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INTRODUCTION

From 1923 to 1937, inclusive, special studies were mad- of the life
histories and habits of 12 of the species of grasshoppers commonly
found in the northern Great Plains area. These studies included
field observations and laboratory experiments. A uniform method
adopted for the study of each species consisted of rearing specimens
in the laboratory to obtain data for deseriptions of the verious stages
of development and to study the rate of development of both eggs
and nymphs under various constant temperatures, Receords of the
sensonal and life histories in the field were also kept from year to year,
and observations were made of feeding and migratory habits. Al-
mpuhlicntion August 8, 1940.

1 Now {n the section of grasshopper control in tha Division of Domestic Plant Quarantines.

The writer expresses his appreciation to J. I Parker for assistance in organizing the matecial for publien-
tion and for help in reviswliop the manuseript. He also acknowledges his indebiedness to student and
stenographic heipers and to county agricultural agents, agricultural experiment station workers, and farm

operators for thalr interest, enthivsiasm, encouragament, and assistance in the procurement of the fleld and
Iaboratory date which made this builetin possible. .
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though the species were studied separately, their nymphal develop-

ment and seasonal history were found to be similar in many respects.
A complete list of the species considered in this bulletin is as follows:

Melanoplus bivitialus (Say). M. packardii {Seudd.).

M. differentialis (Thos.). Phoelaliotes nebrascensis {Thos.).

M. mezicanus (Sauss.). Dissosteira carolina (1.},

ML femur—rubrum {Degl). Camnule pellucida (Scudd.).

3. gqladstont {Scudd.}. Aulocura elliotti {Thos.).

M. dawsoni (Seudd.). Ageneolettiz deorwm (Seudd.).

PREYIOUS WORK ON GRASSHOPPERS

Criddle, Parker, the writer, and others have done similar work in
the past, and each has emphasized certain species. At the time of his
death, in 1933, Criddle was describing the nymphal stages of all
species of grasshoppers commion to the Canadian Provinces, He
published a key ? to the identification of the first instars of over 30
species, but a large »mount of his work remains in the form of unpub-
lished notes. Parker 4% paid particular attention to the effects of
temperature and moisture on Afelanoplus mexicunus and Camnula
pellucida, Shotwell ® specialized on the life bistory and habits of cach
of the cconomic species and published on Af. mezicanus.

As there have been over 1,500 publications on grasshoppers and a
large portion of them contain some life-history work, the writer will
not attempt to discuss this vast bibliography. In the present bulletin,
which includes the recent work done on this subject as it pertains to
the northern Great Plains area, Melanoplus bimtlatus and M, differ-
entialis are discussed more in detail then the other species because
they represent grasshoppers of the so-cailed solitary type and are of
outstanding economiec impnriance .,

ECONOMIC IMPORTANCE OF GRASSHOPPERS

In 1931 the two species Melanvplus bivittatus and M. differentialis
were responsible for the destruction of 25 to 75 percent of all crops
in an arca of 30,000 square miles in South Daketa and northeastern
Nebraska.” Thousands of acres of corn (pls. 1 and 2), alfalfa (pl. 2,
B), and small grains were utterly destroyed and trees and shrubs in
shelterbelts and along streams were stripped of their folinge and
their bark eaten {pl. 3, A and pl. 4}. In some instances trees and
shrubs put out new leaves three times during that summer. Plate
4, B, illustrates how the leaves came out the year following the heavy
defoliation and decortication of the boxelder illustrated m pl. 4, A,
This was the last struggle made by the tree, which did not survive
another year,

Referring again to plate 2, the blowing of the soil in these destroyed
cornfields, which started in the fall of 1931, was the begiuning of the
Dust Bowl formed in this ares in 1934-36. In plate 5 a general view

3 CRIDDLE, INNORMAN. STUDIES OF THE IMMATURE STAGES OF MANITODAN QRTEOTTERA, RG}" Soc.
Catndla, Proe, snd Trans., seck. V, 1020; 505-525, Hivs, 1096

¢ PARFER, J. R. OBSERVATIONS QN THECLEAR-WINGED GRASSHOPPER. Mino, Agr, Expl. Stn. Bal. M4,
.H-‘DD“ ﬂluséo:fgﬂgllé??icﬂ'ﬂ OF TEMTERATURE AND MOISTURE UPON MELANOPLUS MEXICANTS MEXICANTS
SAUSSURE AND CAMNULA PELLUCIDA SCUPDER (OuTHOPTERA). Mont, Agr. Expt. Sto. Bul, 233, 132 pp.,
‘“:ISE‘;HJ?‘\EP&LL, R. L. ASTUDT OF TNt LESSER MIGRATORY GRASSHOPPER, U, 8. Dept. Agr, Teek. Bul. 160,
35 pp., Nins. 1930,

“PanRER, J, b, angd SAOTWELL, . L, DEVASTATION OF A LARGE AREA BY THE BIFFERENTIAL AND THE
TWO-STRITED GRASSHOTPERS, Jour. Econ. Ent. 25: 174-187, 1632,
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of the Hamill, S. Dak., aren in 1931 shows the complete destruction
of all crops. The farmers in this district are firmly convinced that
the Dusb]%owi east of Winner was the result of grasshopper damage
in 1931. This ares, 23 miles south of Hamill and 5 miles wide by
25 miles long, had more grasshoppers and suffered move severe damage
than any area of like size in the State. Great drifts of soil buried
orchards, houses, barns, and fences. Before 1931 this was a beautiful
farming district, but'in 1936 it was & waste of swirling black dirt.

In addition to their destructiveness to crops in 1937, grasshoppers
were truly & pest in other ways. They entered houses, chewed holes
in curtsins and upholstery and also in the family wash hanging out-
doors, and stained the clothes with salivary sccretions so that re-
washing became necessary. They became o nuisance to motorists, as
they chewed the upholstery in the cars and flew into drivers’ faces,
causing accidents, in one of which two persons were killed. Wind-
shields and finish were smeared by crushed bodies of the grasshoppers,
The clogging of radiators with their bodies caused overheating and
necessitated the use of screens.  Last, and probably the most irritating
te the women, the * ’hoppers” caused runs in their silk hose!

BMlelanoplus bicitiatus was the dominant species in the 1932-33 cub-
breaks in Minnesota, and both M. bivittatus and M. differentialis have
figured prominently in all the later outbreaks in Tows, Kansas, Ne-
braslka, Missouri, Colorado, Wyoming, Arkansas, and Texas. In 1936
much corn in lowa, Nebraska, Kansas, Missouri, and Oklahoma was
destroyed by these two species.

Some Foop PrereErexcrEs oF GRASSHOPPERS

Grasshoppers are voracious feeders, especially when the weather is
hot and dry, and anything moist has a great attraction for them.
Under dry conditions and during an outbreak they will feed on moist
earth, wood, cotton, wool, linen, or silk fabries, and the foliage and
hark of trees, but they do show some preferences. Of the trees in a
certain shelterbelt in South Dalkota in 1931, the mulberry seemed to
be the first choice, then apple, Chinese elm, honeylocust, caragana,
boxelder, spruce, and poplar, in the order given. These were stripped
of their folinge. The leaves of the poplar were not eaten but the
petioles were chewed through and the leaves dropped. The only trees
m the shelterbelt that scemed immune to grasshopper attack were
those of the green ash. Evidently the grasshoppers did not care for
the feliage or batk of this tree.

Of the small grains they seemed to prefer barley, oats, wheat, and
rye, in the order given.  (Green barley seems to be & favorite food for
both Alelunopius bivittatus and M. differentialis. The small grains are
preferred to alfelfa or corn. These last, however, are particularly
suscept 'n¢ to damage in the young shoot stage. During rather dry
weathor the stalks of wild lettuce (Lactuce sp.) and corn were enten
down into lhe ground. The juicy blossoms of the prickly pear
(Cpunira sp.) are ziso well liked.

Even when there are not enough grasshoppers in & field to destroy
the folinge, great damage can be done to the cars of corn where
practically no damage is noticeable from the road. The insects have
& distincet preference for the corn silk and will eat this down to the
cob, blasting from 25 to 60 percent of the kernels. Often part of the
cob is eaten. The damage o the leaves is of two types, either they
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are chewed to the midrib or they are ecut off from the stalk at the
axils (pl. 1}.

Other distinet types of damage due to certain food preferences of
the grasshoppers are the shattering of oats, the feeding on the kernels
of wheat in the head while it is in the dough stage, and the cutting
off of heads of wheat and bolls of flax by chewing threugh the stems.
Seed pods of alfalfa are bitten into and the growth stopped, which
creates havoc with certified seed production. The most serious
damage to alfalfe comes after the first cutting when the graschoppers
begin feeding on new shoots. This either checks the growth or kills
the plants (pl. 2, B).

Having discussed some of the food preferences of grasshoppers, it
seems well to mention their outstanding aversion to the sorghums
after that crop has reach a certain stage in growth. In the years
previous to 1931, the farmers of South Dakota learned that the grass-
hoppers did litile damage to kafir and soreo. Therefore, to protect
their corn in 1931, they planted barriers of these two sorghums around
their cornfields. They did not prove of any value as barriers but did
become excellent cxamples Hiustrating the grasshopper’s aversion to
these plants.

Plate 3, B is o photograph of a cornficld which had been completely
surrounded by a barrier of kafir and sorgo. The picture shows 2
corner of that ficld with sorgo on the left and kafir in the background.
The corn was entircly destroyed, There were many fields like this in
South Dakota in 1931, and although the sorghums failed as barriers
they did afford fodder in 2 district where all other crops wers entirely
destroyed.

SEASONAL HISTORY

The seasonal history of grasshoppers from an economic standpoint
is divided into the egg, hatching, nymphal, and adult periods. From
the standpoint of life history, hatchicg is not a stage but & process;
from 8 seasonal or ecomomic standpoint, however, it is & prolonged
period due to variation in hatching time, not only between different
species but within a given species, It is an imporfant period because
she newly hatched nymphs more easily succumb to adverse weather
conditions than do older forms, If a general hatching takes place
early in the season when the crops arc small, complete destruction
can oceur in & short time and control measures be of little avail,
When the hatching peried is prolonged, the number of applications
and quantities of poisoned bait necessary for cffective control are
greatly increased. TFor these important reasons it is nccessary to
consider hatching as a period in the seasonal history.

There is no deunite time when events in the life history of grass-
hoppers occur. These events are influonced largely by weather and
vory considerably from year to year. To show this variation in sea-
sonal history, there are presented in table 1 the dates of the obscrved
first oceurrence in the northern Great Plains avea of some of the im-
portant events in the life history of common economic grasshoppers
during 14 years. They may not be actual first occurrences but are
sufficiently close for practical purposes. The common economic grass-
hoppers referred to in table 1 and the following discussion are mainly
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Grasshoppers feeding on a single stalk of carn at Tlamill, 8. Dak., in July 1931.
This is the begiuning of ecomplete destruction of the stalk.
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Resubt~ of the grasshopper ontbreak alb Hanill, 8. Dak,, in July 1930 01, A
shelterbelt entively deloliated and stripped of bavk: B, an untouched border
of sorghum avound a cornfield that had been eadirely destroyed by grasshioppers.
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Grasshopper injury 1o & boxelder tree st Hanill, 80 Dak,, o Joly 19310 1, The
tree citlirely defolinted and steipped of back @10 19307 £ Uhe saiae {iee a0
leafed oul in 932, = last effor ot dife.
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A general view of the Hamill, 8. Dak., area in July 1931. The black fields were cornfields entirely destroyed by
grasshoppers; the lighter were fields of small grain that was destroyed.
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Melanoplus mexicanus and M. bivittatus, whose seasonal life histories
are practically the same, and both appear 2 or 3 wecks earlier than
M. differentialrs.

TaABLE 1.—First occurrence of evenls in the life hisiories of some COMIMON ECONOMIC
grasshoppers ag observed for the years 1928-86, inclusive

I [ Date of first gecurrence
I

Hatching} Adult !(_‘gl%l;]a- ?i‘;;c?g-

i R
eee Meonmtans.. .. ..o CoL oo May 4| Juoe W] July 7
EEE | > J veammnoeoaeea] 3ay 20| June 24§ July 10
s Jupe 23 1 July 25

e
North Dakote. .
!

| Montara . .] |

June 20 | _______ i
aly 1
June 1 {Sepl.lﬁl

" Zecond generntion of Melanoplys mericanus in lowa,

From this table it appears that for the 14-year record hatching
began anywhere from April 20 to June 6, a difference of 47 days.
Adults made their first appearance from May 30 to July 12, a differ-
.ence of 43 days. Oviposition began from July 9 to August 10, a
difference of 32 days. It can readily be seen what varied effects such
differences in seasonal history would have on the abundance of the
nsects and their control.

Two years, 1935 and 1936, were years of drought and extremely
high temperatures during the summer months. In 1935 hatching
began the third week in May along Yellowstone Valley, Mont., and
about June 7 in northern North Dakota. Adults appeared during the
last week or 10 days of June. After July 1, 1935, Arkansas, Ilinois,
Oklahoma, and Texas were added to the territory under observation
from the Bozeman laberatory. These States added a wider renge of
conditions and a wider variation in seasonal histories, hatching of a
second generation in 1935 taking place about the last of August in
Iowa. These individuals became adult and were able to lay eggs in
October and November,

The first hatching over the whole area in 1936 was from April 20 to
May 15. The first adults appeared June 1. Ovipositicn in 1936 was
early enough in July to permit a partial second generation of Afelano-
plus mexicanus in Iowa, Nebraska, and Kansas. This second genera-
tion hatched the last week of August.

In northwestern Towa in 1936, Melanoplus bivittatus had completed
its Iife cycle, laid its eggs, and gone by August 10. By September 18
M. differenitalis had done the same thing along the Missonri River
bottoms ir Towa, Nebraska, and Kansas, At the same time this
species, delayed by extrerae heat and lack of green food, had just begun
oviposition in the upland counfry of Xansas and in Oklahoma.
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Differences in seasonal histories between species are discussed in
detail in a later section on the effects of temperature on development.

Tue Hateuine PeEnion

During the latter half of the summmer of 1932, females of the species
Melannp?us bimtlatus, M. mezicanus, and Comnule pellucida were
caged at Crookston, Minn., and the eggs of each species that were
deposited prior to or between certain dates were kepi separate. In
September these eggs were placed in the soil next to the thermal
units of soil thermographs at Mandan, N. Dak., and Bozeman, Mont.,
and kept there until the last week of April 1933, when they were
brought into the laboratory at Bozeman and kept at the temperature
of the outdoor insectary.

In table 2 the percentages of the total number of eggs that hatched
are given for all the dates on which hatching took place. The original
numbers of eggs used were 4,371 of Melanoplus bivitiatus, 1,562 of
M. mexicanus, and 1,401 of Camnula pellucida.

The periods of -oviposition for Melanoplus bivittatus were Auguss 1
to 9 and 15 to 23. "There scemed to be ne difference in the time of
hatching in the spring as & result of this rather short difference in
the time of oviposition. There was a difference, however, in the
time of hatching between the Mandan and Bozeman eggs, 60 percent
of the Mandan cggs having hatched by May 20, whereas it was not
until May 29 that 60 percent of the Bozeman eggs had hatched. The
soil temperature did not rise above the minimum hatching temperature
of 60° F. at cither place before April 3. Between April 3 and 24 the
soil temperature went above this point on two days at Bozeman and
on ninc days at Mandan. After April 24 the eggs were all subjected
to the same temperature in the laboratory at Bozeman. The differ-
ence in the soil temperatures between Mandan and Bozeman during
the period April 3-24 was such as to advance the developmens of the
Mandan eggs 9 days. The soil temperature for Bozeman was never
above 70°, but for Mandan it was as high s 81°, going above 70° on
five days during this period.

The eggs of Camnula pellucida deposited prior to August 5 began
to hatch on June 5, or 9 days belore those that were Inid the first
week of Soptember. The Mandan cggs were 5 days carlier than the
Bozeman eggs in the first hatching.

Eges of Adelanoplus mexicanus and M. bivittatys deposited between
August 1 and 9 and overwintered at Mandan began to hatch May 15
and half or more than half of those of cach species had hatched by
May 21. Eggs of Camnula pellucide deposited prior to August 5,
overwintered at Mandan under the same concditions and treated the
same throughout, began to hatch June 3, and more than 50 percent
were hatehed by June 9. There was about 3 weeks’ difference between
the hatching periods of the two former and the latter species.

With constant temperature (table 13) 1t took the eggs of Camnula
pellucida twice as long to hatch at 68° and 77° F. as'it did those of
Melanoplus hivittatus. These would approximate the mean soil
temperatures of the hatching period. Eggs of M. mexicanus deposited
during the first week of September hatched 3 days carlier than eggs
of C. pellucida deposited Jduring the same period (lots 6 and 9, table 2).
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TaBLE 2.~— Time of evipesilion and hafching of Melanoplua biviltatus, M. mevicanus,
and Camnula pellucida, showing the perceniage hatched by each dale

Proporiien * hatched on date indieated

Specics and ovi-

position date ! May 1933

mlw Biw|njalnis

|
Peb|Pet Petd et i Pot,

Melanaplux bivittolus, .
Aug 0oL 0 M 20 010N 52

A livitiotus, Aug, Py

1523 .. .cac ..M 2,8 1.4 1.5 54|52 8

M. biriltatus, Aog. ! |

b

|

oo B

XS bipittniua, Aug.
15-23. R 1

N, mericanuy, Aug.
1-0

1.8

M. mericunus, Soept.
5 T | I
I Af. mericanus, prior
o Aup.23.___. .B.
f Cemuuta  pelivcide,
prigr to Awg, 5..M_
. pellucide  Sept.
-5 TR .5 Y I
C. petiucida, priorio
Aug, be... .B.

Proportion batehed on dote indicated

Speetes and eviposition dole Jurne 1933

2

s

M;d;mpiua hivittatus  Aug.
AL bivittatus, Aug. 16-2

A, bivittatus, Aug. 1-9

AL, Givittotus, Aug. 15

A miexicanus, Aug. -8

A, snericnnns, Sepd 29 M)
Af. mericanus, prior o Aug.

.

REE=T 2

w

2 TR . N B
Comunlia peffucida, Prior to
EXTE - . o 5 LT MGG P}
<, petfucide, Sepl. 29, M R R T
¢, peflueide, prior 1o Aug,
X T TR + 7 P A . LR R T

=
(=R

Praperlion hatehed oo date tndichied

soevies and oviposition dete June 1933

i H
1l5ll? {10

Melanoplus  bieittalus  Ave. (Polo Pl Pt
[ - T . L2 B
AL Givitdntus, Ang. 15-23..0 2T R R
Af, bigittpins, Anp.1-8 .. _. T4 .. oan| 8.8
M. bivigutus, Aug. 152 B .-
Af, mericanus, Ang =9, AL LG . L2 A.
M. mezicanus, Sept. 200 LML 3 | R
‘\{; mericurng, priot Lo e\u%

Cumwndn peflucide, prior 1o
Aum s o .

C. pejbuecida, Sopl. 39,0 ..M

10 | . peflucida, prior to Aug. 5.5,

t M= Cverwintered nt Mandan, N. Dsak, B=0Overwinlered at Bozeman, Mont.
t A1l flgures are percentages of tate! hatel.
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Other things of interest and importance were brought out in this
expertment. The most vital from an economic standpoint was the
length of the hatching period of eggs of the same species deposited
at the same time and overwintered under the same conditions. The
longest was for Melanoplus bivittatus (lot 1, table 2), which extended
from May 15 to June 27, a period of 6 weeks. In this case there were
two major hatches, May 17-20, inclusive, when approximately 48
percent hatehed, and June 12-15, inclusive, when 43 percent hatched.
Qutside these two periods the hatching was very light and sporadic.
Considering all threc species and similar overwintering conditions
but not oviposition periods, heavy hatching was going on for & month.

The fact that the hatching period was so prolonged under the
uniform conditions just deseribed lesves little question but that
this period must be even more prolonged under natural conditions
involving different degrees of shading, soil temperature, and soil
moisture. If observations on other specics that appear later in the
senson had been included, the length of the hatching period would
have been still more prolonged.

Moisture pleys an important part in the hatching of grasshopper
cggs. Incubation of eggs in the laboratory has shown that they will
not hateh if the soil in which they are placed is allowed to get too
dry. In the field it has been observed repcatedly that a shower
breught on a fresh hatching.

Another way in which moisture may influence hatching was observed
in 1929 at a point near Mandan, where eggs of Melanoplus differentialis
were massed in soddy ground sround a rock pile in the center of &
wheatfield. On June 24 there were a number of newly hatched
nymphs, but most of the eggs were still unhatched. The ground was
extremely hard and dry, and the temperature was 79° F. at egge depth
and 93° at the surface. Some of the vermiform nymphs were loose
within the hard, packed soil but unable to make their way to the
surface less than an ineb above them. When freed from the soil these
vermiform nymphs immediately became active ond cast their first
skins. Many of the eggs hatched within 2 or 3 minutes when brought
to the surface. For 3 consecutive days it was observed that the oggs
would hatch when freed from the hard, packed earth, and on each of
these days the soil temperature was high cnough for hatching. In
addition to unhatehed eggs, numbers of individuals which could not
make their way to the surface were found dead in the vermiform stage
partly or wholly out of the egg case. The normal June precipitation
for Mandan is 3.33 inches, but the total rainfall for June 1929 was
only 0.99 inch, whereas the totals for Beach and Dickinson, N. Dal.,
where normal hatching had already oceurred, were 7.99 and 2.89
inches, respectively. Owing to the lack of moisture at Mandan the
soil had become too dry and hard to mllow the nymphs to burst their
egg cases, even though they were slive and ready to hateh and the
temperature was ri%ht for hatching.

Eggs may be killed by desiceation. Parker ® in actual laboretory

experiments dried eggs to o point where the loss of moisture equaled
65 percent of the total weight before all the eggs failed to hateh when
brought again under moist conditions. With a loss of 51 percent
moisture, 34 percent of the eggs hatched; and with o loss of 30 percent,
80 percent hatched. Melanoplus differentialis and other species

1806 footnote 5, p. 2:
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that lay their eggs close to \he surface in the crowns of short grasses
suffer the most from drougit. Eggs of this spesies have been found
dried to a powder under excessive heat and drought. It was & rather
common oceurrence to find eggs in this condition in Sully County,
8, Dak., during the progress of the egg survey in September 1932,
The whole preceding month had been above normal in temperature
and below normal in rainfall. Mortality of cggs of Melanoplus
mexicanys due to drought was also observed in November 1934 s
Beach, N. Dak. The soil was extremely dry and the eggs were dehy-
drated to a powder in pods clinging to the roots of wheat stubble.
In a few places there were as many dried-up eggs as good eggs. With-
out doubt extreme drought plays an important role in the reduction
of grasshopper abundance by dehydration of the cggs.

Lengry or Lire STaces

Males and females of Melanoplus bivittatus reared in the Iaboratory
at room temperatures were paived os soon as they became aduls.
Records were kept of the number of days from hatching to becoming
adult and [rom then to first copulation, from first copulation to first
oviposition, and from the beginning of the adult stage to death. The
number of pods and eggs deposited by each lemale were also recorded.
The data obtained with five such pairs are given in table 3.

TaBLE 3.—Life cycle of five pairs of Melanoplus biviftaius af room temperalures
from haiohing to dealh

Length of period

Copirla-

Huieliog Adalb o] 5" | aduli to
to ndule " | eviposi- deaih
tion

Number
Male ..o L
TR Femndos Ll
‘{;\Iule..-.

Y Fomule, - _

[Mn]u..__..,_
N TFeniale. . oo L
) [;\‘[nlu..__..d__..___.’

“tlFemale. . ...

. . H ' . \
H . H . 1
M 1A e e e 1

L Uokogwil.

From hatching to the adult stage the average time was 43.3 days,
from adult to first oviposition was about 25 days, and from adult to
death 38 days, The grentest span of life observed was 113 days. The
length of the periods depends largely on temperature.

By actual count, the greatest number of eggs laid by any female of
Melenoplus bivitlatus In one pod was 104, The greatest number of
pods obtained from 1 female was 4. In one ebservation 40 females of
M. differentinlis deposited between 12,000 and 13,000 eggs, or an
average of over 300 eggs per {female.

In the field both these species began ovipositing at 72° F. air tem-
perature and 68° soil temperature. When their abdomens were thrust
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into the ground they remained there, little disturbed by such condi-
tions of cloudy and windy weather as would stop other activities,

The oviposition period is an important one in the matter of the
subsequent grasshopper population. A prolonged and favorable
period for oviposition increases the numbers of eggs deposited and the
chances for a bad outbresk the following year.

PoruraTion Crances DU 10 A PrOLONGED HATCHING PERIOD AND TO
MovEMENTS oF GRASSHOPPERS

During June 1833 an attanpt was made at Dickinson, N. Dak,,
to measure the normal population changes on & series of plots not
poiscned or tamperad with in any manner. The plots were from 5 to
10 acres in size and represented several kinds of crops. The method
devised was for the observer to eater the plot and then remain quiet
until the grasshoppers had settled. With u net held vertically and
trailing close to the ground he then took five quick steps, bringing
the net up smartly and with a quick twist of the wrist folding it over
the rim to prevent the escape of $he inscets collected. A count was
made of the number of specimens thus caught.

Five such collections were made as the collector moved diagenally
across each plot every day for 6 days under the same conditions of
time and temperature. Although this method was crude, it was
better than a guess insofar as accuracy in estimating the population
was concerned. In table 4 the first day’s count was used as a basis for
calculating the percentages of difference that occurred on each of the
5 succeeding days. These percentages are assumed to be population
differences. The dates of the first day's collections are also given,

TanLs 4.—Percenlage difference in population of grasshoppers on eack of § conscen~
tive days during June 1835 on each of 10 plots, based on the relation of each day's
sweep cound to the first day's count, Dickinson, N, Dak.

i |

L}

Date of first obser-
valion |

s . Porcentnge of difference for the 5 succeeding «lays
| First-day?
i ('r'mnt i . [

| secona | Tiird | Foorth | Fith | Suxth

Kinl of crop
Fo)

Pereent | Pereent I Pereent | Percent
s 4 45 3

Average

i Opllection not made this day.

There was & general increase in the population of 6 out of the 10
plots, and the changes ranged from minus 48 to plus 145 percent;
that is, the populations on the plots in 6 days ranged from 52 percent
to 245 percent of the original numbers. These plots were all located
within a 10-mile radius and there was little or no difference in their fo-
pography. On one plot the population had doubled during the period,
and 2 days later it was only 3 percent more than the original number.

Within a large field, 40 acres or more, the grasshoppers are con-
stantly shifting so that a heavy population cceurring in a certain part
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of the field one day muy have shifted to another part the next. The
population of the entire field may have changed but little whereas that
of a smaller portior may have doubled or trebled, or decreased to a
similar extent. Shifting, continued hatching, and migration from or
into gl field combine to make the nymphal populations extremely
variable,

SeasonaL Smirrs IN Poruratioy 1y Ong LocartTy

During 1935 and 1936 three surveys of the nymphs, adults, and eggs
were made on an avea of 10 sections of irrigated and nonirrigated farm
land at Huntley, Mont. Those sections are divided into 40-acre
farms, which in turn are subdivided into smailer fields of from 2 to 20
acres.  The whole area is crisserossed by fences, roads, railroads, irri-
gation and drainage ditches, and canals, A varicty of erops are reised
in the area, and the fence rows, roadsides, and ditchbanks form ideal
oviposition sites.  From 1933 to and including 1936 there was a heavy
poputation of grasshoppers on this area, mostly of Melanoplus bivitta-
tus, M. mericanus, M, Jemur-rubrum, Camnula pellucida, and certain
range-land species,

During the last half of June 1935 a temporary assistant, G. K,
Larsen, made a detailed nymphal survey and map of every section.

very field, diteh, roadside, fence row, ete., was mapped and a careful
estimate of the number of nymphs per square yard recorded for each.,
Then in the last half of July an adult survey was condueted in the
same manner over the same ground. This was followed by an egg
survey in the fall. The next year, 1936, similar surveys were again
made on these 10 sections. “In table 5 the average numbers of
uymphal and adult grasshoppers per square yard are recorded for
each type of environment as well as the average number of egg pods
per square foot.  The table includes the results of the @ years’ work.

TawLe 5.—Surveys of seasonal shifls in grasshopper populations near Huniley,
Mont., during 1935 and 1956

1

| 1935 : 1836
f

1

. dune Tuly Fali | Jure | Juiy | Fall
Pinnt a intion or anvir - - :

“Nymphs' Adolts ' Pods T N:.'mphs;'. Adults * Pads per
PO SULLTG DOt SIINEG  SOINITR O SOUBTE DOT SqUAre  squars
i oyard - yard faol - yard p oyard font

b Nuewmber | Number © Numher + Nuwmber { Number ' Number
3 ; 23 '

N O]

Aifaifa | e e e
Beans __ .. P {n
Boots, . ha e e . {7}
Corn.... . .__ .. Lo .o i)
Smallgreln. ... ... . _.. . ..
Clover. .. ... ]

Pasture .. . ..

Uplandgrass. ... ... ... 7.7
Mititarygrass. .. ... .. T .. D]
Couige .. A |
Mizstand,

Weeds ..

Cuonnl bank

Dhaln ditehbnnk.

Ditchbank . .

Fenecrow | |

Ratlrand .

Begdside. .. ., . ..

Wastelnnd__ T 10T

I G 0 8 15 &n T
Lo p--T oy &

1
533 e b vt

TN I

BEERIBES

 Less than 1 per seunre yand.
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The infestations began along the edges of the cultivated fields, and
field observations showed that banks of the Iarger irrigation and drain-
age ditches facing south had the heaviest populations. Alfalfa was
also a source of infestation. On the open prairie, coulee bottoms
produced the greater numbers. In intenszively cultivated fields con-
taining crops such as beans, sugar beets, and corn, there was no in-
festation cxcept that which came from the uncultivated edges.
During the periods of hatching end ovipoesition the grasshoppers
becamec more congregated.

Very few cggs were found in the fall survey of 1936, as during the
suminer considerable effective control work had been done, and sone
of the grasshoppers had migrated out of the area.

While the nymphal and adult surveys were being made the amount
of damage done to each crop and the numbers of grasshoppers per
square yard in the fields at the time of the obscrvation were recorded
{table 6), Itis difficult to determine the number of grasshoppers per
square yard required to cause a certain amount of damage since the
estimated number ol grasshoppers present when the damage is ob-
served may or may not be the number present when the damaﬂ'c was
done. Approximations were made, however, {from numerous observa-
tions taken during the surveys of adult grnsshoppers after most of
the damnage that was to be expected had been done. Both the range
in populetion and the percentage of damage done, together with the
averages, as observed for cach crop, are shown in table 6. The
figures given in tables 5 and 6 are only approximations but are con-
sidered accurate enough to give a reliable picture of the shifts in
population.

TasLe G.—FEctimaled numbers of grasshoppers per square yard required to do @
certain amount of damage lo different crops

Grasshoppors per

square yard Damage dona

Range Averaga Range i Avoerage

MNumber Number Parcent Pereent
AlMalln ... ... . .- . - 13-50 26 15-100
Beans_..... .. ... . . . I : 18-75

Beets. ... .. . - : 15-50
Onts....._...._ . .. .o ! . 20-100

Barley ... . ... . S0-G3

Wheat. .. .. 0 [ e i 204001

Clover .. ........ . ... - . ' :
Sweetelover ...,
Mustard . L .o

In alfalfa, grasshopper populations as high as 10 per square yard
prevent a new crop from developing from 10 to 14 days after the first
cutting. The damage to alfalfa shown in table 6, however, represents
only the pereentage of plants aclually killed. The recorded damage
to oats is based largely on the destruction of the heads. In the wheat
and barley it pertains to both heads and foliage. The damage to
sweetclover includes defolintion and decortication.
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Figg pods and eges of grasshoppers of the genus Melanoplus: A, Egg pods of M. biniltatus, nntural size; B, eggs of M, differentialis
in a clump of sod, showing the pods broken open.
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THE EGGS
DEescripTioN o THE Eccs

The eggs of the different economic species vary in color, size, and
arrangement in the pod, but the individual eggs sll have a somewhat
similar reniform or bananalike shape. The number of eggs per pod
varies with the species and also with the individual. The pods of the
same species often differ in size and shape. Eggs of Melanoplus bivit-
tatus (pl. 6, A) and M. differentialis (pl. 6, B) are olive in color, wheress
those of Dissosteira carnlina are reddish, those of M. mexicanus, M.
Jemur-rubrum, and M. packerdii cream colored or whitish, and those
of Camnula pellucida tan colored.

The average sizes of the eggs and the numbers of eggs per pod are
given in table 7 for some of the important species. These data are
based on 100 specimens of field-laid eges of each species brought into
the laboratory for study. It must be remembered that the individual
eggs increase in size during the period between oviposition aud hatch-
ing, and that they will shrivel under dry conditions and become plump
under moist eonditions.

TABLE T—Sizes of egge and numbers of eggs per pod of seven sconomic grasskoppers

Dwmensions of egZ

Species | Eggs per pod
Average Average
jeogth width

Miltimelery  Millimeters
Melanopius biciffatny . . e 512 .33
AL differentialia e e e e o S0 -3
b femir-mubrum . 0 0 0 L0 [ +. 60 L8
MUmenCRREA. . L. oL oo e AB .

SO

00

f

Mopackardfi . _ . .. .
Camnuln pellucide ... e eiie e el e,
FPhoetalidfey pebrescersi. .. ., . . ... . ..

i
l

Locatiox oF THE EKces IN TEE SoiL

Melanoplus bivitatus and Al differentialis select similar places for
egg deposition. The eggs of these two species are seldom laid in open
soit, unprotected by the roots of plants; instead they sre concentrated
along roadsides and field margins in certain favored locations such as
the extreme edge of soddy roadside banks facing south, east, or west
(preferably south in the more northern States), the ridges of sod in
headlands, fence rows, and ditchbanks (pl. 7, 4), and among the roots
of various plants such as sweetclover, sunflowers, ragweed, lambs-
quarters, and corn stubble. The raised plant erowns of somewhat
isolated clumps of sod, such as that of the short buffalo grass {Buchloe
dactyloides (Nutt.} Engelm.), are especially attractive to AL, differen-
tiglis. Plate 7, 'shows a clump of buffalo-grass sod that had broken
from the edge of a roadside ditchbank and lay in the boftom of the
ditch. It was literally plugged {ull of egg pods of M. differentialis.
The similar habit of M. buttatus 1s illustrated in plate 7, B, which
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shows a ‘small clump of western wheatgrass (Agropyron smithii Rydb.)
taken from a headland where eggs of this species were numerous.

Camnula pellucida lays a loose egg pod 1n the crowns of the short
bunchgrass which is often found in headland, pasturcs, ditchbanks,
etc. Small overgrazed pastures are favorite places for oviposition by
this species. In the Centennial Valley, Mont., 2 hith mountain vallev,
this species selects the crowns of alkali-grass (Puccinellia spp.) for egg
deposiiion.

The egg pods of Melanoplus mexicanus arc more scattered and are
often found throughout grainfields elinging to the roots of the stubble.
This distribution may be fairly uniform over the entire field, with
some concentration around the edges of the fields and in the vicinity
of strawstacks. The egg pods are often concentrated in the wind-
blown sandy loam hummocks or ridges along the headlands. Af.
mezicanus will also oviposit in the soil under Russian-thistles, in the
crowns of alfalfa, or in the open soil between alfalfa plants. In stump
pasture land, eggs of this species have been found in the bare packed
soil between the projecting roots of the stumps and concentrated on
the south side of them.

Melanoplus packardii prefers the open ledges of soil washed down
from a cut bank or a hown sand ridge of a fence row. The pods of
Melanoplus femur-rubrum are usually found scattered in locations
similar to thosc adopted by A, bivittatus, M. differeatialis, and M,
mexicanus. IMssosteira cerolina places its eggs deeper in the silt de-
posited by the run-oft from the fields or in blown sand ridges or banks.
They are seldom found among the roots of grass or other plants.
Certain prairie forms such as Auloecare elliotti and Ageneotettiz deorum
lay a small, tough pod containing five or six pearly-white cggs. These
pods are deposited in the upper one-fourth inch crust of open, packed
ground or bare spots in grainfields, native sod pastures, or hayfields.
The egg pods of Aulocara are larger than those of Ageneotettiz.

THE NYMPIS
ExTERNAL STRUCTURAL CHANGES DuRING NYMeEAL DEVELOPMENT
NUMBER OF INSTARS

Of the important species studied in the northern Great Plains area,
Melanoplus differentialis was the only one observed to undergo 6
instars regulerly in its nymphal devclopment. The rest usually
exhibited 5 although often 6 instars. Table 8 shows the percentage
of males and females of the species reared through to maturity in the
laboratory that had 5 or 6 instars in their nymphal development.
M. differentialis is not included because not one case of deviation
from the 6 instars was discovered among the 500 or more individuals
reared. In 1925 a number of specimens of M. differentialis were
reared at room temperatures, and several of these were recorded as
having 7 instars. This phenomenon has never been duplicated,
however, among several hundred specimens since reared to maturity,
and 7 instars are of rare oeccurrence.
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TaBLE 8.— Proportion of males and females of various species of grasshoppers that
had 'five and siz instars in laboralory rearings

MMales Females

Epecies
_Five 3 Bpeci-
insiars mans

. Percent Number
Melanoplus blvittalus 244 3.4 7.4 241
M, menicanus 7.8 3 15
M. femur-rulrum (from Moniang o7, 4 L 95
AL, femur-rubrum (from Teonessec)_ . 3 20

82,2 . E7
. g - - 100.0 . 9
Dizsosteire cargline X . ns
Camnuia pillucida = 3 . 35

M. pockardi
AF gladstoni

PERESLAS
Lale LR ol =) S =EN ]

Two principal facts are brought out in this summary, (1) that the
fermales are more likely to go through six instars than are the males
and (2) that most of the specimens of Melanoplus femur-rubrum

Freure 1.—The extra instar in Melanoplus bivillalus. Beginning from the left
the instars shown are the second, the third, the extrs instar, and the fourth.

reared from eggs collected in Tennessee went through six instars
whereas those from eges collected in Montana usually went through
five.

THE EXTRA INSTAR

The extra instar has been discussed by the writer in an earlier publi-
cation.’ After a careful study of numbers of specimens of Melanoplus
bivittatue and others, no differences have been discovered between
individuals in the first three instars which might indicate that certain
of them were going through six instars. After the third molt the
tegmina and wing pads of the five-instar individvals turn dorsad.
Of those that will go through six instars, the pads remain pointing
ventrad until in the fifth instar. This is shown in figures 1, 2, and 3.

The individuel in the extra instar is somewhat larger than the
regular third-instar specimen but smaller than the regular fourth-
instar specimen, the fifth instar of these showing the development of
the regular fourth stage of five-instar grasshoppers. Size in the fifth

! See footnoie 6, p. 2.
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Ficure 2.—Lateral views of the thoracic segments showing nymphal development
of Melanoplus bivitlatus: A, First instar; B, second instar; €, third instar;
D, extra instar; these all X23. E, Fourth stage of five-instar specimens;
F, fifth stage of six-instar specimens; G, fifth stage of five-instar specimens;
H, sixth stage of six-instar specimens; B, F, @, and HX7?,

and sixth stages of the six-instar specimens is intermediate between
the fourth and fifth, and the fifth and adult stages, respectively, of the
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Figore 3.—Tegmina and wing pads separated out to show nymphal development
of Melanoplus bivitiatus: A, First instar; B, second instar; €, third instar;
D, extra instar; E, fourth instar; I, fifth instar. @ and b indicate in each pair
the tegmina and wing pad, respectively.

five-instar grasshoppers of the same species. This is shown in
figure 2, where the first four drawings, those of the first, second, third,
and extra instar, are enlarged 23 times, and the four drawings of the
lest two stages, both of five- and six-instar grasshoppers, are enlarged
7 times. The stage of development of the fifth and sixth stages of the
six-instar specimens is the same as for the fourth and fifth of the five-
instar individuals but the insects are larger in both ceses. Adults of
the stainstar series are usually larger and m case of Melanoplus bivittatus
270821-—41——2
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have two more segments in the antennae than do those showing the
usual deveiopment.

CHANGES IN SIZE DURING NYMPHAL DEVELOPMENT

Table § indicates the nymphal development of the different species,
based on the length of the hind femur and on the number of segments
in the antennac. The length of the hind femur was selected as an
index of size beczuse of the ease in making this measurement and its
higher correlation with the other easily measurable characters. Teo
prove this, variations in the lengths of prothorax, hind femur, and
tegmina were correlated for n Jarge pumber of adults of Adelanoplus
mezicanus, male and female, These corvelations are listed in table 10,

TaBLE Q.--Average nwmber of anfennal segments and length of hind femur for each
instar, tncluding six Instar-forms, for nine of the common economic grasshoppers

2felunoplus bitittatus M. differentinlia AL wmericaung
Five-instar Six-insiar : Five-instar Six-instar
Stage of develop- Speciens sneeimens ntesn. T SqI0uTLenS
ment i p = and -1,?;;:,::1[1_ l
. _ _ tofhind ¢, - }
"\i’llﬁ" Lopgih ;\1:1911 Length: nfggis ¢ femr |.\:l‘§n JLength ‘\21011 iLength
qf"_ of it 0 lef hind | , _jof land sog- of hind
Cments e e | feniur | E I ments | femur oo | femur
- . i : i : i
“Nuwl A M, "Numberi Afm. Number, Mne INumEJeri A, \Nwmber, AI'm.
First instar 13 A0k ix 306 12 2ah. 1% ! 4 1% 2448
Sucond instr i - Tlosas) 18| 2300 1| 3
Third insar I i 508 15 1 4.71 /47
Fourlh instar ull 22, 6801 b ] 19, 592
Fifth instar Ea weroMnog i 3 i) a2 762
Sixth inslar .. 2 168 25 . e <] I 0.381
Adult male. ... 2§ LI B 2 111 IR J
Adult fornate 00 24 % L i81 an .62 _|
- AL femur- _1 -.F ;. Phaclalinles i Camunls pe!—iIDixsosfci'm
- Dinbram - - prekardit Mopledstond Gl i ' Hueida careling
[ T B
; PR E 2 s |3 =
seage of develion- & = e = = L E = =
ment oz Iz g Sg 2 ZE foul
23 JEE 1 = 22 . 2€ =
=E i 28 b =& =1 =& S8
- z™ B B Tt £
z 1E 5 £ g <
% i = - - -
N Nuw- ) P Num T NHwm
r o A ber | Afm, - bev o A M, § ber | Mmoo ber | M
. ! }
First instar ... _. .. T LI B 1 N b - s 260 M o 11 a5t U 272
Second fnstar. . - 6 3,371 180 AL dal 1 LT L S N
Thbrd inslar. ... i 4.68 . 18, 5.5 4. 45 1%, 545 IF)] 4002 W 5T
Fourth {nstar . 200 640 i o kvt 6570 A VAR 18| 644 W 72
Fifth Instar. . .. g 00 KO B WL 11 [T 860 @i wesl! 20| 820 231047
Sixth instpr. [ et [ S N -
Aduit mnalg . 4| Wl | 21370, 23 0.5 . 2303 23005 . 2D
Adult fermaloo..oo. 2| 1LES I o} 16, 50 I 2|7 I AR KA 2315 t 2 ] 7.0

The length of sthe tegmina was the most variable character and,
of course, could not be used as a measure of size. The correlation
between the lengths of the hind femur and the prothorax was high,
but the correlation between the length of the hind femur and the
length of the tegmina was higher than that between the length of the
prothorax and that of the tegmina. Therefore it should be the best
measurement of the differences In size between specimens of a single
species of grasshopper. The measurements given in table 9 bear out
the value of using the length of the hind femur as a measurement for
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showing development in size. Whenever available, measurements of
individuals undergoing six instars were included.

Tanre 10.—Correlation cocfficients between lengths of hind femur, prothoraz, and
tegming of Melanoplus mexicenus

MALES

Correlation betweon—

Speci-

Wens | Prothorax and | Protharax snd |Hind femur and

hined femur tcpmina teg.aing

Number .
Brock ton, Mont 122 | 0. 745800, 0271 | 0.6180:0,0377 | 0. 631440, 0267
Havre, Mont 83 | .0837£ (0304 | 48851 0506 LRIGAL . 0450

FEMALES

Broekton BO [ 0. 80G7E0. 0250 | 0. G700-L0, 0387 | Q. 65570, 0418
. - 78| T8-k 0350 | . 41664 0640 . 5682 L0523

CHANGES IN THE THORACIC SEGMENTS

When grasshoppers first hatcly, the head, thorax, and hind femora
are large in proportion to the short, pinched abdomen. This relation-
ship recurs to & decreasing extent with every instar immediately after
molting. When several specimens are reared together in a tube, it
can easily be told which of these has just molted if the length of the
abdomen is noted. Toward the end of each instar the abdomen
becomes much elengated.

The median carina of the prothorax is more knifelike in the first
instar than later, but as the nymph approaches maturity the pro-
thorax becomes more rounded. The length of the insect increases
from four fo seven times between hatching and maturity.

From the very first the tegmina and wing pads are free at the
apices of the mesothoracic and metathoracic segments and form
fiaps of the integument (figs. 1 and 2). In the first two instars it is
rather difficult to distinguish any changes in the general appearance
of these parts. The venation is very slight and the only noticeable
change is in the bulging at the apex of the metathoracic segment in
the second instar. There is & decided change in the third instar in
which the venation becomes clearly visible and the wing pads assume
o characteristic triangular shape. After the third molt the tegmina
and wing pads of most specimens turn dorsad for the first time.
These individuals will go through five instars. In others, even of the
same species, the pads remain pointing ventrad, more obliquely
caudad, and are more elongated and rounded at the apices (figs. 1
and 2, D). This is the fourth instar of the specimens that undergo
81X 1nsfars. .

In the next to the Iast instar the pads are turned dorsad for the
first time, but do not extend to the end of the first abdominal segment.
In the last instar they become more elongated and extend beyond the
second abdominal segment. During these last two instars, the wing
pads overlie the tegmina. In the final stage of the last molting
process the adult distends its tegmina and wings so that the latter
hang down to dry, end as they dry they fold up under the tegmina.
The relative positions are thus reversed.




20 TECHNICAL BULLETIN 774, U. S. DEPT, OF AGRICULTURE

CHANGES IN THE POSTERIOR ABDOBIINAL SEGMENTS

Some very noticeable changes take place, from hetching to maturity,
in the parts making up the tip of the abdomen. These are shown in
fizures 4, 5, and 6. In both males and females the cerci are very

e/

Fioure 4.—Dorsal and lateral views of the posterior segments of the abdomen of
the nymph of a male of Melenoplus biviitafus showing development: A-F,
Dorsal views; 4, first instar; B, second instar; C, third instar; D, extra instar;
E, fourth instar; F, fifth ingtar. G-L, Lateral views; &, first instar; H, second
ingtar; J, third instar; J, extra instar; K, fourth instar; L, fifth instar.
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prominent spinelike structures in the first instar. During the develop-
ment of the female these become less and less prominent uniil in the

V.4 N

Fr@urE 5.—Progressive development of nymphs of females of Melanoplus bivitlatus
ag shown by the posterior abdominal segmenta: A-H, Dorsal views; A4, first
instar; B, second instar; C, third instar; D, extra ingtar of six-instar nymph; E,
fourth stage of five-instar nymph; ¥, fifth stage of six-instar nymph; G, fifth
stage of five-ingtar nymph; H, rizth sfage of six-instar nymph. JI-P, Lateral
views; I, first instar; J, second instar; K, third instar; I, extra instar; A,
fourth stage of five-inatar nymph; N, fifth stage of five-instar nymph; O, fifth
stage of six-instar nymph; F, sixth stage of a siz-instar nymph.
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adult stage they are inconspicuous (fig. 5; fig. 6, A. €). Ths prom-
inence of the cerci is not so much reduced in the male as in the female
{fig. 4;fig. 6, B. D). Instead, the male cerci change from spinelike to
more or less flattened structures used in clasping the female during
coition. The male cerci possess sperific characters upon which are
based much of the taxonomy of the genus Melanaplus.

Of the paraprocts and the epiproct not much is to be said regarding
definite changes during development. From heing very prominent in
the first instar they
become somewhat
dwarfed by the increase
in size of the subgenital
plate (fig. 4) or the
valves of the ovipostor
{fig. 3) as the nymphs
develop to adults (fig.
6).

There is a marked
development in the sub-
genital plate (Ag. 4).
During the first instar
1t 1s muech submerged

beneath the cpiproct
and paraprocts and is
deeply notched. This
notch gives it the ap-
pearance of being two
triangular appendages
issuing posteriorly from ¥ ,
¢ D

the last ventral abdomi-

nal segment. These ap- P 6. Posterior abdominal nta of adalt

; - Ficuae 6.—Posterior abdominal segme adults
?en%&ges_ tai'}r € éf'gﬂ-ﬁ conl of Melanoplus bivittatus: A, dorsal view, female;
used wi e dorsg B, dorssl view, male; €, lateral view, female; D,
valves of the ovipositor  Iateral view, male.

of the femsale and im-

pede the determination of sex in the first instar. However, the fermales
can be distinguished by the fact that the ventral valves of the oviposi-
tor issue as budlike structures from the end of the eighth abdominal
segment and at the base of the dorsal valves (fg. 5). The subgenitsl
plate becomes relatively larger and more prominent throughout
development, losing much or all of ite notched character. It gradually
extends until it exceeds the apex of the epiproct and paraprocts and
assumes the specific characters which are used for faxonomic classifi-
cations (figs. 4 and 8).

The valves of the ovipositor are submerged benesth the epiproct
and paraprocts in the first instar. They, too, gradually elongate and
become more prominent in each instar until they finally exceed the
apices of these other structures., The ventral valves are curved
dorsad and remain shorter then the dorssl valves until the adult
stage. In the adult stage they become equal to the dorsal valves in
length and curve ventrad, forming, together with the two upward-
curving dorsal valves, four horny, sharp-pointed, toothed appendages
which are used $0 work the abdomen inte the ground during ovi-
position {figs. 5 and 8).
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KEY 0 THE ItsTARS

A generalized key is given here for the identification of the instars

e::% on what are probably the most apparent external structural
changes that take place, namely, changes in the mesothoracic and
me(i;at)hora.cic segments bearing the tegmina and wing pads (figs. 2
and 3).

. Tegmircea and wings in the form of pads
Tegmina apd wings fully developed
. Tegmina and wing pads pointing ventrad
Tegmina snd wing pads pointing dorsad
. Tegmina and mng pads with indistinet venation
Tegmina and wing pads with distinet venation
. Wing pads rounded, with uo visible bulge at the apex___________ First 1nstar
Wing pads rounded with a visible bulge at the apex____._____. Second instar
Wing pads more sharply triangular and pointed ventrad more verti-
colly Third instar
Wing pade more elongated, rounded and pointed ventrad more
obliquely Extra instar
. Wing pads short, not extending beyond the first abdominal segment, and
more truncate Fourth instar
Wing pads elongate, extending beyond the second but hardly beyond the
third abdominal segment, more pointed at the apex Fifth instar
. Tegmina and wings fully developed, the tepmina overlying the folded
wings Adult

 Further characters that may be used in determining the various
instars are given in table 11.




Instar

Wings

Tanue 11.-~Nymphal development of grasshoppers

Postorior segments of tho abdomen

Supra-anal plates

Podieal plates

Valves of the ovipositor

Subgenital plates

Dorsal

Vontral

Adult. .

Wing pads. with apex
blunily roundud, point-
ed vontrad, without dis-
tinet venation,

Wing pauds with spex
rounded but bulged,
pointed ventrad, with-
out distinet venation.

Wing pads with apex
sharply triangular,
pointed ventrad with
distinet venation,

Wing pads morevlongate,
pointed more-obliquely
caudad,

Wing pads pointed dorsad,

teuncate, -not. reaching
beyond first abdominnl
sogmeont,

Wing pnds elongate, ex-
tending heyond second
ab:lominal segment.

Tegmina and wings fully
developed.

Long, slender, . spino-
like, very prominent.

Not oxtending to tip of
abdomen,

Spinelike ~ in~ ferals,
more flattened inmale.

Rudimentary {n fomale;
moare flattened, curv-
ing tnward, in malg,

Very riddimentary spines
in female, character-
istic of specios in male,

Bluntly rounded at
apax, forming tip
of ablomen,

Inereasingly  trinn.
gular. and  less
roended nt apex.

....tlo

Little change... ... .

Not forming -tip of
abdomen, moro
triangular and
characteristic of
spgclus.

Characteristic of
specios.

Prominent, forming
tip of abdomon;
equal to supra-
anal plate,

Change in rolative
sizo, smaller,

Soma change ..... .

Not so prominent
in malo ay in fo-
mnle,

.1 Extending to or be-

Deeply notched, ap-
pearing much like
dorsal valve of ovi-
positor.,

Beconiing less notched

N |+ DO,

yond apox of supra-
anal plate.

JR ¢ s B,

Very protinent

Charaetoristio. of |
spocies,

Extending hall way
to apex of supra-
anal plate.

Some change........ :

Extending -to apex
of supra-anal plate.

Some change

Extending slightly
boyond  apex of
supra-anal and
podical plates.

£ Very prominent

Fully developed.. ..

i

Buds issuing from
cighth abdominal
segmont,

Not axtending to tenth
abdominal segment,

Extending to tenth ab-
dominal segmont,

Extonding beyond
tenth abdominal
segmoent,

Do.

Still shorter than dorsal
valves, prominent,

Curved down at tip
for first time, equal
in length to -dorsal
valves.,

FUATLTAOTYDY 0 "IJHAd 'S "0 ‘§.4 NITTTING IVOLNHOIAL ¥G
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RELATION OF TEMPERATURE TO DEVELOPMENT AND
ACTIVITY

Temperature is one of the most important factors allecting the life
history and development of grasshoppers. The relation of tempera-
ture to mcubation and hatching of eggs, development ol nymphs, and
activities of nymphs and adults was therefore studied, hoth in the
laboratory under controlled conditions and in the field. The labora-
tory work was done at Billings and Bozeman, Mont., whereas ficld
observations were made in Montana, North Dakota, and South Da-
kota. Bince most of the rearing work was done in temperature rabi-
nets under controlled eonditions, differences in the loention of the two
laboratories should make no diflerence in the results. Any dilferonces
encountered in the field studies at various places are already aceounted
for in the recorded conditions under which the observations were made,

CORKRELATION BETWEEN TEMPERATURE AND GrassnorrEr DEVELOPMENT

For the study of the relation of temperature to the incubation and
hatching of the cggs, and to the development of the nymphs, a large
number ol grasshopper eggs were incubated and nymphs reared at
constant temperatures from G5° to 105° F. The number of days
required for the incubation of the egg before hatching and for nymphal
development to the adult stage was vecorded for eaeh mdividual.
From the number of days required for development the percentage
rate of development per day was ealeulated. A scatter of different
individual rates of development was thus obtained within each tem.
perature class. Since the total number of specimens used varied for
cach temperature class it was necessary o show the seatter in in-
dividual rates of development as percentages of the total number of
specimens reared at each temperature.  With this data it was possible
t0 set up & linear correlation table with the percentage rate of develop-
ment per day along the ¥ axis and the temperature in degrees Fohren-
heit on the X axis. Table 12 is an example of how this was done with
data from the rearing of nymphs of Aelanoplus bivittatys at controlled
temperatures.  The snme method was applied to the data obtained
from the incubation of egys.

The lincar correlation between rate of development and temper-

. Zlryy—e .
ature was then obtained from the formuls r:—(—i)—?—”- The linear

Tz Oy
().
. 20
From the coefficient of regression thus obtsined it was possible to
determine the number of degrees required to change the rate of
development 1 percent of totul development per day, assuming, of
coutse, a straight-line relation between time of developmenst and
temperature, The existence of a near relationship of this sort has
been observed within & range of temperature of from 68° to 104° ¥
The minimam effective temperature below which, theoretieally, no
developnment takes place is obtained from the formula M, —ALX,
where Af; is the mean temperature, A, the true mean of rate of
development expressed in units of pereentage of total development
per day, and Ais the number of degrees necessury to bring about o
1 percent change in rate of development. In the above examnple

regression of X on I was caleulated from the formula bry=—
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M,=86°, M,—3.2572 percent, and X=10.2375° F., the coefficient
of correlation being 0.8730£0.0071. In other words, the rate of
development per day at 86° is 3.2572 percent of the total develop-
ment. If it takes 10.2375° to bring abont a 1 percent change in rate
of development, then zero development would occur at 86° —{3.2572X
10.2375°), or 52.66°, which iz the minimum effective temperature
below which no nympll development of Melanoplas bivittatus occurs.

TasLE 12 —Linear correlation belween rate of development of nymphs of Melanoplus
bivittatus and {emperaiure

!

| Temperature
Porecntage rate of developiient per dey - : .
, G8°F. i 3T F, * S6°F. i 93° F. T F. ;

i ' i

i Pereent

Perceat © Percent
8

ST

13w
T

12 115 1 10 €3 03 59 23 e etk b i 0
-i-z.‘:m-‘:w-l-curnc_mu‘-l::.zs_l-:-u-cattpr‘:d-

Freguency,

Too much value should not be placed on the different minimum
effective temperatures given in tables 14 and 18, for there was con-
siderable variation in different experiments in which the same species
was used. The tables do indicate, however, an approximate temper-
ature at which embryonic or nymphal development begins.

Development is measured in units required to complete develop-
ment and is expressed in terms of percentage of total development
caused by o temperature 1 Fahrenheit degree above the minimum
effective temperature, acting through 1 day of time. The formula
for determining this number 1s (7'—Ad) D, where T'is the temperature
of incubation or rearing, M the minimum effective temperature, and
D the number of deys necessary for development at that temperature.

;™ EE Errecr oF TEMPERATURE oX HarcHING oF Eces

Under normal conditions the most impertant physical factor
affecting the rate of embryonic development in the spring is temper-
ature. There is, however, some variation in their reactions to
temperature among eggs from different egg pods of the same species.
Grasshopper eggs deposited in the summer and f{all do not hateh in
the spring af intervalfs equal to those elapsing between the dates on
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which they were deposited, although wide differences in time of ovi-
position may cause differences in the time of hatching. In the fall
embryonic development often reaches an adwvanced state in which
the eyes, antennae, legs, and body segments are distinct. Often this
advanced state is reached carly in the fall and is followed Ly a long
period of temperatures sufficient to cause hatching. Generelly,
however, no hatching occurs until the following spring, although eges
of Melanvplus mericanus collected in Montana in the fall have been
known to hatch within 3 days alter collection when maintained at a
constant temperature of 85° F. Farther south almost a complete
second generation of AL mericanus has hatched in the field, reached
moturity, and laid eggs late in the summer and in the fall.

The main interest, from a practical cconomic standpoint, lies in the
influence of temperature on embryonic development in the spring.
To obtain information on this subject, eggs were gathered in the field
during the fall and kept under outdeor conditions until ready for use.
In one experiment pods were broken open and equal numbers of eges
from & single pod were incubated at different constant temperatures,
The eggs used were therefore deposited at the same time and had the
same degree of embryonic development. In another experiment, time-
temperature curves were based on lots of 100 eggs each, taken at
random and incubated at constant temperatures. In this case the
percentages hatehing under eneh temperature were also obtained for
the different species. The results are shown in tables 13, 14, and 15,
and the figures represent the rate of development that normally would
ocenwr in the spring.

Tanuk 13.— - Average number of days required for the incubation of vverwinlered, fleld-
collected grasshopper eqgs when subjected Lo the consiant femperatures shown
RECORDED AT BILLINCH, MOXNT.

Avernge ineubation perfod al—
Epwegivs Smple S ——
) 7°F. J 85 T, 95° F. | 105° F.
e ! |
. faps 1 Days T Taps ¢ Dam
Sefannpdiy iicitlofus . _ . L Siphe peal : 23.8 129, 10.6 - 8
Pizgostiiva enrdian oL ..., L ) il A ‘ 528 20,0 ¢ 16.6 4.

HECORDF AT NOZEMAN, MONT.

1. Average incubotion period at—

Speivs Fenple

L O8°F. TI°F. i S°F. 05°F. 108 F,

=
=
=

For i DL =1

| Days
Meluaoplus Livitintus R B LTS (T IR | SO .
n. . . CHOes L

Mo differentiatis . singhe pod .. Lo
Lo . R Mvrgpes

Catianle peffuchde . .. ringleped., . L

cooee P lbepps. . Lo L
..! Single pod ..

- 2l 100 engs .

Meinnpoplis mericanus. ..} Bingh pod

M. femur-rubrum. .

M, packardii
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TasrLe 14.—Development in ihe spring of eggs of some economic grasshoppers:
Correlation belween rale and lemperalure, minimum effective lemperciure al
which egg developmen! begins, and number of developmenlal unils reguired for
completion

. Miptmtm

: H Dovelop-

Carrelntion enef- . effective 3

ficlent H teTur;im- ?;';?éﬂl

: R A

Melepoplugdiviftales ... . - ... .. . P D E01B L0 0060 ¢ 62,2 ]
L _ 3054 L0000 50.4 153
CRR27d 0067 58,2 ELiry
BT 00 o] 280
L . D204 004G 50.0 425
M. meziconus_ oo _ovee o et e aamariaa e el VBT 05D 50,4 a3
A femur-rubrum (from Tennesspe). .. LB LDOTS §2.2 365
M. packerdii o - . s LBHISE _{MigE | 63,9 0t
Caminula peluctda_ . o ; L8RS | 6352 61,3 b))
by eaae o . . LB | GOMG 53, 4 257
S . C5R% | ORHA 853 540
..... ! AT LG H2.4 328
-_'I . 84382 . GUST [ 3s0

1Dovelopmaental uplks are expressed in 1° B, {day units,

TanLe 15.——Perceninge of haich al sarious consfent lemprralures based on the
fncubation al each temperaiure of 100 eggs selectea al rendom

Percentage of hatch at termperatures of—

68° T7, TI°F. 80° ¥, 95° F, 104° F.

Pereent | Percent | Perceri Pereenl | Percent
Melanoplns Bloittalus_ .. ... ... ... 28.0 .0 150 25.5 2.2
M. differentiolis..._.coo._.. . .. - 5LO 77.0 2L0 816 2.0
Camatide pelfucida ... S, 5.0 8.0 0.6 £8.0 kitA)
Disxoateira carofina. ... ___. . . ... ... R | wna 4.3 74 83.0 LB

In figures 7 and 8 the percentage of total development per day
is plotted against temperature. The results agree with field observa~
tions.

In the outbroaks of 1831 and 1932 in South Dakota where Melano-
plus bivittatus and M. differentialis were the two dominant species and
about equal in numbers the former hatched from 2 to 3 weeks earlier
than the latter. More recent field observations have supported these
findings. By incubating the eggs of these two species under the same
controlled temperatures it was found that the incubation period of
M. bimfiatus was shorter than that of A4, differentialis. In other
words, the slower rate of spring development of the eggs of A. differ-
entialis is evidently the reason for its later appearance in the field.
Two other species, Dissosteira caroling and M. femur-rubrum, also
have a slower rate of spring embryonic development and they, too,
appear later in the season than Af. bivittatus. Correlation coeffi-
cients between length of spring development and temperature (table
14) are high for all species.

As shown in table 14 the minimum effective incubation temperature
for most of the species is about 60° F. Scveral observations in the
field have shown hatching te be suspended when soil temperatures
déscend to this point. Such a suspension was recorded for Melanoplus
mezicanus in 1926 A record was obtained in 2 laboratory experi-
ment during January 1930 for eggs of Dissosteira caroling that had

oo footnete §, ., L.




been placed in the sand alongside the thermal unit of a soil thermeo-
graph. The temperature of the sand ranged from 35° to 85° F. during
the period of the experiment. On January 12, newly hatched nymphs
were observed at 10 a. m. The nymphs had reached the surface
of the soil and 13 of them had cast their first skin. Three were on top
of the ground, still in the vermiform stage, and inactive. The soil
temperature at that time was 61° and according to the soil thermo-
graph chort had steadily dropped from 74° since 4 p. m. the day

15
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Ficure 7.~Percentage of total spring development per day, at constant tem-
peratures, of eggs of Melanoplus bivitlatus and Dissostetra earoling. Records
made at Billings, Mont., 1926-29.

before. These vermiform nymphs became active at once and cest their
firs$ skins when warmed at a hot-air register. Evidently the hatch-
ing process had stopped when the soil temperature reach 61°. This
agrees with the other observation, and it appears safe to say that
6{1)" F. is approximately the point below which no hatching takes
Place.

The percentages of hatch at various constant temperatures are
given in table 15. It would seem that eggs of Melanoplus bimitlatus
were much less hardy than those of any of the others. A greater
proportion of Camnule pellucide hatched at 68° F. than at any other
temperature.
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Ficure 8.—Percentage of total spring development per day, at constant tempera-
tures, of eggs of Melanoplus bivillatus, M. differentialis, Camnula pellucida,
Dissosleira carolina, M. mexicanus, M. femur-rutrum, and M. packardii, Rec-
ords made at Bozeman, Mont., 1931-34.
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Erreet oF TEMPERATURE oN Nywreial DevELOPMENT

In 1930 Parker " published time-tentperature curves of the nymphal
development of Camnule pellucida, Melanoplus mexicanus, M. pack-
ardii, and M. femur-rubrum based on the rearing of these at constant
temperatures of 71.6°, 80.6°, 89.6°, and 98.6° ¥. The present work
considers these and five additional species—A2AL, bivittatus, AL, differen-
tialis, M. dewsoni, Phoetaliotes nebrascensis, and Dissosteira carolina.
The method used is practically the same as Parker’s except that the
regression line showing the relationship between temperature and
rate of development was determined statistically as described on
page 23,

The average numbers of days required to complete nymphal develop-
ment at various constant temperatures are given for each species in
table 16 and the percentages of total development per day of the
western species are plotted against temperature in figures 9 and 10,

TanLs 16.—Average number of duys required by various grasshoppers to complete
nymphal development at conslant lemperatures
RECORDED AT BILLINGS, MONT.

Period of zymphul development at temperat ures of—
Srrecins

. i - ’
70° F. , 75° F. | 80° F. | 85° F. | 90°F. 95° F. :100° F. 105° F.
' ; 1

Duye | Days E Daye F Days E Days I Days  Dags ' Days
Melanoplus frrittatus, | 512 5.7 A7, 20 22TV a2 .3
v 0. MR i,

ML differcatintiv IS0 24 41! 3
2 Wa . 0.

=y

i
AL femur-rnbrem - AR Ll L f
Al packardii. .. . P Y N | EL I MG . . . T el ..
Phostatioles nefrascensis. . . .. L.l [ .7 L ' 10.6
Dissostrira curoliag .. .. .....___l 70,0 [ e I 39.3 | 4.4 | 224 | .2 2,2

Y

RECORDED AT BOZEMAN. MONT.

Feriod of nymphal develppinent at
temperattres of—
Hreeles _ .
B° F. I3 F, | M°F. W7 F. 104°F,
. 1
Jhegs - Days | fams Days - Dos
Melopoplug bivittatus (from Montona), ... . L1 PR T8 %N 22, bl
AL bieittatus{rom Mionesotn).. .o o . - FLIN I
X differcntiuliy J L vl
AL fewvr-rntrn il Jrom Tennessee) L THT
AL pockondii, | P, tOBLE
AL, sl soni. e
A mrericanns. . .. ..
Diazasteira earaliau [
Cuninitla pelfucidn (from Minnesota). .

1834 T b S —
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I
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'

The curves for Afdanoplus differentialis and M. Divittatus are
emphasized beeause of their close connection with, and importanee in,
some of the recent outhreaks in the northern Great Plains and because
these arc the two outstanding species of grasshoppers of the solitary
type. Not only the eggs but also the nymphs of M. bivittatus make
more rapid development at all temperatures than do those of M.

11 Zec footnole &, p. 2.
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F1GURE 9—4, Percentage of total nymphal development per day, at constant
temperatures, of Melanopius bivittalus and M. difierentialis.
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Ficore 9.—B, Percentage of total nymphal devolopment per day, ab constant
temperatures, of M. femur-rubrum, Dissosteire carolina, M. packardii, and
Phoetaliotes nebrascensis. Reeords made at Billings, Mont., 1925-30.

270821 —41— 3




34 <TECHNICAL BULLETIN 774, U, %, DEPL., OF AGRICULTURE

6

C padlucide
b A EENTCE LS

AL Pipil bzl
Aot

AL Diuittatis
BErse.

/? i A rentialiy

(PERCENT}

TOTAL DEVELOPMENT PER DAY

o .
68 7 86 5 04 H3

TEMPERATURE (“F)

Fieure 10.—d4, Percentoge of toinl nymphal development per day, ak constant
temperatures, of Melanoplus mezicanns, Camnule pellucide, AL bivitdaivs (from
Montans and Minnesota), and B7. differentialis.
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Figure 10.—B, Percentage of total nymphal development per day, at constant
temperatures, of M. dawsoni, Dissesterra carclina, M. femur-rubrum, and M,
packardii., Records made at Bozeman, Mons., 183134,




36 TECHNICAL BULLETIN 774, U, S, DEPT. OF AGRICULTURE

differentialis, as shown in figures 9, 4, and 10, A. The combination

of an earlier hatch and & more rapid nymphal development enables

M. bivittatus to develop Into outbreak numbers in latitudes much

fiarther north then those at which A7, differentialis can do as much
amage.

BMelanoplus differentialis is not well estoblished north of parallel 47°,
which is close to Washburn, N. Dalk., whereas M. biviftatus occurs in
outbreak numbers north into Canada. TFor years M. differentialis
has been fairly well established around Mandan, N. Dak., but not in
outbrealk numbers. Under the exceptional conditions of long, hot
summers of 1932, 1933, and 1934 this species increased greatily and
extended its limits northward and westward more than 100 miles, but
it did not become well established in these additional areas. In these
years it was collected as far north as Williams County, N. Dak., and
Sheridan County, Mont. In 1933, north of Washburn, M. mericanus,
Cammula pellucida, and M. bivitiatus were in the adult stage and were
mating and ovipesiting in the last week of July, while among them
M. differentialis was numerous but still in the las$, or sixth, nymphal
stadium.

The year before, owing o favorable conditions, adults of 3delanoplus
dyfferentialis migrated north into this area and laid a large number of
eges which hatched in the spring of 1933. Nothing came of this
infestation. It could not establish itself permanently beeause lateness
in hatching and slower nymphal development require a longer growing
season than that prevailing in this part of the country. Southward
from Bismarck, N. Dak., mto central and southern South Dakota
M. differentialis bocommes increasingly abundant and important. Here
the mean annual temperatore is from 5° to 6° I. higher than at Bis-
marck. In 1032 and 1933 there were grent flights of this species in
all directions, for they were particularly numerous in the New England,
Mott, and Mandan areas of North Dakota. Owing to the extreme
and early drought of 1934 there was a marked reduction in the numbers
of both this species and 3. bivitiatus throughout the northern Great
Plains aren.

Referring again to figure 10, 4, Melanoplus mexicanus makes a rapid
nymphal development, showing an adaptation to a short growing sea-
son. Camnvia pellucida develops aster than any of the others and
this may explain why it is found abundant in, and is limited to, higher
elevations or more northern latitudes. A4, dawsont is fairly abundant
in Montans, North Dakota, and northeastern Wyoming, but not so
common in Scuth Dakota except In mountainous aress where the
growing season is short.  Its nymphal development is more rapid than
that of M. bimittatus. Dissesieira caroling is o heat-loving grasshopper
and its whole life history is carried out at higher temperatures than
any of the others. It prefers the hot, dusty road when most of the
other species have collected in the cool shade of weeds and grasses.

A number of Blelanoplus femur-rubrum cggs were obtained from
Tennessee, and specimens haiched from these were reared in Montana
ot constant temperatures. The AL, femur-rubrum curve in figure 10, B,
is that of the Tennessce specimens. In figure 11 this rearing is
compared with the resul(s obtained by Parker and the writer working
with M. femur-rubrum from Montana. The Tennessee specimens
were slower in their rate of nymphal development than those from
Montana. It has alrendy been pointed out that most of the Tennessee
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specimens exhibited. six instars whereas those from Montana had but
five.

It was also found that nymphs of Melanoplus bivittatus from egps
collected in Bridger Canyon near Bozeman, Mont., developed faster
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Figure 11.—Daily percentage of the total nymphal development, at constant

temperatures, of Mfelanoplus femur-rubrum from Montana and from Tennessee.
Records made at Bozeman, Mont.
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than those from eggs gathered at Crookston, Minn. (fig. 10). The
difference in rate of development between these is probably due to
adaptations to the length of the growing season and the temperatires
prevailing in the respective localities. A slower rate of nymphal de-
velopment is manifested by species or specimens from places having
a longer growing season and a faster rate by those from places having
a shorter growing season.  "The difference between the rate of develop-
ment of the Bridger Canyon and Crookston individuals of A7, birittatus
may perhaps be explaingd by a sludy of the differences between the
mean monthly temperatures at these two places for the spring and
summer months (table 17). DBozeman records are used for Bridger
Canyon temperatures, hut as these are somewhat hicher than those
oceurring in the canyon the difference would be still greater.

TaBLE 17.—Compuarison of the mean monthly lomperatures at Crookston, Minn., and
Bozeman, Mont.

Meun monthty temperatures far -

e 1 I I
April Aluy | June § July | Auens | REDIOm-
! : i e
1 P R, cF. ep Lot p
Crooksfen.. . ... _. . .. ._ . : 1.7 an B 03,3 6.0 [NV 5.1
Boreman. ... - . Coe - s A1 i A XA o110

DHIvrenee. .. ... ... .. ... ! La 6.9 6.3 £y a5 i

Nymphs haiched from eggs of the same species from the snme
locality show considerable variation in their rates of development. [n
the case of those whose nympiual development was prolonged, a shorter
growing season would reduce their opportunity lor oviposition and
reduce the numbers ol their oflspring.

Correlation coefficients hetween the rate of nymphal development
and temperature within the limits of the straight-line velationship
are high for all species (table 18). ot summers, il not 0o dry, are
conducive {o more rapid development and subsequent longer oviposi-
tion periods, thus tending to give greater epportunity for reproduction
and increase.

TasLE 18.~Carrelalion cocflicients belween rale of deeclopment of grasshopper nymphs
and temperature, and e minimum efective temperaivres for nymphal development

o [ .\[ilrnlmu m
N orrelntion effoctive

Bpectes coollicien Lemnper-

ature
| oem

Melanoplusbicittatus. . ... ... 0. 004040 0049 | 121
A, bivittarug, (ot Monlauad .0 . o, BTGl L0070 . 516
AL bicittatus, (from Minopsala) .. CRTANE L0008 5i1
Mo differentindia L. L L. L. L b 2 CONGD 5.3
M. differentializ . ... . . ORHE L0030 - &, 1
M fesur-rudern, (rom Montana) e e 0833 . 0013 .3
M femur-rnbrim, (frote Tennesses) . . . ... 1 L OO 1.9
A packardtt o .0 L0 00 Tal L0157 6.9
AL packardil .. RI&6LE L DOGY - a7 4
ML meTieuniiy DNl 22 Gi. 3
Al diawaewi o0 L L. - Nald 0067 50,0
Phoelalivtes nebrascensi . D3I | O3 55. 1
THasosteira carofinm . o 081k L 0030 G, 2
Loenrafine. . L0 L L 1040E 0055 54.5
Camunla pelincifa, (from Ainnesstad ... ... .. - §871 . 005G Gl 0
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Above 95° F. the raic of development of Melunoplus bivittatus,
A, packardii, M. dawsoni, and ssosteira caroling is not greatly
accelerated and in some instances is actually retarded. On the other
hand, that of M. differentialis, M. femur-rubrum {(from Tennessec),
A, mericanus, and Camnule pellucida tends to be accelerated up to
a temperature of 104°. The most notable of these lalter was A,
Jemur-rubrum [rom Tenncssee. Ii increased its rafe up fo and
including 104° T,

SurvIvaL oF NYMPHS AT CoxsTanTt TEMPERATURES

Records were kept of the total number of specimens subjected to
the various constant temperatures and the number that died before
reaching maturity. This gave percentages of nymphal survival for
each species at cach temperature as summarized m table 19. At
59° I". it was impossible Lo rear any species through to maturity.
Evidenily this is too low a temperature for complete development,
At 68° F. no specimens of Camnula pellucida reached maturity, while
Melanoplus differentialis, M. packardii, and Idissosteira ecarolina
proved hardier at this temperature than AL birittetus and others.
All the species reachied their peak of survival at 86° to 95° excepting
M differentialis and M. femur-rubrum from Tennessee. This latter
showed an increasing percentage of sutvival or decreasing death rate
up to and including 104°,  Perhaps this was due to its adaptation to
the warmer conditions of a southern climate. Dissosteire carcling
showed a higher percentage of survival at high tenperatures than did
any other species.  In the field it is usually found under conditions of
bigher temperatures than are the other species,  Camnule pellucida
showed a narrower range of temperaiure at which it survives, but at
these temperatures it made o more rapid development than did the
others,  Perhaps this is due to its adaptation to a shorter growing
season with the limited range of femperature such as oceurs in the
higher altitudes of mountain parks where this species is often dominant
and numerous,

Tanur 19 Swreival of grasshopper nymphs ot various constant temperatures

FPrapartion of nymphs sirviving ot indieated

: constunt temperalates
Bneles —— e
i P F. T F. O F. BF. 05°F. IO F.

f f . .
Y Pereent | Pereent - Pereent ' Percent | Pereent’ Pereent
Mrelupoptus bieiftatas, from Alomtann . o L ] ¢ sEL sa b odyi e 3Le
AL hivittatits, Trom Minnesoin e N 3.0 Gr.8 1 X 4.
A differentionts .0 ! T 2.0 |
AL pekeardii . e e e 825
M. femner-raheim, frons 'Tonnessee .. 30,4
M. daweani . I i.58
Tissisteivn carolina . L0
Gl pefincida . L0
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LEFECT oF COoLp 0N SURSEQUENT DEVELOPMENT OF NEWLY ]f.-\TgHED
NyYyens

Newly hatehed nymphs of Mdanoplus bivittatus were subjected from
1 to 22 days to temperatures of 50° and 59° I'. immediately after
hatehing. They were then brought to a favorable temperature to
complete their development, From 1 o 6 days' subjection to these
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temperatures retarded the rate of development and caused & mortality
of 60 to 96 Iiercent. Those held at 50° {or 9, 10, and 11 days all died,
and at 59° ali held over 10 days died (table 20). Early spring batching
periods are usually accompanied by inelement weather which subjects
newly hatched nymphs to several days of sueh temperatures. In
some cases this has wiped out infestations and in all cases it at least
has tended greatly to reduce the numbers of grasshoppers. The
temperature range of 30° to 50° F. approximates the theoretical
minimum eftective temperature for nymphal development.

TapLe 20.—-Effect of cold on Melanoplus Vivittatus hatched February 2, 1933, held
Jrom 1 to 22 days, tnclusive, of 90° and §9° F. tmmediately thercafior, and then
brought to 77°

EXTOEED "0 59° F,

I'ntal devel-
apme n}ul
oz snevival

i
Teriod of exposure {Hays) Date of maturlty or denth of Inst survivers | Survival
i ] Dericed

1. U S 1 11 1 [ e e T
2. e I ManI Ce e 12 52
3. ! Mar. o4 . 32 +0
4 Mar., ™ . 2f 40
] P Fel. !l 114
5 Mo, 2 4 18
T . .. . Alar. 2 ! % 5
8., e e R ¥ £:1 o 40
] Y i 1+ 7 - 1] LR
1y P ] I - n 241
1t.. - IR TN § - 1] T3
12 . Mur, 4 a5
2l . 49

§ A0

Al A5

i =3

hi R L]
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] 10|

) 7

I} L7

- 4 2

1 Ied before reacl g maturity.
1 Lewgth of survivis period.

Frreer or Thon Texeeratures oN CoLor 18 CRASSHOPPERS

Plates 8 and ¢ reproduce photographs of several species of grass-
hoppers taken to show the cifeet of high temperatures on intensity
of coloration. Iach specimen shown was reared at the constant
temperature indicated in the legends.

At high temperatures the color patterns fade or become more con-
trasting, and specimens of Dissosteira caroling lose almost all their
color. This is probably owing to the more rapid oxidation of the
pigment. A whole collection containing several species taken from a
hot, "stony ercek bottom in Wyoming in 1924 was much lighter in
color than colleetions from other, eooler places. During the hot
summers of recent years many species of grasslioppers have shown
the cffect of high temperatures on coloration.
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Technical Bulletin 774, 1. 5. Dept. of Agriculture PLATE B

EiTeel of high {emperature on the colarntion of grasshoppers reared at eonstang
teniperatures: U1, Melonoplus bimitinbus veared al 73° For 130 M. bivitiatus
reared at 95%; €, M. differentinlis vearced at 85°; D, M, differentiolis voared at
937 K, melante farm of M. differentiafis reared af 100° I
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Effeet of high temperatore on the inten=ity of eolomition of grasshoppers reared
il constant temperatures: (L Melanoplus packardil roared at 805 10 8 3.
puckardii reared at 100 1 O, Dissoddrirn carofnue reared a0 S0-2 1, 1), carolina
!"L‘:l?(‘(ﬂl ab 100°%; F, M. fomene-rabram voared ot 8370 F, M, fomurerihenm reared
al 9537 I,
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A, Adults of Melanoplus bivitiatus and M. differentialis roosting on a fence post
during the heat of the day; B, grasshoppers fecding on bran mash on piepany
in feeding experiments,
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TEMPERATURE AND NYMPHAL AcThiries

There are definite movements of the nymphs of Melanoplus
bivittatus and M. differentialis which are more or less governed by
certain temperature fimits.  The lirst of these occurs daily.  During
the mght both adulls aud nymphs roost on the plants above the sur-
face of the soil.  As the rays ol the rising sun penetiate to the ground
and the air temperature rses to 68° ¥, and above there is a general |
movement of both stages toward the ground und from plant to plant.
A seeond general movement oceurs when the air temperature reaches
about 80% or the surfacesoil temperature reaches 113° In this
second movement the grasshoppers leave the ground and roost on the
shady sides of plants, fence posts, telephone poles, or buildings. On
small plants they will roost at least 2 inches above the ground and on
tatler plants or objoels they will elimb up as fur as possible (pl, 10, A).

Tliere is a gradual nwvement of first and seeond instars from the
hatehing grounds into the adjacent crops.  Lafer there are definite
migratory movements from ficld to ficld, Mast of these migrations
begin at air temperatures of from 75° to 80° F.  The inscets are not
congregated in bands during these migrations but individually par-
ticipate in a general movement in the same divection. A detailed
deseription of one nymphal migration will suffice to describe this
movement from ficld to field. On June 16 and 17, 1931, there was
observed at. Hamill, 8. Dak., a2 migration of nymphs {rom an alfalfa
lield in the necthwestern quarter of one section to a harley ficld and
gurden track in the southenastern quarter of the section focated wost-
ward across the road,  They had practieally destroyved the allaifa,
and there was fittle else for thom to do but move out.  The direction
ol the migration was southwestward against a strong south wind.
Adjoining this aifalla ficld to the southward, in the southwestern
auarter of the smme soclion, was a field of corn that was rom 4 to
i inches high,  The young grasshoppers migrated across the novth-
western corner of this, stripping bare a triangular pateh of corn from
the rorner in the path of the migration.

During this movement individuals were elosely watched to detor-
mine their behavior.  As they passed through the corn, they wounld
deviate from 2 to 4 feet from the Jine of migration to clamber up on
the young corn, take a few nibbles, climb down. and pass on again
with the migrating horde. Apparently they knew where they wore
going and why, and stopped only long enougl to take a hite before
continuing their journey. They may have heen lollowing up the
moisture-laden stream of aiv coming Irom the ereen harlev ficld.
This movement continued {or 2 days, during the periods of normal
aclivity,  Not all nvmphal migrations are due {o lack of food, low-
ever. Grasshoppers have been seen to leave one perfectly good
barley ficld for another appavently not any betler.

TEMPERATURE AND ADULT ACTIVITIES

From July 16 to 26, 1831, inclusive, daily observations were made
near Winner, 8, Dak., on moevements of adules of Mclanoplus bivit-
latus and . differentialis in relation to tempernture. During this
period the maxunum daily air temperatures rose above 96° F. on
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most of the days. A heavily infested cornficld was watched during
& whole day while records were made of air and surface soil tem-
peratures at which certain activities began and coased.

The first movement of the grasshoppers was to beecome active and
fead at 68° IF.  As with the nymphs, there was also o general move-
ment toward the ground and from plant to plant, When the air
tempomtu;o reached 90° they beeame resiless and began making short

fights in all divections. At [irst a grasshopper here and there would
pop up. fly n short distance, and alight.  The {requeney of this move-
ment increased with vising temperatures until the air over the field
was thick with grasshoppers rising and cireling 20 to 30 feet above
the corn.  The number of cireling inseets and the height of move-
ment inereased until the aw as for up as could be seen cantained
large numbors of fiving grasshoppers.  If there was no wind the move-
ment would he in all direetions, but when there was a wind the move-
ment becams general with the wind. At this time the shady side of
fenee posts {pl. 10, 1), telephone poles, buildings, ete., were covered
with grasshoppers. This kind of activity canmot he "considered as -
troly migratory beeause the inseels were evidently trying to escape
from the hot ground and in this endeavor were being caught and
carried along by the wind.

Other movements of these species of a more definitely migratory
nature were observed at lhis time. On July 16, 1931, at seven
different places near Winner, S. Bak., migrations of adulis were
observed 1n which the grasshoppers were moving against the wind
in the direction of green cornfields.  The actions of individuals were
observed closely. Adult grasshoppers were making low, fiving jumps
in their sdvance toward the corn. When (hey rose too high off the
ground, the wind, which was fairly slrong at thnes, would earry them
bacic. They would then alight and start over again.  Melanopius
differentialis appeared in ol these migrations to be more active and &
stronger flier (han M. beritiatus.  The ocause of (liese movements is
believed tc have been the mwoisturedaden air from the cornfields,
giving an upwind direclion te the migration. 1t has been observed
that grasshoppers localed from 30 to 40 feet away and to the
leeward of a pan of wel hait or the moeist body of a person will move
upwind toward these objects when ab the same time shere is no such
movement of grasshoppers from any other direction. Il seems reason-
able to believe that this particular movement is their reaction to the
current of moist air which is being blown toward them,

Another of the general movements of hoth adulls and nymphs is
that from cut or harvested fields toward others of standing erops,
Probably one of the saddest experiences of the larmer in grasshopper
camphnigns, aller he has destroyed the inserts in his own fields by
dint of hard work and palient appliention of control methods, is (o
find them in July, when adjacent small grain is being cut, moving in
from all directions and cither complelely destroving or seriously
damaging the sfanding erop. In the psst the prospeet of such
catasirophe hag been one of {he worst bugbears fo (hose otherwize
willing to cooperale in s community conirol campaign, Their com-
})lﬁmL is, “What's the use of making a fight when vour neighbor’s
’hoppeis will take your crop anyway?®’ Some entomo]o"islq have
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fostered this attitude by assuming that contrel measures are useless
when applied after grasshoppers have become adult. Their point
seems n practical one in that the farmers are busy with the harvest
and do not then have time for any more conlrol work, Nevertheless
the control of this movement from the cul to (he uneut crops is of vital
importance to a well-rounded eampaign. At this period the food
supply of the inscets hecomos greatly reduced. the ground is dry,
native grasses and weeds are more or less dried and unpalatable, and
wot bait, as well as (he sueeulent erop, 18 altraetive to the hungry
and (hirsty grasshoppers, 1 farmers would take a Little time each
day lo seatier hait across the path of nigrating erasshoppers, n
large amount of Iale damage mu]d be prevented amd a great nn my
possible progenitors of future cuthreaks destroyved.

Frreer or Tevrerveone oy FEEDBING

Obzervations have heen made by the laboratory staff from time to
time over a period of 10 years on (he numbers of g rasshoppers during
n whole day attracted (o baits placed on boards or in piepans on the
ground (plo 1, Bi. Cownts of (hese were macde at 10-minute infervals
from 6:00 a. m. to G:00 p. m. AL hall-hour intervals obzervations
were made and recorded ol the aiv and soil-surface termperatures and
sky and wind eonditions. There are about 150 days’ obselvations in
all on file for the yeara 1023, 1024, 1925, 1931, and 1932, These
were made during the 3 summer months in the norih-eentral aned
Yolluws{one Valley arcas of Moentana ond in south-eentral South
Dakota, where the dominant species were Melanaplus mericanua,
Mo bivdttatus, and ML differcntiadis. The maximum aiv temiperatures
for the days during whieh (hese obhservations were made ranged from
65° to 1052 [0,

The data thus ablained were analyzed as follows: The total number
ol grasshoppers feeding nt the pans was summarized for each hour of

each day. together with the menn hourly air and soil temperatures.
The number feeding during each hour wuas then redueed 1o a per-
centnge of the total for the entire day to veduce all the observations
for all daxs and loealities (o o uniform seale of measurement,  These
records were then elassilied aceording to maximum air temperatures
for the days of ohservation, and the nverage pereentages leeding during
each hour of the day were determined.  Only whole-day obscryvations
were inchuded, and the results are presented graphically in figure 12.

In all but the 609707 I, class the menns of the curves aceur before
neon,  Between the maxima of 70%-90° the means of the curves lie
within the narrow range of 46 minutes between 11:20 a. m. and 12:06
p- m.  Above 90° the means are suecessively earlier,

On days when the maximum air temperatures range from 60° to
70° 17, the leeding is evenly divided between the maorning and alter-
noon,  With a maximum of 71% 90° the bulk of the feeding is in the
moarning, although enough f{'(*.di_ng 1s continued into the alternoon to
warrant poisoning up to 3:30 p. m. Above 80° the feeding period is
carlicr and shorter,  For maxima of 1% 95° the poisoned bait must
be zeattered befove T0:30 a0 m., andd for 95° and above, hefore 9:30
a. m. The doata indicate that the average {eeding period is about
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Tieore 12.—Daily feeding of grasshoppers

grouped aceording to maximum air tem-
peratures for the days included in cach
graph and showing the pereentages leeding
&t bait pans ab different hours. M, mean;
o, standard deviabion.

the same each day for the
classes ranging from 71° to 90°,
Observations have shown that
activity. on the ground oceurs
within ghout this temperature
range. It is not advisable to
put out poison when air tem-
peratures are below 70° or
ahove 90° T., oven though
grasshoppers have been ob-
served feeding on pan baits at
temperatures as low as 59° and
above 96°,

In table 21 are shown the
daily feeding periods for 5 con-
seeutive days of observations
at Hamill, S. Dak,, when the
alr temperatures rose from
helow 70° to above 90° F.
The beginning of feeding, the
maximum feeding, and thie end
of feeding are given, together
with the air and soil-surfnce
temperatures on 8 mean hourly
basis. On the first 3 days
feeding began when the temn-
perature reached about 70°.
On the last 2 days it was close
to 80° before feeding begnn,
but the hours are different.
The fourth day was hot early
in the morning, but grass-
hoppers did not come down to
feed until the sun’s rays pene-
trated to the ground. It was
cloudy until 7;:00 a. m. on the
fifth day. For the maximmum
feeding liour the mean air tem-
peratures ranged, on the dif-
ferent days, from 78° to 85.1°.
In three instances the end of
the feeding period came when
the alr temperature reached
20°; buf in one instance, on
the second day, it ended at
83.3°, for the surface soil tem-
perature had reached 113°.
It has been regularly observed
that grasshoppers leave the
ground when the surlace tem-
perature reaches 113°,  Of
course there is scattered {eed-
ing below and above these tem-
peratures, but only the imain
feeding period is considered in
this discussion.
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TasLe 21.—Duaily optimum period for feeding of adult grasshoppers, Melanopius
bivittalus and M. differentialis, on poisoned bran mash in o cornfield, July 22 lo
26, 1931, Hamill, 8. Dak.

!
Beginning of feeding I Maoximum fkeeding End of feeding period

] .

Air 1 Suil | i Alr i golt ) 1 air | goil
Lemnper- temper-; Time slemper- temper- “Uing Itemper- temper-
ature § ature l | oture | ature ature | oapuree
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o
88,

3
%0,
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Parker, in 1923, found that the maximum feeding period for Cam-
nula pellucida occurred when the air temperature first reached 73°-77°
F. In a later bulletin ** he states that delanoplus mezicanus under
Montana conditions feeds sparingly on bran-mash baits at air tempera-
tures of 55°-63° and soil-surface temperatures of 70°~94°, more actively
at air temperatures of 64°-67° and soil-surface temperatures of 95°-
103°, and most actively at air temperatures of 68°-78° and soil-surface
temperatures of 104°-112° I,

Both Parker’s work and the writer's indicate that grasshoppers may
feed at temperatures as low as 55° to 60° I"., but this is unusual.
Such low temperatures usually occur early in the morning, and the
pan of beit offers a good roosting place for grasshoppers to sun them-
selves. Wet bait bemg handy, they nibble on it. In spite of this the
data from the pan-bait method have proved valuable in determining
the relationship between tempernture and feeding,

SUMMARY

The two species ol solitary grasshoppers Melenoplus bizittatus and
M. differentialis were whaolly responsible for the destruction of 25 to
75 percent of the crops in an area of 30,000 square miles in South
Dakota and northesstern Nebraska in 1931. Since then these two
species hawve been prominent and often dominant in most of the
outbreaks between the Mississippi River and the Rocky Mountains,

Grasshoppers feed on trees and shrubs, showing a preference in the
foliowing order: Mulberry, apple, Chinese elm, honeylocust, caragana,
boxelder, willow, spruce, and poplar. The green ash secems immune:
Of the small grains, the grasshoppers seem to prefer barley, oats,
wheat, and rye, in the order named. They feed only sparingly on
the sorghums.

During the period from 1923 to 1936, inclusive, the date of first
hatching of grasshopper eggs in the northern Great Plains area
ranged from April 20 to June 6, a difference of 47 days. The date
when the first adults were observed ranged from May 30 to July 12,
o difference of 43 days.

For individuals of Adelanoplus biwittaius living under the same
conditiions of s0il and weather, the hatching period may extend over
6 weeks.

12 Bop footnote 4, o 2.
13 oo foolnote 5, p. 2.
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Low temperatures, lack of moisture, and hardness of soil may
retard the hatching of grasshopper eggs.

The greatest number of eggs counted in one pod ol Aelanoplus
bivittatus was 104, and the greatest number of pods laid by one female
of M. bivitlatus was 4. Torty females of M. differenticlis deposited
an average of over 300 eggs per famale.

Grasshopper populations are econstantly shifting, not only {rom
field to field but {rom one part of a field to another, Over a period
ol 6 days, populations ranged in one plot from 52 percent ol the original
numbers to 245 percent,

Generally speaking, Melanoplus bivittatus, M. differentialis, and
Camnula pellucida prefer grass roots with good drainage and-a maxi-
mum of sunlight for egg deposition. Their cgg pods are eoncentrated
in spots. M. mericanus, M. packardii, M. femur-rubrum, and
Dissosteira caroling tend to scatber their pods in more open ground.
M. mericanus often deposits its pods somewhal in masses in sandy
hummocks, roots of wheat stubble, or ecrowns of alfalfa. Dissosteira
caroling seldom oviposits among grass roots,

Melanoplus bivittatus, M. mexicanus, Dissosicirg caroling, and Cam-
nula pellucida go through either five or six instars in their nymphal
development. The rule Is five, with a tendency towards six instars
much more pronounced in the females than in the males. M. femur-
rubrum from Montana developed five instars, whereas the same
specics reared from eges collected in Tennessee went threugh six,
A, differentialis regularly has six instars,

The most noticeable changes in structure that take place during
nymphal development ave in the thoracic segments. The wing pads
and tegmina point ventrad in the first three instars of the Ave-instar
“indivicdlual and the first four instars of the six-instar individuals. Tn
all the species studied the wing pads and tegmina are twned dorsad
in the last two instars,

The cervei of both males and lemales are very prominent in the
first instar, They become less and less prominent in the females as
these develop to the adult. In the males they {latten and tale on
certain speeific characters useful in taxonomy.

The mmimum tempezature for hatching of the cggs was approxi-

mately G0° IF. Jor most species. Mﬁlmu)pﬂus birittatus hatehes earlier
in the season than 1. differentialis, Dissosieira caroling, ov AL femur-
rubrum.
_ Camnula pelincida developed faster than any of the others.  Melano-
plus femur-rubrum Ivom Montana {omplotod nymphal development
{oster than AL, femur-rubrum from Tenmessee. AL bivittafus renched
maturity in a shorter time than A differentialis.  All the stages of
Dissosteira caroling make their optimum development at tempemtu;es
higher than those favorable for the other species.

In the Lahorvatory no nymphs survived a constant temperature of 59°
I, The rate of development inercased os the temperatures were raised
from 70° to 100°, hut above 100° mortality increased rapidly.

Nvmphs of Melanoplus bivifiatus died that were subjected to a con-
stant temperatare of 30° F. for more than § days immediately alter
hatching,

High temperatures bleach out the color patterns of grasshoppers,
probably by rapid oxidation of the pigment.
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Both nymphs and adults roost on plants during the night. When
the rays of the rising sun penetrate to the ground through the plant
foliage andl the air temperature reaches 68° £, there is o general
movement toward the ground and from plant to plant.  When air
temperatures reach 90°, or surfuee soil temperatures 113°, the grass-
hoppers Leave the ground and either take to the air or roost in the shade
on plants, fence posts, poles, ele.

When the air temperatures are between 70° and 90° grasshoppers
remain on the ground and may feed on the poisened bait during sueh
finies.

Both nymphs and adalts have been observed migrating against the
wind toward fickls of green grain or corn. The adults accomplished
this by Jow, flying hops.  1¢ 15 believed that they fellow up the stream
of moist nir coming [rom these green fiekls.  The samne resction may
be caused by a pan of wet bail or a person wet with perspiration.
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