normal. Tempersture above
normal tindicated by shading) 62 pereent of all months in Two Buttes, 61
pereent ol all months in Goodwell, and 64 percent of all monihs in Dalhart.

31 inches; and St Vieeent, 221 inches. Yot at cach of these poinls
the preeipilation, both gunuaf and turing the crop-growing season, is
about (he same, varvinge little from 20 inches.

) & = . » 3 = w E ¥

Summing up, then, m camparing the elimate of the High Plains
with that of the agriculwural northwest, it appears as a matier of
seieniific reeord that theugh the amount of preeipitation i the Lwo
rogions is the same, both annually anwd during {he erap-prmving
season afone, the Hipgh Plains are at o more or less marked dis-
wdvantage in that {13 summer rams there ave violent and of hrief
duratiom, as a rule, rather than wentle and long-conlinued as they
commenty aye in the novth; (2} secular cariation Trem Lhe normal
works greater hatme (2 the normal =antner temperature is notably
greatev: (1) the relative humidity i nofably ess: () there are more
hours of sunshine; (6 lhere is mere winl, which, ducing the
sUmmer, s proy ailing from the souih, ix warm, and therefore has a
drying effeet, whereas depfng the same scason in the parthwest the
prevading winds are nru‘lhvl'l_\': and Aually (7) it is found that
foflowing as an offeet of the Leie! poundinge vains, the igh leimpera-
tuare, the low relarive homidity, [be almost unintecraptel sunshine,
a‘ml the persiztent high witels, evaporation is greater b g marked
[EL L N R
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TARLE 14 —TEMPERATURE IN MINOR HABITAT, 1933-10
OUTBREAK: Percenlage of nermal lemperalurve in Jolinson,
Kans., Bearer, Okla., and Spearman, Teu., during first 7 years of
1931-30 droughi!

Johnson, Kans.

R e e, B
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Beaver, Okla,
e g e g e ; _ 1
Jen,, Feb, Mar. Apr. May | June! Juiy| Aug.l sept| Jct, Howv,; Dec.‘ Ann.,
r— ; ; —!
L 1 317 | 135 87 a5 #5] 106 | 101 23 | 110 ] 105 99 ) 16| 103 .
193; k 125»:: 19 gi 106 | 03] I .ng T ;ﬁ oo | 161] 78| 99
193 £} 35 |1 5 | 105 | & 97 1 1 102 T 105 | 18110
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L5351 306 | 100 138 ¢ o o 1ok 1o oy 103 g1l 160 Qi
193 ;1 10G 75 108 103 | 1697 106 | 108 [ igh | 102 T P30y a7l 163
937 ;35 [306] w8 | Toh | Tor | toc [ 105 | 105 | 203 1 Za0 | 100 103 | 162

Spearman, Tex.

¢ Jan, b Peb.f Mar.d Apr.] May 1 Junei July | Aug.| Sept| Qot. Nav.[ dac, Ann‘
: : i i

1933 | 113 | in 91 571 I | ok | oo | 56 1108 1103 | WL L 10T 18
1932 | o8 [ Rakl dv. Y00| 59 : B3 ; 9y | od | oF ' 97 | 100 71| oF
i3y i3 1 B9 % b T Iob T7I68 1305 | 53 | Jo7 | doe | 109 | i2e | 105
1936 ﬁg L A07 1 10k [ 3oF | 207 | 106 | 108 | 10 98 2090 [ 132 | 1087 106
1935 [ 50% |- [ 118 [ e2 1 99 [I0U [ 30371 o7 | 103 { 9% | 95 o1
1936 g5 751 10| . 1Ga | T08 1303 | 108 | 166 % &8 | 10 oH 99
107 [ ™78 ] 95} 89! 53| o6 301 | 106 | 9| or | 79 | Chi 100] G0 |

‘Average anpual temperature, 102 pereent of normal. Temperature above
normal  tindicated by shading) 67 pereent of all months in Johnson, 58
pereent of all months in Beaver, and 81 percent of all menths in Spearman.

TABLE 15.—Kwfremes of moisture deficiency and {emperalure )
exrcess, 19J31-37

Faowesy Highest avoragee
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Although temperature excess during the 1931-37 porisd was
pereentagewise, much less than moisture delicieney, it had a
profound effect in increasing the rate of cevaporation. The ecom-
bined climatic influence favored growth of the shorlt grasses in
areas where they are usually of minor importance. Extension
eastward of the short-grass-type range probalily favored the
castward spreads of lorgpennis and its temporary establishment
in its minor habitat.

Weaver and Clements (108, pp. 307-508} deseribe types of
native vegetation as indicators of soil type as follows:

Short-grass laml indicates high run-off and lmited water pene-
tration amd a prowing season shortened by a limited water supply. . ..

Wire grass iinlieates soil inte which almost all of the rainfall
penetraies and where surface evaporation is greatly reduced. The
maisture is distributed to g eonsiderable deptd and when dhrought
threatens, planis are able {o draw on the reserves found in the
deeper lavers of soil. | .

Bunch grass indicates soil of 4 texture that insures the penebration
of practically all of the water that falls Litlle water iz lost directly
by evaporation from the sandy soil. . . . the reots of crops spread
widely and decply and plants rarely wilt because of drought.

The effect of drought and grasshoppers is emphasized by Wea-
ver and Albertson (107, pp. 223-226). In describing causes of dam-
age te range they say:

Stitl another facinr in reducipg the vigor of vegetaiion was the
hordes of grasshoppers which accompanied the drought. For example,
from 8 to 15 per square foot were observed during the summer on
certain ranges in western Kansas, They ate the leaves and tender
stems of the grasses, stripned the folizge of the ubiquitous pepper-
grass and Russian fhistle, and devoured nearly all vegetation
including the only plant cover remaining in many pastures—the
mat-like Monelepis nultalliani. Even on ranpes where stoek was
excluded, grasshoppers had sgmetimes eaten praclically all of ihe
scanty growth of vegetation. Moreover, bulfalo grass was particu-
larly retarded in its development not only by the injury or loss of
foliage, hut the always hungry grasshoppers cut the stolens at the
nodes where they are tender and where the growing tissue is sweet.
Thus segregated from the parvent plant, the poorly rooted, younger
offspring succumbedq.

As a result of the combined forces eausing deterioration in ranpe
and pastuve, there have been marked changes in vegetational struc-
ture. The mixed mairie, distinguished by more or less distinet lavers
of mid grasses and short grasses, has, at least in the several thousand
seuare miles examined, almost entirely been converted into short-
wrags plaing, This has resulted from the loss of the mid grasses. . . .

In iater publeations the same scientists (1.3) slressod again
the change that had taken place In range vegetation during the
drought. The following is taken from 7, pages 3G, 44, 50:

the xerie strips of short grasses eommonly found on the lower slopes,
with bluestems hoth above and Lelow .., heecame widened by shart
gTasses mvading the vegetution both ab ve and below their usual
hahitat.

It woas the Inerease in short prasses [at Hays, Kans] that
prevented almost ecomplete destruelion of vegetation. Tn 134, (e
cavier of bullzle grass and blue grama grass had inereased Trom
0.7 pereent lo 359 wercenl. A Turther iuerease io A28 percent
neeurried by the fall of 1983, This increase was caused by anigration
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of the short grassvs iuto the portions of the tuadirats };are\'iou&_s]_\'
neeupied by the bluestems and not by an aetual increase in density
in the parts which they originaily covered.

Drought, overgrazing, and hordes of prasshoppers have caused
great reduaction In carrying capacity of the range, Yield of palatable
forage in overgrazed pastures is less than 10 percent of thal produced
in well-managed ones. Where 10 to 12 ageres was formerly required
to sustain one animal unit, 30 to 50 acres are now neered.

The foliowing is from 2, page 162:

Intense droughl alternating with periods of rainfall sufbiciont to
revive the vegetation or even promote vigorous growth characterized
a2 peviod of 5 vears. The net result was a gradual deerease in tail
and nmost mid grasses and less xeric forbs, offsel by an increase in
short grasses amd side-pats grama. 4 population of annual weeds,
althovgh often greatly dwarfed, was charactoristie,

* ® * ® & * * * * * * #

Thus, drought and dust unaided by grazing had reduced a sample
area of mixed prairie centuries old to a disclimax of short prasses. .. .

Frequently the effect of weather in local areas has influenced
population more importantly than fluctuations in annual precijn-
tation and annual average temperature, The principal reduction in
grasshopner populations from weather influences oceurs when
cold, wet weather persists for several days while the nymphs are
in the frst-instar stage. The erratic natvre of storms during the
growing season limits their influence on grasshoppers in the High
Plains as a whole. la Jocal areas during certain scasons, weather
unfavorable to survival of young nymphs may destroy nearly all
of the populations present. Adverse weather has locally affected
population of longipennis {o a greater extent than is generally
reglized. Prior to the 1933-40 outbreak only one statement has
Lbeen found on the subject. In his field notes preserved in the
National Archives, Harrison E. Smith stated: “Could #nd abso-
lutely no evidence of recent heavy rains having killed any
'hoppers.” This nole, dated June 13, 1913, was made when the
grasshoppers were lavgely immune to the effect of weather hecause
they were late-instar nymphs o adults.

Many records on adverse effect of weather, locally, oceur in
notes and records of survey and control supervisors during the
193310 outhreak. Their information is authentic but not com-
plete because cach man was assigned to work in a large area, He
visited selected locations at intervals throughout the season and
recorded population changes hut he rvavely was present in any
locality to detect and record the day-to-day mortality of grass-
hoppers during any prevailing period of weather. Population re-
ductions of longipennis Ly the effects of weather are cited in the
Tollowing selections from supervisors’ records:

in 1938 Resley (4*) reported that cold, cloudy, 1ainy weathey
immediately after eggs hatched continued long enough to materi-
ally reduce the fongipennis population in Curry County, N. Mex.

Scharft (62%) reported that in 1939 weather had no important
effect upon eggs or nymphs in Colorado. He observed only one case
where egg mortalily from weather influence was greater than J
percent. In that instance 25 percent of the eggs were hardened
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and shriveled in a 3-acre egg bed in Lincoln County where the
egy pod population had averaged 5 per square yard.

Spain (71%, 72%) after examining numerous eggs belore hatch-
ing time in the spring of 1939, concluded that weather had not
been an important factor in egg mortality in New Mexico and
Texas, for in onity two cases could it be attributed to effects of
weather,

In the controt of longipennis nymphs by weather i 1939, Spain
and Scharfl (7.2%) classified the relative effectiveness of weather,
birds, and bait as follows:

Perventage of ny mphs killed by
Wenther Hirds Bair
{oloratly

New Moxieo ..
I _
Poxas . . 45

Spicer r67) repovted in 1939 that a period of cold weather in
May, just after the emergence of fongipennis nymphs, had re-
duced populations countywide in 3 counties and lpeally in 4 others
in the Texas Panhandie. Nymphs appeared in great numbers in
Armstrong County, but all were destroyed by subseguent cold

weather (maximum daily temperatures did not exceed $5° F.)
that lasted a week or longer. Nymphal mortality ocearred to some
extent in Gray, Carson, Hutchinson, Hansford, Moore, and Old-
ham Counties,

In some Texas counties nymphs known to be present in the
spring of 1939, later so nearly disappeared that plans for control
by baiting weve abandoned, Spain r6*) deduced that weather was
the factor responsible. e recovded: “Moore County, May 18—
population apparently considerably reduced. No baiting. Moore
County, June 2—nymphs redueed more than two-thirds: not
enough birds to do this; and deduction was reducktion must have
been by weather. Randall County, May 2d—population much re-
duced, weather believed responsibie. Randall County, June 9—no
baiting, infestation reduced 99 percent, probably from effects of
two cool, rainy periods in May.” He stated that longipennis popula-
tions in various arveas in Qldham, Deal Smith, Parmer, Castro,
Swisher, Briscoe, and Randall Counties in the Texas Panhandle,
were observed to dwindle, and these areas hecame dovoid of grass-
hoppers for no apparent cause. Only a fow dead grasshoppers conld
he found at any one time; birds present lacked capacity for devour-
ing the large number of arasshoppers, and no cevidence was found
that grasshoppers had been killed by disease or parasites. Becanse
some reductions of nymphs were incorvectly being attributed to
baiting activities, the area was checked May 27 to verify locations
where hait had been spread. At that time there were fewer
nymphs per square yvard on ranches where no bhait had Dbeen
spread than there had been hatehed eggs per square foot when
earlier ehservations were made. Weather Bureau records at Ama-
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rillo showed general rain had fallen during the period May 2 to
May 4 and that maximum daily temperatures from May 3 to May
8 had ranged from 70% to 74° F. Another unfavorable weather
peried had been May 11 to May 15 when maximum daily tempera-
tures were lower than 70° F. for several days and 1ain was general
over the area.

In the extreme southern part of the infested area in 1989,
Spain (6*) reported that on June 5 the infestation in Swisher
County had essentially Leen wiped out, apparently by weather,
with some help from the few hirds and other predators present.

Scharff (57%} veported May 5, 1940, that in several egg beds in
Lincoln County, Colo.,, where egg concentrations were light, 90
percent of the eggs had been killed by drought or mold. He ex-
pressed the belief that for the infested area in Colorads as a
whole, the influence of adverse weather had reduced by 40 percent
the population expected in the State. At the same time he dis-
counted the overall effectiveness of natural mfluences, and ex-
pressed the conviction that the remaining population of grass-
hoppers was so heavy that the hait-control program should not
he affected.

On June 8, 1940, he veported that natural control had heen an
important factor in popuiation reductions in Pueblo, Otero, and
Las Animas Counties, Colo., and that several egg beds in Otero
County’'s popuiations were so cut down that baiting was not neces-
sary. He listed adverse weather during the hatehing period as one
of the chief agents contvibuting to this natural control.

At the end of the season he said: “Weather was an important
factor . . . in southern Colorado in the control of longipennis. . . .
Cold, rainy days, lasting from 1 to 8 weeks during the height of
the hatching period, apparently resulted in starvation of the
newly-hatched nymphs because low temperatures prevented their
active feeding. . . . Complete disappearance of nymphs oceccurrved
on many egg beds before development had reached the third
instar. In Lincoln County, Colo., the northern edge of the infested
area, weather conditions duving and after the hatch were favor-
able, with temperatures above 70 degrees for at least part of
most days, and weather conditions played practically no part in
eontrol of the hoppers there.”

On May 24, 1940, he reported that adverse weather, together
with bird activity, occurring as it did at the height of the hatching
period, resulted in population reductions of as much as 50 percent
in De Baca and Chaves Counties and in the Quay avea of Quay
County, N, Mex.

Weather undoubtedly has been chiefly responsible for stopping
the development of many ocuthrealks locally, but available records
do not indicate that it has operated effectively to reduce simui-
{anecusly populations of longipennis in its habitat areas as a
whole. The eflect of the timing of local unfavorable weather with
respect to the stage of development of the species is illustrated by
an oceurrence in 1989, When the first-instar nymphs were killed
by prolonged cool, wet weather in the Texas Panhandle, similar
weather prevailed in Colorado. At that time, however, eggs were
not yet halched in Colorade, so the unfavorable weather operated
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marely to delay the hatch until the weather warmed up again.
When nymphs appeared they developed through the critical period
without mishap.

Climatie patterns favorable and unfavorable to the survival and
maintenance of longipennis, prepared into climographs as de-
scribed by Cook (27), are shown in figures 16-23. Figures 16-18
depict normal temperature and precipitation within the longipen-
nig habitat (unshaded climographs) and average temperature and
precipitation within the longipennis habifat during the drought
vears 1831-87 (shaded elimographs).

The habitat area is characterized by low precipitation during
the winter maonths and the greatest amount of precipitation in
jate spring and summer, Average monthly temperatures are above
30 F. in January and do not exceed 80° in July. Average tempera-
ture and precipitation for the period 1931-37 was of the same
pattern as normal temperature and precipitation except that in
general the temperature was higher and the precipitation less.

Five locations outside the habitat of longipennis were selacted
for comparisons of climatic pattern with that within the habitat.
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Twguar 16.—Climepgraphs for the principal habitat of longipennis, comparing
normal climate {unshaded} with elimate for 7 droughl yeavs (shaded).
Unshaded elimograph prepared {rom average normal monthly mean tem-
peratures and avevage normal wmonthiy precipitalions at U, 8. Weather
Bureaw stations at Avriba, Colo., and Clayten, N, Mex, Shaded climograph
prepared from averape monthly mean temperatures and averapge snonthly
procipitations at the same stations during Lhe years 1931-37.
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Fi6ure 17.—Climographs for the secondary habitat of longipennis, comparing
novmal climate (unshaded) with that for 7 drought years 1921-37 (shaded),
Data from weather stations at Twa Buttes, Colo., Goodwell, Okia., and
Dalhart, Tex.

Three of these locations were chosen because the Weather Bureau
stations were at approximately the same elevation as the station
within the habitat, with which comparison was made. Two were
selected because the stations were at approximately the same lati-
tude.

Comparisons of stations at the same elevation are shown in
figures 19-23. Albuquerque, N. Mex., which is near to angd west of
the habitat area, has a temperature pattern quite similar to that
of Clayton, N. Mex., which is within the principal habitat area.
However, moisture patterns ave similar only during the winter
months,

The climatic pattern of Lead, S. Dak., outside of the habitat
area, does not differ markedly with respect to temperature Trom
that of Arriba, Colo., within the principal habitat area. With
respect to precipitation, however, the climatic patterns ave quite
dissimilar; the rainfall at Lead appreciably exceeds that at Arriba
for every month of the year except August.
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Fiaure 18—Cl mopraphs for minor hubitat of lengipennis, comparing normal
climate (unshaded) with climate for 7 drought years 1931-37 {shaded).
Lata from weather stations at Johnson, Kans., Beaver, Okla., and
Spearman, Tex.

While cliviographs for Albuquerque, N. Mex., and Lead, S. Dak,,
vepresent localities with c¢limatic patterns similar in one rvespect
to climatic patterns within the habitat but dissimilar in the other
vespect, the climatic pattern at Sheridan, Wyo.,, is dissimilar in
both. Sheridan, outside of the habitat, and Boise City, Okla,,
within the secondary habitat, are at elevations approximately the
same, but the average temperature is markedly lower every
month at Shevidan. Total annual precipitation is oniy slightly less
at Sheridan than at Boise City but a much larger proportion of it
falls during the winter months.

Comparisons of stations at the same latitude are shown in
figures 22 and 23, Woodward, east of the habitat avea, has a
warmer and wetter climate throughout the year than Clayton,
which is within the principal hahitat. On the other hand, Cimar-
von, west of the habitat area, has, in general, a cocler and drier
climate throughout the year,
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FicUre 19.—Climographs for Clayton, N. Mex. {unshaded), and Albuquerque,
N. Mex, (shaded). Both locations are at approximately the same altitude
and have similar temperature patterns, but moisture patterns are dis-
similar during most of the year, Clayton, within the habitat of longipennis,
has an elevation of 5,054 feet. Albuquerque, ontside the habitat, has an
elevation of 5,130 feet.

Natural Enemies

Insect Parasites

Publications on longipennis prior to 1897 made no reference to
the occurrence of insect enemies of the species. Popenoe's ab-
stracted report (68) stated (p. 41): “Many dead ones were noticed
in one locality [of northern Lincoln County, Colo.], but no signs
of parasitism were found. It is supposed that they were destroyed
by hail,” Feliowing this report there is a notation (p. 42) that
[Bruner] “had also secn the dead locusts in one locality in eastern
Colorado and considered that they had been killed by hail.”

Bruner (19, pp. 38-39) reported in 1897 that: “One very en-
couraging feature connected with this insect, in the vicinity of
Sidney at least, was the presence in layvge numbers of a peculiar
long-legged Tachina fly that appavently attacked and destroved
many of the locusts. So numerous was this fly that with favoring
circumstances it must soon reduce the "hoppers to normal.”

Smith (87, pp. 7-9), in 1913, recorded that: “A Dipteron,
Sarcophaga kellyi Ald., was found Lo be by fav the most important




CAUSES OF GUTBREAKS AND OF THEIR SUBSIDENCE 93

Fat e e e mm v pe e e e ——— s e T it
] i

13
. i
1 .
|
1
1

7ot

TEMPERATURE
5
{
|
|
I

; i ’ '
: ) i
2 I R I |
L .

- 2 3 Cl
PRECIPITATION
[(EET LIH

FIgURE 20.—Climographs for Arriba, Colo. {unshaded), and Lead, S. Dak.
{shaded}. Both locations are at approximately the same altitude and have
similar temperature patterns; moisture patterns are markedly dissimilar.
Arriba, within the habitat of longipennis, has an elevation of 5,248 feet.
Lead, outside the habitat, has an elevation of 5,24% feet.

factor in the control of this species, and i* was equally efficient
as a parasite upon both the nymphs and adults” “During the
latter part of June the grasshoppers were enormously reduced in
numbers from parasitism by S. kellyi. It was a simple matter to
count 15 or more dead grasshoppers to the square foot over large
areas. The grasshoppers died in such numbers in some localities
that ranchers informed the writer that certain droves were almost
completely destroyed.” “On June 16 a female of S. kellyi was
roted to deposit tiny maggots on the dorsum of the thorax {(pro-
notum) of a freshly molted nymph.” “The number of living
maggots deposited by the female upon an individual host during
one period of larviposition would vary from 1 to 7 or movre, al-
though from 3 to 6 appeared to be the more general” “Sercop-
hago kellyi is a plural-brooded species, several generations occur-
ring during the season. At least two and probably three gene-
rations went through to maturity as parasites of D. longipennis
from early May to the middie of July.”

Shotwell (44%) found heavy parasitism of longipennis in Bent
County, Colo., in 1938 and in some parts ol Cheyenne County,
where it ranged from 5 to 60 percent in various localities.

Hildwein (19*%) reported that: “During the fall of 1938 a tre-
mendous amount of parasitism of adult hoppers by flesh flies
occurred. In one place in Union Gounty [N. Mex.] 80 percent of
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Figure 21.—Climegraphs for Roise City, Okla. (unshaded), and Sheridan,
Wyo. (shaded). Both locations are af approximately the same altitude,
but temperature patterns and moisture patterns are dissimilar. Boise City,

within the longipennis habitat, has an elevation of 4,006 feet. Sheridan,
outside the habitat, has an elevation of 4,021 feet.

the females taken were found to be the host of these flies. On
September 9 the writer, in company with Dr. George Decler,
noted heavy infestations of fesh fiy larvae in grasshoppers in
Quay County.” The importance of parasitism in Union County
that year was further emphasized by Kurtz (5*), who said:
“The adults were very badly infested by sarcophagid larvae that
caused many to die either hefore or after the first deposit of
eggs.” In New Mexico also, Landrum (81%} reported “there is a
tremendous araount of parasitism of adult hoppers by flesh flies,
In one place in Union County 80 percent of the females taken were
found to be the host of the larvae of these flies.”

Kropf (29%), in 1938, recorded parasitism by sarcophagid flies
in several Colorado counties.

According to Davis and Mickle (3*) sarcophagid and tachinid
flies were observed in large numbers during the latter part of the
summer in Colorado in 1989 although few parasitized grasshop-

pers were found before the beginning of the egg-laying period.
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FIGURE 22.—Climographs for Clayton, N. Mex. (unshaded), and Woodward,
Okla. (shaded)}. Both locations are at the same latitude, 56°27 N. Wood-
ward, outside the lengipennis habitat, has higher temperatures and more
moisture throughout the year than Clayton, which is within the habitat,
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FIGURE 23.—Climopraphs for Clayton, N. Mex. (unshaded), and Cimanrraon,
N. Mex. (shaded). Both locations are at approximately the sume latitude.
Cimarron, outside the [ongipennis habitat, has lower tempevatuves and less
moisture threughout the year than Clayten, which is within the habitat,

Tatitude of Cimarron is 26°31' N; latitude of Clayton is 36°27" N.
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Parasitism of longipennis did not exceed 10 percent in any case
observed and ravely reached that proportion. The grasshoppers
became infested after they had reached the adult stage. The
average amount of parasitism was about 3 percent,

Scharff (72*) in his report on Colovado for 1939 said:
“Throughout the adult peviod, sarcophagid parasitism averaged
from 2 fo 4 percent of the total longipennis population. I found as
many as 15 maggots in one female “hopper. . . . More than twice
as many males as females were examined for pavasites, but out of
1800 grasshoppers examined only 4 males were found pavasitized,
each with 1 sarcophagid larva.”

Spain (72%) determined that sarcophagid parasitism in New
Mexico in 1939 averaged between 2 and 3 percent. Sarcophagid
adults were very numerous at three distinet times in the season,
an indication that the species passed through at Jeast three gene-
rations. Although the cumulative effect of sarcophagid parasitism
is not easily estimated, he reasoned that it greatly exceeded the
average pavasitism observable. Less than 1 percent of the para-
sitized grasshoppers examined were males; pavasitism in indi-
vidual localities veached as high as 15 percent. Several last-instar
nymphs had been attacked by flesh flies, and as many as 18 larvae
were found in a single adult female longipennis.

On June 23, 1840, Schavff (57*) found that sarcophagids had
been parasitizing sixth-instar nymphs in Colorado. The number
parasitized in some cases accounted for 10 percent of the total
longipennis population,

Insect Pre_da!ors

Smith (87, ». 8) said of the 1913 infestation in Roosevelt
County, N. Mex.: “Second in importance as a controliing factoy
of IJ. longipennis was the preving upon the nymphs by the sphecid
wasps Prionyx atrate Lep)” “Being very diligent workers, ap-
parently working from sunrise to sunset during favorable weather
conditions, the number of the grasshoppers were greatly depleted
from their efforts.”

Insect predatism in Colorado in 1938 was seldom recorded. One
report in DBaca County (6%), August 31, said: “Carvabid and
Meloid larvae ave attacking longipennis egg beds. At present 23
percent of the egy pods are so atlacked.” Another report in Bent
County, November 1, read: “Heavy percent of predalism is ovi-
dent.”

Shotwell reported (64%) that in New Mexico in 1938: “BEge
predators played an important part in veducing egg populations
in many of the D. longipennis egg heds.”

Kurtz, the county agent, had the following to sav about insect
predators in Unien County, N. Mex., in 1938 (5%): “The wpont,
with Mr. Landirum, has made a few hasty trips to the northern
and western parts of the county to see what the number of eges
in these beds might be. In instances where the ground has hoen
perforated like a sieve, egg pods could nol he found. In quite a
number of instances bee-fly larvae and blister heotles woere found
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in the beds. Where they were found, many egg shells or remnants
of egg pods were found.”

Landrum (64%) veported that in 1938 in San Miguel County,
N. ‘\er\ there was evidence of considerable work by predators on
egp - beds in the Conchas arca. Blister beetle and Cavabid lavrvae
had done considerable digging. During the same year Moore (9%)
found bee-fly larvae and blister-beetle larvae at the rate of one
each per square foot in egg beds in Cimarron County, Okla.

Kropf (29*)}, in 1938, recorded bee-fly and blister-beetle larvae
attacking the eggs of h.agipennis in several Colorado counties and
gseveral instances where he observed tiger beetles and ground
beetles killing first- and second-instar nymphs, 2 species of pre-
daceous wasps which attacked late-instar nymphs and adulis, and
3 species of robber Hies that preved upon late-instar nymphs.

Mickle and Kropf (4%) in 1939 found egy bed aveas of longi-
pennis in Colorado wheve hee-fly larvae averaged as high as 15
pei square foot.

Scharly ¢(72%*) in Celovado in 19392 found that “egyg predators,
chiefly bee flies, vary greatly in numbers on different cgg beds,
even in the same infested area, ranging from 4 to 15 per square
fool. About 17 pevcent of all pods found were wholly or partly
destroyved by these predators {bivds, animals, insects].” Ile sum-
mavrized the data on the effect of insect predators alone as shown
in table 16. Partly destroyved pods were considered as wholly de-
stroved in caleulating the percentapge of pods destroyed.

He observed a predaceous wasp attacking longipennis aduits
and deseribed its activity as follows: “The Bembecid wasp,
Stizus unicinctus, averaged about one per square rod on con-
gregated longipennis in Colorado this season. It was observed to
strike one or several fying 'hoppers in succession, apparentlv
knocking them several inches, sometimes causing them to alight;
then it would zo on, secking further prey. . .. One of these wasps
was found covering its hurvew in {ypical digger wasp fashion.
Excavating the burrow, 1 found a parasitized male fongipennis
with an egy lirmliy attached. . . .7

In New Mexico in 1939 Hildwein 720%) veported that: “During
the fall and early spring it was found thal a great number of
beetles and maggots were working in the egg beds.”

Spain and Scharff's estimates (72%) of precdatism from the time
longipennis egys were laid in 1938 until hatehing time in 1939 ave
summarized as Tollnws:

Average fogg pods Reduetion
sisc ol per . by
vep hods suuare faol predalors

Tougr bieds

His
tale streeyed i

Nuarher Aeres Nher Percent
Colorado. . 48 2 a.d
New Mexico o A 1.4
Texnsa. L. . . B ; B
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TABLE 16.—Influence of insect predators upon eggs of Dissosteirs
longipennis in Colorads ag determined by survey in the spring
of 1938

Ty pods por square foot Percent of
pods
destroyed
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They said further: “The reduction of egy pods by predators
(bee-Ay, Dblister-beetle and Carabid lavvae, birds and animais)
averaged about 11 percent although predatory reduction was of
a different type in Colorade from that in the southern part of the
area. Egg predators per square foot for the 38 stops in Colorade
averaged as follows: Bee fy, 2.1; blister beetle, 0.7; Carabid,
0.03. In some beds no predaceous larvae were found, whereas in
one 3-acre bed there were 19.7 beo-fly and 8.1 blister-bectle larvae
per sguare foot.
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“In Texas and New Mexico, blister-beetle and Carabid larvae
were seldom found, as indicated by a reduction of egg pods esti-
mated at less than 1 percent. Birds and rodents, principaily
western horned larks, rats, mice, and gophers, were believed to
destroy 15 percent of the longipennis pods in the egg beds of New
Mexico and 10 percent in Texas.”

Small Animals

Shotwell (64%) found in New Mexico in 1938 that: “Rodents
played an important part in reducing egg populations in many of
the D. longipennis egg beds.”

Landrum (64%) reported that in New Mexico in 1938 predators
had done considerable execavating in egg beds in the Curvo avea
of Guadalupe County. In that case rats seemed to be more impor-
tant than other predators, He found one 5-acre egg bed in Quay
County that had been heavily worked and cbserved that rats had
done considerable digging in one spot in the Conchas area of San
Miguel County.

Kropf (29%) live-trapped rodents which he saw feeding on
longipennis or which he suspected as being predaceous. He found
recognizable remains of grasshopper bodies in the burrows of the
Kangayoo rat (Dipodomys ordil vichardsont}, the plains pocket
mouse (Perognathus fluveseens), the Kansas pocket mounse (P.
hispidus paradorus), the striped ground squirret (Citellus tride-
cemlinentus aileni), and the wood rats (Neotoma forulana bui-
leyi and N. albigule warreni). He also observed that when adults
of longipennis migyated through the towns of the plains praivie
dog, the praivie dogs fed upon them greedily. By examining animal
dung during 1938-40 he defermined that the following animals
had fed to a greater ov lesser extent upon nymphs and adulis of
longipennis: Striped skunk, badger, bob cat, kit fox, and coyote.

Scharft (72*) said in 1939 that: “Examination of fecal matter
from skunks and coyotes shows that these two predators fed
almost exclusively, for a time at least, on D. longipennis adults
some areas.”

Davis and Mickle {3%) for Colorado in 1939 said that: “Aiding
the birds are sand rats, pocket gophers, skunks, and small rodents
found on the prairie where the egg beds are located.”

Spain (72*) found that in New Mexico in 1939: “Bird and
animal activity was generally in direct proportion to the egg pop-
ulations. The cumulative effect of feeding from oviposition time
through open periods of winter until hatching time was important
but in no case was it sufficient to eliminate the need for control.”
He estimated that rats, mice, and gophers helped destroy 15 per-
cent of the egg pods in Texas and New Mexico in 1939,

Replifes

Doubtless many species of reptiles devoured longipennis nymphs
and excavated eggs, particalarly in the southwestern portion of
the habitat but only two specific references te that subject have
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been found. Smith (87, ». 7) said of the 1913 infestation of fongi-
pennis in Roosevelt County, N. Mex.: “Several species of lizards,
which were very numerous in this locality, fed voracicusly upon
nymphs. Oftentimes lizards were noted so bloated from grass-
hopper feeding that travel was accomplished only with great dif-
ficulty. Horned toads were also heavy feeders upon the immature
grasshoppers.”

Kropf (29*) observed two species of lizards and a horned toad
that fed greedily upon first-instar nymphs as they emerged firom
the eggs. In the stomachs of snakes he found longipennis remains
of all stages from first-instar nymphs to adults. Those posted were
bull snakes, hog-nosed snakes, and rattlesnalkes, He found 14
adults in the stomach of one rattlesnake.

Birds

Smith (87, pp. 6-7) said of the 1913 infestation in Roosevelt
County, N. Mex.: “Among the more important bird enemies noted
to be feeding upon grasshoppers during this invasion were the
desert horned lark . . ., western meadowlavk . . ., desert sparrow
hawk .. ., nighthawk . . , killdeer . . ., and quail . . .”

Although Kyvopf (29*) recorded the desert horned lark and lark
bunting as the most important bird predators, he observed shrikes
feeding heavily upon adults late in the summer, curlews carrying
adults to their young, and killdeers devouring the grasshoppers
when their migrations carried them close to ponds or moist areas.

Shotwell (64*) said that in 1938: “Birds played an important
part in reducing egg populations in many D. longipennis egg
beds.”

Landrum (64*) reported in 1938 that one ege bed of 5 acres in
Quay County, N. Mex., had been heavily worked by birds, that in
another instance evidence that birds were feeding on longipennis
egpgs was pronounced and that hbirds were excavating eggs
througheut an eggbed comprising 150 acves.

Many references to the effectiveness of horned larks and lark
buntings in destroying eggs, and to some extent nymphs of longi-
pennis, arve found in reports of survey and control supervisors
during the latter part of the 1933-40 outbreak. Resley (5*) said
of New Mexico in 1938: “Of importance not to be minimized was
the part played by predators. These were chiefly western horned
larls and lark buntings. In areas where baiting had secured kills
of 90 to 95 percent, these two species of birds were responsible in
cleaning up residual populations to the point where they were
hardly existent.”

Olds (6*) reported for the area of Texas in which he worked
in 1938 as follows: “Although Sherman County was heavily in-
Tested with D. longipennis in 1938, no outhreak occurred this vear.
During the hatching period one egg bed was observed which was
never baited hecause the lark bunting completely controlled the
nymphs.” Of the same area Spicev (6*) said flocks of lark buntings
caused considerable destruction to longipennis nymphs through it
the spring.
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Davis and Mickle (3%), after describing predatism by hawks
which fed on grasshoppers in Colorado in 1939, said: “Other
birds, such as the horned lark, have added materially to the re-
duction of next year’s infestation, not so much from the destruc-
tion of live ’hoppers as from destruction of the egg pods.”

In Colorado in the spring of 1939 Scharff (72*) found that:
“Western [desert] horned larks were a slight factor in reducing
ege pod numbers, taking possibly 1 percent of the egg pods laid. -
The extent of their effectiveness, however, is very difficult to
determine, because of the rapidity at which their excavations were
obliterated Ly weather conditions. Their work was concentrated,
genevally, in the parts of egg beds where eggs were most nu-
merous, excavations being sometimes as numerous as 15 per
square foet in small localized spots. . . . Predatism by western
horned larks, and in the latter two instars, by hawks, was an
undeterminable factor. These birds were very numerous and fed
actively on nymphs on some areas, flocks of 50 hawks and 300
larks not being uncommon.”

Later in the season he rve-evaluated the effectiveness of horned
larks in the destruction of longipennis. He said: “Horned larks
have proven to be an important factor in reducing the egg-bed
populations, especially in the heavier populated parts of the beds.
Their excavations often have completely torn up the bare ground
in small areas. They fed actively upon eggs in the spring of 1939
from the time the ground was thawed out until the hatch occurred
in May. This fall they began their work shortly after August 1,
and were still doing heavy damage to pods when observations
were diseontinued November 4.7

Hildwein (206%) veported that in New Mexico in 1939: #Several
instances occurred, particularly in Quay and Curry Counties,
where eradication of hoppers was accomplished with a minimum
amount of baiting which might indicate that natural enemies may
have Deen a considerable factor. . . . Horned larks and lark
buntings were present in large numbers during the early part of
the 1939 campaign. . . . There was some evidence to indicate that
they may have been a factor in reducing scatteved populations
of hoppers.”

Spain (72%) noted the variability of bivd and animal predators
in 1939 when he recorded that: “There were egg beds in Texas
with no predatory diggings and one egg bed in New Mexico with
35 percent of the pods consumed.” He discovered that excavations
of predators were a helpful guide in locating egg beds in the fall
of 1938 and also in the following spring egg survey (figs. 24
and 25).

Bivds, in addition to destroying eggs, prey upon nymphs. This
is iltustrated by Spain’s further observations in 1939: “Horned
lavks and lark buntings fed actively on fivst- and second-instar
longipennis, consuming an estimated 5 percent in Texas, The latter
hirds moved novthward as hatching [of D. longipennis] progressed
and many nested in northeastern New Mexico. After 85 to 95
pereent of the grasshoppers had been countivailed with bait in
northeastern New Mexico, lark buntings and western horned
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F16URE 24.—Holes in the soil made by birds’ digging longipennis eggs out of
an egg bed. Guadaiupe County, N. Mex.

TFiaurn 25.—Excavations made by small animals when they dug longipennis
eggs out of an egy bed. Quay County, N, Mex.

lavks destroyed up to 100 percent of the vesidual "hopper
populations.”

Based upon the 1939 fall egg-hed survey, Scharff (57%) con-
cluded that in the following spring the egy population had heen
reduced as much as 80 percent in one wrea in De Baca County,
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N, Mex. He said: “The absence of any second-instar nymphs
would indicate that growth conditions had not been favorable.
Western horned larks, numbering perhaps 300 per acre, were seen
on the beds.” At the close of the season in 1940 he evaluated the
effectiveness of control in Colorado counties as follows:

Percentage of control of D. longipennis by—

County

Birds Wenbher Buit

39
89

Cheyenne 58
5

4 a0
20

140

Los Animas.__.__

74
84

[N R [ R

On July 18, 1940, Scharft wrote of the situation in Colovado,
thus: “In the Las Animas County infestation, birds, chiefly west-
etn horned larks, have destroyed as much as 50 percent of the
eges in the more concentrated parts of the egg beds. One egg bed
in Otero County, covering about 2 acres, is populated by about
200 western horned larks and lavk buntings which weve seen to
be feeding heavily on longipennis nymphs. Although the first
hatch here was on May 6, and no baiting has been done on this
bed, no second-instar nymphs could be found. It is possible that
with the delayed hatch on this bed, the hirds kept the older
nymphs under control. Predatism on the whole, however, has not
resulted in more than 25-percent egg and nymph reduction which
still leaves the infestation severe.”

As the result of extensive haiting operations in New Mexico
in 1989, longipennis was of minor importance in 1940 except in
smal} areas in Quay and Dc Baca Counties, Of these, Landrum
(83%) said: “Periodical checks of these two areas were made
during the winter months to determine if predators or parasites
were causing reductions of the number of eggs present but it was
Tfound that no appreciable reduction had occurred.”

Hawks congregating in conspicuous numbers where nymphs
and adults of longipennis were numerous, were the subject of
many reports by several supervisors in 1938-40. Local newspapers
throughout the infested arvea also frequently publicized the phe-
nomenon, Hawks fed greedily upon the grasshoppers, often to
the exclusion of other food during the period when they could
capture their prey with little effort. They were so engrossed in
their orgy of teasting that many grasshopper workers observed
them closely. When engorged they regurgtated on the ground and
returned to their feeding or flew away tr gurgitate and returned
for more. When they capturved adult g. .shoppers they commenly
tore off the wings and legs before swaiuwing the body.

Information on hawks as predators of grasshoppers is rather
desultory in early literature. Samuel Aughey (5, pp. [(43)-[451)
found that the food of several species of hawks consisted, to con-
siderable extent, of insects. According to Beal (6, . 345), “When
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the Rocky Mountain Locust invaded the fertile plains of the
Mississippi Valley [in the 1870’s], Professor Aughey found that
It was preyed upon by every species of land bird, and even by
some water fowl, Birds that normally fed upon other food, attract-
ed by the unusual abundance of these insects, ate them freely and
continuously while they lasted.”

Further, concerning Aughey’s findings, McAtee (59, p. 419)
summarized them thus: “Tempted by the abundance and accessi-
bility of these insects, birds of every kind flocked to the feast.
Land birds and water birds, tree frequenters and plains dwellers,
whether noimally fish, flesh, seed, or fruit eaters—all, from the
diminutive humming bird to the largest hawks, came to feed upon
grasshoppers.”

Concentrations of hawks feeding upon grasshoppers have been
briefly reported in earlier literature by several observers. Fisher
(86, p. 12} said:

Swainson's Hawk . . . ig of frreat sevvice, warring upon ereatures
which do injury to crops. . . . Grasshoppers and erickets are particu-
larly sought after, and on the foothills and plains of the West
Swainson’s Hawks congregate in large flocks wherever these insects
are abundant. . .,

Quoting T. 8. Palmer, a corvespondent of Berkeley, Calif., Fisher
wrote of the numbers of grasshoppers contained in two specimens
of Swainson’s hawk (p. 76):

Unpon dissection the gizzard [of one specimen] was found to be tightly
packed with grasshoppers, and the bird hzd no doubt gorged herself,
for when I approached the tvee in which she was sitting she made
ne attempt to_fly even when I was almost under her., My second
specimen (was] a typical male . .. Both the gizzard and oesophagus
weve filled with grasshoppers . .. I found 110 pairs of the large hind
legs, while an assistant counted 132 heads. It is safe to say that this
hawk had captured 125 grasshoppers hefore 9 A, M,

Fisher reported also (36, . 116} on the sparrow hawk:

The sparrow hawk is almost exclusively insectivorous except when
insect foad is difficult to obtain. In localities where grasshoppers and
crickets are abundant these hawks congregate, often in moderate-
sized flocks, and gorge themselves continuously. Rarely de they touch
any other form of food until, either by the advancing season or other
natura! eauses, the grasshonper crop is so lessened that their hunger
can not be appeased without undue exertion. . . .

* * * t * * % * & * * *

H, W. Henshaw [said:] “where [grasshoppers] are abundant I have
never seen [sparrow hawks] have recourse to any other kind of food,”

Fisher said that a dozen or more stomachs of sparrow hawks
were collected in Gallatin County, Mont., in late Avgust and early
September 1888. These stomachs were dissected by the Division
of Ornithology and Mammalogy and found to contain little else
than grasshoppers and crickets.

Fisher also gave facts concerning the extent to which a number
of owls fed upon insects. Among these were the sereech owl and
the burrowing owl which later were identified as grasshopper
predators of longipennis. He said (86, pn. 165, 191-192) :
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Ne¢ owl except the burrowing owl is so destructive to noxious
insects as [the Screech Owl], it devouring with relish grasshoppers,
crickets, and a number of night-flying beetles, . . . Prof, Samuel
Aughey . . . states: “It is largely an insect-eating bird.” Dr. B, H.
Warren savs: “During the summer months and at other times when
zinse'ﬂ: life is abundant the sereech owls subsist mainly on an insect

tet.” ...

In the summer and fall, when grasshoppers and crickets ave
exceedingly abundant on the western plains, the burrowing owl feeds
almost exclusively on such food. . . . this little owl will chase and
devour grasshoppers until its stomach is distended to the utmost. In
all the stomachs the writer has examined . . . the remains of grass-
hoppers ov crickets were always found,

McAtee wrote (58, p. 411):

The general utility of birds in checking the increase of injurious
animals and plants is well understood. It must be admitted, however,
that while birds constantly exert a vepressive infhience on the
numhbers of the organisms they prey upon and even exterminate
certain pests loeally, they arc not numerous enough to cope success-
fully with widespread invasions.

Birds are prone to feed upon things which are abundant and

easily accessible, For instance, in elderberry season a very large
number of birds take elderberries; if mayflies swarm in a locality,
practically all of the birds there devour mayflies. Thus, undex
unusunal conditions, such as attend outbreaks of Insect or other
pests, birds very naturally turn their attention to the plentiful and
easily obtained foed suwply, and the attack on a particular pest
oftent is intensified also by the flocking in of birds from surrounding
areas,

The first published record found that listed hawks as predators
of longipennis was that of Smith (87) in which he included the
desert sparrow hawk among the more important bird enemies
observed to feed upon grasshoppers during the outbreak in Roose-
velt Gounty, N. Mex., in 1913,

Speaking of the area infested by longipennis in Washington
County, Cole., in the summer of 1938 Spain (64*)} said: “regurgi-
tated grasshopper pellets of hawks can be found over a great
percent of this marked area.”

in Colfax County, N. Mex., in 1938, Resley ¢(64*) found that:
“Flights of hawks invariably follow the egg beds [where grass-
hoppers congregated forv egg-laying] but the ranchers reported
they had seen more this year.”

Concerning the help of natural enemies in Colorado in 1839,
Kropf (29*) said: “In D. longipennis areas our greatest aid was
that of various species of hawks. The work of these birds started
near the Cudhay Ranch, Crowley County, and along Adobe Creek,
Kiowa County, when D. longipennis were in the third and fourth
instar. During adult poisoning in Otero and Pueblo Counties a
flock of 1,300 te 2,000 hawks had much to do with contiel on
ey heds.”

“The short laying period of D, longipennis grasshoppers can
he dirvectly credited to hawks in many areas,” said Davis and
Mickle (8*) of Colorado in 1939, “Bands of hawks ranging from
a few dozen to upwards of 2,00 were observed in every area
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where large concentrations of laying adults occurred. Within a
few days after the arrival of the hawks there was scarcely a
‘hopper left.” Mickle (42%) reported that when scouting by air-
plane in the fall of 1939 and in the spring of 1940 observers’
attention was directed to egg-laying beds by the presence of
large numbers of hawks in localities where grasshoppers were
congregated.

Scharft (72*) reported in 1939:

A band of more than 5,000 hawks . . . are feeding on thoppers in
Lincoln County. In less than 20 minutes during the middie of the
day, August 25, 3 of them were seen to catch 34, 20, and 14 longi-
pennis, respectively. . . . Within weeks after the longipennis adults
had begun to lay, hawks, chiefly Swainson’s . . . and rough-lepged,
began fo gather in the vicinity of the banded ‘hoppers. By the last
week in August, an estimated 8,000 hawks had congregated and
were feeding almost exclusively on 'hoppers in the largest band in
Linceln County, Colorade. Somewhat lesser numbers of hawks were
found feeding on other infestations. Information indicates that this
occurrence has heen a general happening in past years,

In Lincoln County infestations, when poisoning operations were
discontinved on August 31, longipennis averaged 10 per square yard
over about 300 acres. On September 3 about I per sguavre yard conid
be found, and on September 8 only one was visible oceasionally.
Doubtless some died from poison and navasitism. By this time hawks
had dispersed to about normal population. In the vicinity of the
infestation are a few smalt proves of trees in which the hawks
roosted at night, Under these tiees and eovering at least 15 acres in
numbers averaging 15 per square yard, were the typical peliets of
indigestible matter, regurgitated by the hawks. A careful examina-
tion reveuled them to be composed of more than 99 percent longi-
pennis. Lach pellet contained the remains of from 14 to 19 "hoppers.

In the same report Spain and Scharff (72*%) said that aftey
baiting was discontinued in Lincoln County, Colo.,, in 1929; “A
vesidual population of 10 longipennis per sguare yard over 300
acres was annihilated by these hawks [not before some egys were
laid] with the help of Sarcophagids and other natural factors.”

Kropf's observations (29%) were that the large hunches of
hawks were composed principatly of Swainson’s hawl, the Ameri-
can rough-legged hawlk, and the ferruginous rough-legged hawl.
in one case these roosted at night in a grove of cottonwood troes.
He examined a number of regurgitated pellets collected on the
ground beneath the tirees and found they contained an average
of 35 grasshopper headplates each. The red-Cailed hawk tended
to range more to itself, selecting isolated tieces away from those
where the massed bunches perched. He obhserved many sparrow
hawks feeding on longipennis but these usually did not mingle
with the massed bunches. Tn 1 hollow tree he found 7 SpArrow
hawlk nests and observed that the parent hirds ranged long dis-
tances to procure the grasshoppers they carvied back to their
young. He recorded burrowing owls as feeding avidiy upon the
grasshoppers, and one screech owl, in an isolated tree, that dis-
gorged pellets that were composed mainly of grasshopper remains.

On June 23, 1940, Scharff (57%) reported: “During the past
week in Lincoln County, the large sailing hawks have Deen
noticed congregating slightly on the very small remnants of bhaited
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hands of sixth-instar and adult D. longipennis.” On July 7, in the
same county he said: “hawks have been seen congregating on
concentrations of emerging adulis, and it is expected that any
small swarms . . . which have escaped baiting, will be reduced to
econemic unimportance by natural factors before oviposition
begins. . . ."”

Although field workers of the Federal Fish and Wildlife Service
have not recorded concentrations of large numbers of hawks in
the High Plains area, E. R. Kalmbuach, biologist in the Sevvice,
Lelieves, from the distribution patiern and migration habits of
several species of hawks, that concentrations are not improbable.
Robert J. Niedrach, ornithelogist in the Denver Museum of
Natural History, on one oceasion in 1939 saw hawks feeding on
the lubber grasshopper on the Highland vanch a few miles south
of Denver, Colo. In that instance he estimated there were ahout
1,000 hawks in the congregation.

Oliservance of a phenomenon se unusual as the immense con-
centrations of hawks in the 1933—40 outbreak of longipennis is
largely a matter of fortuitous circumstance—workers hbeing in
the right place at the right time, incidental to their regular duties.

Supervisors working on grasshopper survey and control duving
the peviod under discussion had the rvare opportunity ol making
on-the-ground ohservations. In their weekly and special repotts
in 1939 and 1940 huge concentrations of hawks feeding upon
late instar nymphs and adult grasshoppers were a commonplace
subject. Here, a quotation frrom Walmbach (37, p. ¥21) is particu-
larly apt. “As one delves through the literature on the subject,
he is impressed also by the fact that recognition of insect destrue-
tion Ly birds has come move frequently from the entomologists
divectly eoncerned with matters ol insect suppression than from
the ornithologists whose interest in the welfare of bhirds might
ab times hias deductions. In fact, the entomologists, conlronted
as they are with the problent of seeking every possible means
toward achieving pest insect contiol, have ample reason for
recognizing biological help from whatever source it may stem.”

Information obtained by examination of stomach contents of
species of hawks and owls found in the longipennis habitat is
contained in tables 17 and (8.

Assembly of hawks was a process that gradually inereased in
momentum. Those within inlfested areas were flrst attracted
locally to the concentrated hands of grasshoppers and served as
decoys for migrating birds that continually swelled the hawk
bands as long as the food supply was abundant and easily obtained.
When the grasshoppers hecame scarce, hawks rapidly returned to
about normal distribution. Kropf (:29*%) believes that after hawks
had come together to form flocks, they tended to move on in
flocks when the food that had orviginally attracted them hecame
scarce. On several occasions he saw such flocks approach from a
distance and alight to fecd upoen grasshoppers that weve thickly
congregated.
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TABLE 17.—Insects found in the stomachs of hawlks and 01wils

Stomache containing oo

Stomachs con-
Kind Number i taining inscets,
of including grass-

f .
]1:?\\'1{ hoppers

Stomachs
contuining

stomachs | grasshappers

cxamined | Tetal

| |

| Pereent ¢ Pereent
| ol Number, af

| lotai i total

I
|
l Numboer,

|

i
45 ¢ 9.
B h3.
i : 1 2.
Sparrow ; 390 i ; 0.
Serecch owl . ! 39.4

: 9.8

U Adapted from Fisher (317).

TABLE 18.—Range of hawks that norinelly occur in the longi-
pennis kabitat and animal contents of stomachs and erops !

j - ] L

; e Animal contents of
Range of hawk I stomachs and erops

Kind '
of
hawk

Number |
examined |

Breeding Winter Animals Inscets

Number | Number | Percent
i

1,003 + Tn hahitat. . : 92
4k In habitat_ . ) ] 31

'

’ 7.1
American 202 i _ ; 19

i

G3.3
7.3

7.4

reugh-togped., : . ; X :
Ferruginous 24 | In habitat__ Tn habitat__. a7
rough-leg. :

Bparrow. 427 | In habitat?_- In habitaiic - 528 9 )
| .

P Adapted from May (67).
? Dresert sparrow hawlk in southern part only.
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1913

Control of longipennis was not attempted before 1913. That
year, poisoned hait, tested for the first time in Roosevelt County,
N. Mex., proved its effectiveness; Smith (87, p. 71) stated that
*“tremendous numbers of the grasshoppers were exterminated”
by the use of poisoned bait composed of ; Wheat bran, 25 pounds;
paris green, 1 pound; molasses, 2 quarts; the juice and finely
ground rind and pulp of 3 oranges or lemons; and water to
moisten. He said, “As many as 756 dead grasshoppers per square
foot were frequently found, several days after the application,
over large areas.” He found no lessening in the efficiency of bait
from which citrus fruits had heen omitted.

1921

The first organized campaign dirvected toward the control of the
species by use of poisoned bait was in Crowley, Lincoln, and Pueblo
Countics, Colo., in 1921, Of that case Corkins (28, p. 38) says:
“This species was very easily controlled with poiseott bran mash.
The *hoppers took the mash move readily than any of our commaon
epidemic species. No salt was included in the formula, At fivst,
lemons were used and later amyl acetate, apparently with about
equal results.” He briefly described the organizational plan and
procedure tollowed in the control eampaign. He stated that, except
for bait ingredients and transportation, which together cost
$5,967.26, all costs were met through voluntary contributious of
services. The source of money expended for bait and transportation
was not indicated.

The amount of bait used indicates that bait was applied to
approximately 15,000 acres. The materials incorporated into bait
were:

Bran PRI P50 He 41
Motasses oo st < ae e e 13,000 allonsg
White avsenic and ]Jdlls 1:1(:0n crvmmmremeren e+ o 1,000 pounds

liemons and oranges .. ... e 2,000 dozen
Amyl acetate . o L L o e 1H gallons

Projected into the cash equivalent from cost figures dervived in
later years, the total cost of the 1921 control program was about
as follows:

Rait materials and motor Lr lmpm t. SRR (111 || |
Rait mixing . Lo vt e e o e w150
Bait smeddm{., OO 17

Control of the High Plains grasshopper in 1921 was iinanced
by voluntary contributiong in the form of laboy, transportation,
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and so forth, with possibly some assistance from State or county
sources. In the 1934 outbreak the Federal Government became
a participating cooperator by sharing some of the expenses of
the control campaign. This was possible when Congress appro-
priated funds enabiing the United States Department of Agrieul-
ture to cooperate in grasshopper control with those States in
which the problem of control was serious. Administration of the
Federal portion of the cooperative endeavor—provisions of hait
materials and limited supervision—was placed in the Bureau of
Entomology and Plant Quarantine. Colorado applied for and used
Federal bait materials, as authovized by legislation, to combat the
1934 outbrealk in Lineoln County. _

At the close of control operations, McCampbell (33*) estimated
that ranchers had killed from 75 to 80 percent of the grasshoppers,
thus controlling them on 500 of the 700 square miles they had
infested when the campaign started. He said further:

One hundred thirty tons of dvy bran mixed with poison were
supplied by the Federal Government and used in killing the pest
[in Lineoln County]. ... With the experiences of the 1921 outhreak
fresh in the minds of her farmers, Lineoln County started fighting
hoppers shortly after the egrs had hatehed in the spring. Neglecting
farming operations and devoting full time to fishting this pest, the
citizens of this area have performed a public serviee that demands
the gratitude of all surrounding farm areas. Citizens of many towns
and the surrounding districts have contvibuted both time and money
to this campaign. . . . Not all of the "hoppers were killed before they
developed wings, due to the fact that aveas were infested which
were so thinly settled, and no one felt the responsibility of poisaning
these areas until the *hoppers close to home were evadicated.

Deduced from the amount of materials used, about 26,000 acres
were baited in the 1934 campaign. The estimated cost of the control
campaign was as follows:

Bureau of Entomology and Plant Quarantine:

Rait materials . I 12 | ¥ |
Freight . . 570 $3,534
Colorade Extension Service = ... 1,000
Ranchers:
Rait mixing: . . . e 280
Bait spreading.... G0 1,220
Tetal. e 5,754

19346

Large numbers of adult grasshoppers flew into eastern Colorado
in 1936. They alighted on land not known to have been infested
previously that year. Ranchers generally thought that the grass-
hoppers had flown in from Mexico or other areas south of Colo-
rado. It ig certain, however, that at least pavt of the flight of
grasshoppers originated from local sources, for the 1935 fall
survey had revealed that the spocies was present in Cheyenne,
Prowers, and Weld Counties, Colo., and predominant in Baca and
Kiowa Counties (59*).

Of that infestation McCamplell (25*) said: “During Aungust a
light of Dissosteira longipennis occurred in southeastern Colorado
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counties. The principal damage resulting from this flight occurred
in Lincoln, Cheyenne, Kiowa, Prowers, Baca, and Las Animas
Counties. . . . The Lincoln County agent estimated that 400 square
miles were infested and 32,000 acres of vaiuable pasture defoliated.
This flight came at a time when it seemed almost too late to
organize a campaign sufficiently large to take cave of the situation.
Some poisoning was done with good results. However, for the
most part "hoppers laid large numbers of eggs in the most seriously
infested counties and an unusually large epidemiic is expected next
season. . . . Estimates for this area weve from 10 percent to 20
pereent of the winter range destroyed.”

The first survey directed specifically toward determining the
extent and severity of an infestation of longipennis was conducted
cooperatively by the State of Colorado and the Bureau of Ento-
mology and Plant Quarantine in the fall of 1936 (35%, 67%). it
revealed that the infestation involved an avea from the southern
Colorado boundary novthward for 125 miles and {vom the eastern
boundary westward for 75 miles. The entire area was not surveyed
intensively, but about 2,600,000 acres of rangeland were known
to harbor scattered egg beds of unknown number and size. Survey
findings sevved to warn ranchers and other cooperators of the
difficult control problem ahead. Plans based upon the results of
the epg survey weve prepared by the cooperators for control of
lungipennis in Colorado in 1937; these called for spreading 398
tons of bait on 184,100 acres of land (617} or approximately
9.2 percent of the area known to be infested.

Information on the importance and control of fongipennis in
New Mexico in 1936 is indefinite. Hollinger (24%) said: “In Union
County, in recent weeks, there have heen several small outhreaks
of migratory grasshoppers that have come into small bands and
ave very destructive. With some Government supplies of bran and
poison immediately available, the outbreaks seem to have been
well controlied.”

Some control of the species was undertaken in Oklahoma in
1986, bhut the extent and cost is unknown. In his annual report,
the State leader said (74%): “The . . . long-winged grasshopper,
Dissosteira fongipennis, was quite numerous in Cimarron County
during Aupust and was reported damaging rangeland to such an
extent that poisening was necessary. . . . in Texas County grass-
hoppers did nol make their appearance untii late in the summer

. ab which time they hecame very numerous, flying in from the
rangelands of Kansas, New Mexico, and Colorado. They became
so numerous in October that it was necessarvy to poison them. . ..
The Soil Conservation Service furnished tracks to haul sawdust
from Springer, N. Mex., which cut the cost to the farmaers
considerably. ANl of the mixing was done at Guymon, . .7

1937

The survey conducted in 20 western and midwestern States in
tho Tall of 1936 revealed that the grasshopper population in 1937
would e measurably greater than it had been in 1835 and 1936
Alarmed at the prospect, entomologists from the more heavily
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infested States met in Omaha, Nebr., on December 4 and 5, to
consider means for averting crop destruction in 1937. Resolutions
prepared by a commitlee of seven, and unanimously approved by
the delegates in attendance, emphasized that “emergency Fecdeval
appropriations for aid in control of tvegional insect outbreaks
usually become available too late seasonalily to be used with maxi-
mum efficiency and economy ; therefore Resolved, that this confer-
ence urges that the 1937 Congress establish, and subsequent Con-
gresses maintain, a fund of five million ($5,000,000) dollars to be
replenished (o the original amount at the beginning of each fiscal
vear whenever such replenishment is necessary, to be available
to and administered by the Bureau of Entomology and Plant
Quarantine of the United States Department of Agriculture. . . .
(80% ),

The intent of the resolution was to encourage legislation that
would assure purchase and delivery of control materials so they
would be on hand in field Jocations in time to obtain the most
effective and economical results and to guard against exhaustion
of funds at the end of June, when grasshoppers might be at their
peal in abundance and destructiveness.

A Joint Resolution, passed by Congress and approved hy the
President, is quoted in part as follows: “That for carrying out
the purposes of and for expenditures authorized under the public
resolution entitled ‘Joint Resolution making funds available for
the control of incipient or emergency outhreaks of insect pests or
plant diseases, including grasshoppers, Mormon crickets, and
chinch bugs, approved April 6, 1937, theve is hereby appropriated,
out of any money in the Treasury not otherwise appropriated, the
sum of $1,000,000, to remain available until June 30, 1938:
Provided, That, in the discretion of the Secretary of Agriculture,
no part of this apprepriation shail be expended . . . in any State
until such State has provided the organization or materials and
supplies necessary for cooperation. ., . .”

J. R. Parker was in fleld charge of grasshopper control for the
Bureau of Entomology and Plant Quarantine in 1937. In his
annual report he said (47%):

As a result of this action [of the Omaha conference] and the
cooperation of the Secretary of Agriculture and the Chief of the
Bureau of Entomology and Plant Quaranting, u Joint Resolution of
the House and Senate . . . embodicd the main ohjectives of the
Omaha Conference with Lhe exception that the atiginal amount asked
for any one fiseal year, 3,000,000, was reduced by Congress to
$2,000,000. Following the passape ang approval of the authorizing
resolutions an approprintion of $1,000,000 was made. This hecamo
available on April 20, when the President signed the bill, On July 17,
another appropriation of $1,000,000 was made, {o remain availuble
until June 30, 1038, OF these two appropriations, made for the
general purpose of emergency insect control, 3003000 of the first
and £430,000 of the second, or a total of $1,425,000 was allocated by
the Secretary for grasshepper conlrol.

The Chief of the Bureau, in his instructions to cooperating
States, said (78%): “In view ol the fact that the President of the
United States submitted to Congress an estimate of $2 million for
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grasshopper control, in which the emergency created by this insect
was recognized, and in view of the extent and severity of the
impending outbreak in many States, all of the funds made available
under the above legislation [of April 20] are being allocated for
grasshopper control. This appropriation provides only about half
the amount estimated as required by the fall survey. . . .”

Colorado

Preparatory to the 1937 control campaign, the Colorado Exten-
sion entomologist (88%) econducted numerous educational and
organizational meetings in all counties where infestations were
known to exist. County agricultural agents then held similar
meetings in their respective counties. County commissioners,
assembled in their annual and regional meetings, were informed
of the servious control problem ahead and acquainted with the
plans for coping with it. All agencies interested in the State's
agricuiture were advised of the results of the 1936 survey and of
plans for the control campaign.

The plan of work in Colorado was that control would be con-
ducted veoluntarily by cooperating counties and ranchers with
bait materials provided by the Bureau. The Colorade Agricultural
Extension Service directed the control campaign, areawide,
through the Extension entomologist, and countywide through the
county agricultural agents. Bait-mixing stations were established
in each county and the control organization was in good working
order well before the first longipennis nymphs appeared.

Tests for bait formulas, made before control operations were
begun, indicated that a hait composed of sawdust, liquid sodium
arsenite, and water, and one in which bran was used in the
proportion of 1 part to 7 parts sawdust, were both effective in
killing nymphs of fongipennis. Subsequently it was determined
that in instances whete control with these formulas was unsatis-
factory, effective kills vesulted when the proportion of bran was
increased. Most of the bait used was prepaved according to the
standard formula of:

MINzun bram. ..o e e id0 pounds
Sawdust et e ety HiTIES the volume of bran
Liquid sodium arsenite—(4-1b, material)2 gallons

In the longipennis area bait was scattered on all land where
infestations warranted its use, without regard to ownership. In a
few cases pest districts were formed or the anthority of those in
existence exercised to insure treatment of an infested area. For
the most part all members of a community cooperated to spread
hait simultaneously. Nenresident land posed a problem solved only
Ty pest-district action or by members of a community trespassing
on nonresident land that needed treatment in order fo protect
the work of rvesident cooperators. Trailer-type mechanical bait
spreaders were used to spread most of the bait.

Temporary headquarters forr the Extension entomologist were
established in Colorado Springs; from there he could better direct
contrel operations in the counties infested by longipennis. The




114 ‘THE HIGH PLAINS GRASSHOPPER

Colorado Springs News on July 2, under the heading “Greatest
Hopper War is Directed from Colorado Springs” published a news
story deseribing the outbreak and steps taken to combat it. The
article said in part:

Well-organized, vigorously prosecuted, and ably directed, an
effective campaign is being relentlessly waged from Colorado Springs
headquarters this week against the worst grasshoppoer infestation
in Colorade history—great hordes of migratory insects that ave
moving along in destructive battalions of millions, even bitlions, in
& hard-hit area of 4,000 square miles in nine eastern and south-
eastern counties: Lincoln, one of the most seriously infested, Chey-
enne, Kiowa, Kit Carson, Prowers, Baca, Bent, Las Animas, and
Otero. Efficient divector of the campaign against the insect scourge
is 8am C. McCampbell, extension entomologist with Colorado State
Cellege, who has epened headquarters in the local soil conservation
sexvice offices. There is a hard fight ahead for some time, but the
campaign already is showing good results.

The campaign was gotten under way with celerity, poison bait
supplies_being rushed to mixing and distributing plants in every
county. No time can be lost for the "hoppers, of a migratory type,
soon will be able to fiy to other flalds unless halted. Meantime, to
the east and scutheast, tremendous damage has been done to crops
and pasture in what F. A. Andevson, director of Extension for
Colorade State College, describes as the worst rrasshopper situation
in the State’s history. Governor Teller Ammons, who has made
personal surveys of the infested aveas, reports conditions worse than
deseribed, . . .

The huge size of the cconemic unit in eastern Colorado presents
one of the greatest obstacles to perfect ‘hopper control. The country
is principally a stock-raising country, and many operators own ov
control thousands of acres of land. The size of these holdings, plus
economic conditions, makes it almost impessible for the average
stockman to secure help to eradicate all the hoppers on his own avea.
These factors make it almost essential that the county, state and
federal governments unite with the farmer in a concentrated effort
to save his vegetation. Federal, State and county agencies are
assisting throughout the infested areas. . ..

The 1937 appropriation was allocated for the provision of bait
to the cooperating States in proportion to the severity of their
control problems, with the realization that adequate grasshopper
control could he accomplished only if additional funds were
provided. The amount of bait allotted to Colerado was insufficient
for early season contral of the longipennis populations. Although
the appropriation was passed on April 29 time was required to
acquire a staff to administer the control preoject and to negotiante
contracts for the purchase of supplies. The first allotment for hait
materials to Colorado was made May 12 (47*) after which the
materials had to be purchased and delivered. The Extenszion
entomolegist said 738*): “The campaign would have been at least
25 percent more effective if bait could have heen on hand . . . May
15, 1937, or earlier.”

When completion of the control program was jeopardized hy a
shortage of bail materials, the editer of the Eastern Colorade
Plainsman and Range Ledger addressed a telegram to the Presi-
dent of the United States and received the tollowing vepty,
published in the July 16, 1937, issue of the paper:
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A letter from Agricultural Head

Department of Agriculture
Washington, D. C.
Jaly ¢, 1837

Dear My, Missemer:

This will acknowledge vour telegram of June 29 addressed to the
President, regarding grasshopper contrel and which was referred
to this department for attention.

The funds provided to the Depariment to cooperate with states in
the control of grasshoppers were used for the purchase of bail
materials and transporting them to designated distribution centers
in the states. The State Grasshopper Control Committee of Colorado
has been advised of the bait materials that conld be allofted to that
state with the funds provided. The amount appropriated has been
expended and in the absence of funds it will be impossible for the
Department to extend further coopervation to states in control of
grasshoppers.

The Department, with the approval of the President, and the
Bureau of the Budget, requested an appropriation of $2 million to
cgoperabe with states in prasshopper control. This amount was based
on careful surveys made by the Bureau of Entomology and Plant
Quarantine in cooperation with state officials, and so far this season
grasshoppers have developed in areas substantially as was predicted
by these surveys. The appropriation made by Congress was in the
sum of $1 million and this constitutes the limit of which may be
expended by the Department.

The Department is familiar with the grasshopper situatien in the
various states and, as indicated above, has done all they can toward
securing the necessary funds with which to cooperate with states in
grasshopper control.

In some few instances men from Emergency Conservation Corps
camps have been authovized to render aid in distvibuting materials
for combatting grasshoppers. The management of these camps is
not under the divection of the Department and appropriate reference
will be made regarding the request that the camps in this locality
be authorized to conduct the distvibulion of grasshopper bait as one
of their objectives.

Sincerely,

Paunt H. Appleby
Assistant to the Secretary.

The last allotment of bait materiais to Colorado purchased
from the April 6 appropriation was on July 2 (47%). An accel-
erating control demand in the face of inadequate bait materials
impelled the Clovernor to assess the sitnation and take action.
According to the Eastern Colorado Plainsman and Range Ledger,
July 2, he made a trip to Lincoln Gounty. This frip followed
advice . . . that only a 2-day supply of bait remained in the 9
counties where control of longipenms was underway. In addition
to ordering the National Guard to mobilize and throw its man-
power and equipment into the control campaign, according to the
Rocky Mounfain News, July 1, he “issued an executive order
declaring a state of emergency exists . , . and said ‘I don’t believe
we can let up now as crop prospects ave the best in several years.””

State, county, and individual funds were expended to keep bait
materials volling to mixing stations until the additional funds
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were made available by Congress, July 17. The first allotment
of bait materials purchased out of new Federal funds was
July 21 (47%).

It was impossible to plan and carry out the most effective
coordinated control campaign, for there was no assurance that
funds would be available with which to finance the work known
to be needed. The State leader had no knowledge of the amount
of Federai funds that would be allotted, or of whether or in what
amount State assistance could be depended upon. He had to revise
plans from week to week in accordance with the current infesta-
tion picture and the means at his disposal for combating it. An
admirable example of cooperation developed from the necessity
of obtaining assistance from every source available,

The Press, realizing the economic impact of grasshopper
devastation upon all types of business, devoted thousands of
inches of space to keeping farmers and cooperators abreast of
developments in the infestation, informing them of assistance as
it became available and of the results of control.

Two such items are briefed below.

The Colorado Springs News on June 18 reported that stockmen
in nine southern Colorado counties were fighting the greatest
outbreak in history of the jong-winged migratory grasshopper of
the plains. Numerous bands of millions of young ’hoppers were
on the march, bands covering from 2 few acres to more than 500.
County agents had organized ranchers and farmers for the fight.
The Soil Conservation Service was trucking poison to community
distributing plants and building bait spreaders. Fifty bait spread-
ers were already in use. 1f was hoped that the grasshoppers could
be eontrolled before they developed wings early in July.

On July 2, the Rocky Mountain News reported that the WPA
administrator for Colorado had been authorized to employ labor,
beginning July 1, on grasshopper-control projects. WPA officials
in Washington had promised a $200,000 allotment of WPA funds
to be used for this purpose in Colorado.

MecCampbell (62*) estimated that 8,432,000 acres of range had
been damaged by longipennis during 1937. Although magnificent
cooperation was obtained, results were less effective than they
should have been for the money expended and the equipment and
manpower employed. Much of the assistance became available only
after it was conspicuously apparent that the range area was faced
with calamity. Most of the workers and their supervisors assigned
by cooperating agencies were unirained and inexperienced in
grasshopper control. The herculean control campaign was success-
ful in stopping devastation by longipennis in the areas most
heavily infested, but did not reduce the infestation to he fought
in 1938. McCampbell recognized this when he said (39%): “The
grasshopper campaign of 1937 in the migrafory aveas of south-
eastern Colorado and adiacent States was not effective in extermi-
nating the infestation. Thousands of dollars were saved by control
operations. However, sufficient 'hoppers flew into new areas to
cause an infestation larger than that for 1987. Migratory ‘hoppers
have laid eggs in Adams, Otero, Elbert, El Paso, Lincoln, Pueblo,
Huerfano, Crowley, Kiowa, Prowers, Bent, Baca, Las Animas,
Fremont, Custer, and possibly other adjoining counties.”
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After the survey was completed in 1937, McCampbell stated
that instead of 9 counties being infested with longipennis, the
number known in the spring, 12 were so heavily infested that they
should be considered in control plans for 1938.

Following is an estimate of expenditures for the control
program in Colorado in 1937

Federal Gouvernment:
Bureau of Entomology and Plant Quarantine: * *
Materials (cost and freight):
Bran, 1,418 tons at $23.51 per ton
Sodium arsenite, 56,740 mal. at $0.40 per gal...
Supervision (salaries, travel, expense}...

Taotal
Other:'*
Soil Conservation Service and Forest Service
Civilian Comnservation Corps
Works Progress Administration
National Park Service

Total

Total expenditures by Federal Government........... 131,770

State Government: * ®
Extension Service (supervision, travel, clerieal}.......... 12,208
National Guard (trucks, transportation, equipment, Iabor) 99,884
Highway Depatrtment (trucks, power shovel, personnel) 25,000
Certificates of indebtedness . 25,000

Total expenditures by State Government.........w.....162,182
Coluréty)Gpvernments (mixing-station equipment, rental, supplies,
abor) °
Individuals (spreading of 5,674 tons bait by ranchers, at $7.30
per ton}’ ° . 41,931

Total expenditures from all 50ULCES . . 330,883

*Based on data in Annual Grasshepper Control Report, Bureau of
Entomology and Plant Quarantine ¢47%).

*Based on data in Apnual Grasshopper Survey Report, Buteau of
Entomelogy and Plant Quarantine (§1*)

*Based on data in Annual Report, Colorado State Leader of Grasshopper
Control (38*}. .

New Mexico

Control of longipennis in New Mexico in 1937 was directed
statewide by the New Mexico State College, and locally by the
county agents. Educational and orpanizational meetings and dem-
onstrations were conducted before opevations began. Bait materials
were provided mainiy by the Bureau. Bait mixing was done by
counties with labor hired from funds allotted by the Works
Progress Administration. The Soil Conservation Service, the
National Guard, and the State Highway Department furnished
trucks and men to transport bait materials to mixing stations and
to haul mixed bait to the infested areas. The State, counties, and
mdividuals contributed limited funds for the conduct of the co-
operative campaign.

The Soil Conservation Service provided 5 trucks and 11 men
for transporting bait materials from railroad shipping points to
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mixing stations. The Highway Department trucked sawdust from
the mills to mixing stations. Four mixing stations were operated
in Union County by Works Progress Administration crews which
mixed bait day and night for several weeks. The hait was hauled
to infested aveas by 14 trucks and 60 men furnished by the
National Guard, The Santa Fe and Buvlington railroads cooperated
by controlling the grasshoppers on their rights-of-way in infested
areas, Baiting started June 10 and continued until the first fall
frost. Control was conducted on an organized, communitywide
basis in which vanchers and farmers spread all of the bait. A
few mechanical spreaders were used but most of the bait was
scattered by hand.

The standard bait formula was used after tests indicated hait
was not improved in effectiveness when amyl acetate or molasses
was added (2%),

Newspaper interest and publicity aided materially in carrying
out the 1937 control campaign in New Mexico. Two typical news
items are briefed below:

On May 12 the Clayton News veported that a survey had been
made of grasshopper eggs in the ground in Union County, that
the rains and warm days weve hatching the eggs by the thousands,
and that the grasshoppers would be a serious menace by summer
unless they were controlled. The item urged veaders to attend a
local meeting on grasshopper control and to cooperate in the plan
to spread poison bail to kill the grasshoppers and thereby save
the crops.

On July 4 the Denver Post reported that all available Torces
were being recruited in northeastern New Mexico to combat a
grasshopper invasion that was threatening the fivst grass and crop
prospects the section had had in 5 years. Gov. Clyde Tingley,
according to the report, had authorized the purchase of $15,000
worth of poison-bait materials, had ordeved out National Guard
trucks with 60 men to man them, had ordered State highway
trucks to haul sawdust to be used in the bait, had secured Soil
Conservation Service trucks to help spread the poison, had
arranged for a crew of WPA workers to mix the poison, and had
organized local forees to help in control,

At the close of the campaign the State leader said (2%): “The
most destructive outbreak occurred in Union County where longi-
pennis destroyed some 350,000 acres of range grass. The outbreal
was difficult to handle due to the infestations heing scatteved over
an avea 30 by 50 miles, . . . However the infestation was definitely
checked and the value of the campaign can be better expressed
in terms of what was saved than in terms of the area baited.”
He reported that 718 tons of hait were spread on 339,000 acres
of range in Union County. He estimated that range losses
amounted to $172,215 and that savings resulting from range
baiting were $459,000.

Aside from expenditures definitely credited to Union County
90 percent of the State expenditure was inciuded in the following

ite_mization of expenditures hecause 93 percent of the range acres
baited was for control of longipennis.
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Factors that worked against conducting the most efticient, and
effective control campaign in New Mexico were the same as those
enumerated for Colorado, notably the lateness and insufficiency of
Federal funds and the chanrre of plans trom dayv to day to accom-
modate them fo the means available for carrying them out
Cocperation of local and State agencies was magnificent but it
hecame fully operative only after the early season w:s past when
control would have been the most effective and economical,
Personnel provided by cooperating agencies 'was mainly untrained
and inexperienced in grasshopper control.

Following is an estimate of expendituves for the control program
in New Mexico in 1937:

Federal Government:
Bureau of Entomology and Plant Quarantine: *
Materials {cost and freipht}: Liollars

Bran, 179 tons at $23.51 per ton.. 4,208
Sodium arsenite, 7,180 gal. at $0. 40 pez 2,872
Supervision (salaues travel, expense) ... 2,700
Total —— $,780
Other: ?
So0il Conservation Service et ieermr e 1,500
Works Progress Administration.... 2,740
Total 4,240
Total e‘(pendltmes by Federal Government.. .. ... 14,020
State Government: © ¥
Extension Service (supervision, fravel, clerieal}.... ... .. 2,500
Allotment from wind ercsion funds . 4,328
State Highway Department ... oocommmmms e 2,230
National Guard........ .. 4,050
Total expenditures by State Government.. e e 13,128
County Governments {cash} ® . o - &
Indwx(!uals (Spleadmp; 718 tons bait by ranchers, at $7.00 pel
ton)}’ [ 3,26
Total expenditures from all sources. e wavcen . 32,987

*Rased on data in Annual Grasshopper Control Report, Bureau of
Entomology and Plant Quarantine (§7%}.

*Based on data in Annuai QGrasshopper Survey Report, Bureau of
Entomology and Plant Quavrantine (51%*).

> RBased on data in Annual Report, New Mexico State Leader of Grass-
hopper Control (2%},

Oklahoma

The Tigh Plains grasshopper was present and injurious fo
range i Cimarven County, Qkla., but the meager information
available precludes a conciusion concerning its economic im-
portance or the amount of control oceasioned by it.

W. E. Baker, agriculbural agent of Cimarron County, in the
Boise City News, May 27, 1937, said:

Investipation the post 2 weeks and the reporis of farmers and
ranchmen throughout the county have indicated thut young griss-
hoppers have been hatehing out by the many millions. Examinations
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of the various localities show that there are now enough young grass-
hoppers in the county to destroy all range pasture and all row
crops as fast as they come up. . .. : As the grasshopner which
infested this territory lust veav and is prevalent at the present time
is what is known as the long-winged grasshopper and readily takes
to flight, we were wnable last vear to have the suocess in poisoning
the mature grasshopper which we desived. However, these young
hoppers do not have wings and will not move for some time. . . . We
are making arrangements to begin mixing the poison today.

It was barely mentioned in 1937 in the State leaders’ annual
report. He said (77%) that in the Panhandle counties it was
dominant and that “there was considerable movement among the
longipennis grasshoppers . .. On July 15 2 flight of grasshoppers
was reported in Cimarron County—Dbut they did not stay long
and damage was very slight. They were apparently moving in
from New Mexico and later moved on toward the northwest.”

1938

The grasshopper problem had become so acute that in 1938 the
Bureau of Entomology and Plant Quarantine decided to create
a specific organization for discharging Federal responsibilitics in
cooperating with States in grasshopper control. Federal FeSpPONSi-
Bility for control operations was placed in the Division of Domestic
Plant Quarantines, which created the Grasshopper Control Project,
with W. E. Dove in charge.

Desceribing the control project, Gaddis (12*) said:

The details as to administration and direction of cooperative
pragrams were, with the approval of the Secretary of Agrieniture,
placed with the Burean of Entomolory and Plant Quarantine under
a divigion concerned with the conduct of operations to control or
eradicate certain insect pesis or plant diseases. Field headquarters
wore established at Minneapolis, Minnesota, in Fehruary 1938 and
the individuals sclected to have charge of the work were Lrained
cmployees familiar with povernment procedure and practices. .. .
The Chief of the Burean was dirccted to advise Stales in which
outhreaks of grasshoppers were anticipated of the basis for coopera-
tion and the type of organization that they showld effcet to abiain
ald in a erop-protection program. A plan of procodure was approved
wird used for the condunet of the work during the season, The Chiel
of the Burean was anthorized (o approve, on behalf of the Secretary,
Htate Grasshopper Conirel Commitltees which wore set up in pecord-
anee with the requirements, He was alse authorized to approve the
wllotmenls of hail materiais that covld be made to mect the needs
in the affeeted States and to employ individuals to he assigned in
such States to assure adeyuate supervision as fe the use of such
materials. These allotmoents were based on relative needs as indieated
by the grasshopper survey and sebsequent developments ng to in-
festation.

Stales puarticipating in the eooperative proorams appninted o
special Grasshopper Contrel Commitiee, which was responsibie for
the designation of a frained entomologist or Stale agricullural
afficial sulisfuctory to the committee and to the Burean. ... o aet ns
its duly authorized representalbive in the capraeity of Stale leader in
grasshopper control and ta he responsible Lo such csmmittes For
convdinalion of State activities, establishment of a responsible Stute
orge nization for prasshopper contral, securing aid from locnl amd
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county governing boards, and for the deterwinatian of the amount
of bhait maiervizls needed in the affeeted areas of the State and
submitting requests for sueh materials to the Federal oflice. The
State leader was also vespousibie for the securing, at State or
county expense, of necessary oflice space, clerical assistance, facilitios
for loeal tiuck iransportalion of bait matervials, and county and
local personnel, The establishment of a suilicient number of well-
equipped and adequately-supervised bait-mixing stations, the keep-
ing of adequate records of bait materials shipped by the Tederval
governmiment for tocal use and an individual reeord of bait delivered
to farmers, and effeetive supervision of the distviboution and appli-
cution of the hait in a manner approved by the Burcau....were
additional responsibilities of ecach grasshopper control commitlee
through its State leader. The Depavtiment’s pavt in this cooperative
program consistad in the purchasing and transporting of bait
malerials {o designated distribution centers and in furnishing suf-
ficient general supervision to sce that the bait was applied in the
most elfective manner. Qualified employees of the department were
used for the work., and they also were responsibie for all expendi-
tures from Federal funds,

Assurance of continuity of a project designed especially for
control of incipient or emergency outhbrealks ol insect pests or
plant discases was strengthened by the passage, May 9, 1938, of
Puliiic Resolution No. 91 by the 75th Congress. This resolution
amended a Joint resolution made in 1937, as follows:

That the Secretary of Apriculture, in eooperation with authorities
of the Btates eoncerned, organizations, or individoals, is authorized
and directed te apply such wmethods for econtrol of incipient or
emergency oulbreaks of insect pests or plant diseases, including
grasshoppers, Mormon crickets, and ¢hineh Tgs, as may be neces-
sary. Any sums which may be appropriated for such purposes shall
be available for expenditure for the employment of persons., . admin-
istration and supervision, surveys, and the purchase, transportation,
and application of poison balt or materials and equipment for con-
trol . . . and [or preparation of such poison bait or materials for
application, and such olher expenses as may be necessary. Matervials
and equipment for the control of such inseet pests and plant discases
may he procured with any sums apprapriated fo carry out the
provisions of this joint resolution...and the transnortation thereof
may he under sueh eonditions and means as shall be determined by
the Secretary of Agviculture to he most advantageous. ... There are
hereby authnrized to be appropriaied annually such sums as may he
necessary to carry out the provisions of this joint resolution.

The Burcau provided supervisors to diveet eontrol operatious
in all the infested States. Al area supervisors were on cufy in
thetr field assignments Ly the middle of March and all distvict
supervisors by mid-April.

Coloradae

The costly hattle of 1937 and the apparent inevitahility of
an oven lavger one in 1938 stirved the officials of Colorado to
carly preparation, Governor Teller Ammaons (40%) wrote to T AL
Anderson, Director of Extension, Fehruary 23, as Tollows:

The sepiousness of the antieipated wrasshopper infesfatinn in
IS eannol bhe overestimated. .., The original appropriation by
Congress Tor the contreal of erasshoppers and other insect posts in
1037 was $1,000,000, ot thal was supplemoented late in the season
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by an equal amount...,Federal funds were used lavgely for the
purchase of poison bran...and for its transportation. Information
regarding the extent of Federal aid that might be anticipated aud
time of delivery of bait was not available, either duving the time
when plans were heing developed for the campaipm or duving its
progress. We weve, therefore, compelled to utilize supplics only as
received,

The long delay in the organization of our foreces and in the
availability of adequate supplies of poison bait in 1937, over which
we had no control, was a serious handicap and necessitated supple-
mentary emergeney assistance of unprecedented chavacler, such as
providing trucks and personnel from the State hizhway and military
departments for transportation of supplies. Assistance of this
character cannot be provided to any great extant, if at all, during the
current year.

... Moisture conditions in castern Colorado are more favorable
now than during any spring since 1930. Every possible precaution
must be faken to protect the crops that we now have pood prospects
of raising. This will require a most intensive campaign in grass-
hopper control. The success of the effort will depend tpon caveful
cxecution of plans already formulated.... Men and trucks for the
transportation of supplies from rvailroad destinations to mixing
plants and to the field as needed will also be required. This will have
to be a local responsibility. About all that can be expected from
State and Federal governments will be our proportion of poison
bait from funds appropriated by Congress and technical supervision
and assistance in its proper use, Nothing that can now be foreseen
is of such importance to the farmers and stockmen of eastern
Colorado as the complete cooperation and financial assistance neces-
sary to conduet a thorough grasshopper-control campaign....

The Colorado State Committee on Grasshopper Control con-
sisted of the Director of Extension and the State Experiment
Station and Extension entomologists. The Extension entomologist,
Sam C. MeCampbhell, was designated by the committee as State
leader.

The State leader conducted educational meetings early in the
season with such groups as State legislators, State officials, county
commissioners, cormmercial clubs, luncheon clubs, and farmers’
organizations. He and Tederal supervisors conducted educational
and organizational meetings with county agricultural agents,
farmers, and ranchers throughout the latter half of March and
all of May. Plans were laid for immediate and extensive eontrol
operations as soon as the grasshopper eggs began to hatch.
Mechanical spreaders were constructed by several cooperating
agencies; mixing stations were placed in readiness for operation
by WPA crews; local organizations contributed funds and lahor;
and many individuals donated their services. Individuals assisted
in the location of egg beds, which were conspicuocusly marked so
they could be veadily located by control erews (5%).

Baiting should have begun shortly after May 1, but cool, rainy
weather delayed the start until May 10. The standard bait Tormula
was used except in a few instances in late season when unsatis-
factory kills were corvected hy the addition of molasses to the
standard bait. In the early season, bait in the proportion of 1 part
bran to 7 parts sawdust was cffective. Bait spreading was per-
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formed by individual farmers and ranchers by voluntary action.
Entire infested communities were baited, regardless of ownership,
but for the most part all members of a community cooperated by
working on the same day. About three-fourths of the bait used
was dispensed by mechanical spreaders. Commenting on the
success of the 1938 control campaign the State leader (40*) said:
“This season’s 'hopper set-up is the best we have had so far . . .
and we Teel confident that muceh better coordination will exist
hetween State and Federal programs. . . .”

From voluminous accounts that appeared in the Colorado news-
papers two typical items are briefed below:

On June 10 the Colorado Springs Evening Telegraph carried a
report on preparations being made to launch a widespread cam-
paign against grasshoppers within the week. The board of county
commissioners on that day passed a resolution creating a county-
wide grasshopper control district under the authority of C. N.
Viciters, Extension agent, who was appointed grasshopper inspec-
tor. The inspector and those working under his supervision had
the power to ispect all lands in the county for grasshoppers and
to spread poison bait where it was needed.

On August 19 the Colorado Springs News summed up the
campaign that had been going on since mid-May as one ol the
most successtul, cooperative campaigns ever conducted in El Paso
County. Very few grasshoppers were left at the time the item
was written and further trouble was not expected. Although the
infestation was much worse than that ol the previous year, much
less damage had been done to pastures and crops because of the
campaign.

Dove (5%) said of the fongipennis area: “Damage from. .. the
migratory species became extremely heavy during July and
August, especially after the harvesting of small grains duving the
latter parvt of July. Many areas in which the nymphs . . . had
been controlled Ly baiting were reinfested by the flying adults.
Every county which had been originally infested reported heavy
flights. A sufficient number of ’hoppers appavently matuved in
isolated areas and places inaccessible for baiting, te reinfest the
entire area and present a serious control problem for next year,

. sporadic haiting . . . continued into September. Excellent
results were obtained from baiting for adult longipennis in many
instances, although their rapid flight prevented planning of large-
scale operations. Baiting of adults concentrated for egg laying
continued successfully even in late September,”

Effectiveness and efliciency of control operations were improved
because of experience gained in 1937, because it was possible to
complete control plans and start work early, and because the
supervision provided was increased in proportion to the problem
expected. Even so, the 1938 fall survey, conducted after the control
fight was over, indicated (66*) that 15,219 tons of hait should be
spread to control longipennis the following year, or approximately
50 percent more than was used in 1938. The survey estimate for
1939 was as follows:
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County : Heres tnfested  Tons of bait

Adamsg e 64,000 208
Arzapahoe 46,080 150
Baca 787,280 2,396
Beant 23,040 75
Cheyenne .. 357,120 1,160
Blbert o i+ e 107,040 543
Kiowa 264,560 861
Kit Carson 339,840 1,104
Las Animas 730,000 2,732
Lincoin 1,290,240 4,393
Otero ... .o 237040 75
Washington ... o - 208,520 973
Crowley . e s 220,400 749

Tobal. o s e e e o 4,572,560 15,219

The Colorado State leader estimated (66*) that the range
damaged by longipennis in 1938 varied from 4 percent in Fremont .
County, to 40 percent in El Paso County: and that the value of
range grasses saved by baiting amounted to $544,499. He reported
that 2,423,664 acres of rangeland were baited.

Following is an estimate of expenditures for the control program
in Colorado in 1938

Federal Government:
Bureau of Entomology and Plant Quarantine: !
Materials {cost and freight): Dallnrs
Bran, 2,480 tons at $21.26 per ton.. . . 02,725
Sawdust, 7,445 tons at $6.01 per ton L. 44,744
Sodium arsenite, 99,250 gal. at $0.215 per gal.. ... 81,264
Supervision (salavies, travel, expense). . ... . .. ... 15880

Total e e 144,618

Other: ®
B0il Conservation Service.. ..icu oo s . 25,358
Works Progress Administration 316,428

Total . 141,783
Total expenditures by Federal Government.. ... ... 286,308

State Government:®
Extension Service {salaries, travel, expense, exclusive of
county agents)... e . B,118

County Governments:®
Materials, rents, transportation, equipment......... .. . .. 58287
Mixing, 0,925 tons bait at $2.70 per ton.. ... . 27,204

Total expenditures by County Governments. .. ... 85,591

Individuals: ' ?
Cash, materials and equipment.. . oo . .. 2,305
Spreading of 9,925 tons bait by ranchers, at $13.00 per ton 120,025
Total expenditures by individuals, . ... . . . 11,420

Total expenditures from all sources. ... 808,525

'Based on data in Annual Grasshopper Control Report, Bureau of
Entomology and Plant Quarantine ¢5%).
* Based on data in Annual Report, Colorado State Leador of Grasshopper

Control (40*). .
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New Mexico

The fall survey in New Mexico in 1937 indicated that a signifi-
cant increase in the control program would be necessary if the
fongipennis infestations weve to be curbed or reduced in 1938.
Surveyers had located 30 egg beds in Colfax County, 23 in
Harding County, 2 in Mora County, and several in northern Quay
Counly, and estimated that there were between 200 and 300 in
TUnion County. Survey personnel had been insufficient to find and
delineate all ege beds., Those located varied in size from 1 to 20
acres each. One survevor said (14*): “The southern third of
T'nion County, the southern and eastern borders of Colfax County,
the northern borders of Harvding and Quay Counties, and the
noriheastern tip of Mora County contain guantities of longipennis
egg beds. The grasshopper situation in these aveas is expected to
be very serious in 1938 unless some unusual act of nature
prevents.”

The cooperative control campaign was organized primarily on
the basis that the Federal Government would furnish the bait
materials delivered at county shipping points and the services of
technical field supervisers. All nther sevrvices were to he provided
hy the State and Ly the cooperating counties and individuals.
H. L. Hildwein, Assistant Director of Extension, was designated
as State leader of grasshopper control.

Aware of the control problem ahead, the State leader preparved
early to meet it Me tells of the various measures taken to arouse
interest in the program in his report of the year’s work (19%).

After Federal supervisors were assigned to New Mexico in the
spring, organizational and educational meetings in the field were
conducted by them in cooperation with State and county personnel.
The airea supervisor recorded two meetings at Springer that were
the impetus for the formation of a citizens' committee, represent-
ing the infested counties. Of these meetings, he said (S1*) that
hoth were well attended by the committeemen as well as the county
agents from the five northeastern counties; that in April, at the
first meeting, plans for securing and handling sawdust were
formulated ; and that following the first meeting some organiza-
tional work was initiated that “hegan to get the people "hopper-
minded.” I1e went on to say:

From these meetings Brow the citizens’ organization which raised
money locally, built spreaders, and pul spreading crews in the
field ., . concerted olfort by the communitics was the mode of the day
from the time baiting opevations stavted until the last sack was
scattered. Tach of the various communities . .. was divided into four
sections., Each quarter was assipned fo sumc resident who waus
responsible to the community leader. The man in eharge of the
quarter reporfed to the community leader such things as the location
of new ege beds, migratory bands, and the needs of oaperatorvs
insofar as hait, spreading equipment, or help was coneerned. 1t was
soon found that willy all these small organizations werking and each
clamoring for the outside help available, there must he some sort
of coordination. At a meeting nf the delegates. .. it was deeided to
eleet a conrdinator Tor the entire area. Albert ¥Mitchell was elected
to the post. The Governor then appointed My, Mitehel]l as coordinntor
of all agencies working on hopper evadication, The work then moved
smoothly.
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The selfless cooperation of all intorests in the infested arvea is
described hy the avea supervisor (21%):

Rait mixing was done by WPA labor under the supervision of ...
county agenls and other Exteusion Serviee workers or at o fow
places by crews of farmers before WIPA erews could be stavted. The
townspeople denated money, time, automebiles, gaseline, equipment,
and moral support to the operators. The State Highway Department
built a nmnmber of bait spreaders and furnished trucks to pull and
service some of them ... all available equipment was pooled Tor the
big drive. The eperators in Coltax County whiech is mare densely
setiled than the other four countics. ., cleaned up the infestation in
their county fairly carly. These people kept moving eastwarvd into
Union County, With the Union County people working southward
and westward, the altacking cluments converged at about the center
ol the infested avca in Union Cownty. Quay County, with... help
from the Farm Bureau locals and... from people in the uninfested
portion of the county, cleaned up its infested area rather carly in
the season. There, the people kept maving northward inte Harding
and Union Counties, baiting all ege beds and bands of nvmphs as
they proceeded.

Cooperation was unbelievably good thruout the whole arvea. The
people all went into the Aght with the idea that if Farm and ranch
operators lost their fight against the ‘hoppers the aren in general
would be bankrupt. The Santa Fe Railway hauled water to mixing
stations and loaned bunk ears for crews in out-of-the-way places.
Merchanis sent their delivery cars to the country to pull spreaders.
Professional men hived men to waork as spreader tenders and sent
their automobiles to pull spreadervs. In short it was a complete
mohkilization of the whole area.

According to Hildwein (72%), the standard formula for hait
was followed until about mid-June, and then upon advice of J. R.
Parker, the bran-sawdust ratio was changed to 1 to 5. Hildwein
said, “Concrete mixers came into general use over the entire
longipennis avea. They considerably improved the quantity and
quality of bait. . . . In spreading the hait, five or more spreaders
worked together as a unit assighed to a given section. A scout,
or the man in charge of the community quarter, veported where
the egy beds or hands of nymphs wevre, and assisted the foreman
in detailing spreader units to the best advantage. Infested areas
wele poisoned regardless of ownership, with few exceptions when,
Tearing crews might he careless, owners preferved to spread the
bait on their own land. Highway rights-of-way were treated by
the spreaderv crews whenever needed. Nonvesident owners were
requested fo donate money to the eause hut an infested avea was
treated whether or not the vwner responded. . . . Nearly 100
mechanical spreaders were used throughout the entive area.
Considerable baiting was done by hand in rough, rocky country,
and in draws where nymphs congregated in great numbers, . . .7

"First hatching,” Hildwein's report says, “occurred in the
southern tip of the infested area in Quay and Union Counties
during the first weel of Mayv. Halching then was delayved by a
few days of unfavorable weather and was not complete in the
area as a whole until the third week in June. . . . The first Nlights,
coming in with a wind from the nevth, were observed June 25.
From then until July 7, cach time a cool hreeze blew from the
novth it was accompanied by a small flight of ‘hoppers. During
the month of July all of the adult *hoppers moved south from the
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infested area. By August 1, only an occasional *hopper could be
found in places where, during baiting operations, nymphs had
run as high as 100 to 1,000 per squarve yard.” The supervisor
concluded that areas south of those where baiting was done in
1938 would present a sericus control problem in 1939.

Dove (5%) summavized the season’s activities and results as
follows:

Large-scale haiting operations commienced in the southern halt of
the infested area during the third week in May at which time some
migrations from egg beds were beginning. ... Baiting during the
latter part of May and June continued at top spesd, with mixing
stations opervaling 24 hours per day, ¥ davs per week. ... By the cod
of June effective contrel had been obtained and mixing stations were
reduced to producing only encugh hait to sopply mopping-up crews,
which coniinued to poison the remmants of the once lavge bands of
grasshoppers. . . , At the close of the firat week in July, baiting for
longipennis had practically ceased as the small numbers remaining
were so few and scattered fhat control measuves were not justifi-
able....the Bureau rendercd further assistance...by Turnishing
truek hire to hawl...sawdust from the mouniains fo the mixing
slations. By the middle of August, heavy spotted infestations of
aduits were again found in the northeastern counties, coneentrating
for oviposition, which was well in progress. Baiting [adults on egg
beds] began during the first part of August and continued through
September, Excellent: resulis were obtained and many concentrations
were almost completely wiped out before coxtensive oviposition
cccurred, However, it was apparent that a serious control problem
would be encountered in this arca again next year.

The press kept the public informed of the control program in
New Mexico in 1988, Several news items, briefed below, are
typical of the many items that appeared in newspapers during
the spring. :

The Clayton News on May 25 reported that plans were being
made by city men, county commissioners, and others to work out
financial aid for the fight against the grasshoppers hatcehing out
in the section around Clayton.

On May 26, the Albuguerque Tribune told of the emergency
production of mechanical bait spreaders being started in the
highway shops of the State, under personal supervision of the
Governov and the Assistant Highway Engineer. According to the
report, it was expected that 40 spreaders would be built for use
in the northern counties of the State, The State was financing
the construction of poison spreaders from “funds from several
departments,” according to the Governor.

The Amaville Daily News, June 6, told of emergency donations
being made by individuals and husiness organizations to help fight
grasshoppers in five New Mexico counties. According to the item,
the money was needed te help “five counties hard-hit for funds to
fight the worst grasshopper plague in history.” The new funds
would assure an extension of the control work that had heen
carried cut on an emergency hasis for weeks.

Kurtz ¢(20%*) said that 190 homemade and highway spreaders
were used in Union County, that highway trucks pulled spreaders,
and that the Highway Department furmished a truck-mounted
electric welder, and operators to vepalr spreaders, including those
privatcely owned, wherever needed in the field.
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_ Following is an estimate of expenditures for the control program
in New Mexico in 1938:

Federal Government:
Bureau of Entomology and Plant Quarantine: !
Materials {cost and freight):
Bran, 1,966 tons at $21.26 per ton
Sawdust B . .
Sodium avsenite, 83,375 gal. at $0.315. . oo
Supervision {salaries, travel, expense). . .

Total
Other:
Works Tropress Administration®
Civilian Conservation Corps”
Soil Conservation Service?
Production Credit Associabion .. oo e e oo

Total it et a1 e s . 49,000
Total expenditures by Federal Government............126,660
State Governinent: .
Extension Service: * *®
Supervision (travel, clerical, exclusive of county ugents)... 7,000
Wind erosion_ funds . 29,000
State Highway Department, National Guard, and other State
agencies’® . 50,000

Total expenditures by State Government. ... ... 96,000

County Governments:? 10,496

Commercial and eivic clubs (cash) = L e 2,000
Individuals: * ?

Subseribed through citizens’ committee e 18,000

Ranchers (cash) B i

Ranchers (spreading 7,786 tons bait at $13,00 per ton)....101,218

Total expenditures by individuvals. ....... . .. .....117,995
Total expenditures from all sources.... ... . ..303,151

*Based on data in Annual Report, Bureau of Entomology and Plant
Quarantine (5%},

*Based on estimate supplied by the New Mexico Leader of Grasshopper
Cantrol.

?Based on data in the Annual Report of the New Mexico State Leader
of Grasshopper Contrel (19*%). .

Oklahoma

Specific records on the contrel of longipennis in Qklahoma in
1938 have not been found. The State leader’s report indicated
that, although adults migrated until they occurred in threatening
numbers as far eastward as Beaver County, control was under-
taken only in Cimarron County.

Dove (5%} said that heavy infestations of the first four instars,
which required control measures, were found in the Panhandle
counties. “When this species began to reach maturity during the
third week of June, baiting had reduced their numbers so that
they were of little importance. . . . General baiting was earried
out in this area with remarkable success against adults concen-
trated for egg laying.”

Stiles (75*) said: “There was practically no damage until late
in the season when longipennis flew in from some other part of the
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country. During the latter part of July and the first part of
August enormous swarms of migratory grasshoppers appeared
in Texas and Gimarron Counties and we had to begin poisoning
operations. . . . Around July 20 the fivst flights were observed
in Cimarron County. Later flights occurred almost daily and con-
tinued until September 1. . . . this species is generally distributed
throughout the Panhandle counties.”

That the infestation, important locally, was not countywide
was indicated in the July 28 issue of the Boise City News: “During
the past ten days an influx of hordes of grasshoppers along the
Coloracdo State line has created a serious situation for Cimarron,
and a poisoning campaign to stop the menace was launiched Tues-
day by County Agent W. E. Baker and landowners in the affected
area. ‘These are the same grasshoppers, Mr. Baker said, “which
have infested the county the last two years, and are known as the
long-winged migratory grasshopper. . .. only in a few places have
they collected in sufficient numbers to justity poisoning.’ ”’

) Following is an astimate of expenditures Tor the control program
in Oklahoma in 1938:

Federal Government: !
Burean of Futomolopy and Plant Quavantine:
Matervials (ecost and freight):
Byran, 14 tons at §21.26 per fom. e o e
Sawdust, 41 tons at §6.01 per ton...
Sodium avsenite, 550 gal. at $0.315 per gal...
Supervision o v e e

Total expenditures by Federal Governmentb. ... .o a1T
State Government: *
Txtension Serviee {ralarics and expenses exchmsive of county

AEentE) o e e S v e 2D0

Individuals: ®
Spreading 55 tons bait by ranchers at $15.00 per ton.. .. ... 825
Total cxpenditures from all SOUICES. .ot 1,992

"Tased on data in the Annual Grasshopper Control Report, Bureau of
Entomolegy and Plant Quarantine (4%).

*Tased on the Annual Report, Oklahoma State Leader of Grasshopper
Controel (?75%).

Texas

Control of the High Plains grasshopper in the counties of the
Texas Panhandle was organized in accordance with the under-
standing agreed to by all States with which the Federal Govern-
ment cooperated in 1938. Bait materials werve provided chiefly
by the Bureau and mixed into bait by counties, Technical super-
vision was provided by the Barveau and by the Extension Service
through the State leader. Counties had the vesponsibility of
hauling bait to distribution points, and the program outlined
velied upon ranchers and voluntecrs te scatter bait on the infested
lands.

Knowledge of the infestation expected in 1938 was gained from
the adult and egg survey conducted in the fall of 1937. At that
time the State leader wrote (659%) : ““This species has been present
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in the northwestern corner of the Texas Panhandle all season. . . .
Dallam County in the extreme northwest carvies as many as 18
egg pods per square foot over considerable areas.” In 1938, the
State leader reported (52%): “Meetings weve held with business-
men, ranchers, and farmers in the late spring to consider the
emergency facing Panhandle counties, brought on by an extremely
heavy infestation by the migratory grasshopper, Dissosteirt
longipennis.”

When eggs began hatching in early May a determined control
fight was made by individuals and community organizations.
Toward the end of the month they rvealized that control work
was not keeping abreast of grasshopper developments. Represen-
tatives from the four most heavily infested counties, Dallam,
Hartley, Moore, and Sherman, met in Dalhart, Tex., June 8 and
“selected Ted Houghton, Hartley County rancher and commis-
sioner, to head the fight.” Under My, Houghton’s leadership,
supplies of manpower and equipment were increased and greater
cooperation was obtained throughout the infested area. Land
owned by mnonresidents in an infested area was baited by the
field crews (52%). “Efforts were especially concentrated toward
controlling the infestation of longipennis before the grasshoppers
lrecame adult. . . . extremely goed cooperation was received from
individuals, local organizations, State and Fedeval agencies. Heavy
baiting for the species continned through the first part of July,
By that fime most of the bands had been destroyed and only a
few scattered individuals remained.” (5%)

Areas that had been cleared of grasshoppers by well-coordinated
baiting activities were soon reinfested by adults that flew in from
elsewhere. .

Dove (5%) said:

Following the heavy migrations from the north and nerthwest
into several Panhandle counties duving the fivst part of August,
baiting in nearly every Panhandle county increased during the latter
part of the menth.... Heavy baiting against grasshoppers concen-
trated for egg-laying and for the wotection of fall-sown wheat
continued throughoul September and much of October. Good results
were obtained and many coneentrations of I, longipennis werc
destroyed hefore egpg deposition oecurred. Adult and S surveys con-
ducted in late August, September, and October revealed that small
hanids were present in most of the Panhandle counties and also in
some additional counties to the south. Tha infestation of this species
promises to cover an area many times larger [in 19397 than during
this vear.

Nearly 700,000 acres of land were haited. Cooperation was
vastly greater than is specifically credited in official reports.
Newspaper accounts showed that 40 National Guard trucks with
drivers, 18 State HMighway trucks with drivers, and numerous
301l Conservation Service trucks and pickups, were assigned to
help 1 grasshopper control, WIPA workers manned most of the
mixing stations. Numerous counties, ranchers, and businessmen
contributed automobiles, built bait spreaders, furnished supplies,
and so forth.

Volumineous newspaper avticles gave a move vivid and realistic
account of the struggle for control than is to be found in official
reports. Three typical examples are hriefed below,
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The Amarillo Daily News, May 29, said that “Money, men and
machinery, Model T Fords . . . have been recruited in the greatest
pest war in the history of the plains.” Listed as cooperators in
the war on grasshoppers were the Federal Government, county
commissioners, Extension Service, businessmen, a1 ners, ranchers,
city officials, and individuals.

On June 11 the same paper reported on the progress of the
fight on grasshoppers in Dallam, Harfley, Sherman, and Moore
counties. The fight on that day was concentrated in west Hartley
County. It was estimated that in 2 days 250,000 pounds of poison
mash wonld be spread by the 500 men working in the campaign.
Within a few days the coordinator of the work hoped to have 300
mechanical spreaders distyibuting 300,000 pounds of mash daily.
It was estimated that between half a million and a million dollavs
worth of damage had alveady been done by the grasshoppers in the
Tour counties.

The Dalhavt Texan on July 20 reported that more grasshoppers
were flying into the Texas Panhandle from the north. One swarm
was so large it took 40 minutes to pass over the town of Stratford.

Rangeland in the Texas Panhandle was not surveyed for the
specific presence of longipennis in 1937. HMowever, in the survey ol
croplands the species was found in 7 of the Panhandle counties.
The estimate of bait needed to control grasshoppers, including
longipennis, in 1938 was 1,118 tons (65%). Since it was known
that the species had spread alaymingly and was dominant in
several counties, rangeland that year wag suvveyed after all
control operations had ceased. The survey revealed that eggs had
been deposited in 22 counties and that the total area infested
involved 4,127,000 acres. From the survey data it was estimated
that 13,428 tons of hait (64*) would be needed to control the
infestation of longipennis expected in Texas in 1939,

Following is an estimate of expendituvres for the control program
in Texas in 1938

Tederal Government: *
Burean of Euntomolopy and Plant Quarantine:

Matevials (cost and Freight): Dallars
Bran, 956 tons at $21.20 per ton.. . 20,325
Sawdost, 2,867 tons at $6.01 per . 17,231
Sodium arsenite, 38,170 gal. at $0.315 por g L 12024

Supervision (sadarics, travel, and expense) . 4,500
Total expenditures by the Federal Government....... 5,080
State Government:®
Extension Sevvice (salavies, lrvavel,
county  agents) . 1,000
Crunty Governments: **
Materials {cost and freight):
Sawdust, 1,586 tons at $6.01 mer fon. e Lo 9,532
Mixing, 4,475 tous bait at $5.00 per ton. Lo RO
Total expenditures hy County Governments..... ... ... 19,837
Individuals (spreading 3,435 tons bait alb $13.00 per ten) ' %, 44,035
Tatal expenditures from all sources.... et e 119,572

'Bused on data in Annual Grasshopper Control Report, Burcau of
of Entomolagy and Plant Quarantine (5%),

T Rased on data from the Annual Reporvt, Texas Stute Leader of Grass-
hopper Control (52%).
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Official records awvailable do not speeify or itemize materials
and services furnished in the Texas Panhandle in 1938. It is esti-
mated that 90 percent of the worl there was directed toward
control of longipennis. Calculations of expenditures, therefore,
are based on the supposition that 90 percent of the bait spread
in the 7 counties infested by this species was used in its control.

1939

Although this publication deals exclusively with the High Plains
grasshopper, the migratory grasshopper Melanoplus mexicunus
mexteanus Saus. (formerly called the lesser migratory grass-
hopper} must be mentioned hete hriefly because it had to be taken
into account in the grasshopper control program in 1939.

Grasshopper control in 1938 had fallen short of expectations
because the migratory grasshopper crawled and few from idle
or waste land where control had not been practiced to areas where
crops had been protected by baiting. The miglatory grasshopper
had been the principal injuvious species in the Great Plains as a
whole. In the northern Great Plains States, where many agencies
were organized for control as they never had bheen before, many
farmers watched helplessly as crops they had saved were de-
stroyed by grasshoppers that had migrated to their fields from
idle land and depleted range.

The migratory grasshopper alone turned the tide of a battle
almost won to partial or even complete defeat in widespread crop
areas of the northern Great Plains. Also, some range areas of the
High Plains that had been cleared of dangerous populations of
longipennis were reinfested by mexicunus adults that flew from
afar. It hecame apparent that protection of range areas in the
High Plaing in 1989 would require control of both of the
migratory species.

Clearly the control program that had been so strengthened
by Congressional action in 1938 needed further bolstering to
accomplish its goal. Farmers, ranchers, State cooperators, and
Federal personnel all feit that protection of control already
accomplished would be necessary to the functioning of a completely
successful program. Cooperators’ views, mainly m aceord on the
correction needed but divergent on how it should he accomplished,
were reasonably solidified in a proposed plan of worl {25%)
presented to all cooperators by the Chief of tha Burean, December
15, 1938. His statement was:

This program varies from that of 1938 only in miner detail .. .
cxcept that in areas where, due to spurse human populations o the
presence of large areas of public, abandoned, or reverted land, it
would he impossible for local persons to cope with the manpowey
demands to ecarry oot a succesaful program, In those areas a joint
Federal-State program is proposad which will undertake responsi-
bility for the application of bhait. .., Emphasis on Federal coopera-
tion will be pluced on crop protection .., however. .. activitios
divected against the two prineipal migratorial specics, namely,
longipennis and mexicanus, will be extended to concentration grounds
of nymphs and adults in areas where effective control ig heljoved to
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be feasible and practicable. ... Contrel operations will embody the
longipennis area comprising parts of Colorado, New_ Mexico, Ukla-
homa, and Texas and certain areas in Montana, North Laketa,
Sputh Daketa, and Wyoming known to be generally infested with
Mericunus, - ..

Subsequent developments that aflected the planning and execu-
tion of the grasshopper control program are clearly indicated in
the statement (79%) made March 6, 1933, by the Chief of the
Bureau to cooperating agencies:

The estimate for funds required o cosperate with Siates to
combat grasshoppers provided for a material expansion of the pro-
gram Chat was carried on in previous years, to provide for control of
grasshoppers on idle farm land and adjacent rangeland, for the
purpose of preventing uyrasshoppers with migratory tendencies
from later moving into erop lands, This change in Lhe program was
the cause for the material ncrease in the amount of Tunds estimated
as necessary to conbrol grasshoppers during the coming crop season.

Sinee it has become impossible {or the Depactment to carry ounl
the program originally esntemplated .. . entailing operations in the
grasshopper-control pregram, first attention will be given to the
protection of crops. This decision is fully supported when conside-
ration is given to the entire area over which prasshoppers ave
expected to oceur in outbreak numbers, und the proven benefiis in
protecting erops from Lhese pests through work done during previous
scasons. Funds allotted for grasshopper work in addition lo the
amount needed for crop protection will be used to cooperale with
States in combatling migratery species of grasshoppers, The lesser
migratory species of grasshopper, which occurs in idle farm lands
in parts of Montana, Wyoming, North and South lakota, prescals,
in our judgment, a menace grealer to crops than do migratory
grasshoppers in other seetions, Tt is proposed that requirements in
this aren will receive proportionately greater atfention thuan that
directed toward the contiol of long-winged prasshoppers in the
range areas of Colorade, New Mexico, Oklahoma, and Texas.....

Tn the conlrol of the mipratory species which oceurs in the seuth-
west plains States of Texas, New Mexico, Oklahoma, and Colorado,
first attention will be directed to contral work in the areas immed-
intely adjacent to cultivated crops. ... When conditions and resources
permit, an effort will he made to locate the egy beds in scetions of
the anrea more rvemoved from crops to delermine those cenlers
where grasshoppers oeent in such numbers as lo threaten crops by
migratisn and apply control on such sections insofar as facilities and
materials permit.

The revision of the contemplated allobments which it has been
necessary for the Department to make on the basis of the lolal sum
naw availabie is shown in the labulation which follows. If natural or
other factors intervene, adjustments will he made lo the best interests
of the work.

Federal funds appropriated, insuilicient to finance the control
program needed and planned, were exhausted by June 1 at the
peak of control operations. Congress made an additional appro-
priation June 13 as indicated by a press articie datelined “Wash-
ington, AP, June 1, 1939” which read: “Financed by an emer-
geney appropriation ol $1,750,000 the agriculture department
redoubled efforts today to check a grasshopper outbreal which
thyeatens to rival destruetive sceourges of the past. . . . The
agriculture department already has spent nearly 33 million in
control work this vear. It has distributed 175,000 tons of poison
bait and has hired thousands of workers o help tarmers spread
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it. These efforts proved insufficient and Congress, heeding appeals
of farmers, voted an additional $1,750,000. President Roosevel
signed the measure yesterday.”

This account refers to Public Resolution No. 22, 76th Congress,
entitled, “Making an additional appropriation for the contirol of
outbreaks of insect pests.”

Control plans and control work in all the cooperating States
th the longipennis area, as in formey years, used all the local and
State cooperation available (fig. 26), n addition, labor and equip-
ment provided out of Federal tunds were used to correct the
weakness in programs of formey vears {lig. 27). This assistance
permitfed baiting more complately all heavily infested arcas.
More hait coverage and buildups of nafural enemies served to
prevent major dights and reinvasion of areas already treatad,

Animportant pavt in the success of control in 1939 is attributed
to the services of special survevors who kept control SUPErvisors
advised of developments; this knowledge enabled supervisors to
keep abreast of control problems as they evolved. Two entomolo-
gists were assigned exclusively to longipennis survey, one in Colo-
rado and Kansas, the other in New Mexico, Oklahoma, and Texas.
Cooperating with control supervisors in their respective regions
they made extensive observations in the spring to determine when
eggs would hatch in specific localities ; made repeated observations
throughout the scason to determine the rate of development,
effects of natural factors, and the effects of control operations;
and gathered comprehensive data on habits and life history.
They directed and worker on the fall survey in which cgg beds
were located and marked b0 Cacilitale timely control when eggs
would hatch in 1944,

An autogiro was used Lo spread hait on certain areas in rough
terrain wheve it was impracticable to utilize zround spreaders.

Speaking of the arvea as a whole, Dove (6%} al the ¢lose of the
contigl program, said:

the long-winged migialory grasshopper hatched in beds javoelving
from one Lo thousands of acves of rangeland. In controlling this
species it was primarily necessary o loeate the hatehing prounds
and spread poisoned bail so thal the developing harvdes of young
hoppers would be destreved bofore they could reach malurity or

UN-1uEn

Fiovre 26.--Trailer meehanieal spreaders vsed by runchers in applying bait.
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Washington, D. C,, 2:31 p, m,, June 10, 1939,
Additional funds have been approved by Director of Budget for
grasshopper control. Funds will be available early next week.

Fred Cummings, M. C.

Washington, D. C., 2:52 p. m.,, June 12, 1939,

Immediate appropriation of one million seven hundred fifty thousand
dollars passed both Houses of Congress toduy for grasshopper control.
Matter now awaits President’s signature.

Alva B. Adams and Edwin €. Johnson

Washingfon, D. C,, 1:55 p. m., June 13, 1939.
President signed appropriation Tor one million seven  hundred
thousand dellars for grasshopper control.

Alva B. Adams and Edwin C. Johnson

The foregoing telegrams refer to the legislation that hecame
Public Resolution No. 22, 76th Gongress, previously referrved to.

Colorade

Realizing that for the third consecutive year Colorado faced a
fight bigger than the year hefore lo control the High Plains
grasshopper, the State leader carried on educational and organi-
zational work from midwinter until the time for control (47%}.
Meetings were held with State legislators and State officials,
county commissioners, farm organizations, commercial clubs,
business clubs, fraternal organizations, grasshopper centrol com-
mittees, and county agricultaral agents.

The Bureau established a temporary field office at Pueblo and
employed a General Superviser and six other supervisors to assist
him at strategic locations in the State. L. G. Davis, the General
Supervisor, said ($%):

Starting April 3, 1939, a series of meetings was held in counties
in the D, longipennis area with county commissioners, county leaders,
and county grasshopper contiol committecs. The purpose of those
meetings was to eoordinale the activitics of county, State and
Federal agencies and to determine the extent of participation by
cach agency. . . . In some cases it was necessary to follow up the
first meeting with a second. . . . Several educational nmeetings were
held in each eounty, These and feld demenstrations in most of the
counties weve handied by counly extension agents and by distriet
supervisors.

The 1030 scason was entirely dilferent from the 1928 season. In
1938 it was warm cnough for a day or 80 in the cavly spring so that
a part of the egps would hateh, Bat, hefore peison could be applied,
it wonld turn eold and the *hoppers would not foed but would spread
considerably. Then, after a day or s of cold weather it would turn
warm to hatch a new band and then turn cold again for a day or so,
Weather of this type malkes it very diflicult to geb carly control.
\\’uatgg.r conditions favorable to maximum contrel results prevailed
in 1939,

Farmers were first encouraged Lo eontrol *hoppers on their own land
and then to extend their elforts to adjacent land, regardless of
cwnership., Federal balt spreading was withheld until such a time
that the situation was petting beyond contrel of loeal noople. At that
time Bureau-paid crews were sent into the feld to wet the jnb done,
regardless of local participation. As soon as paid erews were placed
in the field, *hoppers were controlled whorever they were found,
regardiess of ownership of land, except in vare instances where the
owner refused to have bait spread on his land, . . . Termission was
always cbtained from owner, agent, or renter.
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Depletion of funds in early June seriously interrupted a going
program, No State funds were available to il the breech until
new Federal funds permitted full operation again. Counties and
individuals, alveady extended, could do little more, so laborers and
trucks were idled for nearly a week. The description ol the re-
sumption of work in Lincoln County, as published in the Eastern
Colorado Plainsman and Range Ledger, June 16, is illustrative
of the sitnation in all other counties in the infested avea.

All labor for mixing bait was paid for by the county, the Works
Progress Administration, or by the Bureau. The formuia followed
in preparing bait was: Millrun bran, 1 part; sawdust, 6 parts;
sodium arsenite, 2 quarts per 100 pounds of dry hait. Most
nymphal baiting had ceased by July 15. Fall baiting, directed
against adults congregated for egg-laying, was carried on in
Otero, Cheyenne, Pueblo, Lincoln, and Las Animas Counties from
the time adults began to congregate until Auvgust 25 (3% ). Scharft
(56*%) said:

Baiting on adult ‘hoppers in different areas gave greatly varying
vesalts. . . . In Lineoln and Las Animas Counties during the first
half of August the kills were good, ranging as high as ¢0% for
one baiting on some epgr beds. Theveafter kills became smaller and
by the end of August kills of less than 10% were not uncommon.
The better results in both instances during the first part of the
month were achieved in areas where the grass was short and dry.
Toward the end of the perisd, the 'hoppers moved into regions
where their natural food was green and in very good condition,
Raiting on the Otero county infestation during August achieved
about the same poor results as were found in Lincoln and Las
Animas countics during the last week of that month. The grass
there was in good condition for the whole month. It was found
that gravid females ate the poisoned bait as readily as nongravid
individuals.

in Colorado, as in other States, methods of conlrol other than
baiting had been tried and found to he impracticable, too costly,
or too slow. Public reaction to organized grasshopper control was
predominantly favorable but correspondence or newspaper articles
of a eritical nature were not uncommon.

One critic, for example, in a letter to the Denver Post, published
June 11, 1939 pronounced the government control program “a
miscrable failure.” He added that if one-tenth of the money that
had been spent on poisoning campaigns in the foregoing 5 years
had been spent on blow torches and if the torches had been
properly used “there would not be a migratory "hopper left in the
western states.” The best way to get rid of grasshoppers according
to this writer was to burn them out with the blow torch early in
the spring.

Voluminous press arvticles kept the public informed of plans,
progress, and accomplishments. Three examples ave briefed below.

The Puebio Star-Journal on April 16 reported that survey
parties had been at work for several weeks in the entire eastern
part of the State searching for grasshopper egg beds.

The Pueblo Chieftain on April 29 told how the old western
spirit of “everybody heip” would he the principal weapon in the
1939 campaign against migratory grasshoppers in eastern Colo-
rado. The district supcrvisor for the migratory grasshopper
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control program of the U. S, Bureau of Entomology and Plant
Quarantine was quoted as saying that the cooperative volunteer
effort by rvesidents of the infested areas would prove as valuable
as the bait materials being used as “ammunition.”

On May 16 the same paper reported that eastern Colorado’s
war on migratory grasshoppers was underway in each of the 13
counties where egg beds had been found. Federal experts had
reported that the hatch of grasshopper eggs would be completed
virtually at once and quick action would deal a damaging blow
to the grasshopper hordes early in the season.

Bait was applied on 2,813,018 acres of range in the longipennis
area. Bureau-paid spreading was as follows (54%)

Tous Acres
Spring baiting . 9,448 90,457
Fall baiting - 2,314 241,823

TO ot e s s 11,762 1,201,780

Ninety-five percent of the bait used in seven Colorado counties
was distributed by mechanical spreaders provided by several
cooperating agencies, as follows:

Number of spreaders provided by specifiod agoney
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At the close of the 1939 fall survey, Scharff (56*) said: “There
are six counties in Colorado that are known to have areas infested
with longipennis egg beds, namely, Otero, Lincoln, Las Animas,
Pueblo, Cheyenne, and Adams. Ninety-eight egg beds have been
found, totaling 1,910 acres. These counties have a total probable
infested area of 164,000 acres.” Some egg pods were known to
be scattered also between egy beds,

At the end of the control season Dove ¢6*) said:

The excellent results of control measures by federvally paid and
volunteer crews in the longipennis area had so reduced the numbers
of these ‘hoppers that those remaining  were becoming  widely
scattered and making: baiting impractical. The populations were 50
diminished that the light flights which cceurred were of slight impar-
tance and produced practically no damuage. Farmer baiting ceased
almost entively in the migratory eounties the first week in July and
ail federal control units were stapped on July 15, at which time no
large bands of longipennis could be found. . .. Qviposition by fowgi-
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pennis began on August 1. Baiting vontinued until about August 30,
when it ceased entirely for the scason. Very pgood results were
obtained from this late summer baiting and the potential infestavion
for 1940 was greatly reduced. Those egy beds which were deposited
in spite of the baiting program were earefully su rveved, wmarked, and
mapped. Sarcophagid pavasites and lorge hands of hawks ... in some
instances, quickly climinated the few [bands of] longipennis hoppers
remaining after the cessation of baiting activities.

Commenting on the impressive population veduction Mickle
(3*) said: "“The longipennis program was deemed extremely suc-
cessful not alone by personnel connected with the administration
of the program hut alse in the opinion of the people ciosest to the
infestations, namely, the farmers and vanchers, county extension
agents, county commissioners, and local people. 1t is true that the
coming spring will see a few areas infested with this "hopper
again but, considering the enormous area . . . infested 1n 1939,

® the 1940 infestation seems just a ‘drop in the bucket.”

The State leader (41*)} said:

The targest nutbreak of grasshoppers in the agricultural history
of the State was mef with mueh the most efficiently organized and
conducted campaign yet carried out in the State. The program of
work was conducted in the migratery arca for the first time along
the lines that the State committee had advocated for the past three
vears. The results have been most outstanding. In 1938 the survey
showed over four million acres infested with 7, longipewnis. This
season’s campaign cut this infestation down to where the 1939
survey shows a probable infestation of less than 100,000 acres.

In the longipennis area some hait was used for control of other
species of grasshoppers on croplands and against Melanoplus
mexicanus on rangeland. In the following tabulation it is estimated
that 75 percent of the Federal expenditures for voluntary control
and ninety percent of the expenditures for paid control are
chargeable to longinennis.

Following is an estimate of expenditures for the control program
in Colorado in 1939:

Federal Government:
Burceau of Entomology and Plant Quarantine: * *

Matevials {cost and freight) : Follars
Bran, 1,176 tons at $22.69 per ton.. . 206,683
Sawdust, 7,717 tons ak $5.98 per ton... oL 406,148
Sodium arsenite, 88,618 pals. at $0.2798 per gal. .. S 24,795

Purchased bait spreaders, depreciation ... I . 3,000

Purchaged trucks, depreciation * ... v o 6,700

Operation und maiitenance of purchased trucks. ... ... 40,500

Operation and maintenance of trucks lent by other
Federal ageneigs .. . oo it e e e o v e 11,2651

- Treight on equipment. . . .. . . .. 7.200

Supervision {salaries, travel, expensc) . 26,100

Headguarters exXpense ... .o . S . 2,254

Foremen, truck drivers, laborers {(wages).. . ... - .. 81,055

Abrplane operations (baiting $1.000; scouting $441%. . 1441

Total. . . e o 270,787
Works Progress Administration: ™. . . . .. .. C e GL,2GH
Total expenditures by Federal Government. .. . 432,006

. ( Remuinder of tednlntion nnd footnetes on mext page.)
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State Government:
Extension Service (salaries, travel, expense exclusive of
county agent):’ .. 5,000
County Governments (bait mixing, storage, rent, clevical) * 20,116
Individuals (spreading 4,759 tons bait by ranchers, at $7.39): '.. 35,169

Total expenditures from all sources 392,290

'Based on data from the Annual Grasshopper Control Report, Bureau
of Entomology and Plant Quarantine (7%).

*Materials calculated as 75 percent used for voluntary contrel and 90
percent for paid labor control; other items as 90 percent used for paid labor
control except hire of foremen, truck drivers, and laborevs, and airplane
operations which were charged entirely to paid lahor control.

? b-year useful life assumed.

*Based on Annual Report of the Colorade State Leuder of Grasshopper
Control (41*).

Kansas

A small amount of federally paid work was directed against
longipennis in Kansas in 1939, The State leader said (28*):
“D, longipennis laid a few eggs in southwestern Kansas in 1938
but was not a pest at any time. . . . In one county the species was
reported to bhe plentiful, but they disappeared before we could
find them. . .. It is quite evident that the species will not become
a pest in Kansas,”

A survey conducted by Federal supervisors in early May indi-
cated that dangerous infestations of grasshoppers were present
in nine counties in southwestern Kansas and that farmers were
unconcerned in contrelling them. 1n some areas longipennis
nymphs were intermingled with those of mezicanus and other
species.

A paid-labor control program was hastily organized on road-
sides and idle lands principally to prevent flights fo new areas.
The State leader reluctantly approved the program hut said at
its conclusion (28*): “There was not much manpower in the
eight-county avea. . . . This baiting protected very little crops
for there was not much in the avea to be protected. The grass-
hoppers that were in the stubble that was planted to row crops
ate up the new crops as soon as they came through the ground.
There was little to be gained, so the farmers thotght, in baiting.
The area was much too large for the farmers to undertake;
therefore, they welcomed the aid of the Federal government in
this baiting program.”

Three supervisors and 15 pickups with bait spreaders were
assigned to the program for a period of about 7 weeks. The cost
of the program, estimating that one-fourth of the bait used was
%oa contrel of the Iigh Plains grasshopper, was caleulated as

ollows:

TFederal Government: ?
Burean of Entemelogy and Plant Quarantine:

Materials {cost and freight) : Dollars
Bran, 39 tons at $22.60 per tON. e e 5
Sawdust, 118 tons at $5.98 per ton....

Sodium arsenite, 1,573 pul. at $0.2789. . . . "
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Supervision (salary, travel, cxpense) _. 375
TPruck operation and MainbenanCe. . s e 750
Total expenditures by Federal Governmenb.o e 3,165

State Government:'®
TEXERTISION BT VIO oo iremesssars o oresrirersamsssas e oo e 1 ke e s e 2 e 50
County Government (mixing 158 tons bait at $2.00 per ton) . . 474

Total expenditures from all SOUTCES . o cremrmcarno

' Based on data from Annual Grasshopper Control Report, Bureau of
Entomology and Plant Quarantine (7*).

New Mexico

Determined to make greater headway in control through added
assistance available from the Federal Government, the State
leader said (20%) that New Mexico State officials had the first of
many educational and organizational meetings in early January.
These were directed by the State leader, assisted by other Exten-
sion specialists and by county Extension agents who served as
county leaders. Assistant county leaders weve hired in counties
where grasshopper infestations were heaviest. Thomas Owen of
Clavton was appointed by the Governor as State Coordinator.
Where infestations were especially severe county coordinators
were appointed to promote locally effective action by all coopera-
tors. Salaries and expenses of the State and county coordinators
were paid out of State funds. He discussed operations as follows:

Guided by the experience of 1938, when 2§ mixing stations were
operated in the migratory area, the number in 1939 was cut to 10.
Baiting against nymphs was began April 29 and completed July 15.
Baiting was resumed to kill adults congregated for egg laying and
continued as long as concentrations persisted.

The State of New Mexico expended $51,400 from State appropria-
tions in providing mechanical spreaders, sawdust, and personnel.
On June 12, when Federal funds were exhausted, the State assumed
the entire Federal payroll on spreading crews in the ficld. This,
coming at a time when the campaign was in full swing, was an
important factor in the final success of the program. Contributions
were also made by the State Land Office, the State Highway Depart-
ment, and the Adjutant General's office. The SCS made available
three trucks for use in hauling bait and bait materials in Quay
and Curry Counties. . . . Men and trucks from the CCC were used
in hauling most of the sawdust used and loading it on cars for
shipment. Fly camps were set up in_ the mountains near sawduost
supplies for this speeific purpose. Most of the sawdust in Quay
County was unloaded from box cars and hauled Lo mixing stations
by CCC envollees and trucks. The Works Progress Administration
had charge of the entive job of mixing wrasshopper bait.

Even thouph individual ranchers were encourapred to hegin seat-
tering bait on beds as soon as hoppers hatched, ecounties organized
spreading crews on o conuunily busis, and, starting from the outer
edge of infested areas, worked toward the center. Bureau npiclups
were supplemented by light trucks hired from State funds, . . .
Assignment of territory to gpreader erews was a joint responsibility
of county leadars and Bureau supervisors. As crows advanced from
one arew to another, the farmer or rancher who had heen sclected as
contact man was placed in charge. He would contact the landowner
ahead of the arrvival of the crew and secure from him a man on
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horseback to spot the armies of hoppers ahead of the crew., When
crews had worked a considerable area, a State-employed man with a
pickup was assigned to follow up to vegpread areas where kills had
been unsatisfactory or where eggs had hatched late. Highways were
repeatedly baited to intercept migrating bands crossing them. Rail-
roads voluntarily reduced freight vates for sawdust and the C. and 8.
lent a tank car to a mixing stution when local water ran outl and,
without cost, hauled water 10 miles.

Resley described operation plans and control results
Tollows (54%):

In Union County farmers and ranchers spread hait as they saw
necd, but a definite plan was developed over the caunty as a whole
with State and Federal spreading crews working together. Twelve
crews of 5 units each weve put in operation with a definite tevritory
assigned to each, Crews were started on the outside of the infestation
and worked abreast, making a clean sweep of the infestation
as they progressed. Judging from the highly satisfactory results of
this plan, 1t is believed that it offers the best possihilities for
cleaning up a large sparsely inhabited avea.

Federal crews of five units cach were in operation as follows:

Union  Courty - .21t0 6
Harding County . o1
San  Miguel County
Guadalupe  County A |
Quay County -1
De Bacn County .

to
to

State crews were confined entirely to Union County, which was faced
with a larger infestation than all other counties combined. In this
county State-hived crews worked 1,446 spreader days. In addition,
the Tri-State project of the BAL supplied six spreading units for
use in Unjon County during the spring and early summer campaign.

Comparatively little diffeuity was encountered during the entire
campaign in securing baiting of highways, railvroads, and lands
¢wned by non-residents. In Union County, sproader units were main.
tdined by the State to bait county, state, and U. 8, roads, with
highly satisfaetory results. No great problem ever arose with infes-
tations along railroad rights-of-way. In such instances adjoining
landowners assumed the responsibiiity of baiting such areas. No
difficulty was met with in sceuring permission te bait lands owned
by non-residents. This was sometimes done by State or TFederal
crews or more often by adjoining landowners.

With the exception of several periods of time in Quay County
and Guadalupe County, baiting secured very high and satisfactory
kills. No baiting was attempted until temperatures rose ahove 70° F.
Below this point baiting secured very little results. Satisfactory
results weve obtained with bait until the temperature arose above
about 95 degrrees. Above that point ‘hoppers, even though still active
appeared to be indifferent te bait. Few negative results were ever
obtained in Union County. Days were practically all warm enough
to warvrant bait spreading, and it was mot unti] mid-July that
temperatures rose high enough to prehibit spreading crews working
ont an B-hour day with a break in the heat of the day.

In the lower, hotter altitudes of Quay and Guadalupe Counties
the reverse was true. Hatching begran Apeil 21 and many davs were
eold and cloudy encugh to prohibit spreading before noon. This
neriod having passed, temperatures rose excessively high until at
length spreading crews were started at 5:00 wm, and were stopped
usually by 10:00 am.

Hildwein (20*) said:
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Practically all bait was spread by mechanical spreaders,...50
wevre supplied by the Bureau and about 235 weve constructed by the
State Highway Department, county prasshopper committees, and
by individuals. Bait was spread on 1,072,561 acres of rangeland.

Yome results of control work in New Mexico are shown in
figure 28.

The Federal supervisor (54*) summed up the 1939 eontrol
campaign:

Everyone who has expressed himself concerning the success of
the 1859 control program has been enthusiastic over the outcome.
Por the fivst time in five years, Union County is free of migratory
range "hoppers. The outside boundaries of all known infestations
at the present do not form an area 2 pevcent as large as that
faced in the spring of 1939. A statement made by Mr. Roy Kimble,
Union County rancher who has had to fight gvasshoppers on his
ranch in 1936, 1937, 1938, and 1939, is quoted: “The situation looked
hopeless when ’hoppers began to hatch out all over my ranch this
yeatr. I was doing zll I possibly could, but without the help I got this
vear, 1 would not have had a blade of grass left by the time the
“hoppers would be grown and fly away. Ag it is, I betieve they did me
very little damage.”” BMenticn should be made of the good vesuits
obtained by baiting adults on egg beds previcus to extensive ovipe-
sition, with the end in view of not enly reducing the extent of the
infestation the following yesr, but aiso its intensity. A first-class
example of the results could be seen on the Maon Tanch in Guada-
lupe County in 1930 where extensive baiting on egg beds had been
done in the late summer of 1938. Adults had migrated into this
ranch and had destroved all prass on several square miles. Baiting
was begun and a high percent of kill was obtained before extensive
oviposition had taken place. In the spring: of 1939 two spreaders
run for a period of about ten days eliminated all that hatched,
while elsewhere in the county balting had to be continued for more
than a2 month and a half lonaer.

Interest of the press in the control campaign was expressed in
voluminous newspaper accounts. Two of these are lriefed below.

On April 5 the Clayton News reporied that 200 farmers and
stockmen had met to hear plans for this year's fight against the
grasshopper menace. A representative of the Federal Government
who had been scouting grasshopper egg beds fold the meeting
that there were about 120,000 acres of beds in approximately
2 million acres in 5 counties.

On June 14 the same paper reported the following sequence of
events: On the previous Saturday, Federal funds for killing
grasshoppers had run out. The Governor immediately authorized
fhat State funds be used to carry on the work. By Tuesday, an
appropriation bill for an additional $1,700,000 for grasshopper
contro! had been passed by Congress and signed by the President;
the measure had been sponsored in Congress by the two New
Mexico senators. 1f was expected that by Thursday or Friday
the Federal government would assume the payroll for the grass-
hopper work in New Mexico. In the meantime, the work had not
been hampered by loss of workers.

Following is an estimate of expenditures for the control program
in New Mexico in 1939:
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Federal Government: *
Bureau of Entomelogy and Plant Quarantine:

Materials {cost and freight): Dollgrs
Bran, 824 tons at $22.69 per ton - 18,697
Sodium arsenite, 57,690 gal. at $0.2789 per gal..... 16,090

Purchased bait spreaders, depreciation : 1,000

Purchased trucks, depreciation® 4,300

Operation of purchased trucks 25,800

Operation of trucks lent by other Federal agencies.,......... 1,323

Airplane operations (baiting, $300; scouting, $2,241y..c. 2,541

Freight on equipment 5,000

Supervision (salaries, travel, and EXDENSE} ot - 10,728

Headquarters expense 2,500

Foremen, truck drivers, laborers {wages) 28,148

Total 116,127

Other:
Works Progress Administration 39,215
Civilian Conservation Corps 6,600
Soil Conservation Service 1,598
Forest Service 3,708
National Park Service . 1815
Bureau Agricultural Eeconorsics 1,800

Total 54,737
Total expenditures by PFederal Government............. 170,864

SBtate Government:
Extension Service (salaries and expense exclusive
of county agents)? . 8,000
Governor’s emergency appropriation 51,400
State Land Office® 15,000
State Highway Department* 15,000
Adjutant General’s Office * 1,500

Total expenditures by State Government........ ... 85,900

Individuals: * *
Businessmen (cash contributions) . 4,850
Ranchers (spreading 4,206 tons bait at $7.39 per ton}........ 31,082

Total expenditures by individuals 35,032

Total exnenditures from all sources 262 698

*Based on data from Annual Grasshopper Control Report, Bureau of
Entomology and Plant Quarantine (7*).

*5-year useful life assumed.

*Based on Annual Report of the New Mexico State Teader of Grasshop-
per Control (20%).

* Data from records in the Governor’s office,

Oklahoma

In expectation of controlling a severe infestation of longipennis
in Oklahoma in 1989, Beaver, Cimarren, and Texas Counties
prepared by storing bait materials and readying mixing facilities.
W. E. Baker, county agent of Cimarron County wrote in the Boise
City News, March 23, 1939: “During the summer of 1938 the
greater portion of the northwest part of the county was infested
with the large migratory grasshoppers. We saw thousands of
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Tioore 28—Nymphs killed by baiting, Union County, N. Mex., 1930.

these grasshoppers depositing egus . . . at that time. . .. This past
week Mr. Roy Riter, my assistant, and myself made a personal
investigation of this area in search of grasshopper eggs and found
thent to be there by the millions. The average in the worst infested
area heing 6 pods of 10 to 50 ewgs cach to the square yard. Theve
are many, many acres in those ege beds that have this high infes-
tation. . . . This means we are going to have grasshoppers by the
multiplicd millions in this county this year. 1t also racans that the
entire county must get ready to cayey on this fight and cooperate
_ .. to combat this menace or clse we will have an infestation
sufficient to destroy practically all of our range pasture. . . ."”

Summarizing conliol activities at the close of the season, the
Federal supervisor for Oklahoma reported (44%):

Some conmmunity aclion was laken in Texas and Beaver Counties.
Weavily infesled arcas were baited vegavdless of owmnership...,
Federally paid baiting erews worked ... from May 18 until July 15.
The county agents in the three infested countles expressed their
helief that contiol weork had been uwnusvally successful when they
sajd: “The heavy infestation of grasshoppers we had this spring,
which appeared to menace afl prowing cvops [HBeaver County], has
boenn virtually wiped out. Through past experience in 1937 and
1938 . .. T know this would have been impossible had we not had the
assistance of the Bureau. . . . “The longipennis grasshopper has
heon redueed to negligible nwmbers. The damage Lo range and culli-
vated crops [Cimarron County] has been reduced to o minimum. .. 7
“Phis is the first year that Texaz Counly farmers have had the
cooperation of the Bureau. . .. with {rucks and sprewders in their
atbempt te control Lhe migralory "hepper. . . . the past spring and
sumuner's peisoning campaign has been a suecess. .. ."”
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Following is an estimate of expenditures for the contrel program
in Oklahoms in 1939:

Federal Government: ?
Bureau of Entomology and Plant Quarantine:
Materials {cost and freight):
Bran, 59 tons at $22.69 per ton
Sawdust, 358 tons at $5.98 per ton
Sodium arsenite, 4,170 gal. at $0.278% per gal.....

Purchased bait spreaders, depreciation “....w
Purchased trucks, depreciation®
Operation and maintenance of purchased trucks

Supervision (salaries, travel, expense).........
Freight on equipment
Headquarters expense
Ajrplane operations, scouting
Fovemen, truck drivers, and lahorers (wages)

Total ... . 18,088

Other:
Works Progress Administration .. 1,253

Total expenditures by Federal Government. 19,341
State Government: *
Extension Service:
Salaries and expense, exclusive of county agents.. ........ 1000
Allotment from wind erosion control funds . 5,000

Tet expenditures by State Government ... 6,000
County Governments {cash expendituves) ®... ... oo, 4,368
Individuals {spreading of 417 tons bait at $7.00 per ton) '*. . 2,919

Total expenditures from all sourees.. 32,628

'Based on data in Annuval Grasshopper Contrel Report, Bureau of
Entomology and Plant Quarantine (7¥).

? 5-year useful life assumzd.

?Based on data in Annual Report, Oklahoma State Leader of Grass-
hopper Control (76*).

Texas

Texas organized to use fully the additional Federal assistance
available for control of longipennis in 1939, Unexpected interven-
tion of natural factors materially reduced the amount of control
planned for. This is shown clearly by the fact that the bait used
was only about 10 percent of the amount that had been caleulated
as needed. The bait estimate had been 13,428 tons; the bait used
was 1,320 tons (6%).

The State leader (53*) said: ““The hoppers hatched in numbers
as anticipated. For further aiding in what was expected to be a
disastrous infestation in the Panhandle counties, interests there
attempted fo influence a State appropriation for a control cam-
paign, but withouat success. . . . Circumstances not fully undevstood
reduced the numbers of the long-winged hoppers early in the
seasen and in connection with an intensive campaign of control,
damage to crops and range was lavgely prevented. The species was
so reduced in numbers that so far as discovered by careful investi-
gation in all suspected counties [in the 1939 fall survey], no actual
egg beds of this species now exist in Texas.”




CONTROL 147

Spicer (6*) found that hatching had occurred about normally
when he reported May 21 that “heavy concentrations of nymphs of
longipennis were found in egg beds and rangeland. Nymphs num-
bering from 45 to 2,500 per square yard were observed.” Factors
effecting the marked population veduction were the influence of
predators and weather conditions that prevailed after grass-
hoppers hatched in the spring, These ave discussed specifically
under the heading, Causes of Qutbreaks and Their Subsidence,
page T4,

1t was not until after control was fully underway, immediately
after eggs had hatched, that the effects of natural factors began
to be noticeable, therefore such effects influenced the extent of
the control program only later in the season, Spicer said (73*)
that in heavily infested counties where Bureau spreading units
operated, the county grasshopper committees, ranchers, and farm-
ers arranged for commuunity action in applying bait so that
complete coverage of infested areas would be obtained. This was
true in Hartley, Moore, Hutchinson, Dallam, Oldham, and Potter
Counties (in which the principal infestatious of longipennis
occurred) where paid erews scattered balt. At the peak of the
season there were 41 Burean-owned pickups in the field, grouped
in 9 crews, The drivers and helpers on pickups and spreaders
were paid by the Texas Extension Service and by the Bureau.
The spreaders drawn by the pickups were furnished by the Bureau.

W. A. Ohls reported 6%} that “Although Sherman County was
heavily infested with lorgipennis in 1938, no outbreak occurred
there this year. During the hatehing period one small egg bed was
found, This hed was never baited as the lark bunting completely
confrolled the nymphs.”

According to Spicer, counties in many instances paid for
unloading and storing bait materials. Other county expenses
included repairing old spreaders and building new ones and hiving
the mixing station foremen. Helpers on spreader units were paid
part of the time hy the county in Hartley and Flutchinson
Counties. The Soil Conservation Serviee Turnished trucks and
drivers for unloading bait materials and hauling bait to spreadey
crews in Dallam and Moove Counties and mixing station labor for
Hartlay and Dallam Counties. The Works Progress Administration
furnished the mixing station lahor in maost of the counties where
longipennis was controlled. The Texas Extension Serviee paid the
salavies of scouts in some of the counties. The railvoads in the
north Texas Panhandle and the 8tate ighway Department baited
rights-of-way in those counties where infestations warranted it
The county control organizations arranged for baiting land owned
by nomresidents, Natural mortality of grasshoppers in certain
areas enabled supervisors to shift equipment released there to
augment control in other areas, thus accelerating completion of
the entire control campaign. An cxample of this occurred in
Hartley County where oviginally four crews wore assigned. The
assignment there of additional crews to combat the heaviest and
most extensive infestation in the State assured complete control
sooner than had at first seemed possible.
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The longipennis population, on September 10, 1939, did not
exceed one per square yard in any place and it usually was
less (6*),

At the close of control operations, John M. Landrum, general
superviser for the fhree-State area reported (6%): “The grass-
hopper control campaign in the States of Texas, New Mexico,
and Oklahoma against longipennis was most successful. At the
beginning of the year there were roughly 6,835,000 acres actually
infested in the three States. At the present time there are no
actual egg beds in either Texas or Oklahoma, and it is our belief
that there are only 12 sections infested with egy Deds in New
Mexico.” (See fig. 29.)

Panhandle newspapers diligentiy kept the public apprised of
developments and accomplishments as {ypified by two selections
briefed below.

Amarillo Daily News, March 28, reported that surveys com-
pleted the day before showed there were enough potential grass-
hoppers in panhandle counties to eat every green thing. The
coordinator of the control program in the northiwest Panhandle
in 1938 predicted the plague would be twice as severe in 1939
unless immediate steps were taken to poison the young grass-
hoppers.

The same paper on May 19 veported that the Roek Island Rail-
road was helping in the war on grasshoppers. The company had
spread poison on its right-of-way from Amarillo to Liberal, Kans.,
a distance of 153 miles. A common box car had been equipped with

BN-1043%

Ficure 22,—Dead and dying nymphs congregated along an escarpment 12
hours after bait was applied. Potter County, Tex., 1939,
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a mechanical poison spreader. The spreader distributed the poison
on one side of the track going to Liberal and on the other side
on the return trip.

Following is an estimate of expenditures for the control program
in Texas in 1932:

Federal Government: '
Bureau of Eniomology and Plant Quarantine:

Materials {Cost and freight}: Dollars
Bran, 330 tons at $22.69 per ton 7,488
Sawdust, 590 tons at $5.98 per ton 5,920
Sodium arsenite, 13,200 gal. at $0.2789 per galumnnn. 3,681

Purchased bait spreaders, depreciation’ « 500

Purchased trucks, depreciation? . 4,900

Qperation and maintenance, purchased trucks. . 24,500

Qperation and maintenance, trucks lent by other

Federal agencies ... . 209

Freight on eguipment . 3,000

Supervision {salaries, travel, expense} . 6,300

Headguarters expense 1,500

Foremen, truck drivevs, laborers [RTE 0 -1 O — _ $,176

Ajrplane operations (scouting) . 2241

Total 67,015
Other:

Works Progress Administration. 3,752

Soil Conservation Service 1,500

Total 5,253

Total expenditures by Federal Government oo 72,268

State Government: *
Extension Service:

Salaries and expense exclusive of county agemS.. . 1,000
Allotment from wind erosicn contral fondS. 10,257
Total expenditures by State Government 11,257

County Governments (Cash}’ . 11,069
Individuals (spreading of GO0 tons bait at $7.39 per ton) ... 4,484
Total expenditures from all SOUTCES s oo 94,028

' Based on Annual Grasshopper Control Report, Bureau of Entomology
and Plant Quarantine (7%,

35 year useful life assumed,

*RBased on data in Annual Report, Texas State Leader of Grasshonper
Control (53*}

19490

The fall survey provided proof of the conclusions of all field
workers that the contrel pregram in 1940 would be insignificant
in comparison with programs for 1937, 1933, and 1939, Contrasted
with the fall of 1938 when the number of egg beds was not deter-
mined but was known to be many and large, most egg beds were
definitely located and marked in the fall survey of 1939. Spain
(72*) summarized the results of the 1939 fall survey and the
portent of control in 1940 as follows:
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State I e
Avernge ° Number of | Total area Doubtiul

. Number stze | cgg pods per infested area
; i e per ,

Acres Aceres

164,000 137,700
30,000

sleres

i
i
P
1

All egg beds in New Mexico were in Quay and De Baca Counties,
sonth of the area where most of the control work in 1939 was
done. No egg beds were known to exist in Oklahoma or Texas.
Whereas the infested area in all States in the spring of 1939 was
estimated to be more than 11,000,000 acres, it was determined
that the infested area in 1949, including all guestionable localities,
would not exceed 338,700 acres,

Scouting for egg heds from an autogiro was an innovation of
the 1939 egg-bed survey. Seated in the cockpit with the pilot, an
observer scanned the rangeland for signs indicating the location
of beds. Of this, Scharff (56%) said:

in southeastern Pueblo and southwestern Otero Counties, which are
known to be infested with egg beds, we found and surveyed one new
egyr bed of about 60 acres in area which had been missed in the groundd
survey. The Pueblo County infestation is in volling praivie country
neur the foothills with clean grama grass predominating. From the
air, I was able to locate and easily distinguished known egg beds from
a distance up to five miles. The main charvacteristic. .. was the fact
that they are a much darker pray color than the survounding dry
grasslands. This gray color is evidently the result of very close
grazing by the hoppers at the time they deposited their egps, be-
cause severzl arcas, which had been grazed by sheep, were of the
same grayish hue. It was my experience that the beds boeame indjs-
tinguishable from the surrounding country as we flew over them
but were plainly visible at distances from one to three miles.

In the Otero County infestation the topography was of the same
volling character. .. but here the egy beds are situuted in an wuroa
where there is much yucea, sagebrush, and plants of a grayish
color, as well as abundant grama gross. Although I knew the exact
location and extent of several egir beds hore, 1 was unable to dis-
tinguish between them and the much more numerous areas in the
vicinity that were similar in appearance. On the ground some of
these egy beds were discernible for mere than one-fourth mile.

An autogiro was used Tor scouting in New Mexico and Texas
also. Ohls said (6*): “The autogiro proved to he of great value
in survey work. The areas surveyed consisted of large tracts of
rangelands with very few voads. . . . Areas, denuded of grass,
whete 'hoppers have concentrated on egg beds, may be spotted
from the air at distances of one-half mile or more at a height of
1,000 feet.”
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QOrganization for and the conduct of control in Colorado in 1940
followed the same pattern as for the preceding year but on a scale
proportionate to the reduced problem known to exist.

Surveys of representative egg beds in Colovado in the spring of
1040 indicated that the overall area infested by longipennis was
about the same from north to south as it had been in 1939, but
that from east to west it was only about 65 peveent as wide.
Although the infested area was very large, the actual acreage
infested with economic populations totaled only about 204,000
acres in 12 different locations. Rodent and bird activity on the
more heavily populated egg beds, since the time of the {all survey,
had reduced the number of eggs by an average of 35 percent.
The desert horned laric was the most important predator observed.
After nymphs began to appear, hatching of eggs was delayed and
prolonged by unfavorable weather. Delayed and irregular egg
hatching increased the duration and extent of control operations.
Scharff ¢37%) said: “Thronghout much of the inlested area, the
hateh was delaved as much as 2 weeks as a result of unfavorable
weather conditions. Early nymphal mortalilty . . . in some areas
resulted in complete control of the infestations. During. what
ghould have been the peak of the hateh, where normally popula-
tions of 2,000 Lo 5,000 nymphs per square yard would have been
expected, populations at any one time did not exceed 180 pev
sguare vard in most cases.”

According to records for the 1940 grasshopper survey (83%)
the geneval avea of infestation in the spring of 19410 agreed almost
exactly with the area mavked in the Tall of 1939 during adult
flights. Although additional cup beds were located at hatching
time, only two woere found that extended beyond the mavked areas.
Areas shown as questionalde tervitory in the fall survey did not
produce infestations.

Spealking of control operations in 1944, Mickle (4.2%) said: “The
ontive fongipennis area was baited veeardiess of ownership. Per-
mission to bail was ebtained in each avea, Burean-owned spreader
units and Bureau-paid men sproad the bait with the cooperation
and help of local people. . . . Crews stavted haiting in the morning
as soon as aclivily among the grasshoppers began and continued
genorally unlil ground temperatuwre approached 1007, Ovdinarily
that was belwoeen 6:00 am. and 2 p.m. During the peak of control
operations I8 mechanical spreaders were in use. About 98 percont
of all bait used was distributed by means of mechanieal spreaders.”

Ratisfactory results were obtained with a mixture of 1 part
Bran and 6 paris sawdust al the lirst of the season. As the scason
advaneed, and remaining small bands of grasshoppers congregatod
in green grass along creek bottoms, it was necessary Lo increase
the proportion of hran. In one troublesome case where the small
inTestation near Wild Horse, Chevenne County, was the last one
remaining in Lthe State, control was not obtained until a pure bran
bait was vesoried to (4.2
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Following is an estimate of expenditures for the control program
in Colorado in 1940:

Federal Government:
Bureau of Entomology and Plant Quarantine: '

Materials (cost and freight): Dollars
Bran, 69 tons at $22.67 per toma...o oo 1,564
Sawdust, 275 tons at $6.44 per ton . — 1,771
Sedium arsenite, 2,440 gal, at $0.2009 per gali . 1,001

Supervision (salaries, travel, EXPeNSe) ... o .. 4,600

Foremen, truck drivers, laborers (Wages) . e . 4,802

Purchased trucks, depreciation ... .. . e 5,000

Purchased bait spreaders, depreciation®.. . . " 300

Operation and maintenance of purchased trucks. .. 1,147,

Total -20,469
Other:

Soil Conservation Service' ? 360
Total expenditures by Federal Government... . 20,819

State Government: *

Ixtension Service (salaries and expense, exclusive

of county agents) ~ 1,000
Total expenditures from all sources..... oo, . 21,819

*Based on data in the Annual Grasshopper Control Report, Bureau of
Entomology and Plant Quarantine {82%),

*B-year useful life assumed.

*Based on Annual Report of State Supervisor of Grasshepper Control,
Bureau of Entomology and Plant Quarantine (4i2*).

Hew Mexico

Control plans and operations in New Mexico in 1940 were Keyed
to the reduced problem known to exist. The spring survey cor-
roborated the conclusion reached the preceding fall that economic
infestations were confined to only 3 limited ateas in 2 counties,
About 25,000 acres were infested in De Baca County and, to the
north about 50 miies, there was an additional infested area of
about 5,000 acres in Quay County (55%).

Hatching began in De Baca County April 11, fully 2 weeks
earlier than in recent years, and some eggs were still hatching
May 6. Had hatching not been delayed, the brief period of control,
as compared with former yeavs, would have been still shorter.
Spreader units were operated in formations of three or more be-
cause experience from previous years had proven that plan to he
the most efficient in range-control work.

“In the longipennis area only one mixing station was set up.
This was at Tucumecari and provided bait Tor the infested area in
both De Baca and Quay Counties. All costs for mixing and labor
for unloading cars at mixing stations were paid by the WPA ”—.
(21*). The proportions of bran and sawdust used wetre 1 part to
6 parts by volume,

Baiting was conducted with 4 units, from April 22 to May 10,
when 3 units were transferred to accelerate control underway in
Quay County. The remaining unit was used to scout for and
bait any small bands left. At the peak of control, 15 units were
operated in Quay County. Baiting began to taper off May 17 and
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by May 28 onjy three units were operating in the State. These
were nsed to bait numerous small bands of grasshoppers ranging
from one-half acre to several acres in size with populations of
from 10 to 200 per square yard. Baiting ceased entirely
June 25 (55%).

The State leader, at the close of the control program, said

(21%):

It is our opinion, based upon a three-year campaign in New
Mexico, that meetings held previous to the campaign for the pur-
pose of organizing the area and dividing the responsibilities are
more valuable than any other type of meeting that can be held.
The 1940 grasshopper control campaign may be considered to be a

. sliceess . . . in the area which was infested with range hoppers,
where 100 percent kill was reported. The success was due to the
value of preceding campaizns in materially reducing infested sreas,
and to the well-organized program that was launched immediately
upon the emergence of the hoppers. . . . The results secured during
the past three-vear period have proved cenclusively the value of
Bureau-paid-labor control on rangelands.

The last bait in the 1933—40 outbreak was spread June 8, 1940,
in Colorado and June 25, 1940, in New Mexica. The distinction of
wiping out the last bands of longipennis in the 1933-40 outbreak
belongs to John M, Landrum and James W, Resley in New Mexico,
and Gordon T. Mickle in Colotrada, under whose supervision the
control work was conducted. “Finis” was written then on control
operations that had continued for 4 successive years.

Following is an estimate of expenditures for the control program
in New Mexico in 1940:

Federal Goverament:
Rureau of Entomology and Plant Quarantine: *
Materials (cost and freight): Dollars

Bran, 55 tons at $22.27 per toMe . ccs e 1,226
Sawdust, 256 tons at 86,44 pey ton_... ... . .. 1,649
Sodinom avsenite, 2,815 gal. at $0.2909 per gal 819
Supervision (salarigs, travel, eXpense) ... v w4600
Purchased trucks, depreciation ® e 1,500
Operation and maintenance of purchased trueks. ... . . 4,000
Foremen, truck drivers, and laborers (wages}.... ..... 3,871
Total JRO & J1.01: .
Other:*
Soil Conservation Serviee. . o - 228
Givilian Conservation Service. .. 1,113
Works Progress Administration.. 1,280
Totalor. .. 2,621
Total expenditares by Federal Government.......... 20,285
State Government:?

Toxtension Serviee (salaries and expense exclusive
of eounty agenls) .. . e e s e oo 1,000
Tatal expenditures from all souvees.. .. ..o 21,285

"Based on data in the Annual Grasshopper Control Report, Bureau of
Entomelogy and Plant Quarantine (82*%j.

? 5-year useful life assumed.

'Rased on data in Annual Report, New Mexico State Leader of Grass-
happer Control (271*).




SUMMARY OF CONTROL ACCOMPLISHMENTS AND EXPENDITURES, 1937 TO 1940

No other insect-control undertaking in the West
had equalled—in magnitude, scope, and degree of co-
operation—that divected against the High Plains grass-
hopper during the period 1937-40.

Table 19 brings together from the foregoing section
on control the expenditures made in cach affected State
during 1937-10. Included in the tabulation are all con-
trol expenditures that were recorded, those that could
be calculated from known. facts, and those that could

be estimated. Conseivative estimates are. given for
many of the contributions.

The value of many contributions could not be in-
cluded in the tabulation because it was impossible to
calculate or estimate them. Among such contributions
are: Much of the assistance volunteered by ranchers,
agencies, and townspeople; and the cost of repair or
replacement of farmers’ and ranchers’ trucks and auto-
mobiles used to haul hait materials and to pull spread-
ers over roadless, rough terrain.

TABLE 19.—Number of acres baited and estimated expenditures for controlling the High Plains grasshopper,

1937-40, inclusive

i o b i e o e . J—,

Listimaled expenditures

Colorado:

Hoate and year

1037 oo
193800
193000 ..o

1940, .

Total ... .. ...

Acreage 1

Acres

1,134,800
2,423,664
2,013,018

(9,100
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oral

BELPQ

Dollurs

88,033
[REROE
270,737

20,469

Other

State

Counties

Individuals

Total

Dollars
73,737

61,269
350

141,783

Dollurs

162,182
5,118
5,000
1,000

Dollars

10,000
85,591
20,115

0

Dollars

41,931
131,420
35,169
0

Dollars

345.883
508,525
392,290

21,819
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1,208,517
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Kansas:
080 16,185 3,155 0 50 474 0 3,679
NC\V i\'[CXiCO: R
1937 .. . . 339,000 9,780 4,240 13,128 813 5,026 32,977
19380 T v 62resT 77,660 49000 96000 10,496 119,995 353151
19390 T T 107205610 116,127 54,737 85,900 0 35,032 202696
1940, 97 1000 17,664 2,621 1,000 0 0 21285
Total... . .t 3,006,448 291,231 110,598 196,028 11,300 160,953 700,119
Ok]ﬂhol‘.]ﬂ: R B
1938... . T 11,000 017 0 250 0 825 1,092
1930, . * 701425 18,088 [,253 6,000 4,368 2,919 32628
Total.. . . L 81,425 19,005 | 1,253 6,250 4,368 3,744 34,620
. T e
1088 oo o 687,000 54,080 0 1,000 19,837 44,655 119,572
1030 CITTTTT T T T 935,873 67.015 5,255 11,257 11,069 A 434 99028
TOtAle oo e e e | 922,873 121,005 5,253 12,257 30,906 49,089 218,600
Grand Totaloe . oo oe s oo 10,627,313 $58.33% | 804,243 | 387,885 | 102,763 422,306 |  2,225.535

I'Data taken from annual reporls of grasshopper control, Bureau of Entomology aud Plant Quarantine (&%, 7%, 47*, 88*).
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mimeo., March 6.

{80*} SwENK, M. H,
1936, REPORT OF THE RESOLUTIONS COMMITTEE OF THE STATHE OFFICIALS
CONCERNED WITH [NSECT CONTROL OPERATIONS, Mimep.,, Omaha,
Nebx., Dec. 5.

{81*) UNireDd STATES DEPARTMENT OF AGRICULTURE,
SPECIMENS OF DISSCOSTEIRA LONGIPENNIS IN TilB INSECT COLLEC-
Tigw. U. 8. Dept. Agr, Agr. Res. Serv., Ent. Res. Div,, Lab,, Boze-
man, Mont.

{82%)} WAKELAND, CLAUDE
1940, ANNUAL REPORT, GRASSHOPPER AND MORMON CRICKET GONTROL.
U. 8. Dept. Agy, Bur. Ent. and Plant Quar., Div. Dom. Plant
Quar., Grasshopper Cont. Proj.

(83*)

1940 RECORDS FOR CRASSHOPPER SURVEY IN 1940, ORIGINAL FIELD

NQTES. U. S. Dept. Agr.,, Bur. Ent. and Plant Quar, Div. Dom.
Pilant Quar., Grasshopper Cont. Proj.

{B4%y
1941. RECORDS FOR GRASSHOPPER SURVEY, 1841, U. 8. Dept. Agr.,

Bur. Ent. and Plant Quar., Div. Dom. Plant Quar., Grasshopper
Cont. Proj.

(85%)
1948. RECORDS FOR GRASSHOPPER SURVEY IN 19.48. U. §. Dept. Agr,
Bur. Ent. and Plant Guar,, Div. Grasshopper Cont.

(86%}

1950. RECORDS OF GRASSHOPPER SURVEY For 1950, LU, 8. Dept. Agr,
Bur. Ent. and Plant Quar., Div. Grasshopper Cont,

{87%) WevyL, VAL E.
1951, LETTER TO C. WAKELAND, AUGUST 2, 1851, VERIFYING COLLECTING
DISSOSTEIRA LONGIPENXNIS IN SOUTH DAKOTA.
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