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United States’ |
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SUMMARY

In the period 1937 to 1940, inclusive, experiments were conducted
at New Haven, Conn,, to determine whether inherently different
strains of the Eurcpean corn borer (Pyrausta nubilalis (Hbn.)) occur
in the United States and to study the physiological relationships of
strains.

These experiments were conducted under controlled laboratory
conditions utilizing techniques that have been found suitable by other
xarkers for handling this insecl.

#~Larvac were collected from fields near New Haven for test insects
ffom the Eastern States, and from Toledo, Ohio, Mount Clemens,
dich., and Rochestec, N. Y., for test insects from the Lake States.
wiThe material from New Haven was found to represent a homozygous
urultiple-gencration strain, and no cvidence was obtained to indicate
fFe occurrcnce of a single-generation strain in that locality. 'The
Toledo material was heterozygous, a complex of multiple- and single-
generation strains ocourring together. A homozygous single-genera-

ien strain was isolated from the Toledo material, but attempts to
f#plate 2 homozygous multiple-generation sfrain were not successful,
Bame larvae went inlo a disapause before pupation in every one of

—
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-four successive generations of overy pedigreed line that was selected
in the attempt to produce a purcly mulfiple-generation strain from
this stock, %ence the genetic factors responsible for the single-
generation habit evidently persisted as recessive characters.

Larvae of the single-generation strain from Toledo grew more slowly
than those of the multiple-generation strain from New Haven. The
multiple-segrogates (heterozygous) from Toledo material entered the

upal stage more slowly than the multiple-generation strain from New

aven.

Moths from the New Haven and Toledo field stocks, respectively,
showed a preference for msting among individuals from their own
locality rather than crossing between the stocks. Mating of New
Huven females with Toledo males was sccomplished in only a few
cases, apparently because of a racjal inhibition to mating, the nature
of which was nob discovercd,

In erosses between the two regional stocks, heterosis was evident
n the ¥y generation, and farval mortalities were very high in the F,
generation. The Toledo female X New Haven male cross produced
progeny which resembled the paternal parent. The reciprocal cross
produced (1) diapause and mnondizpause phenotypes and a pre-
ponderance of males in the nondiapause paurt of the F, generation,
and (2} s retarded development of larvae in the F. generation, both
results being evidence of the paternal disapause characters.

The author feels that the existence of distinet biological strains of
the European corn borer bas been demonstrated by these experiments.

INTRODUCTION

An investigation was conducted during the period April 1, 1937, to
June 1, 1940, at New Haven, Conn., to determine some of the in-
herent differences between strains of the European corn borer (Fy-
rauste nubilalis (Hbn.)) now oceurring in the United States and o
study their physiological relationslips. An understanding of these
relationships is important in the formulation of quarantine regula-
tions intended to prevent the introduction of the insect into new
regions. It is also of value in rescarch on methods for controlling
the pest, and to control methods in practice, since pliysiologically
different strains of the species may require modified or oven different
means for their control. Furthermore, bLiological control programs
become more effective when the influence of recognized pliysiological
strains of the borer on its parasites is known. This investigation was
designed primarily to determine whether the single-gencration borer,
predominant in the Lalke Staies, is biologically distinct from the
multiple-generation insect, prevalent in the Eastern States.

The occurrence in the fleld of a partial second generation in the
Lake States, at about the time this study was initiated, as reported by
Vance (/9) and Ticht (10), was probably responsible for the hetero-
geneity in corn borer material from the vicinity of Toicdo, Ohio, used
in_the experiments. Prior to 1936 the corn borer near Toledo had
principally only one generation a year, although a few pupac were
observed each summer, as Bottger and Kent (5) reported summer
pupation of the first gencration at Monroe, Mich., before 1031.

Caffrey and Worthley (7) reported the results of experiments con-

¥ Teglle num?ers in parcntheses refer to Literature Cilted, p. 10,
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ducted from 1921 through 1924 in which individuals of the Evropean
corn borer were transferred between western New York (one-genera-
tion aren} and eastern Massachusetts (two-generation ares) and
allowed to develop in cages exposed $o the climatic 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 hoth arcas, ns well as individuvals 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 oceur in apparently similar climatie complexes, such as are
found in western New Yorl and enstern Massachusetts, has been made
by the writer. His conclusion is that in the United States where the
strain best suited to survive in an environment spreads into a region
after a strain less well adapted to that environment has béen present
for several vears, the strain best suited to the environment will become
more abundant,

Prebble (15, p. 452) has reported a similar complex of strains in
Driprion hereynine (Hig.) (= (Gilpinia polytoma (Htg.)), of which he says:

* * * there are differci:t “lines” within the speeies, with respeet to the
inherent tendency toweards diapause or continued development; * * *  The
character of the populalion in different arcas seems to have been fashioned out

of the various elements within the species, by the intervaction of climatic and
genetic factors with respect to diapause and survival

TECHNIQUE AND EQUIPMENT

The following technique was employed in the conduct of the in-
vestigation: Hibernating corn horer larvae were stored within a tight
metal cabinet, fitted inside a houschold refrigerator operating at 33°
to 36° F., that provided a humid environment bencficial to the larvae.
Pupation and emergence were obtained in a room-sized incubator
operaling at 80° and at a relative hunnidity of 90 to 100 percent.
The mating tests weie conducted in this incubator room or in a
laboratory workroom where the temperature could be varied between
65° and 80°, as desired. The workroom conditions were used for all
tests in which the moths were observed lor mating and the incubator
room for tests in which egg fertility was the index of mating. All
the rearing, including the incubation of eggs and alse the feeding of
larvae for a study of developmental rate, woas done in the incubator
room. All other feeding, involving removal of the larvae from their
experimental envivonment for short intervals, was done in the iabo-
ratory workroom at a temperature of 70° to 80°,

In the initinl fests of mating, moths were placed 1 oviposition
cages of the type described by Bottger (4), which consisted of a pint-
size, cardboard “.od container with a copper-sereen bottom. The
later maling fists required a ecage that facilitated observation. In
the first two of these later tests cach moth combination was confined
in o wooden frame cage, the top, bottom, and ends of which were of
solid wood, 5 by 7 inches, and the front and back werc removable
7- by 7-inch wooden frumes covered with ¥-inch-mesh bobbines.
This type of cage was used [or all mating work in 1939. In the lasé
test, in which mating of moths of both sexes from the two localities
was observed, the moths were confined in o wooden frame cage 15
by 12 by 9 inches covered with bobbinet. A wad of absorbent cottou
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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
provide drinking water for the moths,

Moths were confined for ovipesition in round, pint-size eardboard
food cartons 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 their eggs. A
fine mist was sprayed into the cages twice daily to provide
drinking water for the moths. The paper linings with attached epgs
were removed from the cages daily, or at more frequent intervals,
and cut into small sections, each bearing one ege 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 embryonie
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 hours before they were expected to hatch, eggs were placed
on food in rearing cages. Insofar as practicable, 100 fertile eggs were
allotted to each cage. In many cases less than this number of cggs
from a particular source were ready to hatch on o given day, and
consequently smaller numbers were placed in some cages. VWhen the
number of larvee in isochronous cages became less than 50 because of
mortality or pupation, the swrvivers were combined in fewer cages,
within the limit of 100 per cage.

Rearing cages ¢ inches long and 15 inches wide with wooden sides,
80-mesh copper-screen bottoms, and glass tops, and essentially the
same as those described by Mathes (12) were used throughout the
3 vewrs of study, except that in 1939 a cage made from o 1-pound,
metel, coffec can, with an 80-mesh copper-sereen bottom and glass
top, was utilized for larvae during theic first 5 days (first feeding
period) of life. The {feeding method used by Mathes was modified
to fit the needs of these experiments. The food consisted of cut green
beans for the first ¥ days. TFor the two subsequent fecdings at 5-day
intervals, and daily thereafter, green peas in the pod with she ends of
the pods cut off were used. The number of eggs hatching was de-
termined by a count of the unhatched embryos remsaining after an
interval of 5 days. ILarval survival, size (instar), and pupation were
determined by counting the numbess alive on the tenth and fifteenth
day after the egzs were placed in the reating cage, and daily there-
after until the foctieth day. Pupac 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
emnerging motbs,

Hibernating corn borer larvae were collected in the early spring of
ecach year of study from the vicinity of Toledo, Ohio, for test insects
from the Lake Btates, and from New Haven, Conn., for test insects
from the Eastern States. 1n 1938, material was procured from Mount
Clemens, Mich,, which appeared to be of the same developmental
type as that from Toledo and is so considered througliout this dis-
cussion. Mature, active lacrvac were collected in August 1938, from
Rochester, N. Y., and retained in cold storage until the following
spring. Trom 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 made between moths from New Haven and
Toledo, and moths from each region were also bred separately. The
results of these matings, 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 scctions dealing
withk the various morphological stages of the insect. In 1938 cmpbasis
was placed on the study of mating and mating technique and the
isolation of homozygous strains to Tacilitnte studies of strain charac-
ters and in 1939 the studics of strain characters themselves were made,

TERMINOLOGY

The term ‘“field stock’ is used to designate material from field col-
lections in which no selections had been made, “strain” is used to
designate the homozygous “diapause” and ‘“‘nondiapanse’” material
from selections, and “‘multiple segregate’” is used to designate the
material from the heterozygous Lake State ficld stock selected for the
nondiapause character but which produced in each generation pheno-
types that entered the diapause.

RESULTS OF THE INVESTIGATIONS
FirLp STock

. During the 3 years of the investigation, 3,208 corn borers, progeny
of 2 stocks, were reared to maturity, i. e., to pupae or full-fed larvas
which spun libernacula. The gencral data on these rearings appeat
in table 1. Of this total, 1,402 individuals were from New Haven
stock, and all these pupated within 35 days from the time of hatching.
No evidence of a singlegeneration strain was found among progeny
from field stock collected from New Haven. This result is indicative
of the existence in this region of a homozygous multiple-generation
strain of the European corn borer having the inherent ability to
reproduce through successive gencrations without a larval dispause.
This strain is apparently adaptable to a wide elimatic range.

TaBLE 1.—Progeny rearings of the European corn borer from 2 areas, New Haven,
Conn., and Toledo, Ohio, on the bosis of selections for the multiple-gencration
phenolypes in successive generalions

Progeny rearad

Soures of original feld stack First gonera- | Second generg- Thmtl‘ genata- Tatal

tion tion ion

Larvas!| Pupae ; Larvaet| Pupoe | Larvael Pupaa | Larvas!| Pupas

MNumber| Nunrber | Number, Number N ntber; Nuber] Number| Number
1} 150 0 240 0 2

Now Haven, Coun : 0 Jud 1] 117 517

0 204 i} 225 405

Tatal (3 years) . 0 37 1] GR2 1,402

40 126 2 157

Toledo, Ohio i 140 33t ! 12
i 188 14

Totel (3 years) 801 508 87 503

1 Matore—I0 deys old,
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The 1,896 progeny from the Toledo stock included both multiple-
and single-generation strains. The sccond 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 stoclk, 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 phenotypes distinguished by inherent dig-
pause factors and incapable of reproducing through successive genera-
tions until the diapause requirements of full-fod larvae have beem
satisfied. The diapause requirements of this strain heve been re-
ported and discussed by Babeock (I, p. 49), who stated

* % % the fact that larvae of the normel one-gencration stock are not at all
successfully foreed into pupation when bred from tho egg under incubator condi-

tions show(s] that the specifie requirement for emergence from hibernation in the
carn borer includes semething more than the mere accumulation of temperatures
above a threshold of development; * % %

Baker and Mathes (2) state that in an average season these horers
should not be collected from the field before Oatober 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 this 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 sclections, discussed in the section on larval development,
did not eliminate the single-generation phenotypes. 1t is thus
apparent that although the multiple-goneration {(nondiapause) charnc-
ter is dominant in this stock the single generation (diapause) factor
persists in recessive form. These dats show that the Toledo stoclk is o
mixed population consisting of multiple- and single-generation strains
internmngled and apparently interbroeding in the field, as well as
possibly breeding among themselyos.

MaTing oF Moras

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 each sox were confined
together, however, mating occurred with ench of the four combinations
utilized, as determined by the resulting fertile eggs from eanch com-
bination. The combinations were as follows: (1) Toledo females with
Toledo males, (2) New Haven females with New Haven males, and
(3 and 4) reaiprocal sex combinations from the two regions, In the
New Haven female X Toledo male group a prepouderance of infertile
eggs (76.23 pereent) was obtained in subsequent oviposition studies, a
fact suggesting that mating was perhaps not so successful in this as in
the other groups in which infertile cggs averaged from 3.03 to 18.23
percent. On the other hand, unmated females sometimes deposited
their infertile eggs, and the low egg fertility in the one group could
have resulted from this type of oviposition by unmated females to-
gether with o deposition of fertilized cggs hy only a few mated females
in the cage.
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Matings with groups of moths were tested again in 1938. In these
tests apparently no mating was obtained in the New Haven femnale X
Tolede male groups, as no fertile eggs were laid by the females, TFertile
eggs were laid in these tests by the other three combinations, however,
again denoting suceessful mating. *

The foregoing results suggested that a study of mating might yield
information relative to physiological differences between stocks and
Eossibly between strains.  Also, in order to investigate differences -

etween strains in other stages or activities of the insect, it was desir-
able to perfect 2 mating technique to provide eggs from which further
rearings could be made. Mating experimenis woere thercfore con-
ducted in which the moths were observed for prenuptial activity and
copulation, which are deseribed by Caffrey 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 on moths used in the experiment and the fre-
quency of mating are given in table 2,

TARLE 2—NMating of Buropean corn borer ntoths in bwo lesis in 1988, when each sex
wes confined with the opposite sex from euch of the 2 field stocks, Toledo, Ohio, and
New Haven, Conn,

- Moths available for
Staek of malhs b mating

Foemale Mule Famala Male

Nuwwmber | Numbher | Number
10 1)
i}

15

iQ
15

25

il
16

25

10
a5

a5

Test 1 was begun Auvgust 31, 1938, and the moths were observed
continuously for 87% hours; test 2 was begun October 10, 1938, and
the moths were observed continuousiy for 164 hours. 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 females with New Haven males. No
mating oceurred in the New Haven female and Toledo male combina-
tion, a?lthough typical prenuptial activity of males was observed and
the females were not observed to avoid copulation. In test 2 a pre-
ponderance of males (25 to 15) was included in the New Haven female
and Toledo male group as an additional stimulus to mating. This
change necessitated a corresponding reduction in the number of Toledo
males confined with Toledo females. TFifteen moths of cach sex were




£  TECHENICAL BULLETIN 869, U. 8. DEPT. OF AGRICULTURE

used in the other 2 lots. No mating of Teledo females and males was
obtained and agsin, although the same activity of the moths was noted
s in test 1, there was no mating between New Haven females and
Toledo males.

In 2 third test, moths were marked for identification by spraying
them with two colors of waterproof ink. AH moths of both sexes
from the two localitics were then confined in one cage. Many of
these moths died, probably owing o an excess of marking material,
and these were removed from the cage during the first 5 hours.
Observations were conbinuous for 77 hours, beginning at 8:00 a. m.
November 9, and ending et 1:00 p. m., November 12, 1038. The
data from this experiment, presented in table 3, show the number of
females from each source that mated or lived throughout the experi-
ment, the number of males from both localitics, and the pairs obtained
from each of the four possible combinations.

TABLE 3.—Mating of European corn borer moths when bolh sexes from the 2 field
sto.}‘!ks, New Haven, Conn., and Tolede, Ohio, were confined tn the same cage Jor
77 hours

Females Males maled from coch field stock &

- Avnilable Aolodo New Both
Fleld stock for mnting & Tiaven (18) [ stocks {71)

Number MNuamber Number Number
30 7 L] 11
38 i 14 1%

Bouh stocks 7 8 i3 I 28

t Figures in parentheses arg numbers available for mating.

One bundred and forty-cight moths, 77 {emales and 71 males,
either maied and were removed from the cage or lived throughout
the experiment. All the 18 New Haven males mated, the last one
after 52 hours. Only 8 of the 53 Toledo males 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 contrasts
sharply with its limited occurrence between those from different
sources, and it is noteworthy that only 1 pair of the New Haven
female X Toledo male cross was obtained. Here, as in the first 2
tests, mating was 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 during the test are illustrated in figure 1. The
number of cach at given fimes during the experiment, reduced as
mating removed individuals from the eage, is represented in the
illustration by a designated line. The first pair which mated, repre-
sented by the first coincident reduction in their respective lines,
consisted of a New Hsaven fomale and a Toledo male, No other
Toledo male mated until the forty-ninth hour. This and all later
matings of Toledo males occurred onty with Toledo females. Tywo
periods of activity were evident, the first of much less magnitude than
the second. The first of these periods was from 30 to 33 hours and
the second from 43 to 53 hours after the beginning of the test.

Figure 2 shows the proportion of moths coupled in the various
combinations by lines connecting circular arens representing the
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etk 1.—Cecurrence of mating of moths of both sexes of the European corn
borer from Telede, Ohio, and New Haven, Conn,

38
NEW HAVEN
FEMALES

15 MATED

3z
TOLEDQ
FEMALES
11 MATED
v

18
NEW HAVEN
MALES
8 MATED 18 MATED

Ficore 2.—The number of moths of the European corn borer of esch sex, frum
Tolade, Ohio, and New Haven, Conn., confined in one cage and the number of
pairs that mated.
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moths available in ench category. Bach line connecting two circles
represents one mating pair o% moths.

this test the female moths that mated were isolated, and the
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 obscrvation. A few of these
produced infertile eggs, but none deposited fertile ones. This sub-
stantiates the belief of the observers that no unobserved mating
occurred.

The date indicate a preference of moths for mating with others
from the same strain over those from different strains. Therc ap-
peared to be some hindrance 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
exfensive discussion of isolating mechanisms between strains Dobzban-
sky (9, p. 268) states: “The experimenta) evidence in favor of mechani-
cal isolation is scanty and is confined mostly to a single order, namely,
Lepidoptera. * * %7 Physically, these stocks of Pyrauste nubilalis
exhibit_intraracial isolation very similar to that between strains of
Drosophile pseudoobscure 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 g partial temporsi
isolation of the two phases of the inscet coexistent in the Toledo area.
Thompsen and Parker (18} were unable to show that occurrence on
different host plants was responsible for inherent differences between
strains of the corn borer.

Ecc Provuction axp FerTiory

* It has been shown that the Toledo stock 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 stack precluded analysis of the inherent behavior of strains,
some information 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 experiment. These moths were from
the two stocks, Toledo and New Haven. Matings were accomplished
within 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 caleulated per moth-day by dividing the total
num%g:ar of eggs laid by the total days 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 & uni-
formity of production for the two generations of the New Haven strain.

TasLrs 4.—Fgg production of European corn borer molhs reared from field-coliected
larvae and lhe first generaiion reared from their multiple-generation phenolyyes
from New Haven, Conn., and Toledo, Ohio, field stocks, and their reciprocal crosses

Cross03 of taoths Egg produetion

Fertile
Stock or gonersztion Per ity of
Female Maie moth- ¢ggs

day

I Number{ Percenl
—eod Fleldistock . oooceeoaa.. 26 3 845
--.| Wirst generation..._.,. . 2 . 9.1
.| Field stock ; 2.0
First generation, 3
.| Flold stack .
--.-| First gencration
v eer] Fleld stock
.| First generatlon

spEprsan
W pODaE

The cross between New Haven femasles and Toledo males from field
stock showed the lowest fertility (23.8 percent), which was probably
due to nonmating of some of the moths as already discussed in the
section on mating of moths, while fertility in the F; generation of this
cross was 96.9 percent, comparable with that in the inbred field mate-
rigl from Toledo. When the ¥, moths from each cross were inbred,
'feii)tiii(fl,y 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. Performancé of the
Totedo stock is thought to be evidence of 16s heterogeneity.

Lanval DEVELOPMENT

To study differences batween stocks of the European corp borer, it
was found necessary to separate and define the characters of the strains
to be utilized as an index fo 1acial 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 eharacterized by & complete lack of larval
dispause under the experimental conditions. In the 3 vears of study
and through four successive generations in the laboratory in 1939, this
strain proﬁuced only nondiapausing larvae.

The second wag the single-generation strain from Toledo charae-
terized by obligatory larval diapeuse before pupation, Test insects of
this strain segregated in 1937 rearings did not hibernate sucecessfully
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 I,
moths in 1939, Seven pairs of these moths were mated, and ali prog-
eny of 6 pairs entered & diapause. The progeny of the other pair
comprised both diapausing and nondiapsusing individuals,

The third desived 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 this strain was not accomplished, and the nondiapaus-
ing ivro eny from this materdal will be referred to in this paper as
“multiple segregntes.” ‘

This study showed thab, under the experimental conditions, the
muttiple-generation strain reproduces continuously with no evidence
of & larval diapause, and also that the single-generation strain is dis-
tinet from the multiple-gencration stvain and is characterized by o
larval diapsuse which prohibits continuous development of successive
generations without o larval resting period preeceding pupation.
Bradley and Arbuthnot (6), in discussing the cffcet of the physiology
of the European corn borer on one of its parasites, Chelonus annulipes
Wesm., show that this parasite is affected by the host physiology so
that it conforms to the seasonal cycle of the host, producing one gen-
eration annueally when reared on a host strain which enters a diapause
ind more than one when reared on a multiple-generation strain of the

ost.

During the rearings in 1937 and 1938 and of the first gencration
of the multiple-generation strsin 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 experimental conditions. As
& measure of this difference, the number of specimens in each morpho-
logical stage was recorded on each observation date.

he mu%tiple-generation strain used in the study consisted of F,
progeny from three and ¥, progeny {rom two pairs of moths of the
New Haven stock, all of which pupated before 35 days of larval life,
as shown in table 5.

TABLE 5.— Number of progeny and percenl pupation of the Eurcpean corn borer in
d flereni generalions of lhe single- and muliiple-generalion slrains and in the
ulttple segregates

. Progony surviving afler— Pupa-
Straln Loeplity souree of tion
parents i within
igdnys) i5cdays )| S0 dnys | 25 doys | 35days | 35days
r

Num- | Num- | Nuw- | Num-

ber ber ber ber Percent
Hochesler, N,y emmmaea 58 36 i3 1t
Mount Clemens, 47 27 2

Mleh.
Toledo, Ol ____ .. 204 165 JEL]

Total, e aecnan 417 211 178

New Heven, Conn._ .. .
RIuitiple gener- do [ K &9
t

238
3 o
Multlple segro. |]----52 . " B

sotes. F 134 127

630 58 481

b
B8
sloorilalaallals oo

—

gl8siE

The single-gencration strain comsisted of F, progeny from one
pair of moths from Rochester, N. Y., and ¥, progeny from one pair
of moths of Mount Clemens, Mich., stock and from five pairs of moths
of Toledo stock. Al thesc became full-fed fifth instdrs and cntered
& dispause, none pupating within 40 days after hatching from the egg.

The multiple segregates consisted of F; progeny from seven pairs
and ¥, and Fy progeny each from one pair of moths from Tolédo.
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- These were the successively pupating parts of each ge'nerqti.on, in
each of which some larvae (35.7 to 92 percent) entered the diapsuse.
The diapausing and nondiapausing larvae were indistinguishable
except by observation of their pupation or nonpupation. Atiempts

SINGLE- MULTIPLE- MULTIPLE-

GENERATION SEGREGATE GENERATION
STRAIN STRAIN STRAIN

10 DAYS AFFER HATGHING |OF £663

APTER HATGHiNG

AFTER HATGHING O

PERGENT

HATGHING OF

b v
LARVAL 1NSTARS

Fiaure 3.—Percent of progeny of the European corn borer in each larval instar
in the single- and multiple-generation and multiple-scgregate straing, 10, 15,
20, and 25 days after hatching from fhe egp.

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

In figure 3 are illustrated the percentages of the progeny in each of

«; Tli}c gascendants from ome poir of moths iobred through successive generations are deslgpated as &
#family,™




v . - .

.14 TECHNICAL BULLETIN 869, U, S. DEPT. OF AGRICULIURE

the three strains which were in each stage of development 10, 15,
20, and 25 days after hatching of the eggs. In table 6, data are’
presented to show the differences in the development of the hree
strains. These daia show copsiderable difference in the attained
developmental stages of the strains. The multiple-generation strain
developed most rapidly and the single-generation strain most slowly,
whereas the multiple segregates were intermediate in development
between the other two.

TABLE 6.—Differences in_development of progeny of the single-generation, mulli-
ple-segregate, and mulliple-generation strains of the European corn borer observed
10, 13, 20, and 25 days after hatching.

Larvae tiat bad developed heyond
Period alter : Tndi- given instar
batching (dnys) Buroin vidyals

First Second | Third Fourth

i Number | Perceni | Percern! | Percen? | Perient
Sinpgle-generation 4728 83.4 5.4

Mepltiplesepropate, | . 1,402

Muitipleeneration 192

Mualtiple-sujrepnte. _ qid
Multiple-penoration

{Sin le-concration . . .| 317

Single-generation o __
i M lﬁ tipie-rogropnic. . _
Multiple-gencration,

BE o
SR OB SGD

Slngle- atipn. .
{1\1’ uitiple-segropate. X
Multiple-guncration L O

DRSSy o™
EETERRER
D B = b =E 00 D e 1
FecERDIe

The multiple segregates at 10, 15, and 20 days also differed signifi-
cantly from the single-generation strain, although less markedly;
they were intermediate between single- and multiple-generation
strains. They may have been s 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 bomogencous populstion, the data were subjected to the
chi-square test. Since the computed chi-square values were far beyond
the limit of the table (P=0.01), a highly significant departure from
the requiremcents of a homogeneous population for the single- and
multiple-generation strains was shown.

Larvar SurvIvar

Rearings from the eggs, discussed in the section on egg production
and fertility, provided data on larval survival among the stocls 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 ¥, generation larvae {rom inlred field material from the New
Haven and Toledo stock had lower survivals than the reciprocal
crosses between these twe stocks. The higher survival from the
erosses was probably due to heterosis.

Moths from nondispausing larvae from these four combinations
were inbred. In the seccond, or T, gencration of larvae reared,
survivals were lower than in the Fy 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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TanLe 7.—Survival of Eurepean corn borer larvae al the end of 15 days after halching
tn rearings of 2 generations of field stocks from New Haven, Conn., and Toledo,
Qhio, end their reciprocal crosses

Souree of parent moths Larvae in rearinge tost
Repli-
cates R .
Female Male Generation (FTatched Burvived

FParegt stock

Number Numberi Number| Percent
Field mnterinl Now Haven-_._ 4 404 263
Fygeoeration t. o _____ d d 778 400

Ficld materind . 410 k]
Fy geperation | L3 3 388 172

Tiald materinl 40 J04
Fy eeneration ! d . 687 109

Field matcrial New Haven____. 3 295 o]
Fy generation * [ il 475 118

Y Mondiapausing.

BEach group of progeny was tested for homogencity of survival
between replicate cages by caleulating the x * of the individual cage
survival from the group mean. The between-cage variation of the
first gencration of the New Haven and Toledo stocks was greater
than would be expected in homozygous material, but in all other
groups a uniformity betwecen replicates within cach group of progeny
was indicated. The apparent absence of uniformity found hetween
replicates in the first-ceneration larvae of the New Haven strain
indicates that characters affeeting survival are 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.

Puration

Among the progeny that pupated without a larval diapause, dis-
cussed in the section on larval development, there was a difference in
the rate of pupation between the multiple-gencration strain and the
multiple segregates. The former began pupsating at 16 days of larval
life, and all progeny had cither died or pupated by 31 days. There
were 220 pupne 1o the F; and F; generations, Of the 481 multiple-
segregate individuals surviving 35 days (table 5), 173, or 36 percent,

upated. The first pupa was found on the seventeenth day and the
ast was formed by the thirty-fourth day after hatching. Those
larvae that survived longer than 34 days behaved like the single-
generation sérain, 1. e., they diapaused and did not pupate, although
they remained in the same environment, for at least 5 additional days.

Pupsation progressed more rapidly in the multiple-generation strain
than m 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 multipie segregates. It may
be that the heterozygous diapause characters, in the multiple segre-
gates, discuesed in the section on larval development, caused retarded
development in 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 8.—Difference in lhe rale of pupotion belween the multiple segregaies and {he
muliiple-generation sirain of the European corn borer

Punae Accumulated pupation

Time arter hatching (days) Alultiple-

gonorntion
strein

Muoitinle-
generation
sirain

Afultiple-
segregatos

Multiple
SCEToZates

MNiember Percent Percent
1} 1 fh 0.5

Through W6 e oooeoee_
17 through 19
20 through 22
23 ithrouwgh 25...
26 throtreh 28
20 thrangh 31..._
33 through 34,

Meazn deys efter hotehing

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 a6 which pupa-
tion occurred among the multiple-generation phenotypes is illustrated
in figure 4. The two gencrations of the New Haven stock pupated
at abou$ 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 seeond peak of
lesser magnitude similar to that which had becn 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, The T,
generation of the Toledo f2male and New Haven male cross pupated at
a slightly slower rate thar the New Haven stock, and the Fa generation
of the reciprocal cross had a well defined peak at the samo time. A
number of individuals developed very slowly, however, resembling
the single-generation strain in rate of development, but when they
became full fed the larvae did not enter & 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 pupsated in both generations, the last pupa having been formed
by the thirty-fifth day of larval life. Of the 168 first-gencration pro-
geny of the Toledo stock, 39, or 23.2 pereent, pupated, and 96, or 77.4
percent, of 124 of the sccond generation pupated. Females and males
occurred in about equal numbers in all three groups. The New Haven
female X Toledo malc cross behaved quite differently. There were
203 mature Ity larvae, of which 131, or 64.5 percent, pupated. Of these
131 pupae, 17 were females and 114 were males, or a sex ratio of
approximately 1 female to 7 males. All the sccond generation from
the multiple-generation phenotypes pupated as noted in the discussion
on rate of pupation. The characters which cause diapause thus seem
to be present in the hybrid group and in the Toledo stock, as evidenced
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by the second peak of pupation. These data also indicste that the
characters for diapause are associated with the sex chromosomes,
which, probably, as in other Lepidoptera, are heteregametic in the
female sex as pointed out by Cockayne (8), who says of Lepidoptera,

* The female sex is heterogametic, and has an X- and a Y-chromso-
some. * * ¥
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Ficure 4—Rate of pupation of muliiple-genration phenotypes of two suecessive

generations of the European corn borer of New Haven and Toledo stocks and
their reciprocal crosses.

DIFFERENCES BETWEEN STRAINS

Since an exclusively multiple-gencration strain was not obtained
trom Tolede material, it was not possible to determine the identity of
the partially multiple strain with, or its differcnce from, the multiple-
generation strain from New Haven. The differences, as summarized
m table 8, in (1) the mating activity of the moths, (2) their ege produc-
tion, (3) the rate of larval 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
physiologicel effect of recessive characters for diapause in the per-
sistently heterozygous Toledo stock.
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TasrLs 9.—A summary of differences found belween the European corn borer from
New Haven, Conn., and Toleds, CGhio

c!.g::?tg:i?ld New Haven Teledo

A homorygols molliple-gencration (non- | A heterszypous multinie- aml single-genera-
dlapause) strnin acewrs in this reglon with Lion strain complex provails in thiz region,
no evidenee of o sinple-generakion (dia- The single-penemation (dlapause}  stralo
pause) strnin. chiurgeters are possibiy rocessive to those of
Ihe muoitipie-gensration stlmmri EA mn;iio-
generation strein wos isolnted from Lhis
Field stoek... slock, Dut o homozygous muitiple-ponera.
tion strain was uol solsled. The pheno-
types, seleeted for the nondiapause chame-
ter, were hieterozygous after our suceessive

generations.

Larvae: Lurvac:

The multiple-genernlion simin lacvae The sinpic-generation sirnie Imrvae ise-
from New Unven groew o rapidly lated frean Toledo stork grow more
L i those of Lhe sipele-peneration slowly Lhan those of Lhe moltiple-
strain, isolated from the Toledosteck, peneration strain rom New Haoven,

angd mrvae of the mnitiplesepregaics
from thﬁi’l atgtio slﬂckhgrew [a:i a tate
intermiediate bebween Lhose of the re
Btrafns__.._. struins,
upae upme:

“l‘he multipte-genernifon straln larvae The mufliple-seeregate larvae pupated ab
pupated in sdvance of those of the & slowoer rate than those of the mutitipie-
multipiesepregates from Toledo. generation strain, e single-zenera-

Lion sirpin lrvae Ghi not pupate until
thelr dipjese requirgticnl hud been
satistied,

Molhs showed n preference for mnting within ratber Lthan cressing beiween the 2 stecks.

Wow Tlaven fommaios seidom mated wilh Foledo stndes,

Reciproes] erosses betwesn the 2 stoeks, Wew Haven and Talodo, gave tho following reseits:

LT ltm Taledo femnle X New Laven male eross shiowed, in bath the Fr amd the F: eenerntion,

development mtch lke tiat of the paterosl pareat (nundmwmo) hut showed hoeterosis o

the Fyeeneention nad & decline in vigor, evident as law eug fort ity nod bigh larval tor-

twoen fatd tulily, in the Fzpencinlion. Sexes m-u:m)(i in u 1~to-} rntio in vach generstion. i

stoeks 2. ‘The F; generniion of Lie reciprocal eross ¢ ifernd i that i e (0} Jow eeg fertility, possibly

SRS - due te fmjore of many to mate, (h) 22.5 51Llrccnl.dmpausc of Ibe lurvae, aod () in the multi-
ple-generalion plienetynes, aratioof § feinele 1o 7 nt: aley.

3. Also, in the Intter eross, the P peaoration declined in vipor, ovident a5 low ogg fertility
antl h:].,h laeval mertaliby, sl pupnl.ion oceitrrer] mueh ingre siowly although no progeny
dinpnused, Phis retardation of pepntion was doe, possibly, to the eifect of the characiers
for dinpouse, when they ame ielerozysous,

Crosses  be-

This instance of the cxistence of characters which produce inter-
mediafes in crosses of Lepidoptera is not unique. This subjeet has
been discussed by Ford (11) with reference to obher species. He
found that on numerous occasions, crosses involving contrasting
characters fead Lo the production of intermedintes, It is evident fiom
the present study that crossing between different strains of the
European corn horer has occurred and probably is continuing to oceur
in the field in the Toledo, Ohio, area.

Plotnikov {14) has reported the vesulls of crossing Locusie migra-
torig and L. danica. Fges of the latter hateh in 16 days but those of
the former hibernate. In a cross of L. danica male and L. migratoria
female some of the eggs hibernated and some did not.  When the same
male was mated with a danica-like female of migratoria, all cggs
hibernated. This author regards L. danica as o variely in the act of
separating from the parent species, This may be what is happening
in the Toledo region, i. e, a multiple-generation strain is separating
from the %lIl”lL-“’L‘D(‘I'}tI{)IE strain. If this is the case, it would be un-
likely that the 1‘051}1[1{10' multiple-generation strain would be identical
with the New Flaven muILIpl{,—ﬂ'cnmaLmn strain. On the other hand,
the mixed strains in the Toledo region may be the result of crosses
between a mudtiple-gencration strain of the type isolated from New
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Haven material and a single-gencration strain of the type isolated
from the Toledo material. Little information on the origin and rela-
tionship of the different strains 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 beeause of the fact that these experiments
were conductad in a uniform environment of temperature, moistule,
food, and light, and diapause may be expressed differently under
other environmental conditions. The effcet of environmental factors
on diapause in_Lozostege sticticalis L. have been reported by Pepper
(13}, who found that temperature gradually lowered to below freezing
for several days broke the diapause, and by Steinberg and Kamensky
(17}, who found that temperature and food affected the incidence of
diapausc for the same inseet.  Sabrosky et al. (16) also found thas light
played an important role in breaking the diapause in Aerydium
arenosum augustum Hancock. The physiology of diapause in grass-
hopper cggs was discussed by Bodine (8) and he showed the effect of
temperature on rates of oxygen consumption by diapause eggs as well
as by eggs of no diapause, %n the Huropean corn borer, difference in

growth rate arc indicative of different rates of metabolism.
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