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HISTORY AND SCOPE OF THE INVESTIGATIONS IN
EUROPE

The investigations of the European corn borer {Pyrausta nubilalis
Hiibner) and its controiling factors in Europe, of which the results
are summarized in this bulletin, were initiated in the fall of 1919
under instructions from L. O. Howard, then Chief of the Burean
of Entomolegy, Little information was then available as to the
status and controlling factors of Pyrausta nubilalis in Burope, but a
preliminary investigation conducted at the request of the Bureau of
Entomelogy by Mugame Vuillet of the French entomological service,
under the direction of Paul Marchal, revealed the presence of at
least two species of parasites attacking the borer in southwestern
France. After a consultation with the French entomologists, a
temporary laboratory was therefore cstablished on the outskirts of
the town of Auch, in the middle of the southwestern corn belt, and
collections for the study of parasites and for shipment to the United
States were immediately begun. Three species of parasites, Zenillia
roseanae B. B., Masicere. senilis Meig., and Fulimneria crassifemur
Thoms., were discovered associated with the hibernating larvae,
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and an expervimental shipment of stalks containing cocoons of Ewu-
Limneria crassifemur and parasitized caterpillars was made in the
spring of 1920. During the summer of that year, which was unusu-
ally warm for the region, the seasonal history of the corn borer was
of {he two-generation type, the majority of the larvae pupating in
late July and early August. Numerous collections of the summer-
generation lacvae were made, resulting in the discovery of three
additional species of parasites, Dioctes punctoric Rom., Eweristes
roborator Fc%?).g and Mivrobracon brevicornis Wesm. During this sea-
son Doctor Floward visited Furope, and, as a result of his con-
sultations with entomologists in a number of areas infested by the
corn borer, new avenues of investigation were opened up. Several
shipments of the stalks of Artemisia vulgaris containing cocoons of
Microgaster tibialis Nees were thus received from Belgium, through
the courtesy of G. Severin, of the Muséc Royal d'Histoire Naturelle
in Brussels, and a large number of hibernating caterpillars and an
interesting collection of reared parasites was supplied by . Silvestri
and assistants working under his direction. In the fall of 1920 pre-
liminary investigations were also made in the Mediterraneen coastal
region In cooperatiwy with M. Poutiers, director of the Insectarium
de Menton, and in the valley of the Arno, in ceniral Italy, in cooper-
ation with Professors Berlese und Del Guercio, of the entomological
station at Florence.

In the winter of 1920-21 collection and shipment of hibernating
larvar of the borer and the cocoons of Fulimueria crassifemaur were
resumed in the vicinity of Auch on a much larger scale than in the
previous season. Cornstalks were purchased st a low rate irom the
farmers of the surrounding country and on their arrival at the lab-
oratory dissccted by temporary workers specially trained for this
purpose. As a result of previous consultations with Doctor Howard,
the method of shipping infested stalks was now abandoned, the
corn-borer larvae being shipped in wooden boxes between layers
of specially selected corn pith and the parasite cocoons in separate
confainers. This method was found after a little experiment to
be much more cconomical and efficient than the one previously
employed.

In the summer of 1921, in order to obtain a more central loeation
for the work, within reasonable range of the principal corn-borer
areas of Europe, the laboratury was transterred to Hyeres, on the
French Riviera. ‘The investigations undertaken in this area soon
revealed the presence of several parasites hitherto rave or unknown,
notably Dioctes punctorin, Microbracon brevicornis, Exeristes robor-
afor, and Phaeogenes planifrons Wesm, After a number of pre-
liminary experiments. a method was developed for the rearing in
confinement of Af. brevicorais, of which 1,800 cocoons were shipped
in the 141l to the laboratory in Arlington, Mass. together Witlllj in-
structions for breeding this species, which was subsequently reared
and liberated in large numbers in the infested areas.

The absence of parasites in the winter stalks collected in the
Mediterranean rerion made it necessary to retura to the southwest
of France in order to obtain material of the hibernating species.
Two carioads of cornstalks therefore were purchased for this pur-
pose in the Department of the Aude and shipped to Hyeres, where




I'HB CORN BORER IN EUROPRE

the hibernating caterpillurs were taken out for shipment. Lack of
assistance prevented the establishment of a collecting station in #he
southwest until the middie of the hibernating season, but after that
time a considerable quantity of material was obtained. During the
summer months an experimental shipment of cocoons of Dioctes
punctorie was alse mude in cold storage from the region of Hyeres,

In the winter of 1922-23 the pnrasitism in the hibernating cater-
pillars of Pyrausta nubilalis was so low that it was considered useless
to collect them for parasite rearing, though a shipment of parasite
cocoons was made from the stalics examined. In the spring of 1923
the search for parasite roaterial was extended to the weed arcas of
northern France, and a smull preliminary shipment of Microgaster
cocoons wis made for experimental purposes.

During the summer months an wdditional shipment of Diocies
punctorie was made,  Afier some careful luboratory studies a prac-
tical method ol rearing Kweristes roborator was developed, 2nd later
in the scuson over a thousand cocoons of this species were shipped
to the Arlington (Mass.) laboratory in cold storage and used there
for breeding on nn extensive scale in the following seasons.

In the fall of 1823 the winter work In southwestern France was
temporarily abandoned in favor of the collection of hibernatin
larvre and parasite cocoons in the weed arens near Paris, ang
although the lack of fimds prevented the organizaiicn of this work
on a large scule, enough material was obtained for satisfactory
shipments of hibernating caterpillars of Pyrausta and cocoons of
Eunlimneria and Microgaster.

In the summer of 1924, nfter a preliminary scouting trip in north-
ern Italy, collection of the parasites attacking the summer generation
was begun in the region of Bergamo. The courteous assistance of
Dortor Zapparoli of the Stazione di Maiscoltura and the divectors of
the regional agricaltural offices ereatly facilitated the organization
of this work. During the following winter centers for the collection
of hibernating parasites and caterpiliavs were estublished at Ber-
gamo, m Italy, at Auch. in southwestern France, and in the region
of Paris, und provided a considerable quantity of material for ship-
ment.

In 1923 summer collections were again organized at Bereamo. But
ns few parasites were present in the winter stalks, the collection of
hibernating parnsites and caterpillars was abandoned in Italy, and
the work in southwestern France and in northern France was organ-
ized on a somewhat larger scale.

Careful seonting operations and test dissections during the spring
and summer of 1925 revealed the presence in considerable nuntbers
of two parasite species, of which one, a species of Apanteles, had
been previously found upon two occasions, and the other, Macro-
centrus abdomanalis Tab., was new gs n parasite of Pyrausta nubila-
fis. In order to obtain a supply of these parasites, two new sub-
stations were organized in northern France, at Lille and Angers.
The operations in southwestern France were also extended during
this season.

The increased appropriations available for the fiscal year 1926-27
made it possible to organize the work on a larger scale than ever
before. Large-scale operations were conducted in Tergamo. where
about 150 collectors were employed. In the southwest of France
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eight collecting centers were established with 135 collectors, and in
ti® north of France stations were organized at Paris, Lille, Le Mans,
Tours, Arras, and Douai, with 26 collectors.

During the period of years covered by the work, 3,809,813 cater-
pillars were collected and shifped to the United States for the rearing
of parasites. Ten species of parasites, represented by 690,388 indi-
viduals, have been obtained from the material sent. This group of
Earasites includes all the important natural enemies of the corn

orer in the regions studied up to the present.

The results obtained in this phase of the work have been due in
large measure to the energy and efficiency of the temporary field
superintendents, among whom W. Gamkrelidze deserves special men-
tion. The organization of the large-scale collecting operations in
France and the conduct of the collecting stations in the southwestern
corn aren have been for several years in charge of this entomologist,
who has discharged his very difficult duties In & most satisfactory
manner and has also furnished some of the technical data embodied
in this bulletin.

Table 1, enumersting the yearly shipments of Pyrousta nubilalis
larvae and parssites, will give an 1dea of the progress of the parasite
work from its inception o the present time.

Tante L-—Parasites of Pyrauste nubilalis shipped io the United Biates from
France and Italy to January 31, 1928

t Number of perasites

Fisen! + MNwmne
ycé\rd i li('r (L:r A————~—l-—‘i~- g -
fende ost L walime Ezer- | Phoeo- [ M . - - -
| - Eulime |y 100 sec- | Mlere-| Apane | Maere-| Micro-| Zenll- | Mast
June 30) | larvse [Tpopy” [RT0ctes Ygoc gones | goster | teles cenr.wsibraoon lin | cers
i i
) J i
' L F—— ! - 120 B8
7,629 16 - : T 280
350 £ 71 I N I - { 3,300 63 BT
1,600 168 ; 1,061 .| 100 e
L 1 R ! b2 1111 T PR -
2,087 | 23 || LOOL| 9296 | onfonc.oo- 4 588 186
14,815 | 2,167 By 5440 [ 34,1 5035 B8RS ... a3, B85 2 277
34,604 1 11,208 [ o 37,007 188,722 | 33,195 | 1L, W47 42, 7H £, 338
25,181 7,500 |-ceeeee- 1 30, 206 |120.600 08, 250 1130, 200 dommeeans 141, 500 ] 14,500
Totﬂ].-.;S, 563,813 i 86,800 | 25,624 | 1,411 ] 54,203 |333, 549 | 68,360 | 24,532 | 1,300 | 76,725 | 15,704

1Estimated os contained witiin the 1,400, 100 host larvae.

The operations the results of which are summarized in Table 1
represent only a single phase of the work carried on in connection
with the corn borer. Before collections could be made or shipments
of parasites undertaken, careful studies of the biology of the various
species involved were necessary in order to eliminate the risk of in-
troducing secondary parasites and in order to determine the develop-
mental stages best adapted for shipment. Numerous experiments
wore conducted with the object of deciding what species could be
reared under laboratory conditions and in order to determine the most
practical methods of rearing. .

The majority of the important parasites {Eulimneria, Dioctes,
Masicera, Zenilliz, Microgaster, Exeristes, and Microbracon) were
thus reared successfully, although on account of the care required
to secure goed results with most of the species it was usually found
more practical to rely on direct collection in the field.
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To permit the establishment of the collecting stations at the points
most Iavorables for the purpose, extensive preliminary investigations
wers required. Collections of larvae were made from many points
in the ureas studied, and the parasitism was determined by labora-
tory dissections, the collecting stations being established in the places
wherae both the host and its parasites were abundant,

An attempt also has been made, by the collection of data on in-
festation and parasitism from generation to generation, to gather a
comprehensive idea of the stutus of the European corn borer and of
the principal controlling factors acting chun it in all the clearly
ditferentiated sections of its European habitat, The work of col-~
lacting, breeding, and shipping parasites has necessarily limited the
scope of these studies, which really require the continuous attention
of several trained investizators. Nevertheless, although much no
doubt remains to be discovered, it is believed that the data alraady
accumulated give a fair general idea as to the position of Pyrausta
nubilalis and the nature and action of its principal controlling fac-
tors in most parts of Europe. In view of the importance which the
corn-borer problem has now assumed in the United States, it has
seemed desivable to publish the gencral survey of the situation em-
bodied in this bulletin.

THE GEOGRAPHICAL BOUNDARIES, TOPOGRAPHY, CLI-
MATE, AND AGRICULTURE OF THE AREAS STUDIED

Before considering the controlling factors of Pyrausta nubilalis
in Europe it seems desirable to describe the principal biogeographical
areas in which obscrvations have been made. These areas, the posi-
tion of which is shown on the accompanying map (fig. 1), are as
follows: France—the Mediterranean, Aquitainian, Rhodanian, Vos-
giup, Sequanian, and Armorican zones; Spain—the Galician Zone;
Italy—the Campuanian and Padovian zones; Central Europe—the
Danubian zone,

FRANCE

THE MEDITERRANEAN ZONE

The Mediterranean zone, or zone of the elive, comprises the narrow
coastal srex of southern France lying between Spain and Ttaly,
bounded on the west by the Pyrenees, on the east by ihe Ligurian
Alps, and on the northwest and northeast by the foothills of the
Cevennes and the Alps, separated by the valley of the Rhone, which
broadens southward into an extensive low-lying deltn. This zone
includes also the Rhone Valley itself as far as Valence and Privas.

The Mediterranean climate is characterized in general by its
warmth, but owing to the topography of the region the lowul varia-
tions are considerable,

On the const the menn annnal temperature varies between 55° and
59° T., the yearly amplitude being only about 27° to 28°. The
mean summer temperature is about 70°, with an average maximum
of 90°; that of the winter is above 43°, with an average minimum of
28°. Frosts are uncommon. Although snow falls occasionally, it
does not last, except in the mountains.  The eastern extremity of the
coast (Department of the Alpes-Maritimes), with a southern exposure




6 TECEXNICAL BULLETIN &89, U. 8, DEPT. OF AGRICULTURE

end 8 mountain barrier protecting it from the northern winds, is
varticularly favored in regard to temperature. West of the Rhone

alley the climate is more severe. The cloudiness is low, and the
rainfall, though fairly abundant (27.5 to 3L5 inches) at certain
peints east of the Rhone, oceurs in the form of Lieavy downpours of
short duration, after which the ground dries up very rapidly, owing
to the low cloudiness and the strong northerly winds. Little rain
falls in the summer months, during which the country takes on a
very arid aspect, irrigation being generally esseatial wherever market
gardening is practiced.

In the Rhone Vulley conditions are somewhat different. In the
delia area (Bouches-du-Rhone) the rainfall is considerably less than
on the const. Farther up the valley the precipitation is about the

Mg, J—~Mnpp shewing prinvipal biogeographicn]l zoneg in which ipvestmations of
Pyronsta aubilelfs and paraslies Luve been wnde in Europe, 18109-1927. 7 A, Medi-
terennenn zene {eonst) s I, Afeditereancan zone (HRhope Valley): €, Aqultainlan
zope; 1, Rucdaning zone; E, Sequanian or larislan zoome {south}; F, Sequanion or -
Lurlginn zove {oecgh) ; O, Armorican zone: IT, Vosglan zone; I, Galicing zonge:
J, Padovian zone (mecth) ; 1K, Padovian zone fsonth) ; L, Campmnian or Neapeli-
tan zone; M, Danublan zope (Hungarian); N, Dooubion zone (Tugoslavian)

same as on the coast, but is more evenly distributed throughout the
year, the fall rains being less abundant and the summer wetter than
on the littoral. The climate is also considerably colder, especially
in the upper part of the valley. An important characteristic of the
Rhone Valley is the cold northvest wind, known locally as the
mistral, which blows very frequently, being especially violent toward
the mouth of the Rhone.

The accompanying climographs (fie. 2, A and B) for Toulon and
Valence will malke clear the general character of the climate in the
two districts in which most of the investigations have been carried on,

The agricultural features of the various parts of this region dif-
fer considerably. The most characteristic plant is probably the
olive, which is cultivated along the lower slepes of the hills, ordi-
narily cut into ferraces, and is found as far north as Lyons. In the
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irrigated bottom lands are found fruit trees, vegetables, and flowers;
and palm, alce, agave, prickly pear, mimosa, and eucalyptus give a
subtropical note to the flora.” The coastal area west of the Rhone
comprises the vinelands of Languedoe, while the delta itself is de-
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voted mainly to stock raising. There is little corn west of the Rhone,
but corn is grown to some extent for grain on the eastern littoral
and in the Rhone Valley, where broomcorn alse is cultivated ex-
tensively at certain points.
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THE AQUITAINIAN ZONE

The Aquitainian zone comprises the southwestern corner of I'rance.
It is bounded on the south by the Pyrenees and on the north and
northeast by the foothills of the central platean. This region has a
roughly triangular outline, its base being formed by the Atlantic
seaboard, and its apex being directed toward the Gulf of Lions, from
which it is cut oft by the mountains lying between the Corbieres
and the Cevennes.

The ¢limate of this region is in general mild, except in the higher
arts of the Pyrenecs, but the yearly range is greater than in the
Tediterranean zone, the maximum summer temperature being some-

what higher and the minimom winter temperature distinetly lower.
The mean annual temperature is about 33° to 57° T, that of the
winter above 40°, and that of the summer in the neighborhood of
68°, the average annual variation being about 30°. The average
maximum for Teulouse is about "6°, and the average minimum about
17°. The rainfall is heaviest in the mountainous Departments of
Basses-Pyrences and Hautes-Pyrences, where it averages about 50
inches, It Islowest in the Departments of Gers, Lot, Lot-et-Garonne,
und Tarn-ct-Garonne, which form the plain of the Garonne River,
and in which the average rainfall is only about 30 inches. In the
other Departments the average precipitation is a little over 35
inches. The distribution of the rainfall tends to the maritime type
toward the Atlantic serboard and to the continental type in tﬁe
inland Departments. The number of light rains and showers is
generally greater and the number of heavy downpours less than in
the Mediterranean coastal area, and as the cloudiness is markedly
higher, the climate is on the whole much moister. The principal
rainy season comprises the months of April, May, and June, a sec-
ondary maximum, only slightly above the normal, occurring in
September and November.

The climograph for this region (fig. 2, C) represents the average
conditions at Auch, where the majority of the data were collected.

The agricultural characteristics of the Aquitainian zone are rather
varied. The plains of the Garonne and the Adour are devoted
mainly to cereals, with a mixture of vineyards. The highlands of
the Fyrenees furnish pasture for sheep and cattle. A great part of
the area near the Atlantic seaboard is occupied by the pine forests
of the Landes, bordered on ithe north by the celebrated vineyards
of Bordeaux. This region contains approximately 80 per cent of
the total area planted in corn in France, the acreage officially given
for this crop in 1922 being about 650,000 acres.

THE RHODANIAN ZONE

The climate of the Rhodanian zone charaecterizes the region east
of the upper Rhonc and the valley itself as far south as Privas,
Valence, and Digne. A great part of this zone is mountainous. In
the low levels the climate is less rigorous than at higher elevations,
but it has nevertheless 2 well-marked continental character, being
rather cold in winter and hot in summer.

The mean annual temperature for the districts in which the
writers’ investigations have been made is about 51° F.; the average
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sbsolute maximum may be as high as 93° and the average absolute
minimum a little below 10°,

The cloudiness is somewhat higher than on the const; fogs are
frequent toward the confluence of the Saone and the Rhone. The
rainfall is rather high, with a slight maximum in fall and another
in summer. North winds dominate; the mistral frequently blows
with violence and, alternating with warm south winds from the
Mediterranenn, determines rapid variations in temperature. The
climograph for this zone (fig. 2, D) is constructed with data from
the vicinity of Lonsle-Saunier, in the Department of Jura. The
annual rainfall in this district averages about 42 inches.

The Jura area, in which the investigations have been carried on,
is the second nren in France in point of importance for the cultiva-
tion of corn, the acreage of this crop in the three Departments of
Ain, Jura, and Saone-et-Loire for 1922 having been approximately
65,000 acres. Wheat is grown rather extensivel , and in certain dis-
tricts large and valuable vineyards exist. Hops also are cultivated to
some extent in the Cote d'Or Department.

THE VOSGIAN ZONE

The Vosgian zone comprises the northeastern cornmer of France
and takes in Lorraine and part of Champagne and Burgundy. It
lies for the most part above the January isotherm of 33° F. and
between the July isotherms of 64° and 68°. The topography is
diversified, and local differences in climate are therefore consider-
able. The climate in general is continental, characterized by long,
cold winters and hot summers, The mean annual temperature is
between 48° and 50°, that of the winter is about 84° and falls even
te 82° in the valley of the Moselle, while that of the hottest month
1s about 66°. The maximum rainfall is in the summer months and
is highest in the mountainous districts of the Ardennes. Snow is
frequent in winter,

The Rhine Valley, in which the writers’ observations on Pyraousta
nubilalis have been made, has a lower rainfall than the mountainous
districts. According to Angot (I),' the average rainfall for the
low-lying regions is about 27 inches, the figure for Miilhausen being
a little higher. In the plain there is a dry season comprising the
months of November to April, inclusive, with a very marked mini-
mum in February, and a rainy season extending over the six months
from May to October, with a maximum in June and July. The
average absolute maximum for Strassburg is about 84° and the
average absolute minimum about 68°. (Fig. 2, F.)

The relatively warm summer which characterizes the Rhine Valle
is responsible for the fact that a comsiderable quantity of corn is
grown, the total avea in this crop for the two Departments of Bas-
Rhin and Haut-Rhin taken together being about 8,000 acres. The
Rhine Valley contains also important and valuable vinelands as well
as large areas of tobacco, hops, and cereals.

'Italte numbers in parentheses refer te * Literature clted,” p, 61.
TEI02-28 2
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THE SEQUANIAN ZONE

The Sequanian zone includes the lowlands of north-central France
and takes in the region of Flanders and the basin of the Seine, with
the exception of its more eastern parts.

The climate (fig. 2, E) is essentially transitional in character. It
is mild and moist, but less uniform than the Armorican climate and
less extreme than the Vosgian climate. The mean temperature of the
year is about 50° I. and that of the winter is 35° to 87°. The average
absolute minimum temperature is about 12°, the average absolute
maximum about 98°. TFrosts occur at intervals from November to
Muy. Grapevines are not infrequently injured by frost during May
in the neighborhood of Paris. The maximum rainfall and the mini-
mim summer temperatures occur in the northwestern part of the
Seine Valley, where the Scquanian climate merges into the Armori-
can and assumes maritime characteristics. The minimum summer
temiperatures occur in Champagne.

According to Angot (7), there is a dry season of five consecutive
months, December to April, inclusive, with a very marked minimum
in February, and a rainy period, including the months from May to
October, with two maxuna in June and October, the principal one
being that in June. In the vicinity of Lille, where extensive collec-
tions also have been made, the climate is markedly colder than that
of the Parisian area, but the rainfall is heavier, the averape for
é..il]e being about 27 inches as against 21 inches for the Parisian

istrict,

The Sequanian zone includes in the east the vinelands of Cham-
pagne, but it is for the most part a region of mixed agriculture.
The low temperatures during the growing season render it unsuit-
able for the culture of corn, but in the waste areas along the railway
lines which traverse it and around its great cities, especially Paris,
Artemisia vulgaris L. furnishes an abundant supply of food for the
larvae of Pyrausta nubidalis.

THE ARMORICAN ZONE

The Armorican zone characlerizes the region of Brittany. Of
all the climates of France it is the one in which the mean annual
fluctuation in temperature is least. The winters are very mild and
the summers cool. This uniformity is duc chiefly to the prevalence
of the west winds, which are very humid, bringing fogs and heavy
clouds that diminish the intensity of nocturnal radiation. The mean
annual temperature is between 51° and 53° F., that of the winter
is above 41°, and that of the hottest month is below 63°, except in
the more southerly parts of Brittany.

The rains of this region, though usually fine, are very frequent
and of long duration. The total precipitation in the Department
of Finisterc is about 86 inches. The climograph (fig. 3, B) rcpre-
sents the mean monthly temperature and rainfall at 8t. Malo.

The soil of this region is rather poor. In the northern part of the
peninsula hemp and flax constitute the most important crops, while
the so-called landes of central and southern Brittany are chiefly
devoted to the raising of sheep, cattle, and pigs. The mild, moist
climate permits the development, though not usually the maturation,
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of many plants usuelly considered as southern, such as the pome-
granate, aloc, magnolia, and oleander. Fig trees prosper and ripen
their fruit in this district. A small quantity of corn is grown for
grain in the Department of Morbihan,

SPAIN

THE GALICAN 7ZONE

The Galician zone includes the northwestern corner ¢f Spain, The
climate is of the maritime type, mild and equable, with a very moist
atmosphere and hea.vy reinfall which amounts to over 63 inches in
the western part of Gialicia, the minimum precipitation being in the
months of June, July, and August. The summer is cool and the
winter mild. The mean annual temperature at Santiago de Compos-
tela i3 about 35° I, the yearly vange being about 20°. The average
absolute maximum is 95°; the average absolute minimum is 28°, but
snowfalls and frosts are rare. The average temperature for August,
which is the hottest month, is 66°, and the average temperature for
January, the coldest month, is 45°. The appended climograph (fig.
3, A} represents conditions at Santiago de Compostela.

The agriculture of this region is in general rather poor, but in spite
of the remarkable climatic conditions corn is cultivated extensively.

ITALY

The writers’ investigations of Pyrausta nubilalis, although they
have covered at one time or another practically all parts of the Italian
peninsuia, have been carried on principally in the region of Naples
and in the Po Valley.

THE CAMPANIAN ZONE

The Neapolitan or Campanian zone closely resembles the French
Mediterranean zone both in climate {fig. 8, C) and vegetation. How-
ever, the Neapolitan district is warmer than the French Riviera, so
that such fruit as oranges and lemons can be snccessfully cultivated.
Olives and grapes are extensively grown. Cereals and corn also oc-
cupy & very important place in the agriculture of this Prevince, some
425,000 acres being devoted to the latter crop. )

THE PATOVIAN ZONE

The character of the Po Valley is, however, very different. The
climate here tends to the continental type, with cold winters and hot
summers. The mean annual temperature at Milan is 54.5° F., with a
yearly range of about 48°, the average minimum slightly over 82°,
and the average maximum about 75°, The average sbsolute mini-
mum for this region is about 7° and the average absolute maximum
is about 101°. The climate on the whole is rat er moist, the annual
rainfall at Milan averaging about 40 inches, with a maximum in fall
and a second maximum in spring, the winter months being drier and
the summer months wetter than in the Campanian or Neapolitan
zone. The extremes of temperature are greater and the rainfall lower
in the distriets of the plain than in those lying near the mountains.
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In order better to classify their data the writers have therefore di-
vided this aren into the north Padovian zone, including the region
of Bergamo in Lombardy, and the south _Pafiovian zone, inclu(rl,ing
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the region of Piacenza in Emilia. The clinjograph (fig. 3; D) repre-
sents conditions at Bergamo, '

The culture of the olive is here relatively unimportant, the land
being mainly devoted to cereals, including rice, though vineyards alse
are numerous and extensive. Corn occupies a very important place

l
|
|
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in the agriculture of the Po Valley, some 2,300,000 acres being de-
voted to this crop in the four Provinces of Venice, Piedmont, Lom-
bardy, and Emilia.

CENTRAL EUROPE

THE DANURIAN ZONE

The Danubian zone, which now includes parts of Hungary, Crecho-
slovakia, Rumania, Yugoslavia, and Austria, includes the great fer-
tile plain known as the Alfold, bounded on the west by the Haliam
and Austrian Alps, on the north by the Carpathians, on the east by
the Transylvanian and on the south by the Illyrian Alps, and is
drained by the Danube River and its tributaries.

The climate is of the continental type, with cold winters and hot
summers. The mean annual temperature is about 49° F., with a
range of from 42° to 46°. The mean July temperature is about.
70°, the mean January femperature from 25° to 28°, the .average
absolute maximum varies from 91° to 94°, and the average absolute
minimum from 10° to 3.74°,

The average annual rainfall is about 29 inches, The maximum
precipitation occurs in the months of May, June, and July, with a
second maximum in QOctober. The winter is cold and dry, but the
snowfall provides a covering sufficient to protect the winter grains.
ghe céimogmph {fig. 3, B} for this zone represents conditions at

zeged.

The agriculture of the Danubian zone varies considerably in dif-
ferent loenlities, but in the main it is a grain-growing area, the most
important crops being the cereais, though potatees and sugar beets
are also extensively cultivated. In 1926 more than 2,700,000 acres
were planted to corn in the Hungarian part of this zone alone.

DISTRIBUTION, HOST PLANTS, AND NUMBER OF GEN-
ERATIONS OF PYRAUSTA NUBILALIS IN EUROPE

From the data now svailable it is evident that the European corn
borer is very generally distributed throughout Europe, where its
principal host plants are corn, millet, broomecorn, hops, and hemp,
and certain wild plants. In the areas of western and central Europe
which have been studied up to the present, the favored hosts un-
doubtedly are corn (Zea mays) and mugwort (Artemisia vulgaris).
In distriets in which corn is grown, such as southwestern France,
northern Spain, northern Italy, and the Mediterranean littoral in
general, the insect has very seldom been found in any other plants,
whether cultivated or wild, even when in close proximity to infested
fields or intermingled with corn. For example, in districts such as
that around Hyeres, on the French Meditervanean coast, the plots
of corn are very frequently interspersed with beans, melons, or to-
matoes, for which the corn plants furnish shade, but although these
plants have been examined frequently, practically no infestation by
the corn borer has been discovered, even in fields in which from 50
to 90 per cent of the corn plants were attacked. On one occasion
one or two larvae were found in tomatoes and beans planted in
cornfield, and on another a slight infestation was observed in weeds
{Polygonum and Amaranthus) growing among the planis, but in
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Eeneml such infestation is absolutely negligible. In no area studied
y the writers hns any perceptible attack been noted either on truck
crc];%s or flowering plants.

{he Rhone Valley and southwestern France both millet and
broomeorn have been examined repeatedly, but no infestation of the
slightest importance has ever been found, even in fields adjacent to
ingested corn plots. Many fields of broomcorn also have been
visited in the corn-growing areas of northern and central Italy, but
few signs of attack have ever been discovered. Some examinations
of hop fields in the corn-growing regions near Dijon, in eastern
France, also have been made, but no signs of attack were observed.
Ti seems certain, to judge from the reports of numerous observers,
that some of the crops mentioned, such as millet, broomcorn, and
hops, have, in certain districts and at certain times, suffered severely
from the attack of Pyrauste nubilalis. But in the areas studied the
writers have not observed in the plants mentioned even slight eco-
nomic damage. Mo fields of either broomcorn, millet, or hops have
been observed in which the general infestation was as high as §
per cent.

In the corn-growing avea of castern and southern Trance, for
example, in the environs of Dijon and in the Rhone Valley, the
larvae of Pyrausta are found in both corn and Artemisia, but in
northern Italy and southern France no infestation of Artemisia has
been found, although the borers are common in corn.

In the aress of western and northern Europe in which corn can
not be grown, the larvae of Pyrausta nubilalis have been fourd in a
number of species of weeds, but the most important host plant
undoubtedly is Artemisic vulgaris. This plant, sometimes called
common mugwort, widely distributed in Europe, has become natu-
ralized in America, where it exists, according to Gray {(6), from east-
ern Quebee to Ontario and Pennsylvania. It grows abundantly in
northern Irance along railway embankments and in waste places
where the soil is rich in nitrogen. It has provided practically all
the parasite material not collected in corn.®

A% g very early stage in the investigation of the corn-borer prob-
lem it was noted that the differences in seasonal history observed in
America existed also in Europe. The variaticns in life history in
the various regions of central Europe have already been studied by
K. W. Babeock in connection with the most important metecrclogical
factors. In the warmer parts of its range, comprising the Medi-
terranesn littoral and the valley of the Po, the borer has normally
two generations per year. The corn-growing area of southwestern
France, lying between the Pyrenees, the central plateau, and the
Atlantic, and the Rbone Valley region as far north as Liyons, appear
to be transitional areas, in which the number of generations occur-
ring annually varies according to the character of the season. Thus,
in 1920, the great majority of first-generation larvae in the region of
Auch (Gers%, in southwestern France, pupated during J uTy and
August, whereas in 1924 and 1925 practically all the caterpillars

*The larvne or chrysallde of Pyrensta nubilate heve been taken from the foliowing
plants in Europe hy W. Gumkrelidze : Achillea milicfolum L., Artemisin vulparie L., B
gnocies of Aster, Cannalis satita L., OHreiwem arvense Beop., Dipsacus gilvestria L.,

rigeron congdensis L., ITumwlus lupulus i, Frele conyee D. C., Lappa nfficinalie All,,
Polygonwm mite Schr,, Rumecr gectese L., R. plangtriz Sm., Senecio facolece L., &
vulgaris L., Sorghum vulgare Pors,, Urlica dicica L., and Yo meys L.
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passed through the summer without pupating, going into hiberaation
in fall as in true one-generation areas.

In the other regions in which the borer has been studied (northern,
western, and eastern France, Belgium, northern Spain, Germany,
Austria, Hungary, Czechoslovakia, and Yugoslavia) the corn borer
passes through only one generation a year.

The fact that transitional zones exist in which the proportion of
individuals of the one and two generation types fluctuates from
year to year shows clearly that the variations in life history are more
or less directly dependent on meteorological conditions. The writers'
observations offer no good grounds for believing in the existence of
definite and distinet one and two generation strains, the annusl cycle
of which is independent of external conditions.

THE CONTROLLING FACTORS OF PYRAUSTA NUBILALIS
IN EUROFPE

The vavious factors upon which the control of an insect pest
depends may be clussified as follows:
A. Natural;
1. Intrinsie.
2. Bxtrinsie—
a. Organic,
Parasites.
Predaters.
Disenses.
b. Inorganic.
B. Artifleinl.

Under the heading of natural controlling factors are included thiose
natural causes of mortality operating in the normal environment,
independently cf human intervention. This group may be further
subdivided into (1) intrinsic facters, and (2) extrinsic factors,
among which are such destructive agents as parasitic and predacious
organisms and meteorological factors, in so far as their intensity
departs from that which 1s normal for the species considered.

By intrinsic controlling factors the writers meun thoese character-
istics of structure and habits peculiar to the species, by reason of
which a high mortality occurs in certain phases of existence, even in
the normal environment. It is, of course, true that even in such

hases the destruction of any given individual could always be re-
?erred to the action of certain external causes, but these causes would
be difficult to classify, their destructive action being dye chiefly to the
extreme delicateness of the organism whereby the limiting effect of
many factors is increased and the environment in which existence is
possible is narrowly cireumseribed.

A careful study of tha problem of natural control has convinced
the writers that what they have called the intrinsic controlling
factors ave far more important in comnection with the natural
equilibrium than is generally renlized. They believe that, in the case
of many species, more individuals disappear because of their highly
restricted adaptive powers than through all the other controlling
factors taken together. It is probably true that in many cases the
effect of these factors is not sufficient to prevent the increase of a
pest unless they are supplemented by other agencies, such as parasites
and predators, but that they surpass in importance any other single




16 TECHNIOAL BULLETIN 59, U. S. DEPT. OF AGRIGULTURE

group of facfors seems certain. It is difficult to make any general
statement as to the natuve and action of the intrinsic factors of
confrol. In many cases, at least, the mortality from this source
appears to occur mainly in the early larvzal stages. Thus, in several
instances with which the writers have been personally concerned,
attempts have been made to start artificial colonies of certain in-
sects, either with the object of studying controlling factors or as a
method of parasite introduction. In these experiments eggs or
young larvee were placed upon the host plant in numbers judged
sufficient to produce a heavy infestation, but the results were con-
trary to expectations. The infestations expected did not develop,
and in the case of larval “plantings” the population of the in-
troduced imsects mctually diminished as time went on until the vast
majority had disappeared, though no definite cause of destructiop
could be observed.

The young larvae of Pyrausta nubilalis are extremely delicate,
Those which fall to the ground or into a drop of water, or emerge
at a point of the plant where food material is not sufficiently tender
or is in other ways unsuitable, probably die very rapidly. A slight
injury of any kind or a short deprivation of proper food is sufficient
to cause a very high meortality among the young larvae. Thus,
in the normal courwe of events, even in the normal environment of the
species, intrinsic causes determine indirectly an enormous elimina-
tion of individuals.

In order to show the importance of the intrinsic controlling factors
it is sufficient to compare the potential population, as shown in the
egg masses, with the number of mature larvae on infested plants.
Such a comparison will show that only a very small fraction of the
population represented Ly the eggs actually reaches maturity. For
exnmple, in examinations of cornstalks containing hibernating larvae
which have been made in the region of Auch for 2 number of years,
the average population of the infested stallts has usually been lese
than two borers. Supposing, as is probable, that at least one egg
mass containing at least 19 egas existed on each infested stalk, this
wwould mean a mertality in the young stnges of nearly 90 per cent.
As the parasitism is very low and no larvae die from parasitic attack
until they have reached the fourth or fifth stage, this mortality, which
seems to occur almost everywhere in western Europe, can hardly be
attributed to anything but the constitutional weakness of the young
caterpillars. Although the elimination which results therefrom
doubtless varies under different conditions, it is probably nearly
always more important than that resulting from all other controlling
factors taken together.

The limitations imposed upon the increase of the insect by the in-
trinsic factors of control appear also to be of considerable importance
in two-generation aress. The number of moths emerging seems
generally to be much greater in the summer than in the spring, but
the population of the second-generation larvae is rarely larger and
often smaller than that of the first-generstion larvae. As the mor-
tality in the mature larval and pupal stages is not enormous, a vast
number of individuals must be eliminated either in the adult or in
the early larval stages. As this eliminstion is not produced by
parasites and is more or less independent ef climatic features, it ean
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only be attributed to the intrinsic factors of control, although, as will
be showu later, the envirenmental conditions at this time are de-
finitely less favorable to the borer than at the beginning of the first
generation.

THE PARASITES OF PYRAUSTA NUBILALIS IN EUROPE

The perasites of the Buropean corn borer discovered during the
work in Europe are as follows:

Parasites of the egg:
Chauleldidae—
Trichogrumma cvanescens Westw,
Parnsltes of the larva:
Tachinidne—
Afasicera seniliz Mely.
Zenillia royeanne B, & B,
Nemorilla floraliz Fall,
Nemorilla maculoge Meig.
Bzoriste mitis Melg.
Iehoenmonidae—
Bulimnerin erassifemur Thoms.
Dioctes puncloria Rom.
Campoplegine {undetermined).
Hroristes roborator Fab.
Braconldae—
AMicrobracon brevicornis Wesm.
AXicrogaster Hbialis Nees,
Apanieles thompsoni Lyle.
Macrocentrug abdominaliz Fab,
Chelonus sp.
Chnlcldidne—
Eunlophid (undetermined),
Protozon—
Pererig pyrausta Pail
Leptomones pyraustae Pail,
nrasites of the pupa:
Ichneumonidne—
Theronio wtaluntae Podsa.
Phucogenes planifrons Wesm.

THE FARABITES OF THE EGG

TRICHOGRAMMA EVANESCENE WEBTW.

The only parasite of the egg observed is the cosmopolitan species
known as Trickogramma evanescens Westw. This minute chalcid
deposits its egg in that of the corn borer, from which it issues in
the course of about 18 to 20 days. As the Trichogramma larva ap-
proaches maturity the egg containing it turns black, so that in mature
masses the parasitized eggs can easily be distinguished.

The fact that the parasite emerges as an adult about the time the
eggs of its host hatch, and has to accomplish one or more generations
upon other hosts between the periods when corn-borer eggs are
available, and the extreme polyphagy which characterizes it, render
its action on this host extremely irregular and uncertain. )

Under American conditions the percentage of eggs destroyed by it,
as noted by the investigators of the Arlington TMpss.) laboratory,
may sometimes attain important proportions, especially in the eggs
of the second generation. But in Europe its réle seems to be unim-

7630228 3
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portant. It has been found in eggs deposited on corn in southwest-
ern and eastern France and on the Mediterranear liftoral, but cnly
in insignificant numbers. Table 2 summarizes the data obtained.

FasLE 2 ~—Parastiism of epps of Purausta uubilclis by Trichogramme cranescens
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THE PARASITES OF THE LARVA

The larval parasites of the corn borer fall in two groups. In
the first are included the species which attack the younger larvae;
in the second, these which attack the mature larvae, All of these
parasites, no matter in what stage of the host they begin their
parasitic existence, complete their development in caterpillars of the
last or penultimate stage, except an occasional Zenillia which issues
from the newly formed chrysalid.

PARASITES ATTACKING THE YOUNGER LARVAE
MABICERA BENILIA MEIQ,

The dipterous parasite known as Masicere senilis Meig. attacks
Pyrauste nubilalis in corn in all of the principal corn-growing areas
of Europe. No reliable data in regard to its distribution or host
relations exist in the literature, because, ss has been shown in a

revious paper (I3), at least three different tachinids, which are
airly easy fo separate in the first larval stage, but practically undis-
tinguishable in the adult condificn, are included under the same
name by the systematists. Extensive examinations of material from
many localities have shown, however, that only one of these species
attacks the corn borer in Europe. Furthermore, there exists in
America a tachinid (M. meyoidea Desv.) inseparable from the Euro-
pean form either in the adult or late larval stages. This species,
like its European homonym, parasitizes stem-boring larvae, such as
Papaipema nebris Guen., form nifela Guen., but, as has been shown
by Vinal and Caffrey (78}, it seldom attacks the larvae of Pyrausts,
even when living in the same individual plants as Papaipema.

Blclogy

It was originally supposed, from the structure of the fermale repro-
ductive system and the first-stage larvae (75}, that Af, senilis depos-
ited its larvae on the caterpillars of the host. It has since been found,
however, that when confited in the laboratory the females of this
species deposit their larvae on leaves on which the young caterpillars
of the host are feeding ang that the parasite maggots, instead of lying
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motionless in wait for their hosts, as is the ease with certain other
tachinids having the habit of *leaf larvi osition,” stars out in search
of them, as do the larvae of the dexiine flies. Deposition of larvae
seems to be determined chiefly by the odor of the host, as it will
occur whether the host is visible or not. Several larvae are often
deposited in rapid succession et the samé spot.

As has often been noted, the tachinids which have the habit of
depositing eggs or larvae upon leaves usually ‘have a very high repro-
ductive capacity, many thousands of eggs being produced by certain
species of these groups. In M. senilis, however, the veproductive
capucitfr is moderate, and only a few hundred larvae are produced.

As the parasite apparently deposits its larvae whether the host
is visible or not, it evidently can not choose for attack the caterpillars
of any particular stage. Dissections of eaterpillars from the field
show, however, that most of the first-stage larvae occur in hosts of
the full-grown stages. As the maggots are usually unable to pene-
trate into the thick-skinned caterpiilars, it seems probable that they
enter {he host when it is in the third stage. The immunity of the
younger caterpillars is probably due either to their inaccessible posi-
tion within the plants or to the fact that in these stages they do not
exert a very powerful attraction upon the parasite.

After entering the host, the larva of Maricera senilis forces its
posterior extremity into one of the muin lateral trunks of the host’s
tracheal system, usually in the tuft of tracheae opposite a spiracle.
The irritation caused by the presence of the parasite causes 8 pro-

- liferation of the {racheal epit.gelium, which forms around the bedy
of the tachinid larva o closely fitting sheath composed of a basal
chitinized and pigmented portion, cuplike in form, and o distal un-
chitinized and colorless portion.  While it is within the trachesal
sheath the larva apparently feeds only upon the blood of the host, but
after it has emerged from the trachea und entered the body cavity it
begins to devour indiscriminately all of the internal organs, so t{mt
when if issues from the caterpillar it leaves little but the empty skin.
The emergence from the tracheal sheath and the change in the feed-
ing habits of the parasite occur after the molt from the second to the
third stage at a time when the host has attained its complete larval
development.

Adfter it has finished feeding the larve usually emerges from the
caterpillar and pupates. On a few occasions, however, its puparia
have been found within the skin of the dead host. The larva of
M. senilie can pupate without difficulty under artificial conditions in
almost any receptacle.

Seasonal history—The seasonal history of Masicera senilis, In
comparison with a number of the other parasites of Pyrausta, is
extremely irregular, This irregularity shows itself particularly in
the development of the larvae infesting caterpillars of the one-gen-
eration sreas or caternillars of the hibernating brood in the two-gen-
eration areas.

The majority of the larvae of M. senilis pass the winter in the
second stage in the hibernating caterpillars ofp the host, but s certain
number emerge and pupate in the fa{), both in the one and two gen-
eration aress. Thus, among 460 second-generation caterpillars of
Pyrausta collected at Bergamo, Italy, in early QOctober, 1925, 38 were
found from which Af. senslis had emerged snd pupated, although a
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number of the remaining larvae sti!l contained parasite maggots of
this species in the second s\taFe. In regions such as the Mediter-
ranean Riviers (Hyeres, Naples), and eyen under exceptional eir-
cumstances in colder climates, the hibernating larvae of senilis emerge
from the caterpillars of the host long before the period of pupation.
Thus, in material received from southern Ttaly in 1921, full-fed larvae
and puparia of the parasite were found as early as January 25 and
more ot less continttally from that date onward. Similarly m south-
ern France, in the Mediterranean coastal zone, puparia of this species
were found in the field in 1925 as early as February 20, while in
caterpillars Jissected from February 20 to 25, 50 per cent of the
seniliz larvae found were in the third stage, which means that they
would have pupated very soon. The development of the specimens
which pupste in fall or winter is, of course, delayed to some extent by
the prevailing low temperatures, but so far as has been observed none
of the fall pupavia hibernate, while those formed in the winter and
enrly spring 1ssue long before the time when young larvae of the
borer are available.

Nevertheless, even in warm districts, some larvae usuaily do not
complete their development until the season is well advanced, while in
colder districts the majority of the larvae do not emerye to pupate
until about the time when the host itself is transforming.

The irregularity in the life history of Masicera serilis renders it
impossible to say exactly how many generations of this parasite
occur during the course of the year. It is improbable that the indi-
vidugls emerging in autumn or winter can successfully attack the
thick-skinned adult larvae of the corn borer, though they may, of
conrse, find other hosts. So far as can be gathered from the avallable
data the development of sendlis as a parasite of the borer follows that
of the host; that is to say, it has one generation in the regions where
its host has one generation and two generations where its host has
two. The larvae of seniliz issuing from the summer generation
pupate, and the adults emerge about the same time as the corn borers
themseives, so that the females come to maturity gbout the time the
young larvae of Pyrausta begin to be prevalent in the flelds.

Limiting Facfors

Under this heading the writers propose to consider in the case of
each parasite the factors which limit in a general way or diminish in
certain special cnses the efficiency of the s ecies as a parasite of the
corn bover. 'The subject is one on which few data are available and
concerning which information is extremely difficult to obtain, but
it is of the greatest importance.

Tt is evident that the habit of Pyrausta of feeding in a more or less
protected situation within the flower heads or stems of the corn plant
is, in the case of all parasites of Pyrausta with wiich the writers
are acquainted, a very serious limiting factor. Tt is probable that
at any given moment, and indeed in any given generation, only a
fraction of the corn-borer population is in such a position on the
plant that it can be attacked by the parasites, so that no matter how
abundant these become they can hardly reach more than e certain
maximum percentage of their hosts. The fact that the parasite
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maggots are able to penetrate in search of the caterpillars of the borer
to points inaccessible to the adults does not constitute & perfect com-
pensation of this factor. Observations by the writers indicate that
¢he larvae of the parasites are not able to continue their search for
the host for more than a short time without becoming too exhausted
to bore their way into its body. It does not seem that the repro-
ductive capacity of the parasite is high enough to make up for the
loss of progeny which occurs in the search for the host. )

On the other hand, though a few pupae, from unknown causes, die
without emerging, the elimination due to either hyperparasitism
or multiple parasitism is negligible. Few pupsaria attacked by sec-
ondary parasites occur in field collections, and caterpillars of the
host infested by seniliz seldom contain more than one larva of the
parasite or larvae of any other species.

BExtent of Parasilism

Table 8 summarizes the dats collected on the parasitism of the
European corn borer by M. senilis. The oplimum area for this
species thus appears to be the warm Mediterranean zone and the
hotter parts of the Po Valley, although a high parasifism was
observed also in northwestern Spain (Galicia}, where the climate
is of the maritime type. In the colder parts of Europe this parasite
seems in general to be unimportant.

TabLp 3.—Parasitizsm of larvac of Pyrausta nubilalis by Masicere senilis
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ZBNILLIA ROSEANAE B, AND B.

The tachinid Zenilliz roseanae is much easier to identify in the
adult condition than Masicera senilis. The specimens originally de-
scribed by Brauer and von Bergenstamm (3} were reared from the
common grape pest Conchyliz roseange Hw. Berland and Séguy
(2) have reared it from Glyphodes unionalis Hitbn., attacking jas-
mine on the French Riviera, and P. Chretien has obtained it from
larvee of Pionea stachydalis collected at Nay in southwestern France.
The latter species, whose larva feeds in August and September on
Stachys sylvatica, is, like the corn borer, a member of the subfamily
Pyraustinac of the family Pyralidae.
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The distribution of Z. roseanae as a parasite of the corn borer is
more restricted than that of Masicera senilis. It has been found in
material collected in southwestern France, the Rhone Valley, ihe
Mediterranean coastal region, including the French Riviera and the
district around Naples in southern Italy, and the valley of the Po.
It will be noted that these are all two-generation or transitional
zones. In larvae collected in typical one-generation districts, either
in corn or Artemisia, Zenillia roseanae has never been found, though
adults have been collected nt Rambouillet (Seine et Oise) in the
region of Paris, where Pyrausta is often abundant in Artemisia. It
has been fairly abundant in certain seasons both at Hyeres, on the
French Riviera, and in southwestern France, but in other regions,
tivluding that of Naples, the climate of which is very similar to
that of the French Mediterruncan zone, it has never been very com-
mon during the period covered by these investigations. The species
hu}s alse been collected in England, where it presumably attacks some
other host.

Biology

The females of this species, like those of Masicera senilis, deposit
their larvae at a distance from the host, whether it is visible or not.
As in the preceding species, the odor of the host seems to be the
important Elctor in indueing oviposition, for females will oviposit
readily in confinement on fresh leaves of corn or dock which have
been moistened with the bicod of the corn borer. The habits of the
goung larva (74) are similar to those of senilis. It penetrates into the

ody of the host in the third, fourth, or early fifth stage and enters
a lobe of the adipose tissue, in which it remains during the greater
part of its existence. The larvae of the fall generation remain in the
fat body throughout the winter and during this time have no very
evident connection with the trachenl system of the host, although
they may have access to air through the tracheoles and fine tracheal
branches which supply the adipose tissue. ILater on in the second
stage the larva applies its posterior extremity to a trachea of the
caterpillar and forces an opening through which it secures a more
abundant supply of oxygen, After the second molt the parasite
larva, like that of the preceding species, abandons the parasitic for
the predacious habit and begins to devour indiscriminately all of the
internal organs of the caterpillar, and leaves little but the skin. The
larvae of Zenillia roseanae emerge from the host somewhat later
than those of f. senilis, not infrequently issuing from the chrysalids,
especially in the summer generation, They pupate as a general rule
beside the empty skin or pupal case of the corn borer, the fly issuing
in about 10 to 14-days, according to the temperature.

Seasonal history.—The seasonal history of Zenillia roseanae seems
to be more regular and more exactly adapted to that of Pyrausta
nubilalis than 1s the case with Masicera senilis. The premature emer-

ence of the parasites in fall and winter which frequently occurs
in Masicera has never been observed in Zenillia, the larvae of which
do not issue from the host until the spring is well advanced, even in
districts with warm winters. Thus, in February, 1924, in the same
fields where larvae of M. senilis were issuing from the caterpillars
and pupating, those of Zenillia were still in the hibernating condi-
tion, and no pupae were found until the middle of April. In the
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southwest of France, where the spring is colder, the emergence of
the parasites occurs g little later. In transitional areas, such as the
one just mentioned, the larvae of Zenillia do not complete their
development during the same year but hibernate within the body of
the host when the %atter gssumes the one-generation habit. In two-
generation areas, such as that of Hyeres, the parasites emerge from
the caterpillars about the time of pupation, issuing either from the
mature larva or from the chrysalig. The adults of this generation
emerge during the latter part of July and the early pi

and attack the young caterpillars of the fall generatyphi

Zenillig larvae hibernate in the second stage.

ey

The reproductive capacity of Zenillia roseanae is relatively limited,
like that of Masicera senilis, only 2 few hundred larvae being pro-
duced by the female. There can be little doubt that the low repro-
ductive rate, combined with the uncertein method of attack, which
consists in the deposition of the larvae at a distance from the host,
greatly reduces the efficiency of this species as a parasite of the corn

orer, All that has been said in this connection in regard to M.
senilis npplies equally to Z. roseanae, which is further handicapped,
so far as the corn borer is concerned, by its limited distribution.
The absence or relative rarity of Z. roseanae in certain regions where
the corn borer has two generations, such as northern Ttaly, seems to
indicate that this parasite is very susceptible to variations in meteoro-
logiral factors, for, like 3. senilis, it is very seldom attacked b
secondary parasites. It is probable that in certain regions it is
attracted to other hosts, or that owing to the differential effect of
meteorological conditions its life cycle ceases to harmonize with that
of P. nubilalis, no caterpillars of this host being available in suit-
able stages at the time the parasite is ready to oviposit.

Limiting Faclors

Extent of Parasitiam

The data on the parasitism of P. nubilalis by Zenillia roseanae are
summarized in Table 4. As the collections show. the favored ares
for this species is the Aquitairian zone, with a mild climate, inducing
a seasonal history of the transitional type. In zones in which the
summers are markedly hotter or the winters markedly colder than
those of the Aquitainian zone this species tends to disappear from
the fauna parasitic on the borer.

TAnLE 4.—Paragitism of larvae of Pyrausta nudilalis by Zenillia roseanase

Yeor and geners-
tion in which
mexlmum para-
! para. IZost plant sitlsm occurrad
i sitism

Year | Generation

Mediterranean (Rhone)
Agqultainian
Madlterranesn {roast)
Padovian {(morth)....eceao-
Dampanian
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EXQORIATA MITIS MEIG,

Three puparia of Ezoriste mitis, recorded previously from Calym-
nia trapezine L,, were obtained in April, 1926, from the tunoels of
Pyrausta caterpi'l}ars in Artemisia in the vicinity of Paris, but it is
not yet sbsolutely certain that they were parasites of the corn borer,

BULIMNERIA ORABSIFEMUR THOMS,

This ichnef{z{fsﬁ'nﬂ, originally described by Thomson (76} from
Sweden, is widely distributed throughout Europe. It has been re-
corded {10) as's parasite cf the caterpillars of several Microlepidogs
tera, such as (Conchylis) Clysic ambiguella Hitbn. and (X
Polychrosis botrana Scmff. A parasite said to differ slightly from
it, but which closely resembles it in habits and maﬁ really be identical
with it, has been reared by Paillot {10} in the Rhone Vallsy from
larvae of the peach-leaf sawfly (Zyda} Neurotoma nemoralis L, Tt
is one of the most consistent parasites of the corn borer and has been
found sattacking it both in corn and weeds in every part of Europe
with the exception of the French Mediterranean coast. In this region
not 2 single specimen of the parasite has ever been obtained during
the course of many years of exhaustive collecting, though it has been
found frequently in the Rhone Valley as far south as Valence and in
the vicinity of Naples, where the climatic conditions very closely
resemble those of the French littoral.

=k
. _;.' A,
o

Biology

The biclogy of Eulimneria crassifemur is similar to that of man
other ichneumonids of the Campoplex group, for example, Limneria
valida Cress., the Earasite of Hyphaniria cunea Drury, studied some
years ago by Timberlake (17}.

The adults of E. erassifemur can be induced to copulate in the
laboratory only with great dilficulty, though they have Eeen observed
to do so 1n the field immediately after liberation. In order to pro-
duce mating in captivity it has been found necessary to keep the sexes
separate for a considerable period and then to liberate them in a
large cutdoor insectary. Under these conditions mating occurred
but when the adults were confined together from the moment of
emergence in small cages, copulation was never obtained.

The females, whether fertilized or not, oviposit freely in the
smaller caterpillars oi the corn borer. The egg when first deposited
is white in cclor but darkens rapidly, becoming brown in the course
of a few hours. The larva, which is of the typical tailed ichneumoni-
form type, floats freely in the body cavity of the host. After reach.
ing the last stage it begins to devour the vital organs of the eater-

illar and ultimately reduces it to a skin from which the Eulimneria
EII'V& emerges to spin its cocoon in the tunnel of the Pyrausta. The
empty skin of the ﬁost is usually attached to the cocoon of the para-
site by a few threads. The larvae of the summer generation rapidl
transform, issuing as adults in 10 or 12 days, but those of the falyl
generation hibernate in the cocoon, transforming the following
spring.
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Seasonal history.—The seasonnl history of Eulimneria crassifemur
seems to correspond, in both the one and two generation areas, with
- that of the borer. For example, in the vicinity of Auch in 1920, when
there were two generations, the larvae of the first-generation parasites
emerged to spin their cocoons in late July and early August, issuing
in August as adults to attack the caterpillars of the fall generation.
The parasite larvae of the second generation issued in late October
and early November and spun their winter cocoons. The life of this
species in such districts as the Po Valley and the Neapolitun littoral
is of the same type. In fhe one-generation areas the larvae do not
issue from the host until fail and then hibernate in the cocoon exactly
as those of the second generation in warmer regions.

When the late winter and early spring are mild the hibernatin
individuals tend to emerge very early in the year, and even in porma

ears they issue long before any larvae of the corn borer are available,
for example, in Auch in 1921 the great majority of the parasites had
emerged by the middle of April, Elrlﬁ no host larvae ‘were present in
the fields until after the end of June. In 1920 eges and first-stage
larvae were found in the fields toward the end of J uiy.

_ Laboratory experiments indicate that &. crassifemaus is capable of
living for a long period (70 to 75 days) at moderate temperatures
and even longer (100 to 110 day? at low temperatures. A consider-
able proportion of the early adults can thus survive until young
larvae beFin to appear in the field. It is possible, howaver, that
these ndults attack other lepidopterous larvae which appear earlier
than Pyrausta, and even that under some conditions they might com-
plete a generation before attacking the corn borer. But no direct
evidence of such an intermediate generation has been found, and it
has not been possible to carry out the extensive investigations neces-
sary to determine whether Eulimneria attacks other hosts,

Limiting Faclors

The possession of a relatively long ovipositor makes it possible for
E. erassifemur to reach the larvae of the corn borer even when they
are hidden within the plant; it is probable, nevertheless, that some
caterpillars are not accessible at the moment of attack, especially in
the second generation, when many feed within the ears. A few
secondary parasites, such as Dibrachys, Melittobia, and Pezomachus
attack Eualimneria in the cocoen, but the percentage thus destroyed
is small. The most important natural cause of destruction in the
case of Eulimneria is probably the habit of the females of depositing
in the host larva a large number of eggs, of which only one comes
to maturity. For example, 167 eggs ang young larvae of the species
were found in 72 caterpillars of Pyrausta parasitized by Eulimneria.
In some cases as many as 10 or 15 eggs are found within & single
host. Some of these develop to the point of hatching and are found
dead with their heads protruding from the egfshell. Others hatch,
but aﬁparently perish immedistely afterward. The data indicate
that the death of the supernumerary larvee is due in some way to
the influence of the first Individual that emerges. The only intelli-

ible explanation of the facts seems to be that the Eulimneria larva
é:lllortly after hatching, begins to secrete and pour into the blood of
the host a cytolytic enzyme fatal to younger larvae. In any event,

76302—28-——4
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more than 50 Eer cent of the progeny of Eulimneria may be lost

through the habit described, which thus constitutes a very important

intrinsic controlling factor. As will be shown in the discussion of -
the data on parasitism, meteorological factors seem also to be of great

importance i= limiting the distribution of this species.

Eotent of Parasitism

Table 5 summarizes the data on the parasitism of P. nubilaliz by
Eulimneria crassifemur.

TABLE b.—Parasitism of larvee of Pyraustc nubllalis by Eultmneris crarsifemur
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A comparison of the various climographs indicates that this species
can not thrive in districts with hot, dry summers, such as those of
the Mediterranean coastal area. Eulémnerie cressifemur has never
been reared from caterpillars eollected on the French Riviera. It is
true that the species exists in the Campanian zone, but this apparent
discrepaney is probably due to differences in the topography of this
region.

In the region of Naples the districts with a climate of this type
merge, as one proceeds up to the mountain valleys, into others, where
the summer months are much wetter and cooler. Thus, even though
E. erasgifemur may be unable to subsist permanently as a corn-borer
garnsite in the coastal areas, a few individuals can always migrate

own inte the areas from the upper valleys. On the French Medi-
. terranean littoral such migration from inland regions is not possible.
The upper Rhone Valley is cut off from the littoral on the one hand
by the chain of the *Massif Central,” on the other by the foothills
of the Basses-Alpes, and in the Rhone Valley itself by the stony,
arid, and wind-swept region called La Crau. According to observa-
tions the corn in t]lnje lower part of the Rhone Valley 1s in general
remarkably free from infestation, probably owing to the effect of the
gtrong north wind, known as the mistral, which is a characteristic
feature of the region. In the lower valleys of the Basses-Alpes very
little corn is grown. As the corn-growing areas of the French Medi-
terranean littoral are thus isolated from those of the northern dis-
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tricts, the parasitic fauna of Pyrausta is composed simply of species
which are capable of existing {Jermanently under the climatic condi-
tions it presents, and is not likely to be reinforced, except under

very unusual circumstances, by species from other zones.
DIOCTES PUNOTURIA ROM.

Thix ichneumonid, though widely distributed throughout Europe,
was unknown to the systematists until discovered during the investi-
gation of the corn-borer parasites in the viecinity of Auch. Nothing
is known of its other hosts. It has been found attacking Pyrauste
nubilalis in corn in southwestern France, the Mediterranean littoral, -
both at Hyeres and at Naples, the Po Valley in northern Italy, the
valley of gle Rhone, and very rarvely in certain districts of Hungary
and Yugoslavia, as well as in larvee attacking Avtemisia in the west-
ern Sequanian zone. It attains ils maximum efficiency in the sum-
mer-generation caterpillars of the warmer areas, being often rather
nbundant both at Hyeres and in the Po Valley.

Biolegy

The biology of Dioctes punctoria, though very similar to that of
Bulimmeria crassifemur, differs from it in a number of important
points. The sexes copulate in the laboratory much more readily than
do those of Eulimneria. The habit of depositing a large number of
e%gs in the host does not exist in Z}. punctoria, and the distribution
of eggs and larvae occurs gpproximately according to the law of
chance. The egg is colorless when deposited and remains so, bein
much more difficalt to discover in dissected caterpillars then that o
the preceding species. The dats indicate that the eggs are usually
deposited in caterpillars in stages 2 to 4. The larvae are morpho-
logically indistinguishable from those of Eulimneria, though the
cocoon as a rule is somewhat flimsier in tevture than the winter
cocoon of Eulimneria and lacks the white band which often encircles
that of the summer cocoon of the other species. The habits of the
summer generation are very similar to those of Eulimmeria, the
larvae emerging from the host caterpillars in stage 5, but the indi-
viduals atiacking hibernating caterpillars, instead of completing
their larval development and emerging to spin their cocoons in the
fall, hibernate in the host caterpillars as first-stage larvae, and issue
in the sprin%.

Seasonal history.—Dioctes punctoria, after passing the winter in
the hibernating caterpillar of the corn borer, resumes development
in the spring about the time the host is preparing to pupate. Adults
have been cbserved in the field about the time the young larvae of
the host are asbundant in the flowers of the corn. First-stage larvae
of the parasite have been found early in July, and cocoons are pres-
ent from the middle to the end of July or the middle of August, ac-
cording to local conditions. In the region of Bergamo, in northern
Ttaly, where Dioctes and Eulimneria both attack Pyrausta, the larvae
of Dioctes issue from the first-generation host to pupate and emerge
as adults some time before. t%ose of Eulimneria, whereas in the
hibernating generation this order is reversed, the Eulimneris emerg-
ing before the Dicctes. The summer-issuing adults oviposit in the
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caterpiliars of the second generation, in which the parasites hibernate

ag first-stage larvae. In transitional areas, such as that of south-
western France or the Rhone Valley, where a few caterpillars pupate
very late in the season, thus giving rise to a partial second generation,
& certain number of Dioctes also come to maturity and emerge,
probably attacking the young larvae of the partial second generation
or retarded individuals of the first. Cocoons of this Figecies contain-
ing adults ready to emerge have been fournd in the Department of
Drome in the Rhone Valley in the early part of September. In
typical one-generation areas the larvse apparently never emerge to
pupate in the fall, all hibernating in the first stage. It thus seems
probable that the condition of the host has a direct influence upon
the development of the parasite and that the conditions inhibiting
development in the larva of Pyraucia also arrest it in the larva o

Dioctes.

Limiting Factors

Little is known as to the factors which limit the increase of Dioctes
punctoria. It does not have the wasteful habit of ovipositing char-
acteristic of Eulimneria, nor does it suffer to any appreciable extent
from the attack of secondaries. Meteorological conditions are un-
doubtedly of great importance, as high parasitism is observed only
in the two-generation districts. The percentage of parasitized larvae
diminishes greatly in the second-generation caterpillars, and this
may be due to the fact that the parasite attecks other hosts, but if is
also quite probable that the falling off is due simply to the fact that
in the second generation the young larvae are less accessible to toae
parasite than in the first generation.

Hrtent of Perasitism

Table 6 gives a summary of the data releting to parasitism of
Pyrausta by Dioctes.

TanLe §.—Parasitiem of larvae of Pyraousta nudilaliz by Dioctes puncloria
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These clata indicate that the optimwm zones for Diocies punctoria
are those characterized by hot summers, such as the Po Valley and
the Mediterranean zone, In other districts the species occurs spar-
i].)ngly and never aftains any importance as a parasite of the corn

OTer. i
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CAMPOPLEOINE

An undetermined ichneumonid of the campoplegine group has been
reared on several occasions from cocoons collected during the winter
in Artemisia in the vicinity of Lille. The cocoons are difficult to
distinguish from thoss of Eulimneria’ cragsifemur, fror which they
differ only in their smaller size and somewhat thinner texture. As
the empty skin of the Pyrauste nubilalis larva has been found at-
tached to the cocoon of this species, it is believed to be a parasite of
the corn borer, though it appears to attack also certain tenthredinid
larvee found in Artemisia. Ift has not been obtained from any other
region.

MICROGABTEE TIBIALIE NEES

‘This braconid species, which is probably identical with the pare-
site described by Marshall (9, £ 45) under the name of 3. globatus
Nees, seems to be ver generally distributed throughout Europe.
The writers have found it attacking the corn borer in Artemisia in
many localities in the northern, northwestern, and northeastern parts
of France. Tt has been found sattacking the bover in corn in northern
Spain, in southwestern France, in Bnﬁen, and in the Italian penin-
sula, both in the Po Valley and in the region of Naples. However,
it is much more common in the Po Valley region than around Napies,

According to Marshall {9, 4. 4), it is po yphagous and has been
reared from a considersble variety of the smaller Lepidopters, the
list given by this author including the following species: Lithosia
lurideola Zinck., Spilodes verticalis L., Sericoris euphorbiona Freyer,
Conclylis smeathmaniana Fab., Tackyptili populella Clerck, Pla-

g/ﬁtzm wodactyla Zell, Bupithecia Uinariata Fab., E. campanulata
chaefl., Tortriv amentang Ratz., Phlocodes immundang Fisch.,
Peronea hastiana L. ;‘for globatus Nees) ; and Emmelesia decolorata

Hiibn., Peronea shepherdana Ste., and Tackyptilia populelle Clerck
{(for tibialis Nees). ’
Biology

The egg of Microgaster tibialis is deposited in such of the young
larvae of stages 2 to 4 as are feeding 1n a fairly exposed position.
Usually only one egg is deposited in a larva. During the whole
period of embryonic and larval development the parasite floats freely
in the body cavity of the host. It completes its development in the
fifth-stage caterpillar; from this it emerges to spin up in the bur-
row of the host beside the empty skin, which is usually found at-
tached to the parasite cocoon. Only a single specimen emerges from
a given host,

Seasonal kistory—In the north of France M. ¢ibialis has but one
generation in the corn borer, First-stage larvae of the parasite have
been found in the caterpillars of Pyrausta in the early part of
August. By the middle of September many individuals have reached
the last stage of development, and toward the latter part of the
menth cocoons begin to appear in the infested plants of Artemisia,
M. tibialis hibernates as a prepupal larva in its cocoon, from which
it emerges as an adult toward the end of April or early in May in
northern France. From the time the parasite issues to the period
when young larvae of the host are available on the Artemisia plants
a considerable period elapses, comprising sometimes over two months.
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It is possible that an intermediate generation occurs in some other
host, before the attack upon the borer. The writers have found,
however, that individuals of this species can be kept alive for almost
two months in the laboratory st temperatures considerably higher
than those prevailing in the native home of the insect, so that some
of the parasites may actuslly remain in the weed areas without
ovipositing until the corn borer larvae appear. In the one-generation
areas of northwestern Spain young larvae, probably of this species,
were found in caterpillurs collected in early Iéeptem er. The scason-
al history in this region is probably similar to that of the northern
weed areas. In the valley of the %o, in northern Italy, Af. fibialis
has two generations, like its host. In this region first-stage larvae
of the parasite are found during the latter half of July. Cocoons
agpear during late July and early August. Cocoons from which the
adults have already issued are found Euring the last half of August.
The larvae of the second generation emerge from the host in late
fall and pass the winter as prepupal larvae within the cooon, just
as do the one-generation specimens in the northern areas.

Limiting Factors

Little is known concerning the factors which limit the efliciency
of M. tibiglis. As the parasite has a short ovipositor, many larvae
doubtless remain inaccessible to it even under favorable circum-
stances, especially in corn. The long period which elapses in north-
ern areas, between the issuance of the hibernating adults and the
appearance of young corn borers, probably results either in the death
of many individuals which have not had an opportunity for repro-
duction or at least in their dispersion beyond the areas infested b
P. nubilalis. The extremely polyphagous habits of this braconi
may also help to reduce its efficiency as a parasite of the borer; and
mefeorological conditions seem to have great importance In connec-
tion with the attack of Microgaster on Pyrausta in corn, but whether
these conditions operate directly or through the medium of other fac-
tors is at present unknown., Secondary parasites of several species
not infrequently attack the cocoons, especially in Artemisia.

Egtent of Parasilism

The variation in the parasitism of Pyrausta nubilalis by Micro-
gaster tibialis in the various zones investigated is shown in Table 7.

TaslE 7.—Parasitism of larvac of

Pyransta nubilalis by Microgasier Hbialls
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The favored zone for this species appears to be the one-generation
Artemisia area of northern France, characterized by a rather mild
climate transitional between the maritime and continental types,
though it is also fairly common in the Padovian zone, having in the
latter region two generations per annum instead of one.

APANTELES THOMPAON] LYLE

This bracenid parasite, hitherto unknown to science, and described
ir 1927 by G. T. Lyle (8), was first found in & larval condition in a
caterpillar of P. nubilalis collected in Artemisia in the environs of
Brussels in 1920. In 1921 a single colony of cocoons, possibly be-
longing to this species, was found in corn in the Jura area of eastern
France.

After a careful comparison of the meteorological features of the
areas in which the specimens had been found, it was decided in 1924
to make a special search for it in the region between Lille in northern
France and Antwerp in Belgium. This exploration resulted in the
discovery of several points where Apanteles was abundant and from
which during the following winters it has been found possible to
make large shipments of material. Nothing is known about its
relations with other hosts.

Biglogy

Much remains to be discovered as to the life cycle and seasonal
history of this interesting species. On July 26 W. Gamkrelidze
found a colony of Apanteles cocoons in fresh Artemisia in the De-

artment of Kure-ci-Loire in northern France. In the region of

ille, coconns from which the adults had issued were fonnd about the
middle of August, 1925, in the Artemisia of that year’s growth,
These data seem to indicate that the Apanteles has two generations
per year on Pyrausta. In late summer in areas inhabited by this
species the Pyrausta larvae contain colonies comprising on an aver-
age about 15 individuals in the second stage of development, which
pass the winter in this stage, lying free within the body cavity of
the host. About the end of April these individuals resume their de-
velopment and, after devouring the contents of the host, emerge and
sFin their delicate cocoons in a rather loosely connected mass within
the tunnel of the host, upon the empty skin of the latter. Toward
the end of May the adults begin to emerge. ‘A most interesting fea-
ture of this species, one in which it differs from all other parasites
of Pyrausta, 1s that the colonies so far reared have been composed
of females alone. The absence of males indicates that the parasite
reproduces parthenogenetically, producing only females, a conditicn
which is rather rare; though it has been observed in several groups
of hymenopterous parasites.

Limiting Faclors

The writers know too little about the biology of this species to
be able to discuss with any certainty the factors upon which its
efficiency dépends. It is evident from its restricted distribution that
its range is very closely limited in Europe by meteorological factors,
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but, as has already been stated for other species, almost nothing is
Imown as to the exact way in which these factors operate. Cocoons
kept under laboratory conditions showed a rather high mortelity,
indicating an unusual susceptibility to meteorological variations.

Brtent of Parasilism

As the dats show, the optimum for this parasite is the colder part
of the Sequanizn zone, in which the climate is a rather severe variety
of the type tramsitionsl between the maritime and continental
climates.

The perasitism by Apanieles thompsoni is negligible in Pyrausta
attaeking corn in every region studied, and in the Artemisia areas it
varies greatly from one zrea to another and from one year to an-
other, even in the normal habitat. Thus, in 2 collection of 513 larvae
of Pyrausta made in the neighborhood of Lille in 1924, over 40 per
cent were found to contain these parasites, while in the following
year, of a collection of 1,159 larvae made in exactly the same locality,
only about 3 per cent were attacked. In other regions the parasitism
was less than 1 per cent. Under favorable congitions this parasite
destroys more larvae of P. nubilalis than any other which exists in
the one-generation weed aveas (Table 8), but its distribution seems
to be irregular and its action uncertain.

Tapire 8—Faresitism of lorvae of Pyrawusie nubilalis by Apanteles thompsont
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MACRGCENTEUS ABDOMINALIS FAD.

This braconid parasite, which, according to Marshall (9, 2. §), is
very generally distributed throughout Europe, is extremely fpolyp}m-
gous. Its host list, as given by this author, comprises the followin
species: Vanessa atalaenta L., Hylophila prasinana L., Demas coryii
IE, Hydraecia petasitis Doubl., Noctua ditrapezium Bork., Calymnia
trapezina L., Spilodes wverticalis L., Nephopteryz spissicella Fab.,
Tortriz podana Scop., 7. corylane Fab., T. keperana Schiff., 7.
rosana L., T. ribeana Hibn., T, viridana L., Epichknopteryn radiella
Curt., Hyponomeuta euonymellus L., and Depressaria alstraemeriana
Clerck.

Macrocentrus abdominalis has been found attacking Pyrauste nu-
bilalis only in Artemisia, in certain restricted parts of the one-
eneration area of northern France. It was first discovered in the
istrict around Angers in the Department of Maine-et-Loire, where
the uverage parasitism in both 1924 and 1925 was about § per cent.
In the vicinity of Lille it has never been found, but a few specimens
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were obtained in 1925 from spring collections of P. nubilalis made in
Artemisia in the environs of Paris,

Biology

The early phases of the biology of this species are as yet little known.
It passes the winter as an undeveloped egg in the adipose tissue of
the overwintering caterpillars, a fact which makes it extremely diffi-
cult to estimate the percentage of hosts attacked at this time, the
parasite eges being minute and extremely hard to find. From full-
grown caterpillars collected in the region of Angers in 1926, larvae
of the parasite emerged during the period from April 21 to May 14,
while empty cocoons were found in the field in early July. The
adults issued at Hyeres from Angers material from May 31 to June 3.
The species is gregarious, 100 or more larvae being found in one
individual of the host, where they float freely in the gody cavity like
those of Apanteles. Although both females and males are produced,
the specimens which emerge from a given mass of cocoons, s¢ far as
observed, are all of the same sex. ’IFElis fnct suggests the possibility
of polyembryonic development, but no proof of this has yet been
found. An interesting feature of the life of this parasite is that the
third-stage larvae, after emerging from the caterpillar, continue to
feed for a time externally, so that they are first endophagous and
then ectophagous, a character which the writers have not hitherto
observed in any parasite studied. The larvae of Macrecentrus ab-
domvinalis spin long brown cocoons in a loose elongate mass covered
with a gauzelike sheet of silk, through which the outlines of the
separate cocoons can be cleariy seen.

CHELONUS EP.

This braconid species, which seems to approach €. carbonator
Marshall, has been reared from the Padovian zone, both north and
south.

In 1925 three specimens were reared from thin, whitish, papery
cocoons taken in corn at Piacenza on July 29; one was collected at
Bergamo on August 5. Eleven more specimens were reared in the
summer of 1926 from cocoons taken around Bergamo.

It is probable that the eggs are laid in some early stage of P,
nubilalis,® for the cocoon usually bears the head capsule of the fourth
or fifth stage larva. The percentage of parasitism is very low, as in
1926 only 11 specimens were obtained from approximately 200,000
P. nubilalis collected.

PABRABITES ATTACKING THE MATURE LARVAE

Five parasites, two dipterous and three hymenopterous, attack the
mature larva of the corn]fyorer. Of the Hymenoptera, one (Ezeristes
roborator Fab.) belongs to the family Ichneumonidae, one (Micro-
bracon brevicornis Wesm.) belongs to the family Braconidae, and
the third (Eulophus sp.) to the family Chalcididae. The first two

* 8o fnr ne is known all specles of the kroup to which Chelonua belongs ovlposit in the
CEg of the host.
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are very easy to resr in quantity in the laboratory, though they seem
to be extremely polyphagous and are usually not of any importance
as enemies of Pyrauste nubilalis in Europe. Efforts to rear Eulo-
phus, however, have been unsuccesstul.

Only a few specimens of the dipterous parasites (Nemorilla floralis
Fall. and ¥. maculose Meig.) have been found.

EXERISTES RORORATCR FAR,

The large and handsome ichneumonid Eweristes roborator Fab.
appears to be fairly generally distributed throughout Europe, but
is most fretiuently ound in the southern part of the Continent. It
is apparently very polyphagous, attacking the larvae of both Lepi-
dopters, and Coleoptera. The species on which it preys scem, how-
ever, all to be like Pyrausta, insects such as the clearwing moths

Sesia spp.), and the weevil Cryptorrhynchus lapathi L., which in
the larval stage are borers living 1n tunnels in various plants.

Ewxeristes roborator has occasionally been found attacking the corn
borer in Artemisia in the vicinity of Paris, but only in extremely
small numbers. It has been reared from Pyrausta larvae in corn in
southwestern France, the Rhone Valley, the French Mediterranean
coastal zone, and the Po Vailey in northern Italy, but has not been
found in the corn areas of the one-generation type.

Blology

The adult female of £. roborator deposits her eggs on the outside of
the body of the full-grown caterpillars of P. nubilalis which have
been reduced to an inert condition by the injeclion of some poisonous
fluid. The cgg, which is n white fusiform object large enough to
be easily visible to the naked eye, is not attuched to the body of the
host. 1n captivity a considerable number of eggs may be deposited
on the same individual caterpillar, but this is uncommon in natuve,
where Inrvae of the parasite are almost invariably solitary. The egg
hatches in the Inboratory in about 42 hours. The larva grows
rapidly, completing its development in about 614 days, after which
it spins a rather irregular semitransparent cocoon in the tunmel of
the host. The adult emerges under ordinary summer conditions In
about 9 days, though its development takes, of course, much longer
in the coldér seasons of the year. The adults developing from pupse
which have been exposed to high temperatures are mostly red, espe-
cinlly on the abdomen, while those from pupae which have been
exposed to low temperatures are mainly black.

Although the larva of 7. roborator is normally a primary parastte
on the caterpillar of P. nubilalis, its habits are somewhat flexible
and it has been obtained on several occasions from the cocoons of
Fulimneria or Dioctes in which it has developed as a hyperparasite
on the larvae of these species. The writers have often veared it in
the laboratory on the lavvas of certain large ants, such as Camponotus.

Seasonal history—It is probable that in nature £. roborator passes
through several generations a year on various hosts. It appears as a
parasite of Pyrausta when the summer-generation caterpillars are in
the fifth stage, and the adults emerge about the same time as those
of the host. On the Mediterranean littoral the writers have occa-
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sionally found its cocoons containing developing pupae in the winter
months in old cornstalks containing ibernatmgqhost larvae, but it has
never been found attacking the hibernating larvae in other regions,
and little is known as to 1ts complete seasonal history in any zone.

Limiting Factors

So far as the writers have observed, Exeristes roborator is not
attacked by secondary parasites. Furthermore, the possession of a
long and very efficient oviposifor makes it possible for the female to
reach the larvae of the corn borer even when they are concealed
within their tunnels in the stalks, The unimportance of the species
as a parasite of Pyreuste nudilalis is thus due neither to its natural
enemies nor to its inability to attack this particular host, but depends
probably partly on the meteorological conditions, which perhaps
restrict the range of the parasite or induce a seasonal history which
does not harmonize with that of the corn borer, and partly on the
polyphagous habits of the species, to which Pyrausta may be, under
natural conditions, one of the less attractive losts.

Bxtent of Parasitism

The data on the parasitism of Pyrausta nubilalis by this species are
summarized in Table 9.

TaBLe §—Parasilism of larvae of Pyrausia nubilalis by Excristes roboralor
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1 Negligibte,
The datua indicate that the favored zone for this species is the Medi-
terranean area; this agrees with the fact recorded by collectors that

Eweristes roborutor, tTlough widely distributed, is more frequently
found in the southern parts of Europe,

MICROBRACON BEEVICOEBNIS WESML

The data which exist in the literature concerning the distribution
and host relations of Microbracon brevicornis are unreliable. As has
been shown by Cushman (4}, two species have been commonly con-
fused under the name brevicornis Wesm. One of these, which is
really M. hebetor Say, is a common parasite of the Mediterranean
flour moth (Ephestia uehniella Zell.). Its biology and economic
importance have recently been studied with great care by Hase (7).
The other, which is the true brevicornis Wesm., is probably the po-
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lyphagous form attacking the majority of the other hosts usually
attributed to this species. The writers have never found M. brevi-
cornisg Wesm. attacking hosts other than the corn borer in nature, but
it has been reared in the laboratory on & considerable number of other
Lepidoptera. It has been obtained from Pyrauste nubilalis in south-
western France, the French Mediterranean littoral, the Rhone Valley,
the region of the Jura, and the Po Valley, and from various points
in central Europe. On one oceasion it was also found attacking the
borer in Artemisia near Paris,

Biology

The biology of Microbracon brevicornis has been described in some
detail in n recent paper by Genieys (5). The female, which pro-
duces male offspring when unfertilized and a mixture of males and
fomales when fertilized, deposits 10 to 20 eggs on the exterior of the
host after first paralyzing it by the injection of a poisonous fluid.
It mey continue to oviposit during several weeks, destroying a con-
sidernble number of caterpillars, at least under Jaboratory conditions.
The cggs are not attached to the body, but as the host has been

aralyzed within its burrow this habit is not prejudicial to the wel-
are of the species. The young larvae, which hatch in about 35 hours,
remain on the exterior of the host, feeding apparently by suction
through small openings they make in the skin. They complete their
larval development in about 72 to 96 hours, and spin their whitish,
thin-walled but tough cocoons in a mass beside the remains of the
host caterpillars, the adults issuing in 10 to 15 days, according to
the prevailing temperature. An interesting feature of the behavior
of this parasite is that the female feeds principally upon the blood
of the host sucked through openings in the skin which it makes with
jts ovipositor. As females sometimes feed in the laboratory on speci-
mens upon which they do not ovipusit, it may be that in the field
they have & certain value not only as parasites but as predators.

Seasonal kistory—From what is known of this parasite it is cer-
tain that normally it has several generations a year, but in most
districts only one or at most two of these are passed on the corn
bover. In certain districts of Hungary this species has been found
by K. W. Babcock attacking the hibernating larvae of Pyrausta
in piles of old cornstalks during May, June, and July, and it
oceurs also in growing corn during August, September, and October.
It probably compietes two full generations on the overwintering
caterpillars in the spring. In other areas it has been obtained only
during the summer months, appearing in the field when the host is
in the last larval stage, and after completing a generation is not
seen again until the following year, though the cocoons found in
Artemisia were collected in October. The species does not seem to
have any definite resting period. Hibernation is thus entirely
dependent on low temperature.

Idmiting Faclors
This species, like Eweristes roborator, is undoubtedly very poly-

phagous and is thus not an obligatory but merely an accidental
parasite of Pyrausta nubilalis, which it attacks from time to time
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under particular conditions which can not be defined. Its efficiency
is still further reduced by its gregarious habits, since a few cater-
illars of the borer suffice to support the entire progeny of a female.
e parasite ususlly does not oviposit until it comes into immediate
contact with the host and thus can attack only the caterpiliars into
whose tunnels it is able to penetrate. 'Therefore, althongh it ap-
parently has no parasitic enemies, it is of little importance except
ander t{xe conditions prevailing in certain areas of central Xurope,
and as these conditions are Inconsistent with good entomological prac-
tice they are unlikely to occur in America.

Ezient of Parasitism

Table 10 summarizes the data on parasitism of P. nubilalis by this
species.

Tapre 10-—Parssiifem of larvae of Pprausis nubllalis by AMicrebracon
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As Table 10 shows, Microbracon has never been of any importance
as & parasite of Pyrauste nubilalis in western and southern Burope,
where the maximum percentage of parasitism has never attained
even 1 per cent. The optimum area for the species appears to be
central Europe, where a maximum parasitism of 19.5 per cent has
been observed by Babeock in certain districts. It must, however, be
noted that, although climatic factors are perhaps responsible in part
for the sbundance of the parasite in these localities, the areas in which
Microbracon attains its maximum efficiency are those in. which old
cornstalks containing hibernating larvae are kept in piles for fuel
until after the moths have emerged in the spring. The cbservations
indicate that these piles of stallks afford an excellent refuge for the
parasite almost up to the time when fifth-stage larvae of the next
generation appear in the field, so that at the beginning of every
season large parasite populations are available as soon as the host
reaches & stage suitable for attack,

EULOPHUS ap,
Digtribution and Host Relations

This chaleid parasite, whose specific identity has not yet been de-
termined, has been found attacking the mature larvae of Pyrausta in
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corn in the Campanian and Mediterranean coastal zones and in Ar-
temisia in the Parisian area. Nothing is known in regard to other
hosts of the species,

Blology

The adult chaleid deposits her eggs on the outside of the P. nubi-
{alis larva in numbers of from 5 to 15, the average being about 10.
The resulting larvae feed together externally on the Pyrausta cater-
pillar, consuming it almost entirely. When they are full grown—
that is, in 8 to 15 days—they pupate on the spet, givin rise to the
adults of the next generation in about 15 days, epen%ling on the
temperatore.

The egg taken from the unpaired oviduct, or vagina, is oblong
oval in form, slightly larger at one end than at the other, of 2 whitish
color, and without spines or tubercles. The larva is a typical chal-
cidiform larva with head end 13 body segments. It is whitish,
possesses n functional respiratory system with nine pairs of open
spiracles, and has no conspicuons setae or other external sensory
organs.

he pupa is a typical finitish eulophid pupa inclosed in a rather
thick chitinous skin. The skin of the winter pupa is thick and
black, while that of the summer pupa is thinner and of a dark-brown
calor,

Seasonal Listory~—The winter is passed in the pupal stage in the
Pyrausta tunpels. In the spring the adults emerge and either at-
tack some other host or wait around until there are larvae of
Pyrausta. The writers have found the young larvae of P. nubilalis
in early August in the Paris district bearing full-grown Eulophus
larvae. These larvae pupated immediately and transformed into
adults shortly thereafter, emerging without doubt te deposit their
eggs for the overwintering generation. It is thus likely that there
are af least two generations per year on P. nubilalis.

Egtent of Parasifism

Parasitism by this species is negligible, it having been found only
about & dozen times during the course of the work. \

PEREZIA PYRAUBTA PAIL.

In 1925, during the course of the studies on hibernating caterpil-
lars, a number of individuals were discovered with diseased mal-
pighian tubes. A histological study of these specimens showed that
they were infected by a protozoan subsequently determined by G. F.
White as a neosporidian belonging probably to the Nosema group,
which contains a number of species pathogenic for insects. The
organisms, whose existence was recorder] by the writers in a paper
(72} on hibernation in Pyrausta, published in March, 1927, were
found to be present not only in the cells of the malpighian tubes,
but also in the epithelium of the midintestine. The writers have no
evidence that the health of the caterpillars is seriously affected by the
presence of this protozoan, although the problem deserves further
study. This parasite was rediscovered by A. Faillot in 1927 and
described by him under the name of Perezia pyrausta n. sp. {11).
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A summary of the observations on parasitism of larvae of Pyrausto
nubilalis by Perezia pyreuste, made in the winter of 182425, is as
follows:

che . Pearasitlam
Padovinn {north) per cent__ 53.6
Mediterranean {coast) _— do..__ 8.8
Hubpgarian do__._ 6.0

There is thus no obvicus correlation between the sbundance of
this organism and conditions in the zone inhabited by the host
insect.

LEPTOMONAS PFYRATIRTAE PAIL,

This protozoan, discovered and described as new by A. Paillot (17)
in 1927, appears to be very uncommon. It oceurs in the malpighian,
- tubes and in the intestine, but does not seem to be of any great
irnportunce,

THE PARASBITES OF THE PUPA

THERONIA ATATANTAE PoDa

The ichneumonid Tkeronie atalantae is & common parasite in the
chrysalid of many Lepidopteras. It has been reared from pupae of
Pyrausta nubilalis at Hyeres, on the Mediterranean littoral, and at
Bergamo, in northern Italy, but cnly on one or two occasions during
the course of several years’ observations,

PHAEQGENEY PLANIFRONS WESM,

The ichneumonid Phaeogencs planifrons, which is generally dis-
tributed throughout Europe, is the only parasite of any importance
which has been obtained from the shrysalids of Pyrauste nubilalis.
Its range appears to be restricted to the warmer parts of the Euro-
pean corn belt. It occurs abundantly s a parasite of the borer in
northern Italy and the Mediterranean lLittoral, though specimens
have occasionally been obtained from the Rhodanian zone {Cote
d’Or), where the species has been reared from chrysalids collected
both in Artemisia and in corn, and from southwestern France.

Riology

Though it has been found possible to obtain mating in the labo-
ratory and to keep females alive in captivity for many months,
attempts to induce them to oviposit have given disappointing re.
sults. A few eggs have been deposited in fresh chrysaligs on one of
two occasions, but efforts to breed the species in confinement on s
large scale have been unsuccessful. In nature the female of Phaeo-
genes apparently enters the tunnel, depositing her eggs directly in
the chrysalid of its host. The young larva which hatches from the
egg floats freely in the coelomic cavity, and after completing its
development transforms within the empty pupal shell, emerging
about the same time as the adults of the host. These adults possibl
oviposit in chrysalids of some other species, or perhaps they wait
until the corn borers of the following generation pupste in the
spring, hibernating as adults. At all events, adults ready to ovi-
posit are present in the flelds in the spring, for they have been
reared occasionally from the pupae of the hibernating generation.
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Tdmiting Faclors

It is evident from the distribution of this species that it can attack
the borer under a variety of conditions. On the other hand, since
it develops only in the chysalid of the host, emerging therefrom at
the same time as the adults of the latter, it is obliged to seek out
intermediate hosts or to subsist as an adult during the long intervals
Jbetween the pupal periods of the corn borer. As the female has a
very short ovipositor, she can attack only individuals into whose
tunnels she is able to penetrate, which further restricts the efficiency
of the species as a parasite of this host.

Bgtent of Parasitism

The data on the parasitism of Pyrausta nubilalis by Phacogenece
planifrons are summarized in Table 11. '

TipLe 11.—Parasitism of prupec of Pyrausta nubilaliz by Phacogencs planifrons
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The collections indicate that the optimuin region for this species
is the north Padavian zone, where Phaeogenes is at times of consider-
able importance. The maximum percentage of parasitism given in
Table 11 was not s mere local phenomenon, but was calculated from
t. lot of 46,000 chrysalids of the summer generation collected at
various points around Bergamo in 1925.

THE INORGANIC FACTORS OF NATURAL CONTROL

The inorganic factors of natural control constitute the group gen-
erally known as meteorological factors, in so far as they tend to
deviate from the optimum intensity for the species considered. Thus,
excessive heat or cold, extreme drought, drenching rains, or violent
winds, if they occur at certain critical periods during the life his-
tory, such as the moment when young larvae are emerging from the
eggs, or the adults from the chrysalids, or during the period of ovipo-
sition, may and undoubtedly do cause a more or less heavy mortality
of Pyrausta. Unfortunately, for the importance of these factors is
probably considerable, little is kmown as to the part they Iplay in the
control of the borer in the various parts of Europe. It has been
noted, however, that in the lower part of the Rhone Valley, where the
cornfields are constantly swept by the strong northerly wind known
as the mistral, only very slight infestations have been noted, and it is
thought that this is due to the destruction of the adults or young
iarvae by this agency.
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Some obgervations made by K. W. Babcock in central Europe indi-
cate that the physiological condition of the corn plant as determined
by the character of the-soil has perhaps some inEuence in respect to
infestation, but this point also requires more extensive investigation.

ARTIFICIAL CONTROL

The artificial control of the corn borer in those regions of Europe
which the writers have studied, though it is indeed due to human
intervention and a result of eertain agricultural practices, is simpl
an accidental effect of measures whose object has nothing to do wit
Pyrausta nubilalis. It may be said in a general way that in the corn
areas cultivation is generally cleaner than is the case in the United
States, nnd waste areas overgrown with weeds are much less common
because of the density of population.

In some districts, such as that of the French Mediterranean littoral,
where corn is grown only in small plots to provide grain for poul-
try, the corn plants are often pulled up by the roots and burned with
such thoroughness that on some occasions it has been found impos-
sible to discover any stalks in the region during the late winter and
eerly spring months. The practice of pulling and burning the stalks
1s followed to some extent even in dIi)stricts, such as southwestern
France, where corn is grown on g large scale. In other cases the
stalks are ecut 2 or 3 inches above the ground and the stubble is
plowed under; farmers have even been chserved in the act of plowin
the stalls under without troubling to cut them. But as a genera
rule they are either burned or used to supply litter for the cattle

during the winter. In the Po Valley, after the ears have been col-

lected, the stalks may be used when dry for litter or they may be

cut while still fuirly fresh and green and either cut uﬁeby and into
r

small pieces or passed through a shredding machine, after which the
are used as fodder. Live larvae have been found in this materiﬁ
even after it has passed through the machine, but probably few sur-
vive after it has I?een given to the cattle. The practice of using the
stalks for litter is also followed to some extent in the Jura region
in eastern France.

Ancther measure which has been very generally adopted in many

arts of Europe and which results in the destruction of numerous
arvae, is that of topping and stripping the stalks after fertilization
has occurred and the silks have dried. The upper part of the plant
down to the tig of the highest ear is then removed, together with all
the leaves, and given to sheep or cattle as fodder. This practice,
which usually occurs about the time of pupation, not only results in
" the destruction of large numbers of borers, but also changes com-

Pletely the ecological c%aracteristics of the cornfield. The plants are
now completely exposed to wind, sun, and rain, and tend to dry up
to a very marked extent, especially in warm districts such as the
Mediterranean littoral. It is, however, difficult to decide exactly what
effect stripping and topping produce on the increass of the borer,
because by hastening desiccation it perhaps tends to drive the cater-
pillars more deeply into the plant, where they are less accessible to
parasitic ettack than otherwise would be the case.

The various measures described no doubt contribute to a large
extent to the control of Pyreuste nubilalis in Europe. It is true that
they are not universally practiced. Many farmers leave the old
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stalks standing in the field until spring, and occasionally, after they
are cut, they are not burned but are left on the ground for a year
or more or are employed to make temporary windbreaks, shelters,
or roofs, or to protect the trunks of fruit trees. Nevertheless, in
most districts the great majority of stalks have disappeared in one
way or snother by spring. In certain districts in Hungary, where
the cornstalks are left in piles until alter the emergence of the adult
moths in spring, infestations much heavier than those observed in
western Europe recur at frequent intervals, according to observations
. made by K. W. Babcock.

INTERRELATIONS AND EFFECTS OF THE CONTROLLING
FACTORS IN VARIOUS PARTS OF EUROPE

In the preceding pages the individual factors which affect the in-
crease and sbundance of the corn borer have been briefly considered.
But all of these factors do not operate everywhere with equal inten-
sity, nor do they all exist in every area inhabited by Pyrauste nu-
bilalis. For this reason, in order to get a correct idea of the status
of this species in the various parts of its natural home, the various
environments in which it is found must be considered separately.

In order clearly to understand the situation of the insect in a given
gren a lmowledge is required (1) of its numerical status, (2) of its
potential rate of reproduction; (8) of its actual rate of reproduction,
{4) of the factors which limit its increase, and (5) of the part played
by each one of these factors in reducing the potential rate of increase
to the rate which actually oecurs,

Unfortunately, however, the problem is much easier to formulate
than it is to solve, and in spite of numerous attempts it has not been
found possible, in the {ime available for this aspect of the work, to
accumulate, even for a single locality, data sufficiently accurate and
extensive to permit a complete solution of the problem. The writers
have some ides of the variations in the population from year to year
in a number of regions, but of the factors involved in bringing about
the condition observed they know very little. There can be no doubt,
for example, that the action of meteorological factors at certain
periods o the insect’s life may cause heavy mortality, but of the
variation in the effect produced by these factors from year to year
little is really known. The same is true in regard to the effects of
such sgricultural practices as topping. It is-evident that the propor-
tion of the population destroyed by these measures depends on the
proportion of the corn-borer population which has trapsformed and
emerged, but no definite information on the point is available. The
only factors to the intensity of which the writers are able to assign
numerical values ate the parasitic factors, and even there the figures
are of very uncertain sigmificance because they indicate, not the per-
centage of the total population destroyed in a given generation, but
merely the percentage of the population present at the time of the
collection.

For these and other reasons on which it is unnecessary to dwell at
length, it has been impossible to extract, from the data on the various
arens investigated, any deteiled and definite explanation of the actual
status of the corn borer in any given season. The writers are unable
to assign to each of the several factors involved its quantitative
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vaiue in the environmenta] system which produces control in any
given area, but they have at all events a fairly accurate idea of the
composition of the complex of controlling factors in each of the main
areas studied and have thus identified the principal forces responsible
for the natural equilibrium of the insect in Europe, slthough the
exact manner in which these forces operate is still obscure.

FRANCE
MEDITERRANEAN ZONE (COAST)

BraTus OoF INFESTATICN

Only very slight infestation of either weeds or cultivated plants
other than corn has been observed in this area. Provencal cane
{Arunde donaw), which is cited by some authors as s host of P,
nubilalis, has frequently been examined but always with negative
results.

A general exemination in the first generation of 1921 showed that
sbout 60 per cent of the corn plants were infested. In the second
generation of 1923 the examination of 688 stalks in four fields showed
an infestation of only 21.5 per cent, the larval population being
about 1.4 larvae per infested stalk. The maximum population per
infested stalk in this season was five,

In 1924 the larval population of the summer generation in four
felds averaged only 19 Iarvae per hundred stalks examined. In the
winter generation the study of some 2,700 stalks showed a larval
population of 36 larvae per hundred stalks taken at random.

In 1826 a careful study of 19 fields in the vicinity of Hyeres was
made. During the course of this work some 10,600 plants were
examined ; 28 per cent of the plants were infested, the larval popula-
tion averaging about two borers per infested plant,

The infestation in this region, though sometimes high, is thus in
general slight, the average being probrﬁ)ly less than 40 per cent.

PARASITIAN

The fauna parasitic on Pyrausta nubilalis in the Mediterranean
zone comprises ten species, of which five occur only at rare intervals,
Table 12 summarizes the data on parasitism obtained for Hyeres and
adjacent districts during the period from 1921 to 1925, inclusive,

TaBLE 12— Parasitism of Pyrouste nubilalis in the Mediterranean zome {coast)

- Average | Maximam
Species . parasitism | parasitism ! Retnarks
1 H
Per cent Per vent
Trichogramme evaneseeny ... ... _. 1.4 4. i i
MeaslesraseniMa. e eiaiciaaaas 12.67 28,80 | Maxhmum in 1925, second generation.
Zonhiig 1 - . 2.80 8.7
MNomorllla maculesa. o ooLooooooo. &) (O]
Dloctes punetoria . 4.00 18 80 | Maximum o 1023, first peneration.
Exerlstes coboraddr. .. ooooaomooooooos .28 L.70
AMlcrobrecon brevicernis .. . ... . .03 .23
Eulophus sp. - U] U]
Fhasogenes planifrons. ... .. ___.__ A8 .40
Theronis atalantao_ . _....oooooooo.o. . 0] [0
Allspeetea . ecmieneaa 288 !

t Negl!glbie,
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The maximum total parasitism for this region was 45.35 per cent;
it, occurred in the summer-generation larvae in 1922. .

The most important. parasites in this region are Masicera senilis
and Dioctes punctoria. Zenillia roseanae is always present, some-
times in appreciable numbers, but the other species are of little or
no practical importance. Fulimneria crassifemur, which attacks the
borer in practically all other regions, has never been found in the
coastal aren of the Mediterranean zone.

METEORCLOOICAL FACTORS

Conditions are such as to produce in practically all seasons a com-
plete or nearly complete two-generation cycle. The climatic condi-
tions are, on the whole, favorable to the borer, as drenching rains
pccur at intervals during the period preceding the pupation of the
hibernating larvae, while the period during which the moths of both
generations are flying is usually dry and warm.

Aamocuirural FacTons

On the Mediterranean coast corn is a crop of minor importance
which is grown only for grain and can be cultivated successfully
only on irrigated land. It is seldom planted two years in succession
on the same soil. Beans, melons, tomatoes, or viclets are sometimes
grown between the rows.

The land in this district is valuable and is cultivated Intensivel
during practically the whole year. The practice of removing bot
{he Jeaves and the part of the plant above the ear is almost unmiversal
in this region. The material thus removed, which usually contains &
considerable number of larvae or pupae of the borer, is given to sheep
or cattle as fodder. This practice thus results in the ellmination of a
fair proportion of the individuals of the species. Furthermore, after
the removal of the leaves, the corn plants, exposed to wind and sun,
dry up rapidly, so that little suitable food is available for the young
larvae of the second generation. As soon as the ears have been col-
leated the stalks are pulled up by hand and destroyed by burning
in such a thorough manner that well before the time when the hiber-
nating larvae are ready to pupate it is practically impossible to find
any borers in the field.

MEDITERRANEAN ZONE (RHONE}

STATUS OF INFESTATION

In the winter of 192425 2 number of small fields of corn as well as
several large fields of broomeorn were examined in the Department
of Vaucluse, and a count of 400 plants was made, but no corn borers
were discovered. In the early summer of 1925 another examination
was made of four large fields in the Department of Vaucluse and two
in the Department of Bouches-du-Rhone. The proportion of plants
attacked in Vaucluse was then only 1.25 per cent, and in Bouches-du-
Rhone, 2.5 per cent. Numerous other fields were examined in pessing,
but in none were any signs of infestation noted.
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Higher up in the valley of the Rhone, in the Department of Drome,
infestation seems to be heavier. An examination of soms 3,000 plants
in 1925 showed 2 24 per cent infestation, with an average of about 1.6
larvae per infested stalk. In 1926 about 4,500 plants were studied,
and a 23 per cent infestation was found, the larval population being
about the same as in the preceding year.

PARABTTIEM

The only reliable data*concerning this area were obtained from a
collection of first-generation lervae made in 1925. In this material
six species of parasites were present, ineluding Eulimneria crassifemur.
The most important parasites were Kulimneria and Zenillia, but
Dioctes and Masicera were also present in fair numbers. The results
of the examination of 770 larvae of P. nubilalis from the northern
part of the Mediterraneun zone, tabulated below, show that the para-
sitic fauna of the district was in that instance transitional befween
that of the southwestern and the Mediterranean coastal areas.
Species Parasitism

AMasicere senilis percent_. 3.5
Zenillia rosecanac. do_.. 5.4
Bullmneric crassifemur do__.__. 6.2
Diocles puneloria do__.. 2.1

HBazeristes roboralor do_——— .1
Miercbracon brevicornis___ do___- .8

Total do____ 17.8

METEOROLIGIOAL FACTORS

The meteorological characters of the Rhone Valley are fo some
extent infermediate between those of the Aquitainian zone and those
of the Mediterranean littoral. The summers are somewhat colder
than on the coast and the winter temperatures fall below those of the
Aquitainian zone, The early months of the year {January to April})
are drier than on the coast, the spring maximum of precipitation
occurring in May instend of March, while the summer months are
damper than on the littoral. The climate thus tends to the conti-
nental type snd seems unfavorable fo the rapid development of the
borer. QObservations indicate that in fact the Rhone Valley is a
transitional zone in which a certain proportion of larvae transform
during the summer months, while the remainder goes into hibernation.
A factor which seems to be distinctly unfavorable to the borer in the
Rhone Valley is the mistral. This \vipd blows with special violence
in the lower part of the valley. Its influence on the vegetation is
marked and makes the use of windbreaks a general necessity. The
examinations in this district have shown an almost complete absence
of the borer, while higher up in the region of Valence, where the
I:l:olﬂenca of the wind 1s less marked, the infestation is definitely

igher.

AGRICULTURAL FACTCRS

The agriculture of the Rhone Valley is much less intensive, and
the destruction of the cornstalks after the collection of the ears is less
thorough than in the Mediterranean coastal area. Nevertheless, when
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the period of spring pupation arrives few stalks remain, the vast
mejority having been utilized as litter for cattle during the winter
months.

AQUITAINIAN ZONE

Pyrausta nubilalis has been found in practically every district of
this zone in which an examination of corn has been made, but it
has not been found in any other cultivated plant excepting broom-
corn, in which a few specimens have occasionally been collected;
nor has it been obtaineg from weeds, which, however, are rather
scarce in this region, where the land is practically all under cul-
tivation, and large cities, with their outlying waste ground, are very
few in number.

STATUS OF INFERTATION

Although a few records of economic damage to the corn crop by
Pyrausta nubilalis in southwestern France exist in entomological
literature, and complaints of injury have occasionally been received
at the agricultural offires of several Departments (Gers, Gironde,
Hautes-Pyrenees) since the inception of the work, it can not be said
that the corn borer normally constitutes a serious problem in this
arvea. Few agricultural officials are acquainted with the insect, and
the damage attributed to it is sometimes due, at least in part, to the
noctnid Sesamia nonagricides Lef.

The dats on infestation in the southwest of France are derived
mainly from the dissection of stalks from which the ears had been
collected and the upper portion of the stalk removed for fodder
shortly after fertilization.

In the winter of 192122 no definite information was obtained
from ers as to the percentage of stalks infested. The larval popu-
lation in plants showing signs of attack varied from 0.08 to 0.8
per stalk, the average for the region being about 0.3.

During the winter of 192223 about 115,000 stalks from Gers were
dissected. Of these about 86 per cent were injured, the damage being
partly due to Sesemia nonagrioides. The larval population per
damaged stalk averaged about 0.48 for Pyrausta aund 023 for
Sesamia.

The winter examinations of 192425 comprised about 150,000
stalks. No figures as to the percentage of infestation were supplied
by the collectors. The larval population, taking injured and unin-
jured stalks together, averaged in this season about 0.34 caterpillar
per plant, which was somewhat lower than the figure for the pre-
ceding year.

During the winter collections of 1925-26, made at seven different
points in the Department of Gers, an examinution of 1,000 stalks
wes made from each locality. The average larval population per
stalk, infested and uninfested plants being taken together, was 0.32,
the minimum, in the vicinity of Levignac, being about 0.04, and the
maximum, in the vicinity of Condom, about 0.94. In certain fields
around Condom 100 per cent infestation was observed, with 2 larval
population averaging two borers per stalk. )

In 1925 a survey to determine infestation was made in the prin-
cipal corn-growing Departments of the Aquitainian zone; detailed
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examainations of 10,750 plants in 24 fields, scattered throughout the
zone, showed an average infestation of 52 per cent of the plants
the maximum, in the Department of Gers, being 8.7 per cent, an
the minimum, in the Department of Landes, 0.87 per cent. A large
number of other fields were examined in passing through the country,
but in no districts were any signs of heavy attack observed.

In 1926 an extensive study of infestation was made in the Depart-
ment of Basses-Pyrenees. A total of 65 felds were studied and 15,000
plants were examined, the average infestation being only 5 per cent.

PARABITIOM

The fauna parasitic on Pyrauste nubilalis in the region of south-
western France comprises eight species, one of which has not yet been
certainly identified, though 1t probably is identical with Microgaster
tibialis Nees, the species found abundantly in the northern weed
aress. Table 13, summarizing the data collected in this region
during the last six years, will give an iden of the status of the para-
sites. The percentage of hosts destroyed and the relative importance
of the various species vary considerably from one year to another and
even from one generation to another. ‘It is sufficient for the purposes
of this bulletin, however, to give for each of the regions considered
the average and maximum parasitism noted.

TaBLE 13.—Parazitism of Pyrawsta nubilalis in the Agquitainien zone

. © Average i Moximum .
Epecies | parasitisin - parasitism Remurks

. Per cent Per cend
Trichogramom evaneseens ..o ! 0 0

Masicern semilke . Lo i L. 56 4.5 .

Zenillis roseanne, _ oLl ; 4. M 13.4

Eulimoeris erassifernnr . _ .1 087 . 27.9 ¢ 1920, first generatlon,

Dioctes punclorin___.. .50 - 1.7

Excristes robgrator. ... {1} M A few specitnens found in 1020, first
generation.

Acrobracon hrevicornls....... ... 1 M

1820,
Mlcrognster ifblalis......... ... | i . 4] ¢ 1926, st peReration.
Phavogroes planffrons. . ... oo ' i {1 1925,

AN EPOCIS.c e oo T

I Neglhible,

The maximum total parasitism, 227 per cent, was observed in the
hibernating larvae in 192425,

The most important. parasites in this region are Kulimneria crassi-
femur and Zenillia roseanae; Masicera senilis and Dioctes punctoria
are much less important, and the other species exist here only in
negligible numbers,

AMETEOROLOGICAL FacTOons

Little that is definite can be said on this point, except that in
normal years the climate of this region is such as to favor the one-
generation type of seasonal history, although i. ‘720 the great ma-
jority of the borers had two generations.
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AGRICULTUBAL FACTORS

In this region the practice of topping and stripping the corn about
the time the silk begins to dry is very extensively followed, When
this operetion is performed many larvae of the borer are still in the
upper part of the plant, and as the leaves and stalks are used as
fodder, a considerable elimination occurs in this way. The effect of
the removal of the leaves and tops in two-generation years, at about
the time the borers are pupating, has also a considerable effect upon
the general ecological characteristics of both the individual corn
plant and the field as a whole. The softer (Farts of the plant are re-
moved and the bare stalks exposed to wind and sun. These condi-
tions, though their effect has not been the subject of any experimental
investizations, would seem to be in general adverse to the borer.

The disposal of the stalks after the ears are collected varies some-
what, but in the majority of cases they are left standing in the fields
throughout the greater part of the winter, during the course of which
they are ususlly cut by hand, made up into s?hea-ves, and burned.
In rare instances they may be left lying in 2 heap for a year or more
in a corner of the field. In certain seasons when straw is high
priced the staiks are used to some extent as litter. In small plots
near the towns, where the land is used for market gardening, the
stalks are sometimes pulled by hand. On the other hand, in small
fields in the country districts they are sometimes plowed under as
they stand. Although the method of dealing with tge old stalks thus -
varies considerably in individual cases, the great majority of the
stalks bave usually disappearcd before the overwintering corn borers
have begun to pupate in the spring. No infestation of weeds has
been observed in this region, so the continued existence of P. nubi-
lalis presumably depends largely upon the larvae which are present
in the stubble or have migrated from the cornstalks before the begin-
ning of the winter.

RHODANIAN ZONE

NTATUS OoF INFESTATION

Examinations of corn in the Rhodanian zone have not been made
on as large a scale as in some other districts because the relative
rarity of parasites rendered the region unsuitable for practical opera-
tions. Inquiries made at the agricultural offices 0? the principal
corn-growing Departments of the region showed that the borer was
not familiar to the officials, ner were any agriculturists found who
considered it a pest. A preliminary study in 1921 revealed only a
relatively slight infestation over most of the srea. In 1924 and
1995 some investigations were made on both corn and Artemisin In
the Departments of Jura and Cote-d’Or, with results as follows:

1 ! Avetr}gst .

Jumer o

I;Ifu:a?;l:ftzs ?Bfr ctez:l: P.nubiﬂ:ﬁh
nfeste per ia-

' ernmizod festod

i i plant

Hoat piaot

COrg...... e mmamm————_ 2,700 | 8.9 .3
ALRITSIR o v oo T 606 45.0 Zs
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ParasiTianM

The data concerning parasitism in this area are derived from
collections made from corn in the Department of Jura and from
Artemisia in the adjoining Department of Cote-d’Or, in the environs
of Dijon.

In the corn areas five species of parasites were found, the para-
sitism for two years of collection being shown in Table 14.

TAoLE 14 —Puarasiiism of Pyrausta nubilaliy in the Rhedanign zone

In corn Ino Artemisia
Spocles Ty

i Avernge | Mpoximum | Aversge 7 Mazlmum
| parnsitism | parasitisin g parusitisi | parusitism

} I

—_— R, P I

. !

Per cent Percent Pereent | Pereent

Trichograinmn ovar - ! 210 L . S
BlIngieern senlhs .- i .45 LB 0.25 0.5
Eulimneria grassifotnur_ 545 570 ; S5m0 b 2.0
Ansnteles Lhompson! : .08 .15 .10 i 18
Phacogenes planifrons. .. .12 W20 .35 T
Mlcrogaster tiblolis N .35t 2.7
All species - 810 805 e

The maximum observed parasitism, not including egg parasites,
was about 6.3 per cent and occurred in 1925.

In the Artemisia areas five species of parasites were found, the
results of the collections being summarized in Table 14,

The maximum parasitism observed was 14.7 per cent and oceurred
in 1923,

The main points of interest are the absence of Dioctes punctoria
and Zenillic roseanae, the occurrence of Aasicera senilis and Phaeo-
genes planifrons in Artemisia collections, and the occurrence of
Apanteles in bovers attacking corn, which indicates perhaps o tend-
ency to a mixture of the corn and Artemisia faunas in regions where
infested specimens of these two host plants are grown side by side.

METEOROLOGICAL FAGTORS

The climate in the low-lying districts where corn is cultivated,
being of the continental type, with long, cold winters and short, hot,
dry summers, produces a seasonal history of the one-generation type.
The rainfall in the months of January to April is rather low, which,
as Babcock has shown, tends to delay the transformation of the
hibernating larvae. The rainfall reaches its first maximum about
the time the adults are ovipositing, the average rainfall for June and
July for the Departments of Ain, Doubs, Jura, and Haute-Saone
being 8.6 inches, as against 5.15 inches for these months in the De-
partments of Gers, Lot, Lot-et-Garonne, and Tarn-et-Garonne. Teo
this is perhaps due the relative rarity of the borer in the distvicts
nearest the Rhone Valley, where the characteristics described are most
marked.

AGRICULTURAL FACTORS

The practice of stripping and i:opping is stated by the agricultural
officials of the region to be rather uncommon in the Rhodanian region,
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but the stalks are frequently cut for litter or fodder almost as soon as
the ears have been gathered. In some cuses, however, they are left
standing in the fields during the winter.
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YOSGIAN ZONE

STATUS OF INFESTATION

Knowledge as to the status of the corn borer in the Vosgian region

is based on exmminations made in the Rhine Valley in 1925, The
resulis of a study of Artemisia areas was as follows:
" Number of
Per cont
Vepartient Hants ex-
¥ nained infusted
Bus-Rltin. oo ooex 60 3.57
B 2Tt U i, 60 1103
‘FPotrl or nverage 2,000 . 8.50

A point of interest is that in Haut-Rhin an infestation of forage
corn was found, though this has elsewhere been practically free from
attack. In field corn a slight infestation wus noticed and a collec-
tion of about 500 larvae was made for parasite study.

PARASITISM

The data on parasites in this rcgion were obtained from the
collections made in the Departments of Haut-Rhin and Bas-Rhin in
1925, In this materinl, comprising 140 larvee from corn and 500
larvae from Artemisia, only Bulimneria and Microgaster were found,
the data on parasitism being shown in Table 15.

Tanrg 15-—Paragitism of Pyrausie nubilalis in the Vosgian vone

Avarage Averege
Bpeeies p;‘ﬁ?&'gf“ purasitisin
misio in e
Per cent Per cent
Folmuerhn ernssiomur o oo e e rero et e s sam s amna s . 70 8.40
Micromuster IS oo e e et maimeammmmee e carmmeennan 1380 1.40
FYOLN SPRCIES . e ve s e mmmmmrmc oo e s mapasmmmm s mmrmmmemm e 17.50 7.8}

The parasitism by Eulimneria in caterpillars from Artemisia was
approximately the same in the two departments, but that of Mic-
rogaster was much higher in Haut-Rhin (23.9C per cent) than in
Bas-Rhin (5.50 per cent}. This may be due, however, to purely
local variations in the districts concerned.

No definite information is available concerning the other control-
ling factors operating in this zone.

SEQUANIAN ZONE

STATUS OF INFEBTATION

In the Sequanian or Parisian zone very little corn is grown, and in
piots planted for experimental purposes in the vicinity of Fontaine-
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bleau no infestation was observed. The principal host is 4rfemisia
vulgaris, though other weeds are sometimes attacked.

The occurrence of P. nubilalis in the weed areas is very irregular.
Certain “pockets” are found, varying in extent from two or three
plunts to areas 8 to 10 yards in dinmeter, where every plunt is
infested, while in other areas practically no larvae are to be found.
As many as 10 to 15 larvae are often found in the larger plants.

Some test examinations in 192526 show infestation as follows:

: . l Averdge
Department l Mﬂl‘:‘;ﬂﬁ Of! Par cent ;.url{::btfﬁn?{s

. exnmined - (ofested Ll rested
plant

Loire-lufericure 0
Sulpe....... . ; : a1

An examination of 1,430 plants at various points around Lille in
the north Scequanian zone in the winter of 1925-26 showed that 19
per cent of the plants were infested and that there was an average
of two and one-half P. nubdilalis per infested plant.

In the winter of 192425 examinations of 1,600 plants made in the
region of Paris guve an infestation of 20 per cent and an average of
two P. nudilalis per infested plant.

In the region of Lille in 1924-25 very similar conditions were
found. An examination of 1,600 plants showed an infestation of 20
per cent, with an average of 1.39 . audilalés per infested plant.

In Beigium results obtained the suine seuson were as follows:

oo o UG U
A\'cgngﬂf

- . mimber o

Loeality N i Percent  P.nubila-

" examined infestol ]Isi['[;%lin-

ABIWEI D . e i e ceeiaiaaas
Brusselsccceaee. Lo s
Br2Brs . oo ccee s cvcnemmmanesamanamaaen

‘Tolal or nverage....

TP AlASITIS M
SOUTIERN AREA

In the region of Paris six parasites have been found. The results
obtained for the years 1922-1925, inclusive, are shown in Table 16.

The maximum total parasitism occurred in 1925 and was 66.70
per cent. It must be noted, however, that these figures were obtained
from collections made in places where cocoons were most abundant
and are thus in all probubility considerably too high.

NORTITERN AREA

The data from this region are derived from collections made in
Artemisin in the environs of Lille during the winters 1924-25 and
1925-26. The parasitism is shown in Table 16.
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TapLE 16~—Parasitism of Pyraustg nubilaliz in the Scquanian zone

Spoeles

Enlimuoeria crassifomur. .

Eieristes roborntor

Mierobracon hrevicorals.
Microgaster tibinlls.
Muacrocenirus ubdominnlis__ -
BEulapid e v ammm e odmam s ———

Apauteles thompsoni..

Southern arca Northern area
Average lMaximum Average | Marimum
pargsicism | parasitism | parasitism : parasitlsm
Per cent 1. Per cent Per ceut Per et
115 ; 3. 5 0. L9
m
M
31,40 | .
O I et o
n . L) IR TS T ——
................... .00 ! 4Z. 60

Al specles

1 Neglighile,

The maximum total parasitism was 58.90 per cent and occurred
in certain ficlds examined in 1024,

The most important difference between this region and that around
Paris is the presence of the Apanteles. Microgaster seems to be a
little less abundant in the north than in the south, but it is not
certain that the difference is constant.

ARMORICAN ZONE

STATUS 0F INFESTATION

In 1925 some ficlds near Cherbourg (Department of Manche)
containing a considerable number of plants of Artemisia were care-
fully examined, but no trace of Pyrausta nubilalis was found.
Later in the season an examination wus made in the inland Depart-
ments of Sarthe and Maing-et-Loire, which Lie about on the border
between the Armorican, Sequanian, and Aquitainian zones. Resuits
were as follows:

i_ Ave;agc .

Numheref | p, Kty

Dopartment plants  Tereent | L. nubila.

espmined ' lnfested i lis‘gsrggén-

: 1 plant

EY LY T T RS PR 500 18.00 f 2,00
BarLhE. s cae e sussmam—— e amm—— - 200 £, 50 1.0
Total or nverage - SRR 700 | 1T 171

An examination of the Department of Morbihan, in which the
climate is of the true maritime type, revealed no infestation; this
result concurred with the results obtained in Manche,

PARASITIEM

The results of winter collections in 1924-25 in the Armorican zone
are given below:

Species: Parasitism
Fulimneria erassifemtr. —__per cent__ 1.2
Digctes puticforie do *)
Microguster tibialis do .4
Macrocenirus ebdominalis do 8.9

Tatal do____ 10. 5

& Negligible,
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It is probable that the percentage of larvae attacked by Macro-
centrus over the whole region is less than the figures given, which
are based upon the study of only 1,000 larvae. The fact remains
that, in the district studied, on the eastern border of the Armorican
zone, the character of the parasitic fauna of the Artemisia cater-
pillars differs remarkably from that of both the north and south
Sequanian areas. Apanteles seems to be absent and Microgaster is
scarce, while Macrocentrus, of which a few individuals only wers
obfained in other areas, appears in considerable abundance. Col-
lections of three years have shown that the presence of this parasite
is a fairly characteristic feature of the area in question,

METEOROLOGICAL FaACTORS

The examinations made in regions with a well-marked maritime
climate, such as Brittany and northwestern Spain, have shown that in
such regions Pyrausta nudilalis is very uncominon; a fact which
agrees with the records from England, where the insect is regarded
as very rare. This condition is not due to the absénce of proper host
plants, as both Artemisia and corn flourish in certain maritime chi-
mates, but is probably due to the excessively moist and mild winters,
though exactly in what way these are prejudicial to the corn borer
is at present uncertain.

SPAIN
GALICIAN ZONE
STATUS OF INFESTATION

Knowledge as to the status of the corn borer in Spain is based
entirely upon an investigation made in the fall of 1925 in the dis-
tricts of Santiage di Compostela, Padron, Arcade, and Redondela,
in which vast nreas are planted in corn. During this trip many fields
were examined, but few signs of infestation were seen. The detailed
study of 4,000 plants in 40 fields showed an average infestation of
about 1.7 per cent, which is one of the lowest observed in any of the
corn-growing regions. At the experiment station of Santiago di
Compostela, in charge of Mr. Gallastegui, a large plot was examined
in w%}ich the stalks of the previous year were still standing with the
growing plants, representing some €0 varieties, but practically no in-
festation was noteg.

PaARAQITISNM

On account of the great rarity of Pyrauste nubilelis in the corn-
growing aress of northwestern Spain in 1925, only a very smiall
number of larvae could be collected for the study of parasitism in
the Galician zone. The results obtained from these collections, made
at Santiago di Compostela, Padron, and Arecade, are as follows:

Specles: Parasitlem
A asiverq 2onilis. per cent_. 12.4
Rulimneria orassifemur. do_.__ 16.8
Microgaster tibialis do____ 2,8

Total_ -—-do 31.9
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The interesting feature of this collection is the precence of Micro-
gaster and the relatively high percentage of attack by Eulimneria.
and Masicera.

METEOROLOGIOAL AND AOQRICULTURAL FACTORS

No definite information in regard to agricultural practices is avail-
able. The meteorological characteristics, however, are well known..
The region has 2 distinctly maritime climate with abundant rainfall,.
which 1n Santiago averages 5.1 inches or higher in every month
except June, July, and August. The annual rainfall in this locality
is more than 85 inches, A climate of this type, even though it per-
mits cultivation of corn, is probably unfavorable to the borer. As
tho departure of the conditions during the summer months from
what is observed in the other areas is not very marked, it s probable:
that the reason for the rarity of the borer is to be sought in the effect
of the exceptionally mild and damp winters, as has already been.
suggested for the Armorican zone,

ITALY
TADOVIAN ZONE

SraTUB OF INFESTATION

The first exaninations of corn in this region were conducted in
late June, 1924, Many fields were examined in the Provinces of
Lombardy, Venice, and Piedmont, with the following results:

K r
1
Number

. Per cent
Region . of plants

examincd infested
Bouthern Lombardy . oeeoaea oo Looo . - F 450 2L 48
Northern Lombard¥ ..o ooeeeoaoceaeaaas et 600 40. 6
o i i Lo
Pl IO o e e et e e anmmamnas . 450 1H.¢
B I R O 2. 400 2.0

On returning Iater to the region of Bergamo in northern Lom-
bardy at a period when the entire infestation was apparent, the
writers found that in the most heavily infested fields about 70 to 80
ger cent of the plants were attacked. Only the earliest-planted

elds, however, were heavily infested, the fields just beginning to.
flower or not yet in flower being very slightly attacked or altogether
free from injury.

In the winter of 192425 a lot of 2,400 stalks from this region was
examined and gave 3,390 larvae, the population thus averaging over
1.4 larvae per random stalk, The percentage of stalks attacked is
not known.

In 1925 the infestation in northern Lombardy was lower than in
the preceding season. Near Bergamo the infestation was determined
by the study of 2,800 plants, of which 14.5 were attacked, with 4
larvae per infested plant. On the high plateau of Clusone (altitude
2,100 feet} the infestation was only 4 per cent with 1.1 larvae per
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infested plant, while at Ombrego di Onere, situated a2t an altitude
of 2,600 fp t, no evidence of the presence of IBymusta coald be found,

In 1926 the infestation was also low, many fields showing no sign
of attack. The highest infestation was between 40-and 50 per cent,
while the average was not more than 10 to 15 per cent.

PARASITISM

The fauna parasitic on Pyreuste nubilalis in the districts of the
Po Valley, where studies have been made, is composed of the same
species which are met with in the region of Auch {Aquitainian),
though a. few specimens of the cryptogastrine braconid Chelonus,
never obteined from any other area, also have been reared. The
relative importance of the various species of parasites is very differ-
ent, however, from that observed in the southwest of France. Table
17 gives the resulls of collections from the district around Bergamo
from 1924 to 1926, inclusive.

The maximum parasitism observed in this district was 30.55 per
cent and oceurred in the summer generation of 1925,

The most interesting features of the Po Valley fauna are the
importance of Dioctes punctoria and Phaeogenes planifrons, the ap-
pearance of Microgaster tibialis as a two-generation parasite in corn,
and the low parasitism by Masicera senilis, Zenillia reseanae, and
Eulimmeria crassifemur,

In the southern part of the Po Valley only one examination has
been made, and that on the summer generation of 1925 in the vicinity
of Piacenza. The results obtained are shown in Table 17,

Taper 17.—Parasitism of Pyrausie nubilaliz in the Padovian zone

Worthern are :

o nren | Southers
Species . ores,
Average | Madmum | BVETEES
parasitism | pacasitism | P

Prrlcmt | Dercent

Trichogramma evineseens
Masicers seniis ... . 4701
Zenlilia rosennne . 178
Nameritlz foralis . 3 !
Eulimnerle crnssi . . : 3.00 I
Dioctes punctorin - 12,00
Exetistes roborakor El J
Microbracon brovicornia ' |
Micrognster tibinlis . 4 . 70

Chelonus sp t l
Pliscogenes plenitrons R R 1400,

AN species_...

P Megligible,

The general character of the fauna from this examination appears
to be much the same as that of the northern foothills,

MereoROLOGTOAL FAcTORS

The climate of the Po Valley appears on the whole to be favorable:
to the borer. The maximum spring rainfall occurs in May, follow-
ing a cold and dry winter; these conditions are favorable for the
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development of the hibernating Iarvae. The summer months are
fairly moist and warm, producing normally a two-generation cycle,
though in certain years with a late cool spring a considerable rumber

LN

of individuals pass through the summer wiZhout pupating.
AGRICULTURAL FACTORS

The effect of the agricultural factors is difficult to estimate, as
agricultural metbods vary considerably.. It may be said, however,
that the vast majority of the winter stalks are disposed of before the
adults emerge in the spring. Topping and stripping are very preva-
lent in most districts, though the agricultural oftices discourage these
practices. After the ears have been removed the stalks are usually
collected, put under shelter, and given to the cattle during the course
of the winter as food or litter. Sometimes, especially in the fall
while they are still green, they are passed through a shredding ma-
chine or cut up by hand. In some cases stalks are used for the con-
struction of small shelters, temporary walls, and fences, or for the
protection of the trunks of fru.t trees, but only a small proportion
of the stalks is vtilized in this way, Thus, though no definite meth-
ods of attack against the borer have been developed, the normal
practices result in the destruction of a large number of individuals,

CAMPANIAN ZONE

STaTUE 0F INFESTATION

Information on the status of the borer in the region of Naples is
in general rather meager. In 1924 some 8,750 stalks were examined
in this region, and from them 1,332 larvae were obtained, but the per-
centage of infested stalks is not known.

In 1925, 6,380 plants were examined during the first generation,
and 190 larvae were obtained therefrom. In the winter generation
of this year ahout 12,000 stalks were examined and 1,400 Iarvae were
collected. The data thus indicate a low general infestation in this
re%ion, but, as they were furnished by comparatively untrained local
collectors, their value is somewhat uncertain.

PARAGITISM

The data on parasites from the Neapolitan region are derived from
the study of second-generation larvae in 1920 and 1924 and from
first-generation larvae in 1925. The results obtained are summarized
in Table 18.

TapLe 18—Parasitsm of Pyrousia nubdilelis in the Campanion zone

Average | Maximum

Bpecles parasitism | parasitism

Musleera senilis..
Zenillie roscanse.
Eulimneria crassifemur.
Dloctes punctoria

Microgester tibinlls. ..
Eaul d (undeterminad)

Allgy

! Negligible
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The maximum parasitism observed occurred in the first-generation
larvae of 1925 ans was 27.6 per cent.

It is probable that some of the other parasites found on the Medi-
terranean Riviera, such as Eweristes roborator and Phaecogenes plani-
frong, exist also in the Neapolitan zone, but the writers have no proof
of this. The fauna resem}lgales that of the Po Valley in its general
character, though Masicera senilis is much more abundant, occupying
about the same position as in the French Mediterranean zone.

METEOROLGGICAT. FaCTORS

The climate in the coastal areas of the Campanian zone resembles
that of the French Mediterranean zone, the summer months being
somewhat hotter and perhaps less favorable to the borer than in the
French littoral.

AGEIOULTURATL Facrons

. The writers know very little concerning the agricultural practices
in the region of Naples. Destruction of stalks seems to be very
thorough, as very few can be found in the spring months.

CENTRAL EUROPE
DANUBIAN (HUNGARIAN) ZONE
STATTS oF INFESTATION

It has long been known that the European corn borer frequently
causes considerable damage in certain parts of the Hungarian corn-
growing areas. In 1924 a preliminary investigation was made
in this and adjacent countries by K. W. Babcock. The most severa
injury was found in the Banat and Bfics-Bodrog. The average infes-
tatios was about 27.35 per cent. The attack in many districts was
comparatively slight, but in some distriets, such as that of Meschegyes
and Novisad, from 80 to 95 per cent of the stalks were infested. The
average loss due to the insect was estimated as about 5 per cent of
the crop, but in the zone of heavy infestation a loss of over 90 per cent
was reported.

In 1925 a very thorough and detailed study of infestation was
made by Mr. Babcock and his assistants. The heaviest damage was
observed in central Hungary, where about 70 per cent of the plants
were attacked. In the northern and southern sections from 40 to
S0 per cent of the plants were damaged. In many areas about 25
per cent of the ears were injured, while an average of about 40 per
cent of the stalks were broken over as a result of the larval attack,

The data gathered thus indicate that infestation and damage in
the Hungarian corn belt, though varying considerabiy in different
localities, and from one year to another, attain a degree of severity
rarely obszerved in other European areas.

A slight infestation has been observed in Hungary, not only in
millet, broomcorn, and hemp, but also in wild plants (Amaranthus
and Solanum).
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PARABITISEM

The fauna parasitic on Pyrausta in the Hungarian zone apparently
comprises only three species, Eulimneria crassifemur, Masicera senilis,
and Mierobracon brevicornis, all known from western Europe as well.
The relutive importance and abundance of these species apparently
vary somewhat in different parts of Hungary. In the region of
Mesohegyes, where the cornstalks are kept in large piles for long
periods, collections from this material in 1925 revealed very slight
parasitism by two species and heavy parasitism by the third species,
while in other districts where this practice is not followed the para-
sitisin is more evenly distributed among the three species. (Table 19.)

‘Tance 19—Reletive ehundance of parasites of Pyrauste nubilalis under differ-
ent ggricultural practices in Hungary

| Purasftism »
*ipregions | Parasitism
'| whete corn- in regions

e siniks ara  whereesrn
Species keptin  stalks are
. large piles  mot kept
!oforiong in piles
' periods
Per cend Per cenl
Mosheors senllS oo oo e ime——aes t 0.30 3.1
Eglimnerin ¢rassifemur. - e mmemmm—ro———aa A7 3.0
Microbracon brevieornis_ __anicmmeeaaas ——m—————— 17.20 8.7
Totel - oooeea o 17.67 128

|
j

Observations made by Babcock indicate that the high parasitism
by M. brevicornis in the Mesohegyes region is due in Jarge measure
to the habit of leaving the stalks until after the period of emergence
of the gdults. Once the parasites have entered the pile, they pass
readily from stalk to stalk and thus ultimately destroy a consider-
able number of larvae. The high pavasitism by Af. drevicornis,
however, is not a constant feature, even under these conditions, for
in the spring of 1926 only 0.7 per cent of the hibernating larvae were
destroyed by this species.

The data collccted up to the present in this region are summarized
in Table 20.

TaBLE 20.—Paragifisnt of Pyrausta nubilalis in the Danubian (Hungarian) zone

. Average | Mavimom
Species parasitism | porasitism

Per ceni Per cent
Masicers senilis 0.80 I

Eulimperin crassifemur. - ... . 1.58 13
Microbracon brevicornis o 7.12 19.6

All species. o iieiaeann L2511 I PR —

The highest parasitism observed in any season occurred in the
hibernating larvae of 1923 and was 28.3 per cent; Microbracon was
responsible for 19.5 per cent.
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AGHICULTTRAL FacTOoRS

The investigutions scem {o indicate that the districts in which the
gtalls are destroyed before the emergence of the borer are those
which show the lowest infestation, while the regions of severe attack
are those, lilke Mesohegyes, in which the stalls are kept in piles-for
long periods.
DANUBIAN (YUGOSLAVIAN} ZONE

STATUS OF INVESTATION

An extensive investigation in Yugoslavia was made by K W,
Babeock and assistanis in 1925 pnd 1926,

The average infestation was 69.6 per cents in the dent corn of
northern Yegoslavia and 74 per cent in the flint corn.  An average of
20.6 per cent of the curs were infested and 19 per cent of the stalks
were broken over us the result of injuries in dent varieties, whije
in flint about 39 per cent of the ears were attacked and 21 per cent
of the stulks broken. Xn certain districts the attack was thus very
severe, Weed areas {Xanthinm) adjacent to heavily attacked fields
-of corn have aise shown severe infestation.

PARASITISNM

The dutu collected up fo the present on parasitism in Yugoslavia
are sumnmarized in Table 21

TasLe 21 ~—Parasitism of Pyraveta nubilaliy in the Daenubian {Yugoslavian)

zone

sale Avernge . Maximmum
Species purpsitism ; parusttism

) Per cond Fer cent
BT T T L35 0.7
Ectlimneriv erusi lemir e e L0 n.z
Microbracon brovicornis. o 305 ; 3.2
Allspeeles.o ... Y i0.61 i ............

From the collections the composition of the parasitic fauns ap-
pears to be similar to thut of the Hungarien area. In 1926 a few
specimens of Jlioctes punctoria were reared from this section. The
maximum total parasitism observed was 16.13 per cent and occurred
in 1926, 13.2 per cent of the host mortality being due in this case to
Microbracon brevicornis.

CONCLUSIONS AND RECOMMENDATIONS

The European corn borer is very generally distributed throughout
Europe and %:'ractically always present in corn-growing areas, but
it is rarely of any rveal economnic importance except in certuin areas
in central Europe. During six years of study of the insect in the
corn belts of France, Italy, and Spain, the writers-have never seen
a single corn plant broken over or & single ear seriously injured
through the attacks of this insect. Thus, although sporadic out-
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breaks occur from time to time in corn, hops, hemp, and other crops,
it remains true that the corn borer is normally controlied by environ-
mental factors over the greater part of its range on the European
Continent.

The control of Pyrauste nubilaliz in Europe is not due to an
simple cause, but is produced by a complex group of agricultural,
meteorological, and parasitie factors. The composition of this group
of factors iz not constant over the whole range of the corn borer,
but varies both quantitatively and qualitatively in the different zones
inhabited by the insect, and also, though to a {esser degree, in differ-
ent years and generations in the same zone.

The variation in the composir’ n of the fauna parasitic upon
Pyrauste nubilalis in different z.aes is often considerable, Each
zone has its churacteristic gronp of parasites, differing both quan-
titatively and qualitatively from those of other zones. The existence
of a species in a given zone depends on the variations in its limiting
factors. It must be noted, however, that species which are sometimes
parasitic on the corn borer may sometimes exist outside the vange of
the host, or, conversely, may exist in the same zone as the borer
without necessarily attacking it, being at this point parasites on some
other insect.

No definite correlation has been observed between the quantitative
or the qualitative composition of the fruna parasitic on the borer
and the degree of infestation or extent of damage observed in the
various zones. Areas ir which parasitic species are numerous or
parasitism 1s high are not necessarily those in which Pyreuste nubila-
{is 1s least injurious; also, n parasitic fauna poor in species or causin
a Jow parasitism is not always or even generally accompanied by hig
infestation and severe damage. It has been sugrested that in order
that an insect pest be kept in control it must be attacked in its sue-
cessive stages by a series or sequence of parasites capable of acting
independently without mutual interference. The results of these in-
vestigntions lend no support to this hypothesis. Natural control
exists in many regions in which no such sequence exists or in which
the destruction actually produced by the members of the sequence
attacking certain stages. such as the egg, full-grown larva, or chry-
salid, is absolutely negligible. As a matier of fuct the percentage.
of parasitism observed is not necessarily correlated with the presence
or absence of a sequence, nor does it bear any particular relation to
the number of species present in the parusitic Tauna, Thus an aver-
age parasitism of over 36 per cent has been observed in the northern
Scquanian zone, where only four parasites are present, while in the
Aquitainian zone, where the parasitic fauna comprises nine species,
the average parasitism is less than 15 per cent.

The absence of any definite correlations between the qualitative
or quantitative importance of the pavasitic fauna of the corn borer
and the degree of economic damage produced by the insect must not
be taken as an indication that the work of the parasites is of no
importance. The consideration of an area in which the borer popu-
lation remains constant and in which the average parasitism is 20
per cent would show that the disappearance of the parasites from
this area, other things being equal, would result in 2 rate of increase
of the host of one and one-fourth fold per generation. At such a
rate of increase the infestation in 2 field having originally 50 per
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cent of the plants infested with one caterpillar per stalk would rise in
15 generations to a 100 per cent infestation with 14 borers per stalk,
antf thus eventually cause enormous damage. The average destruc-
tion by the parasites varies, as we have seen, from one region to an-
other, and is sometimes rather small. Nevertheless, since control in
any given region results from the action of all of the factors working
together, 1t seems reasonable to assume that the absence of any con-
stant cause of mortality will ordinurily disturb the natural equilib-
rium, and permit an inevitable though perhaps gradual increase in
numbers from generstion to generation until great economie injury
results,

Thercfore, since the destructive increase of the European corn
borer in America may be due to a considerable extent to the absence
of the parasitic cnemies which attack it in its native home, it is de-
sirable that as many as possible of these parasites be acclimatized in
the infested areas.

As the parasites discovered do not all exist together in any one
zone yet studied in Europe, and as the composition of the parasitic
fauna diflers in every region, it is not probable that all the species
introduced into America will become acclimatized in any particular
zone inhabited by the borer. The recoveries made in the ares in
which parasites have been liberated up to the present indicate that
the acclimatized parasitic fauna (Eulimneria, Dioctes, Microgaster,
Exeristes, and Phaeogenes) is similar in composition to that of the
Po Valley zone in Europe. In order to obtain the best results from
the parasite introductions, the species not yet acclimatized should be
reintroduced as the borer reaches areas differing climatically from

those now infested. Such a method is more lﬁ{ely to result in a
general reestablishment of the natural equilibrium than a few colon-
1zations in the same aren,

LITERATURE CITED
(1) AncoT, A.

1018, LTUDES SUE LE CLIMAT DE LA FEANCE. EBEGIME DES PLUIBR. TEOM
SIEME PAKTIE: REGION DU NORD ET DpE L'EST. Ann, Bur. Cent. Met.
Franpce, Mem. (1913) 1: [T1]-218, illus.

{2) DBemrcanD, L., and Sfcuy, H.

1922, 8UR UN TAPILLON NUIBIBLE AU JASMIN CULTIVE, LE GLYPIIODES
UNIONALIE HUBNER EF SUR UN TACHINAIRE QUI LE PARASITE® ZENILLIA
BOSEANAE B. B. DBul. Soc. Ent. France 7: 923-96, illus.

{3} Braver, F., and BERGENSTAMM, J, VON

1891. pIE 2WEIFLUGLER DES KAISERLICHEN MUSEUME 2U WIEN. V.
Denkschr. K. Akad., Wiss, Wien, Math. Naturw. CL 58: [205]—446,
Mus.

(4} CusEMman, R. A,

1922, FuE IDENTITY OF HAEROBRACON BREVICORNIS (WESMAEL), {IIYM.,

DRACONIDAE). Ent. Scc. Wash., Proc. 24: 122123,
{5) GeNIEYs, P.

1925. HABROBRACON BREVICOENIE WESM. Ann. Ent. S8oc, Amer, 18: 143

202, ilius,
(8} GmaT, A.

1908. GRAY'S NEW MANUAL OF BOTANY. Ed. 7, rearrnnged and rev. by
B. I. Robinson and M. L. Fernald. 926 p., illus. New TYork, Cin-
clopati [ete.].

(7) Hasx, A, .

1922, BIOLOCIE DEE BCHLUPFWERPE HABROBEACON BREVICOENIE (WESMAEL)
?saoomu.. Arb. Blol. Reichsanst. Lund u. Forstw. 11: [95]-168,
1us.




62 TECHNICAL BULLETIN 59, U. S, DEPT. OF AGRICULTURE

{8) Lyig, G. T,
1927, 1'Wo NEW BPFECIES OF APANTELES (LiYM,, BRACONIDAE). DBul. But..
Iesearelr 17 (pt. 4} : 415, 416,
{9} Mansuars, 1'-A
1885-81. LES BDRACONIDES. Jn André, E. Species des hymeénoptires
d’'Burope & d'Algérie, t. 4-5, fllus. Beaune and Gruy.
{10) T*awror, A,
1024, LA Lypa pu pReien. Ann, Bpiphyties 10 [147)-237, illus.
(11} ——
1027, sSUN DEUN PROTOXOAIRES NOUVLAUX IPARABITES DES CUENILLES DE.
IYRAUSTA NUnILALIS Hp, Compt. tend. Aced. Sci. [Pavis] 183: §73-
670, Hlus
t12) Darwen, M L., and Toomeson, W. R,
HET. A CONTRIBUTION TO THE BTUDY OF JUBERNATION 1IN PLE LARYA OF
THE EUROFEAN CORN BORER {(PYRAUSTA NUBILALIS LUpN.;. Anbu, But,
Hoe, Agper, 200 T4-22, iltus,
{13) ToBosmesox, W. R.
IU22. 0N THE TAXCNOMIC VALUE OF LARVAL CHARACTENS IN TACHINIG-
FARABINES (b1}, LBot. Boe, Wash., Proe. 24 [85]-93, illes.
{14) —— nndd Piomeson, M. G
1921, &YUBES 0F ZENTLLIA HOBEANARE B. & B., A PARASITE OF TiE FURCPEAN
CDRY  BORER {PYRAUSTA NUBILALIE L3, Enl, Soc. 'Wash., T'roe. 23:
127-13Y, llus,
{15) ——— and "TuomrsoyN, M. .
1922, MASICERA SENILIB, A FARASITE OF %1ix EUROPEAN CORN BOKER (PY-
RAUSTA NUmBALIBY.  Ent Soe, Wash., Proc. 25 33-41, ilins.
{16) aomsox, ¢ (.
1887, oruserna BNtoMoLooica. Inse. 11, Tundm.
{17} Trapenrawe, P, 1L
1012, TECHNICAL RESULTS FHOM THE GIPSY MOTH PARASITE LADORATORY.
V. EXPERIMENTAL PARABITISM : A STUDY OF THE BIOLOOY OF LIMNERIUM.
VALIDUM (CrESgON). T, 8. Dept. Agr., Bur. Ent. [Bul.] (tech. ser.)
10+ Ti-92, jtius,
{18) Vinan, B C., sud Carrrsy, DL J.
1319, THE CUROPEAN CORN BOREE AND ITS CONTROL. Mass. Agr. Expt..
Sta. Buol 188, 71 p., 1lus.



http:TIJIJ..\I.IS

ORGANIZATION OF THE
UNITED STATES DEPARTMENT OF AGRICULTURE

March 29, 1828

Secretary of Agriculture W, M. JarDine.

Assistant Seerelary R. W. Duwuap.

Director of Scientific Work A. F. Woobs.

Director of Regulatory Weork Warteni G, CAMPRELL.

Director of Exlension C. W. WarpunTon,

Director of Personnel and Business Admin-

istralion W, . STOCKBERGENL

Bireclor of Information NgLsoN ANTRIM CRAWFORD.

Salicitor R. W. WiLLrams,

Weather Burean CaanLes F. Manrvin, Chief.

Bureau of Animal Industry Jonn R. MouLER, Chief.

Bureau of Dairy Indusiry 1. A. RoaEers, Acting Chizsf.

Bureauw of Plant Industry Winrian A. Tavion, Chief.

Forest Service W. B. GueeBLEY, Chief.

Bureaw of Chemistry and Seils - __ ... .. H. G. Knwgur, Chigf,

Bureau of Entomology C. L. MaruaTT, Chief.

Bureau of Biological Survey Paur G. RepiwgTon, Chief.

Bureau of Public Roads Tromas H. MacDoNaLp, Chief.

Bureau of Agricultural Bconomics Luoyn 8. Tenny, Chief.

Bureauw of Home Bconomics Loumss Stanuey, Chlef.

Federal Horticultural Board C. L. Manvatt, Chairman.

Grain Futures Adminisiration J. W. T. Duvet, Chief.

Food, Drug, and Insecticide Administration. Wavrer G, CaMrseLL, Direclor of
Regulatory Work, in Charge.

Office of Erperiment Stations E. W. AuLeN, Chicf,

Office of Cooperative Extension Work C. B. Smirn, Chief.

Library Crariser R. Bannerr, Librarian.

“This bulletin is a eontribution from

Burcan of Enfomology C. L. Marrarr, Chief.
Division of Cereal and Forage Mnsects__. W. H. Lanrnruer,
Senior Entomologist, in Churge.

63

ALDITIONAL COPIES
OF TIIS PURLICATION MAY BE PROCURED FROM
THE SUPERINTERDENT OF DOCUMENTS
.8, GOVERNM ENT FRINTING OFFICE
WASNINGTON, DL C.
AT
10 CENTS PER CODY

W




i, o




