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Tt}c pl'~(>nt studips on the hibt'I'nation of the corn earworm 
VIi!1iothf$?, (l)'!ni[!el'((. (Hbn.)) \n)l'~ l)('g~lIl j,l1. 1935 for the purpo~e 
of ITIdl1(~g m tile L'ang(' of a SN'll'S of IlllIformly planned CXPCl'l­
meffi'R a~ ide an al'(':) a::-; p()~sibll', Tile objed ,\'as to obtai!'!. definite 
infonna6'm1 COIIl:pl'ning' the 1l0l't\JPI'II limits of SlICC('ssi'ul hibpl'nation 
of;Hiis j~tt. nlHl to 1('al'l1, if possiblt', whptlwl' the infestation in the 
Nqi$h jyue to mot11;; ('I1ll'l'gillg locally 01' to those migrating from 
11)(11'13 sO~lerl'y ::-;UlII'Cl'S. 

;e; 
1 He<'eh·t<for puhlication ;rune 1;;, 1n~2, 
• 'l?llc sl:!!Jli('S l'<'llOI'lpt! IIPr('in III'C' la 1'1(('1.1' the 1'('SUItS of ~oop(,l'Iliil'(' rnge nnd field investi­

gations it~'ltCd in 10:1;; h.Y W. If. Lu l'l'i 1111'1', f()l'III('I'ly s('niol' ('ntornolo;;i~t in the Bureau 
o( Ent.om ~~r :UH,l Plant (Jt1ltl'Hlltirl(', SfnUOII(ltI at- Arlington FUl"lll. Vn. 

~:JJe stt '.·s WP.I'P condu{'tt.'d h,v tl1{' llh·h·:jon of (,pren] nnd Font!;£! Insect Tn\~(1stiA'ntlons.
Bnl'pnu or EntolllolO.I!Y 111111 1'111111: Qual'lIl1till(', F. S. nl'partlll('lIt of Agl'icnltnre, and tile 
State 1Il;I'i('ultlll'lll (XP(,l'iIlH'ni; SlIlt'iollH or Ih.. s('vel'lll Htal(,S in which the stullies were 
conducll'{l. 'l'h(l r()IIIJ\I'in~ i'lltolllol;.:ists IIl1d Ih"il' cowol'l(l'l's Ioellt()c1 Ilt Stllte eyp~1'inlPllt 
slnUOIlS ulld Fedpl'Ill ofJiel's oi' Ihp BUI'N"I ot' I;;ntolll(llo~.\' 1l1I1l Pin lit QUal'llntine cllrrie(1 
ont the (~xp(lI.·imQlJts in tht~ir lopalitit.'::t: ft'. I". IJh'k(~•.\I'lill!!ton FUI'IIl. Va.; .T. S~ Pjl1dit1P,V 
lind C. C. lIill, CarlisiI'. I'll.; I. M, lIuwlpy, C. A, Clnrk, K n. nurgpss, anll F. F. Dick(', 
l\fool""st"lIwn, i\, .1.; n,. "~.' HlIl'bf~I', N(lw II:I\'{'II, ('Ollll.: \V.•\. ""icC'. P. O. RitdlPl', and fr. H. 
J('II'C'tt, L('xin;.:ton. K.I'.; ,r. S. 1I0usrl' and I", F. Ilie".. , ~rllri<'ttu, Ohio; W. A. Hulwi' W. G. 
lU'u(IIPYt 1.1 ltd L. U.•JOIW:O:, 'foltlilo, Ollio,; I~. V. \\'aih\I', Lat':IYClttP. Ind.; G. I,l}. ~ral'shan. 
Ol'lpnn~. 11111.; n. A. ~'ieht. _\nhul'n. fn<l.: A. P. Hul!<'I'lhwuit: and ;1. ~r. :\faA'n('r, "ulleY 
Purk, Mo .. lind I'rhllnll, 111.: W. I', '·'linl'. 1'1'''on", 111.; .r. It. 1I0l'ton, Wkhilll, K:lIls.; R. '1'_ 
Cotton nnd \\f. ~I.'. Enl('I'~'j ~lalllHtHaJlj Kall~.; )L rl\ SW(lul{, l.il1('oln, Nt,ur.: e. N. Ainslie 
and 'V. 'l~. 1;jIllPry. :-i,iollx (·.il?~ row:t; . Dwight J:-;()I,),". Il'n,Ypttf'rilll', .AI'I<.; Lt'. A, b~enton~ 
StiIlwa(pr. OI,la., unrl n. n. Ekhmllnll, Pro~8(,1' 1111<1 \\'aIltl WlllIa, "'ush. 

'!'he writel' ndwowk'IIl;(,g hiH inclphll'(I/H'ss lo ('. ~1. 1'lIcl(lll'{l ntH1 W. n. "'IIIton, of the 
TIUl'('tlU DC l!:lltOlllol~~,\~ alld Plnnt QtHlI'UIl!'ill(\ .for sug~(\sjions (Ill Hl"rnng-Clllents of the 
Illllnllstl'lpt, ancl to P. N, .\llIlIlllcl, Chi\,r of the BIII'(~llll, lInd,'1' whose dll'cction theprojopt 
was initiated, 

4S::!:!:l::!-42 1 
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It was also thoug]lt desirable to determine, if possible, the vulue 
of the old recommendation f01: controlling the earworm by cultural 
operations to kill the hibernating pupae and to investigate further 
some of the factors affecting hibcmution. 

In addition to the data obtltinecl from these experiments, free use 
has been made of the literature on 'the subject of hibernation of the 
earworm and facters affecting it. 

MATERIALS AND METHODS 

Cages for the uniform experiments were all of the type found by 
Pllillips and Barber (U) 3 to be the most successful hI their earlier 
work in Virginia. Each cage consisted or a, tight ,,-ooden frame 30 
inches square and 10 inches deep 'which scrYecl at; a base, and a frame 
30 ~,nches square and 2 t:o 5 inches hip:h and coYel'ed with screen wire 

""W]nch se~'ved as a top. The boltom 'yas left open. These cages 
were set III the gl'ol111d by plnC'ing a cage OWl' the space to be occu­
pied, marking arolllHl it, awl thcll digging a nan'ow trellch to sink 
the cage to tt tlC'pth of S or D inclteK, thl'L'pby tli:-;tul'uing the 1:'01] withln 
as little as possible. A strip of ~~l-inch-me;;h hardware doth was 
placed arouht the outsille of the boltom edge of the cage Hnd this 
,extended downward and outwn I'd at an llllg]e to prevent the entmnce 
,of moles and other soil-inhabiting animal:,:. 

Last instal'S collectcd jll (he field were u;:etl h) most of the experi­
ments. The lalTae ,n'ee placed indi\"idnally in s:tlve boxes as they 
were collected from the ho;;t:-;, and ::-l1ppliC'll 'with kC'mel::; of dough­
stage corn for food. Thcy ,,'ere pItH'ell ill the hiUprllution cages as 
soon after colledion a" tht'y n.ppenn'd (0 bC' full i'ed, by removing 
the co\'"ers, inverting the tim;, HIIlllH·l'ssillg t1H'm ,into Ule soil so as to 
confine the lalTae. A Tl'W fr('sh f.!ynins or corn \\'ere placed under 
each salve box to provide food ill ca;;c rurther fpC'c1ing \ras necessary. 
In general 100 lttlTil(' were placcd ill e:tch cnge, but in some instanccs 
it "ras not possible to illclutle thnt many. Larvae that died before 
going into the soil "",t'l'e l'l'('ol'dp(l, and rcp1a('C'<1 in most instances. 
The scrccn tops were i-a;;tl'Il{'(l on the eagt's n~ I'O()ll Hi;; the 1n1'\"11e ,yere 
introduced. The ti n boxes ,n't"c rcmoyed ai'ter the ]m:y,LC had entered 
the soil. 

1\Then tempcl'alm'cs ,ycre low cnou~'h in lhe :fall to pl'ce]uclc the 
possibility of fmthcl' ('llH'l'gl'l1C(' of adu Its, the cng~ tops VI'cre n'll1oYed 
so that the pupae wpre ('xposcd as lwarly as pOSSIble to rULturaL con­
ditions throughout the. willter. Jtight cages wcrc 1I;;(,(] jn most of the 
uniform eXlX'L'inwnts. ,YHh so!ll(,' px('PptiOIlS, two cages were ex­
U1nined bet"-een NOYl'mbpl' 1 n nd Hi JOt· Jall 8m"intl or pupae, two 
th.e fo11owiJ,lg spring, bet ween ~Iarch ~5 and ~h.r 1. to determine 
,nnter Sm'VIya], an~l four cil[.!;es hacl then' tops rC'placed and were ob­
served during May to July for ell1crgellce of lIloths. In most in­
stances soil in the cages left :1'01" moth emel'gl'l1ce Was examincd in 
late July or Au[.!;ust. The dppths of the pUJ.-lae bclow the soil surface 
were mensl1l'('cl ill Sl( (fie i('n t mllnbe I'S to gi \'C' a 11 adequate record. 

The dates of beginning the pxperimpl1,ts varied so.mewhat, as in 
each locality an attempt was m:1.(le to begm the expel'lments at wl1at 
appeared to be the llormal time for most of thc larnle to enter hiber­

, ItnLic Illllllbel:s in Jlllr(,lItlt!'s('S rerN lo 'Literntll"e Cit'I'd, P. 1;1. 
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nation. At seven different locations extra cages were installed carlier 
or later than those of the uniform experiments so that the most bvor­
able time for larvae to enter hibernation might be determined. 

Several types of habitat were selected for the hibernation studies. 
Usually the cages were put do,yn in exposed soil where COrn had been 
grOlyn the same year. In some cases where this ",as not done the 
soil in the cages was spaded up and allowed to settle before larYae 
were introduced, so that the soil "would be in a physical condition 
comparable to that in nearby COl'll fields. In several localities the 
cages were placed in alfalfa fields or grass soel, or were covered by 
('orn shocks after the lnrvae had been introduced. Cages were 
placed b'y t\Yo coop('ratol'S in wry sandy soils c1l1l'lng all or part of 
the periol1 from 10:35 to 10:38, inCiusiYC. During the winter of 

FW('HF: ] .-Locn I ioJ1:'; wiwl'P uni Corlll 01' fill\'cirrl ~t IllliPfi Oil the hibf'matioll of 
the corll Cllrworm were conducted. 

10:18-39 fOUl" of the ('ages in a numh('l' of loeations were placed :in 
,,'ell-drained. soil having a high SHnd contc>nt nJH1 :f'our ,,('re placed 
in he:n,jet: soil having grentl'l' "'at~r-holding capacity. Cages of 
otlle]" s])('clal types "werc ww<1 to cOllfll1C pupae on \Yet Ot' dry soil or 
in special en\'i rOlllllcn[s such as in J101es of vn )'10US depths. 

Be~id('s tIl(' ('nge' ('xpl'rilJH'l1ts :-;oil examinations ":E're made in 
seycral localities in fields ob~et'YN1 to be Jll'ayily infested lnte in the 
fa]], Soil examinations wel'e al:-;o Jl1lule under and around corn 
cannery buildings at Brookston and Fowler, Incl., during the springs 
of 1937, 19B8, and 1930 and at Hooppston, Ill., in 19:17 and 1938. 
Figure 1 SllvWS the locations where the stll(lies ,yere conducted. 

HESULTS OF CAGE STUDIES 

So far HS known, Ot' ns :found in these experiments, the coql ear­
worl11 hibernates only as a pupn, in the soil. Data obtained from 
cages stocked with larvae between July 30 and Sel)tember 5 are 
summarized in table 1. 
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TABLE 1.-Results at hibernation sttuUes of the con~ e(lrWOrln in ca.ges est(lblished 
before the peak of normal hibernation 'llnder {ield conditions 

Pupal survival 
P(·riod lan'ne enLered FallSeasons nnd localities Soil Lype soil l'lIwrgcnce I 

Fail Spriug 

1935-36: Perce1lt Perce1lt Percent 
.Mount Cal'llwl, Conll __ • July aO-Au!;. 3._._.... __ Loam •.• __ • __ [1·1.0
l\-lilfonl, Conll.,, __________ . __ do ... ______________ .do ........ . 
 70.0 

Toledo, Ohio "'"'''''' Aug. 20-31.. ___ ...._.... ('Iny........ . 42.5 

VaBcy Purk, Mo. __ " ___ Aug. 24-28.....__ • __ •••• Clay loam ... . :11.0 

l\{nnhnttnn, Knns_ .... ___ .. Aug. 25-2tL ___ .. _~~_~ .. ___ ... __ .do ______ ~_ 23:1.0 

1936-37: 
l\rount Cm'mel, Conn ... }~11~. 27-Sl'pt. 2__ ~ ____ ~_. Loam. __ ~~ __ _ 37.4 
MIlford, Conn .......... . . ... do •. " ... _____. ___ . ....do........ . 18. 3 
'rolcdo,Ohio ........ __ .. · Aug. 2"-S,'pt. L __ ..... 31.0 0 

Aul(.2H-20 ___ •... _. _____ _ Chiy Il;ntl1',-"_~_ .... -- iI: 0Valley Park, Mo ____ •••• 70.5 0 
'('rbanll, IlL....._______ • Sept. 1-5...... __ ... __ __ I'ruil"it' lonm_~ ~ 31.5 23.0 0 

1937-33: 
VaBey I'ark, ]\.fo.....___ Ang.29-30•• __...... ____ ('lay loam .... . .50.5 11. 0 0 
Urbnnn, IlL. ......_____• Aug. 28 ............. __ . l'ruirie loam ... 44.0 H.O 0 

Average _____ •____ •____ .........._.... __ ., •_____ • B.2 o 


I 'l'hcre was no Slllllmer enwrgl'IlCt' in nny of th('sC" cng('s. 

2 No cage was used, but wire covering was placed to catch moths. 


Table 2 giveR a summary of the c1ata for the y(,llrs from 1935-36 
to 1938-39 from cages in whiell larvae were introduced fr0111 the 
mic1dle of September to early ill October, or dUl'ing the period when 
most of the larvae entering the soil normally remain to hibernate. 

TABLE 2.-Rew.lfs Of ltibcmation sfHrlies of till' ('orn carll:O"l'/n in CClfIC·S ('sfa,bUshecl 
cllll'inv sH/i}Joseclllea/c Of '/101'lIIal hibernation mulcl' {icld cOllcli/.ion.~ 1 

A\'C'ragc Fnl 1 Pupnl survival Summ{'r 
Sensons nnd locnliti,'s SOit type d,'pth In olh .--.•----.-- moth' 

___________I________I_Of pupn!' "mcr~ence Fall ISpring ell1rr~"ncc 

1935-30: Incl,es Perren I ~ Perct'llt 2 Percenl' Pcrcrll( 2 
Arlinl!Lon, Vn. ____ ...... AliuviaL .. __ • __ • 3.4 18.0 ,il. 3 0.5 0 
Cnrli~le, 1'n............. (,Iar lonm .. __ .... 3. () .12 an. 5 0 0 
Moorestown, N . .r...... Sandy loam.. __ ... 3.4 () 7,1.0 .5 0 
l\rounl Cnrmel, Conn ... Loam ......._.. __ 2.8 0 81.0 0 0 
Milford, Conn....... ___ ..... clo .. __...____...... _____ . __ • __ .... 0 
Ncytlluvcn, Conn"~ ..._.. "., ___do.~~_~ .... __ ~~ .. __ ...._.. ____ .,. __ .. ~,,",' 0 
I~exin~ton, Ky .... __ • __ ............... __ ...... __ .. _.. . '0' W.9 3.S .5 
MarieLtn. Ohio ........ __ Gru\'l'lly loam.... 2. S I a·1. 5 0 0 
'l'ol(\do,Ohio_ .••••• __ ... Saudy loam.. ..... 2. G 0 05.5 0 0 
01'1en118, Ind ...... __ ••• , .................. __ 3.0 0 0 0 
AuhuJ'l], II1r1 ......... -- ............. -----.. ......... '----'0'·'" "''''0 0

l,a Fnyette, Ind._. ____ . Sundy loam ...... 2.2 7,1.0 0 
Vnlley Park, Mo ..... __• Ola)·lonrn. ...... 2.7 G.25 !i2.0 0 0 
Wichitn, Kilns.......... Bluck clny loam.. 2.5 LO 38.0 0 0 
:MnnhutLan, Knns............ clo............. 2.11 12.25 20.5 0 0 
Lincoln, Ncbr .: ........... clo ......... 3.5 0 0 
Sioux City, IOwll............ do .• __ ....... 3.:1 0 0 

1936-37:
Arlinltton, Vu. __ .. ______ _ Alluvinl . __ ._ ••. :1.5 4.4 0·1.5 21.5 2.3 
Cnrlisle, 1'a ............ . (,Iuy loam ....... . 2.S .25 5;{.5 1:1.5 o 
l\.[oon'stown. N. J. _" Slln<l~' loam.... .. :l.5 i.li .18.0 20. fi 2.0 
l\1ounL Cnnnel. Conn._. Loam ~_.~~~_~. :l.S o 7:1.0 o o 
Milford, COlln .......,. .. __ <10 ........... . 3.2 o 87.0 o o 
Nm..· Ha\~cn, Conn ___ ~_ ... do...... ""__ o 
West Dennis. J\lllss____• Cullh'nlctl snnd ... 3. (l ----- .. ~ ... -- 0.0.... ·im.iJ­

-~Lexington, Ky.._______• 3.0 .25 '--;:0. () U.O .5 
Marietta, Ohio ______ ... (jrli\'l\lI~~~ )(Hlm,,~-~­ a. ;; S.4 62.5 11.0 5.3 
'i'oledo,Ohio•• ______.. Sundy IOlllll. 2.4 o iU.S o o 
Orlcnns, Ind ~'~"_" ___ "" ('IllY.. __ .. .. 2.5 o o 
LnFayette, Illd .. __••___ Sundy 1011111..... .. 2.5 o o 
Auburu,lnd ....______ . .... .. .._.. ...... ,. o o 
Chnrlestoll, l\fo______ •• _ I~ight nlltI "inL .... 2.2 1.0 .5 
Ewing, Ill. ________•••__ Clay.... ___ •••• '" 2.:1 .5 o 

I Cnges were estnhlislwcl BepI-emher 15-30 in most. cast'~. 

2 'Tho pcrccntngcs· gi\'cn nrc uused ou the nqmbl'1" of )UI""UO thuL entered the soil. 
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TABL~, 2.-Re8UUs of hibel"na·tion stud:ies of the C01"n. ear'lVOl"m in carles established 
d1wing supposed 1J6ak of nOl"ma~ hibernation w!del" fiel.d condUions-Continned 

Pupal survival
AY('rm~e 

Scason~ and localities Soil type depth Fall moUI 1---.,.----1 S~~ilier 
of pupae cmC'rgcncc Fall Spring emergenCe 

103n-37-Contlnued. In cll es Percent Percent Percent Percent 
Valley Park, Mo___._•._ Clay loam __•••••_ ._._ .• ____ 5.0 49.0 1. 0 o 
Urbana. I1L ____ ••__• __. Prnirieloarn..• _... 2.5 0 06.5 1.0 o 
Fayetteville. Ark••__ ... Fine sandy loam.. 3.0 0 25.0 19.4 o 
Wichita. Kans....____ •. Black clay loam... 2.0 0 ____• __ ... 0 o 
Manliattun, Kans.. __....... rlo .. ______ .____ 2.0 0 30.0 ________ __ oDo ... __. __________.. Silty sand ..__ ... ________ •• _______ ~_______________. ____ •___ __ o 
Lincoln. Ncbr.... ____... mack clay loam... 2.5 0 24.0 ..______ __ o
Sioux City, Iowa....... ____ .do.._____________........ 0 _____..... ____ .. __ __ o 

1037-38: 
Arlington, Va..__ ..____ _ Allu\'ial silt................. o f,8.0 29.5 .75Do________ .....____ • Cln,·........___....___ • ___.. o U7. [, 1.0 o 

Carlisle, Pn......... __ •. Clay loam............... __ . o 84.0 22.5 o 

:Moorestown, N. J ..... . Sandy loam........,,,,,,, __ o 70.5 2(;' 5 2.3 

Mount Carmol, Conu __ Lonm ____..__..... 3.1 o 78.0 o 
Milford, Conn .• __ ... .. __ do __ .... __ ..... __ ~.. 2. {) o OJ. 5 o 
,\'cst Dennis, 1\[uss...__ Snml.: ........ _.. 3.0 o ~.O 
Lexington, Ky __ ~_..,._~ ... \\'1'11 rl rained .... .. ...... __ o "-"07:6' 22.5 2.75 
1\Iarictta. Ohio ......... Grnvdly lonm .. ~ __ ~ 2.5 o 70.•1 10.5 4.8 
'l'nit'cio. Ohio __ Bundy lotlHl . o (l~. II o o 
Orlonlls,IIHI. .... __ ..•.. Clny. . ....... ..... 2.0~ .~ _. M • ~ _ • _______ ... __ 

La Filyertt', IncL ___ .. ~ .. _~ Sunrir 10nnL ~ 2.7 75.5 1.0 o 

Auburn,lnd ....•. ,. o
·-- .. ----o--~ _.--. (ji~ 2Chnripstoll, nfo_. ___ ,,, i)nrksilL I",,,"::' :m.o 3.1 
E\\'in~, 111 •.... ____ .. Clay () :il.·1 .5 o 
\:all,,)" Pork. lIIo do __ ._ .. o 5·5.5 o o 
l'rbnnn,111 .... .... . Prniri(' 101m o o o 
}'ayrU"\·i1I,,. Ark .... .. Hondy loom . _. tl o.... --..0· ..
8tillwll/('r. Okln ....... . l"irw !mlldy lOUIn. 5,1.2 4a.0 5.2 
'\,i('hil.n. Kans __ ... . llIack ria)' 10>1111 o 52.0 0.0 0.5 
}\lnnhatlan, Knns_ .. _.. ~_ Clar lonm .. ". o I ·la.o5 o o 
Lineo!n. Xf\hr.. "~._~ __ '. do o In,o n o 
Rioux Oits, lowfi~~. ___ 4 .. do o 45.0 o o 

1938-30: 
J\rlinj!;ton, Vn........... Snnr}~·lo~IIl .... . 3.0 83.1 41. 5 '1.0 

1')°1 '1' ...... ..... i\~nl'II~" ........ "";;.·~/·"·· .... . 75.1 

C,nr1IS (l, 1.1 _~~~_. _M_~~ \\ t' drainl'd . ~~ _ 3.0 2·1.0 o 

))0 . . ........... Poorl" rlrninpr} ... 0 24.0 o 
:r"rnrirttn. Ohio ____ .~_._ (~n1\·l;1 JonnL~ ... _. 2.7 0 S.O 
'rOINlo, Ohio... ...... i'''nd~·lo._rn....... a.5 n o o 

])0 .. .......... Pure' sand.......... 3.0 [) o 
 '-------3:5·Orlp'IlS. Ind .. ...... Cloy.... ........ _ 
 .--.----.:~.... --Ri:0 """0'"LaFn)"('i(,·./nrl."...... i'andylotllll. ____ .. "3:2 0 

Valley Pnrk,l\fo.. __ . __ ('lIly....... __ ..... 2.5 .3 57.0 3 D 0 


Do .......... _..... Sundy loam............... .. 13.8 49.0 25.0 2.0 

Urbana, IlL ..... __ ..... do ....... ____ .. 2.5 • ~ 73.0 o 0 


Do.. •... .......... Prairie loam....... 2.2 .3 (KO o 0 

Stillwater, Okln. __....__ 'I'i~ht clny. ....... 2.5 o 32.0 13.0 1.5 


'))0________......, .. Sandy soiL........ :l.7 o 12.0 o 1.5 

Wichita, Kans............ JHark clay loam ...... __ ...__ 4.0 52.0 9.0 

:rvranbIlLtun, Kuns ....__ do ............ ____ ...... o -14.0 2.0 o 


o 2.1.0 2.0 0.0l'ross~~·~\";tSli: :~::::::: . ~:~~~:~~~I~::~~::::: :::::::::: o 24.0 9.0 2.4 
Wulla Wnllu, Wash .......................____" __"" o 47.0 3.0 o 


, Approximate. 

In general, in cages estabHshed late in September or early in 
October the percentages of inclividuals entering hibernation were 
much higher, and the percentages changing to moths and emerging 
before winter were much lower than in the cages into which the 
larvae were introduced in Augllst. From 21 to 100 percent of tlie 
larvae entCl'ing the soil the latter part of August changed to adults 
before winter, whereas only 0 to 18 percent of the larvae placed in 
cages during the peri.od from the middle of September to early in 
October produced adults in the fall,·1 this latter period apparently 
being the optimum time for larvae to enter the soil, pupate, and 

• Adults WP.I'C Imown to <'mel'l'(C ns Inl:e ns November 6 ln tile Ynlley rnrk, lifo., nrea 
nnd somc were stili Iidn/o: November IV. 
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hibernate successfully. Individuals entering the soil in the middle 
of October or later apparently stand a much poorer chance of pupat­
ing and hibernating successfully. Examination of cages established 
at La Fayette, Ind., and Toledo, Ohio, between October 11 and Novel11­
bel' 4, 1935, showed that only 2 percent and 1 percent, respectively, 
formed pupae. At La Fayette 49 percent of the living forms ouselTec1 
in these cages in December 1935 'were still prepupae~ 30 percent 'were 
dead larvae. ancl 19 percent could not be found. At Toledo 35.8 
percent of the larvae placed in a cage between October 11 aml 31 
diecl without entering the. soil. 

JJ1 general, from 0 to 79 percent of the ]aLTae entering the soil the 
latter part of ~'-\..ugust remained to bep:in Idbernation as pupae in the 
cages conducted in the different localiti('s, ",ith consiclernble variation 
from year to year in aU localities. None of the pupae in any of the 
early cnges produced adults I:l1e :follow1ng suml1lC'r at any of the 
locations. Barber (1, p. 9) states that of tIle 1ndividuals entering the 
soil during the first 'week of August, in southern Connectlcut:in 1935, 
from 6 to 30 percent of the possible maximum entered hibernation, 
and that of those entering the soil the last week in August, 80 pel'cent • 
of the possible maximum entered h1bernation. 

It is Eke]y that the type of food tlyaihble to the laLTae lUIs an im­
portant effect on the t1me they ent('r hibernation, as ,yell as on their 
chances of surviving the ",lntN·. It has been found (8, 7). 516) that 
insects preptu'e themseh'es for hibernation by reducing the amount 
of free, easily freezable, 'Yatel' in tIle tlssLies. The amollnt of free 
water in the tissues of such larvae as the corn eal'worm may be 
regulated by the amount in their food (7, p. 899). Ditman (3, pp. 
1!04--S205) states that prepllpae and pupae of earwor111 ]al'Yae matur­
ing on milk-stage corn contain tL higher percentage of water and a 
10"0.1' percentage of fat than do lllOf't of I:ho;;e maturing on dough.. 
stage corn. Ditman et al. (4·, 7). Q[).4-) aIf'o state that the drop in 
average temperature to about (jGO F., which usually occurs in mont 
of the areas by early September, causes pupae forming after that 
t1me to enter the diapanse. OUler more obscure factors nuty also 
be involved. Nevel'thelesf', t11(' larvae used in the experlments sum­
marized in table 2. as ,Yell as lalTae maturing in the field from the • 
middle of September to early October, ,,.oulcl probably be in a suit­
able physiological condition for sllccessful hibernation, because of 
their having fed on corn with reduced water content and being sub­
jected to other c01ll11tions like]}' to cause cliapause. 

To SLlln up the results from fieM cages following the sey('l'C'. ,yinter 
of 193:,)-36, pllpal sun-jyal occll1'rerl only at Arlington Fnrl11, Va., 
Moorestown, N. J., and Lexington, Ky., of the H locntjons at wbich 
determ1nations of pu pal slll'Yiyal were J11ll(le. l)npal sUlTiytll oc­
curred in cages at a much 1J1gher percentage of Ole locations after 
the mllder winter tcmperatures in the other 3 years of these experi­
ments. In 1936-37 cages w('re placed :in 2Z Ivc~ltions and pupae 
survived at' 11 where 'records were ma<1e. In 1D37-38 cages were 
placed in 22 ]ocat1ons and pupal suniyal was recorded 1n 11 of 
them, including an the above areas with the exception of Valley 
Park and Urbana, but, in addition, puptle survived at La Fayette, 
II: 1, and in ]n,l'genumbers 1n cages run for the first; time at Still­
water, Okla. In 1938-·39 the Immber of localities in which cages 

• 
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were stocked with larvae was reduced to 13, including two new 
locations, Pro~ser and Wnlla ",Vnlla, ",Vash. Pupal survival orcutTccl 
at 9 points. Cag'es installed at Orleans, Incl., during 3 seasons were 
not examined for pupal survival. 

Moth emergence in the cages extended from the sectmd week in 
~fay to the la~t week in .Tune. The earliest record of emergence 
was between May 8 amI 10 at Chflrleston, Mo. Observa60ns a.s to 
the time of first flppearance of e{Ig:-;, lnrv:H', 01' aclults in the field 
indicate that adults elllC'l'ge flt. flppl'oximately the same time uncleI' 
either field or cage conditions. 

It "ould npprnl' :f1'0111 ft study (rf soil t(,l1lperntures flt the various 
stfttions that lethal temperatures alolle <10 not explain the mortality 
at the more northC'l'll st:ltions, although ]oll{Ier duration of the low 
tempel'atUl'Nl at those St:lti'lllS may aid in ht'ingin{I about the mortality. 
Fnctol's which, taken in conjundiol1 'wilh low tc·mpeJ'ntllres,. i.ncrease 
the mortality ratl' are the moisture content 0:[ tIle soil and heaving 
through action of frost. 

CLIMATIC AND SOIL FACTORS 

As is slHnnl in t:l1>l('::; 1 and 2 a ,yide range in climatic and soil 
factors known to affect hibernation is represented. The data can, 
perhn.ps, h('::;t br int('rpl'('trcl by ma.killg f;ome C'ompnrisons of these 
:i'ncto)'s. FOJ: this pm'])(}se thr soil trm]wl'utures and precipitntion 
data for five key loC'Hliti('s ,YerC' studied. The important figures from 
this study are giv('n in table 3. 

TABLE 3.-S111IImoI'Y of soil. temllerolllre,~, rainfall, m/(l8I1rt'iva.l of the corn ea.r­
/Conn (/./, fire 1.:('Y locations, JOS5-SG to 19S8-SfJ, illclu.sire 

IDr[llh I"-I inilllull1 Iprrio(]s ofl SJ1rin~ I Moth
'~I)lnl

Period Locnlity 	 bplo\\' I trlllpel'!l- fl'rrzim: I r:1}llfnll 

snrfnrc' lurc or belo\\' ",,01".­ surviV31 emergence 

1----/ ~--------1-------------'-- 1-------1------ -------1------­
lnrh," 0 F. Dall·- 11lchr.~ PCTCt71t Percent 

.\rli1urtoIl, Yo ___ ._____ <I 22.5 31i 22.2 0,5 o 
r'"rli~I(', I'll _____ ••._.' -1 2S b3 22,5 0 ()r	 I103iH930'--lTfll,'do, Ohio____ .._. 'I -I 20 • __ .. _____ 12,0 0 o 
rr~:~{;~it~11;:1~"i;s-:=:::>--·-·--4-- -------W--- ---'--5'( -'''--6:i- ------6-- --------6--­
"I'lill!rton, \-a.._____ .___ a 20 S " 25.•5 21. r; 2.3
('nrllsle, 1'11 _____ ._______ -1 20 51 2·1. 7 13.5 o 

1936-1937... 'l'oleIln,Ohio__._ ...... __ oj IS lfiii li.O 0 () 
{ ('rilonn,I1L_ •• _, ___ .___ ·1 22 iU I 21.,1 0 o 
.\fnnhnttnn, Kons_______ 121" 16 7:l 6.2 (] o 
'\I']jn~l()J1' Ya __________ 3 :12 1 13.5 20.5 .75 
('uriJslr,I'u • ________.. ·1 20 2r, l,l.\) 22,5 o 

1037-193S. __ '.I'OledO, OhiO____ •.___ -_-_! <I 17 145 ],[.4 () () 

I
{-rbano, 1I1.· .. _· ________ 1 0[ 22 9~ IRa (] ()!:-f'l1nhlll.Lnn. Kllns. __ ._... I" 21; -J·l 5. Ii () o
Ading-ton. Vn __ •_______ ., a :J2 1 17.3 41.5 , 1.0 

, ('nrlisle, "a _." •• _... __ / ·1 ·12 () 18.8 24,0 () 
1938-1939"'1' 'I"'It'do, Ohio .... ___ ... _. 'Ii ~Ii 0-131; 1~.2 0 (]lL'rlmnu, 1I1 ... '''''--'' ·1 20 52 15.S I () o 

: )[nuhnflon. Kons ___ • __ • 2)2 IS 73 U.5 2.0 6.0 
__ _~_.L_. I i,_____.....c.._____'--____--'-___...;..~____ 

I Jllinimllln t"lllpcrnturo ot 4-inch Il'\'cl WIIS 20 higher thon ot tho 2,l:i-illch level during 1035-36 ond ]00 

big-her (lllrin(: 1937-38. 
, Sun<l cO\'crcd hl' corn sho('it hurl 2 days or frr,'zing- tClllpcrollll'c or holow; snnd, uncovered, hall none, 

and sand), .loam, cowrcd, hnd 13G I1IlYs with tcmpCI'ULllI'O Ilt or below frccl,ing.
3 Aooroxllllnlc. 

Manhattan, Kans., Urbana, Il1., Toledo, Ohio, Carlisle, Pa., and 
Arlington Farm, Ya., were selected for this study since those localities 
represent the extremes in climatic conditions as well as in pupal sur­

http:perhn.ps
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vival 3Jld adult emergence. As is shown in tables 2 and 3, pupae 
survived the winter at Arlington Farm during the entire period, at 
Carlisle in the winters of 1936-3'1 to 1938-39, inclusive, and at Man­
hattan in the winter of 1938-39, whereas there WllS no survival at 
Urbana or Toledo in any season. No adults emerged in the cages at 
Arlington Farm in 193(j, but from 0.'15 to 2.3 percent of the larvae 
entering the soil to pupate produced adults the. following spring dur­
ing the years 1937 to 1939, inclusive. No adults emerged in the spring 
in cages at any of the other locltlities 'during any of the years included 
in this study. 

Since it has been shown that under dry cage conditions earworlll 
pupae cltn survive exposure for several days to temperatures as low 
as 10° to 14:° F.," it would appear that lethal temperatures were not 
I'eached Itt any of the phces shown in table 3. Salt (.9, p. 31) states, 
as has also been ShO'''11 by 001('1' invpstigntors, that-
Excluding contact 1l10ist111'C as a factor, tlH,'I'(' are certain t~')JN; of iIlRC('tR which 
are ldlled by low tCIJ1)J(,I'aturcs wilbrmt: bring {I'07.PII, lIro\'i!lNl the timc of ex­
posnrc is of snflici(,lItlplIgth, ~'IJ(' 10\\'('1' lhe tl'Il111l'L'alure, tilt' shorter js the 
r>.xposure necessary to kill th(,lll, nllt! yi('c Y('rsn. 

Length of time the pupae ,Yen' e~po:::ecl to low temperatUl'cs would 
seem to expJnjn Jack of slllTivnJ in llJ'enS like :Mnnhnttan, where winter 
l'ainfa11 does not nppen,r to be nn important factor in causing death 
of the pupae. During 1938-39, however, 2 pel'ccnt of the pupae SUl'­
"vivecl the winter at Manhattan both 1n the clay loam nnd sanely silt 
soils. Six percent of the pupae in the sandy silt soil produced adu1ts, 
whereas no adult emergence, occU1'l'ed in the day )Ofll11 soiL The tem­
perature in the clay JOfIIl1 soill'eached It minimum of 18° If. 2'i2 inches 
below the surface and was 32° 01' lowcr for a total of '73 days. In 
]936-37 at the same location 110 pupal slll'vlvaJ or :ttltdt emergence 
occurred in the clay loam soil. The tcmpel'ature that winter reached 
a. minimum of 16° 21/2 inches below the soil and was 32° 01' lower 
for 73 days. At Tole.do in 1938-39 t11c minimum temperature at the 
(3-inch level in uncovercd sand was 36°, and yet no pupal survival 
()ccUl'red. These facts suggest thnt thcl'e are cliffpl'cnces in tll(' physio­
logical condition of the pupae in different yenl'S 01' localities and per­
haps even in differcnt lots of pupae conected in any single, year. 

MoistUl'e content of the soil is no doubt an important factor. 
Barber and Dicke (,2) have shown tl1l1t 11101'e pupae slIrvive in cages 
on dry soil 01' sand thun 011 moist soil 01' sand. The fact that the 
soil is frozen to a depth bl'low the pupal ('ells in the more northern 
areas tends to maintain j'he soil SUl'J'()uncljng tIle pupae in a n'Jnch 
moister condition as spring thawing takes phce, in those areas than in 
areas farther south 'where !;oil is not frozen so deeply 01' for so long (I, 

l)el'iod. This may be fin impol'tnnt ],CHSon for the clifference in sur­
vival. Salt (9, p. 14.), in his studies on t11e fl'l'ezing process in in­
sects, states: 

* * * ~'hjs [moistllrp] is o!JriollsJy of illl[JOl'tHII('P fll;:o ill nalm'!" Rifle!? lliber­
nacula of iuseets fire fl'('f[IIPlllly wpt 01' iry. anl1 till' ('cHltnet of :<ueh moisture 
with thc inseet body 1ll'oclllC'('S a cenler of iec fOl'lll:l t ion wI', ;ch mny ino('ulat'e 
or sced the bod)' Jluids, * ., * H the insect' wpre tll')'. ()!' if illocnhl.!ion failed 
to occur, fr('c7.ing wonld not \nke 11/lWl' \Inti! the klllperat1ll'l' (]rOJ1l"i1 to the 

• Ull"lIlJli~hcd dntn supplied hy Dwi~ht lscly or the ArlmllslIs A)!l'jcllltllrnl EXller!mclIt 
stnt\on lind I~. h', I1kl,e o( the Arlington, Vn" In\)ol'lltoJ'Y of the BUl'~l\u of l~ntolllology Ilnd 
l'lnnt QUllrtlntlll(). 
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undercooling point, thus providing If mnrgin of snfety e(]l1ul to the difference 
between the undercooling and freezillg poillts. This <1i1Icren(!c ranges from a 
very few to 30° or 40° C., depending on tile species, stage, und physiological 
eondi tion. 

The foregoing statement taken in connection with the earlier quo­
tfl,tion concerning length of exposure to lew temperatures would ap­
peal' directly applicable in explaining the l'esults of the studies on 
eal'WOl'm hibel'l1ation, 'since both length of exposure to low tempera­
tures and direct contact with soil moisture in general are prolonged in 
more northern latitudes, 

Soil type is also undoubtedly an important factor in survival, 
hibernation in the sandier, more pervjous soils resulting in somewhat 
higher survival in most cases than in clay and other soils where perco­
lation is not so rapid. In fact, at several stations in the more north­
ern areas moth emergence occUlTed only in sandy soll types (table 2). 
The lul'Yae, bl1J'I'owecl somewhat clepper into sandy soils before })upa­
tjon than in the heavier soils. Heaving of the soil is another factor 
that has been shown to eallse mortaJity by the breaking up and filling 
of the burrows. Obviously, 11101'0 heaving occurs in soils wit-h higher 
surface-moisture content and snbject to more fL'C'ezing and thawing. 

In cages covered by COJ'1l shocks, ,or 10catC'd in alfalfa or grass sod 
none of these types of cover appears to haye increased winter survival 
where. no pupae survived in adjacent cages in exposed soil. In the 
case of alfalfa and grass sod the larvae did not burrow so deeply into 
the soil before pupating as in exposed soil. Roots of the growing 
plants also filled the burrows, thereby preventing escape of the moths. 

MISCELLANEOUS OBSEHVATIONS 

The establishment of cages in protected areas under storage sheds 
and soil examinations under and around corn canneries hnve revealed 
some facts not obtainablC' from the standard cage studies. Examina· 
tions of soil in eorn and alfalfa fields have also supplied pertinent 
auxiliary information. Barber (1, p. 124) has shown that in southern 
Connecticut (t small percentage of pupae in soil under an open shed 
survived the mild winter of 198G-37. 

Examinations under and around cannery buildings in Indian'a 
and Illinois showed the mortality in such locations to be very high. 
Fungous and bacterial diseases appeared to be the most important 
factors in this mortality. The larvae falling through the cracks in 
the floors of the cannery buildings would usually crawl to the outer 
edges of the buildings before digging into the soil. Here the moist 
soil, and the :fact that large popUlations were sometimes crowded 
into sma.ll nreas, enhanced the development and spread of diseases. 
An occasional living pupa 1vaR found along a stone wall surrounding 
a cannery builcljng at HoopeRton, Ill., following the mild wintel: of 
1936-37, but less than 1 perccnt of the total pUl)ae observed were ahve. 

Field eXl1.minations a.lso revealed an occasional living pupa. in 
central Illinois following the mild winterR of 193G-37 and 1937-38. 
In every case such pupae were :in weJI-dL':l.inec1 soil with a. la.yer of 
ulll'ottcd, plowed-under, plant debris just below the pupa. The better 
draina~e seemed to favor survival. Soil examinations made in an 
area of very sanely soH in centrnl Illinois showed a very small per­
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centage of survival in the spring of 1939. It appeared that most of 
the pupae procluced adults lute in the fall in this sandy soil. 
Examinations made in this same area, in heavily infested fields that 
had been cultivated late in the season did 110t produce [tny li\ring 
forms in the fall of 1037 01' the spring of 1038. Soil examinations 
in southern Illinois have, to date, failed to rcveal nny slll'viYal under 
field condi.tions, although large numbers of larvae entered tlle soil 
in alfaU'a and soybean fields in that aren dm'ing the fnll of 1936, and 
the mild winter that followed seemed to provide tempemturG eondi­
tiOllS favorable to some successful hibcl'llation. Pupae j'rolll larvae 
completing their development on aHnHa "'cre very smnll, 11o\veve1', 
and perhaps were in a pOOl' physiological condition to withstand even 
model'utely low temperatures. Small size is rl1araetC'ristic of pupae 
from larvae fed 011 nUn Ha (5. p. rJO). ,Vl]ere adults are forced to 
select alfalfa 1'01' oviposition owing to the scarcity 01' other succulent 
hosts) the chances :for stlece~sful hiLerl1utioll of their progeny are 
apparently redue'ed. Soybean appNU's to be n, bctter food for the 
earworm than alfalfa. 

In several instam'e;.; in 1(l~36 lwuvily infested corn was obselTcd to 
be shocked in fields in southern IlI].I10is late in the fall with larvae 
still Jeeding On the grain. Examinations 01' soil undC'r and aronnd 
such shocks were made early in the winter. No pnplw or pupal bur­
rows' were fonnd cliredly U1Hler the shocks, but living pupae were 
found hom the edges ou tward Jot' a distance 01' seyerrtl feet. Only 
dead pupae were found in these fields in the spring of 1037. These 
records, together with obsenntions made unclel' and around cannery 
buildings in Indiana and Illinois, show that earworll1 lu l'yne tend 
to seck unprotected soil in whieh to hibernate. The fact that }JupaG 
entered for hibernation in p:reate~t numbers the ,Yet C'lflY types of soil 
seems to explain lack of sl1rviYa.l. in corn and soybean fields during 
mild winters like that of 1D36-;37.G 

BIOTIC FACTORS 

Biotic factors played an important part in the more southern local­
ities. For instance, :rungou:,; and lltlctel'ial diseases appeared to cause 
greater mortality nt sll('h places as Fayetteyillc, Ark., Chnrkston, 
Mo., and Arlington, Va., than in other areas with a longer winter 
season. Earthworms cllUse<l cOl1sielerable mort:ality by destroying 
the e:1rWOl'm emergenee tunnels and embedding t1le pupae in t]leir 
cast iugs. Enrtlnyorl1l aeli vit)' occl1lTed oy('r a longer pcriod at 
Arlington thnn in an'as having a colder climate. Soils of high humus 
content contai!1ed larger earthworm populations than those, snch as 
most sanely s011s, having ]o"'e1' humns content. Nematodes nnd ants 
nppal.'ently call sed some morinlity of hibernating pnpae. Cnrabid 
beet1G larvae c1estToyed SOI1H' pnpae in 1"he cages. Field mice and 
other rodents, as well as moles, destroyed a large pel'tentage 01' pupae 
undm' field conditions. Their period of activity is longer in southern 
areas than farthcr nortll. 

7 PllplI] SIII'\'i1'nl WIIS ohscl'\'~(l in thl' spring of 104l In sO\lthwcst~rn Tllinols in n fI~ld 
,,;th hCltl'Y rl:ty soil. ~'he wintcr of 11)40-,11 'WIIS \'cry ml1l1. and ycry little Pl'cCillitlLtion 
occurred in the IIrcn. 
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• FACTORS INDIHECTLY AFFECTING HIBERNATION 

, The number of larvae that enter hibel'nation successfully in the 
field and the likelihood of pupal survival ::n'e affeeted inclircctly by t\ 
a number of factors, Among these aTe time of corn pla:1ting, rapitlity 
of drying o:f the COl'll, an.d the time of fjrsr feost in the fall. 

Time of planting of the corn is dependent to a considerable extent 
on the amonnt of rainfall in tIle spring as ,yell as the soil type, A dry 
spring allows corll to be planted at an early date~ especially in 
well-drained, sanely soils, Such soils warm up and dry to tt good 
tillable condition enl'liel' than do the heayier soils, Also farmers 
as a rule plant corll in sandy solis as efll.'ly as possible to take ad"an­
tagc of tllt' moisture that has accul1lultLte(l during the winrrl' and 
early spring, as sl1ch soils t!'lld 10 tll',Y out too rapidly during t)1e 
late Sllmmel' months to p1'Od11Ce a goo<1 crop, It Ims been observed, 
therefore, that in geneml the late-maturing corn is found on the 
heavier, less drained clay 01.' river-bottom soils, It is here that 
earWOI'J11 lalTae e11h'1' hibernation in greatest numbers, and yet such 
locations OiI'l't' the poorest chanccs '1'01' slIn'iYnl o,ying to exccss mois­
turc, ]1('aving of soil, :111cl accumuJaUon of ,yecd growth before the 
lanel can be plowed tor l1- crop, In some market-corll areas late 
Cl'OpR oJ corn arC' planted on the sandier soils, thereby affording 
suitable j'ood for la rYae to hibernate under optimum conditions, but 
taken over a large al'C'a this is not the general situation, 

The ratc of matming 01' drying of COrn is 1he result 0:[ several 
factors, among ,,,hicl1 are varicty, time of plRntillg, amount o~ rain­
fall late 111 the summer, and time of first j'rosts, Long-season, slow­
matl1l'ing val'jetiC's, which remain in the (longh stage n. considerable 
length of time, provide the bC'st foods for larvae that are to enter 
hibernation, .Ample rHinJall in the late summer and early fall also 
increases the time the COl'll remai IlS in the clough stage, thereby 
allowing lurvae to enter hibermltion in good condition in large 
numbC'I's, DI')" ,,'arm 'YC'atbel' in the :fall, on the ot-hcr band, results 
in elnlier drying of the corn, which in turn llHS been observed to 
result in dC'sicclltion of a Im:[!'e percentage of the larvae that are 
attempting to :feed on H, ,~ 

FrQst not only hastens the drying of lnte-plantC'd cOI.'n but has 
been obsC'l'VC'd to kill many of the larvae that ,,'('re feeding on tIle 
ears, This occul'C'Cl in ('<'ntml Illinois in thC' Jan of ]937 and in 
nOTtl1('l'll Illinois in 1038, EYcn whC're milcl 'wathC'l' in northern 
latitmlC's allows larvae to cleYrlop late in the fall, the chances of their 
being able to plIpate normally al'p l'C'CIllCC'd, This ,vas mentioned 
previously in cliseussing engps establisJ1('d at: Lrt Fayette, Ind" nnd 
Toledo, Ohio, bl,tween October 11 and NOYCmbel' 4, 1935, in which 
only a yery smnll percentage of the larvae placed in them w('rc able 
to form pupae, 

CONCLUSIONS 

The nmits of successful l1ibel'nation reaeh much I:trther north 
after dry, mild wintel's than after tl10se during whi(;h the weather is 
more seV('l'e, Likewise, the chances for successful hibernation are 
much greater in well-drained, sandy soil tblll in heavier soils, Cer­
tain protected locations, such as those around cHImery buildings, 
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were observed to a110w a small percentage of successful hibernation 
farther north than occurred in cages unprotected from the weather. 

tAs,:fa~ as can be determined fr?1TI o~s~rvati?l1s made in Indiana and 
. IllInoIs, however, only a very lIght mfestatlOll can be traced to such 

a source. 
Cultural operations, such ,as plowing and disking, are normally 

ea,l'1'ied out before the time adults were observed to have emerged in the 
spring. Therefore, any infestation that develops from pupae hiber­
nating in any of the localities covered by these experiments does so in 
spite of the cultul'lll pl'llctices common to the growing of farm crops. 
Although a high degree of controlmllY result from cultural practices, 
these practices need not be especially recommended except in cases 
of abandoned cornfields, 

Conclusive data on the subject have not been obtained and may 
be impossible to 'obtain, but ci rCll]11Sb111 tial evidence. fluggests that 
large-scale migrations from the South into the NOl'th Central States 
occur during :years like 1936 "when crops in the South ltttractive to 
the earworm moths nre dried up as a result of dronght. Lack of 
successful hibernation in cages located in the more no!'thel'll parts 
of the Centml States seNllS to indicate that the small populations 
that occur there :yearly, as well as the re1atively severe infestations 
thn,t occur elm'iug; occasional years, must be the result of immigrations 
the size of which is governed by conditions in corn and other crops 
to the southward, 

SUMMABY 

Cage experiments snpplC'menh\d by field st.udies extending over 
the Central and Northenstet'lJ States were begun in 1935 in an 
attempt to determhlC the 110rthel'n limits OT suecessful hibernation 
Of the corn eal'WOl'm find to l('al'n more about the factors hlVolved. 
Cages of identical type ,Y('l'e established in exposed soil of n number 
of different types, in aHaHa and· gl'HSS snel, llllder corn shocks, lWeI 
under fin open shed, Fll'ld studies ineludec1 soil ('xamination in 
exposed soil in ('OI'n fil'1 (15, in n1falfn all(l Boybelm fields, 1I))(1e1' and 
around corn shocks) and uncll'!' cannery buildings where large num­
bers of ll!rvae cntel'('(1 hibC'rnntioll. A ,vide range of soil types were 
also included in the field studies, 

From 21 to 100 lWl'cl'nt of the estimatl'd totn.l possible adult 
emergence occl\l'red in the fall hl cages established Jate in August. 
Apparently the period from the middle of September to early in 
October is the optimum Hme for larvae to enter the soil, pul)n.te, 
and hibernate suc('essflllly. Larvae that matu!'e a-t'tet' the middl~ of 
October are unable to enter hibernation in the Cl'ntml and Northern 
States, 

Moth emergence in cages ('xtendell, for the whole tll'elt, from the 
second week in May to tlw last wCl'k in ,Tune, Adults emerged at 
approximately the same time under either field 01' cage conditions. 

Lethal low temperatures were not reached ttt any of the locations 
under study, Len~th of'exposl11'c ,yould seem to (\xplain the lack of 
snrvival at numy of Ole points of observation. 

Biotic factors that have been observed to canse mortality in hiber­
nating forms are fun~Qns lwd bacterial diseases, earthworms, ants, 
nematodes, carabid beetle larvae, moles, rodents, anc1l'oots of growing 
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plants, Biotic factors appeared to be of more importance in areas 

• 

http:pul)n.te


HIBERNA'l'ION OF THE' CORN EA'RWORM 13 

having a mild winter climate than hI those where tell1perature~ were 
lower. 

Factors observed to affect hibernation indirectly under field cOl1cli­
Ijons wer!:' time of planting, rate 0:1' maturity of the corn, and time 
of first frost in the faIl. Late eOI'll, which provided food for hiber­
nating larvae in largest numbers, was planted largely in heavier, 
poorly drained soils and thereby offered the poorest chances for 
suryival of the pupae because of excess moisture. Dry fall weather 
and rapid mahu'ity of the corn, sometimes hastened by frost, resulted 
in considerable fall mortality of larvae that would otherwise have 
hibernated. Lal'ge numbers of ItLte-matUl'ing larvae are destroyed 
directly by frost or, if they enter the soil, fa i1 to pupate because of 
Jo'w temperatures; 

During the spring of 1D37 an occasional liying pupa was found 
in protected soil around a cannery building at Hoopeston, in central 
Illinois. Occasional living pupae were fOlmel in cornfields in central 
Illinois following the mild wintel'S of 1936-37 llnc11D37-38. In every 
case the pupae Wl're located in sandy soil or in ,yell-drained soil 
having unrolted plant debris below the pupae, thereby allowing better 
than ordinary drainage. Field examinations of soil to date have 
failed to reveal uny sUl'viyal under field conditions in southern Illi ­
nois. The fact that the soils where pupae went into hibernation in 
greatest numbers were ,ret clay types seems to expla.in tj,js. Larvae 
feeding 011 ears of corn in shocks, as well as those that had oppor­
tunity to dig into the soil uncleI' cannery buildings, tended to leave 
the coyer before digging illto the soil. 

Cultural operations to destroy hibernating enrworms are recom­
mended only for abandoned cornfields. 

Circllmstantial evidence points to migrations from the South as 
the source of infestations that are found in the northern parts of 
the U ni ted States. 
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