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Observations on Mass Flights 

and Other Attivities of the 

Migratory Grasshopper 1 


BY J. R. P .ARKER, R. C. l\"WTON, A:-;D It. 1.. SH OTWELL 

ENTOMOLOGISTS, ENTO~roLOGY RESEARCH BR~"CH 

AGRICCLTl.JRAL RESEARCH SERnCE 

• 

m!IE ll1ost~ specta~ll1nr und E'x,tE'llsiye ~nass flights .of ~rasshoppers
.1 111 the 1: llltE'c1 :::;tatfs and ( muulll for O"W1' half a centurY took 

place during the SnllllllE'l'S of In:}.". I!);}!). anel HI-10. The most'recent 
preyiOllS flights E'xcE'E'lllnf! t1ml1 In density and (list,tIlce oCC'lll'l'E'c1 
from 187-1 to Ix77. "hE'll !!l'E'at swarms of the Ito('k\- ~[OUlltllill trl'tlSS­
hopper (;][dalloplllx lJit.1:ir·flJills N/lt'I fI(.~ (1Y,tbh))' originatE'd In the 
plains east of the Rocky ~I()tlntaillS .in :\Iontnnll. 1YYOllliIltr. and 
Colonlc1o and llli.,zrated (>ttstwanl to the :JIi~:,issiplli Y,ll1ey a!lcl' south­
\yard to Texa:? The ::=pecies in the l!l:};-;. 1!l:W. awl 1!1-111 flIghts "as 
the ll11gl'atory grasshopper f Jl.III(,l'il'll1t1(.~ /ilhl·iM1J/f .... t ~ans.) ). Tax­
onomic workers in Orthoptera no" helien that m(J~i('11Ji118 gpretu-'i 
wns an extreme f!regariolls phase of iJIf.riN1f11{·< m,;(,i(,,," II.< ~ Heb~tl'd 
4. 5):.! ~ince $olitary anll greg-arion:' pha"E':' are not tu"toHltlrily 
con:::icIered distinct ~peeie:" or !':'nh"lll'cies. Ifil ;I'il·,lllif.< '~J'r'fll.~ i~ a 
synon:ym of J/i/xh'qml-< jtil ,.rh·I/WiN. In thi:; bulletin thi:- f!ra::i:-:hovper 
will he eallE'cl mr.rir'an /lN, 

l\Iost of the H):3~ f1ight~ Gliginatefl in north-central ~()l1th DakQta. 
The hNl de::t flights w~re to tIll;' northwe::;t into wp:·:tPrtl Xnrth Dakota, 
ea$tern :Jiontanll. and southpl'll :-'nskttt('hE'wlln: to tlll' llorth into llol'th­
eastE'l'n X o1'th Dakota. Ilorthwpstern ~IillnE'sota. awl ':Olltherll .:.\Inni­
tohtt: and to the southwest into HJllthw'('stE'l'n ~()uth Dakota. north­
,\ye::tern X ehrm:ka. aIHl eas'tern ,Yyomintr. Flights in UI:3D started 
within the areas iilVllclE'd by the l!j;~s s,vimlts, :tild for thE' ml);::t part 
,yere in the Same gE'ner,ll direction::: n::: in the pl'eyious year. Sporadic 
fiitrhts from :ll'e~l::; inYllUed bv HI:~!l IIll!!l',mt:-: ot'cIUTE'd in lU-1f1, but 
W€l'e of Jess importanC'(' than the fiig-hts <in l!':b and l!l!3D. 

Duril1p: the years when tll€'~e Hights O('l'lll'red p~"te!l:"iye data on the 
seasonal development and habitS of no :.cirl(.'III.~ wt're f!atherell by the 
Bureau of Entomol0f..''Y and Plam (,211arnlH!Ile. _\. :,uml1lary of these 
data. together "ith information :;uppJied by entonlOl\lgist5 in the 

• 1 SubmItted for puoHcation ;';f>ptf>mlJpr g, 19;:;4_ 
• ltalic numbers ill IJarentllf>sPs r.<:ff>r to LiteratUre Cited. p. 46. 
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States and Canadian Provinces where :/lights took place, is presented 
in this bulJetin.3 . 

The zones 'where fJigllts origina.ted) the main migration routes, a.nd 
the areas where eggs ,yere deposited in greatest numbers are shown in 
figure 1. ~ . 

METHODS OF OBTAINING DATA 

The ]ong-disbl.11ce mass flights of 10:38 ,,'ere ullexpcded anel ,vere 
not studie(l in detni] because of other work ill 11ro):,'1.'e:;:;. Dnta l'e­
gaT<ling- them are t11el'ei'o1'e of a g-enel'nIlluture. consisting- :1'01' the most 
l>art of reports of flight::-:, tll'pas'illY[uk(l, and extent o{daJllnge. No 
attempt ,yas made to dassify the 1Di~8f1ights, anel sueh terms as 
;'light," "moderatp," alHl "hPllVY" Jlwl'ely l'Pi1eet the impressions of 
the persons l'Pporting them. In the fall of 1D~8 SUl'yeys were con­
dueted to dE']imit thE' areas w11E'1'E' mi,!.!·\ttory swarms laid E'ggs anel to 
determine thE' habitats l1lo::-;t COllllllOltly splected :1'01' egg laying, anel 
in U):3D and 1!l-10 studies were made of me..riNm·(.~ flig-hts in several 
fu~ ~ 

In In!}!) and 1D40 areas kno\yn to be IlCayi1y infesteel ,yjth eggs 
laiel by in \'luling swarms of the p1'E'vions yeaT ,ypre assigned to in­
dividual wOl'kprs :for thE' SE'asoll. Hellpatpd ohsprYatiolls ,,'E'rE' made 
at fixed :·tatiolls throllghout E'Heh area to outain data on egg, llymphal, 
and early adult populations, sE'asonal (lenlopment, be11a\'i or, and 
prevailing conditions. AIl iiights oUs('l'y('cl wE're l'PC'ol'cled, togE'ther 
\yith in:l'orJlw.tion 011 location. date, hour, tempE'ratul'e, sky eonc1itions, 
,yincl clil'('{?tiol1, type and cli],E'ction of flight. and other pertinent data. 

The point of the compass toward which most membpl's of II s\yarm 
were travelillg- \nlS l'e('orc1E'rI as the Hig-ht di],ection. \,:hen there vms 
))0 uuii'orlll (lireetloJl and lllllll'y ill(lh'idll~tls fie", in circles close to 
w11E're they took 01£. the iiig-ht was rE'co1'llecl a~ milling. 

Flights\wre clas'iiJ1ed as~lo,y 01' high ae,'ol'ding to whE'thel' the grass­
hoppers were Hying less or llIorE' than ~:i feet a1>o\'e the grolll1d. and 
Hight dE'llsity was ratptl as light. mo(lpl'llte, or hE'll"Y. To detprmine 
tiui density of flight an 01>5E'1'\'E'], eupped his hands o\,E'r his eyes, glanced 
at the E'(lge of the SUllo and made a rough estimate of thE' lllunhE'l' of 
p-rasshoppel's he cou]d see without further mOYel1lE'uts of the hands 
or head. H.ati11gs 1'0], the l1lUnlwl' SeE'11 were as follows: Less than a 
hunc1rE'd, light: spy('ra] lllUldrE'd, moderate: and many hunelred, heayy. 

_\..S S0011 as lJiass f1ight::; "tarted ill a cE'rtain stndy area, observation 
"tatiolls "'(,1'P spt lip ill aclYall('e of tllE'. Hights and at right angles to 
their gE'lleral rlll't'eiloll. COLlllts of adults were made at these stations 

3 Tbe following [Ipr;wn;; ;;nplllipd ~OUH? of tbe i nfol'mation us(;'rl in this bulletin: 
Field noteR and j'f'port;;-J. nI. Brenunll, F. D. But{'ber, A. W. Bnzicky, Roy 
C'bmnlJprlaill, Rtpwart Cht l'l' , E. G. l>nYi~. D. G. n('nlliIl~. 'V. E. DoYe>, .T. A. 
Gillett, Albp,t nIilH·Jje, F. A. Morton, F. E. Rlwog. L. A. Spain, B. S, Tplford. 
E. R. Tinkham, and Clamlp ,Vakplam] of thp forlllPr Ihlre>llu of Entomology and 
Plant QuuntIltille; {'Ol'l'P;;pOlH]Pll{'e frolll State putolllologists in :Minnesota, 
:llIol1tuua, Nehraska. North Dakota, 1111(1 Routh Dakota-T. L. Amuodt, O ..... \.. 
Bare, GraJ' Butcher, ,Vayup Colberg'. G, I. Gili)ertsPI1, H. B. Mills, and B. C. 
S('vprill; and ('oITPSponrll'Il('(, from ('anH(1iull ('ntoillolo;dsts about '/I1(,,7;icfl'll'1ls 

flight::; in Alberta, l\Ianitoba, and ~askat{'llPwal1-R. D. Bird, K. M. Kin;.:. L. G. 
Putnam, aIld H. L. Seamans. The authors are al::;o grateful to A.. B, Gurney 
and Claude Wakeland fOr reviewing the mUllllscript. 
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before fjjghts reached them. tmd any sudden increase thereafter in­
dicated the arrivtLl of an invading swarm. As soon as one line of ob­
2ervation stations "was reached b}r flights, another was established a 
known distance in advance and across the general direction of the last 
migration observed. In this I'my it "was ]'iossible to measure popUla­
tion increases due to flights and the tjme taken by s,Yarms to cover 
known distances. This method was parti<:ularly effective in Montana, 
where adult numbers before flights were very low. 

Nymphal, adu]f" and egg-pod pop111ation~ ,yere classified as nor­
mal, light, threatening, severe. or very severe, as sho\Yllin table 1 
(Shotwel1 9). 

TABL1~ 1.-(!7a8,'dficatio/J of lIympha7. adu7t. and egg-pod populatio/ls 
of gr(l887wPP('1'8 in 7arge fie7ds 

------------;--" "-"--­

x~.·mph" PC'1' Adults per . Egg pod" p<>r
Classification "CJuare yard ~qllare yard Hqual'e foot 

\ 
--------------- !---- ­

:xormaL _________ -- - --- ---- -- -----: O--\J 0-3 0-0. .:1
Light _____________________________ ! JO-H) 4-7 .5-.9 

20--3\l 8-15 1.0-1.9Threatening.-. -- --- - - -. --- ------- -; 
4(}-7H IG-3J 2. 0--3, 9 
80+ 32 -l- 4.0+~~~~,r~~~~I:e -_~ ~: ====== ========= ====; 

CHANGES IN DISTRIBUTION AND POPULATJON DENSITY 
PRECEDING 1938 FLIGHTS 

The general area ill ,yhidl llHU:iS flights of 'lIU;d('U'Jl.118 ori!.,dnatecl in 
1938 included the Jlol'tllen::;tel'll coullties of 80uth Dakota and the south­
eastern counties of North Dakota. east of tl1e.1IIis;;ouri HiYel' and be­
tween U. S. Highways Nos. 1ll aIlcl 14. Normally this species is of 
minor eC'oJlomic importance in this aretl, and in the 1();)4 SUl'Yey it COlll ­

posed only 17 percent of the adnlt grasshoppers in crops and:W percent 
of those inl'tlnge wgetat.ion. Ill]!l:l5 lJI(:,dr(llnl.~ began to increase, and 
in that year composed iiG pr.rl'ellt of the gra;;shoppel's :found in crops. 
The percentage ill rangeland remained about the same as in 1934. 
By 19:3G, GO percent of the gras;;hoppel's ill crops and 40 percent of 
those ill rfmge w,!!etatioll were )JIf'XiNl/II{S. Seytlre infestations de­
veloped in n('acllp, FIl1Ilk, Hanel, alld Hyde COlllltips ill f'onth Dakota, 
and thl'eutellill!!' i Ilf('sLations wpre fOl1nd elspwhpJ'e. 

In the;;pl'ing of 1D:37 Y(lr.y SPVPJ'P infpstatioI1s of nymphs hatched at 
many spots throughout Beadlp, Br<nn1, Clark, Day, Faulk, Hand, 
Hyde, Spink. and Sully ('ol1llj'ies ill South Dakota. Gronnd dispersal 
of thesp heavy enrly-ill~tal' ('()nl'e!ltl'nti()m~ l'l'sulted ill 11igh late-instal' 
popnlntiolls fhrollghout these l'olmtips. Ligllt loenl iligllts andgronnd 
dispersal early in Ow adult stage resulted in II sIn'pad to slIrroimcling 
conntips preyjom;ly .only lightlyin:fpsted. By lat"e SlllllJ1WJ: adults were 
present in tln'patpJllllg !lnmbers thronghollt most of JlOrtlleastern :md 
north-eentral SOllth Dakota alld in a :1'e\\' acljacent counties in North 
Dakota. In C'ollpctiolls at this !"imp me.l>i(,(1711(,~ made u]1TO percent 
of the populations ill erops and 5G percent of those olll'angeland. 
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MASS FLIGHTS OF THE MIGRATORY GRASSllOPPER 

The general spread of adults throughont the (ll'Pll wn:; folloiwcl by 
11l1usmt1ly i\'arm iYeilther in September and Oetober. This ,,'as highly 
1'a\'ornble for e<nr ItlyilW and eOllseqllC'Jlth' ypry ::3eyere e<r<'-l)()d iufes­

:-~ o,l ~ , "'" ~::-

tations were deposit('d tlll'oug-hout ;):-3 eOllllties ('ast of the Missouri 
HiYer. In a Sllryey in whieh ijYe l-squill'e foot samples \,ere taken 
ill eaeh 01' 26+ lipJd:,:. ('I-!!,!: pod:" '\'ere f01lnd in 15 out of eyery 16 sampJec: 
l'XHlllilled. 

TIlE' lljlsllrp.-c' ill 1il(',riNlItlfN populatioJ}s from 19;34 to 19:38 is thought 
to ha n:' hpen due to (lrought. Xntiye grasses were ~'l'ently l'edueecl and 
lleC<1111(' inrpl'spersec1 with Hlllllla) "'(:,eels, and llllll:h In]},l JOl'merly ill 
;;lllall graills was left idle nftpl" crop failuJ'es awl heCllJllP wpedy. De­
p1pted 1'anp.'<' and \wedy illl<' laud an' faYol'ed habitats of lIu"t'i(·aliJI'~' 
and the ilH'l'pas('rl H('l'P;I,!!PS oJ both (lurillp.' tll(> dl"Ollght proyidpd Illan), 
IlIOl'P plal'l's ;;lIitahlp fl)}' fppdillll' alld Pp.'g layiJl!.!'. 1>I'Y, warlll W(,HOWl' 
ill thp ;;PJ'illll' aud PHd,\" fall \\:1'-' fnYol'ab!t, fOl' tll(' ;;lllTintl of lIPw1y 
hat<'}J(>(l IIYlllPll" allt! fol' lJl'a \y Pg!! dp]lo;,itioll. 

FLIGHTS l~ 1938 

Seasonal I)t',\,(,lopment aml Habi1s Before Flights 

.\.:' l't'('(lit'tl'd by thp P!!gSlll'VP\' ill tlIP fan of In:.r" 1II("('i('lf/III.v hatdw<1 
ilJ PllOl'llloll;; JIlUilhpl's lli thp lHil'tlI-t'Pllt raj COlllltil''; of South Dakota 
awl in adjacput COll1ltips of XOl'th Dakota in the ';lll'illl! of In;lH. 
ITatchillg llPp.'UII ill tllP In:-t half of .\.pl'il. \\"lH'U (laily IllHxillllllll tl'lll­
}!l'rat llJ'PS l'Hnp.'p</ fruill ,'"':2 to PW F. for :-pn'l'a1 da~'i'. 1'11<> Illain 

hatdl (,OlltiJIllP</ tlll'Ollp.'lJollt ~Iay. \yjlPll thp telll[>l'l'atlll'l' ll1Hl pl'eeipi­
tatio11 \\'('l'P ahout IIOJ'mal. Hatching was abollt kO pl'l'('ellt ('olllplptp 
hy .JlllW 1 alld pl'uctil'aliy Pl}(lpd J)y .JlIll(> Vi. By .JIu", 2() llYlllphs 
W<'1'P 1IU111P],OIIS Pllollgh to dalllHgp ('l'OpS, .\.<111Jt;.; WPl'P li]';.;t llOtil'e(] 
ahout .TIIJl(· IO, Ill!t Oll .TlIlll' ~() lllO:-t of nil' populatioll \\'as ;.;till ill t1w 
J01llth :lil(IHi'tl! nYlllphal ;;tagps. nigh jPJllppratlll'ps (l11l'inp.' the h:;j' 
1!l day" of .JIIlIP ;tt'('ph'l"atl'd thp dpi'l'lojllllP!lt oj' !lymphs and by .Tnly 1 
llParl\' all WI'I'!, adlllt"'. 

,Xy'Il1phs Imlt'lwd ill p.'n'att':-t lllllllbel''; in t'mall wains, Held margins, 
i<llp JalHl. al}(l dppjp{t'd J'HIl.!:!'P. Patl'hps of ppppel'p.'l':lf;!'; in idle lamI 
amI (h'plptl'<l rall,!!<' ('olltaillt'd tllP heHyip;;t ('oJl(,pntrntiollS, which 
HJIlIPtiJlJP:- l'('adlP(l l.r)()o to "",(J(lI) 1)(']' ;;lJllHI'P yard. 

.JIass lll()\'P!llPnt:- frolll J'aJlg<' :lllcl i(lll' lalld to llt'al'll,Y (,l'Op~ made it 
llP('PC:S:n'\' to l'P]);tit mall\' fipld" ill "'hidl the initial illfp;.;tntioll ha(1 
1)(>Pll ('01 (tTo111'd, Hai t i llg (Ill Jy pH rt ia 11y ,;j O]lpP<1 tlll' ill Ytt(l ill,!! llYl1lph;.;. 
:-:;ldlit-i l'llt 1111111hpl';; c:m,,'i \'(><1 t () l'n 11;;1' ;;prjoll:C: ('I'OP <1mwlp.'p. and l:Il'gp 
11llllllH'],s of JIYllljlh" tl'allsl'm'})I!'(1 to iHllllts ill and HJ'onnd (Topped 
lawl. I !()\\'Pn'l', olll~' a ;;Illllll l)(lI'1ioll of Ill(' 1l.\'1l1pit;; that hntdlPd in 
rangp aJ\(l i(11(' landlllO\'!'d into (']'op:;. 'I'll(> o{]H'l'S ft'd OJ! \\'P(,<1S and 
!!J'Ht';;P;'; amI al'tl'l' b(,I'OIlIillg adult;.; \\'Pl'(' tllp Illain :,OIlJ'('P 0'1' fli!!ht". 
, .\(]u1l,; look to ill(' ail' iiI low r1isjll'I'sal fli!:!·l1t" 01l tl1(' first liot, days 
aff PI' p.'pttillg tllPi!' wings. ~rallY "wh Ili,irlds \\'('1'(' !'(')lOl,tpd f],()111 
.Tllll(> };") to ~·L 0111' of tlIP HlltllO},;; c:a\\" s('\'(,1'al of tJ)('lll Oil .J 1I1lE' :21 
whilp cll'i\'ilJl,.( t h ],Ollgh Hand, IT\'dp, amI Sully ('011 Mi('''' ill llol'th­
('E'ntl'ul ;-;outh Dakota. Crops:1", '\\,(>]1 n" \,pg'l'taiioJl ill nlllp.'(' and idlp 
lmld w(,1'e IJPgimJillg to snJrpt' frolll ([l'(Hlght, and all Yel!etatioll brut 
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been greatly reduced by the feeding of grasshoppers dlldng very 
severe infestations. The day was hot, the temperature reaching 90° F. 
at 10 a. m. By that time the shady sides of fence posts were black 
with grasshoppers trying to escape the hot sun. Weeds, grass stems, 
and grain stems were bending from the ",·eight of grasshoppers trying 
to get. as far as possible above the hot ground. Most of them 'vere 
fourth- and fifth-instal' nymphs, but approximately 25 percent were 
recently transformed adults. At 11 : ,')0 a. m. wHh the temperature at 
99° alight breeze started to bI0'Y' Adults immediately swirled out of 
the dryh1g ,egetation and He'y in a]] di1'ettions from 1 to 25 feet above 
the ground. -..:\..s soon as the hreeze died dO\Yl1, they settled to the 
ground and then climbed as high as possible on vegetation or sought 
the shady side of fence posts. Only a few could be seen high in the 
air against the sun. Seyeral similar loC'al flights ·were seen the same 
day. All of them started when a light breeze rippled vegetation and 
stppped \,hen the ,yind died down. 

Time, Origin, and Directions of Flights 

There is general agreement that the first ]ong-distallte mass £lights 
of m(',ri('al1ll.~ in South Dakota in 1\)!3H or·tuned durin!! the lust few 
days in .Tune. The ollly reference to flights on a parti(:ulal' date dur­
ing this period was found in an unpublished report of G. 1. Gilbertsen, 
South Dakota State leader in ~rrasshoppel' control for 1938, which 
contains the fo]]o,ying sta.tement: "There ,ms n substantial Inigration 
of me,ri('umI8 from onr ::)tate in a northwesterly direction on .Tni1e 28." 
Since temperatures from .Tune 23 to 27 were helO\\- those later found 
favorable for Hights, it seems probable that June 28 was the date of 
the first major flight. 

On .Tuly 1 swarms of m{',I'i('(l}llI.~ borne on ,dnc1s from the southeast 
,yere seen at "llIandllll, Diekinson, and Beach in southwestern X orth 
Dakota and in the southeastern eounties of ~[ontana. The approxi­
mate air miles from Highmore in the South Dakota area ,yllere flights 
startE:'d on .T une ~l) to poin ts \Yhen' illl'ollling fI ights ,w),p ,,(,Pll 011 .Tuly 1 
are as fo11o\ys: ~rnlHlall 16,>: Di('kinson 220: Bl'a('h 26!J: and Fa ]]011 
County, )Iont., 240. Using the 265 miles to Beaeh as the longest dis­
trance trilwled in.:l: clays gln~s an anrngp of (if) miles ]>Pl' da)'. This 
is faster than the ]lrogrpss of more ('losely ollserwcl latC'!' flights in 
In:18 anclln;W, but it ('onld llln-e been aCC'0l11plished IJ'y 5 hours of daily 
Hying with favorable \vincls of 1Il tn l;'l mile'S pel' hour Oil all .:j. days. 

)hss f1ights 01lt of JlOl'th-ePlltrnl South Dakota O{'('l1lTed ,,-heneYer 
'nather was fayorn hlp tllll'ill,!! .Tu1)' allcl the lirsl· 2 wpeks in August. 
The bounclal'ipii of till' zonp in ",hii'll tlwy originltipcl are not ,yell 
known but Hre tlpproxillJat('ly those shoWJl in figure 1. All of one 
cOllnty and pllrts oi' Ii\'(, adjlH'(,llt ('olllli i(';4 ill XOl'th ] lakota W(,1'l' \'e1'y 
se.-erely illfested hefOl·p flights stal'lt'<l ill :-:;011111 Dakotn and have llPen 
ineluded withi11 1he ZOIl(' wlwl't' fiiu:hts originat('{L There arp 110 r('('­
(mls of f1ights 0111 of tlH'lll Iwi'ol'(: thp arl'J.-al of SWllrJ1lS f]'om :-:;ollth 
Dakota, but it is kl!own that flights o('ellI'l'pd latel' and that loeal popn­
lations were gl'l'utly l'P(ltH'('d 1)('(':\11;4(' of OH'1l1. 

Once a heavil'y in:f'est<'d locillity was il1\':u](>d by migrants it 11(>('a111e 
impossible to th,tl'l'llline tllP COlllpositioll of d('pal'tiJlg swarms, but it 
seems certain that mc;l'ir'anu8 adults :1'1'0111 m:l1IY localities mllst have 
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joined the migrants. It is known that the more mature grasshoppers 
were continu~ly dropping out, and if their numbers had not been re­
placed swal'ms could not have progressed for hmldreds of miles with­
out marked decreases in size. 

There were many general reports that 1938 flights occurred on very 
warm days and that swarms were carried by prevailing winds. Defi­
nHe data on the effect of wind direction and temperature were obtamed 
by Munro and Saugstad ('1). On July 17, 1938, they released about 
100,000 markecl grasshoppers, most of which ,yerem,e;cicanu8, in south­
eastern North Dakota. During the l1ext 29 days speclmens were re­
covered ill 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 aY(~rage da.j]y 
maximum air temperature was 80.9° F. For the remaining 11 days, 
"hich included 7 in .July and 4 in August, prevailing winds were from 
the north and northwest and the average daily ma.ximum temperature 
"as 79°, or lOJ)O cooler than when the ,~dnd "as blowing from the 
south and southeast. 

The prevailing wind directions and the average daily maximum tem­
peratures for Huron on the eastern edge of the South Da.kota flight 
zone from ~Tuly 1 to August 14, whenl110st of the flights from that area 
took place, are shown in table 2. 

TABLE 2.-Prel·ailiJl9 u·ind dirertion.~ and average daily ma.-dmum 
te1nperatuJ'es at Iilo'on, R. Dak., i,'om July 1 to .t111gU.~t 14, 1938 

I Average 
daily maxi­Wind direction IDuration I mum tem­

perature 

-N-,o-r-t-h-_-_-__-_-_-_-__-_-.-_-__-_-_-_-__-_-_-_-_-----------------.-----------.---.-J D'·'l0 1--"-F-·---,.-3 
8 

Southea.ct________________________________________ 93.0~~~~~~~~~~~=======================:===========j! 11t ~~: g
South__________ . ______________________ ._________ 8 9& 3 
Southwest- ___ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ __ ___ _ _ _ __ __ _ _ _____ 5 89. 8 
'Vest_____ ___ ___ ___ ____ _ _ _ _ _ __ _ _ _ ____ ____ _ _ __ _ _ _ _ 5 89. 2 
NorthwesL______________________________________ 4 86. 7 

The prc\'fll(,llte of winds from the south flnd southeast on 19 days 
wh(,11 temperatures were highest and fiights were most likely to occur 
explains tl1eir general direction to the north and northwest. This does 
not mean that individual swarms tmwled in only one direction. 
Swarms in South Dakota tl':tveling northwest toward soutlw:lstern 
}\fontana could have been <liverted to 'Yyoming by northerly winds or 
to western and central North Dakota by ,yinds front the south or 
southwest. 

Swarms of 1l1erciCanu8 from the source in north-central South Da­
kota and south-centntl North. Dakota, flying north and northeast, 
reached the northeastern counties of North DakoUL in the last:2 weeks 

http:Southea.ct
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of .July and moved into northwestern :Minnesota and south-central 
Manitoba in the 11rst 2 weeks of August. 

South-central :Manitoba 111tmicipllJities bordering Rolette, TO\Y11l'r. 
Ca,valier, and Pembina Counties in North Dakol"tl were most hetlyily 
invaded. Seyere to very seyere infestations, attributed to flights, \y!?re 
found throughout the Pembina HiveI' system in surveys conducted 
by Canadian entomologists. 

Other swarms trawled across northwestern XOl'th Dakota and en­
tered southwestern Manitoba and southeastern Saskatchewan. Flights 
reached ha]f\yay to the internationa1 boundary by .Tnl~y 10. Canat1ittll 
en(omologists reported heayy flights into sOllt11western :Manitoba on 
July 15, 23, 25, 29, and August 1. These flights progressed about 100 
miles farther north during the first:?, wpeks in ~\l1gt;st and left S~\'erc 
infestations of adults in the south\Y(?stern municipalities of the Prov­
ince. The s\yarms entering southeastern Saskatchewan at the same 
time continued north\ya1'd for about the same <listance. 

S\yarms moving- through soutlnyestern Xorth Dakoht entered ~[on­
taun. on .July 1 and produced very se\"ere infestatiolls in the eastern 
counties. Their progress across eastern ~[ontftl1a has been described 
by :J:fills (0), whuse map is reprodnced in fig-me 2. 

Some of the swarms that entered eastem ~[ol1tana contillu('<l t11eir 
flights into Saskatchewan. They began erossing the Canadian bonh'l' 
on ,Ju]y IT, and when flights terminated about August 15 Ih('), htH1 
reached the South Saskatchewan Riwr Ya11e)•. 

The swarms that entered Saskatehe\\'H.1l from ~[ontttllit and :North 
Dllkob left moderate to \'('IT sen>re infestations in all the municipali­
ties south of the Smith Saskntche\Ynll and (..In'~\ppelle Hiwrs except 
in the soutlnyestern COl'll('r of the Proyin('e. 

The distance to the South Saskai"t·llPwan Hiwl' fl'OJIJ the plaee tIl(' 
flights started in Sonth Dakota is approximately ;)1;) mih's, which is 
the greatest knowll distanc(' (rllYele<l hy S\ylU'IllS in ]!):3R. 

Data on distttlw('s flo\Yll by 1II(';eicr1ll1l.'( ndults ill 1!l;~R han' I>('ell 
reported by 1Yillis (12), W110 'l'l'Jease(11H,50() pailltp(l grasshoppers at 
1"lu'ee points in enstern ~Iolltalla and onp point ill llort11\\"pstenl X01't11 
Dakota, during- the Hig-ht period of .hlly 10-2-1:. Fonrtr,pn were re­
cover('eV30 to 2:30 mill'S from th(' points of rell'lls('; :-; tTa \"Pl('d n01'tll\\'('st, 
anortheast,:2 sonthwpst, and Illorth. Thn'(' \\"Pl'!' 1'('eo\'('r£'(] in south­
ern Baskatche"ml1 :2;~(), ~(}O, and 1HO lllill>s frollJ 1'('J(,:1s(' ]loints, a1't('1' 
Iii, 10, und f) clays, l'('s]J('('tiwJy. 011(' SI)('C'iJllPll l'P]<':tsP(l nt ,YilHl1lX, 
~:font., was eaptllrp(l tIll' 11('Xt clay ;)0 mill,s to t11(' llortheast at Bptleh, 
~. Dak. Al'dher, rt'leaspd at \\Tillistoll, X. Dak., was tak('H (; <lays 
later 200 miles to the southwest at .Tonl:m. ~ront. 

Larg-e swarms of III ('irirlllll/8. P1'PSllI11:li)ly orig-iI1H!ing- in north-cen­
tral South Dakota, came into the Blaek IIi)]s of \\'l'sh'J'1l South Dakota 
and the northeastern ('ol111ti(':; of 'YYOlllJllg durillg fll' rir~t ~ \\"('l'ks of 
.Tuly and \yere fol1o\\'pc! by sllwll('I' SW:U'111S ())) fnY,)rnbll' flying days 
(luring th(' l'(,IlHlinder oJ tlll' 11I0nth. ThpH' grasshoPlwrs did no! ('Oll­

tillue 'ael'oss ,\TYOmilll-!:,lJllt fll'w sOllth to spUll' in large l1umlwrs 
throughout the jilaek irilJs, the ext1'l'lllt' ('as(('l'll ('011 lit iI's 0'1' 'YYOllliJlg, 
and in smaller Jlllllll)('l's ill the ('xt1'pl1l(' westprJI ('(J1llltips of' Xehraska. 

The wilHl-<lirl'etion data :for HtH'OIl, S. Dale, 1>1'(':;('1111'<1 in table ~ 
show only 2 <lays frolll .Tnly I (0 Angust 1·1- \\'11('11 tlH' win<1 WaS from 
the east or northeast. H therefore dot'::; !lot Spetll likely that swarms 
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entering the Black lIills, eastern "Tyoming, and western Nebraska 
could have followed a direct westerly or southwesterly route. It 
seems 1110re probable that they had been carried from north-central 
South Dakota to southwestern North Dakota on winds from the south­
east and had then encoul1teredl1ortherly winds, "'hich diverted them 
to the south. 

Apparently few large swarms traveled any great distance directly 
east or south from their origin. No reports of flights in these direc­
tions were llHlde by field supervisors of the Federal grasshopper con­
trol project or by entomologists in the States that would have been 
invaded if suchfiights had extended beyond their borders. At Huron, 
S. Dale, t1.ero "'ere 8 clays favorable for flight to the east and south 
from ,July 1 to Augnst H. The wind was favorable from the west 
on 3 days and from the north on 5 clays ,,,hen maxinnun claily tempera­
tnres ranged from DO° to D8° F. 

That some flights to the cast alld south did occur, at Jeast within 
South Dakota, is indicated in c01'l'esponclence from H. C. Severin, 
entomologist for the. South Dakota Agricultural Experiment Station. 

Since the egg survey in the fall of 1!l:38 diel not show any heavy 
infestation of 17w;J'icanuN egl.[S directly traceable to eastern or southern 
flights from north-central' South Dllkota, it seems evident that they 
were of minor importance compal'etl with flights to the north, north­
west, anc1 \Yest, ,,-hich 'were i'ollo,,-ed hy heavy egg deposition in the 
areas where gravid females 1inally settled. 

Changes in Local Populations Due to Flights 

Only a few estimates of changes in locallJ1('xicallIl8 populations due 
to HJ:~8 flights are llyailable. Localities ill the path of sustained mass 
flights underwent l'epeatecl shifts in Jl1l1l11Jers. i\orJnul anc1light in­
festations of 1 to 5 pel' square yanl ,,-ere often suddenly increased to 
Yery sewre i nfestatiollS of il~ 01" lllore by the Hi'st illvading s,,-v.nns. 
If conditions were favorable 1'01' Hyillg, these swarDlS moyed~on within 
a few days, le~lvillg only slight increases oYer the original numbers. 
Later in\'a(li1lg nn(i departing S,,'arJnS also eHusecllocal populRtions to 
fillctllute throughout: the flight period. The perlllanent increases were 
gl'eulest near tile end of the Hight, I"dwll lllallY females ceased flying 
and bpgan egg laying. 

Oue of !llP anthol's SIWlll: se\'cral days jn eastc'J"l1 i\Iontnna when the 
fil':;t flights ofl!l:JH \\'Pl"e in Pl'ogJ'C'ss. GmssllOpper inft'st:atiolls before 
innlsioll ",pr(> llonpcolJolJli(', :1]1([ c]"ops \\"t'J't' good. Int'oming swarms 
W('1'e ohsenwl jn the lat(' :ti'tel"lJoon scttling in liel(ls of \Yell-headed 
whent in Il1lllJiJ(,I'S sufliciPllt to In'lIel mally'stems to the ground and 
populate ellti]"e field" with s('v(,l'n} hnn(lred grasshoppers per squnre 
)'anl. If suell dpllse :;wnl'llJS l1Io\'etl on the J1('xt clay, damage to crops 
was slight; if ll]('y l'(,lllaillE'(1 'I'OJ' s('ycral days 01' WE're followed il1lme­
(/iatply hy ochcl' ineoming swarms, crops ,,-ere often completely 
l Lt's( 1'0.)'(><1. 

ChangE'S in populations 011 siudy nrens W('],E'. I'e('orded at i\Ianclan, 
Dickinsoll, and BpHeh in soutll\\'('stC'l'n :0;"orth Dakota. These areas 
were '1: ])Jiles long by ~ miles wide) amI illelu(/C'(l farJ1J, pasture, and 
range lands. TItl'Y ,,"PJ'E' l'ppeafe(ll.v inya(]cd by s,,-arms of 'In(!.1:ica.nu8 
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from the south and southeast during July. The obsel'vaJions are 
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summarized in table 3. These £gures represent ayerage populations 


• for the entire 8 square miles of each area, but do not show the heavier 
concentrations ia small grains, "hich were almost completely de­
stroyed at Dickinson and suffered losses of 50 percent at Beaell and 
33 percent at Mandan. Before the flights the population on the 
Beach area was approximately haH as large as at Dickinson and 
:Mandan, but ,,-hen they ,,-ere o"l'er residual l)Opulations ,,-ere nearly 
the same on all areas. 

TAnu~ 3.-C7wnges i'n g)'as,~hoP7Je?' populations in SOltth'u'estern N O1,th 
Dakota due to jligld8 of mexicanus, 1938. A. ve7'age ml'7nOe7' 7)er 
squa"e yard 

Before flights f During flights After flightsTJoclltion (June 28-30) (July 15-20) (August 1-3) 
,, 

?lIandan ____________________ 4. 2 10,0 5.6Dickinsoll __________________ . 4. 4 18.0 5. <1Beach______________________ 2, 3 12.0 5, 0 

l\fills (6) published maps showing increases in grasshopper numbers 
in eastern l\lont.ana counties clue to flights of meXiCa1W8 during the 
£rst 2 weeks of ,}uly 1938. His datil are snll1marizedill table i. Pop­
mation £gures are based on counts made in habit:tts where grasshop­

• pel's ,,-ere most likely to be fonnd, 

TABLE ±.-rlwl1,qe8 ill grasshopper popu7ations ill ('({8tC'I'J1 Jlontana 
counties due to flights olmexicanus during tIl(' 7)C'riod July 1-14-, 
1938. Average number pel' square yard 

I Before After 
County migration migration Increase 

(June 25-30) (July 12-H) 

Carter_____________________________ _ 
10 12 2

Powder Riyer_______________________ _ 3 G 3Fallon _____________________________ _ 4. g 5'Yibaux____________________________ _ 2 16 1-1Custer_____________________________ _ 
2 30 28Dawson ____________________________ _ 10 4.7 37JYfo;:Conc. _.. _______________________ _ 3 54 51 

Prak~_____________ "_______________ _ 
3 55 52Richlancl___________________________ _ 8 61 ,53Rosebud ___________________________ _ 9 64 55{}llrfield ____________________________ _ 
1 138 137 

• 
Egg Deposition 

Some migrant females laid eggs during the last 2 weeks of .Tuly and 
the fi.rst 2 weeks of August, but peak egg laying did not begin until 
about August 15, after nearly illl flights had ccased. Temperatures 
were above normal during August, Heptembel', and Odobel', and egg 
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laying continued until October 20 in some localities. According to 
E. G. Davis (unpublished data), tIle main egg-laying period of 1J1eX'l­

eaml8 on the :Mandan, R. Dak., study area, extend9d from August 15 
to October 20 in 1938 as compared ,lith an average period of AUf,,,11st 18 
to September 30 from 1937 t.o 19:1:3. 

Since ep:g dpposits 011 study al'eas at Mandan, Dickinson, and Beach, 
x. DaIL, were more in line with adult l1u1l11wl's during flights Hum with 
smnl1er populations after ilights were 0\('1', it seems certain HULt some 
mip'ant females 1ai(1 eggs and the11 joined s,Yarms that moyed to 
other localities. The more usual thing was for gravid females to drop 
out of swarllls andlav all their eg!!s in one locality. Consequently 
egg deposition ill a loclll1ty \yas prOl)Ol'tional to the liumber of fenmles 
in the swarm that were ready for ep:g Llying, being heaviest where the 
fli2:ht term inated. 

'In the fall of 1938 sllrveys were conducted to determine the habitats 
most comlllonly selected by migralltmemiraml8 females for ep:g laying. 
The results of snch surveys in nfontana, Nortll Dakota, K ebraslm, 
~outh Dakota, and 'YYOl1l illg Ht'E' Slll1.11nnrizrc1 in table 5. 

T.\.BI,E 5.-Distl'ibution 	of mexieaI1lls e[J[J.~ by habitat, fall of 1938 
(from SllOtU'(7110) . 

I
Suryey Rtops IEgg podR perHahitat 
k. square foot 

}tll'lnlier Numbet
Cropped field,; _. ______ . _ .. ___ • _. ________ . _____ _ 323 1, 1
Idle land ____ . ___ _ 5'11 1. 1----------------1Open range ________________ . - ____ ... _' 	 .3-~--

414280 IRange within 1 mile of crop"_ 	 .4 -- -------------[ 

There wer€'- fewe], pod,.: ]ll'!' SC[Utll'P foot ill op<'ll !':lll!!e than in other 
habitats. but Jar!!p llUlllht'I''': 'I"('rp SOlllPtilllPS fOUll(l. Ot"Putpst number" 
O{,ClllTP([ w11e1'(' 'IIHtiyp gl'HS":PS had bp('11 partially ]'pplacNl by annual 
Wf€'-els, sndl as Hnssian-thistlr [ll)(l peppl'IW,'USS. Hp~l\'Y egg concen­
{l'atio]H; WP)"(, SOlllP{'illles fOll11d ill ('0 III paded <ll'ift soil arollnd sage­
brllsh amI eadllS. Sillce thl' ;;po{s ",11Pl'P lal'!!(, 11umhe]'s ',"l'rE'- found 
compl'ispcl ollly a stHall }lortion of Hl(' totalrUl1!!(' HCl'('age, slll"veyed, the 
mlllllwr :found there <lid llot mai'€'-l'ially lucl'pnflP the average for the 
OPPIl l'H llge. The 1:trw' numhers found in \'i('eds showed that very se­
Ye!"€'- Infpstntions Illight dewlop if {'he l'ungp bp<'ame seriol1fll:v depleted 
by cll'Ouglli, soil Pl"osioll. 01' ()Y(,l'grazi ng Ii}' li \'estock or grasshoppers. 

~\.Il ullusual hahiblf splectP(l for egg laying by migrant females was 
(liseo\'(,I'('(l ill tlH' ~pl'illg of IO;)!), wlH'n gl'pat nlllllbers 01' nYlnphs \\"('1'(, 

-found ill the l'i\'('1' bot {OlllS and hl"('nks of thp Missouri tll1d Little M:is­
son]"] J{in'rs ill Ill(> IJHd]alld~ of \H'S{ Pl'il Xor!h Dakota. Few JII(!a.:iaa111l8 
IIYlllphs \\'('1'(' :found ill O]H'n g:I'llsslalltls whel"P gnUlltlgrass was domi­
mUlt, but Illtlny wert' i'ollnel in Illix('d C;{tllHls of bhlPstem, bluegr'tlss, and 
llt'pdlpgl"l1:'is ill aml adja('Plll {o pa{dll's of ~n()WI)('lTies and 1'0fle bushes 
nlong dry ('1'('('[( I)('lls, ('olllpp lwttOlllS, draws, and river bottoms. From 
fjO to' 500 pel' square yard were COUlmon in the edges of brllsh and SL:l.'­
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rOlmding gTasses. :nfost of the infestation extended only a rod or two 
into the grasses, but oft-en the nymphs "ere found all through the 
brush if it 'ya~ not shaded by trees, 

The dose association oi the nymphal iniestations "ith patches of 
sno,yberrv and rose bushes leit no doubt that miQ"rant females of the 
previous }'ear had gathered there iol' egg laying. - I)l'evious to 19:-18 no 
such ('ollC'entl'atioll of e![Q"s ill brm:h of any kind had ever been seen by 
persons with mallY yetll'~ o'f experience ill studying lIlemiCaml8 in tlie 
northerll Great Plains. 

Handford (.j) l'epol'H'(l a similar ullu;;:ual concentration of eggs ill 
the bottom lands of tIlt' Pembina. Iliyer in southern ~Ianitoba after 
8Ya1'111S of mtJ:i(,//IIU,~ from the "Cnited State::; lmd invaded that area 
in 1038. 

Seyeml reasons for tht, \lllusnal concentrations of e![!l'S in and lleal' 
brush in eouleec:, dl'H,"so :tllClrivel' bottom:, are sllQ"Q"e:'tecl ~ (1) Females 
droppinQ" out of SWal'lllS were heay,' with eQ"![S iilHl ,yere forced to de­
posit them at ouee iu all arl'U dE'Yoiclof the el'(lpped and idlE' lall(l where 
eQ"8:S are usutlllv laid in Q"1'Ptlte;::t llUlllbel':'. (:! 1 ;;llowbelTY and ]'ose 
hllshes f'uppliecCgn'Pll foo! i amI p:-eapt' frolll high g'rouncl terilpertltures, 
(3) soil shadpd by the bl'u"lr was softPl' aIHl lIJOl'e fa nmtble for egg 
laviug than SUl'roullllill![ !!l'O\ll)(l. awl (·1) :,warm:, l'E'llwilled sE'ttled for 
IOIlgel' pel'iOlls of egg liyiu!! b,'('un:,e light wiml:, IlPpdE'<l to initiate 
Rights w'el'P less frequent t hall Oil lti:rbpr llllll]'otel'tecl ground. 

Egg layiu![ by migratorY SWUl'lU;- of .'!II ,1'i('llftl{,~ ill the Cnitecl States 
was 'heftnestin 'the followlll![ urea:'; (I) Enstel'll .JIOllttlIlll and \\'est­
ern XOl'th Dakota: (~) nOl'thwe:'tel'll ~IillJle:,ota and HOltheastern 
Xorth Dakota: and (3) southwesterll ~onth Dakota. nortl1\yestern Xe­
braska. and eastern \'i~,·olllill![. In ('alUlIht eQ"![ lavin![ was he~tYiest in 
HJUthern ~Ianitoba alld sOlltllPl'Il ~a,.:katdlp\qtll.. The boundaries of 
thE' l-nitecl ~tates areas ,n'rp detPl'lllillPd b,- e![Q' ,.:unev:,; in the fall of 
In:3t: anclnyrnphnl :=:mwyc: ill the ;-prill!! ilf l!');lH. lIt .JInnitoha and 
~tlskat('hewull these ttl'eas were base(llllUilllv Oll fall e!!![ :-U1T(,V:'. The 
area~ :-JlOWll ill1i~"ure 11'('Ill'eC:Pllt ollly the Iniowll ;-PH·j:p'aud wlOY :-=ewre 
infestationc:. and theil' lJOtllldarie:, Hre only appl'oxilllarely torrect. 
:--iE'Yere infe;-,tatioIl,-; ofteu Q"nuhmlh- !leelinetl :frow olle Im'alit,· to an­
other. so that it was ditIi{'ult to p:'tu'Lli:,-h It bOlTlulnr," betweell tiH~lll amI 
threatening in:fp~ta ti (HI:', 

FLIGHTS l~ 1939 

Thp mass ilia-lIt:' in l!J:m Hl'e (li:-'("l%eLl hy :rE'o:rraphienl ttreas in the 
rnitE'fl ~tates where ~\\'a l'lJl~ of fllI.l'ir'llldIN laid egQ":' ill greatest nUlll­
lJE'l'S in In:li-i. as ;-lJo\\'1l in li![lll'P 1. ' , ., 

The most data WHe ohtnhwd in eastern ~Iolltalla (uHl "estern Xorth 
Dakota. bt'('nn,;e OllP lllPmbt'l' of the proje<.:t Wtl:-' a"si~lll'a to this area to 
study migratory popnlation;- thrOll!!ltout the spa,;on. Other llleJll1x>rs 
spent e()ll~idernbl(' timp within aIlcl aron]!!l the tn'pa ill eonn1:'l'tion 'with 
otllE'l'dutips, Conditioll'; ill :\Iontalla werE' IHllticlllady favornhlt' for 
stuclyin![ Highb, Till' bOllwlnl'leS of ltPHYY eg,!! \lppo,;ition by l!l:~~ 
SWUl'lIl:, WP1'P bp(tfl' dpJim,d thall In other area:'. and the remainder of 
thp ~ttlte wa:-' ;-,0 lightly iu[e:'\('!l that l\l:W :,;,nU'lJ):; could be etl.;ily 
spotted and followed fl'Otn (JIll;' Iocttlity tv aJlother. 
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One person was detailed to study flights in southwestern South 
Dakota, northwestern Nebraska, and eastern ,Vyoming, but he had 
less assistance than WD.S available bl the Montana-North Dakota area, 

No speciftl plans 'were maxle for studying fjip:hts in northwestern 
:Mllmesota and northeastern North Dakota. An data for tills area 
were obtained from State §..,rrasshopper-control leaders. 

Information on flights from the euited States into Alberta, Sas­
katchewan, and :M:anitoba ,,'as obtained fr0111 Canadian entomologists. 

Seasonal Development 

Eastern Montana and ~Testern North Dakota 

The main hatch started on May 5, :2 weeks earlier t]lan normal, and 
was 90 percent complete by ,Tune 1. Nymphal development was re­
tarded by cool, wet weather during the third 'week in May, but 110 
reduction hl numbers ''laS noted, TIle flrst adults were seen the first 
week in June, and by July 7 OWl' 90 percent of the popula60n was 
adult. 
Northwestern Minnesota and Northcastern North Dakota 

Hlttching started tIle Jirst week in May and was 90 percent ('omph'tp 
by .June 1. The first adults were seen on .June :3, and by .Tuly 15 oypr 
90 percent of the population was in the adult stage, 
Southwestern Sonth Dakota, Northwctitern Nehraska, and Eastern \Vyoming 

Hatching began the last w('{'k in ..::\priJ, was general during the first 
\yeek in ~fay, and wus pl'actieally COlll pletp by .June 1 except in the 
Bhtck lIil1s. where hatchinfr and nymphal dew]opment were 7 to 10 
days later. The first adults \\'ere seen on May 30. By .Jul~' 1 fromT5 
to 95 percent of the populntion were adults except in the BInd;: Hms, 
where 1 to 15 percent ,,'ere adults. 

Where G::eatest Numbers of Nymphs Hatched 

Eastern Montana and \Veslcrn North Dakota 

As pl'ediL'ted by tIl{' egg sllLTey in the :fall of H)3R. grassllOppers 
hatched i111aJ'fre Ilumbers in idl(' land, small grains, and field margills, 
The maXiJllllflJ numbers JlP)' squllre yurd were 140 in field JlUtrgins, 
115 in idle land. aml ii5 in small grains. 

In the ri \'('1' hottol1ls. dra WH. and ('oulees of the Yellowstone, .Mis­
souri, and Little Missouri Hi\'el's from 50 to 500 nymphs per square 
yard were common iJl and around clumps of rose and sno\\-bel'l'Y 
bushes. 

In rangeland more grasshoppers hatched than was indicated by the 
:fa]] egg sUl'vey. Frw were j'ouud in good stands of grumagrnss nnd 
sec1ge,whieh are dominant over HllH:b of tIll' range, hut Yery seveJ'P 
infestatiom~ O(,('UlTPd Wl!P.I'P Home 01' thes(' plants had been killed and 
replaced by weeds b('C'auHe of o\'el'grazing nml elI'ought. 'YN'd Imt(,hes 
of less than 1 square yarLl :frequently 11nl'l)o)'('(l several hundred 
nymphs, and in larger patehes there were. sometimes as JIlany as 1,000 
per square yard. 

Nymph:; were muc11 more abundant in "western whentgl'ass and 
needlegras.'l than in gr:unagrass and sedge. In:fpstatiolls were particu­
larly severe, 50 to GOO pel' square yard, in creek bottoms and dmws 
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where these grasses ha<i remained green and attractive for egg laying 
during the 1938 flight period. . " . 

Large numbers also lUttched ill dnft sOlI arOlmd sageorush and 
pricklypear cactus. These habitats eomprised only 10 to 25 percent 
of the vegetative cover, but they produced enough yOlmg grasshoppers 
to cause heavy infestations of entire sections of rangeland. 

Field men making frequent observations in eastern :Montana esti­
m.ated that the ayerage nymphal population in ,1,pprQximately 8 mil­
Han acl'f',s of rangeland in t11nt nre:L was at least fiO per square yard. 
Northwestern Minnesota Hnd NortheHster.n North Dakota 

Large numbers of grassl10ppers hatched in small grains, ilIfalfa, 
eutaw!' land, p:u.;tures, and iIi bottom htlld along the Red River. 
Average 11~pllphal populations in various habitats ,yere not reported, 
but extensiye control operations 'yere employed to 11,'otect crops. 
Southwe;;tern South Dakota, Northwestern Nebraska, and Eastern ~Tyoming 

Small grains were the most important cropS and comprised the ltu'g­
est acreage of nymphal infestation,:;. -:\t their peak nymphs ayeraged 
60 per square yard in fields amI 501l in rhE'ir margins. Small frrains 
seeded in unworkecl stubble werE' IllOl'P !lE':n·ily inJestE'tl thall when 
planted in deeply ploweclland. In weedy idle Janel and aHal:fa. popu­
lations were higher than jn f'mall grninf-', but infest('d ut'J'eafres were 
smaller. AYernge numbers 1>(>1' sqlla1'(' yard 'n'J'l' 75 in idle land and 
115 in aHalfa. 

Henvi est eoncentratiolls of nYIlI ph:-o \\'(,J'(> fOluHl ill the Hlollntain hay 
meadows and pastures of til(> Blae];: Hills, ",11pr(' thfY averaged 600 
per SOUllre yard and frequently exeee(1€'<11.000 per ~quHl'e yanl. Rllllge­
land \vas 110t hettyi]y infes(p(/ ('X('ppl" ill small Ul'P:lf' adjueent to in­
fested crops or idle ]:111(1. 

Damage by Nymphs and Their Food Preferences 

Eastern Montana Hnd Western North Dakota 

Nymphal infestations in small bTl'ains ';yere not so common as in 
other habitats, but when present they were usua1Jy very seyere and 
destroyed mo::t of the crop unless control measures were employed. 
Many grainf-ielels not originally infested were repeat.eelly invaded by 
nympha] mifrration from hea;dly infest.ed range and idle land, and 
SlIme crops were destroyed ill spite of se,"eral applications of bait. 

BJuefrra.5s was preferred t.o all other grasses and was the most 
severely injured. Little of it eyer reached the Jiowering stage, lind by 
the midcUe of .June most of jt was eaten to the roots. ,Yestern wheat­
,t,'Tass suffered about 50-percent foliage damage and almost complete 
loss of seed. Damage to needlefrrass foliage and seed waS slightly less 
than to western wheat~rass. Sedge foliage and seed heads were only 
slightly damaged. Gramagrass was injmecl the least of all t.he grasses. 
Its leaves often remttillecl uneaten when grassshoppers had destroyed 
ltll other vegetaUoll. Some of its early tlower heads were eaten, but 
it blooms later than most grasses lwd by the time it was jn full bloom 
nymphs had transformed to ad u1ts and had left, the area. 

Of t}le annual weeds, pepper/-.'l'ass and Russia.n-thistle ·were pre­
ferred to all others, but the latter was etLten readily only when newly 
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sprouted und a few .inches i!l heirrht. Dr\' Hllssian-thistle plants ,wre 
eaten wheullo other food was availlltle. . 

Sagebrush was frequently defoliate(l and the bark eat.en, leaying 
only bare, c1rv twirrs. The foliarre of wild roses, rahbitbrush. and 
sno,,-berries ,+as eaten, amI 111ey,vere often stripped of their bark. 
Blooms of the pricklypear eactus were eaten almost as soon as they 
formed, and iieshy leaye" "'el'(, n-eqll(llltly ~() gouge(l ont that they 
sluivelec1 and tmned black. 
Southwestern South Dakota, ="'orthwestern i'iehra~ka. and Eastern "-yoming 

Small rrrains \Yer(' fawn'he fOOll:;. Hudman,. H('hls of lmrley. oat:3. 
and spriilg-see<led ,dlent w!:'l'e eompletely destroyed. It ''ltlS esti­
mated thM the harvest of sUlall Q:l'ain" for the area as a whole was 
reduced ~;j to gij PPl'l'PIlt amI that lo~~es chI(' to grasshopper damage 
"ouM lwye b('en t"1['P as !:ll'rrp if ('outrol meaSllres had not been 
('lllployt,(L . 

Alfalfa was eaten 1ll0l'(, l'padily than :-,weetclo.-er. and yields were 
reduced 10 to 15 percent. Timothy. ('rested wbeatgrass. brome, and 
other mountllin llletHlo", graSSes in the Black Hills were llll so seYereh­
attllcked that practil'tL11yCllo hay vms htllTested. \ . 

Of the CUllllllOll range f-,'l'asses, bluegrass. \W"terll wheatgrass. and 
needlegrass were }JrefplTecl: gnulla!-'l·a~,.; was seMolll eaten. Dalllage 
to range was seYere in sPOtS, Lllt anraged ouly 10 to:20 percent. 

IVeeds most COl1Ullollly fed upou \\"elV Hussiall-thistlE'. peppergnl."3~. 
llllllbsguartprs, sUllfiowp"". and tloek. GlllllWPpd and ~keletollweed re­
mained uneatell e,'ell \\'hp11 other food was scarce. 

Sagebrush. rose bushe.,;, llIHI ::;llo\\'berl'y oftel! wpre fed upon and 
were sometimes stripped of foliage alld bark. 

~~'mphal :'tligratio!lS 

Eastern :n.lontana and ,Yestern :\orth Dakota 

Nymphs htttl'hing" frolll Pggs luid by fl'IJla1ps iJl tllp lH:}S flight!"' 
showed a greater tendeney to migrate thun did nymph::; ill Iocalitie~ 
where flights had not m:curred for ,.;p\'ernl years. Fir::;t-instar 
nymphs dispersed into surroundillg vegptat ion ,,-irhout forming baml::;. 
Later Justars fl'p(lUelltly 1ll:tl"ellPtl ill balllb ill ehnnu'tpl'h.. til' migra­
tory ftl.shion. :-Some bamb llloyecl from ilUe land and deplptpd rilngE' 
into sma]} grains, llnd others left grainfields after they had destroyed 
the crops. Xearly all migl'utiom; werp tuward J!l'PPll('r or 11Iorp alnlll­
danl Yerrptatioll. bill S()lIlt"tiIlIP:-' thpy left lields \\"JtPJ'P llip!.'p was pIp])t\' 
of greeil Jood and lllOWd to 1e:-;:; fa"orab](' euyil'(m111ellts. 'rhe diree­
tion of llligTntiollS Oil lew1 ground ,nt~ gPllPrally upwind. III rolling 
terrain ballds left ddge:-:; and :,;]opps and llJoyed to Jower, wore llt>llrIy 
leyel laud without regard to wiuci. (lil"ertiol1, ~jo\Yl.r Howing small 
stream'3 did not retard their pl'ogrt>:.;s 01' chungI' thE'il' ("ollrse. The 
yOUlIg gra:-:;:;llOPJlPl'S ])IP),P]Y hopped iuto the water, swam rapidly 
across. llnd continued 011 their way. 

lIli::..';'·ationc.~tal'tPd wlll'1l ail' (l'lilpel'tttm'ps first nmgpd fl'om ()8° to 
75° F. and tIle l'iky Wll::; dPH1" awl ::;topped when tItp tellljlprature 
dropped bplow Gli~ or tllp :;ky bet'lUll(:' ovel'<.;ast. Btwcls traveled at the 
l'llte of about 1/10 milt> per 110m'. 
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:M:ASS FLIGHTS OF THE MIGRATORY GRASSHOPPER 17 

Southwestern South Dakota, Northwestern Nebraska, and Eastern Wyoming 

"Migrations of yOlmg grasshoppers ,vere common on clear days when 
the temperature was 68° F. or high!:'l'. Movements were mostly from 
idle land and field margins to small grains and alfalfa. Most of the 
migrations observed ,vere upwind toward more sueculent or more 
ablmdant food. :\IRrching band~ of /n('.r'if'aldIX wpre Hot joined b)" 
other kinds of immature grasshoppers, even when they passed through 
places where other species were numerous. A few mewi('anU8 ballds 
were interspersed with newly transformed adults of the same species. 

Dates, Locations, Directions~ and fntensities of High Flights 

Eastern Montana and ""estern North Dakota 

Flights became frequent as soon as25 to 51) ppl'cent of the me,l'i{'anu.'1 
populations became adult. Less timE' wa::; ::pent in preJ.iminary low 
milling flights than in IH3S. Sewly transformed adults seemed to 
have il1lH'ritpd II mi;:,..rratory Ill"ge ll]l(l took to tIle air whelJen'r tempera­
ture and 'Winds were fa nJl"llble, e,en when Ia\'()dtE' Iood::: and shade 
were available. 

The first tlig-hrs ob::;erved ill ~I(Jntnlla werE' ill Ro:,ebml County on 
.Tune 20. Fir~t fiidns in S orth Dakota '''E're :'PPI! in ~\IeE:ellzie, Stark. 
and ::\Iercer Counties 011 .r lUll:' ~(i-~:--. _\11 of them were within the 
area of heavy egg clPDositiol1 by I!I;3" "warm:" ;-;""arms C'ontinued to 
fly out of the area !lIltll ,Tuly ~II. \"lIelI it hpcame almost eompletely 
cleyoid of m~.rir·f1l1I(N inIe"tariou:, ,d e('UllOm!(" imponauee. Swarm~ 
were ;,;ightE'd ill adjaef'm prpVi(}ll:-i iv llllillfp,.:tf'c[ loealities during the 
la:'t d"'TS of .J nIle and eflutil1llE'll to ll~oVE' lH nlrirms directions on fa ,01' ­

able days tlu'onghout ,July. Flight:' d('I'l"E'u:;ed rtepidly after August 
1, and the last one of uny importullce was "epn OIl _'UIg-USt :2:2. 

Durillg rIlt' tlig-ltt pel"i()(l +"1 ({prailed I)b,.;er,.ati()IJ:'~ \ypre recorcted 
on tlight~ in l}l"ogres,.: wirhin thp %Olle ",liP!"p they originated or the 
lwalitie:, tlwt they inYntiP(L Thi,.: doE':' no( IlH',lfl that .fbI separate 
swarms were :seen, I>iti'prpnt pers(}nnel sometimes ob.,el"Ye<l the "ame 
swarnl OIl OIlP (lav in (Jill' jo('alirv and on other days us it Uloyed to 
.tuc)(hpl' loealitv. -ThE' I(w'ltion. cllrection, and inten'$itv oI the flig-ht..,; 
Ilbc;erwd arE' :-lioWll in fig-ure :t .. ~ 

Of thE:' toral numb!:'!" ;Jf ob,.:pn:arioIl:' in thi:" area. ~+ percent were 
dassitied [1" hpavy, 1fi pl:'l'eent a" IlJodE'rate. and 01) percent as light. 
1\wl\<E' lWrt'l"llt f)1·t'IllTl"d tluring- thp la:"t III day:- in .Tune. io):3 percent 
durin,g- .J lily. ami .1 pprt'Pllt durin!! _\ngu..:t. ;-;evput,v percent of all 
heavy and nwderate flight,.; tl)l)k place lwtwPPI1 .June ~(j and .July 1.8. 
So ti'eavv fh!!hts and only four m{)(\eraH' tlidlts were observed after 
"AU,!211:'t 1. " .. ­

lVinds were variable during tllP fiirrht period and swarms were 
<.:llrried in ,tli dirl:'('tiotl,-. 'Vitll one eXI'pptiou. which mig-ht be ex­
plained by possible ditTprpn('p in diredinn of upper and~lo'Wer air 
cULTents, all flight:', E'x.:ept those ela:":,,itied as milling. were in the 
same direction as tlw low-I",'e] preYailing- wind. Of the observed 
flights to various poillt".: OI the I'CHllPU.:-':-. thp (lireetioI1s were as follows: 

[iPf'JTllt Perf'rl.tXnrth __________________ " () ~()utll\Yp"t _. ___ "" ______________ S 
\Vf'"~r. .___NnrthffisL_" __ 10 __________________ 2(]

East ,._" _______._ ___ .. Xurtfnn'st ____ " _. _ _ __________ 21 
~lIUthl~J."'t"" ___ _________ _ 12 Without clirf'('rion ImilIin~) ______ 11:-;"uth_________________ "" . ______ _ 
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MASS FLIGHTS OF THE MIGRATORY GRASSHOPPER 

Seventy percent of all heavy flights, those most important in 
populating preyjously uninfested areas, "ere toward the west or 
northwest. In Montana the progress of heavy flights across the north­
central part of th" State was easily followed for approxinmtely 
235 miles frol11 the stnrtinl! point in easteJ'll ~Iontal1a, The invad­
ing SW'arms failed to reach Ole foothill,.; of the Rocky ~roul1tains, 
~he ,,-estern .limit,S, being the ea::;telY parts of Teto,n, ~}olltlera, and 
Toole CountIes, I he HIghwood, Llttle Belt, and BIg Snowy ~ronn­
tains in Caseacle~ .Tntlith Basin, and Fprgul:' COllnties roughly de­
limit the s()uthpl'.11 boundary of tllp lIptn-ily inyu<lpcl area, The 
progress of >nYlLrlllC' a" tllpy IIlOYNI :tCJ'O>'S north-central ~Iontana 
is showl! in figure -:1:, 

.\.c('ol'ding to Canaclinll PlltOlllOlogist>'. IIIC,rle'allYN swarms started 
crossillg tIl(' ~fOl1talln-Cnl1adi:l1l bol'c1Pl' ill the southeast ('orner of 
~\'lbeltn 011 .Tnlr D. and by .Tnly 17 had rpaell('d tIl(' ~ollth Saskatrh­
PWllJl RiytlJ' Yailp~;, whpr(' !Jigf}ts tel'llIillated, This part of ~\'lbeJ't:t, 
like north-eentrul .\rOlltnllll. had had ])0 pcolJollli(' infpl-'tation of 
1ne;)'ir'anu8 before tllp fiighis, an<1 (}lP progress of :,;warllls could 
be easily fo110wpd by tlIP su<ldpJ: in(,],PHsPS ill populations left 
in tlwir path, Fl'om when' Hights originated ill .\fontana to where 
they tpJ'minatecl in .\lIlPrta j:,; apprOXilllntl'ly :300 llIiles, the long<'st 
lUlO\Yll dil-'tan('p trayplp<1 by In:)!l !-'wanllS, This is approximately 
half a" f~lI' as SOll](' s"'aml"; tl'awh'd ill W:li-i. 

Heay}' fJights fl'OlII )Iontantl also <'.I1!l're<1 sOl1thweslpl'1l ~askntche­
wan OJ) .Tuly n. flip salllp day that SOli theastern Albprta was first 
invp<lP(l. Pi'pviousl\' tlll're liad been no e('01l0Il1i(' infpstation of 
mjl,I'i('allll,~ ill this liar! of ~a:,;katelH:'wa.ll, but by .Tuly ::!T app]'oxi­
mately ;l.iiOI) square lIlilps had bp(,OIIl<' thrpatenlngly to severely 
i11:1'(.'st('(1. ~\fost 0:1' the lIights into this arPH tPl'Il1iIJated before or on 
l'PHchillg the South Saskatellewlln I{TIn'r abollt 110 lllilps north of the 
intpl'llational boulldnl'\'. bill s(,Y!'rnl \\,pr(' o1JsP1TP(1 :i() llJiles farther 
north, ' 

~(Jllthp:tstel'.Il SnskatdH'w:tll \\':\:-: also jll\'nt!pt! Oil .Jnl\· !) by swarms 
:i'1'01lI northeastern .\fontana and J}o!'tll\\,(,>'tpl'n X orth I)akot;l. These 
f1ights ('ontinllPd on fan)rab]p days <lul'in!! tlH' r<>~;t of .J Illy an<1 px­
telHl(.'d to the QlI'..:\.ppelh> Hiyp!, at;proxinultely IOO miles noi.-th of the 
international boundary, IIH'l'easPl' ill loc:! I pOjlulations d ne to flights 
were not so well distl'ibutpd or so larg<' Hl-' ill sontlrwestern Saskatche­
wall, but thn>atpllillg to l'PW],P infpstntiolll' of adult migrants \\'pre 
('O1lll1l01l throughout tltt> :;()lltllPa~lp],1I ('()I'IIP!' of the Provillee, This 
part of Saskatehewall was iunldpd by Jlights of ·tnexican1J_~ from the 
FniteeJ ~tntps ill ID:3K, and e('()]IOllli(' illi'estatioll;-: of this sp('cips \\'pre 
present before the. H);)f) flights b('gall, SOIll(, of the 19:3\) flights may 
hu\'e originated withil1 the ProYinct', IlIlt it is cPl-tnin that many of 
them ('Rille :from ~Iontana and "Korth Dakota, 

In Montana and 'YP5tpl'll "Korth Dakota the heaviest anclmost fre­
quent flights to the west, northwpst, and north werp followed most 
close1y by Jield pt'l'SOIllH>l. SOllle IIighls toward otlwr points 0:1' the 
compass were obspn'l'{[ with in til(' zone of origin, and several were 
seen.in ndjncent tC'rritOJ'Y. but. tllPY WI.'l'e lIot :fo]]o\\'p<1 il\ ('llong]1 dC'tail 
to ('hart tllPir pr()gJ'(,~S alld little iskllo\YIl ahOllt tJwil' final d('stination, 
It seems prohable. that flights heavy eHough to ('ause a sudden increase 

http:Jllthp:tstel'.Il
http:a:,;katelH:'wa.ll
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in local infestations anel injure crops would haye been reported by 
landowners or county agricultnral agents, Since this ,ms not the 
case, it is assnmed that fiights other than those to the west, northwest., 
amI north W('l"e of minor i III portauce, 
~orlhweSlern :iUinnesola and :\"orlh("aslern Norlh Dakota 

It appears that light lEg-hts began in both States about .Tune 25, when 
ap}Jroxinlatl'l~' 10 perl'ent of the ml';r;(,l1nwo! population ,vus adult, 
The first hra '"y flights reported oecUlwd ill the Hed HiYrr Yalle.v on 
.July n. ,yhell SO pl'l'crnt o:f thp populatioll was adult. IIeay;'I' fiights 
,vere repol'trd ill ~1al'shall. Kittson. and Polk Connties in ~limwsota, 
and in Pl'lllilintl, ,YaJ:-h, and Gralld Forks ('olllltips in Xortii Dakota 
:from .J nly Hi to ~;t SOJllP \wre :frolJl X01't h Dakota illto ~[illJlesota 
ttlld otlwj:s ill tile opposite {Iil'rdioll, Tht,l'l' WPI'(' lwll"Y Hights :I'rom 
(Trawl Forks ('Olllltv illto .\[al'::<ha 11 alld Polk ('ot1lltips from ~\ nglJst 
8 to Hi. ~Iodel'lltp s,,'arllls /lying- PHz.;t all!1 JlOJ'then::<t on..\.llgUSt 1!J~ :W, 
~l, and:2-:1: settlPd ill 1l1'P\'ionsly ul1infpstp\l :-t'('tiOllS of .\[an,hall, Polk, 
P(;'llllillLrtoll. J{p<l Lnkp. ~Inhll()l1ll'll. an(l BpckPr C0l1lltirs ill ~Iillnesota, 

Fli!.dlb into -.ol1tb-('Plltl'al.'.Innito!Jn fl'Olll Holpttp, TmnlPl', ('ayaliPl', 
and i)ptnhilltl COlluti('s ill ll()l'tll('a~tl'l'll X01'1"11 Dakota \\'Pre :fl'P<)uent 
durill!! .Tn]y alHl.\.IlQ'llst, Tbey bp!!un 011 .Jnl\' l1J. \\'11pl1 swarlllS fl'oll1 
Ca\'niiPJ' (';lllJlt." \\'{'l'P SPPll ('J'O~:,.illg. (hI' intPl'Ilntiol1al bOlllHlal'Y along 
the PPllllJintl Hi,'Pl', }[o(lemt(' to s",'Pl'(' inf~,"tntj{)Jlz.; rps\lltinp: from 
Pg:,r~ laid IJY l!J;~S Jlli:,rl':lllts fl'oJll XOl'th Dakota ,YP1'P ]l]'psrnt in the 
('ulladiall Sl;'ctioll o:f Ihl;' PpJ1l11intl Hiwl' S\'StPlIl bl;'i'ol'l;' i1i!!ht::< started, 
IIeuyy flights fl'OlIl X01'th Dakota to till' lim'tll nIHlllOl'tlt\\'('s( on ,Tilly 
H. 1,'0., 1!I, and :W eal1l:'prl PJ'P\'iolls lllndprutp amI 8('\'('1'(' j]rfpstations to 
bPC'OlllP YP1'Y SP,'Pl'P amI w'patJ\' i])('1'(';lspd (lIp sizl' of tll(' IU'Ptl in:fpsted, 
B,' .J nly ~.i flights had 'pxtPlHlpd :-li![h( h' 1'(''1'011<1 tlll' Pl'lllbilltl Riwr 
(b~aiJla{;p to the' uorth alld ilor( Inrl',,;t :111;1 ,n;]'p Pl1tp]'i]w cli,,;tl'iets that 
'W1'(' J;~l'\'iou:-ly ollly li:,rht h' illf('s(('(l. I]H'I'l'a~('~ of 1~ g-l'HSS]W]l]Jl'l'S 
pel' squart' yard werp l'('I)(J1·t~'d ill ";OIllP of tll(' l1p,,'l~' ilJ\'ndp!l lo{':tlitip~, 
Fpw ili!!hts ,,'en' ."P('11 aft(·l' .\ll!r1l,,;j :W, Ih tItn! datl' S\YHl'Jl)S had 
]ll'()gTPs~('d llortllmll'il to tIl(' .\.;sinihoilj(' Ifin'I' alJd 1I01'tll,,'(':,(1\"al'<1 
H(']'O:'i" tlwS()u1'is HiyPl' to tll{' ~:l~kat('hr'\'aJl bo]'(lpl', 

.\. hpu\'"\' tli![!tt fJ'ollJ .\fanitoiJa into XOl'(h Dakota ,,·as olJ"Pl'\-('(l in 
Rolette ('eJUuty OIl .\.ugust l:t 
SOl1lhw("Slern Soulh Dakola, ~orlhweslern ~ehrask", and Eastern \X'yoming 

'flIP lil'st ili!!bt::< obsPl'\'pd ill XplJl'lI:,ka ,,"PI'P OJ) .JUIlP ~1. in \\-\'olllillg 
Oll .1111](' :!~, :uid ill thp Black J fill", of ~onth Dnko!a 01l .flllW :!H, ' Popu­
lations, of 1/IC.l'iC(1I111.'t at this til1H' \WI'P Hi to r)o jWJ'('PIlt" adult. .All 
IIl'H"y Hights orig-ilJatl'd within t1Jp 7,(JI.IP of IH'a\'y ('g,!! dppo;:;itiol1 by 
swarJllS tbat ('tUlll' fro])l nOI'! 1I'('Plltr:!I ~otlth J)n kotn i 11 IP3H, Tllt'i r 
l'OUl'('PS ,"\'('1'e ill tIl(> llol'tlw\'ll half o:f thC' Hlad::: ! [ills ill La\\'l'C'l1{'p and 
PPllllillg-tOll COIIJlt ips, South Dakota: Box Bllttp, Sioll.x, ~r()lTill, alld 
Seoti>: BlllII' ('()tlJl!i('~, XellJ'l\slw; Hllcl (,H~h)I'lI "TyOIlJiJl!!, 

From tllP first f)hs('l'\'pd fIi:.rht on .luJl(> ~l to .\.'n:,rllst ~~ wlwH f1i(!hts 
,\'(,1'(' 0\'("', obsPl'\'ations \\'('1'(' IllIHl(' at 1():! pltH'ps ,yithin till' 7,onp ",1]('1'0 
thl'v ol'ig-iJlHtptl, as sJlO\\'ll ill ri:,rlJ1'P:l. ()f thp total lllJlIlIlPl' of high 
fligiltS oU;;('1'\'p(1 ill this ZOIU'. ~:ll)(\l'('(,l\t ,"\'Pl'(' h('H\·Y. ;\:! Pl'I'('pnt \\'Pl'(, 

lllodp]'atp, and 4;)IWI'('Pllt \\"(»'(, light. Xo IlPa"\'~' /Ii:,rhb wp],p H'(']1 hp­
fore .JUl](;':2.7 0]' after .July 17, Eig-Ilty !lpn'Pllt of all fli:,rht;; ob;;(ll'wd 

http:7,(JI.IP
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occurred during this period. Only 7 moderate and 10 light flights 
,,'ere seen between ,Jnly 18 llnd.August 22. 

Thirty-four flights were ('lassed as milling. They took place on 
hot days wIlen wi1lCls were Yery light, intermittent, and yariable in 
direction, During milliner f1i!lht~ local populations shifted constantly, 
and in some of them grassbop}lers could be seen taking off ancllanding 
in about equal numbers. _\t su('11 times tlwy tended to concentrate in 
spring wheat. Otlts. and bade)'. ",hieh ofl'erec1 an abundance of green 
food. 

,Yhen light WilHls ble\\' ,.teadily ill olle direction. swarms took to 
the air, even wlwn gn't'j) food was plentiful. and traveled with the 
prentiJ ing -wi lid. The nUII1Jwrs of !lights ou:-:el'Yt'd h'aveling in various 
directions WHe as follows: Xorth :1. I1ol'tlwast 2. east O. southeast 18. 
south 10. southwpst 11. wpst n. and nortlm'p<;t Hi. The flights to the 
west and northwpst attmde<1 110 attention oubitlp tht' zone of Ol'igin, 
and no hea\'y e!!g dPj)osib ('011111 1)(, dplinitpjy nttrilmted to them, The 
ii flights going' nort 1 and llol'tlwHst likpwi~p attl'a<'tt'(l 110 attention. 
Flights to the southeast. south. and ;;outlnyp<;t represented 51 per­
eent of all tIll' dirt'dional Ilif!hts ObSt'lTP(1. Thesp fli~hts were seen a15 
they progressec1 through the' southern seetioJls of the zones of origin, 
where HOllie of f'llP SWilrlllC' spltlpd for '-'gf! layillf!: others kept on mov­
ing and 1ll\'adp(1 llPW tPITitOl'Y to tllP sOllth. 

Swarms carried to the south and ;;outhwest innt<1ed the irrigatet] 
sections of Colol'lldo aloll~ tltp pastel'll sloJlP of t11p Hoeky )[ollntains. 
Flights into this an'il were Ilotieed from .J ulle 27 to .rl1]y 21. Large 
increases in lIl('Xi('UII/{S 1lI111lb('l's werp rpported ill il'l'igat(-d crops from 
Fort CoJlins in Larillll'l' ('onnty to HOIll<ll'J' in Boulder County and 
smaller ill('l'pa;;es as far ;;outh as 'La .Jtmtn in Otero COUllty, . 

Swarms tl'ayeling south PII(pl't'(1 1l00'j]W:lstt'rn Colorado, wlH'J'(' t1wy 
increased infpstations in i]'ri~at('d <'mps in til(' SouthPlattl' HiyPl' 
Yalley. Other swarllls spttlpd in (Iry rallgt'land south of the river and 
later moved \\,pshnu'd to t 11(> it h'PH(1Y illYadpd il'rigatpd Hect10n from 
Fort Collins to Boulder. • 

SWll rllls lIying to the southeast \\'P1'(, spell ill sout11 \\'eHtel'n Nebraska, 
and sOllle of t1wIt1 may haye continul'd into western KallsHH. whel'e 
heavy flights werp rep(n'ted during th(' fil'st 10 clays of .July. Since 
larg(~ ll11mbprs of m(';ric(()I11.~ ,,-el'e present in Kansas before flights 
ot'cllJ'l'ed. it could 110t bp (h'jiJlitelv dptet'lllillP(l \y11et11e1' tIll'\' \YPI'(, of 
joC'nl origin 01' hOIll distant SOUl'('(:'S. ' 

Changes in 1I/('."t:iC(lIIllS Populations Due to Flights 

Montana 

Data on t'illlng(';; in /1/('.l'iC([1l118 populatioll:-i dill' to flight;; were 01>­
taiue.d IllOl'e elt;;ilyill .\JOllt:UIll thun ill otlwr ::-1tates. Pl'evious to 
flightH 7Il-e,d(·{11111.~ 1I1111tilt'I'S Wl'n' ('xtl'PlllPly low in c(,lItral and lIorth­
central ~lontana, nJlel nny sudden illcl'pases due to fiights from the 
very heavily infested tll.'PlI in(~:lstl'l'll ~(ontana were pnHily I'Pcognized. 

Estimate's of the nUlllbpJ's of 11I('.d('((J1UN adults before, during, and 
after flights wen' oi>taillPd by eHtnblishing stations ill inJested places 
in ensL(>rn ~Ionla lIa ",hpl'e fJ igh ts origi llat ('d, b(>twpell zones where 
they originatpd and wh,'I't' fllP,Y [pl'nlin:ttpd, and ill north-eentral 
MOlltnllll wll,'I'e [hpy {PI'1I1i.llalp(1. The changes in populations at some 
of these HUltions an' slwwlI ill ta ble G, 
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1\\l1I..t<: G.-:\~umbC1'8 of nwxicanus adu7t.~ pel' square yal'd De/ore, (l-l~l'h![I, and after tli(!M8 at 81atio1l8 /I·itldn tlw tli'ree 

.l/olltllllU .20I!Cg, ]OJt) 

Zono of !light and county I Habitnt 
ObfH.!tVn­

Uon 
stillion 

Bofore IIigh ts 

h,," 30 

ACtor 
During flights flights 

I 
J,,'yl-7 I,",, 0-10 I ''''y 24 

~ 
UJ 

~ 

~ 

GarfioltL____________________________!llnngo_______ 

l'etrolculll __________ ------­ _-­ __ ---­ _1 __ ­ - .do­___ ­ --
Rosobud ____ • ___________________________ .do__ --.-­

1 
2 
3 
<1 
o 
8 

10 

.Tune 25,00_____ 251 20 

.Tuno 25. ·15 _"__ 30 __________ 

.Tune 2R, 30 ... __ 20 1__________ 
,Tuly J, .'iO . ___________ 1 40 
,Tuno :3, 2.'i ________ • ____ , 25 
.Tune 24, :30 ____ I 25 1 20 
.Tuno 28, ao I 30 I 15 

5 
3 

20 
35 
25 
15 
10 

2 
0 
2 
2 
1 
2 
0 

~ 
UJ 

o 
>'1j 

~ 
~ 

Between origin nnd end: _________ 1 R:LIIgc ______ _ 
Petroloulll _____ • - - ---­ -­ ---­ Old,s." ______ _ 
l\fussclsheIL____ - - ---­ -­ ---­ - - ---­ - -- Alfalfa ______ _ 
Fergus___ ----­ -­ - -­ - - ­ --­ - - ­ - - ­ - - -­ - Flax ________ _ 

Whoat______ _ 

]] 

18 
14 
15 
20 

.Tullc 2(i, 

.rullc 25, 

.Tuly 1, 

.ruly n, 
July 7, 

j.July l0-l:3j.TUly 22-20 __________ Aug. 21-22 
I ' 
,---··-'-·---I----,I~---

1_____ 10 " ---------­ 3 
L ___ 0 12 ---------­ 3
5 _____ 100 10 ---------­ 3 
0_____ ·1 25 ---------­ 6 
'L ___ 100 ,15 ---------­ 6 

o 
::>:l 

~ 
:::. 
~ 
o 
::>:l 
>­
UJ 

.Tuly 1:3-15 July 21-22 AUJ.l.2-<:!- Aug. 17-10 ~ 
~ 

End: ---I WheaL _____ _
Choutoau_ -­ - -­ - - ­ - - ­ - - ­ --­ === === ___ Flax________ _
F~rgus_________ -­ ---­ -­ - === __ ____ ___ Wh,caL _____ _ 
HilL - -­ - -­ ---­ - - -­ ---­ - _____ do______ _ 

21 
2:3 
25 
28 

.Tuly 0, 

.Tuly 6, 
,Tuly 8, 
July 8, '---10 _____ 

L ____ 
0_____ 

12 
4 

20 
15 

15 
25 
25 
30 

15 
35 
10 

8 

5 
3 
5 
4 

t.".l 
::>:l 

~ 
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In eastern ~fontana the numbers ranged from 25 to 60 per square 
yard before flights, dropped sharply as a result of flights during the 
fu'st 10 days in July, and by July 24, when flights within the area 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 termhlated the numb€rs before flights were noneconomic 
and did not exceed 5 per sqnare yard at any station. During the 
flight period numbers hlcreased and decreased erratically through a 
range of 4: to 100 per square yard. Larger numbers were often seen 
in .fields not used as obseryation stations. Alternate arrivals and de­
partures of swarms sometimes increased or decreased local populations 
by several hundred per square yard ,,-ithin a few days. Most of the 
migrants eyentual1y monti on, and by the third week of August, when 
a}l flights "ere ?ver, the average population, computed from o~serva­
bon at an stubons, was 4.2 per square yard as compared wIth 2.2 
before flights. 

In north-central :Montana where flights terminated, numbers before 
flights ranged frol11 0 to 2 per square yard with an ayerage of only O.S. 
Populations increased at all stations dming .July as a result of flights 
from the east and southeast and reached their highest numLers in 
late .July and early August. On August 2-4 infestations ranged from 
K. to 35 per square yard "with llll ayerage of 11. There were no 
flIghts frol11 the east and southeast after AU§:,'1.1st 4, but light to mod­
erate flights orig'inated ·\Yithin the already inyadecl zone at irregular 
periods until August 22. These flights redistributed populations 
within the zone and extended its western bOllndarv 25 to 40 miles. 
As a result of these changes and the dying of sp~nt grasshoppers, 
populations on August 17-19 had declined to 4.2, which was still 3.4 
more than before the zone was invaded. 

The changes ill populations shmynin table 6 confirm the following 
conclusions drawn from observations of flights ,,,hile they were in 
progress and of swarms after they "ettled for egg laying: (1) Flights 
from the zone of origin reduced pOPlllations within it from very 
severe to noneconomic infestations: (:2) intermittent flights hetween 
the zone of origin and the area where they te'rminated resulted in 
sharp temporary increases in local populatitJns, but when flights were 
o,yel', numbers were only slightly higher than before fiights; and (3) in 
the zone "here fiights terminated previously noneconomic infesta­
tions increased to severe i nfestatiol1s and remained in this category 
for several weeks after the last flight. . 

During the secolld week in ,hlly. 1fi ohsl'l'Yatiol1 stations were sf'lected 
in (}lacier, Ponc1era, Teton, and Cascade Counties at pOhlts 40 to fiO 
miles west of the terminal zone, at that time heavily populated by 
mea:icanw! migrants. The invaded zone expanded slightly to the west 
after the middle of the month. but no flights were seen at or west of 
any of the new stations and 110 signilieant increases wel'~ recorded. 
Average numbers of 111r-a:i('(tnU8 adults per square yard were as f01­
lo,ys: 0.5 on.•July.14, 0.'1 on ,Jnly 20, 1.4 on August 3, and 1.3 on August 
17. The shght lI1crea"e may h~Lve been due to stray migrants from 
the heavily infested zone. 

These estimates are Jlearly the same as those rec'orcled before flights 

• 


• 


• 


• 

in the intermediate zone in Petroleum, Musselshell, and castel'll 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 nOL"th-central "Montana counties before they were invaded by 
swarms f1"Om eastern l\fontana. La.v numbers also prevailed in east­
ern Montana just before it became heavily populated by migTants 
from South Dakota in July 1938 (see table 4, p. 11). 

It is evident that natural factors were holding local populations to 
noneconomic numbers in l\Iontana dnring both years and that no 
severe outbreak would have occurred exce])t for dle mass migrations 
from other States. 

Southwestern South Dakota, Northwestern Nehra;;ka, and Eastern 'Vyoming 

Flights out of this area did not ch'ain it so completely of mexicanu8 
adults as they did eastern :Monbwa, but nearly all very severe and 
severe infestations ,,"ere Teduced to thr!::iltening or light (table 7). 

Flights from one locality to another within the zone of Ol·jgin some­
times caused increases of 10 to 50 grasshoppers per square yard (table 
8). :Most of these s,\-arms moved on again within a. few days. In­
creases due to flights "'ere most common in north\yestern Nebraslm. 

Reliable data on increases in numbers caused by swarms after they 
left the zone of origin are available for only one locality. In the vicin­
ity of Fort Co11ins, ('010., popula.tiol1s in irrigated crops were very low 
before flights and only about 40 percent of t1le grasshoppers were 
mexica"nu8. A survey of this locality on .July 21 after fiights were over 
showed that me;dcanu8 comprised 95 percent of the populations, and 
the follolying nnmbers per sqnflre yard were reeorded: Alfalfa 47, 
barley !jO. and oats 20. 

Crops Damaged by Adult Migrants 

North-Central "Montana 

The fll'eaS ill eastern Montana innlded by 19;\8 flights were predomi­
nantly rangelands, and there were few chnnces for swarms to choose 
between range plants and crops. The new districts invaded in 193!) 
included large acreages of wheat, barley, oats, {1ax, alfalfa, and sweet­
clover. S,Ytlrms tended to settle in these crops in preference to SUl'­

rounding ]"rLngel and. 
Crop injury was comparatively light in the intermediate zone, where 

swarms settled for a few clays flnd then moved on. In Blaine, Chou­
teau, Fergus, lIm, and Liberty Connties, ,,,here flights terminated, 
crop injury was frequently severe in spite of repeated baiting-so Im­
mature small grains were stripped of their foliage, and heads of ripen­
ing grain were eaten or cnt olf. Flax bons were cut off, audnew growth 
in recently cut alfalfa fields was seriously injured. Harvesting in late 
.July and early ~tug\lst saved IlltLl1y of the cwps. Successive observa­
tion;:; at. stations within the f5 counties showed crop damage by adult 
migrants to be as follows: ,Vheat 15, oats 7.5, flax 10, and alfalfa 10 
percent. There was practically no damage to range wgetation. 

Northwestern lUinnesota and Northeastern North Dakota 

As in Montflna, migrants settled in small grains, flax. alfalfa, and 
sweetclover in pl'efel'ence to range vegetation. S('Y(ll'(, damage "was 
prevented by extensi ve bai ting operations and early harvesting. 
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TABLE 7.-NmnoeJ's Of mexicunus ad-ults 	7)61' square Ya1'd oe/OI'e, d161'ing, and after flights at stations 'Within the 


zone whe1'e fl'ights O1'iginated, J[)39 
 ~ 
Q 

- -----~bs=·~-a- r--- E4 
State and county Habitat tioy I Before flights During flights After flights 

statIOn I g 
-------------------------------------------, -------------------------------,----------- f;j 
Nebraska: 

Box Butte_______ _ Wheat_____________ _ 1 	 .Tune 16,100________ .July 5, 35________ _ .July 20, 25, ~ 
.Tune 16, 50________ .Tuly 5, 5________ _2 	 .July 20, L .....Barley_____________ _ 3 June 16, 75________ July 5, 40________ _ .July 20, 3. .....

KimbaIL ________________________ _ WheaL ____________ _ .Tune 30, 50__________________ _ 	 o4 	 .July 19, 3. 
Sioux_____ _ Idle land ___________ ._ 5 June 17, 50________ June 30,10________ _ .July 20, 10. '" 

South Dakl)ta:
Custer_____ _ Range_____________ _ 	 June 17, 30___________________________ _ ~ 6 	 .July 21, 2.

June 16, 35___________________________ _7 	 July 13, 5. rnLawrence________________________ -I Hay meadow_______ _ 	 June 21,150___________________________ _8 	 .July 14, 15. 
.Tune 21, 400 ______________ . 	 t:::1.July 14, 20. Pellnington______________________ -I_____ do ______________ June 21,150 ___________________________ _ 	 i:'J 

!J July 14, 20. "d 
Wyoming: ~ Crook___________________________ _ Wheat_____________ _ June 26, 25__________________ _10 	 JUly 14, 5.Converse__________ _ Wheatgrass________ _ June 27, 60__________________ _ 	 :;j11 	 .July 18, 8.Goshen____________ _ Idle lalld___________ _ 	 June 27, 40___________________________ _12 	 .July 18, 3. >­Platte__________________________ _ 	 Wheat_____________ _ June 28, 75________ July 7, 10________ _ 


Barley_____________ _ June 28, 75 ________ July 7, 35________ _ 

13 	 .July 19, L G'l 
14 	 .July 19, 10.

"\YestoIL ___ _ 	 Wheat_____________ _ June 26,100 ___________________________ _ ~ 15 	 .July 15, 5.Niobrara________________________ _ Rye_______________ _ 	 .June 27, 20________ .July 7, 25________ _16 	 .July 18, 3. 

~ 
i:'J 

• 
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TABLE 8.-Numbers of mexicanus adults per sguare yard before and 

• after flights at station.'S innm'thwest(wn Nebra:ska, 1939 

Observa- BeforeCounty Habitat tion After flightsflightsstation 

Sioux _________________ Wheat___ 1 June 28, 5____ July 3,15.
Dawes_______ -- _______ 1_ - _do _____ June 28,2___ ­2 July 3,25.
Scotts Bluff ___________ : Alfalfa ___ 3 June 28, 8_ July 4,36.MorrilL ______________ 1___c1o_____ 4 June 29,2____ .Tuly 12, 12. 

___ 5 
I June 29,3____ July 5,50.Cheyenne_____________ Oats_____ KimbalL -------------1 Wheat 

6 IJune .29, 2 ____ July 5,25. 

-

• 

Southwestern South Dakota, Northwestern Nehraska, and Eastern Wyoming 

Green crops were eaten in preference t.o range plants. Early har­
vesting of smail grail1s plus a, well-orgtUlized control program pre­
vented serious crop damage. Increased damage due to flights wit1un 
the zone of origin \vas estima,tecl 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 ana eventua]]y 
leave the zone. This was in marked contrast to the behavior of the 
swarms that entered the zone in 1938, which caused Severe damage 
to crops wherever they settled for egg laying. 

Only a few estinmtes are available on crop damage by migrants after 
they left the zone of origin, but it is kno,vn 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, 
Cheye11lle, and Deuel COlUlties in the Nebraska Panhandle was 25 
percent in small grains, 15 in a]flllfa, and 12 i11 eorn. Similar estimates 
for damage cnusecl by flights into northeastern C(l1orac1o were 15 per­
cent in alfalfa, 5 in small grains, and 5 in corn. Damage in both areas 
would Imve been much greater if control measures had not been 
employed. 

Ovarian Deve]opment and Time of Egg Laying 

• 

Eastern and NOl'th-Central Montana 

In Montana ovarian development was followed throughout the flight 
period. Observations were made at 134 stations within the zone in 
eastern 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 5 to 10 fema1es were removed and exam­
ined. The dehrree of ovarian development was roughly classified as 
follows: None, if the eggs were not visible in the oviducts; slight, jf 
they were visible but less than one-fourth of full size; moderate, if 
they were one-fourth to three-fourths of fun size; and mature, :if 
three-fourths to full size. 

The progress of ovarian development in the three zones is shown 
in table 9. 
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T~\BLE 9.-Pe1'oBntage of egg8 of ma.'\:lcanus flight females in diffe1'ent 
degrees of de'velopment in th1'ee illontana zones, 1939 

I Intermediate I Zone O.f heavyZone of oril{in zone el{g deposition 

Period I---~-------I--------!-----~-----I jI 
Kone !Slight I Moder- Sli rht 1 Moder- J Moder- M t 
~ . i I ate g ate ate a ure 

-------1---'---·11----1----1---------1----
June 20-26. _ ______ ~o I 20 1________ 100 ________ 1_______________ _ 
June 27-July 3_____ ()4! 46 ,________ 87 13 _______________ _ 
July 4-10__________ 38 i 48 I 14 50 50 100 _______ _ 
JUly 11-17. _______ + _____ :_____ +_______ 50 50 72 28 
July 18-24 _________1______ 1._____ ,________ 80 20 70 30 
.TuJ)- 25-31.. _______ I______ :______ I________ i______ 100 78 22 

±~~: ti4 -======t=====:=====t=======!====== ======== _____ ~=_______~~ 
A.ug. 15-21 ------:------1------

1
'--------1------ ________ 51 49 

Aug. 22-28 ------+----- -----T------- -----·1-------- 15 85 

No females '\"ithrnature eggs ,,,ere found withln the zone where 
flights Ol·j:,.dnah>cL an indication of almost complete exodus of me;ri­
('anus shortly afte)' rettching the adult stage. Females with moderate 
ovarian den>lopment were found in the intermediate zone in increas­
ing JUunbers from .rune .27 to July 31, but none 'were fOlmd with 
mature eggs. 'fhis SPPIllS to explain the extremely low egg popula­
tjons found in the intermediate zone in the fall of 1939. Feinales with 
mature eggs were found in the zone uf heavy e~g deposition on July 
11-17. This was only a fe,,- days after swarms first Hrriyec1 and about 
3 weeks after .flights started in eastern Montana. Tile IWl'Centage of 
females with mature eggs increased to 36 by August 1-7,49 by AUf,,rust 
15-21, and 85 by August 22-28. 

Eggs of flight females in both the intermelli~lt(' zone and the zone 
where they settlecl for egg layi ng w('re more fully de,-elopecl than 
those of nonflight females ill llonilwadecl ('ounties nearby. 

:Matjng became gene'ral b~! the last week in .Tune and contin ned 
throughout the summer. l\1atjng oecl.IlTecl from early morning until 
late evening Oyer a ternperature range from 68° to 103° F., but most 
commonly from 10 n. m.. to 3::30 p. m. between 75° and 95°. 

In the heayily invaded counties of north-central ~Iontalla egf,!: lay­
ing was obselTed on .Tuly 15, within fI, few days after the Hl'lival of 
the first swarms. Hettvy egg laying was in progress by .A.ugust 1, 
continued until Septrmber 15, and then feU oJI rapidly as the adults 
died in Jatt' S('ptembE'r and E'arJy October. Egg sUl'yeys made in 30 
fields showE'd (J.G egg pod pel' square foot from August 15 to 22 and 
1.15 from September 20 to 30. This indicates that approximately 
half 0:1' the eggs were laid by Augnst 15-22. .A third survey in Novem­
ber showed no increase oyer tbe S('ptelllIH'r: ('ounts. 

Egg deposif:joll was observed throughout the temperature range of 
72° to lOUO F. and occurred most frequently between 10 a. m. and 
4 p. 111. 

• 


• 


• 
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Northwestern lUinn('sota and Northeastern North Dakota 

No observations on ovarian development were made, Oviposition 
was first observed on .Tuly 11. became ~enel'nl by ,Tuly .20, continued 
hea vy until September 1. and "'-as pI'1H'timU,\' ('olllplE'h' by SE'ptE'lll~ 
bel' 15. 

Southwestern South Dakota, Northwestern Nebraslm, and Eastern \Vyoming 

In numerous comp~'l'is()l1s throughout the area from .Tune 21 to 
.Tuly 15, e~~ deYE'lopJ1lE'nt ill rli~ht fE'lIlulE's was iI1Y:1l'inI>1)' more ad­
Y!tncE'c1 thun in nonflight i'P1l1ales. Frolll ;j() to 73 }lE'l'CE'llt of tlIP fii~ht 
fE'mnles ctll'ripd modE-rately to f(11)' lllatured eggs m; compared \yith 
only 1() pE'lWllt in nOllflig:ht fp11lu]p:i. 

Eg:g UE'po:,iti(lll 1)('~an thE' last WE'pk in .Tulle. ill(Tpasecl Blightly 
(>ady in ,July. 11l1t did not ht>('OllH> !!Plll'rni Illltil .ruh· 1:1. Wlll'll it \\"us 
E'stiliHltNl diat :!.J PPl'I'E'llt of Ow JIll ,1'i!'OUII.'< fplIltilps 'WPJ'(' re;lcly to lay 
p«!!s. lIPU\'Y E'!!" hl\'ill!! eOlltillllpd Ihr()l1!!h tll{' I'PlIlaiudE'I' of .Tuh 
tl~'d all or AllgtisL ' , . • 

Areas Where lhe }]lIst E~J.gs Were Laid 

;\'ortl!·CcntrallUuntana 

E~g::: werE' laid ill gJ"patt'~t llllJlIlJpl''; in and around the cropped field~ 
\\'hpre migl"tlllts ('ollgrE'!!ated when flights terminated. J1ailitllt:-; 
faY01'(>d 1'(;1' eg'!! layilig \~-prp WllltPl' tlnd.' "prill,!! ,,·heat. flnx. alfalfa, 
field mtLl"g'lns, 'roa([:-:i<lps, and "'pplly idle land. ;-;ipring- and wi Iltpr 
wltPat (.'OllLPl'iSPlt tIll' larg'est :l"l'en~p in ('rops am! wa,; the ~n'att'st 
"Olll'('p of Pgg::i. ,Yppdy ~J"ain stubhlp ('olltnil1E'<l JllOr~' Pg~s tll.an dp<ln 
,;tui>bh,. Thp 1I111l1b('J" of P!!~ jlod:- jlpJ" s<]1I:1I'(' foot III t'oudstdps and 
liplrlmarains wa:, about till' ,.;u.lu(l n:, inli(lhb. an llllttsmtllill(lim!. FE'w 
Pgg:" \\"(,1'(. laid ill l'allgl'laud awl tl!PI'(' \\'Pt'P I]() ('OJ\('('lltJ"ation,,' of P~gf' 
ill rh'pl' bottollt lnwl awl III'II"}I\' draw:-. stll"h n:- \\"l'l't' found jn W(>stpI'll 
Xnrth Dakota and ('tlstPI'U .\IOl;ttlll<l ill 1!1:Hl, 

Eg'~s wprt' dl'positp(llllllst llPa \'ily tJmHlg-llOlIt tlH' el'oPJlpd i"E't'tions 
of BlaiM, ('honteau, FPI'g-II:-. Trill. alld Lil)('rty ('otllltil':'- ami ill PUtts 
of '1'p(01l, POJ1(l<:'l":t, '1'001(', HIHl Phillips C'mllltil's, TlIt' llIo:-:t l\t'ttYily 
hrfp:-;i('d al'pa:- al'p :.-howll ill fi!!11I'p 1. 

In tlw J"('~ultu' fall l'g-g' !"'lirwy U):l~ :-HIlJpll''' \\"('1"(> ta/;('Jl frolll :!1.i 
.fi\>lds in the' ;j llwst ll(>!lyily iIlf('~tl'd ('ounti(':-;. TIl(> <[\'(,l"ngl' Humlwi'" of 
('g-~ ]H)(b 1><'1" :-<jua ['(I foot WPl'P as foUows: B III ill£' :!A. ClwutNIll 1.(i, 
F(>l'gus 1.7, J fill/.I. and Lilwl'ty 1.,1. TlIp a\"PI'a!!(l :for tIl(' :I ('olllltip!, 

\nl:-: ~.;l itt fiplcl;; aml :!.h ill t1)(' iiwl'gins. .\Jl Hw'l'llge of :1.:\ pod:.- pel' 
~<jllHJ"P xoot in lar~(' fjpld" (,()ll!'titutps a !,p\"pre in:CP"taiioll. The aWl'­
Hf!E'. of 7.1 :1'0l1I.H1 ill Hill County \\'a:; tIl(' highp:4 for allY COUllty in tbe 
t mtl'd :-;(atps 1ll1n;3D. 

A !'ppeial Sl1l"Y('Y was ('OlHluctE'cl in XOn'lllhpl' to clptpJ"llline the num. 
bel' of egg- }locls PPI' squun' foot in tlIP zone \\"1I('1'P fiig-hts originated, 
in newly illl'llClpcl tprritol'Y, anel ill Jo('nlitiPl' :-lighth' bpYOJld tlIP 1i.m. 
its of tlH' In:~D lIi~ht~. Tht' l"pStrlts of this f'uJ'\'PY HI'(:s!to,\'n in figure 5. 

Egg--p()([ lJrfpstatJOlls \\"(>1"(' nbottt as would b(' exp(,t't('d fl"om the 
adult POpullltiollssho\\"1l in labJ(' G. ::\0 Pgg-s \\'PI"(> :fonnd in GarlipJd 
County, Ottt of ",hi('h Jl(,lll'ly all thE' adl1lts flp\\, bpfol'p tlip f(>fllah'f' 
v,'ere ready :i'OI' ('~g- laying-. Eggs \\'1'1'(' obtaittpd a( OJlly Olle of the 
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FIGUllE 5.-Number of egg vods lIer square foot laid by 1IlCrciClIlllt8 swarms in nlontalllt in 1939 (special survey) . 
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sta.tions in Petroleum County, which was passed over but. not heayily 


• populated by flights. Egg counts ,vere high in Fergus, HilL Chou­
teau, and Liberty Counties, where migrants settled in greatest nUIll­

bers. Simj]ar counts probably would haw been obtained in the north­
ern third of Blaine County if it had been included in the sUTvey. The 
lwerage number of egg pods per square foot ch'oppecl sharply in the 
zone between the most heavily invaded area and the western limih; 
of fligllts and was of lloneconomic importance nt all stations adjacent 
to but beyond the ,,'estern limits. 

The unusually low egg-pod ('ounts found outside the zone il1Vnde(l 
by fligl1ts agaill emphasize the fact that natural faetors were holding 
meJ:icamt8 to llODe('OnOlllic Illllllhers and that ~Iol1tana ,vfluid hays 
had 110 major outbrpak :.11 1D30 had not overwhelming lllllllbers entered 
the State by flight in :;'938. 

Northwestern Minnesota and Northeastern North Dakota 

• 

Ko detailed studies off1ights "were made: So there is no definite 1n­
formatjol1 as to ,,,here sW~lrms laid eggs in greatest llumbers. It j" 
kllO\Yll that there ,,'ere many fUghts withi]) the, Ill'(,[l and some iJlto 
:;ulToundinp: territory on the etllit, west, amI north, but tlll'Y dill 110t 
drain the area so ('ompletely 01' its llu'.r-icallllN population as did flights 
in pasteI'll Montanll alld welitem XOl'th Dakota. PopulatioJl in('rease" 
caused or flight;; into newh' llWtHh,d al'(,u~ \\'('}'(' diJ1knlt to 111PllSl1l'e 
bpcause cd' tlie t'xistt']l('P of'liaht to tlu'eutpllilla illfp:'(al iOllS ill lllallY 
p]nces bpiol'e flig-hb 0(,(,l1l'1'ed: 1t h; th(,l'e:l'o1'e illl(los:'iblt, to state def­
initely \\'11pt11('1' 1JI.(',d('ml!(,~ eggs i'o\lnd within tllt, ZOllt' W1lt'I'(;' Jlightli 
originated 01' ill Jlt'w ly illyadpd territory were laid by lo('al 0)' by flight 
grasshoppers. 
, T-Jle ~9a9 ,annual egg snr\'~'y showed seyel'e to very spwrp egg 
mfestatIOlls ]]1 the same countIes wh(,l'e Pgp:s were laid most heavily 
ill ID:H; tmd ('qually se\'\'re ini'estatioJls ill llPal'll\- coullties wherE' fpw 
eggs were ]aid in 19:38. The newly and hellvilv illfe:-;ted Ul'('~U; were 
iil the fo]Jowing counties: PenningtOll. Hl'd Lai-e, Polk, Mahnomell, 
and Beekel' in ~IiJ~llPsota and Ramsey, XP]:-:Oll, Steele, Griggs, Eddy, 
Foster, and ,rells lU North Dakota. 

Southwcstcrn South Dakota, Northwestern N(:i.raska, and Eastern ,~ryoming 

Flights greatly l'ecluepd lJ/.c(tir'aJI"I18 adult populatjol1s, and :fall Pgg 
lni'rstatioJ)s \\,P1'P JIIlwh lightp]' than in 1U:~H. In the countips list('d ill 
tabJe ? ini'estatiom; 1'11llgecl fJ'om severe to \-ery severe in 19:38 and 
from light to threatening in 19a9. Average' 1'('clu('tiol1s in Jl11Hlbel's of' 
egg pods pel' sqlUll'e :foot were as follo\\'s: Southwester]] South Dakota 
1.H to (l.u, northwestern Xebl'llska 1.2 to (Ui, and east,Pl'Jl ·"Tyoming 
1.2 to 0.2, The greatest pel'(,l'ut redu('(ioJ) ill eastern ,Yyollliug corre­
sponds to the more complete enl(:ulltioll of Olat area by Jlights, 

North-Centrul Colorado 

Severe egg infestations 1V(>1'e j'ound in 'Y(11d, Larimer, Boulder, 

• AdaJUs, and Gil pi n COll1lt ies j lluo}'th-('entl'u 1 Colorado. It is believed 
that lL large numlx'l' of tJl(~ Pggs wpre laid by If/(',tiNII1U8 mig-rants from 
Xebl'a,ska, South Dakota, and \Vyoming, which iuvad(1<l tbir:; ttL'ea in 
.Tuly and August. The uouutlUl'ieH oJ Hl'Vere infeHtntioJl Ill'e shown in 
figure 1. 
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Canadian Provinces 

Il1fol'l1la6on on Canadian ZOlII:'S of hl:'tlyjpst I:'gp: c1l:'po:;ition by 
me:rimmu{ migrants fl'om ihl:' Cnitt'<1 Stat(1~ i..: ba..:t'd 011 the anllual 
fall surwys b~' putolllo1ogi:,ts ill thl:' im-ac1t><J PrOyiIJ('PS. 

In Alllf:'J'ta ,"PI'Y :"PH'I'P illfp!:'tatiolls ',"PI'P fOll1l<1 ill tIll' pxtrPllll:' south· 
east!:'l'll COl'llPI' of tIn> PI'O\'jJH'P, Tlds illfl':,tatioll ,,'as joinpd OJI thp 
pa:;t by yel'y sl:'wrp Pgg' tlPjlo:,it:, in l1illP lIJ1l11i('ipalitip:, ill sOlltll\ypstPI'lI 

Saskakhewtln, I lIfp:-;( at iOll'" ill gl':t ill :-ct llbbh' aYl'J'agpd J.! pod:-; pt'l' 
square foot. tIl(> higllP:--t pwr l'l>('ol'!ll:'d ill Sa",]wtdlP\\"Hll. 'fbi:, (,Olll­
parl:'s with .:0.4. fol' Blain!:' ('Ollllty and ,_1 1'0), Hill COllnty. thp adjacl'lIt 
(,OlUltil:'s in :'IIolltalltt. Sa:-ckat!'lu'wHII I'lltolllologi"t:-; artl'iblltl' tI\(, llll­
usual1~' ht'a>'y l'[2:g dt>po"il-.; ill !.[1'Hill --tllhhlp to dIP ftu,t that only about 
olle-fifth of tlw lanel W:I;.. lI/111pI' [·l11tiYarioll. :'IIh!l'allt~ ::;('ltlilw ill 

Ull('nltinltt'<11aJ1(l JI1()\'('t1 illtn gJ'nillfil'ltl", to dPI'(j"it: illo:,( of their Pggo.:. 
.sWill'lll:' of II/./,ri('r/JI/{N that PlllPl'pd "ontlw:t"tl'l'n ~U:,klt('hl'wal1 dill 

not lay a~ IIllllly Pgg:, H~ !:'xPP('tp(1. SlIltIlJ ,,['Y(,I'l' iltfp~t:lti()n~ wp)'p 
f0l1l1d ill S011lP I()('u]itip", 1nn it ['ou]ll (HIt ],1' d.. iillitp]\, dl'tpl'llliIlPd 
whptlll'r tIlt' egg" WPI'P lnid by migJ':IJl\:' or leW;!! ,!.[l'lh",ilO}l]lPI':'. 

In the ~Iallitohn fall {'gg "l1l'\'('Y JlO "P\'l'),P 01' Vpry .~('Yl'rp ini'(I,.;tatiol1s 
wert> fOlllld hI nll~' of tll(: I1l111li(:ipalitips ill\atlp(l'\lY 1Iight:, f\'()1lJ till' 
'Cnitl:'cl ~ta{(>~, 

TIll' bo\lnr1al'il'~ (rf IlP:lyip,,( I'ggilP}lI)"itioll ill .\.llw)'(a aIllI Sa:-,katl'hl:'­
"an aI'£:' show11 in figlln' 1. 

FLlGHT~ f:\" 19JO 

TIH' Hight" ill 1!l·1O \Y!'l'P 1(':,,, iJl1pOl'tallt t hall tllP sPPC'tlt<'llllu' long­
(1ir;tllJl<'£:' Inn"S flight:' of l!J:}S nIH1 1O;\!l. TllP\, "'PI'P 1'(,\\"(,1" ShO)'tPl" 
Jess jntpJlsP. alHt'did \lot l'{,Sltlt ill {'!.[g illfl':,ta'(jml" ,,('\'1'1'(> PlllJllgh to 
canst' majo), Jlight" ill l!l·n. Till' :'l';t,,;ollai dpwlojlllH'lli and l>l'hHyjOl' 
of IIU,J'ir·(I/JI/.~ ill tIll> al'PH"; WIll'I'P lIligJ'nnt-- Jaid Pgg,.; 11lO";[ ltpHyily jll 

1!l·:3!l \\,pJ'P follo\\'l>d III 1l1:l-1I, awl ,...llltlltltl!'il':' of thl'H' Ob,.L'l'\,atioll:-i UJ'l' 
pl'P~l'lItp(l. 

)Iontana 

III tIlt' Ilorth-(,(·!t(ml ('OIILlh,,, "In"!'!' "fI,ri,.rI/IIIS JIligl'allt" !:li(l Pggs 
JJI()~t l11'adly ill 1~1:\!). IllIlI'hillU IH'glul Oil ':\fay 11 alld \\':\:' !Ill ])("\'('(,1It 
('olllplptL' hy .ImH' 1. Xyllll'ltHl Illlllli!l'J';" \YPl'l' at tlll'ir ]Jl'nk frutll 
,}l! Ill' 10 t 0 ~fl. 

'flIP u\'Pl'ag<' 11 llJulIt'r:, of llylJlp!t:-i Pl'l';..cf11aJ'P yaJ'(1 ill pl'il1c'ipnJ l'OllJ'CP" 
of iufp";latioll \\'PI'l' as foil!)",,.;: Fipid lIHu'gill'" and roach-i(lp" 110, 
stl1hJJh~ lipId,.; 00, alld \\,{'pdy illll' land :~(). SOIllP ('()JI('PlltralioU"; run 
a,.; high as }o.(J(l() 1)('1' ";<jlltl]'C: yanl ill lipId lI1al'gill:' :1m! ~t1() lW]' ~:qlH1l'l' 
yarej'in stubhlp. Jllfl'stalion:, illl'a1lg'cl:tlld. rin>t' hottOI1I:'. awl l1l'1l:-ch\' 
(!raws \\'P1'e of :-ligltt jJlj[lol'talH'C'. Fp\\" llyJlJjlll" llll!!'lw<l hi ;-;pl'ing 0'), 
willieI.' whpat. bill tlll>H' ('I'OPS hpt':tlllP ";{'\'l·,'ply illfp:-;tl'd a;-; a rp:-'lllt of 
nymphul ll1igl'atioll" i'J'OlI1 lipId Inal'gill:' aIHl ~tllhlJ!(' ih>lds awl by ,j lllle 
~ii ('llITi('(l jlo]llllnt JOI!" llnl'ngin,!! ·111 ]lPl' !:'qIlHJ'P yard. 

~\dl11t:; bpgHlIto lIP]>!':!l' t It J'oll,!.[1 1011 I Ill[' :\1'1':1 OIJ .JIlIlC' ~:l. 'llHI Rfl]H'I'­
ct'nt of the> lJ/I,I'iIlI!IIIX populatioll Wl\" :1<11111 hy .Tuly:>. .\.dults sitem!'(l 
tht> i'tllll!' IlJigl'a(ol'r tplJ</l'lH'iPB as in IH:Hj amI took to the air :-;hol'tly 
nftt'l' gl:'t Lillg tl1l'i1" wing::;. . 
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Plans were made in ,Tl1ne TO!' obselTing flights and determining 
changes in populations clue to tllPlll. 8tatioll~ were set up within the 
most heavily infested area illllOl'lh-t'Plltral .:\IoJllilllll, ill all the ('olllltjes 
sUrl'Olll1dillg it, and in IT']lresPlltati'-e agl'it:1I1tllrnl distriet:-; in eastern, 
southern, amI ,,-estern .:\Iontalla-1l total of lilt! stations. Xymphal 
infestatj()n~ \yprp P:-:tilllatPll ill .JtuH', aJ](I S111'\"\'.\'S 'W1'(, llla(le at ~-,,-eek 
illtervnhdll .Tuly alld .\u,rrll:'t fol' till' plll'pO:'P of dptpdillg any sllddpll 
plmnges lIne to Hight:,. Egg :'1ll'W)'S wprp lUad.l' frolll Ot't obel' ~o to 
:xo'-el1lbpi' H. 

Flight::; bpgan 011 .J Hly :~ lllHl l'OlltillllPll wIH'llwpntl1l'l' was fayorahle 
llntil ~'-l1gust :~u. Durinrr (hi:, JlPri()(ll:l~ l'Pt'or<l:, ,,"pre made of J-ljghts 
in progress witllill the "zone wht'l'e they originated or in adjacent 
loculitips. This (,OlllIHU'P"; with ;~KIl'et'()l'tl:::: lllitde in the same gelleral 
area in 1\)30, The hwatioll, inte1lsity. and direction of these llights 
are shown hl figure G. U - ,. 

)line :tnd 1ive-tt'llths pN"{'ent of tlw Ili.rrlits wert' t1rt~~jli.ed as heu.Yy, 
17.5 perl'ellt a~ lll()(lpJ'a(p, awl,:l ]lPJ'('Pllt :t:' light. JIP:t'-'v and Jll()(l­
prate fli,glits t'OI11po:-PIl ollly :!."ill\'\'('PlIt of all Hights a~ eOlll}HU'ell with 
4() PPl'l'l;llt ill lOa!!. Hl'avy awl Illodpl':ltp Hight:; '"'(>1'(> JllOst Tl'C'qUPllt 
frolll .lul\' H to ~~ and \H'l'P llot ~P(,\l aTtpi' .\Ug\l:3t' ,t 

All m:,dlb, p:\:('ppt th.,,..(' "Ia,.."ifjt'd :I" 1I,'jlJillrr. \\"PI'P ill tlw :-;allJe 
diret'tioll it;.; pl'P\l\ilillg lll\\'-h>wl Willll,.:. llil'Pl,tiolls of the }:U flights 
ObH'l'vpd \\'1'1'1' a,., f(}llll\\'-.: 

I'f n'f'11i PU'(>l'ut
Xorth _________ _ .. _ (j ~Ollt1l\\,P"t .__ ___.. __ .__ "­

11 \\'1'''1 __________ (jXorUwll:31 
EU:3\ _._. ___ I:: Xorl!l\\'p~t __._ . _______ . ______ 1(; 
RoutlWlll"l __ ____ __ 1;; \Yith..nt tlll'PI,tioll I tlJilJiu~) _______ IJ 
South ________ -_ I:! 

There W(-'I'P fp,,"pr flirrht:, to tIll' \\ p...:( and n(JJ'tll\\,p~t than ill 10:38 and 
IU:3D, Only~:Z IJl'l'C'P'llt of tIll' l!ll!l Hight,.; \\'1'1'(' ill thp~p dil'l'C'(ioJls as 
eOlllllar(.'<1 with ~11 pt'l'I'('lll ill l!1;)!>. Fori)' l'Pl'('(,Jlt of all Hight~ were 
to flIp s(}Ulh~ !'5outllP:I:-.t, alld P:t..;t nO' ('olllpal'pd with ollly ~:l lH'l'l'('J)t 
in IO:)!). TIl(' PPl'cl'lItnrrp,.: of flight..; to tIll' llorth.1I01'thI'H:'t. and south­
wpst '''P],E' pl'ndicH lly tllp ;:;mup :1:' iu 1!l:1!l. 

TIlP iiI'st illl'llSioll of liP\\, tP1Ti(01'Y 1H'ga.IJ OJl .July 1:3. ,\-hpJ) l.ight 
flifo,rhts ('ross!'!1 tlIP HJllllll'l'll hO\l]](laJ"Y of t]IP :JJ"P:\ into ]ll'eVioll,.;ly 
uninfpsi<'d ('olllllil'H ill !--oulh-('PIIIJ'al ~l(}lIlnllil. By ..:\ugust :W, ,,,hell 
an flights W('1'(, 0\'(,)" tIIP 1J{'ldy illvn\lp\t ZOIl(' l'xtl'IHll'llIO to }30 mill'S 
lwv{)JI(j tIll' \\'I't'{PJ')l nud sOllthwl',..II'J'1I bore/PI',.. of III(' 2(1)(' of ori!.rill 
luid 1() to GO mill'S lJPYolHl its ,,;ol1tll('m hOl'{lt,J'. Xparl" all the fliihts 
withiu tIIP lIPW]Y ill\:adl'd ZolH' \\"('l'p light, alld J'('lH';-llt'd Sl1l'\'pys at 
ohsel'Ytttioll statiolls di:'l'lo:,pd JlO lll()(lpratl' or ~l'yprp l11)'('stntioJlS OJ' 
aduJts due t.o flights. Parts of' Big ITOI'll, ~Iillwatpl', Treasure, and 
Yellowstone Crnmtip:-; 'Yl'l'l' illelndl'd ill tlIP innlllpd ZOIH' ill southerll 
:\Jolltall:t, evel! though no dHailp</ fiigilt oi>:-.l'l,\,:ttioll:" WPl'P 1'e('Ol'<1('(1. 
Ob:;(,l"Yel'S othl'l' tllllH tho:;\' 111l1killg t Iw Ill,! ai1f'II Highl :;tndie:; n'ported 
~(,V(,I'a] iiirrhb jll P:I('1t oj' IllP~(' ('Ollllt il'''', :J lid ~t1 rT!'\'~ at olJsPITatioJ1 
statioll!,> ~liow{'<l :-lightillt'j'\'a:;p;...: ill ndlllt:...: aftl'J' fligh't:; :...:tlu,tpd_ 

Light f1ight~ to tIH' I';[,.:{ aud IllJ!'llll'a,..t 1'['/Ii'IH,d till' ('Ollllt ip:,; ill ('u~tl'l'l1 
l\(ol\tllna that Wt'l'l' :-0 Ill'adly illl'l·"t!'!1 i1\ l!I:\K 1I1II1 1\1:~n, hut did not 
ilH;l'Cu::;e localpol'ulnt iOlls aJ)()\"(' tll!'i!' Jiglll pl'l'lIight rating:;. 
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Flights from :Mont,ana into Canada and in the reverse clirection 

• 
occurred, but they did not materially c11flnge mexicanus populations 
011 either side of the international boundary. 

Flights into the in-vaded zone did not drain the zone of origin so 
completely of its 'I7wx:iCantlR populations as did Jiig1lts out of the 
headly infested zone hl eastern :JIontuntl in 19:1\). Instead of flyin~ 
out of the zone so 1 ~avily infest('d ill 11140, many of tll(' swarms 'were 
carrie(l by varin,ble al1C1iJlil'l"mitt('nt win a" to Yarious points ",ithin it. 
Of tIll' I:~2 J1ights obsel"Yl'd ill l!l.,j.O. OIl]Y ~J pen'l'llt ,,"prl' in the ne'wly 
in\'a(ll.'<l WIl(,. aIld some 0:1' t1)('1:1 WPJ'P SPPll !"pturning to tll(' zone ,,"here 
they orif!:inated. 

l'>opu]ations within the zone 'where flights started shifted con­
stantly from July 3. Wh(,11 Hights b('g:lll. until ~\11g11st 3, w11('11 a]J 
mo(ll.'l'at(' nnd hNlVY flights 'were OWl". _\n n<1ult SUl'YPY l'ondneted 
hom .\UUllst ii to 10 (lis('losed lIO 5(,\'('I'P or Yel',· 5PYPl'P illfpstation at 
any of tli(' obs('ITatioll :-;tntions within this zOlle OJ: ill the zone newly 
im-aded hy flights. X !lrmal nt' ]j~l1t popu1ationl'l ,,-e1'(, found ilt most 
:,tatioJl:;. but tln'('ut(,Jlillg- ilJi'e:,tatioJ1s (k to 15 }>('1' 5<]uan' yard) were 
:l'ound in two areas. OllP ",as in POl1!l(,l'a and Tpton Counti('s n]onf!: 
the "~esterll border of tll(' zone \\"11(>1'e fliuhts startN1 and the other Wtt5 
in Cascadp amI.Judith Basin C'ountip:; :t10JlU it:; sOlltlll'l"Il Iiord('r. 

• 

Egg slllTeys were made during Octoh('l"ttncl Xonllluer at alI ob­
l:'(,lTatioll stations ",ithin tIll' ZOllP wll('l"t' fliulltR origillat('d and in the 
jll-n~ded ZOIl(,. Egg pods \\"('1"(' found ill Ih'lds ttl' 'on]y IH of the HG 
statIOns sl1l'nyecl. ,At only ()Jlp :;tatiOlJ did tlIP C'g{! pods ex(,(,pd 1 per 
Sf(UlU'(' root. The aWl'llge :for tIl(> i-:O stations was ().~ pod per sqUUl'';' 

foot, ""hieh ('onstitut('d a norma] rating with 110 thrpat of ('('OJlOmie 
inf('statio)) the fol1cm'illg war. 

In the fall ('gg surw}' ',,(,1'Y few H'Yl'L'P and no \'Pl'Y ,..l'Wl'e illi'psta­
lions W(,1'P foun!l in ('ountjps w1H'l'{' flight:; :-;iul't(>d ()[' in !'mmti('s ill­
\-ad('d by flights. Blaine. Choutt'lln. Fi'rgll>'. Hill. aml Li!J(,rty COIlI1­
t j('R in nOl'th-('Pll( ral ;\[Ollt:UlH lIml a Iil!:bt infp,,(a( ion of n..! egg pod 
per sguur(' foot as ('olllparpd with a H'\"(,l'P infe:;tatioIl of :!.:3 1>P)' SIjWll'C 
foot in 11l:3[l, Hill COUllty luu1 a lWl'lllnl ini'pstatiol1 of !I. I ('gg pod Ill"!" 
sqUill'(' foot ill ('Ollt!"llst to a WI'Y :;PWl'{' infpstatioll of l.l P(,l' SqU:lL'(' 

foot ill l!1:3!J, whell it '\\"a:-; 11IP lIJo:;t Ill'ayjly p,ug-inf(>:-;(p<l ('Ollllty in tll('
1711i(('(1 ~tatt':;, 

• 

Flights to 1II1illf(,l'tpd :U'pu:-; had :->{JIlIl' t'll'('c\ ill ),l'<llll'lng' populations 
"'ithill t]j(' zone so l\(':l\'ijy iJrfp:;tl'<l in the spring- of l!JJ!J, uut major 
c)'edit for tlw pro(,pdioll of l'I'OpS, },NI.Il('tio}l of flights, alJ(I pre,''.:'ntiOJl 
of h('aYy ('gg dt'positioll llluSt 1w giYPll to (h(' ~tat<'-F('(leral control 
eamlHl.ign. wll j (,11 l)('~aJl ~\IH'y~!J anel ('ollti Ilupd \Ill (j I .J uly :W. Approx­
imately ~~,()()() tOlls of hait w(')'(' llsed on about: ~ llJillion ll(,1'es of crop­
land. Enormous IltllnlJPl's of' nymplJs W('n' kill('d, and the battl(' 
against adults was ('ontilllled 101' ~ ",t'pks afiPl' t]lPY bpgllJ1 to fly. 
Had there bt'en no ('olltJ'ol !'umpaiglJ,. it SPP)\JS (,(,I'tain thnt ('rop loss('s 
would haw bp(')) Illuch g-n'at'('I', ihnt tlw iJlY;l!l('d Z()I1(, would have be(,11 
much hU'g<:'r, awl tlHlt (lgg::; \\'on1<11m \'~' b~'Pll d~'posit(>(l ill sulliejPllt l~~n~­
ben~ to cause S('Y('I'P alld YPI,\, s('''(')'(' llJ1p"tatlOlls U,,> llext yeal'. Ihls 
campaigll (,I}(h'd (] 1(' gl'u:;sltoj)]>Pl" thl'C'a t to .\fOlltUlJ:t agl'j(,l1 ftu l'(" \Yhieh 
began when swarms Pllt('red eastem .alolltnlllt ill In:~K 
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Western North Dakota 

Western North Dakota is not shown in figure 1 as an area where 
mexicanu8 migrants laid eggs most heavily in ID!3fl. Severe egg in­
festations were found in part~ of 1:3 countie~ in the fall egg survey, but 
there was no proof that most of the eg§,..'S were laid by migrants. It 
seems certain that some of them were laid by progeny of the swarms 
that invaded this area in ID38. .1:1. brief reyjew of deyelopments in 
194:0 wiU therefore be given. 

Destruction of eggs by predators and tmage, as "-ell as unfavorabJe 
weather during tlH? hntehing and nymphal periods, h(:'1cl populations 
to much lower numbers than expected. 

Cool ,\"eather and mins prolonged the hatehing period, which ex­
t~ncled from ~Iav ~() to .J \1ne IH in ;.:outh(:'rn (,o1lJltip~ lll\d from .June 11 
to .Tuly 20 in northerJl ('ollJlties. Xymphal lJIortality ,,-as high, and 
there ,yere few migrations from Held margins and hIlt, land into crops. 

~\.dllltS nppearpd 11\p lir"t week .in .July_ awl by the end of .Tuly 7f> 
percent of the population was adult. Light to threatening infesta­
tions deyeloped in some localities during August, but crop damagp 
was slight. 

Flights occurred from .July 12 until September. Most flights were 
lif!ht and caused no major changes in population. 

Egg deposition began about _\.ngust () and ,,-a" praetically oyer by 
September 20. X0 definite areas of ~eyere or wry :,(,\'pre egg infestu­
tions were found. 

Northwestern Minnesota and Northeastern North Dakota 

TIu'eatenillg- to ~('yprp illfp:-;tat iOll'- of /(I { .ri((I/lII,~ ItYlJlplb hatched :in 
1Il1lJ1Y loealitip:-; \Yithil1 tIll' :ll'('a ",11('1'(> Pgf!.'''; \Wl'P laid 1II0:,t hellyily in 
In:Hl, Owing to ('001. w('t wpathl' "pa,..olJal lll'wlop]Jl('llt was 2 week~ 
lat(')· than ill 19:~!l. Hatehillp: IlPgalJ Oil .\Iay Hi and was lJ:i percent 
complete by .July 1. _\.pproxillltltl'ly 7.! pp)"eent oJ th(' pf!p:s hatched 
during .June. 

XewI'y hatched llylllph,.: WPl'l' 1l\O;-;t :tinllldant in grain stubble, leg­
tunes, lipId marp:ill:', iclIl' law], dry lake' b('(l:,;, and pnstm'p,:;. At thp 
heip:ht of' thei)' ahlilldalH'p concentratioJ\s l"paeilt'd Hi(] per square yard 
in fields and ~oo ppr square 'yard in fhpi!" JIIlll'gillS. Xmubel's at 10:3 
obsen-ation statioJ)s jll "\IilllH'sota and :\Ol'th Dakota an'raged 11-> per 
square yard in fil'lcls awl 2n per square 'yard ill margins. ' 

First adults of 1IIt'.l'i{'{w III< \w!"p ~l'('J) ()n .J IInp D_ an(llJv .Tune :30 they 
were eommon thr()u~llOut thp !ll'l'a. On .July Iii aPliroximately d'o 
percent of the POIHil<ltion was adult. • 
Li~ht dispersal f1ip:ht::: !J('g-an 011 .Tuly n ill :\('JS01l County in North 

Dakota. SilllilHr flights W(,1'(, ~ePIl in IlWlI," of the' COUll tips withi1l the 
area 011 f:n'orablp day:; durillg (lit' l'(>llIailJdpl' of.r lily anel the lirst half 
of .\ug'u:,t. Oil .JII1,: :~() al\d !1111(>an' Jlight..; of 1II(,,;irrl1lllS and J[r>lan­
oplu.<; 'bivittat1l.~ U-itty) Wcrl' oh~elTl>d ill Pl'lIlbina, Rnms(:'y. Np]son, 
and Grand Ii'Ol'ks ('()lJnti('s in Xorth Dakota and Kittsol1, ..\Jarshall~ 
and Polk ('ountips ill MillJlcsota. Flight:; \\'1'1"(' (0 th(' northw(,st, and 
WHsslJoppers Jrorn lipIds with only li~ht illfp:,tntiolHl. as w('11 as those 
from I1P:l\'ily ini(>stl'([ lipIds, ('ontl'ihl1j['rl to th(> flighi". ..\foderate to 

• 


• 


• 

hen".\' flip:hts of lII(',rir'(j,)I1II, :from North Dakota into Kittson, Marshall, 
and Polk COllnties ill l\IiJlJlPsotn. were also ollsen-ed on ..August 15 and 
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16. The general effect of an flights was to cnsperse. popula~ions 
throughout tIle area rather than to C'on('entrate them 11l restrlcted 
]ocalit1e~. X0 10ng-d istnllce mas., fiights int'o counties Oll tside the, 
originally infestcd area. wcn' report('(l. 

Egg deposition began the last week in .Tuly and continucd llnti]
October. 

According to the Ifl.!o fa]] egg FiUl'YCY, the extent and sewrity of 
m.e;ei{'allw~ egg infestatiolls ,,-ere almost t11(' ;:;ame as in 1!):39. XOIle of 
the threatelliil!! or s(,\,pre infestatioIlS fotlnd ('ollld be definitely at­
tributed to fli~'hts illto the area and as far as known none rcsulted 
n:om flights mit of it. 

Southwestern South Dakota, NOI·tlm'('slel'l1 Nehraska, and 

Eastern ~'yoll1ing 


Hatehillg of lIu,;('ir·((/l1I.<; begHn tll(' Iirst week hl )fay and was nearly 
complcted by the first we('k in .Tune. 

The 1D3n i'allcgg :-llf'\'('Y ,..howpd a llll1Ch lightcr infcstation than the 
pre\-iOllS ycar, l)lit'stilJ it lllcli('att'c1 thrp;ttPJli'u!!.· ('o]HlitiolH' for most of 
the arca in 1\)40. XYJlJph~ hatc'hpi[ in ,.;mallet' lltuuhl'l's than l'xjll'eted. 
and there "ere fU1'thcl' tlp(,l'C'fU';P"; ill populatioll from natural ('flllSes 

as the scason adnuH'C(l. Xymph:- hatched ill ,L.'"l'patpst 111ll11bcrs ill 
alfalfa bllt, cx('ppt for a fpw fjplrls. infl'stut i{)])~ wcre 1il!ht. ~mall 
grains. "hi('I! we'rc tlw main "Otl!'I'P of IlYlJlphal ini'p:-;tatiollS in Ul3D. 
'''P1'C practically frc'l' from gr<l:-:-ho]J]>cl's 111 Hl40. . 

,\.<llllts apIH'aJ'pcl tIll' iiI'''! \\'1'('1. ill .TUlIP, alJ(I h,r thc 20th of .July 
no per(,pnt of thp ]lo]>1l1atioll W:1" ill fl!p adult ,.:t:lgl', ,\'<llllt infcsta­
tlOlJ": \\'P1'E' lH1l'Illal 1IJ light. ;\0 flight" \\'PI'P oh,,:pl'\'ecL 

Tll tll(' fall ('gg SIllTP\: II/I.ri/·flllll, illfp:-tutioll"; ill all (,OltJltips within 
11w arpH. W(,1'1' liIJJl('('01l01Ilie. 

~orlh-C('nll'al Col(wado 

Illfpstatio/lS in this :lI'pu did !lot (lPn·lop to tIl!' t'xtPllt illcli{'ntc<l by 
the lD:W faJl ('gl! SlIlTCy. XYllIphs ItatdlP(l ilJ tlll'pntPllillg numbers 
in alfalfn. fkldn during ,JIay, but ,wallieI' condit ions d lIrinl! the 
nymphal period were 111lfaY()l'ablc alld adult populatio]]s were mostly 
110llCl'()Jlomi('. Xa [lip:l1ts wel'(, obsprvpcl, amIno thl'patcllilll! or severe 
<'gl! illf('s{atiolls werc J01l1ll1 in the 1Hi() fan SUlTl'y. ' 

Canadian Proviu('('s 
Alberta 

In .Julv 111('1'(' \\'('1'(> light to Jllo(l(,l'a[p flight:-: to ill(' north llnd nort.h­
WP;.;t frOI)) 11IP s()lItllPa~t(,I'll ('()J'Jl(,J' of t hI; ProyjlJ('(' wltp],P l'l!gs were 
laid most lwayijy in IH:~!l, ~Iigrallts l'Pll<'llPd tlH' foothill,.; of the 
Hod:v :'\lonntain~ to til(' wp,.:t anci slightly bl'YOJI(I tht' Hpd ])('(']' Hi\'(~l' 
YHllpVy to tll(> llOl'th. Thpr \\'('1'(, s(:ntl(;I'pd '~m thinh' that no seyerc 
ini('st'a tio))" (Tnl'PHhlp t () Hli!1!t:-' () r IJII,l·ir··I/III.~ \\'Pl'P 1'(;lll}(1 ill OlP ac111] t 
Hl1l'rey. ,Y('alltH conditio'll" dl1ring- Ow lai(' :-11/)]/11t'1' and enrly :fall 
WCI'C not f:n'orahle fill' l'gg- layillg, aJl(1 it i,.; douhtflll \\'hethp]' thc 
-i'pw t'g!-.~ laid made ally Bigniiicant diJj'eI'PJl(,(, in ID·n 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 nUlll­
bel's were greatly reduced by extensive baiting operations. Some 
adults survived, and there "were light to moderate fijghts to the north 
and northeast. Few adults remained in the area, so heavily infested 
originally, and no economic e~g infestations were found there in the 
fall of 1940. Flight.s reached as far north as the South Srtskatchewan 
River Yallcy, but little egg laying occurred in the invaded areas. 

Manitoha 

Light to 1110derate dispersal f"lights occurred locally \yithin the gen­
eral area invaded by Swarms of 1nexicamls from the United States 
in 1939. but there were no reports of heavy egg deposition by mi­
grants in any well-defined aeeas. 

OTHER OBSERVATIO~lS ON FLIGHTS 

Observations on takeoffs, low flights, and more detailed descrip­
tions of high flights and their terminations are based on studies in 
all areas where flights occurred. 

Takeoffs 

The beginning of either a low or high flight is cal1ed a takeoff. 
Takeoffs o('curred on clear days when the air temperature first ap­
proached 80° F. if winds were favorable and grasshoppers were 1n­
clined to fly. None were observed below 75°, and out of 38 recorded 
observations only 6 flights started at air temperatures below 80°. The 
time of takeoff \'aried from 9: 30 a. m. to 3 p. 111. but was most often 
behYeell 11 a. 111. and 1 p. 111. 

"W'jnd was the final stimulus needed to get grasshoppers into the 
air. The most faxorable ,,-ind was a gentle, intermittent breeze (2 to 
4 m. p. h.), strong enough to flutter the leaves of trees a.nd sway 
blades of grass and heads of grain. Takeoffs also occurred when 
there was a gust of \\"ind up to 5-10 m. p. h. a,nd tha.t soon slowed 
to 2-4 m. p. h. If the wind ,,-as imperceptible or blowing more 
than 10 m. p. h., grtUishoppel's usually remained on the ground. Every 
observer remarked on the efrect of wind in starting flights. 

Takeoffs started with a, few indiyiehmls rising here and there in 
short fligh~s f~llld then retm:ning to the ground. Tllese early risers 
seemed to lJ)('lte others to fhght, anel larger numbers rose with each 
slight bl'E'ez(l or gust o:f wincl, until all adults inclined and able to 
fly were in the air. The time taken to complete a, takeoff varied 
grea,tly. ,Vl1en the temperature rose slowly a,nd \yinds were intel'­
mittent with prolonged calm periods, a takeoff sometimes continued 
for seyeral hOllrs; when the temperature rose rapidly and calm pe­
riods were shorter, it was sometimes completed in half an hour. 
Swarms tlHlt had heen flying for several clays or weeks took off more 
quic'kly than those b(lginning their flight. Swarms that had settled 
during the day because of unfavorable condi60ns took off more 
quickly when conditions aga,in became favorable than on their first 
flight of that cltty. 
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MASS FLIGHTS OF THE :r.nGRATORY GRASSHOPPER 

Adults 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 between July 10 
and August 4,1939, at air temperatures ranging from 93° to 100°. It 
generally took place between 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 climbed as high as they could on sparse vegetation. 
After a short period of roosting, they became 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 vef!etation by a person walk~ 
jngthrough it. Roosting ,yas observecl whi1e hlf!h ftlghts were in prog­
ress, but roosting adults rarely 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. 

ill. mewicanus flIers always take off into the ",lud. They call make 
some progress against winds up to 10 m. p. 11., but they generally turn 
and fly do"wnwind with thelr bodies at a slight angle to it. 'Yhen 
they are flying with a light wind (2 to 5 m. p. h.), their speed is 10 to 
12 miles per hour. This was determined by tim.ing an automobile 
driven just fast enough to keep up ·with grasshoppers flying parallel 
to~ . 

vVhen the sky was cOlIipletely overcast, mexicanu8 did not take off 
even when the temperature and wind were favorable. 

Low Flights 

In 193D, of 610 flights recorded in nfontana and western North 
Dakota, 21 percent were classed as low, or within apprm...imately 25 
feet of the ground. 

Low flights were of four types-(l) flights of iecently matured 
adults that remained low even when conditions for high flights were 
favorable, (2) preliminary flights that later changed to high flights, 
(3) preliminary flights that failed to become high flights because of 
unfavorable conditions, and (4) very low up·wind flights toward green 
vegetation. 

Adults with newly developed wings engaged in desultory low flights 
for several days, even when the temperature and wind were favorable 
for high flights. Low flights of this kind occurred for several weeks 
while the remaining nymphs were transforming to adults. :l\1any of 
them took place during light winds of variable direction. The grass­
hoppers flew aimlessly in all directions, with many settling and others 
rising. The general effect of these flights was to redish·jbute adult 
populations wlthout material expansion of the area originally infested. 
If the wind freshened slightly and blew in one direCtion whDe low 
milling flights were hl progress, swarms streamed away ,,-ith the wind 
without jncreasing their height above the ground. Grasshoppers in 
flights of this nature resembled large wind-driven snowflakes. 
Swarms carried by winds in low flights seldom flew more than a few 
miles before settling. 
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Dming the flight period of "ell-matured adults low flights always 
preceded high ftights. IVhen one of these low flights was first seen, it 
was impossible to predict whether it would develop into [\, high flight 
or stop before that stage was reached. "7J.len sky, tempCl'ature, and 
wind conditions remained favorn,ble, these low flights generally de­
veloped into high flights, but if anyone 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 
requiring hom's to complete. Beclluse of limited personnel and time, 
it was considered inadvisable to follow each low flight lUltil it changed 
to a high flight or until it terminated because of lUlfavorable flying 
conditions. Lmv flight ratings wel'e therefore based on 10- to 30'­
minute obsel'vation periods. It is the lLuthOl':;;' opinion that nbont 
half the observecllow flights of well-matured adults developed into 
high flights. ' 

,A_ few vel'Y low flights wel'e seen moving up\\'i1ll1 towal'd green 
crops. The following descl'iption of one of tllese unusual flights is 
taken from the Jie1dllotes of F. D. Butcher: 

A high flight of M. 'I)U'Xit((l1'IIS settled in the Brinkman, lUontana Rtudy Area 
between 3 and 4 p. ill. on Juj~· 27, 19:30. At 4: 1G I noticell a heayy flight across 
eiean summer fallow int(l the fa('e of a southeastern "'hId to the margin of a 
wheatfield. These gl'aHshoppel':;: were dose to the grouu<l, mr estimate bei.ng 
that none were higher than 40 inches and probailly one-half of them were lower 
than 15 inches. Upon reaellin~ thp margin of the wheatfield, most of them 
landed and a11110st inlluediately st'tu'teel fepcling. This is the first flight of this 
kind I han; seen and I won<le\' if it lllay eXlllain Home oj' the tl'empnllous popula­
tions we are encountering at fielclmal'gins. 

F. E. Skoog witnessed a similar flight in Sherielttn County, Mont., on 
July 18, 1939: 

Flight grassho])pers settlec1 inc1is('rill1inat('l~- llypr 100 a('re~ oj: (,[pnll plowecl 
lanel late this afternooll. SllOrtly after ~f'!tlill!!' lin andiblf' bllzzing Hight took 
plaee, the movement belllg- from the plo\\,etllauc1. upwilld, toward n green wheat­
Jielel. They flew at ltn ultitude of ;I feN OJ' jPSf; <lin'('tly towurd the ('rop, and 
lanc1ecl in the margin where thp~y llumbered ·100 to ;100 ]ler square yard. 

Such low flights are hal'd to see and 'were probably more fl'equent 
than indicated in the l'eports. 

High Flight;; 

The changeover from low to high flights ,'IllS a grallual process 
rather than a sueldell upsurge 0'[ an entire lo,v-flying s\mrltl. It took 
place most quickly when the ail' telllp('l'atul'e ,\'as above miO F. and 
\,hen winds were gusty but not over 10 111. p. h. Such gusts of wind 
appeared to stimui ate grasshoppel's to f,r1'0utel' flight effort anc1rising 
currel1ts of "al'm ail' assisted in cal'l'ying th01ll 11IJ\Yul'cl. UncleI' these 
conditions the challgeon~r was somet i lUes C'ompleted within 30 minutes. 
,Vhen the ail' telllpCl'uLul'e remained at 80°-85° and ,yincls wel'e less 
faITorable, 1 to 3 hOl1l's might dnpse before most of the grasshoppel's 
wel'e flying higher than % feet. 

At the beginning 0:1' high flights It few grasshoppers COlllcl be seen 
rising above their frllowfiiel's, and their up\\'anl pl'ogress ('ould be 
followed for at least 150 fret. They were :followed by olhers in in­
creasing munbers lUltil only It few l'emaillCll "within 25 feet of the 
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ground. Vie'wed from tl1e ground, heavy high flights had no visible 


• limitation. l\£yriads of grasshoppers ,yere in view as high as un­
shaded eyes could see. By cupping the hands oyer the eyes and look­
ing toward the edge of the sun one could see still higher myriads 
streaming by on stead:y winds or circling on variable light winds. 
Against the SlUl they looked like specks of glittering metal. 

No one knows how high the human eye can fo11ow g-rasshoppers in 
flight or the maA-immn height reachecl by s'Y[ll'ms, but ~lills (6) stated 
that airplanes encOlU1tered swarms in Montana at 1,000 alldl1,OOO feet 
during the me;eican1l8 flight in .July Hl38. 

Flight Terminations 

Temperature and li/-!:ht \WL'e the mo:::t important ecolop:ieal factors 
in stopping fligbts. The l(nn'st air tplll]lprntl1re at ,yhieh flight ter­
mination ,yas ob8e1'\"('(1 'waslDo F. ~ill('p this is approximately the 
same temperature at whi('11 tile Jirst taken IT o('('uJ's all (bys when other 
conditions are favorable, it may be aSSLlmed to be dose to the 10\\'est 
temperatm'e at ,,,11ich flights OCClli'. 

,Vhen the tempprature declined gradually from 85° to 79° F. in the 
late afternoon and winds ,,,ere lig-ht, lI/('xiranu8 adults drifted slowly 
to the ground !lnc1landed without turning into the ,,·ind. rnder such 
conditions the settlillg process sometimes COlltinued for 30 to 4:5 min­
utes. No flights continued later than serend hours before sunset, 
even when the tempel'lltul'e remained above iDO until after sunset. 

Flights terminated abruptly at :1l1y time during the day 'when there 
was a sudden drop ill temperature or when douds obscured the SLm, 
UncleI' these conclitiolJs gras::::hoppel's folded their wings ancl pluJll­
meted to within 2ii to :\0 fE-et of the gL'oum], where they spread them 
aglLin andlancled illtO the wind. OcelLsionnlly stray individuals werp 
seen descending in the same l1lnnnel' when flights ,..iere in full pro!!:l'es,; 
and flying conditions were excellellt. TIllS 'was observed most' fre­
quently when swarms ,yere passing oyer green crops. 

FIights usually terminated when ground winds exceeded 20-2;) 
m, p. h., but since strong winds geneJ'a 11)' brought 10\\"(:'1' tem peratures 
it was impossible to determine- what stoppecl the Ltig-hr. 

STRUCTURE AND COLORATION OF ADULT l\UGRANTS 

Although the flights of 'l111'J'i('UIIIU' in H):~8 and ID3D resembled the 
more extensive flights of the extreme migratory phase th,Lt occurred 
from 1874 to 1877, there ,yaS no simiInl'ity in size, Wihg lenp:th, or 
coloration bebyeen tllQ Ul38-3V adult Illigrants and the popUlation 
formerly calIed8J7J'etu8. According to Helm, as quoted by Fame (2) : 

The only characters which R('('l1l to Ill' of yulue ill separating- 8pretlls j'rolll 
1nexi(;anus are thE" gre:1Jpl' !lizp, rpll1til'el~' ]Olli!PI' \\"iui!s, uud slightly more ex­
plllllled. posterior part of the 11l"1l101ulll of alP fol'lllPl'. ~lhl1ltp duntlctcl's ill till' 
form of the cerci and tl\p [lIWX of the Hub-gPllitnl plate '''ere given b.r Scudder as 
additional features, hnt these appear to Ill' incliridual tiuC'tuations Ilppearing as 
regularly in true 1I/.(',riC{1I1lt8. 

In earlier ont.breaks of me,rieamlR in :Montana specimens were occa­
sionn]ly taken tlmt closely l'esembled8pretu8 (Parker 8). They were 
larger, hacllonger wings in rehltiol1 to body length, and were lighter 
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in body coloring than normal mercicunu.:; adults. 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 mexioanus showing clivergence tmyardspretu.s in size and 
wing length.;:" 

It was expected that speci.mens resembling spretu.s would be found 
among the 1938 and 1939 mIgrants, but none were taken. They may 
have failed to appear because of prevailing low temperatUJ."es and 
abundant succulent food during most of the nymphal period. Parker 
(8) fmmd that specimens of 1nea,>i(Janu.~ rea.red exclusiyely on green 
succulent food such as T1YI4esoantia 'were smaller and had shorter 
wings than those, reared on a mixture of green food and dried alfalfa 
leaves. Parker, Shotwell (11), and Brett (1) reported that 17wxicanu8 
andll1elanopl118 ditfe7'ent:u,~i,~ (Thos.) 'were much darker in color when 
reared at low rather than at high temperatures. Brett also found tha,t 
mexicanu8 'was smaller when reared at low temperatures. 

The effects of low tempenLhu'es, frequent rains, and highly succulent 
vegetation on the structure and coloration of mexicaml8 adults were 
noted in eastern Montana in 1939. The main nymphal period for 
me;L>icamt.S extended from May 15 to .June 21. ,Yeather records for 
Miles City, Mont., show 22 days dming tltis perio(l when precipita­
60n exceeded 0.01 inch and during the first 3 'weeks in .June mily 7 
days when the nutximlUn temperat111'e exceedecl68° F., the lower limit 
of grasshopper activity. OccasiOlml brettks in the, bad wea.ther t1l­
lowednvmphs to feed and deyelop wHhout madG:\cl decreases in mun­
bel'S, buE adults 'were darker and smaller than the 1938 migrants from 
South Dakota and the l!J:l:O migrants in north-central Montana. A 
few. 1 or 2, percent, :were, depauperate; their wings did not extend 
beyonel the tips of the abdomens, and their boc1ies were one-fourth to 
one-half shorter than the body of the ayerage mea.'i(;(lnu.8 adult. The 
unfavorable conditions during the nymphal stagE' did not suppress the 
migratory urge, for all adults fiew out of the al'E'fl shortly aftE'l' getting 
their wi ngs. 

INCREASES IN CROP LOSSES AND CONTROL COSTS 

DUE TO FLIGHTS 


Flights of 11/,e,l'U!WWS gl'E'atly ittl'l'E'ased crop losses and the cost of 
grasshopper control in the im'adE'cl areas. Estima,tes of these iu­
creases obtailled from entomologists ill the States and Pl'oyjnces 
'where flights occul'red are shown jlJ table 10. Some increases resulted 
from -£lights of 'lne;d('aIlU8 from eastel'lJ ,Yyoming i !lto northern Colo­
melo and from north-celltra] Montana into sontheastern A1berta in 
1940. Since they were cliflicult to E'~qUmate and of minor importance 
compared with those in ot.her States a:nd Provinces, they are not in­
cluded in table 10. 

Increases in ('rop losses totaled $58,58!J,24G and increases in the 
cost. of control :unouJlf'pd to $:~,!l:~n,07(). No estil1lat~s of danulge to 
l'lLllge grass llre ltvaihtlJle, but it is lUlOWll to have been great, particu­
larly i~l 1930 tlnd1939. 
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Crop losses in Canada and th(' rnit('(l ~tutes would have been much 
greater lul,d it not been for the F('dpmlly fimllwecl control program on 
icUe land and roadsides conducted by the Bnl"(,llu of Entomology and 
Plant Quarantine in lU:)f) tllldlD·l0. This pro!!ram supplemented the 
cooperative efforts of priyute, Stat<.>, and Ft'cleral agencies engaged in 
contro1ling grasshoppt'l"R in nops by uaitillg 5,OnO,irlG acres of road­
sides and idle land heavily infested "'ith 1II("l'iwIIl18 llymphs. If tIl-is 
had not been dOlle, countless millions ',"onM han monel into crops. 
taken their toll. matured. !tndgreanv increased the size and number 
of swarms that mowd iuto Callada. -

It is reQ"rettahlt' that tIlt' t'xtl't'lllt'h- l)(O'a\," illfesfation in the zone 
"here flights ori!!illutE'cl in Jn:3H ''las Dot re(ltieec1 :-llllieiently to prevent 
flights. It now ReeUlS prolmuh.> that half n lllillion clollars spent in 
controlli1lg grnsshop]l('rs in ran!!e llwl idle cropIall(l in 14 counties in 
Korth and South Dakota in thE' spring of H):~S ,,"onM haw prpyentecl 
11 11 major lOll!!-(listalll"P Hight~. Fnilm'p to do this ''"as due largely 
to the low yalne of the ]alltlll('pdillQ" trpatm('llt, the lack of lns('etleicles 
and equiplMut for quick tl'l'atIllt'ilt of 1al"gp~L('rE'ag(.>s of uncropped 
Jand, and the :fa{'t that 110 t'xtt'll"i\"l' f1i!!ht:-; hnd o{,("lll'l'('(l in recent years 
to sen-e as lL "\Yarnillg, 

FUTURE FLIGHTS 

1Vhat of tll(' fnture? It St'l'llI'"' (·t'rlnill (llat his(or,\' will rplwnt itseH 
and that fllttn'p dJ"ought~ will rpslIlt ill 1argp :\('l'pagps of (lpplPt('(l 
range and idle land, iJHTPas('(l }JI( ,rim/PIN pOjllllnt iOIl;', lllHl threats of 
lon~-(listall{'e mass fli~hts. 

Future th)"('ats ean he HlPt with ]]lOn' IllltPllt ins('('li('idps and bettE']" 
methods of applying them thall \W)"(' tlYnilahh' in l!l:ls. Bulky baits 
<liF'tributpcl with gl'ollTl!l p!jnipl1ll'llt lta \'(. bpPlJ J'l'I'1a('p(l hy ]()\\"-voll1IllP 
spra~-s npplil'd by airphuws, 'I'll(' a('I'p,,: !lOW trpatl'(l in hours hy air­
eraft )"p(}llil'l'd days to ('0\'('1' by gr0111l(1 11IadlillPS. Exppl"i(,1l('P gained 
since l!HO has proY('(l that it i::: a SOlllHl [lnH'ti,'p to ('OlltrolllollllliI2TH.­
fory gntssl\oppPrs in :,(lvl'l'al millioJ) a("1'p"; (11' l':lllgl'lml<l pwn WhPIl 
t11('1'(, il-> I10 t1m'at of ]ollg-distHll!'(' 1l1<1",'" flight,.;. III yipw of tllP fad 
that 1J/('XiNUI IfN :!lights jll 1!l:1~. 1n:l!l. and 1 !Ill! illl'l'l'ast'll ('rOll 10ss('s 
amI control {'o:::t~ hy $(i~,3~k,:IHi, fa ilJu'p to PI"PYl'ut thl'ir rt'Ol'l'l1lTPllCe 
seems im'oJl('pi vaulp. 

SV)t;\IAHY 

The most slJE'da(,1l1nr IOll!!-(li-.l:lIH'P Ilight'" of grnsshoppPI-:-: ill Ill!' 
r-l1.i{p(1 ~tat(':-: and Canada fOI' ()VI']' half .t (,(,l1lm'y 1 (Jok p1tu'P dnl'ing 
t11p Sllll1lllPl"S oJ ] !):3k, 1!):l!l, nIHl }!l·ll). TIIP :::pp('ip,.; was tlIp migratory 
gras:-:llOPPpl' (;lfr trillO/dUN illl';1'i"II/I/I., I/if .I'inl/I I IN (::-;au..:.)). 

Flights \\'PI'P prp('pdpd by j\ gPlwra 1 ill,·},pa:-.(' ill //fI.l'ifiWII.,' 11l11l1bpl':l 

throughout thE' S()utlw:tstprn (,Olllltips of XOl'th Pakula awl tl)(' l1orth­
ea:5tel:n ('oulltiPR of ~()nth Dakota. whit-II IlP!!:lll ill 1!l:33 {\lid rpsult'p(l 
in 111l11SUaIly IlPHYY E'gg dppo"itioll in 1(1:1',. Egg iui't'stations fo~' Ih.at 
year were he:n-it'st and 11lOSt wi(]pSl)l"PtHl ill n gTOUp of 0 countIes 111 
J1orth-C'(-'utra] Soull) Dakota amI in ;j :tel,in('PHt ('ollntit's in ~orth 
Dakota. 

III the SPl'illg of l!l~:-; ('llClI'!IlOl1s 111l11J1)(·J'~ of Ilymph:-: llllt(']Wt1 ill {Itt-' 

area. where eggs \\"t-'l"(> dpl'o"j!('(illlost hl'ayily iul!l:37. CrJ"pat Il11Jl)IJPrs 
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that attacked crops "ere JciJIed by bai6ng. but sti111arger numbers in 
range and idle land became [tdults and 'were the main somce of 
mi.Q.l:ants. 

lIhss Iiights out of tIle ZOlle of origin started in late .Tune and contin­
ued on days favorable for flying until August 15. Swarms trnvE'lec1 
in the stlme directions as the prE'vailin!! "'iuds, which 'WE're main]y to 
the 1l01'th,Yest and north, when telllpe111tllres were highest and llifrbts 
"'ere most likely to ocrur. 

Swarms moving across 80I1t11westpr11 X orth Dakota continued into 
eastern Montlma,~ Some of them eVE'lltl1uJ1v reaehed the South Sas­
lmtchewan RiyE'l' in Ctllll\(la. HPPJ'oxiJlltltply'.-)I.l nil' milps from where 
they started. OthE'l' swarms flying llOrthwp~t im"adpd llortlnl"E'st01'1l 
North Dakota. :,:ollth\yps[prJ] ~lnllitoba, awl southeastern Saskntche­
,nm, ~\Yanns Jlyillfr llorth l1ml Hor1111'n"t :,pttlP(l ill l1orthpa~t0rJl 
X ortll Dukota. llOI-tlnn,':,tpJ'll ~JillllP:,ota, and south-central ~IllJlit()ba, 
Larg(> SWIll'Ill:::, prt':-;ulllnhly :fl'olll llort h-t'l'lltrn1 ~()uth Dakota. ended 
their 11 i!dlb in i:O()u(hwp~( t'l'n ~olltlJ I>alwta, JJOl'th W0::;t(l1'11 XeIJl'tl:oJm. 
and ea::;t'i;m \I~YOlllillg, 

Egg deposition bY·Jlli.!!rallh in l!l;l~ wn,.: lH,tn"je:,t and lllO:,t ext('llsiyp 
ill etlsiel'll ~IontllJla amt wpstl:'l'll );'o1'th I>akota; 110l'tlnw~tl'm ;\liulll'­
sota awl llol'thenstpl'Jl Xorth Dako(a: ~olltlnrp."tl'rll ~ol1th Dako(a. 
llortlnw,.:tPrJl X plll'a,.:kn. :\lHt l'a,..!t'l'll 'I'YOmillg; and ~oHthl'l'll ;\Iallitoha 
alld ;.;outlH'l'n Sa:-;kat"l·]lPW(lIl. " 

In l!J:~H llla::;"; l-light" b( artt'<1 "hortly aft,,!, gra,.;sllOPPl'r;c; hl'ealllC' adnlts 
ill all arent' whel'l' ('!.!,'gS Wl'l'P laid Jllo:,t ]n'adly ill 1!l;3~, Swarms frolll 

pastern ;\Iolltana tlilit \Yl'''{l'l'lI :\()l'th Uakobi. ill\'a<ll'll It large area in 
JlOl'th-l'Plltl'll1 ;\Iolliall:l. :'OlJtilt'l'll ~a,.;kat l'l!pw:m. amI southeastern ..:\1­
bprtn. ~ollle of thpltl tr<\\"dl'll :t)ll'I'OXilll(\(l'h" ~:~:i ail' lllilp:-,. ~war\ll" 
:frolJl 1l0l'tliwP!"tprJI ~\Iillll(':--ot'a awl !]ol'lhl'a:'l'l'll Xorth Dukota liP\\' 
ea:;! and wp,..! into llParlJ\' lU'P:t:- alld 11l11!!l'l' di"'litl\('l's Ilortl! and HOl·th­
\\(>,.;r into HllltllPl'll .\Lllli(olia. ~\nlnll'" 1'1'0111 ,.Olltl!IIP:-(HlI ~()ntlt 
Dakota. JlOl'tl}\\'(>,.;tl'l·Jl Xpbraska. ulHlpll:-'t!'l'lI "'yolllillr: tl'tlYP!I:'t! sou(h­
past. :--ollth, alld HJIl(hwp,.;t ilJt!) :-olltll\\'P"tpl'lI Xl'brasJm alHIllOl'tllern 
Coloraclo. 

1IJi,!!l'anh ill In:Hl dppo!"itl'dl'gg:, JlIost lJ('ndly ill llol'th-(,l'lItl'ul .\IOll­
tana. 1I0rtlI\H'''{t'1'1l )Ii'llll'sota awlllOl·tltl':t:'Il'J'1l Xorth Dakota, uorth­
central Colorado, amI :-;outlll'a:;tpl'll ..:Uberta amI sOLlthwestern 
Suskat('h('wan. 

In I!) :!:o lWl:-S .flights Wl'l'e If,';:-; important than ill ] D:3H tlncll!J;lD. Th0Y 
wpre TPwel', slwrt(·l', ll';'s in(Plls(', alld did uot l'P!"llH ill egg illit·:--ta(ioll:' 
H'Yere (,Jlollgh to IH'oc/U(,(, majo]' flight,.; ill l!l!1." 

Ot)wr obsernltioll" W('t'(, IlHull' Oil ili!!ht,.;. Fli!.!"hts :-;tart0d on dear 
days whell the air tl'lIlperatllrl' lir"t Hj;lH'fmdH'd XU'" F. i:f wind:, \\'('J'(' 

fa\'ol'aIJlp lIllCl adllltshacl HlllIJ'g(' (0 migra!!', T1IP timp of takpofI' wtt;, 
Jl10:it ofteJllJPl\n'pu 11 a, lll. aIH/1 p. JlI. "'iJlt! wu:-: (11(' linnl ~tilllUlu::; 
lleedE'd to gpt wi!!l!tnt,.: jll(o llIP air. T1H' Illll:,! fa\'(J)'alJlp l\'iwl was It 

geJltle, illtl'rlllit(Pllt hI'PPzl'. .\naTallt!" lHwlly t(lII!, oil' illtf) IIIP wilHl 
and tlll'll (lII'llPt! and llpw with it. II'1Il'1I 1!1l',Y \\'('1'1' ilying with a li~ht 
willlL tlwiJ':-'jlP('d wa:-: III to I:.! Ill. p, h. .\ il'W ;-il\'anll" If!'!'l' ,,('I'll tlYlllg 
very loll' Hnd lI11\\'ilHl towanl grp!')] (']'OPS, 

Fli::dlt" ill progl·('s,.. t(']'lJlill<lI('llllbr1lptly wh(,11(,\'('1' tl)('1'1' was n slld­
tiP]] drop iii ail' (PIII]>l'I'atm'C' to lwlow ,..,If F. OJ' W1H'1l 1'101lt!" o!J";('llJ'pd 
the l:>Ull. 011 clear~ warm clnys ,..1I':ll'llls dJ'iftpd slowly to tliP ground 



46 TECHNICAL BULLETIN 1109, U. S. DEPT. OF AGRICULTURE 

several hOlli'S before sunset, even when the air temperature remained 
above 79° until after sunset. 

Crops were injured ill all the areas invacled by migrants in spite of 
large-scale control campaigns waged against them. Entomologists 
in the States and Provinces most heavily inyuded estimated that crop 
losses were increased $58,58D,246 and that ('ontrol costs were $3,939,070 
more than they would have been had no flights occurred. 
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