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INCEPTION AND SCOPE OF THE WORK! 

The discovery of the European corn borer (Pyrausta nubilalis 
Hiubn.) in the vicinity of Boston, Mass., during the summer of 1917, 
was the first definite intimation that this dangerous foreign pest 
had gained a foothold on the North American Continent. Stuart C. 
Vinal,” of the Massachusetts Agricultural Experiment Station, who 
discovered the presence of the insect (70),° immediately began a 
preliminary survey and investigation to determine its distribution, 
biology, economic importance, and methods of possible control or 
repression under American conditions. This investigation was con- 
ne during 1918 in cooperation with the Bureau ‘of Entomology 
(77). In 1919 the project was taken over by the bureau and has 
ae “been continued on that basis. 

17The investigations reported in this bulletin, covering the period from the spring of 
1918 to fall of 1924, have been conducted by D. J. Caffrey and L. H. Worthley, under the 
direction of W. R. Walton, formerly entomologist in charge, and George A. Dean, senior 
entomologist in charge, cereal and forage insect investigations, to whom! many thanks 
are expressed for their advice, constructive criticisms, and supervision. The section on 
distribution and scouting in the United States was prepared by Mr. Worthley, assistea 
by R. A. Vickery. The “sections on seasonal history, seasonal development, and winter 
mortality of larvae in stored material were conducted and prepared by K. W. Babcock, 
following the methods suggested by Victor E. Shelford, of the University of Illinois. The 
descriptions were prepared by W. O. Ellis. The data on seasonal occurrence, and most 
of the data on life history, habits, predators, and dispersion by water drift, were pre- 
pared by G. W. Barber, assisted by W. O. Ellis, K. W. Babcock, L. H. Patch, R. H. Van 
Zwaluwenburg, D. H. Craig, L. B. Scott, F. L. O’Rourke, J. J. McCarthy, and B. W. Banks. 
The data pertaining to host plants, infestation and injury to vegetables, flowers, field 
crops, ete., were prepared by B. E. Hodgson, assisted by F. W. Grigg, L. B. Sanderson, 
F. S. Vidler, and O. J. Teel. The work on parasites was conducted and peper ied by D. W. 
Jones, assisted by H. L. Parker, R. C. Ellis, H. E. Smith, C. W. Smith, and A. N. Vance. 

25411°—27 1 1 
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The purpose of this publication is to record the more important 
results of the investigations upon the bionomics of the insect. The 
data pertaining to control, as well as to the quarantine and scouting 
operations, will be issued in a separate publication. Most of the 
information contained herein has accrued since 1918, through in- 
vestigations carried on at bureau laboratories located at Arlington, 
Mass., Silver Creek, Schenectady, and Scotia, N. Y., Sandusky, 
Ohio, and Hyeres, Var, France, together with data obtained during 
the field control, scouting, and quarantine operations. The infor- 
mation obtained during the cooperative work with the Massachu- 
setts Agricultural Experiment Station (77) has.also been freely 
drawn upon, as well as the original report from that station (70) 
announcing the discovery of the insect. 

SYSTEMATIC HISTORY AND SYNONYMY 

Until the latter part of the nineteenth century not a little con- 
fusion existed in foreign literature concerning the systematic history _ 
and synonymy of the “insect that is now known in America as the 
European corn borer (Pyrausta nubilalis Hiibn.). 

In 1796 Hiibner (26, figs. 94, 116) described and figured a male 
moth from Hungary as Pyralis nubilalis. (Hub., fig. 94.) At the 
same time he described and figured a female moth from Austria as 
P. silacealis. (Hiib., fig. 116.) The food plant was not mentioned 
in either instance. It was afterwards shown by Treitschke (67, 
p. 81) in 1829 that these supposed “species” merely represented 
opposite sexes of a single species. According to the law of priority, 
therefore, the name nubilalis is retained for Hiibner’s species. ‘The 
error by Hiibner, however, led several succeeding workers to adopt 
the name szlac ealis, which fact contributed to the confusion regard- 
ing its synonymy in Europe. 

The information pertaining to the eastern New York area was reported by C. F. Turner, 
J. H. Harman, H. M. Searls, Te 1g, Richardson, H. D. Smith, J. J. Kelly, and H. P. Wood. 
In the picetern _New York and Pennsylvania area the information was obtained and 
reported by H. Bartley, L. B. Scott, ‘Cc. E. Hofer, L. H. Pateh, J. J. MeCarthy, George 
Wishart, and a Sh Hodgkiss ; and from Ohio and Michigan by E. W. Poos, lL. H. Patch, 
Be ANG Howell, H. P. Wood, H. S. Peters, O. L. Cartwright, and H. G. Moore. 

Carl Heinrich kindly reviewed the section on systematic history and synonymy. He 
has also determined larvae, pupae. and adults of Pyreusta nubilalis, as well as closely 
allied species which were reared or collected during the progress of the investigations. 
J. M. Aldrich, of the United States National Museum; A. B. Gahan and R. A. Cushman, 
of the taxonomic staff of the bureau in Washington; and C. F. W. Muesebeck, of the 
gipsy-moth laboratory, have determined the parasitic insects mentioned herein. 

Much of the information on the corn borer in Europe has been taken from an unpub- 
lished manuscript written (in his capacity as collaborator of the Bureau of Entomology) 
by J. Jablonowski, director of the Hungarian Agricultural Experiment Station, Buda- 
pest, Hungary. (Jablonowski, J., The European Corn Borer and Its Control in Hungary. 
[ Unpublished manuscript. Abstracted by W. R. Walton and J.S. Wade. Mimeographed. ]) 
Professor Jablonowski has studied P. nubilalis in Hungary for more than 25 years, and 
his manuscript includes valuable and complete information relative to the history and 
distribution of the corn borer in Europe, as well as details concerning its biology in 
Hungary and the methods of control practiced in that country. 

W. R. Thompson, in charge of the European parasite laboratory conducted by the 
Bureau of Entomology at Hyéres, Var, France, has. contributed most of the data relative 
to the parasites of P. nubilalis in Europe, as well as a portion of the information pertain- 
ane es es habits, seasonal history, economie status, and distribution in France, Belgium, 
an aly. 

K. W. Babcock, of the Arlington, Mass., laboratory, who began environmental research 
studies upon P. nubilalis in Europe during the spring of 1924, has also contributed infor- 
mation relative to the seasonal history, habits, economic status, and distribution of the 
borer in sHUneEny, Italy, Rumania, Yugoslavia, ‘Germany, and France. 

2Mr. S. C. Vinal, who conducted the initial investigations of this pest with great ability 
and zeal, died Sept. 27, 1918. It is believed that his untimiely death was due largely to 
his intense devotion to the work. Had he lived to complete his task there is no doubt 
that he would have contributed largely to the success of the project. 

3 Italic ues in parentheses refer to “ Literature Cited,” p, 1438. 
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Haworth (22, p. 380), 1811, described a species from England as 
Pyralis glabralis. 'This later was accepted as a doubtful synonym 
by Hampson (2/, p. 435) and others, although the description is 
at variance with Hiibner’s species. 

Treitschke (67, p. 81), 1829, and Duponchel (15, p. 121, CCXVTIIZ, 
4), 1831, adopted the name Pyralis stlacealis Hiibn., although recog- 

nizing that nubilalis of Hiibner was the male of sélacealis. Freyer 
Cisnepago). lecl. Kellar (32. <p. a) 1840, Herrich-Schaeffer (24, 
p. 30), 1849, and Snellen (59, p. 49) as late as 1882, designated the 
species as silacealis and referred it to the genus Botys erected by 
Latreille (38), 1805. 

Guenée (20, p. 331), 1854, accepted the species as being identical 
with Phalaena nee Clerck, illustrated in the Icones Insectorum 
of Clerck (77) in 1759. He therefore designated it as Botys lupuli- 
nalis. A study of Clerck’s figure, however, convinced later workers 
that Clerck’s dupulina was not identical with Hiibner’s species. This 
interpretation by Guenée, nevertheless, led to the acceptance of the 
name Jupulina by severa rT succeeding workers. Heinemann (23, pp. 
1, 2, 70), 1865, designated a species from Switzerland as Botys 
lupulina. This is now listed as a synonym of Hiibner’s species. 
Butler (10, p. 19), 1889, referred to the species as Hapalia lupulina 
(non Clerck). 
Guenée (20, p. 332), 1854, described a species from the East Indies 

as Botys zealis, which he reoarded as being very close to his B. 
lupulinalis, asserting, “it may be simply a variation of our lupult- 
nalts.” ‘This species is now listed as a synonym of Htibner’s species, 
although some authors are not convinced of its validity. 

Lederer (39, p. 372), 1863, retained the species of Botys and ac- 
cepted the fieure of Hiibner’ s nubilalis as truly representing the 
ee This designation was accepted by Staudinger and Wocke 
(62, p. 209), 1871, Jourdheuille (32, p. 129), 1883, Robin and 
Laboulbéne (52), 1884, and by Leach (40, p. 32, LV, nye 1886. 

Moore (48, p. 299, vl. VALET) Higa 23:)., 1888, described a species from 
Kashmir, India, as Hapalia kasmirica. 'This is now listed by Hamp- 
son (2/, p. 435) and others as a synonym of Hibner’s species. 
(Specimen in collection of Doctor Staudinger. ) 
Meyrick (45, p. 416), 1895, removed the species to the genus 

Pyrausta, erected by Schrank (45) in 1802,-and retained nubdlalis 
of Hiibner, an action which has since been followed by Hampson 
(21, p. 435), 1896, and by Staudinger and Rebel (6/, p. 65), 1901. 
In 1905 Dyar (16, p. 955) described a species from Japan as 

Pyrausta polygoni (type a 2). The specimens were reared from 
Polygonum tinctorum. Dyar differentiated his species from nub7- 
lalis on several characters, chief among which was the similar color- 
ing of males and females, which character would indeed exclude it 
as a synonym of nubdlalis. According to Carl Heinrich, however, 
the male paratype is badly faded and rubbed, which may account 
for the lack of characteristic coloring. Its wenitalia are identical 
with nubélalis and on that account Mr. Heinrich is of the opinion 
that polygoni, with some reservation, should be considered a syn- 
onym of nubilalis. 

Schultze (56, p. 35), 1908, described a male and female reared 
from corn at Manila, Philippine Islands, as Pyrausta vastatriv 
(typea 2). The very brief description of the male poorly apples 
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to nubilalis, but according to Mr. Heinrich, a female in the United 
States National Museum received from the Philippines as vastatria 
agrees in oral and genitalic characters with typical nubdalis. Mr. 
Heinrich is of the opinion that vastatrix, with some reservation, 
should be considered a synonym of nubilalis. 

Reference to the species Pyrausta nubilalis Hiibner may, therefore, © 
be arranged as follows: 

Pyrausta nubilalis Hiibner (26, figs. 94, 116). 
Pyralis silacealis Htibner (26, figs. 94, 116). 
Pyralis glabralis Haworth (22, p. 380). 
Botys silacealis Freyer (18, p. 96). 
Botys lupulinatis Guenée (20, p. 331). 
Botys zealis Guenée (20, p. 332). 
Botys nubilalis Lederer (39, p. 372). 
Botys lupulina Heinemann (23). 
Hapalia kasmirica Moore (48, p. 222, pl. VII, fig. 28). 
Hapalia lupulina Butler (10, p. 19). 
Pyrausta nubilalis Meyrick (45, p. 416). 
Pyrausta polygoni Dyar (16, p. 955). 
Pyrausta vastatriz Schultze (56, p. 35). 

DISTRIBUTION 

FOREIGN DISTRIBUTION 

Hiibner (26, figs. 94, 116) in his original record of the species gave 
its habitat as ‘“ Europe, western Asia, the Himalayas, and Assam” 
(northern India). Foreign literature also refers, in general terms, 
to the range of Pyrausta nubilalis as central and southern Europe 
(45, p. 416), Asia Minor (61, p. 65), west-central and northern 
(Asia (45, p. 416), northwestern Himalayas (2/, p. 436), northern 
India (61, p. 65). Siberia (61, p. 65), Japan (44, p. 416), the East 
Indies (20, D. 332), the Philippine Islands (56, p. 35), and Guam 

(3, p. 39-40). 
The published records and correspondence of various foreign 

writers mentioning more in detail the distribution of P. nubilalis 
in the Old World indicate that it is widely distributed in certain 
districts of the Netherlands, Belgium, France, Italy, Germany (Ba- 
varia), Austria (Vienna district), Hungary, Czechoslovakia (Bo- 
hemia), Yugoslavia (Slavonia and Carniola), Rumania (Transyi- 
vania and Wallachia), southern and southwestern Russia, including 
Trans-Caucasia, with apparently isolated areas of infestation in the 
irrigated regions near the city of Astrakan, and in Livonia (67, p. $1; 
20, p. 331). 

Meyrick (45, p. 416) mentioned the occurrence of the species in 
England (Middlesex, Isle of Wight, Lancashire)—* probably a 
casual i unmigrant only.” 

The species has also been reported from Switzerland (23, p. 1, 2, 
70) and Portugal (44), and in 1920 the Bureau of Entomology 
received specimens of P. nubilalis larvae from Spain (Madrid). It 
has also been recorded from the Erivan district of Armenia (68) ; 
from the Province of Ferghana in Turkestan (69); from the 
Provinces of Kashmir (48, p. 122, pl. VII, fig. 28); from Sikkim, 
Manipur and the Khasi Hills (21, p. 436) in northern India; from 
Cairo, Egypt (19, p. 270); and from the Province of Amur in 
Siberia (61, p. 65). 
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In Japan the occurrence of the species is mentioned by Meyrick 
(45, p. 416) and by Takahashi (64). During 1922 adults were sub- 
mitted to the Bureau of Entomology from Yokohama, Japan. 
Briggs (8, p. 39-40) recorded severe damage by the European corn 

_ borer to corn in the island of Guam during the period from 1917 to 
1919. Specimens from Guam were submitted to the Bureau of 
Entomology during 1918 and identified as P. nubilalis. A species 
reared from corn at Manila, P. I., was described as Pyrausta vasta- 
trix by Schultze (56, p. 35) in 1908. This name is now believed to 
be a synonym of P. nubdlalis. 

Additional distribution records of the species in Germany and 
Austria were secured by K. W. Babcock during the summer of 1924. 
He collected specimens of the eggs, larvae, and pupae in the vicinity 
of Berlin and examined specimens in the museum at Berlin that 
were collected near Danzig and at other points throughout northern 
Germany. Records were also obtained of the presence of the species 
near Hamburg and in Wurtemburg. In southeastern Austria Mr. 
Babcock observed P. nubdilalis in the regions of Gratz, Bruck, 
Kapfenberg, Boden, and Aflenz, and he received reports showing 
that the species was present at Klagenfurt, and at Marburg in 
Yugoslavia. In correspondence W. R. Thompson states that accord- 
ing to a report received by him from Doctor Isaakides, of the Greek 
phytopathological service, the species frequently causes important 
qamnee in the Provinces of Trikkala, Karditza, and Karpenissi in 

reece. 
By reviewing the foregoing, it will be noted that P. nubdlalis has 

a wide geographic range in the Northern Hemisphere extending 
from approximately latitude 58° north (Livonia) to 13° north 
(Guam and the Philippines). Its climatic range embraces a very 
wide contrast of meteorogical conditions varying from the dry 

_ steppes of southeastern Russia (Tsaritsyn), where the annual mean 
temperature averages 44.6° F. and the precipitation 13.11 inches 
annually, to the warm equable temperatures of Guam, with an aver- 
age annual mean of 81.7° F. and a mean precipitation of 97.27 inches 
annually. ‘The species is also present in certain irrigated -areas, 
notably in Egypt, Trans-Caucasia, and southern France, where the 
temperature is relatively high, but where the rainfall in some cases 
is not sufficient to mature ordinary crops without irrigation. Riazan 
in Russia, with an annual mean of 40.3° F., and Guam with an 
annual mean of 81.7° F., represent approximately the lowest and 
highest temperature limits within which the insect is known to exist. 
Judging from this facile adaptability to a wide range of climatic 
conditions exhibited by the species, it appears reasonable to assume 
that there would be no climatic barrier to prevent P. nubilalis from 
becoming established over the greater part of the arable regions of 
the United States wherever its host plants can be grown. In this 
contingency the economic status of the species undoubtedly would 
vary in certain areas representing widely different climatic and 
cultural conditions comparable to the apparent variation in its status 
within the different areas of its occurrence abroad. 
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ECONOMIC HISTORY IN THE OLD WORLD 

The status of P. nuddlalis as a serious enemy of corn, hops, millet, 
and hemp has long been recognized in the Old W orld, although 
there are no existing records of it as an important economic pest 
prior to 1835. At that time it was recorded by Schmidt (54) as 
causing severe injury to millet (Panicum miliaceum) in Carniola 
(Y ugoslavi a). This author states that, under conditions favorable 
to the larva, the yields of millet fields attacked by it were reduced 
by one- twelfth or perhaps even one-eighth. Subsequent foreign lit- 
erature contains a large number of references to the occurrence of 
and serious injury by P. nubilalis in fields of corn, hops, millet, and 
hemp; especially in Hungary, Rumania, Yugoslavi ia, Russia, and 
France. Some of these reports give definite estimates concerning 
the degree of actual economic loss sustained, but in many instances 
the details regarding percentage of infestation and injury are lack- 
ing. Mention is frequently made in some of the for elon references, 
dealing particularly with certain areas where hops, millet, hemp, 
and bri oomcorn are attacked by P. nubzlalis, that the insect is widely 
distributed in these areas, but that it is normally not abundant 
enough to be of practical importance. 

Judging from all available information it is apparent that in 
certain areas of the Old World, particularly where corn is grown, 
P. nubilalis becomes periodically abundant and causes severe losses, 
whereas in other areas it is a widely distributed pest which normally 
does not cause severe economic losses and seldom becomes destruc- 
tively abundant. 

Most of the foreign authors agree that corn is injured by P. 
nubilalis to a greater extent than any of its other cultivated hosts, 
although some instances are cited of serious injury to hops, millet, 
and hemp 

One of the first records pertaining to the European corn borer as 
a pest in Hungary was by Linderman, early in the nineteenth cen- 
tury, who mentioned it as a pest of Indian corn. Emich (/7) 
recorded damage in Hungary to corn, millet, and hemp during the 
period from 1871 to 1884. Szaniszlo (63) reported slight injury to 
corn and millet at Kolozsvar during 1884. In 1886 od ablonowski 
(27) asserted that some damage was wrought to corn in the Ban- 
hegyes district of Hungary. During the period from 1891 to 1893 
the same author recorded severe damage to corn from several locali- 
ties in Hungary, where, in badly infested fields the loss amounted 
to one-third of the vield, and in at least one field under observation, 
consisting of about 70 acres, a total loss of the grain was sustained. 

7 According to Jablonowski (2 28) the insect was again very injurious 
to corn in Hungary during 1897. He observed severe injury to corn 
in at least 11 localities and estimated that the average damage 
throughout the country was at least one-fourth of the grain. At this 
time complaints were received from 1.600 to 1,800 official agricul- 
tural corresopndents concerning the damage caused by this pest. 
The same author (30) recorded ‘another severe outbreak in Hungary 
during 1915 and 1916. The damage during that period was reported 
as being particularly severe in the Bacska, one of the principal 
corn-growing regions of Hungary. Jablonowski asserts that in 
1916 the large landowners of this region estimated their total losses 
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due to corn-borer damage as equivalent to from $8,000,000 to $10,- 
000,000, estimating the value of the corn at war prices. That author 
estimated the loss in different fields of the Bacska region as ranging 
from 5 to 60 per cent of the grain during 1916. Bako (4) estimated 
that 50 per cent of the corn “in the Bacska region was destroyed in 
1917. In correspondence dated November 16, 1921, Joblonowski 
stated that the damage in Hungary from P. nubilalis had reached 
its culmination in 1919 and was now diminishing. He considers the 
loss to be unimportant during 1921. 

During 1924 Mr. Babcock conducted observations in the principal 
corn-growing areas of Hungary, and his reports show that the 
corn borer caused serious damage to corn in restricted areas of 
the Great Plain of Hungary during that season, although it was 
not considered to be a favorable year for the insect. According 
to Mr. Babcock, appreciable damage occurred throughout the south- 
ern and central parts of the country, but that part of southern 
Hungary lying between Bekes and Novi Sad (including the con- 
tiguous areas of Rumania and Yugoslavia) was practically the 
only region observed, or reported, during 1924, where the corn borer 
caused serious interference with the “erowth of corn. Detailed 
studies of the actual losses caused by the corn borer in the corn- 
fields of this region showed an average estimated loss of 23.9 per 
cent in 388 fields in the vicinity of Mezodhegyes, 18.9 per cent loss 
in 12 fields near Novi Sad, 18.4 per cent loss in 19 fields at Bankut, 
and losses ranging from 14.2 to 5.5 per cent in other dis- 
tricts of this region. A combination of fungus and borer injury 
was rather widespread in this region during 1924, and in the major- 
ity of instances where the grain had been injured by the borer 
the fungus developed and rendered the injury more serious. In 
seven fields of broomcorn examined near Mezohegyes and Bankut, 
Mr. Babcock found that the stalk infestation ranged from 7.4 to 
54.8 per cent, with a general average of 24.5 per cent and an average 
of 34.3 borers per 100 plants. An examination of five fields of 
hemp near Mezohegyes showed an average stalk infestation of 
14.5 per cent and an average of 17.4 borers per 100 plants. An 
examination of a 35-acre millet field at Mezchegyes showed that 
8.1 per cent of the plants were infested. In a 2-acre field of feterita 
at Bankut 3 per cent of the plants were infested. 

K6éppen (35) in 1880 first summarized the statements of various 
authors regarding P. nubdlalis as a pest in Russia. He reported that 
the insect, though rather scarce, was well dispersed in that country. 
This same author refers to Widhalm, who reported that in 1879 
the cornfields in the district of Odessa looked as though trampled 
by cattle and that millet was also injured in that district. K6ppen 
also referred to Linderman, who mentioned severe damage to hemp 
in the government of Tula, and to Cancrin, who recorded severe 
injury to millet in the government of Jekaterinoslav. Kurjumov 
(a7). we LOTS enumerated the damaged plants from Poltava as 
maize, millet, hemp, and hops. During the period from 1913 to 
1920 there were many reports by Russian entomologists relative to 
the injury caused by P. nubilalis in Russia. Particular reference 
was made of serious damage to corn in Bessarabia during 1914 and 
1915. Other reports from varicus localities in southern Russia 
mentioned injury (presumably to corn) varying from 20 to 90 
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per cent. Vassiliev (69) stated that in Kiev during 1914 Indian 
corn was injured more than millet and that the damage was con- 
fined chiefly to the stalk. According to this authority the insect 
was very injurious to corn in Jekaterinoslav during 1914, the grain 
being totally destroyed in some localities. Averin (3) recorded 
serious injury to maize in Charkov during 1915 and mentioned 
that in some cases 90 per cent of ‘the stalks were infested. Uvarov 
(68) reports great damage to maize during 1916 and 1917 in Tiflis 
and Erivan. In correspondence dated December 20, 1921, D. N. 
Borodin asserted that according to his personal observation P. 
nubtlalis is widely distributed in Russia, but is not a serious pest 
of corn, although it is injurious to millet, hemp, and hops. Dobro- 
deiv (74) records that it is found “as an injurious insect” in the 
following Provinces of European Russia: Minsk, Volhynia, Podolia, 
Kiev, Cherson, Poltava, Chernigov, Ekaterinoslov, Charkoy, Kursk, 
Orel, Kaluga, Tula, Riazan, Tambov, Simbirsk, Voronej, Saratov, 
Don, and Kuban, and in Turkestan. Millet, maize, cotton, hemp, 
hops, and sunflowers are mentioned by this author as the principal 
economic crops attacked in Russia, but he does not give specific 
instances of damage except in the fields of the Voronej Agricul- 
tural Institute, where the infestation in different varieties of millet 
ranged from 14 to 63 per cent of the stems. Incidentally he men-. 
tions that the varieties of millet possessing a close growing habit 
were more susceptible, under Russian conditions, than varieties pos- 
sessing “a branching widespread ” habit. 

In France the insect was first recorded as a pest by Duponchel (75, 
p. 121, CCXVII, 4), 1831, who mentioned it as being injurious to 
hops. Several French writers subsequently recorded P. nubilalis as 
a pest of maize, hops, and hemp, but no details concerning the extent 
of the injury are given. Robin and Laboulbéne (52) reported dam- 
age to maize in the Department of the Aisne during a period of 
several years prior to and including 1879. No definite estimates of 
damage are given. The same authors mention that hemp was ser1- 
ously injured in the Department of Lot-et-Garonne in 1878. P. 
Chretien (in correspondence dated May 20, 1919) mentions severe 
damage to corn in the Department of Aveyron during 1889. He 
records one cornfield of this district where nearly all of the stalks 
were infested and 75 per cent of the stalks bore atrophied ears. 
Schonfeld mentioned P. nwbdalis as being very injurious to hops in 
Alsace during 1893. Vuillet (72, p. 105) reported in 1913 that the 
insect was injurious in the southwestern part of France and was the 
principal enemy of corn, yet the damage caused by it was small and 
often passed unnoticed. During this same year Marchal (43) re- 
ported that maize was seriously injured in the Department of Gers. 
In 1917 it was stated by Noel that maize and hemp were attacked, but 
the locality and degree of injury were not indicated. Chretien (in 
correspondence) reported severe damage to corn in the Department 
of Basses-Pyrenees during 1918, and that 20 per cent of the stalks 
were broken over in some of the cornfields. Rives (57) observed 
severe damage to maize near Toulouse during 1919 and mentioned 
one field of maize in which 60 per cent of the “ roots ” were infested. 

The first statement regarding damage by P. nubdlalis in Italy ap- 
pears to be that of Targioni-Tozzetti (65, p. 28) in 1884, who men- 
tioned that hemp was attacked by the insect. In 1911 Silvestri (29, 
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p. 270) reported it as damaging maize (Turkish wheat). During 
the summer of 1920 L. O. Howard, Chief of the Bureau of Ento- 
mology, made a general survey of the status of P. nubilalis in Italy 
and determined that the insect occurred throughout the entire Italian 
peninsula, but was not abundant. He found it principally in corn- 

‘fields. K. W. Babcock made examinations of cornfields in the vicin- 
ity of Milan during the middle of July, 1924, and found thus early 
in the season an average stalk infestation of 38.6 per cent in 23 fields, 
with an average of 104.2 borers per 100 stalks. At Bergamo Mr. 
-Babcock found an average stalk infestation of 40.6 per cent, with 
an average of 138 borers per 100 stalks. One field of early planted 
corn at Bergamo showed a stalk infestation of 83 per cent and an ear 
infestation of 14 per cent. In the fields around Florence the in- 
festation was found to be very light. From notes contributed by 
W. R. Thompson and H. L. Parker, regarding the infestation in the 
cornfields of northern Italy during late June and early July, 1924, 
it is stated that in 5 fields near Turin the stalk infestation ranged 
from 20 to 49 per cent, in 4 fields at Novara the stalk infestation 
ranged from less than 1 to 82 per cent, and in 23 fields of the Ber- 
gamo region from 25 to 62 per cent of the stalks were infested. In 
the cornfields of the Pavia region an average of about 15 per cent of 
the stalks were infested, and in the region of Vicenza the infestation 
was very light. Doctor Thompson also reports that during some 
years the corn borer is said to be rather injurious to hemp in the 
region of Bologna. 

In Bavaria P. nubilalis was recorded during 1880 as occurring in 
hops and hemp, but the injury was of no practical importance. 
Schonfeld, however, reports very severe injury to hops in Bavaria 
during 1886. 

According to Schonfeld the hop fields of Bohemia were seriously 
injured by P. nubidalis during 1879 and 1880. Buzek, a schoolmaster 
of Rakonic, recorded that the entire hop yield was destroyed in some 
of the fields of the Rakonic district during 1879. 

In Belgium P. nubilalis is reported by De Crombrugghe de 
Picquendael (/3) as being abundant in the vicinity of Brussels, but 
no mention is made of injury to economic plants. 

Briggs (8, p. 39-40) reported from the island of Guam that in 
1919 fully 50 per cent of the corn crop was damaged in certain por- 
tions of the island. He also mentioned that grain sorghums and rice 
were attacked by the insect, and that 100 larvae were found in a 
single stalk of kafir corn. 

DISTRIBUTION IN THE UNITED STATES 

» At the close of 1924 the European corn borer was known to be 
present in three large and two small separate areas of the United 
States (see map, fig. 1), comprising a total of 24,773 square miles. 
These figures relate to townships where the corn borer has actually 
been found and do not include certain townships which have been in- 
cluded in the quarantined area. The three large areas mentioned 
above are located (1) in eastern New England, (2) eastern New 
York and southwestern Vermont, and (3) in a narrow strip along 
the American shore of Lake Erie, comprising portions of the States of 

. New York, Pennsylvania, Ohio, and Michigan. The two small areas 
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of infestation are located (1) at Brooklyn, N. Y.; Staten Island, 
N. Y.; and Little Neck, N. Y.; and (2) in Nelson Township, Madi- 
son County, N. Y., respectively. 

DISCOVERY AND DISTRIBUTION IN NEW ENGLAND 

In 1917, when the presence of the European corn borer in the 
United States was first discovered, it was found to be distributed 
over an area of approximately 100 square miles located immediately 
north and northwest of Boston, Mass. According to Vinal (70),. 
who first discovered the presence of the insect and secured its identi- 
fication, the fields of early sweet corn in market gardens 10 or 12 
miles inland were reported by the owners as having been seriously 
injured by this pest for three or four years prior. to 1917. During 
this period, however, the depredator was not recognized as being a 

Fic. 1.—Map showing areas of European corn-borer infestation in North America as 
known January 1, 1925. A, New England area: B. eastern New York area in 
the vicinity of Schene ctady and Albany: C, Lake Erie area, including western 
New York and a strip along the lake in Pennsylvania, Ohio, and Michigan; D, 
Canadian area of infestation. Small areas of infestation at Brooklyn, N. Y.; 
Staten Island, N. Y.: Little Neck, Long Island; and Nelson Township, N. Y., 
are aiso indicated 

foreign pest. Judging by the intensity of the infestation in 1917 and 
by the size of the area infested at that time, as well as from the 
reports concerning the activity of the pest prior to 1917, Vinal was 
of the opinion that it had been imported about 1910, although realiz- 
ing that this was only a conjecture. The investigations since 1917 
have indicated that Vinal’s estimate was probably very nearly correct, 
although the exact date is still unknown. 

In 1916 specimens of oe stems infested by lepidopterous | larvae 
were sent to the Massachusetts Agricultural Experiment Station 
from three localities near Boston, Mass. Adults were reared from 
this material, but their identity as P. nubilalis was not established 
until after adults had been reared from sweet corn by Vinal in 1917. 

At the end of 1924 a total of 5.661 square miles was known to be 
infested by the ee corn borer in this eastern New England 
area (see map. fig. 1), as shown by Mr. Worthley’s field scouts, 
including eastern Massachusetts, the adjoining portion of New 
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Hampshire, southern Maine, seven townships in Rhode Island, and 
six scattered townships along the shore line of Connecticut. An 
infestation was also found during the summer of 1923 by scouts of 
the Federal Bureau of Entomology on Fishers Island, N. Y., which 
is located only about 7 miles offshore from the Connecticut infestation. 

DISCOVERY AND DISTRIBUTION IN EASTERN NEW YORK 

The insect was discovered during the latter part of January, 1919, 
at Scotia, N. Y., one of the suburbs of Schenectady, by F. V. Oster- 
houdt, in his garden at 223 Sanders Avenue. Mr. Osterhoudt had 
observed unfamiliar worms injuring the sweet corn in his garden 
during the previous summer, and when a popular article on the corn 
borer by R. H. Allen, of the Massachusetts State Department of 
Agriculture, appeared in the Country Gentleman the descriptions 
and illustrations led Mr. Osterhoudt to believe that-this for elen pest 
was present in his corn. He sent specimens of the larva to C. R. 
Crosby, of Cornell University, who in turn referred them to the 
Lepidoptera specialist, W. T. M. Forbes. Doctor Forbes recognized 
in these the larvae of P. nubilalis, a determination which later was 
confirmed by Carl Heinrich,* of the Federal Bureau of Entomology. 
Professor Crosby immediately notified the Bureau of Entomology “of 
this discovery on January 29, 1919. 

Subsequent scouting by State and Federal men showed that a 
sparse but widespread. infestation existed in the region surrounding 
Schenectady and portions of the Mohawk and Hudson River Val- 
leys, together with adjacent territory. By the end of 1924, 72 
townships and cities, containing 2,882 square miles, were known to 
be infested in this region. This area also included two adjoining 
townships containing 90 square miles in southwestern Vermont. 
(See map, fig. 1.) 

DISCOVERY AND DISTRIBUTION IN THE LAKE ERIE SECTION 

During the latter part of September, 1919, an infestation was dis- 
eovered on the farm of Alfred Morrison at North Collins, Erie 
County, N. Y., about 25 miles south of Buffalo and a short distance 
from Lake Erie. Specimens of the larvae were collected by Mr. 
Morrison and sent to Cornell University, where they were identified 
as P. nubilalis by W.'T. M. Forbes. This discovery was reported to 
the bureau by E. P. Felt, State entomologist of New York. Larvae 
and adults were later submitted to Carl Heinrich, who confirmed the 
determination. 

In September, 1919, an infestation was also found on the farm of 
a Mr. Eagley of North Girard, Erie County, Pa., by D. M. DeLong, 
oR. Eyer, and H. BE. Bachus, of the Bureau of Plant Industry, 
Pennsylvania State Department of Agriculture. Specimens of the 
larvae were forwarded to Washington, ~ thr ough P. T. Barnes. 

Subsequent scouting during 1919 and 1920 revealed that the in- 
festation in the Buffalo section was very extensive, whereas the 
Girard infestation was very sparse and confined to a single field; 
in fact no specimens of P. nubilalis were found in the Pennsy lvania 

*Mr. Heinrich has also been responsible for the determination of all other corn-borer 
fa wale: mentioned in this review of the occurrence of the pest in the United States 

. te date 
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area during 1920. The scouting during 1921 and 1922, however, 
disclosed that a sparse but extensive infestation had occurred in all 
the Pennsylvania towns bordering Lake Erie and adjacent thereto. 
During the summer of 1921 the insect was discovered (May 3, 

1921) by scouts of the Federal Bureau of Entomology on the se 
of Peter Sontz. East Point Road, Middle Bass Island, Ohio, 1 
Lake Erie. This island is located about 7 miles from the Ghio 
shore. Subsequent scouting during the summer of 1921 revealed 
sparse infestations in most of the townships bordering Lake Erie 
in Ohio and Michigan, and also on the islands in the “western end 
of the lake. The borers were more numerous on the islands at this 
time than on the mainland. 

At the close of 1924 P. nubilalis was known to be present in 
practically all of the territory along the American shore of Lake 
Erie and extending a short distance inland. (See map, fig. 1.) This 
area includes 4,812 square miles in western New York; 1,999 square 
miles in northwestern Pennsylvania: 6,591 square miles in northern 
Ohio; and 2,828 square miles in southeastern Michigan, a total of 
16.230 square miles in the Lake Erie section. The presence of the 
European corn borer in Pennsylvania, Ohio, and Michigan establishes 
the pest within a short distance of the large and extremely important 
corn-growing areas of the Middle West and also provides a possible 
means of natural dispersion southward because of the presence of the 
insect in the territory drained by the headwaters of the Ohio River. 

DISCOVERY AND DISTRIBUTION IN OTHER AREAS 

During the late summer of 1923 a small area of infestation was 
discovered in the Bay Ridge section of Brooklyn, N. Y., by scouts 
of the Federal Bureau of Entomology. Limited infestations were 
also found during 1924 on the northeastern side of Staten Island, 
N. Y., just across the channel from the Brooklyn area, and at Little 
Neck. Long Island. Many of the larvae found in this region were 
inhabiting weeds, and evidences were also present that the insect 
had undergone two generations in this area during 1923 and 1924. 
It is believed that this infestation is of great importance since rather 
extensive sweet corn growing areas are “present on Long Island and 
in the near-by districts of New Jersey and Connecticut. The situa- 
tion may become especially serious if two generations should continue 
to develop each year in this area. 
A single specimen of P. nubéilalis pupa was discovered during 

July, 1923, in Nelson Township, Madison County, N. Y., by W. L. 
Miles. a former employee of the Bureau of Entomology. This area 
is located about 50 miles west of the main eastern New York area. 
A few specimens of the larvae were found later in a near-by field 
by a scout of the Federal Bureau of Entomology. Only two infested 
fields were found in this area. 

Extensive scouting “PEE have been maintained during the 
period from 1921 to 1924 in the territory surrounding and adjacent 
to the infested areas of New England, New York, Pennsylvania, 
Ohio, and Michigan, as well as along the main lines of travel, river 
valleys, water routes, the vicinity of broom factories, and other 
susceptible localities in those States. Scouting operations have also 
included field examinations in susceptible localities in the territory 
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east of and including the Mississippi River basin States, as well as 
in Texas, New Mexico, and Arizona. Particular attention has been 
given localities where imported broomcorn was known to have been 
received, as well as to sections producing field corn, sweet corn, and 

-broomcorn. Special scrutiny has been given the territory adjacent 
to ocean and river ports and railroad centers and along the main 
railroad, highway, and water routes. 

DISTRIBUTION IN THE DOMINION OF CANADA 

During August, 1920, the Canadian authorities reported the dis- 
covery of an infestation by the European corn borer in Welland 
County, Ontario, along the Niagara River immediately opposite the 
western New York area of infestation, and another larger and more 
heavily infested area along the Canadian shore of Lake Erie, with 
its apparent center near St. Thomas, Ontario. 

At the close of 1924 the pest was present in an area of approxi- 
mately 18,000 square miles, comprising the entire southern Ontario 
peninsula bordering Lake Erie and including Pelee Island in the 
lake. The area of infestation in Ontario was practically continuous 
with the area of infestation on the United States side of Lake Erie. 
(See map, fig. 1.) 

The character of the infestation in Middlesex and Elgin Counties, 
Ontario, was more severe than in any of the areas in the United 
States, with the exception of that existing in New England, and, 
according to Crawford and Spencer (/2), very severe losses occurred 
to flint field corn and to sweet corn, whereas dent field corn in gen- 
eral suffered to a lesser extent. 

The presence of this large and severely infested area directly 
across Lake Erie from American territory constitutes a source of - 

possible further dispersion to the lake regions of New York, Penn- 
sylvania, Ohio, and Michigan, through both the natural and artificial 
spread of the insect. The severe character of the infestation in part 
of Ontario is also indicative of conditions which may be expected 
eventually to develop on the American side of the lake, as the cli- 
matic and agricultural conditions are similar. 

PROBABLE MANNER OF IMPORTATION 

The precise manner in which the European corn borer gained 
entrance to the United States is not definitely known, but as a “result 
of investigations conducted since its original discover y in New 
England, it is believed that broomcorn which was imported for 
manufacturing purposes from Hungary or Italy during the period 
from 1909 to 1914 was the probable carrier (58). At this time the 
conditions of the trade were such that unusually large quantities of 
broomcorn were imported, the report of the Bureau ‘of For elon and 
Domestic Commerce, Department of Commerce, showing that at 
least 12,000 tons were received during this period. Broomcorn is 
known 5 be commonly infested by P. buries in both Hungary and 
Italy, where much of this material originated. The inspection 
service was not authorized by law until 1913, and therefore it was 
not possible to intercept this material upon its arrival at the ports 

_of entry. 
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Parts of these importations were received at broom factories 
located at Everett, Mass., near the apparent center of the original 
New England infestation, and at Amsterdam, N. Y., near the ap- 
parent center of the eastern New York infestation. ‘The remainder 
of these importations were traced to many different parts of the 
United States, but subsequent extensive scouting in locahties where 
they were Inown to have been received has failed to reveal any 
additional infestations. 
Raw hemp was formerly believed to be the most likely medium 

through which the European corn borer gained entrance to this 
country, but in the hght of our present knowledge this theory appears 

untenable, and broomcorn appears 
to have been the probable vehicle in 
which it entered America. 

The supposition that P. nubdlalis 
was originally imported in broom- 
corn received an apparent con- 
firmation during February and 
March, 1920, in April, 1922, and 
again in March, 1923, when com- 
mer cial shipments of broomcorn 
from Hungary and Italy were in- 
tercepted by inspectors of the Fed- 
eral Horticultural Board at the 
port of New York and were found 
to contain many living larvae of the 
pest. This broomcorn was in the 
raw, or unmanufactured state, and 
consisted of about 30 inches of the 
upper part of the broomcorn plant, 
including the “hurls” or that por- 
tion usually incorporated in ordi- 
nary house brooms and the upper 
part of the stalk or “ butt.” Corn- 
borer larvae were found throughout 
the length of the “butt” proper, 
and also within the extreme upper 

Fig. 2—Broomcorn butts sectioned to 
show typical injury by European 
corn borer and borers in position at 
base of hurls. Medford, Mass., No- 
vember, 1921. Broomcorn infested 
in a similar manner, originating in 
Hungary and Italy, thas been inter- 
cepted at the port of New York by 
inspectors of the Federal Horticul- 
tural Board 

tip of the terminal internode be- 
yond the point where the “hurls” 
or broom splints are attached. 
(Fig. 2.) During March, 1923, the 
inspectors also intercepted living 
larvae of P. nubddlalis in stalks of 

broomcorn in passengers’ baggage arriving at New York from Italy 
and Germany. 
An investigation of the broom industry indicated that the custo- 

mary methods of handling raw broomcorn afforded an opportunity 
for the dispersion of the insect if contained within the material. 
The fact was determined that the foreign broomcorn, previously men- 
tioned as having been received at Everett, Mass., was kept in storage 
for several years before being used, thus oivine every opportunity 
for any larvae contained therein to complete their development and 
emerge as moths. During the process of manufacture a section sey- 
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eral inches long often is removed from the base of the “ butt” and 
discarded as refuse. Infested refuse of this character, unless 
promptly destroyed, may become a source of danger, especially 
when dumped along the banks of water courses. The original infes- 

- tation in eastern New York, along the Mohawk River, is believed 
to be directly traceable to infested refuse from the broom factory at 
Amsterdam, previously mentioned as having received foreign impor- 
tations. It was also determined that occasionally the raw material 
is made into large brooms, for stable or other rough use, without 
any preliminary process or manufacture, and in such a manner that 
opportunity is afforded for the dispersion of any corn-borer larvae 
that might be contained therein. Moreover, it was determined that 
the sulphuring and other processes undergone by the broomcorn 
during manufacture was not always sufficient to insure the destruc- 
tion of all the larvae contained therein. Consequently there is a 
possibility that some kinds of brooms manufactured from infested 
material may serve to disseminate the insect. 

Concerning the infestations on the islands and along the shore 
of Lake Erie in Michigan, Ohio, and Pennsylvania, it is believed 
that they may have originated from the intensely infested area 
directly across the lake in the Province of Ontario. The history 
and intensity of this infestation near Saint Thomas and Port Stanley, 
Ontario, indicate it as probably the oldest colony of the pest in 
this region. ‘The infestation in western New York possibly may 
have originated from this same source, although its origin is more 
obscure. 

The method of dispersion from Ontario may have been by flight 
of the moths or by drift of infested plant material in the waters of 
Lake Erie. A study of the wind and water currents in the Lake 
Erie region, in relation to the known habits of the insect, show the 

_ possibility of such dispersion through either of these agencies, as 
will be discussed in greater detail in another part of this bulletin. 

The origin of the Ontario infestation is thought by McLaine (4/) 
to be possibly traceable to large importations of broomcorn into 
Elgin and Middlesex Counties from central Kurope during the period 
from 1909 to 1910, although no conclusive evidence has been obtained 
upon this point. 

HOST PLANTS 

HOST PLANTS IN FOREIGN LANDS + 

According to foreign authorities the most common economic host 
plants of P. nubdéalis in the Old World are corn (or maize), hops, 
millet (Panicum miliaceum L.), hemp (Cannabis sativa .), and 
broomcorn. Indian corn, or maize, however, appears to be the pre- 
ferred host of the species in the Old World and is usually mentioned 
as being more severely injured than any of its other hosts. Hop 
is considered to be second in importance as a host of the species, 
while millet, hemp, and broomcorn are commonly attacked when 
grown within the range of distribution of the insect. In regions 
where for climatic reasons cori: can not successfully be grown, par- 
ticularly along the northern limit of distribution of the insect, it 
is able to subsist upon other plants, notably millet and hops, thus 

- demonstrating that in its native habitat the species is not dependent 
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upon corn. Owing to its status as a pest of millet and hops it is fre- 
quently mentioned in foreign lterature as the “millet borer” and 
the “hop-vine borer.” The original host of the species is a matter 
of conjecture, but it is believed by different authorities to have been 
either the hop plant or some one of the larger Asiatic or. European 
grasses or grasslike plants. The fact that corn is of American 
origin precludes the possibility that this plant was the original host 
of P. nubilalis. The insect was first found in middle Europe living 
in millet (P. mdliaceum) and in maize. Judging from the known 
history and habits of the insect and the history of its more sus- 
ceptible hosts, there appear to be good reasons for considering 
wild hop as the original host. Hop affords excellent opportunities 
for the survival of the insect, since it is a perennial, whereas millet 
and hemp, two other possible original hosts, are annuals. Millet is 
said to derive its origin from Egypt and Arabia and hemp from 
Dauria and Siberia, but the hop is indigenous to Europe.® 

De Crombrugghe de Picquendaele (/3) records that in Belgium, 
mugwort (Artemisia vulgaris L.) is the chief host plant. P. Chre- 
tien, curator of the National Museum of Natural History at Paris, 
also states in correspondence that this plant is the favorite host in 
northern France. This and allied species are mentioned as hosts by 
several other writers. Pigweed (Amaranthus retroflexus L.) is re- 
corded as a frequent host by Jablonowski (29) and has been found 
commonly infested near Hyéres, France, by W. R. Thompson, of the 
Bureau of Entomology. 

_ Foreign literature contains reference to a great variety of occa- 
sional or minor host plants, including oats (49), barley (49), cot- 
ton (69), rice (8, pp. 39-40), kafir (8, pp. 39-40), bean pods (52), 
sunflower (36), mustard (36), barnyard grass (Hchinochloa crus- 
galli (.) Beauv.) (33), giant reed (Arundo donax L.) (47), fuller’s 
teasel (Dipsacus fullonum WL.) (29), green foxtail (Chaetochloa 
viridis (l.) Scrib.) (52), stinging nettle (Urtica urens L.) (80, 
p. 16), thistles (Cirsium or Cardwus spp.) (29), ploughman’s 
spikenard (/nula conyza D.C.) (73), stiff inula (Znula squarrosa L.) 
(72, p. 106), and common reed (Phragmites communis Trin.) (13). 
K. W. Babcock recorded an infestation in feterita at Mezohegyes, 
Hungary. 

Professor Chretien, in correspondence, mentioned thistle (Carduus 
tenuiflorus Curtis) and garden orach (Atriplea-hortensis Li.) as 
hosts in northern France. W. R. Thompson, in correspondence, 
has recorded bean pods, tomato fruits, tumble weed (Amaranthus 
graecizans Li.), wood amaranth (Amaranthus silvestris Desf.), and 
Picris spinulosa Guss. as hosts in the vicinity of Hyéres, France, 
and he observed eggs on dock (Rumex sp.) in the Paris region. 
From Ekaterinoslaw, Russia (46), it is mentioned as a “market 
garden pest.” Jablonowski® has cited an instance where grapevines 
(Vitis vinifera L.) were heavily infested by P. nwbilalis larvae 
which had migrated from near-by cornstalks. The species has also 
been found in oak galls (52). The adults have been observed upon 
heather (32) and upon virgin’s bower (Clematis vitalba L.) (29), 
but there is no record of the larvae being found in these plants. 
Sand (53, p. 121) and Vuillet (72) have recorded the larvae from 
several of the Gramineae. 

5 See footnote 1. 
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It is probable that some of the plants recorded as hosts of P. nubé- 
lalis in the Old World serve primarily as shelter plants rather than 
as food, a condition which is known to prevail in the infested areas 
of America. 

HOST PLANTS IN AMERICA 

In general, corn appears to be the preferred host of the European 
corn borer in America and is more seriously injured by the insect 

Fic. 3.—Cocklebur (Xanthium sp.), a SuEcepeible weed host of the European corn 
orer 

than any other cultivated crop attacked. This includes sweet corn, 
field corn (both dent and flint), and pop corn. In the heavily in- 
fested area of eastern New England the pest also attacks and fre- 
quently causes serious injury to a great variety of other economic 
plants, including several of the field crops, vegetables, flowers, and 

25411 °—27_2 
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grasses. The infestation in crops, other than corn, is especially likely 
to occur (1) when corn is growing near by, (2) when the infested 
crop remnants and weeds from previous crops on the same or ad- 
jacent areas have not been destroyed, and (3) when susceptible weeds 
are growing in the field or in its immediate vicinity. Many weeds 
are included as hosts, thus serving to complicate the control of the 

Fic. 4.—Smartweed (Polygonum sp.), a favorite weed host of the European corn 
borer 

pest and aiding in its multiplication and dispersion. Occasionally 
in certain fields some of these weeds, notably cocklebur (Xantheum 
spp.. fig. 3), barnyard grass (Echinochloa crus-galli (.) Beauy.), 
and smartweed (Polygonum spp., fig. 4), appear to be preferred as 
hosts rather than corn. Rie : 
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In some cases it seems that the species of plant selected as food 
or as shelter depends more upon its location with reference to other 
heavily infested plants or plant material than upon its character as 
a plant. The protection afforded to gravid females also appears to be 
a determining factor in some instances, since eggs are deposited 
freely upon certain large-leaved plants, rhubarb for example, which 
afford protection to the females during the day. Moreover, some 
plants in which the larvae are not known to feed are occasionally 
utilized for egg deposition, as will be shown in this discussion. 

In New York, Pennsylvania, Ohio, and Michigan, and in Ontario, 
the infestation to date has been confined mostly to’ corn, with com- 
paratively slight infestation in the more susceptible weeds. Occa- 
sional borers also have been found in some of the economic plants in 
the Lake Erie region and in Ontario. During 1923 and again in 
1924 two commercial fields of brcomcorn in western New York sus- 
tained infestations which were nearly equal to those of field corn in 
the vicinity. Probably the intensity and variety of infestation in 
susceptible weeds, vegetables, field crops, and flowering plants eventu- 
ally will increase in these areas if the insect should become more 
numerous. It is possible also that the comparatively restricted list 
of host plants in these areas, as compared to New England, may be 
influenced by the fact that in New England two generations usually 
occur annually, whereas in the more western areas and in Ontario 
only one generation has yet been observed, except in favorable sea- 
sons when a few individuals of a second generation have developed. 
Under two-generation conditions the insect begins its feeding activity 
much earlier in the season than where but one generation occurs, and 
continues feeding actively throughout a longer total period for the 
season. ‘Therefore it is able to use as hosts during the early part of 
the season, and again during the late season, many plants which are 
not available in an attractive or susceptible stage of growth during 
the period when the single-generation adults and larvae are most 
active. 

NEW ENGLAND 

In this section, up to January 1, 1924, the European corn borer has 
been found inhabiting a total of 215 different species and varieties 
of plants, some of which apparently serve primarily as shelter rather 
than food for the borers. 

The relative degree of susceptibility of these host plants to P. 
nubualis, and the parts attacked, are shown in the following list 
(Table 1) compiled for the New England area. In genera where two 
or more species were found to be hosts of P. nubdlalis, usually only 
the generic name is listed. 
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TABLE 1.—Classified list of P. nubilalis host planis 

CLASS 1.—PLANTS SEVERELY ATTACKED 

Names of plants Parts attacked 

Barnyard grass (Echinochloa crus-galli (L.) Beauv.)__-_________-1_--_____- Stems. 
iBeggar-ticks (Bidens: Sppy) ia Se fe a ee a See es Do 
IBLOOIMGCOLRE CEOLEUS SONG ILI Ma.) oo a ee eed ee ne eC Stalks. 
Goecklebur:CXanthiwmispp:) Le ee ee Stems, burs. 
Corn (Zea mays L.) (flint, dent, pop, Sweet) !______________-___-_________- All parts except fibrous roots. 
Dahlia (Dahlia spp.) Rese ee ee Me Ane ibne Seen eR Tee eRe meen ele eee Stalks, flowers. 
DOCK CRULMET'SPP Dressage ee ie eg ee Stems. 
False ragweed (Iva zanthifolia Nutt.) 2__.._-=_--____ =. 222-2222 Do. 
Grain sorghum (Holcus SOngIiLUE L.) (feterita, hegari, milo, Kafir) 1. 2____ plas: ‘seed heads. 
Hemp CCANNADIS: SAtina = ,.) ieee ses oe eee eee ee te ee ee Do. 
Japanese hop (Humulus japonicus Sieb. & Zucc.)_______---------_---_--- Stems. 
Japanese millet (EHchinochloa crus-galli edulis Hitche.) 2_._____-____-_------ Do. 
RInweed (CAMO aNLRIUS 1, ClnOfLEXILS >) =e = eee a ee eee Stems, flowers. 
Prince’s plume (Polygonum orientale L.)_..._._-___------_--_-----__--_--- Stalks, flower stems. 
Raeweed:GCAmbrosia SPP.) is 2 eee ee re eats Se ee ne ees mae Stems. 
EVR Oars CAD CULT.) O TLL CATT hg) eee ee ee ee ee Leaf stalks. 
Smartweed, Knotweed (Polygonum spp.) 1______-_--_-_----_-_-----_----- Stems. 
Wormseed ( Chenopodium ambrosioides L.)_.._____-_--_-_------------------ Do. 

CLASS 2.—PLANTS FREQUENTLY ATTACKED 

iBarleyaCHordeum vulgare ly.) V2 sn ae pene ee Oe eee Stems 
Bean (Phaseolus spp.) (kidney, lima, scarlet runner) !__________________- Stalks, pods, seeds. 
Beet @Betaoiulgarisicrassa7A lets) ea eee a ee eee eee Leaf stalks, rarely beet roots. 
Broomcorn millet (Panicum miliaceuwm L.) 2_________-___---------------- Stems. 
IBUTGock CATCHUN SPP) esse Oe ee oe sn ee le 0. 
@elesysGCeler2 gravcotens GL SB rithOn) eee ee ee Leaf stalks. 
@hinaraster: (Callistenma chinensé)= ee Stalks, flower stems. 
C@hsysanthemums:¢Chiysanthemam spp) sae ee ee Stalks, flowers. 
CoEtOna(GOssy pie S UL ss ee ee Stalks, bolls. 
Cowpea CVignarstnensts: (iu) nGls) 2 ae ee ee ee eee Stalks, pods. 
ELOESCWiCCG: (CETZGCrOT CONACENSIS a.) a= oe ee ee Stems. 
Japanese fleece flower (Polygonum sieboldii De Vriese)__________--__=___-- Do. 
jimson weeds (Datura spph mites sa} ie ee ee ee teed Pee Stems, seed pods. 
VeREyoy ave COUT OW L0H OA (el We ieee eet ID ee Se ee ee oe Stalks, fruit. 
Rotato, CSolanmmituberosimi ls) 22 ees eee ee Stalks. 
SOFSOKCHOICUS SOTGRIULIM a) ays ee ee ee ee ee Do. ~ 
SUMO Wer CHELONTUUSTANTMUIUS a.) eee ee ee eee Do. 
Swiss chard=@Beta,vulgaris cicla- Mog.) 2 22 e3 s s ee e Seeeee e Leaf stalks. 
sRansive Ce LAnacete Mm Cul Cesk) =e ae ee oe ea ee ee Stems. 
Teosinte (Huchlaena mexicana Schrad.) 22.-___2-2 222228 22 2 22s Stems, leaf blades. 
Miprm wood. (Artemisia Spy) ie ee es ee ee eee Stems. 
ZANT ACZUNNIG ELEGANS JACQ.) sn ee ee eee Stalks, flower stems. 

CLASS 3.—PLANTS OCCASIONALLY ATTACKED 
a  ,  —- 

IA'SC@Y a (CASTER: SPD 1) tes a ep sp Ng Stems. 
Boltonia (Boltonta asteroides (L.) L’ Her. e oe be Oe Up Se Rey See Mn oy A ve Pee Stalks. 
TEN W EL (eq OAT PLCU MIS) O1OY) Picola ee ee Stems. 
Buckwheat (fagepyrum vulgare Hill)? 3222 ee Do. 
Calendula (Calendula officinalis) een ee ee ee Stalks, ‘flower stems. 
Canna (Canna Spp:;) =. cee a 5 ee eee ee ee ee Stalks, leaves, flowers. 
Cockscomb, common ( Celosia cristata L.)?__-___________________-_---__-_- Stems, flowers. 
Cockscomb, featherc€Celosza angenteay, 22s ee eee ee Do. 
Coleus (Coleus SDDS) se a es a eR Stems. 
Cosmos:( Cosmos bipinnatus Cav.) 2222s Ti ea ee eee Stalks. 
Crab grass (Syntherisma sanguinalis (L) Dulac)_-_.__---___--_-__-_--_--- Stems. 
Berplants(Sotanwm melongena ly.) 22 = 22 s5 21 tones s ee eke eee Fruit. 
Feverfew (Chrysanthemum parthenium (L.) Bernh.)?__-_________________- Stalks, flower stems. 
Hireweed CHrechtites hieracifolia (z.) Rat) eee ee Stalks. 
Galinsoga ((Galinsoga'sp.) 22. so ee eee Stems. 
Geraniime CPelargontaem WOVtoresan) sae ee ee Stalks. 
Gladiolus i(Gladiolus:Spps) 2 2 22 ee eee Stalks, flowers. 
Golden Glow (Hort. var. of Rudbeckia laciniata L.)_____________________-- Stalks, flower stems. 
Goldenrods(Salidago‘spp eee ee eee ee Stems. 
iHollyhock CAlihacamosea Cav, ee ee eee Stalks, leaf stems. 
Hop, common (Humulus lupulus L.)?__-____ oh BAS Su RE Diba Ee aed nha PEER Stems. 
Jerusalem artichoke (Helianthus tuberosus L.)_.____.___-----_-----_--_--- Stalks. 
Lamb’s quarters (Chenopodium album L.).--._._.__-_------------------- Stems. 
Mallow: CMal a: Spp slice a oe a Bs oie ph ee yt net ee Do. 
Nrangely (Bela vulgaris crassa Alera) 22 a ee ee Leaf stalks. 
IMotHerwort) CLEONUTALS COnGtACd Las) ae ee ee ee Stems. 
Mustards CBrassica'Sppy) tse ao a ee ees a ee ee eae Do. 

1 Two or more species or varieties are grouped under this common name. The names of these species 
will be furnished to interested persons. 

2 Plants occurring rarely or grown only in the experimental fields. These plants are classified according 
to their susceptibility rather than the frequency in which they are found infested. 
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TaBLE 1.—Classified list of P. nubilalis host plants—Continued 

CLASS 3.—PLANTS OCCASIONALLY ATTACKED—Continued 

Names of plants | Parts attacked 

INGUEIOR GUN LICONIY OLLIE WIRES =) reine ea he ee ace SS ee Stems. 
Onis@Acena sativa sls) 2 as or ee re ne Se se ye et a Do. 
OrachiCAtri pler Sp.) Beste Sw ck eT ee i a ag a ea Do. 
iBricklylettuces Wild lus Ghactuca sp) == eee Ses Do. 
Burslane(Bortulacaioleracea ly) == 2) se See ees Do. 
Salvia, scarlet sage (Salvia splendens Ker-Gaw].) _..-______-______________- Stalks, flower stems. 
SowsthistlesGSonchusispps) ie 22 8 eels ee ee Stems. 
Spach (Space oleraced zs) ase ee ee) eerie Leaf stems. 
Strawflower (Helichrysum bracteatum Andr.)?_______________-_____________ Stalks, flower stems. 
“Dhistled(Oerstwe 77s pe) ve oe ee cl ele alps e  a Stems. 
Tomato (Lycopersicon esculentum Mill.)_--_____________________________- Stal Ss, fruit. 
Velvetleaf (Abutilon theophrasti Medic.)2_________________________________ Stems. 
Yarrow, GAcheliea millefolian Va.) ss ee Se ee Do. 

CLASS 4.—PLANTS RARELY ATTACKED 

Ageratum (Ageratum houstonianum Mill.)__________-_-_--________________- Stalks, flower stems. 
Apple-of-Peru (Nicandra physalodes (L.)- Pers.)?_.______-_____---___--___- Stems. 
PATI ATI GIS) CAZES: S Pe) psa yan ns Sleep ee se Leaf stems. 
IND DICK CRUNUES MALLS las) Ces oe Oe LE Et ie Fe MUST Fruit (wind-falls). 
Asparagus (Asparagus officinalis L.)3__..__...._______--___---_-_-----_---- Mature stalks. 
Balsams(@impatensibatsaming 1.) ==> == ee ee Stems. 
Blackberry: GARUWOUSISD:) 3= se ae ees ee Se Canes. 
Black-eyed Susan (Rudbeckia hirta L.)________________-____________---_-- Stems. 
Blister cress ( Cherinia cheiranthoides (L.) Link)____-__________-_________- Do. 
Bluekvervain GVerben@ ROStata Na) ye ee ae Do. 
Cabbage (Brassica oleracea capitata L.)3____________________________-____- Stalks. 
California poppy (Eschscholtzia sp.)...--__-__________-_-_-__-_-___-_1-___: Stems. 
Cand ytuttyGbenisis ps) pe ae se ee i en Ue Do. 
@ardoon:(Cynaracardunculus Wa.) 2 ee eee Leaf stalks. 
CatnipsCNepetacatania las) sac e ee ae ees oi est Se Sa Stems 
Cat-falleChy pha: tatifoliasls.) 22-2 sas se es ee ee 
Cauliflower (Brassica oleracea botrytis DC.)____-_-__-_-_--_-_---_-_---__--___- eats Stalks. 
Celandine (Chelidonium majus L.)3__________._.------------------------- Stems. 
ChicornyaG Cichoriamuniy buss) se ope at ee ee Ses eee Do. 
Clover, Alsike (Trifolium hybridum L.)__-------------------------------- Do. 
@oltsioot Chussilagojarfarals, pees = ee es ed ies 2 ee eee Leaf stalks. 
Cornflower; (Centaurea cyanus Va-): 22 = ee ee ee Stems. 
@ucumbers(Cwewmis satinwsals.) = se 2 a a eo See Fruit. 
Cup-plant (Silphium perfoliatum L.)?________..._--..------_----__------- Stems. 
Daisy, ox-eye (Chrysanthemum leucanthemum L.)_----------------------- Flower stems. 
Hider: GSambucwus CONCAENSIS 1a.) Sees ese Se ee Branches. 
Hndive;(@ichoniam.endivia V:)2, 322) oes ee Ee Stalks, seed heads. 
Evening primrose: (Qenothera/sp.)§_ fa Stems. 
False dragon head CPiliysostenie cncieone Gis) eBenths)2s22232 2 72 83 Stems. 
Fleabane (Hrigeron annuus (L.) Pers.)__._.-___---------_--------_-------- Do. 
Foxtail, green ( Chaetochloa viridis (L.) Scribn.)__--_-_---_---------------- Stems, seed heads. 
Foxtail, yellow (Chaetochloa lutescens (Weigel) Stuntz)___________________ Do. 
Grape, "Concord (Hort var. of. Vitesitabrusca W-)= 22-02-22 ee Stems, fruit. 
Groundsel, common (Senecio vulgaris L.)?_______--_-----_--_------__--__-- Stems. 
Hedge mustard: (Sisymbriwm sp.)3=- ———-- = _ 32-5 sea sae 0. 
Heliotrope (Heliotropium peruvianum L.)_____.-___-.-------------------- Flower stems. 
HorsetallsGhquzseltuniusp:) sess 2. 2 A 5 ee Stems. 
Jerusalem cherry, false (Solanum capsicastrum Link)____-_________.______ Fruit. 
Jewelweed (Impatiens biflora Walt.)__.__-___-..___-_--____-_------________- Stems. 
VOC=PVELW.CCUS CHIL PULONIIINY SP-) aes ss oe se se ee ee ee Do. 
Johnson grass (Holcus halepensis L.)?___..........------_-----=-------_-_- Do. 
Knapweed (Centaurea nigra L.)3____.___...-.--.___-_------------___----- Do. 
Locust, common (Robinia pseudoacacia L.).--__.----_-___-------_--_----- Sprouts. 
Love-lies-bleeding (Amaranthus caudatus L.)?____.__-.-_-_------_----_--- Stems. 
VICE OW CEAZUTSCULSISP) 8 ese ee en et Re ee a ee ae Bene Do. 
Maple-leaf goosefoot (Chenopodium hybridum L.)?__________--__-______-_-- Do. 
Marigold, Aztec or African ( Tagetes erecta L.)___-________-_--____----__-- Stalks. 
Naveed: CAnivemis: COLULG Ts.))= = a Se eS Stems. 
Mignonette (Reseda odorata L.) -____---------------------__- .----------- Stalks 
AVEnlkewerdaCASClEeDIOS:SD Dr) sino ee ee ee Stems. 
Millet, golden wonder ( Chaetochloa italica germanica (Mill.) Farwell)?____ Do. 
Millet, Hungarian ( Chaetochloa italica (L.) Seribn.)?____-__----_--_-_____-_- Do. 
Millet, pearl (Pennisetum glaucum (L.) R. Br.)?__-_----------__________-- Do. 
IVER CRC TET ESTO) bs ae pss eee he hee ep Ss oe ee a Stalks. 
Night-flowering catchfly (Silene noctiflora L.)?___._____-________-__----___- Stems. 
Nightshade, black (Solanum nigrum L.)...-.---------------------------- Do. 
Okra or gumbo (Hibiscus esculentus L.)?______-------------_-_----------_-- Stalks. 
Oswego bee balm (Monarda didyma L.)?, 3___.._.____________--_-_-_____-- Stalks, flower stems. 
NAF) Sin GU LOUIE LC OLOTEL ss) oe ee ee ee yon ee a Stems. 
Parsnip (Pastinaca sativa L.)____-__- pee beg Ee Oe Ree Ge ESI Cie Oy Stalks. 
Peantiin Carachis hy pogaed. Wj;)2 222 Se > es Stems. 

1Two or more species or varieties are grouped under this common name. The names 
of these species will be furnished to interested persons. 

2 Plants occurring rarely or grown only in the experimental fields. These plants are 
classified according to their susceptibility rather than the frequency in which they are 
found infested. 

§ Plants which apparently serve only as shelter for the larvae. 
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TaBLE 1.—Classified list of P. nubilalis host plants—Continued 

CLASS 4.—PLANTS RARELY ATTACKED—Continued 

Names of plants Parts attacked 

IBGars CLUT LS COTRINALTAS Oss) meee ee ee Fruit. 
Rokeherny, Cenyiolaccanan erica nda) 22n ae eee | Stems. 
Portulaca (Loriulaca grandiflora Ook) 22 2 eee Do. 
Prince’s feather (Amaranthus hypochondriachus L.)?______-._____-_-___=_- Stalks, flower heads. 
IRApey CBTASSICE 10 DIS Ns) 2S a ee eee Leaf stalks. 
Radish, wild (Raphanus raphanisrum Wi) 2 Stalks. 
RASPDCIE Ya CHU OUSISD D ) 8o ee a ee ee Canes. 
Rediclower:(Ci12/(olusm pratensesls)) sae ee a eee Stems. 
TVOSEXCHOSG:S P=) es Se ae a a ee ek SER Do. 
Rose loosetrife: (Lythruanisp))2, 82 ee eee Do. 
Rough cinque foil (Potentilla monspeliensis L.)?__________.-______-__22--- Do. 
Seabiosa_(Seabi0saairopurnpuneanl)) ee ee ee Do. 
Shepherd’s purse (Bursa bursa-pastoris (L.) Weber)3____________________- Do. 
Sorrel*ficldorisheep: Cwme a CeLosclta a.) =a ee ee Do. 
Soysbean(Soja 0c Gus) =P per) 24S ee ee ee Stalks. 
Spiderhower GCleomve:sp71OSGe ls) ma ee ee ee Stems. 
Squash (Cucurbie mazimasDuchesne)-—--= 22-2 ee ee Leaf, stalks, fruit. 
StewiarCPig wer G titer orar © As) ee ee eo ee Stems. 
Sudan grass (Holcus sorghum sudanensis (Piper) Hitche.)?______________- Do. 
Sugarmbeeta(Hortavar-otebeimvulgors 1y_) = 6 ee eee Leaf stalks. 
SHIN ACs STOOL: CHES EON Ces) 3 ee es oe eee Stems, leaf petioles. 
Summer eypress (Kochia trichophylla Stapf.) =-__- == Stems. 
Suminensquashy (Ci cur bugis Pp.) 26 eee Leaf stalks, fruit. 
Sweet clover, white (Melilotus alba Desr.)_..--___---_-_-_-----_-_-_-__= Stems. 
Sweet sultam (@entawrearivoschGi Aa) ee ee Do. 
shimothyaChhlewm pr atenseHies) a a a ee ee ea eee Stems, seed heads. 
WobaccorENicotiang: fabacwnt Ns) 2a oe es a es eee Stalks. 
RUE sCBTASSTCO ATG Ds Ps) pe ea ey as Se Sora Arg ee Leaf stems. 
Wiatemhemlock«@CiczE@ On RCULOL Mas) 9s ee eS Stalks. 
aWWleaite (CETIL2CU TID: SCLIDIL TUR tirs) Pee a a ee ee eS Stems. 

2Plants occurring rarely or grown only in the experimental fields. These plants are 
classified according to their susceptibility rather than the frequency in which they are 
found infested. 

3 Plants which apparently serve only as shelter for the larvae. 

The insect has been reared from egg to adult in many of the 
plants in the first three classes, while eggs, larvae, and pupae have 
been collected from the majority of them in the field. Egg clusters 
have also been found in the field on dandelion (Leontodon spp.), 
horseradish (Radicula armoracia), lettuce (Lactuca sativa), oxalis 
(Oxalis spp.), plantain (Plantago sp.), and rye (Secale cereale), 
aithough the larvae are not known to feed on these plants. Under 
experimental conditions the borer has succeeded in competing ‘its 
life history upon bluegrass (Poa pratensis L.). Sufficient evidence, 
therefore, has been accumulated to show that the species 1s capable 
of completing its development and existing independently of corn, 
a fact which is substantiated by the status ‘of the borer as a pest of 
hops, millet, hemp, and other crops in the Old World, and by its 
distribution in regions beyond the climatic limits where corn may be 
grown. 

EASTERN NEW YORK 

The infestation in eastern New York has been confined practi- 
cally to corn. Occasional specimens, however, have been found in 
giant ragweed, green foxtail, smartweed, beggar-ticks (fig. 5), pig- 
weed, and cocklebur.’ 

LAKE ERIE REGION 

Although corn is infested to a greater extent than any other plant 
throughout the Lake Erie region, a light infestation (to January 1, 
1924) has been recorded in western New York, in the following 
weeds: Barnyard grass, beggar-ticks, common burdock, cocklebur, 

7 For scientific names see classified list in Table 1. 
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curled or yellow dock, green foxtail, lamb’s quarters, bread grass, 
pigweed, common ragweed, smartweed, and common thistle." Here 
occasional borers have also been found in the stems of Soy bean, 
sorghum,* Japanese millet,* broom corn millet or proso, buckwheat, 
rhubarb,* kidney or wax bean,* milo* tomato stem and fruit, potato, 
dahlia,* and cosmos.* During 1923 two fields (a total of 12 acres) 

Fig. 5.—Beggar ticks (Bidens sp.) showing typical injury by the Huropean corn 
borer 

of broom corn grown at Irving, N. Y., showed stalk infestation of 
12.7 and 15.8 per cent respectively. In Ohio, according to reports of 
F’. W. Poos to December 31, 1924, occasional borers have been found 
in the following host plants in addition to corn: Smartweed, pig- 
weed, cocklebur, ragweed, water hemp (Acnida tuberculata Moq.), 
beggar- ticks, old witch grass,’ and barley. 

8 Found infested in experimental plats only. 
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CANADA 

According to Crawford and Spencer (12, 60), the following culti- 
vated crops and flowers, in addition to corn, were found to be in- 
fested in Ontario: Dahlia, geranium, aster, golden glow, beets, 
mangels, tomatoes (fruit), beans, oats, squash vines, broomcorn, 
Sudan grass, Early Amber sorghum, Hungarian grass, Mann’s Won- 
der sorghum, white clover, and red raspberry. ‘The following weed 
hosts are also recorded by the same investigators: Barnyard grass 
(Echinochloa crus-galli (.) Beauv.), redroot pigweed (Amaranthus 
retrofiexus L.), yellow foxtail (Chaetochloa lutescens (Weigel) 
Stuntz) ; lamb’s quarters (Chenopodium album I..), Russian thistle 
(Salsola pestifer Nels., var. tenuifolia G. F. W. Mey.), green foxtail 
(Chaetochloa viridis (.) Seribn.), lady’s thumb (Polygonum per- 
sicaria L.), wild buckwheat (Polygonum convolvulus L.), ground 
cherry (Physalis heterophylla Nees), orchard grass (Dactylis glom- 
erata L.), Canada thistle (Cirstwm arvense Scop.), wild sunflower 
(Helianthus sp.), viper’s bugloss (Hchiwm vulgare L.), ragweed 
(Ambrosia artemisiaefolia L.), mullein (Verbascum thapsus L.), 
goldenrod (Solidago sp.), old witch grass (Panicum capillare L.), 
yarrow (Achillea millefolium L.), burdock (Arctium minus Bernh.), 
and tumbling pigweed (Amaranthus graecizans L.). 

CHARACTER OF INJURY 

The European corn borer, as the name implies, is essentially a 
boring insect, and causes its most important injury by the tunneling 
and feeding of the larvae within the stems and fruits of the plants 
attacked. This injury, when severe, results in the collapse or deterio- 
ration of the parts of the plant affected, and when less severe the 
normal functioning of the injured parts may be interfered with if 
such injury occurs at a critical point. The larvae also feed to a 
shght extent upon the surface of plants, but such injury usually does 
not appear measurably to interfere with the normal growth of the 
host. The specific character of the injury varies somewhat with 
different groups of hosts and will, therefore, be discussed separately. 

CORN 

The character of the injury to corn depends upon the stage of 
growth of the plant when attacked, and also upon the habits and 
preference of individual larvae. In general, however, the most 
important and serious injury is caused by the tunneling and feeding 
of the larvae within the stalks, ear stems, and ears. The larvae 
also tunnel within the tassel, the midrib of the leaf, the brace roots, 
the stubble, and in fact all parts of the corn plant except the fibrous 
roots. They also feed to a slight extent upon the surface of the 
plant, particularly upon the tender leaf blades, tassel buds, husks, 
and silks of the ears, and between the leaf sheaths and stalks. 

INJURY TO THE LEAVES 

Attacks upon young corn plants are characterized by numerous 
small irregularly shaped feeding areas and the presence of very fine 
particles of frass. Minute punctures perforating the epidermis 
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appear upon the tender leaf blades surrounding the developing 
tassel. (Fig. 6.) Such injuries are caused by the feeding of the 
newly hatched larvae, and, while not economically important, this 
surface feeding affords a possible opportunity for attacking the 
larvae by insecticidal means. The midrib of the leaf blade some- 
times is entered and tunneled, more particularly by the smaller 
borers, in the same manner and with the same result as will be 
described later for the stalk. 

INJURY TO THE TASSEL 

The tassel buds and the immature branches and main stem of 
the tassel are often entered and fed upon by the young borers 
(fig. 6) even before the tassel 
appears above the unfolding leaf 
blades. Often several adjoining 
tassel buds are webbed together 
with particles of frass and silk 
by the small larvae. In this condi- 
tion the infested tassel is very 
conspicuous after it appears above 
the unfolding leaves. Frequently 
the injury to the immature tassel 
stem causes the breaking over of 
the tip of the tassel even before 
it begins to expand. 
As the tassel expands and the 

buds begin to open the larvae 
continue to tunnel within the 
branches and the main stem. This 
injury usually causes the tassel, 
or the infested portion thereof, to 
collapse and break over. Such 
broken tassels (fig. 7), with 
masses of frass at the breaks, are 
very conspicuous and often afford 
the most noticeable sign of the 
presence of the insect. It does 
not necessarily follow, however, Fic. 6.—\Newly developed tassel of corn 

plant, showing injury by young larvae 
that because none of the tassels of the Huropean corn borer. Note small 

are broken over in a suspected fy teeding of newly hatched larvae 
field the insect is not present, as ; 
plants sometimes are attacked only at points lower down than the 
tassel or at a late stage in their development when the tassel or its 
stem does not attract the larvae. 

INJURY TO THE STALK 

Some of the newly hatched larvae, instead of tunneling within and 
feeding upon the tassel buds and tassel stems, habitually migrate 
to a point lower down on the same or near-by plants. Under these 
circumstances they commonly enter the plants at practically any 
point, but the favorite place of entrance is either between the leaf 
sheath and the stalk (fig. 8) or between the stalk and the base of the 
partly developed ear (fig. 9), providing the plant has advanced to 
that stage of growth. 



26 BULLETIN 1476, U. S. DEPARTMENT OF AGRICULTURE 

After gaining entrance to the stalk the borer tunnels either upward 
or downward, usually the former, according to its individual pref- 
erence. The character of this tunnel is subject to considerable varia- 
tion, but usually the borer follows nearly a straight course for several 
inches through the pith and generally lengthwise of the plant. The 
tunnels of 41 individual borers were found to average 8.6-inches in 

Fie. 7.—Broken corn tassel, showing injury caused by larvae of the Huropean corn 
borer 

length. (See Table 14.) The tunnels made by fully grown larvae, 
when tunneling in green and succulent cornstalks, average 0.19 inch 
in diameter. In some instances the tunnel is more or less winding, 
and occasionally small cells are excavated along its course. There 
is a tendency for the larva to work in the internodes of the stalk, 
but when necessary it commonly pierces and apparently feeds upon 
the nodes. All parts of the stalk may be tunneled down to and in- 
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cluding the base or stubble. During this tunneling operation large 
quantities of yellowish-white frass, mixed with silken strands spun 

Fic. 8—Cornstalk, external view, showing extruded frass and entrance to burrow 
of larva of the European corn borer 

by the larva, are pushed out of the entrance hole and suspended 
there by the silken strands or collected below in the axils of the leaf 
blades. (Fig. 8.) ‘These masses of frass are very conspicuous and 
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serve to attract attention to infested plants at an early stage of the 
injury. Later in the season, or as the result of heavy rains, much of 
the frass becomes separated from the plant and falls to the ground. 

The tunneling of one or two larvae in a stalk does not always 
cause appreciable damage; but where, as frequently occurs, several 
or many borers are tunneling and feeding within the same stalk, it 

Fic. 9.—Longitudinal section cf ear of sweet corn damaged 
by Huropean corn borer, showing entrance of larva, the 
stem, and cob 

becomes reduced to a mere shell filled with frass and particles of 
decayed and putrefied plant matter. Naturally the stalk is greatly 
weakened by this type of injury, and eventually it collapses and 
breaks over at one or more places. (Fig. 10.) Such breakage may 
also occur during wind or rain storms as a result of the tunneling of 
even one or two borers. 
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INJURY TO THE EAR 

It is evident that the injury to the stalk may indirectly affect the 
ear by interfering with the supply of nutriment, such injury depend- 
ing, of course, not only upon the stage of development of the ear 
during the maximum period of injury, but also upon the degree 
of injury to the stalk. The ear may be entered directly by the 
borers (fig. 11) at any stage of their development, at its tip, base, or 
side; or it may be entered indirectly through the short stem by 

Fic. 10.—‘‘ Close-up” of hill of sweet corn ruined by Eu- 
ropean corn borer. Stalks sectioned to show extensive 
damage within. There were an average of 37 borers per 
plant in this field. Medford, Mass., September, 1922 

which the ear is attached to the stalk. Ordinarily the ear is entered 
at its tip (fig. 9) by small borers which feed first upon the silk, or 
the tender portion of the husk, subsequently working their way 
down into the cob and grain. Ears entered in this manner do not 
always exhibit external evidences of infestation, as the small particles 
of frass made by the larvae in entering sometimes are very incon- 
spicuous and the external evidences of feeding are small. It fre- 
quently is necessary to strip away the husk before evidence of 
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such infestation is disclosed. When once inside the ear, the larvae 
may tunnel through all parts of the grain and the cob, partially or 
totally destroying ‘the kernels of grain which they attack. (Fig. 12.) 
The character of the actual feeding in the grain is subject to wide 
variation; it may consist of long irreoular surface tunnels between 
the rows of the kernels, or it may consist of tunnels just underneath 

4 

External view of ear, showing extruded frass and numerous punctures 
caused by larvae of the European corn borer 

i 

the upper surface of the kernels, or again large irresular areas may 
be fed upon with no apparent regularity of procedure. Tunnels in 
the cob may extend either longitudinally or transversely through it 
(fig. 18), and when injury of this type occurs early in the develop- 
ment of the ear, it may seriously interfere with the normal formation . 
of the grain. Where several borers are thus feeding upon the grain 
and the cob, the resulting damage usually is very severe, but when 
only one or two borers occur within the ear, the damage to the 
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grain may not be appreciable, particularly where this is confined to 
the tip of the ear or to the interior of the cob. 
When the ear is entered from the side or the base the character of 

the damage is similar to that detailed in the preceding paragraph. 

Fic. 12.—Typical injury by the European corn borer to the grain on the immature ears of 
flint (field) corn. Borers are shown feeding in natural position. The interior of the 
cobs was also badly tunneled by the borers 

The external evidence of infestation, however, usually is more con- 
spicuous, as large masses of frass are thrown out of the entrance hole 
by the borer, and these become attached to the ear (fig. 11) or the 
lower part of the plant, as has been previously described. 
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Borers entering the ear by way of the ear stem (fig. 9) usually 
cause injury similar to that inflicted by the larvae entering the ear 
directly. The tunneling in the ear stem, when severe, and occurring 

early- in the develop- 
ment of the ear, may 
interfere with its 
supply of nutriment. 
Furthermore, the ear 
stem is weakened by 
such injury and fre- 
quently breaks over 
(fig. 14) before the 
ear has completed its 
development. In in- 
stances where the in- 
jury to the ear stem 
is slight, or when 
such injury occurs 
after the ear is nearly 
mature, no appreci- 
able damage to the 
grain results, even 
though the ear breaks 
over. Many ears thus 
affected, however, fall 
to the ground long be- 
fore harvest and are 
subject to deteriora- 
tion by rots and other 
destructive agencies. 
When, as sometimes 
occurs, a large pro- 
portion of the ears 
have fallen to the 
eround (fig. 15), the 
expense of harvesting 
is increased. 

Injury to the ears, 
even where these 
remain attached to 

Typical injury by the European corn borer to the plant, often is 1n- Fie. 13. 
stalks and ears of sweet corn at roasting-ear Stage. ino 
Pupae of the first generation are shown in position. creased by the ee es 
One hundred per cent of the stalks and 99 per cent of of rots and molds as 
the ears were infested in this field by the first genera- 
tion. Saugus, Mass., August 1, 1922 a result of the work 

of the borers, and 
aids in reducing even slightly infested ears to a soft decaying condi- 
tion, thus sometimes entirely destroying its food value. 



: PROGRESS REPORT ON THE EUROPEAN CORN BORER 33 

Fic. 14‘ Closeup” of dent field corn ear and stalk, 
showing typical injury by the European corn borer. This 
experimental plat showed an average of 2.5 per cent 
grain injury, 62.2 per cent ears infested, 100 per cent 
stalks infested, with an average of 15.5 larvae per plant. 
Cambridge, Mass., October, 1920 

Fig. 15.—Hill of flint field corn, showing severe European 
corn-borer infestation. Note broken-over stalks and ear 
lying on the ground. Cambridge, Mass., October, 1920 

25411°—27 3 
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CHARACTER OF INJURY TO PLANTS OTHER THAN CORN 

Injury to plants other than corn is of the same general character 
as that inflicted on corn, except that in some instances special parts 
of the plants appear to be habitually preferred as food or as shelter. 
(See Table 1.) 
Although some of the infestation in plants other than corn results 

from the larvae which have migrated from susceptible plants grow- 
ing in the vicinity, such as corn or weeds, the eggs are commonly 
deposited upon a variety of vegetables, field crops, ‘flowering plants, 
and weeds. Many of the resulting larvae feed and complete their 
development therein, particularly in the two-generation area of New 
England. 

VEGETABLES 
In addition to sweet corn, the most important vegetable hosts of 

P. nubilalsis (Table 2) are rhubarb, beets, mangels (fic. 16), celery, 
beans, spinach, peppers, tomatoes, potatoes (fig. 17), and Swiss 
chard. A summary of the more important observations relating to 
the character of injury to these plants is included in Table 2 2. 
With the exception of beans, which were slightly infested in the 
experimental plat at Silver Creek, N. Y., all of these observations 
are limited to the New England area. 

TABLE 2.—Character of injury to vegetables by Pyrausta nubilalis larvae 
(New England, 1918 to 1922) 

Appearance of infested | Y 
pat | Parts of plant attacked | plants Remarks 

Rhubarb__-.-| Leaf stalks, seed stalks, | Masses of dark-yellow | | Most susceptible of vegetable 
| and main veins of frass, mixed with gum- crops. Much of the severe in- 
| leaves. Eggs depos- like substance, exude | jury occurs after close of com- 
| ited freely on leaves. from larval tunnels. Af- mercial season. Plant not seri- 
| Small larvae feed fected parts break over ously affected by this injury. 

thereon. | _ when injury is severe. 
ibeets 2-2 = ee: Leaf stalks, main veins | Black, granular frass eject- |; Plants very susceptible. Injury 

of leaves. Rarely the ed from larval tunnels. | to leaves or leaf stalks does not 
fieshy portion of root. Affected parts break | seriously affect plant. Injury to 
Eggs deposited freely over when injury is se- | beet root renders it unsuitable 
on leaves. Small lar- vere. for food. 

| vae feed thereon. : 
Celery________ Leaf stalks, main veins Wet, discolored frass eject- iants very susceptible. Injury 

' of leaves. Usually ed from larval tunnels. to leaf stalk renders it unfit for 
outer leaf stalks pre- | Unless badly infested food. Usually the injured por- 

| ferred, although fre- | the injured leaf stalk tion may be removed and re- 
quent injury to heart | does not break over. mainder of plant used. 

| of plant. Eggs  de- | 
posited on leaves. 

IB@AnNS = a eas] Principally stalks, oc- | Masses of  light-yellow | Both low bush and pole beans at- 
|  easionally grecn beans frass extrude from larval tacked— Usually the severe in- 

and pods. Eggs le- tunnels. Afiected parts jury occurs aiter beans have 
posited on leaves. break over when injury reached harvesting stage. Num- 

: : | is severe. ber of infested pods usually less 
than 1 per cent of total in field. 

Spinach______ Leaves fed upon by | Light-yellow frass ejected | Infestation by eggs or larvae usual- 
newly hatched larvae. from larvaltunnels. In- ly limited to less than 1 per cent 
Leaf stalks rarely tun- jury very inconspicu- of plants in field. Growth of 
neled. Eggs deposit- | ous. plant not affected. 
ed on leaves. 

Pepper__..__.| Stalks and fruit______.-- Light-yellow frass ejected | Both sweet and hot varieties are at- 
| fromlarvaltunnels. In- tacked. Formation of fruit af- 
| fested stalks break over. fected when stalks are attacked 
| Seeds and pulp of fruit early. External signs of infested 
/ eaten. fruit not conspicuous. 

Tomato: 2 -— Sales -and rarely the |____- CQ: ies ee ee Do. 

IROtAtO Hs stale Eggs freely de- | Same as above. Tubers | Even severe breaking over of 
posited on leaves. not infested. | stalks does not appreciably af- 
Small larvae feed | fect formation of tubers. 
thereon. 

Swiss chard__| Leaf stalks. Eggs oc- Black masses of frass eject- | Growth of plant not appreciably 
casionally deposited ed from larval tunnels. | affected. Injured parts unsuit- 

| 

| on leaves. Small lar- 
| vae feed thereon. 

Usually the tunnel is 
discernible from surface 
of leaf stalk. 

able for food. Usually the af- 
fected parts do not break over. 
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lowing work of borers. As many as 60 borers were found in a single mangel. 
Fic. 16.—Mangel severely injured by Huropean corn borer. Note extensive decay fol- 

Winchester, Mass., November 1, 1922 
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Fic. 17.—Potato stalks sectioned to show typical work of European corn borer laryae 
therein and pupae in position. Fifty-four per cent of the plants in this field 
were infested. Winchester, Mass., July 27, 1922 
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FIELD CROPS 

Practically none of the common field crops, with the exception of 
timothy and oats (fig. 18), are grown to any extent within the area 
where P. nubilalis has become well established in New England. It 
was necessary, therefore, to grow small experimental plats of the 
more important field crops at Medford, Saugus, Cambridge, Belmont, 
and Woburn, Mass., in order to ascertain the reaction of the insect 
to them. It seemed desirable to include such other important field 
crops as are normally grown in the South and West, with the object 
of obtaining advance information regarding the adaptability of the 
insect to these crops. 

Fig. 18.—Oats showing European corn-borer larvae infesting stem 

The experimental plats were duplicated at Scotia and Silver Creek, 
N. Y., but most of the information included herewith was obtained 
from the Massachusetts plats, where the insect is more numerous and 
habitually attacks a greater variety of plants under field conditions. 
The results obtained should be considered as merely indicative, 
because it does not seem possible definitely to forecast the reaction 
of P. nubilalis to some of these crops, under American conditions, if 
the insect should become well established where they are extensively 
grown. A summary of the observations relating to the character of 
injury to field crops is included in Table 8. : 
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TABLE 3.—Character of injury to field crops by Pyrausta nubilalis larvae 

(New England, 1919 to 1922) 

« 

Appearance of infested 
plants 

Stems (culms). Eggs | Masses of  light-yellow 
frass extrude from larval 
tunnels. Infested stems 
usually break over. 

Plants 

uae Parts of plant attacked 

IMG Osea one 
rarely deposited on 
leaves. 

Hemp --_-__-- Stalks, seed heads. Eggs | Same as above. 
freely deposited on break over only when 
leaves. Small larvae severely injured. 
feed thereon. 

Grain sor- |____- GORs sea ieee tie Red frass ejected from 
ghums larval tunnels. Stalk 

breaks over just below 
seed head when severely 
injured. Resembles in- 
jury to tassel stem of 
corn. 

Broomcorn__-_|____- C6 (0 ee rea || GOS 2 See eee 

Barleya-sess=— Stems (culms) ____---__-_- Masses of  light-yellow 
frass ejected from larval 
tunnels. Infested stems 
usually break over. 

Cottones === Stalks, bolls. Eggs freely | Same as above. Bolls en- 
deposited on leaves. tered at base, under 
Small larvae feed bracts, when nearly full 
thereon. grown. Dark-brown 

frass extrudes from en- 
trance holes. Larvae 
tunnei through carpel, 
lint, and seed. 

Cowpea---_-__- Stalks, pods. Eggs oc- | Masses of light-yellow frass 
casionally deposited extrude from larval tun- 
on leaves. nels. Infested stems 

usually break over: In- 
jury to pods similar to 
beans. 

SOFRQ=eee 2 eo Stalks,seed heads. Eggs | Appearance of injury sim- 
freely deposited on llar to corn. Plants 
leaves. Small larvae break over only when 
feed on leaves. severely injured. Frass 

red in color. 
Op Saas Vine (stem) and leaf | Light-yellow frass ejected 

stems. from larval tunnels. 
Buckwheat=2= Stems sas essa ees Masses of white frass ex- 

trude from larval tun- 
nels. Infested stems 
usually break over. 

QOatsis a eess Stems (culms). Eggs |____- 1 era ee i es 
rarely deposited on 
leaves. 

OMG O nN eR Glee ee eee ee ee GOR SRS Ge eee ee 

Sudan grass__ 
Soy bean_-_-__- 

Sweet clover 
(white). 

Timothy ____- 

Tobacco__-_-_- 

Stalks. Feeding injury Wasses ohligne. yellows 
to leaves. Eggs found extrude from larval tun- 
on leaves. nels. Plants break over 

when severely injured. 

leaf stalks Saeeee Sees (6 Ko amines Suaeee wine EI Be 

BSILIC = 6 sarap em ec | ES ah GOs: eee ee eee 

Stems, seed heads_______]____- GOSS ieee ae ae 

Stalkseiee arin eh eee Masses of dark brown frass 
extrude from larval tun- 
nels. 

Remarks 

Japanese millet very susceptible. 
European millet to.a lesser ex- 
tent. Hungarian millet rarely 
attacked. 

Very susceptible. Found occas- 
ionally: growing wild in Massa- 
chusetts area. Invariably in- 
fested when exposed to attack. 

Includes hegari, feterita, milo, and 
kafir. Hegari most susceptible 
and more severely injured than 
the others of this group. 

Appears to be able to withstand 
severe infestation without ap- 
preciable injury to the brush 
used in broom. making. 

Formation of grain seriously af- 
fected when stem is attacked 
early in its development. Late 
attack not seriously injurious. 

Quite susceptible. Development 
of bolls prevented when stalk 
breaks over early in its develop- 
ment. Bolls not affected by 
slight or late injury to stalk. 
Plants killed by frost before 
bolls opened. 

Most of injury occurs late in the 
season. Growth of plant or 
yield of seed not appreciably 
affected. 

Except when severely injured the 
growth of plants infested is not 
seriously affected. 

Only occasionally infested .1 

Grains reduced in size or their 
formation prevented entirely 
when injury occurs before seed 
head develops. 

0. 

Yield of fodder or seed not ap- 
preciably affected. 

Do. 
Plants infested late in the season. 
Growth of infested plants not 
appreciably affected. Soy beans 
infested under field conditions in 
New York. 

Very slightly susceptible. No ap- 
preciable effect on plant. 

Same as above. White sweet 
clover grows wild in waste areas, 
in vicinity of Boston, Mass. 

Infested usually by smaller larvae. 
Full-grown larvae found rarely 
in larger stems. 

Infestation occurs during late 
season. No appreciable effect 
on plant. Larvae found in 
tobacco were dead, or died sub- 
sequently. 

1 Japanese hop (Humulus japonicus) is grown as an ornamental in Massachusetts and under these condi- 
tions it is frequently and severely infested. 
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FLOWERING PLANTS 

Although a large number of flowering plants are known to be 
attacked by P. nubdlalis (Table 1), the most important of this 
group, considering their susceptibility and economic importance, 

-are dahlia, China aster, chrysanthemum, zinnia, calendula, canna, 
cosmos, geranium, gladiolus (fig. 19), golden glow, hollyhock, and 
salvia. A’ summary of the more important observations relating to 
these plants is included in Table 4. With the exception of cosmos 
and dahlia, which 
were slightly infested 
in the experimental 
plat at Silver Creek, 
N. Y., all of these 
observations are lim- 
ited to the New Eng- 
land area. 

WEEDS 

The character of 
the injury to the 
weeds and wild 
grasses which are at- 
tacked by the Euro- 
pean corn borer 
(Table 1) is essen- 
tially the same as has 
been described for 
corn and other eco- 
nomic hosts of the 
insect. Eggs are de- 
posited upon some of 
these weeds and wild 
grasses, particularly 
in the New England 
area, and the result- 

ae ere ee ig. 19.—Gladiolus reine ate European corn-borer in- 

ment and pupate 
within, or may migrate to various other host plants in the vicinity. 
In addition, these plants frequently are infested by larvae migrating 
from near-by crops, notably corn. The injury to weeds and wild 
grasses is characterized by the collapse and breaking over of the stems 
or stalks which are severely infested. In weed infestation, such as 
occurs in barnyard grass, the larvae tunnel through the stalks and 
stems, even including the base of the stalk, or stubble, to a point 
below the surface of the ground. (Fig. 20.) The percentages of 
infestation in some of the more susceptible weed hosts are shown 
in Table 20. 

+S 
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Fig, 20.—European corn-borer larvae at base of barnyard-grass stubble 

TABLE 4.—Character of injury to flowering plants by Pyrausta nubilalis larvae 

(New England, 1918 to 1922) 

China aster___ 

Chrysanthe- 
mum. 

ZANT! = 4 

Calendula___- 

Hollyhock-___- 

Gladiolus--_-- 

Golden glow-. 

Parts of plant attacked 

Stalks, flower stems, 
and flowers. Eggs 
freely deposited on 
leaves. Small larvae 
feed thereon. 

Stalks and flowers. 
Eggs rarely deposited 
on leaves. : 

Stalks, flower stems, 
and flowers. Feeding 
areas on leaves but no 
eggs found. 

Stalks, flower stems, 
and flowers. Eggs 
rarely deposited on 
leaves. 

Stalks, flowers.___------ 

Stalks, midrib of leaves 
and flowers. Feeding 
areas on leaves but no 
eggs found. 

Stalks. Rarely in flower 
stems. 

Stalks, flower stems---_- 
Stalks =f ee 3206 

Stalks and flowers. 
Eggs occasionally de- 

. posited on leaves. 
Small larvae feed 
thereon. 

Stalks, flower stems. 
Eggs rarely deposited 
on leaves. 

Appearance of infested 
plants Remarks 

Large masses of light- | Most susceptible of the flowering 
yellow frass extrude plants. Injury most severe at 
from larval tunnels. time of blooming. Entire plant- 
Affected plants wilt and 
and break over when 
severely injured. 

Same as above. Most of 
injury to middle part of 
stalk. Affected stalks 
osually, break over. 

eee 0. =. eae aR 

ing frequently infested. Roots 
(tubers) not infested. 

Frequently infested in field and in 
greenhouse. Production of 
blooms usually reduced or pre- 
vented entirely. 

Greenhouse and hardy varieties 
very susceptible. Size of blooms 
not affected by slignt or late in- 
jury to stalks. Blooms reduced 
in size or prevented entirely by 
early breaking over of the stalk. 

Same as above except not found 
infested in greenhouse. Rarely 
grown under glass. i 

Same as above. Rarely found in- 
fested in greenhouse. 

Seldom infested except when grow- 
ing near other infested plants. 
No infestation found in roots. 

Light-brown frass  ex- 
trudes from larval tun- 
nels. Most of injury to 
midrib of leaf. 

Large masses: of light-yel- 
low frass extrude from 
larval tunnels. Affected 

Most of injury to main stalks, late 
in season. Flower buds seldom 
open on part of plant broken 

parts break over when over. Not found infested in 
severely injured. greenhouse. 

Pets G02 Ee ae Do. 
Sse 0s. 2s tebe eee Do. 
Ws a do... -= = S| bSame aas faboves ..weaf= Stents sor 

yo plants particularly sus- 
ceptible. 

ees do_____---_.--.______.-| Weakened or broken stems often 
render the spike unmarketable. 
Slight injury to flower stems, no 
appreciable effect on spike. Not 
infested in greenhouse. 

Eee do___-----____________| Most of injury occurs late in season 
after flowers have formed. No 
appreciable injury to plant. 
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EXTENT OF INJURY AND ECONOMIC LOSS 

CORN 

Most of the direct injury and loss to corn, as a result of European 
y  corn-borer attack, is caused by the larvae feeding on the grain and 
= inthe cob of the ear. (Fig. 21.) In addition to this direct loss 

to the ear there is also an indeterminate amount of indirect loss, as 
previously described. The injury to the lower stalks and ear stem, 

Fig. 21.—European corn-borer injury to grain and cob of 
flint field corn. Cobs sectioned to show borers within. 
One hundred per cent of the stalks and ears were in- 

. ; fested and 17 per cent of the grain destroyed in the field 
c from which these ears originated. Medford, Mass., 

October, 1922 = 

if severe and occurring before the ear is nearly mature, frequently 
results in a small or poorly formed ear. The actual extent of injury 
and economic loss resulting from the indirect injury to the ear and 
the stalk is difficult to estimate definitely, as it varies greatly in 
different fields and depends upon several factors, the most important 
of which are (1) percentage of plants infested, (2) the number of 
borers per plant, (3) the stage of development of the plant when 
attacked, (4) the part of the plant selected for attack, and (5) the 
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habit of growth (size of stalk) of the variety. In general, however, 
it may be conservatively estimated that in most of the infested fields 
the indirect loss at least equals and frequently exceeds the direct 
ioss sustained by the feeding of the borers on the grain. The exit 
and entrance holes of the larvae in the ears and stalks also provide 
a means for the entrance of various rots and molds, as previously 
stated. 

The percentage of plants injured and the economic loss incurred 
have been greater as a rule in New England than in the other areas 
in the United States where the insect is present. 

EXTENT OF INJURY AND LOSS TO EARS, GRAIN, AND STALKS 

New ENGLAND 

In order to obtain data relative to the direct injury and loss to 
ears, grain, and stalks in the New England area, a series of de- 
tailed examinations were made during 1920 in the plats of flint, 
dent, and sweet corn grown in the experimental fields at Medford, 
Saugus, and Cambridge, Mass. These examinations were repeated 
during 1921 and 1922 in plats grown at Medford and at Arlington. 
Each of these plats was approximately one-twentieth of an acre 
in size and consisted of 8 varieties of flint corn, 12 varieties of 
dent corn, and 13 varieties of sweet corn. Most of the varieties of 
flint and sweet corn used in these experiments are those commonly 
grown in New England, but the dent varieties are very seldom 
grown in the Boston area for grain. However, owing to the im- 
portance and widespread use of dent corn in many sections of the 
country, it was desired to ‘ascertain the susceptibility of this type to 
attack by Pyrausta nubdalis, although only the earlier dent varieties 
will mature in the Boston area, even under favorable seasonal 
conditions. 

TABLE 5.—H «tent of injury and loss caused by the European corn borer to ears, 
grain, and stalks of field and sweet corn in experimental plats of the 
New England area, 1920 to 1922 

Nfeaa ore of Ear examination Per cent Stalk examination 
plats of grain 

; ez = injured or 

eg Number Per cent gestioyes Sa ee cont 
i examined infested 5 examine infeste 

1920 1921/1922 examined 

1920 | 1921 | 1922 |1920'1921'1929|1920|1921'1922! 1990 | 1921 | 1922 | 1929 |1921!1992 
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Saueusse= ase Ais bee eles LISA QOO IES wees eae ee OD eee eee STI OIA SS licorice al ae ()() Ieee teal Pee 99. Ose eae 
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Medford ___-_- 11 3 1} 550} 150 50/84. 2/46. 7} 100) 2.5) . 6/28. 7,1, ne 300) 100] 93.696. 0) 100 
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Cambridge___ | as cs | 0) | ences | eto Lay ies |e eases | OAC) eae ae | 500 Far ere | Sra LOOKO| 2322 |2eee 
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Sweet corn: 1! 
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Three-year average (per cent): 
PRY ATGATTAT SG LO Tae tes 2 pe LS SRA pr eas ns Se Rain aap ao 86. 7 74. 6 iG il 
Chimenhaus hay Gdmieahsrae pak lee Oye a Nau ee hea Aelita cube bet aie SI a 10.0 3. 14 1.4 

98. 4 96. 0 233.9 Sbalktinfespatro mes Waee Wyma ek one eee Eto Ne Rn tra al eee eee are ne 

1 At roasting-ear stage of growth. *2 Complete counts not taken in 1921 and 1922. 

et 
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The experimental fields were located where the corn borer has 
become well established, and the infestation and injury to the corn 
in these fields represented ordinary conditions. Moreover, the fact 
that these varieties were grown in adjacent plats under the same 
cultural conditions provides an indicative basis for comparison of 
relative susceptibility of varieties and types. The fields wherein 
these plats were located received a thorough clean-up and plowing 
during the preceding fall, or in the spring, so that the conditions 
of infestation prior to planting were much better than those exist- 
ing in commercial fields of the vicinity. Most of the subsequent 
infestation in these plats, particularly that by the first generation, 

Fic. 22.—European corn-beorer injury to grain of dent field corn. The cobs and ear 
stems were also badly tunneled by the borers. The experimental plat from which 
these ears originated showed 28.7 per cent grain injury, with 100 per cent of ears 
and stalks infested. Medford, Mass., October, 1922 

is believed to have been caused by the flight of moths from adjoin- 
ing fields. The results of the examinations of the experimental plats 

_are shown in Table 5. | 
The counts shown in Table 5 were made at the time of harvest; 

50 ears were selected at random from each plat of field corn when 
mature and 100 ears selected in the same manner from each plat of 
sweet corn at the roasting-ear stage. The stalk infestation was based 
upon an examination of 100 stalks from each plat. The actual grain 
injury to sweet corn is not indicative of the real loss, as many ears 
which suffered only slight damage to the grain at the roasting-ear 
stage were rendered unfit for market purposes or for canning. The 
grain injury to dent corn in comparison with flint corn is somewhat 
affected by the fact that in the 1920 series 4 of the varieties of dent 
corn did not mature under Boston conditions. According to experl- 
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mental evidence obtained in Massachusetts during 1922 (Table 5), 
under conditions of. severe infestation, the ears (fig. 22) and stalks 
of the early-maturing or short-season varieties of dent corn are 
as susceptible to severe injury by P. nubdilalis as the ordinary 
sweet or flint corn varieties. In general, however, the infestation 

Fic. 23.—Ears of sweet corn left to ripen for seed, showing severe injury to grain 
and cob by European corn borer. Two cobs cut open to show borers within. 
Also note severe injury to ear stem. Medford, Mass., September, 1922 

and injury to dent corn, particularly the large-stalked and late- 
maturing varieties, has been less severe than to the earlier maturing 
and smaller-stalked varieties of flint corn. It is a matter of specu- 
lation whether this relative susceptibility and injury would be 
retained in regions where the duration of the growing season per- 
mitted the maturity of large dent corn varieties. Flint and sweet 
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corn appear to be about equally susceptible to infestation and in- 
jury, although the commercial injury to the ears and grain of sweet 
corn is limited to the development of the ear to the roasting-ear 
stage, unless grown for seed (fig. 23), and therefore does not serve as 
a real comparison of susceptibility with flint corn grown for grain. 

Table 6 gives data relative to the injury and loss to ears, grain, 
and stalks of flint field corn and sweet corn during the period. 1920 
to 1922 in representative commercial fields in that portion of the 
New England area where the insect has become well established. 
All of the flint cornfields grown within this area are included. 
Since dent field corn is seldom grown commercially for grain in 
that part of the New England area now infested by the corn borer, 
there were no fields of this type available for examination. The 
sweet corn fields included herein were selected on the basis of per- 
sonal judgment of average conditions and not by the use of arith- 
metical methods. The injury and loss in certain small fields of 
sweet corn representing the maximum infestation (fig. 24) was 
greater than these figures indicate. No complete information is at 
hand relative to the clean- -up measures employed in all of these fields 
during the preceding fall and spring, but judging from the usual 
practice in the section where these fields were located it is probable 
that all standing cornstalks were removed in the fall, and that the 
corn stubble, other crop refuse, and weeds were plowed under, either 
in the fall or spring. This type of field practice, however, usually 
results in leaving undisturbed large numbers of infested weeds along 
the field borders. 

TABLE 6.—Extent of injury and loss caused by the European corn borer to ears, 
grain, and stalks of field and sweet corn in the New England area, 1920 
to 1922 

Ear examination Per cent of Stalk examination 
Acreage of grain injured 

fields exam- or destroyed 
Locality (Massa- ined Number Per cent onearsexam-; Number Per cent 

chusetts) examined infested ined examined infested 

1920} 1921}1922) 1920]1921|1922|1920)1921)| 1922 |1920/1921) 1922 |1920}1921)| 1922) 1920 |1921! 1922 

Flint corn: 
Medford. _=:---- aed Gee eS] eae Fi) ses es Q6LOM SAE 23S As (|e es Fe 200 |e. Spee ROBT OES sees 
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WMetiond =.= [t.-* 620) 5. Oss l00 O02 46 eS 7a Ole 5 Dees |S HOO ET OO ess 8/100. 0 
Melrose Ss! [a4 ot 6505 een ewe S00| 25ers. byp) oes eee Sheen ee SOO IS Sat ae an 
SPECT DFS sane Bee OO es FS OO ates eee 200 E22 SPO lees eee Bao! fee [Eee O00) ke |e 100. 0 
WAN GHES her aees 21S (4S OHI e te TAC) | esas eee ADS His. [Peace ag Ta) Se eka 1918) eee S| 63. 0 
Woburn --_-____- Piste 7. ine] eas eae 50 ies Pe LOROIEE 2 es OME Sas H0LE: 225: 24.0 

} 

Flint Sweet 

Three-year average (per cent): 
DAT ISDS UT ce hee 2 a ty ale Pa po lo ean) oo ong aaa oe ge ee oe 71.9 43.2 
(GUsGUIN TAP) Se SET BS SRN 2 ee ae ky ee oe ae ee ee ee 5.1 eet 
SHAE KaN ECS TUT OF tae a a eee eee are ens Soret ete ee 2 76. 6 77.5 

1 At roasting-ear stage of growth. 
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The figures in Table 6 show an important amount of direct loss 
from ear infestation and grain injury to both fiint and sweet corn. 
The susceptibility to infestation of flint field corn and sweet corn 
was nearly equal in these fields as shown by the average percentages 
of stalk infestation of 76.6 and 77.5 for the flint and sweet types. 
respectively. The difference between the percentages of ear infes- 
tation and grain injury of the two types is due to the fact that the 
sweet-corn ears are harvested before maturity, and therefore are 
exposed to injury for a shorter period than the flint corn. 

During 1922 a series of examinations were made throughout the 
season in 50 fields of sweet corn, aggregating 63.5 acres, taken at 
random in 20 towns of the New Eneland area. These examinations 
were made at harvest (roasting-ear stage) and on a basis of 100 
ears and 100 stalks to each field. In 9 of these fields none of the 
ears were infested. In the remaining 41 fields the percentage of 
ears infested ranged from 1 to 100, the average for the entire 50 
fields (5,000 ears) being 20.4 per cent. The stalk infestation for the 
50 fields averaged 56.5 per cent. The majority of the ears found 
to be infested were unfit for market. A similar examination con- 
ducted in 66 fields of the New England area during 1923 gave an 
average ear infestation of 10.6 per cent, and during 1924 an aver age 
of only 1.2 per cent of the sweet-corn ears were found infested in 
52 fields of the same area. 

As a part of the investigation to determine the progress of annual 
increase or decrease of infestation, careful counts were made in 
1921 and 1922 in the cornfields of 40 townships of New England, 
representing all conditions of infestation from the center of the 
area to the lightly infested townships near the border of the area. 
In these field counts 10 fields (or garden patches in residential 
districts) were selected in each town, ‘such selections being made on 
the basis of the personal judgment of the field worker as to what 
constituted fields which were representative of the entire town. In 
figuring the averages the results from all fields, whether infested or 
noninfested, were included. 

The majority of these fields were, of necessity, sweet corn. These 
counts show that in 1921 an average of 29.93 per cent of the stalks 
were infested in these 40 towns, including noninfested as well as 
infested fields, with an average of 4.44 larvae per infested stalk 
(132.9 larvae per 100 stalks) ; while in 1922 an average of 53.29 per 
cent of the stalks were infested in these same towns, with an average 
of 8.75 larvae per infested stalk (466.3 larvae per 100 stalks). These 
fioures are believed to represent accurately the average conditions 
throughout the New England area for this two-year period. Com- 
parable figures for the 1923, field survey show that in the 229 fields 
examined in 22 of the same towns included in the 1921 and 1922 
surveys there were an average of 30.1 per cent of the stalks in- 
fested, containing an average of 3.8 larvae per infested stalk (114.5 
larvae per 100 stalks); while in 1924 there were an average of 18.2 
per cent of the stalks infested in the 178 fields examined in 35 of 
the same towns included in the 1923 survey, containing an average 
of 2.2 larvae per infested stalk (40 larvae per 100 infested stalks). 

The annual surveys have shown a very significant decrease in the 
acreage planted to corn each year, especially in that portion of the 
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territory where the insect has become numerous. The decrease in 
aggregate acreage in 1922, as compared to 1921, was approximately 
50 per cent in the 40 towns. 

NEw YORK 

The extent of injury and economic loss caused by the corn borer 
in New York State has been comparatively shght to date. Except 
in a very few fields the infestation has not approached that existing 
in New England. 

EASTERN NEW YORK 

Table 7 gives data relative to the injury and loss to ears, grain, and 
stalks of flint, dent, and sweet corn, during the period from 1920 
to 1922, in that portion of the eastern New York area where the 
corn borer is known to have been present for at least four years 
and where it has become fairly well established, although it is prob- 
ably not now as numerous in this area as may be expected in the 
future. Some of the smaller fields representing the maximum in- 
festation in th’s area are not included in the table. 

TABLE 7.—Extent of injury and loss caused by the European corn borer to 
ears, grain, and stalks of field and sweet corn in eastern New York, 1920 
to 1922 

Ear examination Per cent of | Stalk examination 
PACECAPO > sijeaee nen STAIN Ted 
of fields or destroyed 

Locality (eastern examined Number Per cent on ears ex- Number Per cent 
New York) examined infested amined examined infested 

| | | | 
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1 Experimental plat records. 2 At roasting-ear stage of growth. 

An examination of Table 7 shows that in eastern New York the 
corn borer as yet has caused but a very slight crop loss. Such in- 
festation and loss as have occurred, however, indicate that in this 
area the three types of corn (flint, dent, and sweet) are equally 
susceptible. In the majority of the infested fields of this area 
the infestation is very sparse at present, and in many of these 
fields it is difficult to detect the presence of the insect. 

Comparative counts of stalk infestation which were made during 
1921 and 1922 in 12 average fields located within that portion 
of this area where the corn borer has become well established 
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showed 9.8 per cent of stalk infestation in 1921, with an average 
of 2.51 larvae per infested stalk (23.3 larvae per 100 stalks) ; 
while in 1922 in the same fields 7.9 per cent of the stalks were 
infested, with an average of 2.38 larvae per stalk (18.8 larvae 
per 100 stalks). Figures are not available for the 1923 field survey 
in this area. A comparable survey in 30 of the same or near-by 
fields in 1924 showed an average stalk infestation of 15.1 per cent, 
containing an average of 1.6 larvae per infested stalk (24.2 larvae per 
100 stalks). Examinations of the ear infestation in 8 of these 
sweet-corn fields, included above, showed that an average of 5.3 
per cent of the ears contained the borer in these fields at the time 
of harvest. 

WESTERN NEW YORK 

The injury and loss as well as the degree of infestation have 
been greater in the western than in the eastern area of New York 
State. Table 8 gives data for the period 1920 to 1922 regarding 
infestation and injury to field and sweet-corn fields, selected on the 
basis of personal judgment of average conditions, within the area 
where the corn borer has become well established in western New 
York. Some of the smaller fields which represented the maximum 
infestation of the area are not included in this table. 

TABLE 8.—Hatent of injury and loss caused by the European corn borer to 
ears, grain, and stalks of field and sweet corn in western New York, 1920 
to 1922 

Ear examination Per cent of Stalk examination 

NCTE of ae ned 
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1 At roasting-ear stage of growth. 
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An examination of Table 8 shows that in western New York the 
corn borer is now causing appreciable injury to all types of corn, and 
that while the present severity of the infestation is not comparable 
to that existing in New England, the degree of infestation is such 
that serious losses may develop in the near future, unless measures 
are taken to keep the insect in check. | 

The comparative field counts of stalk infestation which were made 
in 1921 and 1922 in 8 fields, selected on the basis of personal 
judgment of average conditions, within the worst infested portion 
of the western New York area, showed that 26.2 per cent of the 
stalks were infested in 1921, with an average of 3.33 larvae per in- 
fested stalk (87.2 larvae per 100 stalks), while in 1922 in the same 
fields 18.9 per cent of the stalks were infested, with an average of 
1.76 larvae per infested stalk (83.3 larvae per 100 stalks.) Com- 
parable figures for the 1923 field survey show that in 80 fields, in the 
same area where the 1921 and 1922 surveys were conducted, there 
were an average of 15.2 per cent of the stalks infested, containing 
an average of 1.3 larvae per infested stalk (19.8 larvae per 100 
stalks), while in 1924 there were an average of 27.8 per cent of 
the stalks infested, in 86 of the same or near-by fields surveyed in 
1923, containing an average of 2.7 larvae per infested stalk (75.1 
larvae per 100 stalks). Examinations for ear infestation in field 
and sweet corn in this area during 1923 showed that an average 
of 5.5 per cent of the ears were infested in 19 of the fields mentioned 
previously and also including sample examinations of the sweet- 
corn ears brought to two canning factories. A similar examination 
of the ears from the 36 fields.surveyed in 1924, and from three 
canning factories, revealed that 9 per cent of the ears, on an average, 
contained the borer. Sample examinations of 2,700 sweet-corn ears 
delivered to a canning factory at Silver Creek, N. Y., during 1924 
revealed that 11.9 per cent of the ears examined contained the borer. 

The unusual abundance of the corn ear worm in both the eastern 
and western New York areas during 1921 rendered it difficult to 
obtain accurate records of grain injury which could be attributed 
solely to the corn borer. 

OHIO AND MICHIGAN 

In Ohio and Michigan there has been very little economic loss 
caused by the corn borer to the close of 1924. There was, however, a 
widespread dispersion of the pest in this area during 1924, accom- 
panied by an increase in intensity which-amounted to 258 per cent 
when compared to conditions existing in 1923. Should the rate of 
annual increase which prevailed during 1923 and 1924 be continued, 
it appears reasonable to forecast that appreciable losses will become 
general in this area in the near future, especially since similar devel- 
opments in the older area of infestation across Lake Erie in Ontario 
have led to severe losses to all types of corn under similar cultural 
conditions to those prevailing in Ohio and Michigan. During 1923 
a survey of 133 fields of Ohio and Michigan revealed an average stalk 
infestation of 1.83 per cent, with an average of 1.41 larvae per 
infested stalk or 2.58 larvae per 100 stalks. These fields were selected 
throughout the area as representing average conditions according to 
the personal judgment of the field worker. A similar field survey in 
241 fields of this area during 1924 showed an average stalk infesta- 

25411 °—27—_4 
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tion of 5.28 per cent, with an average of 1.75 larvae per infested 
stall, or 9.24 larvae per 100 stalks. Maximums were recorded of 52 
per cent in stalk infestation of sweet corn and 33 per cent stalk infes- 
tation in dent field corn during 1924, as compared to a maximum of 
17 per cent in 1923. 

DISTRIBUTION OF GRAIN INJURY ON INFESTED EARS 

In making detailed counts of the grain injury on ears damaged by 
i nubilalis, it was noted that while in general the greater proportion 
of this injury occurred to the kernels on the tip of the ear, the injury 
was also well distributed on the side and butt of the ear. Im the 
Rejocily of the lots of ears examined the total injury to the butt 
and side kernels nearly equaled, and sometimes exceeded, the injury 
suffered by the tip kernels. as will be seen in Tables 9 and 10. The 
‘ip is here considered to be the upper third of the ear, the side is 
considered to be the middle third, and the base the iower third. 
Table 9 shows the distribution of the grain injury on the infested 
ears of flint, dent, and sweet corn which have been previously men- 
tioned under Table 5. 

TaAnLe 9.—Distribuiion of grain injury caused by European corn borer on in- 
jested cars (three-year average jrom experimental plats) 

Distribution of grain injury 
Totel Percent | 00 infested ears (per cent) ! 

Type of corn earsex- _ of ears 
amined infested 

Butt | Side Tip 
| 

PS SS SS 
ALE en oes fie ee ee es Ee: Pee 900 86.7 17. 58 29. 67 | 52. 75 
MPNAG as Sa ne oe ee ee ee ee 1, 250 74.6 19. 05 19. 05 61. 90 
DIWeEL £2. £5 £2 eee s Sosa Be ee ee ie 3, 5 o7.1 13. 89 | 22. 22 63. 89 

510,70 7 pe wr Se al ee eS ee a es Re mee 15. 48 22. 80 61.72 

1 These percentages do not refer to the total per cent of grain injury on the butt, side, and tip; they show 
only the relative proportions of injury to these three parts of the ears. 

That the distribution of grain injury on the ears is influenced by 
the severity of the infestation, was demonstrated during 1922 in the 
presence of a more severe infestation than during the preceding two 
years. Table 10 shows data on this point as taken from records 
of ear examinations in the 1922 experimental plats of flint, dent, 
sweet. and pop corn in New England. : 

TABLE 10.—Distribution of grain injury caused by the Eurepean corn borer 
on infested ears from erperimental plats of 1922 

Distribution of grain injury 
Total Percent 0 infested ears (per cent) ! 

Type of corn ears ex-  ofears 
amined infested i 

Butt Side Tip 

HA Gra ee ee 9 NR eee 50 100 31. 00 22. 89 46. 10 
ToT Bas Seep eS A Se ey od eee OLS Se ee es oe 100 100 20. 7 30. 81 48. 40 
SavEeh es oes Soe ee Eee 8 et ee 1, 300 74 23. 46 29. 18 47.36 
DEAT Gj og SS ee Fa ae ais aa, een = EOE 50 100 24.34 26. 46 49. 20 p Pied! eters) peed) esate =F) 

A VETARC isonet aye te ee yee eee Se ee 23. 58 28. 93 47. 47 

1 These percentages do not refer to the total per cent of grain injury on the butt, side, and tip; they show 
only the relative propcrtions of injury to these three paris of the ears, 
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EFFECT OF INJURY TO CORN INTENDED FOR SEED 

It has been shown by Brown (4%) that the mutilation of corn ker- 
nels does not necessarily prevent the production of normal plants by 
these mutilated kernels when used for seed, although the growth and 
‘yield of plants produced by such kernels may be less than from unin- 
jured seed. The proportion of “injured” kernels shown in Tables 
5 to 10 which could be used as seed, or as food, was very small, how- 
ever, and was more than counterbalanced by the rotting of adjacent 
uninjured kernels on the cob, caused by infection from the injured 
kernels (not shown on the records of grain injury). Moreover, the 
mutilation of the kernels by P. nubilalis, when such kernels were not 
completely destroyed, was usually confined to the seed coats and 
endosperms. According to Brown (9) the injury to these portions 
of the kernels has a greater effect on the reduction of yield than injury 
to the germ. 

EFFECT OF STALK INJURY 

With respect to the stalk infestation and the consequent indirect 
injury and loss which such infestation causes to the ears and grain, 
it is difficult to assign any definite and uniform degree of economic 
importance to the figures pertaining to this factor as shown in the 
preceding tables, since the percentage of stalks infested, or broken 
over, does not 1n every instance have a distinct bearing upon the 
reduction in yield of grain or fodder. A high percentage of infested 
or broken-over stalks does not always mean severe damage to the ears 
and grain, because the principal injury and breaking over may occur 
late in the development of the plant, so that the grain may reach 
practically normal maturity in the case of field corn. or the ears 
of sweet corn may reach the roasting-ear stage before being seriously 
injured by the larvae. 

Definite relation between the percentage of infested stalks and the 
percentage of broken-over stalks seldom was found because the 
amount of breaking over, except in instances of very severe infesta- 
tion, depends to a considerable extent upon the size of the stalks of 
the variety attacked, and upon the occurrence of heavy wind or 
rainstorms after the injury takes place. Large heavy-stalked va- 
rieties will sometimes withstand considerable infestation without 
breaking over or showing an appreciable effect upon the ears or 
grain, whereas small-stalked varieties are much more susceptible 
to such injury as a result of the tunneling of the borers, and if 
severely attacked early in their development, extensive curtailment 
of grain production may result. 

EFFECT OF INJURY TO STALKS UPON THE NUMBER AND WEIGHT OF EARS 

In attempting to obtain information regarding the effect of stalk 
injury upon the number and weight of ears pr roduced by such stalks, 
an important handicap has been encountered because of the fact 
that in fields where stalk infestation was severe enough to exert an 
appreciable effect upon ear production, noninfested stalks which 
could be used as a means of comparison were wanting. It is obvious 
that for satisfactory information on this point the infested and non- 
infested plants should be of the same variety and type, planted at 
the same time, and grown under identical soil and other cultural 
conditions. Therefore, it became necessary to make a comparative 
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examination of this character in the same field, and to select a field 
tor this purpose which showed a relatively light infestation in order 
to secure noninfested stalks. 

Table 11 gives results from two fields of Longfellow flint field corn 
in which the ears and nubbins were removed and weighed from an 
equal number of severely infested and noninfested stalks. Im field 
No. 1, located at Stoneham, Mass., 78 per cent of the stalks and 66 
per cent of the ears were infested, with a total grain injury of 2.2 
per cent. In field No. 2, located at Wakefield, Mass., practically 100 
per cent of the stalks and 39 per cent of the ears were infested, with 
a total of 1.9 per cent grain injury. In this field it was possible 
to find a sufficient number of noninfested stalks to serve as a com- 
parison. 

TABLE 11.—Ejffect of injury caused by the European corn borer to stalks upon 
the number and weight of field-corn ears 

fested stalks Ss s — = Infested stalks Noninfested stalks os sin ears weight 

Total. | eee ee pity Min, Cee eee = = 1 See stalks 
a . exam- Weight ‘F Weight ">! 2S 

ts Location (Mass ined Num- a of ears Num- Me of ears 
| and Num- Per | Bands Per ineach| ber ne and ber | of 

lot of Hire nub- Oba ait nub- | ber | cent | cent 
ears | bins bins | ears | nae bins 

(ibs.) (ibs.) 
eee Seen Eee ed Cte ee pe Pes fos 

i | 

Stoneham. 100} 98} 12] 4750} 99] 13] 51.50| 1/101} 400] 7.76 
Wakeneld=fireh 22554 2 50 44 8 18. 00 Tey = 25. 75 7 13.73 7.75 |} 30.10 

otal 25s. 26 150 | 142 20 65.50) 150 17. | 77.25 i Leta 19-75-23 
AVOCFARG oe ae he 9 2a ee of Se ae ee bifiroeb sts 2 ok 15. 21 

From Table 11 it appears that in the two fields examined the 
number of ears from the noninfested stalks exceeded those from the 
severely infested stalks by 5.33 per cent, hots weight of the ears 
and nubbins from the noninfested stalks exceeded that of the infested 
stalks by 15.21 per cent. The “severely infested ” stalks used as a 
basis of comparison were selected with a view to approximating 
average conditions in fields sustaining maximum infestation, and the 
losses shown in Table 11 may therefore be taken as indicative of 
actual loss occasioned by borer injury to the stalks. The percentage 
of loss due to prevention of ear production and reduced weight of 
ears and nubbins, as shown, undoubtedly is exceeded in fields sus- 
taining maximum infestation, but in the absence of accurate means of 
caiculating such losses no figures can be given. It is in this class 

and from this cause that the major portion of the gross damage by 
the corn borer occurs, as will be apparent by comparing the fioures 
showing direct grain injury with the figures showing indirect grain 
loss thr ough the prevention and reduction of ear (grain) for- 
mation. 

EFFECT OF INJURY TO STALKS UPON NUMBER OF MARKETABLE EARS 
PRODUCED BY SWEET CORN 

A belief exists among growers of sweet corn in Massachusetts that 
severe injury to the plants by the corn borer results in a decrease in 
ihe number of marketable ears produced and an increase in the pro- 
portion of nubbins. In order to investigate this theory, a comparison 
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was made between the production of ears and nubbins by infested 
and noninfested plants growing in each of seven fields. Examina- 
tions were made in representative parts of each field, all the plants 
in a section of row being examined. The results are shown in 
Table 12. 

TABLE 12.— Effect of injury to stalks of sweet corn upon the number of market- 
able ears produced 

Infested |Noninfested) Loss in mar- 
plants plants ketable ears 

|Total 
Per | Per |plants 

Field cent | cent jexam-|/Num- Num- 
Town (Mass.) N Variety stalks} ears | ined | ber |Num-| ber |Num- 

os both Judi | anal of | ber | of | ber |Num-| Per 
fested/fested| each | mar-| of | mar-| of 

lot | ket- | nub-| ket- | nub-| Per | cent 
able | bins | able | bins 
ears ears 

Sallotis= ss ee 1 | Golden Bantam___| 58 18 25 41 32 49 26 8 | 16.33 
Medford==2= =.= 2 | Early Crosby _-__- 35 17 25 27 35 39 28 2m sO! az. 

1D ee Se 3 | Quincey Market ___ 47 11 25 47 35 47 40 0 0. 00 
dl) OS sees ae 4 | Golden Bantam___|} 100 52 | 200} 190] 1380] 263) 129 73 | 27.76 

SAU Suisse se eae bya pees GOR iis Sears: 86 66 200 110 92 193 52 83 | 438.01 
1D yoy ae ee ere 6 | Golden Giant _____ 94 36) ae 2008 e232 92} 248 80 16 | 6.45 
DD) On Sere ee Golden Dawn_____ 63 37 | 200] 236] 107 | 264) 124 28 | 10. 61 

AES te) Leese ee | Ses cn | ep mee Ree ee See ro f(r are 875 883 | 1523 |1, 103 479 PPA Ne aS 
SAC TAR CS ipso | es oe | OEE ee RIE SEN TN Wasa cree | (eanieoor| CAS BD |------|------|------|------|------ 19. 94 

1 Increase in nubbins of infested plants equals 9.1 per cent. 

All of these fields were of the early plantings and the infestation 
consisted almost entirely of first-generation individuals. The data 
for fields 1 to 3 were obtained in 1921, and for fields 4 to 7 in 1922. 
In field 4 it was necessary to include a number of slightly infested 
plants among the “noninfested” group owing to the difficulty of 
finding strictly noninfested plants. 

Table 12 indicates that in the fields under consideration there 
was a reduction of 19.94 per cent in the number of marketable 
ears produced by infested plants as compared with the noninfested 
plants in the same fields. An increase of 9.19 per cent of nubbins 
was noted as a result of corn-borer injury to the plants. 

In fields of sweet corn showing maximum infestation (figs. 24 
and 25) the reduction in marketable ears was much more pronounced 
than these figures indicate. In such areas, however, practically 
100 per cent of the plants were badly infested, which fact did not 
permit an accurate comparison between ear production of infested 
and noninfested plants. 

PERCENTAGE OF BROKEN-OVER STALKS AND EAR STEMS DUE TO LARVAL INJURY 

Reference has previously been made to the breaking over of stalks 
and ear stems as a result of the tunneling of corn-borer: larvae. 
Although the effect upon grain formation of such breaking over is 
exceedingly variable, and no definite economic importance can be 
assiened to this type of injury, it was thought desirable to present 
ficures showing the extent of its occurrence. The counts shown 
in Table 13 were obtained from examinations of average stalks and 
ears in the experimental plats of flint and dent corn vat Medford, 
Mass., during 1920. 
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Fic. 24.—General view of a field of sweet corn ruined by Etfropean corn borer. 
No. marketable ears were obtained from this field. Medford, Mass., September, 
LOZ 

TABLE 13.—Per cent of broken-over stalks and ear stems due to larval injury 
by the Hurepean corn borer 

| 
Per cent stalks | ee Per 

Per | broken over AO cent 
Nuim- cent | at harvest eee Car 

Type of corn ber of | Pata stalks Deel | Sere stems 
plats st in- | in. | broken 

fested | Below | Above festea | OVer at 
ear ear ~ | harvest 

Mlinte see. Seek k Ske Pe eAR BR | 4 147 100 10.8 16.3 110 (OL: 19.9 
ID De Seneae eR EEE Rew Pemeren 2 85 | 4 140 100} 22.8] 29.9 7 85.9} 2.6 

Motal” Pie Verne rie Pe | Hees Pi baie i Wee PD ee tear: sere \eeerees 
IV CLALE 3 2 eee ee Bee eS | eee eae oa 1c0| 16.7 De Qe | Sete 78. 2 12.8 

| 

§ 

Wie. 25.—“ Close-up’ of hill of sweet corn ruined by Eu- 
ropean corn borer. No marketable cars were produced 
in this hill. Medford, Mass., September, 1922 
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Table 13 shows that as a result of larval injury, when 100 per cent 
of the stalks were infested at harvest, an average of 16.7 per cent of 
these stalks were broken over below the ear and an aver age of 22.9 
per cent were broken over above the-ear, thus making a total aver age 
of 39.6 per cent of the stalks broken over at this time. The examina- 
tion of 188 ears borne by the 287 plants examined revealed an average 
of 78.2 per cent with infested ear stems and an average of 12.8 per 
cent of the ear stems broken over before harvest. 

LENGTH AND VOLUME OF TUNNEL IN STALK MADE BY EACH LARVA 

In order to obtain information relative to the length and volume 
of each tunnel bored out or consumed by each larva, measurements 
were made of individual tunnels in 35 stalks of sweet corn and in 6 
stalks of dent corn, each of which was inhabited by a single larva 
Care was taken in the selection of these stalks to ascertain that each 
tunnel was made by the larva then inhabiting it. It was not possible 
in every instance, however, to determine whether the larva in its 
younger stages had or had not fed upon the exterior of the same or 
adjoining plants before starting its tunnel in the stalk. The results 
of these measurements are shown in Table 14. 

TABLE 14.—Length and volume of tunnel in stalk made by each European corn 
borer larva — 

Assn Average Average Average 
Nebo ength of volume of | volume of | per cent 

Type of corn Gistallke Baciunael each stalk jeachtunnel loss in 
i 7 aH, (cubic (cubic volume to 

inches) inches) each stalk 

SWiG6 Gases a es Set eee i Netter ew ee Re. 35 9. 036 7. 0441 0. 2492 3. 538 
BB) Ty Gee hee ir me Ga oh ee Ne 6 6. 125 16. 5263 . 1690 1. 022 

WAN CLAP C= = feat cee ig ne ean ee eee eS eS SS GIO Eee at mee pe le en es 2. 816 

From Table 14 it is seen that the average length of the tunnel 
made by each larva under observation equaled 8.61 inches, and that 
there was an average of 3.489 per cent loss in volume caused by the 
boring and feeding “of each larva. 

EXTENT AND EFFECT OF BROKEN-OVER TASSELS 

Counts made in badly infested cornfields have shown as many as 
89.9 per cent of the tassels broken over. Many ears of corn from 
fields thus affected are abnormally small in size, or lacking in proper 
grain formation, even though they are not directly injured by the 
larvae, but it has been difficult definitely to assign the lack of proper 
fertilization as a reason for this condition, because such ears are 
usually borne by plants wh'ch have been otherwise seriously injured 
by the insect. When the tassel breaks over early in its development 
there results a loss of pollen, but this type of injury or mutilation 
has been considered by corn technologists as unimportant, even where 
a large proportion of the tassels are thus affected. The remaining 
un’ ‘njured tassels are said to furnish sufficient pollen for the proper 
fertilization of the plants in the vicinity. The percentage of tassels 
broken over as a result of European corn borer injury during 1920 
and 1921 in certain fields of sweet, flint, dent, fodder, and pop corn, 
representing ord’nary conditions in the heavily infested portion of 
New England, is shown in Table 15. 
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TABLE 15.—Per cent of tassels breken over as a result of European corn borer 
injury 

Per cent tassels broken over 

Number | Tassels | Tassels 
Type of corn at falda canned broken = - 

over Average Maxi- Mini- 
mum mum 

SWGCG S58 ies a age eee 30 11, 913 3, 584 30.1 89.9 ie 
12 Tio) epee ee etree a ie kate > RR ee a 16 5, 428 1,412 26.0 35. 4 Bef 
Went. ts 27s ook Fa eee ee ee es ee 10 6, 700 2 14.8 16.5 8.2 
Hod ders" =. oe arene eres 2 7, 238 1, 204 16.6 22.1 9.9 
(POPs ete toe ee eee ee ees 1 500 | 227 454 2 Se eee 

POtaLe: © 3o (tS ee ae a), 31, 779-12 7-410 oe oe ee oe eae 
AVCLARC: ica sae ae et en ee ae ie 2S ee eens [oe eta oes 23.3 

1 Limited to experimental plat counts. No dent corn grown for grain within the Boston area. 

Table 15 shows that the average of broken-over tassels as a result 
of larval injury ranged from 14.8 to 45.4 per cent in the different 
types of corn examined, with an average of 23.3 per cent of the 
tassels in the entire lot. In fields representing maximum infesta- 
tion the percentage of broken-over tassels was much higher than 
these figures indicate. 

EXTENT OF INJURY TO VEGETABLES, FLOWERS, AND FIELD CROPS 

NEW ENGLAND | 

The extent of injury and loss to vegetables, flowers, and field 
crops in New England, caused by the corn borer, has not been severe 
in most instances, seldom exceeding 5 per cent of the total value of 
any crop. There has been, however, a very considerable increase 
each year in the infestation of these crops. In 1917, when the field 
investigations on the corn borer were started, it was difficult to find 
infestations in crops other than corn, although according to Vinal 
(70) certain of the fiowers, notably dahlias, were occasionally at- 
tacked. Infestation has progressed to a point where in 1921 and 
1922 most commercial fields of the more susceptible vegetable and 
flower crops, such as rhubarb, beets, celery, beans, peppers, dahlias, 
asters, and gladioli, were infested in localities in Massachusetts where 
the corn borer has become at all numerous. The infestation in 
some of the beet and celery fields during 1922 was especially pro- 
nounced and led the growers of these crops to view with apprehen- 
sion the increased damage to these vegetables. 

Formerly most of the infestations in vegetables and flowers were 
confined to weedy fields, and along field borders where the plants 
were growing among or in close proximity to infested weeds or 
corn, but during 1922 these crops were commonly subjected to ap- 
preciable infestation and injury even in fields that were kept free 
of weeds and isolated from areas of susceptible weeds or ‘corn. The 
following discussion applies principally to conditions existing dur- 
ing 1921 and 1922 with respect to the more important and susceptible 
economic hosts of the corn borer. During 1923 and again in 1924 
a marked reduction occurred in the extent of infestation and injury 
to vegetables, flowers, and field crops, a reflection of the general 
decrease in intensity which developed in the New England area 
during those two years. 

x 
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: RHUBARB 

Rhubarb has been infested to a greater extent than any other 
vegetable or garden crop excepting sweet corn. The large leaves of 
this plant are particularly attractive to the adults as a place for 
-concealment and subsequent deposition of eggs. Later the larvae 
infest the leafstalks and veins of the leaves. In two fields where 
detailed examinations were made during June, 1922, an average of 
2.5 egg clusters per plant were found on the leaves, with occasional 
egg clusters on the leafstalks. The majority of the fields in the 
Boston area contained from 5 to 40 per cent of infested stalks during 
1921 and 1922. In fields representing maximum infestation as high 
as 75 per cent of the stalks were infested. Most of the severe injury 
occurred after the close of the commercial season for harvesting 
rhubarb, and the growth of the injured plants did not appear to be 
seriously affected by it. The necessity of discarding infested stalks 
in preparation for market caused appreciable loss in fields severely 
infested early in the season. 

BEETS 

The extent of infestation in beets was very nearly equal to that 
mentioned for rhubarb. Most of the injury to beets was confined 
to the leafstalks (fig. 26), although during 1922, when the increase of 
infestation in this vegetable was most marked, a considerable number 
of the beet roots, amounting in some instances to 5 per cent of the 
total in the worst infested fields, were found to contain the borer. 
Except in instances where several of the leafstalks were entered by 
the borer, the injury did not appear seriously to interfere with the 
growth of the plant. The fact that the injured leafstalks must 
be removed in preparing for market as bunched beets, affected the 
appearance and consequently the price of the product from fields 
where a high percentage of the plants were affected. Table 16 gives 
results of examinations in average beet fields of the Boston ‘area 
taken on various dates distributed throughout the season when the 
plants were ready for market. 

TABLE 16.—E«tent of injury and infestation by the European corn borer in beets, 
New England area, 1922 

Plants show- Plants con- Larvae per in- 
Date Num- ing injury taining larvae fested plant 

Fold Locality (Massachusetts) | SMUG bes 
(1922) | plants | Num- Per | Num- Per Aver- | Maxi- 

ber cent ber cent age mum 

| Arlington = 5 ee Sept. 20 100 10 10.0 8 8.0 1. 00 1 
12 Doses. ee June 30 600 35 5.8 23 3.8 1. 00 1 
Eri VECGIOLG> 2 fie ee July 11 100 39 39. 0 31 31.0 1. 32 3 
14 DOR eee ae ee dO 200 64 32. 0 49 24.5 1. 59 8 
15 TDG oe ee aoe ee ee July 10 100 10 10. 0 8 8.0 PeebZ, 2 
16 FSEETD Fb Cpa os oe See i ames ee July 13 100 25 25. 0 18 18. 0 1. 00 1 

7 Doz en eR eS | Oct e4 100 61 61.0 57 57. 0 1. 98 4 
qe MOOMERVIN GE: aa 28 Lo aL July 17 100 9 9.0 8 8. 0 125 3 
9 JD a at ee eee aes imOchs 5 100 71 71.0 66 66. 0 2. 95 14 

E102) Watertowne ==). Sis July 17 500 126 25a, 113 22. 6 1. 24 4 
11 pe Oe ke = ee eee Sept. 30 200 0.0 0 0. 0 0. 00 0 

SOM WAR CHESLON ne eS July 12 100 48 48. 0 4] 41.0 1. 53 6 
TOC eWODErnee ores Fe Sept. 28 100 59 59. 0 59 59. 0 1.79 6 OT AS AOE me re eee se ees July 11 100 34.| 34.0 27|  27.0| 1.96 7 

TOGA Fo Fd 82 St Se 3S ie ee St 2, 500 0) hie eS ee eee SOS wee ae pein | aoe 
AN 2 eae See ag ie Deee Se ee eS eS Pa 2S Galen >= sn 20.3 69. ae eee 

ee Ea AR ain | PE C [ e e  ( Pert eee 

1 Infestation chiefly by first generation, 



58 BULLETIN 1476, U. S. DEPARTMENT OF AGRICULTURE 

Table 16 shows that in the 14 fields under observation an average 
of 23.6 per cent of the beet plants were injured and 20.3 per cent of 
the plants actually contained the borer at the time of examination. 
The difference between the percentage of plants showing injury 
and the percentage actually containing the borer at the time of 
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Fic. 26.—Beet stems injured by larvae of the European corn borer 

examination is due to the migration of the borers from some of the 
badly injured plants to other plants furnishing a fresher food sup- 
ply. There were on an average 1.69 borers per infested plant. 

In some of the smaller fields and in home gardens representing 
maximum infestation the beet crop was abandoned, owing to the 
injury to the roots and leafstalks. 
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CELERY 

The infestation in celery has been general for the last two years, 
and, although the injured portion of the plants could usually be 
removed with very little commercial injury to the remainder of the 
plant (fig. 27), there was an appreciable loss ranging from 5 to 10 

Wig. 27.—Stalks of celery sectioned to show injury by 
European corn borer 

per cent of the total value of the crop in the worst infested fields, 
owing to the necessity of discarding severely injured plants. During 
1922 the infestation in celery fields showed a considerable increase 
as compared with the previous year. Certain fields of celery, which 
were kept cleanly cultivated and isolated from corn or other sus- 
ceptible plants, showed a severe and uniform infestation. In Table 17 
are given figures relating to field examinations made in celery fields 
of the Boston area showing average infestation, 
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TABLE 17.—E«atent of injury and infestation by the European corn borer in 
; celery, New England area, 1922 

N = Locality (Mass.) 

(© 0O NTO Or PR WO DDH 

1 500 plants examined in each field. 

Plants showing | Plants contain-| Larvae per in- 
injury ing larvae fested plant 

Num- Per | Num- Per Aver- | Maxi- 
ber 1 cent ber 1 cent age mum 

8 1.6 2 0.4 1.00 1 
32 6.4 13 2.6 1. 00 1 
26 5. 2 9 1.8 1.30 3 

151 30. 2 42 8.4 3. 52 8 
140 28. 0 45 9.0 2. 93 10 
14 2.8 3 AG 1. 00 1 
9 1.8 5 1.0 1. 00 1 

78 15.6 32 6.4 Wee 3 
38 7.6 16 3. 2 1. 50 4 
3 6 0 .0 . 00 0 
8 1.6 2 4 1.00 1 

120 24.0 ~ 69 13.8 132 3 

62s eee 7/3 tae epee ineeen | She Esme kee ie te Oe 
{0.4.|=oeseeers 3. 96 200 eres 

Fic. 28.—Green beans, showing the work of Euro- 
pean corn-borer larvae 

Table 17 shows that in 
the 12 fields under observa- 
tion an average of 10.4 per 
cent of the celery plants 
showed injury and that an 
average of 3.96 per cent of 
the plants contained the 
borer at the time of the ex- 
amination, with an average 
of two larvae per infested 
plant. 

BEANS 

Injury to beans (fig. 28) 
was confined principally to 
the stalks with an occa- 
sional infestation in the 
pods. Infested pods were 
usually unfit for sale, but 
less than 1 per cent of the 
total pods were affected in 
any of the commercial 
fields examined. In in- 
stances of severe injury to 
the stalks, the affected por- 
tions broke over and re- 
sulted in a decreased yield 
of pods. In some of the 

small home gardens as high as 100 per cent of the plants and 22 per 
cent of the pods were infested. Field counts made in 10 bean fields 
of the Boston area, showing average infestation, are given in Table 18. 

In the bean fields under observation (Table 18) an average of 
3.55 per cent of the plants showed injury and 3.22 per cent con- 
tained larvae, with an average of 1.18 larvae per infested plant. 

ia 
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TABLE 18.—Hatent of injury and infestation by the European corn borer in 
beans, New England area, 1922 

Plants showing | Plants contain- | Larvae per in- 

SOM Ree Rb He 

injury ing larvae fested plant 

No Locality (Mass.) examined | ber of 

(1922) | plants | Num-| Per | Num-| Per | Aver- | Maxi- 
ber | cent ber cent age mum 

if eMiediond a= 2552s = ae July 11 200 11 5.5 5 7d 1.0 
2 (Dosseset ee ee July 12 500 20 4.0 19 3.8 i 
3 DD ORs ee ic en July 13 200 30 15.0 30 15.0 13 
4 IDO Sa ae se ee ey | July 13 200 15 io 14 7.0 2 
tSSeal ere LD Fe hohe ees ee July 12 500 8 1.6 8 1.6 1.0 
62/eSomervilles ass ees July 17 200 7 3h) 7 aie 1.0 
Ze eVWACHESTCRS=8 ee ee July 12 200 1 ai) 1 - 1) 1.0 
8 DO ee ee July 12 300 4 1.3 3 1.0 1.0 
OBIS WiO tbl Se FES eee ee | July 12 200 0 .0 0 .0 .0 

10 LD) sie Pe i ae | July 11 200 0 .0 0 .0 .0 

TOtalewa = ee es eS eee ene eas 2, 700 263) Ci | ae oe | eee ere 
ASV OTA Ce wet TE SDS eee oe | | \ee oO sono nee 3. 22 1,18 Sesssees 

| | 

SPINACH 

The occurrence of corn-borer egg clusters on the leaves of spinach 
was very general during 1922—23 in the Boston area. In nearly every 
spinach field examined, egg clusters were found on the leaves, usually 
involving less than 1 per ¢ cent of all the plants. Usually the spinach 
was harvested before the larvae hatched or became large enough to 
injure the plants, but where harvesting was delayed, borers were 0c- 
casionally found in the leaf stems. No commercial injury resulted to 
spinach in any instance under observation. 

PEPPERS 

The stalks and fruits of sweet and hot varieties of peppers are 
very susceptible to corn-borer attack. In the Boston area during 
September and October, 1922, every field of peppers examined showed 
conspicuous evidence of damage through the medium of broken- 
over plants. In three fields where detailed examinations were made, 
the percentage of plants injured ranged from 18 to 97, and 52 to 76 
per cent of the fruits had been injured by the borer. In these pepper 
fields, in instances where the stalks became broken over before the 
fruit had fully developed, there occurred a cessation of growth to 
the fruit which caused a reduction in yield of marketable peppers. 
Much of the infested fruit was unfit for sale, but the proportion of 
actual loss from this cause varied according to the use for which the 

_ peppers were intended. 

POTATO 

The stalks of potato have commonly been found infested (fig. 17) 
in Massachusetts. In two fields where detailed examinations were 
made during late July, 1922, an average of 18 and 62 per cent re- 
spectively of the plants were "found to contain the borer. Although 
such injury resulted in quite an extensive breaking over of the 
stalks in some fields, it did not appear to affect the successful for- 
mation of tubers. No economic loss resulted in any instance under 
observation. 
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ToMATO 

The stalks and fruit of tomatoes have frequently been found in- 
fested each year since 1918. Usually less than 1 per cent of the stalks 
or fruit have been involved in the majority of the fields examined, 
but in some fields during the late summer of 1922 as high as 14 per 
cent of the stalks and 5 per cent of the fruit were found to contain 
the borer. When the stalks were severely attacked early in their 
development, they often collapsed and fruiting was greatly reduced, 
or even prevented. Otherwise the growth of injured plants was not 
appreciably affected. Infested fruits usually were rendered unfit for 
sale. 

Swiss CHARD 

The leaf stalks of Swiss chard were commonly infested by the 
corn borer, and although the injured portions usually were made 
unfit for food, the losses have been of but little commercial im- 
portance, as this plant is grown here mainly as a kitchen-garden 
vegetable. During 1922 an examination of one of the larger garden 
plots of Swiss chard showed that 23 per cent of the leaf stalks were 
injured by the corn borer. 

DAHLIAS 

Dahlias are the most susceptible of all the flower crops. During 
August and September of 1922 and 1923, 100 per cent of the dahlia 
plants were infested in many of the commercial gardens in the Boston 
area, causing an estimated loss in some instances amounting to 10 
per cent of the crop. Many of these plants were ruined, and the 
susceptibility of dahlia plants to corn-borer injury caused certain 
of the commercial specialists in this flower to abandon its culture. 
The most careful scrutiny has failed to disclose any corn-borer in- 
festation in the dahlia tubers, but all parts of the plant above ground 
are liable to injury. Ege clusters were commonly found on the 
dahlia blooms, as well as on the leaves, during July and August, 
1922. In three commercial dahha gardens the proportion of blooms 
bearing egg clusters ranged from 1.4 to 19.8 per cent. 

ASTERS 

China or garden asters very frequently have been found infested 
in home gardens and commercial establishments throughout the Bos- 
ton area during the period from July to September. Infestation 
reached a maximum of 76 per cent of the plants in small home gar- 
dens, and in one commercial establishment 86 per cent of the plants 
were injured. The normal development of flowers was prevented 
in instances where plants were severely injured at an early stage of 
their growth, and during 1922 many of the flowers, involving in one 
instance 11 per cent of the total, were also entered by borers. The 
estimated loss in the most heavily infested aster plantings ranged 
from 10 to 15 per cent of the total value of the crop. 

CHRYSANTHEMUMS 

The injury to chrysanthemums (fig. 29) has been confined prin- 
cipally to plants grown under glass for the late fall trade. Infested 
plants have been found each year since 1919 in the majority of the 
ereenhouses examined in the New England area. Usually less than 
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1 per cent of the plants were involved, but in extreme cases as high 
as 20 per cent of the plants contained the borer. In 1922 an inspec- 
tion was made in 30 of the larger greenhouses in eastern Massa- 
chusetts, where a total of 353,500 chrysanthemums were grown. 

Fic. 29.—Injury to stem and flower of greenhouse chrysanthemum by European corn 
borer. Stem sectioned to show borers within. Melrose, Mass., November 10, 1922 

Infestations were found in 23 of these establishments, the number of 
plants involved ranging from less than 1 to 9.22 per cent, with an 
average of 1.08 per cent for the 30 houses, at the time of examina- 
tion. Many of the injured plants had been removed and discarded 
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before examination occurred, so the percentages given represent 
minimum figures. When the injury occurred in the lower part of 
the stems and after the plants had become fully developed, the 
blooms were suitable for sale. The estimated loss amounted to 6 
per cent of the value of the crop during 1922 in houses showing 
maximum infestation. 

GLADIOLI 

The flower stalks of gladiolus plants were infested by the corn 
borer (fig. 19), and egg clusters have occurred on the leaves, in 
a few fields each year since 1918. Usually this infestation has been 
very sparse, but in 1919 a maximum of 6 per cent of the flower 
stalks were injured by the borer in two fields grown in close 
proximity to other infested crops. In 1921 and 1922 a scattering 
infestation was found in the majority of fields examined, but less 
than 1 per cent of the plants were involved, and the economic loss 
in any instance was trivial. No infestation or injury to the bulbs 
has been observed to date. 

ZINNIAS 

The stalks and flowers of zinnias commonly are infested by the 
corn borer in home gardens and small commercial establishments. 
During the late summer of 1922 there was a decided increase in 
the injury to zinnias as compared with former years, but most of 
this injury occurred after the better blooms had been picked, and 
was, therefore, of little economic importance. In many of the home 
gardens of the Boston area practically 100 per cent of the plants 
were infested, and in one instance 90 per cent of the blooms con- 
tained the borer. 

OaTS 

The stems (culms) of oats have occasionally been found infested 
(fig. 18) when growing as volunteer plants and in experimental 
areas. This crop rarely is grown commercially within the area 
where the European corn borer is numerous at present. In 1921 
a small experimental plat of oats was grown in close proximity to 
infested corn and other susceptible plants. Only a fraction of 1 
per cent of the stems were infested at the time of harvest. After 
being cured in the usual manner, part of the straw was baled and the 
remainder left loose. A detailed examination of about 58,000 
straws from both lots revealed that living borers were present in 
the baled straw at a rate of 8 borers per 100 pounds, and in the loose 
straw at a rate of 11 borers per 100 pounds. 

OTHER FIELD CROPS 

In order to obtain information relative to the susceptibility and 
extent of injury by P. nubdlalis to various field crops which normally 
are not grown to any extent in the Boston area, small plats of these 
crops were grown in the experimental fields at Medford, Saugus, 
Cambridge, Belmont, and Woburn, Mass., during the period from 
1919 to 1922. Some of these crops, such as cotton and the grain 
sorghums, are seldom, if ever, grown in this section of the country. 
The more important information obtained from these plats is sum- 
marized in Table 19. 
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TABLE 19.—Susceptibility and extent of injury by Pyrausta nubilalis to various 
field crops in experimental fields (New England, 1919 to 1922 

Egg clusters Larvae 

| 
Per Per : 

Plant Total | Total | cent | Total otal oe cent | motal SAiae 
plants | egg | plants’ plants | P aba | Pants | plants] avec | lave i : con- | larvae | larvae 
exam- |clusters, bearing! exam- ee eee COT al ton -100 
ined found | egg ined meted a _> | taining a ee! 

clusters 2S arvae ‘larvae Plants 

MolletiGiapanese) = | Pe | emeieeea o2 | woe ae Se 200 64. DE 1355 38 19.0 
Millet (European) ____-_-__-- 50 1 2.0 200 52 17 8.5 27- ils}. 5) 
Millet (Hungarian)_________- 5 0 0.0 200 6 1 ait 1 | 5 
IS yen e+ ee ee ere lecossse [emcee 10 10 10; 100.0 150 | 1, 500.0 
HC Pani: 22. ee Seen 66 15 21-2 84 77 70 83.3 218 | 259.5 
Hetentiae-— — 2 ear ee 115 OA eG S5 343 79 56 16.3 110 32, 1 
MOS amet eo = _ . seer same = 142 32) | > T4058 420 324 254 60. 4 444 | 105.7 
Unie ese ee 174 16 | 9. 2 400 29 8 2.0 8 | 2.0 
Broncos = 3] og8 26 | 8.5 450 DBA | se Ot 2) AD A 314] 69.8 
IBN YEN a 150) | ees 0.0 100 5 1 1.0 1 | 1.0 
Wotiang tae srs ee 210 | 25 | 11.4 656 112 22 3.4 | 23 3.5 
COW PCame a eee 190 13 | 6.3 691 240 52 Tol 67 | 9.7 
SOLO teen oes er 50 1B} 2250) 450 39 21 4.7 | 28 | 6. 2 
Hop. (common) === = 18 0 | 0.0 12 10 3 | 25.0 | 5s 41.6 
IBWGKWNGAIY a a ee | | esse ane 200 11 il GY | 11 | Heo 
Johnson grass______----__---- 250/15 | 6.0| 1,050 27 1Otlee eite 1h e oeiea 
Sudam grasss= 227-2). Bee. 25 | 3] 12.0 50 1) 5 10.0 | 7 | 14.0 
SOv Deane a aera ee 44] | 2 .6 441 18 | 9 2.0 | 10 | 2a 
Pent aioe. ee Be 82 1 1.2 114 11 | 3 2.6 | 3 | 2.6 

| ] | 

1 Bolls developed on plants in one plat during 1921. A count of 200 green bolls showed that 9 per cent 
were infested, one larva per boll. Plants killed by frost before bolls opened. 

The experiments detailed in Table 19 were conducted under con- 
ditions of severe infestation, and due allowance should be made for 
this fact when interpreting the susceptibility of the plants lsted. 
It is significant, however, that many of these plants which have been 
recorded in foreign literature as hosts of P. nubdilalis, notably hemp 
(fig. 30), hops, ‘millet (fig. 31), cotton (fig. 82), and the grain 
sorghums (fig. 33), were also infested by the insect in New England. 
This development is only indicative, of course, of the susceptibility 
of these plants if grown commercially in areas where two generations 
of P. nubilalis occur each year. 

NEW YORK, PENNSYLVANIA, OHIO, AND MICHIGAN 

There has been but very little loss or infestation to date from .the 
work of the European corn borer in vegetables, flowers, or field crops, 
except corn and broomcorn, in the infested areas of New York, Penn- 
sylvania, Ohio, and Michigan. During 1923 two fields of broom- 
corn, comprising a total of 12 acres, grown at Irving, N. Y., showed 
stalk infestations of 12.7 and 15.8 per cent, respectively. In western 
New York slight infestations have also been observed in commercial 
fields of soy beans, buckwheat, and potatoes, and in half-acre fields 
of European millet or proso, which was planted on two farms near 
Silver Creek, N. Y., to test its possible utility as a trap crop. Occas- 
ional infestations have also been observed in the stems and fruits 
of tomato. Occasional instances of infestation have also been ob- 
served in experimental plats of Japanese and European millet or 
proso, sorghum, rhubarb, kidney or wax beans, milo, soy beans, 
dahlias, and cosmos at Silver Creek, N. Y. 

25411 °—27——_5 
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Fic. 30.—Hemp infested by European corn borer. A favorite host of the insect in 
the Old World 
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EXTENT OF INJURY AND INFESTATION IN WEEDS AND GRASSES 

Injury to the weeds and wild grasses (figs. 8 to 5) serving as hosts 
of the European corn borer (Table 1) is not commercially important, 
but the infestation of such weeds and grasses affords abundant oppor- 

Fig. 31.—Hungarian millet infested by European corn-borer larvae 

tunity for the multiplication and spread of the pest in fields where 
corn or other economic plants are not grown or in cultivated fields 
where the borers are so numerous that they are compelled to feed 
upon these weeds or grasses in order to complete their growth. The 
infestation in such plants is most pronounced in the New England 
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area. In the other areas of the United States where the insect is 
present only a shght infestation in these plants as yet has occurred. » 

Table 20 details field counts of infestation in 17 of the more sus- 
ceptible and widely dispersed weeds and wild grasses during 1920 
and 1921 in cultivated fields and waste areas, showing average infes— 
tation in that portion of the New England area where the European 

Fig. 32.—Typical injury to bolls ef cotton by European corn borer. Cotton grown 
experimentally at Medford, Mass. -Photo taken September, 1921 

corn borer has become well established. It does not include small 
isolated patches of weeds which represented the maximum infesta- 
tion. These counts were taken during the growing season at a time 
when the plants had reached full size, and while larvae contained 
in each plant examined apparently were feeding therein. It was 
not possible in every instance, however, to ascertain whether each 
individual was actually feeding or was using the plant as a shelter. 
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Fic. 33.—Typical injury to hegari by European corn borer. 
Woburn, Mass., September PAS), ST AL 

TABLE 20.—Percentage of weeds infested by Pyrausta nubilalis larvae (New 
Hngland, 1920-21) 

Num- | Total ; Total | Total Per Total | Aver- | Maxi- 
ber num- | num- | num- cent | ithe |} age mum 

Pianisame fields ber ber ber | plants SOE Dumber|number 
or plants | found ‘contain- contain-| iaeae Jarvae | larvae 

waste | exam- | tun- hayes: =? | -Araayer 3 found | De 100} per 
areas ined | neled | larvae | larvae plants | plant 

XGUILNIUTIE SPDs a= = ee ye 4 170 | 168 162 95.3 1, 067 627. 6 35 
Chenopodium ambrosioides_________- 3 70 | 63 HOM ia adler 4: 95 | 135.7 7 
Polyeonum Spp- ss es oe 11 411 | 228 198 | 48.1 701 170. 6 27 
Ambrosia artemisiaefolia .___________ 6 205 (1) 91} 443 135 65. 8 6 
Echinochloa crus-galli ?_____-_-_---_- Fil mies 153 136 | 41.8 175 53.8 2 
Artemisia biennis___-________________ 3 115 48 41 35. 6 91 79.1 6 
PICUMOTMSTMIBYS 2 Se es ot 5 115 | 81 40 | 34.8 123 | 106.9 17 
Bidens frond sae = 2 4 130 | 66 45 34.6 77 59. 2 5 
MV aE Kam pit oline sr ase se on 1 50 | 32 17} 34.0 26 52.0 4 
ETM ONES Date eee eee ee ee 4 260 | §8 ret iso SVR: 129 49.6 3 
Erechtites hieracifolia________.-_-___- 2 35 | 13 9| 25.7 9 DT 1 
Amaranthus retroflexus_____________- 10 636 189 135 Die? 172 27. 0 7 
Lactuea seariola var. integrata__-_---- 1 50 | 11 9/ 18.0 17 34.0 3 
Erigeron canadensis_____._.--------_- 2 80 | 5 5 6.3 7 8.8 2 
Chenopodium album_--_-—_--_--__-_-_- 2 100 | 6 6 6.0 6 6.0 1 
RAnACEi UME VUlP Are 2 2-.- =) 0-5 2 75 | 8 4 5.3 6 8.0 3 
Gralinsagarspes seo BE sk Pe | 200 | 10 3 1.5 3 15 1 

3 Not possible to discriminate between tunnels of P. nubilalis and those of other borers present in same 
plant. 

2 Each stem counted as a separate plant. 
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During the early spring some of the larger and more substantial 
weeds, such as Xanthium, Arctium, and Polyg onum, frequently con- 
tain a greater number of larvae per plant than is shown in Table 
20. Many of the larvae contained in large weeds at this time have 
migrated during the late autumn from more fragile weeds such 
as Echinochloa, or from the remnants of near-by cultivated plants. 
During the spring of 1922 a total of 203 larvae were taken from a 
single plant of Xanthium and 75 larvae from a single stalk of 
Polygonum. 

The prevalence of the borer in weed growths has increased in 
intensity, especially since the abandonment of large-scale burning 

Fic. 34.—Typical weed area in New England, severely infested by Huropean corn . 
borer. Similar weed areas contained over 400,000 borers per acre 

and weed-control operations. This increased infestation may be 
partly due to the reduced acreage planted to corn in the badly in- 
fested districts, but in any event during the late summer of 1922 
a series of detailed field counts showed that in three large typical 
weed areas (fig. 34) located at Cambridge, Watertown, and Arhng- 
ton, Mass., and aggregating 85.3 acres in size, there were from 
277,000 to. 406,000 “borers per acre. The predominating weeds in 
these areas were barnyard grass, pigweed, lamb’s-quarters, cock- 
lebur, beggar-ticks, bread grass, and Mexican tea. These neglected 
weed areas act as sources of infestation to the surrounding territory 
for many miles through the flight of the adults, and locally by 
the migration of larvae, 
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DESCRIPTION 

THE EGG 

Average length 0.97 millimeters, average width 0.74 millimeters; 
elliptico-ovate, sometimes nearly circular in contour, thin, more or 
less scalelike, slightly convex on its uppermost surface, flat on its 
undermost surface or conforming 
with the surface of the object 
upon which the egg is deposited. 
Chorion reticulated with fine ele- 
vated lines, which anastomose reg- 
ularly and thereby inclose shallow 
pentagonal or polygonal foveae. 
Eggs when first laid greenish 
white, more or less translucent on 
the periphery, the opacity increas- 
ing centrally where the egg at- 
tains its greatest depth; ordi- 
narily strongly iridescent. In 18 
to 24 hours after deposition there 
appears in the egg a crecentiform 
clear area, slightly excentric in its 3 
position as viewed from above; *™ SOU er © Go cane cali cen ee 
the balance of the ege becoming 
strongly opaque. Two days before hatching the egg assumes a 
yellowish cast, and soon thereafter the head capsule of the inclosed 
larva is seen, its chitinization proceeding rapidly. Several hours 

before hatching the cho- 
rion collapses about the 
larva and its shape is 
plainly evident. At time 
of hatching the head and 
thoracic shield are black; 
the body segments are 
yellowish white. 

The eggs commonly are 
deposited in irregularly 
shaped masses (fig. 35), 
and less frequently in 
regular rows. The mass 
is flat and easily remov- 
able from the object upon 

which it is laid. The eggs in the mass are overlapped, shingle-hke, 
with successive eggs deposited by the female. According to records 
obtained, they range from 1 to 162 in number, 15 to 20 eggs repre- 
senting the average size of the mass. 

Fig. 36.—Larvae of the Huropean corn borer. 
Slightly enlarged 

THE LARVA 

Full-grown larva (fig. 36), average length 20 to 23 millimeters, 
width 3 to 3.5 millimeters. Body cylindrical, abdominal segments, 
except 9 and 10, grooved transversely. Body dirty white, shading 
from light brown, or dark brown, to pink on the dorsum. Dorsum 
heavily granulated, skin granulations extending to the pleurae, heav- 
ily granulose along dorso-median line, taking the form of a band or 
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stripe. Chitinized areas of the body heavily pigmented, especially 
about the tubercles; thoracic shield yellowish brown, bordered or 
emarginated and more or less spotted with dark brown; anal shield 
yellowish; irregularly spotted with grayish brown. Chitinized areas 
of tubercles quite large, oval, and circular, yellowish and emargined 
with brown. Thoracic legs yellowish, claws brown; crochets on 
planta of prolegs triordinal. Spiracles ovate. 

Head polished brown to black, sometimes more or less blotched; 
mandibles strong, five-toothed, more or less square, distal tooth 
pointed. “Anterior setee A* and A’* and puncture A* in a line or 
with A? a trifle postero-laterad of A*, not postero-dorsad; A? some- 
what nearer to A+ than to A’, A’, A2, and A% forming a decided 
obtuse angle” (24, p. 174). 

The majority of the larvae in the field have five instars. In the 
rearing experiments shown in Tables 24 to 27 the majority of the 
larvae had four instars, a considerable number had five instars, and 
a few larvae had six instars: and in one series a few individuals had 
seven instars. 

FIRST INSTAR 

Prothoracic shield averaging 0.25 millimeter. A perceptible inden- 
tation present, but no division of the shield along medio-dorsal line. 
Indentation at cephalo-medio dorsal point. 

SECOND INSTAR 

Prothoracic shield averaging 0.41 millimeter in width. Indentation 
along dorso-median line increased but shield not divided. 

THIRD INSTAR 

Prothoracic shield averaging 0.71 millimeter in width. Division or 
indentation extended to half way between cephalic and caudal 
margins along dorso-median line. 

FOURTH INSTAR 

Prothoracic shield averaging 0.98 millimeter in width. Division 
of shield complete. Color of prothoracic shield black. 

FIFTH INSTAR 

Prothoracic shield averaging 1.72 millimeters in width, ight yellow 
maculated with darker, smoky-fuscous areas. Larval body usually 
more robust than preceding. 

THE PUPA 

Average length of male pupa, 13 to 14 millimeters; female, 16 to 
17 millimeters. Aver: age width of male, 2 to 2.5 oul female, 
3.5 to 4 millimeters. (Fig. 37.) 

Color yellowish brown; cephalic and caudal extremities brown to 
black; cremaster nearly black; dorsum of thorax darker than general 
body color, but not shining. 

Moderately slender; abdominal segments tapering caudad; sterna 
smooth; terga of abdominal segments with transverse wrinkles and 
two rows of spines on segments 1-7; appendages compacted against 
the body. Wings, maxillae, and mesothoracic and metathoracic legs 
approximately equal in leneth, extending to the mesal part of the 
fourth abdominal segment ventr ad; metathoracic legs lying directly 
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beneath the mesothoracic; prothoracic legs terminating half way be- 
tween the head and the tips of the wings;  prothor. acie femora plainly 
indicated; antennae terminating short of the wings. Labrum and 
pilfers well dev eloped; labial palpi small. Prolee scars visible on 
the sterna of abdominal seoments 5 and 6; a pair on each segment. 
Dorsum of the thorax bearing a slightly elevated ridge extending 
along the dorso-median line; thorax : B 
only slightly humped. Abdominal spi- 
racles small, oval, slightly produced, 
rings stoutly chitinized, blackish 
brown. Caudal segment terminating in 
a dark-brown or black cremaster, prom- 
inent, spatulate, stout, longer than 
broad, and armed at its ‘extremity with 
a series of 5 to 8 recurved spines, which 
serve to fasten the pupa to its cocoon 
or to a pad of silk spun by the larva 
prior to pupation. The pupa ordinarily, 

thin cocoon. The anal and genital open- 
ings are slithke in both sexes. 

The sexes are readily separated by 
comparing the position of the genital 
opening with the seventh abdominal 
spiracles, which are constant or fixed in > oe" poser titecal anid vential 
their position. In the female the genital weal size three times nat- 
opening is cephalad of the seventh ab- 
dominal spiracles, whereas in the male the genital opening is cauded 
thereto. 

ADULTS 

(Fig. 38) 

MALE 

Alar expanse 20 to 26 millimeters; length of body in both sexes 
13 to 14 millimeters. 
Head and thorax cinnamon brown on the thorax; white ventrad. 

Labial palpi porrect, snow white ventrad, otherwise grayish fuscous. 
Maxillary palpi erect, slightly dilated at apex. Proboscis long, cov- 
ered with cream-colored scales, tightly coiled and almost hidden 
when viewed laterad. Antennae filiform in both sexes, terminal 
half curled in dried specimens, two-thirds the length of the cephalic 
wings. 

Prothoracic legs snow white outwardly, slightly fuscous inwardly ; 
mesothoracic and metathoracic legs white. Inner spurs on legs twice 
the size of the outer ones. Cephalic and caudal wings equal in width, 
costal margin gently curved toward the apex, anal angle rounded, 
inner margin straight. Cephalic wings reddish brown or erayish 
fuscous, with a bright ochreous discal spot and a like colored ser- 
rate band running the width of the outer third of the wing. This 
band is frequently cut into by extensions of the grayish “ fuscous 
coloration present on the outer third of the wing, so that at times 
the band tends to be broken up into series of lunate spots. Hind 
wings dark grayish fuscous, with a broad median fascia which does 
not attain the cephalic or caudal margins of the wing. Male speci- 
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mens reared at high temperatures are brilliant, the cephalic wings 
possessing a pleasing blue-gray hue. Likewise females reared at 
high incubator temperatures are highly colored and deviate to a large 
extent from the type specimen in the field. Abdomen dark grayish 
fuscous above, white beneath; caudal margin of segments on the 
dorsum with a fine line of white scales. Frenulum consisting of one 
long stout spine. 

Genitalia strongly chitinized; anellus ‘with two dorsal projecting 
lobes supported by two chitinous arms; face of clasper oval and 
spinose; tegumen trifur cate ; sacculus of the harpe bearing one large 
and two smaller stout spines. 

FEMALE 

Alar expanse 25 to 34 millimeters. 
Cephalic wing of the female dull yellow or sometimes sulphurous, 

the costa and inner two-thirds of the wing more or less streaked with 
brown; a serrate brown line is present on the outer third of the wing 
and extending its width, followed on the outside by a narrow yellow 
band more or less serrate on its outer margin. On the outside of the 
latter there is present a brown band interspersed with yellow. Caudal 
wing grayish brown with a rather broad light ochreous fascia begin- 
ning x slightly caudad of the costa and terminating short of the caudal 
margin of the wing. In some specimens cephalic wings may be dull 

Fic. 38.—Adults of the European corn borer: At left, male moth; at right, female moth. 
Not quite twice natural size 

yellow and cinnamon brown tinged with ferruginous, and with the 
caudal wings very pale brown streaked irregularly with shades of 
darker color. Frenulum of the female consisting of two long spines 
and a shorter, more slender one. 

Ovipositor terminating in a chitinous plate emargined with long 
and shorter amber-colored setae; genital opening without strongly 
chitinized cephalic margin; chitinized plate caudad of the genital 
opening well developed. 

SEASONAL HISTORY 

The seasonal history of the corn borer in various localities is va- 
riable, as would natur ally be expected of any widely dispersed insect; 
but a somewhat surprising feature is that in localities where the 
climatic complex is superficially the same, there is a variation in 
the number of generations annually. Beteeea the areas of infesta- 
tion in eastern Massachusetts and western New York, the early 
spring mean temperatures, the frost dates in spring and fall, and 
the length of the growing season are comparable. If there is any 
apparent difference in the two localities it is slightly cooler in 
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eastern Massachusetts than in the western New York area of infesta- 
tion, yet in eastern Massachusetts there are normally two generations 
a year, or at least a preponderance of individuals which develop a 
second generation, whereas in western as well as in eastern New 
York but one generation occurs, judging from the observed be- 
havior of the insect. 

Table 21 gives a partial list of the localities where Pyrausta 
nubilalis is known to occur, with the corresponding number of gen- 
erations annually. The data concerning the number of generations 
in the various localities have been taken from miscellaneous sources 
of information and, of course, represent only generalized conditions 
owing to the fact that in many of the foreign localities the field 
records of seasonal history, occurrence, and behavior are in many 
cases insufficient, and possibly inaccurate. 

TABLE 21.—Number of generations (annually) of Pyrausta nubilalis in various 
localities from which data are available 

ber of . er 0 Locality gener- - Remarks 

ations 

New England___________ 2 | 1920,1 1 complete and 70 per cent of a second generation; 1921, 2 com- 
plete and a small partial third; 1922, 1 complete and 86 per cent of a 
second generation; 1923, 1 complete and 60 per cent of a second gen- 
eration; 1924, 1 complete and 78 per cent of a second generation. 

Eastern New York______ 1 | One complete and a small partial second generation in 1921. 
Western New York-_-___-_ 1 Do. : 
Pennsylvania = oss. oo 1 Do. 
Oia a eto 1 Do. 

IVI Chi gaiess enn eet eae = 1 Do. 
Ontario, Canada___.____ 1 Do. 
Southern France________ 2 
Northern France_-______- 1 
Southwestern Russia___- 1 | Propably a partial second generation during favorable seasons. 
Transcaucasia___________ 2 
HS Cl Ou ae a5 eS 1 
Netherlands 2 ==> = 1 
un gary eae 1 ; 
Diy face earn se ate Bete ee 2 | A third generation is reported from environs of Florence. 

1 Two complete generations and a small partial third generation were reared in the insectary during 
1918, and two complete generations were reared under the same conditions in 1919, but extensive field 
studies to determine generation development were not initiated until 1920. 

SEASONAL DEVELOPMENT 

Since the corn borer appears to be more destructive and presents 
a more difficult problem in localities having two generations in this 
country than in those having one generation, obviously it 1s a matter 
of economic importance to ascertain, if possible, the factors that 
determine the number of generations in localities within its present 

distribution. This information is necessary in order that the prob- 
able seasonal history of the insect may be forecast for various 
sections of the United States, should the insect become widely 
distributed. The solution of this problem has been approached from 
various angles. 

The possibility that distinct biological species inhabit the New 
York and Massachusetts areas, which are one and two generation 
localities, respectively: The results have shown that individuals 
taken from both areas, as well as individuals from various foreign 
localities, crossbreed and are capable of producing fertile eggs. 
The project of rearing these hybrids is still under way. 
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The possible presence of geographic races: The manner of con- 
ducting experiments to determine this point was the transfer of 
material from one locality to the other, that is, from a one-genera- 
tion locality to a two-generation locality, and vice versa, subse- 
quently breeding the offspring for several years to observe their 
reactions to change in environment. 

During the winter of 1920-21 a series of overwintering larvae 
were transferred from western New York to the Massachusetts 
area, and the progeny of this material have been carried through 
their entire seasonal development since that time in large field cages. 
A similar cage was used as a check in which native Massachusetts 
material has been reared under similar conditions, and the results 
from each lot of material checked by insectary rearings. The re- 
sults during the first four years are shown in Table 22. 

TABLE 22.—Resulis of rearing Pyrausta nubilalis material transferred from 
western New York to Massachusetts during winter of 1920-21 

Number | Number of generations in Massachusetts 
of gener- |. 

Source of material ations in 

ee 1921 1922 1923 | 1924 

| 

Silview Greek Ne Ye (environs) 122 els Se eee es tes 1 1 1 
Ve donde Miasss (Che Gks) spe eee ee a 2 | 2 2 (4) 22 

11 complete, 2 partial. 
2 A second flight of moths was observed in this cage in 1924, but no dissections were made to determine 

the percentage of the second generation which developed. 

Similar rearings were carried on at Silver Creek, N. Y., during 
the period 1921 to 1924 with two-generation material transferred 
from Massachusetts in the early spring of 1921. Under these condi- 
tions the Massachusetts material adhered to its two-generation sea- 
sonal development for this four-year period. 

These experiments must be continued for a period of several years 
before any conclusions can be reached as to the effect that climatic 
factors may have in changing the number of generations through 
which the insect may pass in completing its seasonal development. 
The time of year when the material is transferred, and the method 
of handling after its arrival, as well as conditions under which the 
experiment is conducted, undoubtedly exert an influence during at 
least the first year or two of the experiment. 

Climatic conditions: In the past, temperature, since it is con- 
ceded to be one of the most important stimuli for biological develop- 
ment, has been given great weight in the solution of many parallel 
problems. 
A detailed study of the variation of climatic factors upon the 

seasonal history of this. insect includes a course of experiments 
covering the study of the effects of the important climatic factors. 
The study of temperature consists of temperature work, carried on 
in incubators, where a constant temperature of great accuracy can 
be maintained, with the humidity conditions fairly uniform. The 
results of these experiments, in connection with important infor- 
mation obtained from the study of the behavior of the insect under 
field and insectary conditions, will be used when the data obtained 

oo 
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are sufficient to warrant doing so, in an attempt to evaluate the 
temperature influence upon seasonal development. As is noted fur- 
ther on in the discussion, the other factors are being carefully 
studied, but until experimental proof becomes stronger, it would 
be unwise to draw definite conclusions from the available data re- 
garding the future behavior of the insect under widely different 
climatic conditions. 

In nearly all investigations of important economic pests the neces- 
sity has arisen of attempting correlations with one or more climatic 
factors to aid in forecasting the time of appearance and duration 
of important phenological events. The most common correlation 
to be found is that involving the effects of accumulated degrees of 
temperature, above a threshold of development, with the seasonal- 
history features. It has been determined by experimentation that 
the methods of correlation commonly used to express the temperature 
effects upon development are not satisfactory for practical purposes, 
and until a more basic knowledge is obtained concerning the reac- 
tions of the insect to its environment, the usual temperature sum- 
mations will be avoided. 

All the climatic factors, not temperature alone, must be studied to 
obtain the-solution of these physiological problems. 

Experimental work carried on at Arlington, Mass., to date has re- 
vealed the following points: 

1. Moisture conditions, 1. e., precipitation, humidity, and evapora- 
tion, have an apparent effect upon development, and in the case of 
humidity and precipitation, an effect that can not safely be averaged 
out. 

1. Individuals in New England which experienced the usual winter tem- 
peratures but were deprived of moisture up until time for normal spring 
pupation in the field were delayed in their seasonal occurrence beyond the 
normal time, and as a result of this treatment only 60 per cent of the progeny 
produced the normal two generations. 

2. Individuals which experienced a mean temperature of approximately 75° 
F. and an average humidity of less than 45 per cent during the hibernation 
period failed to pupate and died in large numbers. A small percentage com- 
pleted development under these conditions. Individuals having a similar history, 
placed under field conditions at the time for normal pupation in the field, 
were greatly delayed in their development, and the progeny completed their 
development—60 per cent one generation, and 40 per cent two generations. 

3. Preliminary correlation work shows that humidity deficiency raises the 
threshold of development and decreases the point of maximum rate of 
development. 

2. Temperature (humidity conditions approximately 75 to 85 per 
cent) : 

Egg Larva Pupa 

1. The reciprocal of the curve of development is not a straight line, ex- oF. cane oa: 
Ceplawabninecertain limits whichtare ses So eee eS 67-87.5 | 61-81 62. 5-87 

= Lhenmaximuium rate of development occurs at... .--2.-_-_ 2-2 92 94. 5 92 
. The optimum for development (fastest rate with least mortality) is-_-_}| 70-75 70-75 82-86 
. Straight-line threshold, as used by other workers, is____________________ 58. 7 49.7 55. 4 
PACK Gureshold*ofdevelopment isi~32s25) 02 6 ei Pee 44.3 36.5 41.2 
. Corrections must be made for the different velocities of development 

which exist outside of the straight-line limits. 
. The points as here given will vary in accordance with the humidity 

fluctuations or change in any of the other climatie factors. 
I Ooprpwpy 
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The data given are only preliminary, since all of the experimental 
results have not as yet been carefully checked. 
Although in the past the effect of humidity upon the development 

of an insect whose life habits prevent it from directly experiencing 
continued atmospheric humidity, has been somewhat discounted, 
it has been found that, in some manner, humidity does play an im- 
portant role in the development of the corn borer. How the ex- 
ternal humidity affects the borer within the stalk can, of course, 
only be conjectured; but the fact that it does affect it serves to illus- 
trate the fallacy of attempting to derive a close correlation between 
development and a single factor of climate, which will apply and 
prove useful over a period of years. 

In the investigations thus far the importance of fluctuation of 
temperature in lengthening or shortening a stage has been very 
marked, and in many instances where the temperature has been 
higher, humidity conditions the same, but fluctuation less, there has 
been a marked increase in the period required to complete a given 

' stage. 
The entire difference in duration of stages apparently produced 

by fluctuation is not due to the mere rise and fall of temperature. 
A study of recent constant temperature experiments shows that the 
lower temperatures, i. e., 10° or 15° above the actual threshold of 
development, have a much greater effect upon development than 
those temperatures 20° or 380° higher. Since during the spring 
months the daily temperatures are for a greater part of the time 
within these more influential limits, an accurate evaluation of the 
effects of these temperatures must be considered before any definite 
knowledge can be obtained concerning the possibilities of develop- 
ment at this time of year. 

However, variation in temperature is more advantageous to de- 
velopment than is constant temperature, although the advantage 
seldom rises over 10 per cent in favor of the former, and in most 
cases can be figured at 2 or 3 per cent. 

The results of the experiments in connection with this type of 
investigation will be advanced far enough in the near future to 
warrant a more detailed discussion of these physiological reactions. 
Although it is not expected that a definite mathematical interpreta- 
tion can be evolved that will express the effects of climate in relation 
to development, it is hoped that certain definite facts may be learned 
which will give a much clearer appreciation of the possible reactions 
of the insect to its environment. 

Precipitation, as a determinant of development in entomological 
research, has not, until very recently, been given the attention which, 
upon closer scrutiny, it seems to merit. That the distribution of 
precipitation during the winter and spring months is of immense 
importance biologically can not be denied, but in just what par- 
ticular manner this factor affects the future seasonal activities of 
this insect can not at present be explained. 

During the last three years a preponderance of precipitation in 
March, April, and May, followed by a dry June, induced an early 
start of the insect in New England, and so far under these condi- 
tions a complete second generation has occurred and evidences of 
a partial third generation were observed., On the other hand a 
deficiency of rain in March, April, and May, followed by a rainy 
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June, were unfavorable, and in those years in which such conditions 
have prevailed there has been a diminution in the number of indi- 
viduals developing a second generation. 

In order to present a picture of conditions in several representa- 
tive localities where P. nuwbilalis is known to exist, a series of climo- 
graphs for these localities have been constructed, following the 
methods of Taylor (66) and Shelford (57). These are shown in 
Figures 39 and 40. All data used in the construction of these 
climographs have been based upon normal means, and the graphs 
may be taken as representing mean conditions of typical localities 
in the areas indicated. Temperatures are plotted along the “ Y” 
axis and tenths inches of precipitation along the “X” axis. The 
numerals along the lines composing the graphs refer to the months 
of the year. The 38-inch precipitation line has been made a heavy 
broken line to give an easier means of comparison and differentia- 
tion between the months. It must be understood that these graphs 
will not indicate definite conclusions; they serve rather to show 
the differences in climate existing in normal years. The comparative 
deficiency of precipitation which exists in the one-generation areas 
can be readily appreciated by a comparison of Figure 39, C and D, 
with Figure 39, B, which represents a two-generation area. In view 
of the uniform advantage of temperature which Hungary, repre- 
sented by Figure 89, C, has over New England (fig. 40, A), the 
deficiency of precipitation in Hungary would lead one to believe 
that here was a potent factor in limiting the number of generations 
annually to one, whereas the New England climate (temperature and 
precipitation) has been favorable for two generations. Compare 
the localities in the United States known to be infested by P. 
nubilalis; New England (fig 40, A) with eastern and western New 
York (fig. 40, B and C) and Ohio (fig. 40, D). Note the difference 
in the distribution of precipitation, particularly during the winter 
and early spring. Again the deficiency and distribution of precipi- 
tation appear to separate New England’s two-generation area from 
the New York and Ohio one-generation conditions. 

The graphs for the Corn Belt (fig. 39, A) have been inserted as a 
means of visualizing the normal conditions which exist in the 10 
towns selected in comparison with the localities from which seasonal 
history information has been obtained. Note the dotted graph of 
Sioux City. Again, the comparative deficiency of precipitation dur- 
ing the critical winter and early spring months would lead one to 
believe that there would be a strong possibility of only one genera- 
tion in that section of the United States. 

The accompanying graphs representing the one and two genera- 
tion localities are typical of similar graphs constructed for 111 
single-generation and 52 two-generation localities in Europe, Asia 
Minor, and the United States, where P. nubdzlalis exists and from 
which seasonal-history data are available. It must be borne in 
mind, however, that such comparisons are certainly not proof of 
what might happen in similar areas not now infested, although useful 
in studying locality conditions and in formulating various hyphoth- 
eses which must be tested experimentally. Prognostications 
founded upon empirical comparisons of this nature are extremely 
dangerous and should be used only as a key to avenues of experi- 
mentation. 
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Considering the inadequacy of the experiments here described 
definitely to establish the relation between climatic factors and the 
various phases of development, it would not be expedient to advance 
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Fic. 39.—Climographs of typical localities in the Corn Belt, and of localities known to 
be infested in Italy, Hungary, and Ukrainia. Constructed from the averaged normal 
means (Weather Bureau) of the towns listed under each locality 

A, Corn Belt: Sioux City, Iowa; Clarinda, Iowa; Webster City, Iowa; Waterloo, Iowa ; 
Mount Pleasant, lowa; Monmouth, Ill.; Pontiac, lll.; Urbana, Ull.; La Fayette, Ind.; 
Bluffton, Ind. 

B, Italy (two generations) : Treviso, Oderzo, Conegliano. 
7 C, Hungary (one generation): Bacsfoldvar (Yugoslavia), Hodmezo-Vasarhely, Meso- 
egyes. 
D, Ukrainia (one generation) : Poltaya, Odessa, Nikolaey, Kherson. 

at this time.a conclusive statement regarding the status of the insect 
in new localities to which it may spread. 

K. W. Babcock began in 1924 a careful survey of the insect in 
its native home, with a view to obtaining accurate data concerning 
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the reactions of the insect to its environment in localities where there 
has been a good chance for a long period of adaptation. These data 
should give an accurate means not only of defining the best methods 
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Fic. 40.—Climographs of typical localities infested in New England, western New York, 
eastern New York, and Ohio. Constructed from the averaged normal means (Weather 
Bureau) of the towns listed under each locality 

A, New England (two generations) : Boston, Mass. ; Rockport, Mass.; Plymouth, Mass. ; 
Provincetown, Mass. 

B, Western New York (one generation) : Buffalo, Fredonia. 
C, Eastern New York (one generation) : Albany. 
D, Ohio (one generation) : Cleveland, Toledo, Sandusky. 

of studying the insect experimentally but also should serve as a 
basis for more accurate knowledge concerning the possibilities of 
damage under particular environmental conditions. 

29411°—27—_6 
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SEASONAL OCCURRENCE 

A knowledge of the date of appearance, the maximum occurrence, 
and last records of the different stages of any insect is indispensable 
and often of great practical importance in the application of con- 
trol practices as well as in the selection of proper quarantine dates. 

EASTERN NEW ENGLAND AREA 

In order to present a general idea of the seasonal occurrence of 
Pyrausta nubilalis in New England, a graph has been constructed 
(fig. 41) based upon the average obtained from actual observations 

APRIL MAY JUNE JULY AUGUST SEPTEMBEROCTOBER 
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Fig. 41.—Seasonal occurrence of the European corn borer in New England. 
Averaged from data obtained during the period 1918 to 1922, inclusive 

in the field and from insectary rearings during the five-year period 
from 1918 to 1922, inclusive. 

Prior to 1922 no systematic field examinations were made with 
this particular object in view, consequently it was necessary in the 
instance of some of the stages, notably the first occurrence of eggs 
and larvae in certain years ‘of the five- -year period, to depend upon 
insectary records, or to compute the first occurrence from the known 
presence and duration of the preceding stage in the field. This 
procedure undoubtedly affected to a slight extent the computation 
of the five-year average shown in Figure 41, consequently the average 
date of the actual presence of eggs and larvae in the field during this 
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period may have occurred a few days earlier or later than is indi- 
cated. Since, however, the majority of these records were based 
upon averages of actual field observations, it is believed that the 
seasonal occurrence of the stages as shown in Figure 41 represent 
closely the average occurrence during this five-year period. A de- 
tailed explanation of the manner in which this chart and the three 
following charts were constructed is given in another publication (7). 
During the season of 1922, beginning March 23 and extending to 

September 8, a systematic investigation was conducted to determine 
more accurately the occurrence of P. nubdlalis in the field. Field ex- 
aminations were made to ascertain the occurrence and progress of 
pupation and adult emergence in representative localities in the 
Massachusetts area, on practically every working day throughout 
the season when weather conditions permitted. The examinations 
occurred in corn and Xanthium, although some of the more widely 
distributed and susceptible weeds, such as Echinochloa, Bidens, 
Amaranthus, and Polygonum, were included. During the course 
of the season 559 separate examinations were made, involving a 
total of 71,528 individuals. 
With the information concerning the occurrence and progress of 

pupation and adult emergence at hand, similar data relating to eggs 
and larvae were computed from the known duration of the adult 
stages and incubation period, as determined by contemporaneous 
insectary rearings, supplemented by observations in the field. The 
daily percentages of larvae, pupation, and adult emergence which 
were found at the time of examination, averaged for all localities 
and food plants, are shown graphically in Figure 42. The incidence 
of eggs and younger larvae, as well as the larvae entering hiberna- 
tion, is indicated by dotted lines.. The prevalence of first-generation 
larvae which hibernated in that stage, consisting of about 1.4 per 
cent of the total larvae present, is shown by a dotted extension. 

The fact should be emphasized that the percentage of each stage 
designated in Figure 42 as being present in the field on a given 
date is an average for all localities and food plants. In general the 
incidence of egg deposition as well as the development of the larvae 
and subsequent pupation in the summer broods was earlier in the 
early corn than in the later corn. For this reason the percentage 
of larvae, pupae, and empty pupal cases (denoting adult emergence) 
often varied considerably on the same date in different corn plantings 
in the same field or farm, during the growing season. Since 1922 
was 1n most respects a normal season it is believed that the progress 
of seasonal development during that season as represented in Figure 
42 was very nearly typical, although it is realized that this procedure 
must be repeated for several years before definite, reliable informa- 
tion on this point can be secured. : 

For the purpose of illustrating more graphically the occurrence 
of each stage of P. nubilalis in the field during 1922, a graph (fig. 
43) has been constructed based upon the field examinations discussed 
above. The black areas represent the actual field counts, while the 
areas inclosed by dotted lines are computed from the occurrence 
and the known duration of the preceding stages, as determined by 
contemporaneous insectary rearings, supplemented by observations 
in the field. 
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NEW YORK AREAS 

The seasonal occurrence of each stage of the corn borer is usually 
from three to four weeks later in the New York areas than in New 
England. 

Figure 44 represents graphically a general idea of the seasonal 
occurrence of P. nubilalis in New York during the period from 1920 
to 1922, based upon the averages obtained from actual field ob- 
servations in the environs of Scotia and Silver Creek, as well as 
from contemporaneous insectary rearings. Owing to the sparse 
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Fic. 42.—Seasonal history of the Huropean corn borer in New England during 

7 1922. Black areas denote per cent of each stage in the field, as determined 
by field counts. Dotted lines show the probable occurrence (in per cent) 
of eggs and young larvae, as determined by plotting rearing records. Dotted 
line following the graph of first-generation larvae indicates the per cent of 
single-generation individuals 

infestation and the consequent difficulty in making field examina- 
tions during the early season, it is believed that the records per- 
taining to the beginning of pupation, adult emergence, and egg 
deposition are a few days later than the actual appearance of these 
stages in the field. 
The records for 1920 were obtained principally from Scotia, and 

for 1922 from Silver Creek, whereas during 1921 complete records 
were obtained from both localities. During 1921 the seasonal oc- 
currence of each stage of the corn borer at Scotia coincided very 
closely with the occurrence of the same stage at Silver Creek. 
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Fic. 45.—Seasonal history in New England during 1922. Black areas denote actual 
field counts. Areas inclosed by dotted lines show the probable occurrence of eggs 
and immature larvae, and the length of life of adults, as determined by plotting 
rearing records and from field observations 
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Fig. 44.—Seasonal occurrence of European corn borer in the infested areas of 
New York. Averaged from data obtained during the period 1920 to 1922, 
inclusive 
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OHIO 

Owing to the comparatively sparse infestation existing in Ohio, 
it has not been possible to conduct extensive or detailed field studies 
to determine dates of seasonal occurrence. During 1923 and 1924, 
however, some preliminary data were accumulated upon this point 
by F. W. Poos and L. H. Patch, a summary of which appears in 
Table 23, showing the seasonal occurrence of each stage. Most of 
these observations were made in the vicinity of Sandusky, Ohio. 

TABLE 23.—Summary of seasonal-occurrence notes on the Huropean corn borer 

at Sandusky, Ohio, for 1923 and 1924 

Batcahaeserccerd Date of greatest abundance 
(approximate) 

| 
Stage 1923 1924 1923 1924 

Labora- : Labora- : Labora- : Labora- : ; 
tory Field tory Field tory Field tory Field 

eel paeeees 2m eo Shee TUNE 5a eee June 20 | June 23 | June 28 |__________ culyiel Oban 
PAG al iat oes Se Fe JunNes 26g ee Fulyee | Sholyee2s uly el Gy |e FU vee25 leew 
If) Cee tees eta Julys 223 shuly j10chaly: 295 jdulyae el wulyaestS) | see [itort score Mi Laaie are 
Weave ae exe a 5 et July 9] July 1h oe Duly AT Aes eee Ae 5-10 sss Aug. 20 

Date of last observed record 

Stage 1923 1924 

Labora- : Labora- : 
tory Field tory Field 

AULD ess etste GR eaten) Sema ey age Oe Ste Ser EN CR Cee eS UTLyset De ez es ATI PEP 12. ce eee 
ACCU Pie Si me Hae as Se tac eR aR eee eee) ae ee a IATIES RIS) | eo neat en Septsi2) 42 Bee se 
UES; Sei eee ae Res OR ge Seer ee de ees Cees eran ree FiMlyola| = fee ce Sere Awe.” 3 
LLG aN f ea eee ee eee er ae NC neem Ne ake all te @)5 sxpyereee ee (4) 

1 Overwintered 

LIFE HISTORY 
EASTERN NEW ENGLAND 

The seasonal occurrence of each stage of the corn borer in eastern 
New England for the period 1918 to 1922 has been given in Figures 
41, 42, and 43. The average duration of the stages of Pr yrausta 
nubilalis in eastern New England, as obtained from insectary records 
at Arlington, Mass., during “the period from 1919 to 1921, inclusive, 
are shown in Table 24. 
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TABLE 24—Duration of stages of Pyrausta nubdilalis in New England 
(Arlington, Mass.), 1919 to 1921, inclusive 

1919 1920 1921 

First gen- |Second gen-| First gen- Second gen-| First gen- | Second gen- 
eration eration eration eration eration eration 

A= 3g A= Sa A Sg a og 5 Ae eI 338 
mH Mw M4 ue HO} a) 

25\28| 95 )28| S2/38| 28/28| $6)88) 25| 28 
Bs S| 838 : Sa =| S@ 5|/ 8s a | So | “acs 
BU} HS| 50/88] 5S} ES) 50 | ES) 55 /E3| 50) 8s 
BAe ae alae aan a a eS 

BD Presb ag Cate ese eel cpm ar ae 7. 14|2, 990) 7. 84/6, 087) 7. 16/4, 600) 6. 25)4, 992) 7.00)4,053) 7. 31/20, 727 

Larval period: | 
IRITStein Stabs sen) age 4.98) 154 6.76 30) 450 59} 5.60 18; 5. 54 24) 4.00 87 
Secondsinstar. 2 == 4.70} 152) 5.44 30} 4.7 59) 5. 90 18} 5.40 24| 5. 20 87 
{Mavis NEP eee 4, 84 151) 7. 86} 30) 4.00} 59) 9.30) 18) 5.48) 23) 5.20 87 
HOURUNeINS tana eee 7.50} 147; 8.83} 130) 6.90} 59) 12.10) 118) 4.18} 22) 6.49 87 
Then Stare eee ers Le 13. 10} 1113) 15. 30 7| 13. 80} 156) 14. 40 7; 9.50 PAM Ne eats Gal A oe 
SUSU StAb= ene re ome 12. 70 40} 25. 00 2} 12. 20 5) 16.00 TL eee A [pe | EA on RG oe 
Seventh instar=! 222 /5.5)2 11. 00 CSO eI lA fal ape (ee Ube ae ieee Se 

35. 12 298. 89 33. 90 232. 90 | 
Total larval period ?______ UO. |Preceaili= Os: [frocehi| hoe UE ESE HO === 30510|22—e= 120, 89) ___-_- 

if 58. 82 69. 19 46. 10 63 30 : 

Pupal period: | 
SO SD Ae ae a ah eae et 10. 94) 197} 18.76) 103) 11. 04 91) 19. 14 28} 9. 86 61} 18. 12! 14 
(Sp Ee epee a sae Oe aes eet 12.61) 244) 20.41) 118) 11.92 71} 20. 71 23} 9. 24 54) 19.-04 126 

Adult stages: | | 
RECOVApOSIbiOn === 4.30} 109} 5.10) 120) 3.20) 93) 410} 17| 2.60) 42) 460 21 
OviMosionmsse en ee 11. 80} 109) 14.10; 120) 9.50) 93) 10.60 17| 13.00 42} 6,80 21 
Postoviposition_____________ 3. 20} 109} 1. 50; 120; 1.70 93; 3.80 17| 2.60 42} 4.50 21 
On tevily ose eae eee 19.30} 109} 20.70} 120) 14.40 93) 18. 50 17] 18. 20 42) 15. 90 21 
ONGOVIGY ch eae ee eee ad 20. 20} 102) 19.50} 110) 15. 20 83} 21.10 16] 17. 10 46). 16. 00 21 

Total period from egg tof{| 57. 60 55. 30 
Cl Rp aS ee I ae. LOM) | Poe he ee Bess GONE | cee eae Se AQihG|E Stee a= > Ea ae 

81. 20 67. 50 

+The duration of the total larval period varied because a majority of individuals 
pupated (in the first generaton) at the end of the fourth or fifth instar, whereas other 
individuals had additional instars. Similarly, in the second generation the length of 
larval life to the last molt prior to entrance to period of winter inactivity varied 
because a majority of the larvae entered this period at the end of the fourth instar, 
whereas others developed fifth and sixth instars. 
To last molt in second generation; not including indefinite duration of last instar 

and winter period of inactivity. 

From Table 24 it is seen that during the three-year period the 
average duration of the egg stage each year varied from 7 to 7.16 
days for the first generation and from 6.25 to 7.84 days for the 
second generation. The average duration of the larval period each 
year, for the majority of the individuals under observation, varied 
from 30.1 to 35.12 days for the first generation and from 20.89 to 
32.9 days for the second generation to the last molt. This does not 
include, of course, the indefinite duration of the last instar and its 
winter period of inactivity. Under insectary conditions four instars 
were developed by the majority of the individuals in both genera- 



88 BULLETIN 1476, U. S. DEPARTMENT OF AGRICULTURE 

tions, although six and seven molts before pupation were recorded 
by a few individuals of the first generation, and a few of the reared 
larvae of the second generation recorded five and six molts before 
reaching full growth preceding the period of winter inactivity. The 
average duration of the pupal period each year varied from 9.86 
to 11.04 days for the females, and from 9.24 to 12.61 days for the 
males of the first generation, and averaged from 18.12 to 19.14 days 
for the females, and from 19.04 to 20.71 days for the males of the 
second generation. The average duration of the preoviposition 
period each year varied from 2.6 to 4.3 days for the first genera- 
tion, and from 4.1 to 5.1 days for the second generation. The average 
total life cycle of the first generation, from the egg to the termina- 
tion of the preov iposition “period of the female, varied each year 
from 49.56 to 57.6 days for the majority of the individuals under 
observation. The duration of the total life cycle of the second 
generation includes the winter period of inactivity and can not, 
therefore, be accurately expressed. 

The duration of the ege stage was obtained by isolating individual 
egg clusters in small salve- box and plaster-of-Paris cages as soon 
as “deposited by females in confinement. 

The duration of the larval instars was determined by isolating 
newly hatched larvae in cages containing stems and leaves of corn and 
other favored food plants (Rumex and Amaranthus). After the 
larvae entered these plant portions it became necessary to make daily 
dissections in order to determine molts. This procedure resulted 
in a heavy mortality of the larvae under observation, and undoubted- 

-ly prolonged the duration of the instars of the surviving larvae. 
No satisfactory rearing cage or rearing method has yet been devised 
which will permit frequent examinations of P. nubilalis larvae for 
molts without disturbing the feeding larvae to such an extent as to 
affect their normal development. Therefore, for this reason alone, 
the average for the total period of larval development in each 
generation shown in Table 24 probably varies to a considerable 
extent from the actual duration of the larval period in the field, 
in the case of individuals exposed to comparable conditions of tem- 
perature, humidity, etc. 

The duration of the pupal period was obtained by isolating full- 
grown larvae in individual glass-tube cases and noting the “pupal 
formation and adult emergence. 

The duration of the adult. stages was determined by confining pairs 
of newly emerged adults in individual lantern- globe cages “placed 
over flowerpots. filled with soil and containing a “branch of Rumex 
or Amaranthus inserted in a tube of water buried in the soil. In 
this type of cage the females deposited eggs freely upon the leaves 
of the plant, and in many instances upon “the sides of the lantern 
globe, as well as upon the cheesecloth with which the top of the cage 
was covered. ‘The soil in the flowerpots was kept moist, and small 
wads of cotton soaked with water were also placed in the cage, thus 
providing necessary moisture for the confined adults. 

NEW YORK 

Table 25 gives a rather incomplete record of the average duration 
of P. nubilalis stages at Silver Creek, N. Y., as obtained from in- 
sectary rearings during the period from 1922 to 1924, inclusive. 
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TABLE 25.—Duration of stages of Pyrausta nubilalis at Silver Creek, N. Y. 

meu bation perodsss=--22- == =-2=—- = 

Larval period: 
IBATSGANS fates. = Sees oe ae 
Second unstars]--2: =240 = ete 
Ehindsin stares! Sse es 
Houncghbins tans 2-2 lee ae 
Mitthenstanno ss ace 
Sixt hains tame eee ate ate eat 

Total days to last molt ? 

Pupal period: 
ermal temas Sue rd ee 

Adult stages: 
IETeGMIPOSIWOU= = === = =e ee eee 
OympOSION aan 
IRGSTOVADOSTLIONU es ae ee 
Longevity ° 
ONPeVitye Gisae ee ee oe 

1922 1923 1924 

umber Number Number 
ay hae of speci- eo es | ol speci- eaprecs of speci- 

y mens y mens y mens 

bey ee BEE, Ds 2 7 lien is 6.3 10, 383 6. 4 15, 307 

6. 18 4s | ee SBE Se | eee ale = ees Ee 
3. 76 (arate ee Se | i 8 a eV eal eee. SS 
5. 16 Goin Metateet Jee eeeerc ee line er sal le a oe 

113.47 ERS HS a Sale ete gS Fae Pane oN UO RL ES 
16. 92 TRY cts elo | i ea A Napa ry MR ee 
12. 00 a | amen mee ies |e ie eS ie 3 ol ta ae a 

DIS GEO DT alata ieee ieee ei aces eck ey bom i | ee 

13. 34 hE eg Seen -5| ePOR Se (a Rare eee hse a 
14. 00 FA Get Fe a1 et lee 8 S| | A ee ea WN SE 

can fare a, See REN eh aS ay 9.5 39 5. 8 42 
sega ck Me Sepia i se Os ewe 225 39 eS 42 
Die eh WN ae ts Ee ee ged 4.1 39 OND 42 
CAipe pill ce Shey S| Nee eae a 24. 8 50. 22.3 50 
Sa eam teenie, | ust ne ees 22.7 50 es 50 

1A majority of the larvae entered the period of winter inactivity at the end of the 
fourth instar, but certain of them developed fifth and sixth instars. 

2 Not including indefinite duration of last instar. 

In the 1923 and 1924 records pertaining to incubation and adult 
stages, shown in Table 25, 50 pairs of adults were used in separate 
cages. In the 1923 series 11 females and in the 1924 series 8 females 
did not deposit eggs. The averages for adult stages, except longev- 
ity, are based upon the number of females which deposited eggs. 

TABLE 26.—Duration of Pyrausta nubilalis stages at Scotia, N. Y. 

Tet PatiOnest we =e: Sot ee ee: a8 oa eee es 

Larval period: 
PHSTIES Ga LTS a) Tees eee Se ees Ee 

Total days to last molt ? 

Pupal period: 

Adult stages: 
LPT SECT 1 010 SO 0 ee ea pe ay ee a yee 
Sexpidaibinnes 22> Fee TS Ne Tee eee ay 
OSLOMAD OSU OTs Pe. 9 558 ed 
Longevity 2 
MUOM OMe yay ote se es eee ee ee ed 8s FE eden 

Average in 
days 

2 31.6 to 52.4 

1920 1921 

Number . 
of speci- eyeraee Je 
mens y 

5. 20 3, 567 6. 30 

9. 00 15 4.39 
7. 80 15 4. 30 
6. 00 15 4.61 

18.80 15 15.85 
8. 50 6 8. 50 

12. 30 3 9. 00 

Se ee ie ee 227.7 to 35.7 

L2e22 40 11. 80 
Wes ly 40 12. 40 

6. 90 122 7. 90 
11. 80 122 11. 40 
3. 20 122 2. 80 

21. 90 122 22. 10 
14. 20 120 15. 70 

Number 
_ of speci- 

mens 

2Not including indefinite duration of last instar, 
1See footnote 1, Table 25 : 
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In the spring of 1921 a total of 100 overwintering larvae were 
caged at Silver Creek, N. Y., for pupation records. From this mate- 
rial a total of 14 females and 19 males were reared, the pupal period 
of the females averaging 10.93 days and for the males 11.26 days. 

Table 26 gives the available records of the duration of life-history 
stages which were taken at Scotia, N. Y., during the seasons of 1920 
and 1921. 

OHIO 

Table 27 gives a summary of the available records relative to 
the duration of life-history stages at Sandusky, Ohio, during 1923 
and 1924. 

TABLE 27.—Duration of Pyrausta nubilalis stages at Sandusky, Ohio 

1923 1924 

Average Numer Average in De es 
in days | ® SP days UES USES mens mens 

InGcubationepenlods=— 2-85. . =. sooo ee ean a eee 5. 04 4, 801 5. 58 17, 693 

Larval period: | 
FHL ES USES GT es 2 et 28 Nk ES ee ee en get oe Ep | sees | eee 4. 32 100 
Second instar a= 20). ses Get 8 eee ec Fe eae 2 i ee aoe es | haere ees | 4. 56 100 
minindsimstan 2 = =. ae Ee a ae ee eee te eee ene ee eR 4.80 100 
Mourthsinstar 2 == 2s SS Sc Sees eas ee es ee ee | pe |, eens 17.94 100 
ai GheanStan 222 ks oe ee a UE eed Sess eel |e eee | eee ae i | 8. 83 24 

EROGALTG a VSabOsL AS beta Olt 2a ee ee [apenas eae | ee eee | 2.976 t0-20s datas 
| | SSS 

Pupal period: 
RO TIV Al Ge Se aes 2 pie Gee eee ne 12. 41 39 | 12. 12 16 
IVIGIOS= 2. 3 5S CFG 8 eos ee eee ey 2 ERE ee eee 12. 39 46 | 13. 25 20 

Adult stages: | | 
BRE OWED OSIDONS =) +2 ot. 5 S Re ne Poni 24 3. 68 47 
OWA OSI tT OMe oe oe se ee ee | 6. 46 24 14. 85 47 
IPOStOVIpOSi bon os: 32 he eee a os Se ee 1. 50 24 2. 59 47 
NEON EVIE Yea ee pe se ee Sra pee yee 9. 60 25 19. 70 50 
ETT VAG Gets a a ae | 12. 40 34 22. 50 78 

| 

1 See footnote 1, Table 25. 
2 Not including indefinite duration of last instar. 

The records pertaining to incubation and adult stages which appear 
in Table 27 were obtained by confining 25 pairs of adults in the 
1923 series and 50 pairs of adults in the 1924 series, together with 
extra males in some of the cages. In the 1923 series one female and 
in the 1924 series three females did not deposit eggs. The averages 
for adult stages, except longevity, are based upon the number of 
females which deposited eggs. 

LARVAL HABITS 

HATCHING 

About a day before hatching takes place the black eye spots and 
reddish mandible tips of the developing larva become discernible 
through the semitransparent chorion of the egg. A few hours be- 
fore hatching the head and thoracic shield become black and assume 
a central position in the egg. The body segmentation and the black 
spines on the body of the larva are also plainly discernible before 
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hatching. At this time the developing larva is curled up inside the 
egg with its mandibles resting upon the next to the last abdominal 
seoment. These mandibles soon begin to move laterally, and the 

larva straightens itself out in such a manner that the mandibles are 
brought into contact with the eggshell. A slit in this is soon made 
and the larva crawls forth. After hatching, the larva feeds to some 
extent upon the empty eggshell, but has not been observed to entirely 
devour it. 

FERTILITY AND HATCHING 

The greater proportion of eggs deposited in the field and in the 
Table 28 gives data relating to 

the percentages of fertile eggs, as observed during the progress of 
life-history studies at Arlington, Mass. 
eggs which hatched, excluding parasitism, are also shown. 

insectary were found to be fertile. 

The percentages of fertile 

TABLE 28.—Fertility and hatching of Pyrausta nubdilalis eggs (New England) 

In insectary In field 

Generation Eggs un-| yortije | Fertile | Eggsun-| pore | Fertile 
der ob- 5 eggs der ob- a 3 eggs 

servation 8gs hatching |servation 88 hatching 

Number | Per cent | Per cent | Number | Per cent | Per cent 
GES Gar O19 kes Bae ihe Sea enc ba eet B eo Nm ea 13, 893 SH fee PE a ed Ue ee pee a S| (eee EO 
Second: 1919 Stee See eee ee ee 27, 285 9453 |EesS2 Ss 2, 245 98. 1 98.9 
FES ts192 0 ers Set fe oe a ae 14, 886 89.5 po ESSAY ee see meee LYNE: 2 eae alee Fa So ors ee 
SECONG 1920 sei see Sea ew ee ef eral 19, 646 85.7 OG FAG eee a ah ea | eee ion 
ITS Gaal O2 lence epg ees ee 2a ae ae , 053 COSTE (ae eat | I ar bem a ey ee A 
SCCONG 1 O2IS Aine ergs ae Ate ees 20, 727 CO OF | a eS Pe reese Pee 
SCCOM Oss 9 23 ee seekers wae at ee gis (1 Bey ey ea a Re Le Lee Racy GRY) O4 SS ill oe emcee eee 

NALS) BUR SY EO ANG Rs So fe WF ln ROSS ais Mie tal gee as 91.5 SGN OE |e Ss 95. 4 98. 9 

From Table 28 it may be noted that an average of 91.5 per cent 
of the eggs deposited in the insectary were fertile, and 95.4 per 
cent of the eggs observed in the field were fertile. An average of 
96 per cent of the fertile eggs deposited in the insectary hatched, 
and 98.9 per cent of those hatched upon which observations were 
made in the field. 
An average of 97.2 per cent of the eggs hatched under insectary 

conditions at Sandusky, Ohio, during 1923 and 1924. A total of 
22,494 eggs were under observation in these experiments. At Silver 
Creek, N. Y., an average of 73.6 per cent of the eggs hatched under 
insectary conditions during this same period. A total of 25,690 
eggs were under observation in this series. In a total of 11,320 eggs 
collected in the field in Ohio during 1924 an average of 99.3 per cent 
were fertile. 

EFFECT OF DIRECT SUNLIGHT ON HATCHING 

Direct sunlight appears to prevent the hatching of the eggs of 
P. nubtélalts. During July, 1920, several leaves bearing clusters of 
fertile eggs were removed from life-history cages and inverted in 
such a manner as to expose the eggs to direct sunlight. Under these 
conditions none hatched. In the field the eggs usually are deposited 
upon the undersides of the leaves and are not directly exposed to 
the sun, although they have been found infrequently on the upper 
sides of the leaves and upon the stems of plants, as well as upon the 
husks of ears of corn. 
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EFFECT OF COVERING EGGS WITH SOIL 

During the operation of cultivating small corn plants, some of the 
lower leaf blades bearing egg clusters often are covered lightly with 
soil. This treatment does not prevent the eggs from hatching, and, 
unless covered to a depth of at least 4 inches, most of the newly 
hatched larvae are able to make their way to the surface of the 
soil. In June and July, 1920, a total of 56 clusters of fertile eggs of 
the first generation were buried in damp sand-loam soil at depths 
varying from 1 to 4 inches. All of these eggs hatched. At a depth 
of 1 inch all of the resulting larvae came to the surface of the soil, 
at 2 inches 57 per cent, at 3 inches 57 per cent, while at a depth of 
4 inches none of the larvae were able to reach the surface of the soil. 

EFFECT OF TOTAL IMMERSION IN WATER ON HATCHING 

During August, 1920, experiments were conducted to determine the 
effect of total immersion in fresh water upon the hatching of the 
egos. The results of these experiments showed that fertile eggs did 
not hatch after a period exceeding 6.5 hours of total immersion. 
This fact may be of importance when treating plants or plant 
products bearing P. nubilalis ege clusters. 

FEEDING HABITS OF LARVAE 

The general feeding habits of P. nubilalis larvae have been pre- 
viously discussed with relation to the character of injury to corn and 
to other plants. 

METHOD OF FEEDING 

The method of feeding by P. nudilalis larvae, as distinguished from 
their boring habits, is subject to a wide variation in accordance with 
the habits of individual larvae and with the stage of development of 
the plant, as well as with the part of the plant attacked. 
When the eggs are deposited upon young corn plants of which the 

tassel has not yet appeared, the newly hatched larvae feed at first 
upon the upper and lower surfaces of the tender leaf blades, thus 
excavating small irregular-shaped areas in the epidermis. Some 
of the small larvae may also perforate the leaf blades surrounding 
the tassel, or work their way between the leaf blades and feed upon 
the developing tassel within. Once inside the tassel cavity, they 
feed upon and within the tassel buds. As the tassel expands and 
the larvae become larger, they enter the tassel stem or its branches 
and feed within. Instead of feeding upon and within the tender 
leaf blades and tassel, some of the newly hatched larvae habitually 
migrate to points lower down on the same or near-by plants, where 
they may enter the plant at practically any point, although their 
favorite place of entrance is between the leaf sheath and the stalk. 
Later in the development of the plant many of the larvae also enter 
between the stalk and the base of the ear, or they may enter the ear 
directly. 713 
When the eggs are deposited upon corn plants which have reached 

the tassel stage, the newly hatched larvae usually do not attack the 
tassel, nor do they feed to any extent upon the surface of the leaf 
blades; under these circumstances they enter the stalk directly, or 
the thick midrib of the more tender leaf blades. If the plant has 
developed an ear, the newly hatched larvae frequently feed upon the 
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tender tips of the husks and upon the silk, or work their way 
down between the silks into the ear and feed upon the grain and 
cob. 

After the larva has entered the stalk it tunnels upward or down- 
ward. The character of the tunnel is subject to great variation, 
but typically the larva follows a nearly straight course through 
the pith and generally lengthwise of the plant. In some instances 
the tunnel is more or less winding and occasionally small cells 
are excavated along its course. Sometimes the larva also excavates 
a large horizontal chamber either just above or just below the 
entrance hole and starts its tunnel from this chamber. Stalks bear- 
ing this type of tunnel are greatly weakened and soon break over. 
All parts of the stalk may be tunneled down to and including 
the base or stubble. There is a tendency for the larvae to work 
in the internodes of the stalk, but many of the nodes are also pertfor- 
ated, especially where several larvae are present in the same stalk. 

Kven during the period of active growth of the larva it is ap- 
parent that not all of the plant substance removed by the larva 
during the process of tunneling within the stalk is actually de- 
voured. The larva appears to prefer as food the portions of the 
interior of the stalk which are most succulent and rich in sugar. 
The harder and less nutritious portions of the stalk are merely 
bored out and cast aside. This discarded material, together with 
the excrement of the larva, is pushed out of the entrance hole in 
the form of yellowish-white frass, which later becomes darker in 
color. Much of this frass is held together in masses by silken 
threads spun by the larva and usually hangs suspended below the 
entrance hole or collects below in the axils of the leaf blades and 
upon the ground. Some of the frass, instead of being ejected from 
the tunnel, is packed by the larva into the cells or chambers of 
the tunnel. 
When the larva bores an ear of corn it may enter directly at the 

tip, base, or side of the ear, or indirectly through the short stem by 
which the ear is attached to the stalk. Once inside the ear the larva 
tunnels through all parts of the grain and cob. The actual feeding 
areas on the grain may consist of long irregular surface furrows 
between the rows of kernels, or tunnels just underneath the upper 
surface of the kernels; or large irregular areas may be fed upon 
with no apparent regularity of procedure. The larvae tunnel the 
cob in a similar manner to that described. for the stalk, the tunnels 
extending either longitudinally or transversely through the cob. 

The feeding habits of the larvae when attacking plants other than 
corn are essentially the same as described for corn. 

LARVAL ESTABLISHMENT AND SURVIVAL 

In view of the known fecundity of the P. nubilalis female, as 
exhibited in confinement, and the number of eggs present in fields 
under close observation compared to the relatively small number of 
fully grown larvae which develop subsequently in such fields, it has 
been apparent that there must be a very high egg and larval mor- 
tality from natural causes, since the wide discrepancy between the 
number of eggs present and the number of fully grown larvae devel- 
oping from such eggs could not, in most instances under observation, 
be accounted for by nonfertility, nonhatch, parasitism, disease, pre- 
dators, or other assignable causes. 
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Cage experiments which were conducted at Sandusky, Ohio, dur- 
ing 1924 to obtain information upon the percentage of larval estab- 
lishment and survival, and the causes contributing thereto, showed 
that an average of only 5.87 per cent of the eggs developed into 
larvae which became established in their host plant and survived 
to at least the third instar, in cases where such eggs were deposited 
upon growing corn plants (dent, flint, and sweet corn) by females 
temporarily confined in large cages while the eggs were being de- 
posited. These cages were removed immediately after the deposi- 
tion of the eggs to allow for the subsequent development of the insect 
and its host plant under natural conditions. Based upon the total 
larvae hatching in this series, an average of 8.86 per cent of the 
larvae became established in their host plant, as shown in Table 29, 
and reached at least the third instar before they were dissected 
from the plant. 

TABLE 29.—Summary of experiments of larval establishment and survival of the 
Huropeam corn borer at Sandusky, Ohio, 1924 

Larvae under observation | T°tal ee oe Per ene 
: of recov- Type Variety i eer 

Date hatched (1924)| Number | Number | Per cent type 

lines. = INO eG a a ea ip | July 17 to July 30 - 1, 195 82 6. 86 777 
DOs 222 PSs GOES eee 5 Fear | Aug. 8 to Aug. 12__ 658 62 _ 9.42 ° 

Deniz ss @larid g@ssso ee Wes S Ete ces .) July 17 to Aug. 1__ 1, 361 108 7. 94 
ID Yo eaeee Claridge, high per cent grain__| Aug. 5 to Aug. 6__ 576 86 14. 93 10. 80 
Doses Claridge, low per cent grain__| Aug. 5 to Aug. 7__ 784 100 12. 76 

Sweet______ Golden kBanitam=assse2 22 oe 25 | July 17 to July 30-_ 1, 169 96 8. 21 \ 6. 09 
IDs ae Hversreen =. 2 ike eae July 17 to July 30_- 1, 276 53 4.15 3 

RO tall aes ee S| ee on eee ee 7, 019 Bai aoe, Sates | eee Ore aoe 
ANVerage Sl 2e lin 2S 2h by OS 07 ea ee ee ieepaeeaes peace 8. 36 

Of the total of 587 larvae shown as recovered in Table 29, defi- 
nite records are available concerning the instars of 474 individuals 
in this group as follows: Thirteen larvae were in the third instar, 

- 219 larvae in the fourth instar, 132 larvae in the fifth instar, and 
110 larvae were mature. The remaining larvae recovered, 113 in 
number, had migrated to adjacent corn plants, and no records are 
available concerning the instars they represented. Close observa- 
tion of the young larvae used in this experiment showed that the 
greatest mortality occurred during the first and second instars and 
was attributable to a variety of causes, the most important of which 
appeared to be desiccation, starvation, and drowning. 

Complete records are not available pertaining to the number and 
percentage of eggs used in this experiment which failed to hatch or 
produce larvae. This information is available, however, for a por- 
tion of the eggs, 3,181 in number, and in this group 23.76 per cent 
were missed during their incubation period, presumably blown from 
the plants by the wind, 3.83 per cent failed to hatch, and 2.33 per cent 
dried up—a total egg mortality of 29.92 per cent. Assuming that 
the same rate of egg mortality was sustained by all the eggs used in 
this experiment, the total establishment and survival to at least the 
third instar, based upon the number of eggs in the experiment, 
equaled 5.87 per cent, 
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That the percentage of larval establishment and survival in the 
field is higher than that obtained in the experiment previously 
described is indicated by an analysis of 236 isolated infestations 
found in Ohio cornfields during 1924, wherein an average of 1.88 
larvae were collected per infestation. Since each of 731 egg clusters 
collected in the field earlier in the season contained 15.5 eggs, on an 
average, the survival of 1.88 borers per infestation shows that 12.13 
per cent of the eggs involved developed into larvae which became 
established, assuming that each of these isolated infestations devel- 
oped from a single egg cluster. 

VOLUME OF PLANT TISSUE CONSUMED OR REMOVED BY LARVAE 

The tunnels of 41 fully grown larvae which had spent practically 
their entire feeding period in isolated sweet corn and dent field 
cornstalks, were measured and found to average 8.6 inches in length. 
(See Table 14.) The tunnels of 35 of these larvae in sweet corn 

_ were found to average 0.2492 cubic inches in volume, and the tunnels 
of the 6 larvae in dent field corn averaged 0.1690 cubic inches in 
volume. It was not possible to determine the relative proportion of 
plant tissue which had actually been consumed by the larvae in 
comparison with the proportion of the tissue which had been bored 
out and cast aside during the excavation of the tunnel. 

DISTRIBUTION OF LARVAE IN THE PLANT 

While the host plant is green and succulent, it may be entered and 
tunneled by the feeding larvae at practically any point, but as the 
plant nears maturity and begins to dry out in its upper portions, or 
breaks over as a result of larval injury, the larvae exhibit a tendency 
to migrate to the lower and more succulent portions. 

On September 27, 1921, 78 per cent of the stalks were found to be 
infested in a 4-acre field of fiint field corn at Stoneham, Mass., aver- 
aging 5.3 larvae per infested stalk. A total of 65.4 per cent of the 
larvae were distributed in the lower third of the infested stalks and 
the remaining 34.6 per cent in the upper two-thirds of the stalks. 
in this same field and on this same date a record was made of the 
relative distribution of the larvae in the stalks, ears, and ear stems 
of 10 plants showing average infestation. In these 10 plants 63.3 
per cent of the larvae were distributed in the stalks, 23.3 per cent 
in the ears, and 13.3 per cent in the ear stems. An analysis of the 
larval distribution in partly matured plants of dent, flint, and sweet 
corn which were dissected at Sandusky, Ohio, during the period from 
August 12 to September 1, 1924, showed that in a total of 474 larvae 
involved in these dissections 17.29 per cent were distributed in the 
lower quarter of the stalks, 18.77 per cent in the lower middle quarter 
of the stalks, 16.66 per cent in the upper middle quarter, 16.45 per 
cent in the upper quarter, 10.97 per cent in the tassel, and 19.82 per 
cent in the ears. 

The relative distribution of the larvae in the stalks and stubble 
is subject to considerable variation in accordance with the height of 
the stubble left after cutting, the date stalks were cut, and the stage 
of development of the plant when cut. There is also a certain 
amount of larval migration to stubble from corn which is cut and 
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stacked in the field, and from infested weeds or other plants growing 
near by. For this reason the percentage of the infested stubble 
(fig. 45) in certain fields sometimes exceeds the percentage of in- 
fested plants determined before cutting. During the late summer 
of 1921 counts were made of larval infestation in the stubble of 15 
fields of sweet and field corn in New England soon after the plants 
were cut. Field counts in these same fields previous to cutting 
showed that an average of 68.4 per cent of the stalks were infested. 

An examination of the stubble 
after cutting showed that 31.7 per 
cent contained living larvae. The 
stubble in these fields ranged from 
5 to 12 inches in height. 

In western New York an exam- 
ination of the stubble in 30 fields 
of dent and sweet. corn during the 
period from August 8 to Novem- 
ber 11, 1923, showed that 6.63 per 
cent of the stubble was infested, 
containing on an average 7.78 lar- 
vae per 100 stubble. Field counts 
in these same fields previous to 
cutting demonstrated that an aver- 
age of 15.16 per cent of the stalks 
were infested, containing an aver- 
age of 19.75 larvae per 100 stalks. 
Comparing the average number of 
larvae left per 100 stubble with the 
average number of larvae per 100 
stalks, it will be noted that 39.39 
per cent of the total larval popula- 
tion was left in the stubble. In 
these 30 fields the stubble ranged 
from 2 to 18 inches high, with an 
average height of about 7 inches. 
A similar comparison between the 
larval population in the stalks and 
in the stubble of 36 dent and sweet 

Bie joe ouepean corn-borer larva at cornfields in western New York 

Base OF CONS Ub emo bra ecy ule use during 1924 showed that 16.12 per 
cent of the total larval population 

was left in the stubble. In these 36 fields the stubble ranged from 2 
to 10 inches high, with an average height of about 6.2 inches. 

Examinations made of standing cornstalks in Ohio during the 
period from September 10 to November 3, 1924, showed a pronounced 
movement of the borers to the lower part of the stalks, as detailed 
in Table 30. 
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TABLE 30.—Distribution of larvae of the European corn borer in cornstalks in 
Ohio during period from September 10 to November 3, 1924 

Larvae | Larvae | Larvae | Larvae | Larvae | | Larvae | Larvae | Larvae | Larvae 
3 inches | 6 inches | 9 inches/12 inches 15 inches 18 inches|21 inches|24 inches|27 inches 

and and and and and and and and and 
below | below | below | below | below | below | below | below | below 

. Date Doe ree e 
1924 
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In general the percentage of total larval population present in the 
stalks up.to and including 18 inches from the ground increased 
approximately threefold between September 10 and November 3, 
and similar increases in larval population occurred in that por- 
tion of the stalks situated from 18 to 24 inches of the ground dur- 
ing this same period. (Table 30.) The high percentage of larvae 
present in that portion of the stalk up to and including 6 inches 

- from the ground late in the season is also very impressive ‘and serves 
to emphasize the necessity of cutting stalks low and as early in the 
season as possible. The greater proportion of the corn stubble in the 
machine-cut fields of Ohio and Michigan is at least 6 inches in height, 
while 24 inches is about the maximum height in fields cut by hand 
methods. 

POSSIBILITY OF SPRING FEEDING BY OVERWINTERING LARVAE 

In a previous publication (77) dealing with the habits of Pyrausta 
nubdalis larvae, reference has been made to the spring “ feeding ” 
of overwintering larvae. After a more detailed -observation of 
the spring activities of the overwintering larvae, it appears that no 
real feeding occurs at this period and that the frass ejected from the 
larval burrows is composed of material which has been gnawed and 
cast aside during the process of preparing quarters for pupation. 
This frass is composed of rough angular particles, in contrast to 
the smooth, rounded pellets predominating i in the normal excrement» 
of actively ‘feeding larvae. A histological study of the internal tract 
of overwintering larvae reveals an entire absence of solid food, and, 
furthermore, that important structural changes have occurred in the 
digestive tract of the larvae after active feeding ceased in the fall. 
The most important modification occurs in the ventriculus and 
rectum of the larva, and is of such a nature as to render these organs 
much more simple and less specialized in structure, the rectum losing 

_for the most part its musculature. According to present knowledge, 
it appears improbable that overwintering larvae could successfully 
digest food or evacuate unassimilable matter in the spring. This 
conjecture is confirmed in a measure by inability to find larvae 
feeding on new growth in the spring, after they have passed through 
the winter. A spring examination of the digestive tracts of over- 

25411 °—27——7 
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wintering larvae found in the field revealed an entire absence of 
solid food, and when these larvae were isolated from any boring 
medium whatever and supplied with proper moisture conditions, 
they pupated and emerged as normal adults. 

Repeated experiments have been performed in which overwintering 
larvae were confined during April and May in small cages with green 
succulent stalks of rhubarb, celery, Rumex, and Polygonum. None 
of these individuals fed upon or entered these plants, although 
rhubarb, celery, Rumex, and Polygonum are preferred hosts of the 
active feeding larvae during the summer. 

Field examinations during April and May of rhubarb, spinach, 
and early spring weeds growing closely adjacent to plant remnants 
containing overwintering larvae failed to show any infestation in 
these plants by such larvae. 

DURATION OF LARVAL LIFE WITHOUT FOOD 

The larvae of P. nubilalis are capable of maintaining life without 
food for a considerable period of time during their active develop- 
ment. This is especially true of larvae in the later instars. By 1iso- 
lating, in individual cages, a large series of first-generation larvae 
of each instar, it was determined that the average duration of life 
without food for the first instar was 1.95 days, second instar 5.5 
days, third instar 6.7 days, fourth instar 8.1 days, fifth instar 22.8 
days, and for the sixth instar 31.3 days. In this series newly hatched 
larvae were used for the first instar and newly molted larvae for each 
of the subsequent instars. Pieces of damp blotting paper provided 
suitable moisture conditions in each cage. 

MOLTING 

When tunneling inside its host plant, the larva molts within its 
tunnel near the last feeding place. Where the larva is feeding upon 
or close to the surface of its host plant, as frequently occurs during 
the early instars, molting usually takes place inside a thin silken web 
with which the larva surrounds itself for protection or concealment. 
Certain individuals in all instars have also been observed molting 
on the outside of the host plant without any other protection than 
that afforded by fragments of frass or a few strands of silk spun by 
the larva previous to molting. 

LARVAL MIGRATION 

The migration of Pyrausta nubilalis larvae from one part of the 
host plant to another part of the same plant, or to near-by plants, 
has already been discussed. In addition to this very localized migra- 
tion, the larvae, especially in their later instars, frequently leave 
their host plants when such plants are disturbed, or when such hosts 
become unsuitable for food or shelter through decay or as a result 
of the drying out of the plant tissues. This migration is especially 
likely to occur (1) where infested cornstalks are being collected in 
the fields; (2) where such stalks are left in piles of “ stacks ” in the 
field, in the barnyard or under shelter, with the consequent decay 
through excessive moisture, or the drying out of the plants when 
protected from rain and snow; (3) when badly infested plants col- 
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lapse and break over in the field; (4) after infested plants with com- 
paratively small stems, such as oats and some of the weeds, are cut 
while in a green condition, with the consequent rapid withering or 
shriveling of the stems; (5) during the handling and shipment to 
market of infested plant products such as sweet corn ears or beets 
with tops; (6) from certain plant products, such as celery, after they 
are placed in underground pits; (7) from infested material which 
has been buried in the soil. This last is especially likely to occur 
where such material is buried or plowed under in the spring, or in 
the early fall to about November 1. Much of this migration is noc- 
turnal, an interesting habit which the species may have developed 
in an endeavor to escape natural enemies which are more active 
during the daylight hours. Observations conducted at night in 

Fic. 46.—Windfall Baldwin apple infested by migrating European corn-borer larvae. 
a ee occurrence in areas of Severe infestation. Medford, Mass., September 
hoe 

severely infested fields of corn have revealed great activity on the 
part of the larvae at this time. Where infested cornstalks or 
other plant remnants are cut and gathered in large piles during the 
fall and left in this condition in the field all winter, many of the 
contained larvae migrate to the outer and drier layers of the pile, 
or to adjoining shelter, in order to escape the excessive moisture 
prevailing in the interior of the pile. These outer layers usually are 
dry enough to be burned easily during late April or early May and 
thus destroy a large percentage of the borers contained therein. 
When the migrating larvae are only partially grown they may 

enter and feed upon any of the host plants of the species, providing 
such plants are in a green and succulent condition. When, however, 
the migrating larvae are fully grown and have ceased feeding, they 
may enter almost any plant material (fig. 46) which affords suitable 
shelter, or they may seek shelter in various locations, as will be 
subsequently shown. 
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The actual distance traversed by migrating larvae in the field has 
not been determined with accuracy, although infested cornstalks 
have been found at a distance of about 15 feet from the location 
of the nearest known original egg cluster in a very lightly infested 
corn plat. In a series of controlled experiments wherein crawling 
larvae of each instar except the second were restricted to sheets of 
paper from 5 to 6 feet in length, without food, until death resulted, 
the average distance covered by larvae in the first instar was 31 feet 
3 inches; third instar, 118 feet 1 inch; fourth instar, 79 feet 8 inches; 
fifth instar, 170 feet ; ‘and sixth instar, 97 feet 1 inch. These experi- 
ments, of course, do not give reliable information relative to the 
probable migrating ability. of the larvae in the field and are only 
indicative as showing their power of locomotion. 

HIBERNATION 

The European corn borer normally passes the winter as a full- 
grown larva within the tunnel made in its host plant during the 
previous summer and fall. If, however, the host-plant material is 
unduly disturbed during the progress of field work, or if for any 
other reason the plants containing the larvae do not afford suitable 
quarters for winter shelter, many of the larvae migrate from their 
hosts and enter other plants. Under conditions of severe infestation 
the larvae have entered such woody stemmed plants as blackberry, 
raspberry, sumac, elderberry, and grape. If suitable plants are 
not ava:lable for winter shelter, the larvae often burrow into such 
objects as the walls and crevices of buildings, fences, and posts. 
Here they form short tunnels in which to pass the winter. When 
more suitable winter quarters are lacking, the larvae sometimes secrete 
themselves in loose leaves, under the loose bark of trees or fence 
posts, and underneath rubbish, clods of soil, loose stones, and similar 
objects. Here they may, or may not, inclose themselves entirely 
or partially with a rough silken web. Many of these larvae which 
seek shelter in locations other than plants, as mentioned above, have 
been found by experimentation to pass the winter successfully and 
subsequently ‘to pupate and emerge as moths; providing that the 
moisture conditions of their habitat were suitable for normal hiber- 
nation and pupation. 

In every instance under observation all of the hibernating larvae 
were in the last instar. No case of molting in the spring has been 
observed. 

LARVAL MORTALITY DURING HIBERNATION 

Dissection of Pyrausta nubilalis larvae during their period of 
hibernation has revealed that the vital organs are surrounded with 
a layer of tissue resembling fat. Apparently this fatty material 
greatly aids the hibernating ‘larvae not only in surviving the adverse 
natural conditions to which they are exposed during this period but 
also supplies available means for carrying on the metabolism which 
occurs during this long period of comparative inactivity. It may 
also aid the hibernating larvae in resisting such artificial influences 
as fumigation and heat. 

The normal percentage of winter mortality in plants left in natu- 
ral position in the field is comparatively low. Table 31 gives data 
relative to the winter mortality for a five-year pewed im represen- 
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tative localities of the New England area. These counts, with excep- 
tions noted, were taken during the spring of each year in corn and 
weeds left in their. natural position in the field. Less than 1 per 
cent of the overwintering larvae were parasitized, sg this factor may 
be practically ignored. 

TABLE 31.—Winter mortality of Pyrausta nubilalis larvae in New England 

Total Total Per cent 
Winter period | larvae larvae | of larval 

counted dead mortality 

RORG SD Pee as apes sa tert. ofa eae eve er eer gee 1, 231 110 8.9 
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G2 2593 Brn ea a eS ee ge es eles Se ee ie ee ee 5 ea 10, 100 838 8.3 
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1 Limited to counts in experimental plats of corn. 

Table 31 shows that the average winter mortality for the period 
was 6.6 per cent. ‘This figure applies to plants which were in a 
natural position; that is, plants which were standing erect, broken 
over, or lying upon the surface of the soil. When infested corn- 
stalks or other plant remnants are cut and gathered and placed 
in large piles during the fall and left in this condition all winter, 
a considerable proportion of larval mortality sometimes occurs in 
the interior of such piles when: they are exposed to conditions of 
excessive moisture. It is not possible, however, definitely to at- 
tribute this killing to true winter mortality, because other influences, 
such as mechanical injury during handling or fermentation of the 
plant material may contribute to this result. In a recent publica- 
tion (5) Barber discusses the importance of winter mortality in 
the natural control of the European corn borer in New England. 

COMPARATIVE WINTER MORTALITY ACCORDING TO POSITION OF HOosT 

In the course of experiments carried on during the winter of 
1920-21, with the object of ascertaining the comparative winter 
mortality of larvae in cornstalks standing erect and cornstalks 
lying upon the surface of the soil, it was found that in the former 
the winter mortality was 1.5 per cent and in the latter 4.3 per cent. 
In cornstalks standing erect there was no appreciable difference 
in the percentage of mortality between larvae inhabiting the lower 
and upper portions of the stalks. 

COMPARATIVE WINTER MorRTALITY ACCORDING TO TOPOGRAPHIC LOCATION oF Host 

During the spring of 1921 counts for winter mortality were made 
in localities representing typical conditions of lowland areas, high- 
land areas, and coastal areas. These counts were all made in corn- 
stalks left in the field of the New England area under natural 
conditions. According to the figures obtained in these counts, the 
percentages of winter mortality on lowland areas, highland areas, 
and coastal areas were 19.9, 16, and 12.8 per cent, respectively. The 
average winter mortality for the New England area, including larvae 
from cornstalks and weeds, was 7.5 per cent during this period. 
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COMPARATIVE WINTER MORTALITY IN PROTECTED SITUATIONS 

Reference has previously been made to the habits of certain of 
the migrating larvae in seeking winter shelter by boring into va- 
rious wooden objects and by secreting themselves underneath rub- 
bish, clods of soil, loose bark of trees, and similar situations. In 
order to obtain information concerning the probable percentage of 
winter mortality among such larvae, a series of experiments were 
started during the late fall of 1919 in which large larvae were 
confined in cages containing soil, sawdust, dry manure, dry leaves, 
dry grass, moss, and wooden objects. Larvae were also confined 
in an empty wooden box. These cages were kept under a shelter, 
but otherwise they were exposed to winter conditions. A similar 
cage of infested cornstalks, kept under the same conditions, was 
used as a check. The average winter mortality in the test cages 
was 13.3 per cent and in the check cage 7.6 per cent. 

COMPARATIVE WINTER MORTALITY IN DIFFERENT SPECIES OF Host PLANTS 

Table 32 shows the comparative winter mortality of the larvae 
in different species of host plants left in a natural position in the 
field during the winter of 1921-22 in the New England area. 

TABLE 32.—Comparative winter mortality of larvae of the European corn borer 
in different species of host plants during winter of 1921-22 in New England 

Number | Number} Total Per cent 
Host plant of locali- | of larvae | larvae winter 

ties counted dead _ |mortality 
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According to the data shown in Table 32, there was some variation 
in the percentage of mortality in different host plants. No explana- 
tion can be given for the cause of this apparent variation. The 
mortality in the weeds in this series of experiments was 8.4 per cent, 
in comparison to a mortality of 11 per cent in corn. 

LARVAL MorTALITY WHEN FROZEN IN ICE 

In order to determine the mortality of P. nubilalis larvae con- 
tained in material frozen in ice, several series of experiments were 
performed in which infested cornstalks were placed in bodies of 
water during the late fall in such a position that they were subse- 
quently frozen in the ice. Examinations of the larvae contained in 
these stalks were made once a month during the period from Decem- 
ber to April, and it was found that the mortality for the first three 
months was practically equal to that of the check material left in a 
natural position. Beginning from about the 1st of March, however, 
the mortality of the larvae contained within the frozen-in stalks 
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increased very rapidly. When the last series were examined during 
the first week of April less than 1 per cent of the larvae were alive. 
The heavy mortality occurred, therefore, during the period when 
the larvae would normally have become active preparatory to 
pupation. 

WINTER MORTALITY OF LARVAE IN STORED MATERIAL 

Jablonowski ® has recommended, as a possible means of control to 
be applied to overwintering larvae, the storing of cornstalks in a 
comparatively weather-tight shed or barn until after the normal time 
for emergence of the moths the following spring. His idea is that 
the larvae contained in such stored material would be unable to 
complete their development when deprived, during the winter and 
early spring, of the moisture which is available to those larvae over- 
wintering in the normal locations and which is so essential for the 
completion of histolysis. 

The experiments which have been carried out up to the present 
time to determine the advisability of such a recommendation have 
shown that when larvae in stalks are stored in the insectary, or even 
more thoroughly inclosed structures for the winter season, a reduced 
percentage of them, ranging from 4 to 30 per cent, were able to 
complete their development, and that these were considerably re- 
tarded beyond the normal seasonal development that would be 
expected in the field. 

The percentage of larvae able to pupate and successfully emerge 
as adults was decreased when stored material was kept under heated, 
low-humidity conditions, such as those prevailing in a room of the 
laboratory. As will be discussed in a paper dealing with experiments 
upon the hibernation period, the cumulative effect of these various 
conditions of storing not only induces an immediate reaction re- 
flected by increased mortality and delayed pupation but also has 
the effect of delaying seasonal development during the subsequent 
growing season. In fact, only 9 per cent of the individuals which 
for two consecutive seasons had been denied the normal precipitation 
conditions during hibernation were able to develop the two genera- 
tions normally occurring in this area. 

Larvae without protection of cornstalks, ears, or similar covering 
seem unable to withstand either of the two conditions just discussed, 
and usually shrivel and dry up after the long exposure from fall 
to the following spring. 

PUPATION 

Pupation normally occurs within the tunnel made by the larva 
in its host plant. The larvae of the overwintering brood pupate in 
the tunnels which they have occupied during the winter, unless the 
condition of the host material in the spring is such that they are 
forced to migrate and seek similar but more suitable quarters free 
from extremes of moisture or desiccation. "The summer-brood larvae 
normally pupate not far from the last feeding place in their tun- 
nels. Larvae of both broods may also pupate in protected places on 
the exterior of their host plant, such as between the silks on the ears 
of corn, between the leaf sheaths and the stalks, or between overlap- 
ping leaf blades of corn or other plants. Full-grown larvae which 

°See footnote 1, 

ee 
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migrate to situations removed from the plant and bore into wood 
or similar material for shelter usually pupate within these shelter 
tunnels, provided that the moisture conditions of the shelter me- 
dium are suitable for pupation. The same statement applies to 
full-grown larvae which migrate from the plant and secrete them- 
selves in the cracks and crevices of lumber or underneath rubbish 
of various kinds. 

COCOON FORMATION AND LARVAL CHANGES 

When preparing for normal pupation the larva first closes the 
entrance to its tunnel with a thin silken partition and then retreats 
into the tunnel, where it forms a thin silken cocoon. Larvae which 
pupate in situations lacking the protection of a tunnel partly or 
entirely inclose themselves with similar cocoons. Some of the larvae 
spin such a meager quantity of silk that it is an exaggeration to 
describe the fabrication thus formed as a real cocoon. 
When the cocoon is completed, the larva attaches itself thereto by 

means of the crochets on the anal legs, and then passes into a short 
semiquiescent stage preparatory to pupation. During this stage the 
head becomes inflexed and the use of the thoracic and abdominal legs 
is lost, while the abdominal segments become greatly swollen and 
show. distinctly the outlines of the pupal abdomen. 

PROCESS OF PUPATION 

As a result of pressure exerted from within, the larval skin splits 
along the dorsal line of the head and thoracic segments, and also 
down each side of the front, thus liberating the emerging pupa. As 
soon as it is freed from the larval skin the newly formed pupa re- 
volves on its longitudinal axis two or three times, in this manner 
firmly attaching its cremaster to the cocoon at the point formerly 
occupied by the anal feet of the larva. Out of a total of 141 pupae 
under observation in vertical tunnels, 118 individuals formed with 
the head pointing upward, and the remaining 23 individuals with 
the head downward. The newly formed pupa is nearly white in 
color with a longitudinal pink line down the dorsum. Permanent 
coloration proceeds very rapidly after emergence and in five or six 
hours the pupa is fully colored. Mature pupae vary from light 
brown to dark brown in color. 

ADULT HABITS 

EMERGENCE 

The emerging moth pushes off the head of the pupal skin until 
its head, thorax, and bases of the wing pads are visible. Here it 
rests for a short period before struggling completely out of the 
pupal skin. Ten individuals under observation required an average 
of two minutes for complete emergence. After emergence the moth 
escapes from its cocoon and crawls to the surface of the plant, pro- 
vided pupation occurred within a tunnel. After reaching the sur- 
face the moth clings to some convenient object until the wings become 
fully expanded and dried. Within a period of from two to three 
hours after emergence it is prepared for flight. 
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- PROPORTION OF SEXES 

_ Table 33 gives data relative to the proportion of sexes as recorded 
from insectary reared material at Arlington, Mass., during the 
period from 1918 to 1921. 

TABLE 33.—Proportion of sexes of Pyrausta nubilalis at Arlington, Mass. (two 
generations ) 

| Number ; -a- | Per cent | Per cent 
Generation chine females males 

SEcond ceneralom. AOUi tS: a< Bass bes ses Se ee ee Pe a ed 3 49.5 50. 5 
HITS Ty SONORA COM ew NO 1S Sex pesis ose eco RS ae aha «ace eee ae eater a gpg 366 57. 6 42.4 
Second: veneration: pl 91G—20is 2 ehh es Ee ae ae ES 221 37.0 63. 0 
IBITStyCCHErAL OMe 92 OSeaawer ot 1 a Role ek eee gs seh Se a a 134 45.5 54.5 
Second eenerarion: 1920-21 Soe k a we SP Eas eee Rad eS Ae ee 933 48.0 52. 0 
IRITS ACCME LALION yl OO; pense OB) oe ne a i wes ey Sees a AG hops Bee 45 p12 48.8 

NOY 62 LN ge I ae ae ee SNS be ep ed mee Eee ee ee ees bee SE 204222 SES Se Ne 

FAW CTA Cena eee an eaten Shae nie Vettes BI eet yl S Ait Sika oon peck SA Se eee 48.7 51.3 

Table 33 shows that of the individuals under observation during 
a three-year period at Arlington, Mass., the sexes occurred in about 
equal proportions, although in the spring brood the preponderance 
of males is marked. In each group under observation the males 
greatly outnumbered the females during the first part of the seasonal 
emergence period. 

Relative to the proportion of sexes in the one-generation areas, the 
adult emergence from 234 pupae collected at Scotia, N, Y., during 
the spring of 1920 consisted of 114 females, or 48.7 per cent; and 
120 males, or 51.3 per cent. At Silver Creek, N. Y., notes were made 
upon the sex of 690 adults which emerged during the experimental 
work throughout the period 1921 to 1924. Of this number 350, or 
50.7 per cent, were females and 340, or 49.3 per cent, were males. 
At Sandusky, Ohio, 53.3 per cent of the adults emerging from experi- 
mental material during 1924 were females and 46.7 per cent were 
males. A total of 809 adults were included in this group. In each 
group under observation in these areas the males emerged sooner 
than the females in the proportion of nearly two to one, but as the 
emergence period advanced the females predominated in numbers. 

COPULATION 

Copulation usually occurs within a period of 12 hours after emer- 
gence from the pupa. During this act the male assumes a position to 
one side of the female and turns his abdomen at right angles with 
the body, meanwhile thrusting out the genital organs. When coition 
is successful, the male assumes a position directly to the rear of the 
female, the long axis of each being in a straight line. Three pairs 
of moths under observation remained in copula for an average period 
of 2 hours and 23 minutes. The moths have been observed in copula 
at nearly all hours of the day, but this usually occurs during the 
late afternoon and evening, at which time they are most active. 
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MATINGS NECESSARY TO FERTILIZE TOTAL COMPLEMENT OF EGGS 

A single mating was found to be sufficient to insure the normal 
percentage of fertility of the total complement of eggs deposited by 
each female in a series of experiments wherein single pairs of newly 
emerged moths were confined in separate lantern-globe oviposition 
cages. Each of these cages contained a virgin female, which had 
emerged from an individual glass vial cage, and a male which had 
emerged from similar cage. These cages were kept under observation 
and as soon as copulation occurred the male was removed. It is 
not known whether more than one mating normally occurs in the 
field, but in confinement several matings have been observed in 
instances where pairs of moths were retained in cages throughout 
their period of life. The fact that a single mating appears to be 
sufficient to insure the fertility of the eggs apparently would enable 
gravid and fertilized females to perpetuate the species if dispersed 
for a long distance by flight or by carriage. 

NUMBER OF FEMALES FERTILIZED BY EACH MALE 

In order to determine the number of females fertilized by each 
male, a vigorous newly emerged male was placed in an oviposition 
cage with a newly emerged female. As soon as copulation occurred, 
the male was transferred to a similar cage also containing a virgin 
female. This process was repeated until the death of the male 19 
days from the start of the experiment. During this period the male 
had mated with nine different females. The total complement of 
eggs deposited by the second, third, fourth, and sixth females used 
were fertile, whereas the eggs deposited by the first, fifth, seventh, 
and ninth females used were infertile. The eighth female died with- 
out depositing eggs. The other females in this series deposited a 
normal number of eggs. It will be noted, therefore, that the Pyrausta 
nubilalis male used in this experiment fertilized a total of four 
females. Even allowing for cage conditions, it seems probable that 
under natural conditions each male would fertilize several females. 

OVIPOSITION 

The average preoviposition period of P. nubdilalis females in 
confinement varied from 2.6 to 5.1 days in Massachusetts, as shown 
in Table 24. Among the females under observation in confinement 
and in the field, oviposition was greatest during the period between 
dusk and midnight, and rarely occurred during the daylght hours. 
The eggs usually are deposited upon the undersides of the leaves 
of the host plant, although they have been found infrequently on 
the upper sides of the leaves and upon the stems of plants such as 
corn, rhubarb, and cocklebur, as well as upon the husks of ears of 
corn. 

During the act of oviposition the female extrudes the ovipositor 
until its tip comes in contact with the leaf blade at the spot selected 
for egg deposition. She then stands still and vibrates the abdomen 
until the spherical egg appears at its tip. The egg is then quickly 
pushed against the leaf and tamped into place with the ovipositor. 
This operation changes the egg from its orginial spherical shape into 
a more flattened one. The remaining eggs of the cluster are then 
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deposited in irregular rows, each egg overlapping the adjoining 
egg in the manner of shingles. The female rarely changes her posi- 
tion during the deposition of an egg cluster, as the flexibility of the 
abdomen allows quite a radius of movement. 

PLANTS PREFERRED FOR OVIPOSITION 

Although corn usually is preferred for oviposition, the eggs have 
been commonly found in the New England area on a variety o 
other plants, particularly rhubarb, spinach, beets, beans, potatoes, 
celery, dahlias, hemp, dock, smartweed, barnyard grass, pigweed, 
and cocklebur. Eggs have also been found occasionally upon most 
of the other host plants listed in the first three classes shown in 
Table 1. It has been observed that the moths usually prefer to 
deposit eggs upon plants bearing relatively large leaves or dense 
foliage. Doubtless this choice is somewhat influenced by the fact 
that plants of this character afford protection to moths from the 
sun and wind during the day. Preference is also shown for that 
portion of the plant on the lee or opposite side from the prevailing 
winds. Oviposition is not confined to plants affording shelter during 
the day, however, as eggs are sometimes found upon young corn 
plants not more than 6 inches in height. During late May and 
early June in New England, dock, smartweed, rhubarb, and spinach 
are the most favored plants for ege deposition by the early emerging 
females. At this time corn and other preferred host plants are just 
starting their development. 

In the one- generation areas of eastern New York and the Lake 
Erie region, egg clusters rarely have been found on plants other 
than corn. 

In New England a few egg clusters have been found on plants in 
which the larvae are not known to feed under natural conditions, 
namely, dandelion (Leontodon spp.), horseradish (Radicula armora- 
cia), lettuce (Lactuca sativa), plantain (Plantago spp.), oxalis 
(Oxalis spp.), and rye (Secale cereale). 

OVIPOSITION HABITS OF FEMALES IN CONFINEMENT 

In confinement the moths frequently deposited eggs upon the 
interior of lantern-globe cages as well as upon the leaves of suscep- 
tible host plants which were provided for egg deposition. When 
the moths were confined in cages constructed of transparent paper 
and lacking any vegetation, but which were adequately supplied with 
moisture, they readily deposited their egg clusters upon the paper 
walls of these cages. This habit of the moths was utilized to advan- 
tage when large numbers of egg clusters were needed for egg-parasite 
and other studies. 

TOTAL NUMBER OF EGGS DEPOSITED BY EACH FEMALE 

Judging from oviposition records obtained in confinement, Py- 
_rausta nubilals is very prolific. Tables 34 and 35 show the average, 
maximum, and minimum number of eggs which were deposited by 
the females of the first and second generations when confined in 
lantern-globe cages at Arlington, Mass., for each year during the 
hte from 1918 to 1921, inclusive. 
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TABLE 34.—Total number of eggs deposited by first-generation Pyrausta nubilalis 
females in New England 

| ae 
Number Average Maxi- Mini- 
of fe- roralteers uni mum 
mae ee total eggs | total eggs 

under ob- per per 
servation female female female 

First generation of— Z 
TITIES SINS Sey ieee eam BES Wan Chey Cae ee ee mie Ns ee eh ee aS 17 439 903 53 
OK ie Sees NS aes SRR etircet Gres ae anne a etek Dames F 109 378 828 72 
LOZ () ema Nt gine AA Eee ts OR ap ee SEA ee I eee oe RAS 93 487 874 52 
GD ete s WSS). in eee bye eee ee ee EEN aeee ls. Gee Sige Tee On hae ee Bae Dl 37 562 1, 934 44 

MOP AVAINSUGS od SSOP ERE ETT a oo EE OS Bie Beale cee Ren BG DOO) Shee aed tho oe Raa ea 

ACVGY ODO ie | Sreng awk Oe ome Piva kms ees eee te eee ete See ese an ee AAT Cth? Coin Ok ee ee ee eee 

TABLE 35.—Total number of eggs deposited by second-generation Pyrausta 
nubilalis females in New England 

| Maxi- | Mini- Number 
of females Eee mum mum 
unger per 88S total eggs| total eggs 

observa- er per 
tion female female female 

g La 

Seeond generation of— 
FLO So) RAS Acces RO ese MS tee eae mete ong bik YS a 11 344 724 107 
NOUS =1ONS Shao Mey Tee Sekt. Oka bea hee sa) eee eee 69 335 1, 192 43 
HONG2 OOF ES Be re cae pe ho an ae ps be eh wy aie 121 358 895 55 
OD (VSD eae RoR EAD cas wee nna SL eee ee ke 17 271 465 4 

ATR NG UE ee et ae NE EE dae ie aig AN Ss ee ta PA het enp eee Peel eRe eT Fora et oe oo 
ANWETAGO 2 J TPs sega eee - EEE RA Sd eee CR Runge toe ey Se S440 (Est oe been 

The average, maximum, and minimum number of eggs which 
were deposited by the females of P. nubdlalis in the one-generation 
areas when confined in lantern-globe cages at Silver Creek, N. Y., 
and Sandusky, Ohio, during 1923 and 1924, are shown in Table 36. 

TABLE 36.—Total number of eggs deposited by Pyrausta nubdilalis females at 
Silver Creek, N. Y., and Sandusky, Ohio (one generation) 

| _ | Mini- 
Total Maxi- 
females} Total ak Gee mum eGtal: 

Place Year| in ex- | eggs de- : 88S) total eggs eggs 
peri- | posited famille er per 

| ment female feaiale 

Silver eters INCE YS Fist LF Pee fee eee Rs ae 1923 50 |. 10,900 218 1, 000 12 
hk ci a ph 8 Re a A RS ai a ae 1924 50 17, 714 354 1, 061 12. 

Sataenegs ODToL. Ake ae EP ME ad eae 2 A 1923 25 8, 056 322 694 26° 
ID YoY Sa Ea ae Rapes ar Miche ans ewer ama 1924 50 29, 250 585 1, 075 2 

if 

The averages shown in Table 36 were computed from the number 
of females in the experiment. In the Silver Creek experiments 11 
females in the 1923 series and 8 females in the 1924 series did not 
deposit eggs. In the Sandusky experiments 1 female in the 1923 
series and 3 females in the 1924 series did not deposit eggs. 

NUMBER OF EGGS PER CLUSTER 

The majority of the egg clusters collected in the field in New 
England have contained from 15 to 20 eggs, although the number of 
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eggs per cluster is subject to considerable variation. From 1 to 162 
eggs have been found in individual clusters. Jablonowski *°, quoting 
from observations made by his assistant, Gabriel Bako, states that i in 
Hungary “ each cluster contained a minimum of from 22. to 35 eggs.’ 
Table 37 gives data relative to the average number of eggs per 
cluster deposited by females in confinement at Arlington, Mass. 

TABLE 37.—Average number of eggs of Pyrausta nubilalis per cluster, New 
England, 1918 to 1921 

Average 
Average maxi- 

Number | number mum 
Generation of clusters} of eggs [number of 

counted | per clus- | eggs per 
ter | cluster 

‘per female 

PL SCCON GAC CNCEAUION A Olio hae Reem ero ke en Rees rh Se reg Mae eae ioe 1 etnias Sas 172 20. 0 34.0 
GS GC SM CTE Om ral ONS rear eeeey eee AR eR cea reer aren ere ce cetera 431 iS 34. 6 
SCCOMGEZEMCEAHIOTMA NOUS O Re wythees sa eel ete Nae retin eee a 1, 666 13.9 Bl 
UTS SeMeCKaAMOM, LOLOE pete te eee PALE LS ees S oe STE eee 8 2, 884 14.0 33. 0 
Second generation, 1919- 20_. EEE Se ha weal oh PERE se gh is Sk ea Se 3, 589 1 2e2, 40.0 
JRGGESUs: SZER OVEN AU RMON OS UCP AO sie ca he Sine Na PC tes oa en lee i ieee Rea as 3, 255 13.9 30.8 
Secon dsconeration ys! O20=21 ee ee oe eee tere Be ee ee oe A 260 19.2 38. 7 
VERS GESY I {EAeN OVEN NHN TUCO Se ES Sa IS ae a fae ds a Ae ee aS 1, 127 23. 4 Boe 

HIRO Gel eee et eee eee eee ae er a ee ae Crees SERRA | ESP ne ree | cepa cena 
PARVOTAG Oka het ate pe cee RM Le Min eer ESS 2s hese ARI DenRA NEA § cae LE LAE (Gi Seca ee 

Table 37 shows that. the average number of eggs per cluster 
varied from 12.2 to 23.4 in the different evenerations of females 
under observation, with an average of 14.6 eggs per cluster for 
the entire series. The last column in this table pertains to the 
average maximum number of eggs per cluster deposited by any one 
female in the generation. 

At Silver Creek, N. Y., there were an average of 14.5 eggs per 
cluster in 747 cog clusters deposited in confinement during 1923, 
and an average of 16.7 eggs per cluster in 1,060 ege clusters de- 
posited under the same conditions in 1924. ‘Comparative fioures 
for Sandusky, Ohio, observations show an average of 14 eggs per 
cluster in 575 egg clusters during 1923, and an average of 16.8 eggs 
per cluster in the 1,746 egg clusters upon which observations were 
made in 1924. A total of 731 ege clusters collected in the field in 
Ohio during 1924 contained 15.5 eggs per cluster on an average. 
The average number of eggs per cluster in the one- generation areas 
of New York and Ohio_ compares very closely with the average 
for the two-generation area - New England. 

DAILY RATE OF OVIPOSITION 

In confinement the daily rate of oviposition varied with different 
females and according to the temperature conditions. In some in- 
stances a single female deposited several egg clusters within a 
24-hour period, whereas in other instances a period of several days 
elapsed between the deposition of successive egg clusters. Table 
88 gives data relative to the daily rate of oviposition of females 
confined in individual lantern-globe cages at Arlington, Mass. 

10 See footnote 1. 
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TABLE 38.—Daily rate of ovisposition of P. nubilalis females, New England, 
1918 to 1921 

Average 

Number | 4 verage | Average number pemebee 
females Oviposi- of days during per ae = Maximum eggs 

Generation minice tion oviposition oN | Guring deposited on any 
sean. period which no eggs ovip zal one day (average) 

tion in days were deposited ea 

period 

Number | Per cent Number | Per cent 
Second generation, 1917-18_____- 11 12.1 .8 31.4 28. 4 87.0 25.3 
First generation, 1918___-______- 17 13. 4 4.5 33. 6 3250. 119.9 PLS 
Second generation, 1918-19 _____- | 68 IP 7 4.8 37.8 26. 4 96. 0 28. 6 
First generation, 1919___________ 109 11.8 4.0 33.9 31.6 123. 0 a255 
Second generation, 1919-20___-__- 121 14.1 4.6 32.7 25. 4 80. 8 22. 6 
First generation, 1920_________-__| 92 9.5 1.6 16.8 51.3 153. 3 also 
Second generation, 1920-21______ 17 10.6 4.6 43. 4 27.4 68. 2 235 
First generation, 1921__________- 42 13.0 3.4 26.1 52.3 142. 4 20. 9 

AMO tall aa nee ee ae ae ATM | cscs Ae | ec ales lta Sag | | 
WASVIOL AC Cs 2 pos-see ees ny aon eta | oe eens 1252 BST 30. 3 34. 7 113. 1 26.3 

The data given in this table show that for approximately one- 
third of the days of the oviposition period the moths under ob- 
servation did not deposit any eggs and that an average of from 
22.6 to 82.5 per cent of the eggs were deposited in one day by 
moths of the different generations. 

Approximately 23.7 per cent of the moths of the second genera- 
tion 1919-20 series, shown in the table, deposited the greatest num- 
ber of eggs per day during the first day of their oviposition period, 
whereas 55.1 per cent of such moths deposited the greatest number 
of eggs per day during the first five days of their oviposition 
period. One individual of this series deposited 330 of her total 
complement of 517 eggs on the first day of her oviposition period, 
and the remaining eggs were deposited throughout a period of 
14 days. The average duration of the oviposition period of this 
series of moths was 14.1 days. In the 1920 series of first-generation 
moths 42.4 per cent deposited the greatest number of eggs per day 
during the first day of their oviposition period, whereas 81.5 per 
cent of these deposited the greatest number of eggs per day dur- 
ing the first five days of their oviposition period. The average 
oviposition period of this series of moths was 9.5 days. 

The long period of fertility of the moth is important because 
it results in larvae of several instars being present in the same 
field, and often on the same plant simultaneously, thus causing a 
difficulty in evolving control measures having for their objective 
the destruction of the young larvae before they enter the plant. 
This fact also increases the opportunity of dispersion by flight 
or carriage of the gravid females. 

FLIGHT 

The moths are essentially nocturnal in habit, although individuals 
have been observed taking short flights during daylight. Normally, 
however, they seek shelter during the day underneath the leaves of 
weeds, grasses, and cultivated crops. They are often found lurk- 
ing in the grass headlands adjacent to fields of corn and other 
crops. When disturbed during the day, they make short flights, 
close to the ground, for distances of from 10 to 20 feet, and eventually 
seek cover again. 
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The moths are most active during warm nights and comparatively 
inactive on cool or cold nights or during heavy winds. The daily 
period of greatest flight activity begins shortly after dusk and does 
not materially decrease until after three or four hours of darkness. 
Only a few moths have been observed in flight during the later 
hours of the night, although this observation may have been in- 
fluenced by the difficulty of observing the moths at this period. 
During the month of June the moths were most active in laboratory 
cages from 9 p. m. until about 11 p. m. and more or less active 

until 4.30 a. m. 
The flight of the sexes is somewhat different in character. Since 

the female is heavier her flight is direct, while that of the male is 
more rapid and of an erratic zig-zag character. 

DISTANCE OF FLIGHT 

In the course of experiments to determine the flight abilities of 
the moths it was found that both sexes possess the power of sustained 
flight for considerable distances either in single flights or in a series 
of flights. Flght usually occurs in the direction of the prevailing 
wind, although moths have been observed flying against a light 
wind. 

Previously it has been stated that when dislodged during the day 
the moths usually fly only a few feet before seeking shelter. During 
their daily period of active crepuscular flight, however, certain of 
the moths fly much longer distances, although it was not possible 
accurately to gauge the distance of such flights because of the dim 
light. In order, therefore, to obtain indicative information regard- 
ing the flight capabilities of moths in single flights it was necessary 
to liberate moths during the day in situations where shelter was 
absent. For this purpose a stretch of low, wide, sandy beach was 
selected, which was devoid of shelter within 200 yards, and moths of 
both sexes were liberated at the edge of the water during low tide at 
a time when a light breeze was blowing off the water. Under 
these conditions individual moths were traced in single flights in the 
direction of the prevailing breeze for a maximum distance of 258 
yards and to an elevation of approximately 50 feet before they were 
lost to view. All of the moths used in this experiment took flight 
directly after hberation and flew rapidly with the prevailing breeze, 
eradually ascending to elevations of from 15 to 50 feet before being 
lost to view. At this point they were flying strongly, and it seems 
probable that they covered at least 300 yeards from the point of 
liberation before alighting. 

In these and in similar experiments, little difference was observed 
between the flight capabilities of the sexes. The males as a rule took 
flight quicker than the females after lberation and flew more rap- 
idly, but the females were more direct in their flight and appeared 
to cover at least an equal distance. All of the females used in these 
experiments were gravid. 

FLIGHT EXPERIMENT ON CAPE CoD 

Prior to the summer of 1921 several experiments, having for their 
object the recovery of artificially stained moths liberated from a 
central point, had shown that the moths were capable of a total 
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flight of at least three-fourths of a mile. It was believed, however, 
that these experiments did not indicate the real limits of dispersion 
of the moths by flight, keeping in mind their relatively long period 
of life and the distance which they have been observed to fly in single 
flights. In order, therefore, to obtain additional information upon 
this point, a total of 8,650 moths stained with an aqueous solution 
of carbol fuchsin (acid) were liberated from a central point at 
Truro, Mass., on Cape Cod, during August, 1921. This region was 
selected for the experiment on account of the open nature of the 
country and the fact that areas of corn and other favorite host - 
plants were few and far between. Although there is no evidence at 
present to indicate that high hills, large bodies of water, or densely 
wooded areas are barriers to the flight of the moths, yet it seemed 
advisable to select a region having as few of these potentially limiting 
factors as possible. The selection of Truro as the point of libera- 
tion was also influenced by the fact that the prevailing winds during 
August are from the southwest, which fact probably would influence 
the flight of the moths toward the open country to the northward, 
between Truro and Provincetown, 9 miles distant. 
Recovery of the stained moths was attempted by systematically 

sweeping all susceptible plants and other vegetation likely to be 
frequented by the moths, in the surrounding country. The territory 
examined included that portion of Cape Cod lying north of Well- 
fleet. From the point of liberation it extended 10 miles northwest 
to the tip of the cape, 2 miles east to the ocean, 5 miles south, and 1 
mile west to the ocean. As previous experiments had resulted in the 
recovery of the moths at a maximum distance of nearly a mile from 
the point of hberation, no examinations were made within this 
hmit. 

Table 39 gives the results of this experiment. 

TABLE 39.—Resuli of experiment in sweeping for stained Pyrausta nubdilalis 
moths on Cape Cod, Mass. 

Maxi- Recoveries 
mum dis- 
tance of 
exam- : 

: ; : ; | Distance 
Direction veueus NCE mar Remarks 

point of of Sex point of 
iene moths libera 

tion tion 
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From this table it will be noted that, under the conditions of the 
experiment, moths of both sexes were recovered at a maximum dis- 
tance of about 5 miles from the point of liberation, and that three 
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of the moths recovered were gravid. During the period when this 
experiment was in progress the direction of the prevailing wind at 
the point of liberation was from the south and the southwest. This 
is believed to have influenced the flight of the moths in a general 
northerly direction, and may explain the failure to recover moths 
beyond the 1-mile limit at any other points of the compass. 

Although 5 miles was the maximum distance at which a stained 
moth was recovered in this experiment, it is believed that they are 
capable of dispersing to greater distances during a single flight, or 
in a series of flights, under favorable wind conditions. In the 
summer of 1922 a similar experiment indicated that adults were 

capable of flights of at least 20 miles over water. 

EFFECT OF NATURAL BARRIERS ON FLIGHT 

It does not ‘appear that ordinary natural barriers such as high 
hills, densely wooded areas, or bodies of water, constitute any appre- 
ciable barrier to the flight of the moths. 

Although there is a tendency for the moths to disperse along val- 
leys and areas of low ground, they have also been observed in active 
flight on the tops of high hills. Cornfields situated on the tops of 
hills west and north of Boston, Mass., at an elevation of from 200 to 
400 feet, have in some instances been found to be infested to at least 
an equal extent with the cornfields on lower ground in the imme- 
diate vicinity. It is problematical whether the moths would be able 
to make flights over high mountain ranges. 

Relative to the efficiency of densely wooded areas as barriers to 
flight, in some instances fields of corn which were totally or partially 
surrounded by wooded areas were infested to a lesser degree than 
fields in the vicinity which were not so situated. This apparent 
protection, however, was by no means universal, as certain other 
fields situated amid similar surroundings were found to have an 
average infestation for the vicinity. In one case moths were ob- 
served in flight during the late afternoon among the trees between 
ihe open spaces of a wooded area, approximately 300 yards wide, 
which separated two large cornfields. It was not possible actually 
to trace individual moths through these woods from one field to the 
other, but evidently this strip of woodland was not acting as a bar- 
rier to flight. 
Judging from experimental observations, ordinary bodies of water 

do not act as barriers to the flight of the moths. During the progress 
of preliminary observations to determine this point, moths of both 
sexes were liberated from a boat during the daytime at a point in 
the center of a lake at Arlington, Mass. These moths, without excep- 
tion, flew rapidly with the prevailing wind toward the nearest shore, 
approximately 800 yards distant, and were soon lost to view. When 
moths were experimentally placed upon the surface of the water 
they rode the waves for a few minutes, but after a few struggling 
movements of the legs and wings they took flight in a normal man- 
ner. Moths which were experimentally plunged beneath the sur- 
face of the water immediately came to the surface and eventually 
took flight. When moths were liberated at the edge of the water 
during a strong offshore wind, about 15 to 20 miles per hour, they 
attempted to fly inland against the wind, but in almost every instance 

25411°—27—_8 
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they were borne aloft during their struggles and eventually carried 
over the water. In this experiment the moths were liberated upon a 
strip of ocean beach affording no protection from the wind, whereas 
in a similar experiment where a beach protected by a steep cliff 
approximately 50 feet high was selected, some of the moths suc- 
ceeded in fighting their way back to land and disappeared over the 
edge of the chiff. 
As a continuation of the investigations to determine the effective- 

ness of large bodies of water as barriers to the flight of the moths, 
as well as to determine their flight capabilities, a total of 60,988 
stained moths were liberated at Manomet Point, Plymouth, Mass., 
during the period from June 5 to July 23, 1922. These liberations 
were made only while the wind was blowing offshore (southwest to 
southwest by west) toward the tip of Cape Cod (Provincetown). 
Before liberation the moths were stained with an aqueous solution of 
carbol fuchsin (acid) applhed as a fine spray. The majority of the 
moths had recently emerged from a large collection of cornstalks and 
weeds kept in a barn near by, which had been altered to serve the pur- 
pose of an insectary. The sexes were about equally represented. At 
the Provincetown end three crews, comprising a total of 12 men, sys- 
tematically swept all corn and other vegetation likely to be used as a 
shelter by the moths during the day, throughout that portion of 
Cape Cod extending from the tip of the cape to the village of Orleans. 
special attention was given to the cultivated fields and waste areas 
in the vicinity of Provincetown and Highland Light. During the 
progress of this sweeping a total of 474 adults were found, but only 
one, a male, showed unmistakeable evidence of the stain. This male 
was collected in corn on Bradford Street, Provincetown, on July 18, 
at an air-line distance of approximately 20 miles (fig. 47) across 
Cape Cod Bay from the point of liberation. From observations made 
at the time of liberation it was noticed that during the prevalence of 
strong offshore winds, reaching at times a velocity of 30 miles per 
hour, the moths attained a height of 50 feet or more, immediately 
after liberation, before being carried beyond the range of vision by 
the wind. Owing to the height attained and the influence of the 
wind, it seems possible that many of them were unable to alight when 
reaching Cape Cod, and were carried out fo sea. 
From what has been shown, it is evident that the moths are able to 

make flights to a considerable distance over bodies of water and 
that when necessary they are able to alight upon the surface of the 
water and again take flight. This facility may be an important 
factor in the dispersion of the insect along the Atlantic coast and 
in the Lake Erie region. 

FEEDING HABITS OF ADULTS 

In captivity the moths have been observed sipping the pure water, 
and also the sweetened water, which was sprayed on the plants 
and soil in their cages. Whether they feed under natural condi- 
tions has never been observed, but they have lived as long and de- 
posited as many eggs in the cages where pure water was ; supplied 
as in the cages where sweetened water was substituted. The moths 
in captivity fed to a slight extent on honey and also upon the 
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juices of various fresh and decaying fruits, but when these sub- 
stances were used under natural conditions in an effort to attract the 
moths, only negative results were obtained. In Hungary Jablonow- 
ski‘? observed large numbers of P. nubdlalis moths swarming, in 
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Ite. 47.—Map showing scene of flight experiment across Cape Cod Bay in 1922, A, 

liberation point. B, recovery point 

the dusk of the evening, over blossoming fields of clover, alfalfa, 
and potatoes. His explanation of this occurrence was that the 
moths were drinking the dew found on the leaves and flowers by 
night. It is also possible that the moths were sipping nectar from 
the flowers of these plants. 

11 See footnote 1. 
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PHOTOTROPISM 

Repeated observations in New England with various types and 
colors of lights have failed to show that Pyrausta nubilalis moths 
were attracted to artificial lights to any extent, even though these 
observations were carried on in fields where the moths were very 
numerous and during their seasonal period of greatest activity. Gas- 
oline and kerosene lanterns, acetylene lights, and electric lights of 
white, yellow, blue, green, red, and violet were used in these experi- 
ments. During June, 1920, a gasoline trap lantern was suspended 
8 feet above the ground and run for 20 consecutive nights in a corn- 
field at Watertown, Mass., where hundreds of these moths were in 
flight. During this period 87 moths were captured, consisting of 
57 males and 30 females. This result was typical of similar experi- 
ments in which were used kerosene trap lanterns with yellow, white, 
blue, green, and red colored globes at distances of from 2 to 8 feet 
above the ground. Practically the samé results were obtained with 
uncolored acetylene lights and with electric lights of white, yellow, 
blue, green, red, and violet. Three 100-candlepower nitrogen bulbs 
were used in each of the electric trap hghts. Judging from the 
comparative number of moths captured at the different colored lights 
a slight preference was shown for white and yellow lights. The 
proportion of males captured usually was greater than that of the 
females. Most of the latter were gravid. 

_ Little difference was noted between the comparative attractiveness 
of moving and stationary white lights. 

Jablonowski '? records an observation by L. Baross, of Bankut, 
Hungary, in which 80 per cent of the total Lepidoptera captured at 
acetylene trap lights during the period from June 24 to July 7, 1904, 
were P. nubilalis moths. The exact number of moths captured and 
the proportion of sexes were not recorded. 

CHEMOTROPISM 

The moths were not attracted to various sirups, fresh or decaying 
fruit, honey, stale near beer, or to various aromatic oils. These baits 
were placed in wire-screen cylinders and inclosed in Shaw moth 
traps, the sides of which were coated with sticky tree-banding ma- 
terial in such a manner that any moths attracted to the bait would 
be captured. The traps were suspended in cornfields where the 
moths were numerous, but with negative results. 

SEXUAL ATTRACTION 

Although it is apparent that the attraction between the sexes of 
Pyrausta nubilalis must be highly developed, the phenomenon of 
assembly does not appear to be as pronounced as that exhibited by 
many other Lepidoptera. Only occasional males were attracted, at 
any hour during the day or night, to large screened inclosures in 
the laboratory yard at Arlington, Mass., where several hundred fe- 
males were emerging daily, although large numbers of males were 
present in the immediate vicinity. In field tests seven wire-screen 
assembly cages containing newly emerged virgin females were erected 
in fields where the moths were numerous. Fresh virgin females 
were placed in the cages at intervals of two or three days and the 

12 See footnote 1. 
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older ones removed. ‘These cages were in operation for an average 
period of 18 days, and during that period an average of only five 
males per cage were caught in the coating of sticky tree-banding 
material with which the surfaces of the cage and its support were 
covered, although large numbers of males were observed in the im- 
mediate vicinity. Most of the captured males were attracted to these 
cages within 24 hours after fresh females were added. During the 
progress of the flight experiments discussed in preceding paragraphs 
an attempt was made to recover the stained males by employing a 
similar cage but with negative results. 

DISPERSION 

The principal factor contributing to the long-distance dispersion 
of Pyrausta nubilalis is the transportation of infested plant prod- 
ucts or plant remnants. After the insect becomes established in an 
area local dispersion also occurs by means of flight or carriage of the 
moths, and in some instances through the drift of infested plant 
material in water. 

ARTIFICIAL DISPERSION 

Mention has previously been made of the probability that the 
European corn borer originally gained entrance to North America 
in shipments of raw broomcorn (fig. 2) from Italy and Hungary: a 
probability that was apparently confirmed when commercial ship- 
ments of this material, received at the port of New York during 
February and March, 1920, in April, 1922, and again in March, 
1923, were found by inspectors of the Federal Horticultural Board 
to be infested by P. nubélalis larvae. This occurrence illustrates the 
ease with which the insect may be transported for great distances, 
especially during its larval period; and from what has already been 
stated concerning the ability of the larvae successfully to complete 
their development under adverse circumstances, it is apparent that 
at least a small percentage of the individuals contained in such 
material may transform to adults and start new infestations, pro- 
vided they are able to gain access to any of their many host plants. 

The great variety of plants infested by the insect, and its habits 
with relation to these plants, also contribute to the danger of dis- 
persion by common carrier. This danger is especially pronounced 
in the instance of the shipment of infested ears of sweet corn in the 
roasting-ear stage, corn on the cob, cornstalks used as packing 
material or otherwise, broomcorn (including all parts of the stalk), 
the stalks of all sorghums, and Sudan grass. In New England the 
plant products likely to be infested during certain periods of the 
year and which commonly enter commerce include, in addition to the 
above, celery, green beans in the pod, beets with tops, spinach, 
rhubarb, oat and rye straw as such or when used as packing material; 
also cut flowers or entire plants of chrysanthemum, aster, cosmos, 
zinnia, hollyhock, gladiolus, and dahlia. In some instances larve or 
pupe have been found in the cracks and crevices of boxes or other 
containers which had been used in shipping infested vegetables. 
These containers are permanent equipment of farmers and produce 
dealers, and are used in turn for shipping a great variety of vegetable 
products. Unless carefully inspected, they may serve as a means of 
dispersing the insect. 
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Quarantine restrictions are now in force prohibiting the trans- 
portation of the above products, or their containers, outside the limits 
of areas known to be infested, except when duly inspected and found 
to be free of infestation by the European corn borer. The activities 
in connection with the quarantine will be discussed in a separate 
publication. 

TRANSPORTATION OF ADULTS 

No direct evidence has been obtained relative to the transportation 
of the moths on trains, autos, and other vehicles, but it is believed 
that this factor may contribute to the dispersion of the insect. In 
the New England area the waste places adjacent to railroad yards are 
commonly overgrown with favorite weed hosts of the insect, and in 
some instances such weed areas are very heavily infested. It is pos- 
sible that the moths which habitually seek protection from the direct 
sunlight might alight upon cars standing upon these tracks and later 
be carried to distant points. There is the same danger, though per- 
haps to a lesser degree, when autos and other vehicles halt along 
the roads adjacent to infested cornfields and weed areas. In experi- 
mental tests wherein moths were liberated inside an auto during the 
early evening, two moths which alighted upon the outside of the 
machine remained in this position until the auto had traveled dis- 
tances of 3 and 5 miles, respectively, from the starting point. Under 
similar conditions two moths which alighted upon the inside of the 
auto remained in this position until 12 and 19 miles, respectively, had 
been covered. 

GARBAGE 

During the summer and early fall the kitchen garbage from hotels, 
restaurants, private homes, and the hke may contain living larve or 
pupe in ears or cobs of sweet corn, or portions thereof, which have 
been discarded after purchase on account of the presence of the insect. 
Larve are also frequently present in the husks, silk, undeveloped 
tips and ear stems. These portions are commonly removed from 
-sweet-corn ears before cooking and thrown into the swill container. 
Other plant material which frequently harbors the insect and which 
is commonly discarded during preparation for the table include the 
outer stalks of celery, and injured portions of beet tops, rhubarb, 
Swiss chard, spinach, and string beans. Garbage of this character 
may act as a vehicle for the insect, as it is frequently transported 
considerable distances for use as food for pigs or disposal otherwise. 
Under these conditions the larvee may escape en route, or before the 
garbage is disposed of. Corncobs which have been thrown into pig- 
pens, and subsequently removed when cleaning out the pens, have 
been found to contain living larve. Garbage is sometimes thrown 
into streams or bodies of water which may carry such material lone 
distances through the influences of currents, wind, or tide. 

Collections of garbage made during the summer, fall, and spring 
very frequently contain quantities of infested material consisting 
of cornstalks, and the remnants of other crops, flowering plants, 
weeds, and similar plant material which have been collected during 
the process of cleaning up kitchen gardens. This material is usually 
hauled to a public dump, and unless promptly burned or otherwise 
clestroyed becomes a source of infestation to the surrounding terri. 

3 
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tory. Sometimes this material is dumped along the edges of flood 
levels of streams or bodies of water, with the consequent danger of 
its dispersion. Infested cornstalks and other plant material con- 
taining living larvae have been found distributed along the beaches 
of New England and also upon the shores of an island several miles 
from the mainland. Infested material of this kind has also been 
found distributed along the shore of Lake Erie on the Canadian side. 

WASTE PRODUCTS 

The refuse from canning factories using sweet corn from infested 
fields commonly contains large numbers of living larve or pupe. 
This refuse usually consists of the cobs, husks, silk, ear stems, and 
ears on which the kernels are not properly developed, or which are 
affected by insects or plant diseases. Most of this infested material 
is hauled away by farmers, often to points outside the infested 

Fie. 48.—Waste from canning factory dumped at edge of field. Many of these 
sweet-corn cobs were infested. They should be collected when dry and burned. 
Silver Creek, N. Y., September, 1920 

area, and fed to livestock or used as fertilizer. Under these condi- 
tions an opportunity is afforded for any borers contained within 
the materials to escape en route, and others may escape after reaching 
the farm (fig. 48), thus starting new infestations. 

Reference has previously been made to the danger of dispersing the 
insect in refuse from broom factories. During the process of manu- 
facturing brooms, sections several inches long are usually removed 
from the butts and discarded. The European corn borer has been 
found commonly in that portion of the plant comprising the butt in 
broomcorn grown in Massachusetts and also in the butts of raw 
broomcorn imported from Italy and Hungary. This refuse may 
become a source of danger, especially when dumped along the banks 
of water courses. The original infestation along the Mohawk River 
in eastern New York is supposed to be directly traceable to infested 
refuse from a broom factory at Amsterdam. 
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NATURAL DISPERSION 

FLIGHT OF ADULTS 

From what has been stated concerning the flight and oviposition 
habits of the moths, together with their long period of life, it is evi- 
dent that dispersion by flight is an important factor. It has been 
shown that the moths of both sexes are possessed of strong powers of 
flight and that they have been observed making single flights of 
nearly 300 yards. The duration of adult life as shown in Table 24 
averages approximately between 14 and 20 days for both sexes, thus 
giving the moths ample opportunity for wide dispersion in a series 
of flights, even if each flight was of short duration. In experimental 
tests individual moths of both sexes were recovered at a maximum 
distance of 5 miles on land and 20 miles by water from the point of 
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Fic. 49.—Map of Lake Erie, showing direction of prevailing winds at principal lake 
ports, from Weather Bureau records, during June and July, 1921. Arrows fly with 
the wind 

liberation in the direction of the prevailing wind, indicating that 
they are able to disperse to at least this distance and probably for 
greater distances under favorable conditions. The duration of the 
oviposition period of the females in New England as shown in Table 
24 averages approximately between 10 and 14 days, and by reference 
to Table. 38 and the discussion concerning the daily rate of oviposi- 
tion it is seen that the egg clusters are w well distributed throughout 
the oviposition period. This affords an opportunity for the females 
to deposit eggs at practically any point to which they may disperse. 

In New Eneland, and to a more limited extent in the eastern and 
western New York areas of infestation, the dispersion has been great- 
est in a general northerly direction. It appears that this dir ection of 
dispersion may have been influenced by the fact that during the flight 
period of the moths the prevailing winds are from the “southwest. 
The transportation of infested plant products or plant remnants and 
the drift of infested material by water must also be considered as 
probably affecting the direction of sheper sion. 
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The flight of moths from the older and much more heavily infested 
area in Ontario is believed to be the most plausible explanation of the 
origin of the infestation along the shore of Lake Erie in Michigan, 
Ohio, and Pennsylvania, and on the islands in the western end of 
the lake, although no conclusive evidence of this method of intro- 
duction has been established. The possibility that this infestation 
originated from the drift of infested plant material in the waters of 
the lake or from the shipment of infested plant products must also 
be considered. A study of the available wind records of the Lake Erie 
weather stations for the period 1916 to 1921 showed that during the 
flight period of Pyrausta nubdlalis the prevailing winds were from 
the southwest, which fact would apparently prevent the possibility 
of the moths flying toward the southern or western shore of Lake 
Erie, but on certain days of that period, particularly during 1921, 
when infestation was first found in the American areas in question, 
the directions of the winds and of occasional summer gales were from 
points north (fig. 49), which would aid the moths in any flight 
toward the American side. According to Crawford and Spencer (72) 
the flight period of the moths in Ontario extended from approxl- 
mately, June 16 to July 25 in 1921. During this period the prevail- 
ing winds, particularly during June, blew directly from southern 
Ontario toward the southern and western shores of the lake. (See 
map, fig. 1.) Although the direction of the prevailing winds during 
July, 1921, was from the southwest at most of the lake stations 
where wind records were available, at Erie, Pa., the prevaling winds 
were from the northwest, or from the direction of the infested areas 
of Ontario. Moreover, there were gales from the northwest at some 
of the other southern and western lake stations during this month, 
as shown in Table 40. 

It is apparent from the information shown in Table 40 that there 
was an unusual amount of wind movement from the north and east 
during June and July, 1921, as compared with previous years. The 
fact that the original infestation in Ohio and Michigan was con- 
fined to the islands and the townships bordering the lake, and that 
this infestation followed an unusual amount of wind movement from 
the direction of the infested areas in Ontario, would appear to indi- 
cate the probability of wind spread from Ontario as the causative 
agent. : 
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TABLE 40.—Direction and velocity of wind movement in Lake Erie region during 
June and July, 1916 to 1921, inclusive 

June July 

‘ Gales (maximum : Gales (maxi 
Locality Year Be velocity) Prevail- Semen en 

in 
mine a a wind 
irec- F direc- : 
tion |Velocity pee Date tion {Velocity Dire. Date 

Miles Miles 
per hour per hour 

wongseointsOnts-=.. 2 1916 Sw. 37 | SW. 2) SW. 31 Ww. 31 
36 EK. Oat eee Se een pea (SETS re) oe We SG a) 
32 E. 1 | Se re |e De | | ee 

1917 SW 37 | SW. 3| SW 35 | SW 1 
34| SW. D0 eles ee 33 | SW 29 

1918 NW 41} SW. 11} SW 37 | NW 1 
32] NW. DDB eso Seeks ene Se | eee 
37 Ss. 7A is pean esl Mais ral ree ie a ese 
32 N. 23, | 28e25 Se ea eT ES |e eee 

1919 NE 33.|} NE. 28 | SW 33 | SW. 10 
MESS NARS OM WER Wie te elon 2 lt 8 32 | NW. 23 

1920 SW 30 N. 5.| SW 30 | SW. 23 
31 | NE. ny (id ee ae bn A eG es oat 
37 | SW. pA Ni ists See ee ote ere) oS St rn Fe 

1921 SW. 31 | NE. Peles Sis sl SNiOnets |e wees aera 
IButial Os iNeovs cere ee ee 1916 Sw. 58 | SW. 9| SW. 42 | SW. 2 

1917 SW 68 | SW. 13 | SW. 72} NW ) 
1918 SW 60 | NW. 11 | SW. 60 | SW 1 
1919 SW 37 | SW. 5 | SW. 47 | SW 10 
1920 SW 56 W. 29 | SW. 56 WwW 23 
1921 SW. 46 | SW. 11 | SW. 44) SW. 28 

Erie, Pa. (169 teet)!__________ 1916 SE. 52.| SW. 24 SE 43 | W. 8 
1917 SW 46 | SW. 3] SW. 44 | SW 13 
1918 Ss. 42 SW. 11 Ss. 42 W. 1 
1919 NE. 34 NE. 28 NE. 46 W. 10 
1920 W. A] W. 21} NW. 43 W. 18 

: 1921 NE. 37 W. 13 | NW. 36 S. 27 
Cleveland, Ohio__-_._______- 1916 S. 39 W. 16| NE. 44} NW. 2 

1917 SW. 58 | NW. 23 S. 36 N. 27 
1918 NE. |: 43 W. 1G NG 48 | NW. 1 
1919 NE. 39 | NE. 28 | NE. 36 N. 15 
1920 SW. 53 W. 16 | SW. 44 N. 18 

; 1921 NE. 35 | NE. 4 S. 46 | NW. 14 
Sanduskay- Ohio=s 222 sean 1916 SW. 38 W. 2 E. 39 | NW. 20 

1917 SW. 38 | NW. 19} SW. 34 E. 21 
1918 Sw. 40 W. 30) NE. 46 | NW. 29 
1919 W. 26} NE. PAL NIN Ds 42 | NW. 9 
1920 SW. 38 | NE. 17 | SW. 33 | NE. 25 
1921 NE. 35 | NE. 3} SW. 49 W. 30 

Toledo, Ohio (243 feet)1______ 1916 Sw. 45 | SW. BY {hs INTDis 48 | NW. 20 
1917 Sw. 48; SW. 7| SW. 41 | SW. 1 
1918 SW. 441} SW. 1 W. 40 W. 1 
1919 SW. 45 SW. 19 SW. 47} NW. 9 
1920 SW. 38 W. 21 SW. 44 SW. 8 
1921 NE. 39 W. 27 SW. 56} NW. 29 

Detroit, Mich. (256 feet)!____| 1916 Ss: 37 W. 2 (2) a ee re | NN te 
1917 SW. 46 W. 2 (2): S938 Jae ea ee | Pees 
1918 E. 44 WwW. 1 (2) sii 2 =a Sle ae | eee 
1919 E. 38 INIA: 20 (Dac Bee |S eae 
1920 W. 35) SW. 28 (CU ais eae wee tre ery eS) ee SS Ze 
1921 E. 40 | NW. 27 | SW. 56 27 

1 Elevation of anemometer. 2No data. 

THE WATER-DRIFT THEORY OF DISPERSION 4° 

The water-drift theory in the dispersion of the European corn- 
borer has resulted from attempts to explain the spread of this insect 
in the Lake region of the United States during the years 1919, 1920, 
and 1921 and about the shores of Lake Ontario during subsequent 
years. This theory, although difficult to prove, must be considered 
together with the flight-of-moths theory of dispersion about these 

18 Prepared by Geo. W, Barber, assistant entomologist. 
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Lakes, because either one or both of these methods of dispersion may 
have been in a large measure responsible for this spread, and each 
may have a very important bearing on the future dispersion of this 
insect in the United States. 

The spread of this insect in the Lake region of the United States, 
which is believed to have had as a center the large infestation in 
south-central Ontario, Canada, was found by scouting records to 
have been as follows: The earliest discovered infestation in this 
area was a section southwest of Buffalo, N. Y., embracing 13 town- 
ships, and the township of Girard, Pa., found to be infested in 1919. 
In 1920 18 additional townships in the vicinity of the larger infesta- 
tion near Buffalo were added, and during the same season a large 

infestation was found in south-central Ontario, bordering Lake Erie, 
together with a small strip bordering the lake just west of Buffalo 
(fig. 50). In 1921 a most important infestation was found compris- 
ing a narrow strip of territory almost completely surrounding the 
southern shore of Lake Erie and including the islands situated near 
Sandusky, Ohio. The spread of the insect in this area since 1921 
has been largely an advance inland from the southern shore of Lake 
Erie, a great spread northward in eastern Michigan, and a spread 
to the shores of the western half of Lake Ontario (fig. 1). 

If there is any possibility in the water-drift theory, it is important 
that it should be discussed at the present time (1924) when the spread 
of the insect in Ohio has in some localities already crossed the 
crest of the watershed toward the south. In this direction lie great 
chains of rivers, large and small, emptying into the Ohio River, 
and it, joining the Mississippi, opens up the great valleys of these 
waterways, containing some of the richest, most valuable, and im- 
portant agricultural lands in this country, to possible infestation 
by this dangerous insect. It is not difficult to picture infested corn- 
stalks being carried, first into the smaller streams by means of the 
spring thaws, thence into larger streams, eventually into the Ohio 
or the Mississippi, and finally being cast on the bank of one of these 
rivers, possibly hundreds of miles from the place of origin, there to 
dry in the spring sunshine, the insect developing, finding food plenti- 
ful, multiplying, and perhaps eventually causing a large and im- 
portant infestation before being discovered, too late to undertake 
measures for complete eradication. 

At present there seem to be five important points where water 
drift in relation to dispersion in the near future may prove of great 
importance: (1) Through the tributaries and head waters of the 
Ohio to the great river valleys already mentioned; (2) through the 
Michigan streams flowing into Lake Michigan, thence to the shores 
of Wisconsin and Illinois; (3) from Lake Erie or Lake Ontario into 
the St. Lawrence; (4) from the isolated infestation about Albany, 
N. Y., down the Hudson, and not only menacing the banks of the 
Hudson, but also threatening the shore of New Jersey, should infested 
material be finally thrown into the ocean; and (5) in New England, 
where the infestation in Massachusetts and New Hampshire is spread- 
ing toward the Connecticut Valley, cornstalks may be carried down 
the Connecticut River, endangering the lower Connecticut Valley, in 
Massachusetts and Connecticut, an important farming section. 
A further reason for apprehension concerning the possibilities of 

_ this means of spread lies in the increase in the intensity of the infesta- 



124 BULLETIN 1476, U. S. DEPARTMENT OF AGRICULTURE 

tion at the probable centers from which such spread may proceed. 
If there is only a light infestation at these points—for example, if 
cornstalks average only one individual per stalk—the element of 
chance may result in drifting stalks being cast on shore singly. 
The ability of the individual from such a cornstalk to produce pro- 
geny will naturally depend upon whether an individual of the oppo- 
site sex is to be found. When the infestation at the center of the 
spread is of more than a single larva per stalk, a new infestation 
may result from a single cornstalk thrown on shore, since the larvae 
it contains may result in several adults of each sex. While in the 
first instance the carrying of cornstalks by water drift may rarely 
result in new infestations or in infestations only in localities where 
several stalks have been thrown on shore together, in the second case 
infestations are much more likely to result. Furthermore, in the case 
of cornstalks being carried long distances by water, many of the 
larvae contained in such stalks may perish before the stalks are cast 
on shore, but in this case the chance of larval survival and resulting 
infestation is increased in proportion to the rate of the infestation 
of such cornstalks. 

Another reason for apprehension as the infestations increase in 
intensity lies in the breakage of cornsialks because of the feeding of 
larvae of this insect. Heavily i in fested stalks break over much more 
easily than stalks containing only a few larvae, and for this reason 
they would be much more likely to be swept away by rains or floods in 
the spring. 
A case illustrative of this condition may be mentioned in regard 

to the isolated infestation of the insect in eastern New York around 
Albany. The question has been asked, if water drift is an important 
means of dispersion, why has no infestation appeared along the lower 
Hudson to indicate a distribution of this sort from the Albany area ¢ 
‘There are two facts that may be offered in reply: (1) The infestation 
in the Albany area has never been heavy as compared with New Eng- 
land infestations, so that the conditions favorable to the establish- 
ment of a new colony, as described in the two proceding paragraphs, 
may not have obtained; (2) the discovery of a new infestation, when 
individuals are few and scattered, is by no means a simple matter, 
and although repeated and careful scouting has failed to bring to 
light any infestations indicative of water spread along the Hudson, 
this is not necessar ily proof that such infestations may not eventually 
be found. 

Because it is necessary to face this danger if it exists, the argu- 
ments that seem to support the water-drift theory in the dispersion 
of the insect about Lake Erie are presented, together with remarks 
on the infestation in New England. What factors caused the distri- 
bution of the insect about Lake Erie are now of minor importance, 
since the infestation is already general, but it is important that the 
evidence be examined to the end that if it is possible a repetition of 
this occurrence may be prevented. 

The discovery during 1921 that a narrow band of infested terri- 
tory (fig. 50) pr actically surrounded Lake Erie on the American side 
was rather remarkable. Although the discovery of the infestation 
during that year was not proof that such infestation had originated 
during that or the preceding year, the evidence indicated that the 
infestation was not of long standing and had probably originated 
during 1921. 

Bet foal) hhc Mie pve 
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It is very difficult to obtain exact information on the flight habits 
of the adults of this insect, especially because natural flight occurs 
at night, and what is now known concerning the detailed habits of 
flight has been obtained during the hours of ‘daylight when flight of 
the insects is possibly somewhat abnormal. One theor y concerning 
air currents that pass over a body of water is that they tend to drop 
objects that they are carrying on reaching land. This theory would 
help to explain the regularity in which. early infestations on the 
southern shore of Lake Erie followed the shore line, had air currents 
‘or winds played an important part in this distribution of the insect. 
But even if this were true, the possibility that water drift was of 
equal importance in dispersion about the lake still exists. 

Certain of the factors that support the water-drift theory of dis- 
tribution of this insect about Lake Erie may now be considered. 

Tor NEw ENGLAND INFESTATION 

The New England infestation is fairly illustrative of the possible 
spread of the insect by water drift, particularly as apphed to Cape 
Cod. The early infestation on Cape Cod was principally on the 
northern shore, or that joining Massachusetts Bay, facing the origi- 
nal New England infestation of this insect, as it has been conceived, 
and where the most severe infestation is found to-day. Had water 

“drift played no part in this infestation, it seems remarkable that 
the infestation should develop in this way. The northern shore 
is @ much poorer agricultural section than is the southern part of 
Cape Cod, yet in the southern part the infestation has been slow in 
developing and is of much less intensity. The infestation here, 
then, has developed in the way that would be expected, had water 
driit played an important part in dispersion. Had flight of moths 
played an important part in this spread, it seems improbable that 
so large a proportion of them would have been able to descend so 
soon after reaching land, but that many would have been carried 
either farther inland on the cape, or completely over it, and thence 
out to sea. In this connection it may be remarked that the distance 
that the moths would have been carried by such winds would have 
been somewhat less than half the distance from the probable original 
seat of infestation across Lake Erie. The shipment of infested vege- 
tables to summer resorts as a means of dispersion of the insect is 
often mentioned in this case, but although this factor has undoubtedly 
‘been of importance, it must be said that the lar ge summer resorts on 
Cape Cod are on the south shore, whereas the important infestation 
of the insect has been found on the north shore. That infested corn- 
stalks do float out into Massachusetts Bay has been proved by several 
examinations of the islands in Boston Harbor. In 1920 a thorough 
examination of one of the larger of these islands (Inner Brewster 
Island) showed that the only infestation on the island. at that time 
was in a single plant of cocklebur which contained several larvae. 
This plant was growing on an arm of the island extending toward 
the mainland, and on which considerable quantities of refuse had 
been thrown by the sea. The following year a second examination 
of the island showed that the only larvee then present were con- 
tained in a piece of drifted cornstalk that, together with a consid- 
erable quantity of refuse, had been cast ‘on the island, curiously 
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enough, in nearly the exact spot on which the infested cocklebur had 
been found the preceding year. This island is situated about a mile 
from the nearest mainland, so that this cornstalk may have been 
carried by the water for this short distance or for a much greater 
distance, 1t being impossible to determine the exact spot of its origin. 
This case, however, 1s very suggestive when the infestation in New 
England is studied and it is seen how closely the oldest and most 
important infestation of this insect follows the shore line. 

THE FLicgHt HABITs oF MorTHS 

The adults of this insect are strong flyers, active at night and 
resting during the day on the underside of leaves of plants or in other 
sheltered places. They are not easily dislodged by winds, being able 
to cling tightly to the leaves that offer them protection. Experiments 
at the seashore have shown that they are unable to make headway 
against a wind of from 20 to 30 miles an hour, although contesting 
the force of the wind as best they can. 

So little is known concerning the cause of natural migration of 
night-flying insects that it is impossible to say whether this phenome- 
non has entered into the problem under discussion. However, a 
natural migration of adults might be more probable in areas of 
dense population of the insect than in areas only moderately infested. 

HABITS OF LARVAE IN REGARD TO WATER 

In order to prove that distribution of the larve of this insect is 
possible by means of water drift, it 1s necessary to know that larve 
are able to survive after cornstalks have floated in water for a con- 
siderable period. In winter and early spring, when the larve are 
in a dormant condition, it is known that they survive after stalks 
have floated for a few weeks or have even been submerged. In fact 
larvee in experiments have been known to pupate in floating corn- 
stalks. Table 41 gives some results of the survival of larve in in- 
fested cornstalks that remained in water for protracted periods during 
the winter of 1921-22. In this case the stalks floated until the 
surface of the water was frozen, holding them in ice for some time, 
and in the spring they were submerged after the ice melted. 

TABLE 41.—Survival of larve of Pyrausta nubilalis in cornstalks placed in water 

Total | Number 
Date placed in water Kind of water | Date of Fs uk number | that sur- 

y of larve vived 

CCS G2 ee eee a ae eet ne ee ali te setae eae Apr. 10, 1922 150 1 
MDOCKS a ODES. crete: oi ret Fe i ee eee Cry eh op | aa Goss. seers Mar. 4,1922 146 17 
DCC eh OD eee ks ee ge A ee We re IBres Nise eer | Mar. 21, 1922 141 0 
ID RO ys Spa eee ae ere ee Moe ern Oe MIR ER eS | ex dor Linihis Apr. 10,1922 122 10 
INOW Ae 22 ODN Beis 1 de JRE yc ei a aie ies Rares Kae aie oie | a Ages. sae | Fel. 14, 1922 90 1 

Other experiments of this sort have been conducted with varying 
results, the following being one of the most interesting. 

On February 7, 1921, a number of cornstalks and stubble contain- 
ing overwintering larvae of this insect were placed in a burlap bag, 
weighted down with stones, and thrown into a small brook in Arling- 
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ton, Mass. This bag was recovered on March 7, and of a total of 166 
larvae that these stalks contained 81 were found to be alive, 73 dead, 
and 12 were injured in examination of the stalks. The live larvae 
were kept in a cage for observation of future development and 67 
pupated, from which 33 moths emerged, 13 being females, all of 
which deposited eggs. There seems no question, therefore, but that 
larvae contained in cornstalks carried into a body of water and 
thrown on land again within a reasonable period of time may survive 
in numbers sufficient to cause an infestation of the insect in the new 
locality. 

THE WATER CURRENTS OF LAKE ERIE 

In Figure 50 the direction of the water currents of Lake Erie are 
shown, together with the Canadian infestation found in 1920, the 
infestation in New York and Pennsylvania found in 1919, and the 
infestation on the United States side of this lake in 1921. It may 
be seen that drift carried into the lake on the Canadian side may 
first be carried somewhat toward the west until it meets counter- 
currents, when it may travel around and between the group of islands 
located off Sandusky, Ohio, and finally, meeting the main current of 
the lake, may be deposited at almost any point on the southern shore 
of the lake. The infestation found in 1921 very closely coincides 
with this movement of the water of the lake. There is the further 
possibility that infested stalks were carried into Lake Huron from 
the western watershed in Ontario and thence to the Michigan shore, 
or eventually to Lake Erie and thence cast on shore. 

If the large infestation discovered in south-central Ontario in 
1920 is accepted as the source of all the spread of this insect in 
the lake region of America, and if water drift of infested cornstalks 
from this Canadian area played an important part in this dispersion 
of the insect, the heaviest infestation resulting from such dispersion 
might be expected at the points where the greatest number of stalks 
would be likely to be thrown on shore. The water currents of Lake 
Erie show that such a point would be the shore line of the lake be- 
tween Buffalo and Dunkirk, N. Y. (fig. 50), and it is an exceedingly 
interesting, not to say curious, coincidence that this is in fact the 
point on the southern shore of the lake that was originally found 
to be most severely infested. | 

Although considerable scouting has been done along the southern 
shore of Lake Erie, no cornstalks have been found that might have 
been thrown on shore by the waters of the lake except those traceable 
to American origin. Although the inability to find such material in 
the localities and on the dates when such work was done may be 
advanced as proof of the flight theory of dispersion, a careful 
examination of the entire southern shore line of hundreds of miles 
is a difficult project in which bits of cornstalks may be easily over- 
looked. Furthermore, great numbers of cornstalks may be cast on 
the southern shore of Lake Erie only during certain years when 
particularly favorable conditions occur, in which case extensive un- 
successful scouting along the shore during certain years when such 
favorable conditions for much water drift did not obtain, would 
not prove that during a previous year, more favorable to this phe- 

_ homenon, such conditions did not exist. In other words, extensive 
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water dispersion may not be an annual occurrence, but may vary 
considerably from year to year, depending on a number of natural 
factors. 7 

THE WATER CURRENTS OF LAKE ONTARIO 

‘The water currents of Lake Ontario (fig. 51) are suggestive of the 
possible means of spread of the insect to the territory about this lake 
now known to be infested. Here the infestation on both the north- 
ern and southern shores has been found to be spreading more rapidly 
along the shores of the lake. The water currents indicate that if 
water drift of infested cornstalks does play an important part in the 
dispersion of the insect, their direction is such as to carry infested 
cornstalks to all the shores of the lake, as well as to carry them into 
the St. Lawrence River, thus opening up a large area to possible 
infestation by this insect. 

DISPERSION IN RELATION TO THE SEASON 

The period of maximum flight of adults in the area about Lake 
Erie extends over a period of two or three weeks in July and early 
August, so that dispersion by flght must take place within this short 
period. Larvae becoming full grown by late August or September 
remain in the host plant until the following June, and during most 
of this time they are inactive. Over all this period, therefore, dis- 
persion by the movement of infested stalks may take place, and from 
November to April the disposition of the stalks would be attended 
by little movement of larvae since they are in a dormant condition. 

THE NATURAL PHENOMENA OF SPRING 

The melting of snow in the spring and the breaking up of ice 
usually result in a swelling of streams and rivers, an increase in 
the rapidity of flow in many of them, and the distribution of débris 
that has been brought to them by the melting snow and ice. There 
are, then, two ways in which infested cornstalks may be distributed 
by water: (1) By floating free cornstalks, which may take place at 

- any time during the fall, winter, or spring, and (2) by the distri- 
bution of cornstalks frozen in blocks of ice, which takes place mainly 
during the general thaws in the spring. In connection with this 
point, a note by Crawford (7) may be highly suggestive. He states 
that on April 4, 1923, “ Considerable quantities of cornstalks were 
found to have been carried into Lake Erie by water from the spring 
floods. Material was also found frozen in the dislodged ice. This 
ice was later blown out into the the lake by the winds from the 
north, suggesting a probable means of infesting. the southern shore 
of Lake Erie.” The same authority has reported the finding of a 
submerged infested cornstalk at a point in Lake Erie 17 miles from 
Port Stanley, Ontario. In this case, although there was considerable 
scouting on the southern shore of Lake Erie in the spring of 1923, 
no cornstalks were found to have been cast on shore, so that it 
appeared that this material had not reached the southern shore of the 
lake that year. 

In many cases it is probable that the insects may be more suc- 
cessfully transported by cornstalks frozen in ice than in free stalks, 

25411°—27——_9 
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for if the ice melts slowly and the current bearing it is swift enough, 
it may be carried considerable distances before being thrown on 
shore or melted. Free cornstalks tend to become saturated with 
water and sink after a varying length ‘of time in water, so that 
although great numbers of stalks may be carried into a "body of 
water like Lake Erie, many may sink before reaching another shore, 
and although some of these may eventually reach shore, for example 
by the movement of water during storms, the possibility is that 
as a usual thing most of the larvae contained in such stalks perish. 

Cornstalks would be more likely to be swept along in the rivers 
where quicker currents are found, particularly in the spring when 
many rivers are swollen and more active, than in large bodies of 
water such as lakes, where cornstalks might sink before being carried 
to another shore. 

SURVIVAL OF wee AND PUPAE IN WATER 

In order to determine the survival of larvae or pupae when con- 
tained in floating or submerged plant material, a series of experi- 
ments were carried on in New England in both fresh and salt (sea) 
water. The reaction to water of free larvae and pupae was also 
investigated. The results of these experiments are shown in Table 42. 

TABLE 42.—Survival of Pyrausta nubilalis larvae and pupae in water 

Date ® Du- |Num- 
ate ra- ber 

Materials pipeee in removed | tion | of Ben cen Remarks 
(1920) (1920) pe- | speci- 

j riod | mens 

Days 
Cornstalks submerged in fresh | Feb. 7] Mar. 7 28 | 173 79.8 | 67 larvee pupated; 33 pro- 
water. Overwintering lar- duced moths. 
Ve. 

ID) 0 ear a eteadn Se, et Mia sesso Agoises 21 43 89 1.1 | Larva died 16 days later. 
1) ORs Ce Shee ee 2 Bar dor 22ie May 10 62 98 None. 

Cornstalks floating in fresh} Mar. 16] Apr. 21 36 55 3.6 | 1 surviving larva pupated 
water. Overwintering lar- and produced a moth. 
Ve. 

Cornstalks floating in sea| Mar. 15} Apr. 21 Sia|eeol2 1.4 | 3 surviving larve died 15, 
water. Overwintering lar- 37, and 41 days later. 
Ve. 
1) OS te ee Eas ee May 16 62 42 None 

Free larve submerged in fresh Se = mee 4 - a Be a Majority of surviving lar- 
water in wire-screen cages. |) ~~ ath eke May 13 9 29 99, 7 ve pupated and pro- 
Overwintering larve. --do_____| May 18 14 5 40 duced moths. 

ai Hours 
Cornstalks submerged in fresh |fJuly 29 | July 31 42 10 20a : 
water in wire-screen cages. | iro wake Aug. 2{ 96| 10] None. | larwal punaicd and pro- 
First-generation larve. a doe oso: Aves: Sale 100g" 10 None. | e . 

* ‘ | a \cay N In e) 2 ere pupated in 
- Aug. 5 ug. 6 1 one. stalks. id not produce 

postales oe ee BiG Neon ING Cay 4 RES 6 | (B) 16.6 || moths. 1 larva pupated 
Rirctecanieratiat lates Ee ida lies Aug 8 67 6 |(C) None. afterwards and produced 

8 : dor ao Aug. 14] 216| 59 |(D)None.|| a moth. No pupationin 
(D). 

Cornstalks floating in fresh | Aug. 2); Aug. 91] 168 59 11.9 | 5 larve pupated in floating 
water inclosed by screen cyl- stalks but did not pro- 
inder. First-generation lar- duce moths. Three sur- 
Ve. Viving larvee pupated aft- 

wards and produced 
moths. 

Same as above in sea water____| July 31/ Aug. 2 48 | 100 None. 

Free larvee submerged in fresh tu 28 aety e re a = a In (A) 5 surviving larvse 
water in wire-screen cages. oh IEEE sie 31 65 10 Node pupated and produced 
First-generation larve. ee aieck ae ‘Aug. 1 89 10 None! moths. Samein (B). 
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TaBuE 42.—Survival of Pyrausta nubilalis larvae and pupae in water—Con. 

Date D Du- eee 
as ate ra- er 

Materials pied removed | tion | of. Ee eae Remarks 
(1920) (1920) pe- | speci- 

riod | mens 

Days 
é ate és ice fare ae stalks within - 
ornstalks submerged in fres = our and came to top o 
Wales, Weighted down “2 Cee Nee ae ze 5 ee submerged container. 

ge wire-screen cage. Sec Bea Soe: | Aug. 30 79, 1 None Surviving larve normal; 
ond-generation larve. not observed for pupa- 

tion. 

(B) 20 stalks within 1 hour. 
(C) None Surviving larve dead 2 
(D) None! days later. 11 larvee (E) 

: dead in burrows. Sur- 

Cornstalks submerged in sea 
water in glass cylinder. 
Held in place with weighted 
gauze. Second generation 

larvee. Sept. 29) Oct. 2) 72 | 20) (B) 25 viving larve alive Oct. 7. 
: (A) 100 

SeGdoee oe Sept. 17 48 (B) 40 
Cornstalks floating in sea 
water in glass cylinder. 
Tanglefoot at edge of water. 
Second-generation larve. 

(C) 10 Larve in (A) alive Nov. 30. 
None. (B) and (C) dead 3 days 
None. later. (D) to (F) alive 

(D) 80 Novy. 30. 
Octe] = 44), Oct 7 72 11 | (B) 54.5 

: Octiens se Octe 8] 120 Waly (GD) 7 
Free larve submerged in fresh | Sept. 27 | Sept. 30 72 25 40 Surviving larvee strong and 
water in wire-screen cages. S vigorous. Not observed 
Second-generation larvee. for pupation. 

mM @m ¢ C uo) 

: SiS : 5 

— or mM iq?) iS) ct — jor) 

SrvoTovoreor1 or © Orvorwvo1d1 

Aug Ga eA ee es, 20 10 90 6 males and 3 females 
5 emerged. 

Cornstalks submerged in sea |}__do____- Ange. 78 46 10 60 4 males and 2 females 
water in wire-screen cage. emerged. 
First-generation pups. ~ adOm ae 22 Aug. 9 68 10 60 2 males and 4 females 

emerged. 
NG Ones eee Aug. 10 96 10 None. 

Cornstalks floating in sea} Aug. 38! Aug. 10] 168 30 3.3 ! 1 female emerged. 
water 1 week. First-gen- 
eration pupe. 

Cornstalks floating in fresh | July 26] Aug. 91] 336 10 None. 
water. First-generation 
pupe. 

Aug 5 | Aug 6 7 10 80 3 males and 5 females 

Free pup submerged in sea do Au 7 4] 10 60 3 ee Se 3 females 
water in Wire-screen cages. |{7~ ~~ 77> AUB: emerged ; 

First-generation pupe. dose ses INDE ee Sih Gyr ls 10 10 | 1 male emerged. 
Sod Oe Aug 9 89 10 None. 

Free pups submerged in fresh |{J vi 1 yune a a 3 a 
water in wire-screen cages. |, ~~ FY NGi The. 2 79 5 N onl 
Second-generation pupe. ldo Ge Tae oe 96 5 OnE 

Free pupe floating in sea| Aug. 7/| Aug. 21] 336 50 24 12 males emerged. All 
water 2 weeks. First-gen- emergence in first 7 days. 
eration pupe. 

According to the data in Table 42 the larvae of the second or over- 
wintering generation proved to be much more resistant to drowning 
during their period of inactivity in the late fall, winter, and early 
spring than the first-generation larvae during summer or the second- 
generation larvae during early fall. Some of the larvae which sur- 
vived prolonged exposure to water in either floating or submerged 
plant material eventually pupated and emerged as adults. Very 
little difference was noted between the comparative effects of fresh 
or sea water upon the larvae and pupae. 
When infested cornstalks were submerged in water for 28 days 

during thé winter, nearly 80 per cent of the overwintering larvae 
contained therein survived and many of such larvae eventually 
pupated and emerged as moths. Less than 2 per cent of the larvae 
survived for 48 days, however, when they were submerged under 
similar conditions a little later in the season. None of these pupated, 
although they lived for a maximum of 41 days after being taken 
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from the water. A small percentage of overwintering larvae con- 
tained in floating cornstalks survived, and one produced a moth, after 
being in the water for 36 days during the spring. Of the free larvae 
submerged in the water for 14 days during the month of May, 40 
per cent survived and eventually developed into moths. Im this 
and in similar experiments many larvae, which appeared to be dead 
when taken from the water, revived after a period of several days. 
It was, therefore, necessary to keep all larvae used in the experiments 
under observation until they revived or until decomposition began. 
Naturally these larvae which were retained for observation could 
not be returned to their natural position in the stalks of plants, 
but were kept in screen wire cages containing sections of cornstalks. 
The cages were placed in an outdoor insectary. It is believed that 
the chances of dispersion of infested material by water is greater 
during the spring than at any other period. Hence the resistance of 
larvae to drowning in submerged or floating material at this time is 
especially important. In these experiments old cornstalks remained 
afloat in fresh water for a maximum period of 62 days in the spring, 
or until taken from the water. Partly matured cornstalks placed 
singly in fresh water during the last week in August floated for an 
average period of 40 days and a maximum period of 68 days before 
sinking. ‘These cornstalks were partly green, as is usual with corn- 
stalks taken from the field at this time of year. The upper portions 
of the stalks were dry and the lower portions were green and suc- 
culent. Bundles of cornstalks similar to those just described, placed 
in fresh water on September 18, floated until they were frozen in the 
ice just prior to December 1, a period of 73 days. Small stalks and 
pieces of stalks sank sooner than entire stalks bearing ears. It 
appears, therefore, that in the spring or fall cornstalks may float for 
a sufficient period to become widely dispersed. . 
A small percentage of first-generation or summer larvae survived 

and eventually developed into moths from cornstalks completely 
submerged in water for 42 hours. Larvae of this generation also 
survived and produced moths from stalks floating in water for 163 
hours, or nearly 7 days. Free larvae survived and produced moths 
after submergence in water for 48 hours. 
When cornstalks containing second-generation larvae were sub- 

merged in water during late August, certain of the larvae survived 
an exposure of 48 hours, whereas two weeks later they survived a 
similar treatment of 72 hours in submerged and also in floating corn- 
stalks. During the first week in October certain of the larvae sur- 
vived from cornstalks floating in water for 120 hours, indicating 
that their resistance to drowning increased with the approach of the 
inactive period. Free larvae of this generation survived when sub- 
merged in water for 72 hours during the last week in September. 

First-generation pupae in cornstalks which had been submerged 
in water for 68 hours, and in cornstalks which had floated in. water 
for one week, produced adults. Free pupae of the first generation 
submerged in water for 67 hours produced a single adult, and free 
pupae of the second generation receiving a similar treatment for 
24 hours produced no adults. Free pupae of the first generation 
floating in sea water for two weeks produced adults during the first 
7 days. Pupae in fresh water produced adults for 6 days. 
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NATURAL ENEMIES 

Although a variety of natural enemies of the European corn borer 
have been recorded in this country, usually they do not attack the 
insect In any appreciable numbers and can not from present indi- 
cations be relied upon to hold it in check. 

The fact that the larvae normally feed within their hosts greatly 
reduces the opportunity for attack by parasitic and predacious 
enemies. ‘The small larvae, however, are exposed to attack for a 
short time before entering the plant. This is true also for certain 
individuals of the larger larvae when feeding on or near the ex- 
terior of the plant, or when migrating to other parts of the same or 
adjacent plants, and when seeking shelter in unprotected locations. 

PARASITES 

NATIVE PARASITES 

In New England the small chalecid Trichogramma minutum 
Riley periodically parasitizes considerable numbers of Pyrausta 
nubulalis eggs, particularly those of the second generation in the 
latter part of the season. Toward the end of the summer of 1919 
an average of 43.5 per cent and a maximum of 75 per cent of the 
second-generation eggs were parasitized in 23 towns in representa- 
tive parts of the area where egg collections were made. In 1921 this 
species destroyed an average of 30.7 per cent, and a maximum of 
74 per cent of the second-generation eggs in 24 representative towns. 
This chalcid is apparently very variable, however, in occurrence 
from year to year, as in 1920 only 6.6 per cent of the second-genera- 
tion eggs were parasitized in thissame area. Although the parasitism 
of the second-generation eggs was comparatively high during these 
two years, less than 1 per cent of the first-generation eggs were 
parasitized in this same area. In the New York areas of infestation 
no parasites have been found in any of the eggs collected. Table 43 
summarizes the results of egg collections in New England for 
parasitism by 7’. minutum from 1919 to 1921, inclusive. 

TABLE 43.—Parasitism of Pyrausta nubilalis eggs by Trichogranmma minutum 
in New England, from 1919 to 1921, inclusive 

First generation Second generation 

Year Number py | Per cent Number pee Per cent 
of eggs Hho | of para- | of eggs rae of para- 

collected Sena satism | collected ined sitism 

[Og Menomvaunaa Liege © Simi es Fo) 5 11, 384 15 0.13 | 28,418 | 12,948 45.5 
TO Sin BORER ES TE Pe ae eae a ESE aR MRD 01 29 | .10 | 53, 198 3, 501 6.6 
OD eee ret ee ie Mo ee ot eS OC Be Peo 36, 835 266 | .12 |. 79, 802 23, 997 30. 1 

ZINE baad te iy Sun re ee eee ee eo | 76, 265 | SQ" cee | 161,418 | 40,446 |___.______ 
PAW VOT AGO ssee Soe eee ae eee lee Pare aol See eet 406i 2 ete rey | me ee. 25. 05 

The fact that most of the parasitism by 7’. minutum is confined to 
the second-generation eggs, and particularly the eggs deposited dur- 
ing the late season, rather reduces the effectiveness of the species 
as a factor in preventing injury by its host. 
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During 1921 a special effort was made to determine the seasonal 
variation in the parasitism by 7’. ménutwm and also to obtain a more 
correct average of the parasitism for the entire season than had 
previously been obtained in 1919 and 1920 when collections were 
made without proper regard to seasonal variation. The plan used 
in 1921 called for six uniform collections of eggs of Pyrausta 
nubilalis, three of each generation, in each of the 24 towns selected. 
In this manner an early, medium, and late collection of eggs was 
made from each town during the seasonal progress of each genera- 
tion, thus effectively covering all the seasonal variations that might 
occur in parasitism. As a result of this system the percentage of 
parasitism for 1921, as given in Table 44, is probably more nearly 
correct than the figures given for 1919 and 1920. These collec- 
tions also showed very plainly the seasonal variation in parasitism. 
Table 44 gives results of the six collections in four typical towns 
in Massachusetts during 1921. 

TABLE 44.—Seasonal variation in parasitism by Trichogramma minutum in New 
Bngland in 1921 

| First generation, percent | Second generation, per cent 
of parasitism | of parasitism 

Town (Massachusetts) 
} 

Early Medium Late Early ees | Late 

ANE 50 Gh 0 (ae oe TE eee es Oh we ee 0 0 0 0.5 4.3 | 78. 5 
CUAL Cees eee Re eee ee a: eee 0 0 0 3. 4 15. 5 90. 5 
IRCA DOC re = ee ee ee een ee oe 0 0 0 hed 11.9 62. 7 
DD) ATV. CES heat rem ere ek ER here ee eel 0 0 PRE | der. 13.6 

A small percentage of corn-borer larvae and pupae have been de- 
stroyed in New England each year by several different species of 
dipterous and hymenopterous parasites. The species which have 
been reared from Pyrausta nubilalis larvae and pupae are listed 
below: 

DIPTEROUS PARASITES 

Phorocera erecta Coq. Exorista nigripalpis Towns. 
Hxorista pyste Walk. Carcelia ochracea V. D. W. 
Masicera myoidea Desyvy. Compsilura concinnata Meig. 

HYMENOPTEROUS PARASITES 

Itoplectis conquisitor Say. fabrobracon gelechiae Asnm. 
Sagaritis dubitatus Cress. Epiurus pterophori Ashm. 
Agrypon sp. Epirus tecwmseh Vier. 
Amblyteles brevicinctor Say. Epiurus indagator Cress. 
Amoblyteles rubicundus Cress. Bassus agilis Cress. 
Cryptus incertus Cress. Labrorychus prismaticus Nort. 
Ephialtes aequalis Prov. Microgaster zonaria Say. 
Campoplex sp. Meteorus loxostegei Vier. 
Microbracon caulicola Gahan. 

The combined parasitism by the species listed above has totaled 
less than 1 per cent of the larvae and pupae collected each year. The 
parasitism of the first generation has been slightly greater than that 
of the second. A few individuals of the tachinid H'xorista nigripal pis 
Towns. have been reared from P. nubilalis larvae collected in New 
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York State, but less than 1 per cent of the hosts collected were 
parasitized by this species, and no other parasites have been recorded 
in this area to date. Table 45 summarizes the results of the collec- 
tions of P. nubdalis larvae and pupae in New England to determine 
parasitism during the period from 1919 to 1921, inclusive. 

TABLE 45.—Parasitism of Pyrausta nubilalsis ferate and pupae by various 
Diptera and Hymenoptera in New England 

LARVAL COLLECTIONS 

First generation | Second generation 

Year Number | Per cent | Number | P t 
Number | “‘para- | of para- | Number hess of aoe 
collected | sitized sitism | Collected sitized sitism 

| | 

IR) Ae sae sp Se rage 7 a Re ee rE aie oe. D, O20 80 1. 45 6, 231 2 0. 03 
192 () ess cee Ne Se ne eg ne ee 4, 741 68 | 1. 48 | 17, 951 49 27 
HU 2 ee ae ee A ee) SN Le 7, 577 133 1675) | 4, 241 22 52 

Se 
Mot alter! (ois sec Pe Se area 17, 843 Py a ed | 28, 428 1 | Sees ee 
SINSV COU ELC ee Sy ee he (go Ng ge | 57 ee 26 

PUPAL COLLECTIONS 

HCD (eer ok reece co Nee pa Se eee ee | 536 27 5. 04 4, 497 6 0.13 
TA Pe Le sis ee na oh lah te a ae a, 2, 905 | 65 2. 24 2, 801 4 14 

RRO tal sett eee STROM . vee beatae eee | 3,441 O28 owas 1 7, 298 10: | Seas See 
PAV CRAP OSS 2 eee as noe were eae [ibe We Soe as ee 2. 67: |ssae2sSe | Seeceeses 137 

| 

These figures on parasite rearings do not, of course, show the 
actual percentages of the host killed under field conditions by the 
action of parasite adults and from which no parasites are reared, but 
it is evident from the data in Table 45 that but little help can be 
expected of the native parasites of the larva and pupa in suppress- 
ing P. nubdlalis. 

FOREIGN PARASITES 

Foreign literature contains very few records of parasites bred from 
P. nubilalis in any of its stages, and most of the literature dealing 
with the species emphasizes the absence of any parasites. Schmidt 
(54) in Austria, and Kollar (34, p. 10S) in Germany, reared hyme- 
nopterous parasites from P. nubidlalis larvae, but the species con- 
cerned and their status were not mentioned. Jablonowski (29) in 
Hungary reared a single individual of Masicera senilis Rond. from 
the larva, and two or three individuals of undetermined parasitic 
wasps from larvae and pupae. The same author found P. nubilalis 
eggs parasitized by a very small unknown hymenopteron, but it was 
not possible to estimate the economic importance of this parasite. 
The author also mentions in this connection that Oophthora sembli- 
dis Aur. is known as an egg parasite of many insects in Europe, and 
intimates that this may be the species concerned. Kostinsky recorded 
the rearing of parasites from P. nubdlalis in Russia (Kiev) and 
Dobrodeiv (74) in the Don Province of Russia, but their names or 
their importance are not mentioned. 

During 1919 the Bureau of Entomology established a laboratory 
in southern France for the purpose of investigating the parasitic 
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enemies of Pyrausta nubilalis in Europe, with a view of introducing 
the most promising species into this country. W. R. Thompson, in 
charge of this work, is now engaged with two assistants in conduct- 
ting a study of the biology and economic importance of several 
species of parasites which he has found attacking P. nubdals in 

France, Italy, and Belgium. Eight species of the more promising 
parasites of the corn-borer larva and pupa have already been sent to 
this country by Doctor Thompson and liberated in the severely 
infested portion of the New England area. These consisted of the 
hymenopterons Habrobracon brevicornis Wesm., Hulimneria crassi- 
femur Thom., Ewxeristes roborator Fabr., Angitia (Dioctes) punctoria 
Roman, Microgaster tibialis Nees, Phaeogenes planifrons Wesm., 
and two tachinids, Masicera senilis Rond and Zenillia roseanae B. B. 
Prior to the introduction of these species Doctor Thompson con- 
ducted a thorough study of their habits, with special reference to the 
possibility of detrimental conflict between them. 

In addition to the foregoing, Doctor Thompson reports that he 
has reared from P. nubdlalis larvae the tachinid Nemorilla maculosa 
Meig. Zrichogramma sp., probably closely allied to the American 
species, was also found as an egg parasite, but not very abundant. 
According to Doctor Thompson a few specimens of the tachinid Dew- 
odes nigripes Fall. and of the hymenopteron Hulophus sp. have been 
reared from P. nubilalis larvae by Professor Silvestri at Naples, 
Italy. : 

The history, habits, and present status of the imported species of 
parasites have been reported (37) by D. W. Jones, of the Arlington, 
Mass., corn-borer laboratory, substantially as follows: 

Zenillia roseanae B. B. is a tachinid of much promise which para- 
sitizes small host larvae and emerges just before the pupation of the 
host. The two generations of this parasite synchronize perfectly . 
with the seasonal history of its host in southern France. Huiberna- 
tion occurs as a second-instar larva within the host. Ninety adults 
were liberated during 1920 and 784 adults were liberated in 1921. 
It is planned eventually to carry on an extensive rearing project 
with this species to furnish a large number for liberation. 

Masicera senilis Rond. is a tachinid which is believed to be very 
closely related to the native species W/. myoidea Desv. A total of. 
70 adults of this species were liberated in 1920 and 300 adults were 
liberated in 1921. 

Hulimneria crassifemur Thom. is a large hymenopterous parasite 
having two generations a year in southern France. This species 
usually parasitizes small host larvae while they are in their feeding 
webs, and hibernates as a full-fed larva within a very compact 
cocoon. Thirty-one adults were liberated in 1920, 4,968 adults in 
1921, 733 adults in 1923, and 128 adults in 1924. 

Angitia (Dioctes) punctoria Roman is a very effective summer 
parasite in Italy. This species is very similar to LF. crassifemur 
in appearance and habits, except that it parasitizes free-crawling 
larvae as well as those in feeding webs. Only 10 adults were liber- 
ated in 1921, 168 adults in 1922, and 555 adults in 1924. 

Exeristes roborator Fabr., one of the old Pimpla group, is a large 
hymenopteron equipped with a long, powerful ovipositor. This 

species is able to locate and parasitize full-grown larvae through 
. cornstalks and other large woody stalks in which host larvae may 
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be present. It has several generations each year, and hibernates as 
a full-fed larva in a very thin, tough cocoon. In October, 1922, a 
total of 1,061 cocoons were received from France. This shipment 
produced 500 adults, of which 56 were liberated in the field during 
1921 and the remainder were used in breeding experiments. With 
this breeding stock as a basis, a total of 28,935 adults were bred and 
liberated during 1923. In 1924, 11,341 were lhberated in New HEng- 
land, 7,920 sent to Sandusky, Ohio, and 2,880 to Silver Creek, N. Y., 
for liberation. Females predominated, and through the use of a 
special emergence cage they were well mated before liberation. 
Habrobracon brevicorns Wesm. is a small hymenopteron which 

paralyzes full-grown host larvae and deposits external eggs. The re- 
sulting larvae feed externally and produce an average of 18 cocoons 
per host. From 8 to 10 generations per year would be possible with 
this parasite, as the life cycle is very short, varying greatly with 
the temperature. Hibernation occurs in the adult stage. In Septem- 
ber, 1921, a total of 1,210 cocoons were received from France. This 
shipment produced 715 males and 213 females. With this breeding 
stock as a basis, 400 adults were bred and liberated in 1921 and 
1,054,000 in 1922. Late in 1924 approximately 25,000 were liberated 
in Sandusky, Ohio, and in Silver Creek, N. Y. In the 1921 lbera- 
tions the females averaged only 14 per cent of the total whereas 
improved breeding methods during 1922 increased the proportion of 
females to 40 and later to 60 per cent. 
Microgaster tibialis Nees is a small hymenopteron which has been 

particularly effective as a parasite of P. nubdalis larvae inhabiting 
weeds in northern France and Belgium, and is also found in corn in 
Italy. This species parasitizes second-instar host larvae, feeding in- 
ternally and emerging from the host in the late fourth or early fifth 

instar. Hibernation occurs as a full-fed larva within a very tough 
white cocoon. A total of 100 cocoons were received from France 
in 1923, and although no liberations were made during 1923 an 
attempt was made to develop a satisfactory technic for rearing 
the species. There were 449 adults and 2,815 parasitized larvae 
liberated in 1924 in the Massachusetts area. 

Phaeogenes planifrons Wesm. is a large hymenopterous parasite 
which emerges from the pupa. It is particularly valuable as a 
summer-generation parasite in Italy, according to Doctor Thompson’s 
records. There were 1,460 adults liberated in New England in 1924. 

RECOVERIES OF FOREIGN PARASITES 

With the exception of Habrobracon brevicornis, no systematic col- 
lections for the recovery of liberated parasites have been attempted. 
The results in attempting to recover 1. brevicornis were negative 
to January 1, 1925. Encouraging results, however, were secured 
with Hweristes roborator and Microgaster tibialis. Incidental col- 
lections during the summer of 1923 showed that a maximum of 8 
per cent of the corn-borer larvae were parasitized by E. roborator 
in the vicinity of the colony sites in Massachusetts, and from 1 to 
4 per cent of the larvae were parasitized in a cornfield 3 miles from 
one of the liberation points. One incidental recovery was made at a 
distance of 5 miles from the nearest point of liberation. Several 
recoveries were made of individuals of this species which had suc- 
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peeinlly passed the winter of 1923-24.. A few cocoons of J. 
tibialis were also recovered during 1924 under circumstances which 
indicated that this species had passed at least one generation in the 
field since liberation in its new environment. 
It is proposed to continue the large-scale rearing in the laboratory 

and liberation in the field with each of the parasitic species, for 
which a satisfactory rearing technic can be developed, supplemented 
by extensive collections abroad of the species which can not be suc- 
cessfully or economically reared in the laboratory. It is problem- 
atical, of course, whether any of these species will become perma- 
nently established in this country, and several years may elapse before 
the results will be definitely known. 

PREDATORS 

BIRDS 

In the late winter and spring of 1922 as high as 95 per cent of the 
larvae were removed from standing cornstalks in some of the small 
home gardens in the environs 
of Boston, presumably by wood- 
peckers. Their beneficial activi- 
ties were also noted in many 
widely separated localities in the 
New England area, and to a lesser 
extent in New York State. From 
10 cornstalks used in one particu- 
lar hibernation experiment at Ar- 
lington, Mass., 160 larvae out of 
a total of 200 (80 per cent) were 
removed from their burrows by 
birds during this period. A 
downy woodpecker (Dryobates 
pubescens Linn.) was observed 
drilling into these cornstalks and 
removing the larvae. Judging 
from the character of the holes 

individual in its search for the 
larvae (fig. 52), it seems probable 
that this and allied species may 
be credited with much of the work 
mentioned previously. Prior to 
1922 only occasional instances of 
similar work in infested corn- 
stalks had been observed. Ac- 
cording to Barber (6), from a 
series of 20 special observation 
stations which were maintained at 

widely distributed points in New Fic. 52.—Cornstalks from which European 
England during the winter of corn borer larvae have been removed by 

1999-93. birds were found to have Mer Meee Gril 131929 eas 
taken 61 per cent of the larvae in 
five of these stations, and the remaining 13 stations which were 
recovered in good condition exhibited little or no feeding by birds. 
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The number of larvae taken by birds in the 18 stations recovered 
was 17 per cent of the total larvae involved. Judging from direct 
observation and from the character of the work, it is believed that 
the downy woodpecker was responsible for most of this beneficial 
activity. Each of the stations mentioned above consisted of 60 
cornstalks tied to wooden stakes, simulating natural conditions, and 
containing an average of 27.5 larvae per stalk. In a similar experi- 
ment during the winter of 1923-24 an average of 19 per cent of 
the larvae involved were taken by birds. This series was conducted 
in 47 widely separated localities in the New England area. 

With the exception of the somewhat local activity by woodpeckers, 
birds are not known to have exerted an important influence in reduc- 
ing the numbers of the corn borer throughout the infested areas as 
a whole, although the comparative ease with which insectivorous 
birds may secure larvae from collapsed and broken-over cornstalks 
and other plant material, especially during the late fall and spring, 
would appear to render this source of food supply very attractive to 
them. 

In one instance a robin (Planesticus migratorius Linn.) was 
observed, late in the spring, removing and devouring loose larvae 
from a heap of cornstalks. Robins, grackles, blackbirds, and star- 
lings commonly frequent the vicinity of infested cornstalks and 
other plant material during the spring and have been observed feed- 
ing upon the larvae contained therein. Late in the spring many 
of the overwintering larvae are migrating in search of suitable 
quarters for pupation, and some of them are easily accessible to 
insectivorous birds. In several instances where infested ears of 
corn in the field were fed upon by crows, blackbirds, and pheasants, 
many of the P. nubilalis larvae known to have been feeding on the 
grain disappeared along with the corn, but no direct evidence of 
ingestion by birds could be obtained. Most of this type of bird 
activity was observed in sweet corn during the marketing season 
and in field corn before the grain had begun to harden. During the 
spring and fall of 1920 C. C. Sperry, of the Bureau of Biological 
Survey, investigated the relation of birds to the European corn borer 
in New England and found the remains of one larva in the stomach 
of a pheasant (PAasianus torquatus Gmelin) and the remains of 
six larvae in the stomach of a single starling (Sturnus vulgaris 
Linn.). No other species of birds were found feeding on the insect 
at this time. 

| OTHER PREDATORS 

Larvae of the coccinellid Megilla maculata De G. have been fre- 
quently found devouring P. nubilalis eggs and larvae, and nymphs of 
the pentatomid Podisus placidus Uhl. and the reduviid Stnea dia- 
dema@ Fab. have been occasionally observed attacking the larvae. 
Many of the dead larvae found in partly or wholly decayed heaps of 
cornstalks in the spring, and in cornstalks or other plant material 
which has been buried in the soil, are frequented by mites, but it has 
not been determined whether these mites were the primary cause of 
death. Centipedes and the larvae or adults of several of the preda- 
cious beetles have also been found frequently in the decayed remains 
of such material. Whether any of these agencies were directly 
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responsible for the death of the larvae is not known. In breeding 
cages several species of spiders have interfered with the experiments 
by attacking and killing migrating larvae, and occasional occur- 
rences of a similar nature have been recorded in the field. 

DISEASE 

Occasionally, both in the field and in confinement, nearly full- 
grown larvae have been found during the summer and fall which 
apparently had succumbed to a disease resembling bacterial wilt. In 
the breeding cages at Silver Creek, N. Y., the rearing work was 
seriously hampered because of the mortality due to this disease. 
Specimens of larvae which had died, apparently from this disease, 
were submitted to G. F. White and A. T. Speare of the Bureau of 
Entomology, who reported that they were unable to find any pro- 
tozoa, fungi, or polyhedral bodies in the samples submitted, but that 
an undetermined bacterium was present in great numbers. Later 
an attempt to isolate the causative organism was made by H. W. 
Allen of the Arlington, Mass., laboratory, in cooperation with R. W. 
Glaser of Bussey Institution, but the results were negative. Since 
only a comparatively small number of larvae have been killed by it in 
the field, this disease is evidently not important enough to be of ma- 
terial benefit. | 

CONTROL AND QUARANTINE 

CONTROL 

The details relating to the control, quarantine, and scouting 
phases of the European corn-borer activities will be given in a 
separate publication and may be summarized briefly as follows: 
From the fact that the insect passes the greater part of its larval 

stage and its entire pupal stage within the host plant, thus afford- 
ing but little chance for insecticidal or other remedial measures 
under large-scale field conditions, it is evident that the major con- 
trol efforts should be directed toward cultural practices leading to 
the utilization or the destruction of infested plants, particularly by 
feeding to livestock, burning, or plowing under; supplemented by 
preventive agronomic adaptations in the culture of corn, particularly 
the selection of varieties least susceptible to severe injury, combined 
with the regulation of the time of planting these varieties to escape 
serious infestation and yet produce satisfactory yields. None of 
the insecticides tested can be recommended for general use, although 
nicotine dusts containing 2 or more per cent of free nicotine directed 
against the newly hatched larvae have given encouraging results 
in limiting injury to valuable crops of corn. The possibility of 
developing more effective treatments is still under investigation. 
_ When considering general control measures for the corn borer it 
1s necessary to make proper allowance for the fact that two genera- 
tions occur annually in the New England area and that in this 
area the insect infests commonly a great variety of plants, including 
corn, vegetables, flowers, field crops, and large-stemmed grasses and 
weeds; whereas in the western areas, including New York, Penn- 
sylvania, Ohio, and Michigan, the corn borer is single brooded and 
is confined principally to corn. In New England, therefore, it is 

hecessary to utilize or destroy all plants or crop residues which 
are listed as hosts of the corn borer, and in the middle western area 
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the control efforts are directed principally against the corn plant 
and its residues, under present conditions. 

The value of corn and other plants for fodder is not materially 
lessened when infested by the corn borer, except under conditions of 
extreme infestation. The proper ensiling or shredding of such in- 
fested plants leads to the destruction of the borers contained 
therein. Feeding infested fodder direct to livestock is an effective 
method, providing all uneaten portions are collected and destroyed. 
The burning of infested material is, of course, a method of wide 
application, and although not a desirable agronomic practice in 
many respects, it is very effective when conducted in a thorough 
manner. In all methods of cutting cornstalks preparatory to their 
utilization or destruction, the stalks should be cut at or near the 
surface of the soil and as early in the season as possible, since there 
is a decided movement. of the borers to the lower part of the stalk 
during the later part of the season. Based upon the results of plow- 
ing experiments to date, it appears that clean plowing is to be recom- 
mended for the destruction of cornstalks, corn stubble, and other 
infested material remaining in.the field, which it is impracticable 
to eliminate by burning or feeding. Late fall plowing in the two- 
generation area of New England has proved more effective than 
spring plowing, but in the middle West it appears from results of 
experiments to date that clean plowing at any season is effective. 

Relative to the selection of varieties as a cultural practice, none 
tested have shown any indication of possessing practical immunity to 
attack, but those varieties characterized by large stalks and ears 
have shown a greater resistance to severe injury by the corn borer 
than the varieties which have smaller stalks and ears. 

Experimental data and field observations have shown in general 
that in the single-generation areas field and sweet corn planted during 
April or early May have sustained the maximum infestation and 
plantings made before the last week in May sustained greater injury 
than fields planted later, whereas plantings made after the first week 
of June suffered little or no injury. In the two-generation area of 
New England the early and the late plantings sustained the heaviest 
infestations, irrespective of type or variety, whereas plantings made 
during the period from approximately May 20 to May 30 have, in 
general, escaped serious injury. Phenological observations are now 
in progress having for their object the application of plant-develop- 
ment phenomena as an indication of the most favorable planting 
period, irrespective of calendar dates, in order that the vagaries of 
the seasons may be discounted. 

Although the earliest planted fields of sweet corn have almost 
invariably sustained the maximum infestations in both the one and 
the two generation areas, thus indicating the possibility of using 
early planted sweet corn as a trap crop, actual attempts to apply 
this method of field control have thus far failed to show appreciable 
benefits, except under restricted conditions. 

QUARANTINE 

Quarantines have been established by the Federal authorities and 
by the various States concerned, which prohibit the movement out 
of infested areas of all plants and plant products which are lkely 
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to harbor the European corn borer. In the two-generation area this 
quarantine applies to corn and broomcorn, including all parts of the 
stalk, all sorghum, Sudan grass, celery, green beans in the pod, 
beets with top, rhubarb, chrysanthemum, aster, cosmos, zinnia, holly- 
hock, gladiolus, dahlia, and oat and rye straw as such or when used 
as packing material. In the single-generation areas the quarantine 

_ applies to corn, broomcorn, and all sorghum and Sudan grass, except 
the grain or seeds thereof when properly cleaned. 
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SUPPLEMENT 

In addition to the material presented in this bulletin, it seems de- 
sirable to summarize a few of the more important recent develop- 
ments which have occurred since the manuscript was prepared. 
The following matter therefore has been included as a supplement. 

DISTRIBUTION 

At the close of 1926 the European corn borer had extended its 
range in the middle western portion of the United States to in- 

Fig. A.—Map showing the distribution of the European corn borer as known Novem- 
ber 1, 1926. The outside (darkly shaded area) indicates the spread of the pest 
which is believed to have occurred during the summer of 1926. (Infested area 
in New England not shown.) 

clude the area shown on the accompanying map (fig. A). The 
entrance of the insect into the extensive corn-producing regions of 
Michigan, Ohio, and Indiana is fraught with possibilities of great 
economic losses. Dispersion of the corn borer in New England re- 
cently has been very limited and the area now infested is practically 
the same as indicated in the map included in the body of this 
bulletin. Slight extensions have occurred along the Connecticut 
shore line, on Long Island, and on Staten Island. Two small, inde- 
pendent infestations have been found in the Bayonne and Jersey City 
sections of New Jersey. Since the summer of 1923 the corn-borer 
situation in southern Ontario, Canada, has rapidly grown worse. 
At the close of 1924 the Dominion entomologists reported that com- 
mercial losses occurred in 21 townships located in Oxford, Elgin, 
Middlesex, Kent, and Essex Counties, where the stalk infestation 
varied from 50 to 100 per cent. “In one canning district 25 per cent 
of the contracted acreage was refused at the factory on account of 
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the severe corn-borer infestation.” By the close of 1925 the course 
of the infestation had progressed so that in Kent and Essex Counties 
the crop throughout at least 400 square miles was completely ruined. 
Control measures were adopted very slowly by growers, as there 
existed no legislation requiring their adoption. This situation 
culminated during 1926, when it was found that throughout an 
area of 1,200 square miles the corn acreage had been reduced to 10 
per cent of the land devoted to that purpose in 1922. In this area 
of intense infestation many fields showed a loss of the entire crop 
and losses of 75 per cent were common. Legislation requiring corn 
growers to clean up their fields became effective October 1 of that 
year. In the meantime the infestation in Canada had progressed 
eastwardly, completely surrounding Lake Ontario and joining with 
the infested area in New York, which had made progress along the 
southern shore of the lake. Distribution surveys in southern and 
central Europe have demonstrated the presence of the borer in prac- 
tically all areas where corn and other susceptible crops are grown. 

HOST PLANTS 

No change has occurred in the status of corn as the preferred host 
of the European corn borer in America, since in all areas it continues 
to be more generally infested and sustains more serious injury than 
any other plant attacked. 

In the middle western areas a light infestation has developed in 
several of the more susceptible weeds and field cr ops when such 
plants were associated with badly infested corn. No severe economic 
injury, however, to crops other than corn has occurred in these areas 
to date. The corn borer has been found infesting a total of 46 species 
of plants (principally large succulent weeds) in western New York, 
18 species in Ohio, and 8 species in Michigan. The plants of most of 
those species function primarily as shelter plants rather than as true 
food plants. 

in New England a total of 224 species have been recorded as hosts 
of the corn bor er. In those species are also included all of the west- 
ern host species. Of the total number of species not more than 38 are 
known to constitute true food plants. The severity of the infestation 
in vegetables, field crops, flowers, and weeds has decreased in New 
England during 1925 and 1926 as a phase of the general reduction in 
the “importance ‘of the insect as a pest in that region. 

EXTENT OF INJURY AND ECONOMIC LOSS 

In Michigan, Indiana, Pennsylvania, and Ohio, with the exception 
of a few fields in northwestern Ohio, there has been very little 
economic loss caused by the corn borer to the close of 1926. In 
western New York, however, the estimated commercial loss exceeded 
25 per cent in certain dent cornfields grown for grain in the older 
portion of the infested area, while the loss in sweet corn ears for 
canning in 1926 reached approximately the same figure (24.8 per 
cent). 

The widespread dispersal of the pest in this entire Lake Erie-Lake 
Ontario region during 1925 and 1926 was accompanied by an increase 
in intensity of infestation which amounted in 1926 to approximately 
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500 per cent for the area, when compared with conditions existing in 
1925 (based upon larval population). Should the rate of annual 
increase which prevailed during the years 1923 to 1926 be continued, 
‘it appears reasonable to expect that losses will become general 
throughout this area in the near future, unless recommended control 
practices are strictly and generally followed. 
An analysis of the data from 46 townships in New England showed 

a decrease of 38 per cent in intensity of infestation for 1926 as 
compared with 1925 (based upon larval population). Great decreases 
were especially apparent in commercial sweet corn plantings where 
an average of 20 per cent ear infestation existing in 1922 had been 
reduced to approximately 5 per cent in 1925 and to slightly less 
than 5 per cent in 1926. Similar reductions of infestation and 
damage were observed in susceptible vegetables and flowers, par- 
ticularly in beets, beans, celery, rhubarb, potatoes, gladioh, dahlias, 
asters, and greenhouse chrysanthemums. 

Detailed studies pertaining to the effect of borer injury to the 
_ecornstalks on the number, weight, and quality of ears, and on the 
grain produced, have demonstrated that this indirect injury usually 
is far more important than the direct injury to the ears caused by 
the larvae feeding thereon. 
A remarkable decrease has been observed in the larval populations 

in areas of weeds and large-stemmed grasses formerly existing in 
the New England area. This former source of infestation, from 
which large numbers of moths issued to deposit their eggs upon 
cultivated crops, has been removed as a result of the enforcement 
of the Massachusetts law requiring clean-up action, plus the ex- 
perience of local vegetable growers who have learned the necessity 
of clean culture. 

SEASONAL HISTORY 

‘Only one generation annually of the corn borer has developed 
in New York (not including the New York Bay area), Pennsyl- 
vania, Ohio, Michigan, and Indiana, although occasional instances 
of summer pupation, denoting a two-generation tendency, have been 
observed each year. 
Two generations have developed both in New England and in the 

scattered infestations in the New York Bay area each year, although 
the percentage of individuals developing a second generation has 
varied from 40 to 100 per cent in different years. No indication 
of a third generation was observed in 1925 or 1926. 
An analysis of meteorological data for New England with refer- 

ence to the generation cycle has shown that a preponderance of pre- 
cipitation, coupled with normal temperatures in March, April, and 
May, and followed by a dry June, induced an early start of the corn 
borer in New England. Under these conditions a complete second 
generation has developed. On the other hand, a deficiency in precipi- 
tation during March, April, and May, followed by a rainy June, was 
untavorable to the insect. Under such conditions there has been a 
diminution in the number of individuals developing a second genera- 
tion, with a consequent reduction of injury caused by the insect. 

Single-generation material transferred to a two-generation area in 
1920 and reared continuously there in large field cages retained its 
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single-generation seasonal cycle at the close of 1926. Two-generation 
material treated in a similar manner retained the seasonal cycle of its 
original habitat in the same series of experiments. Since these ex- 
periments were conducted in the United States, where the corn borer 
may not yet have become thoroughly adapted to its environment, the 
results thus far obtained must be accepted with caution. All experi- 
mental cross breeding of two-generation and one-generation individ- 
uals has resulted in the pr oduction of two- eeneration progeny. 

It has been demonstrated that the seasonal history, and especially 
the number of generations annually, is greatly influenced by the sea- 
sonal distribution of temperature and precipitation. 

LARVAL HABITS 

Studies to determine the percentage of larval establishment on corn 
have shown that an average of from 10 to 15 per cent of all larvae 
emerging from the eggs succeed in establishing themselves in or on 
the plant and reach maturity. This percentage of larval establish- 
ment may vary greatly in individual instances according to climatic 
conditions, type, variety, and strain of corn, and the condition of 
the individual host plant. 

Definite records were obtained, as a result of extensive studies, 
that less than 1 per cent of full-grown larvae were able to migrate 
for a distance of 30 feet. About 2 per cent of the borers involved 
migrated a distance of 25 feet. The typical farm fence row, or field 
border, provides an ideal shelter for larvae migrating from plowed 
fields or elsewhere, particularly when such refuges contain large 
growths of weeds. 

The average winter mortality shane ground remains at about 10 
per cent, as “previously reported, and there does not appear to be 
any climatic limitation to the distribution or multiplication of the 
borer which depends upon winter mortality. Moisture secured by 
contact immediately prior to pupation seems essential for over- 
wintering larvae. 
Although many of the larvae contained in cornstalks that were 

stored indoors died as a result of the deprivation of contact moisture 
(so essential for the completion of histolysis) and the subsequent 
development of the survivors was delayed, a very large percentage 
of such larvae completed their development under storage condi- 
tions similar to those found on the average farm. Moreover, adults 
emerging from such storage conditions late in the season deposited 
egos W hich developed into mature larvae before the end of the season. 

ADULT HABITS 

Detailed biological studies have demonstrated that the fecundity 
of the moths is ‘oreatly influenced by the character of the weather 
which occurs duri ing their period of oviposition. Warm nights with 
abundant moisture, and the absence of heavy dashing rains, are 
conducive to maximum oviposition. 
A study of wind movement during the flight period of European 

corn borer adults, in the Lake Erie region, has indicated strongly that 
dispersion to neighboring States pr obably occurred from the severely 
infested areas of Ontario. This method of natural dispersion was 
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especially important during 1926, when the nocturnal temperatures 
and the direction of the prevailing wind during critical periods were 
both very favorable for the flight of large numbers of the moths. 

PARASITES 

NATIVE 

Native parasites have not exhibited any tendency to increase their 
effectiveness as natural enemies of the corn borer. The egg-parasite 
Trichogramma minutum Riley continues periodically to parasitize 
considerable numbers of the eggs, but its effectiveness is confined 
usually to the second-generation eges in New England every second 
or third year. A few additional species parasitic on the larvae and 
pupae of the corn borer have been recorded, but their combined 
parasitism usually has affected less than 1 per cent of the total 
number of hosts collected or observed each year. 

FOREIGN 

Including the month of October, 1926, a total of about 225,000 
foreign parasites have been liberated in nine different locations of the 
corn-borer infested areas of Michigan, Indiana, Ohio, Pennsylvania, 
-and New York. Seven distinct species were involved in these lbera- 
tions, viz: Lxeristes roborator Fab., Microgaster tibialis Nees, 
Tabrobracon brevicornis Wesm., Hulimneria crassifemur Thom., 
Apanteles sp., Angitia punctoria Roman, and Phaeogenes planifrons 
Wesm. Recoveries of /. roborator were made in New York during 
1924, 1925, and 1926. This species was recovered in Ohio during 
1925 and 1926. A very recent recovery of what may prove to be 
M. tibialis was made in Ohio. Special precautions, of course, were 
taken to prevent the escape of foreign hyperparasites. 

Similar introduction work in New England has resulted in the 
liberation of about 1,187,000 foreign parasites in infested cornfields 
of that section. Ten different parasitic species were involved, con- 
sisting of the seven species listed in the preceding paragraph and 
in addition Macrocentrus sp., Zenillia roseanae B. B. and Masicera 
senilis Rond. Five species of these foreign parasites have been 
recovered in New England under circumstances indicating their 
permanent establishment, viz: #'. roborator, M. tibialis, H. crassi- 
femur, A. punctoria, and P. planifrons. In certain fields the col- 
lections have demonstrated that the prevailing total parasitism by 
the foreign species exceeds that of the native species. The rate of 
importation of foreign parasites from Europe has been increased 
and preliminary shipments have been received from India. It is 
expected that this work will be greatly stressed in the near future. 

CONTROL 

None of the types, varieties, or strains of corn thus far tested has 
shown any practical immunity to corn-borer attack except when 
involved with time of planting such varieties. 

Those varieties of corn characterized by large stalks and ears 
have continued to exhibit a greater resistance to severe injury by 
the corn borer than the varieties which possess smaller stalks and 
ears. 
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PLOWING AS A MEANS OF CONTROL 

Recent field experiments conducted by the bureau in the bile 
Erie region have demonstrated the value and necessity of plowing 
under cornstalks and stubble as a means of corn-borer control. The 
effectiveness of plowing depends upon turning under the corn refuse 
and other plant débris so conapletely that none of it remains upon 
the soil surface. It requires also that the material shall not be 
dragged to the surface by later cultivation. 

Clean plowing is the best practical method of control for applica- 
tion to fields containing high stubble or stalks in case it is im- 
practicable to cut the stalks close to the ground and dispose of them 
by feeding or burning. Existing methods of cutting stalks or break- 
ing them off at the “soil surface, raking them into windrows, and 
bur ning them are less effective than clean plowing alone, except where 
such raking and burning are followed by plowing under the 
remaining débris. 

In the Bono-Reno area of northwestern Ohio during May and 
June, 1926, the number of borers per acre remaining in cornfields 
which had been poled, raked, and burned, or disked for small erain, 
was nearly twice as great as the number remaining in fields where 
cornstalks or stubble had been plowed under. 

In disked corn-stubble fields where small grains were seeded the 
previous fall or in the spring, 89 per cent of the original borers 
remained alive in the corn remnants and other plant débris on the 
soil surface. 

Studies made in five plowed fields of Lucas County, Ohio, revealed 
that on an average 75 per cent of the borers were killed by the 
operation, although no special effort was made to plow under cleanly. 
Two of these fields contained standing stalks and three were in high 
stubble. 

Similar field work at Silver Creek, N. Y., showed an average of 
97 per cent of the borers killed in three fields where standing stalks 
were poled down and then plowed under. In three fields where 
high stubble was plowed under, an average of 78 per cent of the 
borers were killed. 

Less than i0 per cent on an average were killed by winter condi- 
tions, predators, parasites, and disease. 

In the region previously mentioned an average of 59 per cent of 
the borers were killed by poling, raking, and burning the standing 
stalks in four fields. Many lhving borers were found in pleces of 
stalks not burned properly, as well as in stalks not broken off duri ing 
the poling process, and in stalks missed by the rake. Fourteen per 
cent of the borer population were left in small pieces of corn husk, 
leaves, etc., which it was not possible to gather with the type of rake 
ordinarily used for such purposes. 

DISKED CORNFIELDS SHOW VERY POOR RESULTS 

In four fields of high stubble where oats were seeded after disking, 
without previous cultiv ation, only 11 per cent of the borers were 
killed. Therefore, the seeding of small grain on disked corn stubble 
or stalks is a dangerous practice under corn-borer conditions, since 
it leaves so many of the borers alive. The growing grain also pro- 
vides shade and ideal protection from the wind for the oe left in 
such fields during the late spring. 
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Regardless of any necessary change in farm practice, the disking 
for smali grain on infested corn lands will have to be discontinued 
if the corn borer is to be held in check. Where unavoidable, this 
practice should be limited to fields in which the operations of cutting 
or breaking off the stalks at the soil surface and completely disposing 
of them together with all trash, by burning or otherwise, have been 
carefully conducted. 

In a field where standing stalks were poled down, raked in wind- 
rows, and burned, and the remaining débris plowed under, practically 
all of the borers were killed. Although there were about 5,100 borers 
per acre in the standing stalks before operations began, no living 
borers could be found in such small portions of trash as remained. 
This method, if widely adopted, would act as a very severe check on 
corn-borer infestation, and therefore it is strongly recommended. 
Although the plowing under of infested cornstalks and corn stubble 

has given encouraging results where carried on in a careful manner 
it should be emphasized that careless plowing leaves many pieces of 
stalks, stubble, weeds, etc., upon the soil surface and is not effective. 
This débris shelters many borers which crawl to the surface after 
being plowed under. They bore into, or encase themselves, in such 
débris, and here many of them transform into moths. Where such 
shelter is lacking the vast majority of the borers finally perish, either 
being eaten by birds, beetles, or ants, or killed by various native para- 
sites or by exposure to the weather. The use of plows with wide bot- 
toms and a chain or wire to aid in burying all debris is an important 
help in doing a clean job. 

The importance of clean plowing was strikingly shown by a series 
of experimental tests at Bono, Ohio. 

Infested cornstalks were plowed under at intervals from late Sep- 
tember to mid-December, 1925, and were surrounded by “recovery 
traps.” At least 38 per cent of the borers in these plowed-under 
stalks crawled to the soil surface during the fall and the following 
spring. The remaining 62 per cent died in the soil or were destroyed 
by their natural enemies and weather conditions after reaching the 
surface. 

In tests where the soil surface was practically free of all plant 
débris an average of only 2 per cent of the plowed-down borers were 
able to find adequate shelter. In similar tests where the quantity of 
stalks on the soil surface was the same as on average fields in the 
vicinity, 13 per cent of the total borers plowed down found adequate 
shelter in débris-on the surface. In two other tests where “ recovery 
traps,” which provided shelter, were placed 25 feet distant from the 
plowed area, and stalks were left on the soil surface in average 
quantity, 22 per cent of the total number of plowed-under borers suc- 
ceeded in entering the surface débris. An additional 5 per cent 
crawled at least 25 feet to the “ recovery traps.” 
Thus it is shown that under circumstances closely imitating field 

conditions following clean plowing only 2 per cent of the borers 
escaped destruction. On the other hand, where average quantities of 
corn remnants were left on the soil surface, from 13 to 22 per cent of 
the borers survived. 

In certain small tests where minute examination was possible, evi- 
dence was obtained that 28 per cent of the borers had died in the soil. 
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CORNSTALKS IN BARNYARD, FEED LOT, AND MANURE MUST BE DESTROYED 

The warning should be repeated against throwing large quantities 
of cornstalks and other corn remnants into the manure unless buried 
deeply within it. It is also dangerous to permit large quantities of 
cornstalks to accumulate in barnyards and feed lots. An examina- 
tion of the cornstalks in barnyards and on the surface of manure 
piles of five typical farms in Lucas County, Ohio, showed borers 
present in such cornstalks at the rate of 51 borers per 1,000 linear feet 
of stalks. No living borers were found in stalks buried deeply in the 
manure or in shredded corn plants which had been used for feed or 
bedding. 

J udging from the history of the corn borer in Europe and in 
America, the pest may be expected to cause more damage in areas 
where the farming practices allow large quantities of stalks to remain 
undestroyed on farms than in areas where less corn is grown and 
stalks and other corn remnants are promptly consumed or destroyed. 

HUSKERS AND SHREDDERS VERY EFFECTIVE IN KiLLING BORERS 

The existing types of husking machines equipped with shredder 
heads or cutter heads, or combination shredder and cutter heads, kill 
most of the borers in infested cornstalks. The efficiency of the 
machines is increased where special care is taken to apply sufficient 
pressure on the snapping rolls to produce a crushing effect. In six 
tests wherein tornstalks infested by the corn borer were run through 
six different types of husking machines an average of 98 per cent of 
the borers were killed by the machine. The creater part of the 
remaining 2 per cent undoubtedly perished during the process of 
storing the shredded material, feeding it to livestock, and using the 
residue as bedding, ultimately to be trampled into the manure, as 
results from the general practice. 

This method of disposing of fodder is strongly recommended, and 
its use in corn-borer territory should be greatly extended. 

The cutting box as ordinarily used has not proved effective in kill- 
ing borers contained in cornstalks. If ‘used at all, it should be 
adjusted so as to cut the stalks in pieces not to exceed one-half inch 
in length. 
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