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1 PREFACE 

Assembled in this publication .are all the important facts we 
know about tht: High Plains grasshopper (Dissosteirc/' lonai1Jennis 
(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 been unavailable except to those 
who seal'chec1 diligently and at length. Published records of the 
species are ',c luminous but scattel'ec1 and sketchy. Many of the 
useful facts, particularly 011 control operations, have beenrecordec1 
in unpublished official records 01' in newspaper stories published 
locally during outbreaks. 

This publication is intended to serve six major purposes: 
First. it traces the transformation in economic status of an 

insect species. The High Plains grasshopper, long considered as 
being nonmigratory and inJurious only to smaJl areas of range 
grass, became strongly migratol'yand seriously damaged range 
grasses and crops over an extensive region. 

Second. it demonstrates the latent danger of the High Plains 
grasshopppr. Since IOI1[jipC'nnis is economically important only at 
intenals, the public and some entomologists forget it or discount 
it between outbreak.,. 

Under the infiuett:e of a combination of favoring circumstances, 
the High Plains gradshopper could again increase with astounding 
rapidity into major outbreak proportions-if sig-ns of iis resurg
ence are unlloticed or ignored. The possible cost of sl'ch 11egligence 
may be estimated from results of the most recent outbreak-that 
of 1933-40. That outbreak had a calamitous effect on the agricul
tural economy of fh'e States, clemoralized the business life of towns 
in the infesteel areas, and interfered with the conduct of ,regular 
governmental functions of the St:1.tes ancl counties involyec1. 

Thil'cl, it describes the nature of this insect enemy-its biology, 
distribution, range, ane! habitat-ane! cleenes geographical, topo
graphical, and climatic: factors that limit or favor increase and 
dissemination. 

Fourth, it shows the inf'luen<';f' oJ natural enemies of lonai]Jrmnis. 
Fifth, it incluciPs information that will help in the control of 

the grasshopper both during and beb\reen outbreaks. 
Since the habitat of l()ngi}JC!nnis is a companlti\'ely small area, it 

is prm.:ticable to find population concentrations when they hegin to 
:[o1'm and to eliminate the grasshoppers at nominal cost. Injurious 
infestations cannot clewlop;i' population l1ucleiare cl0stroyed. 

Should hU'ge-scale contrlll operations again become necessary, 
facts to form ~l reliable basis for planning and conducting such 
operations can be gleaned :from records of experience of ranchers 
and State and Federal agencies in control of the species during 
the years 19B7 to 194()' 
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Sixth. this compilation reveals the many gaps in our scientific 

knowledge of this grasshopper and discloses realms in which 
further resea:!."ch is needed. 

Aeknowledgments: Many persons furnished or vedfied infor
mation used in this publkation. Theil' assistance is gratefully 
acknowledged. Among these are entomologists, State officials, 
ne,yspaper editors, and curators of insect collections . 
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THE HIGH PLAI€; hJ1~~~OrrelL 


INTROD UeTi ON 

The High Plains grasshopper1 inhabits only the High Plains of 
the United States. 'lilithin that geographical region it has reached 
outbreak proportions 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 fe,v small, short-lived outbreaks 
aroused apprehension that the species might become migratory 
and destructive. This apprehension was justified by the behavior 
of longipennis during the widespread outbreak of 1933-40. 

In the outbreak of 1933-40 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 complete destruction. 
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-birds, weather, 
animal and insect predators, and insect parasites-had checked 
the outbreak. The cost of control operations during this outbreak 
was approximately 2%. million dollars. 

There have been no longipennis outbreaks since 1940. From 
1940 until 1951, when abnormally ,vet weather in the High Plains 
was probably the main deterrent to population increase, survey 
revealed the presence rarely of only sin oJe 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 eggs 
were laid in the fall on land owned by a rancher who remembered 
the devastation wrought by the last outbreak. He plo\ved under 
known small egg beds, ~o controlled the main infestation. Range 
land in the southern part of Union County was sprayed in 1.956 
to control range species (me of which was the IUgh Plains grass
h 1)])er. After the control season, however, live adults were found 
wid,·)v scattered outside o.!' the controlled area so the infested area 
was t,:l'gel' in 1956 than it was in 1955. Doubtless the expected 
increase did not materialize durh1g the four drought years 
(19Gl-54) because the species was so nearly extinct that a 
population buildup began very slowly . 

1 Dir;sosLe'i'l'r,J, lvngipennis (Thomas). 

1 



2 THE HIGH PLAINS GRASSHOPPER 

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 J).ot be found in 
the sprayed area but neither could many dead ones. However, 
dead grasshoppers of that species were found on distant Ul1
sprayed land, so it was assumed that adults had taken ,ving 
after they 'were sprayed and had died elsewhere. After con
trol operations 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 sprayed that 
year. 

Another major outbreak need not. occur. When concentrations 
of grasshoppers mark the beginning of longi1Jenm's outbreaks, 
control can be accomplislled at a fraction of the cost that would 
be required if the opportune time were neglected. The key to 
prevention of outbreaks is watchfulness in the form of 'Ivell
organized surveys made annually and prompt control action to 
stamp out small concentrations of grasshoppers when they are 
found. 

ECONOMIC EFFfCT 

The High Plains grasshopper was fol' many years considered to 
be only a range-grass feeder. Even when it reached outbreak 
proportions in Lincoln County. Colo., in 1891, it was not looked 
upon by competent entomologists as a potential enemy of planted 
crops. When Bruner (J J)2 hwestigated the Colorado outbreak he 
said (p. 19) : 

This insect ... covC'l'ed an area of about 400 square miles of 
territory in suificient numbers to matel'ially injure the grasses 
gl'owing 011 the ranges ()f the e'"!til'e region, and amongst these 
grasses the s]wcies of Boule/oua 01' Gl'amma g"l'asses. and the Ruf
faloGrass, Bu.chloii clcwtylo-ides. Grains and other cultivated plants 
did not appeal' to be especially attractive to it. In fact very little OJ' 
no injury was done by it to ihe cultivatC'cl CI'OpS growing within the 
region infested.... 

Popenoe visited the same infestation that year, and an abstract 
of his report to the Association of EconomIc Entomologists stated 
(68, 1). .4,1) that grasshoppers "traveled over bluffs and rounded 
hills, eating the buffalo and gr<:1l11ma grass," and that "Th~y are 
credited with all the destruction \vhieh has been clone by all kinds 
of insects, and he [Popenoe] thinks that they did but very little 

, Italic lHllnbel's in parentheses refer to Bibliography, ,pp. 156 to 168. If the 
nUl11bel' il'i followed by an astel'isk, t.he I'cJel'ence is to the Jist of typewritten 
reports, insect collectiO)lS, correspondence, and manuscripts, p.1G3; a number 
without an asterisk refers to the I ist of publications, p. 156. 

e. 
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ECONOMIC EFFECT 

damage to potatoes and corn, although marching through the 
fields in great numbers. At the time of his \-isit they were march
ing through wheat fields in the same way, but since he left they 
have done some damage to this crop." 

Bruner (19, 1). 38) continued to study the species, and after 5 
more years had elapsed expressed alarm that it might be accom
modating itself to feed upon a wieler variety of plants. He said: 

The only remaining species of locust that was found by me to be 
harmful this year is DissosteinL longipeanis; and from the fact that 
it actually attacked a number of cultivated plaJlts 110t heretofore 
reported as being in its bill of fare, we may be pardoned if we are 
somewhat apPl'ehensiYe concerning it as to the future. It actually 
destroyed entire fields of !'mal! g'rain, some corn, l)otatoes, and a 
number of garden plants in the yicinity of Lodge Pole and Sidney 
... Although it still seems to prefer the grama and othel: short 
g-rasses of the ]llains, the fact that it has destroyed the above-named 
cultjyated plants would indicate that it is capable of harm when 
opportunities for so doing are off('1'etl. 

Smith (87, 1). 6) in 1913 foul1Cl that in Ne\\' Mexico, althongh 
the High Plains grasshopper preferred the shol't grasses, it readily 
fed upon many cultiyatec1 crops: 

Fields of maize, kafir corn, and millet wC're cO!l1pletely devastated. 
Millet is in all instances a most desirable food plant. Ml'. Hobson, of 
Elida, informed the writer that he noted the g'l'asshoppers massing 
in [) acres of miJlC't on his farm, and in lpss than :30 minutes every 
plant had been eaten to the grolmd. SOl'g'hum is frd upon to a slight 
extent, but is f'eldom disturbed if other more desirable food plants 
are readily available. 

Truck crops in the infeslC'd al'ea were entirC'ly defoliated ... 

In the first l'ecord of the species where control was undertaken 
in 1921, Corkins (28, 1). 37) spo](e of the damage to cultivated 
crops: 

'While on the march, nymphs, pa::sing through nath'e vegetation, 
'would clean up Geama and Rufi'alo-grass as they WC'J1t, leaving only 
weeds. Corn, beans, cane and sudan-gTass were the ])rinciJ)al culti
vated crops in this region, and all were attacked. Sometimes when 
a .field of corn was encountered, for some unknown reason, the army 
of nymphs would split and )!o around it, At othel' times tJwy would 
go di t'C'ctly through, partially or totally destroyjng' the plant~. 

Little information is available cOl1cel'l1ing the effect of the High 
Plains grasshopper on cultivated crops in the early part of the 
buildnp of the 1.933-1.0 outhreak. McCampbell (;3f;*) reported: 

My own observations during' 10:l4. and 10:35 are that nymphs mar 
feed on almost any cultivated (']'ops theJT pncountpl'. :Migruting 
adults strong']Y' }lrefer nath-e grassC's but h,\\'e been found velT 
destructive to fall whpat and f('Pcling" to a limited extpnt 011 the J1eacls 
of maize. A few cases oj' surlan being' destroyed are rcported in Baca 
and Las Animas Counties ill southern ColOl'ado in In:w. 

McCampbell (:58*) recorded loss or c1amag'e :from the High 
Plains grasshopper in Colorado in ] 9;W as follows: 

More than 2,500 aCJ'ps of ('rops hal'l~ hepn s(,ycrely jnjul'C'd, (OtC'l'O 
County) ... Most of the g-rasshoppel's that WCl'P not kilJecl in this 
county haw, I (·ft .... More than :30,000 acres of crops have been 
se\·(·rely <lamagpd. (Baca County) Losses inC'ludC' about. 10,000 acl'(>s 
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of crOl?s completely destroyed and. 3,000 acres damaged. (Las 
Animas County) Migratory hoppers are doing much damage to 
crops Jlear 'Walsenburg, Rattle Snake Buttes, Turkey Ridge, and 
Turner.... Crops l1aye been seriously damaged in a fourth of the 
county. (Huerfano County) ... A band of D. longipennis flew 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 sell 
his entire herd of 500 cattle. 

F. A. Morton (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 marching bands with the exception of those 
ranches that are being protected by baiting' operations. Crops of all 
kinds were less than 4 inches high and were cleaned to the ground 
wherever bands crossed. Known forced sales of livestock were as 
follows: 

l~J'ank Smith, sold 700 cattle-entire herd. 

Les JUl'gen, moved 1.000 cattle-entire herd. 

R. W. 1IlcAlIisler, sold 250 cattle-entire herd. 

Tom McCullen, sold 200 cattle-entire herd. 

At. Barndale, sold 250 cattle-entire herd. 

Patterson and Scolt, sold 200 cattle-entire herd. 

B. F. Ross, sold 250 cattle-elltire herd. 

Mr. Lochdahl, sold 150 cattle-entire herd. 

'Weston Properties, sold 1,000 cattle-moved 1,000. 

George Shalfe,', sold 600 cattle-<>ne-half of herd. 

Alec Matheson. sold 3,000 sheep. 

Brett Gray. sold 01' 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 
(1938). It was necessary for a number of farmers to replant their 
crops two and three times, especially where sudan grass and mille!; 
were planted. For the most part, the 'hopnel's confined their feeding 
to range land which was composed mostly of blue grarna grass; 
however, where they did strike a field of good 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 grasshoppers .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 been 
destroyed. Many farmers have cut small g'l~ain while it was green to 
save as much of it as possible. 

McCampbell (40*) reported other losses in Colomdo 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 erops severely 
damaged. Baca County: More than 30,000 acres of crops severely 
damaged. Las Animas County: Close to 10,000 acres of young 
crops desb:oyed. Kiowa County: 300 sections of grasslands and 
500 acres of crops damaged. Cheyenne County: In ~~ days, grass
hoppers devoured the grass covering on 4 sections of land. 

There are few records of specific losses of cultivated crops 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

e

e 

e 

e 



ECONOMIC EFFECT •• 5 

tically all crops ,vere seriously injul:ed or destroyed when dense 
bands of this grasshopper migrated jnto them. It has been evident 
from the data studied that, although alfalfa has been invaded 
many times by longipennis, it has rarely been fed upon and then 
not seriously damaged. Reports of the grasshoppers feeding on 
many grasses or weeds are so numerous that tl-lere appears to be 
no object in listing the species of plants attacked. There is no 
doubt that longi1)(mnis 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: "lVIorphological1y, mandibles are 
definitely correlated with food" .." "Food specificity appears to 
offer tangible clews toward a better understanding of grasshopper 
communities and the interrelationships between ... Ol'thoptera 
and plants." "It should be 0\'ident that food specificity research 
wi11 contribute to further progress in working out the control of 
pest hoppers." The species of the Oedjpodinae ·which he studied 
for mandibular structu 1'e and which he tested for food preference, 
he grouped on similarity of mandible models. These he found to 

• 


• 


n~... J\l44 

• 
FIGURE l.-Blue grama-buffalo g'J'aSb l'ange in Yuma County, Colo., If):)!), 

pl'otected from grazing. 
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• 
BN~1943 

FlGTJRg 2.-Range in eastern Colorado before being fed upon by lon,qilJennis, 
]939. (Photo by Colorado State University.) 

• 

nN-1D42 

FJGlJRE 3.-Appearance of range in castem Colorado soon after it was 
invaded by {ml[}ipemlis, In:~n. (Photo by Colorado State University.) • 
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ECONOMIC EFFECT 

parallel feeding behavior. He concluded that mandibles of the 
Oedipodinae are of tln'ee patterns: grass-feeder, forbs-feeder, and 
mixed-feeder, and that longipennis is a grass feeder while carolina 
is a mixed feeder. Although longi1Jennis definitely is primarily a 
grass feeder, judged by the number of times it is ]\110\\"11 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, 
p. 3) said of the 1913 outbreak in New Mexico, "this species ex
tended over 400 to 500 square miles, the prairie grasses, grain, 
and garden crops within this area being in great part devastated." 
Corkins (28) estimated the potential acreage of crops saved by 
the control program in 1921 at 80,6,10 acres. 

Henry medso, interviewed at his ranch in 1952, told how 
adult grasshoppers fle\\' onto his rangeland in EI Paso County, 
Colo., in the fall of 1937, destroyed all forage on al:;out 5 of the 20 
sections he held, and severely reduced the forage on an additional 
5 sections. He had to 1inc1 other range and buy 100 tons of hay 
to replace the forage destroyed on his \\"inter range. He moved 
his cattle to range in Cro\\"ley and Otero Counties in 1938 only 
to have the forage for winter feed again destroyed; he was forced 
to spend $7,500 for hay to carry his stock through the winter. 
This loss was exclusive of his cost for locating grasshopper bands 
and hauling and distributing bait to protect some of his winter 
range. 

Spain 	(71 *) saiel that in Briscoe County, Tex., in 1939: 
... part of a band of longi7Jenni:; had migrated from a pasture into 
green \vheat just heading; out. An estimated 99 percent control had 
been attained in both wheat and pastUle although it took three appli 
cations of bait in the wheat to get the same percent kill in the 
pasture with one spreading. 10 percent of the leaves and 2 percent 
of the wheat heads were stripped aJld cut off. 

In Baca County, Colo., 1939, Scharff (56*) reported: 
On the Bl'ooks Brinkley ranch ... is an egg bed of 20 acres, situ" 

ated on level disced cropland, part of which is planted to wheat, now 
6 inches high. Two acres of the e!!:14 bed extend into the wheat.... 
The hatch was estill1at'~cl as liD perc'ent complete ... and in the 
wheat, GO per square yard, all first instal'.... There was consider
able evidence of feeding ha\'ing been done on the wheat. 

In Colorado in 1939, Davis and IVIic1de (J*) concluded: 

'Practically all destruction by lun{lipelllliH 'hoppers was to the 
grasses of the native j)l'airie. I-If)w('veJ', in SOJ11~ cases, they migrated 
into grain crops and accounted forconsid<'rable damage to those 
crops. 

T. 	R. Hlipper (41*) in 19:39 said: 

Crop injury was fil'St noticed on early plantings of sp!'ing' wheat, 
winter wheat, and badey. Due io the lack of attractive plants Oll the 
margins of fence rows the 'hoppers quickly marched into the fields 
... in search of food .. , . In OIlE' ca!ie lJ. lOl1[fipennis hatched with.in 
a field ]Jlanted to wheat and as the tender shoots appeared the fil'st-, 
second- and third-instal' nymphs cut tht'm down .... Incidentally, D. 
lon[fip<'lIll'i.'l did not SN'/ll to c!p\'elolJ at the normal J'ate on a diet of 
wheat; buffalo gTass \\'a sSllperiOl' ill this j'espect . 
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Many specific reports or e..;timates of damage caused by D. 

longi1Jennis appeared in items in ne"vspapers in the infested areas 

during outbreaks. Four such items are briefed below. 


The Mountain and Plain 'Veekly, Denver, Colo., 01> July 20, 

1937, reported that eastern Colorado stockmen were moving cattle 

to market because the grasshoppers haclleft nothing for the cattle 

to eat. The grasshoppers were forcing the sale of breeding stock 

as well as of market beef. In Lincoln Connty, it was reported, 

1,000 head of cattle had already been sold. In Kit Carson County 

lL',OOO acres of green barley and 5,000 acres of other crops had 

bf~en 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 Panhandle of Texas, particularly in the northwest tier of 

counties. The grasshoppers at that time were beginning to march 

in ranch sections of Dal1am 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.-Cr02J and mnge {JI'ClSS losses f/'Oln Dissosteira ]ongipennis 

and C1'OpS nnd ntn.(Je sewed by contJ'ol, as estinwted from data 

contpiled jl'01n all authentic SOUTces 1 


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

('rops Bange 

State and -----.------- 

year 
Lo~~ 2 SavC'd by Saved hy


control 3 control 

- .. --... ------- -----1 

COlo~g~g~ __________ .... _____ . _. ____ )__ .. _______ J 
J 0,000 acr('s : 

destroyed, !HJ37_____ _ 22,H I X tWJ'ps S:{7,-I:{J ! 8211,440 . 500,000 
CltlJlla~{'d. i 


J!);{S_ .. _ . S~~.liI7 S·I,i] ,:j.!G 8304,'J20 I S!J0·J,500

J!Ja!L.. ~jj~ld i:lIight 
 •Xl'w:\]('xi('o; 
JU;~'L 81j02 :iil3,000SJJR.081 5804,!J04
I!)·JO XOl1l' Xone , 

I-----~------

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

'Althollgh lonfjipCIll1i8 was present in Colol'ado, Kansas, New Mexico, Okla
homa, and rrexa's for sel'(,J'al years, no data are available on losses 01' savings 
for years and States other than those shown in this table. 

, 'Vhere .a figure is given for loss it was deriyed as follows: Losses 'were 
totaled in all ('ounti('s in the infested areas for all crops except alfalfa, 
sugar beets, truck ('rops, and llative hay; 10 percent of this total was 
estimated to be the loss caused by IOllfJipennis. This is considered a l'easonable 
and conservative estimate, since all such crops were attacked by the species
and often destroyed by them. 

, Each figure for crops saved by control was derived as follows: All crops 
han'estpd in the infested area (except alfalfa, sugar beets, truck crops, and 
native hay) wpre totaled; ] 0 pC'I'('cnt of this total was estimated to be the 
amoll nt saved by control. 

Source: Based 011 data from McCampbell (85*, 1,0*), Mickle (1,2*), 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 
marching on to threaten everything green in their way. 

In June 1939 the Amarillo Daily News reported that damage 
estimated to be between $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 march~d over the range or invaded it by flight. From 
1936 to 1940, 10,927,313 acres were baited to control the species. 
An extremely conservative estimate therefore is that, without 
control, about 10,000,000 acres of g!.·ass 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 by baiting 
they would have destroyed grass greatly in excess of the acreage 
baited. 

When drought and severe grasshopper damage occur simul
taneously 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-control program. Losses, and savings resulting from 
control, are listed in table 1. 

POLITICAL EFFECT 

• 
Inj urious outbreaks and the human pattern of action to combat 

them are similar for many species of grasshoppers. Light infesta
tions generally are ignored as long as they do not cause easily 
detected damage to farm or range crops. When a major outbreak 
occurs, vegetation is attacked over such a widespread area that 
control by individuals is hopelessly impracticable or prohibitively 
costly. The economit: effect of an outbreak 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 outbreaks 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 occur in about the same 
sequence. This sequence and the political impact of an outbreak 
of the High Plains grasshopper are illustrated by a few case 
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 hlVasiol1s they dW 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 outbreak originated from a tremendous swarm of adults 
flying from some unknown point to the nor\'h. These settled in the 
outlying districts of Elida, N. Mex., during the latter part of 
August and early S-:ptember. 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 shop. 
The following morning several bushels of dead grasshoppers were 
heaped on the sidewalk. 

The breeding ground!' on which these swarms settled to deposit 
their eggs were in most part in g chain of sandhills running from 
about 8 to 10 miles northwest to southwest of Elida.... 

On May 4, 1913 ... 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 Mr. 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 tiny hoppers." 

On May 6 ... Mr. Bruce Man;h noted the tiny grasshoppers issu
ing from the sand in an area nearly 1 mile square, "the ground ovel" 
this area appearing like a living mass of crawling mag'gots." 

At about the same time the cowboys on the Littlefield ranch ... 
noted the sand moving up and dowl1 over a great area. \~rhen 
examined they found "countless millions of tiny hoppers crawling 
to the surface." 

Faced abruptly with complete range devastation by a full-fledged 
outbreak, 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 grasshopper plague has come to our country and they are here 
by the billion. Just south and west of town and we want you to send 
someone here at once in an endeavor to eradicate them befol'e they 
destroy the whole agricultural crops. act 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 Entomology 
instructed to proceed from Roswell to Elida at once to investigate
grasshopper situation. 

Houston. 

The representative referred to undoubtedly y- A. G. Hammar 
who was stationed in Roswell, N. Mex., for t May 25 A. L. 
Quaintance, of the Bureau of Entomology, received from this field 
assistant a telegram reading: 

Hoppers at Elida of migratory habit. Originated from swarm that 

e.: 


• 


e 

settled this part of country last fall. Are all g-razing. Country very 
sparsely settled of which over 100 square miles are infested. Have • 
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POLITICAL EFFECT 

advised movinG of stock from infested section. Hoppel's migrating 
now due northe~st and ha.ve pl'ogrcsscd 10 miles in three weeks. 

A. G. Hammar 
Elida, N. Mex. 

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

Will you please get some immediate action from the Department of 
Agriculture on matter of a.ssistance to local man in endeavor to 
cOlltrol immense swarm migratol'Y gTasshoppel's extending between 
Elida and Kenna, moving northeast Portales Valley and Santa Fe 
railroad now active with men and moncy. Have Department of 
Agriculture refer to W11'e a11d report their local man Hammal·. These 
hoppcrs constitute considerable menace to eastern States. 

A. A. Rogers 
Roswell, N. lVlex. 

E. O. G. Kelly was then in charge of a Bureau of Entomology 
field station at \Vellington, Kans. 

In the chronological sequence of even.ts "rc deduce that the 
problem of the New Mexico grasshopper outbreak was then 
refel'l'ecl to F. IV1:. 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. O. G. Kelly 

Wellington, Kans. 

Smith detailed New Mexico, see Postmastel' Rankin at Elida. 


·Webstel'. 

Mr. Kelly Wl'ote Webster June 2: 
Your telcgram of today has just been received. Smith has started 
to New Mexico, will be in Amarillo today for consultation with the 
A. T. and S. F. freight agent and will go right on to Elida to
morrow.... 

Yours vcry tl'uly, 
E. O. G. Kelly. 

M1". Webster wrote Kelly, June 2: 
1 cCl'tainiy hope that :VIr. Smith will make good in manap;ing: the 
gl'asShoppel' outbl'cak.... I have a telcgram fl'om him saving' that 
h(' is leaving Amarillo today in company with the Santa Fe'Railroad 
expcrt. 

Publicjt~r on the outbreak apparently made the local papers first 
on May 30, 19l3, when the Clovis J ollrnal reported that an invad
ing army of grasshoppers had been seen "down the line south." 
The "advancing column" ,,'as reported to be 5 miles deep <md 
nearly 20 miles wide; it was mO\'ing northeastwardly, directly 
toward Clovis. 

Shortly after th is first report, the outbreak made headlines 
through a release by the T)epartment of Ag:riculture. In the USDA 
release, F. M. Webstel' of· the Bureau of Entomology said that 
"this looks like a grasshopper year." The release said further that 
the U. S. Department of AgriculturE' regarded the New Mexico 
outbreak so seriously that an expert ill the Division of Cereal and 
Forage Insect Investigations had been ordered to the scene of the 
trouble. 
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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: "Because of the sparsely settled 
nature of the country infested with longi1Jennis and the low 
productivity of the land, outside aid will be necessary both in the 
form of poison bait and supervisional help. The success of our 1934 
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, Mormon crickets, and other insects • 
similarly subject to intel·state migratory mo\'ements. The amollnt 
appropriated under the bill \,'as %2 mUlion. McCampbell (38*) 
said: "The appropriation was all spent early 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 1\·om grasshoppers would 
certainly have been much lo\\'er if adequate funds had been 
provided earfier in the season." 

The Governor of Colorado was besieged 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 Eastern Colorado Plainsman 
and l{ange Ledger. 

The newspaper report, briefed below, reveals the seriousness of 
the economic effects of the outbreak and its political significance. 

According to the report, the Governor visited the fields near 
Hug-a where grasshoppers \\"pre feeding and observed the damage. •He talked to the county ag-Pllt and was informed that poisoning 
crews, which had been woddng" for a week spreading poison in 
the \'icinit~y, could not fight the grasshopp~\rs by themseh'es. "It's 
a superhuman task for a vast army of \\'orkers," said the agent. 
The Govel"J1or then called out til(' National Guard to help in the 
fight and appealed to the WPA fOl' a blankE't project. 

On July 13, 19=37, the Dem·er Post pulllished a news item COIl
cel·ning State assistance: "One hunch·eel and thirt.\--six: [National 
Guard] trucks were sent into southeastern Colorado about 2 weeks 
ago and have been fighting the plague there from heaclquarh'rs
ill Colorado Springs." 

Aroused by the economic and politieal (,(reds of the H)=37 out
break, Governor Teller Ammolls, on February ~:), :I 9:38, outlined 
his view of the problem that year in a memoranclum to F .. A. 
Anderson, director of the Colorado Extension Service. J~x:cerpb:; 
from the memorandum (,',,0"') emphasize how a grasshopper out
break influences political action: • 
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The destruction of CL'OPS by insect pests is one of the greatest 
hazards constantly confronting farmers of eastern Colorado and is 
of more serioils consequence e\"en than the failure to produce crops 
because of serious drought, as h~s been our experience in varying 
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 Taylor, John A. Martin, Lawrence Lewis and Fred Cum
mings, comprising Colorado's delegatitm to Congress, this year as 
last, initiated an early effort 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 $2,000,000 for the control of grass
hoppers and other insect pests. This resolution was approved by 
the House of Representatives on February 17, and received favorable 
considenltion by the Senate Appropriations Committee 'with the 
prospect of its early passage by the Senate, as reported in a telegram 
receh'ed on F(~bruary 18 from Senator Adams. 

Seyel'al weeks undoubtedly would have elapsed in making Federal 
funds available had the appropriation been permitted to remain 
with the hundreds of other items in the regular agricultUJ:al appro
priation bill now in Congress. We are, therefore, indebted to our 
Senators alld Congl'eSSll)en for their aggrc.ssiyc. and successful effort 
to make Federal funds ayailable Jmlllediatel~r and in ample time to 
use them etl'ectiveJy this spring. 

'When Federal funds wel'e 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 $25,000 worth of State certifi('ates of indebtedness 
was onlered 'yesterday by Governor Ammons to supply funds for 
a new campaign against grasshoppers. The Govemor issued all 
executh'e oJ'der declaring a state of emergencr exists after it was 
found Federal funds ... are exhausted and the various counties are 
without funds. The GO\'erno)" declared, "1 don't believe we can let 
up now as crop prospects are the best in se,"Oral years." Attorney 
General Byron G. Rogers approved the exec'utive order and the 
issue of cel'Wieaies which will be 1)resented to the legislature in 
Jamlary for covering tllE' appropriation, 

New Mexico, 1931 and 1938 

Under the capUon "Tingle~' Jvins Hoppel' War," the Clayton 
2'\e\\'s wrote on June 1, 1937: 

Goverllor Clyde Tin!!.·h~)· mille to Clayton this noon, had lunch wIth 
county officials and after he yisited the grasshoPpc~'-infested por
tion of the countr, threw resources of the State into the fight. 

Re orete-red out the NaHonal Guard trucks and a number of 
smaller cars. Saturdar morning-, after an all night drh'e, these 
started hauling- poison mash to the area, Tingley instructed L. B. 
Tyson, district engineer, to throw the entire resources of his distdct 
irlto the fig·ht. l\'o\\" fifteen trucks are running night and day from 
the mills wpst of Spl"ingel' to til(' an'a at Clayton, Gre(,llvill(', and 
lJes Moines. 

The GO\"('l'IlO1" instruct(·d itw county engill('('j" to order poison. 
molassrs, bean, and ]]('<:t'SS:ll'Y supplies to the amount of $1:1,000.... 

The Co1orac1o Sprjng-s Gazette pubUshed a news item datelined 
Clayton, N. Mex., July] 1, 1937: 
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enrollees formed the determined army that swung into action two 
hours before dawn. 

Captioned "Valuable Assistance by Guardsmen," the Clayton 
News, July 14, 1937, editOJ.·ialized: 

If the invasion is stopped, and it looks as jf it may be, much of the 

credit should go to the guardsmen. Vie herr; in Union County have 

appreciated their aid; ,\'e could not have gotten .<lIong without them. 


The State Highway Department is also due our thanks for the 

splendid way in which they cooperated with trucks and men.... 


In 1938 t.he State of New Mexico again threw all available 
resources into the fight against this grasshopper, .as evidenced in 
a news release J nne 7 in the Albuquerque Tribune: 

Gov. Clyde Tingley, acting quickly to aid embattled no[·theastem 

New Mexico residents fighting an ll1vasion of grasshoppers, called 

out 30 National Guardsmen to duty in that sector today. 
 •

He also ordered 15 National Guard trucks to the area with the 

troops headed b)r Adj. Gen. R. C. Charlton. 


The Governor announced that orders had been placed fol' immedi

ate conE'truction of 25 more spreaders. This will bring the number 

... to 80. 


"Everything possible must be done this week to lick the grass

hoppers 01' they'll lick us," the Governor declared.... 


The executive also dispatched a telegram to Gov. James V. 
Allred 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 Ne\y Mexico mged him to help in control 
of the 1938 outbreak, he drove to Clayton and went out to see 
the infestations before he decided upon what the State could best 
do to furthel' control work. He declared that nobody could beUeve 
the immensity and density of the grasshopper swarms without 
having actually seen them. "\Vhere the swarms had passed on," •
he said, "the ground was as bare as that pavement out there." 
He Sen\' the necessity for immediately increased 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 officials and that by daylight the next mOl'n
ing "State Highway and National Guard truch were rolling into 
Clayton with theh' bedrolls." 

Said Mr. Tingley: "It takes money to fight .a grasshopper out
break as big as that. The only thing that was in 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 calIed 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 bait 
spreadel·s, \dlich were constructed in the shops of the State High
way Department and of the Santa Fe Railroad, hauled to the 
outbreak area on State-owned trucks, and paid for out of State 
funds. A separate account of State expenditures for grasshoppers 
control 'was not ]~ept, but Mr. Tingley estimated it was at least 
$50,000, for it included payment of regular salaries, temporary 
labor, and such items as the maintenance of camps and the feeding 
of State Higllway and National Guard members. 

TEXAS, 1938 

• Texas did not need to organize for control of this gl'<1sshopper 
until 1938. In that year, the feature front-page article of the 
Amarillo Daily News, June 10, was devoted to the subject. 
Excerpts from that article follow: 

The fight on the lilenacing hordes of migl"atol"y gJ'asshoppers .in 
northwest Panhandll: w.ill take on all the appearances of the Wal' 

that it is today when 40 Army trucks manned by soldiel·s take tlw 
field to scattel· poison. 

The 40 National Guard trucks whirh mobilized in Amal'.illo yester
day ... will pull poison spreaders in .[lal1am, Hartley, Sherman and 
Moore Counties. 

Heayier trucks, from the ::;;tate Highway Dppal'tllwnt ... will 
haul sawdust from Snl"ing("·, N. Mex., to the poison-mixing planls 
and the mixed poison to the range laJ1d and fields in which the 
spreaders are operating-. 

The Go,'ernment is fUl'l1ishing the poisOJl, tIl(' ,VPA is Jll ixing- it. 

• 
Enlisted men haye been assigned to c1rh'(' the trud,s and one 

sergeant has been assigned to the agricultural agent in each of the 
foUl' counti~>s. WOl'king with the c:ounty agrnts, the sergeants will 
giye instructions to th(' tl'uck (It·i\·prs. The count~· agents ar(' 
working· with rach other and with 'red Houghton, the poison-program 
coordinator for the fOUl" counties. Mr. Houghton and the county 
agents know where the J,oison should be spread.... 

Colonel P(>ITine tall:ed w.ith the sergeants and dl"i,·ers and infr)f'll1rc1 
thrill that they would not b(' under strict military regulations, 
saying, "Boys, 1 don't know whether yon huye ever fought gmss
hoppers and J wanl l'<lch of you to make a hund. Coopel"ate with NIl". 
Houghton, thp county agpnts and yOUl' se1'):(,punls and malw a hand 
in e,·pJ·Y res/wct. ... \i'("J'(' 11('1"(' to gpt thp gT<lsshoPI)('l'S bdol·p tlwy 
lu\\"C' a chance to Rta1"t flying>." 

TIl(' NlLtional Guanlsl1lpn 'will lie fed and hOllscd by farmers and 
ranchers. SomC of the.' ll1fll will Slwnd ;;;ey('ral days at a time as fal· 
as 130 to 75 mill'S away from town. 

It was ll.L tlw I'cqlH'st ()f Go ,'('l"IlOl· Tingley that Go'·e1"llOI" Allt'ed 
ol'(lpJ'cd t1le TC'xas National Guard and hip;hway (lp)lartl11('nt into 
the \\'ar. 

Measures taken to quell major outbreaks of gT:=tsshoppers often 
require the dh'ersion of funds from projeets for \l"hkh they were 

• 
a.ppropriated. The effect of such emergency is not so easily meas
ured as crop losses caused by g-rasshOPlwrs, but it is important 



16 THE HIGH PLAINS GRASSHOPPER 

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 outbreaks 
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 

outbreak may range in importance from minor to major. It is a • 
minor outbreak if it occurs only locally and, therefore, does not 
require extensive operations to bring it under control. It also is 
a mhlOr outbreak when local populations spread to adjacent areas 
but large-scale control operations are not required to prevent 
severe damage. A major outbreak is one that affects a large area 
with grasshopper populations so great that extensive operations 
are necessitated to control it. 

The High Plains grasshopper is known to hm"e developed to 
major outbreak proportions only during one period-1936-40. 
This outbreak had its beginnings in local outbreal\s in Colorado 
and New Mexico in 1933. The area infested expanded each year 
thereafter until it reached its peak in ] 939, then it receded rapidly. 
At least 23,575,000 acres of land in 5 States 'were infested by 
economic populations of the High Plains grasshopper during the 
5 years of this major outbreak. 

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

Acres 

1891. ................... 256,000 • 

1913........... 288,000 

1921.............................. 40,320 

1934................... 448,000 

1936........... ...... 2,000,000 

1937 .............................. 3,400,000 

1938............................... . 6,496,000 

1939..................................11,485,000 

1940... ....... . . ............... 194,000 


1891 
TJle first authentic rej)ort of longipcnnis in outbreak proportions 

was in 1891, although some of the earlier severe damage to vege
tation in one 01' more of these States might well have been caused 
by the species. Corkins (28, 1). 35) reports one such case when he 
says, "To MI'. F. A. Pel'kens, County Assessor of El Paso County, 
[Colorado], we are indebted for the record that, in 1873, grass
hoppers completely cleaned L1P the vegetation in the countr. There 
are no definite data 'which prove the identity of the locust con
cerned, but it is .altogether possible that it was this species." • 
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OUTBREAKS RECORDED 

The local outbreak of 1891 was sufficiently unusual and destruc
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 nm 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 been dispatched to Arriba, 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 l011g was on 
that day centered about Bovina. The grasshoppers would not be 
able to fly for another 2 weeks but they were hopping eastward 
2 to 4 miles a day. The swarm was made up of the young of grass
hoppers that had bef.?ll in the same area the year before; now they 
had increased many fold. 

The report went 011 to say that the grasshoppers stopped ever~' 
westbound train that went through Arriba at night. The grass
hoppers clustered on the rails, which were 'warmer than the cold 
night ail', and almost hid the rails from viev,-. \Vhen a train 
attempted to climb the upgrade, its drive wheels would l'evolve 
but slide helplessly upon the rails. Much anxiety was expressed 
by the citizens in Colorado fOl' the 'welfare of Kansas, \yhich 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 trah1ed entomologists to the scene 
to ascertain the correctness of the reports being received. Law
.rence Bruner, entomologist for the University of Nebraska and a 
leading authority on Orthoptel'H, was one of the entomologists 
commissioned for the task When he had :finished his investigation 
he wrote (13, J)J), 18-19); 

During the early part of July reports came from the eastern and 
southeastern portiOJ1S of Colorado of locust depredations. The first 
of these was that trains had been stopped by g"rasshoppel's getting
on the J'ails of the Sama Fe llailroad lOG miles or the~'eabouts east 
of Denver. Shod!y after this l'epoi't appeared ill the newspapers 
of serious damage being done around the point where they were first 
mentioned as stopping traills.... On the strength of these reports
Professor Riley instructed me to yisit the localities for the purpose 
of ascertaining' the "xtent of c()untn' overrull, the actual, and pos
sible futul'e injury which might result, and the exact identity of the 
species concerned .... I first visited Akron, Colorado, the nearest 
point on the Budington and MissOllri Jine to the region infested. 
There seCUl.'illg a team and driyb1g' to the south only about G miles 
the advance guard of the e11emy wasencountel'ed. Imagine my sur
prise at finclil1l!; 11e1'C an entirely new insect as far as destructive 
locusts are concerned. Here jn Colorado, and inimmcnse )lumbers 
was the J)issosl,eint lon.rriIJen'Ili/5, an insect usuall~T considered rare 
in ('ollections and 011e heretofore only known to occur over the 
higher portions of the: plains lying' to the eastward of the Rocky 
Mountains, in the States of Wyoming', Colorado, and New Mexico. 
This insect, as ascertainrd from inquiry, covered an al'ra of about 
400 square miles of territory .in suflicient numbers to materially 
inj-ure the grasses growing 011 the ranges of the entire region, and 
amongst these grasses the species of Bontl!lol(,(~ or Gramma grasses, 
and the Buffalo grass, Bllchlo;; dcwiuioides. Grains and other culti
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very little or no injury 'Nas done by it to the cultivated crops grow
ing within the region infested.... This year [1891] when the 
eggs 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 

year was ver~r wet in thi~ particular region and caused an under

growth of grasses; hence the desire to TInd the natura] conditions 

under wJlich the insect Jives. The young began moving, and TInding 

these open places, congre?,'ated there. Having thus congregated, they 

must naturally feed, and they swept the grasses clean around these 

spots. So noticeable was thIS that, in certain spots where they had 

gathered about the hills ofa species of ant which raises mounds of 

small gravel and cuts away the vegetation for some distance around 

them, they had enlarged these areas in some places for fully half an 

acre. This year Messrs. Snow and Popenoe observed them flying 

southward with such ease, by l'eason of their long wings, that they 

resembled birds. 
 •

When Bruner ,Yrote this report longipennis had been known in 
the United States for 24 years. During that period it was thought 
of only as a rare, curiolls, harmless, strong-flying grasshopper of 
the "'estel'll 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 Dissostei?'a longipennis ... covered 
an area of about 400 square miles of territory in sufficient numbers 
to materially injure the grasses growing on the ranges ..." 

E. A. Popenoe, an entomologist for the Department of Agricul
ture, apparently was on the scene of the outbreak in Colorado 
reported by the [Denver] Daily News (p. 17). An abstract of his 
report to the Association of Economic Entomologists stated 
(68, p. 41): 

July 10 to 19 the author visited the northern part of Lincoln 

County, Colo., on account of newspaper reports of the stopping of 

trains by grasshoppers. He found a stl'ip of country 16 by 25 or 80 
 •miles in extent fairly covered with locusts, which proved to be 

Dissostei7'lJ, longiZJennis. . . They were congregated especially in 

the boundades of this area. The country is pOOl' and planted here 

and the1'(~ to corn and sorghum, and there are occasional patches of 

garden vegetation. The season has been favorable and cool. The 

locusts are said to lmve cOme jn sWarms from the south last fall 

and to have settled along- the Big- Sandy Creek jn a patch two or 

three miles in circumference, in which they laid their eg-gs in great 

numbers. Upon hatching ihis spl'ing the young spread outwards. At 

the time of his [the writer's1 visit in the northern part of the stJ'ip 

the insects "were in the last larval and pupal stag-es. with very few 

imagos. At the south line, however, the \\',inged individuals were n~l'Y 

abundant and flew like birds.... 


Bruner, Popenoe, and the reporter for the Daily News were in 
close agreement on the size of the 1891 outbreak jn Colorado. It 
apparently was l'estricted to one county and covered about 400 
square miles or about 256,000 acres. 

Herbert Osborn (66), an agent for the Department of Agricul
ture, found longiJJennis in several counties in Kansas jn 18!)1 but • 
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not in outbreak numbers or giving evidence of soon attaining such 
pl'oportions (p. 55). 

Dissosteira longipennis was taken in some numbers at all points 
visited in Fhmey, Kearney, Hamilton, and Greeley Counties [Kan
sas], and as this species has caused so much injury in eastern 
Colorado this season, I took rather special pains to 110te its abUll
dance and inquire as to any destruction resulting from it. At no point 
did it occur in destructive numbers, and I should not look for any 
injury from it; in these localities in the near future at least. 

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

In 1892 Vernon L. Kellogg (52), of the University of Kansas, 
expressed an opinion (1)P. 43, 49) similar to Osborn's concerning 
the economic importance of the species in Kansas. 

This locust, not until recentl~r recognized as an injurious species, 
because of its comparative rarity, more nearly resembles the migra
tory locusts of the Old 'Yo rid than any other of our American 
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 serious numbers.... 

'Vriting in 1891, Riley (72, p. 424) even expressed doubt wheth
er the species \vas or ever would become migratory: 

This species, in size and length of wing, much IDOl'e closely resembles 
the migratory and destructive species of Europe and some other 
countries than the Rocky Mountain Locust (CalOl)tenus spretus) 
and there seems to be no particular reason why, at times, it should 
not become destructive and fly in vast swarms from one locality to 
another. So far as past experience justifies calculation, however, it 
will not do so, and I think there is little reason to fear allY 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 
fiy to new tenitory. He said (111). 36-38) : 

Perhaps the greatest surprise to entomolo/!;ists in the shape of 
injuries caused by locusts in this country was that occasioned during 
the past {18911 summer by lhe insect named above. Althoug-h it has 
been known to entomologistil for twenty years, and has been twice 
described, this locust has bem considered as belonging with our rarer 
representati ves of the fand ly of locusts, , . , lon,qi7)ennis is rather 
J'estricted in its range, being found only upon the plains of western 
Nebraska, Kansas, southeastern '~Tyoming, eastern Colorado, and 
northeastern New Mexico, at an elevation from 3,500 to 6,000 feet 
above sea level. ... 

During tIle autumn of 1876, when the true Migratory Locust was 
passing over the eastern part of Nebraska, a large specimen of this 
long-winged 'hopper was seen to alight at West Po.int, in that State, 
where the writer was at the time engaged in hay-making. It was 
captured and shortly afterwards described as OecZipocla nebruscl!l1Sis. 
This is the only record of th!; insect having been taken so far away 
from its native region as since ascertaiJled. Several years later, 
August, 1881, while spending' some time in the vicinity of Greelev, 
ColO., this species was very frequently met with both to the north
ward and southward of the town, u,pon the bench lands , .. Again, 
.in 1889, while collecting specimens of various kinds in the extreme 
western part of Nebraska, a few individual specimens of this insect 
were taken, while, a yea)' 01' two previousl~', it was obtained from 
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Prof. F. W. Cragin, of the \Vashburn College, located at Topeka, 
Kans., who collected it in Bal'bour 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 excellent flyer. It 
has shown a tendency to mi::\Tate during' the past summer in Colorado, 
and is reported to have come into that region from the southward 
in 1890 prior to egg laying.... 

1898 
The outbreak in Colorado subsided after 1891, and there were 

no further reports of populatioll increases in the State until 1898. 
During that period, however, the status of longi2Jennis 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, 1JP· 126-127) expressed 
this viewpoint when he wrote: 

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

During the past year, 1896, it was exceedingly abundant in the 
vicinity of Sidney, and did much harm to both small grain and corn 
crops, as well as to potato and other garden vegetation. Further 
south . . . it did not adhere as closely as formerly to the native 
grasses when choosing- its food, nor did it seem to avoid entering 
the prairie vegetation as was its custom when first studied by me. 
In other words, this insect seems to be gradually changing its habits, 
and if the change continues to go on, we may look for it to be per
manently a dreaded pest. 

Bruner also reported (19, p. 38) that longipennis in 1896 had 
destroyed entire fields of small grain, some COl'll, 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 longi2Jennis some place within 
its habitat during the spring and early summer. How, otherwise, 
could such hoards of fiying grasshoppers have descended upon the 
city of ColQl'ado Springs, Colo., as reported by Hunter (45, p. 299) : 

On the evening of July 21, this year, locusts came from the west 
down into Colorado Springs in countless numbers. Press reports 
stated "at some places they were in piles from 7 to 10 inches deep." 
Electric ligllts were not used for several evenings afterward to 
avoid attracting those passing over. Specimens sent by Board of 
Commerce of Colorado Springs to this department showed the 
invading" species to be IJissostei7'u longipennis. Engineers running 
from Limon, Col., to GoodlallCl, Kans., told the writer that night 
traills encountered locllsts in gTeat numbers on the tracks hl the 
vicinity of Arl'iba, Col., from .July 2:3d to 26th. It seemed evident 
that the rails by retaining heat longel' at night than the earth 
attracted the insects. From the numbers of lJisso.stei7·a 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, JJ2J. 112-113) : 

• 

. Some years ago, while living in Colorado Springs, the business of 
insect collecting nas one night unexpectedly forced upon me. A 
migration of locusts, the long-wing~d grasshopper, known as 
Dissosteira /ongipennis Thomas, was evidently detracted from fiight 
over or near the city bv the electric lin'hts directly aftel' dark one 
evening, and the streets- soon became co~'er~d with the living insects. 
In seeking every source of light, the~r invaded open places of business 
faster than they could be cleared away. They were caught in hand
fuls and flung into pails of scalding water to end their struggles. 
The sidewalks and street-crossings of several business blocks were 
covered so thickly that people walking there would crush a mass of 
bodies undelfoot 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 occurred on Thursday evening, July 
21, 1898; aJld 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 Colorado plains. 

Corkins (28,p. 36) gives additional information on Colorado 
Springs ilwasion in 1898: 

Mr. James P. Shearer kindly furnished U5 with the following notes 
on this outbreak: 

"I am plensed to be able to gh"i> yoU the (l'xact date of the grasshopper scouqte 
some years ago. which was on the night of July 1st. 1S9S, that being the night of 
my wt'ilding. 'l'hey were so bad at the ('orner of Pike's Peak and Tejon Streets that 
they stopped the street cars. The ,n ..xt moming the~' shoveled mOl'e than an ordinary 
express load of them out of OUr Pike', P~"k ol1tranr(' lto Pel'kins-Shearer Clothing
Company store)". 

Mr. B. B. Reynolds, Superintendent of the Colorado Springs 
'Vater Department, who was selTing on the City Fire Dp.partmeJlt 
at that time, recalls that the horses of the Department had to be 
roughshod to keep from slipping OIl the streets. 

1899 

• The species occurred in local outbreak numbers some place in 
thc gcncl'all'egion of Goodland, Kans. in 1899 but again knowledge 
of the size of the infested area is lacking. S. J. Hunter (46, pp. 
16-17), entomologist for the University of Kansas, recorded his 
impression of the 1899 infestation of longiZJennis: 

Press reports having been sent out from Goodland concerning" 
the. pl'evalence of h'Tasshoppers along the railroad, their numbers 
being reported such as to interfere with the action of the drive 
wheels upon the rails, J decided to go out and investigate.... I found 
[from examination of cowcatchers on railroad engines] the species 
which were most common there to be the long-winged locust, Dis.~o
stei7'a longipellnis, the Carolina locust, Di"sosteiq'a cU1'olina, and the 
yellow locust, Me/(mopllls difJerentialis. ... 

1900 
A local outbreak of the species must have occurred some place 

near the southwestern extremity of its habitat in 1900 when Smith 
(81, 1). :3) reported that "In 1900 this insect invaded the town of 

• 
Las Vegas, N. Mex., in great numbers and crushed 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): "D'issostei1'a longipennis 'rhos.... Hot nearly so 
abundant as it 'was 4 or 5 years ago."-(lJ. 48). However, "At 
McCook, Nebr., [southwestern Nebr.] August 9, we collected 
some thirty-odd pieces [species] of the native grasshoppel's, which 
abound in this vicinity.... Among the ... species which existed in 
unusually large numbers [was] Dissostei)"(~ longi1Jennis ..." _ 
(p. 40). 

191 3 

Other local outbreaks, after that of 1891, must have been com
paratively small, for the extent of the territory infested has not 
been recorded. However, in 1913, in Roosevelt County, N. Mex., 
another local outbreak occurred that was similar in size and inten
sity to that in Colorado in 1891. 

Again, after the seriousness of the situation had been reported 
by 10calresic1ents to the Departm€'nt of Agriculture, the Bureau of 
Entomology dispatched an entomologist, Harrison E. Smith, to 
ascertain the facts and to give assistance. 

The 191:3 outbreak originated from grasshoppers that had flown 
into Roosevelt County and deposited their eggs the previous fall. 
Smith (87, p. J) found that: 

The 1913 outbreak [in Roosevelt County, N. Mex.) of this species 
extended over 400 to 500 ECJuare miles, the prairie gTasses, grain, and 
garden crops within this ai·ea being" in great part devastated. Herds 
of cattle usually grazing within this infested area were forced to 
travel from 11 to 1;3 miles for grazing facilities, and would returll 
to their usual watering places only at intervals, varying from 24 to 
56 hours. Freight and passenger tJ·aills were repeatedly stopped by 
grasshoppers massing upon the railroad tracks, this being frequent
from the middle of May until the first of July. 

The prairie gTasses within the infested area 'were so completely 
ravaged that hardly a surface depression of the soil could be located 
which was not from one-fourth to completely filled with grasshoppers'
dropping's. 

The infested area was mainly from the town of Elida south
westward about61/~ miles and northwestward about 10 miles (87). 
Albert Tillinghast, ,\'ho lived in the midst of the 1913 outbreak, 
was interviewed at his ranch in February 1952. He lives on the 
same ranch his father homesteaded, and vividly remembers the 
1913 outbreak which oCC'lIlT€'c1 when he was 16 years old. His 
ranch was in about th(~ center. north and south, of the band of 
lonoipennis that mig-rated in a g'eneral eastward direction in 1913. 
He saiel that the band 01' grasshoppers was from 'VI. to 11;2 miles 
wide, and that it continued migrating through his father's ranch 
for :3 >weeks. The grasshoppel·s "completely destroyed everything 
green in their path, ate com and garden crops clem: into the 
gJ·ouncl, and compk'tely cleaned the bark from cedar fence posts." 

Mr. Tillinghast rememhers nymphs as being about % to %. inch 
long \\'hen they were migrating through his ranch. They com. 
pletely covered the surface of the ground and he compared their 
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surging movements to waves or ripples in a grain field. He 
described the difficulty when driving or riding of forcing horses 
into the dense band, and told how the mashed nymphs balled 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 3 sections and, from his ranch to 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 
3 weeks the extra engine was used as a helper. He said that day 
after da'y 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 done 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 Zongi2Jennis 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. Corkins 
(28, p. 36) described this outbreak: 

The swarm of locusts which caused the infestation in 1921 origi
nated in the low land adobe flats in 1101'thwestern Crowley County. 
. . . Here, under natural conditions, the swarm had increased in 
numbers for 2 years, according to residents, with no alarm being 
felt. 

The infestatioll of 1921 began migrating' toward the highlands, 
moving in an army-like front 42 miles long: ami averaging 1 % miles 
deep. In thickness, the 'hoppers varied from 50 to 200 pel' square foot. 
Figuring on this basis, the actual infestation of nymplls was 40,320 
acres at one time.... 

Presumably, nymphs in the 1921 infestation spread from Crow
ley County, Colo., into the adjacent portions of three other counties, 
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for Corkins acknowledged services rendered by county agents of 
EI Paso, Pueblo, and Lincoln Counties in quelling the outbreak. 

1934 
The next outbreak was in Lincoln County, Colo. The State Ex

tensiQn Entomologist (34*) assisted the county agent in organizing 
to fight the grasshoppers that infested 700 square miles of land. 
This outbreak persisted until 1940. Increase and decrease of the 
infestation from 1933 to 1940 is sho'wn 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 lonrripennis [in Colorado1 were practi
cally unavoidable. The major invasion of the State did llOt take place 
until after the first of August.... The infestation ... eytends about 
125 miles north from the New Mexico and Oklahoma line and about 
75 miles west from the Kansas line. This vast area could not be 
surveyed intensively. Connty ag-ents 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 infestecl is largely a guess. 

Parker and Shotwell (49*) said "In Colorado, Dissostei1YL 
longipennis was numerous and dominant in a large part of the 
rangeland in the southeastern quarter." 

D. longipennis ,vas of no economic importance in Kansas in 1936 
but it was mentioned a few times in the fall survey (61 * ). It was 
recorded only in Union County, N. Mex., and in Cimarron and 
Texas Counties, Okla. It was not recorded in Texas. • 

1937 

In his 1937 reports (3'7* and 38*) McCampbell estimated that 
3,400,000 acres of land in Colorado had been infested with longi
pennis just after egg-hatching time: "In 1937, egg beds have been 
found in large numbers in 11 counties and smaller numbers in 2 
other counties.... Much of the area that is infested with longi
pennis eggs has never been recorded before as egg beds of the 
species." 

Some indication that the species was increasing throughout its 
range is to be fonnd by comparing the number of times it was 
collected in each of the five States in 1936 and in 1937. These 
comparisons are valid only as tl'ends, 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 times the species was collected 
(61*, 62*) in each State each year are given:. 
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1986 1937 
Colorado ..........~......................._._~..~..._..~... 1 1,114 
Kansas .............................................................. 
New' Mexico ......................._.................._. 
Oklahoma .........................._......................... 
Texas _..................................00>.................... 

0 
0 
0 
0 

26 
136 

31 
10 

1938 
The area infested in the spring of 1938 in Colorado, determined 

by the 1937 fall survey (37*, 38*) was 4,026,000 acres. W. M .. Ginn 
(13*,1.4-*) of the New Mexico State College, stated: "The southern 
third of Fnion 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. long'i1Jennis was plentiful in western 
[Kansas] counties 011 the wing." 

The species was present, but of little importance, in the Pan
handle counties of Oklahoma and Texas as evidenced in reports: 
"... thel'e was practically no damage in the Panhandle counties 
[Oklahoma] until late in the season when Dissosteim longipennis 
flew in from some other part of the country.... Around July 20, 
the first fiights ... were observed in Cimarron County, Later 
fiights 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*). 
"DiHsoHteii'(~ long'i1Jennis 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, but of the 1,222,830 acres of range and pasture land that 
was baited Oi*) approximately one-half, or 687,000 acres, was 
for control of longipennis. 

1939 

The fall survey of 1938 indicated that about <1,600,000 acres in 
13 southeastern Colorado counties would be infested with the 
High Plains grasshopper in 1939 (4U*). 

According to Spain (71 *, 12*)! the nymphs in Kansas in 1939 
did not band together or migrate in characteristic manner, and 
Kelly (28*) said: "D. Lonuipennis laid few eggs in southwest 
Kansas in U):38 but was not a pest [in 1939J 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 beds." 
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The 1938 fall survey in New Mexico, reported by Landrum 


26 • 
(66*), indicated 1,206,000 acres would be infested in 1939. 

According to the Oklahoma State leader of grasshopper control, 
longi1Jennis 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 silo\\'ed 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 
Range 

Dissosteim longipennis is a native of the High Plain~ in the 
LTnited States anel is not known to occur elsewhere in the 'world. 
\"illard D. Johnson (.50) described the High Plains as a topo
graphic unit, and mapped it as an area comprising in the main 
eastern Colorado, south\\'estern Nebraska, western Kansas, the 
Panhandles of Oklahoma and Texas and an area in these States 
to the east, and eastern New Mexico. (See fig. 5.) 

Description 

The species was studied. first described, and named Oedipoda 
longipcnnis by Cyrus Thomas from specimens coJlected in Kansas 
in 1872 by an expedition of the C S. Geological Survej' (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 
no,,· in the National [Museum] Collection." 

The type specimen of the species is in the collection oJ the U. S. 
National Museum, VVashington, D. C., ~md bears the broad general 
label, "Kansas, Collection of C. V. Riley." This collection includes 
many specimens that ma~' or may not have been collectecl b? Riley. 
They have been incorporated into the museum collection. 

The original description of the species (93, P]). -"6:3-.46-") is as 
follo\\'s: 

OE. lO'lluipCll1lis. no\'. SJl, 
Elytra and wings 10ngC'l' than tll(' body; til(' dytra !;potted; the 

wings black 0[' clark fuliginous at til(' base, 
.lfILll'.-The vC'rtex not VC'ry broad: celltral fo\'eola elon!!:ate ellipti 

cal, with a slight median raised Iilll', and open in front; frontal eosta 
l'atlwr narrow, !>lightly C'xpundN] at the o(,ellus. sulcate. not ('xpand
ing below. Median carina of tlH' pI'onotuJJl prominent, sub-cristate, 
as in DE. CCL?'oliu(/" ellt Jlear tht' middle by the postel'iol' tl'a.l1SVCI'SP 
incision, each part al'cua It': antel'iol' mal'gi n sOl11l'wha tangled. <lnd • 
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extending slightly on the occiput; the posterior extrelllit~r acutely 
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and rather sharply angled; the disk of the posterior lobe smooth 

and apparently without punctures. The elytra narrow, remarkably 

straight, the margins parallel; long'er than the entire body. Wing:; 

about the same length, and broad. The posterior femora not chall
11eletl beneath. The cerci rather long, subcylindrical, and tel'retp. 

Antennae passing the thm'ax. 


Color, (dried after long immersion hl alcohol.}-Reddish yello\\'. 

The head and prollutUll1, eSIlt'cially the dorsal portions, pale reddish, 

dotted with pale browll. The basal portion of the el~·tl'a redclish

yello\\', the apical portion pellucid; markerl throughout \\'Hh dark 

browJl S]Jots somewhat in the form of bands. 'I'll(> wing'S for a \'err 

small space around the inunediat(' base are Lranspar('nt yellow; a 

triangular space at the apex extending inward aboLlt one-third of tIle 

way to the base pellucid, sprinkled at the immediate apex with 

fuscous dots; the posterior 111<\1'l<il1 has a naITO\\' ppllucid rim; tlw 

rest is of a dark fuliginous color which when the winu' is fully 

spread, appears like a \'ery broad hand ac~'oss the basal t~'o-thirdi, 

with its outer border pal'allel to the body. The posterior femora have 

t~'ro oblique brownish bands Oll the external face; within are two 

black bands; apex black inte1')lally. Yentel' and IJectus dull yellowish

white. Antennae pall' at base; apical portion dusky. 
 • 

Dimellsiollll.-Length, 1.14 inches; el~rtra, ] .25 inches; posterior 

femora, .64 incll; posterior tibiae, .35 inch. 


FOU11d among the collections submitted to me from the Agricultural 

Department, marked Kansas, which, from the other specimens, I 

suppose to be correct. '1'he species is somewhat J:emarkable, and 

quite diJl'erent from any othel' oue belonging to the "Cnited States 

which I have seen. The dark wing would appear to bring it near 

Ca1'oli1/{t and Ca?'lill,qimw, but while it approaches the former in its 

slendet· form, it is nevertheless \'ery distinct. I ha\'e ne\'er Jllet with 

it at any point in the "'est, nor haye I seen it in any other 'western 

collection. On this account, added to that of its semitropieal look. 

(this word COll\'eys my idea better than a long sentence), I am 

inclined to believe it is a southem species, and mar he found in thl" 

Indian Territory 01' Texas. 


SCIENTIFIC AND COMMON NAMES 
Scientific Hames 

In 187(j Samuel H. Scudder (7;')) proposed Dissosteira as a new •genus, in which he grouped Oedipocl(L longipennis Thos. and Gryl
[us CCL1'olina. 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, described a 
new species which he l1amed Oedi1Jo({.c(, nl?brascensis n. s. At that 
time he apparently was eWl(;'J' unaware of Thomas' original de
scription or did not recognize Oe. longipennis and Oe. Ile{)ra.scensis 
as two different names for single species. He may have been yet 
unacquainted 'with Scudder's proposal of a new genus. 

Th(~ original description by Thomas \\'as based on a study of a 
male specimen and included the statement "Female unknown." 
Although Bruner's description was of a female, he indicated 
(J 6, 1). /38) that he had later studied both sexes, in differentiating 
between males and females as follows: 

l,eng-th of body-male, 28.5""", female, 43"u,,; of tegmina-male, 
31.5"'''', female, '17"""; of posterior femol'a-male, 16""", female, 21m",; 
spread of wlngs--male, G7""", female, ] 00"''''. • 



F\&URE b 
FOUND AT E~D 
OF BULLE..T\ N. 



29 • 


• 


• 

• 

SCIE,:\TIFIC AXO COl\LVIOX XAl\fES 

In 1883 Bruner referred to the species as Oedipoda longipennis 
(J 1.. 1). F;4) but listed it (p. ij7) as Dissosieria [Dissosleira] lon[ji
pennis,. indicating his possible acceptance of Scudder's proposal 
for a change in generic name. C. Y. Riley (70) indicated in 1884 
that he 'was turning toward the acceptance of the generic name 
Dissostei1"(( \Yhen he wrote of "Oedil)ocl(~ (Diss()stel'ia) longi
pennis." Both Bruner and Riley had completely accepted Scudder's 
proposal by 189], for then they wcre lJUblishing accounts referring 
to the species as lJissQ.'-I[eira lOllgipennis (1,J. 71), the name which 
is in use today. 

Common Hames 

Sen:'J"al common nan1<.'S havc })pen used for Dissosieil'fL longi
penni::;. Among these are "long-winged locllst" (I.i. 14), "long
\\'ing-eel locust of the plains" (16. 20), "long-winged plains locust" 
(19), "long-wingeel grasshopper" (87), and "long-winged grass
hopper of the plains" (.j,]). When the species "'as in extensive 
outbreak l1l11nlJers cluri ng the period 19:37-10, it was generally 
refe>l"red to in the pn1ss as the "migratory grasshopper," and many 
ranchers and others callpcI it tIl(> "migratory grasshopper of the 
plains," the "long-winged migratory grasshopper," or the "lol1g
winged mjgrator~' grasshoppel· of the plains." The American 
Association of Economic Entomologists (6;;) in 19c19 appro\'ec1 
the common name "Iong-\\'inged plains grasshoppe>r." Since its 
11aO\'e home is rpstricted to tlw High Plains, which constitutes 
only a small portioJl of th(l. Great Plains (\11(1 other long-winged 
species occur in til(> plains area, the Entomological Society of 
America in ] 9:),1 approved the ("01111110n name "H igh Plains 
grasshopper" (7.f(/, j). ,\"). 

DISTRIBUTION 

In this publication, "distribution" denotes only tIl(' geographical 
location at which a specimen has been collected; "habitat" refers 
to the natural region that {ongipenni.<: inhabits. 

All tlw locations found in this study where the species has been 
(:ollected or <lutlwntically ]"(lpol"tt'c1 al"e listed in Distributi')l1 
H.ecol'ds, pages :12 to ;)5. 

The k1lown distribution of lon[ji]J('nnig is show)) in figm·p G. 
This map is a composite pictul'P of all countips in which the 
species has }wen recorded during the periorl ] ~G7-] 957. It has 110 
reference to the s('\'erity of an infestation in a particular county 
or to the 1111l11b0r of times t1w speciC's may haw' b('ell found U1('l"e. 

TIw occasional ill\'asion of fringe countics is a "spill-o\"pr" 
broun-ht ahout by til(' insects marching 01" firing out of n('arb~' 
heavily poplllatpd areas \\'jthin its habitat. Adults are strong f1ierR 
Invasions of counties rcmote from til<' habitat of thc speei('s un
doubtedly are by flights that OCCUI" mainl.\' during periods \\'he11 
the species. has (levelop(Jd to outbreak proportions 'within its 
habitat. Adults collectc'cl as far Hway as Beadle County, S. Dale, 
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anrl Des Moines County, Iowa, ,FjO miles and 7i50 miles, respective • 
ly, from the nearest part of the habitat, probably reached there 
by Hying. 

Whether adults of the lIigh Plains grasshopper reach remote 

points by sustained flights 01' by a series of shorter ones is not 

known. In areas whe1'(' adults have been collected oftenest and in 

greatest numbers outside of the habitat, flight probalJl~' is a com

bination of both. Flight outside of the habitat generally has been 

in a northeasterly du'pction. The species is not known to have 

il1\'acled any areas west of the Continental Divide. 


Entomologists of the Colorado Agricultural Experiment Station 

(-40*) liberated 2.9·10 marked adults in 19:38 at several points 

within the State. Spn'ntec'Jl adults that the "\\"orkers belie\'ecl to 

be among those originally marked were later r(lcaptured. These 

captures showed that, from the point of liberation, :3 adults had 

Hown Hi miles, 2 had flown ;)() miles, :~ had flown (iO miles, 1 had 

flown 7i5 miles, :3 had flown 110 miles, 2 had f1o\\'n 12i5 miles, 2 had 
 •
fiOW11 1·10 miles, and 1 had flow11 17i5 miles. \Vhether Uw distances 

cowred were in one sustained liight 01' in a series of short flights 

was not asccItain('c1. 


Proof that the lEgh Plains grasshopper makE'S massed flights 

that carry it long distances j~j amplp. Why it does is largely a 

matter of sl)(>culation, for research directed toware! making that 

determination has not been conclud('(1. Factors influencing flight, 

as 0I>se]'\'('(1 in SUl'\'e~' and (;outrol work in the field, are discussed 

under the heading "Biology." 


When he first described the species, CYl'lIS Thomas ([)J, 1). 464.) 
bplieved it had vel',), limited distribution. He said, "1 have never 
met with jt at an\' poi1lt i11 the West, nor have 1 se('n it in any 
otlw)' \\'est0J'1l collpctioJl." The sppci('s was collected in 18(:i7 (72) 
in Colorado, and in 187G (] (j) in Clllning County, NebI'., neal' the 
('astern boundary of th(' Stah'. Colorado and Kansas by 188·1 had 
I)('('n included in til(' an~as in which the sP('cies was distributed, 
for C. V. Riley (70, p. JOJ) spoke of "OedilJoda (j)issostel'ia) 
lon,qipennili, which is met \\'ith on the plains of Colonldo and 
Kansas ..." During til(' same y('ar Saussllre (71,) listecl it as • 
occulTing in Kansas and Texas. 

With tl1<' passing of Y('HJ'S, till' area in \\'hich til(' sl)('cies ,vas 
knOW11 to exist pxpand('d until by 1891 Bruner (fl8, )J • •~1) re
ported it to indude N('lJrHska, Kansas, Colorado, Wroming, and 
J10rtheastcrn XP\\' :JJexico. Bnllwr said in 18~);1 (16', j))J••J6-.J7) 
"Zongip(>nnis is rather restritted in its range, })ping found only 
upon the plains of \\'(>stPI'Il X plJraska, Kansas, southeash'J'n \\'y_ 
()l11ing, eastern Colorado, and l1ortlwast('J'11 N('w Mexico, at an 
elevation of from ;3,G()(j to (j,O()() feet above S(la leveL" 

By 189G this grasshoppel' was knowIJ (19,7). ;18) in "portions 
of the high pnliJ'i(ls lying lJeb\'(lcn the upper Niobrara and North 
Platte. bct\\'e(,11 tlw latter and til(' South Platt<~, ])et\\'('e11 th is and 
the Re>j)uhliC'an, and south\\'l:lrcl to beyond the Arkansas into 
110rtheHst<'J')1 Nt'\\' :Jl('xico. It ('xtenc1s from tiw "icinity of til(' ol1e 
hundred and Iirst meridian Oil til(' ('<lst to the base of tilE' Hock\' 
:Mountains, and occasionally drifts eastward with the winds i;l 
considerable> Ilumbers ('V(,l1 to Lincoln, Nebr." • 
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DISTRIBUTIOX 

Several of the publications studied include Idaho and 1\'lontana 
in the area in which longipennis had been collected. Speaking of 
Idaho, Robert Milliken (6J, -p. 19) in 1893 said, "There are several 
species of locusts to be found in the infested fields ... [including] 
quite a sprinkling of Dissosteim longipennis and D. em·olina." In 
the "Catalogue of the Described Orthoptel'l:l of the United States 
and Canada" (76), longipennis is slwwn as occUlTing (1900) in 
Idaho and Montana. Habitat (1905) is given in the "Biologia 
Centrali-Americana, Acridiidae," in vol. 2 of "Orthoptera" 
(24, p. 163) as "North America-Idaho and Montana to Texas and 
New Mexico." Distribution, as discussed in "The Grasshopper 
Outbreak in New Mexico During' the Summer of ]913" (87), 
includes the State of Idaho. 

Sillce this study has produced no authentic record that the 
species was ever collected in either Idaho or Montana, it is C011
cluded that several errors that have crept into the literature have 
been accepted as facts. :LvIilliken's report must have been a case of 
enoneous identification, fol' though there have been repeated 
SUl'\'eys since ]893, the species has not been captured or reported 
in Idaho. 

Regardless of extreme care taken in the search for information 
on distribution, the possibi)it~, remains that certain collection 
records may be overlooked because they do not appeal' in published 
1'01'111. in 19:29 longipennis was collected by E. R. Tinkham in 
Presidio County, Tex. He wrote (96, p . .;")86): "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 ] 9]2 in Reeves, Terrell, and Val Verde Counties, 
Tex. (16*), and by Poling: in Presidio County, Tex., in ]925 (17*). 
In the Distribution Records (p. :32), the person named is the 
one who collected the species. In a fe\\' instances where the col
lector is unknown, the person who determined the specimens, 
searched the species out in museum collections, 01' published on it 
is named. 

The list of distribution records was prepared from bulletins, 
<:'ntomological magazines, insect collections, processed survey re
ports, t~'I)l'\\Titten or mimeographed grasshopper surveyor con
trol reports, and so forth. Prior to the general outbreak of 
19;3:3-10 there were Jew records; all those found are included in 
the list. AJter the species had caused damage, focusing widespread 
attention on it. records became quite voluminous and many repe
titions occulTed. For example, /on[Ji])rnnis \\'as reported many 
t1n1('S in a single county in a single year when survey and control 
reports werE' made by personnel of the Bureau of Entomology and 
Plant Quarantine, both weekly and annu<.tll~·. Othe]' records \\'ere 
made by entomologists hi],ed in varioLls capacities by the States. 
Duplications w('re avoided as far as consistent with the showing
of participation by ('aeh coop<:']'ating agellCY. 

Distribution records (tn' incomplete. Before IOIl[Jiprnnis became 
economically important, it was r(,corded only rarely hy a l'e\\
indiyicluals who had taken it on ('xploration 0]' insect-collection 
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expeditions. After it had been recognized as injurious to range and 
planted crops, it became an insect of potential economic importance 

and as such attracted the attention of entomologists generally. 

Records of distribution increased in propoi'tion to this increased 

interest. From 1933 to 1936, when a general outbreak was develop
ing, records of distribution of longilJennis 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 numbel's, were recorded. When, in 

1936, it was recognized that a general outbreak was impending, 

special surveys were conducted to determine the extent of the 

infestation and to provide information that could serve as a basis 

for planning control. Special surveys were continued through the 

season of 1'940 to provide information necessary for control opera
tions and appraisal of results. Through the years 1941-55 limited • 

surveys in habitat areas were made f01: the purpose of detecting 

local population buildups, if they occurred, before they could 

reach outbreak proportions. During that period no such buildups 

were found. Indeed, only a few single specimens were seen and 

those but rarely, 

Distribution Records 
Year: State and county Heference or: collector' 
1867 Colorado Riley (72)1872 Kansas (93)
1875 Colorado: EI Paso Uhler (87)
1876 Nebraska: Cuming' Bruner (16)
1877 Colorado: El Paso Uhler (99)


Kansas: Kearny (15*), (17*)

1881 Colorado: Weld Bruner (17*)
1887 Kansas: Barbel' (17*)
1889 Kansas: Barbel' Cragin (17*)
1890 Colorado: Lincoln Popenoe (68), • 

egg and adult1891 Colorado: Lincoln Bruner (14) J nymph 
Popenoe (68), 

nymph and adult 
Washington Bruner (14) J 

nymph and adult 
Popenoe (J 6*)

Kansas: Finney Bruner (14)
Greeley Bruner (J 4), 

Riley (15*), 
Osborn (66)

Hamilton Osborn (66) J 

Bruner (14), 
Riley (15*) 

'Where )]0 stage> iR indicated only adults wel'e collected, (F) and (S)
indicate fall or sprjng oiJsel'vation. • 
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Yeat" State and county Reference or collector 

Kearny 

Nebraska: 	 Hall 
1892 Kansas: 	 Finney 

Hamilton 
Sedgwick 

Nebraska: 	 Cuming 
Hall 
Lancaster 
Madison 
Platte 

South 

• 
Dakota: Fall River 

1894 Colorado: vVashington 
Yuma 

1895 Nebraska: 	 Cheyenne 

Lancaster 
1896 Kansas: Riley 

Cheyenne 
Nebraska: Deuel 

1897 Kansas: Douglas 
Nebraska: Cheyenne 

Keith 
Lincoln 

1898 Colorado: El Paso 
Prowers 

Kansas: Edwards 

• 
Douglas 

1899 Kansas: Sherman 
1900 New Mexico: San Miguel 

1901 Colorado: 	 Larimer 

Otero 
Pueblo 

Nebraska: Dundy 
Redwillow 

New Mexico: 	 Lincoln 
San Miguel 
Union 

Oklahoma: Payne 
1904 Colorado: Bent 

Denver 

El Paso 

• 	 Fremont 

Bruner (14), 
Osbol'll (52) 

Bruner (17) 
Kellogg (b3) 
Kellogg (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), 

egg 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 (7'1) 
Bruner (77) 
Caudiff (25) 
Gillette (38) 
Gillette (38), Rehn 

and Hebard (69) 
Hebard (16*), 

Gillette (38) 
Gillette (38) 
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Year State and county 

1904 Colorado: Larimer 

Logan 
Morgan 

Otero 

ProweI'S 
Pueblo 
Washington 
Weld 

1905 
Nebraska: 
Oklahoma: 

Cheyenne 
Kiowa 

Texas: Hardeman 
Donley 
Potter 

1911 Kansas: Meade 
Stanton 
Stevens 

1912 Kansas: Osborne 

New Mexico: 
Trego 
Chaves 

Texas: Bell 

Eastland 

Midland 

Reeves 

Tanant 

TeneH 

Val Verde 

1913 New Mexico: CUlTY 
Rooseve.1t 

1914 Colorado: Otero 
1915 Colorado: El Paso 

Nebraska: Lancaster 
New Mexico: Sandoval 

1916 Kansas: Barber 
'VilSOll 
Rush 

1917 Oklahoma Cimarron 
1918 Kansas: Comanche 

Oklahoma: Comanche 

Heference or collector 

Gillette (38), Rehn 
and Hebard (69) 


Gillette (38) 

Gillette (38), Rehn 


and Hebard (69) 

Gillette (38), Rehn 


and Hebard (69) 

Gillette (38) 

Gillette (38) 

Gillette (38) 

Gillette (38) 

Rehn and Hebard (69) 

Morse (15*) 

Morse (15*) 

Morse (17*) e 

Morse (17*) 

Williams (16*) 

Williams (16*) 

Williams (16*) 

Williams (16*) 

Williams (26*) 

(15*) 

Rehn and 


Hebard (16*) 

Rehn and 


Hebard (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*) 
Bakel' (16*) 
Partl'idge (18*) 
Woodgate (14*) 
Beamer (16*) 
Beamer (.7 6*)
(17*) 
Fenton (35) 
Hubbell and 

Ol'tenburgel' (43)
Hubbell and 

Ol'tenburger (43) e, 
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State and county Heference or collectorYear 

1919 

1921 

• 

1925 

• 192() 

1929 
1930 

1932 

1933 

1934; 

• 


Colorado: Bent 

Las Animas 

Otero 

Nebraska: Redwillow 
Kansas: Rush 
South Dakota: Jones 

Colorado: 

Kaasas: 

N<'\\" Mexico: 

Oklahoma: 
Texas: 

Kansas: 
Texas: 

Oklahoma: 

Texas: 

Texas: 
Oklahoma: 
'I.'exas: 
Oklahoma: 

Texas: 
Coloraclo : 

Colorado: 

New Mexico: 

Crowley 

El Paso 
Lincoln 

Pueblo 

Hamilton 
Thomas 
Culfax 
Roosevelt 

Texas 

ChUcll'ess 

Lubbock 


Potter 
Sherman 
Presidio 
.Jack 
Beckham 
Cimarron 
Harmon 
Texas 

Lubbock 
Terry 
Presidio 
Woods 
Pl'esidio 
Cimanon 
Texas 
Lipscomb 
]{io\\'a 
Kit Carson 
Lincoln 

1]nion 

Hubbell (17*) 
Rehnand 

Hebard (16*) 
Rehn and 

Hebard (16*) 
Rehn and 

Hebal'Cl (16*) 
Morse (17*) 
(17*) 
Severin (58*), 

Hebard (39) 
Corkins (28), 

nymph and adult 
Col'ldns (28) 
Corkins (28), 

nymph and adult 
Corkins (28),

nymph and adult 
Rehn and 

Hebard (16*) 
Rehn (16*) 
Ortenburger (17*) 
R('lm (16*) 
Rdm and 

Hebard (16*) 
Rehn (16*) 
Rehn (16*) 
Rel1l1 and 

Hebard (16*) 
Bebard (J 6*) 
Beamer (J6*) 
Poling (J 7*) 
Baker (J7*) 
Remie (17';'), nymph 
Hubbell, Remie (J7*) 
Hubbell (17*) 
Remie (17*), nymph 
Hubbell (.17*) 
Little (5J*) 
Little (5.1 *) 
Tinkham (96) 
Bird (17*) 
Tinkham (.96) 

(.16*), Shot.wen (5*) 
Stiles (77*) 
Isely (16*) 
Rodeck and James (1 *) 
Rodeck and James (1 *) 
McCampbell (3{J*)! 

egg (S) and nymph 
Eyer and Steward (.9*) 
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Year Stale and county Reference 01' collector 
1935 Colorado: 	 Arapahoe 


Baca 


Cheyenne 
Denver 
Kiowa 
Lincoln 
Pro,,"ers 
\Vashington 
V\Teld 

Oklahoma: Beaver 

South Dakota: Lyman 
Texas: El Paso 

Lamar 
1936 Colorado: Baca 

Bent 

Cheyenne 

Crowley 
Kiowa, 

Kit Carson 

Las Animas 

Lincoln 

Otero 

Prowers 

Kansas: 	 Grant 
Gray 
Greeley 
Hamilton 
,Morton 
Stanton 
Stevens 
Wallace 

Ne\\" Mexico: Union 
Oklahoma: Cimarron 

Texas 

Mickle (59*) 

Mickle (59*), 


egg (F) and adult 

Mickle (59*) 

Mickle (60*) 

Mickle (59*) 

Mickle (60*) 

Mickle (59*) 

:Mlckle (60*) 

Mickle (.59*) 


egg (F) and adult 

Forgan and 


HubbE:ll (17*) 

Peterson (60*) 

(51*) 

(51*) 
 • 
McCampbell (36*), 


egg (F) and adult 

McCampbell (36*), 


egg (F) and adult 

McCampbell (36*), 


egg (F) and adult 

McCampbell (36*) 

McCampbell (36*), 


egg (F) and adult 

McCampbell (36*), 


egg (F) and adult 

McCampbell (86*), 


egg (F) and adult 

McCampbell (36*), 


egg (F) and adult 

McCampbell (36*), 


egg (F) and adult 

McCampbell (36*), 


egg (F) and adult 
 '.
Wilbur (61 *) 
Wilbur (61 *) 
VVnblll' (61 *) 
\Vjlbur (61 *) 
Wilbur (61*) 
Wilbur (61*) 
Wilbur (61 *) 
Wilbur (61 *) 
Hollinger (2.4*) 
Bieberdorf (61*), 

egg (F) and adult 
Stiles et a!. (92) nymph
Fenton (10*) , 
Biebenio,r:[ (6,7 *), 

egg (F) and adult 
Stiles (92) • 
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Year State and county 

1937 Colorado: 	 Adams 

Baca 

Bent 

Cheyenne 

• 	 Crowley 

Custer 

Denver 

Douglas 
Elbert 

El Paso 

Fremont 

• 
Huel'fano 

Kiowa 

Kit Carson 

Las Animas 

• 


Reference or collector 

McCampbell (.'38*), 
egg (F) 

McCampbell (38*), 
egg (F) and nymph; 
(62*)) adult 

McCampbell (38*), 
egg (F) and nymph; 
(62*)) adult 

Morton (63*) 

McCampbell (62*), 
egg (F) and adult 
(38*), nymph 

Morton (63*) 
l\icCampbell (38*), 

egg (F) and adult 
McCampbell (38*)) 

egg (F) and adult 
Morton (63*) 
Wallace (17*) 
McCampbell (88*) 
McCampbell (38*), 

egg (F) and adult 
'Villis (63*) 
McCampbell (38*)) 

egg (F), nymph, and 
adult 

·WilIis (63*) 

McCampbell (38*)) 
egg (F); (62*), 

[tdu I t 
·Willis (6;)*) 

McCampbell (38*) I 

egg (F) and adult 


Wjllis (6;J*) 


McCampbell (.'38*), 
egg (F) anclnymph; 
(62*), adult 

Morton (6;3*) 
McCampbeJ) (62*), 


egg (F) and adu1t; 

(38*) J nymph 


Morton (6.J*) 


McCampbe11 (;38*), 
egg (F), nymph, and 

ad Lilt 
Morton ((j;)*) , 

nymph and adult 
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Year State and couuty Reference or collector 

1937 Colorado: Lincoln 

Otero 

PhWips 
Prowel's 

Pueblo 

Sedgwick 
Washington 
Weld 
Yuma 

Kansas: Butlel' 

Clark 

Comanche 

Ellis 
Finney 

Ford 
Gove 
Gray 

Greeley 

Hamil tOll 

Logan 
Meade 

Osborne 
Ottawa 
Pawnee 

Riley 

McCampbell (88*), 

egg (F), nymph, and 


adult 

Shotwell (48*) J nymph 

Morton (48*) 


nymph anel adult 

McCampbell (38*), 


egg (F) and nymph; 

(62*), adult 


Willis (6;)*) 

McCampbell (38*) 

McCampbell (38*), 


egg (F) and nymph; 
(62*), adult 


Morton (68*) 

McCamvbe]] (38*), 
 •egg (F) and adult 

Willis (63*) 

McCampbell (62*) 

McCampbell (62*) 

McCampbell (62*) 

McCampbell (38*) 

Kelly and Portman 


(62*) 
Ke1lv and Portman 

(62*) 
Kelly and Portman 

(62*), egg (F) 
Morton (6J*) 
Kelly anel Portman 

(62*) 
Portman (63*) 
Portman (81 *) 
Kelly ane! Portman 

(62*) • 
Kelly and Portman 

(62*) 
Kelly and Portman 

(62*) 
Morton (68*) 
l(eily and Portman 

(6J*), egg (F) and 
adult 

Portman (fM*) 
Portman (63':') 
Kell\' and Podman 

(02*) 
Moore (6;)*) 

Hush Kelly and Portman 
(62*) • 
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Year State and county 

Russell 

Seward 
Stanton 

Thomas 
Wallace 

• 
Nebraska: Box Butte 

Deuel 
Grant 
Hitchcock 

New Mexico: Colfax 

Curry 

Harding 

Lea 
1\1ora 

Quay 

San Miguel 
Union 

• Oklahoma: Alfalfa 
Beaver 
Beckham 

Blaine 
Canadian 
Cimarron 

Custer 
Dewey 
Garfield 
Grant 
Greer 
Harmon 

• 


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*), 
2gg (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 
Boykin (2*) J nymph 

Stiles et al. (6;2*) 
Shotwell (1J2*) 
Kaiser and Standish 

(16*) 
Shotwell (62*) 
Shotwell (62*) 
Stiles et al. (62*), 

egg (F) 
Morton (6.3*) 
Hubbell (17*) 
Shotwell (62*) 
Kaiser (16*) 
Shotwell (62*) 
Stiles et al. (62*) 
Stiles et al. (62*) 
Stiles et al. (62*) 
Stiles et a1. (62*), 

egg (F) 
Shotwell (62*) 
Blair (17*) 
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Ye,u' State and county Refercncc or colleclor 

1937 Oklahoma: Harper 
Jackson 
Kay 
Oklahoma 
Osage 
Payne 
Pittsburg 
Texas 

Woods 
\Voodward 

South Dakota: 	Beadle 
Todd 

Texas: 	 Carson 

Dallam 

Donley 

Hansford 

I-lartley 

Moore 

Ochiltree 

1938 Colorado: Adams 

Arapahoe 

Baca 

Bent 

Shotwell (62*) 

Stiles et a1. (62*) 

Hubbell (17*) 

Stiles et a1. (62*) 

Blair (19*) 

(77*) 

(77*) 

Stiles et a1. (62*), 


egg (F) and adult 

Hubbell (19*) 

Stiles et a1. (62*) 

Shotwell (62*) 

Sanderson (63*) 

Sanderson (63*) 

Reppert and Gable •(62*) 

Morton (63*) 

Reppert and Gable 


(62*) 

l\{orton (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' (F) 

and adult 
McCampbell (40*), egg

(F)
Robb (64,*) 
McCampbell (40*), egg 

(F), nymph, and 
adult 

Nuoci (64*), egg (F) 
H upper (64*) . 
IV[cCam pbell (40*), egg 

(F), nymph, and 
adult 

Beals (64*), egg (F) 
and ad ult • 
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Year State and county 

Cheyenne 

Crowley 

• 
Custer 

Elbert 

EI Paso 

Fremont 

Huerfano 

Jefferson 
Kiowa 

• 
Kit Carson 

Las Animas 

Linco]n 

• 


Reference or collector 

McCampbell (40*), egg 
(F), nymph, and 

adult 
Biederman (64*), egg 

(F) 
Kropf (64*) 
McCampbell (40*), egg 

(F), nymph, and 
adult 

Kropf (64*), egg (F) 
and adtllt 

McCampbell (40*), 
nymph 

McCampbell (40*), egg 
(F), nymph, and 

adult 
Lewis (64*), egg (F) 

and adult 
Morton (65*), nymph 
IVIcCampbell (40*), 

nymph 
1\fickle (65*) 
Wallace (17*) 
McCampbell (40*) J 

nymph 
Biederman (65*) 
McCampbell (40*), 

nymph 
Giles (64*) 
McCampbell (40*) 
McCampbell (40*), egg 

(F), nymph, and 
adult 


Nuoci (64*), egg (F) 

Kropf (64*) 

McCampbell (40*), egg 

(F), nymph, ~l.nd 
adult 

Biederman (64*), egg 
(F) and adult 

McCampbell (40*), egg 
(F), nymph, and 

adult 
Nuoci (64*), egg (F) 

and adult 
McCampbell (40*), egg 

(F), nymph, and 
adult 

Biederman (64*), egg 
(F) 

Lewis (64*) 
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Year State and cOllnt~' Reference or collector • 
1938 Colorado: 	 Logan 

Morgan 
Otero 

Prowel's 

Pueblo 

"\Vashington 

Kansas: 	 Butler 
Clark 
Brown 
Ellis 

Dickinson 
Finney 
Ford 
Grant 
Greeley 
Hamilt.on 
Hoclgeman 
Kearn), 
Lane 
Meade 

Morton 
Ness 
Pawnee 
Rush 
Scott 
Seward 
Stanton 
Stevens 
Thomas 
Wallace 
Wichita 

Nebraska: Clar 
New :Mexico : Colfax 

Mickle (65*) 

Mickle (6,')*) 

McCampbell (40*), egg 


(S), nymph and 

adult 


Beals (64*), egg (F) 

and adult 


Nuoci (64*), egg (F)

Hupper (64*) 

McCampbell (40*),


nymph 

Mickle (65*) 

McCampbeJl (40*), egg 


(F) and adult 

Biederman (64*), egg


(F) •Mickle (64*) 

Cm-tiss (64*) 

Curtiss (64* ) 

Portman (65*) 

McDonald (64*), egg


(F) and adult 

nifcDonald (6.5*) 

Curtiss (64*) 

Curtiss (64*) 

Curtiss (64*) 

McDonald (65*) 

Curtiss (64*) 

Curtiss (64*) 

Curtiss (64*) 

McDonald (64*) 

Hibbard (J 7*), 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 (1.9*), egg 

(S)and nymph 
Resley (64* ) • 

http:Hamilt.on
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• DISTRIBUTION 

Year State and county 

Curry 

DeBaca 

Guadalupe 

Harding 

Lea 
Mora 

• 	 Quay 

Roosevelt 
San :Miguel 

Union 

Oklahoma: 	 Alfalfa 
Beaver 

Beckham 

• 	 Cimarron 

Comanche 
Custer 
Ellis 
GarJielc1 
Grant 
Creel' 
Harmon 
Harper 
Hasj{ell 
Jackson 

Kay 
I{jngfisher 

• 	 Kiowa 

Reference or collector 

Landrum (64*), egg 
(F) 

Hare (64*) 

Landrum (7*), egg (F) 


and adult 
Landrum (7*), egg (F) 
Resley (64*) 
Landrum (7*), egg (F) 
Hild\\rein (J 9*), egg 

(S) and nymph 
Resley (64* ) 
Landrum (64* ) 
Hildwein (19*)) egg 

(S) and nymph 
Landrum (7*), egg (F) 

and adult 

Hildwein (19*)) egg 


(S) and nymph 
Landrum (9*) 1 egg (F) 
Landrum (64*) 
Landrum (64*) 
Landrum (64*), egg 

(F) 
Hare (64*) 

Landrum (7*), egg (F) 

Hildwein (1.9*), egg 


(S) and nymph 
Resley and Hare (64 * ) 

Williams ((]5*) 

Landrum (7*), egg (F) 

Moore (04*) 

Williams (64*) 

Moore (64*), egg and 


adult 
Landrum (7*), nymph 
Stiles (75*) 
Williams (65*) 

Williams (6;')*) 

Moore (64*) 

:iVIoore (64*) 

Williams (M*) 

\\'1I1iams (64*) 

Williams (64*) 

:Moore (64* ) 

\\-,"illi,lms (61; *) 

Williams (64*) 

Blair (17*), nymph 

WjJliams (65*) 

WHliams (64*) 

Williams (6:f*) 




44 THE HIGH PLAINS GRASSHOPPER 

Year State and county 

1938 Oklahoma: Le Flore 
McIntosh 
Major 
Okfuskee 
Oklahoma 
Okmulgee 
Payne 

Pittsburgh 

Roger Mills 
Sequoyah 
Texas 

Tillman 
Washita 
Vloods 

\Voodward 
Texas: Armstrong 

Bailey 
Briscoe 

Carson 

Castro 

Childress 

Cochran 
Collingsworth 
Crosby 
Dallam 

Dallas 
Deaf Smith 

Dickens 

Floyd 

Foard 
Gray 

Hale 

Reference or collector • 
Williams (64*) 

Wi11iams (64*) 

Moore (64*) 

Williams (64*) 

Moore (64*) 

Williams (64*) 

(77*) 

ViTi11iarrs (6.5*) 

(77*) 

Duck (17*) 

Moore (64*) 

Williams (6-"-*) 

Moore (64*), egg (F) 


and adult 

Wi11iams (64*) 

Williams (64*) 

Moore (64*), egg (F) 
 • 

and adult 

Moore (64*) 

Clearman (64*), egg 


(F) and adult 

Clearman (64*) 

Clearman (64*), egg 


(F) and adult 

Miller (64*), egg (F) 

Clearman (64*) 

Clearman (64*), egg 


(F) and adult 

Clearman (64*) 

Blair (17*) 

Clearman (64*) 

Clearman (64*) 

Clearman (64*) 
Landrum (64*), egg

(F) •Miller (64*), nymph 
and adult 

MjIler (64*) 
Clearman (64*), egg 

(F) and adult 
\VilJiams (64*), egg 

(F) and adult 
Williams (64*), egg

(F) 
Clearman (64*) 
Miller (64*) 
Clearman (64 *), egg 

(F) and adult 
Williams (64.*), egg 

(F) 
Clearman (64*) • 
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Year State and county 

Hall 

Hansford 

Hartley 

Haskell 
Hemphill 

• 
Hockley 
HowaTd 

Hutchinson 

King 

Knox 
Lamb 

Lipscomb 

Moore 

• 
Ochiltl'ee 

Oldham 

Parmer 

Potter 

Randall 

Roberts 

Sherman 

StonewaIl 
Swisher 

Terry 

• 'Vyoming: Campbell 

Reference or collector 

CleaTman (64*), egg 
(F) and adult 

Miller (64*), egg 
and adult 

Landrum (32*), nymph 
Miller (64*), egg (F) 

and adult 
Landrum (32*), nymph 
MilleT (64*) 
Miller (64*), egg (F) 

and adult 
Landrum (32*), nymph 
Clearman (64*) 
'ViIliams (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 (F) 

and adult 
iVIiller (64*), egg (F) 

and adult 
Landrum (32*), nymph 
Miller (64*), egg (F), 

nymph, and adult 
Clearman (64*), egg 

(F) and adult 
Clearman (64*), egg 

(F) and adult 
Miller (64*), egg (F) 

and adult 
Landrum (32*), nymph 
Clearman (M*), egg 

(F) and adult 
Miller (64*), egg (F) 
Clearman (6!f*) 
Miller (64*), egg (F), 

nymph and adult 
Miller (64*) 
Clearman (64*), egg 

(F) and adult 
vVilliams (6!f*), egg 

(F) and adult 
Thrailkill ({i*) 
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Year State and county Reference or collector 

1939 Colorado: Adams 

Baca 

Bent 

Cheyenne 

Crowley 

Denver 
Douglas 
Elbert 

Davis and Mickle (7*), 

egg (S, F), nymph, 


and adult 

McCampbell (41 *), 


nymph and adult 

Shotwell (68*), egg 


(F) 

Scharff (6*), egg (S) 

Scharff (57*) 


Davis and Mickle (7*), 

egg (S) and nymph 


McCampbell (41 * ), 

nymph and adult 


Shotwell (68*), egg (F) 

Hupper (7*) 

Scharff (6*), egg (S) 
 •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 adult 
Shotwell (68*), egg (F) 
Scharff (6*), egg (S) 

and nymph 
Scharff and Gardner 

(7*), egg (F) and •adult 
Scharff (57*) 

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

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

McCampbell (41 *), 
nymph and adult 

Scharff (57*) 

Wakeland (7*) 

Biederman (7*) 

Davis and Mickle (7*), 


egg (S) and nymph 
McCampbell (41 *) 

EI Paso Biederman (7*)) egg 
(F) and adult • 
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Year State and county 

Kiowa 

Kit Carson 

• Las Animas 

Lincoln 

• Logan 

Morgan 

Otero 

Phillips 
Prowers 
Pueblo 

• 


Heference or collector 

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

Scharff (6*), egg (S) ; 
(57*), nymph 

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

McCampbell (41 * ) 

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

Biederman (7*), egg 
and adult 

McCampbell (41 * ) 

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

and adult 
Shotwell (57*), egg (F) 
Scharff and Wood (7*), 

egg (F) 
Scharff (6*), nymph; 

(57*), adult 
Ruppel' (7*) 

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

and adult 
Shotwell (68*), egg (F) 
Scharff and Gardner 

(7*), egg (F) 
Scharff (7*), egg (S); 

(6*), nymph; (57), 
adult 

McCampbell (41 *) 
Biederman (7*) 

Robb (7*) 

Mickle (7*) 

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

and adult 
Scharff (6*), egg (S) 

and nymph; (57*), 
adult 

Shotwell (68*), egg (F) 
Ruppel' (7*), egg (F) 

and adult 
Robb (7*) 
Ruppel' (7*) 

Davis and Mickle (7*), 
egg (F) and adult 

Shotwell (68*), egg (F) 
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Year State and county Reference or collector 

1939 Coloraclo: Pueblo Scharff and Gardner 
(7*), egg (F) and 

adult 
McCampbell (41 *), 

nymph 
Scharff (57*)

Sedgwick Robb (7*)
\Vashington Davis and Mickle (7*), 

egg (S) and nymph 
l\t[cCampbelJ (41 *) 
Robb (7*)

Weld Gardner (7*) 

Yuma Robb (7*) 


Wallace (17*)

Kansas: Barton Tuck (7*) 


Decatur Tuck (7*) 
 •Ellis McDonald (7*)

Finney Spain (67*) 

Ford Tuck (7*)

Gove McDonald (7*) 

Graham Tuck (7*) 

'Jrant Landrum (7*), llymph 


Scharff (6*), nymph 
Tuck (7*) 

Gray Tuck (7*) 
Greeley Landrum (7*), nymph 

McDonald (7*) 
Hamilton Landrum (7*), nymph
HasJ;;ell Landrum (7*), nymph 

McDonald (7*) 
Hodgeman Tuck (7*) 
Jewell McDonald (7*) 
Kearny Scharff (6*), nymph 

Tuck (7*) 
Kiowa McDonald (7*)
Logan Tuck (7*) • 
:Meade Tuck (7*) 
Mitchell Kelly (28*) 

Tuck (7*) 
Morton Landrum (7*), Il.rmph

McDonald (7*)
Ness Tuck (7*) 
Norton McDonald (67*) 
ORbol'ne Tuck. (7* ) 
Phillips Tuck (7*) 
Pratt Tuck (7*) 
Rawlins Tuck (7*) 
Rooks McDonald (7*) 
Rush McDonald (7*) 
Russell Tuck (7*) 
Scott Tuck (7*) • 
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Year Slate and county 

Seward 

Sheridan 
Sherman 
Smith 
Stafford 
Stanton 

Stevens 

• 	 Thomas 
Wallace 
Wichita 

Nebraska: 	 Chase 
Cherry 
Dawson 
Dundy 
Frontier 
Furnas 
Hitchcock 
Keith 
Lancaster 
Perkins 
Reel Willow 

• 
Scotts B1uff 

New Mexico: Cha ves 

Curry 

De Baca 

Guadalupe 

Harding

• 

Ueference or collector 

Landrum (7*) 

McDonald (7*) 

McDonald (7*) 

:McDonald (67*) 

Tuck (7*) 

Tuck (7*) 

Landrnm (7*), nymph 

Scharff (6*), nymph 

Tnck (7*) 

Spain (67*) 

Scharff (6*), egg (S) 


and nymph 
Landrum (7*), nymph 
Kelly (28*), nymph 
Tuck (7*) 
Tuck (7*) 
McDonald (7*) 
Tuck (7*) 
Haul~e (7*) 
Eckhoff (18*) 
Hauke (7*) 
Hanke (7*) 
Hanke (7*) 
Hauke (7*) 
Hauke (7*) 
Hauke (7*) 
Gates (18*) 
Hauke (7*) 
Hauke (7*) 
Eckhoff (j 8*) 
Eckhoff (67':) 
Shotwell (68*), egg (F) 
Resley (7*), egg (F) 

and adult 
Hilc1wein (20*), egg 

(S) and nymph 
Ohls (7*) 

Keys (7*), egg (F) 

Landrum (7*), egg (F) 

Shotwell (68*), egg (F) 

Landrum and Spain 


(7*),egg (F) 

Resley (7*) J nymph 

Ohls (7*) 

Spain (71 *), egg (S) 


and nymph 

Resley (7*), egg (S) 


and nymph 

Ollis (7*) 

Hildwein (20*), egg 


(S) and nymph 
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Year State and county Reference or collector 

1939 N e'" Mexico: Harding 

Lea 
Quay 

Roosevelt 
San Miguel 

Union 

Oklahoma: 	 Alfalfa 
Beaver 

Caddo 
Cimarron 

Dewey 
Grant 
Harmon 
Harper 
Jefferson 
Kiowa 
Le Flore 
Texas 

Woods 
Woodward 

Texas: 	 Armstrong 

Bailey 
Bl'ewster 
Briscoe 

Resley (7*), nymph 

Keys (7*), egg (F) 


and adult 

Resley (7*) 

Spain (71 *), egg (S) 


and nymph 

Ohls (7*), egg (F) and 


adult 

Shotwell (68*), egg (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 

Resley (7*), nymph and 


adult 

Keys (7*) 


Moore (67*) 

Landrum (7*), nymph 

Williams (7*) 

Moore (67*) 

Stiles (76*), egg and 


adult 
Miller (7*) J 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*), egg" (S) 
andl1ymph 

vVilliams (7*) 
Isely (16*) 
Clearman (7*) 

Isely (16*) 

Spain (71*), egg (S) 


and nymph 
Clearman (7*) • 
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Year State and .county 

Carson 

Castro 

Collingsworth 
Dallam 

Deaf Smith 

• Donley 
Floyd 

Gaines 
Gray 

Hale 

Hansford 

Hartley 

• Hemphill 
Hutchinson 

Lamb 

Lipscomb 

Moore 

Ochiltree 

• 
Oldham 

Refe~ence or collector 

Spicer (7*), egg (S) 
and nymph 

Williams (7*) 
Clearman (7*), egg (S) 

and nymph 
Clearman (6*) 
Williams (7*) 
Ohls (7*), egg (S) 
Spicer (67*), nymph; 

(6*), adult 
Clearman (7*), egg (S) 

and nymph; (6*), 
adult 

Spain (67*) 
Williams (6*) 
Clearman (7*), egg (S) 

anclnymph; (6*), 
egg (F) and adult 

Clearman (6*) 
Spicer (7*), egg (S) 

and nymph 
Williams (6*) 
Spain (67*) 
Clearman (7*), egg (S) 

and nymph; (6*), 
adult 

Spicer (7*), egg (S) 
and nymph ; (6*), 

adult 
Spain (71 *), egg (S) 

anclnymph 
Spicer (67*), nymph; 

(6*), adult 
\ViI1iams (6*) 
Spain (71 *), egg (S); 

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

(6*), adult 
Clearman (7*)) egg (S) 

and nymph; (6*), 
adult 

Williams (6*), nymph 
and adult 

Spain (71*), egg (S) 
andl1ymph 

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

Spicer (67*), nymph 
\Vi1Iiams (6*) 
Spain (71*), egg (S) 

and nymph 
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Year State and county Reference or collector • 
1939 Texas: Oldham Spicer (67*), nymph; 


(6*), adult 

Parmer Clearman (7*), egg (8) 


and nymph; (6*), 

adult 


Potter Spain (71*), egg (S) 

and nymph 


Spicer (67*), nymph; 

(6*),adult


Randall Spain (71*), egg (8) 

and nymph 


Clearman (6*)
Roberts \~rilliams (6*)
Sherman Ohls (7*), egg (S) and 

nymph 
Spicer (7*), nymph; •

(6*), adult 
Spain (67*) 

Swisher Spain (71 *), egg (8) 
and nymph 

Clearman (6*)
Wheeler Williams (6*)
Yoakum Landrum (7*) J nymph 

Clearman (6*) 
Wyoming: Goshen 	 Beals (6*) 


Skoog (81*) 

1940 Colorado: Adams Mickle (83*), egg (S) 

and nymph
Cheyenne Mickle (88*), egg (S)
Crowley Mickle (83*) J nymph
EI Paso Mickle (83*) J egg (S) 

andl1ymph
Las Animas IVIickie (83*), egg (S) 

and nymph •Scharff (57*), egg (S)
Lincoln Mickle (83*), egg (S) 

and nymph 
Scharff (69*)

Morgan Schadi' (69*)
Otero Mickle (8;3*), egg (S) 

and nymph 
Scharff (:;7*), egg (S)

Prowers ScharJf (69*) 
Pueblo Mickle (8,]*), egg (S) 

and nymph
Yuma Scharff (69*) 

Kansas: 	 Lincoln Tuck (69*)
Ness Tuck (69*)
PhiJ Ii ps Tuck (69*) 

Ne\\' Mexico: Chaves 	 Landrum (8.3*), egg 
(S) ancl nymph .; 
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Year Stale and county Reference or collector 

De Baca Landrum (83*), egg 
(S) anelnymph 

Scharff (57*), egg (S) 
Eddy Scharff (57*), nymph 

anel adult 
Quay Landrum (88*), egg 

(S) and nymph 
Scharff (57*), egg (S) 

Texas: Presidio Tinkham (96) 
Wyoming: Platte Morton (81 *) 

• 
1941 Colorado: Cheyenne Scharff (84*), nymph 

Crowley Scharff (84*), nymph 
Kiowa Scharff (84*), nymph
Lincoln Scharff (84*), nrmph 

Skoog 	(81*) 
Otero Skoog and \OVillis (81 *) 
Prowers Scharff (84*), nymph 
Pueblo Scharfl' (84*), nymph 

Kansas: 	 Haskell Scharff (84*) , nymph
Kearny Scharff (84 *), nymph
Saline Shob\'eI1 (81 *) 
Seward Scharff (84*) J nymph 

Ne\\- Mexico: Lea Scharff (8.F), nymph 
South Dakota: Shannon 

(\\'ashington) Wl'yl (87*) 
19~12 Nebraska: Banner Newton (81*) 

South Dakota: \rashington Skoog (81*) 
19~j8 Colorado: Baca Bakke (8:;*) 

Cheyenne Landrum and Spicer 

• 

(85*) 


Crowley Kropf (43*) 

EI Paso Parker (85*) 

Las Animas Stewart (85*) 


1950 	 Texas: Potter Spicer (86*) 
1951 	 Kansas: Hamilton Ridgway (2:3*) 

New Mexico: Union Landrum {;23* ) 
1952 	 Now Mexico: Union Spicer (8*) 

Bergstrom (8*) 
1955 New Mexico: Union 'Hauke (8eL*) 
1956 New Mexico: Union Hauke (8b*) 
1957 New Mexico: Union Seaton (8('*) 

Incomplete Re.cords 

• 

Colorado: Bent Snow (16*) 


Larimer Caudell (26)

Logan (16*) 

Otero Skinner (17*) 
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Year Stat.e and county Reference or collector 

Iowa: Des Moines Jackman (57) 

Kansas Barber Cragin (16*) 
(41) 
(7) 

Butler (41) 
Cheyenne (4.1 ) 

Williams (16*) 
(7) 

Comanche (7) 
Decatur (41) 

Wmiams (16*) 
(7) 

Ford (4.1 ) 
(7) 

Grant (.1;1) •(7) 
Greeley 	 (:/1 ) 

\Villiams (16*) 
(7) 

Hamilton (41) 

(16* ) 
Harper (41) 

(7) 
Hodgeman (41 ) 
Logan (41) 

Snow (16*) 
(7) 

Meade (41) 
(7) 

:Mol'ton (41 ) 
(7) 	

•Ness (41 ) 
Norton (41 ) 
OsiJorne (4..1)
Pratt (.';1 ) 

(7) 
Scott (4.1 ) 

(7) 
Sedgwick (41) 
Sheridan (41) 
Sherman (41) 

(7) 
Stanton (4.1 ) 

(7) 
Sh'vens (7) 
Tl'(lgo (41) 
Wichita (.~.1 ) 

Williams (16*) 
(7) 	

•'VilSOll 	 (4·7 ) 



• 


• 


• 


• 
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Yea.· Slate and county Reference or colledor 

Nebraska: 

New Mexico: 

Box Butte 
Cheyenne 
Lancaster 
Sioux. 
Chaves 

Hebard (18*) 
(16*) 
Hebard (16*) 
Hebard (18*) 
Smith (15*) 

Oklahoma: 

Texas 

Beckham 
Custer 
Dallas 

(41) 
Hebard (42) 
Boll (17*) 
Hiley (15*) 

Wyoming: Albany Pfadt (50*) 

HABITAT 

During the 90 years the High Plains gra~shopper has been 
knO\\'ll, it has not extended its habitat beyond a comparatively 
small region, although it has many times migrated great distances. 
It ma~c logically be concluded that limitations to expansion of its 
habitat will be operati\"E.i in the future as they have been in the 
past, and that the habitat will remain about ~\\'hel'e it is. The 
species h~1S been of little economic importance in counties on the 
perimeter of .its habitat. 

Geographically, the habitat, as shown in figure 5, is limited to 
an area in about the center of the High Plains. This area is about 
2()O miles wide by 350 miles long in the widest and longest places, 
but the area does not exceed about 50,000 square miles. Ecological, 
climatic, and topographical conelitjons limit the habitat of the 
insect to a relatjyely smali area in southeastern Colorado, south
western Kansas, the Oklahoma Panhandle, the Texas Panhandle, 
anel northern New :Mexico, all within the short-grass area of the 
plains. 

The habitat is confilwd ecologically to the short-grass belt, 
principally to the grama grass association. It is confined topo
graphically to an elevation of from 3,OO{) to 6,000 feet, mainly 
from 4,000 to 6,O{)O feet. It is confined climatically, east and west, 
to the 15-inch or less ctnnual rainfall belt, and north and south to 
a zone where the average winter temperature is fl"om approxi
mately 28':; to 38( F. 

The High. Plains were studied, descrihed, mapped, and named 
by Willard D. Johnson (50) of the enited States Geological Sur
\Te~·. He considered them as a topographical unit and described 
them ns follows (pp. 6.1 ()-(jll. 658-659) : 

The High Plains approximately cOlJ"esponcl to what is sOllJetimes 
railed, merely fOl' convenience of subdh'ision, the CCJltral Plains 
)"(~gion. They lie in ilTegulul· belt fOI·m about midway across the 
IOllg eastward slope of the Great Plains, Ther have fairly definite 
bound,lries, !loweH'I', and al'(~ in fact a natural subdh'ision of the 
Great J?luiJIS an'a. 

The Gl'eal Plains as a whol(' l'onstitute a geographic unit. Theil' 
extent is so great that the\' Hl'(·pJ·Olwl'IY to be.' rt'garded as 011t' of tht' 
primary divisions of tlw ;;()nlinent. 1n"that broad Sense the)r are H 
plain. But lopogl'aphicalJr tlwy jJJ'Psent, in the main, an (I.·osion 
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surfac("--u s~ll"fac~ of degradation--with topographic din>rsity, That 
 • 
is, ill dctail tlwy han' not, in the main, the chara('t~r of a plain, 

Th<> Hig'h Plains are the exception, They ha\'(~ practically nO 
drail1ag~, the local precipitation being disposed of by absorption, 
Comparatively, tlwl'l·fore, t\1<.'11' sul'iace has tIl(' g:1-lwl'al etrect of a 
dead ley<>!. Ind('ed, by wa~' oJf distinction, they arl! to sonj(> extent 
locally known as "The Flats" , • , Of the Great Plains area tl1l'Y are 
a natural suhdivisioll by topographic dUren'nce, In this sCllse tlwy 
are a tOjJographic ullit, 

At tlw same tinw tl1(>y an- upland or p]att'au Hats, And they al'<> 
u]Jland flats of ,.,urvi\'al; ditf('l'cntial ero.5ioJ1 of an ol'iginal yastly 
('xtpnd(-d plall(' sUl'fac(> has 1(·ft he1'(, a fl'agment, or a ('\osc assem
blage of fragments, in n-lipf. 'I'll(' l'pJief is not ('OJlSi<iPI'ahl(', It is, 
how{'\,pl', sufikicnt to 1)(' dominating, But tlw Hig-h Piains--lo('ally 
So ('all(,!! til $()nw ('xtUlt also c' a 1'(' indh'idual more bel-aus(> of tlH'c 

('011Spicu()us ('onlnlst of surface charact(-r t1l1'Y pr('sPllt. They are 
virtually Ullscol'ed by ('ro:::ioll; though but a fractional part of the 
whole sjopp, tlwy an' yet absolutely of grpat sizto, and til(' tl'a\'{'lpj' 
upon them illllll('cIiatl'ly re('(lf.,'11iz('s that t1w~' constitute the Plains 
jll'IlIW!', , • , 

[A C'/iJIIllliflll ['/li/. -1 Th(' Great Plains an'a, fUl'thermol'(>, maycc •bl' I'l'''ard('d as naturaIlv subdiyid('lj illto Iwlts by climati(' diJl'<-l'('IH'e 
also. In its w('stward l'is(' of thousalldsof feet it pass!'s through cli
mati\: gradatiOIlS f1'om humicl to arilI. Although, ll('c('ssal'i1y, along- a 
unif()rmly rising slope, the pa::;sag;<' is g;radual. 50 tllat any subdi\'isi()!l 
must be al'bitralOY, it ma~' at !Past ()(' said that midway, a('l'OSS a 
consill(·rab!(· hr('adth, tlw climat!' ;s sell)ial'id or subhumid. lndet'd, 
tll<' vag-ue' (\'nt1',11 Pl:Jilli' 1'l'gioH is :;ollwtimes callpd the Subhumid 
Bt'lt. Ag-! ('('ing gl'nE'l'alIy jll lll)$ition with til(' topog'l'aphic sub
Ilh'isioll of tll<' High Plains is this subdh'isioll hy c1illlatk cIHf('l'PllCe, 
The l>oullliaries of tIl(' topographic }wIt, to a l'ollsirlerahle ('xtent, JuWE' 
\)P(>I1 glYPH sharp dd'illitioll by mal'g'inal I'P('(ssiol1- c a work of Jwad
str('am sapping and encl'oap)ml('nt from the Pl'ocll'd area, , , ~alHJ 
the topographic b(»t in (,()llseqU('llc(' Ii"s sonwwhai cOlltractpd within 
til(> limits of tlw climatic' b(,It: but suh~talltiallr Uwn· is ag-l'('enwnt 
in PO:;itioll, ('ausi' anI! pfJ'N't )u-re may aPJ)('ar to be far apart, but 
it is: not t\ifIkult tn tl'a( (, tlwll' o:nlUlPctiOl1, •• ' 

(Facto/'s Which Jlakr [']I ('Uma/(.c-] TIl<' f,tcl!)rs which, from tIw 
)Joint of \"i('W of til!' fal'llwl', go to makl' lip dimat(' a]'(' 110t only 
jll'('('ipitation and its distributiPlI throughout t\J(' p·ar. The barr(-n 
Stal«-d PlaiJls of '1'(';\:10' ha\'(· a JJl'('cipitation :full), (!qual tn that of 
tlw majol' portion of tlw \\'Iwat lands of tIl!' Dakotas, and it is of the 
sam(' tnH' of l11onthl~' distribution; but tlwy are in ('tre('t much ririP!', 
sin('(' othC')' ('OIHlitiolls, ('ondu('jye to gl'(>at('l' e\'aporatirm, notably •
l'l't\U('P t h(' soil nHlis! lI!'(' ayaila!)l(' for ~'I'OWillg ('l'Ops. Tlw:.;p ot\H'l' 
('OlICJitioll;; tU'!,: (1) A more spa!:.ll1()dic cham('tl'r or til(' Sllmllwr 
rains, fanl!'jng p,,>capol'a!iPIl Ul': again:;t i;oil absnl'lltion; (~) a higlwl' 
t('H1)lt'nttul'(' l'psulting; in a ]0\\'('1' "!,(·lativ(· humidity" •. , ; (!l) )!lOl'e 
hour;; of SII!1shill!'; and (IJ a gn·atc·!· wind mO\,('llwnL 

Tlw nwt(,()J'ol'l~j('al l('('ol'ds of th<> Cuilt'd StaIN: \\"('aUwl' fjul'pau 
off!'!' ahuJl(lant data for a statlOllwnt, i'uftkh'ntly d(-finlt(· for JlI'C'S<'llt 
jlUrpl)S('S, of till' C'lj,na\(' of tilt' Hig;h Plains, ('xPI'('ss(>{j in l('l'l11S of 
1101'mal )ll'('('ipitatioll, tplIllH'rattu'(', J'(·latln- humidify, SUllshill!' and 
doudillPss. wind JllO\,PllWtlt, and ('\'apnl'ati'lll, hoth aV('l'ag!'cl foJ' th(' 
Y('Hl' awl. whnt i:: or llIu('h JllOl'(' rrractical int('!'!'s!, }l1'(,:-;I.-l1t('(1 fol' tl1l' 
cl'op-g:rowillg' !i(,a;;OIl only. At tlw SUllW ti\l1(' tll('Y show that til(' 
('hall),('('s of dimal(', whit-It Illl s(>vpral 'H'rasiolls ha\"(' !'xl<'llf\pd Ih(, 
humicl al'l'!l IH'arly (f) tIl!' foothills of tlw mOllntains, aml agnin lut\'(> 
('o)1tl'[t('l('ll it. \11 thc' :-;p!'ious inJury of p::tahH::;hl'll farming' intpl'('sls 
to tlw past ward, a1'(' hu! <lseillali!)lIs a('ross a ::;(ahl(' nwan and lun'('
fail'ir d(>fillitp IJ!'l'iod::, 
.. .. 

[/'I'u'ipilrlfi0/1 Hells of lite fJl'l{)/ 1'llli!1s,-.. J TIl!'s!' 1'('('O)'d:; , . ,show 
uniform dC'I'Jill!' in Jll'N'ip.tatioll llCl'OSS til!' Gr!'at Plain;; w('s!wltl'fl, 
'\'itll rilw ag:aiu to ('ol11ptll'ali\"(' humidity locaiTr ill til<' Hoek)' • 
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Mountains. l"POll a climatir map this gradation in precipitation
might be represented b~' north-south belts, indicating four sub
divisions westward, aSc humid, subhumid, arid, and, again, subhumid. 
The High Plains "'ould be seen to be included within the second or 
subhumid dh·ision. As a topographic ZOne of \'irtually liO erosioll this 
region of fiat uplands would show fading off on the west into til(>
eJ'oded country of the arid belt, but abrupt t!'rmillation Oil the' N1St 
alOl~g' a much-indented escarpment, \\'(>]1 withiu til!' subhumid limits. 
The remaining stl'ip would n'pres(,llt a ZOlle (:f sharp erosiOIl-a zone 
of capture by Iwadwater sapping on the part of the multitude of 
streams of the humid b(>!t.... the High Plains (are] a broad terrace 
of sun'i\'a! within the b(>lt of lIwdiulll preripitation. 

• 

But a mall which should show precipitation on1)- would not be 
complete as a climatic map, To the northward Uj)<)Il the Great Plains 
it would not be el.'('11 appl"oxil11atel~' accurate, FOl' example, t)l'('cipi~ 
tatioll Oil tlw !'takt'd Plains as repre'st'llte'd by tlw ... record at the 
Amarillo station in the center of the Panhandle of Tt'xas, is 2U)4. 
[20.99]' inches i at Garden l City], mid\\<ay across the High Plains, 
in central-western Kansas, It is l7.;~8 [l!J.OI] )n('ht's; at Go()(lIand, 
llorthwest('}'11 Kansas, at about tht' northern limit of tlw High Plains, 
it is approximately 2J [17.H7J inclws; while jn ('t'Htra1 ),'"o1'th Dakota 
it is but 18 inclws, anti at St. \"inceni, 11('a1" the lIortheastern corner 
of that State •.. it is only l!J,J inches. In short, tlw Yast banen 
flats of the High Plains han: a slightly grc'at('l' precipitation than 
esen the major jlortion of the wheat lands of the Northwest.... 

Kearly all of the High Plains is in the plains grassland known 
as the short-grass area or belt. It was discussed and descdbec1 by 
Shantz (78) in 192:.3. He said (fJ]). 89-90, 92-[).J, JOti): 

The typical appeat'alwe of this grassland as a who\(~ is that of a 
close!}' pastul'('d meadow. Except during rears of more than normal 
rainfall the· talI('l' growing plants are almost entirely absent, and 
the ....egeLation pl't's,>nts tlw appearance' of extn'me lllO]If)tony. There 
is little yariatioll in appearance from north tl) south or ('ast to weSt. 
Challl'es in thl' \'eget<ltiol1 withlll the area are du(' jal'g('ly to differ
enc('s in soil tC'xture, rUll-off or tiood-waLel' ilTigatiOll whirh a£l'('ct the 
availalJJe soil J11oistul'P supply. 

* * * * * '" * * 

• The short-grass formatioll is typical foJ' til(' Great Plains. Along
the Canadian boundat'Y it occurs from w('stel'll ~orth Dakota across 
Montana to the Rotky .Mountains, It ('xt('nds in a broad band down 
arl'OSS the Gl'l'at Plulllsand almost to the southel'll escarpment of 
the High Plains ill Texm;, , ,. [The Wl'SH'l'n boundary follow's the 
east side' of the Hockr iVlountains to tit" !\lontana-Wyoming boundary 
where it tums east (I) the east('rll side' of the Bi~ Hol'll Mountains, 
extending south to the lower ('lld of tIw Sangre de Christo rung-e,] 
The ('astern] boundary [fl'Oll1 Brule County, S. Dak.] then swings 
west around the great ;;and-hill an'a or N(~bl'aska, tJ1('11 southeast 
and south a('roSS Kansas a little wpst of til(' V!Jth d('gr(;'c or \\'(;'st 
longitude, bending westward and (-xt('IHling south along the east 
boundarr of til(' "Panhan(U(·". of T('xas. 111 TC'xas the shott-grass
formatiol1 is limit(,d tv the "Panhalldl(>" u/I(1 tlw southern }lOl'tiol1 
of till' High Plains. In ('astern New Mexico it is also }imite>d to Uw 
High I)Jains and tl) portiollS of northeaster1l Xe\\' l\Iexico, ... 

(}rllma-araSII Ibw)('illiioll .•.-The dominant plant ill this assoda
tion is grallla g'J'ass (H,m/riolla ljI'IJI'ili.-t) •••. In gcn(')'al ap»('aran('c 
it is trpical sho]'l-/.?;I ass land, ' . 

The area oc('upi('(.1 by this association fJlrms a \\'(><ig(', "el'Y broad 
in the 1101't11 and "'('1'Y nat']'o\\' in Uw south, Iring just ('ast of Ow 

• 3 Figures ill bnL('kNs show latest establislwd normals. 
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mountains. In l\Jontana it ('xtends from the mountains on the west 
 •
to the eastern boundary of thc· state, but in Colorado forms only a 
nanow band, 

This grassland occuuies a soil which is wry shallow, ranglIlg in 

depth frOIll 8 to 18 inches to the layer of carbonate accumulation, 

below which is a ))('rmanently dry subsoil. ..• The1'e is 110 storage 

of water fl'om yeal' to year, and only during rears of exceptional 

rainfall dOt's \\'a1e\' ptnetratt' the soil helow the layer of carbonatt' 

accumulation. , .. 

G/'wlla allil b1!/J(/lu-!/ra~,'t (lsl<vcialion .. ,-The grama and buffalo

grass association is tYJlical of the High Plains, The plant cover is 

often uniforl1l and cover,; the ground with an open or dense mat-like 

growth. During wet y('al'S tIl(> short grass i!o\\'prs and many annuals 

and jJel'ellniais becol1l(' prominent jn the plant CO\'e1', It is dominat('d 

by almost ('qual quantities of grama grass (Buutelvlw gra.ci/is) and 

bufralo grass (Blilbili.~ dadyloidell). Oftl'n the co\'er is almost pure 

but at otlle1' times tlwl"e are mix('d with these grasses many small 

annuals, , . During' yt'ars of more than J10nnal rainfall, other al1(L 

more prominent plants. , , are IH'ominent. 


This association ('xtends from South Dakota aCl'OSS weste1'!l 

X ebl'aska, eastern Colorado, southwestern Kansas, llortheast~l'n New 
 •i\I('xico, \\'pstern Oklahoma, and Horthwest('rn Texas. 

. , , The soil is not as shallow as tlnrler gl'ama grass, the depth to 

the Jayer of carbonate arcumulatio.ll ranging from .14 to 18 inches.. , . 


B/w'" !J)'/Wl(( w'l-:uC'1a/ioll .••-Hlark grama (Boutclolw erioJ>ocla) 

charact('l'iz('s tJw dry desert plains of west T('xas and X('w l\Iexico. 

It doc's not fOl'lll a sod but ratht'r an open grass co\'er, Black grama 

is s(·ldoll1 an unmix('(1 grasslaud, and there are often yucca, mesquite, 

and oOWI' desert shrubs scattp)'('d on!' the gl.'ass cover, '1'11(' soil is 

shallow, often with cal'bonat('s at tlw ::'U!'facp. Hainfall usually starts 

growth during the SUIllJ11('r wl1('11 tlw t('mperaturp is high and 

wapOl'atioll 1'apid.. , , 


Speaking of the short-grass plains, \Vea\,er and Clements 
(lOS, ]J)J, 402-1,0,1) say: 

The grasses form a !ow mat or 80tl due to <'xtensi\'(' propagation

b)' l'hizon1Ps and stolons, In the (It'jpl' portions, mUl'h soil surface is 

exposed. but undeJ' mono favorabl(, moisture conditiOJls, the sod mats 

are mort' Jl('arly continuous. Because of deficiency of soil moisture 

and S('\'('1'(' summer dJ'oug-ht, tIl(; \'('getatiOJl matlll'<'>S eady , , , Tll(' 

grass('s "cure" OJl tlw gt'ound but mar resume growth upon th(' 

ad\'ellt of opp()rtune sho\\'('l'S, P]'('cipitation is so limited that th(' 

soil is s('ldoll1 moist o('1ow a I\('pth of 2 f('<,t. Watel' penetrates slowly, 
 •
owing in part to the high \\'atpr-I'P[,lining power of the sllrface layers 

of fin(' sandy-loam (ir clay-loam soils and also to the \'jg;OI'OUS 

ahsorption by the shott grasSl'S. Tlw small amOUJ1t of Illoistur(', if 

allY, stol'(·d during' tlw wintc·), seasoll in th!' foot OJ' t\\'O of surface 

soil, togetlH'J: with til(> rainfall of spring' and ('arl~' sumnWJ', may 

enable gJ'C)wlh to ('outillll(' until early ,July, wl1('11 usually all th(' soil 

moisture is exhaus[pd. As a COllS('qU('nce, cI('eply root<'d tall grasses 

and other ht'}'b::. aI'£' fr<'<[upntiy (,xcludpd, and the typkal short-g!'ass 

('on'!' is \'('ry uniform and monotonous as a result. 


})udng' unusually dry ),<'al'$(,\'('11 short grasses Illay fail to flowel', 

hut during' w£>t <)11<'8 v"'owth mar eontilllll' without .intpITllptioll, The 

crmlimH'c1 /l('nNmtion tlf WaH'\' to only H; to 24 indws has l'Psultc.>d 

in a l'()Jl('Plltratioll of tlw ](·ac!wt! sallS anel all\lyialed da)', which 

fm'l11 a ('a l'l)()llatl' Jayc'r \'a ryi Ilg from 8 to 2·J. illclws ill thicklwss 

and l;1)llwti)1H's c)('('urriug at (i<'Jlths of only 8 to 10 i)\rI]('s, Ih·l0 \\' 

tlw hardpan I)('('urs a dry suhsoiI. By hiu()(;ring' warp!' pt'JletJ'MioJt ... 

tIl<' natin' \'('g(·tatjoll has pxpr('(l a lll'ufoulld pfr(,et upon soil slru(' 

tUI'!' and soil Pl'OfiJ(; ill til!' ::nm'l-grasl' plains. 


Comparison or til(> aJ'pa in '>rhieh grama grass is dominant 01' 
sub-dominant \\'ith a soils map of the GrNlt Plains suggests that • 

http:arcumulatio.ll
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the cause of shalt grass being restricted eastward and \\'estwarc1 
is the soil on which it grows. (See fig. 7.) The short-grass area 
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• FIGnn; '.-Soil mall of the Great PlaiJis. [From drawing by 
C. F. 1Vlal'but, (Ii!)).] 
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mainly coincides with what IVlarbut (60) calls the dark brown • 
and the Drown soil belts. He describes the general features, 
boundaries, and profiles of the soil as follows (P]J. 42-43, 62): 

The Great Plains ... include that part of the Lnited States, lying 
east of the Rocky Mountains, in which the soils are characterized, 
at maturity of de\relopment by (1) the presence, on some horizon of 
the .soil section 01' profile, of a zone of alkaline salt accumulation, 
usually, not exclusively, lim,: carbonate and (2) a relath-ely dark 
colored surface soil. The color varies, from place to place, in degree 
of darkness but throughout the re!,rion it is darker than the mature 
soil in any other part of the country in which the zone of salt 
accumulation is present in the soil. 

* * * '" * *'" '" 
'l'he Eastern BOllllclur]f.-Since a dark surface soil is characteristic 

not only of the soils of the Great Plains, but of an extensive l'egion 
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 curbonate accumulation. Since 
the Great Plains region as defiEed, does not extend east of the area 
in which the zone of carbonate accumulation is present it is eddent 
that the eastern boundary is also the boundalT of the zone of 
carbonate accumulation. 

Sincr. nature rarely establishr.s sharp boundaries, and since man 
must usually do so, we define the eai'\tern boundary of the Great 
Plains as the line along which the zon.:' of carbonate accumUlation, 
uniYel'sally present throughout the Great Plains, disappears entirely 
or becomes so faintly de\'elojled that it cannot he identified by
ordinary field obsel'\'ation. 

* * * * * * 
'l'lieJVeslc)'n Bowu{(11·!1.- . the Rocky Mountains bOllnd the 

Great Plains on the west. This is ill general h'ue, but, ... they seem 
to be more 01' less accieh'lltally situated along the western boundar)' 
since this Jine would be, in 11art at 1ea!:t, where jt is jf lhe mountains 
did llot exist. The western boundary where the mountains do not fix 
H, must be established on the basis of soil color, since the other soil 
characteristic of the Great Plains, the ]Jresence of a zone of carbonate 
accumulation, extends wpstward far beyond theil' western boundary. 
'J'he ,\'estel'll boundaJ'Y t11<:refor(: lies along that line.> or zone which 
di\'ides the dark ('olored soils of thf- Great Plains from t1l(' light 
colored .soils of the rt'giOll west of the.> Gl'e.>at Plains, lea\'ing tlw 
mountains out of cOl1side.>ration. 

rA soil profile in the dark-brown belt neal' Two Rutte.>s, Colo., is as 
follows ;] 

[J/('he/< 
]. HI'OWl] clay loam. dark shade, somewhat granular () to 8 
2. ]~l'o"~n clay Joan1, c]()d.d~r," .» .-. . l' to 11 a. Calcareous horizon 11-

The habitat of the High Plains grasshoPIWl' is all within the 
High Plains and neal'ly altogl'thcl' within tIl(' grama gl'asg asso
ciation area. This is elp<u'l\' shown in fig-ore 8, which is an adapta
tion 1'],0111 ,Johnson's map of tlw lligh Plains (tiO) anel Shantz' 
sketch map of tht' Gr(>at Plains reg-ion (7i1) showing- til(' areas 
occupied by the pril1('ipal plant com111unities. Thc' only area where 
one of' the species of g'rama g'l'llsses is not dominant and ,,'here 
lonlJipennis is known to h<1\'(> reproduced is a small. portion of the 
wire grass area in southwestern Kansas, no]'thwpsterll Oklahoma, 
and in the eastem part or tile' Texas Panhandle. In this wire grass 
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area it has not long SUlTi\'pd anci has been of little OJ' no eCOllOm1e 
importance. 

Although research has not been conducted that ])ro\"ides pl'ooE 

that IOl1yipennis breecls only in areas \\"herp gTama grass is domi

nant or sub-dominant, \'oluminoul" observations by colleetol'S, 

iuseet SUlTeyors, and control men support that conelusioll. Cl'ant

ing this, the fact throws IlO lig'ht upon why the habitat does not 

extend farther 1101thw(tnl oj' soutilw,lrd whih' the gnlma grass 

association extends into Canada aue! almost into ~Hexico. 


The habitat lies altogether within the ele\"ation belt of :3,()(](l 


to G,O()() feet, and the most tl·oubles(ll11C:'. persistent infestations of 

the species ha\"e been bebn'en .1,()(JO and 6,O{)O feet (fig. 9). 


The only exeeption was an area in nOJ'thpl'n ~ew :Mexico ~\\'her(' 
grasshoppers expanded westwarcl into adjacent Colfax County 
during the severe outbreak in Cniou Counb" in 19:17 and 19:38. 
Elevation alone, however, does noL explain' wh~' the habitat is. 
restricted to such a small area, for the :3,000 to 6,()()()-foot belt 
continues for great distances northward and southward beyond
the habitat area. 

Most of the habitat area lies within the belt that has 15 inches 

01" less average annuall'ainfall; a H'l',\" small portion of the habitat 

extends into the 15- to 20-inc:h belt, in the eastem part of the 

Texas Panhandle (fig. IO). In that area, as explained J1eretofore, 

the species has noL long persisted and has not been of appreciabll' 

eeollomic impo1'tanc(;'. In the atea where tlw species has occll1T('c1 

most frequently and where infestations h,:\\"e pl'rsisted longest, 

that is, in Bent, Crowley, Elbert, El Paso, Las Animas, Lincoln, 

Otero, and Pueblo Counties, Colo., the annual a\'erage precipitation 

is I3.5G inches, varying from a low of 11.():3 i ncbes inC ro\\"ll'~" 

County to IG.2() inches in Las Animas County. 


The portion of the habitat next in importanee is that in north
eastel'll New :Mexico; this portion comprises Union County ane! 
parts of Colfax, [lanting, and Quay Counties, where tIll' a\"el"ag(' 
annual precipitation is IG.29 inches, varying from a low or 1.J,G:) • 
inches in Colfax Coulltr to 18.0:3 inches in Qua.\" County. 

Two other areas within the habitat in \\'hich outbreaks IUl\'e 
been less frequent, of shorter duration, and less destructive than 
those in ColoracIo and New lVIl'xico are thePanhanclle of Oklahoma 
and thl' northwestern portion of the Tl'xas Panhandle. 1'[1(' 
av('rage normal annual precipitation within that part of Oklahoma 
comprising Beaver, CimalTon, aue! Texas Counties is 17)39 inches. 
val·.\'ing fl'0111 a low of j(i.·l() inclws in Texas COUl1tJ- to 19.:3C 
jnches in Beaver County. The average normal annual prE'cipitation 
:for 2 of the :'j Texas Panhandle counties where the Jl igl1 Plains 
g'l'<:lsShOppel' has been of most importance is 19.5 inches. 1t varies 
1'1'0111 IS.0J inches in Hartle.\" County to 20.99 inehes in Potter 
County. Weather Bureau J"ecorcl~ 1'01' Dallam, Moore, ane! Sherman 
Counties are incompkt('. 

The portion or the haiJitat that is ill Kansas is in Grl'eley, .Ham
Uton, Keal'l1Y, Stanton, Crant, Morton, Sh'\'ens, ane! Seward COUIl
ties. Its average normal annLlal precipitation is IG.(j:l inches, vary
ing from 15.85 inches in Stanton COLlnty to "17.1:"3 inches in .Mortoll 
County. • 
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Apparently, the most favorable environment for the survival 
and reproduction of longipennis is a combination of short-grass 
range, an elevation between 4,000 and 6,000 feet, and an annual 
precipitation of 15 inches or less. This environment is found in 
the Colorado and Ne\\' Mexico portions of the habitat where 
infestations have been the most frequent and prolonged. One or 
more of these environmental conditions is lacking in the Kansas, 
Oklahoma, and Texas portions of the habitat, ·where infestations 
ha\'(;' been less frequent and less intensive. 

Ele\"ation 01' precipitation offers no explanation of why the 
habitat is limited northward and southward. The reason appears 
to lJe related to \\'inter temperatme. There is no apparent relation
ship between the patterll of average allnllal temperature, \\'a1'm
season temperature, 01' summel' temperature, and the pattern of 
the habitat area. The possible sjH'ing mortality of grasshoppers 
cannot be discussed in the absence of sufficient research records 
on thf:., subject. The average winter temperature of the Great 
Plains, as mapped by Kincer (f;.j) , shows that the temperature 
ZOllCS traverse the habitat area in general from east to west. (See 
fig. 1n.) The portion of the hahitat that is the most fa vorable from 
til(' standpoint of elevation and precipitation does not extend 
northward beyond thc zone of about 28'" F. average winter tem
perature (December-February) or south of the zone of about :38(; 
F. The effects of winter temptrature are not known. It is possible 
that at the northern limits the eggs of the High Plains grass
hopper canI10t sUl'\'ive the low temperaturcs ancl that at the 
southern limit, egg mortality results from lack of snow cover, 
low soil moisture, low humidity, and high e\'aporation rate, all of 
which cause desiccation of the eggs.

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

- - - .--. ~ 

AIlIlUtt! pl'PeipitlltiOJ1 ApproximlltP 

Rtllt(' 1':h'Ylltion 
______~ _._,.._.K~"_·___~·__ ~" avrnl~p 
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-- -- -.~-~- " ~~- .-.~-"-.- .. - - ".

;\Yl'rllj.((· RIllIj.(e 
-~-,,"--------'. -

•••___• ___• ~._. __ --"--c __ ~ • __• 
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._.__ r_'_ 
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l().ll·j 
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28·33 
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j U.:1G (Bpavt:r}. . 
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BIOLOGY 
DissosteiJ'(l long/pennil;! completes one life cycle annually, Eggs 

laid in the fall hatch the following spring, Nymphs feed, grow, 
and migrate by crawling during late spring and early summer, 
Adults continue to feed, migTate by i'Iight, mate, and lay eggs 
during late summer and early fall. The elates of eg'g laying. egg 
hatching, and tl'ansformation of ll~'m]Jhs to adults, and the dura
tion of each metamorphic stage \'al'Y from area to area. \Yithin 
areas, these dates nll'Y from yem' to year and seasonally with 
]ocalinfluences. Influencing factors an' climat~'. topography, 
elevation, latitude, slope of exposul'P. and \'egetath'e types. 

Comprehensin, data on tlw life c~'cl(' of tlw species are m'ailable 
onl,\' for the period \"hen supen'isol'S made obsen'ations in con
nection with control during the] 9:3:1-40 outbreak, They are incom
plete because supen'isol's and eOOIWl'atol'S could not be present 
in each localitr to l'ecol'd cle\,plopmellts. Cleatwd from num('1'OUS 
reports, data on the seasonal dl'\'elopment of the species ha\'e been 
assembled in table 2. 

\\'o1'l\e1'S made numerous ),pcords on the biolog-y and habits of 
lonoi]Jpnni8 during the periocl, Many j'eeOl'ds prio)' to 19:39 provide 
interesting information, but from tl1l'lTI it is difficult ot' impossible 
to obtain a connected picture of the life patteI'll and activiUes of 
the species. Louis A. Spain and Donald K ScharfI' in 19:39 had the 
Oppol'tunit~', as Sm'YCr supel'\'ibOl'S. to obsen'e habits ancl develop
ments more elosely than contl'ol supen'isol's, Theil' data as aSflem
hied by Spain (72*) are cll'awn on almost enti rely for the following
account, 

Eggs 

Eggs are laid mainly in limited areas whel'e egg masses are 
concentrated in larg(' numbers to form what a)'e commonly known 
as egg beds, In the fall, an infl'stl'cl a1'ea might eover man~' thou
sands of aCl'es with h(1J'(' and tlWI'(> all egg bed, Intpl'spersed be
tween egg beels, scatteJ'Nl grasshoppers may deposit individual egg
pods. 

Eggs are found <luring tlw fall and SlJring' in field margins of 

cropland, grassland, pastures, bottom land, hill land, wastelancl. 

and restoration land, lVloJ'p than ~)() pel'('(mt of t\wm occ-u r in hu Fralo 

grass and J!,'l'ama grass range and pastuJ'p, A f(l\\' (l$l:g lwds ma,\' lJe 

found in tall grass, W('(!c1.v .!2.Tas~lalld, small grain, sorghulll Hlld 

cOl'n stubble. and sonw ill abandoner] land, Egg beds al'(' I'Hl'pl .v 

[ound jll non-grasslanels, 

Egg- beds O('('Ul'l'('d in a \'H1'jQt,\' or topog-raphkaJ ane! soil eondf
Lions, tht' majol'it," b(>ill~ Oil ('xpos!'d slop('s in firm. SHlld.\'-loam 
soil. O('C'a,sionally t11('Y w('['(' found .ill 1('\'('1 bottom land and Oil hill
tops. S('\'praJ Pgg- jJPrl,s \\"('/'(' IO(,Htpd ill "PJ',\' ro('k" soil ill llIlJ'th
Nlst('J'n XC'\\' ,:\1 (Jxi('o and sou tlH'!'J) Colorado, III lypieal \)pcls in 
bufralo-gnllna g-J'ass l'clllg'P, Pg'g pods W('J'P pl(l(,pd al'Ound tIlt' !'dg'('s 
of tIl(' grass plants and ill t1w illt{'I'\'C'llillg' hare spots. 'I'll<' Iong-. 
large egg mass!!S \\'e1'(1 :ll'/'ang('d in a nearly horizontal position, 

• 

• 

•. 
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1 to 2 inches below the son surface with the uptu1'l1ed froth cap • 
appl'oaching the surface. Eggs within the pod were arranged in 
almost vertical 1'O\\'S (fig. 11), 

In the spring- survey ill 1989 tll(' 11l1mber of eggs in 187 egg pods 
\'aried from :32 to 84 and an'rag('c1 (j£5, Examination of typical egg 
beds in the spring yielded the following information: 

.\ \·pl':tgP ~i;r... Pod" 1}('1' ~,;uarl' 
of I",d" foot. :l\'f'J'a~(' 

.11'/'1'-' X{(m/wt 

Colo/'!ulo . '" _ • .'i.a:\PI\" :-'It'xico ___ . 25 
f' .,.'i l.ilTexa,;•..... , •. ;) G.6 

Egg beds ill the longipennis habitat l'2,nged in size from one-half 
to 200 acres and avel'ap:ecl about 1:') acl'('S. The egg pod population 
of 75 beds that were examined rangeel f1'om 0.7 to 20 pel' square
foot and a\'eragecl nearly ;').8. 

Data concerning the hatching period are summarized fol' 1989 
as follows: 

lIat piling: A \'C'I'U!!:(' dUl'ILtion of 
eOlllplC't(' hatf'iJing: ppriod 

Fil'~t hutc'lI 

Days 

Co]omtlo .•. '" :-'Ia\' 2 JUlI(' .I 18 
:\('II' :'Il'xi(·o ... .\prif2J .Junc' .'i 28Tf'xas .\pril 22 :-'[11,1' ;{O 2:~ 

Two egg beds in Colorado were completely hatched 11 days after 
emergence began. Egg hatching continued for :in clays in one of the 
most concentrated beds ill Guadalupe County, "l\T.l\'fex, Eggs started 
to hatch in a number of beds in Ne\\' Mexico and Texas in late 
April, influenced b,v a spell of unseasonable warm weatiwl', hut 
the hatching period was pl'otraetecl to 2:3 days 01' cool \\"('athel' 
during the first half of May. 111 contrast, the same spell of cool 
weather OCCUJ'l'('d .in Colorado before egg- hatching became ge!Wl·aJ. 
Its in fhlC'IlC(' de>fel'l'ec1 the elate of hatching; how('\'('1', bee-ause 
\\'(Jatlwl' thel'paftpl' was f<1VOl'uble, tIl(' hatching lwl'io(l lasted only
IR clays. 

TIl(> J)l'OllOUIlC('d infltwnc(l of t{IITUill is ('vident wlwl1 first hatch
ing elates of lJl'ds at high an(1 at low (l1(,YHtions arc' compared, and 
\rlwll tlw trpps of (lXj)OSUl'(lS an' C0118i([('1'(,(1. Egg's at 10\\'('1' eleva
titJns, in warm (>X])OSlIl'PS, begau to hatch as much as 1 B days 
('ad i('r than 80n1<' or thos(> OJ! high J1wsas. 011(' egg- b(\d in Lill('oln 
County, Colo., so sit uaLC'd that it ill('lud('d terrain with l)()th a 
f;outh(l]'ll and a 110I'tl1('1'11 ('XPOStTl'<'. ('x(>J11plifil's tlw pfl'(let of a TanH'
able locatio]], At tlw tinw hat('hing Oil soutlH'.I'1l slol)(ls wHs('ompJpte 
only 55 l}(ll'('Qllt of iJl(' ('ggs on llOl't\WJ')1 .,;lOI)(lS had hatdwc1. 
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TABLE 3.-Seasonal del'elopmeni of Dissosteira ]ongipennis ai 
Tucumcari, N. 11'le';l.:., 1939 

Jnstar of nymphs 
J~ggsDate 	 Adult"hal('}wd (,Ill('r~wd

2nd ..ltlt 5th 

Parmi Percl'lll Pacmt I'rrcI:IlI jJ(rnJlI Put't III 

1.2 100 

UO 10 :{O 


100 	 10 2;') GO ii 
.j flO .10 fl 

.lUIl(' 1 10 Ii;) 2ii

Ii .y
_.J Ii.! Ii)

J:1 ;)0 iiO
III 10 UO26 2 !Ji-i •.July Ii 100 

Xymphs gradually dispersed as the~- fed and grew; with each 

successive molt the l1umlwl' of nymphs pel' square yard J)ecame 

fewer. Dispersal appeared to be independent of the infiuence of 

control. Baiting abruptly thinned populations, decreasing the size 

of the bands. Frequentlr, baitil1,!!: r('suItetl in the replacement of a 

large band by severa] small ones. Populations of hands of first

instal' nymphs ranged hom a fl'\\' to a maximum of 2,OO{) per 

square yard and ~n:eraged about 50!). TI1<' heavit'st populatioll of 

last-instal' nymphs encouutE'recl in the southern part of the a1'('a 

was 150 per square yard "'jth an a\'eragc of less than 50. The a\'e1'

age in Colorado was ahout 1(1) per square yard. 


]). 10n{Jipennis p('}'sistecl in bands (figs. 12 and ])3) throughout 
the nymphal period C'xcept where populations were too low to be
come gregarious. Such low populations occulTed either naturally • 
or as an effect of baiting. Populations of l('ss than G per square 
:rarcl in new :Mexico and T('xas and 2() per square yard in Colorado 
\\'ere not observed to band togethel·. This c1isparit~· probably re
presents the range within which nymphs will form into bands, 
influenced by such factol'S as nymphal age, \'egetation, topography, 
or weather. 

The role of envirol1ment in l'('lntion to nj'mphal acth'ity invoh'es 
many factors. Scharff found that most nymphal feecling was (lI)]1e 
,,-hell t}lt' soil-sud'acc temp('ratul'(' was hetween SO· and 10:) F. 
Spain ol>s('}'\'('(l that such f(l('ding was at ai)' temperatUJ'ps J)ptween 
7J' and 9·j F .• a range compm·ab}(· to the range in soil tempel'a
tun's recoJ'(lt'd hy SeharH. ~ymphs mi,!!:rat('d mainly wl1(311 soj]
Rurface tpll1pl'l'atul'(ls rangpel h('hYet'll go and 115 F. Veg('tatiOll 
nl()J1(> )'eu'ely inllut'ucC'd Uw dirt'ctioll of nymphal mig'ration, for 
bands fl<:'QlWl1tly mo\'('c! from arpus supporting stands of good 
grass t() areas of pOOl' grass. 

XYll1plls in sonw (:as~'s ],pmaiupcl Oll th(' Pgg b(lds for mol'P than a 
w('ek after tllP eggs hatclwd. In otlWl'S, thC:'y began to era w} away • 
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as soon as they emerged. Migration u!'lually began near the end 
of the first week after emergence and thereafter increased rapidly. 

The rate of travel of nymphs was about as follows: First instar, 

3 feet per minute; third instal', 6 to 12 feet; and late instal', 10 

or more feet per minute. In 1937 Willis (1;8*) found that one band 

of nymphs had traveled 21:! miles in one day. 


The direction of nymphal migrations in 1939 in Colorado was 

generally slightly west or north, but in New IVIexico 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 bands repeatedly 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 10 days after emerging, bands of nymphs 
often had spread until occupied areas were 10 times 01' 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-instal' nymphs in Colorado occupied 
areas 5 times greater than the egg beels; and fifth-instal' nymphs 
in Xew Mexico infested areas tenfold the size of the egg beds. 

Adults 

The first adults (fig. 11) in 19;39 were found June J in Xew 
.l\Iexico and Tcxa&, and June J:) in Colorado. Ninety-eight percent 
of the nymphs had transformed to adults by July 1 in the former 
States and lW July 15 in the lath'r. Xew areas became infested by 
adults that flew soon afh'r transformation, leaving behind a 
scattering of nymphs that wpn' molting. Adults dispersed by Hy
ing'; for a period of 1 month following emergence of the lirst 
individuals, adults sho\\'('c! no ('vidcncc of the gregarious]l(lSS ex
hibited hy the nymphs. On l1rst flights adults traWled from 25 
to s('V('ral hunch'ed yards at a tinw, usually not more than 50 feet 
abo\"(' the' ground. High. long flights then OCCUlTed that disJ)('rsecl • 
the adults to an'as wiele!.\' sl'pal'at<>d from thos(' in which tl1l'Y had 
dc\'eloped. Dispersing adults fYPCjupntly wpr(' attl'Htted from the 

FIGI'Ug 11.· iJisI'ol'li z"m itlll!lipf lilliI'. Adult 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 \\'ere 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: 

ElJ)('r~Pllrl' of Fir!"t Fir::<t 
Stat<' fir~L adult:: congrpgation ovi !lo:'i (ion 

,I um' I.') July Hi Aug\l"( J. 
JurI(' 5 ,luI)' I) ,Iuly 17. Colomdo .. 

X('\\":\I('l>i('o 
Texa:,... .IUIU· 5 ,I; 

Adults became widely and uniformly distributed during the 
solitary period; they rarely were more numerous than 1 per 
square yard. An area ()f 150 square miles in Quay County, N. 
1\1ex., which in l\Iay contained many concentrated, roving bands 
of nymphs, had been reduced in population by July 5 to an average 
of 1 adult pel' square yard; not morc than 2 per square yard were 
found in any p~u-t of the area. 

The a\'eragc population of adults after they had Intnded for egg 
laying was about 20 pel' square yard. O\'iposititm stnrted 12 to 15 
days after adults heg:an to concentrate. Long-distance flights 
practically ceased when ovipositioll got uncleI' way. In Colorado 
it gradual mO\'enwnt llorth\\'urd c:ontil1l1ed at a rate of about 1.;; 
miles ()('1' wee], during tlw egg-laying period. The Jirst oviposition 
\\"e.lS S(>Pll .JUly 17 in Xpw l\Iexico and August 1 in Colorado. 

Jfost of the egg de}Jositioll took place )wtween 9 and J:2 o'tlock 
in the morning, when the ail' tpmperatul'e was lwt\\'('(!J) SO and 
no F, During tlw early 1)101'I1in(;, especially at the stal't of th0 
luying pPl'iod, ft'males \\"('1'l' se(,11 working shallow holes into the 
soil \\>jthout clist0nc]ing thpir abdomens amI without depositing 
Pggs . .shortly tlWl'('uftt'l' femalt's begall working holes into th(> 
soil with tJwir c1istencl(>rl ahc1Olmms. Several males gathert'cl around 
(>(lch 1'emah' and WJ1('l1 slw with(h'pw 11<'1' odpositol' from tlH' soil, 
mating tr>ok place. Sometimes large llumb01'S of holes \\'e1'(> mac10 
without eggs being d('llosite(l. t'suaJly mating OCCllI'l'PcJ on actual 
<'gg J)(lcls 01' in areas whpl'(' eggs wen' latel' <1('poslte(l. 

Adult populations on egg' lJt:.'ds IJnctuah'd during a day. There 
WH$ little activity in l11iclafterno()1l: fewer adults ,\"('1'(' then OJl 
til(> ('gg; Iwds than at any nUwl' ti111<' of day. By .I 01' i) p.m. 
migrlltions to the egg heds heeamr "CIT noticeable, and pOIJula
tiolls inerNl.S('d thl'Ou. hout tJJ(' latp aftpJ'l1oon anel ('arl\, eW'I1ing. 
] n th e mornings ad ults l11ill<'C1 around ill low Iligh t with a g(!11eral 
l1loY('l11ent away fl'om egg b('ds towHnl the l)ut('l' margins of bands 
wh('1'(> food was mQj'<' abundant. l\lost of th(' p.Ta \'id 1'(']')1al('s ]'e
mailwd Oll the egg heds until aJ'tpl' ovipositing \\'})('11 tlulY, too, 
abandOlwd the layhlg ground. I n Ow .low Jljghts to and from egg 
1J('c1s and J\>p<llng grounds til(> gl'asshop(J('l'S mo\'cc] from I:! mile to 
;3 miles. 
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FICL"R~~ 15.-Range denuded of vegetation, Typical appearance of an egg bed. 

Egg beds were for the most part placed in friable, sandy soil 
of g"rama grass and buffal0 grass rangc, 011 bare upland exposures 
free of Shl'll bs. However, several egg beds were found in vpry 
roC'ky soil. :.\fany females exhibited a decided prefpI"pnc(' fOI" til(' 
slightl>' disturbed soil of tracks made hy trucks 01' hait spl·pa<lP]'s. 

Th(' appeantnc(' of the Yf'g'etation aiclwl SlIl"WYOl"S in ]o('atiIlg 

egg' beds in open grasslands (iig. 15) ; tIl<' Pgg ))('rlSW(,I'(l a much 

darker gray than thE' SUlToullding grasslands, 
 • 
CAUSES Of OUTBREAKS AND Of THEIR SUBSIDENCE 

:\atlll'al f'acto]'$, illdu<lill~!: wl'atlwl'. hint:;. illS(,l't PHl'ilsitps aud 
pl'('datol's, and :wima[s, atr{,(,t tlll' al'ility of IIJU!liPlllll1S to main
tain itself' COJltillllOU:-;ly in an an'a ill' to illc:n'a:;(' it:; llllllliJPl'S to 
outhreak ]ll'opol'tic}!1s, 

~()l'mal w('ath!,!' l'()llClitiol1:; oppratc' to rp:;lrid tllt' hallHat to 
a rll'finit(' and ('ol1lpa1'ath'c·I\' Iimltl'd m', it. ~('<tl'c!llal Jl!'ri(J(f$ or 
\\'('athl'l' advPJ'I'! to tll<' sllI'c'i(':, llan' j'pdw'pd illfpstatioll:> ~lllcl. in 
isoiatpc\ im:tall(,('s, ha\"(· almo;o:t \\ lJll'd lIut populatioll:> 111 ('('I'tain 
al'Nls. \\'('aUH'}, tlllf:t\'o!"<lhl" to ,t"J'(l:'SiWll]J!'l' sttl'\"inll may Ilot 
occur sil11ultaJl('ous ly tlll'ou.!.("\wul tIw habitat at tlw tinw wlwn 
gl'Hsshoppel' ll\'lllphs al'(~ most slIs('l'lltihh' to it:; killing influeJlC'!'. 

Birds, bl)C'aUSl' tlw,\' ('an quiddy 1"<>a('11 arecu, \\'11('1'(' assPl11bJpd 
grasshoppers furnish them with alJllJldallt. ('a~ily pl'O('ul"!'d food, 
h<1\'e prooably heen the most eff('ctiv(, natural Plwmi(ls. • 
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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 enemi.es accompany this species when 
it fiies long distances from the areas it infested in the spring aud 
summer to the areas where it will deposit its eggs, the extent to 
which it will be attacked by insect parasites and predators in the 
area it invades is governed by the chance of location. If it alights 
in an area where grasshoppers already are present, and where 
insect enemies have had opportunity to increase, the probability of 
longilJennis 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 adults. 
Doubtless they have destroyed various forms of the species far 
more extensively than the meager data available indicates. Since 
the smaller animals are relatively nonmigratory, the degTee to 
"which they reduce populations of longipennis is directly dependent 
on the number of grasshoppers that fly into areas already popu
lated by the animals. 

The effectiveness of animal enemies was especially pl'onounced 
in 1938, 1939, and 19~.W, ,,·hen heavily infested areas becal:'1e 
progressively smaller as a consequence of control (yf the species by 
bait. Then, an increasing population of all natural enemies concen
trated on a continuously diminishing population of grasshoppers. 
Thel'e were many instances ,dlere grassboppers ti.wt escaped the 
effects of poisoning ,Yel'e exterminated by their animal ellemies. 

The adverse "weather and ~"wimal enemies reduced the amount 
of baiting planned for in several instances during the 19:37-40 
period, and in some ca:::es eliminated the necessity for it. They ma~' 
even have prevented the development of outbreaks in isolated in
stances. The nllue of natural factors in reducing' the amount of 
baiting necessary fol' control of the species" cannot be dis
counted. HO\YGver, yaluable as these controls were, there could 
be no advance assurance of whether, where, 01' to what extent, 
they ,vould operate. Their contribution to control could not be 
anticipated when control plans were made. 

Weather 

Outbreaks of lonfJi)Jcnni8 have folloll'ec11Jeriuds of clrought and 
have subsided ,,,hen precipitation was appreciably above normal. 
Se"el'it~r, extent, anel duration of outbreaks have, in the main, been 
go,'erned by the duration and severity of dronght. 

In the absence of biological studies of the species mad(~ con
currently with weather o[)s(lrvatiol1s, the lnfluencp of weather has 
been deduced from temperatLll"e and moisture conditions that pre
vail in outbreak areas .cluring the fom: outbreaks fo1' which the 
size of the infested area has been recorded, Thl'ee of these, the 
outbreaks 01' 1891, 191 :~, and 1921, were restricted to local areas 
and lasted only 1 ~'em ; the fOllrth I'(."'sisted from 1~j:3!3 to 1940 
anc1 covered an extensive an'a. Moistul'e conditions influencing' the 
three l-year outiJreaks are showll in tableH 1 to H. Moisture COll

http:enemi.es
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ditions influencing the 1933-40 outbreak are shown in tables 7 •to 10; temperature conditions influencing this outbreali: are shownin tables 11 to 14.

The outbreak in Lincoln County, Colo., in 1891 (table Lj) 
 waspreceded by 3 dry ~'eal'S in which precipitation \vas from 62 to 88
percent of normal. Probably the population of longipennis had
beglln increasing in the early part of this drought period but l'e-

TABLE 4.-PRECIPITATION IN LINCOLN COUNTY, COLO"
1891 OUTBREAK: Pe),Cfntctue of normal 7J1'eci1Jitchtion in Pueblo.
Colo., 1888-rJ21 

.--- ,
I 1 Jan .. Feb.! Mar·r Apr .1 !>lay I June I July 1 Aug, ISept IOct .1 N~'""D.;c~ I Ann "I, I I I! IltlSb ··92·" 108 ,§ 192 ,40 0 73 36 "5
188.:; 89 5073 

69 -1 126 23 I 6a

127 'tl100 '''5 9092Ibgo 32. 231 I 153 37 I d8. 


Ib91 342 ~ 196 39 .. 169 30_ 
 •14912 ~_ .1371 ~ 256 r 110W92 .50, :1.3 219 75 102 107 17tl ~:m- -1 '283 I 215 237 I 125 I 

'Average annual precipitation, Dl percent of normal. Precipitation below
normal (indicated by shading) in 65 percent. of all months. 


TABLE 5.-PRECIPITATION IN ROOSEVELT COUNTY, N.
MEX., 1913 OUTBREAK: Pel'centcLge of nonncLl, 1J1'ecipitCLtion in
POl'tCLles, N. Mex., lrJOrJ-14' 

Jan. Fet. Mar. Apr. Ma,' June July Aug. Sept Oc t. Nov. Dec. Ann 

1QOq 0 0 107 0 2 114 66 68 W 0 2<l 141 <;9
1910 .' 0 0 95 127 
 73 25 52 173 40 48 42 '31 721911 54 261 180 134 111 '(tI 49 70 -W ]A5 !3i'f 351 111 ,1912 0 382 ~4:' 53 56 72 37 133 175 22 0 56 ~21 

'Average annual precipitation, 96 percent of normal. Precipitation below •normal (indicated by shading) 68 percent of all months. 

TABLE 6.-PHEGl.PITATlON h\f LINCOLN COUNTY, COLO.,1921 OUTBREAK: Percentage of normal pl'ecizJitcLiion in Pueblo,Colo"~ 1,q 16-211 

-·-T·~--r·-
Jan. 

-------.
.• ·······-1-- . -----T ·rI I j ~---I Feb. Mar_! "pr. , May June; July, Aug. Sept/

-, Oct-j (/ov. Dec. ·-;r~o;ll -
I I1Q16 I <;8 I -11 q3 j 161 I 36 87 46 17') -1 

I 

101 li3- 53 83-1
lq17 1 'is I 102 : 93 I 112 174 41 
 73 98 43'1 7." 4 7 11019-18 i 161 165 '50 I 106 .
1919 r 8-1 179 ' 204 ! 188 

3 73 51 32 19i 20 1110 214 ' -74-1 22 99 163 181 272 4T 136 13'1 136 I1920 I' 76 I 19 I 21 .169 I' 73 31~ 90 lOb 177 130 60 BB 8} I1921) 79 1:;' 29 .64/ 57 510 I 291 .i12bL.._~_ 1"(3 153 260 171 

;Average annual ]11'l'dpitation, 11.0 percent of normal. l' I'Pci pitatioll ])('Iowu0l1l1al (indicated by shading) ;>H jH'I'('cn( of all month::;. • 
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TABLE 7.-PRECIPITATION IN PRINCIPAL HABITAT, 1933
40 OUTBREAK: Pe/-centCLge of nOl'/nal 1Jrecipitation in J-lrl'iba, 
Colo., cLncL ClcLyton, N. M ex., cLuring first 7 yew's of 19.n -40 
droughtl 

Arriba, Colo. 

Jan. Feb. ~la.r. Apr. tolay June July Aug. Sept Oct. Nov. Dec. Ann. 

1931 0 287 213 lI:I 92 187 .26 62 -1 125 40 '81 
1932 203 -1· 4b 127 50 123 W 2/j :20 2 80 66 
19" 
:"934 

-1 
7 

21 
236 

.31
24 

20 
2 

tj3 
211-' 

~ 
1 

li4 
2l 

li7 
74 

2 -1: 
-1 

15 
42 

220 192. 
-1 .37. 

1935 -1 li3 104 ~ 215 75 T 71 20 15 24 
19,6 
1,237 

21 
2l 

5' 

..2fl.. 
.,.. 

l03 
.3< 
Ji 

99 
83 

12 
9:;

61 
• 40 

57 
80 

l,53 
.90 

106 
.~. 

12 
ti"s 

32 
8:) .~ 

Clayton, X. i\Iex . 

Jan. Feb. ~!ar. Apr. Hay June July Aug. Sept oct.! Ilov. :lee. hnn. 

1911 '0 li8 88 64 93 31. 25 12 liO .'56 7 75 
1932 l58 55 57 41 42 198 !6 35 108 42 -l. 129 
1933 '-1 ~ -l. II 45 ~ 0 102 5 64 -1 
1934 -l 123 -l 10 19 if> Ii) 6: .~ ti 4() t> 
1935 273 50 17 -1 lOb ;Z ]. 3: ~! 2, 75 46 

.':It . ~ r3 0 0 .1'. 1 18 3~ '1: . ~1 44 
1937 3tI 13 44, 13 1tJ9 105 19 1 13 49 '16 79 7 

'Average annual precipitation, GG percent of normal. Precipitation below 
normal (indicated by shading) 79 ]Jercent of all months in Al'l'iba, and 83 
percent of all months in Clayton, 

mained unl'eported until the species cl'eated an economic problem 
by the proportions of the outbl'eak in 1891. The outbl'eak appm'
ently did not gain momentum during the year in which it occurred 
because moisture that year was 110 percent of normal, and it sub
sided by 1892 when precipitation was 125 percent of normal. For 
the years 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 
vVeather Bureau station nearest the Lincoln County outbreak wa~ 
at Pueblo in an adjacent county. 

The outbreak of 1913 in Roosevelt County, N. Mex. (table 5), 
originated in 1912. In 1912 the annual precipitation at the Por
t.:'11es station was 82 percent of normal; 9 months of the year were 
below normaL Probabl~- populations began increasing in 1909 and 
1910, when the ptecipitations wen' 59 and 72 percent of normal 
and the increase was intE'nuptecl by above-normal precipitation in 
1911. The outbreak subsided during- the year in which it occl1l'rec1 
\vhen the annU(tl moisture was 118 percent of normal, and dis
appeared by ] 91.·J when the annual precipitation was 1:38 percent 
of normal. 

The influence of moisture on the :1.921 outbreak in Lincoln 
County, Colo. (Utble G), is inconclusive. Although during the ye~1l' 
preceding the outbreak the annual precipitation was but 83 per
cent of normal, the annual precipitation for 5 years had fluctuated 
yearly from below to ahove normal. The average annual precipi
tation for the ~;ears 19Hi to 1921, inc1u;.;ive, was 110 percent of 
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TABLE S.-PRECIPITATION IN SECONDARY HABITAT, 19:33 •40 	 OUTBREAK: Percentage of nOI')1wl ])I'ecipiiation in TzeoButtes, Colo., Goodlcell, Okla., and Dalhcp·t. Tex., during jil'l.;t 7
yeco's of 1931-40 drought J 


Two Buttes, Colo. 
Jan. 	 Feb. Mar. Apr. ~Iay June July Aug. Sept Oct. Nov. Dec·1 Ann. 


1931 ':,',,0', 164 135 ":25 " ,(): , ,
'11 ,(2) 
" 13 244 ,5IJ, '" 5ill2 244 llb 121+ ( 191+ "50' '32 , Z ,,";j' '.'1
1931 "0 135 ,65 ' 26' ,:22, 180 '; "';8' 120 1 0
19:" ';~ 40 :20 '29' "40, ""~ :'65' , ~,,,,," '18, ,:0


1935 lid ',I+! 39, ,2.1 ",' Jl. 'b' ',9 173 '2;:-: 144 41, :
1936 103 1 ,15' '16 100 ,40, '1 '31' 158 105 :2 1071937 '·53 ' If.",' "'a<)' 	
"29 	 'a~ 100 :2' '50 ' ;53, ,65:' 36 144- , 

Goodwell. Okla.r-'--,----,..----.- --,

Jan. Feb. Mar. ~;Tt:;;~u:,~'-J~--;r;.~~-. S~~t! -O~~'r~~-. 

----r----

Dec. 	 Ann. 

7931 :;'34 150 335 141f 102 ,61 :~ 	 ' . 105 66 79 80 1161932 331 :83 152 200 ,til 'L,4ll6 02 63; ,,3' l1f419,1 	 '29 •~-l' 	 ,'16 ,,27 53' :aq "'29 )9 212 . .,-' 4l. 2&11934 '3tJ. 422 -~':~ :26' ','(16 , 	 5 
';~, 	

65 ' r3 39 127 111 "'1'1 26 "
1935 70 208 ~~-l 109 its5 If. 'Ifi 'i4 35. 147 2.11930 194 -,,9" ' ,:'1 ' ~O' 150 ,....,29, .19 12, 136 ,20 ,.,.1 1571937 ' '36 ' :,:31 ' ,,91: 51) ll9- 79, 'IQ: -'00, • '.to3' ,}!l4' , 3J, " : 

Dalhart, Tex.
--	 ,IjJ~TF~b,i 'Mar~ Apr.j

'(

, lolay June: July ! Aug.! SePt! Oct.! nov.} DeCr'~~~ , I193181' 19' 264 1261 73 I 10030 92 49 51 54 58 6193 	 2711>9 '3 15 511- 3ll ' 53 011- 101 .~, 2' 162' 112~a- ·6 26 6 5 2tl 25 23 216 46 21 17 ;fi~_ -1 52 13 IKl 57 11-9 33 2'7 ll~o" -sa 51 -1 4~ 319 .3 41 -1 76 51::\ 123 87 117 39 130 151936- ' ll9 - 2 	 74-1 	 -1 137 87 63 10 71 4 -1 81 , .<;1937 39 30 97 1f7 115 !Xl 1~ 54 :2 52 10 36 64

'Ann'age annual precipitation. 6!J perce:nt of normal. Precipitation heIO\\'
normal (indicated by shading) 7·j percent of all months in Two Buttl'::;, 71
percent of all months in GoodwelJ, and 81 percent of all months il1 Dalhart. 


i\oJ'mal. In common with the t\,'o other iocal outbreaks discussed,the 1921 oui:bl'eak subsided dming the year in which it occLll'l'ed,apparently influenced by the effect of excess moisture. The annual •precipitation 1'01' 1921 was 171 percent of normal.
The outbreak of 1983-t1O ,,"as the most severe and extensive oJany recorded, Concl1l'l'ently \rith that outbreak, drought in thehabitat of the species was more severe than fo], any other similarperiod. In the habitat area as a whole drought began in 19B1 andcontinued for 10 consecutive years. The population incl'Ccu;e of10ngi}J('nnis began to be noticeable in 19:3,1, anel incl'enspcl to outbl'eclk proportions by 198H. After ] 9:jH the outbreak ann uallybecame large]' and m01'e intense until 19,10, when it was broughtuncleI' cQntrol by baiting and by natmal enernies of the g'I'I:lSShoppel',
Aftell' the first ,veal', tlw 19:~:-3-,J(J outl)]'t'ak ShO\\,llcl no similarityto the outbreaks of 1l:l9] , ] 91::;, and ] 921. Those had subsidedquickl.\", apparently becctus(;· a!)()ve-l1ol'mal pJ'ecipitation had oc

CUlTed during tlw yeal' when pomtiations \\'('I'e increasing' to outiJreak Pl'opol'tions. No similar phenomenon impec1(;\C] the outl)]'cakof 19;Jn-tW. 
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TABLE 9,-PllECIPITATlON IN MINOR HABITAT, 19,3:J-:!O 
O"CTBllEAK: Pel'centCbfJP o[ nOl'1nal ]JI'('('ipitation in Johnson, 
!\.CtnS, , Beal'('I', Okla" Clnd Sp(,ClI'IHan, T(',l'" dUl'ing firNI 7 y('arN 0/ 
J.9,JI-J,O ({i'ought l 

Johnson, Kans, 

Jan, Feb, Mar, Apr, May June July Aug, Sept Oct, Nov, Dp.c. Ann, 

~,68 ,18 . ";A..1,.19'11 ~!:; 2~ 158 165 4' 12 71 
.22019\2 

i 
r@4 1'?4 5C) 242 6~ 7: '* 95 

19'1'1 [";; ,3 37C -28 31 102 
.... ~ 

19'\4 2' 1 ii!2' [1 100 7i 5<)' 

19'\5 ,'''1 Tl \4 27 8: ,63
-6(19'16 120C 04 :r 140 '1 '1' 67l"": 

193' f.6l:lf,; '5 53 t5 B8 7' Ii lo, ~9 

Beaver, Okla, 

Jan, Feb, Mar, Apr, May June July Aug, Sept Oct, Nov. Dec, Ann, 
I 

1931 >':'5 ' , 196 260 155 , ..~ 31 >4 ' . 91 64 76 234 75 9S 

~ 39 170 190 126 155 202 ,16 39 60 33 " 156 100 
19'1, 
1934 
1.935 

:'-', ."," " ·59·.! 

'3 '".. 293,. 

'~ li!I' ':-bT' 

'15' 
133 

r3 . 

52 
73 
';3 

47 , 
'31. 

171 

1.3 

-
16"

',0 ' 
12 

212 
141 
106 

-1 
145 

fib 

36 
75 
'I') 

76 
56 

151 

53 
'48 
')1 

52 
79 
r'; 

1936 
lQ,7 

211 '.',:.;.J.' 
:;,8''' " 185 

3" 
11<; 

' '29 
'1'1 

156 
'72 

.1 1.'" 
16 

40 
1'18 

206 
-81 

31 
80 

0, 
6 

135 
8 

76 
65 

Spearman, Tex, 

Jan, Feb, 1-\ar, Apr, }'1a.y June July Aug, Sept Oct, !lov, Dec. Ann, 

1931 
1932 

"III:J 
167 

' 221 
. itJ2 

117 
-' 

" 

136 
III-
L6 

'6'1 
255 

' 11 
,6 

112 
·116 

20 
2

"'84' 
"2Ij: 

25, 
1 

,61 
14 .. , 

193' -1 '::-l. ", ' , -IllS 19' 0 242 ' 1.3 32 " , 
1,934 ,19 ' 115 'S " 12 ' '16' 115 '3 47 22 ' 'T~ .. 
ill5 .J9 lib :0 197 63 ' -1''' '67 , 99 15 
1936 270 l.J' ,0 14 255 164 . '5IS 32 10 W' 0 1 2 1 
1937 ,b3 ' CO 02 12' .f)(l 55 1.5 1,9 III ,72 0:; ,8 

'Average annual pl'('cipitatioll, 77 jlPl'(:l'l1t of nOl'nlaL Precipitatioll below 
normal (indicated by shading') 71 pel'C('nt of all months in ,Johnson, 70 PC1'C('nt 
of all mouth::; ill Bean'I', and 'j~, peJ'CPllt of all months ill Spe"l'IlUlll, 

AlthouV;h the cle\'C'lopment of the out!)l'('ak was not apparent 
until H):}·i, the populatioll of lonuiwnnis prolmbl,\' beg-all incl'eas
i nv; ill 19:D, tlw first rt'Hl' 0r the] ()-year drought. Thp dpwlopnwnt 
of tIl(' outl)reak is map]w(\ in figu],{J ,J, raei ng pav;C' ~i. The mav;ni
tuc1(' oj' the drought is ClPl):lI'(:'nt in table'S 7, ~, and 9, 

Precipitation data, ill talJl('s 7, ~, and H, do not includp I'p('ol'(ls 

for till' lust :~ ,,'Pal':"' Clf tlIe' 1H:~:\-l0 oulln'PHk, Durin,!!' 1B:~~, 1n:l(l, 
HllcllHl0, Iw:ling' ,'nrillatlll'al l'1H'l11il'S PI'OV;I'l's:o;i\,pl,\' l'pdw'pd pOjl

ulatiolls of Il)tI[Ji}JI 1/i/;8 r'('gar<llvs8 or \\'<'atlwl' (,OlHlitioll:-', PI'('('ipi
LatiClJl ill HI il-llt'C:ll'I\' dOllldp([ til<' llOl'rnal (talll£' iOl- -('oull! Jlot 
haw aff'c,etpr\ tlw olltli),pak; IlY tlH'Jl it had alrpady slIl)sicl('d, 

TIl<' C:tYel'a:..!;(' Hnllll<t1 tPT11j)("'atllJ'(' was ill ('X('(,S8 of nOl'l1:wJ 1'0), 
~, of til(> ] () ,\'(',1l'8 uf clJ'()ugilt ill I h(' /r!ll!lilJ( tllli...: habitat (tahl(' ] i), 
Tl'l11pl'I'atlll'(' I'P(,()l'(b; aI'c' ll~,l u\ailaf)](J rOI' foLll' l)[' till' statio\ls in 
1B:W, SilH'(' t\\ () or liH'Sc' cU'P ]onttt·d \\'hp)'(> Lt'n11wl'atlll'p is t.\'pi
(,HIl~' \\'(l1'I1WI' than til<' a\'PI',W<, 1'01' all statiolls, it is fll'oJ)ahlt' that 
tlw i ()-YPcll' a\'(> I'ap:co U!l1ll)(> I'atlll'P was al)o\'(J IlO I'm a]. 

TI1(> ~W\'l>l'(' allllual l11oistlll'(' ddidenty and ill(> com parati \'t'l,\' 
small intl'pase In H\'PI'ag-(' anlluai temperatu)'e during- the fi)'st 7 
c1r(llIg'ht ,\'eal's al'e showll in table 1i), 



• • • 

00 TABLE 10.-flnnllal1)1wiZ)itation (in inches) at fV('atlzel' Bw'(!au stations in the Dissosteira longipennis habitat 

:::ilalion 

Colorado: 
Al'J'iba•.• _ 
Two Buttps ..... 

Kansas: Johnson ____ _ 
:'i('\\" l'-I('xico: ClaytOll_ 
Oklahoma: . 

]3('a\'('l'___ _ 

Goo(hn·n •.. 
Tf'xtt,,: 

DalharL .... 
Spearman._ 

Ayf'ragc. ___ _ 

• 


i X ol'mal; J\l;~0 

16.30 [1.2i 
15.0:3 li.!l5 
15.S5 21.1)2 
IG.20 18.12 

l!l.;{(j ! 15. l!l 
](j.g.] • 18.;,):3 

nUll 2i).20 
21.2G i 8.0·1 

---.--------- 

17 .37 i 11.1!l 
,.__ _>-_h_~_ 

dUl'ing the period 1930-41 o 

Hl:n 1933 10:34 10:35 10:36 1!l:37 '1():38 11~;~-l~0'IO 11041 
~-- --I-~'------

1:3.~4 ! l~.~l !14,80 6.Q! 14.58 I11.5i 10.1)·\ W.OG 10.08 1:3.0a 27.608 .•38 I,L ,S 10.40 8,63 8.53 SAG 8.:38 15.0:3 11.2\1 15.21 :H.4G 1-3
11.2015.08 t 10.17 0.:38 !l.80 ' 10.66 !)'20 [.\ .07 Il.il 12.(H 2S.18 ::r:
[1.45 ; .lO.n8 I 1.15 7.2·1 tl. 5:3 i 5.5·\ 12.0:3 15.48 ]:3. IB 10.90 3i.0(j t?;j 

i  ::r:18..l(j . l!).~31 10.03 ]5.42 [.1.49115.0:3 12.61117.55 I 14.HG 1S.50 35.:38 ......
16.2·1 ]4.11 12.62 14.21 

III,.GO f n.60 1L.5G 14.86 1;3.6·.1 10.22 20.34 c<:l 
::r: 

[·I.li() 20.09 10.14 I 0.7S la.:H I 0.03 1,[.481; 1'1.08 14.75 12. 7~\ '1O.!l1 1-020.50 20.20 1 ]".07 I:L!l2 17.:32/22. n:3 I 16.8:l 21.1)0 22.26 20.5:3 80.27 t"I • 

--- >"- .- -------.~- -_.-..- ~-... - 
~,---- ......14.2G :Ui.G2 I J I.oa I 10.50 ii~2-ll~GUT1·2·.o1116.2213.G5 l,l, !l9 :32.!Ji 

_______ _ 
i I I Z 

- "- - ---...--- r:n-~. 

ga 
;I>
r:nr:n 
::r: 
0 
1-0 
'"d 
t?;j 
~ 

http:ii~2-ll~GUT1�2�.o1116.2213.G5
http:12.61117.55
http:11.2015.08
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TABLE n.-Annual ClZ'CI'ClgC teJnpemil11'c (in degrccs) at lVcalhcl' BW'CCLU stations in the Dissosteil'a longipennis 

lw/)itat dw'ing thc ])(')'ioclllJ80-4,1 

i:'tnlion 

Colorado: 
Arriba ..• 
Two ButteR'. ___ ., 

'Ktlnsas: .JohngOtL .. ,. 
Xl'\\' ::'IJl'xil'o: Cltv·ton 
Okl:thomn: ' 

Bl'nv['l'. _' 
Cood\\'rll 

Trxlls; 
] hllml'L .• _ 
8prnrmllll _." ' 

.\vprft.g(-" _ __ ~ 

: ?\ormnl HmOl\l:H 1!):~2 l\1a:3 
, 

~~.7 c'S.·,' 51.0 
;),3. ., 
-,)C' -'" -('') -,<) --I:) .... 0 i)~ .. o n)~..;.;; ;\.l.a D(.~ 
-., (. -'J" -') - - t"~:.) i- :;"" ::,C ~:)'.) 

'2" ..! '2~.1 • '2[..) • ~(~ ..l 
ah.h a"O, ;);).2 1 1)8.·1 

-'.... r.: t -., .. ~ ,... t
~:!.;J :!1.'! '2!") :!'i·~) ~~)'I, \ 
;)I.n at.b 1)8.1 all ••J 1).1.11, 

-,') -'J" -li - -, - - ()
i)" ... ) a.1. 0 n ~;) i)~ • f n I • 

1\):3·] 

___ ,:_'
;) 1 • I 

-S";)L.O 

-" c· 
(l\l ..) 

_{ _ 
D.1.a 

........ (
;~I.,!
hO.ll 

-C' -
;)j""'j .1) 

1035! 

~§.\1
I);) • !l 
5-]~ i.. 
-'J Un".o 

__ ~ 
nl.8 

- r:: 
~~ ..~ 
01.8 

--'JnO.oJ 

]\1:301937 i 1938 I 1930 1940 I 
I 

·Is.a ~~.21' ~2.0 ~9.2 4~.? 
0.3 .2 04 .9 04 .2 5,L 3 

-62 --8 5-7 --'J -500). n,'). I I. (. ;1( •.) 0,. 
-'J - "3' -" -3 - -'J 1 
;),),0 :'.~ I ~..' 0.1 0,)._, 

';:' '--1 ~~.f flO.~ ~~.~! 
51 .•3. 11/.8 5S.6 58.1 oh . .> I' 

.. (I ... ""'" ... 

ilL) 1 M.b ~p.8 n~.O ~'!.8 
.. _!__ ____ 09.1 5f. 7 0(j.2 

-,"~'! --:-,:"!~::--6(j -'--::'0"-1"-:-'--'1"-':).. _ ;V . i) \ D ).) tl OD ~ v .• ~ 

I i 

1941 

4§ ..t 
50 .0 
--ID;).··
5') G 
:.) 

~~.,
;)6..1 

..?'i·2 
OD.n 

-, 4
O~t •. 

o 
~ rn 
t;rj 
rn 

~ 
o
c: 
1-3 

~ 
~ rn 
>
8 
o 
t:I:j 

1-3 

~ 
'""'~ 
rn
c: 
to 
l!3 
~ 
Z 
~ 

00 ..... 
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TABLE 12.-TEMPERATlTRE IN PRINCIPAL HABITAT, 1933 • 
~JO OUTBREAK: Percentage of nOl'mal tenzpeI'aiu)'e in A1'1'iba, 
Colo., and Clayton, N. Me,'C .. during first 7 years of 1931-40 
drought 1 

Al'dba, Colo, 
-

Jan. ?eb. I,~ar • Apr. May JWle IJuly Aug.I septl uet'! NOV,) Dec. Ann, 
1931 100 11, tl5 97 99 .'104 10 100 i 100 1.04 <)4 : 100 

I<n2 100 111> -Bo 102 104 97 110 102 C;;I -92 100 r 6 98- ; 
t 

1:..'" 116 tl5 lor; 94 9~ 109 10 913 106 I 1.09 1151 131 105 

l~f 1,5 1111. 100 100 IJC 10 1 104 <)5 109 ' 109 La 106 

1935 129 110 109 , ;13 ;;7 9(l 10 103 lCO ! 9tl .,I, I 1.02 ioot 

1')36 97 Jt 104 '101 105 lOb ' 10 10~ 9:, ; '<2 102 ,lOQ 100 


q~ ,~_ G.!_ 91 ::/9 104 9\,\ lQJ 106 10, 102 9c ; ~? -
Clayton, N, Mex, 

.}an. Feb. :·1ar. Apr . May I JWle! July i Aug, Sept I Oct, /lOv.! Dee,l Ann., 
I If! •1931 107 106 b9 97 95 106 lOCi-9t1 106 I 104 106 l05 100 

1932 tllr 115 ()8 -k02 1QlI:" 97 kOJ 101 97 98 1.09 tlo. ... 

19n ,9 1:06- 05 101, 106 104 9° 1.00 107 ll: IZ7 011 

~ ll4' iOEf 105 lOb 1.00 105 107 1.0<; <)6 '0 4' 1.00 106 

lcr;"S llQ 16'i' 110 101 "'I 10C 102 01 07 O() ,01' 


fr.n6 "14 d5 ~df 103 102 1.03 q6 100; at; j <l, '106 'iM 100 

1937 73 97 100 1.04 9::' 104 1.06 10, 10;1. 106,' '101 100
,6 
'Average anllual tempel'atUl'e, 101 pe!'('('ut of nOl'mal. Tempel'atul'e above 

normal (indicated by shading) ;,2 percent of all months in Arriba and Ii;j 
percent of all months in Clayton, 

The annual precipitation is not the sole, or even sometimes the 
chief, criterion of moisture favorable to c]'op g'l'()",th. The habitat 
area of lonyipennis is characterized by flash floods. Local areas 
ma\' n'c('iv(l exc:c-'ss annual moisture accounted for bv torrential 
l'aii1S in one of the SUJ11l1wr months. yet btl c1piicient 'in moisture 
fayoralJle to plant gTo",th. Littlt' of tllp (lxcess watpr is availablp 
to plants I)('CHUI:'(, of low soil !H'Ilt'il'atioll, rapid I"ullofI, and tlw 
high rate of ('YH]J()}'atiOti .tnd trallspiratlOI1. 

Summarizing' tll(- lJatul'p 01 tlll' pl'ec:ipitatiol1 and t'vapol'atioll • 
oj' th(' High Plaiw;, ,jOlJllS()Jlf .J(), }JjJ, (j(j,J, rJ77-(J78j says: 

The J11(;st !'fr('rti\"(~ mins an' tho.w which falI slnwl\' and arp 

followed by Iillgf'l'i1l~f doucl!ll(-s:;, TIll'l'P is tlwll a ma:dmul11 ground 

absorptioll awl a llllllilltlllll .,1' (,yuporatioll, ::;urh rains. as a rule, at'p 

widply dislribulpd ,did r,('rul' mainly alOlHr I'Pl'ognized"stol'l11 tracks." 

'1'111' I'a1US of tlw H ig'h Plains U)'P l'aJ'('I~ flf tlds rhn )'ac[e)', The' )lOl'IlW} 

"cyeioni(''' stonlls eros" Ull'S" UplUlld-; ill win[c'l' only. Tlw SUIllI1WI' 

rains hav!' tlIP t'hara('{p)' IIf abrupt, hN1Vr and Ill'j('f dOWlljHlur::;, art' 

Ifleal, and lIav!· sho.t <Iud PlTatic ('flU!"S"S. Th('Y a]'p usually ,H'('dill' 

panipc\ by hail, Ullrl oftell do rlalllag(' [0 (')'OI1S hOlll [bi" eallsp, ancl 

a('('oJ1lplish unly !L minimum of ,l!;oorl, fl\l'jll~ to tl1<'il' viol('llt ('hanH'l("I' 

ill gt']J(')'al. Vl1l'tlw)'ll1o]'e, though tlH'Y al'l' of frpql1PII[ O(,('Lll'l'PJ1('(' 

rlm'jllg' tllP J~T()will~: Sl'a"Oll, ('ollsid(,)'pd fot' any lul',I!;<' lU'pa .,,: a whol<,. 

the rlistribu! lOll of mois! tll'p is tlllPquullo('ully, [1I}(.1 their walldc'l'i Ill!: 

amI crussing u'(1('ks may IWl'p anel t1WI'I' h'av(" small areas 1'(,I'Y lightly 

waf('l'ed OJ' w!lOlIy \lll\'jsiteci, 


Tlw Hig-h Plalll~ may be taken as \'('I'Y !H'<lI'!Y a tl11it an'<l with 

l'(>Sjlt'cL to e\'ajlOrar.iol1, whil(' to til<' lw)'th of the Kansas-~pbl'aHka 

boundary tlu'l'<'- is rapid (h~('I'paS(' irl\nurllhl' llol'tlH'tlst. Amal'illo has 

an evaporation record of :i;;,4 inches; /lo(\g<', 5·1.(; ll1C'h(!f;j \\,hil(,. in 
order J1odhwal'd, North Platte has a I'PCOl'rI of 41.:\ illCIH'Sj Bismat'ck, • 
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TABLE J:3,-TEMPERATCRE IX SECONDARY HABlTAT, 
19:3;3--10 01:TBREAK: Perccll fage of norma! telll]Jera (u rc in T 11'0 
Buttes, Colo., Goodwell, OklcL, and Dalhart, Te.t., dlll'iug .first 7 
yca 1'.-: 0/ J.I).J1-,'fO dI'ouyht 1 

Two Buttes, Colo. 
~-·"·T""··" ..;-.-- ,-_.- - .- - ~ .. -. r·· - ...-.----1' _.-'-- -,~ 

, Jan. Feb .. Har . , Apr.; }lay June July Aug. Sept! OCl;, Nov'l Dec.! Ann.; 
~31 '11r l.22 I 100 911-'-=--+-:--::-0--+--::-::-::-+--1-92 104 102 9': 1--10-+-106=+ 9:" III I 1031 
!222 89 100 I 80 101 I 105 94 104 102 96 95 100. Th. 39 
193' 142 ' 100 llO 97 9tl 107 103 9:1 108 10, 112 129 109 
1934 112 103 104 .J:ll 10' llO 105 ."~ 108 III ll4 108l.2() , 

i93g ,:l2b ll5 ll3 103 92 ,104 1.06 103 101 103 N 106 105 
l02 ';\0 . ll3 .!.cc 1.03 leo 104 lO, 

..!2Jl_, 7b ~ ~~_.l_ DC- ~. ~;' 102 1.06 

(~ooc1WE'll, Olda.

• 


- ~~ +-;~:-+~~ 

ZL-i--"'L-+ - k ... .f--.=~-j-,~-+ 


.:~;!_ .L::'-"L•.L=........-='-'-.L:::::l..-'-='-'--""<=...1.__.~.-L~"'-L~!±..J 


Dalhart, Tex. 
• r , 

~;ar•. 1 Fet;.~ :.far.: i\,?r. Za:;) .~..;.ne! :>lly Aug. 6elt ,,\!t.. ;h~v.l :Jeco j Ar:n . 
+ . .. • fToi;:"" ll3T jG .~t ~:- l:04" ,.1..0\..1 f! 108 I 1.04 I )ljl 108 i 101 I 


~'2 ll8 i'\'5 r--r04 101; 1~- 102 101 ';:7 :it '1'1 -76; JO 

111 Uti 1021 c'5 101 105 103. 3.06 100 3.06 126 04 

J.ll 3.00 lce . -107 llO 107 100 106 .7 107 J.07 III 106 


, ll7 109 109 3.01 9~ 1O.L 103 .L02 .L 106 102
~~ J" 
j5 i :2 105 103. .LOS 104 3.02 105 , ij 6 ' ;tL LO 101 

t TIT 5lL ;0 3.01 105 1)1) 3.03 10 3.0"! 3.02 :.tQ.. ~ ~~j 

• 
'AW'l'ag'(' annuul tl'I11[l('l'utun', 102 lH'l'('('nt of normul. TI'Ill]l('l'atun' abo\'!! 

HIlI'mal (indkat('d by shading) Ii:!, l'l'l'c('ut of all months in Two Huttl's, (il 
Pl'l'Cl'llt of all 1l111llths in (;oOlI'\'l'l1, alHl li4 percellt of all months in j)aihart. 

:a ill('lws; awl St. \'i!il,(,nt, 22.1 illl'lws, Y(·t at paeh of tl1(>:;<' poinls 
tlw jJl'l'('ipitatioll, both annual and during' the cl'op-gniwing season, is 
about tIl!' SHIlH', \'aryi!lg' lit til' from 20 inches. 

" 
!:'umming up, thell, in l'(Jm)Jal'il\~ the dimall' of till' High 1'luin~ 

with lhat of tIl(' agricultural 1I01'lh\\'P8t, it: UP]H'UI'S as a I1Wttl'l' of 
scil'utifiC' l'('conl lhat though the amuunt of pl'ecipitatioll III tIl<' I \\'0 
}'pl-dolls is tIll' ,.;al1W. both anllually lIncl during the' t'l'O)J-I!:I'Il\Ving 
Sl'lISOll aiOllC', t1w I-ji)::h l'lains ttl I" at a nICll'(' 01' less I11m'kpd dis
adyalltagl' in that (J) ;:;UllIllll'l' rain,; thp],l' an" violenl and of bl'jpf 
Ilul'atillll, as n I'uip. ratlH'J' thall g'(·ntlt· an(l ](ll1g'-coulinLl<'cl as tlwy 
I'omn\llnly tIl'P ill tll<' lIorth; (~) sP(,tllar .. ariatioll from thl' IUlI'mal 
worb; .~T('aL('J' halJ1l; (::) tIl!' Ilormal :<Ull11l1U' Lplllpt'I'atul'(' is notably 
.gn'ah·r: (-I) tIl!' j'(,lath'p humidity i~ Ilotably ]p,;s: (;,) th"l't" arp l11tll'e 
hOLl!'''; of ,;unshi!ln; (IiI [hpJ'!' j,.; moJ'(' wind, which, dul'ing tIl<' 
SUnlllll'J, iti ]H'(,y:tiliJll! fl'OJIl tilt, t'II\llh, j" wurlll, and th!'J'pfol'(' has (l 

dr~'i}lg' (,11'('('\, will'n'tn- dunng tlu- t'tlnl\' ';('HSllll in til<' ll'll·th\\·I'st tlw 
I'I'Huiliug' \\ jnrl" un' lIol'tiwrly; and filially (7) it is fou!lIl that 
foiJowilig as Ull pll'"ct of 1'111' I.l'i(,f jJotllHlilll.(' rainl', tIl!' hig-htpl11pPl'a
tun", til<' low n"lativ£' humidity, ti>f' almost Ullilllpl'l'UlIll'11 sUlll'hlll!', 

• 
ami tll!' 1ll'l'siA!'lIt hig\> \\'iwls, p\'ap"l'utio)l i,; ,gl'('atel' ill a nU\l'lu'd 
,1<,!!1'<·(·• 
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TABLE l:J.-TEIVIPERATPIlE IX MINOR HABITAT, 1983-~1O 
O"CTBHEAK: PCl'cenlagc of normal ielllperatlll'(' in Johnson, 

Kans., Eeal'et, Ok{(t., and Spearman, Te.I,'., during first 7 years of 

1!J.11-40 drouuht 1 

J ohnsOll, Kans. 
~'---~--r- ~'-r---l-

1 Sen.! Fe:' !F.ar 4 Arr. 
T 

:~a:t J~erJu:yr hUg. -~~~~'~:~~·-·T 1i"N .T-~~-;T~:l

f---,-- --+ ' I _.._- : I 


1,<1 113 119 "-, . t6~' ~, ~04 102 /.~ 108 I 106 'lvv I In 102
')1' 

1,)~2 )3 121 dt: 103 I 105 ?(. 105 102 7'J i .'1) j .t. ,;~, r " :~ 


1.133 119 8-.:4 108 j I 101 107 105 yc.: 10' 101 109 126 105
1.134 122 107 105 107 I III 107 109 106 :-: 108 111 110 107

:':135 124 113 ,115 lr- >'. 102 10 104 ): 102 ','S I 100 104 

1·,3~ 1'):; 7(· 109 103 lOb 105 105 10<; l.ee 1 

1 ')6 104 I 114 102 
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CACSES OF OCTBHEAKS AXD OF THEm SCBSIOEXCE 8iS 

Although temperature excess during the 19:3!-;W p<'l'iucl was, 
p(>repntag(~\\"ise. much less than l11oistul'<' defieiency, it had a 
pl"Ofound (>ffpct in inc1'l'asing tlw rate of e\'aporation. Tlw ('0111

hiller! climatic inilueutp fm'OJ'eel growth of til(' short g'l'HSS('S in 
areas wht,],(, tlwy are usually of mino}' importance, Extension 
Ntstw(lnl or the short-p:rass-tnw range probably faYo]'t'cl the 
eashntrd spreads of lon!JI]Jcnni.~ and its temporary establh~lllnent 
ill its minor habitat. 

Wean!r and Clements (108, }JjJ, W7-40S) destl'ibe types of 
natiw Yegetatioll as indicato],s of soil type as follo\\'s: 

Short-grass land indicatps high rtlll-otr and limitpd watp!, lH'lIPo 
tl'atioll awl a gl'()win~' SeaSOl\ shOl'tt'lwd hy a Iimitt',l wat('!' supply•. , , 

Wire grass illdicatt's soil into which almost all of thp rainfall 
p{'netl'atps and wh~re sul'facp ('\'aj)oratiol1 is greatly reduced, The 
ll1oistul'(' is distl'ibutPd to a consid('l'ablp depth and wht'rt drought 
thn'atens, vlants are ahlp to draw on thp rpspl'\'C'S found in tIl!' 
d('('jJ(>l' layers of soiL, , , 

B1.lJ1ch .!l.'l'ass indicates soil (,f a tt'xtUl'l' that insures til(' penetratioll
of pl'actieally all of the watp)' that fall,;, Littlp water is lost dil'(,('t!y 
by evaporation from the sandy 8011. , • , the roots of crops spread 
widc'ly and deeply and l)]ants I'arely wilt IJl'('aus(' of drought, 

Tlw efFect of drought and grasshoppers is emphasized by ,,"rea
vel' and Albertson (107, ]J}J, 225-226), In describing causes of dam
age to range they say: 

8tiH another fael-or in H'dudng the vigor of vegetation was the 
hordes of grasshoppers which accompanied tlH' drought, For example, 
from 8 to 15 per square foot were ohserved during the summeJ' on 
cprtain ranges in west(,111 Kansas, They ate the Je.aves .and tender 
stems of the grasses, str:ipJ)ed the foliage of the ubiquitous pepper
grass and Russian thistle, and devoured nearly all vegetation 
including the only plant cover remaining in many J,astures-the 
mat-like :1Iollolepis Jluti-alliana, Even on ranges where stock was 
excluded, grasshoppers had sometimes eaten practically all of thc' 
scanty growth of Yegetation, Morpovel', buffalo f,rl'ass was pal'ticll
larl~' retarded ill its development not only by the injury 01' loss of 
foliage, but the always hmlgr)' grasshoppers cut the stolens at the 
nodes where they are tender and whpJ'e the gTo\\'ing tissue is sweet. 
Thus segregatpd frnm the parent plant, the poorly rooted, youngpl' 
offspring succumb<.'lt. 

As a result of the combined forces causing deterioration in range 
and pasture, thel'e have bE'Pll maJ'ked changes in y('getational struc
ture, The mixed prairie, distinguished by more oj' les$ distinct layers 
of mid grasses and short grasses, has, at l(>ast in the SPvPl'al thousand 
squarE' miles examined, almost entirely hePll cOll\'erted into shOl't
grass plains, This has resulted froll] the loss of the mid grasses, , , , 

In later publications the same scientists (J ,8) stl'cssrc1 again 
the changr that had taken place in range vegetation during the 
c1roug:ht, Tlw following is taJi:en from 1, pages 36, 44, 50: 

tlw x<'ric strips of short grasses cOllll1lolJlr foulld Oil tlw lowp!' slopes, 
with hluesti'IllS both aho\'p and bplow , " b(>canw wicJ(,JlNI by short 
gT<iSSes invading thp H'gptatlOn both aI' ve and below their usual 
hahitat, 

It was tIl(' il1e)'('as(> in short p:J'asses rut Hays, Kans,] that 
IJJ'(,\'('lltpd almost ('Olll p](-I (' (Ipst l'uctioJl of veg'('tatioJl, In 1!!:l-I, tll(> 
('()\'Pl' of hufralu gl'uss and hIlW gram:t g'J'aSS had incl'pas('d from 
20,7 P(')'('('JJI to ;);j,!) 1)!'r(,c~Jlt.. '\ flll'thc.'J' im')'PUHP to :12,8 pPl'(,Plll 
OC{,UI'I'PI! by thc' fall of In:;;;, This inc)'('asp was causpr] hy migration 
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of the short grass('s into tht' ]lOrtiolls of the quadrats previously 
 • 
occupied by the bluest('J)Js and not by an actual incrt'ase in density 

in the parts which they ol'.iginal1y con're!!. 


Drought, overgrazing', amI hOJ'des of grasshoppers have (,lluse!l 

great reduction ill calTying eapacity of tlw rangp, Yield of palat:lb)p 

forage in ()verg'l'azpcl pastul'PS is less than 10 perrent of that pl'odut:pd 

in WE'll-managed ones. \Vhen- 10 to 12 acr('s was formerly l't'quil'('d 

to sustain (Jlll' animal unit, ::0 to :iO acl'('S art' now n('('<I('<I. 


TIl(' following is from .J, page 46,2: 

Intense drought altel'J1atin~' with nel'iods of rainfall sufficient to 

revive the \'egetatioll OJ' ('ven' promote yigol'oUS g'J'owth charactcrized 

a period of :j years. The net l'('sult was a gradual decl'('ase in tall 

and most mid gTasses ancl less XPI'ic forbs, offset by an increase in 

short grasses and l5ide-oats .!!:rama. A population of annual weeds, 

although often greatly dwarfed, \\'as rhal'acteristic. 


* * * * * * * * * * * * 
Thus, drought and dust unaided by .!!:I'azing- had reducpd a sample •area of mixpd prairie centuries old to a disclimax of short grasses, ... 

Frequently the effect of weath(l]' in local areas has infiuencecl 
popUlation more importantly than iiuctuations in annual preCilJl
tation and annual average temperature. The j)rincipalrecluction in 
grasshopper populations from weather influences occurs ,\'hen 
cold, wet weather persists fol' several days while the nymphs are 
in the first-instal' stage. TIl<' erratic nature of storms during the 
growing seaSOll limits their influence on grasshoppers in the High 
Plains as a whole. In local areas during certain seasons, weather 
unfa,'orable to slll'yival of young nymphs may destroy nearly all 
of the populations present. Adverse weather has locally afl'ected 
population of lonlJipennis to a greater extent than is generally 
realized. Prior to the 19;):1-~JO outbreak only one statement has 
been found 011 the subject. In his field notes preserved in the 
National Arcliives, Hanisoll E. Smith stated: "Could find abso
lutely no evidence of recent heavy rains having killed any 
'hoppers." This note, dated June 13, 1913, was made when the 
grasshoppers were largely immune to the effect of weather because 
they were late-instal' nymphs 01' adults. • 

MallY records on adverse effect of weather, locally, occur in 
notes and l'('cords of survey and control supervisors during the 
19:3:j.-:10 outbreak. Theil' information is authentic but not com
plete because each man was assigned to ,ro1'k in a large area. He 
visited sel<>ctecl locations at intervals throughout the seaSOll and 
recorded popUlation changes but he rarely was present in any 
10calit~' to detect and record the day-to-day mortality of grass
hoppers during any prevailing pel'iod of weather. Population re
ductions of longipenni8 by the effects of weather are cited in the 
following selections from supervisors' records: 

In 1938 Resley (;1*) reported that COld, cloudy, rainy weather 
immediatel,r after eggs hatched continued long enough to materi 
ally reduce the /on[Jil)('I2nis popUlation in Curry County, N. Mex. 

ScharfI' (6,2*) reported that in ] 9;39 weather had no important 
efrect upon eggs 01' nymphs in Colorado. He observed only one case 
where egg mortality from weather influence \\'as greater than] 
pel'cent. In that instance 25 percent of the eggs wel'e hardened • 
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and shriveled in a :3-acre egg bed in Lincoln County where the 
egg poel population had averaged ;) per squal'e yard. 

Spain (71 *. 7;2*) after examining' numerous eggs before hatch
ing time in the spring of 19:39, concluded that weather had not 
been an important factor in ~~gg mOltality in Kew Mexic(J and 
Texas, for in only two cases could it be attributed to effects of 
weather. 

In the control of lonuipl'nnil! n~'mphs by weather in ]9:-~9, Spain 
and ScharfI' (72"') classified the relati\'e effectiveness of weather, 
hirds, and bait as follows: 

Blat!' 

• BinI" Bait 

('0]0 I":ld0 no 
::\P\\ ~:r{'xi('o ;) 85 
'I"{lXll~ ~. 1.J .J ·J5 

Spicer (6';,) reported in 19;~9 that a period of cold weather in 
::\Iay, just after the emergence of /onui)Jennis n~'mphs, had re
duced populations countywide in ;3 counties and locally in ~1 others 
in the Texas Panhandle. Nymphs appecu'ed in great numbers in 
Armstrong County, but all \\'el'(> destroyed by subsequent cold 
weather (maximum daily tempenltures di(l not exceed 65'; F.) 
that lastecl a 'week or longer. Nymphal mortality occurred to some 
extent in Gmy, Carson, Hutchinson, Hansford, Moore, and Old
ham Counties. 

• 
In some Texas counties nymphs known to be present in the 

spring of 19;39, later so nearly disappeared that plans for control 
by baiting wer0 abandoned. Spain (6'*) deduced that weather was 
the factor responsible. He recorded: "Moore County, May 18
population apparently considerably reduced. No baiting. Moore 
County, June 2-nymphs reduced more than two-thirds; not 
enough birds to do this; and deduction was reduction must have 
been by weather. Randall County, 'May 24-population much re
duced, weather believed responsible. Randall County, June 9~no 
baiting, infestation reduced 99 percent, probably from effects of 
two cool, rainy periods in May." He stated that lonfjipennis popula
tions il1 various areas in Oldham, Deaf Smith, Parmer, Castro, 
Swish<:'1', Briscoe, and nandan Counties in the Texas Panhandle, 
\\'('rc obs(>rvec1 to dwindle, and these areas became devoid of grass
ho])})('rs for lIO apparent cause. Onl.\' a few dead grasshoppel's could 
be found at anyone time; birds present lacked capacity for devoul'
ing the large number of grasshoppers, and no evidence was found 
that grasshop}H'l's had iJeen killed by disease or parasites. Because 
:wnw reductions of nymphs wpre incorrectly being attribut0d to 
iHdting" Hcth-jtjes, the Hrea was checkeClMay 27 to verify locations 
\\'J1(>r<:, bait had be<:,n spread. At that tinw there were r(~\Vel' 
nymphs per square yarc! on ranches whCl'e no bait had been 

• 
spr('ad than then' had been hatched (~ggs pel" square foot when 
earlie], observations were made. Weath(~]' BUI'('HU records at Ama
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rillo showed general rain had fallen during the period May 2 to • 
May·l and that maximum daily temperatures from May 3 to May 
8 had ranged from 70 0 to 740 F. Another unfavorable weather 
period had been May 11 to May 15 when maximum daily tempera
tiu'es were lower than 70° F. for several days and rain was general 
over the area. 

In the extreme southern part of the infested area in 1939, 
Spain (6*) reported that on June 5 the infestation jn Swisher 
County had essentially been wiped out, apparently by weather, 
with some help from the few birds and other predators present. 

Scharff (57*) reported May 5, 1940, that in several egg beds in 
Lincoln County, Colo., where egg concentrations ,\'ere light, 90 
percent of the eggs had been killed by drought 01' mold. He ex
pressed the belief that :for the infested area in Colorado as a 
whole, the influence of adverse "weather had reduced by il0 percent 
the population expected hl the State. At the same bme he dis
counted the overall effectiveness of natural influences, and ex
pressed the conviction that the remaining population of grass
hoppers was so heavy that the bait-control program should not 
be affected. 

On June 8, 1940, he reported that natural control had been an 
important factor in population reducbons in Pueblo, Otero, and 
Las Animas Counties, Colo., and that several egg beds in Otero 
County's populations were so cut down that baiting was not neces
sary. He listed adverse weather during the hatching period as one 
of the chief agents contributing to this natural control. 

At the end of the season he said: "\Veather was an important 
factor ... in southern Colorado in the control of longi]Jennis . ... 
Cold, rainy days, lasting from 1 to 3 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 OCCUlTed 
on many egg beds before development had reached the third 
instal". In Lincoln County, Colo., the northern edge of the infested 
area, weather conditions during 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 
control 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 al'ea of Quay 
County, N. Mex. 

"Weather undoubtedly has been chiefly responsible f01" stopping 
the development of many outbreaks locally, but available records 
do not indicate that it has operated effectively to reduce simul
taneously populations of lonfJilJennis in its habitat areas as a 
whole. The effect of the timing of local ullfavorable weather with 
respect to the stage of development of the species is il1ustrated by 
an occmrence in 1989. \Vhen thefirst-illstar 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 hatched in Colorado, so the unfavorable weather operated • 





• CAUSES OF OUTBREAKS AND OF THEIR SUBSIDENCE 89 

merely to delay the hatch until the weather warmed up again. 
When nymphs appeared they developed through the critical period 
without mishap. 

Climatic patterns favorable and unfavorable to the survival and 
maintenance of longipennis, prepared into climographs as de
scribed by Cook (27), are shown in figm'es 16-23. Figures 16-18 
depict normal temperature and precipitation within the longipen
nis habitat (unshaded climographs) and average temperature and 
precipitation within the longi2Jenn'is habitat during the drought 
years 1931-37 (shaded climographs). 

• 

The habitat area is chal'acterized by low precipitation during 
the winter months and the greatest amount of precil)itation in 
late spring and summer. A vel'age monthly temperatures are above 
30° F. in January and do not exceed 800 in July. Average tempera
tUl'(~ and precipitation fol' 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 longilJennis were selected 
for comparisons of climatic pattern with that 'within the habitat. 

• 
.... -.- ~--.--....- ....... -. ---..----J 
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PRECIPITATION 
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FIGURE 16.-Climogl'aphs fOJ: the principal habitat of langvpennis, compaTing 
normal climate (unshadcd) with dimate for 7 drought years (shaded). 
l.:nshaded climogJ"aph prepared 1'1'0111 aye rage normal monthly mean tem
]lcratures and avcl'age normal monthlv prccipitations at U. S. Wcather 
Bureau stations at AITiba. Colo., and Clayton, N. lVJex. Shadcd climograph 

• 
prepared from average monthly mean lcmpcnttul'es and avcrage monthly 
pJ."pcipitatiOIlS at the same stations dUl'ing th(' years If);~l-:37. 
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FIGURE 17.-Climog'l"aphs for the secondary habitat of lO'ngipennis, comparing 

normal climate (unshaded) with that for 7 drought years 19H1-37 (shaded). 

Data from weather stations at Two Buttes, Colo., Goodwell, Okla., 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 '''hich 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 19-21. Albuquerque, N. Mex., which is near to and 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 are similar only during the winter 
months. 

The climatic pattern of Lead, S. Dak., outside of the habitat 
area, does not clifl'er markedly with respect to temperature :from 
that of Arriba, Colo., within the principal habitat area. With 
respect to precipitation, however, the climatic patterns are quite 
dissimilar; the rainfall at Lead appteciably exceeds that at Arriba 
for evel-y month of the year €\:cept August. • 
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FlGt'R~] 18.-C\imographs for minQl' habitat of lon{fi[lennis, comparing J101'l11al 
climate (unshaded) wIth climate fol' 7 cIl'oug'ht years 19;n-~W (shaded). 
lJata from weather stations at Johnson, Kans., R,;avel', Okla., and 
Speal'man, Tex. 

• 
"VhUe clil.1ographs for Albuqu\:;rque, N .. Mex., and Lead, S. Dale, 

represent localities with climatic pattcrns similar in one respect 
to climatic pattel'l1s within the habitat but dissimilar in the other 
respect, 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 Sheridan. Total annual precipitation is only 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. Viioodward, east of the haLitat area, has a 
warmer and \vetter climate throughout the year than Clayton, 
which is within the principal habitat. On the other hand, Cimar

• 
ron, west of the habitat area, has, in general, a cooler and drier 
climate throughout the year. 
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FIGURE 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, outside the habitat, has an 

elevation of 5,130 feet. 


Natural Enemies •Insect Parasites 

Publications on longipenn'is prior to 1897 made no reference to 
the occurrence of insect enl~mies of the species. Popenoe's ab
stracted report (68) stated (p. 41) .. "Many dead ones were noticed 
in one 10ca1i~y [of northern Lincoln County, Colo.], but no signs 
of parasitism were found. It is supposed that they were destroyed 
by hail." Following thi..;; report there is a notation (p. 42) that 
[Bruner] "had also sew the dead locusts in one locality in eastern 
Colorado and considered that they had been killed by hail." 

Bruner (19) 2J2J. 38-89) reported in 1897 that: "One very en
com'aging feature connected with this insect, in the vicinity of 
Sidney at least, was the presence in large numbers of a peculiar 
long-legged Tachinu fly that apparently attacked and destroyed 
many of the locusts. So numerous was this fly that with favodng 
circumstances it must soon reduce the 'hoppers to normal." 

Smith. (87) 1J1J. 7-9), in 1913, recorded that: "A Dipt-.:ron, 
ScL1'Co1Jhnga kellyi Ale1., was found to be by far the most important • 
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FIGUID~ 20.-Climographs for A l'riba, 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 lon.qipennis, 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 it was equally efficient 
as a parasite upon both the nymphs ancl :'i,dults." "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 01' 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. keUyi was 
noted 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 pp.riod of larviposition would vary from 1 to 7 or more, al
though from 3 to 6 appeared to be the more general." "Sct1'COP
hagcL 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 middle of July." 

Shotwell (64*) found heavy parasitism of long'ipennis in Bent 
County, Colo., in 1938 and in some parts of Cheyenne County, 
where it rangeel from 5 to 60 percent in various localities. 

Hilelwein (.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 County [N. Mex.] 80 percent of 
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FIGURE 21.-Climographs for Boise City, Okla. (unshaded), and Sheridan, 

Wyo. (shaded). Both locations are at approximately the same altitude, 

but temperature patterns and moisture patterns are dissimilar. Boise City, 

within the lon!Jipennis habitat, has an elevation of 4,000 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 Decker, 
noted heavy infestations of flesh fly 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 before or after the first deposit of 
eggs." In New Mexico also, Landrum (81*) repOl'ted "there is a 
tremendous amount 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*), ln 1938, recorded parasitism by sarcophagid flies 
in several Colorado counties. 

According to Davis and Mickle (8*) sarcophagid and tachinid 
flies were observed in large numbers during the latter part of the 
summer in Colorado in 1939 although few parasitized grasshop
pers were found before the beginning of the egg-laying period. • 
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FIGURE 22.-Climo!,;l'aphs for Clayto:l, N. Mex. (unshaded), and Woodward, 
Okla. (shaded). Both locations are at the same latitude, 36°27' N. Wood
ward, outside the lon.lJipennis habitat, has higher temperatures and more 
moisture throughout the year than Clayton, which is within the habitat. 
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FIGURE 23.-Climogl'aphs for Clayton, N. Mex. (unshaded), and Cimarron, 
N. Mex. (shaded). Both locations are at approximately the same latitude. 

• 
Cimarron, outside the lon,IJipennis habitat, has lower tempel'atures and less 
moisture throughout the year than Clayton, which is within the habitat. 
Latitude of Cimarron is 36°31' N; latitude of Clayton is 36°27' N. 
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observed and rarely 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 Colorado for 1939 said: 
"Throughout the adult period, sal'cophagid parasitism averaged 
from 2 to 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 parasites, but out of 
1.800 grasshoppers examined only 4 males \\'ere found parasitized,
each with 1. sm:cophagicl larva." 

Spain (72*) determined that sarcophagid parasitism in New 
Mexico in 1.939 averaged between 2 and 3 percent. Sarcophagid 
adults were very numerous at three distinct times in the season, 
an indication that the species passed through at Jeast three gene
rations. Although the cumulative effect of sal'cophagid parasitism 
is not easily estimated, he reasoned that it greatly exceeded the 
average parasitism observable. Less than 1 percent of the para
sitized grasshoppers examined were males; parasitism in in(li
vidual localities reached as high as 15 percent. Sevel'al last-instal' 
nymphs had been attacked by flesh flies, and as many as 18 larvae 
\\-ere found in a single adult female longipennis. 

On June 23, 19"10, Schal'ff (:")7*) found that sarcophagids had 
been parasitizing sixth-instal' nymphs in Colol'ado. The number 
parasitized in some cases accounted fo}' 10 percent ot the total 
longipennis population. 

InsHt Predators 

Smith (87, p. 9) said of the 1913 infestation in Roosevelt 
County, N. Mex.: "Second in importance as a controlling factor 
of D. lonuipennis was the preying upon the nymphs by the sphecic1 
wasps Pl'ionY:1: atmtn Lep." "Being very diligent \\'0 I'ke I.·S, ap
pal'ently working from sunrise to sunset during j'avonlble weather 
conditions, the number of the grasshoppers were greatly depleted
fl'om their efforts." 

Insect ])I'eclatism in Colorado in 1938 was seldom recorded. One 
report in Baca County (6*), August :31, said: "Cal'abic1 and 
Meloic1 larvae are attacking lon,r;ipennis egg beds. At present 26 
percent 0:1' the egg pods aJ'e so attacked." Another report in Bent 
County, November 1, read: "Heavy percent of pl'edatism is evi
dent." 

Shotwell reported (6-'1*) that in New Mexico in 19:18: "Egg 
predators played an important part in reducing egg populations 
in many of the D. lon{fi]Jennis egg heds." 

Kurtz, the county agent, had the fonowing' to sa,\' about insect 
preclators in Union County, N. IVrex., in 19:38 (;;*): "TIl(' agent, 
with Mr. Lan(lnlll1, has made a few hasty trips to the northcrn 
and westerll parts or the county to sec what til(' number of cgW, 
in t1wse heels might be. In instances where the ground has h('('n 
pel'f(H'atecl like a sieve, egg pods could not iJe found, In quite a 
number of instances hee-f1y larvae and blister IJC'etics wen! found 
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in the beds. 'Where they were found, many egg shells or remnants 
of egg pods were found," 

Landrum (64*) reported that in 1938 in San Miguel County, 
N. Mex., there was evidence of considerable work by predators on 
egg beds in the Conchas area. Blister beetle and Cm:abid larvae 
had done considerable digging. During the same year Moore (5*) 
found bee-fly larvae and blister-beetle larvae at the rate of one 
each per square foot in egg beds in Cimanon County, Okla. 

Kropf (29*), in 1938, recol'Clec1 bee-fly and blister-beetle larvae 
attacking the eggs of ll;,1gipcnnis in several Colorado counties and 
seyeral instances where he observed tiger beetles and ground 
beetles killing first- and second-instal' nymphs, 2 ~pecies of pre
daceous wasps which attacked late-instal' nymphs and adults, and 
3 speeies of robber tlies that preyed upon late-instal' nymphs. 

Mickle and Kropf (,3*) in 19;19 found egg bed areas of longi
pennis in Colorado when' bee-fly larvae averaged as high as 15 
pel' f)(ll\(u'e foot. 

Scharff (72*) in Colorado in 19:)9 found that "egg predators, 
chiefly bee flies, vary greatly in numbers 011 different egg beds, 
even in the same infested area, ranging £I'om 0 to 15 per square 
foot. About 17 percent of all pods found were wholly 01' partly 
destroyed by these lE'eclators [birds, animals, insects] ," He sum
marized the data on the efred of insect predators alone as shown 
in table 16, Partly destroyed pods \\"ere considered as wholly de
stroyed in calculating tIl(' pel'centage of pods destroyed, 

He observed a predaceous "wasp attacking /ongipcnnis adults 
and described its activity as follows: "The Bembecid wasp, 
Stizus 'unicinctus, aYel'aged about one pel' square rod on con
gregated lonaipennis in Colorado this season, It was observed to 
strike one 01' severaliiying 'hoppers in succession, apparently 
knocking them sevel'ai inches, sometimes causing them to alight; 
then it would go on, seeking further prey, ... One of these wasps 
was found covering its burrow in typical digger wasp fashion. 
Excavating the buno,,", 1 founel a parasitized male /ongipennis 
with an egg firmly attached. , . ," 

In New Mexico in 19:39 Hildwein (20*) reported that: "During 
the fall and early spring it was found that a great number of 
beetles and maggots 'were \\-orking in the egg beds," 

Spain and Scharff's estimates (7;2*) of pl'echttism from the bme 
longi)Jcnnis eggs wel'e laid in 19:18 lIntil hatching time in Jga9 are 
summarizecl as follows: 

AVC'l'age Egg [lads HedncliollEgg \)Pciil
StaLe !lize of pCI' bysurvpyed C'gg beds square foot predators 

SmlllJer .\cn"~ X 1/l1ti,er Percent 

Colorado .... __ ~l~ 2;) ii ;{ !l.G 
Nell" :\'\C'xiC'f) 2:1 5 0.:; l,i,O 
rrpXLl.1.l ~ -<- ~ .. _ _ _ _ Ii n,o 10,0' • .1 
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TABLE 16.-Infl'lwnce of insect p?'edato?'s U1Jon eggs of Dissosteira 
longipennis in Colo?'aclo as dete?'?ninecl by Su?'vey in the S1)/'ing
of 1939 

Egg pods per square foot
Sut've\' Pel'cent of 

stop No. pods 
: Undamaged' Partly destroycd i Destroycd destroyed 

1 
---------------~--~!2 
-----~-------------I3 ------------ _______ 1 

·1 

5
12---________________ i=::================1 
l~___________________ : 
J5___________________ : 

18___________________ !i~==================='
19___________________ : 

28___________________~~======~============I
28___________________ 1 


29___________________ 1: 

32___________________ 1 

33___________________ 


33-------------------)134___________________ 

!i!-:!~~!:~~~-~!!::!~I 

53___________________1g5:====:============:i54___________________ 
56___________________ 

60___________________ 1 
62___________________ , 
63__________________ .:
g~===================! 


I 
Average________1 

.-. _. ~ ..-.~.~-

They said further: 

,
0.7 I0 0 i 07.0 1.Jt 2,4 I 33.38.0 1.1 I I0.8 19.27.7 I 

I 1.9 1..0 27.49.0 i , 1.0 0.2 ]1.83.0 1.0 0 J 
25.04.5 I0 0 05.8 I 0.2 0 33.34.3 ! •0?-.1 - , 0 0 

3.6 j 0.6 
0 0 0 

0 14.34.3 i 0.3 0.4- 14.03.6 0 0.1 2.78,4 1.6 0.9 22.94.7 I 0.8 0.7 24-.27.4 1.0 0.4 15.92.8 0.3 0.3 17.65.1 0.2 0.5 12.16.9 0.2 0.1i 4.28. J 1.4 0.3 17.38.4 0.5 0.4 9.79.0 0.9: 1..5 21.19.2 1.3 0.7 19.64.9 0.9 1.1 29.06.2 0.1 0 1.60.8 0 0 03.0 0 0 05.2 0 I 00 
4.8 0.1 0.1 I 4.01.0 0 0 05.7 0.1 I 0 1.78.6 0 0 0I •!l.5 2.2 I 1.2 I2.3 i 26.4 

, 0 0 I 05.5 0 1 0 I 0.5.0 I 0.1 0 I 2.03.'1 0.1 0 2.9(lA, 0.1 0 :f 1..5I -_._-
5.3 I 0.5 I 

0.8~ 
I , W.!l 

"The reduction of egg pods by predators 
(bee-fly, blister-beetle and Carabid larvae, birds and animals) 
averaged about 11 percent although predatory reduction was of 
a different type in Colorado from that in the southern part of the 
area. Egg predators pel' square foot for the 38 stops in Colorado 
averaged as follows: Bee [iy, 2.1; blister beetle, 0.7; Carabid, 
0.03. In some beels no predaceous larvae were found, whereas in 
one 3-acre beel there were 19.7 b£;,,-fly and 3.1 blister-beetle larvae 
pel' square 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. Birch; and rodents, principally 
western horned larks, rats, mice, and gophers, were believed to 
destroy 15 percent of the longi2Jennis pods in the egg beds of New 
Mexico and 10 percent in Texas." 

Small Animals 

Shotwell (6lr*) found in New Mexico in 1938 that: "Rodellts 
played an important part in reducing egg populations in many of 
the D. long'ipennis egg beds." 

• 
Landrum (64*) reported that in New Mexico in 1938 predators 

had done conside1""lble excavating in egg beds in the Curvo area 
of Guadalupe COUi1ty. In that case rats seemed to be more impor
tant than ot}:e1' )wedators. He found one 5-acre egg bed in Quay 
County that had been heavily worked and observed that l'ats 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 01' which he suspected as being predaceous, He found 
recognizable remains of grasshopper bodies in the burrows of the 
Kangaroo rat (Dipoclomys onW )'iclw1'Clsoni) , the plains pocket 
mouse (Pel'ogn(Lthus fl.((l'escens), the Kansas pocket mouse (P, 
hispidus 'l)(O'(Ldoxtts), the striped ground squil'l'el (CitelL'lls tl'icle
cemlineatlls alleni) , and the wood rats (Neotomn jio1'iclana ucLi
Zeyi and N. albigulc& wct),l'eni). He also observed that ·when adults 
of longipennis migrated through the towns of the plains prairie 
dog, the prairie dogs fed upon them greedily. By examining animal 
dung during 1938-40 he determined that the following animals 
had fed to a greater or lesser extent upon nymphs and adults of 
longipennis: Striped skunk, badger, bob cat, Jdt fox, and coyote. 

• 
Scharff (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. longi1Jennis adults in 
some areas." 

Davis and Mickle (3*) for Colorado in 1939 said that: "Aiding 
the birds are sanel rats, pocket gophers, skunks, and small rodents 
found on the prairie where the egg beels are located." 

Spain (72*) founel that in New "Mexico in 1939: "Bird and 
animal activity was generally in direct proportion to the egg pop
ulation;;. 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. 

Reptiles 

Doubtless many species of reptiles devoured long'ipennis nymphs 

• 
and excavated eggs, particularly in the southwestern portion of 
the habitat but only two specific references to that subject have 
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been found. Smith (87, p. 7) said of the 1913 infestation of longi
1Jennis in Roosevelt County, N. lVIex.: "Several species of lizards, 

which were very numerous in this locality, fed voraciously upon 

nymphs. Oftentimes lizards ,,·ere noted so bloated from grass

hopper feeding that travel was accomplished only with great clif

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-instal' nymphs as they emerged from 

the eggs. In the stomachs of snakes he found longi1Jennis remains 

of all stages from first-instal· nymphs to adults. Those posted were 

bull snakes, hog-nosed snakes, and rattlesnakes. He fo!md 14 

adults in the stomach of one rattlesnake. 


Bi rds •Smith (87, 1J]J. 6-7) said of the 1913 infestation in Roosevelt 
Connty, N. lVIex.: "Among the more important bird enemies noted 

to be feeding upon grasshoppers during this invasion were the 

desert horned lark ..., western lileadowlark ..., desert sparrow 

hawk ..., nighthawk ..., killdeer ..., and quail ...J) 


Although Kropf (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 egg 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 

eggs was pronounced and that birds were excavating eggs

throughout an eggbed comprising 150 acres. 


Many references to the effectiveness of horned larks and lark • 
buntings in destroying eggs, and to some extent nymphs of longi
pennis, are found in reports of survey and control supervisors 
dnring 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 
larks 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 
harclljr existell t." 

Olds (6*) reported for the area of Texas in 'which he worked 
in 1938 as follows: "Although Sherman County was heavily in
fested with D. iongipennis in ]938, 110 outbreak occurred this year. 
During the hatching period one egg bed was observed which was 
never baited bccause the lark bunting" completely controlled the 
nymphs." Of the same area Spicel· (6*) s~Licl flocks of lark buntings 
caused considerable destruction to /on{jipennis nymphs th rough JUt 
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 
egg 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 wel'e 
obliterated by weather conditions. Their work was concentrated, 
generally, in the parts of egg beds where eggs were most nu
merous, excavations being sometimes as numerous as 15 per 
square foot in small localized spots. . . . Predatism by western 
horned larks, and in the latter two instal's, 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 re-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 thE:Y began their work shortly after August 1, 
and were still doing heavy damage to pods when observations 
were discontinued November 4." 

Hildwein (20*) reported 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 been 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 scattered populations 
0:1' hoppers." 

Spain (72*) noted the variability of bird and animal predators 
in 1939 when he recorded that: "There were egg beds in Texas 
with 110 predatory cliggings and one egg bed in New Mexico with 
35 percent of the pods consumed." He discovered that excavations 
0:1' 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). 

Birds, in addition to destroying eggs, prcy upon nymphs. This 
is illustrated by Spain's further observations in 1939: "Horned 
larks and lark buntings fed actively on first- and second-instm' 
ion{]ipcnn'is, consuming an estimnted 5 percent in Texas. The latter 
birds moved northward as hatching [of D. lon{]ipennis] progressed 
and many nested in northeastern New Mexico. After 85 to 95 
percent of the grasshoppers had been controlled with bait in 
northeastern New Mexico, lark buntings and western horned 
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• 
FIG1:RI~ 24.-Holes in the soil made by birds' digging longipennis eggs out of 

an egg beel. Guadalupe County, N. Mex. 

• 

FIGURl~ 25.-Excavations made by small animals when tl1CY dug /ongipennis 
eggs out of an egp; bed. Quay County, N. Mex. 

larks destroyed up to IOO percent of the residual 'hopper
populations." 

Based upon the 1939 fall egg-bed survey, Scharff (,,)7*) con
cluded that in the follOlving spring the egg population had been 
reduced as much as 80 percent in one area in De Baca County, • 
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~-~. Mex. He said: "The absence of any second-instal' nymphs 
would indicate that growth conditions had not been favorable. 
'Westel'n horned larks, numbering perhaps 300 per acre, were seen 
on the beds." At the close of the s€ason in 1940 he evaluated the 
effectiveness of control in Colorado counties as follows: 

Percentage of coutrol of D. /ol!gipenn£s by-

County Acres bai ted 

Birds Weather BaitI 
I I 

I
Cheyenne ________ 1 1,740 5 39 55 
Las Animns _______ : 1,250 5 89 5
Lincoln __________ : 50,910 5 4 90
Otcro ____________ 1 7,(HO 5 74 20 
Pueblo___ - - - ---- - i 2,290 5 84 10 

_~L .. 

On July 18, 1940, Scharff wrote of the situation in Colorado, 
thus: "In the Las Animas County infestation, birds, chiefly west
ern horned larks, have destroyed as much as 50 percent of the 
eggs 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 homed larks and lark buntings which were seen to 
be feeding heavily on longi1Jenni$ nymphs. Although the first 
hatch here was on May 6, and no baiting has been done on this 
bed, no second-instal' nymphs could be found. It is possible that 
with the delayed hatch on this bed, the birds kept the older 
nymphs under control. Predatisl11 on the whole, however, has not 
resulted in more than 25-percent egg and nymph reduction which 
stilI leaves the infestation severe." 

As the result of extensive baiting operations in New Mexico 
in 1939, long-ipennis was of minor importance in 1940 except in 
small areas in Quay and De 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 
found that no appreciable reduction had occurred." 

Hawks congregating in conspicuous numbers where nymphs 
and adults of lon'cri1Jenn-is were numerous, were the subject of 
many reports by several supervisors in 1938-40. Local newspapers 
throughout the infested area also frequently publicized the phe
nomenon. Hawks feel 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 feasting that many grasshopper workers observed 
them closely. When engorged they regurg;tated on the ground and 
returntd to their feeding or flew away t. ~gU1:gitate and retul'l1ed 
for more. When they captured adult g_ ,shoppers they commonly 
tore off the wings and legs before swailvwing the body. 

Information on hawks as predatol'$ of grasshoppers is rather 
desultory in early literatUre. Samuel Aughey (.5, 111J. [43]-[4.5]) 
found that the food of several species of hawks consisted, to con
siderable extent, of insects. According to Beal (6,1). 34.5), "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 normally 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 

(36, p. 12) said: 

Swainson's Hawk ... is of great service, warring upon creatures •
which do injury to cro.ps.... Gl'asshoppcrs and crickets aTe particu

larly sought after, and on the foothills and plains of the 'Vest 

Swainson's Hawks congregate in large flocks wherevel' these insects 

are abundant.... 

Quoting T. S. Palmer, a correspondent of Berkeley, Calif., Fisher 

wrote of the numbers of grasshoppers contained in two specimens

of Swainson's hawk (p. 76): 

Upon dissection the gizzard [of one specimen] was found to be tightly 

packed with grasshoppers, and the bird had no doubt gorged herself, 

for when I approached the tree in which she was sitting she made 

no attempt to fly even when I was almost under her. My second 

specimen [was] a typical male ... Both the gizzard and oesophagus 

were filled with grasshoppers ... I found 110 pairs of the large hind 

legs, while an assistant counted 133 heads. It is safe to say that this 

hawk had captured 125 grasshoppers before 9 A. M. 

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

The sparrow hawk is almost exclusively insectivorous except when 

insect food 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 do they touch 

any other form of food until, either by the advancing season 01' other 

natural causes, the j.;'-rasshopper crop is so lessened that their hunger 

can not be appeased without undue exet·tion.... 


* * * * * * * * * * * * 
H. 'V. 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 01' more stomachs of sparrow hawks 
were collected in Gallatin County, Mont., in late August and early 
September 1888. These stomachs were dissected by the Division 
of Ornithology and Mammalogy and found to contain little else 
than grasshoppers and crtckets. 

Fisher also gave facts concerning the extent to which a number 
of owls fed upon insects. Among these were the screech owl and 
the burrowing owl which later were identified as grasshopper 
predators of longipennis. He said (36, 1m. 165,191-192): 

• 
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No 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. 
\ValTen says: "During the summer mouths and at other times when 
insect life is abundant the screech owls subsist mainly on an insect 
diet." ... 

In the summer ancl fall, when grasshoppers and crickets are 
exceedingly abundant on the western plains, the burrowing owl feeds 
almost exclusively on such foocl.... this little owl will ch2.se and 
devour grasshoppers until its stomach is distended to the utmost. In 
all the stomachs the writer has examined ..• the rem aim, of grass
hoppers or crickets were aly;ays found. 

McAtee wrote (58, p. 411) : 

• 
The general utility of birds in checking the increase of injudous 

animals and plants is well understood. It must be admitted, however, 
that while birds constantl~" exert a Tepressivf;! in/hence on the 
numbers of the organisms they prey upon and even exterminate 
certain pests locally, 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 elderbelTies; if mayflies swarm in a locality, 
practicall~' all of the birds there devour mayflies. Thus, under 
unusual conditions, such as attend outbreaks of i11sect or other 
pests, birds very naturally turn their attention to the plentiful and 
easily obtained foed sunply, and the attack on a particular pest 
often is intensified also by the flocking in of birds from surrounding 
areas. 

The first published record found that listed hawl\"s 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 gl'asshoppers during the outbreak in Roose
velt County, N. Mex., in 1913. 

• 
Speaking of the area infested by lon{Ji2Je'nnis in Washington 

County, Colo., 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 for egg-laying] but the ranchers reported 
they had seen more this year." 

Concerning the help of natural enemies in Colorado in 19:19, 
Kropf (2.9*) said: "In D. lon{Ji1Jennis areas our greatest ajd was 
that of various species of hawks. The work of these birds started 
near the Cudhay Hanch, Crowley County, and along Adobe Creek, 
Kiowa County, when D. lon{Ji]Jennis were in the third and fourth 
instm·. During adult poisoning in Otero and Pueblo Counties a 
flock of 1,500 to 2,000 hawks had much to do with control on 
egg beds." 

"The short laying period of D. /on{Jipennis grasshoppers can 
be directly c"edited to hawks in many areas," said Davis and 
Mickle (3*) of Colorado in 1939. "Bands of hawks ranging from 

• a few dozen to upwards of 2,500 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 (.~2*) 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 numbel's of hawks in localities where grasshoppers were 

congrega ted. 


Scharff (72*) reported in 1939: 


A band of more than 5,000 hawks ... are feeding on 'hoppers in 

Lincoln County. In less than 20 minutes during the middle of the 

day, .August 25, 3 of them were seen to catch 34, 20, and 14 lonai
pennis, respectively.... Within weeks aJter the lO'naipennis adults 

Jlad begun to lay, hawks, chiefly SwainsJn's ... and rough-legged, 

began to 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 

Lincoln County, Colorado. Somewhat lesser numbers of hawks were 

found feeding on other infestations. Information indicates that this 

occurrence has been a general happening in past years. 
 • 

In Lincoln County infestations, when poisoning operations were 

discontinued on August 31, longipennis averaged 10 per square yard 

over about 300 acres. On September 3 about 1 per square yard could 

be found, and on September 8 only one was visible occasionally. 

Doubtless some died from poison and parasitism. By this time hawks 

had dispersed to about normal population. In the vicinity of the 

infestation are a few small groves of trees in which the hawks 

roosted at night. Under these trees and covering at least 15 acres in 


onumbel's avera):,oing 15 per square yard, were the typical pellets of 

indigestible matter, regurgitated by the hawks. A careful examina

tion revealed them to be composed of more than 99 percent lonai
l)ennis. Each pellet contained the remains of from 14 to 19 'hoppers. 


In the same report Spain and Scharff (72*) said that after 

baiting was discontinued in Lincoln County, Colo., in 1939: "A 

l"esiclm:.l popUlation of 10 longipennis per square yard over 300 

acres was annihilated by these hawks [not before some eggs were 

laicl] with the help of Sarcophagids and other natural factors." 


Kropf's observations (29*) were that the large bunches of 

hm\"J(s were composed principally of Swainson's hawk, the Ameri

can rough-legged hawk, and the fetTuginous rough-legged hawk. 
 • 
In one case these roosted at night in a grove of cottonwood trees. 
He examined a numbel' of regurgitated pellets collected on the 
ground beneath the trees and found they contained an average 
·of 85 grasshopper heaclplates each. The red-tailed hawk tended 
to range more to itself, selecting isolated trees away from those 
where the massed bunches perched. He observed many sparrow 
hawks feeding on longipennis but these usually did not mingle 
with the massed bunches. In 1 hollow tree he found 7 sparrow 
hawk nests and observed that the parent birds ranged long dis
tances to procure the grasshoppers they carried back to their 
young. He recorded burrowing owls as feeding avidly 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 been 
noticed congregating ~Iightly on the very small remnants of baited 

• 
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bands of sixth-instal' anel adult D. longipennis." On July 7, in the 
same county he said: "hawks have been seen eongregating on 
concentratiolis of emerging adults, and it is expected that any 
small swarms ... whkh have escaped baiting, will be rec1uc.ed to 
economic unimportance by natural factors before oviposition 
begins...." 

Althoughfielc1 workers of the F'ed('ral Fish and Wildlife Sel'vice 
have not recorded concentrations of large numbers of hawks in 
the High Plains area, E. R. Kalmbach, biologist in the Service, 
believes, from the distribution pr..tCern and migration habits of 
several species of ha,,-],s, that concentrations are not improbable. 
Robert J. Niedrach, Ol'nithologist in the Denver Museum of 
Natural History, on one occasion in 1939 saw hawks feeding on 
the lubber grasshopper on the Highland ranch a few miles south 
of Denver, Colo. In that instance he estimated there '\\-ere about 
1,000 hawks in the congregation. 

Observance of a phenomenon so unusual as the immense con
centl'ations of ha'wks in the 1933-40 outbreak of longipennis is 
largely a matter of fortuitous circumstance-workers being in 
the right place at the right time, incidental to their regular duties. 

Supervisors working on grasshopper survey and control dUl'ing 
the period under discussion had the rare opportunity of making 
on-the-gl'ound observations. In their weekly ,and special reports 
in 1939 and 19·10 huge concentrations of hawks feeding upon 
late instal' nymphs and adult grasshoppers were a commonplace 
subject. Here, a quotation from Kalmbach (31,1). 731) is particu
larly apt. "As one delves through the literature on the subject, 
he is impressed also b~' the fact that recognition of insect desh'uc
tion by birds has come 1110re fl'equently from the entomologists 
directly concerned with matters of insect suppression than from 
the ol'l1ithologists whose interest in the welfare of birds might 
at times bias deductions. In fact, the entomologists, confronted 
as they are with the prohlem of seeking every possible means 
toward achieving pest insect control, 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 lon,qi1Jcnnis habitat is 
contained in tables 17 and 18. 

Assembly of hawks was a process that gTaclually increased i.n 
momentum. Those within infeste(l areas were first attracted 
locally to the concentrated bands of grasshoppers and served as 
decoys for migrating birds that continually swelled the hawk 
bands as long as the food snpply was abundant and easily obtained. 
When the grasshoppers became scarce, hawks rapidly returned to 
about normal distribution. Kropf (29*) believes that after hawks 
had come tog-ethel' to form flocks, they tended to move on in 
flocks when the food that had originally attracted them became 
scarce. On several occasions he saw such flocks approach from a 
distance and alight to feed upon grasshoppers that were thickly 
congregated . 

http:rec1uc.ed


108 	 •THE HIGH PLAINS GRASSHOPPER 

TABLE 17.-lnsects found ·in the stom.achs of hawks and owls1 

-------~-----;--------------------.~
I ! 

l Stomachs containing food 
i______._________~------------

Stomachs con
StolllachsKind 	 1\umberl' ! taining insects, 

of I 	 containingincluding grassof grusshoppershawk I	stoml!-chs ! hoppers 
exammed: Total ___....._____ II___~--.---.-

' I I Percent I Pl'!"('pnt
I 1\umb('r of Numberj of 

f t.otal totalI I 

------1 	 i---I-·--·__._1--
Red-lailed_________: 5G2 f 477 45 I 9.4 29 6.1Swainson's_________ i IS i 15 S ! 53.3 !l 40.0Rough-Iegged ______ l ·J9 t 45 1 2.3 o oSparrow___________ ! :320 295 213 72.2 107 36.3 •Screech owL______ ; 254 2JS Sfi 

39.4 I 23 10.6Burrowing owl. ____ 1 ::12 I 31 t 30 	 I9!l.S ]6 51.6
1 i-------------------------._----

I Adapted from FiRher (3('). 

TABLE IS.-Range of hawks that 1'W1'l1wlly OCCU1' in the Iongi

pennis habitat and animal contents of stomachs and c1'01)S 1 


-----....----.:---_._------_.,/---_._.•....__._... 

I Animal contents of 
Kind Xumber ! Hange of hawk stomachs and crops 


of examined 1_______.,____

hawk 	

-I' 
l Breeding 	 "'inter Animals Ins('cts

-------1-----1 	 ~V11l11berNumber 
Percent 

Red-tailed ____ _ 1101311 Tn hab!tnt.._ Tn habitat__ : 1 ,30'~ 92 7.1Swainson's____ _ 44 Tn habltaL.. __________ _ 49 ;~J G;L~~ •American 202 ;____________ 1 [n hnbitnt__ ; 261 U) 7.3
rough-legged. 

Ferruginous 2.J I In habitaL_! fn habitaL_: 27 2 7.4rough-I('g.
Sparrow______ _ 427 , Tn habitat2_' fn habitat,__ : 528 26!) ! 50.!)I 	 i-----'--_............:._-----_....•......----.--. -_. ---.-


I Adapted from ~Ttly (61). 

2 Desert sparrow hawk ill s()uthC'1'Il part olll,\'. 
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1913 
c'ontrol of longipennis was not attempted before 1913. That 

year, poisoned bait, tested for the first time in Roosevelt County, 
N. Mex., proved its effectiveness; Smith (87, 1). 11) 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 01' lemons; and water to 
moisten. He said, "As many as 75 dead grasshoppers pel' 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 been omitted . 

1921 

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

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

Bran .................................................................................. . .. 75 tons 

Molasses .................................................................. ...... 3.000 gallons

White arsenic and paris green ...................................... . 7,500 pounds

Lemons and oranges ... . . .... 2.000 dozen 

Amyl acetate ....... . ... Ii) gallons 


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

Bait materials and motor transport ........... . . ..................... $5,!l67 

Bait mixing' 
Bait spreadin

. . ... 
g' 

. .................... . 150 
554 

Total ............ ............. 6,671 

1934 


Control of the High Plains grasshopper in IH21 ,vas financed 
by voluntary contributiOJls in the form of labor, transPol'tation, 

http:5,967.26
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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 enabling the United States Department of Agricul
ture to cooperate in grasshopper control with those States in 
which the problem of control was serious. Admini~trat.iol1 of the 
Federal portion of the cooperative endeavor-provisions of bait 
materials and limited supervision-was placed in the Bureau of 
Entomology and Plant Quarantine. Colorado applied for and used 
Federal bait materials, as authorized by legislation, to combat the 
193·1 outbreak in Lincoln 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 dry bran mixed with poison were 
supplied by the Federal Govel'l1ment and used in killing- the pest 
[in Lincoln County]. ... With the experiences of the 1921 Qutbreak 
fresh in the minds of her farmers, Lincoln County started fig-hting
hoppers shortly after the eggs had hatched in the spring'. Neglecting 
farming uperations and devoting full time to fighting this pest, the 
citizens of this area have performed a public service that demands 
the gratitude of all surrounding farm areas. Citizens of many towns 
and the surrounding' districts have contributed both time and money 
to this campaign.... Not all of the 'hoppers were killed before they 
de\'eloped wing-s, due to the fact that areas ,vere infested which 
were so thinly settled, and no one felt the responsibility of poisoning' 
these al'eas until the 'hoppers close to home were eradicated. 

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: 
Bait materials .. ... $2,%4 
Freight.... .........................__._............_. 570 $:1,53.j 


Colorado Extension Service 
Ranchers: 

1,000 

Bait mixing'.. 
Bait spreading.... 

260 
%0 1,220 

Total. ............... . 5,75,1 

1936 

Large numbers of adult grasshoppers flew into eastern Colorado 
in 1936. They alighted on land not known to have been infested 
previously that year. Hanchers g'enerally thought that the grass.. 
hoppers had flown in from Mexico 01' other areas south of Colo.. 
raclo. It is certain, however, that at least part of the flight of 
grasshoppers originated from local sources, 1'01' the 19;15 fall 
survey had revealed that the species was present in Cheyenne, 
Prowel's, and Weld Counties, Colo., and predominant in TInca and 
Kiowa Counties (59*J. 

Of: that infestation McCampbell (.3:';*) saiel: "During August a 
flight of Dissosteim lon.r;i1u:mnis occll1'red in southeastern Colorado 
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counties. The principal damage resulting from this flight occulTed 
in Lincoln, Cheyenne, Kiowa, Prowers, Baca, and Las Animas 
Counties.... The Lincoln County agent estimated that c100 square 
miles were infested and 32,000 acres of valuable pasture defoliated. 
This flight came at a time when it seemed almost too late to 
organize a campaign sufficiently large to take care of the situation. 
Some poisoning was done with good results. However, for the 
most 1)art 'hoppers laid large numbers of eggs in the most seriously 
infested counties and an unusually large epidemic is expected next 
season.... Estimates for this area were from 10 percent to 20 
percent of the winter ran.ge destroyed." 

• 

The first survey directed specifically toward determining the 
extent and severity of an infestation of longipenni.'; was conducted 
cooperatively by the State of Colorado and the Bureau of Ento
mology and Plant Quarantine in the fall of 1936 (J.,]* , 61 * ). It 
revealed that the infestation involved an area from the southerll 
Colorado boundar:{ northward for 125 miles and from the eastern 
boundary westward for 75 miles. The entire area was not surveyed 
intensively, but about 2,000,000 acres of rangelancl were known 
to harbor scattered egg beds of unkno\vn number and size. Surver 
findings served to warn ranchers and other cooperators of the 
difficult control problem ahead. Plans based upon the results of 
the eg'g survey were prepared by the cooperators for control of 
lungipennis in Colorado in 1937; these called for spreading 898 
tons of bait on 18-J,100 acres of land (61*) or approximately 
9.2 percent of the area known to be infested. 

Information on the importance and conh'ol of longipennis in 
Xew Mexico in 1936 is indefinite. Hollinger (24 *) said: "In Union 
County, in recent weeks, there have been sevel'al small outbreaks 
of migratory grasshoppers that have come into small bands and 
are very destructive. With some Government supplies of bran and 
1)oison immediately available, the outbreaks seem to hase been 
·well controlled." 

• 
Some control of the species \\'as undertaken in Oklahoma in 

1936, but the extent and cost is unknown. In his annual l'eport, 
the Slale leader said (74*): "The ... long-wingeel grasshopper, 
Dis~;o8t('i)'(L lon[ji]Jennis, was quite numerous in CimaLTon County 
during August and was reporteel damaging rangeland to sllch an 
extent that poisoning was necessary .... [n Texas COllnty grass
hoppers did not make their appearance until late in the summer 
... ~lt which time they became vel'y numerous, flying in from the 
rangelands of Kansas, ~ew :Mexico, ancl Colorado, They became 
SO numerous in October that it was necessary to poison them .. , . 
The Soil Consel'vation pen'ice furnished trucks to haul sawclust 
from Springer, N. Mex., which cut the cost to the farmers 
considerably. All of the mixing \\'as done at (illymon...." 

1937 

The survey concluded in 20 we.',tern and midwestern States in 
the fall of 1936 revealed that the grasshoppcr population in 19:)7 
wOlild be measurably grcater than it had beeli in 19:3:5 and 1936. 

• 
A Im'I11 ('(1 at the pl'osped, entomologists 1"1'0111 the mOl'e 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 committee of seven, and unanimously approved by 

the delegates in attendance, emphasized that "emergency Federal 

appropriations for aid in control of regional insect outbreaks 

usually become available too late seasonally to be used with maxi

mum efficiency and economy; therefore Resoh'ed, 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 to the original amount at the beginning of each fiscal 

year 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 resolutio11 was to encourage legislation that 

,,·ould assure purchase and delivery of control materials so t.hey 

,,"ould be on hand in field locations 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 

peak in abundance and destructiveness. 


A Joint Resolution, passed by Congress and approved by the 
President, is quoted in part as follows: "That for carrying out 
the purposes of and fOl· expenditures authorized under the public 
resolution entitled 'Joint Hesolution making funels available for 
the control of incipient or emergency outbreaks of insect pests 01" 

plant diseases, including grasshoppers, :Mormon crickets, and 
chinch bugs, approved April 6, 1937, there 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 appropriation shall be expended ... in any State 
until such State has provided the organization or materials and 
supplies necessary for cooperation...." 

J. R Parker was in field 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 thr 

coop~'ration of the Seeretary of AgTiculture and the Chief of the 

Bureau of Entomolo/-,'Y and Plant Quarantine, a Joint Hesolution of 

the House and Senate ... embodied the main objectives of the 

Omaha Conference with thl' excE'ption that the original amount asked 

fOI" allY one fiscal yea I', $:-),000,000, was reduced by Cong'I'ess to 

$2,000,000. Following the passage and approval of the authorizing' 

r·esolutions an apPI'OIll"iation of $1,000,000 ,,'as made. This became 

available 011 April 29, 'when the President sig-nE'd the bill. On July] 7, 

anothel· appropdation of $1,000,000 was made, to remain available 

llntil .June ao, ID:lS. Of these two appropriations, made fOI· the 

g'{'nel·al purpose of emerg'cncy ins('ct control, $!HJii,OOO of tIl(' first 

and $430,000 of t.he second, or a total of $1 ,42ii,OOO was alloeaterl by 

the SE'cretal'Y fOI· g'l"asshoppt!l" conLrol. 


The Chief of the Bureau, in his instructions to cooperating 
States, said (78*): "Tn view of the fact that the President of the 
United States submitted to Congress an estimate of $~ 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 29] 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 (38*) conducted 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 serious control problem ahead and acquainted with the 
plans for coping with it. All agencies interested in the State's 
agriculture 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 voluntarily by cooperating counties and ranchers with 
bait materials provided by the Bureau. The Colorado 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 bait 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 longipennis. Subsequently it was determined 
that in instances where control with these formulas was unsatis
factory, effective kills resulted when the proportion of bran was 
increased. Most of the bait used was prepared according to the 
standard formula of: 

iVlillrun bran.............................."..lOO l)Olll1ds 

Sawdust...................._........................................................3 times the volume of bran 

Liquid sodium arsenite-( 4-lb. material) 2 gallons 

In the long'ipennis 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 authority of those in 
existence exercised to insure treatment of an infested area. For 
the most part all members of a community cooperated to spread 
bait simultaneously. Nonresident land posed a problem solved only 
by pest-district action or by members of a community trespassing 
on nonresident land that needed treatment in order to protect 
the work of resident cooperators. Trailer-type mechanical bait 
spreaders were used to spread most Qf the bait. 

Temporary headquarters for the Extension entomologist were 

• 
established in Colorado Springs; from there he could better direct 
control operations in the counties infested by longipenn-is. The 
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Colorado Springs News on July 2, under the heading "Greatest 
Hopper War is Directed from Colorado Springs" published a news 
story describing the outbreak and steps taken to combat it. The 
article said in part: 

\Vell-organized, vigorously prosecuted, and ably directed, an 

effective campaign is being relentlessly waged from Colorado Springs 

headquarters this week against the worst grasshopper infestation 

in Colorado history-great hordes of migratory insects that are 

moving along in destructive battalions of millions, even billions, in 

a 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 director of the campaign against the insect scourge 

is Sam C. McCampbell, extension entomologist with Colorado State 

College, who has opened headquarters in the local soil conservation 

service 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 fly to other fields unless halted. Meantime, to 

the east and southeast, tremendous damage has been done to crops 

and pasture in what F. A. Anderson, director of Extension for 

Colorado State College, describes as the worst grasshopper situation 

in the State's history. Governor Teller Ammons, who has made 

personal surveys of the infpsted areas, reports conditions worse than 

described.... 


The huge size of the economic unit in eastern Colorado presents 

one of the greatest obstacles to perfect 'hopper contro!' The countl'Y 

is principally a stock-raising country, and. many operators own or 

control thousands of acres of land. The size of these holdings, plus 

economic conditions, makes it almost impossible for the average 

stockman to secure help to eradicate all the hoppers on his own area. 

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 thl"Oug-hout the infested areas.... 


The 1937 appropriation was allocated for the provision of bait • 
to the cooperating States in proportion to the severity of their 
contr01 problems, with the realization that adequate grasshopper 
control could be accomplished only if additional funds were 
provided. The amount of bait allotted to Colorado was insufficient 
for early season control of the longipennis populations. Although 
the appropriation was passed on April 29 time was required to 
acquire a staff to administer the control project and to negotiate 
contracts for the purchase of supplies. The first allotment for bait 
materials to Colorado was made May 12 (47*) after which the 
materials had to be purchased and dblivered. The Extension 
entomologist said (38*) : "The campaign would have been at least 
25 IJel'Cent more effective if bait could have been on hand ... May 
15, 1937, or earlier." 

When completion of the control program was jeopardized by a 
shortage of bait materials, the editor of the Eastern Colorado 
Plainsman and Range Ledger addressed a telegram to the Presi
dent of the United States and received the following reply, 
published in t.he July 16, 1937, issue of the paper: • 
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A letter from Agricultural Head 

Department of Agriculture 
Washington, D. C. 
July 9, 1937 

Dear Mr. Missemer: 

This will ackl10wledge your telegram of June 29 addressed to the 
President, regarding grasshopper control and which was referred 
to this department fOl: attel1tion. 

• 

The fl11lds provided to the Department to cooperate with states in 
the control of grasshoppers were used for the purchase of bait 
materials and tl'ansporting them to designated distribution centers 
in the states. TJle State Grasshopper Control Committee of Colorado 
has been advised of the bait materials that could be allotted to that 
state with the funds pl·ovided. The am0unt appropriated has been 
expended and in the absence of funds it '",ill be impossible for the 
Department to extend further cooperation 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 
cooperate with states in grasshopper 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 C011stitutes the limit of which may be 
expended by the Department. 

The Department is familial' with the grasshopper situation 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 authorized to render aid in distributing materIals 
for combatting grasshoppers. The management of these camps is 
not under the direction of the Department and appropl'iate reference 
will be made regarding the request that the camps in this locality 
be authorized to conduct the distribution of grasshopper bait as one 
of their objectives. 

Sincerely, 
Paul H. Appleby 
Assistant to the Secretary. 

The last allotment of bait materials to Colorado purchased 
from the April 6 appropriation was on July 2 (47*). An acce1
el'ating control demand in the face of inadequate bait materials 
impelled the Governor to assess the situation and take action. 
According to the Eastel'11 Colorado Plainsman and Range Ledger, 
July 2, he made a trip to Lincoln County. This trip followed 
advice ... that only a 2-day supply of bait remained in the 9 
counties where control of longipennis was underway. In addition 
to ordering the National Guard to mobilize and throw its man
po'wer and equipment into the control campaign, according to the 
Rocky Mountain 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 are the best in several years.' II 

State, county, and individual funds were expended to keep bait 
• materials rolling to mixing stations until the additional funds 
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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 Federal 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 long-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 spl"ead
ers were already in use. It was hoped that the grasshoppers could 
be controlled 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. 

McCampbell (62*) estimated that 3,432,000 acres of range had 
been damaged by longipenm:s during 1937. Although magnificent 
cooperat.ion 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 untrained and inexperienced in 
grasshopper coiltrol. The herculean control campaign was success
ful in stopping devastation by longi1Jennis in the areas most 
heavily infested, but did not reduce the infestation to be fought 
in 1938. McCampbell recognized this when he said (39*): "The 
grasshopper campaign of 1937 in the migratory areas of south
eastern Colorado and adjacent. States was not effective in extermi
nating the infestation. Thousands of donal'S were saved by control 
operations. However, sufficient 'hoppers flew into new areas to 
cause an infestation larger than that for 1937. Migratory 'hoppers 
have laid eggs in Adams, Otero, Elbert, Ell Paso, Lincoln, Pueblo, 
Hueriano, 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 Government: 
Bureau of Entomology and Plant Quarantine: 1 , 

Materials (cost and freight) : Dolla?'s 
Bran, 1,418 tons at $23.51 per ton..................................................... 33,337 

Sodium arsenite, 56,740 gal. at $0.40 per gaL..................... 22,696 


Supervision (salaries, travel, expense)............................................... 2,000 


Total ................................................................................................................................... 58,033

Other: 12 

Soil Conservation Service and Forest Service................................... 25,000 

Civilian Conservation Corps................................................................................... 22,106 

WOl'ks Progress Administration....................................................................... 23,631 

National Park Service............................................................................................. ,. 3,000 


Total .................................................................................................................................. 73,737 


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

State Government: " 3 

Extension Service (supervision, travel, clerical) ....................... 12,298 

National Guard (trucks, transportation, equipment, labor) 99,884 
Highway Department (trucks, power shovel, p"'rsonnel) ...... 25,000 
Certificates of indebtedness................................................................................... 25,000 


Total expenditures by State Government..............................162,182 
County Governments (mixing-station equipment, rental, supplies, 

labor) ................................................................................................................................................... 10,000 
Individuals (spreading of 5,674 tons bait by ranchers, at $7.39 

per ton) 1 ......................................................................................................................................... 41,931 

Total expenditures from all sOul'ces.......................................34.5,883 


1 Based on data in Annual Grasshopper Control Report, Bureau of 
Entomology and Plant Quarantine (47*). 

• Based on data in Annual Grasshopper Survey Report, Bureau of 
Entomology and Plant Quarantine (61*) 

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

New Mexico 

Control of longipennis in New Mexico in 1~37 was directed 
statewide by the New Mexico State College, and locally by the 
county agents. Educational and organizational meetings and dem
onstrations were conducted before operations began. Bait materials 
were provided mainly 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 
individuals 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 opel'ated 

in Union County by \Vorks Progress Administration crews which 

mixed bait day and night for several weeks. The bait was hauled 

to infested areas by 14 trucks and 60 men furnished by the 

National Guard. The Santa Fe and Burlington 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 ranchers 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 bait 
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 Ne\\" Mexico. Two typicalllews

items are briefed below: 


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

On July 4 the Denver Post reported that all available forces 
were being recruited in northeastern New Mexico to combat a 
grasshopper invasion that ~\\'as threatening the first grass and crop 
prospects the section had had in :) years. Gov. Clyde Tingley, 
according to the report, had authorized the purchase of $15,000 
worth of poison-bait materials, had ordered out Natidnal Guarci 
trLlcks 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 \VP A workers to mix the poison, and had 
organized local forces 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
1Jennis destroyed some 350,000 acres of range grass. The outbreak 
was difficult to handle due to the infestations being scattel'ed over 
an area 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 bait 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 included in the following 
itemization of expenditures because 93 percent of the range acres 
baited was for control of longipennis. • 
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Fadors that worked against conducting the most efficient 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 change of plans from day to day to accom~ 
modate them to the means available for carrying them out. 
Cooperation of local and State agencies was ma!:,rnificent but it 
became fully operative only after the early season We,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 expenditures for the control program 
in New Mexico in 1937: 

Federal Government: 

Bureau of Entomology and Plant Quarantine: ' 


Materials (cost and freight): [JollctFS 
Bran, 179 tons at $23.51 per ton...........".........."............ 4,208 
Sodium arsenite, 7,180 gal. at $0040 per gaL........."..... ...... 2,872 

Supervision (salaries, travel, expense) _ ......._."......_.................... 2,700 


Total ......................................."............."................."............._.__ . ___._............ 9,780 

Other: ' 

Soil Conservation Service............................_ ........_ ..........._ .......................... 1,500 
"Vorks Progress Administration........... __.................................................. . 2,740 

Total ........._.........._......................................._.........."..........................._................... 4,240 
Total expenditures by Federal Government.................... ].1,020 

State Government: : 3 

Extension Service (supervision, travel, clerical) ............. .. 2,500 

Allotment from wind erosion funds..........._..............................._.............. 4,328 

State Highway Department........................................._.............................. . 2,250 

National Guard......................................._...................................................................... . 4,050 


Total expenditures bv State Government.. _....................... 13,128 
County Governments (cash) '.. :......" .........................._......,#............................... , 813 
Individuals (Spreading 718 tons bait b~r ranchers, at $7.00 per 

ton) 1 ' ........................................................................................_ ......................................._.......... 5,026 


Total expenditures from all sources................................ 32,987 


1 Based on data in Annual Grasshopper Control Report, Bureau of 
Entomology and Plant Quarantine (47*). 

'Based on data in Annual Grasshopper Survey Report, Bu reau of 
Entomology and Plant Quarantine (61*). 

o Baseci on data in Annual Report, New Mexico State Leader of Grass
hop,per Control (2*). 

oklaho ma 

The High Plains grasshopper was present and injurious to 
range in Cimarron Count~r, Okla., but the meager information 
available precludes a conclusion concerning its economic im
portance or the amount of control occasioned by it. 

\V. E. Bakel', agricultmal agent of Cimarron County, in the 
Boise City News, May 27, 1987, said: 

Investigation the past 2 weeks and the reports of farmers and 
l'anchmen throughout the county have indicated that young grass
hoppers have been hatching out by the many milIions. Examinations 
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hoppers in the cOllnt~' to destroy all range pasture and all row 

crops as fast as they come up, , , , As the gTasshoppel' which 

infested this territory last year and is JlI'evalent at the present time 

is what is known as the long-winged grasshoppel' and readily takes 

to flight, we were unable last year to have the success in poisoning 

the mature grasshopper which we desired, Howeyer, these young 

hoppers do not have wings and will not move for some time, , , , We 

are making arrallgements to begin mixing the poison today, 


It was barely mentioned in 1937 in the State leaders' annual 
report, He said (11*) that in the Panhandle counties it was 
dominant and that "there was considerable movement among the 
longipennis grasshoppers, , , On July 15 a flight of grasshoppers 
,,-as reported ill Cimarron CountY-but they did not stay long 
and damage was very slight, They were apparently moving in 
from Xe\\" Mexico and later moved 011 toward the northwest," • 

1938 

The grasshopper problem had become so acute that in 19:38 the 
BUl"eau of Entomology and Plant Quarantine decided to create 
a specific organization for discharging Federal responsibilities in 
cooperating with States in grasshopper control. Federal responsi
bility for control operations was placed in the Divisio:1 of Domestic 
Plant Quarantines, which Cl'eated the Grasshopper Control Pl'o,ject, 
,,-ith \\" E, Dove in charge, 

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

The details as to administration and direction of cooperative 

programs were, with the approval of the SeCl'etal'Y of Agriculture, 

])Iaced with the Bureau of Entomolog-y and Plant Quarantine unde!.' 

a dh'ision concerned with the conduct of operations to control 01' 

Pl'adicate ('crtain insect pests or plant diseases, Field hcadquarters 

\\"el'e established at iVIinneapolis, Minnesota, in February lO:{S and 

til(' indiYiduals selected to ha\'C~ charge of the wOl'k were trained 

employees familial' \\"ith g-o\"(~l'nment procedure and Jll'actices"" 

The Chief of the Bureau was dil'ccted to advise States in which 
 • 
outbreaks of grasshoppel's were anticipated of the basis fol' coopel'a

tion and the typc "f orp:anizntion that they should cffed to obtain 

aid in a ('rop-protection prOgram, A nlan of Pl'OcecluI'e was appro\'('(1 

and llst'd for the conduct of the \\'!ll'k during- the season, The Chief 

of the Bureau was authorized to apJ]ro\"e, on behalf of the Secl'etary, 

State Grasshopper COJltl'01 Committct's which were set Ul) in acrol'd

ancc with the rC'qui 1'C'nwnts, Hl' Was p Iso authOl'ized to approve the 

allotments of bait l1lutel'ials that could be made to meet the needs 

in the afl'c('ted States and to Pl1lploy indh'iduals to bl' assigned in 

such Statl's to aSSlll'(' adequate sllpPl'\'isioll as to lhe lISl' of such 

matl'L"ials, Tlh'se allotnwnls we1'(' iJaspd on I'C'lath'p needs as indicated 

by the g-I'HsshoPIWI' ';lll'\'"y 11 nd sllhsl'quent (\c\'('loPl11ents I1S to in

f('station, 

Stale'S ll<ll'tiei paU ng' in tho coopC'J'ati\'e pl'og-rams a ppoi 11 tt·d a 

RJlecial Grasshopper Control COl11l11ittee, which was l'PRponsible fol' 

[he dt'sig'nation of a t l',lilwd pntoll1ologist 01' State' I1gricultul'aI 

nfnC'ial satisfactory to tl1(> ('ol11111it{!'(, and to the Burt'au", ,lo aet as 

its duly authol'izC'c1 l.'('pl'psentatj\'p ill tilt' ('apacity of Slatp IpadpI' in 

g'l'asShOppel' contl'Ol and to he I'l'l-lpollsibl(· to Huch ('ommith'p fOt' 
(~oo"dination of State acti\'iti('s, C'HtalJlishmenl of a l'Pslxmsihk :-:itatp 
orgl.nization f.'OI' g'msshoPIH!I' ('ontl'ol, s('curing- aid fl'Ol11 local and • 
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county governing- boards, and for the detel'll1ination of the amount 

• 

of bait materials needed in the afl'ected areas of the State and 
submitting requests for such materials to the Federal office. The 
State leader was also responsible for the securing, at State or 
county expense, of necessary alIke space, clerical assistance, facilities 
for local truck tl"anspoi"tation of bait materials, and county and 
local personnel. The establishment of a sufIicient number of well
equipped and adequately-su])en'ised bait-mixing' stations, the keep
ing' of adequate records of bait matel'ials shipped by the Federal 
government for local llse ancl an individual record of bait delh'ered 
to farmers, and effccth-e supel'\'ision of the distribution and appli
cation of the bait in a manner approved by the Burean.... were 
additional responsibilities of each grasshopper control committC'e 
through its State leader. The llepartment's part in this coopel'ative 
pl'ogTam consisted in the purchasing- and transporting of bait 
materials to designated distribution centers and in fUl"J1ishing" suf
ficient g'cnel'al supel'\-ision t(, sec that the bait \\'as applied in the 
most c'fl'ective mannC'l'. Qualified C'mployees of tllP department weI e 
tlsC'cl fOl' the work, and they also were responsible fol' all expendi
tures from FC'cleral funds. 

Assurance of continuit~· of a project designed especially for 
contl'ol of incipient 01' emergency outbreaks of insect pests 01' 
plant diseases was strengthened by the passage, l\Jay 9, 1938, of 
Public Resolution Xo. 91 hy the 75th Congress. This resolution 
anwncled a joint resolution made in 19:17, as follows: 

• 

'I'hat the Secl'C'tary cf Ag-ricultul'e, in cooperation with authorities 
of t1H' :itaU's concerned, org:anizations, or individuals, is authorized 
and dil'ectC'cl to apply such methods fOl' control of incipient 01' 
enH'l'g"C'ncy outbreaks of insect pests 01' nlant discases, including 
grasshoppers, 1\I01'mon crickets, and chinch bugs, as may bC' 11eces
sary. Any sums which may be apPl'opJ'iated for such purposes shall 
he ayailable for eXJ)C'nditure for the pmployment of persons .. admin
istration and supervision, survt'ys, and the purchase, transpol'tation, 
and application of pOIson bait or materials and equipment fOJ' con
trol ... and for )ll'C']Jal'atioJ1 of such poison bait 01' materials fol' 
application, and such other expenses as may be necessary. Materials 
and equipment fol' the control of sllch insect pests and plant diseases 
may hC' procured with any sums appropriated to car,!"y out the 
pro\'isions of this joint rC'solution ... and the transportation thereof 
may lw under sueh conditions and mC'ami as shall be determined b~T 
the Secl'C'tary of AgricultUl'C' to bC' most advantageous, . , . There are 
hereby authorized to be a11llropriated annually such sums as may be 
l1C'cessalT to cany Otlt the pl'ovisions of this joint l'C'solution. 

TIl(' Bureau provided 1'upervisors to direct control operations 
in all the inf('sted States. All area sup('l'visors were on duty in 
tlwir lipId assignments by the middle of :March and all district 
S1l1Wl'visors Il~' mid-April. 

Colorado 

The costly battl(' oj' l~l;W :ll1cl th(' appal'C'nt in('\'itability of 
an ('\'('11 Icu'gt'l' 01](' in 10;\~ Rtirl'C'cl the oflicials of Colorado to 
eady preparation. G0\'(1 I'IHlI' Tellel' Ammons (.'to"') wrote to F. A. 
Ancl(lr:wn, Dil'('etol' or Ext('lIsiol1, February :2:~, as follows: 

'1'11(' S('l'jollsnc'.'s of tlw anticipat-pd gl'llsshn)lpC'1' infestation in 

• 
I!);)S cannot he Cl\'('l'C'stilllatl'd ... , 'I'll!' nl'ig'inal ap)1l'Opl'iation by 
COIl,!.!.'I'('SS rOI' til(' COllI rill of g'rasshoppers and oth('1' ins('('t )l0sls ill 
1!I:17 was $1,[)()O,OOO, iJllt that \\,~1f; stlppiPI11('ntNI Jutp in t1](1 sC'[]son 
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by an equal amount. ... Federal funds were used largely for the 
lHlrchase of poison bran ... and for its transportation. Information 
regarding' the extent of Federal aid that might be anticipated and 
time of delivery of bait was not available, either during the time 
when plans were being de\'eloped for the campaig11 or during' its 
progress. \Ye wel'e, therefore, compelled to utilize supplies only as 
received. 

The long delay in the organization of our forces and in the 
availability of adequate supplies of poison bait in 1£)37, over which 
we had ,no control, was a serious handicap and necessitated supple
mentary emergency assistance of unprecedented character, such as 
providing trucks and personnel from the State highway and military 
depa'rtments for transportation of supplies. Assistance of this 
character cannot be provided to any great extent, if at all, during the 
current year. 

. . . Moisture conditions in eastern Colorado are more favorable 
now than during any spring since 1930. Every possible precaution 
must be taken to protect the crops that we now have good prospects 
of raising. This will require a most intensive campaign in grass
hopper control. The success of the effort will depend upon careful 
execution of plans already formulated.... Men and trucks for the 
transportation of supplies from railroad destinations to mixing 
plants and to the field as needed will also be required. This will have 
to be a local responsibilit~r. 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 ill its proper use, Nothing that can now be foreseen 
is of such impodance to the farmers and stockmen of eastern 
Colorado as the complete cooperation and financial assistance neces
sary to conduct 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. McCampbell, was designated by the committee as State 
leader. 

The State leader conduded educational meetings early in the 
season with such groups as State legislators, State officials, county 
commissioners, commercial clubs, luncheon clubs, and farmers' 
organizations. He and Federal 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 control 
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 labor; 
and many individuals donated their services. Individuals assisted 
in the location of egg beds, which were conspicuously marked so 
they could be readily located by control crews (5*). 

Baiting should have begun shortly after May 1, but cool, rainy 
weather delayed the start until May 10. The standard bait formula 
was used except in a few instances in late season when unsatis
factory kills were corrected by 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 effective. i3ait spreading was per

• 


• 

• 
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fOl'med by individual farmers and ranchers by voluntary action. 
Entire infested communities "were baited, regardless of ownel'ship, 
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 feel confident that much better coordination will exist 
between State and Federal programs...." 

From voluminous accounts that appeared in the Colorado news
l)apers two typical items are briefed belo\\': 

• 
On June 10 the Colorado Springs Evening Telegraph carried a 

l'epol't on preparations being macie 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. 

• 

Vickers, Extension agent, who was appointed grasshopper inspec
tor. The inspector and those working under his supervision had 
the po"wer to inspect an lands in the county for grasshoppers and 
to spread poison bait where it was needed. 

On August 19 the Colorado Springs NewS summBd up the 
campaig11 that had been going on since micl-May as one of the 
most successful, cooperative campaigns ever conducted in EI Paso 
COUl1tJ-. Vel:y few grasshoppers were left at the time the item 
"was written and further b'ouble was not expected. Although the 
infestation was much \\,Ol'se than that of the previolls year, much 
less damage had been done to pastures and crops because of thf' 
campaign. 

Dove (5*) said of the longipennis al'ea: "Damage from ... the 
migratory species becan10 extremely heavy during July and 
August, especially after the harvesting of small grains during the 
latter part of July. Many areas in which the nymphs ... had 
been controlled by baiting" were reinfested by the flying adults. 
Every county which had been originally infested l'eported heavy 
flights. A sufficient number of 'hoppers apparently matured in 
isolated areas and places inaccessible for baiting, to reinfest the 
entire area and present a serious control problem for next year. 
. . . sporadic baiting ... continued into September. Excellent 
results were obtained from baiting for adult lon{Jipennis 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 efficiency 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 bait should be 
spread to control lon{Jipennis 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: ;lcl'es infested Tons of bait 
Adams .................................................................... 64,000 208 

Arapahoe ............._...__......................................... 46,080 150 

Baca .................................................................................... 737,280 2,396 

Bent .................................................................................... 23,040 75 

Cheyenne ........................................................................ 357,120 1,160

Elbert .................................................. 167,040 543 

Kiowa ........................................................................... 264,960 861 

Kit Carson..................................................................... 839,840 1,104 

Las Animas......._...................................................... 730,000 2,782

Lincoln ............_...................._......................................1,290,240 4,193

Otero ....................._..._............................. ................... 23,040 75 

Washington ...................................................... 299,520 973 

Crowley............................. ....................... ....... 230,400 749 


TotaL........................ ,....... .......... ...... ......... .4,572,560 15,219 


The Colorado State leader estimated (66*) that the range 
damaged by longipennis in 1938 varied from l1 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) : [)ollm'8 

Bran, 2,480 tons at $21.26 per ton................................ ..... 52,725 


Sawdust, 7,445 tons at $6.01 per ton............................ ....... 44,744 

Sodium arsenite, 99,250 gal. at $0.315 per gaL..... ....... 31,264 


Supervision (salaries, travel, expense)......................... 15,880 


Total ..................................._.........................................................................................144,613 


Other: ' 
Soil Conservation Service..... ...................................................................... 25,355 
Works Progress Administration.................................................................116,428 

TO~~\~I..~~·P·;~di·t~;·~:~~..·by··F~d~;;;:i....G'~~;~·;~I~·~·~~~·t::·.·:....·.. ······..··: ..~~~:~g~ • 
State Government:' 


Extension Service (salaries, travel, expense, exclusive of 

county agents)................................................................................................................. 5,118, 


County Governments:' 

Materials, rents, transportation, equipment................... . 58,2D7

Mixing, 9,925 tons bait at $2.75 per ton............................. . .. 27,294 


Total expenditures by County Governments 85,591
Individuals: I " 


Cash, materials and equipment.... ........ .................................. ...... 2.395 

Spreading of 9,925 tons bait by ranchers, at $13.00 pel' ton .129,025 


Total expenditures by individuals.... 1;)] ,420 

Total expenditul'cs from all SOUl·ces. . 608,625 

1 Based on data ill Annual Gl'asshopper Control Report, Bureau of 
Entomology and Plant Quarantinc (5*). 

• Based 011 data in Annual Report, Colorado State Leader of Grasshopper
Control (40*). • 
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Hew Mexico 

• 

The fall suney in :0Tew Mexico in 1937 indicated that a signifi
cant increase in thc control program would be necessary if the 
lon{fipennis infestations were to be embed 01' reduced in 1938. 
SUl"Yeyol"s had located 30 egg beds in CoUax County, 23 in 
Harding County, 2 in :l.VIora County, and several in northern Q.uay 
County, and estimated that there \yel'e between 200 and 300 in 
Fnion Count~·. SUl"n:y personnel had been insufficient to find and 
de1ineate all egg beds. Those located varied in size from 1 to 20 
acres each. One Sl1l'\'eYOl" said (14*): "The southern third of 
1'"nion County, the southern and eastern borders of Colfax County, 
the northern borders of Harding and Quay Connties, and the 
northeastern tip of l\fora County contain quantities of longipennis 
egg beds. The grasshopper situation in these areas is e:'-..lJected to 
be very scrious in 19:38 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 Sll pe1'\"isors. All other services were to be provided 
by the State and by 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 prepared 
em.·I\' to meet it. He tells of the various measures taken to arouse 
intei'est 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 
conduded by them in cooperation with State and county personnel. 
The area supervisor recorded two meetings at Springer that were 
the impetus for the formation of a citizens' committee, l"epresent
ing tlK' infested counties. Of these meetings, he said (81 *) that 
both \\'erG well attended by the committeemen as well as the county 
agents from the five northeasterll 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 "began to get the people 'hopper
minded." He went on to say: 

From these meetings grew thC' citizens' organization which raised 
money locally, built spreaders, and put spreading crews in the 
field ... concerted efl'ol,t IN the communities was the mode of the day 
from the time baiting oj)erations started until the last sack \l'a's 
scattel·ecl. Each of the yaL"ious communitie:; , .. was divided into four 
sections, Each quartel' was assig'ned to some resident who was 
responsible to thC' community leader, The man in charge o.f the 
quarter reported to the community leadm' such things as the location 
of new egg beds, migratory ba11c1s, and thc nceds of operators 
insofar as bait, spreading' equipl1lent, 01' help was concerned. It was 
soon .found that with all these small ol'ganizations working' and each 
clamoring' fol' the outside help U\'ailable, there must be some sort 
of coordination. At a meeting of the delegates ... it was decided to 
elect a coordinatol' fol' the entire :trea. A lb(,l't l\Iitch('1I was elected 
to the post. The GO\'C'l'I1o[, thell appointed IVfl'. l\fit('helJ as coordinator 

• 
o.f all agencies wOl'king on 'hoppC'I' e'l'tlflicatiOIl. The' \l'ol'k then moved 
smoothly . 
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The selfiess cooperation of all interests jn the infested area is 
described by the area. supervisor (31 ':'): 

Rait mixing was done byWPA labor under the supervision 0.[", 

county agents and other Extension Service workers 01.' at [L few 

places by crews or fal'mel's before 'VI'A crews could be started, The 

townspeople donated money, time, automobiles, gasoline, equipment, 

and moral support to the operators, The 8tate Highway :I )cpartment 

built a number of bait spreadel s and furnished trucks to pun and 

sen'ice son1(' of them, , , all available equipment was pooled fOl' the 

big drh'e, The operators in Colfax County which is morc densel~' 

settled than the other foul' counties, , , cleaned up the infestation in 

their county fail'ly eaJ'I~', These people kept mo\'ing eastward into 

Lnion County, 'Vith the Union County ]leople working southward 

and westward, the altackin.l;' el~'ments convergeci at about thc center 

of the infested area in Union County, Quay County, with", help 

from the Farm Bureau locals and. , , £l'om people in the uninfested 

portion of the county, cleaned up its infested area rather early in 

the season, There, the people kept moving northward into Harding 

and Union Counties, baiting- all egg beds and bands of nymphs as 

they proceeded. 
 •Cooperation was ul1believabl~r good thruout the whole area, The 

people all went into the fight with the idea that if farm and ranch 

operatol's lost their fight against the 'hoppers the area in general 

would be bankrupt, The Santa Fe Railway llaulecl water to mixing' 

stations and loaned bunk cal's for crews in out-of-the-way places, 

:'.'lerchants sent their delh'el'Y cars to the country to pull spreaders, 

pJ'ofessional men hired men to \\,01'k as spreader tenders and sent 

theil' automobiles to pull spreuclel's, In short it was a complete 

mobilization of the whole area, 


According' to Hildwein (1.9*), the standard formula fol' bait 
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 genenll use ovel' the entire 
longi]Jennis area, They considerably improved the quantity and 
qualit:{ of bait, , , , In spreading the bait, five 01' more spreaders 
worked together as a unit assigned to a given section, A scout, 
01' the man in charge of the community quarter, reported where 
the egg beds 01' bands of nymphs ,vere, and assisted the foreman 
in detailing spreader units to the best advantage, Infested areas 
wel'e poisoned regardless of ownership, ·with :few exceptions when, •fearing crews might be careless, owners preferred to spread the 
bait on their own lanel. Highway rights-of-way were treated by 
the spreader creWfl whenever needed, Nonresident owners were 
requested to donate money to the cause but an infested al'ea was 
treated whether 01' not the owner responded, , , , Nearly 400 
mechanical spreaders \\,0I'e used throughout the entire area, 
Considerable baiting was clone by hand in rough, rock~r country, 
and in draws ,\'herc nymphs congregated in great numbers, , , ," 

"First hatching'," Hildwein's report says, "occurred in the 
southel'll tip of theinft'sted area in Quar and Union Counties 
(luring thefil'st week of May, Hatching then was delctyed by a 
f.ew clays of unfavorable weather and was not complete in the 
area. as a whole until thc thil'd wc('k in June, , , , The first flights, 
coming in with a wind from the north, wel'e observed JUl1E' 25, 
From then Ulltil July 7, (,Hch time a cool breeze blewfl'Om the 
north 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 square yard." The supervisor 
concluded that areas south of those 'where baiting was done in 
1938 would present a serious control problem in 1939. 

Dove (5*) summarized the season's activities and results as 
follows: 

• 

Large-scale baiting operations commenced in the southern half of 
the infested area dming' the third week in 1\Iay at which time some 
migrations from. egg' beds wel'e beginning.... Baiting during' the 
latter part of May and June continued at top speed, with mixing 
stations operating' 24 hours per day, 7 days per week.... By the end 
of June effective c011trol had bec·n obtained and mixing stations were 
reduced to producing only enough bait to supply mopping-up crews, 
'which continued to poison the remnants of the once large bands of 
grasshoppers.... At the close of the first week in July, baiting for 
iongipennis had practically ceased as the small numbet·s remaining 
were so few and scattered that cOlltl'ol measures were not justifi
able.... the Bureau renderEd furthcl' assistance ... by fUl'llishing 
truck hil'e to haul ... sawdust from the mountains to the mixing 
stations. B~r the middle of August, heavy spotted infestations of 
adults were again found in nw northeastern counties, concentrating 
for oyiposition, which was 'well in progress. Baiting' [adults on egg 
beds] began during the first part of August and continued tlll'ough 
September. Excellent results were obtained and many concentrations 
,\'ere almost completely wiped out before extensive oviposition 
occurred. However, it was apparent that a serious control problem 
would be encounterecl in this area again llext year, 

The press kept the public informed of the control program in 
Ne\\' Mexico in 1938. Several news items, briefed below, are 
tnJical of the many items that appeared in newspapers during 
the spring. 

The Clayton News on lVIay 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 hatching out 
in the section around Clayton. 

• 
On M:ay 26, the Albuquerque Tribune told of the emergency 

production of mechanical bait spreaders being started in the 
highway shops of the State, under personal supervision of the 
Governor 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 Amarillo Daily News, June 6, told of emergency donations 
being made b:f individuals and business organizations to help fight 
grasshoppers in five New Mexico counties. According to the item, 
the money was needed to help "five counties hard-hit fol' funds to 
fight the worst grasshopper plague in history." The new funds 
would assure an extension of the control w01'k that had been 
carried out on an emergency' basis 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 furnished a truck-mounted 

• 
electric welder, and operators to repair spreaders, including those 
privately owned, wherever needed in the field . 
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Following is an estimate of expenditUl'es for the control program
in New Mexico in 1938: 

Federal GoverlUl1ent: 

Bureau of Entomology and Plant Quarantine: 1 


l\faterials (cost and freig'ht) : DollcL1's 
Bran, 1,966 tons at $21.26 per ton..............._ ..._ ................................ 41,797 
Sawdust .....__................................._._......_......................................................... 1,000 
Sodium arsenite, S:3,:.l75 gal. at $0.315....... ................... 26,26:3 

Supervision (saluries, travel, e:l<.-pense).. .. .... 8,600 

Total ..........................._ ................................................................................................ 77,660 

Other: 


'Yorks Pl'Ogress Administration "............................................................. 36,100 

Civilian Conseryation Corps ".................................................................... 9,600 

Soil Conservation Service ..................................................................... 600 

Production Credit Association ............................ .............. 2,700 


Total ........._.........._..........._ ............................................................................... 49,000 
Total expenditures by Federal GoyemmenL..................126,(i60 • 

State Government: 
Extension Service: ' • 

Supervision (travel, clerical, ex:clusive of county agents)..... 7,000 
'Vind erosion funds....._...._.._............................................................................ 29,000. 

State Highway Department, National Guard, and other State 
agencies ....................._.................._ ..__..................._........................................................... 60,000 

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

County Governments :......................_...._ ................__..._ ............................................... 10,496 

Commercial and civic clubs (cash) •..._............................_................... ..... 2,000 

Individuals: ' • 


Subscribed through citizens' committee...._ ......................._ ............... ]5,000 

Ranchers (cash) ...._ ........................................................_ ........................._................... 1,777 

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


Total expenditures by individuals........ ...... . ............... 117,995 

Total expenditures from all sources..................353,151 


1 Based on data in Anllual Report, Bureau of Entomology and Plant 
Qual'antine (/j*). 

• Based on estimate supplied by the New Mexico Leader of Grasshopper 
Control. 

• Based on data in the Annual Report of the New Mexico State Leader 
of Grasshopper Control (19*). • 

Oklahoma 

Specific records on the control of longipennis in Oklahoma 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 beg~m to reach matUl'ity during the 
third week of June, baiting had reduced their numbers so that 
they were of little importance. . . . General baiting was carr.ied 
out in this area with remarkable success against adults concen
b'ated for egg laying." 

Stiles (75*) said: "There was practically no damage until late 
in the season when lonoi1)('nnis 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 Cimarron Counties and we had to begin poisoning 
operations.... Around July 20 the first flights were observed 
in CimalTon County. Later fiights occurred almost daily and con
tinued until September 1. ... this species is generally distributed 
throughout the Panhandle counties." 

That the infestation, important locally, ,,'as 110t 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 
Colorado State line has created a seriolls situation for Cimarron, 
and a poisoning caml)aign to stop the menace was launched Tues
day by County Agent \~T. E. Baker and landowners in the affected 
area. 'These ~U'e the same gl'asshoppers,' Mr. Baker said, 'which 
have infested the county the last two years, and are known as the 
long-wingeel migratory grasshopper.... only in a few places have 
they collected in sufficient numbers to justify poisoning.' " 

Fol1owing is an estimate of expenditures for the control program 
in Oklahoma in 1938: 

Fedcral Govcrnmcnt: 1 

Bl1rea.u of Entomolop;y and Plant Quarantine: 
Materials (cost and freight): Dollm's 

Bran, 14 tons at $21.26 PCI' ton..........".... 298 

Sawdust, 41 tons at $6.01 1Je1' ton....._....................··.. 246 

Sodium arsenite, fjliO gal. at $0.315 per gaL............................... 173' 


Supcl'vision ....._......... ............................._................................................................... 200 


Total expenditures by Fedcral Government..... 917, 
State Govel"l1J11ent: ' 

Extension Sel"\'icc (salaries and expenscs cxchMlive of county
agents) ..............................................................._......_......... .................................... 250 


Individuals: ~ 
Sprcnding- fl5 tons bait by ranchcrs at $15.00 pcr ton...... 825 

Total expcnditurcs from an sOul'ces..........._................................. 1,992 


1 Bascd on data in thc Annual Grasshoppcr Control Rcport, Burcan of 
Entomology and Plant Quarantine (.5*).

"Based on thc Annual Rcport, Oklahoma Statc IJeadcr of Grasshopper 
Control (7.5*). 

Texas 

Control of the High Plains grasshoppel' in the counties of the 
Texas J)anhancl1e 'was organized in accordance 'with the under
standing agreed to by all States 'with which the Federal Govern
ment cooperated in 1938. Bait materials were provided chiefly 
by the Bureau and mixed into bait by counties. Technical super
vision was provided by the Bm;eau and by the Extension Service 
through the State 1e<1c1e1". Connties had the responsibility of 
hauling bait to distribution points, and the program outlined 
relied upon ranchers and volunteers to 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 leacler wrote (6'8*) : "This species has been present 
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in Lhe northwesterll COl'ller of the Texas Panhandle all season .... 
Dallam County in the extreme northwest carries as many as 18 

130 	 • 
egg pods pel' square foot over considerable areas." III 1938, the 

State leader reported (S2*): "MeE:tings were 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, Dissosteirn 

longi1)ennis." 


'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 realized that control ·wol'k 

was not keeping abreast of grasshopper developments. Represen

tatives from the foul' most heavily infested counties, Dallam, 

Hartley, Moore, and Sherman, met in Dalhart, Tex., June 8 and 

"selected Ted Houghton, Hartley County rancher and com mis

simler, to head the fight." Under Mr. Houghton's leadership, 

suppUes of manpower and equipment were increased and greater 

cooperation was obtained throughout the infested area. Land 
 • 
owned by nonresidents in an infested area was baited by the 

FJeld Cl'e,vs (fS2*). "Efforts ,vere especially concentrated toward 

controlling the infestation of longipenn1:s before the gl'asshoppers 

became adult.... extremely good cooperation was received from 

individuals, local organizations, State and Federal agencies. Heavy 

baiting for the species continued through the first part of July. 

By that time 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 (S*) said: 

Following the heavy migrations fl'ol11 the north and 1101'thwest 

into several PanhallClle counties during the fh:st part of August, 

baiting in l1Carly every Panhandle county increased dUl'ing' the lattp.l' 

pal't of the month... ,Heavy baiting against gl'asshoppers COllCr:1l

hated for egg-laying and for the protection of fall-sown wheat 

continuecl thl'oug'hout September and much of October. Good results 

were obtained and many conccntmtions of D. ron,lJipeml'i,~ WCl'e 

destroyed before egg deposition occul'red, Adult and egg surveys con

ducted in late August, SeptembeJ', and Octobel' l'evealed that small 

bands 'were ]Jl'esenti n most of the Panhandle counties and also in 

some additional eOllnties to the south, The infestation of this species 

promises to covel.' an area many times larger [in 193!l] than during 

this year. 


Nearly 700,000 acres of land were baited. Cooperation was 

vastly greater than is specifically credited in official l'~ports. 

Newspaper accounts showed that 40 National Guard trucks with 

ch·ivers, 18 State Highway trucks with drivers, and numerous 

Soil Conservation Service trucks and pickups, 'were assigned to 


~ 	 help 111 grasshopper control. VVPA worl,ers manned most of the 
mixing stations. Numel'Ol1S counties, ranchers, and businessmen 
contributed automobiles, built. bait spreaders, furnished supplies, 
and so forth. 

Voluminous newspaper articles gave a 1110re vivid and realistic 
account of the struggle for control than is to be found in official 
reports. Three typical examples are briefed below. • 
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The Amarillo Daily Ne,Ys, 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 Fedet'al Government, county 
commissioners. Extension Service, businessmen, fal (lers, ranchers, 
city officials, and individuals, 

On June 11 the same paper reported on the progress of the 
fight on grasshoppers in Dallam, Hartley, 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 ,vould 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 distributing 300,000 pounds of mash daily. 
It was estimated that between half a million and a million dollars 
worth of damage had already been done by the grasshoppers in the 
four counties. 

The Dalhart Texan on July 20 reported that more grasshoppers 
were flying into the Texas Panhandle from the north. One swarm 
was so large it took LlO minutes to pass over the town of Stt:atforcl. 

Rangeland in the Texas Panhandle was not surveyed for the 
specific presence of longipennis in 1937. However, in the survey of 
croplands the species was found in 7 of the Panhandle counties. 
The estimate of bait needed to control grasshoppers, including 
long'ipennis, in 1938 was 1,118 tons (6,'5*). Since it was known 
that the species had spread alarmingly and was dominant in 
several counties, rangeland that year was surveyed 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 smvey data it was estimated 
that 13,428 tons of bait (64*) would be needed to control the 
infestation of longipennis expected in Texas in 1939. 

Following is an estimate of expenditures for the control pl'ogram 
in Texas in 1938 : 

Federal Government: 1 

Bureau of Entomology and Plant Quarantine: 
Materials (cost and freight) : 1)ollm's 

Bran. 956 tons at $21.26 pel' t01L........,................................................ 20,325 
Sawdust, 2,867 tons at $6.01 pCl' ton ........................................... 17,281 
Sodium m'senite, 38,1.70 gal. at $0.:315 PCl' gaL................. 12,024 

Supcl'vision (salaric3, travel, and expense) .................................. 4,500 


Total expenditul'es by the Fede1'al GovernmenL.... 
State GoveI'l11l1ent:" 

Extension Service (salaries, travel, expense exclusive of 
county agents) ........................................................................... . 1,000 

Cnunty Govel'nments: " 
Matel'ials (cost and freig1lt) : 

Sawdust, 1.58(i tons at $6.0t pel' tOil.......................... . 9,fi32 
Mixing, 3,4:]5 tons bait at $3.00 pel' tOll....... 10,805 

Total expenditures by County Governments...... ..... 19,8:)7 
Individuals (sprcading' :],435 tons bait at $la.OO pel' tOil) ' ••... 44,fi5Ei 

Total CKpcnclitul'cs fl'o111 all SOUl'CCS........................... . 1U),f)72 


1 Based on data in Annual Gl'asshojJpel' Contl'ol llenol't, BlI I'cau of 
of Entomology and Plant Qual'antille (ii*) , 

"Basecl on data from the Al1Illm\ Report, Texas State Lcallcl' of Grass
hoppel' Conti:o\ (52*), 

I 
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Official records available do not specify or itemize materials 

and services furnished in the Texas Panhandle in 1938. It is esti
mated that 90 percent of the 'Nork 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 wIelcLnoplus mexicc('n1ls 
11wxicCLn1ls Saus. (formerly called the lesser migratory grRss
hopper) must be mentioned here briefiy 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 flew from idle 
or waste land where control had not been practiced to areas where • 
crops had been p.':otected by baiting. The migratory grasshopper 
had been the principal injurious 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 been 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 tUl'l1ed the tide of a battle 
almost won to partial 01' 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 me;J;icc('nus adults that flew from 
afar. It hecame appal'ent that protection of range areas in the 
High Plains in 1939 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 felt that protection of contl'ol already 
accomplished woulc} be necessary to the functioning" of a completely 
successful program. Cooperatol's' views, mainly in accol'd on the 
correction needed but divergent on how it should be accomplished, 
were reasonably solidified in a pl'oposed plan of work (25*) 
presented to all coopel'atol's by the Chief of the Bureau, December 
15, 1938. His statement was: 

This program varies fro111 that of 1938 only in minor detail, .. 

except that in areas where, due to sparse human populations 01' the 

presence of large areas of. public, abandoned, or reVCl'tec! lanel, it 

would be impossible for local persons to cope with the manpower 

demands to carry out a sllccessful program. In those areas a joint 

Federal-State program is proposcd which will undel·take rcsponsi

bility for the application of. bait., .. Emphasis on }o'edel'al COOpCI'a

tion will be placed on crop protection ... however ... activities 

directed against the two principal migmtorial spccics, 11amely, 

longi7Jennis ancl 'lnc~:i('(m1U;, will be extendcd to conccntratioll grounds 
of nymphs and adults in arNlS where efl'cctive control is belj(lved to • 
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be feasible and practicable.... Control opcrations will cmbody the 
longipennis area comprising parts of Colorado, New Mexico, Okla
homa, and Texas and certain areas in Montana, North Da\;:ota, 
South Dakota. and Wyoming' known to be generally infested with 
mf'.dcanus.... 

Subsequent developments that affected the planning and execu
tion of the grasshopper control program are c1early indicated in 
the statement (79*) made March 6, J 939, by the Chief of the 
Bureau to cooperating agencies: 

The estimate for funds required to cooperate with States to 
combat grasshoppers pro\'ided for a mateL'ial expansion of the pro
gram that was cal'l'ied on in previous years, to providc for control of 
grasshoppers on idlc farm land and adjacent rung-eland, fOI' thc 
purpose of preventing- gTusshoppers with mig-ratory tcndencies 
from Jate)' 1110ving into (TOP lands. This change in thc program was 
thc cause for the muterial illcrcclse in the amount of funds L'stimatcc\ 
as necessary to control g'rass\1oppel's during the coming crop seaSon. 

Since it has become impossible [01' thc Department to carry out 
the program originally contemplated ... entailing operations in thc 
gl'asshopper-control program, fin;t attention will be gh'cn to thc 
protection of crops. This dec:ision is fully supported whcn conside
ration is given to the entire an~a over which grasshoppers arc 
cxpccted to OCCUl' ill outbreak llumbers, and the Ill'O\'en bencfits in 
protccting crops from these pests through WOl'\;: done during IH'c\'ious 
seasons. Funds allotted for grasshoppel' work in addition to the 
amount needed for crop protection will be used to cooperate with 
States in combatting" mi!l'l'atc,ry spccies of. grasshoppers. Thc lesscr 
migratory species of grasshopper, which occurs in idlc farm lands 
in parts of Montana, Wyoming', North and South Dakota, prescnts, 
in cur judgment, a menace greater to crops than do migratory 
grasshoppers in other scctions. It is proposed that requirements in 
this area will receive jll'Ojlortiol'.ately gTcatcr attention than that 
directed toward the control of long-winged grasshoppers in the 
range arcas of Colorado, ~ew Mcxico, Oklahoma, and Texas..... 

In the control of the l)1igratol'Y species which occurs in thc south
west plains Statcs of Texas, New Mexico, Oklahoma, and Colorado, 
first attcntion will bc dirccted to control work in the areas immed
iately adjacent to culth'ated crops.... Whcn conditions and rcsources 
permit, an ef1'ol't will he made to loeate the cgg: beds in scctions ot: 
the area 1110re rC111o\'ccl from crops to detcrminc thosc cCl1t('rs 
where grasshoppcrs occur in such llumbers as to threaten Cl'OpS by 
mig-ration and apply control on such sections insofm' as facilities <111(1 
materials pcrmit. 

The l'c\'ision of thc contcmplated allotments which it has bcen 
nccessal'y fO/.' the Dcplll-tmcnt to make on lhc basis of thc total stlln 
now available is shown in the tabulation which follows. ]f natul'lll 01' 
othe)' factors intcrvene, adjustmcnts will he made to the hl'st intercsts 
of thc work. 

Federal funds appropriated, insuflicient 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 article datelined "Wash
ington, AP, JUlle ]A, 19;39" which 1'('<1(1: "Financed by an emer
gency appropriation of $1,750,000 the agriculture c1epal'tment 
redoubled efforts today to check a grasshopper outbreak which 
threatens to rival destructive SCOli rges of the past. . . . The 
agriculture department already has spent neal'iy $8 million in 
control work this year. It has distributcd 175,O()() tons of poisoll 
bait and has hired thousands of \\'ol'iwrs to help f<1l'l11cl'$ spread 
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it. These efforts proved insufficient and CongTess, heeding npp('[Li:::; 
of farmers, voted an additional ·:~1,750,OOO. President RooH('\'('lt
signed the measure .yesterday." 

This account refers to Public Rcsolution No. 22, 76th Congress, 
entitled, "lVlaking an additional appropriation for the control of 
outbreaks of insect pests." 

Control plans and control work in all thc coopcrating States 
in the lon,qipennis area, as in former years, used all the local and 
State cooperation available (fig. 26). In addition, labor and equip
ment pl'o\'iclec1 out of Federal funds wcre used to correct the 
weakness in programs of formel.' ycars (fig. 27). This assistance 
permitted baiting mOrc complAtely all hecwily infcsted arcas, 
More bait coverage and buildups of natural enemies served to 
prevent majol' flights and l'einvasion of areas already treated, 

An important part in the success of controi in 1939 is attributed 
to the services of special SUl'\'eyors who kept control supervisors • 
acl\'ised of developments; this knowledge enabled supervisors to 
keep abreast of control problcms as they evolved, Two entomolo
gists were assigncd exclusi\'ely to lon,qipennis survey, one in Colo
rado and Kansas, the other in Ncw Mexico, Oklahoma, and Texas, 
Cooperating with conb'ol supcrvisors in their respective rcgions 
the,\' made extensivc oilsen'ations in the spring to determine when 
eggs would hatch in specific loc:alities; made repeated observations 
throughout thc season to cietermine the rate of c1e\'elopment, 
effects of natural factol'S, and tlw effects of control operations; 
anc1 gatherccl COml)l'(;'hensive data on habits ancl life history. 
They directpcl and \\'Ol'ked on the fall survey in which ('gg beds 
\\'e1'e located and markecl to facilitate timely control when eggs
would hatch in 19,10, 

An autogiro was lIsNI to spread bait on ccrtain areas in rough 
terrain \\'here it was imp1'acticabl(' to utilizc g'l.'ound spreaclers. 

Speaking of the area as a \\'hole, Dove ((J*) at the close of the 
control program, saiel: 

the long-wing-I'd mig-I atol'Y gl'asshOPllC[' hatched in bcds i n\'olYing 
from OIW to thousands of aCre'S of ['ang-eland, In controlling- this • 
species it was pl'imarily IH'(,PSS,U'Y to ]o('ah' the hatching' g'rOllnds 
and spl'ead poison('d hait so that the cjp\'('loping' hOl'dps 01' young' 
'hoppel'S \,,'ould be destroy(·d Iw[ol'<.' Uwy ('ould ['each maturity 01' 

Frot:rm 2G,-,-TI':.lil('I' nH'('hullieal !;]II'C'adpl'H uspd by j':tnehpl's in applying' hait, • 
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j'lf":--l ('llJ}';-". T.d~ \\jJ:k \\(t:'"< ;""11 "ai'('fu!!~ Idahnt,d alid ul 1l'ralJol1s 
W('n' lllat!I' ~ .. tI11;.'I\ 1\.a~ ... th.:-- .'t':l:'IIL':-. \\fltk llJdi(,:lt(+.;-. 1hal' 
UllU:-:lIHih ~Ht'('(':--~l\tl ~~( :"i: t:"" ~,\ l'!" lllltaint'd. ·rhp I ('lllalld tn.! 'huPJlPl':; 
\\('1(" :,,-(,,:tl1(·!t·d ~'I ib(·fuit" (.~~ .aY:l1~} tll~d it \\'a~ lJll\ 1',"nlIlJlllleully 
~dUL~i to :-oJll (lad La l ! t,\1 ~ t i,l' '.\ Id(' all'a 111 ,.1\"11. 

ILalldwJ':-; \\"(']'(' alal'llll·d at. 111(· P]'O:-;Pl'('t ()j' l'ailtlJ'(· (II' ('ollinl! 
('lrllJ't:-; \\]H'1l \<'('(II'l'al ('Ulle!:, \\ ('1'(' l'xl1<lIl:'1r·d at till' IlI'iJ.!:ht oC 
('olltl'(d op('ratioll:'. Th(·\' illlplo\'(·d t]wil' j'{'pr(':-;{'utati\"(':-; ill ('011
,V.I'(';-;:-; j'nl' additiol1al a:-;-.ist;lIw(· :-;llilkil'llt to ('oll1pl('ll' tl1(' jol>. 
Th(· t'oU()\\illg' (·,-:dl<lll!~I· ()J klq).TlIllb is illus! I'at in· or llUlIl,\' 

;-;ill1ilaJ' ill:-;!atH'('S ill <ill III tit!' illf(,,,lt-d ~tat<·;-;, 111 this ('n;-;(', tl'I(' 
gT;\llI:' f]'oi1l ('OI1g:I'('SSl'\"1l \11'1'1' (·Ii('itl'd 11.\' all illlJuil,\, lund(, hr 
th(, ('Litol' or t ltv Ea;-;tl'll1 ('"lul';lt\o 1,I'adl'I', '1'1\1';-;1' \\['I'l' IJI'illtt-d ill 
th(· pap('l' or .J lllH' 1 :l, I \l;l!l: 

\\'""t"1"1l ['H1I1Jj, \\"a"!I!i~r"Ii, 1'. (' .. (;:I~1 I', II: ...JIlIII" !I, 1!1::!I. 
r~('lh'~{'lH') ..\ !JJt~'nl'r fat fn~l B l! ',\ JH{~I~ pa~"l',i Ilnq~p illl .J anna r~ ~:; 
IJfIIPfp{'l1··t!llrIY·llllH' I!i., tal!lt'l; t'lt JH·~t \,ulJr.. t HICludllil!' j.!~a:-;~hflpp(.l'~ 
tWl) llJii!ifJl' d;dia:~. ~t L;l~' ;!!('; 'a~('d rt,!...; alJluHnt to ti\t' 111dHnil rOlH' 
htlttdll·d !">l'\I'Tt!t,.,1. II~q·L.... tlld. Ifol,.-!' tI'fi~ .... {·d 10 {'nJj('~l!' 111 ill('l'f'H!-'f'. 

('HlIil'rttlUl;-';Co \\',L'" !'l,a·'L,·.{ ll! ("'_td·I'II'L"" tl,\tH:'! Hltioltjlll a1 11tH'f> 
Jlul110lt at:d th"t P ~xa;-. f", 1'~I!1ti ItlH·\JH·ttdpt{ ftH !!' a~:"\hIlPIH'!' ('lIl1t !'()I 
r, ol\l filII", r.,l' "II' n'l' 1i';I';t: \ ,;('-" 11. LlIl!<l! ,'.I t hl1!l:..;lIld and al,.,,, 
aJ'l'l'o"\llllatt'ly ,tln I~";! ;<.t •• i,·t;l:u> '\ j,1 t l~ fit' IHal(·t'utl~. Tlli~ Itl'111 
tn~(·tIlt'!' "j\lth l!nn~ otfl i itl'It:..; al'- iH'fltl,i' tnl!ftTI·ll{'t' ~·IIJlln1ittl't· (,U]' 
ad,lll:--tltlt"td. :\gl ;"u;r:L i Hi',: J!,a;. ?,qt ht' JI-,I,.. :--;,-«I ftl~' :-'Illhl' day:-.. 
~('llat;· ~lPJl!'npnattfJll ,"lIdII!Hl11!I' yf ,..:.tp!da," )ia~~(·d 1'('~,d\1tllJlt )1f'fI\,ltl 

!ti~ I\Jl' lq,~t!lJ'Jf·!~tlinl: 1'·,\0 tlliIllr'!, rHld" 11'i,ffd!f'd :{,\I·llti·t-H thlll(Silltd 
fn" ~ra ....;~hflJlIH'r' (·olttrll!. rl' a .:o-THll;:lt It: :-<tBll" Jt'~IJ;nfin1t l~ Jta;-;~l·d 
h\ I \:<. II ..""" ;llId :-1' III d I", 1111 I', '·"I,It'lIl !Lf""h·.j fllll,b willi", 
l'·I,n,.!,'.j ""'ll 11t'IIIt';l \:.!II";dtllrt' !li!! dda)l'd III P:1,-"lIl!", !loll"" 
lH;-.i~li1i~ bl1d~(·1 (' ... 1~1) f,11.' lit' ~(>{·iln'tllH'rl)n· tL.t·~ ap1l't' tf) additional 
al'JllflpdatirJl, ~ulli r":",,ilt i.... ~" far ;t"~ :--::I'liatl" I..; t·nJH·t>!"H ..d l'\l'rytliiJl1,!' 
ha~ Ii{ ,"u ,jnlll" I hd t ['an b(> drt!!(' t.t 1'~'I1\ Id~· H'llif'Y fill' ~ ra~:->hf)ppl'l" 
.'''lft,1 oi and II!t.},tl n, 11, \\ :1'\:(:1:'< ,,(,lj,,(1 Ii\" tIlt, llull!->t,. f~(':":Hfltlinll 
;1'; r'a~.;{(! It,\' IL" ;:':"11,,1,· \.:.I"idH~, l'rn\I'\.-'- Il1d"I"'ll.("lItly rnl' 
apr"'II11l'mllOl' 1,dL 
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Washington, D. C., 2: 31 p. m., .Tunc 10, 1939. 

Additional funds havc bccn approved by Dircctor of Budgct for 

grasshoppcr conttol. Funds will bc availablc early ncxt week. 


Fred Cummings, M. C. 


\Vashington, D. C., 2:52 p. m., June 12, 1039. 

Immediate appropriation of one million scven hundrcd fifty thousand 

dollars passed both Houses of Congress today for grasshopper control. 

Matter now awaits President's signature. 


Alva E. Adams and Edwin C. Johnson 


\VashingtOll, D. C., 1:55 p. m., June 13, 19:39. 

President siglled appropriation fOl" one million scven hundrcd 

thousand dollars for grasshoppcr conh-ol. 


Alva B. Adams and Edwin C. Johnson 


The foregoing telegrams refer to the legislation that became 
Public Resolution No. 22, 76th Congress, previously referred to. 

Colorado •Realizing that for the third consecutive year Colorado faced a 
fight bigger than the year before to control the High Plains 
grasshopper, the State leader can'ied on educational and organi
zational work from mid\\'inter until the time for control (41*). 
Meetings were held with State legislators and State officials, 
county commissioners, farm organizations, commercial clubs, 
business clubs, fraternal organizations, grasshopper control com
mittees, and county agricultural agents. 

The Bureau established a temporary field office at Pueblo and 
employed a General Supenrisor and six other supervisors to assist 
him at strategic locations in the State. L. G. Davis, the General 
Supervisor, said (3*): 

Starting April 3, 1!J3!), a s(,I'ics of mectings was hcld in counties 

in the D. iongilJennis area with county commissioncrs, county leader~, 

apd county grasshopper control committces. Thc purposc of these 

mcctiJlgs was to coordinatc thc aeth'itics of county, Statc and 

Fcderal agcncies and to dctermine the extcnt of pai'ticipation by 

each agency.... In some cases it was necessal'Y to follow up the 

first meeting with a second.... Several educational mcetings were 

held in each county. Thcse and field demonstrations in most of the 

countics were handled by county extension agents and by dist.rict 
 • 
su pCl'visors. 

The 1!J39 scason was entirely diffcrent from thc J 9;)8 scason. In 

1938 it was warm cnough fOJ' a day 01' so in thc earl~' spring so that 

a. part of thc eggs would hatch. But, heforc poison could bc applicd, 

it would turn cold and the 'hoppers would not fecd but would sprcad 

considerably. Then, after a day 01' so of cold weathey it would tUn! 

warm to lmtch a new band and 1hcn turn cold again for a day or so. 

'Yeather of this type makcs it vel'y diflicult to gct carly control. 

\\'cathcl' conditions JtworabJe to maximum contl'ol results prcvailcd

ill 1939. 

Fl111nel:S wcrc fil'st cneou I'agcd to conhol 'hoppcl's on thcir own land 

and then to cxtcnd their efforts to adjacent land, I'cgal'dless of 

owncyship, Federal bait spreading' was witllheld until such a timc 

that thc situation was getting' beyond conb'ol of local people. At that 

time BUl:eau-paid crcws wcrc srnl; into the field to gct the job donc, 

J.·cgardlcss of local ]larticipation. As soon as paid CJ'ews wcrc placcd 

in thc ficld, 'hoppcrs wCI'e contl'OlIed whcrcvcr they wcrc found, 

regawlless of OWllCJ'ship of land, except .in rarc instances whcre the 

owncr rcfused to have bait spr<!ad on his Janel. ... Permission was 
always obtained from owncl', agcnt, Or rcntrY. • 
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Depletion of funds i.n early June seriously interrupted a going 
program. No State funds were available to fill the breech until 
new Federal funds permitted full operation again. Counties and 
individuals, already extended, could do little more, so laborers and 
trucks were idled for nearly a week. The descnptlOn of the re
sumption of 'work in Lincoln County, as published in the Eastern 
Colorado Plainsman and Range Ledger, June 16, is illustrative 
of the situation in all other counties in the infested area. 

All labor for mixing bait was paid for by the county, the Works 
Progress Administration, 01' by the Bureau. The formula followed 
in preparing bait was: lVIillrun bran, 1 part; sawdust, 6 parts; 
sodium arsenite, 2 quarts per 100 pounds of dry bait. lVIost 
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 August 25 (3*). Scharff 
(56*) said: 

Baiting on adult 'hoppcrs in different al'eas gavc gl'eatly varying 
results... , In Lincoln and Las Animas Counties during thc first 
half of August the kills were good, ranging as high as 600/0 for 
one baiting on some egg beds. Thereafter kills became smallcl' and 
by the end of August kills of less than 10% were not uncommon. 
The better results in both instances during the first part ('If thc 
month were achieved in areas where the grass was short and dry. 
Toward the end of the period, the 'hoppers moved into Tegions 
where their natural food was green and in "el'y good condition. 
Baithlg: on the Otero county infestation during August achieved 
about the samc poor results as were found in Lincoln and Las 
Animas counties during the last wcek of that month. The grass 
there was in good condition for the whole month, It was found 
that gravid females ate tIl(> poisoned bait as rcadily as nongravid 
indh'icluals, 

In Colorado, as in other States, methods of control other than 
baiting had been tried and found to be impracticable, too costly, 
or too slow. Public reaction to organized grasshopper control was 
predominantly favorable but correspondence 01' newspaper articles 
of a critical 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 
miserable 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 articles kept the public informed of plans, 
progress, and accomplishments. Three examples are briefed below. 

The Pueblo Star-Jonrnal on April 16 reported that survey 
parties had been at work for several weeks in the entire eastern 
part of the State searching fol.' grasshopper egg beds. 

The Pueblo Chieftain 011 April 29 told how the old western 
spirit of "everybody help" would be the principal weapon in the 
1939 campaign against migratory grasshoppers in eastern Colo
rado, The district supel'visol' 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 residents 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 2,913,018 acres of range in the longipennis 

area. Bureau-paid spreading was as follows (i"i4*): 


Tons .ltc'resSpring baiting .-...........__............................................ 9,448 
 960,457Fall baiting .....-.-......................_._.............._._.........,..."... 2,314 
 241,323 


Total ...........................-_.....-............._......._.................... 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: 

"'r -~ XlllnhC'r or ~pr('adel'S provicif'd hy spC'eified agen(',Vi < __ 

. II BUI'C'lLU of I 


Coullty 
 ('OUlli.,· Tndividunls Entolllolog-y: Exlpllsion" Total 
and Plant Ht'l'vi('(' I 

QunmntillP I 
f i-----·-·------1----, -----, 1:----

BactL___ ... -- '" - - '-1 :3:3 - ........ -- .. - .. -. ,iO I -___ .. ____ 1 

Cheyenne'__ --- - -I "!02, /'--------?_11 .. -iCrowll'Y - - -- - .. -- I ii 20 J 


Elbert__ .. ___ - -. - i H) 3 1---------)

Kit Carsoll_ •. _. __ 1----- .. ---- 15 !J _______ • __ 1 
Las Animas_ ... _ _ HJ ________ •• __ .5:3 1 I 

Lineolll __ • ____ •..• _j 5 20 10.5 I 


TotaL___ • ____ : !J:3 50 ! 202 10 
-12-1.L • 

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 egg beds. 

At the end of the control season Dove (6*) said: 

The excellent results of control measures by federally paid and 

volunteer crews in the lon[filJennis area had so reduced the numbers 

of these 'hoppers that those l'emaining- were becoming widely 

scattered and making baiting- impractical. 1'he popUlations were so 

diminished that the Iig'ht flights which occurred were of slight impor

tance and produced practically no damage. Farmer baiting ceased 

almost entirely in the mig-eatory counties the first week in July and 

all federal control units were stopped on July 15, at which time 110 
large bands of lon.qipemL'is could be found.... Oviposition by lOIL,qi• 
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1Jennis began 011 August 1. Baiting continued until about August 30, 
when it ceased entil'el~r for the season. VelT good results were 
obtained from this late sununer baiting and the potentialinfestndoll 
fol' 1940 was g-reat]y reduced. Those egg beds which were c1epo:>itec1 
in spite of the baiting prop:ram were carefully survey-ed, marked, and 
mapped. Sarcophagid parasites and large hands of hawks ... in some 
instances, quickly eliminated the few [bands of] longipenni8 hoppers 
remaining after the cessation of baiting acti\·ities. 

Commenting 011 the imW'essive population reducti.on Mickle 
(3*) said: "The longipennis prog"ram was deemed extremely suc
cessfulllot alone by personnel connected with the admi.nistration 
of the program but also in the opinion of the people closest to the 
infestations, namely, the farmers and ranchers, county extensi.on 
agents, county commissioners, and local people. It is true that the 
coming spring wi11 see a fe\\" areas infested with this 'hopper 
again but, considering the enormous area ... infested 111 1989, 
the 1940 infestation seems just a '(h'op in the bucket.' " 

The State leader (41 *) said: 

The largest outbreak of grasshoppers in the agricultural history 
of the State was met \\'ith much the most efficiently organized and 
conducted call1paig11 yet can'ied out in the Htate. The progralll of 
work was conducted in the migratolY area fOI' the first time aloll'" 
the lines that the State committee h,id advocated. fOl" the past th1"e~ 
years. The results luwe been most outstall(ling. 1n 1938 the survey 
showed over foul' million acres infested with D. lonaipellllis. This 
season's campaign cut this infestation down to where the HJ;39 
survey shows a probable infestation of less than 100,000 acres. 

In the longi1Jennis area some bait was used for control of other 
species of grasshoppers on croplands and against Melwnoplus 
me;l:ic(tn'lIs OIl rang-eland. In the following tabulation it is estimated 
that 75 l)e1'Cent of the Federal expenditures for voluntary control 
and ninety percent of the expenditures for paid control are 
chal'geable to longipennis. 

Following" is an estimate of expenc1itmes for the control program 
in Colorado in 1939: 

Federal Government;
Bu reau of Entomology and Plant Quarantine; I , 

Material!; (cost and i\'cight) : Dallal'S 
Bran, 1,176 tons at $22.69 per ton." ... ,.................................................. 26,68;3 
Sawdust, 7,717 tons at $5.98 pel' ton..... ......... .... " 46,148 
Sodium arsenite, 88,618 gals. at $0.2798 l)e1' gal.. 24,70:) 

Pu rchased bait spreaders, depreciation ............ ................ ;3,600 
PUl'chase(l trucks, depreciation 3................................................. (5,700 
Operation and maintenance of pUI'chased trucks,... 40,500 
Operation and maintenance of trucks lent by other 

Federal agencies .. ...................,.,. 4,2<il 

Freight on equipment. . ... . ................................... ' 7.?OD 

Supervision (salaries, travel, expense).. .................. " :W,lOO 

Headquarters expense ...... ....... .................. ,.......... ........... 2,2~4 

Foremen, trllck deivel's, laborers (wag-es)..... .. ..... . . ...... 81,Oll:) 

Airplane' oPe'l'<ltlOI1S (baiting $1,000; scouting $'t41) ..........._..... 1,441 


270,7:37 
Woeks PrO!!Tt.sS Adminisb'ation; 1 

Total . .. 
1;1,269 

Total expcn:iitul'esby Fedcral GoVel'l1ment. :132,006 

(Rellwilld~1" of IniJul"lion nncl footnotes on next 1)age.) 

http:PrO!!Tt.sS
http:extensi.on
http:reducti.on
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State Government: 

Extension Service (salaries, travel, expense exclusive of 


county agent): ........................_..........................................._......................._................... 5,000 

County Governments (bait mixing, storage, rent, clerical) ............ 20,115 

Individuals (spreading 4,759 tons bait by ranchers, at $7.39): ' .. 35,169 

Total expenditures from all sources..................................... 392,290 


1 Based on data from the Annual Grasshopper Control Report, Bureau 
of Entomology and Plant Quarantine (7*). 

2 Materials calculated as 75 percent used for voluntary control and 90 
percent for paid labor control; other items as 90 percent used for ,paid labor 
control except hire of foremen, truck drivers, and laborers, and airplane 
operations which were charged entirely to paid labor control. 

3 5-year useful life assumed. 
• Based on Annual Report of the Colorado State Leader 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 be 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 controlling them. In some areas longiZJenn'is 
nymphs were intermingled with those of mexiccmus and other 
species. 

A paid..labor control program was hastily organized on road
sides and idle lands principally to prevent flights to new areas. 
The State leader reluctantly approved the program but said at 
its conclusion (28*): "There was not much manpower in the 
eight-county area.... This baiting protected very little crops 
for there was not much in the area 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 tho tight, in baiting. 
The area was much too large fot the farmers to undertake; 
therefore, they welcomed the aid of the Federal govel'l1ment 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 
for control of the High Plains grasshopper, was calculated as 
follows: 

Federal Government: 1 


Bureau of Entomology and Plant Quarantine: 

Materials (cost and freight) : J)ollnl's 


Bran, 39 tons at $22.()!) per tOil ............ " ....... ,;.. . .. ............ 885 

Sawdust, 118 tons at $5.98 per ton"............. .................... .... 706 

Sodium arsenite, :L,fil,) gal. at $O.278!L..... .. , ........ 439 
 • 



• 


• 


• 
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Supervision (salary, travel, expense) ................................_.............................. 375 

Truck operation and maintenance........................................_..............._.......... 750 


Total expenditures by Federal Government...........__.._ ....3,155 
State Government: 1

Extension Service ......................._.._ ......._..__..................................................................... 50 

County Government (mixing 158 tons bait at $3.00 per ton) '.......... 474 


Total expenditures from all sources.............................................3,679 


1 Based on data from Annual Grasshopper Control Report, Bureau of 
Entomology and Plant Quarantine (7*). 

Hew 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 were hired in counties 
where grasshopper infestations were heaviest. Thomas Owen of 
Clayton 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 cOllnty coordinators 
were l)aid out of State funds. He discussed operations as follows: 

Guided by the experience of 1938, when 25 mixing stations were 
operated in the migratory area, the number in 1939 was cut to 10. 
Baiting against nymphs was begun April 29 and completed July 15. 
Baiting was resumed to kill adults congTegated for egg laying and 
continued as long as concentrations persisted. 

The State of New uiexico e..x:pended $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 field. This, 
coming at a time when the call1paig-Jl was in full swing, was an 
important factor in the final success of the program. COlltributions 
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.... 1%:n and trucks from the CCC were used 
in hauling most of the sawdust used and loading it on cars f01' 
shipment. Fly camps were set up in the mountains ncar sawdust 
supplies for this specific purpose. Most of tl1e sawdust in Quay 
County was unloaded from box cars and hauled to mixing stations 
by cec enrol1ees and trucks, The Works Prof{l'ess Administration 
had charge of the entire job of mixing grassholJper bait. 

EYen thoug'h individual rancllCl':;; were encouraged to begin scat
tel'ing bait on beds as SOOI1 as hOI1Pfl'S hatched, counties ol'ganized 
spreading crews on a community basis, and, stm'ting from the outer 
edge of infested areas, worked toward the center. Bureau pickups 
we1'e supplemented by light trucks hi1'('d from State funds, ... 
Assignment of telTitory to spreader crews Was a joint responsibiHty 
of county leaders and Bureau supervisors. As crews advanced from 
one area to another, the farmer 01' rancher who lmd been selected as 
contact man was placed in charge. He would contact the landowner 
ahead of: the arrival of tht.' crew anc! secure fl'ol11 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 at'ea, a State-employed man with a 

pickup was assigned to follow up to respread areas where kills had 

been unsatisfactory Ol' where eg-gs had hatched late. Highways were 

repeatedly baited to intercept migl'ating bands crossing them. Rail 

roads voluntarily reduced freight rates for sawdust and the C. and S. 

lent a tank car to a mixing station when local water ran out and, 

without cost, hauled water 10 miles. 


Resley described operation plans and control results as 
follows (54*) : 

In Union County farmers and ranchers spread bait as they saw 

need, but a definite plan was developed over the county as a whole 

with State and Federal spreading crews working together. Twelve 

crews of 5 units each were put in operation with a definite teLTitory 

assig11ed 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, it is believed that it offers the best possibilities for 

cleaning up a large sparsely inhabited area. 
 • 

Federal crews of five units each were in operation as follows: 

Union County 2 to 6
Harding County 1 
San Miguel County 1
Guadalupe County 1 to 2
Quay County 1 to 6
De Bacn County 1 

State crews were confined entirely to Union County, which was faced 

with a larger infestation than all other counties combined. In this 

county State-hired crews worked 1,4'16 spreader days. In addition, 

the Tri-State project of the BAE supplied six spreading units for 

use in "Cnion County during the spring and early summer campaign. 


Comparatively little difficulty was encountered during the entire 

campaign in securing baiting of highways, railroads, and lands 

owned by non-residents. In Union County, spreader units were main

tained by the State to bait county, state, and U. S. roads, with 

highly satisfactory results. No great problem ever arose with infes

tations along railroad rights-of-way. In such instances adjoining 

landowners assumed the responsibility of baiting such areas. No 

difficulty was met with in securing permission to bait lands owned 

by non-residents. 'rhis was sometimes done by State Ol' Federal 

crews or more often by adjoining landowners. 
 • 

'With the exception of several periods of time in Quay County 

and Guadalupe County, baiting secured very 11igh and satisfactory 

kills. No baiting was attempted until temperatures rose above 70° F. 

Below this point baiting secured very little results. Satisfactory 

results were obtahlCd with bait until the temperature arose above 

about 95 degrees. Above that point 'hoppers, even though still active 

3,ppeared to be indifferent to bait. Few negative results were ever 

obtained in Union County. Days were practically all warm enough 

to wanant bait spreading, and it was not until mid-July that 

temperatures rose high enough to prohibit spreading crews wOl'king 

on an 8-hoUl' 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 began April 21 and many days were 

cold and cloudy enough to 11J'ohibit spreadini~ before noon. This 

"period having passed, temperaturcs rose excessively high until at 

lenj:,rth spreading crews were startcd at 5:00 a.m. and were stopped

usually by 10:00 a.m. 

Hildwein (20*) said: • 
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Practically all bait was spread by mechanical spreaders.•.. 50 
were supplied by the Burea1.1 and about 235 were constructed by the 
State Highway Department, county grasshopper committees, and 
by individuals. Bait was spread on 1,072,561 acres of Tangeland. 

Some results of control ,york in New Mexico are shown in 
figure 28. 

The Federal supervisor (54*) summed up the 1939 control 
campaign: 

• 

Everyone who has expressed himself concerning the success of 
the 1939 control program has been enthusiastic over the outcome. 
For the first time in five years, Union County is free of migTatory 
range 'hoppers. The outside boundaries of all known infestations 
at the present do not form an area 2 percent as large as that 
raced in the spring' of 1939. A statement made by Mr. Roy Kimble, 
Union County rancher who has had to fight grasshoppers 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 
year. I was doing all I possibly could, but without the help I got this 
year, I would not have had a blade of grass left by the time the 
'hoppers would be grown and flyaway. As it is, I believe they did me 
very little damage," Mention should be made of the good results 
(Jbtained by baiting' adults on egg beds previous to extensive ovipo
sition, with the end in view of not only reducing the extent of the 
infestation the follo\\ing year, but also its intensity, A first-class 
example of the results c(luld be seen on the Moon Ranch in Guada
lupe County in 1939 where extensive baiting on egg beds had been 
done in the late summer of 1938. Adults had migrated into this 
ranch and had destroyed all gTaSs on several square miles. Baiting 
was begun and a high percent of kill was obtained before extensive 
oviposition had taken nlacc. In the spl'ing of 1939 two spreaders 
run for a period of about ten days eliminated all that hatched, 
while elsewhere in the county baiting had to be continued for more 
than a month and a half long'er. 

Interest of the press in the control campaign was expressed in 
voluminous newspaper accounts. Two of these are briefed below. 

• On April 5 the Clayton News reported 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 told 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 
that State funds be used to carryon the work. By Tuesday, an 
appropriation bill for an additional $1,700,000 for grasshopper 
control had been passed by Congress and signed by the President; 
the measure had been sponsored in Congress by the two New 
Mexico senators. It was expected that by Thursday or Friday 
the Federal government would assume the payroll fOl' the gl'ass
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: 

/I 
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Federal Government: 
1 •
Bureau of Entomology and Plant Quarantine: 

Materials (cost and freight) : Dollars 
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 2 •••• _ •••• _ ••••_•••• _ ••••••••••_.............. 1,000 

Purchased trucks, depreciation 2 •••• _ ••••_ •••••••••••••_ •••• _ •••••••••• _ •••• _ •••••••••• _..... 4,300 
Operation of purchased trucks....._...._................_.........._...._....__................... 25,800 
Operation of trucks lent by other Federal agencies................. 1,323 
Airplane operations (baiting, $300; scouting, $2,241) ..........._..... 2,541
Freight on equipment....._..........._.._...__.._...._...._...._ .._...._._.._..__..__..._._ 5,000 
Supervision (salaries, travel, and expense)_..._....._.._....._._...._._ 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................._...._.........._................_................................... 1,599
Forest Service ..........._......._......._...._....___...._..._...._ .._...._ ..__._.__.__ 3,708 

National Park Service._....................................._...._................_.........._..._.......... 1,815 

Bureau Agricultural Economics..........._........................_.._.........._..__._._.... 1,800 


Total _.._..._................_................__........_.........._.........._.........._..........__.__.... 54,737 

Total expenditures by Federal Government..........._...._....170,864 


State Government: 

Extension Service (salaries and expense exclusive 


of county agents) 3 ••••••••••• _ ••••••••••••••••••••••••••••_ ••• _ ••••••••_ ••••••••••••••••_ ••••_ •••••••••••••••_._.... 3,000 
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: 1 • 

Businessmen (cash contributions) ....._.........._................_.........._...._...._......... 4,850 

Ranchers (spreading 4,206 tons bait at $7.39 per ton) ................. 31,082 


Total expenditures by individuals..............................................._.., 35,932. 


Total exnenditures from all sources................._......_._.........292,696 
 • 
1 Based on data from Annual Grasshopper Control Report, Bureau of 

Entomology and Plant Quarantine (7*). 
• 5-year useful life assumed. 
I Based on Annual Report of the New Mexico State Leader 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 1939, Beaver, Cimal'l'on, 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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FIGURE 28-Nymphs killed by baiting, Lllion County, N. Mex., 19:30. 

those grasshoppers depositing eggs ... at that time.... This past 
week Mr. Roy Etter, m~' assistant, and myself made a personal 
investigation of this area in search of grasshopper eggs and found 
them to be there by the millions. The avel'age in the ,,"orst infested 
area being G pods of -to to 50 eg'gs each to the square yard. There 
are llumy, many acres in those egg l)eds that have this high infes
tation.... This means we al'e g'oing t() have grasshoppers by the 
multiplied millions in this COUllty this year. It also means that the 
entire county must get reae!~T to earn' on this fight and cooperate 
... to combat this menace 01' e1se \ye will have an infestation 
sufficient to destroy practically all of our range pasture...." 

Summarizing control activities at the close of the season, the 
Federal supervisor for Oklahoma reportee! (4J{*): 

Some community action was taken in Texas and Bea\'er Counties. 
Heayily intesl<>rl al"faS W('l"e baited regardless of o'vncrship.... 
FC'derally paid baiting ('I"C'ws wOl"ked ... from May 18 until July 15. 
The county agents in the thecc infC'sted counties express{'d their 
belief thaL control \vOl k had b('ell unusually successful when they 
said: "The heavy infestation or grasshoppers we had this spring, 
which appeared to menace all g"1"O\\"inJ! ('\,ops [BeaYN County], has 
been vi t-tually wi ppd out. Th l'oug'h past experience in 1!):17 and 
]9:18 ... I know this would hav(' be('11 impossible had we not had tht' 
assistance of the Bu reau...." "The IOllflilJennis grassho,pper has 
been reduced to neg·Jig-ihle lllU11hcl·S. The damage to range and culti
vatNI crops [Cimarron County-I has b('en reduced to a minimum...." 
"'Phis is the first year that Texas County f"al'/llC'rs have had the 
cooperation of the' Bureau.... with trut'ks anel sprcaders in their 
attempt to control thc 11ligTatory 'hopper. , .. the past spring and 
summer's poisoning campaign has heen a success...." 
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Following is an estimate of expenditures for the control program 

in Oklahoma in 1939: 

Federal Government: 1 

Bureau of Entomology and Plant Quanmtine: 
Materials (cost and freight) : Dolla1's 

Bran, 59 tons at $22.69 per ton................................................................. 1,339 
Sawdust, 358 tons at $5.98 per ton.......................................................... 2,141 
Sodium arsenite, 4,170 gal. at $0.2789 per gaL..................... 1,163 

Purchased bait spreaders, depreciation ".................................................. 360 

Purchased trucks, depreciation '....................................................................... 2,200 

Operation and maintenance of purchased trucks....................... 1,320 

Supervision (salaries, travel, expense) ............................................... 3,000 

Freight on equipment................................................................................................... 1,200 

Headquarters expense .................................................................................................. 500 

Airplane operations, scouting.............................................................................. 441 

Foremen, truck drivers, and laborers (wages) ................................... 4,424 


Total .................................._.............................................._.................................... 18,088 

Other: 


Works Progress Administration....................................................................... 1,253 
 • 
Total expenditures by Federal Government............ 19,341 


State Government: a 

Extension Service: 


Salaries and expense, exclusive of county agents..................... 1,000 

Allotment from wind erosion control funds............................._.............. 5,000 


T0f··.1 expenditures by State GovernmenL............... 6,000 

County Governments (cash expenditures) "........ ........................................... 4,368 

Individuals (spreading of 417 tons bait at $7.00 pel' ton) " ... 2,919 


Total expenditures from all sources.............. ... 32,628 


1 Based on data in Annual Grasshopper Control Report, Bureau of 
Entomology and Plant Quarantine (7*). 

, 5 ..yeal' useful life assumcd. 
3 Based on data in Annual Report, Oklahoma State Leader of Grass.. 

hopper Control (70*). 

Texas 

Texas organized to llse 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 pel'cent of the amollnt that had been calculated 
as needed. The bait estimate had been 13,428 tons; the bait used 
was 1,320 tons (6*). 

The State leader (ri3*) said: "The hoppers hatched in numbel's 
as anticipated. For further aiding in 'what was expected to be a 
disastrous infestation in the PanlHmdle counties, interests there 
attempted to influence a State appropriation for a control cam
paign, but wit.hout success .... Circumstances not fully understood 
reduced the numbers of the long-winged hoppers early in the 
season and in connection with an intensive campaign of control, 
damage to crops anc1l'C1nge was largely prevented. The species was 
so reduced in numbers that so far as discovered by careful investi 
gation in all suspected cOllnties [in the 1939 fall survey], no actual 
egg beds of this species now exist in Texas." • 
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Spicer (6*) found that hatching had occurred about normally 
when he reported l\'lay 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 \\'ere observed." Factors 
effecting the marked population reduction were the influence of 
predators and weather conditions that prevailed after grass
hoppers hatched in the spring. These are discussed specifically 
under the heading, Causes of Outbreaks and Their Subsidence, 
page 74. 

It was not until after control was fully underway, immediatel:!, 
after eggs had hatched, that the effects of natural factors began 
to be noticeable, therefore sllch effects influenced the extent of 
the control program only later in the season. Spicer said (73*) 
that in heavily infested counties where Bureau sp.reading units 
operated, the county grasshopper committees, ranchers, and farm
ers arranged for community action in applying bait so that 
complete coverage of infested areas \\'ould be obtained. This was 
true in Hartley, Moore, Hutchinson, Dallam, Oldham, and Potter 
Counties (in which the principal infestations of longipennis 
occurred) where paid cre\\'s scattered bait. At the peak of the 
season there were 41 Bureau-o\\'necl pickups in the field, grouped 
in 9 cre\\·s. The driYers and helpers on pickups and spreaders 
were paid by the Texas Extension Service and by the Bureau. 
The spreaders drawn by the pickups \,'ere furnished by the Bureau. 

\V. A. Ohls reported (6*) that "Although Sherman County was 
heavily infested with /ongipennis in 1988, no outbreak occurred 
there this year. During the hatching period one small egg bed was 
found. This bed was neyer baited as the lark bunting completely 
controlled the nymphs." 

According to Spicer, counties in many instances paid for 
unloading and storing bait matel·ials. Other county expenses 
included repairing old spreaders and building llew ones and hiring 
the mixing station foremen. Helpers on spreader units were paid 
part of the time by the county in Hartley and Hutchinson 
Counties. The Soil Conservation Service furnished trucks and 
clrivel·s for unloading bait materials and hauling bait to spreader 
crews in Dallam and Moore Counties and mixing station labor for 
HaltlAY and Dallam Counties. The Works Progress Administration 
fUl'nished the mixing station labor in most of the counties where 
longipennis \\'as controlled. The Texas Extension Service paid the 
salaries of scouts in some of the counties. The ralJroacls in the 
north Texas Panhandle and the State Highway Department baited 
rights-of-way in those counties where infestations warranted it. 
The county control ol·ganizations arranged f01· baiting laud owned 
by nOlll'esidents. Natural mortality of gl'asshoppers in certain 
areas enabled supervisors to shift equipment J·eleased there to 
augment contl'ol in other al'eas, thus accelerating completion of 
the entire control campaign. An example of this occurl'ed. in 
Hartley County whel'e originally four crews were 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 
supervisor for the three-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 \\'ere roughly 6,835,000 acres actually 
infested in the three States. At the present time there are no 
actual egg beds in either Texas 01' Oklahoma, and it is our belief 
that there are only 12 sections infested with egg beds in New 
Mexico." (See iig. 29.) 

Panhandle newspapers diligently kept the public apprised of 
developments and accomplishments as typified by two selections 
briefed below. 

Amarillo Daily News, March 28, reported that surveys com
pleted the day before sho\\'ed there were enough potential grass
hoppers in panhandle counties to eat every green thing, The 
coordinator of the control program in the northwest 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 l\fay 19 reported that the Rock 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 miies. A common box car had been equipped with 

• 


• 


FIGURE 2D.-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 l"eturn trip. 

Following is an estimate of expenditures for the control program 
in Texas in 1939: 

Federal Government: 1 

Bureau of Entomology and Plant Quarantine: 
Materials (Cost and freight) : Dolla1's 

Bran, 330 tons at $22.69 per ton....._._........_.__...._..._..........·.....·_···........ 7,488 

Sawdust, 990 tons at $5.98 per ton.........__........_........................···..····.. 5,920 

Sodium arsenite, 13,200 gal. at $0.2789 per gaL.................... 3,681 


Purchased bait spreaders, depreciation ' ..........._....................._.._...... 500 
Purchased trucks, depreciation '_..............._................................................ 4,900 
Operation and maintenance, purchased trucks..._.............................. 24,500 
Operation and maintenance, trucks lent by other 

• 

Federal agencies ............._..........................._........................................._..................... 209 

Freight on equipment.......................................................·........._..·..............._........ 3,000 

Supervision (sal:lries, travel, expense) ................_ ........._._..............··. 6,900 

Headquarters expense ....._.........................................................._............................ 1,500 

Foremen, truck drivers, laborers (wages) ..............................-......... 6,176 

Airplane operations (scouting) ....._._._.._...................................-.-....-.... 2,241 


Total ....._.........._................._........................................................................................-.. 67,015 


Other:
Works Progress Administration_........__............._....................._.....·..........· 3,753 

Soil Conservation Sel·vice... _......................._....................·....·....................-.......... 1,500 


Total ...._................._._......_ ............................__.._................................................... 5,253 


Total expenditures by Federal Government....._.................... 72,268 


State Government: ' 

Extension Service: 


Salaries and expense exclusive of county agents............_....... 1,000 

Allotment from wind erosion control funds ..........._...-...................... 10,257) 


• 
Total expenditures by State Govel'l1menL.._..._ ............... 11,257 

County Governments (Cash) ,......................................................................................... 11,069 
Individuals (spreading of 600 tons bait at $7.39 per ton) ......._.. 4,434 

Total expenditures from all sources........................·............ 99,028 


1 Based. on Annual Grasshopper Control Report, Bureau of Entomology 
and Plant Quarantine (7*).

, 5-yeaT useful life assumed. 
l Based on data .in Annual Report, Texas State Leader of Grasshopper 

Control (.5.'1*). 

1940 

The fall survey provided proof of the conclusions of all field 
workers that the control program in 1940 would be insignificant 
in comparison with programs for 1937,1938, 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 sUl'vey and the 
portent of control in 1940 as follows: 



150 •THE HIGH PLAINS GRASSHOPPER 

-----------_._---- ---._---_ .._-----

Stnt(' 

\ I "T b 1 I
X umber } vemge ; 1, urn er of i Tob :Lr('u Doubtful 

size : cgg pods per I__in_f_c_st_e_d___:L_I"_CU__ 

A.crcs I
I 

Sq. Fl. 
• 

Acres Acres 

COlorado _________ : 98 19~1 4.5 ' 164,000 ]37,700 

Xc,,, ~[eXiC_~~_----! __.101______ 2~1____, 5.6 1 

3_°_,0_0,°_ 7,000 
___ 0._____ 

All egg beds in New Mexico were in Quay and De Baca Counties, 

south 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 1940, including all questionable localities, 

would not exceed 338,700 acres. 


Scouting for egg beds from an autogiro was an innovation of 

the 1939 egg-bed survey. Seated in the cockpit with the pilot, an 

observer scanned the rangeland fOl" signs indicating the location 

of beds. Of this, Scharff (56*) said: 


in southeastern Pueblo and southwestem Otel'O Counties, which are 

known to be infested with egg beds, we found and surveyed one new 

egg bed of about 60 acres in area which had been missed in the ground 

survey. The Pueblo County infestation is in l:olling prairie countl'Y 

near 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.. 'fhe main chal"acteristic ... was the fact 

that they are a much darker gl"ay color than the surrounding dry 

grasslands. This gray color is evidently the result of very close 

grazing by the 'hoppers at the time they deposited their eggs, be

cause several areas, which had beell grazed by sheep, were of the 

same gl'ayish hue. It was my expel"ience that the beds became indis
 •ting'uishable fl'om the surrounding country as we ftew ovel: them 

but were plainl~r visible at distances fl'om one to three miles. 


In the Otero County infestation the topography was of the same 

rolling chamcter ... but hel'e the egg' beds are situated in an area 

'whet'e there is mllch yucca, sagebrush, and plants of a grayish 

color, as well as abundant !:\Tama grass. Although I knew the exact 

location and. extent of several egg beds here, I was unable to dis

tinguish between them and the mllch more numerous areas in the 

vicinity that were similar in appearance. On the ground some of 

these egg beds we I'e discernible for more thaI1 one-fourth mile. 


An autogiro was used for scouting in New Mexico and Texas 
also. Ohls said (6*): "The autogiro proved to be of great value 
in survey \vork. The areas surveyed consisted of large tracts of' 
rangelands with very few roads.... Areas, denuded of grass, 
where '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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Colorado 

Organization for and the conduct of control in Colorado in 1940 
follo\\-ecl the same pattel'l1 as for the preceding year but on a scale 
proportionate to the reduced problem known to exist. 

Surveys of representative egg beds in Colorado in the spring of 
1940 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 ,\-as only about 65 percent as wide. 
Although the infested area was very large, the actual acreage 
infested with economic populations totaled only about 200,000 
acres in 12 different locations. Rodent and bird activity on the 
more heavily populatecl egg beds, since the time of the fall survey, 
had reduced the number of eggs by an average of 35 percent. 
The desert horned lark 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 (:")7*) said: "Throughout much of the infested area, the 
hatch was delayed as much as 2 weeks as a result of unfavorable 
weather conditions. Eal'l~- nymphal mortalilty ... in some areas 
resulted in complete control of the infestations. During what 
should have been the peak of the hatch, where normally popula
tions ot 2,000 to 5,O()() nymphs pel' square yarcl \\'oulcl have been 
expected, populations at anyone time did not exceed 100 per 
square yard in most casps." 

According to records for thp 1910 grasRhoppel' survey (83*) 
the general area of infestation in the spring' of 1910 agreed almost 
exactl~' with till' area marked in the fall of 19:19 during adult 
flights, Although additional egg beds weI"(' located at hatching 
time, only two were found that extt'nrkcl beyond thr marked areas. 
A1"('as shown as questionalJIQ te1Titol'~' in the fall SlllTPY did not 
pmclu ce in f estati () n s . 

Speaking of control olwratiol1s in l~H(], :Mickle Orr) saiel: "The 
entin' IOilllil)C'nnis art'a was haited regardless of ownership. Per
mission to hait was olJtajnpcl in each arpa. BUl'('HLH)\\'l1ecl spreader 
units ancl BUl't'Hu-pnicl men Srn'NHI the hait with til(' coopenltion 
and 11('1]) of local l)t'o]JIl' .... C'n'\\'" start<'C[ baiting in tll(' morning 
as S()(lll as adi\'ity among thc> grassholJlK'l'S began and continued 
gpnl'l'ally until ground t('mpl'ratLlrt' appl'oaelwd lO(r. Ol'dinal'il~' 
that was lJdwl'en () :()() a.l11, and 2 p.m. During the ]wak or contl'ol 
opemtions ;~8 mechanical spl"eaclt'l'g We1'e in use. About 9R ])('rcent 
of all bait USN! \\'as distriiJutc'cl by means of meehanical spl'eaders." 

Satisfactory results \n'l'(' obtained "'ifh a mixtul'e of 1 part 
bran and (:i parts sawdust at th(' first or the season. As the season 
advanced. and remaining smalllJanc1s of grasshoppers congrpgatecl 
in gT(,PI1 g-I'aSS along cl't'!'k bottoms, it was necessary to increase 
tht, IH'OPOltiol1 of J)]·an. Tn (lilt' troulll('some case wh0re the small 
infestation lwar \Vi Icl Horst" Ch('~'el1 n(' Cou nty, was the last 011e 
rt'maining in the State, contl'ol WHS not olltainpClllntil a pure' bl'an 
bait ,,"as resorted to C'f2*) . 



THE HIGH PLAINS GRASSHOPPER 


Following is an estimate of expenditures for the control program 


152 • 
in Colorado in 1940 : 

Federal Govel'l1ment: 

Bureau of Entomology and Plant Quarantine: 1 


Materials (cost and freight) : Dolla:rs 
Bran, 69 tons at $22.67 per ton.................,.........._................................... 1,564 
Sawdust, 275 tons at $6.44 per ton......................................_ ............_ 1,771 
Sodium arsenite, 3,440 gal. at $0.2009 per gal... ............,........... 1,001 

Supervision (salaries, travel, expense) ...._................._...................... . 4,600 

Foremen, truck drivers, laborers (wages) .........._............................... 4,892 

Purchased trucks, depreciation '.._.._..................................._ ...................... 5,00() 

Purchased bait spreaders, depreciation ' .......... _"_""''''''''''''_'''''''''' 500 

Operation and maintenance of purchased trucks................_ ..._....... 1,141 


Total._.........._................................................ _._........................_....._ ............_.............20,469 

Other: 


Soil Conservation Service 1 ' ......_ ............_ .........._ ........_._..._._..._......... 350 


Total expenditures by Federal Government....,..,... ,.. 20,819 • 
State Government: 3 

Extension Service (salaries and e.xpense, exclusive 
of county agents) __...._._..._.._...._............_...__..._.............._.................... 1,000 


Total. expenditures from all sources......................._......... 21,819 


1 Based on data in the Annual Grasshopper Control Report, Bureau of 
Entomology and Plant Quarantine (82*). 

o 5..year useful life assumed. 
'Based on Annual Report of State Supervisor of Grasshopper Control, 

Bureau of Entomology and Plant Quarantine (42*). 

New Mexico 

Control plans and operations in New Mexico in 1940 were keyed 
to the I'educed problem known to exist. The spring survey cor
roborated the conclusion reached the preceding fall that economic 
infestations were confined to only 3 limited areas in 2 counties. 
About 25,000 acres were infested in De Baca County and, to the 
north about 50 miles, 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 years, 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 be 
the most efficient in range-control work 

"In the longipennis area only one mixing station was set up, 
This was at Tucumcari and provided bait for 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 were 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 only three units were operating in the State. These 
were used 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 
... "uccess ... in the area which was infested with range hop.pers, 
where 100 percent kill was reported. The success was due to thE' 
value of preceding- campaigns in nmtel'ially reducing infested areas, 
and to the well-organized program that was launched immediately 
upon the emergence of the hoppers.... The results secured during 
the past threc-year period have proved conclusively the value of 
Rureal1-paid-Iabor control on rangelands. 

The last bait in the 1933-40 outbreak was spread June 8, 1940, 
1n Colorado and June 25, 194.0, in New Mexico. The distinction of 
wiping out the last bands of longipennis in the 1933-40 outbreak 
belongs to John M. Landrum and James "V. Resley in New Mexico, 
and Gordon T. Mickle in Colorado, 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 19'10: 

Federal Government: 

Bureau of Entomology and Plant Quarantine: 
1 

Materials (cost and freight) : Dolla1's 
Bran, 55 tons at $22.27 per ton..........._................. ............. .. 1,225 
Sawdust, 256 tons at $6.44 PC1' ton................. . .... .. 1,649 
Sodium arsenite, 2,815 gal. at $0.2909 pel' gal... ........._ ..._..... 819 

Supcrvision (salaries, travel, expensc) .............................................. .. 4,600 
Purchased trucks, depreciation ' ............................................_ ................. . 1,500 
Operation and maintenance of purchased trucks.. 4,000 
Foremen, truck drivers, and laborers (wages) .. :3,871 

Total ...,........"..._,......."............,...........,.' ................................,....,.......,..... ,.... 17,664 

Other:' 

Soil Conservation Servicc .................... ' .......,. ........................................... .. 228 
Civilian Conservation Service............. , .......... , ........' ..................... '... 1,11:3 
Works. Progress Administration..................................._................. 1,280 

Total................................................'... '................................................................................ 2,621 


Total cxpenditures by Federal Govcrnmcnt.................. 20,285 


State Govcrnmcnt: ' 
Extcnsion Scrvicc (salaries and expensc exclusive 

of county agcnts) ....................................................... ' .......... . 1,000 

'rotal expenditures from all SOUl·CCS......, ....... 21,285 


1 Based on data in the Annual Gl'aSSllOppcr Control Report, Burcau of 
Entomology ancl Plant Quarantine (82*). 

, 5-ycal' useful lifc assumcd. 
3 Bascd on data in Annual Hcport, New Mexico State Leadcr c,f Grass.. 

hopper Control (21*) . 



01 
I-"SUMMARY OF CONTROL ACCOMPLISHMENTS AND EXPENDITURES, 1931 TO 1940 
.p..

No other insect-control Ullc1el'taking in the West be estimated. COllservative estimates are given for 
had equalled-in magnitude, scope, and degree of co many of the contributions. 

operation-that dil'ected against the High Plains grass The value of man~r contributions could not be in

hopper during the pel'iod 19;n-cjO. 
 cluded in the tabulation because it was impossible to 

calculate 01.' estimate them. Among such contributions 
Table 19 bl'i ngs together from the fOl'egoinp: section Hrc: IV[uch of the assistanee volunteered by ranchers,

on control til(' ('xpcllditul'C's made in each affected State agencies, and townspeople; and the cost of repair 01' ~ 
during 19:37-cl0. Included in the tabulation <1l'e all COll replacement of farmers' andl'anchel's' trucks and auto t>:l 
trol expenditul'(Js that Were I'ecol'clecl, those that could mobiles used to haul bait materials and to pull spreacl t:1be calculated from known facts, C:1ncl those that could ers over l'oadless, rough terrain. Ci 

~ 

TABLE] 9.-NulIlbe/' of (l(')'CS baited and {'8ti1l1aied c.l'penditll1'e,c; for conll'oUing the 1i1:gh Plains {J1'C(sshopr)(w, '"d 

7.937-40,inclusil'e ~-Z 
r:n

EstilllaLrd ('xp('l\dilul'l's 
Ci 

-- .-- '-------,------ :;0 

::-:,It<' /lilt! yl'nr Ael'!'ap;('l 
.-----~,~:t!~~.~ ~-----''-~-l > 

~ 
--l~I,:&P~-l---;~:-· Sta!;" (Jounties I Individuuls I 'roLal ~ o 

'"d 
-< ~--"-

• ---'---...-~I 1----1--- '"d 
t>:l 

Colomtio: 
"I eres J)olla/'s Dollars Dollars Dollars Dollars Dollars :;0 

]0:\"; 
1031L 
\!l3(L_. __ _ 
J0·10. __.. ___ • 

TOlal ___ . _. 

I, lal ,800 1 
2.·12;3,{j().i 
2,!JI:{,018 . 

{i\J,·100 

(j. :i·IO, 882 

:is,ma 
1·1·1, (i 1:3 
2iO, i:li 
20,.I(j!J 

n,ni 
J41,783 
01,200 

350 

162,182 10,000 41,9~H 345.883 
ii,118 85,501 131,420 508,525 
5.000 20 I 1I5 35, 11m 392, 2!)0 
1,000 0 0 21,8]!)

'.. -----,-·-----1--··----·-- -_._..----  --~-. 
·1!J3,852 277,130 In,:300 115, i'06 208,520 1,268,517 

,-.c';c'._""'-_ .•cc~_I"'_=="=I·==., ..-·"-=~""'~I====.1 c •• 1.== 

• - .. • • • 




'WI• --.. • • • 

Kansas: 01 3,679]03!L __ _ ~=~,:S5 [","=~=~!";5:=!~~_=,_-,,,"~ 0 1==,_50 I 474_1====1=== 

Xcw Mt'xico: 5,026 B2,977]037. __ . :3:3!) ,000 0,780 4,240 13,128 813 
353,151W38 .•• 1,!i27.SSi i7,(iOO 40,000 un ,000 10.,IOn 119,995 

o 85,982 202,6961039.__ 1,072,5(\1 116,127 54,787 85,900 
0 21,285HHO_._ 2i,000 17,6(\4 2,(\21 1,000 o w -----... , ....--..• ·---·-·---'--I'·-·~I---·1 1----:--- d

11.300 HiO,953 I 700,U9Total ... ~ .•• - - -I ~~?~~_~:I·J~J=.;~;;:!Ll=--~I-0~!~~1"--I~~~028 1===== ===== ~ 
Oklahoma: );

o 825 1,99210aS-.. 11,000 917 o I 250 ~ 

H)39.. •• 70.-125 18,088 1,25a 0,000 4,:308 2,919 1 32,628 r<! 
~·______I" 1-_ .. __ "_~_ ·_·~l_ 

HI,425 H),OOIl I ,253 I 6 , 250 4,368 3,74.4 1 3'},620 o 
~TolnL. '. 

__• ..c.·,,"_c_,- 0 ~-,I,__- ·'~"";-,,,-,-==c.-=I==_=-"=I ___· 1= 
(i 

1'e)''1s: o o 1 ,000 HI,837 44, 655 11\),5721938._._ .• _•• _._ (j87 ,000 5·.1 ,080 1 Z 
II,OGO <\ ,.J3,l H9,0281939.•• _••.,... _ 235,373 n7,Ol5 5,253 11,257 ~ 

.__'___',. _,___~._~-_,-~____.,.---_,__,_-.-~---, 1-

f 
~ 

Tola1. .•. __ ..... . 922. B7,B 121,095 ,'),253 12,257 30,906 <l9,08H 1 218,600 
=-=","~,,--=--=,·-,,==-'==,,====I"'='-=I=--I==-"= 

Grnnd TotaL. _____ .• _.. _.. ____ I JO.027,313 887,885 1G2,763 '122,306 2,225,535 I-'858,3:3il 304,2·18 c;> 
0:> ~~~~__________·F - •• ~__ ••I_- ._~_____', __...._._._~ , 

.-----~.~.. -'l 

o 
~ I Dnl~t lakt'll from annual reporls of grusshopper ('(mlrol, Burt'tUl of Enlomol()~y and Plant, QU(\l'tllltilW (5·, 7'.47*,82*). 

l-' 
c;> 
01>
o 

I-" 
01 
01 



156 	 •'l'HE HIGH PLAINS GRASSHOPPER 

BIBLIOGRAPHY 

Publications 
(1) ALBERTSON, F. W., and "WEAVER, J. E. 

1942. 	HISTORY OF THE NATIVE VEGETATION OF WESTERN KANSAS DURING 
7 YEARS OF CONTiNUOUS DROUGHT. Ecol. ~ionog. 12: [23]-51, iIIus. 

(2) 	 and WEAVER, J. E. 

1944. EFFECTS OF DROUGHT, DUST, AND INTENSITY OF GRAZING ON COVER 


AND YIELD OF SHORT-GRASS PASTURES. Ecol. Monog. 14: [1)-29,
illus. 

(3) and WEAVER, J. E. 
1946. 	REDUCTION OF UNGRAZED MIXED PRAIRIE TO SHORT GRASS AS A 

RESULT OF DROUGHT AND DUST. Ecol. Monog. 16: [449)-463, ilJus. 
(4) ALEXANDER, GORDON. 

1941. 	KEYS FOI~ TIlE IDENTIFICATION OF COLORADO ORTHOPTERA. Colo. 
Univ., Studies, Ser. D, 1: 129-164. 

(5) 	AUGIIEY, SAMUEL. 

1878. NOTES ON THE NATURE OF THE FOOD OF TilE BIRDS OF NEBRASKA. 
 • 

U. S. Ent. Comm., Ann. Rpt. Relating to the Rocky l\iountain Locust 
... (1877) 1: [13)-[62J. (The pages cited are in the appendix.) 

(6) BEAL, F. E. L. 
1909. 	THE RELATIONS BETWEEN BIRDS AND INSECTS. U. S. Dept. Agr. 

Yearbook 1908: 343-350. 

(7) 	 BEAMER, RAYMOND [H.] 

1917. GRASSHOPPERS OF KANSAS. PART II. TIlE OEDIPODINAE m' KANSAS. 


In Studies in Kansas Insects. Kans. Univ. Bul., BioI. Ser., 18: 
51-126, mus. 

(8) BLATCHLEY, W. S. 
1920. 	ORTHOPTERA OF NORTHEASTERN Al\IERICA. 784 P]1., iIIus. Indian

apolis. 

(9) 	 BRUNER, LAWRENCE. 

1876. NEW SPECIES OF NEBRASKA ACRIDIDAE. Canad. Ent. 8: 123. 


(10) 
1877. LIST OF ACRIDIDAE FOUND IN NEBRASKA. Canad. Ent. 9: 144-145. 

(11) 
1883. NOTES ON OTHE:R LOCUSTS [THAN THE ROCKY MOUNTAIN LOCUST], 

AND ON THE WESTERN CRICKET. U. S. Ent. Comm., Rpt. Relating • 
to the Rocky Mountain Locust ... 3: 53-61. (Article contains list 
of "North American Acrididae North of Mexico.") 

(12) 
1885. 	FIRST CONTRIBUTION TO A KNOWLEDGE OF TilE ORTIIOPTERA OF 

KANSAS. Washburn Col. [Topeka, Kans.J Bul. 1: 125-139. 
(13) ___ 

1891. DESTRUCTIVE LOCUSTS OF NORTH AMERICA, Tom;THER WITII NOTgS 
ON TilE OCCURRENCES IN ISDl. U. S. Dept. Agr. Diy. Ent., Insect 
Life 4: 18-24. (Also, Canad. Ent. 23: 189-196. 1891, and Ontario 

Ent. Soc. Ann. Rpt. (1891) 22: 46-50. 1892.) 
(J.4) 

1892. 	REPORT ON DESTRUCTIVE LOCUSTS [DURING THE SEASON 1891J. 
In U. S. Dept. Agr. Div. Ent. Bul. 27, pp. 9-aa. 

(15) 
1893. 	,\ I,IST OF NEBRASKA ORTIlOPTgRA. Nebr. Acad. Sci. 'Pubs. a, 

pp. [19)-33. 

(16) 
1803. TilE LONG-WINm;D LOCUST m' TIIEl'LAINS (D1SS0STEIItA LONGI

PENNIS TIIOMAS). In The Morc Destructive Locusts of America 
North of Mexico. U. S. Dept. Agr. Diy. Ent. Bul. 28, pp. a6-39, 
iIlus. (See 20.) • 



157 • 
 BIBLIOGRAPHY 


(17) 
1893. 	REPORT UPON INSECT INJURIES IN NEBRASKA DURING THE SUMMER 

OF 1892. In U. S. Dept. Agr. Diy. Ent. Bul. 30, pp. 34-41. 
(18) ___ 

1894. 	ORTHOPTERA. In Report of the Entomologist. Nebr. State Bel. 
Agr. Ann. Rpt. 1893: 303-317, illus. 

(19) 
1897. 	GRASSHOPPER REPORT FOR 1895 [AND] GRASSllOPI'ER REPORT FOR 

1896. In U. S. Dept. Agr. Diy. Ent. Bu!. (n. s.) 7, pp. 31-35, 
36-39. 

(20) 
1897. THE 	 LONG-WINGED LOCUST OF THE PLAINS (DlSSOSTElRA LONGI

PENNIS THOMAS). In The Grasshoppers That Occur in Nebraska. 
Nebr. State Be!. Agr. Ann. Rpt. 1896: 124-127, illus. (See 16.) 

(21) 

• 
1899. A PRELIMINARY REPORT ON INSECT ENEMIES OF CLOVER AND 

ALFALFA. Nebr. State Bd. Agr. Ann. Rpt. 1898: 2:39-285, illus. 

(22) 
1901. LOCUSTS OR GRASSHOPPERS. Nebr. Agr. Expt. Sta. Bu!. 70, pp. 

43-54, illus. 

(23) 
1902. GRASSHOPPER NOTES FOR 1901. In U. S. Dept. Agr. Diy. Ent. 

Ful. (n. s.) 38, pp. 39-49. (Also in Nebr. State Bd. Agr. Ann. 
Hpt. 1902: 259-294, illus. 1903.) 

(24) 
[1900-1909.] THE ACRIDIIDAE. In Biologia Centrali-Americana; In

secta. Orthoptera. Yol. 2, pp. 1-342, illus. (Indexed.) [Lon
don.] 

(25) CAUDELL, A. N. 
1902. 	NOTES ON ORTHOPTERA FRO1\[ OKLAHOllIA AND INDIAN TERRITORY, 

WITH DESCRIPTIONS OF THREE NEW SPECIES. Amer. Ent. Soc. Trans. 
28: 	83-91. 

(26) 
1903. NOTES ON ORTJlOPTERA FROM COLORADO, NBW l\IEXICO, ARIZONA, 

AND TEXAS, WITH DESCRIPTIONS OF NEW SPECIES. U. S. Nat!.. Mus. 
Proc. 26 (1333): 775-809, illus. 

• 

(27) COOK, WILLIAlII C. 


1925. TilE DISTRIBUTION OF Tim ALFALFA WEEVIL (PHYTONOllIUS POSTI

Cli:'; GYI,I,.). A STUDY IN l'IIYSICAf, ECOLOGY. Jour. Agr. Res. 30: 
479-491, illus. 

(28) CORKINS, C. L. 
1922. 	LONG-WINGED LOCUST OF THE PI,AINS. Colo. State Ent. (Ann. 

Rpt. (1921) 13) Cir. 36, pp. 35-39, illus. 

(29) 
1923. 	GRASSIIOPP~,R CONTROL IN COLORADO. Colo. [Agr.] Expt. Sta. 

Bu!. 287, 19 pp., illus. 

(30) 
1924. 	GRASSHOPPERS. In Colo. State Ent. (Ann. Rpt. (1923) 15) Cir. 

43, pp. 44-48. 

(31) COWAN, FRANK T. 
1934; 	HOW TO CONTROL GRASSHOPPERS. Colo. State Ent. Cir. 59, 16 

pp., illus. 

(32) CRIDDLE,. NORMAN. 
[1935.] 	 STUDms IN TIIF: BIOLOGY OF NORTH AlIIERrCAN ACRIDIDAE. 

DF:n1LOPlIIENT AND lIARITS. Proc. 'Yorld's Grain Exhib. and Conf., 
July 24-Aug. 5, 1933, Regina, Canada. Vol. 2, pp. 474-494. Ottawa. 

(33) 	 DAVIS, WATSON. 
1937. GRASSIIOPPERS IN COLORADO AND KANSAS. Science 86 (2219, 

• 	 Sup.) : 9-10. 



158 	 •THE HIGH PLAINS GRASSHOPPER 

(34) ESSIG, E. O. 

1926. INSECTS OF WESTERN NORTH AMERICA. 1035 pp., iIIus. New 
York. (Various reprints.) 

(35) FENTON, F. A. 

1937. 	HOW TO CONTROL GRASSHOPPERS IN OKLAHOMA. Okla. Agr. Expt. 
Sta., Expt. Sta. Bul. 233, 12 pp., iIlus. 

(36) 	 FISHER, A. K. 
1893. THE HAWKS AND OWLS OF THE UNITED STATES IN THEIR RELATION 

TO AGRICULTURE. U. S. Dept. Agr. Div. Ornith. and Mammal., Bul. 
3, 210 pp., illus. 

(37) 	 [FORBES, s. A.] 

1905. DISSOSTEIRA LONGIPENNIS THOMAS. Ill. State Ent. Rpt. 23: 213. 
(38) GILLETTE, CLARENCE P. 

1904. 	A:< ANNOTATED LIST OF COLORADO ORTHOPTERA. In Colo. Agr. 
Expt. Sta. Bul. 94, pp. 17-56. 

(39) HEBARD, MORGAN. 

1926. 	THE ORTHOPTERA OF SOUTH DAKOTA. Acad. Nat. Sci. Phila. Proc. 
(1925) 77: 33-155, illus. 

(40) ~__ 
1930. THE ORTHOPTERA OF COLORADO. Acad. Nat. Sci. Phila. Proc. 

(1929) 81: 303-425, illus. 

(41) 
1932. 	THE ORTHOPTERA OF KANSAS. Acad. Nat. Sci. Phila. Proc. 

(1931) 83: 119-227, illus. 

(42) 
1938. 	AN ECOLOGICAL SURVEY OF THE ORTHOI'TERA OF OKLAIIOMA. Okla. 

Agr. Expt. Sta. Tech. Bul. 5, 31 pp., i1lus. 
(43) HUBBELL, T. H., and ORTENBURGER, A. 1. 

1927. 	NOTES ON OKLAHOMA ORTIlOPTERA WITH A UST OF SPECIES FROlll 
THE STATE. Okla. Acad. Sci. Proc. (1926) (:: [149]-183, illus. 

(44) HUNTER, s. J. 
1898. 	ON THE OCCURRENCE OF D1SS0STEIRA LONGII'~}NNIS THOMAS. 

Psyche 8: [291]-292. 
(45) 


1898. DlSSOSTElRA IN COLORADO. Psyche 8: 299. 

(46) 

1899. 	AU'ALFA AND GRASSHOPPERS. In Alfalfa, Grasshoppers, Bees; 
Their Relationship. Kans. Univ. Dept. Ent. Bul. [6], PP. 3-64, 

mus. 	 . 

(47) 
1902. 	ELEMENTARY STUDIES IN INSECT LIFE. 3,14 pp., illus. Topeka, 

Kansas. 

(48) HUNTER, W. D. 
1898. 	DESTRu~rIVE LOCUSTS IN ] S!l7. In U. S. Dept: Agr. Diy. Ent. 

Rul. (n. s.) 10, pp. 40-53. 

(49) 	 IS~}LY, F. B. 
1944. CORRELA'I'lON BETWEEN MANDIBULAR 1IIORPHOLOGY AND FOOl) 

SPI';CIFICITY IN GRASSHOPPERS. Ent. Soc. Amer. Ann. 37: 47-67, 
illus. 

(50) JOHNSON, WILLAIW D. 
1901. 	TIlE HIGH pr~\INS AND THEIR UTILIZATION. 1!. S. Geol. Survey 

Ann. Rpt. (18!)D-1900) 21 (4): 601-7'11, iIlus. 

(51) KALMBACH, E. R. 
1952. 	BIRDS, BEASTS, AND BUGS. In Insects. U. S. Dept. Agr. Year

book 1952: 724-731. 

(52) KELLOGG, V~}RNON L. 
18!)2. 	COMMON IN.fURIOUS INSECTS OF KANSAS. Kans. 1!niv. Dept. 

Ent. [Bul. 2], 126 pp., iIJus. 

• 

• 

• 



• 	 159BIBLIOGRAPHY 

(53) 
1892. KANSAS NOTES. U. S. Dept. Agr. Diy. Ent., Insect Life 5: 114

116. 
(54) 	 KELLY, E. O. G. 

1914. A NEW SARCOPHAGID PARASITE OF GRASSHOPPERS. Jour. Agr. Res. 
2: 435-446, illus. 

(55) KINCER,JOSEPHB. 
1923. 	THE CLIMATE OF THE GREAT PLAINS AS A FACTOR IN THEIR UTILI

ZA'l'ION. Assoc. Amer. Geog. Ann. 13: 67-80, illus. 

(56) 	 KIRBY, W. F. 
1910. LOCUSTIDAE VEL ACRIDlDAE. His A Synonymic Catalogue of 

Orthoptera v. 3. 674 pp. London (Pub. by British Mus. Nat. 
Rist.) 

(57) 	 KNUTSON, HERBERT. 
1937. NOTES ON THE ACRIDIDAE (ORTHOPTERA) OF IOWA. Field and Lab. 

5: 37-47, illus. 

• (58) McATEE, W. L • 
1922. 	LOCAL SUPPRESSION OF AGRICULTURAL PESTS BY BIRDS. Smithsn. 

Inst. Ann. Rpt. 1919-20 (Pub. 2622) : 411-438, illus. 

(59) 
1926. 	THE ROLE OF VERTEBRATES IN THE CONTROL OF INSECT PESTS. 

Smithsn. Inst. Ann. Rpt. 1924-25 (Pub 2836): 415-437, illus. 

(60) MARBUT, C. F. 
1923. 	SOILS OF TUE GREAT PLAINS. Assoc. Amer. Geog. ·Ann. 13: 41

66, illus. 

(61) MAY, JOHN BICHARD. 
1935. 	THE HAWKS OF NORTH AMERICA. 140 pp., illus. New York 

(Pub. by Nat'l. Assoc. Audubon Socs.) 

(62) MERRILL, D. E. 
1916. 	GRASSHOPPER CONTROL. N. Mex. Agr. Expt. Sta. Bul. 102, 32 

pp., ilJus. 

(63) MILLIKEN, ROBERT. 
1893. 	REPORT ON Ol'TBREAKS OF THE WESTERN CRICKET AND OF CERTAIN 

LOCUSTS IN IDAHO. U. S. Dept. Agr. Div. Ent., Insect Life 6: 17-24. 

(64) 	 MORSE, ALBERT PITTS. 
1907. FURTHER RESEARCHES ON NORTH AlllERICAN ACRIDIIDAE. Carnegie 

• 	 Inst. ,,vash. Pub. 68, 54 pp., illus. 

(65) MUESEBECK, C. F. 'V. 
1950. 	COMMON NAlIIES OF INSECTS APPROVED BY THE AMERICAN ASSOCIA

TION 01" ECONOMIC ENTOMOLOGISTS. Jour. Econ. Ent. 43: 117-138. 

(66) OSBORN, HERBERT. 
1891. 	REPORT OF A TRIP TO KANSAS TO INVESTIGATE RI'JPORTED DAMAGES 

FROM GRASSHOPPERS. U. S. Dept. Agr. Div. Ent., Insect Life 4: 
49-56. (Also, Ontario Ent. Soc. Ann. Rpt. (1891) 22: 69-74. 1892, 
and U. S. Dept. Agl'. Diy. Ellt., Bul. 27, pp. 58-64. 1892.) 

(67) PATcn, EDITIl M. 
1913. 	r.rS1' OF INSECTS RECORDED ON POTATO. Tn Johansen, A. C., Potato 

Flea Beetle. Maine Agl'. Expt. Sta. Bul. 211, 11p. 51-56. 

(68) 	 POPENOE, E. A. 
1891. NOTES ON Tmo RECENT OPTBRI'JAK OF DISSOS1'~JmA LONGIPENNIS. 

(Abstract) U. S. Dept. Ag'l'. Diy. Ent., Insect Life 4: 41. (Infol'ma
tion supplied by Bruner, Popcnoe, and Osborn follows abstract, pp. 
41-42.) . (Also, Ontario Ent. Soc. Ann. Rpt. (18!)!) 22: 63. 1892.) 

(69) RmIN, JAMES A. G., and HloBARD, MORGAN. 

• 
1906. A CON'rRIBUTION TO 'NIB KNOWT,EDGE OF THE ORTHOPTERA OF 

MONTANA, YELLOWSTONE PARK, UTAH AND COLORADO. Acad. Nat. Sci. 
Phila. Proc. 58: 358-418, mus• 



160 	 •THE HIGH PLAINS GRASSHOPPER 

(70) 	 RILEY, C. V. 
1884. ORTHOPTERA. In Kingsley, J. S., ed., Crustacea and Insects

Kingsley's The Standard Natural History v. 2, pp. 167-203, illus. 
Boston. 

(71) [ ] 
1891. 	LOCUST RAVAGES OF THE PRESENT YEAR. U. S. Dept. Agr. Div. 

Ent., Insect Life 3: 438. 
(72) ___ 

1892. THE LOCUST OR GRASSHOPPER OUTLOOK. (Abstract) Amer. Assoc. 
Adv. Sci. Proc. (1891) 40: 423-425. (Abstract also in U. S. Dept. 
Agr. Div. Ent., Insect Life 4: 321-323. 1892.-(a printing prior to 
that in the Proceedings.) 

(73) ROCKWOOD, L. P. 
1925. 	ON NIGHT FLYING AND ATTRACTION TO LIGHT IN ACRIDIIDAE AND 

THE RELATION OF METEOROLOGICAL CONDITIONS THERETO. Pan-Pacific. 
Ent. 2: 36-38. 

(73a) SAILER, REEVES I. 
1955. COMMON NAMES OF INSECTS APPROVED BY THE ENTOMOLOGICAL 

SOCIETY OF AMERICA. Bu!. Ent. Soc. Amer. v. 1, No.4, 36 pp. •(74) SAUSSURE, H. DE. 
1884. PRODROMUS OEDIPODIORUJ\L INSECTORUM EX ORDlNE ORTHO

PTERORUM. Soc. de Phys. et Hist. Nat., Geneva, Mem. v. 28, No.9, 
254 ,pp., illus. (Also, his Additamenta •.• Ibid. v. 30, No.1, 180 

pp., illus. 1888.) 

(75) 	 SCUDDER, SAMUEL H. 

1876. REPORT ON THE ORTHOPTERA COLLECTED BY THE UNITED STATES 


GEOGRAPHICAL SURVEYS WEST OF THE ONE HUNDREDTH MERIDIAN, 

UNDER THE DIRECTION OF LIEUTENANT GEORGE M. WHEELER, DURING 

THE SEASON OF 1875. U. S. Chief of Engineets, Ann. Rpt. 1875-76 

(App. JJ): 278-295. (The Orthoptera report itself is designated 
Appendix H9; reprinted (1876) as extract from Appendix JJ.) 

(76) 
1901. 	CATALOGUE OF THE DESCRIBED ORTHOPTERA OF THE UNITED STATES 

AND CANADA. Davenport [Iowa] Acad. Nat. Sci. Proc. (1899-1900)
8: 1-101, illus. 

(77) and COCKERELL, THEODORE D. A. 
1904. A 	FIRST LIST OF THE ORTHOPTERA OF NEW MEXICO. Davenport 

[Iowa] Acad. Sci. Pmc. (1901-3) 9: 1-60, illus. 

(78) SHANTZ, H. L. 	 • 
1923. 	THE NATURAL VEGETATION OF THE GREAT PLAINS REGION. Assoc. 

Amer. Geog. Ann. 13: 81-107, illus. 

(79) and ZON, RAPHAEL. 
-1=-=9=-=3=-=6:-.-THE 	 NATURAL VEGETATION OF THE UNITED STATES. In U. S. 

Dept. Agr., Atlas of American Agriculture, Physical Basis ..., 29 
pp., illus. (Originally published 1924 as Advance Sheet 6 (sec. E 
of pt. 1, The Physicar Basis of Agriculture)-contribution of U. S. 
Bur. Agr. Econ.) 

(80) 	 SHOTWELL, ROBERT L. 
1936. THE SPECIES AND DISTRIBUTION OF GRASSHOPPERS IN THE 1935 

OUTBREAK. U. S. Dept. Agr. Bur. Ent. and Plant Quar., Insect 
Pest Survey Bu!. 16 (5, Sup.): 213-25H. [Processed.] 

(81) 
1937. THE SPECIES AND DISTRIBUTION OF GRASSHOPPERS IN THE 1936 

OUTBREAK. U. S. Dept. Agr. Bur. Ent. and Plant Quar., Insect 
Pest Survey Bu!. 17 (3, Sup.): 117-150. [Processed.] 

(82) 
1938. THE SPECIES AND lJISTRIBUTION OF GRASSHOPPERS IN THE 1937 

OUTBREAK. U. S. Dept. Agl". Bur. Ent. and Plant Quar., Insect 
Pest Survey Bu!. 18 (6, Sup.) : 385-443. [Processed.] • 



• 	 BIBLIOGRAPHY 161 

(83) 
1938. 	SPECIES AND DISTRIBUTION OF GRASSIIOPPERS RESPONSIBLE FOR 

RECENT OUTBREAKS. Jour. Econ. Ent. 31: 602-610. 

(84) 
1939. 	THE SPECIES AND DISTRIBUTION OF GRASSHOPl'ERS IN THE 1938 

OUTBREAK. U. S. Dept. Agr. Bur. Ent. and Plant Quar., Insect 
Pest Survey Bu!. 19 (4, Sup.): 179-270, illus. [Processed.] 

(85) 
1941. 	THE SPECIES AND DISTRIBU'i'ION OF GRASSHOPPERS IN THE 1939 

OUTBREAK. U. S. Dept. Agr. Bur. Ent. and Plant Quar., Insect 
Pest SUl'Ve~T Bu!. 21 (5, Sup.): [295]-395. [Processed.] 

(86) and SKOOG, F. E. 
1942. 	TRENDS OF GRASSHOPPER POPULATIONS IX THE AREAS OF MAJOR 

OUTBREAKS. 1940 ~"'D 1941. U. S. Dept. Agr. Bur. Ent. and Plant 
Quar., Insect Pest Survey Bu!. 22 (3, Sup.): 75-90. [Processed.] 

• (87) Sl\cllTH, HARRISON E . 

1915. THE GRASSHOPPER OUTBREAK IX NEW MEXICO DUIUNG THE SUMl\cIER 


OF 1913. U. S. Dept. Agr. Bu!. 293, 12 pp., illus. 


(88) SMITH, ROGER C., KELLY, E. G., DEAN, GEO. A., and others. 
1943. 	DESCRIPTION OF KANSAS INSECTS. Kans. State Be!. Agr. Rpt. v. 

62, No. 255,440 pp., illus. 

(89) SNow,F. H. 
1891. 	THE Clll:-.'CH BUG DISEASE A:-.'D OTIiER :-.'OTES. U. S. Dept. Agr. 

Div. Ent., Insect Life 4: 69-72. 

(90) ____ and HUNTER, S. J. 
1897. 	TI-IE MORE DESTRUCTIVE GRASSHOPPERS 01-' KAXSAS. Kans. Uni\·. 

Dept. Ent. Bu!. [4], 11 pp., illus. 

(91) SORAUER, PAUL. 
1925. 	DlSSOSTEIRA SCUDD. In his Handbuch del' Pflanzenkrankheiten, 

auti. 4, bd. 4, teil 1, p. 209. Berlin. 

(92) STILES, C. F., SCHOLL, F. E., and FENTON, F. A. 
1937. 	THE 1936 GRASSHOPPER OUTBREAK IN OKLAIlO:\IA. Jour. Econ. 

Ent. 30: 768-771. 

• 
(93) THOMAS, CYRUS. 

1872. 	)TOTES ON TI-IE SALTATORIAL ORTHOPTERA Or' TIn] ROCKY i\IOUNTAIN 
REGIONS. -e. S. Geo!. [Survey of the Territories], Survey of 
Montana and Portions of Adjacent Territory, by F. V. Hayden, 
U. S. Geologist, Ann. Rpt. Prog. 5: -123-466, illus. 

(94) 
1873. SYNOPSIS OF THE ACRIDIDAE OF NORTII AMERICA. U. S. Geo!. 

Survey of the Territories, by F. V. Hayden, -c. S. Geologist-in
Charge, Rpt. 5 (1): [IJ-190, illus. 

(95) TINKHAM, E. R. 
1938. 	WESTERX ORTHOPTERA ATTRACTED TO I.IGIlTS. N. Y. Ent. Soc. 

Jour. 46: 339-353. 

(96) 
1948. 	r'Al'NISTIC AND ECOLOGICAL STUDIES ON THE ORTIlOPTERA OF THE 

BIG BEND REGION OF TRANS-PECOS TEXAS, WITH ESPECiAl. REFERENCE 
TO THE ORTIIOI'TERAN ZONES A:-.'D FAUNAE Or' MIDWESTERN NORTH 
AMERICA. Amer. Midland Nat. 40: 521-G(j3, ill us. 

(97) 	 TUCKER, Er.BERT S. 
190G. COLLECTING IXSECTS AT NIG II T. Kans. Acad Sci. Trans. (1905) 

20: 108-120. 

• 
(98) 

1907. SOME RESULTS OF DESULTORY COLLECTIXG 01' INSECTS IN KANSAS 
AND COLORADO. Kans. Univ. Sci. Bu!. 4: 51-1.12. 



162 THE HIGH PLAINS GRASSHOPPER 

(99) 	 UHLER, P. R. 

1877. REPORT UPON THE INSECTS COLLECTED BY P. R. UHLER DURING THE 


EXPLORATIONS OF 1875... U. S. Geol. and Geog. Survey of the 

Territories, by F. V. Hayden, U. S. Geologist-in-Charge, Bul. 3 (4): 
765-796. (Appendix to article, by A. R. Grote, pp. [797]-801.) 

(100) UNITED STATES GEOLOGICAL SURVEY. 
1934. 	UNITED STATES RELIEF MAP. Washington, D. C. (Originally

issued 1916.) 

(101) [UNITED STATES] GREAT PLAINS COMMITTEE. 
1936. 	THE FUTURE O~' THE GREAT PLAINS. 194 pp., iIlus. Washing

ton, D. C. 

(102) UNITED STATES WEATHER BUREAU. 
1892-1957. CLIMATOLOGICAL DATA [-FOR COLORADO, KANSAS, NEBRASKA, 

NEW lIIEXrCO, OKLAHOMA, AND TEXAS]. (Monthly and annual 
reports by States and sections. After June 1909 the series now 
known as Climatological Data was published under this title; the 
Climatological Data, so designated, were published in U. S. 
".Veather Bur. Monthly Weather Rev. until 1914. Oklahoma data • 
were first issued Aug. 1892; for the other States here mentioned 
data first issued 1896-98; earlier, the weather reports in organized 
form for these areas were issued by the State (or Territory), as 
early as 1879 and 1887 (Nebraska and Kansas).) 

(103) UVAROV, B. P. 
1928. 	LOCUSTS AND GRASSHOPPERS. A HANDBOOK FOR THEIR STUDY 

AND CONTROL. 352 pp., iIlus. London. (Pub. by Imp. Bur. Ent.) 

(104) 	VISHER, STEPHEN SARm~NT. 
1923. LAWS OF TEMPERATURE. Assoc. Amer. Geog. Ann. 13: 15-40. 

(105) ".VALTON, W. It 
1916. 	GRASSHOPPER CONTROL IN RELATION TO CEREAL AND FORAGE 

CROP3. 1.I. S. Dept. Agr. Farmers' Bu!. 747, 18 pp., ilIus. (Rev.
1922.) 

(106) WARREN, EDWARD ROYAL. 
1942. 	THE MAMMALS OF COLORADO. THEIR HABITS AND DISTRIBUTION. 

Ed. 2, :~30 pp., illus. Norman, [Okla.] 

(107) 	 WEAVER, J. E., and ALBERTSON, F. W. 
1940. DETERIORATION OF MIDWESTERN RANGES. Ecology 21: 216-236,

iIIus. 

(108) 	____ and CLEMENTS, FREDERIC E. 
1929. PI,ANT ECOLOGY. 520 pp., iIlus. New York. • 

• 




163 • BIBLIOGRAPHY 

Mimeographed Reports, Typewritten Reports, 
Insect Collertions, Correspondence, Manuscripts 

(1*) ALEXANDEH, GOHDON. 
1951. LETTER TO C. WAKELAND 911/51, I,ISTING SPECIMENS O~' DlSSOS

TE:IHA LONGIPE:NNIS IN TIlE: INSECT COLLECTION OF THE l)NIVE:RSI1'Y 
OF COLORADO. 

(2*) BOYKIN, G. L. 
1937. GRASSHOPPER CON1'HOL. N. Me-x. Agr. Ext. Sel'v., State Leacler 

Gl'asshopper Cont. Ann. Rpt. 

(3*) DAVIS, LoUIS G., and MICKLE, GORDOX T. 
193~). ANNl'AL REPORT ON GRASS II OPPER CONTROL. U. S. Dept. Agr., 

Bur. Ent. and Plant Quar., Div. Dom. Plant Quar., Grasshopper 
Cont. Proj. Supervisor's Ann. Rept. 

• 
(4*) 

19a9. .ilIIGRATORY GHASSIIOPPEH CONTHOL CAi\ll'AIGN, COLOHADO. L. S. 
Dept. Agr., Bur. Ent. and Plant Quar., Div. Dom. Plant Quar., 
Grasshopper Cont. Proj. Supervisor's A1111. Rept. 

(5*) DOVE, 'V. E. 
1938. GRASSHOPPEH CONTROL CAi\IPAIGN, 1938. U. S. Dept. Agl·., Bur. 

Ent. ancl Plant Quar., Div. 'Dom. Plant Quar., Grasshopper Cont. 
Proj. 

(6*) 
1939. RECORDS FOH GHASSHOPPE:R EGG AND NYi\[PH SURVE:Y FOR] D39, 

OHrGINAL FIELD NOTr.S. U. S. Dept. Agr., Bur. Ent. ancl Plant 
Quar., Div. Dom. Plant QuaL, Grasshopper Cont. Proj. 

• 

(7*) 
1939. WEEKLY, ANNUAL, AXD SPECIAL I~EPOHTS ON GHASSIIOl'PER 

CONTROL. G. S. Dept. Agr., Bur. Ent. and Plant Qual'., Div. Dom. 
Plant Quar., Grasshopper Cont. Proj. 

(8*) DUTTON, JIM R 
1952. HECORDS FOR GRASSHOPPER SURVEY, 1952. U. S. Dept. Agr., 

Bur. Ent. ancl Plant Quar., Grasshopper Cont. Proj. 

(8a*) 
19f:):3. HECORDS FOH GRASSHOPPER SURVEY, 1955. U. S. Dept. Agr., 

Agr. Res. Sery., Plant Pest Control Branch, Grasshopper Cont. 
Proj. 

(8b*) 
195fi. RECORDS FOR GRASSHOPPER SPRnJY, 1956. U. S. Dept. Agr., 

Agr. Res. Serv., Plant Pest Control Branch, Grasshopper Cont. 
Proj. 

(8c*) 
195'i-:i:noGRAM ANNl'Ar, REPORT 1956-57. U. S. Dept. Agr., Agr. Res. 

Sel'v., Plant Pest Control Div., 'Vestern Region, Grasshopper 
Cont. Proj. 

(9*) EYER, J. R, and STc.'WARD, H. C. 
1934. FALl, GRASSIlOPPER POPULATION AND EGG SURVEY, NEW :\U;:XICO, 

1\.,"/. N. lVI('x. Agr~ Ext. Servo 

(10*) FENTON, F. A. 
1936. GRASSHOPPER CONTROL, 1936. Okla. State Leader of Gl'ass

hopper Cont. Ann. Rpt. 

(11*) 
19:)7. GRASSIIOPI'I;m C'OXTROL, In:1T. Okla. State Leader of Gl'ass

hopper Cant. Ann. Rept. 

(12*) GADDIS, B. M. 
1938. REPORT OF ACTIVITIES CONDUCTlm BY TIm CNITgp STATI~S DEPART

MENT 01;' AGRlCULTURr, WITII FUNDS PHOVIDED FOH TIm CONTHOf, OF 

• 
INCn'IENT AND EMfJRGENCY OUTBRf'}AKS OF INSECT PESTS OR PLANT 
DISEASES. U. S. Dept. Agr. mimeo. 



164 •THE HIGH PLAINS GRASSHOPPER 

(13*) GINN, OW. M. 
1937. GRASSHOPPER SURVEY, NEW MEXICO. N. Mex. Agr. Ext. Servo 

(14*) ___ 
1937. SUilIMARY OF GRASSHOPPER SU~VEY, NEW MEXICO. N. Mex. 

State Col. 

(15*) GURNEY, ASHLEY B. 

1951. LETTERS TO C. WAKELAND, MAY" AND AUGGST 23, 1951, LISTING 


SPECIMENS OF DISSOSTEIRA LONGIPENNIS IN THE COLLECTION OF U. S. 

NATlONAL ilIUSEUi\f. 


(16*) 
1951. LETTER TO C. WAKELAND, .rULY 3, 1951, LISTING DlSSOSTEIRA 

LONGIPENNIS SPECIMENS IN THE COLLECTlON OF THE ACADEMY OF 
NATURAL SCIENCES OF PHILADELPHIA. 

(17*) 
1951-55. LETTERS TO C. WAKELAND, AUGUST 23, 1951, AND FEBRUARY 

21, 1955, LISTING SPECIMENS OF DISSOSTEIRA LONGIl'ENNIS IN THE 
COLLECTIONS OF MICHIGAN STATE COLLEGE AND IN THE MUSEUilI OF 
ZOOLOGY, UNIVERSITY OF MICHIGAN. •(18*) HAUKE, HAROLD A. 

1951. LETTER TO C. WAKELAND, .rUNE 1, 1951, LISTING SPECIMENS OF 
DISSOSTEIRA LONGIPENNIS IN TilE COLLECTION OF THE UNIVERSITY 
OF NEBRASKA. 

(19*) HILDWEIN, H. L. 
1938. GRASSHOPPER CONTROL, InS. N. Mex. State Leader of Grass

hopper Cont. Ann. Rpt. 

(20*) 
1939. GRASSHOPPER CONTROL, 1939. N. Mex. State Leader of Grass

hopper Cont. Ann. Rpt. 

(21*) 
1940. GRASSHOPPER CONTROL. N. Mex. Agr. Ext. Sel'v., State Leader 

Grasshopper Cont. Ann. Rpt. 

(22*) HINKLE, GALEN .i" 
1938. THE RELATION OF GRASSHOPPERS (WITH SPECIAT. EMPHASIS ON 

DISSOSTEIRA LmWIPENNIS) TO TIm NATIVE RANGES O~' COLORADO. 
Unpublished thesis for M. S. degree, Colo. A. & M. Col., 186 pp., 
illus. 

(23*) HOIDALE, P. A. • 
1951. RECORDS FOR GRASSHOPPER SURVEY FOR 1951. U. S. Dept. Agr., 

Bul'. Ent. and Plant Qual'., Diy. Grasshopper Cont. 

(24.*) HOLLINm;R, E. C. 
1936. LETTER TO V. L. "cILDERilTUTH, SEPTEMBER 10, 1 V30. 

(25*) HOYT, AVERY S. 
1938. OU'fLlNE OF PLAX OF OPERATIONS FOR COOPER,\TIVE I'ROTECTION 

01' CROPS AGAINST GRASSHOPPERS DURTNG 1939. U. S. Dept. Agr. 
mimeo., Dec. 15. 

(26*) HUNGERFOHD, H. 13. 
1951. LETTER TO C. WAKELAND, MAY 31, 1951, LISTING SPECIMENS OF 

DISSOSTEIRA LONGIPENNIS IN COLT,ECTION OF "UNIVERSITY OF KANSAS. 

(27*) KELLY, E. O. G. 
1938. GRASSHOPPER CONTROL. Kans. State Leader of Grasshopper 

Cont. A11I1. Rpt. 

(28*) 
1939. GRASSIlOPPER CON'fROL, lnan. Kans. State Leadet· of Grass

hopper Cant. Ann. Rpt. 

(29*) KROPF, FRED H. 
1938-40. ORIGIN,\[, NOTI;;S, UNPUBLISHED. (2 years.) • 



BIBLIOGRAPHY• 165 
(30*) LANDRUM, JOHN M. 

1937. ANNUAL REPORT O~' GRASS[[OPPER CAMPAIGN IN NEW MEXICO, 
OKLAllOl\IA, AND TEXAS. U. S. Dept. Agr., BUl". Ent. and Plant 
Quar., Div. Dam. Plant Quar., Grasshopper Cant. Proj. 

(31*) 
1938. ANNUAL REPORT CONTROL PROGRAM, NEW MEXICO. U. S. Dept. 

Agr., Bur. Ent. and Plant Quar., Div. Dam. Plant Quar., Grass
hopper Cant. Proj. Supervisor's Ann. Rept. 

(32*) 
1951. LETTER TO C. WAKELAND, OCTOBER 26, 1051. 

(33*) MCCAMPBELL, SAM C. 
1934. GRASSHOPPER CONTROL, 1934. Colo. Agr. Ext. Serv., Al1l1. 

Rpt. Ext. Ent. to Dir. Ext. 

• 
(34*) 

1934. GRASSHOPPER CONTROL, 1934. Colo. Agr. Ext. Servo Ann. Rpt. 
Ext. Ent. 

(35*) 
1936. GRASSHOPPER CONTROL, 1936. Colo. Agr. Ext. Serv., Ann. Rpt. 

Ext. Ent. to Dir. Ext. 1936: 73-74. 

(36*) 
1!l36. GI~ASSlIOPPEI~ CONTROL, 1936. Colo. State Leader of Grass

hopper Cant. Ann. Rpt. 

(37*) 
1!l37. GRASSHOPPER CONTROL, 1937. Colo. Ext. Serv., Weekly grass

hopper campaign Rpts. 

(38*) 
1!l37. GRASSHOPPER CONTROL, 1937. Colo. State Leader of Grass

hopper Cant. Weekly and Ann. Rpts. 

(3fJ* ) 
1937. SUMMARY or' FUNDS SP~]NT IN 1937 GRASSHOPPER CAMPAIGN, AND 

FUNDS NEEDED FOR 1938 GRASSHOPPER CAlIIPAIGN. Report attached 
to letter to F. A. Anderson, Oct. 7, 1937. 

• 
(40*) 

1!l38. GRASSlIOPPER COXTROL, 1938. Colo. State Leader of Grass
hopper Cant. Weekly and Ann. Rpts. 

(41*) 
19R9. GRAssrrOPl'ER CONTROL, 193n. Colo. State Leader of Grass

hopper Cant. Ann. Rpt. 

(42*) MICKLE, GORDON T. 
1940. GRASSIIOPPER CONTROL, COLORADO. "C. S. Dept. Agor., Bur. Ent. 

and Plant Quar., Div. Dam. Plant Quar., Grasshopper Cant. Proj. 
Supervisor's Ann. Rpt. 

(43*) 
1951. LI';TTI~R TO C. WAKELAND, AUGUST 20, 1951, CONCERNING THE 

OCCURRENCE OF DISSOSTElRA LONGlPI;;NNIS IN COLORADO IN 19·18 AND 
1949. 

(4,j*) MILLER, ARTIIURA. 
1939. GRASSHOPPER CONTROL, OKLAHOMA. U. S. Dept. Agr., Div. 

Dam. Plant Qual'., Grasshopper Cant. Proj. Su,pervisor's Ann. Rpt. 

(4;;*) 1\fONTANA STATE COLLI;;mJ. 
-- SPECIMENS OF D1SS0ST~]IRA LONGlPI;;NNIS IN THE INSECT COLLEC

TION. Bozeman, Mont. 

(46*) PAI~KER, J. R. 

• 

1935. GRASSHOPPER CONTROL CAMPAIGN REPORT. U. S. Dept. Agr., 


Bur. Ent. and Plant Qual'., Div. Cereal and Forage Insect Invest., 

Lab., Bozeman, Mont. 




166 •THE HIGH PLAINS GRASSHOPPER 

(47*) 
1937. AXXt7Af, REPORT. U. S. Dept. Agr., Bur. Ent. and Plant Quar., 

iliv. Cereal and Forage Insect Invest., Lab., Bozeman, Mont. 
(48*) 

1!)37. QUARTERLY REPORT, .TU),'{ l-SEPTEi\IBER :30. L.~. J)cpt. Agr., 
Bur. Ent. and Plant Quar., Div. Cel'eal and Forage Insect 1m"est., 
Lab., Bozeman, Mont. 

(49*) __,__ and SHOTWELL, ROBl<:RT L. 
1936. SVi\ll\IARY OF GRASSllOPPl;;R CONDlTIOXR DLJIUXG 1936. U. S. 

Dept. AgT., Bur. Ent. and Plant Quar., Di,". Cereal anel Forage 
Insect IllVest., Lab., Bozeman, Mont. 

(50*) PFADT, R. E. 
1951. LE'J'T~jR TO C. "oAKl;;LAND, .Ie:\"!, G, 1951, LISTING SI'I::CIMI::XS OF 

D1SS0STJo:mA ]"OXGII'EXNIS IN TIHj COLLECTIOX, l'NIYERSI1'Y OF 
WYOl\nxG. 

(51*) RmNHARD, H. J. 
1951. LE.""I'TERS TO C. WAKELAXD, JUNE SAND .TUN!') In, 1951, LISTING 

SPECIMENS OF DlSSOSTl:)mA LONGIPE1'."NIS IX TilE COLL/;;CTlOX 01' THE 
TEXAS COLLEGE OF AGRlCl"LTl'RE AND l\meIlANJCAI. ,\/{TS. 

(52*) REPPERT, R. R. • 
1938. GRASSHOPPlm REPORT FOR TEXAS. Tex. Agr. Ext. Servo 

(53*) 
1989. TilE UjXAS GRASSIIOPJ'ER CAl\IPAlG1'." OF 19:1S AXD PRORP~;CTR FOR 

1930. Tex. Agl·. Ext. Sen". mimeo. (Unnumbered.) 
(54*) RESLEY, JAllIES "'. 

1939. GRASSIIOPPI,;R C01'."TROl~, XEW l\mXICO. e. S. Dept. Ag!"., BUl·. 
Ent. and Plant Qual'., Div. Dom. Plant Qual'., Grasshopper Cont. 
Proj. Supervisor's Ann. Rept. 

(55*) 
19·1O. GRASSHOPPFm C01'."TRO[" XEW MEXICO. U. S. Dept. Agr., Bur. 

Ent. anel Plant Quar., Div. Dom. Plant Quar., Gmsshopper Cont. 
Proj. Supervisor's Ann. Rpt. 

(56*) SCHARFF, DOXALD K. 
1939. WE~]KLY, ANNUAL, AND SPECIAl, SUR\,~W R~}PORTS. lJ. S. Dept. 

Agr., Bur. Ent. and Plant Quar., Di\'. Dom. Plant QUal'., Grass
hopper Cant. Proj. 

(57*) 
1940. WFll;;KIN, ANNUAL, AXD SPECIAl~ Sl1RVEY REPORTS. U. S. Dept. 

Agr., Bur. Ent. and Plant Qual'., Div. Dom. Plant Quar., Grass
hopper Cont. Proj. 

(58*) SEVERIN, H. C. • 
1951. LE1'T~}R TO C. WAKELAXD, .TUNI,) 1, 1 lI5!, LISTING SPECIMFlNS OF 

DISSOSTEIRA LONGIPENNIS IN THE COLLECTI01'." OF TIn] SOUTH DAKOTA 
STATE COI,LEGE. 

(59*) SHOTWET.L, RommT I,. 
1935. ANXUAL SPRVEY W;;I'ORT. L. S. "\lept. Agr., Bul'. Ellt. and 

Plant Quar., Div. Cereal and Forage Insect Invest., Lab., Bozeman, 
Mont. 

(liO*) _ -
1935. GRASsrrOPPlm CCll.I.I·:CTION R/·](,ORDS. lJ. S. Dept. AgT., Bu r. Ent. 

and Plant Qual'., Diy. Cereal and Forage InsectTIweS't., Lab., 
Bozeman, Mont. 

(61*) 
~-i9-3(j. AXXI''\/, SUll\'Wi' REPORT. U. S. Dept. Agr., Bul'. Ellt. and 

Plant Qual'., Div. ('ereal and Forage Insect Invest., Lab., Bozeman, 
l\'font. 

«(j2*) ~ 
19:)7. ANNUAl, Sl'IWl;;Y REPORT. e. S. Dept. AgT., Bur. Ent. and Plant 

Qual'., Div. Ccteal and Forage Insect Tiwcst., Lab., Bozeman, 
Mont. • 



167 BIBLIOGRAPHY 

(63*) 
1937. GRASSHOPPER COLLECTIOX RECORDS. U. S. Dept. Agl·., Bur. 

Ent. and Plant Qual'., Div. Cereal and Forage Insect Invest., Lab., 
Bozeman, Mont. 

(64*) 
1938. ANNUAL SURVEY REPORT. U. S. Dept. Agl'., Bur. Ent. and 

Plant Quar., Diy. Dom. Plant Qual'., Grasshopper Cont. Proj. 

(65*) 
1938. GRASSHOPPER COLLECTION RECORDS. U. S. Dept. Agr., Bur. 

Ent. and Plant Quar., Div. DOI11. Plant Qual'., Grasshopper Cont. 
Proj. 

(66*) 
1938. GRASSHOPPER SURVEY, NEW "IEXICO. U. S. Dept. Agr., Bur. Ent. 

and Plant Qual'., Div. Dom. Plant Quar., Grasshopper Cont. Proj. 

• 
(67*) 

1939. GRASSHOPPER COLLECTION RECORDS. U. S. Dept. Agr., Bur. Ent. 
and Plant Qual'., Diy. Dom. Plant Q\tar., Grasshopper Cont. Proj. 

(68*) 
1939. Sl'RV~;Y OF GR.....SSHOPp~lR CONDITIONS. U. S. Dept. Agr., Bur. 

Ent. and Plant Quar., Div. Dom. Plant Quar., Grasshopper Cont. 
Proj. 

(69*) 
1940. GRASSHOPPER COLLECTION RECORDS. U. S. Dept. Agr., Bur. Ent. 

and Plant Quar., Div. Dom. Plant Quar., Grasshopper Cont. Proj. 

(70*) S;\I1TH, ROGER C. 
1951. LETTER TO C. WAKELAND, MAY :U, 1(\51, LIST[NG SPECl'\fENS OF 

OlSSOSTEIRA LONGIPENNIS IX TIH] CflLLECTfON OF KANSAS STATE 
AGRICUf,TURAL COLLEGE. 

(71*) SPAIN, LoUts A. 
1939. REPORT OF );,,{MPHA]'. SURVEY. U. S. Dept. Agr., Bur. Ent. 

and Plant Quar., Dh'. DOI11. Plant Qual'., Grasshoppel' Cont. Proj. 

(72*) 
1939. REPORT OF THE D[SSOSnJ[RA LONG[PENNIS AREA. U. S. Dept. 

Ag-r., Bur. Ent. and Plant Quar., Diy. Dom. Plant Qual'., Grass
hopper Cont. Proj. 

• 
 (73*) SPICER, \VIr.[.IA;\[ J. 

1939. GRASSHOPP~JR COXTROL, nl:{AS. U. S. Dept. Agr., Bur. Ent. and 


Plant Quar., Div. Dom. Plant Qual'., Grasshopper Cont. Proj. 

Supervisor's Ann. Rpt. 

(74*) STILES, C. F. 
1936. AXXUAL R~JI'ORT OF GRASSHOPPER COXTROL. Okla. Agr. Ext. 

Servo 

(75*) 
1938. GRASSHOPl'~JR CONTROL. Okla. State Leader of Gmsshopper 

Cont. Ann. Rpt. 

(76*) 
1939. GRASSI!OPpgR CONTROL. Okla. State Leader of Gmsshopper 

Cont. AnJl. Rpt. 

(77*) 
-1951. T.ETTER TO C. WAKBLAND, MAY 17, 1951, LISTING SPECIMENS OF 

DlSSOSTEutA LONG[PENN[S [N THE COLu;arION OF OKI.AlIO;\~A A. AND 
M. COLLBGE. 

(78*) STRONG, Lh'E A. 

• 
1937. INFORMATION ON PROCEDURE AND PLAN OF OPERAT[ON FOR 

COOPERATIVE CAlIlI'AIGN FOR GRASSHOPPER CONTROL. U. S. Dept. 
Agr. mimeo. 

http:VIr.[.IA


168 THE HIGH PLAINS GRASSHOPPER 

(79*) _,--,-,-_ 
1939. STATEMENT TO STATE OFFICIALS AND OTHERS WHO ARE COOI't'RAT

ING WITH THE BUREAU OF ENTOMOLOGY AND PLANT QUARANTINE, 
U. S. DEPAR'l'MENT OF AGRICULTURE, IN COMBATTING INCIPIENT 
AND EMERGENCY OUTBREAKS OF PLANT PESTS. U. S. Dept. Agr. 
mimeo., March 6. 

(80*) SWENK, M. H. 
1936. REPORT OF THE RESOLUTIONS COMlIflTnjE OF THE STAnj OFFICIALS 

CONCERNED WITH I:-ISECT CONTROL OPERATIONS. ~Iimeo., Omaha, 
Nebr., Dec. 5. 

(81*) UNITED STATES DEPARTMENT OF AGRICULTURE. 
___ SPECIMENS OF DISSOSTEIRA LONGIPENNIS IN THE INSECT COLLEC

TION. U. S. Dept. Agr., Agr. Res. Serv., Ent. Res. Div., Lab., Boze
man, Mont. 

(82*) WAKELAND, CLAUDE 
1940. ANNUAL REPORT, GRASSHOPPER AND MORMON CRICKET CONTROL. 

U. S. Dept. Agr., Bur. Ent. and Plant Quar., Diy. Dom. Plant 
Quar., Grasshopper Cont. Proj. • 

(83*) 
1940. RECORDS FOR GRASSHOPPER SURVEY IN 1940, ORIGiNAL ~'1ELD 

NOTES. U. S. Dept. Agr., Bur. Ent. and Plant Quar., Diy. Dom. 
Plant QuaT., Grasshopper Cont. Proj. 

(84*) 
1941. RECORDS FOR GRASSHOPPER SURVEY, 1941. U. S. Dept. Agr., 

Bur. Ent. and Plant Quar., Div. Dom. Plant Quar., Grasshopper 
Cont. Proj. 

(85*) 
1948. RECORDS FOR GRASSHOPPER SCRVEY IN 1048. U. S. Dept. Agr., 

Bur. Ent. and Plant Quar., Diy. Grasshopper Cont. 

(86*) 
1950. RECORDS OF GRASSHOPPER SURVEY FOR 1950. "c. S. Dept. Agr., 

Bur. Ent. and Plant Quar., Div. Grasshopper Cont. 

(87*) WEYL, VAL E. 
1951. I.ETTER TO C. WAKELAND, AUGUST 2, 1951, VERIFYING COLLECTING 

DISSOSTEIRA LONGIPENNIS IN SOUTH DAKOTA. 

* u. s. GOVER~MENT PRINTING OFFICE: 1957-426603 • 

• 




I 

.., 


r A V
T E r 

... C A • ,

S o :u T 

0'\ N 
'.\ A 
''"r-"~ .:; ... .. !ot.,..... 

I' 

.. 

A R ,8 

B -R 
'" A 

t;, ' 

e, " ,', 
to"'"~ 

A ). 
~, 

: . 

A 

'.., 

H. $ .. 

,'. 
, • A 

, . 
''''''"" , 

A 'I t •Ii t n A. 



U" tiP''''' • 

111>,,1;. "'." 


. , 

~ 

f\.. \ ..... "" 

'" ..... ,.r t. 

'P (I '" n~.r:'~:A,~ t .. ~.I.'!.t. t ~ f}oft ~"t i~H 1\ ~· 
C 

l'Jot., .. .. ::., '"A.. . 
J. ~... t. , 

~ ..... t. ...r'" 

... ~'fI.'t>. ,:.... "<: .. , '-,'>0; 
~I' 

,J.<",<;"..' 

,,.... 
."" ... "j 

,0 , w ."A, 
'" ",!,-l ',. 

p " 
j .. ,.4 ~, 

'.' 

" .....• h. 
~, 't',.. S 

'f 

f. " 
<A, 

'" t. ~.". t .., .. ' ~.. .: 
,,,.......... ,, " 
•.. ../'r f J.',' " 



'~ 
r-f 


," 
~ .. .. "Of" 

'", ~ 
.........~..."'\".~~) ~ 

"W" 

, ,
;'\."1" , 

,"1:-" 

~ '" -. ' 

., " , . Q , k OJ . ;."'····rr"l" 
... ~- 'ft " f. ". 

" 

',. ~ 

.-
" 

" " " . .... , .. 
'4J,,' 

.. ,.'... ." .. , ,.,l,' , 

. ; 

s 
~ 

oM 

;1 
> ..... I, 

.,~ .. ;. 
.' 

-, 
..... ' ... ....:.. .~ 

\' t ,. If" 

~I 

,I. .... '1 ...,0""..... J>. 

• 

A.M••• ,,· .. ( ,." "" 



I 
I 

. 

o 

I" R R 

.-'- !
! 

I 

T 0 d.r'f.. ~. '" 

,M '"i'''_••~ 
o R 

I

. '. 
, 1 

, 

r E 
 p () 

" ,'~ N r·... .. .. ~ 

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

,~ ') "", 
. J • 

[ ...... 1. .. 

(,!-' ~ f' ~..".'~ .... , .......,;-¥, 


"'.. iii S 
8"'-l .. · ..... , .. 

I 
I 
I 

, j '1lI""'~ I.-V' 

~ 1 -. '" 'i f 

..... ' 

". , 

M H I 

A H u A 

I· 



.,~ , " l:" .• ~,·1,'" , 
• I 

.. t.YI'IOLD 

{,. 

- " 
~. ~ 

. ~i..<1 .. 
,..~.otf"l .\.'t.~ ~"'''.').'''' 

.. U '< 1 "-i 

, z"'r: 
~"':~tl~~ .,'" 

~. J .) ..... 5' ~JJ4 • 

.J • ... ~ ,"~'"'-....g,' 

."I"'''-''t'''f'''' 
.; It ... ,.~" _t, 
,I !1("~ .. " 

',' 

, tt.. rr"'f , 

,~"'-tH)\I~ , 

• ., "'1';':' 1..4 _\.~. 

Y Q . 

... , , ~ 

" ... : 

o ; t: ... tt' 

,t, d • , .. 

61 .... NYMPHS 

v·,. 
<. t 

.. .." 

IS{\"; -1 ~1;,li 



.,.c _.__ __....~.: 


