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INTRODUCTION 

For many years ib has been known that the larvae of the corn ear 
worm (Heliothi.s obsoleta Fab.) are cannibalistic, under certain condi..; 

~ tions killing and devouring fellow larvae, especially when competing 
ai for food. This habit makes possible the raising of corn over extensive 
- sections where the corn ear worm is prevalent, for it is probable that, 

.'" were the larvae tolerant of each other when feeding in close associa­
COIl tion, the origin'al populations· that annually attack cornfields could 
et:: ensily destroy the entire crop. In order to learn more about the 
c::r: cannibalistic habits of these larvae, a detailed study was made at 
:::e Richmond, Va., in 1929, and at Savannah, Ga., during the years 

1930 to 1932, inclusive. 

EAR WORM INJURY TO THE CORN PLANT 

During the several months that the corn plant is growing, itssuita­
bility as food for the corn ear worm varies. Although the larvae 
attack the leaves, tassels, husks, and cobs, particularly while these 
parts are young and tender, by far the largest populations are found 
on the silks and kernels, which consequently suffer the greatest injury. 

The plant is most attractive to ear worm moths for egg laying while 
the silks of the developing ears are fresh, and usually more e~gs are 
laid on such silks than on aU the other parts of the plant. Dunng the 
several weeks that the silks are moist, eggs are laid on them every 

141103°-36-.-1 
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night, the number depending on weather conditions, the variety of 
corn, and the abundance of the moths. In the Southern States hun­
dreds of eggs may be deposited on the silks of a single ear. Larvae 
hatching from these eggs immediately seek the husk-enclosed portions 
of the silks and begin to feed. As a result they become concentrated 
in one part of the plant, in an environment that affords food sufficient 
for the nourishment of many larvae but is limited in area according to 
the stage of development of the surrounding husk. 

Aiter feeding downward in the husk-enclosed silk, the larYllC eYen­
tually reach the kernels, which sen-e as the finallaryal food. Although 
many eggs are destroyed by insect enemies and otherwise, SC01'('S often 
hatch and the young larvae enter the ear frequently in populations 
potentially able to consume the entire ear. Yeti notwithstanding the 
large numbers of young larvae that enter the ear, few become full 
grown, and it is most conunon to find that only one lan-a has reached 
maturity in an ear, the vthers presumably huying been drstroyed. 

DECREASE IN EAR WORM POPULATIONS THROUGH CANNIBALISM 

To determine to what extent the cal' 'worlll populations of ear corn 
decrease as the larvae become full grown, em'S from infested fields 
were examinedllnd, as a check on the results obtflined, cagedlal'Yae 
were studied. The e::o..-periments with the caged InITae were con­
ducted under comparable conditions, but in the experiments with 
ears from infested fields variation in age, size, and husk characters 
could not be avoided. 

IN EAR CORN IN THE FIELD 

OnSERYATIOXS AT RlCH~IOXD 

A lO-acre field of yellow dent corn ct Richmond, Ya., was selected 
in the fall of 1929 as suitable for observation becallse of uniformity in 
soil, plant growth, and distribution of the eur worm infl'station. One 
thousand eal'S from this field were examined for infestn tion during the 
period September 23 to 25. At thnt time the ears were in the dough 
stage, larval activity was at its height, relatiYCly few inclhicluals hod 
become full grown and deserted the elll'S, Ilnd all lal'vul instal'S Wl'l'C 

represented. All the ears contained larvae, either in the silk or on 
the ear, and many of the larvae were being deyomecl by others. The 
number of lalTae of each instal' and the preyalence of partly devoured 
indiv-iduals arc show'n in table 1. 

TABLE I.-Carn ear worm larvae of the different inslars rccover(:d fro//! 1,000 ears 
of yellow dent field corn and prevalence of IJartly ealen indiL·iduals, Richmond, 1~a., 
1929 

I.nrv(lc 
I recovered 

Insto'r L,ln'ne partly dc,'oured; that were 
, (lUrll}' 
! de"oured 

. Sumba Percent xumber; Percent " Percf1lt 
FitsL .••••••••.••••.••.•••••_••••••••.• _. 24 I 0.72 0 I 0.00 0.00 
Second__ ••_•.•_••..•••...•.._............ [ 340 i 10.16 3~ : .47 .29 
Third ____.••••.•_........___ .• __...•.•... I,(HO! 31.33 14. OS 2.86 
Fourth __ .............................. "1 902 26.91 84: 30.43 931 
Fifth........................ •••• ""'. 660 19.71 93' 43.07 14.09 
Slxth............................. ...... i 373 . 11.14 51 2.35 1.34 

t-_·_-,·'-----1------ --,----
Total, or weighted averago.......... 3,3·18; .• :~...... ; .•~~~~ __.._._._.._.•LI__6_.3_6 
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Partly devoured individuals were found. in 192 ears. Of these ea,rs 
172 contained 1 partly devoured larva each, 19 ears contained 2 
larvae each, and 1 ear contained 3 larvae. At the time of observa:' 
tion 6.36 percent of the recovered larvae had been partly devoured. 
Since larvfl,e feed within the ears for several weeks, a continuous 
thinning of population, at the rate indicated at this examination, 
could easily account for the large reduction in numbers that has been 
observed to occur in nature. These and many other observations 
indicate that ear worm larvae usually devour other ear worm larvae 
that they attack; that is, they seldom leave killed individuals 
uneaten. 

It was found tluct larval populations ranged from 1 to 10 per ear. 
Ears infested by large larvae contained fewer individuals than did 
ears infested by small larvae. Examination of these ears while the 
silks were moist and eggs were being deposited on them showed daily 
egg populations ranging from 5 to 25 each, and oviposition continued 
as long as the silks remained moist. 

In table 2 the data on larval infestation of ears have been classified 
according to the number of larvae present and also a('cordin~ to the 
instal' of the lur~est larva reco\'ered in each ear. These datn, mdicate 
a gmdunl thinnmg of larval populations from the time fourth-instal' 
larvae began to appear, but they do not show the final extent of 
cltnnibalistic thinning of populn.tions, as the lnrvae would have had 
to feed for differcn t periods of time before completing their develop­
ment. Figure 1 shows four ears, selected at random, containing 
larvae of yarious sizes, and indicates the decrease in population with 
increase in size of the larvae. 

TABLE 2.-Populalton of ear worm lon'ae 0/ different inslarll in !lBz corll of corn 
at Toasting-ear .stage, Richmond, Ya., Sept. 28-25, 1929 

-----«"-..- .. - ,,"umber IIml ]lerccntn~e of ears iu Whi:-:;,C' Jarg~sl Ian'" WIIS:" I ­
Lar\'l<l\ recovered Iwr ('ar i tlw instllr indicated 1 'rulai 

(number) -.--.-.--..---.--.---- ... ' ~"rs 

Third }'ourth Fifth l'ixlh 

I""Yumbrr Perccnt. i4,Yumber Percc1l! :S'UlIlbu 1-'aullt :..'''ulflbcr; PcrccntLYumher 
L - . _ • i 5, O. O'J 3 i 1 42 , H 11.33, 110 I 32.741 159 
2 •• . _...... 1 -I 4.5S i 22 10. 38 i 87: 24. ().I ll6, 34. 52 m 
3•• ____ · .. f 16 ,19.51 1 38, 17.92 103: 28.45 ?? l 19.35 22'2 
,,-------. '·.- __ ._1 27 32.93, '>oi 23.59 

'1' 

0·1 17.6$ 3.1 9.83 174 
5_ .•____ ! Iii 18.29; ·16 2['69i 37 10.22' r.: 1.79. 1().1 
6___ . ____ . __ • 9 10 05: 28 13.21· 17 4.69 I' ·1 i J. W 58 
-8/·-.-_·.·••··-.•· ••.•--.-.---.--.-_-.-.-••- .• ~ ,; 6.00' ll. ,jl0, .,. 2.21 1~ .291 25 

- . 1 1.22: 12 5,66 2 .55' I' .291 16 
9 __ ........_... 1 .47 3 ' . sa . 4 
10.. .. .''' __ ''_ '." " •• _,_' 1 ,47 .... 1-_._--_. 
"'otal ears 82 t. ! 212 t .... J 302 --.... :130 I _ .., 99'2'-'j'--:-'--Totnllnrvae.... ........ 341 , •• '''_ 051 . 
 I 1.1Ii6 -- 73S 1___ ' "'1' 3.196A"crage larvne per car ....• 4.16 ; _.. ·J.-tV 3.22 __ 2.20 __ ...... 3.22i 

1 Ears with onl)' first- or second-fnstar la"'lIiI were too few for tubulntiou. 
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OBSERVATIONS AT SAVANNAH 

During 1931 and 1932 the study was continued at Savannah, Ga., 
where ears of corn at roasting-ear stage were examined for larval 
populations. This corn had been planted at varying intervals over 
a l?eriod of 3 to 4 months. Ears and silks were therefore exposed to 
OVIposition over a rather IonS' period and presumably received vary­
ing numbers of eggs, depending on the number of moths present 1ll 

FIGURE I.-Ears of corn and the popnlations of corn ear worm larvae they contained, illustrating the 
decrease in larval population from cannibalism as larvae increase in size. 

the field. The datiL were cltl,ssified according to the instar of the 
largest lal'va present in each ear; and the average larval populations, 
as well as the number of larvae in each instar, were determined for 
each class. The data obtained from 392 infested ears in 1931, and 
from 1,510 infested ears in 1932, are summarized in table 3. Here 
again ears that contained the larger larvae had considerably smaller 
populations than ears containing smaller larvae. 
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·TABLE a.-Number oj ear worm larvae oj different inslars inhabiting corn ears at 

If' 

. roasting-ear stage, Savannah, Ga., 1931 and 1932 

Number of ears In which tho largest lan'a was In the Instar Indicated 

From plantings examlned From plantings examinee!June 8 to Aug. 6, 1931 June 5 to Aug. 30, 1932
Larvae recoveree! 

Q
l<

.;:: ~ .;:: e.."" 
'E t:c :§ .;:: 't:! t: .;::
:E 0 .E

'" 
'3 

'" 

't:!

"8
Q) :a 

~
c 

""
S 

'" 
:S :;

E-< ~ ~ ~ Eo< 
.!:l ~ 

Per f~~....................... __ 2 28 55 74 111 6
L.___ •.••.•••••_••.• ___ ••_. 1 8 
49 112 2il 241 24926 28 13 2 26 48 108 85 72L_••••_.................... 2 2 13 8 5 2 14 32
4••••••••_•••___ ••• ____ ._••.• _..... 1 7 0 1 

55 21 22
5•••••••••.•__ •••••• _.••.•_••••_•.•••••_. 

1 15 27 8 7
6.•_•••••.•.•.•••••.•.•• __ ._.••_••••__ .__ 

2 2 1 ••••• , 3 71 11 42 1 •.•_••.•••._ 1 4 _.•_._ .--..•8:::::::::::::::::::::::::::: :::::: :::::: :::::: :::::: :::::: :::::: :::::: .---~- ----i- :::::: ::::::
~E:::::::::::::::::::::=:: :::::: :::::: :::::: :::::: :::::: =::=:: :::::: :::::: :=::i: ~:~~~: ::::::

TotaL•• _•••__ .•_._._.__. 39 105 113 130 11 94 216 478 360 350 

Number of larvae found of which the largest lan'a was In theInstar Indicated above 

In all ears:
Flrstfustar................. 0 0 0
Second Instar••••••_._.___ .• 2 

0 4 4 0 1 1 0
Third instnr_____ .._________ .. 

0 6 2 o 16 38 35 29 6 
o
o8 8 13 . 2 o ..._.. 130 103 100Fourth Instar•••__ ._ ••_.__ ._ .._... 35 15

Fifth iustar••• _____••••_._ •••_..••.___
46
._ 

50 14 3 .••••••.•_.. 273 174 49 36127 32 10 ••••_. _'_'" •••••• 554 67 50Sixth Instar••______ .•• _.•_•....__•..•••__.•._. 120 8 ••••_______ •••__._ ._____ 3iO
Full grown..........__ ••.••••••••••••••.•••.._ •••.•• 132 •___ .•••.•••••__•• ____ ._ •• _••• 
14 


Total._........___ •.. __ .__ 10 54 196 170 157 20 164 412 

306 


858 536 487Averageperear_._........ 2.00 
 1.38 1.87 1.50 1.21 1.82 1.78 1.91 1.79 1.49 1.39 

I Larvae that lllle! already left the ear. 

STUDIES OF LARVAE IN EXPERIMENTAL CAGES

The decrease in larval popUlations through cannibalism wesstudied under controlled condItions in the laboratory. Ten serieseach of 5, 10, 15, 25, and 50 newly hatched larvae were confined in2-ounce tin salve boxes, 60 rom in diameter and 20 mm in height, atype of cage that had previously been used successfully in stUdyinglarvae of this species and which provided conditions as close as possibleto those in the field. These larvae were given as food equal quantitiesof moist silks and corn kernels in the dough stage, and every dl1Y therate of growth and the number of individuals present were recorded.Not more than one larva became full grown and pupated in any ofthe 50 cages. Not only were the other larvae in the cage killed, butthey were usually completely devoured. Therefore, each full-grownindividual had been nourished with plant and animal food in varyingproportions. It is probable that many of the larvae devoured had,themselves, devoured other larvae, thus making the elimination oflarvae a successive matterithat is to say, each larva that finallysurvived had fed upon others, which had fed upon others, and so on,depending upon the number of larvae in the cage. Although thelarvae were well supplied with vegetable food at all times, in none of 
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the cages had this food been wholly consumed, and the larvae were 
not confined nearly so closely as they would have been in the husk­
enclosed silks and kernels of an ear of corn. 

Curves showing population decreases, as determined in these 
experiments, are given in figure 2, each curve representing the average 
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D.A,YS OF LARVAL FEEDING 
FIGURE 2.-Decrease in population of corn earn 	worm larvae confined In sah'c·box cage.~ during feeding

period. 

for the 10 cages having the same number of larvae per cage. It was 
shown that in large populations cannibalism was displayed throughout 
the feeding period, whereas in smaller populations it was not manifest 
until the sixth day, or when the larvae had l'eached the third instal'. 
In table 4 the numbers and percentages of larvae reaching the several 
stages of growth in these experiments are given. 

TABLE 4.-Corn ear worm larvae surviving :16' the different ins/ars in various popula­
tion concentrations in breeding cages 

Larvae surviving to instar Indicated Full· 
Total ~rown

Larvae Introduced per lar· 	 or\,Be 
cage (number) vae sur­

used Second Third Fourth Fifth Sixth vlv·I lng
j 

No. No. Pet. No. Pet. No. Pet. No. Pet. No. Pet • .No. 

50........................ 000 412 82.4 325 65.0 140 28.0 36 7.2 ]2 2.4 1 

25........................ 250 230 92.0 193 77.2 ]30 52.0 43 17.2 12 4.8 1 

10........................ 150 142 94.7 119 79.3 07 44.7 26 17.:1 11 7.3 1 

10.........._............. 100 96 90.0 84 84.0 51 54.0 38 38.0 17 17.0 1 

5......................... 00 00 100.0 44 88.0 37 74.0 23 40.0 12 24.0 J 
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RELATION BETWEEN AGE OF LARVAE AND CANNIBALISTIC 

TENDENCY 


Both the field and the laboratory eJl."periments indicate that can­
nibalism increases in intensity with the age of the larvae. To study 
this factor further, varying populations of larvae of similar and of 
different instal'S were confined in salve-box cages to determine how 
quickly such populations would be reduced to a single individual. 

This experiment, which is briefly summarized in table 5, shows that 
the larger larvae are the most intensely cannibalistic. Ear worm 
larvae usually complete their feeding in the first ears of corn they 
enter. They do not seek out fellow larvae as prey, but simply attack 
and devour those they meet in the course of burrowing and feeding 
through the silks or kernels. Since the feeding quarters are liInited, 
the larger larnte are much more likely to meet while feeding than are 
the smaller ones. The chances of meeting appear to be proportional 
to the size of the larvae and the number in individual ears. Of the 
individuals that were sllPplied only with fellow larvae as food, the 
larger larvae-those in the fourth, fifth, and sLxth instars-fed more 
readily and were much more easily real'ed to maturity than were the 
smaller ones. 

TABLE 5.-Cannibalism of ear worm larvae of the same and of different l:nslars when 
confined in varying numbers in salve-box cages 

it I 
A"ernge I A't'lcmraege

time i' 
before ": beforeLon'ue, popula· i Lurvue popula·

Instllr of larvae. Cages 
'I' 

per i tion wns" Instar of lr.tvae Cages per tIon was 
('uge reduced eoge reducedI 


to one I to one 
larm per " I' larvn pcr 

t ('oge il r I cRge 

----l-~:---Ii ,----
Lnrvao of tho SUIne in· I SII'fII· 1, Nam· ' Lon'no ill dllTerellt In· II Nllm· NIITII· 

star: b<r i bcr 
II Davs f' ~tnrs: I bcr ber I)ay.

First... . " 6 ' 3 to 25 12.2 I" Seeond.. _ •••• I ]0 8.0 
Seeolld.. . . i 2 JO 8.5, 'I'hlrd....... .... 5 6 to 10 4.4 
Third.__ • '0 f' 2105, 3.2['; F~urth. ". ".. , 9 3t026 3.4
Fourtll.. 10 2t05 i 3.2' FIfth... ". __ " 6 4to19 3.5 
F!fth... I 12 ~ to 5 2.7 I Sixth. .•__ ._ 13 -Ito 14 1.0 
SIxth.. j 8. to 3 1.7 :

1
 
I The lnstnrs given In this series rcfer to the Instllr of the largest Inrva III the cage. 


FOOD PREFERENCES OF I,ARVAE FOR CORN PLANT OR FELLOW 
LARVAE 

Variolls reasons have been given for the habit of cannibalism among 
ear worm larvae. Plant food may haye been insufficient or compet­
ing larvae may have interfered with one another's normal feeding, 
either cause leading to combat between larvae and finally to the de­
vouring of the vanquished by the victor. A study of cannibalism 
was made, therefore, under conditions in which no competition ex­
isted and food was abundant. Laryae of various instal'S were con­
fined singly in salvo boxes containing an abundunt supply of fresh 
corn silks find fresh }.:ernels in the dough stage, and such food was 
renewed daily. In addition, a freshly maimed larva of the same or 
the preceding or fol1mving instal' WfiS plll(;ed in each cage every day. 
These larvae were mainled by crushing their heads, which rendered 
them inactive and unable to compete for food. 
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The feeding was observed to vary. On some days the larvae fed 
only on plant material, on other days on both the plant material and 
the maimed larvae, and rarely on only the maimed larvae. It was 
found that second-instal' larvae fed only on plant material about as 
frequently as on both fellow larvae and plant material, whereas 
larger larvae more often consumed both animal and vegetable food, 
the likelihood of such mi.:'i:ed feeding increasing in proportion to the 
size of the larvae. Fifth-instal' larvae selected a mixed ration nearly 
four times as often as one of plant food only. Larvae rarely fed 
entirely on their fellow larvae when an abundance of plant food was 
available. Nevertheless, they often chose the maimed larvae as food 
when they had no competitors and were abundantly supplied with 
their preferred plant food, although thm'(] was no indication that they 
actually searched for the animal food. The results of these e~'Peri­
ments are given in table 6. 

TABLE 6.-Food preference of corn ear worm larvae when offered maimed ear worm 
larvae together with fresh corn silks and kernels in t'le dough stage 

I,nrYne fceding on-

LarvneInstar of larvae observed Corn ~iJks or ker­ Com silks .Jr kcr-l:MnimCd larvae 
ncls only l~~~:~d maimed only 

INumber .I.\Tumbl'r Percent J.,"'umbl'r Percent . N/l1nbcr PercrlllSecond. ___________ •_.________ _ 51 25 49.0 24 4•. 1 2 :1.9Third ________ •_______ •________ 37 10 43.2 20 5·1. I 1 2.7 
Firth_________________________ _ 
Fourth _______________________ _ 

70 26 37. I 41 58.0 a 4. ~ 
D3 13 20.6 48 70.2 2 3.2 

Slxth ___ ---. --.. _---------- -- __ I 53 IS 33.9 33 {l2.3 2 3.8 

DEVELOPMENT OF LARVAE WHEN FED FELLOW LARVAE 

EXCLUSIVELY 


The degree to which the cannibalisti.c habit of ear worm larvae is 
fixed is demonstrated in their ability to develop to maturity from any 
larval instal' exclusively as predators, entirely without plant food. 
When individuals were reared from egg to adult in this way, they were 
as large as eur worms ever become when feeding on their preferred 
food, and they were of the usual vigor. To rear ear worms success­
fully in this way, care must be taken to keep fresh food before them 
at all times. The feeding larvae were confined singly in salve boxes 
lined with absorbent paper, and were fed maimed larvae of the same 
or the succeeding instal'. Although many of the mainled larvae lived 
more than 24 hours, decomposition of the crushed parts was often 
noticeable in from 6 to 8 houl's, and this rendered the laryae unfit for 
food, as individuals that fed upon such decomposing matter died 
before reaching maturity. Through itrtificial control of bacteria in the 
laboratory, neady perfect rearings of these predacious larvae could no 
doubt be made. 

Larvae of ellch instal' were taken from corn ears in which they had 
fed normally and were reared to adults by the method described. 
In addition, ear worm eggs were taken from oviposition cages and C011­
fined in lots of 10 in concave cells ground in microscope slides, covered 
with plain slides. In each lot the population of larvae that hatched 
from the eggs was usually reduced to a single individual within a few 
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days throu~h cannibalism. The surviving individuals were reared 
singly in vIals or salve boxes wholly upon maimed larvae, as pre­
viously described. In one series of 16 larvae, 12, or 75 percent, of the 
individuals became full-grown larvae; 9, or 50.3 percent, pupated; and 
7, or 43.8 percent, developed into healthy and active moths. 

The voracity with which ear worms attack their fellow larvae when 
given the latter as food reminds one of the more ruthless, solely preda­
cious insects. The ear wormlnrvae usually attacked the ventral sur­
face of the abdomen of its prey. One bite,Penetrated the exoskeleton; 
then the feeder plunged its mouth parts mto the blood and internal 
structures thus exposed and fed eagerly. When a small larvn 
attacked it larger one, it often curved its body laterally about its prey, 
holding on tenaciously while the lntter tried to dislodge it. In many 
instances after a few hours all that remained of a mainled larva was 
the empty head capsule, the exoskeleton of which was apparently too 
hard to be eaten by the predntor. 

Larvae of the corn ear worm, when feeding upon unprotected vege­
tation, such as the e:-.-posed seeds of .1.l1eibomia 1Jurpurea, protect them­
selves from parnsites, other small insects, and fellow larvae by a 
method practiced by mnny lepidopterous larvne. vVhen the Inrva is 
touched on ll;ny pnrt of its body, it instnntly stops feeding and, with 
its mouth pnrts in readiness for biting, mnkes a quick lunge in the 
direction of the attack, often regurgitating a drop of liquid at the same 
time. It then d.rn.ws back its hend and remnins motionless, ready to 
strike again. Two autngonistic larvae of equal size, in such a pose of 
alert prel)fl.redness, nre an interesting sight, and if they could snnrl or 
growl or hiss the spectacle of ferocity thus presented would be com­
plete. In em' corn, however, such free fight.ing is impossible, becnuse 
the larvae cnnnot inove fr~ely, nnd the ndvnntnge is with the lnrva 
thnt makes contact with the unprotected parts of another which, 
becnuse of cramped qunrters, cannot protect itself. 

The time required for the development of wholly predacious ear 
worm larvae, as compared with thnt for indi'viduals fed upon corn silks 
and kernels, is shown in table 7. The former required an average of 
about 3 weeks, the latter about 2 weeks. 

TABLE i.-Period of larval devc/01lment of the corn ear worm when fed only on 
mm:merl ear worm larvae, and when fed only on .~ilks and corn kernels, at Savannah, 
Ga., 19.'JO 

I 
A"cruge time In ellch lllrval instur ; Aver.. 

Hatching Indl· agol.an,,1 food doto vldullls lorval 
First Second 'I'hlrd Fourth Filth Sixth period 

Number Dava Da~'8 Dav, Dav& DaV& DaV& Dnv,'
44 4.33 2.53 2.3a 2.80 3.07 3.80 18. 5.~I . rUIY 9-2i.. ..e 25 5.32 3.84 2. 92 2.05 4.05 4.07 22.90"'" ···············1 A". , .. ~.. 2.08 ICorn silks nnd ker. July 18....... 25 4.12 I. 76 1.04 1.68 2.82 H.W 


nels................ Sept. 2 •..•••• SO, 2.16 2.30 1.92 2.20 r 3.79 112.75 

'2.71 ·...3:iio· , 13.69 

I Larvae of 5 ins tars. I Lnrvao of 6 instars 

The total number of fellow lill'vae devoured by wholly predacious 
ear wormlarvilo while completing their development varied, as did also 

)4903°-36-2 
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the rate of consumption of such food in anyone instal'. When a pred­
ator larva fed on mainled larvae of the same instal', the total number 
of fellow larvae consumed by the surviving predator during its entire 
larval period was about 20, and relatively the largest quantities of 
food were consumed during the first and last instal·s. The last­
instal' larva usually consumed 1 fellow larva of its own size each day, 
but sometinles it completely devoured 2. 'When it llLrge predacious 
larva was fed smaller larvae, the total number of indiyiduals devoured 
was naturally much ~reater. The numbers and instal's of fellow larvae 
devoured. by 25 individuals while in the lust 3 instfi.l'S are given in 
table 8. These studies indicate that in times of het'wy infestation 
the consumption of larvae by fellow larvae OCCUl'S at t. rate sufficient 
to account for the destruction of scores, 01' even hundreds, of 1111'\'ae 
by successive elimination during It period of severnl d!tys or weeks. 

T.'l.III.E S.-Number of maimed corn car worm larvae detlourecl by indlt·idllals of Ihe 
same species in their last three ins/ars, ,savannah, Ga., 1930 

I :-;umber of larvae 01 inslnrs Indicnled de\'oured by
indh'lduals in­

i 
I Dato 1- I

Instar in which Inrvn 1>lIle larvlIc i I;ourth 
hegan cannihalistio leedlnl( hecame 1 11Istnr Flrlh inslnr Sl~th instar 

fceding I begon l!:~\~~n i ___ _ • __ '_
I

j I ~ Ig .~ -fT~~-1 i- '-f-I § ]-I 

I 1;"'1;" bi~I:z.lcn f.<tl~ u.----_.- ._-'---,-j.-!--,----
JlIi;' 1l Jul;' 25 t 21' ..... :1. 0 j . .. ;'.5 
JlIiy 12 {'l... ~ 0.•" .... 

'l'hircl.................. __ .110. _ July 26 .' _ 2.0 • '1 2.5 G.O
jJuly 10 Jul;' ao ~ .5 a.o 1.0 2 5.0 
• do. July 27 1 2.0.5 2 3.0

iU'IY il ('!..... 2.0' I. 0 2 a.o 
_.do, . July 17 [ 2.0 J a.o 

j
.. tio. _.. {'l ... 2.0 

Fourth._ .• ___ "_.' il:l~-'J2 ~':'iy'25' "" ~:3i.iJ·1 ,'--'2" "(1:0 
..do. July 23 11 1- 2.0 I 0 
July HI July 27 I" 1.0J:0'l. :1:0 
July U July 19 .. 1, 1. 0 ' I:! :1. 0 
..do. July 111 I Ii I '1' ,1.0
July 11 . _do___ aI 2 2.0Fifth.......... ,_, 

..do. " ..dO.,." I 'j 1, ·1.0 

I .do~ Ii July 15 2~5 ~ 2.0"I 

I July Hl .Iuly 27 'I 1"2.0 '1.0 ;'.0 
.jJUlY 2·1 July 211 , ,I. 0
i ,dn ,do_ ·1.0 

I dl) •. "I.JUIY 20 " a.oSlxth ....... __ . i July 27 .July ao j I I ·1.0
i ,do .July 2!1 I I ' .. .J.!J 

tlo July :10 I I ·1.0 
,dl) ,July~!I I I 2.0 

___....____---'___'--__ i_--,-_,_ ___-"-_-'-_ 

I llnn'lI In endl caRe. ~ LarVll dId nol IIlflturc. 

RELATION BETWEEN CORN· HUSK 'rYPE AND CANNIBALISM OF THE 
EAR WORM 

The growing ears of difl't'rent Yllricties of corn, or even cal'S of the 
same variety} dUrer greatly in the dllU'llcte)' of their husks. The 
husks may be nearly In('king, ns in tnssel enrs (fig. 3); they may not 
be long enough to envelop the cur completely (fig. 4); they mny be 
just long enough to enclose completely Ilnd tightly envelop the ear 
(fig. 5); they mn.y be extended fill' beyond the tip of the ear (fig. 6); 
or they may occur in IlIl intermedilltc ll'ngths. 'l'hc hlJ:~ks nlso vnry 
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in the number of lellves of which they nrc composed and in the tight­
ness with which these leaves Ilrc wi'apped about the ear, the latter 
characteristic depending somewhat upon the stage of growth of the 
grain. The fnctol's enumeratt'd determine the feeding areas attain­
able by enr worm larvae, the compara.tive ease with which the several 
parts are reached, and the degree of competition among the larvae 
in their quest for food. 

The habit of ear worm larvae of seeking protccted pllHWS for feeding 
is important in this conllection. It was found thnt when the husks 
were partly rcmoved, exposing the upp('r lInlf 01' fL longitudinal strip 

];'JGrJn~ 3.-'1'llsSi.!J t~ilr:; or corn, \\Jl.1l1uo:w, poorl~f dt~\'elop(~tI husks, \\ hl(;:. (/1\'01" tlll~ fl'mllllg or larVllll on 
1.11 J11\ft.~ IIf thn our. 

of the cob and kel'nl'is, the f<'l'ding WIIS llsually ('on filled to t.lll' pllrt 
of the ear that wns still prot.('ckd by the husks. This cyidcn t dcsim 
fN' PJ'otpction lends to ('oll('entrntion of 11ll'Ynl population in pnl'ts 
of the enr that ('an he penetrllted, and the degree of su('h coneentl'lt­
tion depends llpon the type of' husk nnd upon the odbrinnl populntion 
of lllITHe. The ('al' is l'wldoll1 pcnetl'ntcd <'xC'ept at the tip, where 
tbe silk is exposed. 

The nnture of the husk determilles the chllllee thllt the InrYlle will 
meet one another. ] n enl's such ns arc shown in figure 3 larvae Clln 
enter on nll sides, sel'!\: sh~Itel' behind the loose husks, lind fel'd lInmo­
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lested on the different parts of the ear, with little chance of meeting 
other larvae. On the other hand, in ears such as are. shown in fi&,ure 
6 the larvae can enter only at the point of extrusion of the silks, 
and they must feed 011 .the tightly wrapped silks in a tubelike pas­
sage before they can reach the kernels. In such ellrs the individ­
uals, being more narrowly confined, are far more lilml;y to meet one 
another aud reduce the popuilltion through canmoalism. The 
degree ofcllnnibalistic feeding in the ears with husk type between 
these two extremes Yllries accordingly. 

Previolls work concel'lled with the economic vlllue of the husk in 
limiting ear worm injury to ear corn bellI's out these statements.l 
Study of many thousnnd ears of corn, both ill the field and in the 
laboratory, showed important diffcrences in grain lossrs that de-

l'Hlt:II~; -I ••.. Corn ears Wllh short. loose 	husks, which nllll\\" ~nr wol'lIl lurvae to feetl Oil 011 shies of the cur 
with little comlle(llloll. 

pended on the cital'Hctel' of the husk, l)('causo this grelltly influcllced 
the number of lurvae that sllceessfully fed on the ellr. The condition 
can easily bo obsorved in most cornfields, although, of eoul'SO, the 
finnl results of cnnnihniism (lltnnot he determincd until the 11lrvae 
have completed feeding. 

Five hundred Ilnd nineteen of tho ears frolll which tho datiL givon in 
table 2 woro taken were classified uccording to 1lUsk length, and the 
position occupied by the fceding lUI'vue in th~se euI'S WIlS observed. 
The datn obtained Ilre given in tnble 9. Milch varilttion was found 
in the positions occupied by the larvae. In geneI'lll, fiS the length 
of the husk beyond the tip of the cnI' incrCllsed, fewer lurvue wm'e 

1}'IJIl.!.IrS, W. J., 1111<1 DAllIIElt, O. '''. TilE VALUIl OF IIUSK I'ROTECTIOS TO CORN io:AItS IN 1.n!ITINO 
CORN EAll WOInl INJUItY. Va. Agr. Inxl.t. Sta. Ter·h. 111111.4:1,24 I!P., IlIu~. 1031. 



THE CANNIBALISTIC HABITS 01~ THE COH~ EAH \Yoml 13 

found feeding on the kernels and more were found in the silks, l"ur­
thermore, the average numbers of larvae found ill these (1111'S d(lcrensecl 

FwenE: 0," l'orn ears \\ ill! bw;ksloog enough to eoclu,c completelyulllllightly cordl,p tll~ ear, \\jtll Huh' 
Injury by car worms hCC.1 use C11lloibnlism is developed throu;h cOtllpetllit'u 10 f('I"lin~, 

as the length of the husk increased, suggesting t1 J)l'opol'tional l.11('l't'ItS<' 

in the degree of cannibalism. [This conditit)fi is shown ~!1'tlphi('tllly 
in figurr I. 

TABI.~ 0.-, Sumba vj' I:ar 'u'orn, lan'ae ncurErui II! /i,,' stlkq (11''/ fill the kerltds of 
ears of com u·ith husks of mrio!(s lengths, at Ric/tIllOlld, 1"1., 1/1,]:) 

.-\. vt'r ,1tzt' 1it- L~rv:il 
. \~.le (}CuU I IJllpUla­
4nstar~ I+,\r ti.un ri.l-On the kernels III th~ ,ilks Car ~("'erc!1

Ear, 

I Tip of ear exposed. 
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The relation between corn-husk type and cannibalism of ear worms 
was also studied under conditions in which the number of larvae 
entering the corn ears could be controlled. Twenty-four uninfested 
ears with husks ranging from very short to very long were selected. 
In 12 of these ears the husk was loosened to allow the larvae easier 
entrance, but in the other 12 ears the husk was not disturbed. Each 
ear was placed in an upright position in a cylindrical box upon a 

FIGURE 6.-Corn cars having long, tight husks, with practically no grain Injury, and where cannibalism 
by ear worms can be Intensely developed. 

nail driven through the bottom, so that no part of the ear touched the 
side of the box. Each ear in both series was then artificially 
infested with 10 newly hatched ear worm larvae. No other larvae 
were allowed to enter orleave these cages. At the end of 10 days the 
cages were examined, and larvae were still feeding, most of them being 
in the fourth or fifth instal'. There was considerable difference in 
the extent of injury to the kernels, and also in the degree of larval 
survival, between the ears protected by tight husks and those in 
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which the husks had been loosened. The 12 ears with tight husks 
showed a total of 337 jnjured kernels, representing a grain loss of 4.3 
percent, and 34 of the original 120 larvae remained, an average of 
2.8 larvae per ear. In the 12 ears with the loosened husks there 
were 776 injtu'ed kernels, or 11 grain loss of 11.87 percent, and 56 
of the original 120 larvae remained, an ayerage of 4.7 per ear. 

A third series of 12 uninfested ears, flS n'eal'lY nlike as possible, 
were artificin11y infestedwith newly hntehed ll\l'YIH~ in the same manner 
as before. Before being placed in the cnges, howeyer, the husks of 
4 ears were loosened about the kernels, those of 4 others were removed 
on half of each enr, and the husks of the 4 l'emaining eaTS were left 
undisturbed. One ear of each group wns infest.ecL with 10 larvae, 
one with 20, one with 30, and one with 40. 'When the ears were 
examined, after 18 days, lurvue were still feeding, being in the fifth 
01' sixth instar. 

0: 
~ 4.S w 1e3 4.0 F---I •....... 1 
0._ 

~wo:: 3.5 
<{lLJ ...........
>10 	

~ 

~~ 3.0 	 ~L. •.....r, •• 

..J:J 	 ........:. 
 J.w~2.5 
\!) 	 """-- ... 
« 	 1 
0: 2.0 
W 	 j ­
~ loST!? O.H.O \.1-2.0 2.1-3.0 3.1-4.0 4.1-5.0 5.1-9.0 

EXPOSED EXTENSION OF HUSK BEYOND TIP OF EAR (INCHES) 
FlOt'l": 7.-Populntions of cur worllllan'llU recovered III cor corn hndul( husks of yurious lengths, showing 

the relation of husk eharnCler tu cnnnibalism of 11m Inn'nc. 

There were notable differences in the extent of kernel injury find in 
the degree of larval surviyal, depending- OIl the protection nfl'orded 
hy the husks. The results of this serips of experiments nre shown 
in table ]0. 

TABLE lO.-Injury to kcrne~~ lllld survival of com car 1vonn InTvae in artificially 
infested ears of com originally shll'Uar bul, with Ihl' hllsios [oosel,ed, 7mrily "lIt 
away, or 1tndisturbed, Richmond, 1'a., 19f2D 

j Husks loosened nbout Husks cuI. awny on hllif Hnsk,lllltllstnrbcrl. ~nr of enr 

Lllr\'ne Introduced Iler : 	 ~ ~ ..-----I-·~·~ -------I-~ 

ear (number) 	 IKernels Injured I];:~~~~: II Kernels Injured ',' ~e~~~~:ll Kernels Injured ~:J;,~l.e 
: : ~'r~d , ered crt'll 
, i, f: 

---------:'----:,--.; . --:---I----~ 
NU7Tlberlll,erceOit Xumber; Percent I" xu.mber:. SU1TIberlxumbl.r, Percent ,Vltwl,er

JO.••••" .. ~ •• ~. ~ •• ~..... Hi 22.83 3 I ,,0 S.li I 2 35 1 0.08 I 
20........... _~~ ~ .•••..•• __ 2:14 30"10 5 I 118 20.·19 4 8J 13.12 3 
:l0.......... ~ ......... ...... 292 ·to, Ell .j I 221 32.22 7 1 101 13.15 2 
010............... .. ...... 3UI flO. 49 i aOI 5!i.52 7 i 122 21. 03 a 

TotnL ••••• ~ •••.• ~ •••,~i~·-I-O-l-..-.~,~I;-· - ..-:. 'l .. j3...4:i. --0-
Average............ ,.. '1' :lU.~O 1 .I.H~..... 211.00 I r..U.. 2.:1 
, . I, 
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The results of all these experiments in which the original number of 
larvae was controlled indicate that the type of husk is an important 
factor influencing t.ho extent of cannibalistic feeding by ear worm 
larvae in corn ears. Loose husks through which the tip of the ear 
extends unprotected permit larvae to enter the ear at all sides and to 
feed at all poi.'l1.ts upon the grain, and this reduces their chance of' 
meeting one another. On the other hand, ears having long husks 
tightly wrfl,pped about the ears and the silks present but a single point 
of attack, where the silk is exposed, and this condition affords the 
most favorable opportunity for cannibalism. Such feeding quarters 
are also more favorable to cannibalism than are afforded by any other 
part of the corn plant. 

EXTENT OF CANNIBALISM AS RELATED TO GRAIN LOSSES 

Concerning the relation between cannibalism and grain losses, the 
results obtained in a previous study of injury to more than 50,000 corn 
ears, representing n1lmerous varieties grown in different years, and in 
different localities, have been given in an earlier paper.2 In this 
bulletin only additional evidence obtained from artificially infested 
ears, where the ear worm populations were definitely known, is intro­
duced. Extreme types of en,rs were used, and the husks were in some 
instances loosened. The injury caused by ear worm larvae to the 
kernels of the ears is summarized in table 11. In the ears having the 
most poorly developed husks an average destruction of 52.77 percent 
of the kernels was recorded, whereas in those ears having husks 
extending 3 inches or more beyond the cob, and closely wrapped about 
the entlie ear, only 1.53 percent of the kernels were injured. It was 
observed that the length and the tightness of the husks were both of 
importance in protecting the ears from injury. 

TABLE l1.-Injury to kernels on cars having varioM types of husk protection and 
artificially infested with kllolt'n numbers of ear worm larvae 

i ' 'l'<Hal IA \,er·1 A \,er· ~W:-! 
llllsk protection or ellrs ;, Enrs I.ar\'ae age P:lI~d kernels /t ~~yerage kernel s 

I IOtro· lar\'ae afobser. pC!, eur IOJured per eur 
j dured Iper enr \'ation pnor to 

--------------I-.-----~ :_____ ~~e~ 
',.:vumbCTL\Tllmber lYumbtr DfJVIl ~\"umbe'I"\"'flmber1 Ptrcclli 

Tassel enrs. husks poorl,- de\'clapcd ••• _ Ii ' 68 11.3 10. ~ ~33, 0 228.5 I .,2. Ti 
Tip of enrs exposed, prol cetlon poor: ! t ' 

llusktlght._ ••• _ .... _ 13 109 8.4 12.11 ~54.i I 116.41 13.G2llusk loosened •• __ _ ,! 10 !lO 9.0 H.O 892.0 184.4 2O.0i 
Husk loose in general: 

Short: , I , 
Dusk tlghL •• _•. 30 10.0 13. i 953.0 216,5 ; Zl. i1-
Dusk loosened... _ !lO 10,0 12.4 \/71. I I 23.4022;. iMedium:' 
Husk tlght. •••. _. _, 9 72 8.0 12. 0 012.6 )]0.3 , 12. 09 
Husk loosened ••••. - ." ........ t' 8 76 9.5 12. I ' i51. 3 109.8 i 14. iii


Long:'
Husk tight•••••• ___ • _, _._._ 0, _., ... 16 177 11. 1 11.3 859.5 i. !lO
Husk loosened..................... . 

; 

6 60 10. r, 12.3 530. i ~:~ I 14.92
Husk tight In general:

Short,' husk tight ... __ ••• '._ ._._ •.••_ 14 166 II. 9 11. 4 840.0 8. II(,g. I Il\ledlum: , 

HlIsk tlght ...... ___ • " .... ' .... _•• 20 198 0.0 12.9 775.6 5.1.3 
 6.8i
Husk loosened ••• ,.,.-._. ___ ........ . 8 80 10.0 17. I 880.2 
 17. ~i168.2 iLong.' husk tlght.. __ •. . _••. ' ......... , JO 10.0 11. i 039.9 9.8 1.5:1
100 I 

------~--~--~----~--~--~--~~--
1 0 to 1.5 Inches long. , 1,5 to 3 inches In length. 3 3 Inches or longer. 

'PHILLIPS, W. J., Ilnd RAHOl-;II, O. W. See footnote I. 

http:poi.'l1.ts
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BREEDING CORN TYPES TO PR\)MOTE CANNIBALISM 

The husk of the corn ear, if perfectly developed, would afford almost 
complete proi.ection fllr the seed. If the corn plant in the course of its 
u"velopment ever occurred without a husk, thus freely exposing the 
seed to the attaek of insects, birds, and mammals, man could hardly 
have improved the plant better than by introducing the husk to pro­
tect the ear. Since in many varieties of corn the husk in its present 
form does not complotely envelop the ear, it can, no doubt, be still 
further improved through plant breeding. To take advantage of 
such a peculiar and well-fixed instinct as cannibalism of tho ear wonn 
larvao, tho improvement of tho oar should be such fiS to limit the points 
of ontry and tho feeding space available to the laTvae. This can best 
be accomplished by developing a longer husk, which will completely 
surround the ear and the silk for from 4 to 6 inches beyond the tip, 
and which will throughout its length be tightly wrapped about the 
car. An improved corn car of this type, as proposed by Kyle,3 would 
not only resultin generally decreased popelations of this insect through 
an intensification of cannibalistic feeding, but would make more diffi­
cult attack by other insect enemies, such as weevils and grain moths. 
1101'eover, WIth a reduction in numbers of the ear worm other crops 
at.tacked by these larvao would probably be henefited. 

SUMMARY 

Cannibalism iH shown to be a. well-fix('d habit. among ('om ellr worm 
lalTae. "~hen feeding:in corn ears or in small cages, tIH'Y Ilttack one 
another with grent vOl'ncity, not only killing' hut completely dC'youring 
theirfellow larnw. 

Although this habit seems to be most highly developed in the older 
larvae, it is characteristic of alllal'ynl instal'S, tho intensity of its 
manifestation at Hny time depending Oil the size of the larvae, their 
number, and the degree of crowding to which thpy are subjected. In 
experiments in which various numlwrs wcrc confined in salve-box 
cages n('yer did more than one indiyidual in each cage become full 
grown and pupate. 

Indiyiduals were reared to adults from 11.11 lal'val instal'S and from 
the egg, when fed entil'Cly upon maimed CllI' worm lru'yae, provided 
the food materifti was kept fresh. Ear worms reared under such con­
ditions usually required about one-half more time to develop from egg 
to adult than those maintained on the usual diet of combined plant 
and arumal food. Individuals reared solely on thc arumal food were 

. of normal size and vigor. . 
1{ost larvae developing in corn eal's where the insect is numerous 

apparently subsist on a mixed diet consisting of corn silks and kernels 
and other ear worm larvae. 'When ofl'cred a choice of such foods in 
cages, the larger larvao accepted tho animal food much more readily 
than did the smaller larvae. 

One ear worm larva in a cagC', feedin~ entirely us n. cannibal, con­
ssumecl about 20 fellow larvae of about Its own size in the several in­

tars through which it pllssed to complete its growth, but by pro$res­
sive cannibalistic feeding-larvae feeding upon others, which had fed 
upon others, and so on-it is possible, after several days or weeks, to 
find one larv/1 remaining in an ear of corn, the solo representative of fl. 

larger population that entered the eo.!' to feed. 
I KYLE, c. n. BHUCK PROTECTION rOR EAR conN. U. S. D~pl. Agr. Dull. iOS, lr. pp., iIIus. IOlh. 
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The extent to which cannibalism by ear worm larvae occurs in ear 
com depends lar&,ely on the character of the husk, whether it is loose 
or tight, and on Its length relative to the cal', as this determines tho 
points of entry of larvae into the ear and the feeding area within the 
ear. The most rapid and extensive reduction in numbers through 
cannibalism occurs in ears having long, tightly wrapped husks, be­
cause they present the fewest points of entry and larvae that do enter 
are brought into closest contact with one another. There is conse­
quently much greater gruin injury in cars that are poorly protectod 
by the husks and thus permit largcr numbers of larvae to survive 
cannibalism. 

Cannibalism in the corn car worm cnn be increased with benefit by 
improving the nature of the husk protection to corn ears. Experi­
ments have indicated that such improvecL protection would not only 
result in less injUlY to corn but also would limit the numbers of enr 
worms that dC've]op in cornfields, thereby decreasing the likelihood 
of serious injury to secondary host plants. 
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