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SUMMARY 

In the period 1937 to 1940, inclusive, experiments were conducted 
at New Haven, Conn" to determine whether inherently differen!; 
strains of (;he European corn borer (Pyrausta nubualis (Hbn.)) occur 
in the United States and to s(;udy the physiological relationships of 
strains. 

These experiments were conducted under controlled laboratory 
conditions utilizing teclmiques that have been found suitable by other 
~qrkers for handling this insect.. 
~Larvae were collected from fields near New Haven for test insects 
ltOm the Eastern States, and from Toledo, Ohio, MOlmt Clemens, 
Wich., and Rochester, N. Y., for test insects from the Lake States. 
:lThe material from New Havenwas found to represent a homozygous 
multiple-generation strain, and no evidence was obtained to indicate 
me OCClUTence of a single-generation strain in that locality. 'fhe 
9!-oledo material was heterozygous, a complex of multiplc- and single­
jineration stl'ains occurring together. A homozygous single-genem­
~~n strain was isolated from the Toledo material, hut attempts to 
tti>late a homozygous multiple· generation strain were not successful. 
iime larvae went int.o a disapause before pupation in everyone of 
fl't' 
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. four successive generations of every pedigreed line that was selected 
in. the attempt to produce a I?u.cely mult~ple-ge~er3.tion strain. from 
this stock. Hence the genetIc factors responsible fot· the smgle­
generation habit evidently pe1'sisted as recessive characters. 

Larvae of the single-genm'ation stmin from Toledo grew more slowly 
than those of the multiple-generation strain from New Raven. The 
multiple-segregates (heterozygous) from Toledo material entered the 
pupal stage more slowly than the multiple-generation strain from New 
Raven. 

Moths f1'om the New Ravell and Toledo field stocks, respectively, 
showed a preference for 1llr.ting among individuals from their own 
locality rather than crossing between the stocks. Mating of New 
Haven females with Toledo males was accomplished in only a few 
cases, apparently because of a mcial inhibition to mating, the nature 
of which was not discovered. 

In crosses between t.he two regional stocks, heterosis was evident 
in the :if! generation, and hu-val mortulities were very high in the F2 
generation. The Toledo female X New Haven male cross produced 
progeny which resembled the patel'llal parcnt. The reciprocal cross 
produ.cp,d (1) diapause 3.nd nondiupuuse phenotypes and a pre­
ponderance of males in the nondiapause part. of the F\ generation, 
and (2) a retarded development of 1m'vae in the F2 generution, both 
results being evidence of the paternal disapause characters. 

The author feels that the cxistence of distinct biological strains of 
the European C01'n borer bas been demonstrated by these experiments. 

INTRODUCTION 

An investigation was conducted during thc period April 1, 1937, to 
June 1, 1940, at New Hayen, Conn., to determine some of the in­
herent differences between strains of the European corn borer (Py_ 
rausta n'll,bilalis (Ebn.) 110W occurring,' in the United St3.tes and to 
study their physiological relationships. An understanding of these , 
relationships is important. in the formulation of quarantine regula­
tions intend cd to prevent the introduction of the insect into new 
regions. It is also of yalue in research on methods for controlling 
tbe pest, and to control methods in practice, since physiologically 
different strains of the species may require modified or cyen different 
means for their control. Fl1l'thermore, biological control programs 
become more effective when the influence of recog-nized physiological 
strains of the borer on its parasitcs is known. This inycstigation was 
designed primarily to determine whether the sing1e-generation bOler, 
predominant in the Lake States, is biologically distinct from the 
mUltiple-generation insect, prevalent in the Eastern States. 

The occurrence in the field of a partial second generation in the 
Lake States, at about the time this study was initiated, as rcpo~'ted by 
Vance (19)3 and Ficht (10), was probably responsible ~or the hetero­
geneity in corn borer material from the vicinity of Toledo, Ohio, used 
in the experiments. Prior to 1936 the corn borer ne3.1' Toledo hll.o 
principally only one gcneration a year, although a few pupae were 
observed each summer, as Bottger and Kent (5) reported summer 
1)uplltion of the first generation at Monroe, Mich., before 1931. 
- Caffrey and Worthley (7) reported the results of e~'Periments con-

I Italle Dumbers in parentheses refer to Literature Oited, p. 19. 



3 STRAINS OF THE EUROPEAN CORN BORER IN THE U. S. 

ducted from 1921 through 1924 in which individuals of the European 
corn bo!'er were transferred between western New York (one-genera­
tion area) and eastern :Massachusetts (two-generation area) and 
allowed to develop in cages ex-posed to the dimatic conditions of the 
other region. Each group of transferred material adhered to its 
original seasonal rhythm of development. In addition to this find­
ing these authors state: "The results have shown that individuals 
taken from both areas, as well as individuals from various foreign 
localities, cross-breed and are capable of producing fertile eggs." 

A study to determine the reasons why different numbers of genera­
tions occur in apparently similar climatic complexes, such as are 
found.in w~stern New York and eastern :Massachusetts, has been made 
by the writer. His conclusion is that in the United Stu,tes where the 
strain best suited to survive in an environmen'& spreads into a region 
after a strain less well adapted to that environment has been present 
for several years, the strain best suited to the environment will become 
more abtmdam•. 

Prebble (15, p. 452) has reported a similar complex of strains in 
Diprioll hercyniae (Htg.) (=Gilpiniapolytoma. (Htg.)), of which he says: 

* * * there are differei,t "lines" within the species, with respect to the 
inherent tendeney towards diapanse or continued developmcnt; * * *. The 
character of the population in different areas seems to havc been fashioned out 
of the various elements within tllC species, by thc intcraction of climatic a.nd 
genetic factors with respcct to diapausc and sur\'ivai 

TECHNIQUE AND EQUIPMENT 

The following technique was employed in the conduct of the in­
vestigation: Hibernating corn borer larvae were stored within a tight 
metal cabinet, fitted inside a household refrigerator operating u.t 33° 
to 36° F., tbat provided a humid envil'oument beneficinl to the larvae. 
Pupation and emergence were obtained in a room-sized incubator 
operating at 80° and at a relative humidity of 90 to 100 percent. 
The mating tests were conducted in thls incubator room or in a 
laboratory workroom wbere the temperature could be varied between 
65° and 80°, us desired. The workroom conditions were used for all 
tests in which the moths were observed for mating find the incubutor 
room for tests in "which egg feTtility was the index of mating. All 
the rearing, including the incubation of eggs and nlso the feeding of 
lu,rvae for a study of developmental mte, wus done in the incubator 
room. All other feeding, inyo\ving remoyul of the laryae from their 
c;...-perimelltal environment for short intervals, was done ill the labo­
ratory workroom at a temperature of 70° to 80°. 

In the initial tests of mating, moths were placed in oviposition 
cages of the type described by Bottger (4), which consisted of a pint­
size, cardboaT(l ~.}Jd cont.ainer with a copper-screen bottom. The 
later mating t( sts required a cage that facilituted observation. In 
the first two of these later tests euch moth combination was confined 
in a 'iyooden frame cage, the top, bottom, and ends of which were of 
solid wood, 5 by 7 inches, and the front and back were removable 
7- by 7-inch wooden frames covered with Ys-inch-rnesh bobbinet. 
This type of cage was used for all ma,ting work in 1939. In the last 
test, in which mating of moths of both sexes from the two localities 
was observed, the moths were confined in a wooden frame cage 15 
by 12 by 9 inches covered with bobbinet. A wad of absorbent COttOll 

http:found.in
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saturated with water was placed on the floor of the cage, and the 
inside of ·the cage was sprayed at approximately 2-hour intervals to 
provid.e drinking water for the moths. 

]\{oths were confined for oviposition in round, pint-size cardboard 
food cartDns having 18-mesh copper-screen bottoms and removable 
tops. The inner surfaces of the top and side walls were lined with 
white typewriter paper on which moths deposited thei/" eggs. A 
fine mist was sprayed into the cages twi.ce daily to provide 
drinking water for the moths. The paper linings with attached eggs 
were removed from the cages daily, or at more frequent intervals, 
and cut into small sections, each bearing one egg mass. The paper 
sections were then pinned onto linoleum disks and retained in pint­
size food cartons during the embryonic -development of the eggs. 
Egg fertility was determined by a count of the eggs showing embryonic 
development 3 days after deposition. (The dark pigmented head 
capsule of an embryonic larva is visible through the translucent 
chorion of the egg.) 

A few hoUl's before they were expected to hatch, eggs were placed 
on food in rem'ing cn:ges. Insofar as practi.cable, 100 fert.ile eggs were 
allotted to each cage. In many cases less than this n.tunbm· of eggs 
from a particulm' somce were ready to hatch on a given day, and 
consequently smaller numbers were placed in some cages. "'hen the 
number of larvae in isochronous cages became less than 50 because of 
mortality or pupation, the survivors were combined in fewer cages, 
within the limit of 100 per cage. 

Refiring cages 9 inches long and 15 inches wide with wooden sides, 
80-mesh copper-screen bottoms, and glass tops, and essentially the 
srune as those described by ]\.j athes (12) WE're used throughout the 
3 yem's of study, except that in 1939 a cage made from a I-pound, 
metal, coffee can, wi th an 80-mesh copper-screen bottom and glass 
top, was utilized for larvae dUl'ing their first 5 days (first feeding 
period) of life. The feeding method used by Mathes was modified 
t.o fit the needs of these experiments. The food consisted of cut green 
beans for the first f days. For the two subsequent feedings at 5-day 
intervals, and daily thereafter, green peas in the pod with ~he ends of 
t.he pods cut off were used. The number of eggs hatching was de­
termined by a count of the unhatched embryos remaining after an 
interval of 5 days. Larval smvival, size (int'fu.t'), and pupation were 
determined by counting the numbers alive on the t.enth mId fifteenth 
day after the eggs were placed in the L'eal'ing cage, and daily there­
after until the fOL,tieth daS'. Pupae formed in the rearing cages were 
removed daily. After their sex was determined the pupae were 
isolated in shell vials large enough to allow wing expansion of the 
emerging moths. 

Hibernating corn borer larvae were collected in the early spring of 
each year of study from the vicinity of Toledo, Ohio, for ~est insects 
from the Lake States, and from New Raven, Conn., for test insects 
from the Eastern States. In 1938, material was procmed from Mount 
Clemens, ]\iich., which appem'ed to be of the srune developmental 
type as tha.t from Toledo I\nd is so considered throughout this dis­
cussion. M.acure, actiye la.ryue were collected in August 1938, from 
Rochester, N. Y., and retained in cold storage until the following 
spring. From the last material one pair of moths mated, the progeny 
were single-generation phenotypes, and they are included in the 
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records of the single-generation strain utilized to show differences 
in the rate of development. 

In 1937, crosses were ml\de between moths from New Haven and 
Toledo, and moths from each region were also bl'ed separately. The 
results of these mating-s, the resultant egg production and fertility, 
the larval development, and the pupation are discussed hereafter, 
with the results from the work of other years, in the sections dealing 
with the various morphological stnges of the !nsect. In 1938 emphasis 
was placed on the .study of mating and mating technique and the 
isolation of homozygous strains to facilitate studies of strain cha,rac­
tel'S and in 1939 the studies of strain characters themselves were made. 

TERMINOLOGY 

The term "field stock" is used to des~gnate material from field col­
lections in which no selections had been made, "strain" is used to 
designate the homozygous "diapause" and "nondiapause" material 
from selections, and "multiple segregate" is used to designate the 
material from the heterozygous Lake State field stock selected for the 
nondiapause character but which produced in each generation pheno­
types that entered t1e diapause. 

RESULTS OF THE INVESTIGATIONS 

FIELD STOCK 

. During the 3 years of the investigation, 3,298 corn borers, progeny 
of 2 stocks, were reared to maturity, i. e., to pupae or full-fed larvae 
which spun hibernacula. The general data on these rearings appear 
in table 1. Of this total, 1,402 individuals were from New Raven 
stock, and all these pupated within 35 days from the time of hatching. 
No evidence of a single-generation strain was found among progeny 
from field stock collected from New Haven. This result is indicative 
of the existence in this reg~on of a homozygous multiple-generation 
strain of the European corn borer: having the inherent ability to 
reproduce through successive generations without a larval diapause. 
This strain is apparently adaptable to a wide climatic range. 
TABLE I.-Progeny rearings of the European corn borer from 2 areas, New Haven, 

Conn., and Toledo, Ohio, on the basis of selections for the multiple-generation 
phenotypes in successive generat'ions 

Progeny renred 

First genera- Second genem- Third genera-Source oC original field stock Yenr 	 Totaltion tiOll tion 

Lnrvae! Pupae Larvae! Pupae Larvae! Pupae Larvne! Pupae 

Number Number Number N1Lmber Number Number Number Number 
0 150 0 2·10 	 0 300{ 1937New Haven, Conn__________ 	 \038 0 383 0 117 ------6- -----i7- 0 517 

1U39 0 204 0 225 0 66 0 495 

Total (3 years) _______ . 0 737 0 582 0 83 0 1,402
.--.---~ 

= ------ -----­
40 129 96 28 1 136 157{ 1937 	 1 ________Toledo,Ohlo_______________ 	 1038 140 331 49 189 332 

1939 621 \)9 137 198 10 17 768 314 

Total (3 years) ________ ---m,--1-0801 559 282 Ii 1,093 803 

I Mature-40 days old. 
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The 1,896 progeny from the Toledo stock included both multiple­
and single-generation strains. The second generation in 1937 and 
1938 and the second and third generations in 1939 were progeny from 
multiple-generation phenotypes. Among progeny reared in 1938 
and 1939 from individual pairs of moths from the Toledo stock, pupa­
tion ranged from 0 to 100 percent. A homozygous single-generation 
strain was segregated in one generation from the Toledo stock by 
selecting single-generation pllenotypcs distinguished by inherent dia­
pause factors and incapable of reproducing through successive genera­
tions until the diapause requirements of full-fed larvae have been 
satisfied. The diapause requirements of this strain have been re­
ported and di.scussed by Babcock (1, p. 49), who stated 

* * * the fact that larvae of the normal one-generation stock are not at all 
successfully forced into pupation whcn bred from thc egg undcr incubator condi­
tions showls] that the spccific requirement for emergence from hibernation in t.he 
corn borer includes something more than the mere accumulation of temperatures 
above a threshold of development.; * * *. 

Baker and l\1athes (2) state that in an average season these borers 
should not be collected from the field before October 1 (for parasite 
data)' and that these larvae should not be removed from their cool 
environment before April 24, a period of 6 months. In the present 
study about 6 months in cold storage was used to satisfy the diapause 
requirements of laboratory-reared larvae of tIllS strain. When the 
multiple-generation phenotypes which all pupated in the first genera­
tion were used, however, as parents of a second generation, some single­
generation phenotypes were produced. In fact, 4 successive genera­
tions of these selections, discussed in the section on larval development, 
did not eliminate the single-generation phenotypes. It is thus 
apparent that although the multiple-generation (nondiapause) charac­
ter is dominant in this stock the single generation (diapause) factor 
persists in recessive form. These data show that the Toledo stock is a 
mLxed population consisting of mnltiple- and single-generation strains 
intermingled and apparently interbreeding in the field, as well as 
possibly breeding among themselves. 

MATING OF MOTHS 

In 1937, single pairs of corn borer moths that were placed in mating 
and oviposition cages of the type described by Bottger (4) did not 
produce fertile eggs. When five moths of eaeh sex were confined 
together, however, mating OCCUlTed with each of the four combimltions 
utilized, as determined by the resulting fertile eggs from each com­
hination. The combinations were as follows: (1) Toledo females with 
Toledo males, (2) New Haven females with New Haven males, and 
(3 and 4) reciprocal sex combinations from the two regions. In the 
New Haven female X Toledo male group a preponderance of infertile 
eggs (76.23 percent) was obtained in subsequent oviposition studies, a 
fact suggesting that mttting was perhaps not so successful in this as in 
the other groups in which infertile eggs averaged from 3.03 to 18.23 
percent. On the other hand, unmated femttles sometimes depoeit,ed 
their infertile eggs, ttnd the low egg fertility in the one group could 
httve resulted from this type of oviposition by unmated females to­
gether with a deposition of fertilized eggs by only a few mated females 
in the cage. 
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Mn.tings with groups of moths were tested again in 1938. In these 
testsapparently no mating was obtained in the New Haven female X 
Toledo male groups, as no fertile eggs were laid by the females. Fertile 
eggs were laid in these tests by the other three combinations, however, 
again denoting successful mating. • 

The foregoing results suggested that a study of mating might yield 
information relative to physiological differences between stocks and 
possibly between strains. Also, in order to investigate differences 
between strains in other stages or activities of the insect, it was desir­
able to perfect a mating technique to provide eggs from which further 
renrings could be made. :Mating e::-,"periments were therefore con­
ducted in which the moths were observed for prenuptial activity and 
copulation, which are described by Oaffrey and Worthley (7), and 
mated females were isolated for egg production. The eggs were 
observed for fertility and used in progeny-rearing experiments. 

The tests of mating were conducted with each of four combinations 
of moths. The data 011 moths used in the e::-'''Periment and the fre­
quency of mating are given in table 2. 

TABLE 2.-JYfating of E1trOpean corn borer moths in two tests in 1038, when each sez 
was confined with the opposite sex from each of the 2 field slocks, Toledo, Ohio, and 
lvew Haven, Conn. 

Moths available forstock of moths mating PairsTest 1-------,--------1---.,----1 mated 
Femnle Male Female Male 

-------1-------1-------1-------- ­
N'£1noer Number Number 

1•••_•. _.__•••_•.••..•._. Toledo •••.•.•_•...•__. Toledo•.••••_____••••• 10 10 2 
2•.•••••••_••••••_._..•.•.•_••do ............._____•.••do..••..••••__ ._••_ 15 5 0 

.Both..•._._. ____•••••••..do••.•_•••••• __•••.••.__do ••_•••.•••_...... 25 15 2 
== 

1. •.••.••••_.•._•.•••••.. Nrw Haven......_••••• New Havon•.__ ••••__• 10 10 2 
2._ ••_.••••....•••_.•_•••••..•do.••••..••__•••••••.•••do•.•_•.•••••._.... 15 1.~ 11 

Both•••._.___.•_.. _•••_•• do._ •.. __.••.._._.......do.........._...... 25 25 13 

1===1===

L ......__..._..__.._..... '£oledo •••.••••.__...••.•._.do•••••• __ ._....... 10 10 2 

2•••••••••••_••__••__•••_••_•••do..•_.••••••...__.••_..do•••.••_.......... 15 15 3 


Both _______._._._••••_' •• do __.••._.•_•••_••••_...do._•.__••. ___•._.. 25 25 5 

1. .•.._______• __..••.•.•. New Haven.•••..•.•.• Toledo•.••......•••••• 10 10 o 
2..•.._._•••__••_•••._._•••., •• do •..•••_•••..•••••••__ .do...•• __._••.•••.. 15 25 o 

Both••_•..•••• __ ._.•., •.•do. __•••••.•.••_••• ____.do••.._•.••_.•..••• 25 35 o 

Test 1 was begun August 31, 1938, and the moths were observed 
continuously for 87~ hour,,; test 2 was begun October 10, 1938, and 
the moths were observed continuously for 164 homs. Test 1, with 
10 moths of each sex available for mating in each category, resulted 
in 2 matings of Toledo females and males, 2 of New Haven females 
and males, and 2 of Toledo fenu1les with New Haven males. No 
mating occurred in the Now Haven female and Toledo male combina­
tion, although typical prenuptial activity of males was observed and 
the females were not observed to nvoid copulation. In test 2 a pre­
ponderance of males (25 to 15) was included in the New Haven female 
and Toledo male group ns an additional stimulus to mating. This 
change necessitated a corresponding reduction in the number of Toledo 
males confined with Toledo females. Fifteen moths of each sex were 
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used in the other 2 lots. No mating of Toledo females and males was 
obtained and again, although the same activity of the moths was noted 
as ip. test 1, there was no mating between New Haven females and 
Toledo males. 

In a third test, moths were marked for identification by spraying 
them with two colors of waterproof ink. All moths of both sexes 
from the two localities were then confined in one cage. Many of 
these moths died, probably owing to an excess of marking material, 
and these were removed from the cage during thc first 5 hours. 
Observations were continuous for 77 hours, beginning at 8:00 a. m. 
November 9, and ending at 1:00 p. m., November 12, 1938. The 
data from this experiment, presented in table 3, show the Dumbel' of 
females from each source that mated or lived throughout the experi­
ment, the number of males from both localities, alv\ the pairs obtained 
from each of the four possible combinations. 

TABLE 3.-}.{ating of EUropean com borer moths when both sexes from the 2 field 
stoch, New Haven, Conn., and Toledo, Ohio, were confined in lhe same cage for 
77 hours 

Females Males mnted from eneh field stock 1 

A~~~ T~~ Nh n~Field stock for mnling (53) IInven (18) stocks (71) 

Number Number Number Number
Toledo_________________________________________________ 39 7 4 11 
New llaven____________________________________________ 38 1 11 15 

D&,h stocks______________________________________ I---7i-I::---8-1----18-:1----26 

1 Figures ill parentheses nrc numbers avnilnble for mnting. 

One hundred and forty-eight moths, 77 females and 71 males, 
either mated und were removed from the cage 01' lived throughout 
the experiment. All the 18 New Haven males mated, the last one 
after 52 hours. Only 8 of the 53 Toledo mules mated. The last 
mating observed for a Toledo pair was at the end of 53 hours. The 
prevalence of mating between moths from the same source contmsts 
sharply with its limited occurrence betwcen those from different 
sources, and it is noteworthy that only 1 pair of the New Haven 
female X Tolcdo male cross was obtained. Here, as in the first 2 
tests, mating WI1,S more frequent among New Haven individuals than 
among those from Toledo. 

The number of living moths of each sex from each source which were 
available for mating dming the test are illustrated in figure 1. The 
number of each at given times during the experiment} reduced as 
mating removed individuals from the cage, is represented in the 
illustration by a designated line. The first pail' which mated, repre­
sented by the first coincident reduction in their l'espective lines, 
consisted of a New Haven female and a Toledo male. No other 
Toledo male mated until the forty-ninth hom. This and all later 
roatings of Toledo males occurred only with Toledo females. T,'~o 
periods of activity were evident, the first of much less magnitude than 
the second. The first of these periods was from 30 to 33 homs and 
the second from 43 to 53 hours after the beginning of the test. 

Figure 2 sbows the proportion of moths coupled in the various 
combinations by lines connecting circular areus representing the 
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moths available in each category. Each line connecting two circles 
represents one mating pair of moths. 

In this test the female moths that mated were isolated, and th e 
number and fertility of the eggs laid by each were observed. Of 14 
New Haven females mated with New Haven males, 13 produced 
eggs some of which were fertile in every case. Five of the 7 Toledo 
females mated with Toledo males produced fertile eggs, but 2 females 
in this category died without ovipositing. All pairs that were cross 
matings produced fertile eggs. Following the period during which 
the moths were observed for mating in the test, all unmated females 
were isolated in oviposition cages for observation. A few of these 
produced infertile eggs, but none deposited fert.ile ones. TIns sub­
stantiates the belief of the observers that no unobserved mating 
occurred. 

The data indicate a preference of moths for mating with others· 
from the same strain over those from different strains. There ap­
peared to be some Inndrance of a physical nature to the mating of 
New Haven females and Toledo males since, in three tests, normal 
prenuptial activity did not lead to mating, except in the case of one 
pair, whereas mating in the other three combinations did occur. 
This is indicative of the existence of physical differences, between 
stocks of the species, that have not yet been determined. In an 
extensive discussion of isolating mcchanisms between strains Dobzhan­
sky (9, p. 268) states: "The experimental evidence in fa VOl' of mechani­
cal isolation is scan!;y and is confined mostly to a single order, namely, 
Lepidoptera. * * *" Physically, these stocks of Pyrausta nubifalis 
exhlbit intraracial isolation very similar to that between strains of 
Drosophila pse.udoobscura and D. miranda found by Dobzhansky in 
some of his experiments. 

The differences in time of pupation under natural field conditions 
of overwintered larvae of the single and multiple-generation strains, 
reported by Vance (19), suggest that there may be a partial tempora,l 
isolation of the two phases of the insect coexistent in the Toled:.:> area. 
Thompson and Parker (18) were unable to show that occurrence on 
different host plants was responsible for inherent differences between 
strains of the corn borer. 

EGG PnoDucTION AND FERTILITY 

. It lilts beCIl shDwn that the Toledo st.ock of the corn borer was a 
mixture of strains and that the stock from New Haven was homo­
zygous for the nondiapause character. Although the composition of 
the Toledo stock precluded analysis of the inherent behavior of strains, 
some infonnation was obtained from crosses made in 1937 between 
groups of moths from the two stocks. 

The eggs produced by groups of moths, five females and five males 
in each cage, were used in this eA-periment. These moths, were from 
the two stocks, Toledo and New Haven. Matings were accomplished 
withln each stock and reciprocal crosses were also made between these 
stocks. Moths of the multiple-strain phenotype, discussed later, were 
reared from each and inbred within each of the four combinations. 

Egg production was calculated per moth-day by dividing the total 
number of flggS laid by the total da.ys of life of all moths in the group. 
This was used as the basis for comparing moth productivity. These 
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data,presented in table 4, with the data on egg fertility, show a uni­
formit,y of production for the two generations of the New Haven strain. 

TABLE 4.-Egg production of European corn borer moths reared from field-collected 
larllae and the first generation l'eared from their multiple-generation phenotYf13S; 
from New Haven, Conn., and Toledo, Ohio, field stocks, and their redprocal cr088e.~ 

Crosses of moths I Egg production 

I 
Moth· -·--;----1 Fertll. 

Stock or generation' days ItyorPer eggsFemale Male Total moth· 
day 

1---------
Number· l'lumber Number Percent 

New Haven...... INew Haven•••.• _. Field stock •.•••••••••_.. 36 2.322 64.5 85.8 
Do_•••.•••••..•._••. do .•••• __•••••• First generatlon •• __ ••• __ 32 2, 211 fi9. 1 86.6 

Toledo .••.••..•••••• Toldco•._•.•••_._. Field stoek .•••.•_•• _••• _ :l8 2, 737 72.0 97.0 
Do.••••••_•._•._ ._ .•' do •._••••••..•• First generation •.• _•.. _. 78 2,1181 38.2 71.0 
Do•..••••••__._ New Haven.••_••• Field stock •• _•••• _...... 39 1,843 47.3 81.2 
])0 ._.__ •••••_•••••_.do•••••_._ •.••• First generatlon•._••.•• _ 65 4.329 78.7 9'l.l 

New Haven•••••••• Toledo•••_.•.••_•• .Field stock •.• _._••.•__ • 65 2,541 46.2 23.8 
Do._••••.••••••••••.do......._•.••• First generatlon••_. __••• 28 1.646 58.8 '00.9 


The cross between New Haven females and Toledo males from field 
stock showed the lowest fertility (23.8 percent), which was probably 
due to nonmnting of some of the moths ns already discussed in the 
section on mating of moths, while fertility in the FI generation of this 
cross was 9(1.9 percent, comparable with that in the inbred field mate­
rifd from Toledo. When the FI moths from each cross were inbred, 
fertility was nearly as high as that of the original Toledo strain when 
inbred. 

The uniformity of egg production and fertility of the New Haven 
strain is considered indicative of the homogeneity of this material 
found in studies of other morphological stages. Performance of the 
Toledo stock is thought to be evidence of its heterogeneity. 

LARVAL DEVELOPJIENT 

To study differences between stocks of the European corn borer, it 
was found necessary to separate and define the characters of the strains 
to be utilized as an index to Iacial performance. To accomplish this 
objective, the segregation of three strains was undertaken. 

The first of these was the multiple-generation strain from the 
vicinity of New Haven characterized by a complete lack of larval 
diapause under the experimental conditions. In the 3 years of study 
and through four successive generations in the laboratory in 1939, this 
strain produced only nondiapausing larvae. 

The second was the single-generation strain from Toledo charac­
terized by obligatory larval diapause before pupation. Test insects of 
this strain segregated in 1937 rearings did not hibernate successfully 
and only one .moth was produced from this material. In 1938, how­
ever, material of this segregate was reared successfully by retaining 
mature larvae in cold storage for 6 months for the production of Fl 
moths in 1939. Seven pairs of these moths were mated, and all prog­
eny of 6 pairs entered a diapause. The progeny of the other pair 
comprised both diapausing and nondiapausing individuals. 

The third desired strain was to be of pure multiple-generation type 
from Toledo stock. Through four successive generations reared· 
in 1939 both diapausing and nondiapausing progeny were produced 
from multiple-generation phenotypes in each preceding generation. 
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The isolation of ~his strl1in was not I1ccomplished, I1nd the nondil1paus­
rug progeny from this material will be referred to in this pl1per I1S 
"multiple segregl1tes." . 

This si;udy showed thl1t, under the experimentl11 conditions, the 
mllltiple-genel'l1tion strain reproduces continuously with no evidence 
of 11 ll1rval diapl1use, I1nd also that the single-generation s~l'l1in is dis­
tinct from the multiple-generation stTain and is charac~erjzed by 11 

larval diapl1use which prohibits continuous deve10pmenh of successive 
" generations without 11 1ai'val Testing period preceding pupation. 

Bradley and Arbutlmot (6), in discussing the effect of the physiology 
of t.he European corn borer on one of its parasites, CheZonu8 ann7.1lipes 
Wesm., show that this parasite is affeeted by the host physiology so 
that it conforms to the seaso11111 cycle of the host, producing one gen­
eration allI1111111y when rea.red on a host strain which enters a diapause 
and more than one when reared on a multip1e-gen.eration strain of the 
host. 

During the rearings in 1937 and 1938 and of the first generation 
of the multiple-generation strain and multiple segregates in 1939 it 
was evident that there was a difference in the rate at which the strains 
were developing under the controlled ex-perimental conditions. As 
a measure of this difference, the number of specimens in each morpho­
logical stage was recorded on each observation date. 

The mUltiple-generation strain ust'd in t.he st,udy consisted of F2 
progeny from three and F3 progeny from two pairs of mot.hs of the 
New Haven stock, all of which pupated before 35 days of 1arvallife, 
as shown in t.able 5. 

TABLE 5.-Number of progeny and percent pupation of the European corn borer in 
d :ffer,ent generations of the single- and multiple-generation 8train8 and in the 

ulttplc segregates 

Progeny surviving ncter- Pupa.
Locality source of Genera· tionStrain purents tion within 

10 dnys 115 da:s 120 days 25 days! 35 days 35 days
--'----

Nltm· Num· Nnm· Num· Num· PercentbeT ber ber beT ber 
Rochest.er, N. Y ••••_. Fl."•••..•. 58 36 J9 If 14 0 
Mount Clemens, F, ..•••... 54 47 27 24 20 0 

Single genern· Mich. 
tion•••.••.•••. Toledo, Ohio"•.•..•••. F,••.••..•• 316 234 165 135 125 0 

'I'Otlll. •••..•.•. " ••••••••.... 428 31i 211 178 159 0 
====== 

New Hoven, Conn.... F,......... 208 238 180 161 156 100.0 
l\!u\tipl() goner· ..•.dn••••..••••••••••• F 3••••••••• 111 9t 78 69 64 100.0 

atlon._........ { ------------
TotaL_......... ••••••..•••• 400 332 258 280 220 100.0 

== == 
TOlCdO' Ohio •••••••••• F •.•• _.._.. 1,061 605 442 384 3H 29.4 

Multiple segro- ..••~o................. ~3••~.-.... ,.~~ 1~~ 1~~ :r lig ~n 


gotes. j• ••• o;:;~.~~~~~~~~:~: ...~~::~~~~~ -cio;-944~ -&19481laio 
The single-generation strain consistedofFl progeny from one 

pair of moths from Rochester, N. Y., and F2 progeny from one pair 
of moths of Mount Clemens, :Mich., stock and from :five pairs of moths 
of Toledo stock. All these became full-fed fifth instal'S and entered 
a diapause, none pupating wit.hin 40 days after hatching from the egg. 

" The multiple segregates consisted of F2 progeny from seven pairs 
and Fa and F4 progeny each from one pair of moths from Toledo, 

http:Rochest.er
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These werEl the successively pupating parts of each generation, in 
ea(~h of which some larvae (35.7 to 92 percent) entered the diapause. 
The diapausing and nondiapausing larvae were indistinguishable 
except by observation of their pupation or nonpupation. Attempts 
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FIGURE 3.-Pereent of progeny of the European corn borer in each larval instar 
in the single- and mUltiple-generation and multiple-segregate strains, 10, 15, 
20, and 25 days after hatching from the egg. 

to separate this population into proportionate parts of single- and 
multiple-generation stmins, based on the observed pupation of each 
family. and on the differences in growth rates of the two strains, 
hereinafter discussed, were not successful. 

In figure 3 are illustrated the percentages of the progeny in each of 
• The descendants from one pair of moths inbred through successive generations are designated as a 

!'family." 



"14 TECHN'[CAL BULLETIN 869, U. S, DEPT. OF AGRICULTURE 

the three ~trains which were in each stage of development 10, 15, 
20; aud_ 25 du.ys after hatching of the eggs. In table 6, data are 
presented to show the differences in the development of the three 
strains. These data show considerable difference in the attained 
deve.lopmental st.ages of the strains. The rilUltiple-generation strain 
developed most rapidly and the single-generation strain most slowly, 
whereas the multiple segregates were intClmediate in development 
between the other two. 

TABLE 6.--Differences in development of progeny of the single-generation, multi­
ple-segregate, and multiple-generation strains of the European corn borer observed 
10, 15, 20, and 25 days after hatching. 

Larvae that had developed beyond 
given instnr Period after Indi­Strainhatching (days) viduals 1----:---...,-------

First Second Third Fourth 
-----1----------1-·--------------

Number Percent Percenl Percent Pe"entsingle·generation__________________ 4?S 83.4 5.M o o 
10_______________ MI' It!p-Ie-sep;rcg!l\c _____ •_________ _ 1,402 95.7 42.9 1.4 o{M ul tlple-~cnel'atlOn. ______•______ _ 409 100.0 77.3 2.0 o 

Single.genoratlOn_ ---- ----- -------- 317 97.8 86.4 20.8 6.015____ ___________ Multiple·sogregate _______________ _ 9t4 100.0 95.7 62.9 21.2{M ul tiple-generutioll ______________ _ 332 100.0 99.4 90.7 75.6 
Slllgl~.!!eneration _________________ _ 211 100.0 100. a 97.2 60.720______________ Mult!ple-scgrcga\e ________________ 030 100.0 100. a 98.7 1m. 7{M ul tl ple-generat IOn______________ _ 258 100.0 100.0 99.2 88.0Sln!(le-generation_________________ _ 178 100.0 100.0 100.0 91.525_______________ Mult!ple-segrcga\e____ ._._____ . __ 100.0 91.2st9 100.0 100.0{:!vIuluple·generatlon______________ _ 230 100. a 100.0 100.0 99.6 

The multiple segregates at 10, 15, and 20 days also differed signifi­
cantly froni the single-generation strain, although less markedly; 
they were intermediate between single- and_ multiple-generation 
strains. Th('y may have been a mixture of the other strains, or a 
strain, or strains, different from either of the others. 

To determine the possibility of these three strains having been 
drawn from a homogeneous population, the data were subjected to the 
chi-square test. Since the computed chi-square values were far beyond 
the limit of the table (P=O.OI), a highly significant departure from 
the requirements of a homogeneous population for the single- and 
multiple-generation strains was shown. 

LARVAL SURVIVAL 

Rearings from the eggs, discussed in the section on egg production 
and fertility, provided data on larval survival among the stocks and 
strain crosses. Data on the number of cages or replicates, number' 
of larvae hatched, and number and percent that survived after 15 
days are presented in table 7. . 

The Fl generation larvae from inbred field material from the New 
Haven and Toledo stock had lower survivals than the reciprocal 
crosses between these two stocks. The higher survival from the 
crosses was prob.ably due to heterosis. 

Moths from nondispausing larvae from these four combinations 
were inbred. In the second, or F 2, generation of larvae reared, 
survivals Were lower than in the Fl generation and much lower in the 
crosses than in the inbred stock, possibly owing to the combination 
of recessive lethal characters from the two stocks. 
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TABLE 7.-Survival of European corn borer larvae at the end of 15 days after hatching 
in rearings of 2 generations of field stocks from New Haven, Conn., and Toledo, 
Ohio, and their reciprocal crosses 

Sonrce of parent moths Larvae in rearing tnst 
Parent Rtock 1----------.----------I~~r~·I------~----.---------

Femaie Maie Generation IIatchcd Sun·ivcd 

Nuinber Number Number Perr.nt 
Field materiaL ••••.•• New Rayen..•._ Now Raven•.•_ 4 Fl......... 404 26a fl5.1 

FI generation 1••••_••••_._do•.••••••••.••_•.do••.•.••_... 8 F,_....... ;78 400 51. 4 


Field mat.~riuL....... Toledo•.•••.._.• Toledo.••••...•• FI._••_._. 410 205 50.0 

F. generation 1••• __•••••••do •• _ ••.•.••..••.do••••••.•_•. F,•._•..••_ ~59 1i2 44.2 

Field materiaL •.•••••..••.do•........" New lIaven..... 4 FI..__..... 403 :lO4 75.4 

F'••._•• ___F. genrration 1••••__ ••••••do...•••...•...•..do•••••.••••. S 68i 169 24.6 

Field materiaL...... New Haven..... Toledo•••.•.•... 3 F,_.•_._ •. 29S 229 i7.6 
FI generation I ••••..••••••do.••.••••..•.••• do••••••.••.. II F, ...____ •• 4il) 118 24.8 

I Nondiapau'ing. 

Each group of progeny was tested for homogeneity of survival 
behreen replicate cages by calculating the x:! of the individual cage 
survival from the group mean. The between-cage variation of the 
first generation of the New Raven and Toledo stocks was greater 
than would be expected in homozygous material, but in all other 
groups a uniformity between replicates within each group of progeny 
was indicated. The apparent absence of uniformity found between 
replicates in the first-generation larvae of the New Haven strain 
indicates that characters affecting survival arc possibly not so homo­
geneous in this field material as those for the nondiapause characters. 
Lack of uniformity in the Toledo material is not unexpected, since 
this material is heterozygous. The uniformity of performance of the 
crosses is indicative of heterosis. 

PUPATION 

Among the progeny that pupated without a larval diapausc, dis· 
cussed in the section on larval development, there was a difference in 
the rate of pupation between the multiple-generation strain and the 
multiple segregates. The former began pupc,ting at 16 days of larval 
life, and aU progeny had either died or pupated by 31 days. There 
were 220 pupae in the F2 and F3 generations. Of the 481 multiple­
segregate individuals sUlyiving 35 days (table 5), 173, or 36 percent, 
pupated. The first pupa was found on the seventeenth day and the 
last was formed by the thirty-fourth day after hatching. Those 
larvae that survived longer than 34 days behaved like the single­
generation strain, i. e., they diapaused and did not pupate, although 
they remained in the same environment for at least 5 additional days. 

Pupation progressed more rapidly in the multiple-generation strain 
than in the multiple segregates. 

Table 8 contains the data on the number and percentage of larvae 
that pupated and shows the differences in the rate of pupation of these 
two lots. The rate of pupation of the. multiple-generation strain was 
significantly more rapid then that of the multiple segregates. It may 
be that the heterozygous diapause characters, in the multiple segre­
gates, discuEsed in the section on larval development, caused retarded 
development ill this material. Further evidence on this point is pre­
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sented in the discussion of pupation of crosses between the New Haven 
and Toledo stocks. 

TABLE S.-Difference in the rate of pupation between the multiple segregates and the 
m1tlUple-generation strain of the European corn borer 

Pupae IAccumulated pupation_ 

Time after hatchln~ (days) Multlnle- Multlnle­Multlnlo­ Multiplegenerntion generationscgrcgates segregntesstrain ~trnln 

Number Number Percellt PercentThrough 16____________________..______________________ 0 1 0.0 0.5 
31 6.·j 14.5 ~ ~~~~~~~ ~:::::::::::=::::::::::::::::::::::::::::::: g 108 48.5 63.623 throllgh 25__________________.. ______________________ • 46 45 i5.1 81.126 through 28.. ___ ______________________________________ 23 
23 Sg.·j 94.5 
12 95.4 100.0 ~ ~~~~~~g ~t:::::::::::::::::::::::::::::::::::::::::: ]~ o ]00.0 100.0 

1-------1--------\-------1-------Menn days nftrr hntching______________________________ 23.6 22.2/________________________ 

From the pupation of the larvae discussed in the section on larval 
survival, data on pupation were also obtained on the Toledo and New 
Haven stocks and their reciprocal crosses. The rate at which pupa­
tion occurred among the multiple-generation phenotypes is illustrated 
in figure 4. The two generations of the New Haven stock purated 
at about the same rate, this uniformity confirming the evidence of 
homogeneity found in data on other morphological stages of material 
from this locality. In the first generation the rate of pupation was 
slower in the Toledo stock than in the New Haven stock. In the second 
generation, part of the Toledo group pupated at about the same rate 
as the first generation, but there was also a well defined second peak of 
lesser magnitude similar to that which had been observed in the original 
multiple segregates. 

In the crosses between the two field stocks, the first generation 
pupated at about the same rate as the New Haven stock. Th(' F2 
generation of the Toledo f;lmale and New Havon male cross pupated at 
a slightly slower rate than the Now Haven st.ock, and the F2 genel'ation 
of the reciprocal cross hn.d a well defined peak at the Eame time. A 
number of individuals developed very slowly, however, resembling 
the single-:;;enerntion struin in rate of development, but when they 
became full fed the larvae did not enter a diapause. The last pupae 
were formed on the fiftieth day after they had hatched. 

The New Haven strain and the Toledo female X New Haven male 
cross all pupll.ted in both generutions, the last pupa having been fOlmed 
by the thirty-fifth day of 1l1rvallife. Of the 168 first-generation pro­
geny of the Toledo stock, 39, or 23.2 percent, pupated, and 96, or 77.4 
percent, of 124 of the second generation pupated. Females and males 
occurred in about equal numbers in all three groups. The New Raven 
female X Toledo male cross behaved quite differently. There were 
203 mature FI larvae, of which 131, or 64.5 percent, pupated. Of these 
131 pupae, 17 were females and 114 were males, or a sex rutio of 
approximately 1 female to 7 males. All the second generation from 
the multiple-generation phenotypes pupated as noted in the discussion 
on rate of pupation. The characters which cause cliapause thus seem 
to be present in the hybrid group and in the Toledo stock, as evidenced . 
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by tbe second peak of pupation. These data also indicate that the 
characters for diapause are associated with the sex chromosomes, 
which, probably, fiS in other Lepidoptera, are heterogametic in the 
female sex as pointed out by Cockayne (8), who says of Lepidoptera, 
, The femnle sex is heterogametic, and has an X- and a Y-chrOJllSO­
some. * * *" 
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FIGURE 4.-Rnte of pupation of ffiultiple-genration phenotypes of two successive 
generations of the European corn borer of New Haven and Toledo stocks and 
their reciprocal crosses. 

DIFFERENCES BETWEEN STRAINS 

Since an exclusively multiple-generation strain was not obtained 
trom Toledo matcl-ial, it was not possible to cletennine the identity of 
the partially multiple strain with, or its difference from, i"l1O multiple­
generation strain ft'om New Haven. The differences, as summarized 
in table 9, in (1) the mating activity of the moths, (2) their egg produc­
tion, (3) the rate of larvnl growth, (4) the number of days to pupation, 
and (5) the persistence of diapausing phenotypes in selections for the 
nondiapause characters, all may have been due to the presence and 
physiological effect of recessive cha.l'acters for diapause in the per­
sistently heterozygous Toledo stock. 
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TABLE 9.-A summary of differences found between Ihe European corn borer from 
New Haven, Conn., and Toledo, Ohio 

Compared New Haven 	 'foledomaterial 

A homozygous lIlultlple-generation (non­ A heterozygous multiple- and slnglu-genera­

dlal'ause) strain occurs in this re~ion with tion strain compll'x prevails in this region. 

no evidence of a singll'-gcneration (dia­ 'l'hu slnglc-generlltion «liapause) strain 

panse) strain. ehnracters are possibly recessi,·u to thosu of 


thu multiple-generation strain. A single­

generlltion strain wus isolated froIll U:is
Field stock._ stock, but a homozygous IImltiple-genera­
tion strain was not isolated. ~'hu pheno­
types, selected for the nondiapausu charac­
tl)T, we're heterozygous after four successive 
generations. 


Lan'ae: Larvae: 

'l'he multiple-generation strain larvae 'fhu single-generation strain larvac iso­

from New llnvcn grew morc rapidly latcd from Toledo stock grew more 
tllIIn (lid those of th" singl('-gencration slowly than those of the lllultiple·
struin, isolated from the '1'oledo stock. v;cutlrntion strnin frOln :New Haven, 

and Inrme of the lIlull.iple-segregates
from the ~'oledo stock grew at a mte 

Strains______ intermediate between those of the pure
stmins. 


Pupae: Pupae:

'The multiple-gcneration strain larvae The multiple-segregate lan'ae pupated.at 

pupated in advllllce of those of the a slower rate than those of the multiple­
multiple-SCb'fegates from 'I.'oledo. gClll'rlltion struin. -''I'he single-genera­

tion strain larvae did not pupate until 
their diapausc requirement had been 
satisflCfI. 

"'-loths showed a prl'ferencc for mating witl,in ratlll'r lhan crossing between the 2 stocks. 

New Haven females seldom mated with 'l'oledo Illules. 

Reciprocal cros.~I'S beLween the 2 stocks, New Haven and '1'olodo, ga\'e the following results: 

1. 'rbe rroh~do remale X ~C\\· Haven male rrosS showed, in both the. F, and tlw F: ~l'llerntiont 

de\-elopment much like t.hat of the paternal parent (nondinpuuse) hut showed Ill'tl'rosis in 
the FI ~rncrnti()n and n dccliO(~ in vigor, ('vident. fiS low (lg~ rertility unci hi~h larval mar· Crosscs be­ tality, in the F, generation. Sexes occurred in a I-to-I ratio iu ('neh generation. tween fleid 

stocks _____ 2. The F, generation of the reciprocal cross dliTerml fn that it had (a) low egg f\'rtility, possibly 
due to fallnre of many to maw, (b) 22.6 percent diapnusilof the larval', and (e) in the multi ­
ple-generation phenotypes, 1\ rat io of I femnl~ to i males. 

3. 	Also, in the latter cross, the 1', generntion declined in vigor, evide11t as low egg fertility 
and high larvalmortalit~', and pUpation occurred much more slowly although no progeny 
diapaused. 'l~his retardation of pupation was due, possibl)" tn the efTect of the characters 
for diapause, when the), af(' heterozygous. 

This instu;nce of the ('xistence of characters which produce inter­
mediates in CL'Osses of Lepicloptern. is not unique. This subject has 
been discussed by Ford (11) with reference to other species. He 
found that on numerous oecasions, crosses invoh'ing contrasting 
chn.mcters lead to the production of intermediates. It is evident ftom 
the present study tlmt crossing between different stmins of the 
European corn borer has occurred and probably is continuing to occur 
in the field in the Toledo, Ohio, area. 

Plotnikov (14) hn,s reported the rrsults of erossing Locusta, migra­
toti{/, and L. da.nica. Eggs of tho latter hatc·h in 1G clays hut those of 
the formpl' hibernate. ln a cross of L. (lanica male and L. migratoria 
female some of the eggs hibemil.tecl and some did not. 'Vhen the sn,me 
male was matecl with i1 da,nica-like female of migl'a.loria, all eggs 
hibematcd. This author regards L. danica as !l, variety in the act of 
sepamting from the parent species. This may be what is happening 
in the Toledo region, 1. c., a multiplc-genemtion strain is sepluuting 
from tihe single-gel1ert1,tion strain. .If this is the ease, it would be un­
likcJy that the result.ing multiple-generation strn.in would be identical 
with the New Haven muHiple-genemtion stn)'in. On the other hand, 
the mi.'mel strains in the Toledo region may be the result of crosses 
between a multiple-generation s train of the type isolated from New 
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Haven material and a single-generation strain of the type isolated 
from the Toledo material. Little information on the origin and rela­
tionship of the different stmins was obtained, however, from the 
present study. 

The multiple- and single-generation strains are distinguishable by 
different rates of larval development. There may be other differences 
which were not observed because of the fact that these e:ll:periments 
were conducted in a unifollll eJlvironment of temperature, moistme, 
food, and light, and <liaplLUse may be expressed differently under 
other enviromnentul conditions. The efFect of environmental factors 
on diapause in Loxoste!Je sticticalis L. have been reported by Pepper 
(13), who found that temperature gradually lowered to below freezing 
for several days broke the diapause, und by Steinberg and Kamensky 
(17), who found that temperature and food aftected the incidence of 
diapause for the same insect. Sn.brosky et al. (16) also found that light 
played an important role in oreaking the diapause in Acrydium 
arenosum a1lgulltum Hancock. The physiology of diapause in grass­
hopper eggs was discussed by Bodille (3) and he showed the effect of 
temperature on rates of o:xygen consumption by diapause eggs as well 
as by eggs of no diapause. In the European corn. borer, difference in 
growth rate arc indicative of diffcrent rates of metabolism. 
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