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Observations on Mass Flights —

and Other Activities of the
Migratory Grasshopper

BY J. B. PARKER. R. C. NEWTON, AXD R, L. 3HOTWELT,
ENTOMOLOGISTS, EXTOMOLOGY RESEARCH BRANCH
AGRICULTURAL RESEARCH SERVICE

1

r'PHE most spectacular and extensive mass flights of grasshoppers
Lk in the Tnited Seates and Canada for over half a century took
place during the sumnters of 1935, ¥, and 1940, The most vecent
previous flights exceeding them in density and distance ocenired
from 1874 ta 1877, when great swarins of the Rocky Mountain grass-
hopper (M elanoplus midicanus sprcfus (Walsh)) oviginated in the
plains east of the Rocky Mountaing in Montana. Wyoming. and
Colorado and mizrated eastward to the Mis=i==ippi Valley and sonth-
ward to Texas. The species in the 1S, 1930, and 1040 Hights was
the migratory grasshopper (. e wirunits g vicapns 1)), Tax-
pnomic workers in Ovthoptera now belleve that wcaricunis sprefus
was an extreme gregarious phase of wesicgnis pigicanis  Hebard
4. &Y2 Since solitary and gregariou< plases arve not custonarily
considered distinet species or sub-pecies. wrricapus speedus I g
synonym of m Zéeanus e dicvrors, In this bulletin this gras<hopper
will be called mewicanns.

Most of the 193~ flightx criginated in north-central Sourh Dakora.
The heaviest Hights were to the northwest info western North Dakota,
eaztern Montana. and outhern Saskutehewan: to the north hnre novth-
eastern North Dakota, northiwestern Minnesota. wnd <outhern Mani-
toba: and to the southwest into southwesrern South Dakora, north-
western Nebraska, and eastern Wyoming, Flight= in 1929 started
within the areas invaded by the 193x swarms, mud for the most part
were in the same general directions as in the previous year. Sporadie
flights from areas invaded by 193¢ migrants occurred in 1040, but
were of less importance than the Hights in 1S and 1930,

During the vears when rhese flights occurred extensive data on the
seazonal development and habitz of e &icmnis were gathered by the
Bureau of Entomoloay and Plant Quaranrine. A swumnary of these
data. together with information supplied by entomotugisis 1n the

' Submlred for publication Heptember 9, 1934,
* Iatie numbers iu parenthesvs refer to Literature Cited, p. 46.
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States and Canadian Provinces where {lights took place, is presented
in tlis briletin?
The zones where flights originated, the main migration routes, and
gle arens where eggs were ceposited in greatest nnmbess are shown in
cure 1.

METHODS OF OBTAINING DATA

The Tong-distance mass flights of 1938 were unexpected and were
not studied in detail because of other work in progress. Tata re-
earding them are therefore of a general nature. consisting for the most
part of reports of flights, nveas invaded, and extent of dwuage. No
attempd was made 1o classify the 1935 flights, and soeh terms as
“light,” “moderate,” and “licavy™ merely reflect the impressions of
the persons reporting them. In the fall of 1938 surveys were con-
ducted to delimit {he areas where mig . tory swuwrns laid eger and to
detersmine the habitats most commouly selected for egg laving, and
in 1939 and 1940 studies were muade of mewrirarcw flights n several
States.

In 1839 and 1948 aveas known to he heavily infested with eggs
Jadd by invading swarins of the previous vear were nssigned o in-
Aividunl workers for the season. Uepeated observations were made
at fixed stations thronghout encl aven to obtain data on egrg, nymphal,
and early adult populations, searonul development, hehavior, and
prevuiling conditions.  All flights observed werve recorded, together
with information on location. date, hour, temperature, sity conditions,
wind dirvection, type and direction of fight. and other pertinent date.

"The point of the compass toward which most members of a swarm
were traveling was recorded as the Hight divection.  When there was
ne mnitorm direction and wany individuals flew in cireles close to
where they took off. the Hlight was recorded as nulling.

Flights were clagsified as low or high according to whether the grass-
hoppers were [ying less or more than x5 fect above the ground. and
Hight density was rated as light. moderate, or heavy. To determine
the density of flight an ebserver cupped his hands over his eyes, glanced
at the edge of the sun, and made @ rough estiuate of the number of
grasshoppers be could see without further movements of the hands
or heud.  Rutings for the number seen were as follows: Less than u
hundred, Tight : several hundred, moderate : and many hundred, heavy.

As soon ag mass fights started 1n a certain study arew, observation
ctations were ser up in advance of the flights and at right angles to
their general direction.  Counts of adults were made at these stations

e following persoins supplied some of the information nsed in {his bolletin:
Field notes and reparts—J, M. Brennan, F. D, Boteher, A, W. Bazicky, Roy
Chamboerlain, Stewart Clave, B. G Davis, [L G, Denntag, W, B Dove, J. AL
Giliett, Abeot Mibelie, B A Morton, . B, Skeog, L. A, Spain, B, 8§ Telford,
. B. Winkbam, and Clagde Wakeland of the former Bureau of Entaonlogy aod
Plant Quarantine; correspondepce from Sfafle entomaologisle in Minnesobsa,
Montana, Nebrasion, Narth Dakoein, ard Senth Dakolo—T. L. Aamodt, 0. A
Buare, Gray Dutcher, Wavee Colberg, G I Gitbertsen, T, B, Mills, and H. C.
Severing apd corvespondence from Comilinn entomologists aboul mexicoinus
Hights in Athertn, Manitobi, and Saskaelchewan—R. D, Bird, K. M. King, L. G.
Patnam, and H. L. Senmans, The awvlhors are also grateful to A. B. Gurney
and Clapde Wakeland for reviewing the manuseript.
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before flights reached then. and any sudden increase therealter in-
dicated the arrival of an invading swarm.  As soon as one line of ob-
servation stations was reached by fiights, another was established a
mown distanee in advance and across the general direction of the last
migration observed. In this way it was possible to measure popula-
tion imereases due to flights and the timie taken by swarms to cover
kmown distances. This method was particulavly efiective in Montana,
where adult numbers before flights were very low.

Nymphal, adult, and egg-pod poprlations were classified as nor-
mal, light, threatening, severe. or very severe, as shown in table 1
{Shotwell ).

TapLe L—Classification of nymphal. adult. and egg-pod populations
of grasshoppers in large fields

i Nymph= per Adolis per - Tigg pods per

Classification i sguare vard  square yard  square foot
. : o
NOPIIA) - e mmm 0-4 -3 g-0. 4
Lisht e amaaa : 1019 47 L 5.9
Threatening . . oo e mmaae- ) 20-34 S-13 1L0-1.69
OV I o e emmmm e 4070 H-31 - 2039
Very Severe .. . o cecccar—oooeenoan : B4 32 + 4. 04

CHANGES IN DISTRIBUTION AND POPULATION DENSITY
PRECEDING 1938 FLIGHTS

The general aren in which mass flights of nericanus originated m
1938 inciuded the northeastern counties of Sonth Dakota and the south-
eastern counties of Novth Dakota, east ot the Missouri River and be-
tween . 8. ITighways Nos. 10 and 14. Normally this species is of
minor economic importance in this arew. and in the 1934 survey it com-
posed only 17 percent of the adalt grasshoppers in cvops and 20 percent
of these in runge vegetation. In 1935 mewicarnis begun to increase, and
in that year composed 50 percent of the grasshoppers found in crops.
The percenfage in rangeland remained about the same as m 1934
By 1936, 60 percent of the grasshoppers in crops and 1 percent of
those in runge vegetation were mewicanns. Severe infestations de-
veloped in Beadle, Faulk, ITand, and Iyde Counties in Routh Dakota,
and threatening infestations were found elsewhere.

In the spring of 1937 very severe infestations of nymphs hatched at
many spols throughout Beadle, Brown, Clark, Day, Faulk, Hand.
Hyde, Spink, and Sully Counties in South Dakota,  Ground dispersal
of these Slea\-'y early-instar concentrations resulted in high late-instar
popntations (hroughout these counties.  Light local flights and gronnd
dispersal early in the adult stage resnlted i a sprewd to surrounding
connties previonsly only lightly infested. By late summer adults were
present in threatening numbers throughont most of northeastern and
north-centrai Sonth Takota and in a few adjncent counties in North
Dalrota.  In ecollections at this time merieenus made np 70 percent
of the populations in crops and 56 percent of those on rangelund.
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The general spread of adults throughout the area was followed by
unuswally warm weather in Septenber and Quvtober.  This was highly
fuvorable for ege laying and consequently very severe egg-pod infes-
tutions were deposited throughout 33 counties cust of the Missourt

tiver., In a survey in which five I-square foot sumples were taken
in each of 264 fields, egy pods were found in 15 ouf of every 16 samples
examined.

The upsurge in sewicamis populations from 1934 to 1938 is thought
to have heen due to drought.  Native grasses werve greatly reduced and
became mterspersed with annual weeds, and much land formerly in
stiad]l grwins was Teft idle after evop fatlures aiud beeame weedy.  De-
pleted runge and weedy idle land are Tavored habitats of mericawoes,
aiud the ineveased acreages of hoth during the dironghit provided many
more plaves suniable for feeding and ege jayving Drey, waem weaiher
i the spring wwd enrly fdl was {avornhle for the survival of newly
hatehed nymphs amd for heavy vee deposition.

FLIGHTS IN 1938
Seasonal Developmeni anid Habits Before Flights

Ax predicvted by the egesurvey in the fall of 3937, mewicapns hatched
i enormons wwnbers in the north-centenl connties of Sonth Dakota
ail i adjacent counties of Novth Dukota in the spring of 158
ITatehing hegan in the last half of Aprils when daily maximuin tem-
peratures ranged Trom 52 to &0 F for several dave. The nain
hatel continned throughout Moy, when the temperature and precipi-
tation were ahoul normal.  latching was about 80 pervent conplere
hy June 1and practivally emded by June 15, By May 20 nymphs
were nunwerons enongh to dummee erops. Adolis were first noticed
about June 10, but on JJune 20 mosl of the population was =til] in the
fonrth and fifth nymphal stuges. High temperatires during the last
1 days of June aecelerted (he development of uympl= and by Jaly 1
nearly all were wdnlis,

Nymphs hatched in greatest numbers i small graine. lield marging,
idle Taned, and depleted range.  Patchies of peppergrass in idle land
anck depleted range contained the heaviest concentrations, which
rainetimes peaeliod L300 to s000 per square vard.

Mass movements from range and idle Innd to nearhy crops minde it
necessary (o vebait many ficlds in which the initia!l ivfestation had
been vontroled.  Baiting ondy partinlly stopped the invading nymphs,
suflicient mumbers «urvived o canse serions erop damage. and Taee
muubers of pyinphs tran=formed to adults in and around cropped
land,  However, only a ~small portion of the nymphs that hateched in
range and idle land moved fnfo cropx. The others Ted on weeds and
grasses gad after beeoming adalts were the mai =owrce of flights,

Adults took to the air in low dispersal Hights on the first hol days
after getting thelr wings. Many sueh flights were reported froms
dupe 15 to 24 Oue of the aothors saw reveral of themn on Jime 21
while driving throueh ITand, Tiyde, and Sally Counties in novth-
ceptral South Dakota. (rops n= well ax vegelndion in range and idle
land were heginning to sufler from drought, and all vegetation had
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been greatly reduced by the feeding of grasshoppers during very
severe infestations. The day was hot, , the temperature reachuw 50° F.
at 10 a, m. By that time the sho.dy sides of fence posts were black
with grasshoppers trying to escape the hot sun. Weeds, grass stems,
and grain stems were bending from the weight of U’l"lSShOppC] 5 hymﬂr
to O'et ag far as possible abore the hot n'mund Most of them were
fourth- and fifth-instar nymphs, bt clppzotmnte]y 25 percent were
recently transformed adults,  Af£31:50 4. m. with the temperature at
99° a light breeze started to blow. Adults immediately swirled out of
the drying vegetation and Aew in all dirvections from 1 to 25 feet above

the ground. “As soon as the breeze died down, they settled to the
n'round and then climbed as high as possible on Tefrehtlon or sought
the shady side of fence posts.  Only a few conld be scen high in the
alr against the sun. Severn] similar loeal flights were seen the same
day.  All of them started when a light breeze vippled vegetation and
stopped when the wind died down.

Time, Origin, and Directions of Flights

There is general agreement that the first long-distance mass fights
of mericanus in South Dakofa in 1938 oceurred during the Iast “few
days in June.  The only reference to flights on a particular date dur-
ing this period was found in an unpublished report of G. 1. Gilbertsen,
South Dakota State leuder in rri"lachoppel confrol for 1938, which
contains the following statemient : “There was » substantial migration
of mericens from our State in a northwester]y direction on June 28,7
Since temperatures from June 23 to 27 were below those later found
favorable for flights, it seems probable that June 28 was the date of
the first major fight.

On July 1 swarms of mesfeanus borne on winds from the southeast
were seen at Mandan, Diekinzon, and Beacli in southwestern North
Dakeota and in the southeastern counties of Montana., The approxi-
mate air miles from Ilghmore in the South Dakota avea where Hights
started on June 25 (o points where incoming flights were seen on July 1
are us Tollows: Muandan 165: Dickinson 220: Beach 265: and Fallon
County, Mont., 240. T'sing the 265 miles to Beach as the Jongest dis-
teance traveled in 4 days gives an average of 66 miles per d.w This
is faster than the progress of more closely observed later fights in
1038 and 1939, but it eould linve been accomplished by 3 hours of daily
flying with favorable winds of 10 to 15 miles per hour on all £ duys.

Mass Hights ont of novth-central South Dakota ocenyred whenever
weather was fovorable duving July and the lirst 2 weeks in August,
The boundaries of the zone in which they originated are not well
known but are approximately those shown in ligure 1. All of one
connty and parts of five adjacent connties in North Dakoty were very
severely infested hefore fiights started in South Dakota and have been
included within the zone where flights originated. There ave no ree-
ords of flights ont of thom before the arrival of «warms from South
Daketa, but it is known that flights occnrred later and that locad popu-
Intions were greatly reduced hoeause of thene.

Onee » 110.1\'|ly infested Tornlity was invaded by migrants it beeame
impossible to determine the composiion of depariing swarms, but 3t
seems certain that meylennus aduits from many loealities must have
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joined the migrants. It is known that the more mature grasshoppers
were continually dropping out, and if their numbers had net been re-
placed swarms could not have progressed for hundreds of miles with-
out marked decreases in size.

There were many general reports that 1938 flights cccurred on very
warm days and that swarms were carried by prevailing winds. Defi-
nite data on the effect of wind direction and temperature were ohtamed
by Munro and Sangstad (7). On July 17, 1988, they released about
160,000 marked grasshoppers, most of which were mewxicanus, in scuth-
eastern North Dakota, During the next 20 days specimens were re-
covered in northern and northwestern parts of the State, some of them
having traveled at least 215 miles. Winds from the south and south-
east prevailed during 18 days of the period, and the average daily
maximum air temperature was §9.9° F.  For the vemaining 11 days,
which included 7 in July and 4 in August, prevailing winds were from
the north and northwest and the average daily maximum temperature
was 79°, or 10.9° cooler than when the wind was blowing from the
south and southeast.

The prevailing wind directions and the average ¢aily maximum tem-
peratures for Huron on the eastern edge of the South Dakota flight
zone from July 1 to Angust 14, when most of the flights from that area
took place, nre shown in table 2.

TasLe 2—Prevailing wind dircetions and average daily mavimun
temperatures af ffuron, 8, Dak., from July 1 to August 14,1938

P Alverage .
N s . : aily maxi-
Wind direction i Duration mu tem-
perature
Duys ?F.
North .o : i 87.3
Northeast o o et ; 1 84 0
East_ . e mmmn : i 780
Southeast e i1 93. ¢
South . o e e e e m e ee_m 8 a8 3
Southwest. o e mmmmceamman 5 80, 8
=1 U 5 89.2
s T o) it S 4 86, 7

The prevalence of winds from the south and southeast on 19 days
when temperatures were highest and fights were most lilely to oceur
expluins thelr general divection to the north and northwest. This does
not meun that individusl swawrms fraveled in only one divection.
Swarms in South Dalota traveling northwest toward scutheastern
Montana could have been diverted to Wyoming by northerly winds or
to western and central North Dakota by winds from the scuth or
southwest,

Swarms of mewricanus from the source in north-central Sounth Da-
kota and south-central Novth Dakotn, flying north and northeast,
reached the northeastern counties of North Dakota in the last 2 weeks

324270755 2
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of July and moved into northwestern Minnesota and south-central
Manitoba in the first 2 weeks of August.

South-central Munitoba lTlllTH(.lDd]lf‘](’S hordering Rolette, Towner,
Cavalier, and Pembina Counties in North Dakota were most heavily
invaded. Severe te very severe infestations, atfributed to flights, weve
found throughout the Pembina River system in surveys condlueted
by Canadian entomolon'lsts

Other swarms fraveled across northwestern North Dakota and en-
tered southiestern Manitoba and southeastern Saskatchewan. Flights
reached halfway to the international boundary by July 10. Canadian
entomologists veporred heavy fights into southwestern Manitobs on
July 15, 23, 25, 29, and August 1. Thea‘e flights progressed about 100
miles farther north duri ing “the first 2 weeks in August and left severe
infestations of udults in the southwestern municipalitics of the Prov-
ince. The swarms entering southeastern Saskatchewan at the same
time continued northward For about the same distance.

Swarms moving through southwestern North Dakota entered Mon-
tana on July 1 nnd produced very severe infestations in the castern
counties. Their progress across eastern Montana has been described
by Mills {4}, whose map is reproduced in fignre 2,

Some of the swarms that entered eastern Montana continued their
flights into Saskatchewan. They began crossing the Canadian horder
on July 17. and when flights terminated about Mugust 15 they huad
reached the South Saskatchewan River Valley.

The swarms that entered Sasletehewan from Montana and Novth
Dalkota Ieft moderate fo very severe infestations in all the municipali-
ties south of the Sonth Saskatehewan and Qu'Appelle Rivers except
in the southwestern corner of the ’rovince,

The distance to the South Saskatchewan River from the place the
fights started in Sonth Dakota is approximately 575 miles, which is
the greatest known distunce traveled Ly swarms in 1938,

Data on distunces {lown by medicanus adults in 1938 have been
reported by Willis {£2), who released 18,500 painted grasshoppers at
ihree peints in eastern Montana and one point tn northwestern North
Dakota during the flight period of July 19-24 FFonrteen were re-
covered 30 to 230 miles Nrom the points of release : 8 traveled northwest,
3 northeast, 2 southwest, and 1 north. Three were recovered in sonth-
ern Saslkatchewan 230, 200, and 180 miles from velease points, after
15, 16, and 9 days, respectively.  One specimen released st Wiliaux,
Mont., was captured the next day 30 miles to the northeast at Beach,
N. Dak. Anether, released at Williston. N. Dak., was talken 6 days
later 200 miles to the southwest at Jordan. Mont.

Large swarms of mexicauns. presumably oviginaiing in north-cen-
tral South Dakota, came nto the Black THls of western South Dakola
and the northeastern counties of Wronting during e first 2 weelis of
Tuly and were followed by smaller swarnis on fuvarable {Iying days
during the vemainder of the month. These grasshoppers did nat con-
tinue across Wyoming, It flew south (o “settle in lavge mumbers
throughout the Black Iifls, the extreme eastern counties of Wyoming,
and in smaller numbers in the extreme western counties of Neliraska.

The wind-direction data for Huron, 8. Dak. presented in table 2
show only 2 days Trom July 1 (o J.nrrnal L when the wind was {from
the east or northeast. I therefore does not seem likel ¥ that swarms
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entering the Black Hills, castern Wyoming, and western Nebraska
could have foliowed a direct westerly or southwesterly route. I
seems more probable that they had been carried from north-central
South Dakota to southwestern North Dakota on winds from the south-
cast and had then encomntered northerly winds, which diverted them
to the south.

Apparvently few large swarms traveled any great distance directly
east or south from their origin. No reports of flights in these direc-
tions were made by feld supervisors of the Federal grasshopper con-
trol project or by entomologists in the States that would have been
mvaded it sucl iglits had extended beyond theiv borders, At Fluron,
3. Dak,, there were 8§ days favorable for flight to the east and south
from July 1 to August 14 The wind was favorable from the west
on 3 days and from the novth on 3 days when maximum daily tempera-
tures ranged from H° to 98° I,

That some flights to the cast and south did ocenr, at least within
South Dakota, is indicated in correspondence from . C. Severin,
entoniologist for the South Dakota Agricultural Bxperiment Station.

Since the egg survey in the fall of 1938 did not show any heavy
infestation of mericanus egus divectly traceable to eastern or southern
flights from north-central South Dakoty, it seems evident that they
were of minor mportance compared with flights to the novth, north-
west, and west, which were followed by heavy egg deposition in the
aveas where gravid fenuales finally settled.

Changes in Local Populations Due 1o Flights

Only & few estimates of changes in local memicanns populations due
to 1938 lhghts are available.  Localities in the path of sostained mass
flights underwent repeated shifts in nombers. Normal and light in-
festutions of 1 te 3 per squave yard were often suddenly increased to
very severe jnfestafions of 32 or more by the first invading swarms.
It conditions were favorable for flving, these swarms moved on within
a few days, leaving only slight incveases over the original numbeus.
Later invading and departing swavms also caused loenl populations to
{Inctuate thronghout the flight period.  The permanent increases were
greafest neay the end of the Might, whon many females ceased flying
and began ege Iaying.

Oue of the authors spent several days in eastern Montana when the
fivst flights of 1955 were fn progress.  Grasshopper infestations before
vasion were noneconomic, and crops were good. Inceming swarms
were observed in the Jate alternoon settling in lields of well-headed
whent in numbers suflicient to bend many stems to the ground and
populate entire fields with several hundred grasshoppers per square
gard.  If such dense swarins moved on the next day, damage to crops
was slight 5 if they remained for several days or were followed imme-
diately by other incoming swarms, crops were often completely
destroyed,

Changes in populations on stady aveas were vecorded at Mandan,
Dickinson, anJ Beach in southwoestern Noirth Thkota. These arvens
were 4 miles long by 2 miles wide, and included farm, pastine, and
vunge lands, They were repeatedly invaded by swarms of meaiconus
from the south and southeast during July. "The observations are
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summarized in table 8. These figures represent average populations
for the entire 8 square miles of each area, bus do not show the heavier
concenfrations in small grains, which were almost completely de-
stroyed at Dickinson and suffered Josses of 30 percent at Beach and
33 percent at Mandan. Before the flights the pepulation on the
Beach ares was approximately half as large as at Dickinson and
Mandan, but when they were over vesidual populations were nearly
the same on all areas.

TanLe 3.—Changes in grasshopper populations in southwestern North
Dalote due to flights of mexicanns, 1938, lverage nwmber per
squae yoard

. Before AQights | During flights | After flights

Tioeation (June 28-30) | ¢Iuly 15-20) | {August 1-3)
Mandan_ . _ . 4,2 10. 0 5 G
Diekinson .o oo oo _._ 4.4 18. 0 5.4
Beach oo 2.3 2.0 50

Mills (6) published maps showing increases in grasshopper numbers
in eastern dMontana counties due to Hights of meaicanus during the
first 2 weeks of July 1988, TIlis data are summarized in table 4. Pop-
ulation figures are based on counts made in habitats wheve grasshop-
pers were most likely to be found.

TanLe 4 —"hanges in grasshopper populations in castern Montana
counties due to flights of mexicanus during the period July 1-14,
1938, Average wumber per square yard

Before Alter
County migration migration Increase
{(Tune 25-30) | {(July 12-14)
Carber o e e eme o - 10 12 2
Powder River. .o oo 3 G a
Pallon. . ool 4 ] &
WD R U X e ot e e oo oo e iemme 2 iG 1t
Custer- ... ___.... e emmmcamaas 2 an 28
DR SON et iemm e aama—mmm 10 47 a7
BeCone. . . oo i 3 54 31
Prair e o m e mmmma—mmm e e 3 55 32
Richiznt oo oo 3 6t 53
Rosebud . . oo 9 64 55
Garfield o e mmem o i 138 . 137

Egg Deposition

Some migrant females Iaid eggs during the last 2 weeks of July and
the frst 2 weeks of Angust, but peak egg laying did not begin until
about August 15, after nearly all flights had censed. Temperatures
were above normal during Aungust, September, and October, and egg
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laying continued yntil October 20 in some localities. According to
I G Davis (unpublished data), the main ege-laying period of mean-
canus on the Mandan, N. Dalk., stndy area extendsd from August 13
to October 20 in 1938 us compared with an average period of August 18
to September 30 from 1937 {o 1943,

Since egg deposits on study arens at Mandan, Dickinson, and Beach,
N. Duk.,were more in line with adult nwnbers during flights than with
smaller populations after {lights were over, it seems certain that some
migrant females Inid eggs and then joined swarms that moved to
other localities. The move usual thing was for gravid females to drop
out of swarms and lay all their epgs 1n one loeality.  Consequently
epg deposition in a locality was proportional to the number of fenwles
in the swarm that were ready for ege laying, being heaviest where the
flight terminated.

In the {all of 1938 surveys were conducted to determine the habitats
most commonly selected by migrant mezicanns females for egg laying.
The results of sueh swrveys w Montana, Nortl: Dakota, Nebraska,
South Dakota, and Wyoming ave summarized in table 5.

Tarne 3.—Distribution of mexicanus egys by habitat, fall of 7938
{(from Nhotwell 10) '

Habitot {Survey stops Egi’migdf‘;gf 2

! Number Number
Cropped felds . .. L eaiiaaaaal’ 323 1.1
Idleland . _ . __ . ___ . . e e 541 1.1
OPED TAUEC oo ee e e o e 250 .3
Hange within 1 mile of erops. e 414 B

There were fewer pods peir square foot in open mge than in other
habitats, but large nunhers weve sometimes foudd, (rrentest numbers
ovenrred where nalive grasses hiad been partally veplaced by annual
weeds, such as Russhan-thistle and peppergrass. Heavy egg concen-
frations were sonmelimes fonud i compaeted drift soil around suge-
brush and caetiu=. Sinee the spols where large numibers were found
comprised only o small portion of the total range acresge surveyed, the
nuinbher found therve did not materinlly increase the averuge for the
apen range.  The large numbers found in weeds showed tliat very se-
vere infestations might develop if the range beeame seviously depleted
by drought; soil erosion. or evergrazing Ly Tivestoel or grasshappers.

An unusnad habital seleeted for ege jaying by migrant females was
diseovered in the gpring of 19309, when great numbers of nyniphs were
Townd in the river bottows and hreals of the Missowri and Little Mis-
gouri Jvivers in the hadlands of western Novth Dakota, Few memieanuy
nymphs were Tound in open grasshds where pransgrass was doni-
nmt. bt many weee Found in mixed stands of bluestem, bluegrass, and
needlegrrns in and ad jueent (o patehes of =nowberries and rose bushes
slong diy ereek heds, conlee bottoms, draws, and river bottoms.  From
50 to SO0 per square yonrd were consmon in the edges of brush and sev-
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rounding grasses. Most of the infestation estended oniy a rod or two
into the orasses. but offen the nymphs were found all through the
brush if it was not shaded by trees.

The close association of the nymphal infestations with patches of
snowberry and vose huslies left no doubt that migrant females of the
Previouns year had gathered there for epg laying, TPrevious te 1938 no
such concentration of eges in brush of any kind had ever been seen by
persons with many veurs of experience in studyiiygs mezicanuy in the
northern Grent Dlains.

Handford () repored a similar unusual concentration of eges in
the Lottom lands of the Pembina River in southern Manitoba after
swarms of mezicooes Trom the Thited States Tud invaded that area
in 1838.

Several reasons Tov the wnusual coucentrations of eggs in and near
brush in coulees, draws. and river bottom= ave suggested: (1) Females
dropping out of swarns were heavy with eges and were foreed to de-
pogt them at once ju an aren devonlof the eropped and idle Jand where
egras ave usually laid in greatest nwmbers. 12) snowhervy ain rose
buzhes supplied oreen food and excape frour high ground temperatures,
(3) soil shaded by the bru=h was softer and wmore favorable for eve
laying than smrounding wronil. atd 4] swaurm= remsained settled for
longer peviods of egy laving Leeause light winds needed to jnitlate
fights were Jess frequent than on higher unprotected ground,

Ege laying by migratory swarts of we dicanins in the [Tnited States
was heaviest in the following areas: (1) Eazrern Montana and west-
ern North Dakota: (2) northwestern Minnesota and riortheastern
Novth Dakota: and (3) southwestern Sonth Dukota. northwestern Ne-
Lraska. and eastern Wyoming., In Canada eze laying was heaviest 1n
conthern Manitoba and sonthern Saskatchewan.  The boundaries of
e T nited Srates areas were deteriined by ege surveys in rhe fali of
4925 and nymphal surveys in the spring of I'¥0. In Manitoba and
Sagkatehewait these areas were based muinly on fall eger surveys. The
areas shiown in Heure 1 represent only the known severe atul very severe
infestations. and their boundaries are only approximayely correct.
Severe infestations otten gradually declined fram one locality to an-
other. o that it was diffieult to establish a boundary between them and
threatening infestations.

FLIGHTS 1IN 1939

The e fliehits in 1939 are disessed by geographical areas in the
Tnited Stutes where <warins of meoricanis laid eges 1n greatest nm-
Bers in 1935w ~hown in ligure 1

The most data were obtriued in eastern Montana and western North
Dalota, beeatize oie niember of the project was asigned to this avea to
stwdy migratory population- througheut the season. Other memnbers
spent considernble thne within and avound the aven in conpeetion with
other dutie=.  Conditions in Montam were partieularly favorable for
studving Hights,  The boundavies of heavy egg deposition by 183%
swarms were better defined than in other areas and the remainder of
the State was ~o Hehtly infested that 14939 swarms could be easily
spotted and followed frow oue locallty to unother.
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One person was detniled to study flights in southwestern South
Dakota, northwestern Nebraska, and eastern Wyoming. but he had
less assistance than was available in the Montana-North Dakota area.

No special plans were made for studying fiights in northwestern
Minnesota and northeastern North Dakota. Al data for this avea
were obtained from State grasshopper-control leaders.

Information on fiights from the United States into Alberta, Sas-
katehewan, and Manitoba was obtained from (anadian entomologists.

Seasonal Development

Easlern Montana and Western North Dukota

The mnain hatch started on May 5, 2 weeks earlier than normal, and
was 90 percent complete by June 1. Nymphal development was re-
tarded by cool, wet weather during the third week in May, but no
reduction in uumbers was noted. The first aduits were seen the Arst
\vee}{ in June, and by July 7 over 90 percent of the population was
adult.

Northwestern Minnesota and Northeustern North Dakela
Hatching started the first week in May and was 90 percent complete
by June 1. The first adulis were seen on June 3, and by July 15 over
90 percent of the population was in the adult stage.
Southwestern South Dakota, Northwestern Nebiraska, und Eastern Wyoming
Hatching began the Jast week in April, was general during the hrst
weel 1n May, and was practically complete by June 1 exeept in the
Blaek Iills. where hatehing and nymphal development were 7 to 10
days later. The first adults were seen on May 20. By July 1 from 75
te 95 percent of the population were adults except in the Black Hills,
wlere 1 to 15 percent were adults.

Where Greatest Numbers of Nymphs Hatched

Eastern Montana and Western North Dakota

As predicted by the egg sirvey in the fall of 1938, grasshoppers
hatched in Targe numbers 1n idle Iand, small grains, and Feld margins.
The maxironm numbers per square yard were 140 in field muargins,
115 inidle land, and 65 in small grains.

In the river holtoms. draws, and coulees of the Yellowstone, Mis-
sourt, and Little Missouri Rivers from 54 to 500 nymphs per squure
yard were common in and around clumps of rose and snowberry
bushes.

In rangeland more grasshoppers hatehed than was indicated by the
fall egr survey. Few were Tound in good stands of gramagrass and
sedge, which are dominant over much of the range, hut very severe
infestations occurved where some of these plants had been killed and
replaced by weeds because of overgrazing and drought. Weed patches
of less than 1 square yard frequently harbored several hundred
nymphs, and in larger patches there were sometimes as many as 1,000
per square yard,

Nymplis were much more shundant in western wheatgrass and
needlegrass than in gramagrass and sedge. Tofestulions were particu-
Iarly severe, 50 o 500 per square yard, in creek bottoms and draws
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where these grasses had remained green and attractive for egg laying
during the 1538 flight period.

Large numbers also hatched in drift soil around sagebrush and
pricklypear cactus. These habitats comprised only 10 to 25 percent
of the vegetative cover, but they produced enough young grasshoppers
to cause heavy infestations of entire sections of rangeland.

Field men making frequent observations in eastern Montana esti-
mated that the average nymphal population in approximately 8 mil-
lion acees of rangeland in that ares was a# least 50 per sguare yard.
Northwestern Minnersotz und Northeastern North Dakota

Large numbers of grasshoppers hatched 1n small grains, alfalfa,
cotover land, pastures. and m bottom land along the Red River.
Average nymphal populations in various habitats were not reported,
but extensive control operations were employved to protect crops.
Southwestern South Daketu, Northwestern Nebraska, and Eastern Wyoming

Small grains were the most important evops and comprised the Targ-
est acreage of nymphal Infestations. At thelr pealt nymphs averaged
60 per square yard in Helds and 500 in their margins, Small grains
seeded in unworked stubble were more lLieavily infested than when
planted in deeply plowed land. In weedy idle land and 2lf2lfa popu-
fations were higher than in small gralns, but infested acreages were
smaller, Average numbers per square yvard were 75 in idle land and
115 in alfalfa.

Heaviest concentrations of nymphi= were found in the monuntain hay
meadows and pastures of the Black Hills, where they averaged 600
persousnre yard and frequently exceeded 100U per square yard. Range-
iand was not heavily infested except in small areas udjacent to in-
fested crops or idle land,

Damage by Nymphs and Their Food Preferences

Eastern Montana snd Western Nortl: Dukots

Nymphal infestations in small grains were not so common as in
other habitats, but when present they were usually very severe and
destroyed most of the crop unless control meusures were employed.
Many grainfields not originally infested were repeatedly invaded by
nymphal migration from heavily infested range and idle Iand. and
some crops were destroyed in spite of several applications of bait.

Bluegrrass was preferred to all other grasses and was the most
severely injured. Litfle of it ever reached the flowering stage, and by
the middle of JJune most of it was eaten to the roots. Western wheat-
grass suflered about 50-percent foliage damage and almost complete
Joss of seed. Damage to needlegrass foliage and seed was slightly less
than to western whentgrass. Sedge foliage and seed heads were only
slightly damaged. Gramagrass was injured the least of all the grasses. .
Its lenves often remained uneaten when grassshoppers had destroyed
all other veretatfion. Some of its early fiower heads were eaten, but
it blooms Inter than most grasses and hy the time it was in full bloom
nymphs had transformed fo adolts and had left the area.

Of the annual weeds, peppergrass and Russian-thistle were pre-
ferred fo all others, bul the lutter was eaten rexdily only when newly

324876°—535 3
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sprouted and a few iuches in height. Dry Russian-thistle plants were
eaten wlien no other food was available,

Sagebrush was frequently defoliated and the bark eaten, leaving
onty bare, dry twigs. The foliage of wild roses. rubbitbrush, and
snowberries was eaten. and they were often stripped of their bark.
Blooms of the pricklypear cactus were eaten almost as soon as they
formed, and fleshy leaves were frequently so rouged out that they
shriveled and twrned black.

Southwestern South Dukota, Northwestern Nebrusks, and Esstern Wyoming

Small grains were favorite foods, aud many fields of bavley. oats.
and spring-seeded wheat were completely destroved. It was esti-
mated that the harvest of =mall grains for the area as a whole waa
reduced 25 1o 35 percent and that losses due to grasshopper damage
would have been twice as large if control measures had not been
emploved.

Alfulfa was eaten more reudily than sweetclover, and vields were
reduced 10 to 15 percent. Timothy. erested wheatgrass. brome, and
other mountain meadow grasses in the Black 1ills were all so severely
attacked that practically no hay was harvested.

Of the common range grasses, bluegrass, western wheatgrass. and
needlegrass were preferved : gramagruss was seldom eaten. Damage
to range was severe in spots, but averaged only 10 to 20 percent.

Weeds most commaonly fed upon were Russian-thistle, peppergrass,
lambsquarters, sunflowers, and dock,  Gunweed and skeletouweed re-
mained nneaten even when other food was scarce.

wagebrush. rose bushes, amd snowberry often were fed upon and
were sonetimes stripped of folizge and bark,

Nymphal Migrations

Eastern Montana und Western North Dakoa

Nymphs hatching froni eges Tadd by fonmles in the 193 flighes
showed o greater tendency to migrate than did nymphs in localities
where flights had not ocecurred for severu) vears, First-instar
nymphs dispersed inte surrounding vegetation without forming bands.
Later instars frequentdy marched in bands in characteristic migra-
tory fashion. Some bands moved from idle lund and depleted range
into small graing, and others lefr grainiields after they bad destroved
the crops.  Nearly oIl migrations were toward greener or more alnm-
dant vegetation. but somethnes they left lields where there was plenty
of green Tood and moved to less favorable environments, The direc-
tion of migrations on level ground was generally npwind,  1n volling
terrain bands Jeft ridges and slopes and moved to Jower, more nearly
level Jund without regard to wind divecdon.  Slowly flowing small
streams did not retard their progress ur change their course. The
young grasshoppers merely hopped into the water, swam rapidiy
across, and continued on their way.

Migrations started when air temperaturves first ranged from 6582 to
5% F.oand the sky was clear, and stopped when the tenperniure
dropped below 687 or the sky became overcast.  Bands traveled at the
rate of abount 1,14 mile per hour.
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Southwestern South Dakota, Northwestern Nebraska, and Eastern Wyoming

Migrations of young grasshoppers were common on clear days when
the temperature was 65° F. or higher. Movements were mostly from
idle land and field margins to small grains and 2ifalfa. Most of the
migrations observed were upwind toward more succulent or more
abundant food. Marching bands of mericaion were not joined by
other kinds of immature grasshoppers, even when they passed through
places where other species were numerous. A few mewicanus bands
were interspersed with newly transformed adults of the same species.

Dates, Locations, Directions, and Intensities of High Flights

Eastern Montanz und Western North Dukota

Flights became frequent as soon as 23 to 5t percent of the mericanus
populations becanie adult. Tess time was spent in preliminary low
milling flights than in 1038 Newly tronsformed adults seemed to
have inhevited a migratory urae aid took to the air whenever temperi-
ture and widls were favorable, even when favarite foods and shade
were available,

The first Hights observed in Montana were in Rosebud County on
June 20, Flrsr Hights in North Dakota were seen in McKenzie, Stark,
and Mercer CConnties on .June 26-25 Al of them were sithin the
area of heavy ege deposition by 1N awarms,  Swarms continued to
Hy out of the arex until July 20, when it beeame almost completely
devoid of mesicanis infestations of economic impurtance.  Swarms
were sighted in adjacent previous:y aninfested localities during the
last duye of June and coutinned to move in varions directions on favor-
able days thronghout July.  Flights decreased rapidly atrer August
1, and the last one of uny buportance was seerl on _Angust 22,

During the fliaht period 351 deratled observations were recorded
an Hight in progress withiu the zone where they originated or the
localities that they invaded.  ThLix does nor mean that 451 separate
swarms were seen.  Different personnel sometimes obeerved the <ame
swarnt on one day in one locality and on other days as it moved to
another locahity. The lovation. direction, and intensity of the Hivhts
observed are shown in fieure 3,

Of the toral number of ob-ervations in this area, 24 percent were
classified a~ heavy, 16 percent as moderate. and BU percent as light.
Twelve pereent oeenrred during the last 10 days in June, 53 percent
during July. and 5 pereent daring Augnst.  Seveuty percent of all
heavy and moderate Highe< taok place between June 26 and July 15,
No heavy flishes and only four moderare Hights were observed after
Nugusr 1.

Winds were variable during the Hight period and swarms were
carried in all divections.  With ene exception. which might be ex-
plained by possible difference in direction of upper and lower air
currents, all Bights, except those claxsified as milling, were in the
same direction us the Jow-level prevailing wind, Of the observed
flizhts to various points of the conipa-~. the directions were as follows :

Pereeant FPereert
Novthooooao B Southwest . __ .. ____________ ___ §
Northeasio .. . i M West. . _—
Bast .0 . L el ool ool T NimtRWest o T 21
Sogiheast . L. Lo __ - — 12 Wirkeut dicecting (millinm) o ____ 11
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Seventy percent of all heavy flights, those most important in
populating previously uninfested areas, were toward the west or
northwest. In Montanu the progress of heavy flights across the north-
central part of the State wus easily followed for approximately
235 miles from the starting point in enstern Montana. The invad-
g swarms failed to reaeh the footlulis of the Rocky Mountains,
the western limits being the eastern parts of Tetoun, Pondera, and
Tocle Counties. The Tiighwood, Little Belt, and Big Snowy Moun-
tains In Caseade, Jadith Basin, and Fergus Counties roughly de-
limit the southern boundary of the heavily invaded avea.  The
progress of swarme as they moved aeross north-central Montana
is shown in figure 4.

Acecording to Canadinn entomologists, mesdcanus swarms started
erossing the Montuna-Canadian border in the southeast corner of
Adberta on July 9, and by July 17 had reached the South Suskatch-
ewan River Valley. where flight= terminated. This part of Alberta,
like nortli-centra) Montana, had had 1o ecconomic infostation of
mericanus before the Hights, and the progress of swarus could
be easily followed by (he sudder inereases in popnlations left
m their path. From where flights orleinated in Montana to where
they terminated in Alberta i approximately 300 miles. the Jongest
known distance traveled by 1939 swarms,  This ix approximately
half as far as some swars traveled in 1935,

Heavy flights from Montana also entered sonthwestern Saskatche-
wan on JJuly 8, the same day thai southeastern Alberta was frst
mvaded.  Previously there had Dbeen no economic infestation of
medieanis i this part of Sackatehewan, but by .J aly 27 approxi-
mutely 3.300 square miles bad  become threnteningly to severely
infested.  Most of the flights into this aren terminated before or on
reaching the South Saskatchewan River abont 110 miles north of the
mternational boundary. bt several were olserved 50 miles farther
north,

Southeastern Saskatehewan was also invaded on July # by swarms
from northeastern Montana and northwestern North Dakota. These
fhghits continued on favorable days during the rest of July and ex-
tended fo the QuAppelle River approximately 100 miles north of the
internutiona? boundary.  Increases in local populations due to ights
were 1ot so well distributed or so Jarge as in sonthwestern Saskatche-
wan, bul threatening to severe infestations of adwult nmigrants were
common throughout the southeastern corner of the Province. This
part of Saskatchewan was invaded by flights of mexicanus from the
United States in 1935, and economic mfestafions of this species were
present before the 1939 flights began.  Some of the 1939 flights may
have originated within the Province, but it is cortain that many of
them came from Montana and North Dalolu,

In Montana and western North Dakota the henviest and most fre-
quent flights to the west, northwest, and north were followed most
closely by feld personnel.  Sowme fights toward other points of the
compass were observed within the zone of origin, and several were
seen in adjacent territory. but they were not followed in enough detail
to chart their progress and little is known about their final destination.
It seems probable that flights heavy enough to cause a sudden incrense
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in local infestations and injure crops would have been veported by
Iandowners or county agrienltaral agents. Since this was not the
case, it is assumed that flights other than those to the west, northwest,
and north were of minor importance,

Northwestern Minnesota and Northeuastern North Dakots

It appears that Tlight dights beeran in both States about June 23, when
approximately 10 pervcent of the mexicanus population was adult.
The first heavy Hights veported occurred in the Ied River Valley on
July 8, when 82 percent of the population was adult.  Ileavy flights
were reported in Marshall, Kittson. and Polk Counties in Minnesota
and 1 Pewbing, Walsh. and Grand Forks Counties in North Dakota
from July 16 to 23 Some were from North Dakota into Minnesota
amd others in the opposite divection.  There were henvy fiights from
Grand Forks County into Marshall and Polk Counties from Angust
Sto 16, Maoderate swarms {lving cast and northeast on, Angust 14, 20,
21,k 24 settled in previously nninfested sections of Marchall, Polk,
Pennington, Red Lake. Mabnomen. and Becker Counties in Mlinnesota.

Flights into ~onth-central Manitoha from Roletie, Towner, Cavalier.
and Pembina Counties in northeasiern North Dakota were frequent
durpig July and Augusi. They begnn onJaly 10, when swarms from
Cavalier County were seen crossing the international bonndary along
the Pembina River. Moderate ta severe infestations vesulting from
eegrs Jatedd by 1955 migrants from North Dakota were present in the
Canadian section of the Pembina River svstem hefore flights sturted.
[Teavy flights from North Dakola to the novth and northwest on July
I8, 1490 and 20 cansed previous maoderate aud severe infesiations to
become very severe amd greatly increased the size of the area infested.
By Jdoly 25 flights had extended slgbtly beyvond (he Pembing River
drainage to the north and northwest mud were enforing districts that
were previously only Hghtly mfestod. Tnereases of 13 masshoppers
per suate yard were reported insonee of the newly invaded oealities.
Few [hghts were seen after August 20, By that date swawnes had
progressed northward to the Assiniboine Wiver and northwestward
across the Souris River to the Saskatehewan border.

A heavy flight from Manitoba Into North Dakota was observed in
Rolette Connty on August 13
Scuthwestern South Dakoz, Nerthwestern Nebrasks, and Eastern Wyaming

The first flights observed in Nebrasia were onJune 21, in Wyoming
o dune 22 and in the Blaek THil= of Sonth Dakota onJune 26, Popu-
fations of mewfewnins at this tme were 15 to 50 pereent adult. AT
heavy flightx originated within the zoue of heavy cge deposition by
swarins that came from novih-centra) South Dakots in 1935, Their
sourees were in the northern half of the Black THlls in Lawrence and
Pennington Counties, South Dakota: Box Bulie, Sioux, Morrill, and
Seotts Bluft Connties, Nebraska; and castern Wyoming,

From the fiest ohserved tlight on June 21 (o Nugust 22 when flights
were over. observations were made ot 102 places within the zone where
they originated, ns shown in figure 3. Of the total mumber of high
fights observed in this zoue, 23 perecut were heavy. 32 percent weve
moderate, and 45 pereent were Hght. No heavy flights were seen he-
fore June 27 or after July 17, Kighty percent of all ilights obxerved
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accurred during this peried.  Only 7 moderate and 10 light flights
were seen between July 18 and August 22,

Thirty-four flights were clussed as milling. They took place on
hot days when winds were very light, intermittent, and variable in
direction. During milling flight= local populations shifted constantly,
and in some of them grussﬁoppem could be seen taking oft and landing
in about equal numbers. A\t vuch times they tended to concentrate in
spring wheat. oats. and barley. which offered an abundance of green
food.

When light winds blew ~teadily in one direction. swarms tool to
the air, even when wreen food was plentiful. and traveled with the
prevailmg wind.  The numbers of {lights obrerved traveling in various
directions were as follows: North 3. novtheast 2, east 0. southeast 18.
south 10, southwest 110 west 9, and nortlowest 15, The flights to the
west and northwest attracted no attention outside the zone of origin.
and no heavy egg (lolmsits conld he definitely attvibuted to them. The
5 flights going north and northeast likewise attracted no attenbon.
Flights to the southeast. sonth. and southwest represented 51 per-
cent of ull the divectionual flight= observed.  These thighls were seen as
they progressed through the southern sections of the zones of origin,
where some of the swairns settled For egg layving: others kept on mov-
ing and invaded new territory to the sonth.

Swarms carried to the south and sonthwest invaded the irrigated
seetions of Colorado along the eastern slope of the Rocky Mountains,
Flights into this area weve noticed from June 27 to Juiy 21. Large
increases in aeaican s numbers were veported in irvigated erops from
Fort Collins in Larimer Connty to Bonlder in Boulder County and
smaller inerenses as far zouth as La Junta in Otero County,

Swarms traveling south entered northeastern Colorado, where they
increased infextutions in irrigated crops in the South Platte Iliver
Talley.  Other swarns setfled in dey rangeland south of the river and
Jater moved westward to the alveady invaded irrigated section from
Fort Collins to Boulder.

Swarms fiying to the southeast were seen in southwestern Nebraska,
and some of them may have continzed Tilo western Kunsas, wlhere
heavy Hights were veported during the livst 10 days of July. Since
large pumbers of wexicenux were present in Kansas before flights
ovenrred. it could not be definitely determined whether they were of
loeal origin or From dislant sources.

Changes in mexicanus Populations Due 1o Flights

Montana

Data on changes in mewicarus populations due to flights were ob-
tuined more easily in Mountuna lﬁmn in other States. Previous to
flights mewicaties nunbers were extremely low in central and north-
central Montany, and any sudden increases due to flights from the
very heavily infested area in eastern Montana were easily recognized.

Iistimutes of the numbers of sewiewnus wdulls before, during, and
alter ighits weve obtained by establishing stations in infested places
in eastern Montana where flights origintied. befween zoney where
they originated and where {hey terminaied, and in north-central
Montann where they terminated.  The chuanges in populutions at some
of these stations gre shown in tuble 6.
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Tasue 6.—~Numbers of mexicanus adults per square yard before, during, and after flights al stations within the three
Montuna zones, 1939

. N After
. Observa- During flights flights
Zone of flight and county Habitat tion Before (lights
station
June 30 | July 127 | July 8-10 | July 24
Origin: :
Garfield_......-- e i i cemeimsamn Rangee weveun 1] June 25, 60...-- 25 20 5 2
2.1 June 25, 45 ... 30 Jeem i 3 0
3| June 28,30 ... 20 |acmemeenes 20 2
4 | July 1, 80 . e 40 35 2
PebrOleUIN e o e i fmcmm it A0 BlJuned, 28 . ..fecacrumnnn 25 25 1
RoSebUA e v e e cm i iccm e e i an | (3 (s 8 | June'24, 30 . ... 25 20 15 2
10 | June 28,30 ... } 30 15 10 0
f
July 10-13 ] July 22-26 |- o~ Aug, 21-22
Between origin and end: )
Potroleum . w.- e - Range_ .o 11 | June 26, 1...-- 10 4 i 3
Musselshell oo o cdcm e qscmcioas (6718 7 Y 13 | June 25, 1...-. 9 12 oo 3
FerguUS v e imcm e Semmms e - Alfalfa_ . .- 4 | July 1, 5. ... 100 10 foomoeecen 3
Maxo oo an 15§ July 6, 0-.._. 4 25 e 6
Wheat. o _oo__ 20 | July 7, d4..__. 100 1 38 S, 6
July 13—15{ July 21-22| Aug. 2-4 | Aug.17-19
End: .
ChouteaU e cmemcccdmmcmmmmm e mm Wheat. ______ 21 | July 9, 2..... 12 15 15 5
OIS e o e o C e defemmeinn Flaxo.o.o._ 23 | July 6, O...-- 4 25 35 3
Hill o oo il mmm s Wheat_______ 25 | July 8, | PN 20 25 10 5
_____ do.___.:_ 28 | July 8, O.._.. 15 30 8 4
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In eastern Montana the numbers ranged from 25 to 60 per square
yard before flights, dropped sharply as a result of flights during the
first 10 days in July, and by July 24, when fAights within the arvea were
over, did not exceed 2 per square yard at any station.

At stations between the zone where flights originated and the one
where they terminated the numbers before flights were noneconomic
and did not exceed 5 per square yard at any station. During the
flight period numbers increased and decreased erratically through &
range of 4 to 100 per square yard. Larger numbers were often seen
in fields not nsed as observation stations. Alternate arrivals and de-
partures of swarms sometimes increased or decressed local populations
by several hundred per square yard within 2 few days. Most of the
migrants eventuaily moved on, and by the third week of Angust, when
all flights were over, the average population, computed from observa-
tion at all stations, was 4.2 per square yard as compared with 2.2
before flights,

In north-central Montana where flights terminated, numbers before
Hights ranged from 0 to 2 per square yard with an average of only 0.8.
Populations increased at all stations during July as a result of flights
from the east and southeast and reached their highest numbers in
late July and early August. On August 24 infestations ranged from
N to 3) per square yard with an average of 17. There were no
flights from the east and southeast after AXngust 4, but light to mod-
erate flights originated within the aiready invaded zone at irregular
periods until August 22. These flights redistributed populations
within the zone and extended its western boundary 25 to 40 miles.
As a result of these changes and the dying of spent grasshoppers,
populations on Augunst 17-19 had declined to 4.2, which was sfill 3.4
more than before the zone was invaded.

The changes in populations shown in table 6 confirm the following
conclusions drawn from observations of flights while they were in
progress and of swarms after they settled for ege laying: (1) Flights
from the zone of origin reduced populations within it from very
severe to noneconomice infestations: (2) intermittent flights between
the zone of origin and the area where they terminated resnlted in
sharp temporary increases in local populations, but when flights were
over, numbers were only slightly higher thun before flights: and {3) in
the zone where flights terminated previously noneconomic infesta-
tions increased to severe infestations and remained in this category
for several weeks after the last light.

During the second week in July. 15 obscrvation stations were selected
in Glacier, Pondera, Teton, and Claseade Counties at points 40 to 50
miles west of the terminal zone. at that time heavily popuiated by
mewivanus migrants.  The invaded zone expanded sii,r_rht%y to the west
after the middle of the month. but no flights were seen at or west of
any of the new stations and no significant increnses were recorded.
Average nambers of mewicanus adults per square yard were as fol-
lows: 0.5 on July 14, 0.4 on July 20, 1.4 on August 3, and 1.3 on August
17. The slight increase may have been due to stray migrants from
the heavily infested zone.

These estimates are nearly the same us those recorded before flights
in the intermediate zone in Petroleum, Musselshell, and eastern Fer-
gus Counties and in the terminal zone in Chouteau, Hill, and western
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Fergus Counties. All of them show the extremely low level in central
and north-centinl Montana counties before they were invaded by
swarms from eastern Montana. Lo ¥ numbers also prevailed in east-
ern Montana just before it becnme heavily populated by migrants
from South Dakota in July 1938 (see table 4, p. 11).

It is evident that natural factors were holding Jocal populations fo
noneconomic numbers in Montana during hoth yvears and that no
severe ontbreak would have occurred except for the mass migrations
from other States.

Southwestern South Dakota, Northwestern Nehraska, and Enstern Wyoming

Flights out of this avea did not drain it so com pletely of mewicanus
adults as they did eastern Montana, but nearly all very severe and
severe infestations were reduced to threatening or light {table 7}.

Flights from one locality to another within the zone of origin some-
times cansed increases of 10 to 50 grasshoppers per square yard (table
8). Most of these swarms moved on again within a few days. In-
creases due to flights were most common in northwestern Nehraska.

Reliable data on increases in numbers cansed by swarms after they
left the zone of origin ave available for only one locality. In the vicin-
ity of Fort Collins, Colo., populations in irvigated ¢rops were very low
before flights and only about 40 percent of the grasshoppers were
mewicanus. A survey of this locality on July 21 after flights were over
showed that mexicanus comprised 95 percent of the populations, and
the following numbers per square yard were recorded: Alfalfa 47,
barley %0, and oats 20,

Crops Damaged by Adult Migrants

North-Centraf Montana

The areas in eastern Montana invaded by 1938 flights were predomi-
nantly rangelands, and there were few chances for swarms to choose
between range plants and crops. The new districts invaded in 1939
melnded Jarge acreages of wheat. barley, oats, flax, alfalfa, and sweet-
clover. Swarms tended to settle in these crops in preference to sui-
rounding rangeland.

Crop injury was comparatively light in the intermediate zone, where
swaris settled for a few days and then moved on. In Blaine, Chou-
teau, Fergus, Iill, and Liberty Counties, where flichts terminated,
crop injury was frequently severe iu spite of vepeated baitings. Tm-
mature sinall grains were stripped of their foliage, and heads of ripen-
ing grain were eaten or cut off. Flax bolls were cut off, and new growth
m recently cut aifalfa fields was seriously injured. Harvesting in Iate
July und early August saved many of the crops. Successive observa-
tions at stations within the 5 counties showed crop damage by adult
migrants to be as follows: Wheat 15, oafs 7.5, Aax 10, and alfalfs 10
percent. There was practically no damage to range vewetation.
Northiwestern Minnesots and Northeastern North Dakota

As in Montana, migrants settled in small grains, fiax. alfalfa. and
sweetclover in preference to range vegetation. Severe damage was
prevented by extensive baiting operations and early harvesting.




TasLe T.—Numbers of mexicanus adults per square yard before, during, and after flights at stations within the
zone where flights originated, 1939

State and county

Habitat

Observa-
tion
station

Before flights

During flights

After flights

Nebraska:
Box Butte

Kimball

South Dakota:
Custer

Pennington
‘Wyoming:
Crook

Range oo

Hay meadow

Wheat
Wheatgrass
Idle land

1
2
3
4
5
6
7
8

June 16,
June 16,
June 16,
June 30,
Jurne 17,

June 17,
June 16,
June 21,
June 21,
June 21,

June 26,
June 27,
June 27,
June 28,
June 28,
June 26,
June 27,

July 5, 35
July 5,
July 5, 40____..____

July 7,
July 7, 35

July 20, 25.
July 20 1.
July 20
July 19,
July 20,

July 21,

July 13, 5.
July 14, 15.
July 14, 20.
July 14, 20.

July 14,
July 18,
July 18,
July 19,
July 19,
July 15,
July 18,

FIOALINOTEOHV 40 “IdId S ‘0 ‘6017 NILFTINLG TVOINEHOEL 174
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TaBLE 8—Numbers of mexicanus adults per square yard before and
after flights at stations in novthwestern Nebraska, 1939

Observa-
County Habitat tion gjdg;: After flights
sbation g
B OUX e e mem e Wheat_ . _ 1| June 28, 5... .| July 3, 15
Dewes_ __oeme e g0 2§ June 28,2 __.. | July 3, 25.
Seotts Bluff_______.___ » Alfalfa___ 3 ! June 28, 8.. . .| July 4, 36.
Morrill__ .- . | S 4 | June 29, 2__._| July 12, 12,
Kimbalt . __ i Wheert. __ 5| June 29, 3__..) July 35, 50
Cheyenne. .. ____._. Cats_____ 6 | June 28, 2___._| July 3, 25.

Southwestern South Dakota, Northwesternt Nebruska, und Eustern Wyoming

(reen crops were eaten in preference to range plants. Early har-
vesting of small grains plus a well-crganized control program pre-
vented serious crop damage. Increased damage due to fights within
the zone of origin was estimated as 10 percent for small grains and
5 percent for alfalfa. Damage by migrants was less than expected
because of the tendency of swarms to keep moving and eventuaily
Jeave the zone. This was in marked contrast to the behuvior of the
swarms that entered the zone in 1938, which caused severe damage
to crops wherever they settled for ege laying.

Onty a few estimates ave available on crop damage by migrants after
they left the zone of origin, but it is known that they injured crops in
the southwestern corner of the Nebraska Panhandle and in north-
eastern Colorado. The increased damage due to flights into Kimball,
Cheyenne, and Deuel Counties in the Nebraska Pavhandle was 25
percent in small grains, 15 in alfalfa, and 12in corn.  Similar estunates
for dumage caused by flights inte northeustern Celorado were 15 per-
cent in alfaifa, 5 in small grains, and 5 in corn.  Damage in both areas
would have been much greater if control measures hud not been
employed.

Ovarian Development and Time of Egg Laying

Eustern and North-Centrul Montana

In Montana ovarinn development was followed throughout the flight
period. Observations were made at 134 stations within the zone n
eustern Montana where flights originated, 33 in the intermediate zone
which grasshoppers passed through before laying many eggs, and 97
in the zone where they deposited the most eggs. At each station the
contents of the abdomens of b to 10 females were removed and exam-
ined. The degree of ovarian development was roughty classified as
follows: None, if the eggs were not visible in the oviducts; slight, 3f
they were visible but Jess than one-fourth of full size; moderate, if
they were one-fourth to three-fourths of full size; and mature, 1
three-Tourths to full size.

’l‘l{_)ei progress of ovarian development in the three zones is shown
jn fable 9,
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TapLe 9.—Pereentage of eggs of mexicanus flight females in different
degrees of development in three Montana zones, 1939

]
Intermediaie Zone of heavy

Zone of origin zone | egy deposition

Period :

Moder- | Moder-

Aloder-
a ate ate

i
None ' Stight e | Slight Mature
; !

June 20-36 . ______
June 27-July 3_____
July 410 _________ P
July 1337 L e im———————

No femuales with mature eggs were found within the zone where
flights originated. un indication of almost complete exodus of meci-
canus shortly after reaching the adult stage. Females with moderate
ovarian development were fouad in the intermediate zone in increas-
ing numbers from June 27 to July 31, but none were found with
mature eggs. This seeins to explain the extremely low egg popula-
tions found in the intermediate zone in the fall of 1939. TFemales with
mature eggs were found in the zone of heavy egg deposition on July
11-17. This was only a few days after swarms first arrived and about
3 weeks after flights sturted in eastern Montana. The percentage of
females with mature eges increased to 36 by August 1-7, 49 by August
15-21, and 85 by August 22-28,

Lggs of flight females in both the intermediate zone and the zone
where they settled for egy laying were more fully developed than
those of nonfiight females in noninvaded counties nearhy.

Mating hecame general by the Iast weele in June and continued
throughout the summer. Mating occurred from early morning ontil
late evening over a temperature range from (8° to 105° F., but most
commonly from 10 a. m. to 3:30 p. m. between 75° und 95°,

In the heavily invaded counties of north-central Montana egw lay-
ing was observed on Jfuly 15, within a few days after the arrival of
the first swarms. Heavy egg laying was in progress by Aungust I,
continued until September 15, and then fell off rapidly as the aduls
died in Tate September and early October. Tgg surveys made in 30
fields showed 0.6 egg pod per square foot from August 15 fo 22 and
1.15 from September 20 to 30, This indieates that approximately
half of the egas were laid by August 15-22. A third survey in Novem-
ber showed no increase over the September counts.

Egg deposition was observed throughont the temperaiure range of
72° 10 10U0° F. and occurred most frequently between 10 a. m, and
4 p.m,
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Northwestern Minnesota and Northeastern North Dakota

Ko observations on ovarian development were made. Oviposition
was first observed on July 11. became general by July 20, continued
heavy until September 1. amd was practically complete hy Septem-
ber 15.

Southwestern South Dakota, Northwestern Nebruska, and Eustern Wyonting

In numerous comparisons throughout the area from June 21 to
July 15, ege development in #izht femuades was invariably more ad-
vanced than in nonflight fenmles,  TFrom 50 to 73 percent of the flight
Females carvied moderately to fully matured eggs ns compared with
only 10 percent in nonflight femuales.

Egg deposition began the last week in June. Incrensed slightly
early in July, but did not become seneral until July 15, when it was
estintated that 25 percent of the s wicanis females were ready to lay
eger.  Heavy egy laying continued throuch the vemainder of July
and all of August.

Areas Where the Most Eggs Were Laid
Norith-Central Momang

Egas were Inid in greatest pumbers in and around the cropped Helds
where migrants congregated when {lights terminated. Jlabitats
tavored for egy laying were winter and spring wheat, flax. alfalfa,
feld margins, road=ides, and weeds idle Jun(l. Sprivg and winter
wleat comprised the fargest acrvenge in erops il was the groutest
souree of egus. Weedy geain stubble contuined miore sges than clean
stubble.  Fhe uumber of egg pods per square foot in roadsides and
field margins was about the sawe ax in felds, an unwsual finding,  Few
egrars were laid in rangeland and there were po concentrations of egex
ur river bottons Tand and benshy diaws, sueh us were found in western
North Dokota and eastern Montana in 1939

Eggs were deposited mwnt heavily thronghout the eropped sections
of Blaine, Chontean, Fergie, Hill, and Liberty Counties and i pares
of Teton, Pondera, Toole, and Phillips Counties.  The most hieavily
mfested areas are shown in finare 1.

In the regular fall cox survey 19395 samples were takon from 215
fields in the 5 most heavily infestod connties. The average munbiors of
egg pods per sjuare foot were as follows: Blaine 2.4 Chontesn 1.6,
Fergu= LY, HiU ©.3.and Liberty 14, The average Tor the 5 counties
was 2.3 i ields and 25 o the marging. An average of 2.3 pods pev
square Toot 1n Targe lelds constitutes a severe infestation, The aver-
age of 7.1 found in Il County was the highest for any county in the
Trntted Sates in 1839, )

A special survey was conducted in Noveniber to determine the num-
ber of egyr pods per square foot in the zone where fiights originated,
mm newly nvaded tevritory, amd in loealities slightly bevond the lim-
its of the 10439 flights. The results of this survey ave shown in ficure 5.

Tege-pod infestations were about as would be expected from the
adalt populations shown in tabie 6. No eges were found in Gurfield
County, out of which nearly all the adnlis flew before the females
were ready for egg laying,  Eggs were obtained at only one of the
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stations in Petrolewm County, which was passed over but not heavily
populated by flights. Egg counts were high in Fergus, Thll, Chou-
tean, and Laberty Clounties, where migrants settled in greatest num-
bers. Similar connts probably would have been obtained in the north-
ern third of Blaine County if 1t had been included in the survey. The
average number of egg pods per square foot dropped sharply in the
zone between the most heavily invaded area and the western limits
of flights and wuas of nuneconomic importunce at all stations adjacent
to but beyond the western Timits,

The unusually low egg-pod connts found outside the zone invaded
by flights again emphasize the fact that natural factors were holding
mexicanus to noneconomic numbers and that Montana would have
had no major outbreak in 1939 had not overwhelming numbers entered
the State by flight in 2938.

Northwestern Minnesota and Northeastern North Dakota

No detailed studies of fliphts were made: so there is no definite in-
formation as to where swarms laid eges in greatest numbers. It is
known that there were many flights within the arca aud some info
swrounding tersitory on the easf, west, and north, but they did not
dram the avea so completely of its newécans population as did fights
in eastern Montana zad western Novth Dakota. Population increases
caused by flights into newly invaded arens wore diflicult to measure
because of the existence of Tight to threatening infestations in many
places before Hights occurred. 1t is therefore impossible 1o state def-
mitely whether meaicanus eggs found within the zone where fiehts
originated ovin newly invaded territory were lnid by local or by flight
grazshoppers,

The 1939 munmnal egg survey showed gevere o very severe e
infestations in the same counties where eggs were Iaid most heavily
in 1938 and equally severe infestations in nearhy counties where few
egus were laid in 1938, The newly and heavily infested aveas were
i the following counties: Pennington. Red Lake, Polk, Malinomen,
and Beeker in Minnesota and Ramsey, Nelson, Steele, Griges, Kddy,
Foster, and Wells in North Dakota. '

Southwestern South Dakota, Northwestern Nebraska, and Eastern Wyoming

Flights greatly reduced mesicanns adult populations, and fall cag
tnfestalions were mueh lighter than in 1938, In the counties listed in
table 7 infestations ranged from severe to very severe in 1938 and
Trom light to threatening in 1939, Average reduetions in numbars of
egrg pods per synare foot were as follows: Soulliwestern South Dakota
1.8 to 1.5, northwestern Nebraska 1.2 to 0.4, und eastern Wyoming
12t0 0.2, The greatest percent reduction in eastern Wyoming corre-
sponds to the more complete evacuation of that area by flights.
North-Central Colorado

Severe eupr infestations weve found in Weld. Laxvimer, Boulder,
Adams, and Gilpin Counties in north-central Colorado. It is believed
that a targe number of the eggs were 1 by mecieanus migrants from
Nebraska, South Dakota, and Wyoming, whieh invaded this area in
July and August. The boundaries of severe infestation are shown in
figure 1. '
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Canadian Provinces

Information on Canadian zoues of heaviest egy depozition by
mericanus mizrant=z from the United States 1= based on the annual
fall surveys by entomaologi=ts in the invaded Provinees,

In Adberta very severe infestations were found in (he extreme south-
eastern corner of the Provinee.  Thiz infestation was joined on the
eust by very severe ege deposits in wine nindeipalities in southwestern
Suskotehewan.  Infestations in erain =tubble averaged 4.7 pods per
square foot, the highest ever revorded In Suskatehewun,  This com-
pares with 2.4 for Blaine Connty and 7.1 Tor IT Comnty, the adjneent
counties in Moniana,  Saskatehewan snlonatogi=ts atteibote the un-
usually heavy epg deporit= in grain ~tubble to the fact that only abont
one-lifth of the land was wnder cultivation,  Migrants settling i
uncultivated Tuxd moved into geainticlds to deposit most of their eggs,

Swaring of seadedmis e entered =onthea~tern Sasizdehewan did
not fay as many eges az expected. Somll severe lufe-ations were
found in some Iocalities, hut i1 could nor e deiinitely determined
whether the eggs were laid by migramt= or loeal wrpssboppers,

In the Muanitoba full egrg wurvey no severe or very ~evere infestations
were Tound in any of the mmieipalities invaded by flights from the
Tnited States.

The houndaries of henviest cee depasition in A berta mind Saskatehe-
wan are <hown in ligure 1,

FLIGHTS IN 1910

The flight= in 1940 were Tes< inportant than the spectaeular long-
dictance mass flights of W3S and L3, They were lewer, shorter,
Jess Intense, and did not result in e infestations severe enongl (o
canse mujor eht=in B The seaxonal developmwnt vl beluvior
of weeaiemms i the arens where mioranes luid eggs mao=t heavily in
19349 were Tollowed in 1o, and =unmnaries ol these ab-ervations are
presented.

Montana

I the north-central caditios wiwere werieanes migrants Inlld eges
maoxt heavily in 19539 hatehing bewan on May 11 and was 99 poercent
compdete by Jnne Lo Nynuphal nombers were ac their peak from
June 1o 2o,

The average muubers of pyuiphs persgee vared iy prineipad sources
of mfestation were as follows: IFleld marein~ and rond-ides 110,
stubble lields 60, and weedy idle Tisd 3L Some conecentrations ran
ax high as 10,000 per square vard indield wareins and 200 per square
yard tnstubble. Toafestadtions in rangeland. viver botloms, and Inushy
draws were of Slight importanee. Few nyvimphs Tatehed ju xpring or
winfer wheat. it these erops heenine severely inlested as g result of
nymphal migrations from feld nuwegins and scubble felds and by June
95 earried populations averaging 0 per square vard.

Adules began to appear theonghont the avea on Jane 23, «0d 83 per-
cent of the werda apus population wisadull by July 3.0 Adults showed
the same migratory tendeneies ns in 1939 and (ool to (he air shortly
after gelting their wings.
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Plang were made in June for cobserving flights and determining
changes in populations due to theny. S wions were set up within thie
iost heaw]_\'nn‘ea[ed aren 11z north-central Montuna, in all the counties
surrounding it, and in representative ayricultural distriets in easteru.
southern, amd western Montana—a total of 150 sfations.  Nymphal
mfestations were estimuted in June, and surveys were made at 2-week
sntervals in July and MAeeust for the purpose of detecting any sudden
ehanges due 1o Hightx,  Eee surveys were minde from October 28 to
November 8

Fhehts 1)955:\11 on Judy 3 oand contined when weather was favorable
until Autru-«{ 30, Dmmf_r this period 112 records were made of Hights
in progress within the zene where they orighnted or v adjacent
Toculitics, This compares with 351 records made in the same peneral
area in 1939, The location, intensity. and divection of tht"«e flights
are shown in figure 6.

Nine und five-tenths pereent of the flights were chassibed as heavy,
17.5 percent ax moderate, and 73 percent a= lght. ITeavy and maod-
prate flights compored only 27 pereent of all flights ax comparved with
16 percent in 1938 fleavy aud moderate flights were most frequent
fropy Julv 0o 22 and were not ~een after Auguse 3.

Al flights exeopt those elasified 2~ iHing. were in the ~ame
direction us prevalling low-Tevel winds. Directions of the 152 flights
observed were a- {ullow-;

Pevee i Pereent
North ____. ... . o O Semthwest . -
Nourtheast - __ NI Wess Ll i
Fast .. .. . . Gl Northwest oL [ 111
Houtheas! .. .. o 1539 Wit bl niismlmu -uullm,'.() _______ 14
South _______ - 21

There were fewer flicht~ to the west and novthwest than in 1938 and
1930 Oauly 22 peresnt of the 10 Hight= seere In these direciions as
compared with 41 percent in 1839, Forty percent of all iinfhlk were
to the south, southeart, and east a- contpared with only 23 percent
in 139, Tlhe percentages of fight= (o the north, northeast. and south-
wesf were praciienily the sume as 1y 1030,

The first invasion of new territory begmic on July T3 when light
flights crossed the sonthern houndary of 1he ares into previousiy
uninfes{ed counties iy south-central Maontapn, By Auguest 30, when
al} flights were over, the newly invaded zone extended 10 to 50 miles
heyond the western and sonthwestern borders of the zone of origin
and 10 te 60 mides bevomd s southern border. Neavly al) the flights
within the newly invaded zone were dobt, and repenled surveys at
observution gtations diselozed no maoderate or severe infestations of
adults due to flights. Parts of Big Horn, Stiltwater, Treasore. and
Yellowsione ('ounties were included in the invaded zone in southern
AMontana, even though no detailed Hight observations werp recorded.
Obzervers pther than those nmking the detailed flight =badies veported
soveral tlightx in cach of hese conntion, ad sarveys at ohservation
stations showed =Hght inerenses i adubis alter flighis starvted.

Light Hghts to the east and sorthenst reached the eonnties in eastern
WMontana that were =o Lenvily fnfested in 1S and 10839, but did not
fucrense local populatious above their Hght prefiight ratings.
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Flights from Montana into Canada and in the reverse direction
occurred. but they did not materially change mezicanus populations
on either side of the international boundary.

Flights into the invaded zone did not drain the zone of origin so
completely of its mezricanus populations as did flights out of the
heavily infested zone in eastern Montana in 1959, Tnstead of flying
out of the zone so Feavily infested in 1040, many of the swarms were
carried by variable and iniermittent winds to various points within it
Of the 132 flights observed in 1940, only 24 percent were in the newly
invaded zone. and sone of then were seen returning to the zone where
they origimated.

Populations within the zone where fiights started shifted con-
stantly from July 3. when Hights began. until August 3, when all
moderate and beavy flights were over.  An adolt survey conducted
From Awgust 5 to 10 diselosed no severe ov very severe infestation at
any of the observution stations within this zone or in the zone newly
invaded by flights. Narmal or leght populations were found at most
stations, bat threatening infestations (8 to 15 per square yard) were
found in two aveas. One was in Pondera and Teton (ounties along
the western border of the zone where dights sturted and the other was
in Caseade and Judith Basin Counties along it= sonthern border.

Egg surveys were made during October and November st all ob-
sevvation stations within the zone where flights originated and in the
mrvaded zone.  Egg pods were found i fields af only 18 of the 86
stations surveyed. At only one station did the cgg pods exceed 1 per
square fool.  The average for the 86 stations was (12 pod per square
foot, which constituted a normul rating with no threat of economic
infestation the following year,

In the fall egg survey very few revere and no very revere jnfesta-
tions were found in counties where flizhts started or in counties in-
vaded by flights. Blaine, Chontenu. Fergux. Hill, and Liberty Coun-
ties 1 nporth-central Montann had o light infestation of 1.3 egg pod
per square Toot as compared with a severe infextation ol 2.3 per square
foot in 1939, Hill County had a nornal infestation of 4.F cgg pod per
spare foot L contrast to a very severe infestation of 7.1 per squave
foot in 1938, when it was the most heavily cge-infested county in the
United Siates.

Flights to uninfested arens had some effeet in reducing populations
within the zone so heavily infested in the =pring of 1040, but major
eredit for the protection of crops, reduction of fhghts, and prevention
of heavy egg deposition must be given to the State-Federal control
campaign. which began May 20 aind continued untit July 25, Approx-
imately 22,000 tons of bait were used on about 2 million acres of crop-
Iand. - Enormons nmmbers of nymphs were killed, and the battle
against adults was conUnued for 2 weeks after they began to fly.
1Tad there been no control campaign, it seems certain that erop losses
would have been mueh greater, that the invaded zone wonld have been
much larger, and that eges would have been deposited in sufficient num-
hers to canse severe wd very severe infestations ths next year. Thig
campaign ended the grasshopper threat to Montann agricultarve, which
began when swaims entered eustern Moutana in 1938,
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Western Norih Dakotia

‘Western North Dakota is not shown in figure 1 as an area where
mewmicanus migrants laid eges most heavily in 1939. Severe egy in-
festations were found in parts of 13 counties in the fall egg survey, but
there was no proof that most of the eggs were laid by nugl‘:mts. It
seems certain that some of them were laid by progeny of the swurms
that invaded this area in 1938. A brief review of developments in
1940 will theretore be given.

Destruction of eges h\' predators and tillage. as well ag unfuvorable
weather during the hatching and nymphal ])enods, held populations
tc much lower numbers than’ expected.

Cool weather and ruins prolonged the hatehing period, which ex-
tended from May 20 1o June 15 in southern connties and from June 11
to July 20 in northern counties.  Nymphal mortality was high, and
there were few migrations from field margins and idle Tand into Crops.

Aduls appear ed the first week i Julv, and by the end of July 75
percent of the populution wag adult. Fight to threatening infesta-
tions developed in some loealities during August, but crop damage
was slight.

F]lﬁhtb occurred fron July 12 until September. Most flights were
light and caused no major changes in population.

Tige deposition began abont _\n'rmt 6 and was practically over by
geptembel 0. No definite nreas of severe or vor v fevere egg infesta-
tions were found.

Northwestern Minnesota and Northeastern North Dakota

Threatening to severe infestations of wericanins nymphs hatched in
many localities within the area where eogs were Tald most heavily in
1939, Owing to cool, wet weatler seu~onal develapment was 2 weeks
Tnter than in 1930, Ilatehing began on May 15 and was 95 percent
complete by July 1. Apprc}xilnatvly 75 percent of the eges hatehed
during June.

\e“I\ hatehed 11\'11111]% were niest abundant in grain stubbie, leg-
umes, {ield margins, idle land, dry lake beds, and [n‘—tme‘ At the
]101{1}1{ of their abundance concentrations reached 150 per square yard
in fields and 200 per square yawd in their mareins. Nombers at 103
obgervution stations in Minnesota and Novth Ixlkota averaged 18 per
squate yard in fields= and 29 per squave yavd in marging,

TFirst adults of merivanus were seen on June 90 and by June 30 they
were common throughout the aren. On July 13 approximately 50
percent of the population was adult.

Light dispersal flights hegan on July 9 in Nelson County in North
Dikota. Similar Ilzfrhh were seen in iy of the counties within the
area on Tavorahle days duving the remaiinler of July and the first half
of Avgnst.  On July 30 and 31 heavy Mahts of mesicanms and ) elan-
oplus bivittatus (bw) were observed i Penbina, R.l]m03 Nelson,
and Grand Forks Counties in North Dakota and Kittson, Marshall,
and Polk Counties in Minnesota.  Flights wore (o the northw est, und
cragshoppers from fields with oniy light infestations, as well as those
Trom heavily infested Helds, contributed to the flights,  Moderate to
heavy flights of mewicwies from North Dakola into Kittson, Marshall,
and Polk Counties in Minnesota were also observed on August 15 and
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16. The general effect of all flights was to disperse populations
throughout the avea rather than to concentrate fil(‘lll in restricted
localities. No long-distance mas: fights into counties outside the
originally mfested arew were reported.

Ioger deposition began the last week in July and continued unti)
October.

According to the 1040 fall egg survey, the extent and severity of
medicanus egg infestations were abmost the same as in 1939, None of
the threatening or severe infestations found could be definitely at-
tributed to flights into the aren and ax far ax known none resulted
from flights out of it

Southwestern South Dakota, Northwestern Nebraska, and
Eastern Wyoming

Hatehing of mewicanns began the first weel in May and was nearly
completed by the first week in June.

The 1939 fall egg ~urvey howed a much lightor infestation than the
previous year, but =till it indieated threstenine conditions for most of
the area in 1940, Nymiphs hatebed in smaller numbers than expected.
and there were further decreases in population from natwral canses
as the season advanced. Nymphs hatched in greatest nunsbers in
alfulfa but. except for a few fieldx, infestations were Jight. Swmall
grains. whirh were the main <ouree of nymphat infestations in 1429,
were praeticaliy free from gras-hoppers in 1946,

Adults appearved the fir sweek in June, and by the 20th of July
80 percent of the population was in the adult <tage.  Adult infesta-
tions were norninl to leht,  Na lliohts were observed,

I the full egy survey wericanas infestation~ in all counties within
the area were noneconomic.

North-Central Colorasdo

Infestations in this area did not develop fo the extent indicated by
the 1939 fall ege survey.  Nymphs hatehed i threnteninge numbers
- alfalfa fields during May, hut weather conditions during the
nymphal period were unfavorable and adnlt populations were niostly
noneconomic.  No flights were observed, and ng threatening or severe
egy infesiations were found in the 340 ful} survey.

Canadian Provinees
Alheria
I July there were light to moderate flights to the north and north-
west from the southeastern corner of the Provinee wliere eI were
taid most heavily in 19390 Migmnts yenched the foothilis of the
Rocky Mountains to the west and slightly bevond the Red Deer River
Valley (o the north, They were seatiorod o thinly that no gevero

infestations tracenble to gt~ of neericynns were found in the sdult
sirvey.  Weather conditions during the Tade xtmmer and carly fali
were not favoruble for vgg layving, and it is doubtFul whether the
few egi laid made any significant difference in 1941 grasshopper
numbers,
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Saskatchewan

Many nymphs hatched in the southwestern corner of the Province,
where eggs were laid most heavily by 1939 migrants, but their num-
bers were greatly reduced by extensive baiting operations. Some
adults survived, and there were light to moderate ﬂiglhts to the north
and northeast. Few adults remained in the aren so heavily infested

originally, and no econcmic egg infestntions were found there in the
fall of 1940. Flights reached as fav north as the South Saskatchewan
River Valley, but little egg laying occnrred in the invaded areas.

Minitoba

Light to nioderate dispersal flights occurred locally within the gen-
eral area invaded by swarms of meziconus from the United States
in 1939. but there were no reports of heavy egg deposition by mi-
grants in any well-defined arveas.

OTHER OBSERVATICHNS ON FLIGHTS

Observations on takeoils, low flights, and more detailed descrip-
tions of high flights and their terminations are based on studies
all areas where Hights occenrred.

Takeoffs

The beginning of cither a low or high flight is called a takeoff.
Takeolfs occurved on clear days when the air tempervature first ap-
proached 80° T. if winds were favorable and grasshoppers were in-
clined to fily. None were observed below 75°, and out of 38 recorded
observations only 6 flights started at air temperatures below 80°, The
time of takeoff vavied from 9:30 a. m. to 3 p. m. but was most often
hetween 11 a. m. and 1 p. m.

Wind was the final stimuius needed to get grasshoppers into the
air. The most favoruble wind was a gentle, intermittent breeze {2 to
+ m. p. 1), strong enough to flutter the leaves of trees and sway
blades of grass and heads of grain. Takeoffs also occurred when
there was a gust of wind up to 5-10 m. p. L. and that soon slowed
to 24 m. p. h. If the wind was imperceptible or blowing more
than 10 m. p. I, grasshoppers usually remained on the ground. Every
observer remarked on the elffect of wind in starting flights.

Takeofts started with a few mmdividuals rising here and there in
short flights and then retwrning to the ground. These early risers
seemed to 3ncite others to ight, and larger numbers rose with each
slight breeze or gust of wind, until all aduits inclined and able to
fly were in the air, The time taken to complete a takeoft varied
greatly. When the temperature rose slowly and winds were inter-
mittent with prolonged calm periods, a takeoft sometimes continued
for several hours; when the temperature rose rapidly and calm pe-
riods were shorter, it was sometimes completed in half an hour.
Swarms that had been flying for several duys or weeks took off more
guickly than those beginning their flight. Swarms that had settled
during the day hecnuse of unfavorable conditions took off more
quickly when conditions again became favorable than on their first
flight. of that day.
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A dults that were roosting to escape a high ground temperature took
off less readily than nonroosting adults. Roosting occurred on ex-
tremely hot days when winds were either too low or too strong to com-
plete the takeoff that usually starts when the air temperature first
approaches 80° F. Roosting was recorded 15 times betieen July 10
and August 4, 1939, at air temperatures ranging from 93° to 100°. It
generally took place hetween 11 a. m. and 3 p. m., the time of day when
the air temperature usually reached its maximum. In the absence of
dense vegetation grasshoppers sought the shady side of fence and tele-
phone posts or chimbed as high as they could on sparse vegetation.
Adfter a short period of roosting, they becarme sluggish and paid little
attention to moving objects. They could be picked by hand from posts,
and flew only a few feet when flushed from vegetation by a person walle-
ing throughit. Roosting was observed while high flights were in prog-
ress, but roosting adults ravely took off to join them. They remained
motionless during light, intermittent winds that would have induced
takeoffs earlier in the day, but sometimes they took off when dis-
lodged by strong gusts of wind,

M. memiconus fliers always take off into the wind. They can make
some progress against winds up to 10 m. p. h., but they generally tum
and fly downwind with their bodies at a slight angle to it. When
they arve flying with a light wind (2 to 5 m. p. h.}, their speed is 10 to
12 miles per hour. This was defermined by timing an automobile
driven just fast enough to keep up with grasshoppers flying parallel
to if.

When the sky was completely overcast, mexicanus did not take off
even when the temperature and wind were favorable,

Low Flights

In 1939, of 610 flights recorded in Montana and western North
Dakota, 21 percent were classed ns low, or within approximately 25
feet of the ground.

Low flights were of four types—(1) flights of rfecently matured
adults that remained low even when conditions for high flights were
favorable, (2) preliminary flights that Iater changed to high flights,
(3) preliminary flights that failed to become high flights because of
unfavorable conditions, and {4) very low upwind flights toward green
vegetation.

Adults with newly developed wings engaged in desultory low flights
for several days, even when the temperature and wind were favorahle
for high flights. Low flights of this kind oceurred for several weeks
while the remaining nymphs were transforming fo adults. Many of
them took place during light winds of variuble divection. The grass-
hoppers flew aimlessly in all directions, with many settling and others
rising. 'The general effect of these flights was to redistribute adult
populations without material expansion of the area originally infested.
If the wind freshened slightly and blew in one direction while low
milling flights were in progress, swarms sirenmed away with the wind
without increasing their height above the ground. Grasshoppers in
flights of this nature resembled Tnrge wind-driven snowflales.
Swarms carried by winds in low flights seldom flew more than a few
miles before settling,
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During the flight period of well-matured adults low flights always
preceded high fiights. When one of these low flishts was first seen, it
was impossible to predict whether it would develop into a high flight
or stop before that stage was reached. When sky, temperature, and
wind conditions remained favorable, these low flights generally de-
veloped into high flights, but if any one of these factors became un-
favorable, flights stopped before they could be classed as high.

The change from low to high flights was usually gradual, sometimes
yequiring honrs to complete. Because of limited personnel and time,
1t was considered inadvisable to follow each low Hight until 1t changed
to a high flight or until it terminated because of nntavorable flying
conditions. Low flight ratings were therefore based on 10- to 30-
minute observation periods. It is the anthors™ opinien that about
Lalf the observed low flights of well-matured adults developed into
high flights,

A few very low flights were seen moving upwind toward green
crops. The following deseription of one of these unusual flights is
taken from the field notes of I¥. D. Buicher:

A high flight of M. mewiconus gettled in the Brinkuman, dMontana Study Arven
hetween 3 and 4 p.om. on July 27, 1939, At £+ 15 I noticed a heavy Hight across
clean suminer fatlow inte the face of o southeastern wind to the margin of o
wheittfield. These grasshoppers were close to the ground, my estimate being
that none were higher than 40 intles and probably oue-half of thewn were lowor
than 15 inehes. Upon reaching (he narsin of the wheadfield, most of them
Innded and almost immediatelr started feeding. This is the ficst dizhi of this
kind I have seen and 1 wonder if it may explain some of the tremendous popula-
tions we are cocountering at fleld margins,

T, 8. Skoog wituessed a shinilay flight in Sheridan County, Mont., on
July 18, 1939 :

Might grasshoppers seftled indiscriwimitely over 100 acres of clean plowed
land Iafe this afiernoon. SBhortly after selcing an awdible buzzing (lHeht took
place, the movement being from the plowed lund. upwind, toward o freen wheat-
field. They few ai an atiitude of 35 Teet or less direeily toward the crop, and
landed in the mavgin where they nuwhbered <00 to S00 per square yaed.

Such Iow flights are hard to see and weve probably more frequent
than indicated in the reports.

High Flights

The changeover from low to high lights was a gradual process
rather than a sndden upsuvge of an entive low-{lying gwarm, It tool
place most quickly when the air temperatuve was ubove 8i° I, and
when winds were gusty but not over 10 m. p. . Such gusts of wind
appeared to stimuluare grasshoppers to greater flight eflort and rising
currents of warm air assisted in carrying them upward. Under these
conditions the changeover was soniet hues completed within 30 minutes.
When the air temperalure remained at 50°-85° and winds were less
favorable, 1 to 3 hours might clapse before most of the grasshoppers
were flying higher than 25 feet.

At the beginning of high flights a few grasshoppers could be seen
rising above their fellow fiers, and their upward progress could be
followed for af least 150 feet. They were Tollowed by ofhers in in-
creasing numbers until only a few remwined within 25 feet of the
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ground. Viewed from the ground, heavy high flights had no visible
Timitation. Myriads of grasshoppers were I view as high as wn-
shaded eyes could see. By cupping the hands over the eyes and look-
ing toward the edge of the sun one counld see still higher myriads
streaming by on steady winds or circling on variable light winds.
Against the sun they looked like specks of ghittering metal.

No one knows how high the human eye can follow grasshoppers in
flight or the maximum height reached by swarns, but Mills (6) stated
that airplanes encountered swarms in Montana at 7,000 and 11,000 feet
during the mewicanus fight in July 1938

Flight Terminations

Temperature mnd light were the most tmportant ecological factors
in stopping flights. The Jowest air temperature at which fiight ter-
mination was observed was 49° ¥, Sinee this is approximutely the
same temperature af which tne first takeotl occars on days when other
counditions ave favorable, it may be asswned to be close to the lowest
temperature ab which flights oceur.

When the temperature declined gradually from 85° to 79° F. in the
Izte afternoon und winds were light, memicanns adults drifted siowly
to the ground and landed without turning into the wind.  TUnder such
conditions the settling process sometimes contiued for 30 to 45 min-
utes, No flights continued later than several hours before sunset,
evenn when the temperaluwre vemaiped above 79° until after sunset.

Flights terminated abruptly at any time duving the day when there
was a sadden drep in temperafure or when clouds obsenred the sun.
Tuder these conditions grasshoppers folded their wings and plum-
meted to within 23 (o 30 feet of the ground, where they spread them
again and landed into the wind.,  QOceasionally stray individuals were
seen descending in the smne manner when flights were m full progress
and flying conditions werve excellent. This was observed maost fre-
quently when swarms were passing over green crops.

Flights nsually terminated when ground winds exceeded 20-%5
m. p. h., but since strong winds generally brought lower temperatures
it was 1mpossible to determine what stopped the (light.

STRUCTURE AND COLORATION OF ABULT MIGRANTS

Although the flights of mericenus in 1938 and 1939 resembled the
more extensive flights of the extreme migratory phase that occurred
trom 1874 to 1877, there was no similarity in size, wing length, or
coloration bebtween the 1953-39 adult migrants and the population
formerly called sprefus. According to Rehn, as quoted by Ifaure (2) :

The only characters wihich reciw Lo be of value In sepmrating gprefns from
mericunng are the greafer size, velatively longer wings, uand slighily more ex-
panded posterior part of the prouninm of The former. Minunte chavaciers in the
Form of the cergi and the apex of the sob-genital plaie were given by Scudder as
gdditional features, tmf these appeir to e individaa! fluetuations Appeaving as
repulariy in true moericenns.

In earlier outhreaks of maricanux in Montana specimens were ocea-
sionally taken that closely resembled sprefus {Purker 8. They were
larger, had longer wings in relation fo body Jength, and were lighter
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* in body coloring than normal mewicenus adnlts. Some of them were
then submitted to Morgan Hebard, one of the foremost systematic
workers in Orthoptera in the United States, who expressed the follow-
ing opinion: “We believe it wiser to consider these specimens repre-
sentative of mewicanus showing divergence toward sprefus in size and
wing length,”

It was expected that specimens resembling sprefus would be found
among the 1938 and 1939 migrants, but none were taken. They may
have failed to uppear because of prevailing low temperatures and
abundant succwlent food during most of the nymphal period. Parker
(8§) found that specimens of mewicanis reared exclusively on green
succulent food such as Tradescantic were smaller and had shorter
wings than those reared on a mixture of green food and dried alfalfa
leaves. Parker, Shotwell (17), and Brett (7) reported that merxicanus
and M elanoplus different ucis ((Thos.) were much darker in color when
reared af low rather than at high temperatures. Brett also found that
mericanus was sinaller when reared at low temperatures.

The effects of low temperatures, frequent rains, and highly succulent
vegetation on the strocture and coloration of mewicanus adults were
noted in eastern Montana in 1939. The main nymphal period for
mexicenus extended from May 15 to June 21. Weather records for
Miles City, Mont., show 22 days during this period when precipita-
tion exceeded 0.01 inch and during the first 3 weeks in June only 7
days when the maximun temperature exceeded 68° F., the lower limit
of grasshopper activity. Oceasional breaks in the bad weather al-
lowed I‘:{DJ.[)LS to feed and develop without mavked decreases in num-
bers, but adults were darker and smaller than the 1938 migrants from
South Dakotan and the 1940 migrants in north-central Montana, A
few, 1 or 2 percent, were depanperate; their wings did not extend
beyond the tips of the abdomens, and their bodies were one-fourth to
one-halt shorter than the body of the average meticanus adult. The
unfavorable conditions during the nymphal stage did not suppress the
migratory urge, for all adults flew out of the arvea shortly after getiing
their wings.

INCREASES IN CROP LOSSES AND CONTROL COSTS
DUE TO FLIGHTS

Fhghts of mericonus preatly increased crop losses and the cost of
grasshopper contrel in the invaded areas. Esthmates of these in-
creases obtained from entomologists in the States and Provinces
where fights occnrred ave shown i fable 1¢  Some increases resulted
from flights of mericanus from eastern Wyoming into northern Colo-
rade and from north-central Montana into southeastern Alberta in
1540. Sinece they were difficult to estimafe and of minor importance
compared with those in other States and IProvinces, they are not in-
cluded in table 10.

Increases in crop losses totaled $58,589,246 and increases in the
¢ost of contro]l amounted to 3,080,070, No estimates of damage 1o
range grass are availahle, but it is known Lo have been great, partica-
larly in 1935 and 1939.
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Crop losses in Canada and the United States would have been much
greater had it not been for the Federaily financed control program on
7dle land and roadsides conducted by tlie Burean of Entomology and
Plant Quarantine in 1939 and 1940, This program supplemented the
cooperative eflorts of private, State, and Federal agencies enpaged in
controlling grasshoppers in crops hy baiting 5,090,876 acres of road-
gides and 1dle land heavily infested with wmewicenus nymphs.  If this
had not been done, countless millions would Lave moved into crops.
taken their toll. matured. and greatly incrensed the size and number
of swarms that moved into Canada.

Tt is regrettable that the extremely heavy infestation in the zone
where flights originated in 1935 was not reduced snfliciently to prevent
Hights. 1t now seems probable thut hinlf a million dellars spent in
controlling grasshoppers in vange and idle cropland in 14 counties in
North and Souath Dakota in the spring of 1935 would have prevented
s major Jong-distanve Hights, Failure to do this was die largely
to the Tow value ot the land neediug treatiment. the lack of insecticides
and equipment for quick treatmoent of Targe acrenges of uneropped
land, and the fact that no extenxive {lights had cecurred in recent yeavs
to serve ns & warning.

FUTURE FLIGHTS

TWhat of the future? It seems cevlain that history will repeat itself
and that future droughts will result in Iarge wereages of depleted
range and idle land. inereaszed sweweéeanis popalation:, and threats of
long-distance mass fhehts.

Tature threats ean be met with more ptenl insecticides and better
methods of applying them than were available in 1R, Bulky baits
distributed with ground equipment have bren replaeed by Tow-volume
sprovs applied by alrplanes. The acres now treated in ours by abi-
eraft required days to cover hy pround machines,  Experience pained
since 1940 has proved that it 15 a sound practice ta control nonmigra-
tory grasshoppers in several million acres of rangeland even when
there is no threat of long=listanee ma== ights.  1In view of the fact
thitt meméeans lights in 1955, 1050, and 1H0 inereased erop losses
and control vosts by $62.328 5316, failure to prevent their reoccurrence
seems inconceivable,

SUMMARY

The maost spectaentar lmg-distance Hights of grasshopper= in the
United States and Canada Tor over half a contury took place during
the summers of 1955, 1930 and 104, The species was the niigratory
grasshopper (Mclanoplus wmedivetnus neceiedions (Sauas )},

Fliglits were preceded by o general inerense tu e pdeanis nambers
Uroughour the southeastern counties of North Dakata amd the north-
eastern connties of Sourh Dukola, which beean in 1835 and rvesulted
in unusually heavy ege depoxition in 1937, Kee mfestations fov that
vear were heaviest and most widespreacd in agroup of § counties in
north-central South Iakots amd in 5 adjazeent counties in North
akota.

In the spring of 1955 enormoi numbers of nyiphs hatehed in the
ares. where eggs were depozited uost heavily in 1037, Great munbers




MABS FLIGHTS OF THE MIGRATORY GRASSHOPTER 45

that attacked crops were killed by baiting. but still Jarger numbers in
range and idle land became adults and were the main sowrce of
migrants.

Mass flights out of the zone of origin started in lnte June and vontin-
ued on days favorable for flying until August 15. Swarms traveled
in the same directions as the prevailing winds, which were muinly to
the northwest and north, when temperatures were highest and fights
were most hikely to oecur,

Swarms moving across sonthwestern North Dakota continued into
eastern Montana,  Some of them eventually reached the South Rus-
katehewan River in Canada. approximately 373 aiv miles from where
they started.  Other sawarms fiving northwest invaded northwestern
North Dakota, southwestern Manitoba, and soulbeastern Saskatehe-
wan. Swarms ving north amd northeast settled I northeastern
North Dakota. porthwestern Minnesota, and south-central Mamitoba,
Large swarms, presumably from nerth-eentral South Dakota. ended
their flights in southwestern South Dakota, porthwestern Nebraska.
aid eastern Wyoning,

Ego depoxition by migrants in 193 was heaviest and niost extensive
m eastern Montana sud western North Dakota; novthwestern Minne-
sota amd northesstern North Dakota: southwestern Sonth Dukota.
tortdhwestern Nebraskw, and castern Wyoming ; and southern Manitoba
and sonthern Saskatchewan,

I 18250 ass fights started shortly after grasshoppers became adults
in all aveas where cogs were laid mox heavily in 1835, SRwarms from
eastern Montana and westeru Novth Dmkota tnvaded o faree avea in
north-centeal Montana, southern Sasktchewan. and southeastern Al-
berta. Somie of them teaveled approximately 233 air miles. Nwapms
from northwestern Minnesota and northea<tern North Dakota Hew
east and west into nearhy arcas aud lmger distanees noeth wd novth-
west into sonthern Manitoba,  Swarins from <conthwesiern South
Dakota. porthwestern Nebraska. aqul eastern Wraming teaveled south-
enst, sonith, and soutlawest into ~outhwestern Nebraska and northern
Caolorado,

Migrants in 1939 deposited eges most beavily in north-ceutral Mon-
tana. novtliwestern Minnesoia wnd portheastern North Dakota, uorth-
central Colopado, and  southeastern Alberta and  southwestern
Sasleatehewan.

In 1940 s flights were Jess important than in 1938 and 1939, They
were Fewer, sborter, Jess intense, and did not result In ege injestations
~evere enouph to produce major fight< in 1041,

Other observations were made on Hights,  Flights started on clear
days when the air temperature =l approached >0 T winds were
favorable and adults had amwrge to pitarate,  The fime of talkeol] was
most often between 11 a0 and 1 poms, Wind was the Soal stimulus
needed to get suicrants inte the air. The most Bavarable wind was o
gentle, termitient brevze,  Minrns w-ually took off into rhe wind
and then tirned and fles withi i, When they were flving with a light
wind, thetrspeed was 10 to 12 i p b A few swvirnes were seen (lying
very fow und upwitsd toward green erops,

IFhghts In progress terinlinned ahenptly whenever there was @ sud-
den drop it air temperatnre to below S0 F. ar when clotd- obscured
the sun. On clear, warm days swarms drifted slowly to the ground
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several hours before sunset, even when the air temperature remained
above 79° until after sunset.

Crops were injured in all the arens invaded by migrants in spite of
large-seale control campaigns waged against them, Enfon'lollogists
in the States and Provinces most heavily invaded estimated that crop
losses were inerensed $58,589,246 and that control costs were $3,939,070
more than they would have been had no flights occurred.
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