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INTRODUCTIOXN

Among the insect fauna of North America there is, perhaps, no
insect of greater interest to the student of economic entomology and
to the student of pure biology than the fall army werm {Laphygmae
Ffregiperda 8. and A.). This is one of a few insects known to science
that frequently disperse and breed throughout a great part of the
United States, only to perish at the end of the summer season. Fail
army worms are preserved as permanent residents only in the
warmer parts of the South. There are indications that by repeated
cfforts to inhabit other regions the species eventually may develop
a hardy strain that may be able to survive more rigorous climates.
The species may then become a permanent resident instead of a
migrant,

In = study of this species conducted over a period of years, dur-
ine some of which serious infestations have occurred, many interest-
ing and valuable data have been accumniated on its biology, its
natural enemies, and the means for repressing it.

This bulletin, for convenience, has been divided into three parts.
The first part deals with the biology of the insect, especially its
habits, and includes technical descriptions of the various stages.
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The second Iiart ineindes various control measures adopted to repress
the insect. In the third part the various enemics of this species are
discussed.!

BIONOMICS OF THE FALL ARMY WORM

HISTORICAL ®

The importance of the fall army worm as an enemy of grains and
grasses was first recognized by Smith and Abbot (51, p. 191, 192,
pl. 96),2 who said: “It is worthy the consideration of the husband-
man whether, by studying the natural history of this formidable
depredator, he could not get the better of it.” In this work the
writers slso give the original description of the insect and illustrate
three of its life stages in color, together with one of its favorite
food plants, gninea grass (Sorghum bicolor).

The insect did not attract much further attention until 1845; how-
ever, there is little doubt that during this period (1797-1845) some
damage was done to cultivated crops in localized areas, and espe-
cially to those gro.iag in the bottom lands of the South. Because
of the imperfect means of acquiring information on insect injury at.
that early period no reliable data have been recorded.

Glover (23, p. 7779, pl. 6, fig. 6), in his Insects Frequenting the
Cotton-Plant, mentionirg the 1nsect as the “ grass caterpillar,” states
that it did considerable damage to grass, corn, sugar cane, and rice
in western Florida in 1845 and to various crops in Georgin in 1854.
M. D. Landon, commissioner of agriculture (56, p. $9-91), records in-
jury to gress near New Orleans, La., in 1864, while in a monthly
report (56) a longer account of the same subject is given. Riley
(43) states that the following year (1868) it ravaged oat, wheat,
and grass fields in Missouri. According to Riley (45) it again visited
Missouri in 1870, extending its ravages into Illinois and Kansas.
Various crops were damaged in Missouri, one farmer alone suffering
a loss of $1,000. In 1872, in the Report of the Commissioner of
Agriculture (24, p. 178), the pest was listed as injurious to grass,
cowpeas, and corn in Georgia. Thomas (55, p. 98), in the Seventh
Report of the State Entomologist of Tllinois, under the heading of

1 Farlous members of the ataff of the Division of Cerenl and Porage Insects contrihuted
Informntion on the wumercus phaser of the prolilem, and mych eradit e due them, prrtien.
}gr]yl R. A, Vickery, T. H. Parks, W. R. McConnell, . N. Wilson, G, 3. Alnsile, and R. J.

ewley,

Thi atnff of the Divisinn of Southern IMeld Crope, through W, D. Hunter and the mem-
herg atatloned in the South, has mede vrlanble contributions to the Information on the
hnbite of the Inseet and In regard to ffs nntoral cnemles. To W, D. Plerce, formerly of
that dlyislon, the writer Is indebted fur use of valuahle unpublished notos on the specles.

For the grawings necompnoying thlz paper, the welier mukes acknowledpment to W, R.
Wnalton ?n;i to Mivs Esther H. Hart, Thanks are clse due W. E. Walton for crlileizing the
mitnuacr .

"l In tﬁﬁz gention of the bulletin enly the mnjor and more Important minor onthrenks gre
incnased.

# Reference fs made by linlic number In parentheses to * Liternture clted,” p. 88,

4 ** Thin insect wng the source of much nmusetnent on my plantation last wear, Repocts
had come from New Orieans of the destructlon of the ontire eotton crop by the Lrmy
worm, and when the grass eaterplllar eame I took it for the real trmy worm,  Guerrlillag,
notwithstanding my owo fort and the vigllance of Gen. M. B. Buford, commanding the
Heiena ?ost. I captured rnz' mutes and Inborers and the erop was quite full of weeds and
FTNASR. many tlmes congratulated myselfl ag 1 found the insects devouring the prass and
weeds, and I thouoght It was o happy thinf to snve my crop, and often falt llke tnklog off
my hat nnd thanking the guerrlling for relloving my Liet forty mulen, But I was soon tis-
appeinted. T escaped tite Beylin hut fell upon the Choerybdis. No sooner had the pgrass
worm fl..Ished Its misgion rnd left the rowa clean than the legltimnte cotton caterplilar
(Nectug epiind) mude its nppenrnnce,”
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“Fall army-worm,” states that in about 1868 winter wheat was
severely damaged by this insect at one point in Illinois. In 1874
injuries to various crops were reported by Riley (48, p. 89-98) from
Georgia and Alabama, and Chittenden {5) states that in 1878 the
insect was reported from Virginia Point, Tex., during December.

In October and November, 1878, various crops were injured in
Georgia and South Caroling, according fo Riley (46, 47).

In August, 1884, from seversl points in Mississipp) it was reported
that the lurvae were feeding on corn, grass, waterinelons, and cotton.
In Indiana during September the caterpillars were reperted to be
feeding on wheat. Forbes {I6) states thai in that year a considerable
outbreglk occurred on whest in Illinois. Snow {54, p. 609611} re-
ported injury to wheat in Xansas, and Webster, in unpublished notes
in the files of the Bureau of Entomology, reported Laphygma feed-
ing on oats at Oxford, Ind., during the same year. In Ilinois the
caferpillars ravaged hundreds of acres of wheat.

I 1885 and 1889 Webster {65, p. 46, 47) reported that the eater-
pillars were feeding on corn at Lafayette, Ind.

According to Morgan (388, p. 735}, injury was done by this pest iu
1892 to crops in Louisizna. In 1896 the larvae were reported by
Howard (33, p. 346) to be again feeding on grass in cotion fields;
end that they were nnusually destructive to various crops in Florida
Jate in the fali of that year and in the esrly spring of 1897 was
reported by Quaintance (42}. During 1897 the caterpillars were
destructive to violets at Athens, Ga., according to Chittendern (6),
and simulfaneously were reported from points in South Carolins,

while in September the insect was reported from Cage Charles, Va.
de

In 1899 cecurred the first general outbreak recorded in the history
of economic entomology, when a great portion of the United States
east of the Rocky Mountains was invaded by this pest. AccordinF
to Chittenden (5}, the larvae were reported as injuring rice at Wil-
mington, N. C., as early as June 19. Karly in July they were
reported from another point in North Carolina to be injuring cow-
peas, corn, and rice, and were found somewhat later in July on the
departmental grounds at Washington, D. C., where they practically
destroyed a species of Agrostis (Agrostis stolonifera).

During August corn, cowpeas, millet, and vegetable crops were
damaged at various points in Illinois, according to Forbes (I7).
Millet and spinach were injured at several points in Maryland.
During September forage crops were much damaged at various
points in the Southern States {87; 7, p. 18-45}. In October whesat
was severely damaged in eastern Kansas; lawn grass at Buffalo,
N. Y.; and corn, sugar beets, cabbage, alfelfa, rye, and clover in
Nebraska {35, p. (4], fig- [Z1; 4, p. 47, 48). Grass and wheat in New
Jersey slso were injured severely. )

Considerable injury was done to crops in Cubs, sccording to =
letter from J. C. Vidal, mayor of Camajuani, who stated that the
larvae were so numerous that & full gallon was gathered from a spot
3 square yards in area.

In 1900, according to Felt (13), larvae damaged lawns at Buffalo,
N. Y. Pettit (40, p. 30) reported sn outbreak at Chatham, Mich.,
on the grounds of the experiment station, where corn in the esr, both
in the siik and in later stages, was considerably injured.
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In 1902, according to Chittenden (8, p. 178 9), the insect was
present in considerable nwmbers in South Carolina, Georgig, and
Texns. At ove point in Texas 40,000 scres of pasture land were
severely damaged. The insect was also reported from South Caro-
lina and Georgia.

Chittenden (Z0) states that in 1904 Laphygma frugiperda larvae
injured rice plantations along the Cape Ifear River in North Caro-
lina; grass and sorghmm at Oswego, Kans.; corn on the island of
Barbados, West Indies; and tobacco and vegetables in Mexico. In
1905 the insect was abundant at Columbia, 8. C. (88, p. 634). During
this year Fabian Garcia (27, ». 33) recorded injuries to alfalfs in
the Mesilly Valley, N. Mex., and Smith and Lewis (53, p. 8I) te-
perted injuries to miflet at Statesboro, Gu., during July. Ta 1906
Howard (49, p. 510} recorded that fields of (German millet were
destroyed in Georgis, kafir and sorghum in Texas, sngar cape in
Louistana, and beets in Wyoming,  Smith {52, ». 102) reported
injury to crops at several points in Georgia.

In 1907, according to Howard (60, p. 543}, the caterpillars were
very destructive to alfalfa in Virginia, Missouri, Texas, and Kansas.
In a single county in Missouri a $75,000 Joss to the alfalfa Crop was
reported. Ieadlee (28, p. 835) reported injury to alfalfs at Topeksa
and Kmporia, Kans, Violets were injured at Athens, Ga., rice in
North Carolina, and various crops in Mississippi during the same
‘ear.

y The great general outbreak of the insect in 1912 was unquestion-
ably the most severe that had ever cccurred in the United States,
notwithstanding the fact that better means of scquiring information
on entomulogicel conditions were available than ever before. During
this year practically the whole country east of the Rocky Mountains
was inveded from Florida and Texas in the South to Msine and
Minnesota in the North. The pest was reported from several pointg
in Canada; also from the West Indies, especially from Porto
Rico (32) and Barbados (7). It was also present in destructive
numbers in British Guiana (3), and was reported from San Salvador,
Central Aierica, by P. A. Vitta Corta, of the Instituto Nacional
Central del Salvador. The caterpillars appeared in destructive num-
bers in Florida in April and in southern Alabams the latter part of
the sanie month. In early May moths began to issue from this
generation and crossed Alabama and other Gulf States, producing
another generation. The moths of the latter generstion migrated
farther north, repeating the operation again and again. Serious
damage was done to forage and other crops in the South; to crab-
grass, Bermuda grass, sorghum, peas, alfalfa, and kafir, and to corn
wherever grown in thet region.” Corn was also damaged in many
of the North Central States and in Virginia, Wheat was injured in
Ohio, Indiansg, Iilinois, Missouri, Kansss, and especially in Nebraska ;
oats were injured in Indiana; rye, timothy, and alfalfa in Ohio and
Kansas; alfalfa was ravaged in Kapsas and to s lesser extent in
Indiana, Iilinecis, Missourl, and Avizona. In the Middle Atlaniie
States pasture lands and lawns in cities suffered greatly, while corn,
alfalfs, and rye were also damaged. Barley was injured in Rhode
Island, and lawns suffered injury in some instances in Connecticut.
The insect was also abundant at seversl points in Massachusetts,
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according to Fernald (15, p. 87). In the North Central States,
Northeastern States, and in some of the Middle Atlantic States the
damage to crops occurred during late sammer and early fall. In the
Southern States, where the insect appeared much earlier, damage
was extended over most of the growing season, especially in the
Gult States. E. O. G. Kelly noticed great swarms of moths ab
Wellington, Kans., during September of that year. Felt (14, p. 42}
recorded injury to Flungarian grass and grass lawns in New
Yorlk City.

Tn 1915 the inscct probably was move abundant than in any year
since 1912, It was very common in different parts of South Carolina
and other Southern States, und some serious local outbreaks occurred.
Sorghum growing among cowpeass at St. Matthews, 8. C., was severely
dumnged, 1n fact, completely eaten in some fields, while alfalfa was
seriously dimaged at Fort Motte, 8. C., during August. Crabgrass
and other forage crops also sulfered considerable injury at various
places. "The insect was also injurious at several points in (eorgia,
according to Worsham (67, p. 15), and according to Hinds (30,
p. 26), it damnged cowpeas and other crops in Alabama. The insect
ulso appeared in sbundance in southeastern Kansas, and was reported
#from varicus points in Floride.

In 1918 several reports of injury to alfalfa, corn, and sorghum were
received from South Carolina during August. Sherman (60) re-
ported injury to peanuts, grass, and corn in esstern North Carolina.

Tn 1920 occurred what may be considered the most serious out-
break of the insect since 1912. It was much more abundant snd
did considerably more damage in 1920 than in 1915. At Columbia,
S. O, it appeared at the earliest date recorded since 1912. The
larvae were talken on young corn in late June and indicated by their
stage of development that the migrant moths apparently had arrived
about June 20. The species was found in southern South Carolina
at the same time, which indicates that the whole State probably
was invaded at about the same time. Serious damage was done to
various crops in the Southern States. Corn and crabgrass were
injured in Mississippi and Georgia; corn, crabgrass, sorghum, pea-
nuts, cotton, and cowpeas in Soutk Carolina; and corn and cotton
in North Cerolins. In some Instances cowpea plants were almost
completely defoliated after the grass had been eaten. Sorghum in
many instances was complctely devoured, and cotton suffered much
in many fields. The outbreak apparently was confined principslly
to the Southern States, us most of the reports of damage came from
points in that region.

COMMON NAMES

Laphygma frugiperda is known under a variety of common names
thronghout the area it invades. The first common name on record
civen to it by Smith and Abbot (51}, is “corn-bud-worm-moth.”
Other names are “fall army worm,” “'grass caterpillar,”  southern
army worm,” ¢ southern grass worm,” © the army worm,” “ Daggy’s
corn worm.” and “wheat cutworm.” On account of 1ts depreda-
tions in alfalfa fields in Kansas and Nebraska in 1899, it has been
called the “alfalfa worm” by some farmers in that region. In
Pexas and other Southern States it is often imown as the “bud-
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worm,” owing to the fact that the larvae frequently eat out the
heart, or bud, of corn and other closely allied plants. Along the
Mississippi and other rivers, on lands subject to overflow, this
species is called the “overflow worm,” from the fact that the
larvee frequently do much damage to crops growing on such
lands, especially during a year of genersl invasion. In Florida it
is kmown as the “buck worm” and in Porte Rice as “los gusanos de
yerbe.” Quite likely it often passes for corn earworm in the United
States, and it is so called in Barbados because of a belief that it
i the true corn earworm {Heliothis obsoleia). This is either because
it is often found associated with that caterpillar, feeding on the
grains of the ear, or because the injury it does to ears is the same
as that done by Heliothis larvae.

In British Guiana the insect is a serious pest of rice, and the
larvae are known as “rics caterpillars,” while during the outbreak
of the insect in Cuba, in 1912, the natives of that country called
it “la langosta ¥ {locust).

ORIGIN AND DISTRIBUTION

The fall army worm undoubtedly is tropical in origin, since it
does not pass the winter in any of its stages in the United States,
except in southern Floride and scuthern Texss, or in that region
of the United States included in the Tropical life zone. Accorﬁing
to Hinds and Dew {(87) it may survive the winter in exeeptional
years along the Gulf coast. Although there is a possibility of this,

it is in reality somewhat doubtful because of reasons given else-
where in this bulletin.

The species redistributes ifself every year, through the migration
of the moths, over most of that part of the Austral region included
in the Austral life zone, and also over part of that region included
in the upper Austral life zone. The insect ugually may be taken each
year in these regions, and local outbreaks, especially in bottom lands,
are not uncommon. During a season of general outbreak, such as
occurred in 1899 and again in 1912, the insect not only covers the
whole area mentioned but also invades the transitional zone of the
Austral region.

Outbreaks, when general and severe, apparently originate in Mex-
ico and the West Indies. During the months from December, 1911,
to February, 1912, the species was sbundant in Cuba and other
tropical countries. The general dutbresk which occurred in a large
part of the eastern United States during 1912 evidently originated
in these countries. During that year (1912 the area invaded in
the United States comprised practically all of the States east of the
Rocky Mountains, with the exception of North Dakota. (Fig. 1.)

According to & letter received from Arthur Gibson, then chief
assistant entomologist of Canada, under date of October 3¢, 1912,
the moths of this species had been taken at the following points
in Canada: Ottawa, October, 1901 and 1908; Bridgetown, Nova
Scotia, August and September, 1912; Montreal, Quebec, September,
1907 and 1808; Cartwright, September, 1805; and Arvene, Manitoba,
September, 1905,
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SYSTEMATIC HISTORY AND SYNONYMY

This ingect was first described by Smith and Abbot (67) in 1797
as Pholaena frugiperda. In 1832 Geyer (22, No. 342) placed it in
the genus Trigonophora but retained the specific name. In 1852
Guenée (25, p. 167-159) redescribed the species and assigned it to the
genus Laphygma and also described a variant as new under the
name Laphygma macra. Walker (69, p, 196-194) in 1856 described
variants of this species under the following three names: Laphygma
inepta, Prodenia signifera, and Prodenia plegiata. Glover (56) in
n general account under the name of Laphygma macra {misspelled
machra), stuted that it might prove to be Phalaena {Zaphygma)
frugiperda S. and A.

Ftg. 1.—Mnp showing aren sometimes lnvaded by Laphypma frugiperdu. In the ex-
trome gouthern portions of this aren the fall army worm is conetantly presopt.
{Waltonr and Luginbill}

In 1868 Herrich-Schaeffer (29, p. 116), under the caption of
Laphygma frugiperde Abb., says: “The female is more uniformly
colored and less cons]picuously crnamented. Undoubtedly Gn. de-

seribad it [the female] as L. macra and Gdl. also considered it under
this name.”® In 1869 Riley (49, . 43) proposed the name of Pro-
denia daggyi, but gave no description. However, during the fol-
lowing year he described the species as P. cutumnalis (44, p- 363; 40,
p. 105-117), with original figures of the moth. He observed the
marked differences in color pattern among the moths, which are now
known to be mostly sexual, and proposed two varieties (giving fig-
ures), namely, fulvosa and obscure. In 1882, in the Report of the
Comnissioner of Agriculture for 1881-82, Riley (47) wrote sbout
the species under the name of Laphygma frugiperda, and since that
time 1t has been known, with o few exceptions, by this name.

# Trenglated from the German,
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LAPHYGMA FRUGIPERDA (Smith and Abbet)

Pheleena frugiperda Smith and Abbot, 1797 (51, p. 100).
Trigonophore frugiperda Gever, 1852 (28, p. 22).
Luphygmae maegra Guenée, 3852 {25, p. 137}.
Lapliipme. frugiperde Guenfe, 1852 (85, p. 159).
Laphyyme dnepta Waller, 1856 (68, p. 190).
Prodenin signifere Waiker, 1836 (63, p. 1533
FProdenia plagiota Walker, 1856 (63, p. 194).
Prodenie culumnaliy Ritey. 1870 (44, p. 363 3.

var. obsenra Riley, 1870 {44, p. 368).

var. fulvosy Ritey, 1870 (44, p. 368).

ECONOMIC IMPORTANCE

The fall army worm is a pest of the first order, particularly in the
Southern Stutes, as it occurs every year in some part of that region
and often does serious damage to crops, especially those of the Jow-
lands.  Sowmetimes this damuage i= attributed to other insects or other
causes.  When not exceptionally abundant the larvae may feed like
the corn earworms, in the buds of plants, and later, on the grain of
the cars, and so may be mistakenly thought to belong to the Iatter
species.

During such general outbreaks as occurred in 1899 and again in
1912 the damage to crops throughout the country was s¢ enormous
as to vender an estimate difficalt. but without doubt it aggrepated
many mllions of dollars. The Southern States daring these out-
breaks bore the brant of the loss because a greater number of gen-
erations oceur in that region, thus extending injury over s much
longer period than was the case farther north. However, great dam-
age also occurred in the Middie West, the North, and the East, where
uplands as well as lowlands were affected. In 1919 great damage
was done to corn, cotton, alfal{a. crabgrass, millet, sorghum, and other
field und garden crops. In some instances in the South corn was
replanted three or four times, and even the last planting was much
injured; in fact, almost destroyed. The alfalfa crop for the season
in many cases was almost a total failure. Sorghum planted with
cowpeas for hay was in many cases completely eaten, and cowpeas
were hadly damaged, while older sorghum was st pped, as were corn,
kafir. und mile. Young sorghum, eaten down to the ground, had no
more than regained some of its former growth when the steceeding
zeneration of larvae devoured it.© Rice and inillet suffered greatly, as
did ecotton in some instances. Watermelons and sweet potatoes also
were severely damaged.

Considerable injury was done to cotton by the larvae in topping
the plants and catting off squares and branches. In estimating the
damage duc to topping, members of the late W. D. Hunter's staff
made an investigation in infested fields in Louisiana, Mississippi, and
Texas and found that 1.491 stalks out of a total of 24.543, or 6 per
cent, were topped.

In British Guiana the fall army worm is a serious pest to young
rice, attacking the plants when they are at the most eritical stage of
growth, and if control measures are not immediately taken the larvae
destroy the whole crop in a short time.

Van Dine (61, p. 22) lists this species as injurious to sugar cane in
Porto Rico.
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THE FPALL ARMY WORRM
CAUSES CONDUCIVE TO AN OUTBREAK

The probability of a general invasion of the fall army worm
in the United States depends to » lurge extent upon the prevailing
weather conditions during the winter months in the region where
the insect is a permanent resident. This insect thrives best during
periods of cool weather, with an nbundance of rainfall. Such condi-
tions are Iavorable not only for a luxurious growth of grasses and
oiter closely allied plants, but are known to check the multiplica-
tion of natural enemies, thus permitting the pest to propagaf-
unhampered in enormous numbers. By the time conditions become
favorable for the multiplication of natural enemies the insect has
gotten beyond biologicul control, migrated porthward, and invaded
the more northerly regions of the (nited States. If humid weather
conditions prevail great damage to various crops may result. Dur-
ing the summer season of 1912 precipitation was heavy in the South-
east and floods werce numerous.

Daring seasons when no general invasion occurs local outbreaks of
the insect occur in the South only following a period of heavy rain-
fall and humid weather.

Bodkin {3) sums up the causes influencing the outbreak in British
Guiana in 1912 as foliows: Inscct life was checked early in the year
duse to a prolonged and severe drought. Later, when rains began,
the insect pests became very active, bul the parasites, having suffered
the greatest setback, were unable to hold the insect in check, and
the severe outbreak as described by Bodkin resulted.

FOOD PLANTS

The larvue of Laphygma feed on a large number of plants; in
fact, they are almost omnivorous in their food habits, feeding both
on field and truck crops, and even attucking the foliage of some forest
trees. However, they have a decided preference for plants belonging
to the family Poaceae, such as crabgrass, corn, sorghum, and Ber-
muda grass, and probably would confine their attacks entirely to
these plants if they were always available.

Cotton seldom is seriously injured unless it has been poorly culti-
vated and the field has been overrun with grass; the larvae feeding
on the grass, and not finding suflicient supply ot this food to reach
maturity, go to cotton and do considerable damage to the plants.
Cotton fields free from grass seldom, if ever, are invaded, even when
thev adjoin infested cowpen and grass fields.

The following is a list of food plants upon which the larvae have
been found to feed, according to records made by various workers of
the Bureau of Entomology and other references upon the subject.
Quite likely they feed on many other plants besides those mentioned ;
however, this list is representative of the various species attacked:
Allalfa {(Afedieago sativa L.}, Bluegvass {Pog pratensis L.) and other
Apple {(Pyrus malus L.). speries of Pon.

Asparagus {(Asparagus officinglis L.}, Broom sedge (Andropogon virginicus
Barley (Hordeum vulguve 1.}, ).

Bent gruss (Agrostiz stolonifera L.). Buckwheat (Fagopyrum fagopyrum
Bect (Betn}. EKarst.).

Bermuda grass  {(Capricla dactyion | Cabbage, common head {Brassicn

{L.} Euntze}. olerdecen var, capitata).,
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Chlck pen (Uicer arietinum L.).
Clovers (T'rifolium proatense T., T.
repens L., and otber species of Tri-
follum).
Cotton (Gossyplam).
Cowpen { Vigna sinensis (L.) Endl).
Cockle bur {Xunthiym commune Brit-
ton).
Corn (Zea mays L.}, ull varieties,
Cucumber (Creumis sativus L.).
Crabgrass (Syntherizgme senguinaliz
{L.) Dulac) uand other specles of
Syntherlsman,
Crowfoot ETIES { Dactyloctenium
aeyplicumn {L.) Itleht.),
Grape (Vitis), many varieties.
Hollyhock (Althaes roses Cav.).
Jehnson grass (Holeus halepeneis L.}.
Lombs querters (Chenopodium album
1.).
Millet, cultivated varletles:
Pear! millet (Penniseium pioucum
(L.} R. Br.).
Hog millet (Paricum miliccetum
L.}.
Para grass (Penicum Dbarbinode
Trin,) in British Guiana.
Texns wmillet (Patticum lepanum
Buckl.).

Native species (Panieunm}.
Morning-glory, wild (Ipomoeg).
Nut grass {Cyperug rotundus L.),
Outs {dAvene sutive L.).

Onion (Allien cepa L.).

Urunge (Giirus qurentinm L.},

Per (Pisuwmn sutivum L),

Pench {Prunus persicd Sleb,
Zuce.).

and
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Peanut (Arechis hypogea L.).

Plgweed (Amaranthus).

Potato (Solanum tuberosum L.).

T'urslane (Portulace oleracea L.).

Rhodes grass (Chloris payene Kunth,),

Rye (Secele ceresle L.).

Rive (Oryza sclive L. and others).

Rntabagy (Brassica campesiriz L.).

Sorghum (Holcug sorghum L.); sac-
charine group, sorgo, many varieties;
nonsaccharine group, kaflr, mile, ete.

Spinach {(Spinceic olerecee L.).

Sugur beet {Betu).

Sandspur grass {Cenchrus frituloides
L

.

Sooteh kale (Brassica olergeca vat.
acephele D. C.}.

Sudan grass {(Holcus sorghum sudan-
engia (Piper) Hitch,).

Boy beans {Glycine hispide Maxlum.).

Sugar cane (Saccharum officinarum

L.).
Strawberry (Fragarla}.
Teosinte
Sehrad.).
Timethy (Phleum prafense L.).
Tobaceo {Nicotlana febocum L.).

( Buchlgoena mevicana

Tomato (Lycopersicum  esculentum
Mil.}.
Tumble grass (Agrostis hiemalis

{walt.} B. & P.}.
Turnip (Brussice rape L.).

Viclets (Viola), many cultivated va-
rieties.
Waterraelon
Schrud.).
Wheat (Triticum sativum L.}, all va-

rieties.

{Citrutius vulyoris

LIFE HISTORY AND HABITS

THE EGG

WHERE THE EGGE ARE LATD

The egos of Laphygma frugiperda are deposited promiscuously,
the female apparently possessing no instinctive habit, peculiar to
some insects, of placing the eggs on a food plant of the larva. This
indiscriminate placing of eggs may possibly be due to the fact that
the larvae are almost omnivorons, and no matter where the eggs are
placed there is little chance but that the larvae will find a plant to
their liking. The indiscriminate oviposition is especially noticeable
during years when outbreaks occur.

During the year of the izst general outbreak (1912} egg masses
were taken by various members of the bureau staff from a large vari-
etydof plants, some of which are cultivated and others growing
wild.

E%lg masees have been taken from corn, mainly from the underside
of the leaves, from wheat, sugar cane, alfalfa, cowpeas, kafir,
and tobacco. On the wild plants masses were found on the leaves
of crabgrass (Syntherisma sp.) and Bermuda grass (Cepriole dac-
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tylon). This list includes some of the favorite food plants of the
larvae.

Egg masses have also been taken from the foliage of trees such as
box e%der, catalpa, maple, elm, hackberry, Japan plum, live oak,
peach, plum, sycamore, walnut, and date palm. Hubbard (84 p. 1560,
151) observed the eggs on leaves of the orange. The majority in
this list of plants are not food plants, and consequently, when the
larvae hatch they must seek elsewhere for food; this they do by
spinning threads and dropping to the ground. The honeysuckle
{Lonicera}, nut grass (Cyperus}, geranium, and roses (fig. 2} are
other plants upon which egg masses have been placed. Xgg masses
are often found on sides of houses; in one instance a mass was found
on g horseshoe; in snother, on 2 section of rope belonging fo a swing;
in another case, on a stone walk; and they have been observed on
window screens and curtains.

In cages the females deposit the eggs on foliage, on the sides or
bottom of the cage, or on the cheesecloth top of if. In a great many
cases they prefer to place the eggs on the underside of the cloth top.
The probagle reason is that the eggs may be more easily attached to
the strands of cotton cloth than to the glass side of the cage, or even to
the foliage.

PERIOD OF OVIFQO3ITION

The length of the period of oviposition depends somewhat upon
temperature conditions, being shorter in the summer months than
during the fall. At Columbia, 8. C., this period varies from 4 to
17 days. The majority of the eggs, however, are deposited during
the first four or five days after the female begins to oviposit. In
cases where egg laying extends over a long period, very few eggs are
deposited during the Tatter part of the period, as the female by that
time is nearly spent. At Brownsville, Tex., during August this
period extends over only a few days. In the majority of cases two
days, and in some cases only one day. Quite likely the higher tem-
perature, by inducing greater activity and shortening the life period
of the adult, causes the females to lay their eggs within & shorter

eriod at Brownsville than at Columbia, where the temperatures are
ower during that season of the year.

NUMBER OF FGO MASSEB AND NUMBER OF EGGS8

Considerable variation has been observed in the number of egg
masses deposited by one female. It is quite likely that the number
of masses per individual in nature is not so great as has been ob-
served in cages. Moths closely confined in cages often disturb esch
other, and the females busy ovipositing may cease temporarily, con-
tinuing subsequently at a different place.

By referring to Table 2 it will be observed that the largest number
of egg masses deposited by one female during one day was 8, and
the maximum total for one individual was 13. The total number of
cgg masses for the 6 females in the cages was 48, or an average of 714
for each female.

The number of eggs in one mass in the Brownsville experiment
varied from 9 to 349, with an average of approsimately 143 eggs.
At Columbia, 8. C., the Aumber of eggs in a msass as a rule was
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greater, This may be due to the fact that eggs were deposited in
fewer masses. In a lot of § egg masses at Columbia, the number of
eggs per mass varied from 44 to 593, with an average of 243,

At Columbia, 8. C., the number of egr masses deposited by any
one individual during her whole life varied from 1 to 13, with an
average of 6.7+ in a series of 19 individuals during August, Sep-
tember, and October, 1910.

FERTLLITY

Proctically all of the eggs from a fertilized female are fertile
and hatch. In many cases, however, several Jarvae in a mass failed
to emerge from the eggs, possibly because they had been injured by
others that had emerged from the same mass.

MANNER AND RATE OF JVIFOSITION

The moth of Laphygma frugiperde deposits her eggs in a mass
consisting of two or three layers, or decks, superimposed on each
other, The bottom layer containg by far the largest number of eggs,
the top layer often containing only a small number. Sometimes,
however, the eggs are placed in heéaps. This may be because the
female was in a cramped positien when ovipositing in confinement, as
in nature the eggs ave always found in layers. The eggs are placed
very close together, and usnally scales of the moth cover the mass and
male it appear as though it were covered with mold. These scales,
which are very small and fine, are loosened from the body of the
female while she is in the act of ovipositing, and when the individual
egg is placed some of these loose scales adhere to it.  The scales there-
fore are attached as each egg is laid, and are not distributed after
ovipositicn is completed. In oviposition the moth moves the tip of
her abdomen with a circular motion.

During the fivst part of the period of eviposition the moth deposits
her eggs at the rate of about one every 014 to 12 seconds, but during
the latter part of the egg-laying period this interval may lengthen to
iwo minutes. According to observations made at Columbia, 8. C,,
during September; 1918, one female deposited a mass of 220 eggs
between 9 and 9.30 p. m., or at about the rate of one egg every 8 sec-
onds. Another female deposited 227 eges on September 6, between
7.45 and 8.30 p. m., or at about the rate of one every six and one-half
seconds. ‘

WHEN OVIPGSITICN OOCURS

Oviposition occurs at night; it has never been observed during the
daytime. The approach of twilight stimulates the moths to activity.
Oviposition begins shortly after dark and lasts until midnight, but
most of the eggs are laid during the early hours of the night. In
cages under observation eggs have been deposited after midnight,
but possibly in such cases egg laying was delayed by sudden exposure
of the moths to bright electric light, thus foreing the extension of the
ovinosition period.

DAILY AND TOTAL BEGG PRODUCTION

The number of eggs deposited by one moth during one day and
during her whole life varies greatly; the reason for this is not defi-



http:confinement,.as
http:FER'flU'.rY

14  TREUENIOAT BULLETIN 34, U. S, DEPT. OF AGRICULTURE

nitely known. Females fed on solutions of suger or honey are more

roductive than those not so supplied; hence it may be assumed that

ecundity is nifected by the quantities of food ingested. On the other
hand, it is quite likely that some moths naturally are more fecund
than others, This variability in number of eggs lzid is not peculiar
to this particular species, but is found in many other species of
Lepido%tem; for instance, among the moths of Heliothis obsoleta,
where the variation is even greater.

In an experiment conducted at Columbia, 8. C., during August,
1913, in four cages each containing one female and two males, the
dzaily egg production varied from a minimum of 25 to a2 maximum
of 620 eggs. (Table 1.} The averages for the four females varied
from 107 to 389 eggs. 1t is, of course, understood that calculations
are based on days (Turing which eggs were deposited.

A similar experiment was conducted at Brownsville, Tex. (latitude
26° N., elevation 45+ feet), by R. O. Rosewall, during the same.
month and year as those carried on at Columbia, 8. C. (latitude
34° N, elevation 349+ fest). In this case six cages were rum, each
of which contained a pair of inoths; the minimum number of eggs
deposited by any one female on one day was 53, and the maximum
number was 1,122. The average daily production of the six females
was 512 eggs, (Table 2.)

The average number of eggs deposited by a moth during her
whole period of oviposition was in excess of 1,000. In the Columbia
experiment (Table 1) the minimum number of eggs laid by one
individual was 747, the maximom 2,142, and the average 1,393. In
the Brownsville experiment the minimum number was 421, maxi-
mum number 1,782, and the average 1,024. (Table 2.) The results
in these two experiments show that the minimum, maximum, and
average total egg production of one female was considerably greater
in the Columbia experiment than in the Brownsville experiment.

TapLe 1.—Number of eggs deposited by females of Laphypma frugiperda (one .
in each coge) in one day and during life, ot Columbdia, 8. C,, 1918

Date of oviposition: Number | Date of oviposition—Contd. Number
Coge A— of egza Cage C— of eges
Aug, 24 __ 108 Bept, Toe 461
Ang. 85 a8 Sept, 8 en 503
Ang, 26 ... 163 Sept. 9 o 352
Aug 20— 184 Sept. W 14D
Aug, 28 .. 187
Ang, 29 44 Total . ____ 1,555
Avg. B30 o0
Sept, 1. 35 Cnge D—
Sept. 6o 358
Totwl ___. .. 747 Sept. oo 358
Sent. 8 000
Cnge B— Sept, O 00
Aug. 20 o 531 Sept. 10 44
Avg 30 ____ 802 Rept, 11 181
Aug, BI____ . 620 Sept, 1217 __.________ 185
Sept, 1o 000
Sept. 2 232 Totnd e 1,126
Sept, B 132
Sept. 4 ___ 25
Total .. 0, 142
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TanLe 2 —Number of eggs laid by females of Laphygma frugiperda {one in each
ceye) at Brownsville, Tex?

:It Number |
; NMumhber of ¢ggs | MNumber

i counted | of eggs

Number of eggs In each mass i atone | for edch
l obsar-

vetlon

160 : 169
150, 186, 781, 153 770
88, 333.... ! 421
9, 118, 40, 10, 134 ; a0
139, 135, 110, 217, 100, 124, 175, 104 VoL
161, 221, 60, 30, 118 : 508
83

150, .

05, 4%, 123, 133, (3, 23
191, 139, 178, 124,
&g, 131, 248,
160, 4, 190

B G e 2w b O O LT B e

&

AVCINEO_ . .~ 'I 143
1

i

t Records chialned by O. 8. Rosowali,

TanLE 3.—Length of incubalion perfod of eggs of Laphypma frugiperda ai Uo-
fumbia, 8. ¢, 1913-1018

- -
N I

: Eoogth of l+ngth ol
Number of egg Dato Danta Numberofegg | Date ' Date
1008568 depositett . bateked ug((gms;gi);e . madses !deposited'._ batehed e%ﬁ:;,

"July 2° July
CJuly 47 July
Aug.

CAug,

Qect,

. 1..,.,,.-..._..-...-.-i Bept. 30
2 'Oet, 1

B waome gam e
[ -3 -F-3-T 11 L)
M

[T

b e QG

P e Ty ]

O e el ke 0 B fa e G e G B G0 ke G 3 3 6 £ £ B3 € G T B G 03 B e :
B oD oo < im e e on w100 55 S 3 (8 00 e g e &8 b ik T G 80 ke BB

ol

I
I

LENGTII QF IMNCUBATION PERIOD

The length of the egg stage depends primarily upon prevailing
temperature conditions. Humidity apparently plays s very small
rdle, as eggs of the same age kept in a dry place hatch in the same
length of tune as do those kept in o moist place.

In the latitude of Coiumﬂiu, 5. C., according to Table 3, the
shortest period of incubation between July 2 and November 9 is
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two days. This minimum period occurred in Augnst. The longest
period ol incubation is 10 days and may occur during the latter
purt of October and the first part of November. This table further
shows that during July and August the average length of the
egg period is three days, during September, three and one-half
days, and during October upproximately six days. The general
average for this stage for the whole period (July 2 to November 9)
was 5.28 days.

At Greenwood, Miss, which is in about the same latitude as
Columbin, 8. C., W. R. McConnell and J. M. Langston observed that
during the months of July and August the egg stage varied from
two and one-half to four days.

According to records obtuined by R. A. Vickery, at Brownsville,
Tex., extending over o period of years, the egg stage varied from
2 to 11 days throughout the yenr. Table 4 gives data selected from
& large number of records und shows the variation in the length of
this stage for each month of the year. A short ege period of two
duys is reported for the months of June, July, August, and Sep-
tember, and the first part of October, or for nearly five months of
the year. The longest egy period is 11 days, and is recorded for
the latter part of December, while the egg period for eurly January
1s a close second, being 10 days. The nyerage length of the egg stage
for December is seven days, and for January, nine days.

Tasre b-—=Length of the incndation poriod of egys of Laphyyme frugiperda
thronghout the year at Brownsville, Ter.

. TLeugth '

Dinte egEs werd

clege
doposttesd

t
Dinto eggs hatched . stuge |
Io(days)

Dinto eggs were

depogiterl Date eggs hatelied

Ian. 2, 1014

Joan, L, Lbtd .
Feh, 2, 1004,
Mo, 14, 1085

Jaa. 12, 1914

Jlan, 1o, 1014
Fab. 9, 1614_

| Aug. 8-, uma

Sept, 13-1%, 1013707
Qck. 5-6, 1013 1
Oct. 17, wa_ 77"

Aug. 10-11, 13 L

Sept. 14-15, W13 1__
Qeb. 78, g1
Oct., 2, 1913

Aproa, G
My Z, 1MG
May 26, 11 N
June 2524, 19td L
Judy 12-03, 9L

Oct. 29, 1003,
Nov. 10, I3
.| Dee. & 1013, .
Dec. 31, 108. ...

Oct. 31, W13
Nov. 5 1913
Dee2, 1913,
Dee, 20, 1013

(AR L N Y

S B B DS TS

June 295, 16l
Juky 115, 1015

—

1 At pight, '

Eggs hatched in two days when the mean temperature was 80° T,
and when it fell below 69° . more than four days were required.

W. D. Picrce, in compiling from records the data as to the length
of the incubation stage (made by various men in the Division of
Southern Ifield Crop Inscets, stationed in Louisiana und Tennessee),
found that the average length of the stage for 22 egg masses was 2.3
duys at o mean temperature of 80.5° F.  The optimum temperature
wag 79.5° at which the egg period was two days. At either o higher or
lower temperature than this, the average period lengthened, but
not at so rapid a rate for the higher temperature as for the lower
one. W.H. Larrimer, at Nashville, Tenn., in 1913, reported a period
of seven duys ns the length of the egg stage in a lot of epgs that
were laid Octolier 11 and hatched October. 18,

During August, 1915, while preparing eggs for histological work
at Columbin, 3. C., the writer made observations on the length of
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the incubation period in hours. Table 5 shows the results obfained
from this study. It may be noticed that the shortest period for any
one of the 10 egg masses was 60.5 hours, the longest was 71.5, with
an average of 64.6 hours, Table 5 shows further that some of the
masses were deposited after midnight, but that none hatched after:
midnight,

R. N. Wilson obtained an average of two days for the length of
the incubation period for 10 lots of egys, between May 20 and 26
during 1915. at Gainesville, Fla, and the same average for two
lots between June 17 and 20, and for five lote between July 20 and 23
during the same year. :

Pance S—Length of epy stege of Laphyyma frugiperde in howrs; Columbia,
8. C., 1915

Tnmmbas
Day snd Liour eggs worn doposited Dy and hour ongs hatchod t‘ggd
bours)

L B, 1LA5 L m
.24, 2300 m
L2, 1. men ..
LARTIRE T I
LML, 230 e
LE, lipom

A LT R 1 LI TS0 m
L2, 045 P . 20, 12 noon.. .
.2, B0 p, omo . 1L 0om
J L B U T T 25, WA m

AvVelnge

¢ Raofers Lo the time whon math ceased oviposition.
THE LAEVA

GENERAL EABITS

The larvae of Laphygma frugiperda, immediately upon hatrhing
from eggs, devour the shells from which they have 1ssued. Nothing
remains of the egg mass except the fine scales which covered it.
After this first meal the larvae remain almost motionless for a period
of from 4 to 10 hours, after which they begin to scatter in all direc-
tions in search of food, seeking the tenderest portions of the plants.
Some larvae, hatching from eggs placed on tall plants, such as mature
corn and sorghum, drop to the ground by spinning suk threads. In
their descent they may often be blown some distance by winds. This,
therefore, may be a mesns of dispersion which may partly account
for the fact that larvae apparently originating from the same egg
cluster are found scattered over n considerable area.

This habit of dropping to the ground may be also a means of
escaping from enemies, for whenever young lurvae are molested they
immediately utilize this means of escape, and it is only with difficulty
that they are found. When the larvae are older and larger they con-
tinue to drop to the ground when danger threatens but do so precipi-
tately and not by means of silk threads. "After falling they usually
assume o curled-up position, lying perfectly quiet and remaining in
this condition for some time. If molested when in this state, they
crawl away quickly and conceal themselves under folinge, or show

£$2048—28-—2
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combat. It is not uncommon to find one larva devouring another of
the snme species, and they do not hesitate to attack larvae of different
species. I% fact, during an outbreak, numbers of larvae are appar-
ently killed in this way, Some writers go so far as te claim thet as
many are killed in this manner as ave destroyed by other natural
enemies, but this is somewhat doubtful, On account of their canni-
balistic habit, 1t is not possible to rear s laree number of larvae in a
medium-sized cage, unless plenty of food is provided so thzt the
larvae may conceal themselves well smeng the foliage.

The larvae are most active in the early morning and in the late
evening and are known to feed at night. During the middle of the
day, if the sun is shining brightly, they conceal themselves under
folinge of host plants, unless they are forced by hunger to seek better
foruge. In the lutter case an Invasion may tuke place duving the
sunniest and brightest
weather,

The endurance of the
newly hatched larvae is
remarkeble. They have
been known to live for
more than a day with-
cut food, other than
the eggshells, bein
active during most o
the time anr% crawling
around in the tube
which kept them cap-
tive. One larva was
observed to crawl 15

feet in one hour before
feeding.

| E— AMOUNT OF FOOD CONSBUMED
BY A SINJLE LARVA

Fia, B.—Graphic representation of the results obtained .

h; the} te%dgig é""ﬁ“ﬁ?’-mm? f&’,f{{{“"’“‘; rm{nperdg In order to determine

putar o O SRAWINE the quantity caten ln eoch  the  gmount of food
consumed by one [arve
during its active feeding period, R. A. Vickery placed two newl
hatched larvae in individual vials. Corn leaves were given as food,
and messurements were made of the amount eaten daily. At the
time of pupation it was found that one larva had eaten a leaf ares
equal to 9014 square centimeters, plus an ares of 153 square milli-
meters, which it skeletonized in its younger stages, while & second
Iarva ate an aren of corn leaves equal to 914¢ square centimeters, plus
o skeletonized area of 192 square millimeters.

Samuel Blum made some observations during August, 1921, at
Columbia, 8. O, on the quantity of food consumed during each
larval instar, and also on the total quantity of food eaten during the
actual feeding period. A series of six larvae were used for this
experiment. They were fed crabgrass. The results of these experi-
ments are stunmarized in Table € and are graphiecally illustrated in
Figure 8. The portions eaten during the first three instars consisted
mainly of skeletonized areas.
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Panre G——Quantity of food caten by one larve of Laphygme fmgi_perdn c_!m*my
cach of its instars und total guentily ealon during {ts entire feeding period?

THE FALL ARMY WORM

Numbor of larva

1

‘ Aron }
i oeaten |
i durlng .
first
inatar

. second

T |
Area | Aren Aron
[aton eaten | enton
duripg : durieg ! during

third fourth
inatar instar |
¥

ipgtar

Sq. mm.
y BLS

: 160 |
104 '

680
190 ‘
163 :

Sq. mar. ! 5. mm.
[ ]
;T340

Aroa i Area
caten  ;  outon
during
fiftl:
imstar

Total

during {quantity

i osmixth ; eaten
instar -
|

S, mm. . Sy,

11,083

2 060G

: i
S N5
52447

104 !
¥

140
b

A vornge
3 Rocovdls obtnined by Samue! Blum st Columbia, 5. C., Auguat, 1921,

BEHAVIOR

The larvae of Laphygma frugiperda, before feeding on foliage
of plants, are positively phototropic. After they reach their food
plant this tropism is not so conspicuous but is still evident.

When = number of larvme are placed on the bottom of a glass
vial that is covered and placed in the sun in a vertical posttion,
the larvee will proceed to the side of the vial nearest the sun and
proceed to crawl up that side, almost in a solid phalanx, until
they reach the top, where they congregate in a colony nearest the
sun. Now if part of the vial at the top is darkened, the larvae will
proceed down the side of the vial and congregate along the side
negrest the sun on the lower edge of the darkened area. By cover-
ing more and more of the vial the larvae may be forced down to
the bottom of the vial. However, if the dark shade is removed, they
immediately begin to craw] up the side as before. No matter in what
position the vial is placed, the larvae always congregate at & point
nearest the gun and crawl about in & eircle. If the vial is placed
in a horizontal position, the long axis of the vial parallel with the
equator, at midday, the larvae congregate at 2 point halfway between
the top and bottom of the vial along the upper edge of the side
nearest the sun. This intense phototropism may partly account
for the fact that young or newly hatched larvae are commonly found
on the topmost portions of plants, in the buds.

WATURE OF INJURY TU PLANTH

Young larvae skeletonize the leaves of plants upon which they
fesd. This habit is peculiar to the first three instars and especially
to the first cne. A first-instar larva seldom eats entirely through
2 lenf, but i usually eats the green tissue from one side, leaving
the membranrcus epidermis on the other side intact. The whitish
gnawed areas stand out prominently against the dark-green back-
sround of the remaining part of the leaf. This appearance is &
oreat aid in determining the presence of the young caterpillars in
the crops, as few other lepidopterous larvae in the region invaded
by the fall army worm have this skeletonizing habit so well de-
veloped. During the second and third instars, although some skele-
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tonizing oceurs, the Inrvae begin to make holes in the leaves and
eat from the edges of the leaves inward.

Older larvae, including those of the fourth to the sixth instars,
often completely destroy small plants and strip larger ones. Crab-
grass is often completely stripped, and even the stems of young and
fender plants ave caten to the ground. Young corn from 4 to 10
inches tall is devoured in like manner.

Fig,4.—Corn plant showing sevore injury By the fall army worn.
{Walton und Luoginblll)

Older corn is completely stripped of the foliage, nothing remain-
ing but the midribs and stalks. while many plants suffer complete
loss of the heart or “bud.”® (Fig. 4.) Corn in the ear has been
greatly damaged by the larvae in the Southern States, especially
during late fall. (Fig. 5.) In some instances the larvae have
been more common on the ears than the earworm (Heliothis obso-
leta), especially in southern Flovida and in Arizona, where the injury

inflicted by Laphyeome larvae is precisely the same as that caused
Ly Heliothis larvae,




PTHE FALL ARMY WORM 21

In southern Florida, according to R. N. Wilson, the larvae rarely
assihite the army worm habit, but feed mainly on the ears of the

plants.
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Mg, 5.—The fall army worm feeding on corn in the onr

On the Island of Barbados the larvae have been common on the
ears, and hence the insect has received the name of ¥ corn worm ” on
that island.

Alfalfn is devoured to the ground line when young, and when
older it is completely defoliated. Sorghum is injured in very much
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the same way as corn; when young both leaves and stems are eaten,
but when older it is stripped of its foliage and eaten out in the bud.
Milo and teosinte are Samaged in the same way as sorghum.
Although the foliage of cowpess is eaten to some extent by the larvae,
the greatest damage to the crop consists of topping the plants. The
leaves nre cut off, and in many instances whole branches are severed
from the parent stallks. Badly infested fields present an appearance
of having been hit by a severe hailstorm, the ground being literally
covered with lenves. Cotton is injured in & manner very similar
to cowpeas, but even less of the foliage is eaten; great injury, how-
ever, is sometimes done to the plants by the topping habit, the worm
cutting off branches (ﬁg. 6) and almost severing the stalks, sometimes
# funt from the top. They also gnaw the bark and bore holes into
the squares and stems, like Heliothis larvae.

I, §.—Typicel iojury to cotton by the fall army worm. (Photo by W. D. Plerce)

The folinge of sweet potatoes, cucumbers, watermelons, and peanuts
is eaten and sometimes even the vines are eaten. The foliage of beets,
sugar beets, and other crops is also eaten. In fact, the larvae, being
very voracious feeders, sometimes appear in immense numbers an
devour the tender foliage of a large variety of plants, leaving deso-
lation and destruction in their wake,

DUBATICK OF INSTARA AND LENGTH OF LAEVAL LIFR

The length of each individual instar and the total length of the
life of the larva depend primarilf' upon temperature conditions.
During the warmer summer months larvae are very active, feed

voraciously, grow rapidly, and consequently have shorter instars and
reach maturity sooner than do larvae living in late summer and
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early fall months, when temperatures are lower and activity, feeding,
and growth are retarded.

"Piis fact is shown in Table 7. If the average length of the instars
in the two seasons and the avernge total lengtlh of larval life are
compared, the following points present themselves: Some of the
instars of the larvae living in Qctober are twice as long as those for
larvae in July and August. The fourth and fifth instars of the late
ceries are nmlmost twice as long ns the corresponding instars in the
early series, while the sixth instar in the late series is more than three
times ns long as the corresponding one in the early series. In the
early series the larvae had only six instars, while in the later series
a seventh instar occurred (one larva had eight instars but died before
pupating). During the fall this additional instar is not uncommon.

TapLg T—Number of insters sad length of larvel life of Laphygme frugiperde
i ol Columbdie, 8. C., in 1818 .

faripa A, noder ebeorvation during Series B, under observotion durlng
July and August Qctober

Length al instar (hours) : Langth of iostar {bours)

Number . . Number
el indi- | Extromes ol indt- |

- vldoals | vidunls |

Mini- ! Maxl | Minl- ~ Maxl-
mun 's e ; muim o e

Extremesd

Avempe

ir)

il

1]

44

6.6 .

11% 3. 115 ;
- B51 [

average length of larval life in series A, based on 40 indi-
viduals, was 280.4 hours, and in series B the average length of larval
life, based on 27 individuals, was 712.44 hours. The average length
of larval life in the late series, therefore, is nearly two and one-half
times that in the early series, The minimum number of days re-
quired for any larva to reach maturity as given in series A was 2061
hours, or about 10.9 days, and the maximum was 321 hours, or about
13.4 days; while in series B the minimum was 489 hours, or about
20.4 days, and the maximum was 1,185 hours, or about 49.4 days.
In the last case the larva underwent a seventh imstar. This last
instar showed no apparent difference in color pattern from that of
the sixth instar. :

Table T also shows that the average length of the second instar is
invarisbly shorter than the length of the first one, the third instar
is somewhat shorter than the second, the third instar being the short-
est of all; the fourth is shorter than the first, but the ffth is some-
what longer. The sixth instar is of the longest duration, except in
the case of seven instars, when the seventh is the longest. The
length of the last instar preceding pupation is somewhat increased
by the fact that it embraces the prepupal stage. In these laboratory
experiments the length of the prepupal stage has been added to the
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larval life (to its last ingtar), to which it certainly belongs, but in
conducting experiments under normal conditions or in nature it
usually is considered as part of the pupal stage, since it occurs in the
cell underground.

In the extremes of length of the instars the sixth instar presents
the greatest diflerence, amounting to approximately three days in
series A and 19 days in series B.

B. R. Coad, of the Talinlsh, La., Iaboratory, obtained almost the
same results for the length of the various instars us did the writer
1t Columbin, 8. C, Mr. Coad gives 1.5 to 2 days for the length of the
fivst instar, as well as of the second and third; 2.5 to 3 days for the
fourth, 3 duys for the fifth, and 4 to § days for the sixth nstar, at
a meun temperature of 80.8¢ to 81.8° I,

O. W. Rosewall, at Brownsville, Tex., obtained 2 length of Jarval
period of 11 days for 80 larvae, 12 days for 154 larvac, 13 days for
30 larvae, in a ot of 819 larvae hatching out July 13, 1913; and an
average of 12.8 days for the whole lot for the length of the larval
period. In another lot, consisting of 193 larvae, Rosewall obtained
an average of 123+ days for this period per larva hatching out
during June of that same year. These results correspond very
closely with those that were obtained by the writer at the same time
of the year, at Columbia, 8. C. According to C. L. Scott, the larval
period during September, at Brownsville, varied from 16 to 21 days,
but on an average was nbout 18 days. At Columbia tho average for
Uctober is about 30 days.

ACTUAL FEEDING PERIOD OF THE LARVA

The feeding period of the larvae is really the entire larval life
minus the prepupal stage. This period was determined for the
larva of this species b%r various members of the Bureau of Ento-

mology during 1912. 8. E. Crumb, of Clarksville, Tenn., in early
Aungust, found that in a lot of 39 larvae the average feeding period
was 19 days; the maximum was 24 days, and the minimum 17 days.
Coad, at Tallulah, La., obtained an average period of 94.5 days,
with a maximum of 27 days and 2 minimum of 24.2 days, for four
larvae during September. Plerce, in a lot of four larvae, at Dallas,
Tex., in August, found that this period was 27.7 days, with a maxi-
mum of 28 and a minimum of 26 days. At Columbia, 8. C., this
period was 11 days in a lot of 28 larvae living during late July and
early ‘August, 1913, and 12 days for another series of larvae iving
about the same time. In October this period wus observed to be
considerably longer, as is shown by Table 7.

The prepupa stage in the summer months may last only one day,
but in fall it may extend over a period of from three to five days.
During this time the larva does not feed, and, under natural condi-
tions, is usually in its cell underground.

ECDYSIS

‘When a larva molts the cntire integument is not shed, but merely
the outer cuticulur layer thereof. No outward signs are visible to
indicate that the Jarva is molting until toward the close of the instar,
when the process becomes plainly visible,
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The larva of this species passes through its final period of cedysis
and custs its skin in a inanner similar to that of the larva of Klasmo-
palpus lignosellus Zell, as described by the writer in an earlier
bulletin {37}.

The appearance of a larva in the final act of melting is illustrated
in Figure 7, which shows a well-defined colorless area in the region
of the neck (a). This becomes gradually larger as molting pro-
gresses. It is easy to distinguish larvae n this stage of imolting,
merely by the presence of this patch between the head and the black
thoracic shield. During the early period of molting this patch is
concealed beeause the vhoracic shield practically always is in contact
with the head.

Toward the end of the molting period the larvae are practically
helpless and unable to escape or to protect themselves from their
cnemies,

The duration of the visible period of molting varies from about
12 hours for the first instur Lo 48 hours for the sixth instar, during
the sumuer months, During the fall, and especially late in the
fall, the periods ave considerably longer.

Ire, T—A thivd inster fall army worm in ils finpl melline stapge. Note the wile
colorless aven between the rear of the bead angd the thoraeic shield, marked @

Occasionally a larva dies in the final act of molting; sometimes it
is unable to free its head from the oid mask, and at other times it
is unable to withdraw from the old body covering. This may be
due to sceidental injury while passing through this period.

THE PUPA

WIIERE PUPATION TAKES PLACE

Pupation normally occurs in the soil.  If the scil is loose, the larva
burrows into it to a depth varying from 1 to 3 inches, and constructs
a loose cocoon by tying together particles of soil with silk. The cell
in which the larva pupates is oval in outline. Where the soil is too
firm for the larva to burrow in, it may pupate at the base of a plant
by merely bringing dead foliage and sand particles together loosely
and making a frail cocoon. Pupae have been found under clods and
bowlders in fields where the soil was apparently too firm for the
Izrvae to burrow in. They have also been taken from the tops of
corn plants, in the throats of plants, from stalks, from tassels, and
especially from the husks of the corn cur. A large number of
pu&)ae were taken from the corn husks during a local outbreak at
Columbia, 8. C., in August, 1920.
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LENGTH OF THE PUPAL BTAGE

The length of the pupal stege of Laphygma frugiperda is greatly
inflienced by prevailing temperatures, When temperature condi-
tions ure right, the moths emerge, irrespective of the season of the
year. There are indications that the insect is not able to remain in
1ts pupal stage for a period of two or three months as do many
others belonging to the same order. The moths emerge within
about 45 days after pupation at the most, even when temperatures
are so low that subsequent to emergence they are numb with cold
and unable to walk, or else the pupae die. This phenomenon will be
discussed more fully elsewhere.

The smount of humidity present does not appear to be a critical
fnctor in influencing the length of the pupal stage. As a general rule,
pupae from which adults were desired at the Columbia, S. C,,
station were kept in glass vials containing a little moistened sand.
The vials were stoppered with absorbent cotton, which was moistened
as necessary. The humidity in such vials was therefore kept almost
at the saturation point. The length of this stage in such specimens
was the sume as for those kept in soil where the humidity was not
nearly as greaf,

At Columbia, S. C., the pupal stage during the period of July 13
to October 16, according to Table 8, is about 9 days on an average.
During the month of J uly it varies from 6 to 13 days, in August
from T to 12 days, and during September and October from 16 to 27
days. Larvae in a life-history cage at Columbia, S. C., pupating
November 4, 1913, produced moths on December 17 following, after
a pupal stage of sbout 43 days.

TanLr 8—Length of pupal stage fo; prh@yg-ma frugiperde af Columbia, 8. O.,
1912-1020

Langth of pupal stege
(tiuws9

Dates of pupal periads Extremes

Mini- | Mexi-
mum mum

¢ Tiotweon July 13 and July 30 13
Dotween Ang. 1 nod Aug. 38 12
" Betwean Sept. 27 angd Oct, 16, o

i Avernge for 123 Individuals,

TABLE 9.—Length of pupal stage for anhr}ggna frugiperde af Greentoood, Migs.,
1912191

Length of pupal stage {days)

Dratas of pupal periods Extromes

o | Average
Mlnimum[Ma:imum

! Patwesn July 16 angd Tnly 3l . g
* Between Aug. 2 and Aag 30 B.
- Betwean Soptk, 1 and Sopt, 18, L 1o,
- Batweon Oct. 2 and Nov. 3 20

Averape for 8¢ individunals. i |
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According to W. R. McConnell and J. M. Langston, the pupal
period at Greenwood, Miss, varied from 7 to 23 days between July
16 and November 8. The average for this stage as given in Table
9 is 8.4 days.

G. G. Ainslie, at Orlando, Fla., in 1913, obtained an average of
17.55 days for the pupal stage between February 11 and April 22,
o maximum pupal period of 23 days occurring in February and
Mareh and a minimum of 13 days occurring during late Mareh and
eariy April. According to Ainslie, the pupal period at Lakeland,
Fla., between April 1 and May 3 varies from 11 to 19 days, with
an average of 14.14 days. _

R. J. ﬁewley observed at College Park, Md., that the pupal period
varied from 8 to 20 days between November 11 and December 8,
the average being 15 days. '

At We%lington, Kans, E. O. G. Kelly and C. L. Scott obtained
as the average a pupal peried of 13.84 days for 15 individuals
between August b and December 28. The minimum period was
found to be 9 days, in September, and the maximum 28 days, in
October and November. In a series of seven larvae which pupated
October 8 to 5, 1913, at Wellington, Kans., five adults issued October
29, after a pupal period of 24 to 26 days; and 47 larvae collected
at Argonia, Kuns., on September 13, 1912, and taken to Wellington,
entered the soil between September 16 and 18, and moths issued
October 6, after a pupal period of from 18 to 20 days.

At Brownsville, Tex., R. A. Vickery and assistants made records
of 8 large number of individuals, extending over a period of years,
in order to obtain dats ns to the pupal period at different times of
the year. A summary of these records is given in Table 10. By
referring to this it may be observed that the length of the pupal
period varies from a minimum of 7 to 2 maximum of 37 days
throughout the year. The average length of the stage for the whole
year is 14.23+ days.

Tartl 10.—Length of pupal stage of Laphygma frugiperde af Browmsville, Tew,

- Langth I Length

Dots of pupstion | Date of ometgence °fs?§g%“] Dste of popatlon | Date of emorgenca ﬂg?augpeﬂ
- (days) {days)
Jan. B, 1314 __.__. Fob. 8, 1014 ceeeee; 31 |} July 28, 1013 ... Aug. 5 1813 ___. ___ 8
Feb. 2, 1004, _______ Fob. 28, 181d4... i o6 ¢ Aug 24,1001 . Sapt. 2, 1818 .. ']
Mar. b, 1011 __ . Mar. 16, 1811___ 11 E Sapt. 13, 1910. ... 8
Mar. 20, 1011 Apr, 3, 1811, MY Oct 7,190 ... 11
Apr. 13,1811 L) ADr. 24, 1811 ; 11 Nov. 8, 1813__ 15
Apr. 15,1811 | Apr. 27,1011, 12 ) & 17
ayl, 1811 .. _ May 11, 10L.___ 10 j| Drec. 8, 1813 _oeeaan 37
Jups o, 1911, _| Fupe13; 101120000 b
June 20, 1B13___ ... July 6, 3013 _._ i Avoragp. . 14 223+
July 6, 1003 oaooo o Fuly 14,1513 ... B |

" Coad, at Tallulah, La., observed pupal stages varying from 15 to 31
days between Sepfember 19 and November 12, in 1912, in a series of
23 individuals. The average for the entire number was about 17
days. The mean temperature was 72.2° to 72.8° F.

Larrimer, at Nashville, Tenn., recorded a pupal stage of from 19
to 21 days, between September 13 and October 9 in a series of six
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flpecimens. The average length of the stage was approximately 20
2ys.

Vickery, at Brownsville, Tex., observed that one larva pupating
January 22, 1913, produced moths February 24-28, 1914, after a pupal
stage of 83 to 35 days. The average mean temperature during this
period was §1° F.

At Tempe, Ariz., an sverage of 7.4 days was obtained as the length
of the pupal stage in & series of 23 specimens, as given in Table 11.
By referring to this table there may be noticed a difference of 2 days
between the minimum and maximum number of days of this period
during this time of the year.

Taoup 11—Longth of pupal stage of Laphygma frugiperde al Tempe, Ariz.

Leongth Tangth
Dale of
amer. | ofpy pal

Sioge
gonee (days)

Datoof

gg;ﬁ; ' (sumgc) ; individuals | pupation
i BYS, .

| of pupnl Nuniiser of ¢ Dnte of

Mumber of Dute of
Individunls pupntion

Eduly Ay, ] . Aug.
o Aug. 4 . . 2 do.
July i . ; Aug.
| Auy, i . Aug.

Aug,
Aug.

THE ADULT

ACTIVITY OF MOTHS

The moth of this species is not active during the greater part of
the day but remains concealed, mainly under the folisge and among
refuse. Its dark-gray color renders it inconspicuous, especially when
resting near or on the ground. Activity begins a little before sunset,
ab sunset, or just ns the light begins to fade, und reachies its greatest
degree o few hours later provi?led temperature conditions are suit-
able. Mating ocours, and eggs ave deposited at this time. Hot suttry
evenings are conducive to great activity and egg laying, and cool,
damp evenings have the opposite effect. During Iste fall and early
winter the nights are often too cool for the moths to show any sign
of activity whatever,

FOOD OF THE MOTES

Moths feed on the nectar of varicus plants. They have been ob-
served to feed on the nectar of a species of Paspalum grass {Paspa-
lum boscii Hiteh.) and Bermuda grass {(Capriola dactylon (L.)
Kuntze) ; also on the buds of cowpea plants, selecting these plants
from ameng tall weeds and grass. During the late summer of 1920
moths gathered in swarms on a species of Paspalum grass {Paspalym
dilatatwm Poir.} growing in profusion on the campus of the Univer-
sity of South Carolina, and although they were not feeding when
observed, it being early in the evening, there wers indications that
they would do so later. They were abundant in this grass for a week
or more or until it was cut for hay. ‘

The moth is very fond of sweets, and in experiments in which
moths have beon placed in close proximity to water sweetened with
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sugar or honey, they immediately extended their proboscides and
began to feed.
POLYGAMY

There is evidence of polygamy smong moths of Laphygma. In
one instance, one male and two females were 'Lnt.roduceg into a cage
and 25 cge masses were taken therefrom. All the eggs were fertile.
It is unlikely, however, that polygamy is very coramon, for as o rule
the male is too much exhausted after mefing with oue female to
copulate with another, and frequently he dies within a few deys
after mating,
OVIMOSITION WITIIOUT TFERTILIZATION

A virgin female may deposit o few eggs, but such eggs ave usually
profusely covered with scales which often completely hide them from
view. It would seem that greater cffort is required to deposit infer-
tile than fertile eggs.

KOLOSION

In eclosion the female sex predominates for the first few days, afier
which the males appear in greater numbers than the females. This
fact is illustrated by the following eage records obtained st Columbis,
5. C., in 1913:

Cage I:
Juiy 27, 24 moths Issued, 19 females and & males.
July 28, 29 moths issued, 19 females and 10 miles.
Juiy 28, 20 moths issued, 1 female and 19 males,
Cage I1:
Aungust 25, 5 moths issued, 5 femnles.
Aupust 26, & moths issued, § females,
August 27, 40 meoths issued, 25 females and 26 males.
August 29, T8 moeths issued, 28 fannles and 47 males.
Aungust 30, 37 moths issued, 14 females nnd 23 males.
Septembor 1-2, 8§ moths lssued, 7 femules and 1 maie.
September 3, 12 mwoths Issued, 4 females nnd 8 males.
Septembar 4, 13 moths issued, 13 meles.
Heptember ', 2 moths issued, 2 femnles.
Cage III:
October 10, 16 moths 1ssned, 14 females and 2 mules.
Cetober 12, 32 moths issued, 12 femuales and 20 males.
Ouetoher 13, 4 moths issued, 4 males,
(ctober 14, 3 mothy issued, 3 males.
Qetober 16, 2 moths issued, 1 female and 1 male.
Qetober 1§, 3 moths issued, 1 female and 2 males,

During the summer emergence of moths takes place only at night,
but toward fall and duringblate tall moths emerge in the daytime as
well as at night; in fact, on some days in late fall o greater number
vmerge during the day than at night. The optimum of emergence
ites between 70° and 80° I

LONQEVITY OF ADULTS

Among the factors that influence the longevity of adults are food
and temperature. Moths deprived of food live for a much shorter
period than do those that are fed, as shown in Table 12. By refer-
ring to this it may be noticed that most of the unfed moths Jived
from 4 to G days and one died in 3 days, while the fed moths lived
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from 6 to 23 days during the same time of the year. The average
longevity of the 10 fed moths recorded in the table is 13.3 days, as
compared with 4.4 days for 11 unfed moths.

Tanie 12 —Difference in lenpgth of life of fed and unfed moths of Lephypma
frugiperda; also infiuence of food on oviposition; Jolumbia, 8, O, 1018

! ) ! | e
; i ' Leogth of life
: Bote | Date ¢ Wayd) Eppo
Copga | Number et {ndividuals moth  © meth "y

: i cmargad  died

; : P
" Fed | Unfed | ‘ted
1 :

1 mala, cmmctlo__.. 8
[N} I tla

. 1 mnle
2 funnitles
. 2 mnlea
i Y
1 mulo,
1 femnle
2 mnles
1 lemnle
P2 mnlea.
1 fomnlo.
, 1 malo,
1 lemnlo.
2 males_ ..

Aceiincan Ulomale ! t. 3 Sopt. 28
|

Average for 1D fed meths ——
Acverngo for 11 unfed motha ...

Irom numocrous tests made it may be assumed that unfed moths
seldom, if ever, oviposit, and apparently do not mate. On the other
hand, it occesiongily happens that females gorge themselves with
food and die without ovipositing. From Table 12 it will be observed
that no egus were obtained in cages E, F, G, and H, in which no
food was placed, but that eggs were obtained in cages B gnd C of
the same series, in which food was placed.

Moths are longer-lived in late fall than during summer. Perhaps
this is due to decreased activity brought sbout by lower tempera-
tures. According to Table 13, which gives a record of 44 moths
living during the period July 26 to November 9, the longevity of
the males is 10 days and that of the females 11.4 days. The gen-
ernl average for both sexes is 10.8 days.

This table further shows that the maximum longevity was the
same for both sexes, namely, 21 days; the shortest period far a male
was three days and for a female seven days. All moths mentioned
in this table were adults from life-history cages and were given food
consisting of a solution of honey in water or sugar in water,

TaBLe 13 —Longevity of adulls of Laphygma frugiperde; records oblained gt
Columbia, 8. O., 1018-1016

4

t

Number of indl-
vidunls ‘

[ ]

: {Length . Bex

Date maths Issned ! i ﬁ;ﬁ e
i {days) ‘Female Mals
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TantkE 13.—Longevity of adults of Laphypme frupiperda; records obleined at
Columbia, 8, €., 1918-1916—Continued

' LanFth Hex
i Dinte moths issoed Drte moths dled . i(i)fa ——

Number of Indl- e
(days) Femala' Male

vidoals

Avarnge loogth of iHo for 44 specimens. ... A L,

TIME ELAPSING BETWEEN EMERGENCE OF FEMALE AND OVIPOSITION

The following data are given to show the interval between the fime
of emergence of females from pupae and the time of oviposition. In
ench cnse the female, upon issuance, was placed with & freshly
emerged male, or in some cases with two males, in a cage of the
lantern-chimney type.

The period elapsing between emergence and oviposition is some-
what longer during the fall months than in summer, owing to tem-
perature influence, Moths become inactive as soon as cool nights
come and frequently will not even mate. Mating takes place only on
moderately warm nights and usually on the second night after the
sexes have been placed together, where introduction occurred immed-
ately after their emergence from pupse. The data in Table 14 show
the time that elapsed between emergence and oviposition in a few
cage ﬁxperiments conducted at Columbia, S. C., during the summer
months,

TapLe 14 —Time ¢elapring belwecen emergence and oviposition of Laphygma
frugiperda

1
[Mumber of lodi- ——
Durle I‘ viduals Length
Cuge Na. un?er- P o= Date gnd hour of oviposition intg:va]
gence (Famale Male . {days)
1 2 AU 1, B2 TDIERE . ceoseaecoemeemmmmmecaen 5.5
1 1:Julydg l0i5p.m 3.42
1 1 July 3, 0 P s 4.38
1 R | S, - 4.3
i i ———— 1.5
i 1 . 3.4
i A EEE3 2 T 3 TR . (L U a5
i 1 i July 30, 10.30 p. it L4
PV ——
B OO 3. 45
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DESCRIPTIONS OF LAPHYGMA FRUGIPERDA
THE EGO
(Figs. 8 and 9)

The egg is oblate-spheroidal, cireular in cross ssction, greenish gray when
freshiy deposited; 12 hours lnfer it i brown, becoming daricer, and immediately
preceding hatehing it nppears blackish from the binck head of the lurva show-
ing through the shell, Polar dizmeter 0.3% mm,, equatoriai diumeter 6.47 mm.
Exochorion seniptured with shallow pits quadrangular to polygenal in out-
line, those near the eqguatorial dinmeter being squarish while those neer the
poles ure frapezoidal, the end nenrest the pole being muech shorter than
the others. BEndochorion
smcoth.  The eggs  are
aften vovered with down
from the moth, and those
that nre attached to objects
asre tinttened somewhat at
points of attachment,

LARVAL INSTAUS

First instar {fiigs. 10, 11,
12, and 13).—Head fint-
tened, cireular in wutline,
jet black, greatest width
in line with upper angie
of frons, width 0.814 mm. ;
antennae pale, composed
of four jolnts, first three
short amd thiek, fourth
very small; labrom guad-
pate, suppiied with three
interal and three medial
setee; mandibles blaek;
frony 8014 mm. high; lon-
gitndinal ridge 0.141 mm.
jouyr; adfroptal sutures
not visible; ineision of
dorsal hind margin shal-
jow; frontal setas (F*)
remote from frontal pune-
tare (). Anterlor punc-
ture (A") between the
anterior setae A' and A*
Ccelli 6; IV, ¥, and VI
arranged in the form of
. I _— . u triangle, XII mesad of
“fxirg;lt- ?t.l:‘?:s ngf:rgmruf::il; %:)u‘é‘m(.};g;.m fﬂﬂ?ﬁ,rggéucg ?g‘ IV, IT mesad and slightiy

(Ihoto by W. D. Plerce) cauvdad of IIX, I caudad

of II, all equal in size:
spnce hetween IIT and IV short, IV, V, and VI equally spaced, the distance
between two of theue being greater than that between any other two.

Cervieal shield Gusky, rounded behind, nlmost straight before, length 0.235
mm., width 0.088 min., bearing four setue on either side of the ineson, I*, I II",
and II% the two former oceupyinyg the cephalic margin and the two latter the
caudal margin of the shield, the four arranged in the form of « parallielogram;
two other setre, I° and 1I° nee situsted on a chitinized pinte immediutely below
the shield and slightly separated from it; originally this plate was part of
the shield. Annl plate dusky.

Body whitish before freding and greenish white afterwards, cylindrieal, no
otber color markings; tubercules IIT and V on thoracic segments 1 and 2 not
perceptible; VI absent on all abdominal segments, wherens VII is composed of
ounly ong seta on ail thoracie sopments; otherwise as in loter instars. Ab-
dominnl segments 8 to 6 bearing prolegs, also segment 10; shields of ab-
doeminal proleps dusky. Spirncies nli etreninr and dusky.

Length of larva 1.68 mm.
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Second ingtar—Head spherieal, circular, amber in color, 0.42 mnt. in width;
basal parts of nntenmae pale, distal amber; height of frons (.20 mm.; length
of longitndinud ridge 017 mmn. ; inelsion of dorsal hind margio .07 mm.; ad-
frentul sutures not visible; frontal setpne ¥* miprating towsrd the lower
horder of the frons, hearer the Trontal putectures F* than in the preceding stage;
cervical shield as wide as the hesd, 016 mn, in length, dusky except where
erossedd by the dorsnl and subdorsul white lines; anal plate dusky,

Body pale whitish with a tinge of browa on the dorsum, the dorsal and sub-
dorsel white Jines faintly outlined ; tubercies en the dorsum ull prominest and
blnck, those on the venter smaller; uil the setne now present and prerceptible
nnd arranged as given uuder sixth instar: ¥V very minute on the mesothorax
nud metnthornx., Spiracles all cireular.

Lenpgth of lirva 8.5 mm.

Phird instar—Hend spherical, nearly circular in cutline, amber colored, free
from mottlings; ocular area liphter in dark specimens; height of froms 0.27
mm.; longitndinal ridge 0.31 mm.
in jength; depth of incision (.11
mm. ; ndfrontal sutures faintly vis-
ible; ndfrontal region paler than
the rest of the epleraninmn ; eervienl
shiel]l dark rveddish brown, as wide
as hend, and 041 mm. in length ;
shirply ¢ut by the dorsal and sub-
dorsal white lines,

Rody light brown on the dorsain,
grevilish on the venter; dorsal and
subdotsnl white lines plainly vis-
itle; secondary white lines ap-
pearing  Immedintely above III,
wavy and unequal ; saprastigmatal
band darker thaa the rest of the
dorsum. (this band lying between
III wad the spicacles) ; ITI on ab-
domina? segments 4, 5, and 9 sur-
rounded by n dark area; substig-
matal band not yet apparent;
spirncies on the protheracic and
on the eighth gbdominal segiments
ellipticat, nll others eircular,

Leugth of larva 6.35 mm.

Mowrth ingter—Hend spherical,
squarish in outline, reddish brown,
mottied with pale patehes of white,
vonspicucus cnundndd of the ocelli, F:g.t Di_ftEgghs utf Etheiéml n{:m)‘lwoirm: Eg 1mgiq==
where they nssume the position of  OF oIt abeut iwite natural size; ¥
lines, well defined ; width of hend  glhoter Ty S o Y Y eae nenot
1.09 mu : alfrontal sutures nesw  rcendy to bateh, Inrve visible through sbetl.
plainly visible, strnight, coming to  (Wilton and Luginbitl)
nttenunte point on the longitudi-
nal ridge o short distance postevior to the meeting point of the longitudinal ridge
and adfrontal ridges: adfrontol ridges converging slightly posferior to point of
attnchment of tentorial nems te the beginning of the longitudinal ridge; frontal
setae F* now in line with tfrentel puncture F*; height of frons 0.39 mm., length
of longitudinal ridge 0.47 mm.; depth of incision of hind margin 0.15 mm.; cer-
vienl shield ciirk Lrown, as wide as head, and 0.45 mm. in length, the dorsal and
subdorsnl wiite lines sharply defined ; anal plate dark browa, )

Body dark brown on the dorsum, with pale venter and subventer; the
gubventer mettled with pale brown; Jdorsal and suabdorsal white lines con-
spiencus ; secondary white lines above IIL obsolete; suprastigmatal band dark
brown ; substigmntal band whitish, otherwise as hefore, Spiracles on pro-
thornx and ecighth abdominal segments Lbroadiy ellintical, all others circular:
gpiracles with dark-brown borders and pile centers.

Length of Iarva 10 mm. '

Fifth ingtar—Hend spherical. quadrnte, dnrk brown, except in eculnr nren
und aren candad of this, which is amber, mettled with patches of white on

G2045—25——3
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entire epicranium; width of head 1.00 mm.: adfrontal ridges straipht; helpht
of fropns 0.50 min, upper angle obiuse, paler then rest ¢of epierapium ang free
from white patches; adfrontal pleces whitish ug well as a narrow egtrip on
either gide of the lomgitudinal ridge; longitudinal ridge (.78 mm. In length;
depth of incision 0.33 mm.; lower epistoma whitish; labrum whitlsh; ad-
frontal sutures plainly visible, undulating, coming to a point as in preceding
atnge, Cervleal shield brown black, 1.26 mm. in width and (.52 mm. in length,
with the dorsul znd subdorsal white lines sharply defined.

Body prayish brown on
the dorsum, venter and sub-
venter preenish, the latter
mottled with pink; aupra-
stigmetal band dark brown,
almoat black; substgmatal
band pale whitish, filled in
with pale reddish-brown
mottlings; thoracic legs
black; abdeomimal prolegs
with black shields; ceph-
nlad of the splracle of the
elghth abdominal segment
there is a black spot and
another cephalnd of III on
the first abdominal seg-
ment. Spiracles all ellipti-
cal, colored as in preceding
ipatar.

Length of [arva 17.2 mm.

Rigth inster (fg. 14) —
Head (fig. 15) rounded,
slightly Rllobed, quadrate,
reddish brown mottled with
patehes of swhite as before,
width 2,78 mm., as high as
wide, greatest width In Hope
with upper angle of Iromns.
Adfrontal sutures plalnly
visible, nondulnting, coming
to a point as In previons
instar. Adfrontal ridges
atraight, upper angle ob-
tuse. Frons reddish brown,
free from mottlings, 1 .
high. Incigion of doraal
hind margin 0.79 mm. deep.
Length of longltudinal ridge
119 mm. Antennae (fig.
16), first jolnt cone-shaped,
whitish, long; second joint
cylindrical, amber, short;
third jolnt cyMndrieal,
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Fia, 10,—8ketch of head capsole of p first-inatar larva
of Luplpima frugiperds showing the drrangement of
setac and puncturea, Ele]nnﬂtiun of aymbols pppled
to lhend and its apKnn agesT A, anterior setd 1
Al puterior sete 2 A®, puterlor seta 3@ As, poterior
puncture ; Adfy, adfrontrn] seta 1; AdfY, adfrontal
metp 2 AdfY, adfrontn] puncture; AJQLR, adfrontal
rldgzs ; ANMS, pdfrontnl suture; E!, epistomal seta 1
E*  eplstowal sty 23 ER, epipliaryngeal rod; EB,
eplphnryngea) shield; ET, epiphnryngeal setn; I,
frontnl seia 1; 10, trontal puneture ; G*, genal seta
1: G* groal puncture; Lt laternl setn 1; L2, leteral
geta Z; Lo, Internl setn B L», Iutern! poneture; LR,
longttuldinnl rldge: M*, medion seta 1 M?* median
geta 2 ML medilan gein 8 M=, moedlan pencture;

O, ceelinr seta 17 O3, ocellur sata 2 0%, geellor retn
8: P, nposatecior seta 1; ¥, posterlor aetn 2@ P=, pos-
terlor punecture: P, posterler puncture; B0, sub-

acellur seta 14 802, aubogeilar setn 23 BOS, aubocellar

setn 3 BOn, subogellnr puncture; X, ultra-poaterler
unetures ; I, peellue 1; 11, ecellus 23 11T, ocellus 33
¥, ocellug 45 V, gcellue fi; VI, ocellus 6

twice as long ns the second,
amber; fourth jolnt cylin-
drical, very small; setae
long; popillae conspienous,
Eplstoma same color as the
frons, postlabrum whitish,

wrinkled. Labrum (flg. 17,
A and B) pale amber, with a deep medlan inecislon somewhat rounded at its
base, shallow indentation posterior to base of Incision, and another on elther slde
of this in reginn of median group of setne; Interal seine (I, L', L") along Iat-
ernl murgin, L7 being long nnd very close to LY, which 1s moderately long; I*
moderately Jong and remote from others; of the median group of setae (Af%, A,
M) M' is near the base of the Incislon, M* is aniero-laterad of M', A 18 re-
mote from others and near anterior mergin; M* i1s short, M and Af* are mod-
crately long, Epipharyngenl shield (ES) consists of a broad chitinization of



http:ocelll.ls

THE FALL ARMY WORM 35

the median tnelsion ; cpipharyngenl setae (BT) arranged trinngularly near the
auterior margin of the shield; eplpharyngeal rods (ER}) conspicuous. Man-
dibles (fiz. 18} bisck, with two setae on the upper face, near the lower edge,
two of the teeth pointed, cthers blunt. Labium and maxillse as fgued (fig
1%), the chitlnized areas
pnle to dark brown, lat-
ergl lobes of stipes maxil-
lurls bearing three apines,
two ¢lose together in the
centrul portien and one
in the anterior region:
submentum  bearlng twe
apites of equal length.
Cervieal shield brown
binck, not quite as wlie
ays head: the dorsal and
subtdorsal white lines
sharply defined.
iody cylindricenl, gray-
ish brown ou the dorsnm,
greenish on the venter and
subventer, the Iatter be-
ing motfled with reddish
brown. Dorsal amd sub-
dorsal white lines con-
spicuougs.  Suprastipmaetal
buand brown black, espe-
cially the upper haif, the
lower somewhat lighter,
Substlgmatul band pale,
filled in with reddish-
brown mottiings. Body
widest in region of gev-
enth, elghth, aud ninth
uabdominal segments.
Length of iarva 34,15
it
Homologly of head selae
(fg. 20, A and B}.—The
Bpistoma bearing WO 1g 13 Appendages of the head of o frst-lnstar Jacvs

puirs of setae (B' and B} ; A, ontenoe: B, right masdibia; C. labrum, ventrol view,
the distance between E° on showing the positien of sctoc and punctures

either side twice that be-

tween E' pnd B Frontal punctures (/) close together near the lower central
wargin of the frons, Fronta! setae (F°) a little anterfor to F°. This migration
of the froutal setae from halfwny up on the frons, as shown in the first inatar,

Y
R

D ool g t-ad

S ad
3 I W

[y e A R IR 1z
Tom A2 A3

Fia. 12.—Hehematle drawlog of a ﬁrst-liglstar larva showlinpg tubercles gnd their
position

te the present position has occurred gradunlly through the different instars,
apparently due to the shortening of the frons. The distance between F* on
either side equal to that between F* and #, Distance between F' and adfrontal
getae (Adf'} somewhat less than that between the two adfrontal setse (Adf'




36  TECANFOAL BULLETIN 34, U. 5. DEPT. OF AGRICTTLIURE

and Adf). Adf' posterior to the beginning of the longitudinal ridge {LR).
Adfrontal puncture (Adf"} slightly anterior to the boginning of lengitudinal
ritgre. Apterior setne  {4), 4% 4AM
wrranged in form of a right-angled
trinngle, with 4' and A' formipg the
batse and 4° and A4° forming the per-
pendienlar.  Distance befweer 4' nnd
A 31: n]?out hulf that l)etweenP A* and 4*;
f1G, 18— . : newty < sbort, o' and 4° long, Posterior seta
b sy ot v, "SI TP an n devel with AP, Pos.
Jarged,  {Wnllon and Luginblil) lerior seta 2 {F') posterior to P the
distinee hetween the two being equal
to that between sdf' and J7. l'ostoricr puncture (#"} on level with npper
angle of frons, remote. P, Adft und Adf eyuidistunt. Datersl seta (L)
remote from M al-
most, on a level with
. Laterul puneture
(L*} posterg-vontragl
of Ity sela. Ocellar
setae {0, O, and 0%}
gronnped in form of
triangle, &' santero-
ventrad of ovellus
IV, 0 almost directly
ventrad of opellus I, g, 14 —Mature larva of the fall army-wortt. {Welten and
0° remote and pos- Luglubilly
tero-ventrad of ocel-
lus VI, and 0 Jyving between 7 and ovellus VI, but nearer to the ccellus than to
the sete. Genal seta () antero-ventrad of O° and the puncture ¢ postero-
dorsnd of @', Bubocellar setae (80, 80° and SO) present
arranged in form of a triungie, SO° posterior and approximate
o oceltus ¥, SO postero-ventrad of $G°, SO ventrad of ocel-
lug V. Subocellar puncture {$0") anterior and approximate
to 0% Several smalf punctures (X) posterior to P4
Hromology of body sclee (fig. 21) —Prothorax: I4, I®, II%
and II* on the shield, the two former oh the cephalfc
margly and the towo latter on the
ciwdal mnrgin of the shield; II®
negrer the meson than I8; IF aund
I1X° on plate immedintely below shield,
¥, 16—Head of I smuli; IV amd V spproximate,
nrva J?f f‘f‘g rfﬂl eephalad of the spiracle; IV smali:
front view, Y1 vomposed of twe setne venirad
Urently eolurged. of the spirnele; VII represented by
{w Zim™ *4 2 number of setwe around the base of
E the leg; VIII near the ventromeson
enudo-ventrad of the base of the leg.
Mesothornx and metatborax: I™ near the dorsomeson,
studl: I laferad of I* large; II" laterad of I® large;
1I* laternd and siightly ceplmind of II", small, finte,
originnting from n papitia, the surrounding uarea bluck;
III ventrad and slightly eaudad of II®; IV cephrlad
and slightly ventrad of IIL; V ventrad of IV, small,
ils tubercie touching that of IV; VI ventrad of I, re-
moete; YII and VIID as in previous stages.
First abdominal segment: I near the dorsomeson;
11 eunudo-laternd of I IIT dorsad of the spirncie and
approximate to it; ITT* cephalad of the upper corber
of the spiracle, suali; IV caudad of the spiracle and
approximate to H; ¥V ventzad of the spiracle, remote;
VI ennde-ventrnd of Vi VII composed of a primary py; 15— Antenna
seta ventrad of VI and a secoudary oue cephalud und of o slxth.ingtor
slightly laternd of the primary one, the secondary seta  fall army worm
being smnil; VIII near (e ventromeson.
Second abdominal segmesnt: Hometypy of setne as in preceding segment,
except that nnother seeendury setn of VII is perceplible cephalo-ventrad of the
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primoury ene and  the
other secondury setn is
now venbrad of the pri-
mary setn.

Third o slsth ab-
dominal segments, In-
clusive: Homotynny of
selne a8 In second ab-
dominal  sepment, but
¥II now shunled on
proleg, on  its  Interal
face; VIII on the inner
faee. Crochets ar-
ringed in & mesose
ries, looks univrdinal.
Numiber of crochets:
rirst palr of Jegs 16
to¢ 21; second pair of
Jeps 16 to 22;  thirg
palr of legy 17 to 23,
fourth paic of legs 19
to 24,

Seventh abdominnl
sepment: I, 11, 111, and
I1I" arranged as  be-
fore; IV has anigratred
to a poiut enudo-latecasd
of Lhe spirncle, remote;
YV ay before: VI ven- .
tradt of V, digtant: VII ﬁS

composed of ouly the
primary seta, which is

ventrad of YI; VIII as L ;
before. BiG. 1T—Labrum of n sixth-lnstor fall ariny worm @ A,

Eighth abdowinal seg- dorsal view; B, ventrn]l view or eplplarynx

wment: I as before; II

veudnd of I 1 nnd III® as before; IV has migrated part way back to its
orlginal position caudad of the spiruele. lewer left corner; V veutrad and
glightly cephalud of the spirucle, distunt; VI cuudo-ventrad of V, distant; YII
veutrad of VI; V1II as before.

Ninth abdowinnl segment: II near the dorsomeson; I cepbalo-laterad of II;
L1I" ¢ephulo-laterad of 1, minute; IIE in position ns before, small, resembling its
homotynpe on the thorax; IV sud V united ventrad of III; VII caudo-ventrad of
IV; VI1I ag before.

A

Big, 15.—Mandible of n sixth-instar fall neny worm: A, ventra! vlew; B, slde view
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Tenth abdominal segment : Supplied with a number of setae on piate on either
side of meson, one on Heshy protubernnce caudad of each proleg, and a nnm-
ber of setae nround the base of each proleg. Number of crochets 20 to 28.

Fia, 19, — Muoxllise
angd Jablnm of a
aleth-instnr fall
urmy woris

DEBCRIPTION OF PUTA
(Tigs. 22, 23, and 24)

Dark reddishk brown,
dnrker on the protho-
rgx, black Immediately
before emergence of the
aduit; labrum sepi-
rated from the clypeus
by distinet suture, guad-
vate; fronto.cl¥peal au-
ture not distinet; Iabial
palpi visible, about one-
fourth leapth of maxil-
Ine; mesothoracle wings
reaching tc caudal end
of fourth abdominai
segment; metathoracie
wings wot visibie on
the venter; maxiilee
reaching almost to tip
of wings; prothoracle
iegs over half as lomg
s maxillge, their fem-
org exposed; mesotho-
racic legs g trifle shorter
than texiliae; meta-
thorgele lega showing
caudad of maxillee not
projecting from caudal
marging of wipngs; an-
tennne a little shorter
than mesothoracie legs:
seulptured eyepiece
somewhat bronder than

Pig. 20.—4A, head capsule of & slrth-ioetar foll army
worm, showlng pesitior and arrangement of sefae nnd
punctures ; B, latergl vlew of seme

the glazed eyeplece; invaginations of the tentoris]l arms dlatinet; vertex
narrow on the meson, broader on the sides; mesal lengtk of prothorax ore-
helf thuet of mesothorax; mesal length of metathorax one-fourth that of meso-
thorax; cephalie portion of the fifth, sixth, and seventh abdominel segments
and the same portion of the fourth gbdominal segment on tha dorsum finely
snd densely punctured; area around the spiracles slightly elevated, blackish;
caudad of each spiracle 13 a shellew envity; spirncles ellipsoidal; mesothoracic
spiracie extending over half the Jength between the antennn and the meson,
the aren blackish; cremsster comslsting of two short, stout, blunt spines;
genltal opening of female simple, slitlike, npparently sitmated on the eighth
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abdominal segment, the cephzlic marging of the ninth asnd tenth segments
curving strongly forward toward the genital opening In this sex; geoital
opening of male shople, slitlike, on the ninth sbdominal segment on slight
elevation.

Length from 14.7 to 174 mm. Greatest widtk 4.5 mm.
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g, 21.—Schematie drawing of x alxth-inater fall army worm, showing tubercles and
thelr arrangoent

ADDLT
(Figs. 25, 26, and 27)

The fall army worm (Laphygme frugiperda S. and A.) belongs
to the family Noctuidae or owlet moths, order Lepidoptera. This
is the largest of all of the families of the Lepidoptera and includes
a number of species that are very destructive to cereal and forage
crops. Among the most important of these are
the true army worm ((Cirphis wnipuncta Haw.},
corn earworm (Heliothis obsoleta Fab.), cotton
worm {dlabama argillacea Hilbn.), and others.

The first specific description of the adult, which
was made by Smith and Abbot (57, p. 191}, is very
brief and reads as follows:

Ph. XNoctus spirllinguis cristata, glis deflexis: primori-

bus fusco nebulosis punctis duobus ocellaribus  fusels
iltura intermedin maculngque #d apicewn alba®

The description made by Guenée (25, p. 157)

under the name of Laphygme macra was more at
length and explicit, but it is evident that he did
not recognize the sexes. Riley (45}, in describing
the species under the name of Prodenia autumnalis
with the varieties fulvosa and obscura, appeared

Mg, 22.—Pupa of the
fall prmy worm,
Abont twice natu-
ral size. {Walton
and Luglabill)

to be aware of the marked differences in coloration among the
moths, but considered these as varietal rather than as secondary

sexual cheracters. Hampson (26, p. 26%) was first to recognize that

& Phalnenn.  Crested noctuld with eplral toogue, winga torned downward, fore wings
with two amoky fuseous round spols;  stropk between themn and spot st apex white.
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the differences in color pattern were mainly due to sex. His descrip-
tions of this species, based on specimens taken in North America,
South America, and the West Indies, are very thorough and there-
fore are used in this bulletin. The figures,
however, are original, as are the notes per-
taining to the structure of the genitalia.
Humpson did not take the genitalia into con-
sideration in his desceriptions, and, according
to Carl Heinrich, these have characters of
great specific and occasional generic valne.

Hainpson’s description (26, p. 858) of the
genus Laphygma follows:

Goenue Laphygma Guende—Proboscic fully devel-
oped; palpi apturned, the 2nd joint reaching
about to middle of frons snd moderately sealed, the
Jrd short; frons smooth; eyes large, round; an-
tennae of mule minutely serrate or ciliated; thorax
clothed almost entirely with scales, the prothorax
without crest, the metathorax with gpreading crest;
tibige moderately fringed with hair: abdomen with
dorsal crest af base only. Fore wing with the apex
rectaugular, the termen evenly turved and hardly
crenuiate; veins & and 5 from near angle of cell; 6
Trom upper angle; 9 from 10 snastomosing with 8 to
form areole; 11 from cell. Hind wings with veins
3, 4 from angle of cell; 5 ohsolescent from just below
middle of discocellulars; 6, T from upper angle, 8
annstowosing with the cell near buse only.

Laphygma frugiperda 8yM1TH and Apsor—Male—
Head and thorax ochreous suffused with reddish
brown: palpi with blackish patch at slde of 2nd
joint; frons with bluckish bar above; vertex of head
suffused with fuscous; tegulae with fuscous patches;
pectus whitish ; fore coxae and femora suffused with

Pio. 28.—Pupa of Lo-

phygama fruyiperda, show-

g ils strueture,  Ex-

plunation of symbols ap-

plied (o poapn: a4, an-

tenpa ; g4, abdowinal seg-

ment <4 ; of, abdominnl

sepment §; wf, nlbdomi-

nnl sepment 6; a’, ab-

dominnl gegment 7; ub,

abdominal seyment 8

a®, abdomingl gegment

¢ abdeminnl segmeot

105 wo, ancl openlng;

cf, clypena; or, cre-

master ; f, fenuur of pro-

thoteele leg: g, genn;

e, ginzed eye | go, genital

opening (@) B, pro-

thoracic leg; F, meso-

thorncic leg: B meta-

thernele leg: 10, Inhram 3

16, Inbinl” palpi; me,

maxille ; se, seunlptured . 24, —Comparison of terminel segments of male and
eye; #p, spiracie; 10, female pupde of the fall army worm to show gexunl
wing differences

fuscous; abdomen ochreous white suffused with reddish brown leaving slight
pale segmental lines, the apal tuft tinged with rufous. Fore wing ochreons
whitish suffuged with fuscous and reddiskh brown, the inner area paler:
subbasal line represented by double oblique dark strize from costa:; a black
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streak Dbelow base of cell curved up to cell at extremity; a minute whitish
spot defined by black on outer side in eell before the antemedial line, which
Is indistinctly
double, oblique,
waved, somewhat
bent outwards in
submedian fold;
cloviformn repre-
sented by a dif-
fosed brownish
streak, orbicular
whitish deflned by
bluek and with
pale brown centre,
n whilsh bar be-
Fond it and above
bause of vein 2;

Fiu. 25.~The fall army worm : ¢, male moth ; b, right front
wing of female meth; o, moth 1o resting position: & end »,
ubotlt fwice nntural size; ¢ very slightly enlarged, (Wal-
ton apd Luginbill)

reniform with black and-white bar on inner slde, its
outer edge slightly defined by black and with irregular
white marks at upper extremity; a slight white fork
at bases of veins of 4, 3; an indisHnet obligue waved
line from lower angle of cell to inner margin; post-
medial line indistinet, double, strongly bent outwards
below costn, then minutely waved, incurved at discal
Told and below vein 4, some white points beyond it on
costa; an obligue diffused whitish shade from sapex
to vein 6, the whitish subterminal line arisiag from it,
excurved at middle and hent cutwards to tornus, sowme
short black streaks before it In the interspaces at
middle; a fine white line before termen with serles
of slight black streaks from it to the Dblack terminal
strige; cilla brownish with fine white line at base
followed by & dark line. Hind wing semibyaline
white, the apex suffused +rith brown; a dark terminal
line from apex to vein 2; the underside with the cosial
area sglightly irrorated with fuscous, a terminal serles
ot black stripe from apex to vein 2.

Genitalia (fiz. 28) - Uncus represented by a stout,
sickle-shaped hook or spine; gnathos about as long as
the uncus; harpes large and breoad, the anal angles
not well defined; marginal spines prominent; eclasp-
ers hinged at base composed of stout hooks, one on
olither harpe and asttached to it near the anal nngiia ;

; _ clavos button-shaped; juxta composed of a chitd-
P“t}érﬁafihn_lvc:-};lnlc}egige g§ nized plate in front of nedoeagus attached to artlew-
“{'njl_,e r;ud fuﬂ;a.le _mortém lation of harpes by two stout muscles:; ampulla
Showtns | sexonl® aifer. Consists of a flap covered with numerous short
ences ju the ghnpe nnd  Spines; editum is slender, spiny at tip; peniculus oar-
slze of the anol bristles  ghaped ; eornutii composed of 3 groups of several short
spines each.
Female—Much more fusfous brown, the costal area and veins irrovated with
prey, the lines less distinet; the orbicular and reniform with slight whitish




42 TECENICAL BULLETIN 34, U. 8. DEPT. OF AGRICULTURE

agnnuli, the former withont pate bar beyond it and no white strealk at lower
nngle of cell, the whitish fascin from apex obsolere.

Genitally as represented in Figure 29,

Vur, fulvoss § .—TFore wing somewhat more suffused with purplish, the white
fascin from apex mndistinet.

NUMBER OF GENERATIONS

The number of generations of whis species occurring annually
depends largely upon the latitude of the habitat, In the most south-

Fra, 27.—A, fore-wing and hind-wing venatlen of female moth of Laphygma frigi |
perda; B, proboscis of moth; (O, antenne of moth

erly regions of the United States, where the species lives throughout
the year, as many as six or more generations may occur. In extreme
northerly regions there may be only one. At Wellington, Eans., at
least two, and sometimes three, full generations have cccurred in the
year. In the vicinity of Columbia, S. C., there are at least three
full generations, and when freezes do not occur until late fall or
about the middle of November, there may be a fourth generation.
In the Iatitude of Calumbia the first and second generation larvae
are the most abundant, and if any outbreaks occur, they may be
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attributed to the larvae of these generations. These two generations
are well defined. The second and third generations overlap con-
siderably; in fact, it is difficult to distinguish between them. No
great damage results from the larvae of the third generation, partly
because of & decrease in their abundance as compared with the pre-
ceding generations and partly because the field crops at this time
are maturing rapidly.

The fact ﬁmt repeated inspections after swarms of second-genera-
tior moths had been observed among mature corn and weeds revealed
no unusua! number of larvae, leads the writer to believe that the
decrease in numbers of the larvae of the third geperation may be
due to a southerly migration of some of the second-generation moths
and o failure of those remsining to oviposit to any grest extent.

in. 28— Genltniln of male Laphygme frugiperda: A, ventral view, nedecagus omitted ;
B, nedoergus. Bxplanstion of symbold applied fo mrle penital organs, A om,
ampulin; ¢f, clavus; or, clasper; ed, editum ; gn, guathos; hu, Lprpe ; y, morpinal
spines ; pe, penlenlus: un, unecus; vx, vinenlvm

LIFE CYCLE

The length of the life cycle is governed largely by the prevailing
temapsratures, and consequently during the warmer summer months
the insect completes the cycle within a much shorter period than in
the spring or late fall.

In the latitude of Columbia, S. C., the aversge length of the
eyele is about 30 days during the summer months; but in late fall
the insect requires on an average about 50 days and sometimes more
to complete the cycle, as is shown in Table 15. This table further
shows that the length of the larval period in the summer generations
in one day less than one-haif of the length of this peried in the fall.
There is alsc o considersble difference in the length of the pupal
periods in the summer generations and Jall generations. In the case
of adults issuing in midwinter, it is quite likely that the time required
to complete their cycle exceeded 60 days.
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At Brownsville, Tex., the summer cycle extends over a period of
sbout 25 days, while the spring and fall cycles require a much lenger
period.

Tante 13—dverage duration of ihe
life cyele of Luphygma frugiverda
during summer gnd fall af Coluwn-
bia, 8. €.

Qenarations

Perlod or stago -
Sum-
mer

Period between cnwergenee and | Dage | Days
oviposition . 31 4
Egg stege E 4.5

Larval stego.. 14
Iupal stape 19 13.5

In its most northerly range,
where the insect has only one
generation, the life cycle re-
quires a period of approximately
30 to 60 days. The cycle is some-
what longer than at Columbia,
S. €., for the same time of the
year, thus showing the influence
of temperature.

(v, g HIBERNATION
RN/

Although various writers have
expressed their belief that this
species apparently passes the
winter in limited numbers in
northerly regions invaded by
the insect, nothing definite was
known about the northern limit
of hibernation prior to 1916. In
the preceding year (1915) large
collapsible cages (fig. 30) 8 by 4

Fic. 20.—Genltrlin of female Laphygme fru- by & feet were constructed. The
Gbiner o ovieostors - go, - genitad f1o mowork of the cages was
made of wood and covered with
18-mesh galvanized-wire cloth. In the fall of 1915 these cages
were erected at different points in South Carolina, Georgin, and
Florida over soil which was seeded to grain. Figure 31 shows the
points at which the cages were placed. Immediately before win-
ter began they were stocked with a large number of larvae snd
pupae. The cages were examined in the early spring of 1916, and no
stage of the insect could be found in any of the cages except the one
located in southern Florida, where live adults and some live pupae
were obtained,
During the fall of 1916 the Georgia and South Carolina cages
were again stocked with larvae and pupae of the insect. Fxamina-
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tion of the cages early the following year (1917) did not reveal any
of its life stuﬂes in any of the eages in that region. Unfortunately
the Florida cages could not be tuken care of at that time, and there-
fore the data for that region are lacking.

As might be e\pncted because of the fluctuating weather condi-
tions in the Southeast, the line marking the most 1101‘the11v region
in which the insect may survive the winter varies somewhnt from
yeur to year. It is possible thut during exceptionally mild winters
the spectes survives in the area along ‘the north cosst of the Gulf
of Mexico.

According to Hinds and Dew {37), it is possible that the insect
survives in the pupal stage in southern Alabama during some seasons.
In the Iatitude of Co;umbi.t S. C., and Greenwood, N[zss larvae may
be found in all instars in the field until suceulent \eyef.a.!.lon is Ikilled
by frost. The dale for killing frost varies somewhut from year to

G, 30—Crge of type used to delecmine the oyt nertheon lholt nt which the fnll
artpy worm iy live through the winter

year. However, freezes heuvy enough to kill off tender vegetation
and the larvae feeding thereon uszmlly oceur in early November.
No larvae have ever been taken in the field later than fhe middle of
that month, with one exception, namely. when Samuel Blum found
n full-grown larva in the field on December 24, 1920.

Obseuutlons to Investignte into the pnsmbthty that the species
survives the winter at othe1 points invaded by the insect have been
made by other observers in the Dureau of Entomology. Living
Inrvace were collected in the field at Nashville, Tenn., and W ellmtr—
ton, Kans., untii the first week in November, but subsequent to that
date none were found. Consignments of pupfte from Ohie and Mis-
souri were sent to the Greenwood, Miss., station during the late fall
of 1913 and placed in wire cages under natural conditions. When
the cages were exmmnined the fnlio\\mtr spring the pupae were all
dead e\cept one, which proved to he a species other than Laphygma.

R. J. Kewley, 'at College Park, Md,, in 1914 observed live pupae but
no larvae in a field in early Decembe;, but the following spring the
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pupae were all dead and desiccated. In cage experiments st the
same place Kewley observed that moths issued from pupae in
November and December and that other pupae of the same lot were
found dead the following spring.

Mg, 31— FPolnts in South Caroling, Gaur[fln, and Floridn at which experiments were

conducted to determine the northern limlita wlere the insect may gurvlve the winter;

1) Columbla, 8. C.3 {2(): Augustn, Gg.; (13) Rldgeland, 8, C.; (4) Decmtur, Ga.;
6} Columbus, Gn.; {G) Cordele, Ge.: (T} Jesup, Go.: (Q) Valdostr, Ga.; (95) Boni-
ay, Fla.; (1) Like ity, Fla.; (11) Grlneaville, Flg,: {12} Zveen Cove Spriogs,
Fla.; (13) Orlacde, Fie.; (14) Wauchula, Fla-

G. G. Ainslie and W. H. Larrimer observed larvae to be alive in
rearing cages at Nashville, Tenn., as late as December 8 in 1912,
when a temperature at 20° F. proved fatal to them.

W. J. Phillips observed larvae pupating late in the fall at South
Bend, Ind. The following spring many dead but no live pupae were
found. In some instances larvae were found dead in their burrows.

Henry Tox observed larvee pupating in pot cages at Lafayette,
Ind., Inte in the fall of 1912. but the following spring none were
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alive. Live larvae were observed by Fox as late as the fixst week
in October at Lafayette.

On October 21, 1912, E. H. Gibson visited an alfalfa field at La-
tonia, Ky., and found desd larvae lying in large numbers on the
ground. Heavy frosts had occurred for two nights previously,
following sn all-dey rain. All of the pupae examined were dead
except two, and those were about 1 inch under ground. The dead
pupae were situated very close to the surface of ffle soil and in most
cases were abnormally expanded and much bloated in appearance.

R. N. Wilson observed larvae of all sizes feeding on corh in &
field nesr Fort Myers, Fla., on February 15, 1916, which indicates
that there is no cessation in the activity of the species in this latitude
{about 27° N.), but that it is active continuously throughout the
year.

“h 8 f.a

ety

Mo, 32 —O0utdoor breeding shelter or lmsectary al Columbin, 8. C., in wkich atudies
of Laphygma [rupiperdo were conducted. {Luglnbili and Beyer)

In the insectary at Columbia (fig. 32) pupae have been kept alive
under conditions similar to those in nature from fall until February
of the following year, when they were killed by a sudden heavy
freeze (fig. 83). Had the weather continued moderate, the pupae
might have produced moths the latter part of the winter. However
the moths would no doubt have died before reproducing, for it has
been observed repeatedly that moths emerging during the winter did
not mate or lay eggs. Moths issuing during the winter were extremely
inactive, often remaining at the place of ssuance until overtaken by
death. When disturbed they scarcely moved, and when placed on
their backs they were unable to regain their normal pesition. It
therefore scems that failure to survive the winter is due not only to
the fact that pupae and larvae may be killed b frost, but that moths
issuing during moderately warm days in early winter (mean tem-




48  TECHNICAL BULLETIN 4, U. S. DEPT. OF AGRICULTURE

perature ubout 50° F.) die without reproducing, and thas it is im-
possible for this species to survive in the greater part of the region in
the United Stutes which is invaded almost yearly. This insect really
has no definite period of hibernation. It is to be remembered that 1t
1$ a tropical species. In regions where it survives the winter, it
breeds continuously, and is more or less active throughout the year.
It is not improbable that the species, by its annual attempts to invade
northerly regions, may in time produce a strain which will become
hardier and able to survive, especially in that part of the United
States'where the winters are not severe,
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Fig. 33 —Tvevalllng temperature at Columbin, 8. C., from September, 1016, to Aprll,
1917, inclualve

DISSEMINATION

The studies conducted indicate that this species is disseminated
every year chiefly by flights of the moths. Moths flying about in
swarms among forage and other plants on a particular day, have
been known to disappear entirely by the following day. The adults
presumably took wing en masse und migrated to other regions, s it
s]oems very untikely that all of such moths would die within single
day.

As has been mentioned elsewhere, the only regions in the United
States in which the insect is definitely known to survive the winter
are southern Floridn und southern Texas, Every year the insect
advances northward from its winter quarters through flights of the
moths. The moths advance an uncertain distance, alight, and pro-
duce a generation of the insect. The adults a vising from this genera-
tion proceed farther north to repeat the operation, so that by fall
the insect usually has spread aver a large part of the eastern United
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States. The distance covered by the adults at u single flight depends
upon various factors, such as prevailing winds, temperature, and
food supply. Tt appears that the distance covered by the spring
generation in Florida is not so great as that covered by the summer
gencration farther northward. The early summer generation some-
times becomes distributed throughout Alabama in one flight.

The course of migration depends largely upon prevailing winds
or is importantly influenced thereby. The insect always appears in
western Florida before it makes its appearance in northern Florida,
indicating that the species first takes a northwesterly course in
that State. In Texas the insect tukes o northeasterly course, follow-
ing the coastal plain, as well as a northerly one until it reaches the
Mississippi River, when the genernl course is north, or following
the valley of that river and its tributuries. The southeastern States

Fig. 34.—Mup showing the progress of Laphygme frugiperds northward tn o normunl
FuaT

apparently are invaded by migrants from the Florida district,
the weneral course east of the Appalachian Ranges being north-
ensterly. The insect appears in north-central Georgia considerably
enrlier than in central South Carolina, which indicates the north-
easterly trend of the species in that region. West of the Appalachian
Ranges the general cowrse is north, following the valley of the
Mississippi Kiver and its eastern tributaries, spreading out and in-
festing the surrounding country. During a mormal year or during
a year when no general invasion occurs the insect confines itself
almost exclusively to the lowlands along streams and rivers and
other swampy places.

The progress of the insect northward during & normal year is
plotted in Figure 84, This is based on observations made on the
appearance of the insect, extending over a period of years at various
points in the South. The aren invaded embraces chiefly the South
from southern Texas and Florida to Maryland and Nebraska on

(¢2048—28—
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the north, including the southern portions of Illinois, Indiana, and
Ohio, the insect breeding mainly in the Ohio Valley. Migrant
moths arrive in northern Florida in late April or early May; in
north-central Georgia in early June; in central South Carolina June
15 to July 1; in central Tennessee about the 15th of July; in south-
eastern Kansas during late July; in the Ohio Valley and Maryland
during August and September. During a normal year the move-
ments northward ave not so rapid and the area of the country in-
vaded is not 5o large as during a year when a geperal invasion occurs.
Figure 1 shows the distribution of the insect during a general out-
break, such as occurred in 1912,

The insect appeared st Tempe, Ariz., from July to September in
1513 end 1914,

Locally, the insect is dispersed by other agencies ag well as by’
flight. Freshly hatched larvae hatching from eggs deposited on
tail plants, upon lowering themselves to the ground by their threads,
may be blown some distance by winds and scattered over a consider-
uble aren. Liervae of this species have great power of endurance and
are able to crawl for considerable distances. When the forage has
been devoured in a field, the larvae march in an army, invading other
fields and often crossing hard roads while exposed to a blazing sun.

OTHER INSECTS OFTEN CONFUSED WITH THE FALL ARMY WORM

Aunong the principal insects sometimes confused with the fall
ariny worm, especiaily in the South, are the true army worm (Cirphis
uniguncta Haw.}, cotton worm (dledama argdloces Hiibn.), and
not infrequently the corn earwolm, sometimes known as the cotton
boll worm {[feliotiis obsoleta Fab.). 'There are marked differences
in the habits and seasonal history as well as in the taxonomy of these
species.
pThe true army worm is n resident throughout that part of the
United States in which the fall army worm is a migrant. Often it
is & serious pest. It is in fact more of a pest in the Northern, Middle-
Western and Eastern States than in the Southern States, although
sometimes considerable damage is done by this insect in the South.
‘Qutbreaks of the true army worm usually occur during the early part
of the summer, while in the case of the fall army worm, most of the
injury is done during the latter half of the summer and early fall.
Although the true army worm and the fall army worm have many
food plants in common and are often taken side by side from the
seme plants, the former species seems to have a wider range of food
plants, and when forage 1s devoured in ope place moves forward in
a definite direction and invades other fields. In the case of the fall
army worm, when its food supply has given out in one place it
spreads out in all directions, The fall army worm is particularly ad-
dicted to lowlands, while the true army worimn is to be found on up-
lands as well as lowlands.

Pupation of both species takes place in the soil. The true army
worm is readily distinguished from the fall army worm by color and
structural characters. Its body is smooth and lustrous, its tubercles
are inconspicuous, and the color pattern is composed of alternate
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stripes of light and dark colors, with greenish to reddish brown in
between, the stripes being very narrow. The body of the fall army
worm is somewhat rough, not shining, and its tubercles are conspicu-
ous, black, and supplied with conspicuous stiff setae. The color pat-
tern is composed of a grayish dorsum, traversed with three whitish
longitudinal lines, the pleurons bearing dark and light bands, & pair
on sither side. The head of the true army worm is greenish brown,
mottled with black, while the head of the fall army worm is almost
black, mottled with patches of light color, especially on the sides
back of the eyes. The adfrontal region and the longitudinal ridge
on the head of the faJl army worm have a white color which stan
out very conspicuously against the dark color of the remainder of the
epicranium and appears as an inverted Y. In the true army worm
this region is of the same color as the rest of the head.

The cotton worm (Alabama argillacea Hibn.) is exclusively a
cotton pest and is believed not to feed on any other plant. Tt is a
migrant, like the fall army worm, appearing later in the season, in
the main cotton-growing region, than does the fall army worm. It
also moves forward in a fixed direction, like the true army worm,
swhen its food supply diminishes, more markedly than the fall army
worm. The cotton worms may spread over a cotton field with great
rapidity and devour every leaf on the plants. In this respect this
insect differs greatly from the fall army worm, as the latter species
rarely injures cotton. In fact, it is only in cases where the infested
orass among cotton is consumed before the larvae are mature, that
cotton is injured to any extent. The cotton worm spins up on the
leaves and transforms there. The fall army worm pupates in the
gronnd. The larvae of the cotton worm are yellowish green in color,
sometimes without any other conspicuous markings whatever. How-
ever, they most often show a dark longitudinal dorsal stripe with a
light line through its center and another on either side. The tubercles
are quite conspicuous.

The corn earworm (Heliothis obsoleta Feb.), when feeding on the
ear of corn in the husk, is often mistaken for the fail army worm,
which has a similar feeding habit. The two species are sometimes
found together in the same ear. Larvae of both species also feed in
the “buds ? of young corn before it is in tassel and for this reason
often may be confused. Heliothis larvae sometimes do great damage
to vetch in the South during the spring of the year, before Laphygma
bas made its appearance, and when thus feeding they adopt the
army-worm habit. The insect is 8 permanent resident, and trans-
formation takes place in the soil. There are 2 number of generations
per year. The larvae are variously colored, ranging from green to
almost black, and between these extremes are found many patterns
made up of light and dark bands. The tubercles are conspicuous and
black, each supplied with a stiff hair. The skin of the larva appears
ronghly granulated, and the head is reddish brown, mottled with
pele patches.

A1l three species previously mentioned have the cannibalistic habit
as strongly developed as has the fall army worm and feed on larvae
of their own kind, as well as on soft-bodied larvae of other species.
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REARING METHODS

Larvae of the fall smy worm have been reared in many kinds
of cages, such as tin ointment boxes, glass tubes, and jelly glasses.
In spite of such varying conditions these larvue exhibit very slight
susceptibility to attack by fungi, parasites, and bacterial diseases.
Reurings on an extended scale have been made in individual tin oint-
ment boxes, but such rearings reguire much of the experimenter’s
time, and unless studies of the individual or its parasites are desired,
Laphygma frugiperda may be reared quite reu(ﬁly in large lantern-
globe pot cages.  Where these are used it is very necessary that they
be bountifully supplied with forage not only as subsistence for the
caterpillars but also as protection for the larvae, or to eliminate the
dangers of cannibalism. At Columbiz, S. C., as many as 100 larvac
have been reared in one of these lantern-globe cages from egy to
maturity. A large handful of fresh crabgrass or other forage was
placed in the cage with the young larvae each day. The Toliage
of the old grass was eaten, but the larger stems remaining afforded
the larvae a place of concealment from each other. By the time the
larvae renched maturity the eages were alimost full of grass and grass
stems, and the grass on the bottom was beginning to decompose.
Many of these larvae pupaied in this decaying grass, while others
entered (e soil underneath. These cages were T(ept in the insectary.
(Fig. 32.)

In conducting molting experiments glass test tubes stopped with
absorbent cotton were used. These were supplied with leaves of
fresh crabgrass each day or as needed. Since the appearance of the
lurva is an index of the occurrence of ecdysis, the transparent glass
tubes were found superior to other receptacles for these studies.
By this method the experimenter can observe the insects with an
ordinary hand lens and does not have to remove the specimens from
the tubes. A superior type of eger cage is the common small lantern-
globe cage with cheesecloth top and saucer bottom.

MEANS OF REPRESSION
PREVENTIVE MEASURES

There is little doubt that serious injury to crops from this pest over
a wide area could be prevented in years when a general invasion
occurs, if the planters and geperal public would heed the call to
arms in time to em%)loy proper means to repress the invader. Such

outbreaks are now fairly accurately forecasted by Federal and State
entomologists. and if such warnings were heeded the insect might
be checked while still confined to a small area of the country in the
far South carly in the year. At least there is little doubt that in-
jury to crops in the whole South could be much lessened and in
regions :I?urtﬁer north almost eliminated. However, such methods of
control, to be successful, require concerted action between entomol-
ogists and the general public and must be taken early in the season
while the insect occupies only a small part of the country.
Planters in regions subject to yearly invasions, individually may
brevent damage to their crops by inspecting these often during the
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growing season and, where any signs of larvae are present, applying
means of control at once before the insect has gotten beyond control.
In the greater part of the South where the fall army worm is a
yearly visitor, crops subject to damage, such as grass and grasslike
plants, should be inspected often during June, July, and August.
In the far South injury is often done in May, but in the far North
it does not occur until September and early October.

PROTECTION OF NATIVE BIRDS

All native insectivorous birds should be carefully protected, and
the wunton killing of thesc birds should be severly dealt with by
law. A large number of these birds are cnemies of this and other
insects, and their multiplication should be encouraged by State and
Federal authorities. Birds that have become almost extinct should
be given every possible chance to increase in numbers. Where neces-
sary, special provisions should be made by Congress and State legis-
Iatures so that the work of restocking may be carried on.

CONTROL MEASURES

MECHANICAL METHODS

Various mechanical methods have been found to be of great value
in desttoying caterpillars, the method to be adopted depending
largely upon the prevailing conditions.

DAREIFRES

When the food supply hes been exhausted by the worms they dis-
perse in all directions, but they may be trapped by plowing a deep
furrow at right angles to their course of advance. The larvae falling
in this furrow may be killed by dragging a log through it, as shown
in Figure 35, Shallow Loles may be dug at intervals in the furrow,
and if the soil is only slightly permeable some petroleum or, kerosene
may be poured into them. This will kill the caterpillars in a very
short time after they reach the fluid. The furrows should be kept
frec from rubbish so that the larvae will have no means whereby
they may cross to the opposite side. -

Where a furrew is not possible a thin line of liquid.coal tar placed
a little distance shead of the invading army keeps the larvae from
entering the neighboring fields.

CRUSHISE THE LARYAE

In smooth lawns the Jarvae may be destroyed by using a steel
lawn roller. This method also answers for field use, where a large
field roller is obtainable, such as is illustrated in Figure 36, but only
where the Iarvae are crossing a smooth, hard surface, such as @ road.
Steel rakes may also be employed in some cases with success In
destroying caterpillars. In gardens. should it seem impracticable
to spray. the worms may be shaken from the plants into receptacles
containing small quantities of kerosene.
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CHEMICAL MEASURES

The chemical measures employed to kill larvae may be divided
into three classes—sprays, baits, and dusts. Each of these methods,
when applied corractly under proper conditions, is successful. How-
ever, not all of them can be utilized under all conditions. It depends
largely upon the character of the crop involved which of the three -
methods of combat is preferable.

BPFRAYS

Various arsenical poisons have been tested against the fall army
worm, each one of which has been found to give & certain amount of

F1G. 35, —Ditch Erepured to entrap full army worma, A log dragged back and forth

through the ditch ¢rushes the worms that have fallen into if, (Walton}

control. However, as may be imagined, an omnivorous insect like
Laplygma frugiperde can not be reached with every arsenical with
equal success. An insecticide applicable under one condition may
not be employed with equal success under other conditions.

Lead arsenate.—Good results were obtained with lead arsenate (in
powder form, 1 pound in 50 gallons of water, or in paste form, 2
pounds in 50 gallons of water) for larvae feeding on crabgrass and
similar plants. When spraying corn, double the quantity of arsenate
to the same quantity of water should be used, and the spray should
be applied so as to force the fluid deep down into the buds of the
plants in order to reach the larvae.

Paris green (aceto-arsenite of copper)—~This arsenite has given
satisfactory results in control work against Laphygma and in some




THE FALL ARMY WORM 55

instances is to be recommended because it is slightly more toxic than
the other poisons. It is to be especially recommended when the out-
breal oceurs in grasses and other forage plants that have no great
value. These may be sprayed with 2 pounds of Paris green 1n 50
gallons of water. Where this insecticide is to be applied’ to valuable
forage plants, hydrated lime should be added to the mixture to pre-
vent the burning of the plants, as Paris green is too toxic to use in.
its pure form or without the addition of lime. It is unnecessary to
make the mixture ns concentrated as that given above when useful
plants are sprayed. Paris green at the rate of 1 pound in 50 gallons
of water, to which have been added 2 pounds of freshly slaked lime,
is the proper mixture to use in such cases.

During the great outbreak of 1912 numerous instances occurred
in which the Paris green mixture applied to plants without the
addition of lime resulted in serious burning of plants.

Fig. 38.—A land roller which may be used to crugh larvae while they are crossicg a
amonth rogd. (Webster and Phillips)

Zinc arsenite—A mixture composed of 1 pound of arsenite of
zine in 50 gallons of water, to which was added 1 pound of freshly
slaked lime, has given satisfactory control of the insect when It
was feeding down in the bud or central sheot of the corn. The
spray, however, must be forced down into the buds of the plants.

Hinds and Dew (21) recommend 1 pound of this insecticide to
80 gallons of water for plants having & broad leaf surface.

letwm arsenate—Since this insecticide has become popular in
the South for use against the boll weevil, tests have been made to
determine its efficacy against the fall army worm. Tt may be used
in & spray mixture composed of 3 pounds of the arsenate in 50
aallons of water, to which have been sdded 2 pounds of hydrated
lime. It is necessary to add the lime as otherwise the mixture will
burn the plants. The application is made as in the case of the lead
arsenste and Paris green mixtures.

AMiscellaneous miztures—Miztures of commercial washing powder
and water, and whale-oil soap and water have also been tested, but
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with poor results. Great harm was done to the plants, and there-
fora these mixtures are impracticable for such use.

Spraying infested lawns with kerosene emnulsion has been recom-
mended by Chittenden to kill the larvae. Whenever this is done,
the lnwns should be thoroughly sprinkled with water a few hours
u}jl;'ter the application of the emulsion so as f¢ prevent it from burning
the grass,

Application of insecticides—In applying the liquid insecticides any
one of the commercial sprayers may be used. However, the par-
ticular type of sprayer used should be adapted to the crop that is to
be sprayed. A knapsack sprayer is s convenient machine to have on
hand, as 1t may be used in places where a larger sprayer would be un-
suitable. Such a sprayer will treat only a small area with one charg-
ing. However, outbrenks usually begin in low places in fields and
such areas may be treated very easily with a knapsack sprayer; it ig
also recommended for garden and lawn use. Portable compressed-
alr sprayers may be used in such places when preferred. Truction
sprayers may be employed with success in alfalfa fields and in other
forage crops which permit the operation of a large machine, In any
spraying, care shou%)d be taken that every part of the foliage is
reached, the lower lepves as well as the upper ones, because success
depends chiefly upon the thoroughness of the application.

DUSTSE -

The recent success in poisoning the boll weevil with a dry
insecticide applied by the use of a duster kas added a new means of
control for other leaf-eating insects. This method has been suceess-
fully used to repress the fall army worm. In certain sections of the
South dusting machines now are as common as sprayers, and hence
this method of fighting the fall army worm is particularly recom-
mended in cotton-growing States. The same duster and poison used
to combat the boll weevil are effective against the fall army worm.

A dusting machine of an effective type is illustrated in Figure 37.
This is recommended for use where small areas are to be treated and
in places where 2 large duster eould not be used on account of the
lnrge size of the plants. Small greas of infested grass growing in
low places and grass gro-ving among tall corn may be {reated very
readily with such a machine, which is also adapted for use on lawns
and in gardens. Where large fields are to be treated, such as alfalfa
or cotton fields; which permit of the use of a larger duster, a duster
of any one of the types recommended for the control of the boll weevil
may be used. An example of & duster of this type is given in
Figure 38.

Lead arsencie—Lead arsenate may be applied in the powder
form with s duster. In applying this poison care should be taken
that the lower as well as the upper leaves are covered. The rate of
application per acre depends upon the crop to be treated, but from
4 to 5 pounds per acre usually is sufficient. This insecticide should be
applied while the dew is on the plants or immediately sfter a rain.

(Good control may be obtained by applying this arsenical to young
corn while the larvae are young. When larvae are nearly mature
they often bore into the buds or feed in other protected places and are
then more difficult to reach. Where applications of lead arsenafe in
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the dust form have not been successful in killing the insect on corn,
the lacle of success may have been due to a late application after the
larvac had begun their boring. Lead-arsenate dust adheres well to
ail parts of the young plants. When used as a spray it has been
noticed that it frequently runs off the plants without wetting them.

Caleqan wrsenate—On account of the fact that calcium arsenate is
recommended for boll-weevil control and has been especially pre-
pared for use in dusters, it is advisable to use it against the fall
arny worm, particularly in the South. However, this insecticide

FiG. 87.2=A hand duster which may be used in npfslylng caletum arsenzte or lemd
it}rscnr;te te fompe plants Infested with the fnll army worm. {Laginkill and
oyer

should not be used unless it meets departmentsl requirements, that is,
it must not have over 0.75 per cent of water-soluble arsenic pentoxide.
Tf the mixture contnins a greater percentage of water-soluble arsenic,
it should either not be used at all, or, if used, it must be mixed with
a carrier. Flowever, ot the present writing a satisfactory carrier has
not been discovered, and such procedure is not recommended.

The best results were obtained when the arsenical was spplied in
the pure form. A certain amount of control was obtained when
caleium arsenate was mixed with lime, but not enough to warrant
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its consideration. Idme ncts as a repellent, and folinge treated with
an arsenate containing excess lime 1s usually left by the larvae for
foliage which has been treated with a pure calciumn-arsenate dust.

In order to get the best control, this arsenate should be applied to
plants while the larvae are young. When the mixture is applied
after the larvae are slmost mature, control is much more difficult,
for at this stage the larvae often penetrate more deeply into the
protected portions of the stal. B. R. Coad, in supervising the
poisoning of several thousand acres of corn in 1920, observed that in
some cases there were absolute failures to control, but in the majority
of eases quite satisfactory results were obtained. Coad further ob-
served that whenever the dusting was started during the early stages
of the injury, complete control was secured, and that feilure seemed
to be confined to cases where the injury had become exceedingly
heavy before any poison was aspplied.

Ftqa. 38.—4& tractlon duster for use o dustlnngcottun. glfalfn, and young corn

Infeated with the foll army worm. hoto by B. R, Cend)

Paris green—Paris green as a dust may be applied undiluted on
plants that have no value. It should be applied while the plants
are damp, For use on plants that have food value it must be mixed
with Iime to prevent burning. The mixture should contain about
20 parts of lime to 1 of Paris green.

Eoad dust.—Smith and Abbot (57}, as early as 1797, recommended
the throwing of dirt into the infested buds og corn plants to destroy
the larvae. This method is also practiced by the natives on the
island of Barbados. This supposed remedy has no control value
whatever.

HAITE

Where the fall army worms are feeding on small plants, such as
crabgrass and alfalfa, and especially where such plants are nearly
destroyed, the bait method has been found of great value in com-
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bating this insect. ISxperimenters are quite well agreed on the com-
position of this bait, their differences of opinion being mainly as to
the prolportion of the ingredients included in the mixture. Kederal

entomologists have found the following mixture to be satisfactory:
Wheat bran 50 pounds.
Parls green or white arsenic...__ - 1 pound
Low-grade molasses or blacksirap-_. £ gallons
Water. Suffieient to make a stiff dough.

The bran and insecticide are first mixed dry. The mixing should
be done very thoroughly, The molasses should then be added and
the whole again thoroughly mixed. Enough water is then added
to the mixture to make a stiff dough. If preferred, lead arsenate or
ealcium preenate may be used at the rate of 2 pounds to the 50 pounds
of bran, instead of other arsenicals. In regions where the bait dries
out readily, salt may be added at the rate of 5 pounds to 50 pounds
of bran. This keeps the mixture moist and makes it more pa.ﬁ;.tuble.
The bait should be broadcasted over the fields, the rate of applica-
tion depending upon such factors as the crop infested and the abun-
dance of the insect. Usually 50 pounds should treat at least 5 acres.
No harm results in applying it at a higher rate. The bait should be
applied prefersbly in the evening. When the worms are seeking
other forage the mixture, instead of being broadcasted, may be
placed in small piles short distances apart, Care should be exer-
cised that poultry does not gain access to the baited fields, and the
bran should be free from grains so to avoid killing beneficial birds.
Where this mixture has been gpplied by hand in the buds of infested
corn plants great good has siso resulted.

CIILTORAL METHODS

In a great many cases damage to field crops by the fall army worm
could be practically eliminated if the crops were kept free from
grass. In other words, if clean cultural methods were employed ve
rigidly by the planter, damage could be minimized. This msect is
primarily a gmss-feeéing species and_breeds in grasses wherever
possible. In the South, crabgrass and other native grasses grow
luxuriuntly in the fields after July, especially in fields that are moist,
and lowlands ave frequently almost covered with such grasses. It is
therefore little wonder that crops in such fields are devoured, as the
infestation starts on grass, and the larvae, after consuming the grass,
proceed to attack other crops. If these crops were kept free from
grass, the insect would not have this invitation to enter them, but
would confine itgelf to waste places. In the great majority of ceses
where cotton is damaged, the explanation is that the cotton field was
full of grass which was infested at the time of cultivation, and when
cultivation deprived the caterpillars of their food plant, they pro-
ceeded to the cotton. Corn is offen injured in the same manner,
Grass growing in the corn is first devoured, and injury to corn fol-
lows. IHHcmftwer, during o general invasion the fields free from grass
are also attacked, and at such times it is necessary to adopt other
than cultural methods; but even then clean culture 1s helpful.

In some instaunces it is possible to save some of the feed velue of
infested crops by cutting them immediately. This is particularly
true in the case of alfalfa. Whenever this erop is seriously infested
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it is well to cut it immediately for hay. The field should then De
lightly disked immediately to kill the larvae and the pupune. If
necessary, a furrow should subsequently be mude around it as previ-
ousty recommended. If the crop is not sufficiently developed to be
cut, it may be sprayed or dusted.

Shallow cultivation of corn and cotton by mesns of & disk harrow
after the larvae have gone down to pupate is highly recommended.
Such cultivation kills numbers of pupse and exposes others which
are killed by the hot sun in a short time. It has been found that
pupne are kitjed by less than one-half hour’s exposure to the sun
when the soil temperature is over 100° I,

In rice fietds the most important ewltural remedy is flooding the
rice sufficiensly to cover the plants, as first recomended by Riley,
Flooding drowns most of the Inrvae, provided the water is left on the
fields for ut least two days. (. IE. Bodkin recommends the construe-
tion of nursery beds for rice in British Guiana, where they cultivate
this crop by oriental methods. These beds permit of complete
flooding to the tops of the young plants. The Hoating larvee may
then be collected and destroyed. G. E. Smith noted the successful
control of the inscct on rice at Tallulsh, La., by flooding.

In the wheat-growing regions of the United States visited by the
fall army worm, injury to this crop may be avoided to some extent
by late seeding. The date of seeding wheat in this region to elimi-
nate injury by the Hessian fly usnally will slso be a safe date for
seeding to avoid damage by the fall army worm, for wheut sown on
a fly-free date is not of sufficient size to be damaged when the fall
army wornt arrives, and by the time the wheat Is of fair size the
caterpillars will have disappeared for the season.

NATURAL ENEMIES

The fall army worm has numerous enemies which prey wpon it in
all of its life stages. As has been previously mentioned, the abun-
dance or scarcity of natural enemies to a large extent determines
whether or not fall wrmy worms become sbundant enough during
a season to cause destruction to crops. Local outbresks are often
controlledt by natural enemies alone. It appears that s genersl
outbreak of Laphygma frugiperda becomes possible only when the
natural enemies of the insect have been reﬁlced in its permanent
habitat, thus permitting the insect to develop in enormous muwmbers
in early spring.

This evidently is what oceurred during the spring of 1912. The
enemies were not abundant in Fiorida, and the pest appeared in great
numbers. During the midsummer of that year the parasitic enemies
were increasing in numbers. However, the insect by that time had
made good progress to the northward by flight, and had invaded a
large part of the southeastern United States. In J ully of that year
the enemies were not abundant in South Carolins and other regions
in that latitude but became common by late full The following
year (1913} the enemies were common In southern Florids in Feb-
ruary and March and throughout Inte spring. In South Carolina
the hymenopterous and dipterous pargsites were very common among
larvae at Columbia during July, in a local outbresk of the species
on millet. The predacious enemies were also conspicuous by their
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numbers. The outbreak of the species in 1912 may therefore be
attributed to a lorge extent to the scarcity of ifs enemies In its per-
manent habitat and in other parts of that region during the early
purt of the year.

During un outbreak of the fall army worm in 1920 at Columbia,
8. (., the only common parasites present were tauchinids. Hymenop-
terous parasites and predacious enemies were rather searce. As high
us 33 per cent of the larvae in some instances were purasifized by
tachintds. Birds, especially the English sparrow, visited infested
wrens nnet fed voraciously on the larvae.

The enemies of the fall army worm have been grouped as in-
vertebrates, vertebrates, and diseases. In the first group are both
parasitic and predacious enemies. The purasitic enemies include
those belonging to the insect orders Hymenoptera and Diptera.
The hymenopterous puinsites represent many genera and in several
istances more than one species of n single genus. The order Dip-
tere is represented chiefly by the family Tachinidae, including a
number of genera and species. The predacious enemies embrace some
of the insects belonging to the orders Coleoptera, Hemiptera, and
Hymenopteru; also miscellaneous enemies belonging to different
orders, some of which are not insects, although closely relnted thereto.
The vertebrate enemies consist of mummals, amphibians, and birds;
the latter elass embracing the wild birds and domestic fowls.

5 Hymenopterp—wasps,
PornsHes. oo e {Di tora—tachinids.
Invertabrades. o oeenaas IC.:IO er.;pmm—beotlm.
e aiiptera—bags.
Predators. .o oee e Hymohoplera—wnsps.
Miscel is—arachinlds, ete.
Nntur clenemles. o MMammals—shunk,
VORI e e e an Amplibinns—frogs and fomls.
Bitds {Nuli\rc—cmws, Inrks, ele.
juiniaii Dreanestic fowls—chickens.
Disensas.

INVERTEBRATES
HYMENOPTEROUS PARASITES

ICHNEUMUONIDAE

Owphion bilineatus Suy is a parusite which has been reared from
Lapﬁygma larvae at different times during the eight years preceding
1993 at the Columbir, S. C., fleld station and elsewhere by Federal
investigntors. During years when the fall army worm is abundant
this paresite is very common. Larvae parasitized by it show no
outward signs until pupation is imminent. The larvae cnter the
prepupal state and sometimes transform to pupne. The parasit-
ized larvae are not retarded in development, as is often the case
when infested with other hymenopterous parasites. The femules
ot this Ophion prefer to sting the fourth-instar larvae, but the
vounger larvae are also attncked. In the lntter case development of
the parasite is not so rapid as is the case in older larvae. The para-
sites develop with the host larvae but do not issue before the pre-
pupnl or pupal stage of the host. When the parasitic larva is to
emerge from the pupa of the host, the prepupa of the latier does not
act normally. A normal or unparasitized prepupa, when disturbed,
moves its abdomen from one side to the other with a jerky motion,




62  TEOENICAL BULLETIN 34, U. 5. DEPT. OF AGRICULTURE

no other movement taking place as a rule. When the prepupa con-
taining u grub of O. bilineatus is disturbed it not only moves its
nbdomen from side to side but performs various contortions and
rolls over when placed on & smooth surface, often druwing itself
together us if affected by cramps. The color of a parasitized pre-
pupa is somewhat different from that of a normal one, being much
paler on the venter. In the majority of cases the parasitic larva
emerges from the prepupal stage of the host and spins its cocoon
within the cell made by the Iatter. In some cases, however, it
emerges from the pupa of the host, boring its way out just behind
the point of attachment of the wings, and spins its cocoon as before.
Parasitic larvae emerging from hosts which had been under obser-
vation and whic' thus had ro chance to make cells had great diffi-
culty in spinning their cocoons. In fact, very often such parasitic
larvae died, apparently being unable to construct cocoons. Cocoon
construction was facilitated by placing bits of cotton or other mate-
rial over them. The cocoon is pale brown and oval in outline. There
is considerable variation in the length of the cocoon period. The
records of 28 individuals undergoing transformation between July
19 and September 19 at Columbis, S. C., show & minimum of 12
days, a maximum of 56 days, and a general sverage of 19.75 days
for the length of the cocoolh stage. At Brownsville, Tex., Vickery
observed that the cocoon period for 81 individuals was 15.1 days, at
an average mean temperature of 81.09° F. (Table 16.) The average
length of this period for males wos 142 days; that for females was
15.8 days.

Tapce 16--Duration of cocoon siage of Ophion bilineatus Say, quring May,
Brownsville, Tex,, 1815
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i June

' Tuoe
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:  June
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May 22 Jume .
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Avernga

Sometimes there is but one generstion, but more often two per
year, at Columbia, 8. C., aceording to studies made by R. J. Kewley.
He observed that the majority of adults emerged during August,
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and therefore had ample time to parasitize hosts for another com-
plete generation maturing the following spring. On the other hand,
there is strong evidence that in some cases there may be only one
generation per year. In the cuse of a Laphygmse larva teken from
the field July 26, 1918, an Ophion lurve emerged and spun up dur-
ing the following month. The adult did not issue that fall, and on
March 1, 1819, when the cocoon was examined the larva was found to
be in goed condition, but was accidentally killed. The summer cycle
apparentlv is shott, lasting e little over a month, as the following
records show. In n cage containing Ophion adults, a resred
Laphygma larva was placed on August 10, 1917, and removed the
fotlowing duy. F¥rom this host an Ophion larva emerged and spun
up August 19, and on September 13 an adult female issued.

At Brownsville, Tex., Vickery observed that this species may re-
main in the cocoon stage for n considerable length of time. From
this host an Ophion larva, which spun a cocoon on May 30, 1912,
issed as an adult September 10. This means that 102 days was
the period spent within the cocoon.

This species may at times be parthenogenetic. as cbserved by Xew-
ley. A virgin female was placed in a eage with a reared Laphygma
larva on August 11, and the following day the lavva was taken out.
An Ophion larva emerged therefrom and spun up August 22; the
cocoon was opened November 14, und the larve was found to be in
good condition. This individual had apparently a yearly cycle. In
unother cage a virgin female was placed with a reared Laphyema
larva on August 14, and the larva was removed the following day.
From this larva an Ophion larva emerged and spun up on August 26,
1916, producing a male that issued September 14

At Brownsville, Tex., the period between oviposition and emer-
gence of adult parasites was approximately 30 days during October
and November. The time spent in the cocoon was from 20 to 25
days during the srme months and from 25 to 29 days in November
and December.

G. G. Alinslie reared an adult of this species on September 2,
1912, from a Laphygma Iarva collected at Mobile, Ala.; on August 16.

Two species of the genus Sagaritis have been reared from
Laphygma larvee ab various points in the southeastern United
States, The species reaved are 8. dubitatus Cresson and S. oxylus
Cresson. The former species is far more common and appears to
have a much wider distribution than the latter.

Sagaritis dubitatus Cresson was first reared from the fall army
worm by F. M. Webster, on September 80, 1884 G. G. Ainglie
reared it Wovember 25, 1912, at Lakeland, Fla., and the following
spring he again reared it at Lakeland and also at Orlando, Fla. He
observed that the period spent in the cocoomn, in southern Florida,
during March, varied from 7 to 10 days.

At Columbia, 8. C., Kewley records an average pupal stage of
about six days during July, August, and September in a series of
eight individuals. The shortest pupal peried for any individual in
this series was four days, the longest seven days.

The species was reaved at Nusﬁwille, Tenr., by &. G, Ainslie dur-
ing late September and early October, 1914. Ainslie cbserved that
the pupal period varied from a minimum of ¢ days to a maximum of
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11 days. 8. E. Crumb reared the species at Clarksville, Tenn., dur-
Ing Augrust and September, 1912, and C. F. Turner reared sdults at
Greenwood, Miss., during Qctober, 1913

R. N, Wilson, during June, 1914, rexred an adult at Gainesville,
Fla., from a fall army worm collected at Lakelgnd, Fla.

R, A, Vickery reared an adult nt Brownsville, Tex., from a con-
signment of Iarvae sent him on October 14, 1915, by C. L. Scott, at
that time connected with the Federal laboratory at Wellington, Kans.
Vickery also reared adults from fall army worms collected at Browns-
vilie, Tex. 1le observed a cocoon period of from 7 to 8 days in
April, 5 to 6 days in May, and further observed that the time
between oviposition and emergence of the adults was 13 days during
May and June.

Parasitic larvae of this species emerge from their hosts when the
latter are in the fourth instur. The host larvae are retarded in thelr
development by the action of this purssite. The parasitic larva upon
emergence cousbructs its cocoon on » blade of grass, corn lenf, piece
of woud, or sther object that lies close to it.

Observations on the construction of the cocoon were made by R. A.
Vickery at Brownsville, Tex., and in pact are as follows:

The infested Lopbygma Incva remains attached to the plant by its nprolegs
und the porasitie Iarva with lis head townrds the coudnl end of the cater-
pillar cuts its way out on the veutral gide, cephalad of the prolegs, crawls
aut purt way, swings back its anul end so as to fold back the host lurval skin
on lisel. As the parasitie larva erawls forwuard, the host lurval skin is
pavtly esrried with £ and remains stretched out and Hapttended on the plant.
Some lnevae begin to spin their cocoens when half way out, while others
crawl # few millimeters before sphuning. The puarasitie lurvn starts its
cocoon by attaching fhrends Lo the plauat and then te its back, repenting this
rocess on the other side, attaching the threads to the plant and then to the
threads wlready sputt, thus forming a loop over itself. This loop becomes the
reur end of the cocoon. The larva werks forward with its ventral side up.
It renches lorward to ome side and ntiuches n thread to the plunt. If then
Urings its hend buck, spinning a thrend which it loops several times and wt-
taches it ot several pluees, finelly bringing this thrend forward und attaching
L to rhe plant on the other side. The larva repeats this provess until it
reavhes 1he front end of the cocoon, when it nttaches the ends of severaul
threads (o the plant on ench side. The Inren then flIs in this ewd of the
cocoon by looping threads buek and forth across it and spins threads hack
undl forth on this fraume-work to strengthen it, reversing itself se that it can
get at wil parls of the cocoon. The framework is all made up of a single
thread, probably formed by the union of twe thrends, one from each spioneret,
1t requirves sbout (hreefourths of an hour to ecwplete the framework., After
making the framework the larva rapldly lives it by spinning two paraliel
threads which run in every Qiveetion crossing amd recrossing eimch other until
the cocoon Is lined with n contlnucus Inyer of silk. Yo about two hours the
work i5 so fav complete that furtber observation is no longer possible,

‘The cocoon is attached to the plant only by the ends of ihe threads
which are attached when the cocoon is being started. It is brownish
in appearance and measures 5.2 mm. in length and 1.9 mm. in width.

The host lnrvae are stung just before they emerge from the eggs,
As many us 14 host larvae have been stung by one female in 13
minutes; it requires only sbout two seconds for'a female to deposit
an egoyr.

Adults of Sagaritis oxylus Cresson issued from Laphygma larvac
at Nughville, Tenn,, on September 11 and September 15, 1915, from
material under observation by W. B. Cartwright. The determination
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of the parasite was made by A. B. Gahan, of the United States
Bureau of Entomelogy.

Neopristomerus appalachianus Viereck was reared from Laphygma
larvae at Brownsvitle, Tex., but is not a common psrasite in that
regrion, It may be considered as one of the rarest of the parasitic
Hymenoptera parasitizing the fall army worm, as seldom more
than a few specimens were reared from collections of Laphygma
Iarvae made in the feld at that place. The rate of infestation ranged
from 1 to 2 per cent of the number collected. Furthermore, this
species wus obtained only when collections of young larvae were
made, which would seem to show that only voung Laphygma larvae
are purasitized by it and that the parasitic larvae Jeave their hosts
bofore the latfer arc mature. The period spent in the cocoon by
this parasite in April was observed to be 14 days, at an average mean
temperature of 74° F.

Trom o full army worm collected at Winfield, Kans.. on September
95, 1914, bv I 8, Wilson and taken to the laboratory at Wellington,
Kans.. to rear. a large hymenopterous parasite, Paniscus geminaius
Say. had issued and pupaled on October 20. On December 15 an
adult issued, which was determined by A. B. Gahan, as was the above
species.

One specimen of Enicospilus purgatus Sy was reared from a fall
army worm at Columbia. 8. €., during July, 1913. This parasitic
Iarva issued from the prepupa of the host.

FEwicospilus concolor Cressen is mentioned by Wilson {66, p. 5)
as an enemy of the fall army worm in St. Croix. Virgin Islands.

Adults of a species of Ichneumonidae recorded in the notes on file
in the Bureau of Entomology as Pimpla sp. were reared by Harry
Pinkus from Laphygma larvae collected at Opelousas and Nacogdo-
ches, Tex. J. L. Webb also reared an adult in the same year from 2
Tarva taken at Crowley, La.

BRACONIDAE

Chelonus tewanus Cresson {fig. 39), an important parasite of
Laphygma larvee, has a most remarkable and interestin Efe history.
The female oviposits in the egas of the host, but instead of the para-
sites emerging from the eggs they emerge from the immature larvae.

This parasite has been taken at different times in Arkansas,
Touisinna, Mississippi, and Texas. It was a subject of speciel study
by McConpell, Parks, and Turner from 1912 to 1915. These men
have contributed largely to the knowledge of the life history of the
insect. Pierce and Holloway (47}, and other men of the Division
of Southern Field Crop Insects, have made notes on it.

Tn Texas the species is found throughout the year, but in the region
of Greenwood. Miss., it has never been taken before August and has
not, been found in abundance at that place until September. Num-
bers of specimens have also been taken during October.

As mentioned above, the eggs of the host are stung. Such para-
sitized eges show no signs of abpormal development but hatch in the
same length of time as unparasitized ones.

Larvae hatching from eggs parasitized by Chelonus develop nor-
mally at frst, but ere gradually retarded in their development and

$2048--28——5
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spin a premature cocoon, which is known by some writers as the
* death cell.” Host larvae that are parasitized reach a length of
about one-half inch, look emaciated, and have a rough, dry skin.
When dissected such larvae are seen to have lost most of the body
juices. Chelonus larvae emerge from Laphygma larvae in from 12
to 14 days after the epgs of the moth hatcg.

When a female of Chelonus is placed in a vial containing an egg
mass of Laphygma she may begin to oviposit immediately. She
approaches the eggs cautiously and places the tips of the antennae
on an egg, the antennae vibrating vigorously all the time. She
takes a position over the egg, and the ovipositor is raised and
lowered a few times until the body is properly adjusted. Then the
ovipositor is pushed down into tﬁe egg and retained there for a

Ftg. 8% —Chelonns tepanus, a purngite of the fnll prmy worm. Greatly enlarged. (Walton
and Luglobili)

period of a few seconds to one-half minute or more. In 35 minutes,
at a temperature of 72° F., one female oviposited thirteen times. An-
other individual oviposited eight times in ome .unute, and subse-
quently in g like period of time oviposited five times. On two other
occasions the act of oviposition required about five seconds. Some
of the eggs are stung twice, while others are stung three times,

The larva of Chelonus (fig. 40, A) usually is whitish in color but
sometimes may show pi.n.ki& markings. Upon emergence from a
host larva, not contained in a cell, the parasite takes from two to
four days to complete a cocoon. When in the so-called “death
cell ” of the host the larva undoubtedly constructs its cocoon in a

much shorter period, as cocoon construction is then more easily
accomplished.
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The emergence hole through which the parasitic larva leaves its
host usually is on the ventral side of the abdomen.

The parasite passes the winter in the cocoon, apparfntly as a
pupa. (Fig. 40, B.}

The cocoon (E‘l . 40, G, D) is a beautiful structure, made of thin-
meshed white silk, and usually it is made within the “death cell.”
It has been observed that when the host larva does not spin 2 “death
cell” or is prevented from doing so, the parasitic larva when it

Fia, 40.—Chelonus feranus: A, larvn; B, ;{upa: C, empty cocoons; D, cocoon, All
)

much enlatged

emerges usuzlly dies, having no foundation upen which to spin
its cocoon. If the parasitic larva does pupate under such conditions
it invariably dies.

Chelonus adults feed at the nectaries of cotton and other plants and
may be taken from these plants while feeding. When busy oviposit-
ing they may be taken readily with the egg mass and placed in a vial
without disturbing them in the least.

This is probably one of the most important parasites of the fall
apmy worm in the States where it occurs. Indeed it would seem
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that outbreaks of Laphygma in the Southern States depend to a
Inrge extent on the scarcity of this species. Whenever collections
of young Mrvae were made in Texus this species was observed to be the
dominant parasite. The following observations illustrate this fact:
From a collection of 500 larvac of various sizes made at San Benito,
Tex., by T. 8. Wilson, 254, or about 51 per cent of the number, were
parasitized with Chelonus, and in another instance 70 per cent of a
collection of 200 larvae were infested with this species. In the
mujority of cases the percentage of infestation ranged between 25
and 50 per cent of the number of host larvae collected. Tn southern
Texas this insect is most abundant during the period from June to
September, inclusive.

This species has also been abundant In some years during late
summer in Mississippi. Of 366 Laphygma larvae collected at Green-
wood, Miss.. by McConnell and his assistants during August and
September, 1915, 36.2 per cent were parasitized by Chelonus.

The time intervening between ovipesition and emergence of the
ndult at Greenwood. as recorded by McConnell, is shown in Table 17.
The table shows that this period varied from a minimum of 32 days
to a maximum of G9 days, the average length of the period for the
five individuals being 60.4 days. At Brownsville, Tex., this period
has been determined as 20 days in June, 18 to 21 in July, 23 to 26 in
August and September, and 27 days in October. The time spent in
the cocoen at Brownsville was about 8 days in June, when the aver-
age mean temperature was 7914° F.

Adults issuing late in the season, as shown in Table 17, probably
die without reproducing, because Laphygma egps are not available
then. However, it is possible that the species has hosts other than
Laphygma and Chloridea in which it may breed. A number of
Chelonus larvae that pupated at about the same time as those men-
tioned in Table 16 overwintered in the cocoon, and it is quite possible
that this insect winters only in the cocoon stage.

Tanre 1T.—Time inlervening befween oviposition and emergenee of edull of
Chelonug teranus, al Grecnwood, Aiss, 1978
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Apanteles marginiventris Cresson (Synonyms: A. grenadensis
Asbm., 4. (Protepanteles) harnedi Vier., and A. laphygmae Ashm.
Ms. Chittn.) was reared in abundance from Laphygma larvae by
8. T. Crumb at Clarksville, Tenn, in 1012, and by G. D. Smith ot
Tallulah, La., during July of the same year. Chittenden mentions
that an adult of this species was reared August 29-30 from army-
worm material received from Savannah, Ga.

At Brownsville, Tex., Vickery observed that the period between
oviposition and the emergence of the adult was 14 days in November
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and from 10 to 1t days during June. The time spent in the cocoon
stage was 14 days in January, 7.5 days in April, and only three days
in June. The length of this stage in October and November, from
records obtained by R. A. Vickery, is given in Table 18, which is
based on 50 individuals, of which 47 are males and only 3 females.
The average time spent in the cocoon was 6.68 days, the average mean
temperature of the period being 69.9° I,

TanLe 18—Longih of the covoon siage of Apanteles marginiventris, ut Browns-
witie, Tex.
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At Columbig, 8. C., Kewley observed that the length of the cocoon
stage during July and August in a series of three individuals was
irom four te seven days, with ar: average of 5.6 days. He also reared
this species at College I’sark, Md., in October, 1915.

'The following are other rearing records: Wellington, Kans,, T, S.
Wilson, August 31, 1914; Orlando, Fla., G. G. Ainslie, February 4,
1913; Hunneville, Kans.,, T. 8. Wilson, August, 1915; Greenwood,
Miss., J. M, Langston, July 17, 1815.

‘This Apanteles oviposits readily in the first instar of Laphygma
larvae. It thrusts the ovipositor in and withdraws it almost imme-
diately, passing over the host Jarva almost without stopping.
Apanteles lurvae usually emerge from fourth-instar host larvae.
Qccasionally, however, they emerge from older larvae.

This species may breed parthencgenetically, in which case the off-
spring are all males. From one virgin female a progeny of 45 adults
were obtained. This species is widely distributed in the Southern
States and appears to be indigenous to that region. However, it is
not one of the most common of the parasites ofiaphygma larvae, as
the percentage parasitized in collected Laphygma larvae seldom
exceeded 10. In a few cases parasitism in such material reached as
high as 30 per cent.

Hosts other than Laphygma frugiperda are Plathypena scabra
Trab., Cirphis unipuncta Haw., €. latiuscula Herrich-Schaeffer
(Vickery), C. multilines Walk, (Vickery)}, Laphygme ewigua Hiibn.,
Heliothis obsoleta Fab., Prodenia eridanig Cramer, and species of
Autographa.
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Three species of Meteorus have been reared from Laphygma frugi-
perdu larvae, namely, M. autographae Mues., M. laphygmae Vier.,
and M. vulgaris Cresson.

Two adulis of Meteorus autographae Mues. were reared from fall
army worms at Nashville, Tenn., by G. G. Ainslie in Qctober, 1914;
they had a cocoon period of nine days. One of the hosts from which
& parasite emerged lived for one day after the parasite left it.

R. J. Kewley bred this parasite from Laphygma larvee during the
year 19168 at Columbia, S. C., and made a thorough study of the life
history and habits of the species. He again reared this parasite at
Columbig, 8. C., in 1920.

According to Muesebeck (39, p. 30, 87), hosts other than Laphygma
frugiperda are Autographa brassicae Riley, Cirphis unipuncta Haw.,,
Plathypena scabra Fab., Phlyctaenia ferrugalis Hiibn,, Lurymus
eurytheme Bois., Prodenia eridania Cramer, Evergestis straminalis
Hiibn., Alsophila pometaria Harris, and Aufographe sp., possibly
wverruca Fab. (McConnell).

Heteorus laphygmae Vier. is 3 common and important parasite of
Laphygma iarvae in southern Texas. As high as 40 per cent of a
collection of larvae has been found parasitized by this species.
Usually, however, parasitism does not exceed 20 per cent, and a
percentage of from 10 to 15 is more common.

The period between oviposition and the emergence of adults at
Brownsville, Tex., has been determined by Vickery to be as follows:
14 to 18 days in May and June at an average mean temperature of
79° T,; 12 days in July at an average mean temperature of 83°;°
20 to 24 deys in Qctober at an average mean temperature of 70°;
from 21 to 26 days in October and November at an average mean
temperature of 70°. The time spent in the cocoon is 6 to 7 days in
May, 5 days in June and July, 6 to 8 days in October, and 8 to 9
days in Qctober and November. '

An adult of this parasite was reared at Nashville, Tenn., Septem-
ber 1, 1815, by W. B. Cartwright.

The host larvae usually are stung when in the second or third
instar, and these stages seem to be preferred. However, females
have been observed to oviposit in first-instar larvae, but in such cases
the development of the parasite required several days longer than
when the host larvae were stung later in life, )

Laphygma larvae parasitized by this species were refarded in
development.

This parasite may reproduce parthenogenetically, and the result-
ing progeny are always males. An unmated female was placed in
a cage with 2 number of Laphygma larvae in the second and third
insters and left for a few days. Ten days later s number of para-
sitic larvae emerged and pupated. At the time of emergence the
host iarvae were in the fourth and fifth instars. Adult parasites
issued from 10 to 11 days later, making the period between oviposi-
tion and the emergence of adults approximately 20 to 21 days.

This parasite itself is subject to parasitism, as a number of different
hyperparasites have been reared from it. Irom a Meteorus cocoon
collected at Brownsville, Tex,, in July, 1912, an adult of Dibrackys
meteori Gahan and one of Spilochalots torving Cresson issued.
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According to Muesebeck (39, p. 32, 33), other hosts of this para-
site are as follows: Lycophotic margaritosa Haw., Laphygma exigua
Hiibn., Feltia annera Treitschke, Heliothes obsoleta Fab., Prodenia
species, Monodes species, Furymats eurytheme Bois,

According to Muesebeck (39, p. 81, 3%), Laphygma frugiperda
is 2 host of Meteorus vulgaris Cresson. ‘

Two species of Rogas have been reared from fall army worms,
namely, £. terminalis Cresson and B. laphgymae Viereck, neither of
which appears to be very common.

There seems to be but one record of E. ferminalis Cresson from
the fall army worm. This was made by W. B. Cartwright at Nash-
ville, Tenn., in 1913; the determination was made by 4. B. Gahan.

Rogas laphygmae Viereck was reared from Laphygma at Browns-
ville, Tex. I was observed that the females prefer fo parasitize
host larvae which are sbout ready to pass into the second instar.
The parasitic larva emerges from its host when the latter is in the
fourth instar. Parasitism by this species retards the development
of the host. Among o single brood of larvae it was observed
thut when pavasitic larvae emerged the host larvae were in the
fourth instar while the unparasitized Laphygma larvae were in the
fifth instar. The period between ovipesition and emergence of adults
at Brownsville was 10 to 14 days in June and July. The fime spent
in the cocoon was from three to five days during the same months,

Parthenogenesis occurred in this species, the resulting progeny
being & male. An vnomated female was placed with a first-instar
Laphygma larva and left 24 hours. A parasitic larva emerged and
spun up in nine days, and the adult appeared five days later.

When the parasitic larva*is mature it fills the body of the host,
which dies and remains attached by the prolegs to the plant. The
Rogas larva proceeds to clean out the head and thorax of the host
and then works on its venfval side until only the epidermis is left.
It soon breaks through and ejects juices and material not needed.
The drying of this material attaches the host to the plant. The skin
ot the host over the region of the thorax and over the last prolegs
collapses, and between these collapsed portions the parasite spins its
oval cocoon. The host larval skin, being freed from all soft material,
soon drics, hardens, and forms a strong protection for the cocoon.

T. D. Urbahns reared an adult of Zels melleus Cresson September
11, 1912, at Chiilicothe, Tex. Adults were also reared by G. G.
Ainslie from the same host at Nashville, Tenn., in 1914 and 1915; by
R. A, Vickery at Brownsville, Tex., in October, 1913, and again in
Qetober, 1914.

R. J. Kewley rearved this parasite at Columbia, S. C., during July
and August, 1917; in Augnst, 1919; and in 1820 reared a number of
the adults during the period between August 29 and October 13. The
length of the period spent in the cocoon varied from 8 to 16 days,
with an average of 11.8+ days for 6 individuals. The adults lived
for a period varying from 7 to 25 days, with an average of 13.8+
days in a series of § individuals.

The cocoon of this parasite when just formed is white with
shining pale brown at the caudal end. TLater it changes to pale
brown with a white band around the middle.




72 TECHNICAL BULLETIN 34, U. §, DEPT. OF AGRIOULTURE
QILALCIIOIDEA

Trickogramma ménubum Riley (. minutissimum Pack.,, L', pre-
tiogum Riley), a minute egg purasite, was reared from Laphygma
eggs at Greenwood, Miss,, by McConpell and TParks in 1912, On
QOctober 15 of that year McConnell found an egg mass of Laphygma
on corn, all the eggs in the mass being much wrinkled and black in
color. Irom thesc ergs Lrichogramma adults 1ssued on Qctober 18.

Several aftempts were made to breed this species into Laphygma
eggs in cages, only one of which was successful. The female, upon
finding an egg mass, inspects it very closely and races around it
until an eger is found that is well exposed and free from covering of
sceles. The parasite appears to be very wmuch bothered by the scules
which usually cover the egz masses of Laphygme, and doubtless
this is the reason why Trichogramma has not more often been reuved
from Laphygma eges.  In ovipesition the adult takes a position over

the host egg and places the tip of abdomen down upon it, remaining

Fio. 41—\ colony of Euplectrus larvae feeding oo n fall army worm

thus for several seconds, during which interval the egg is inserted
within the host.

I'rom egus that were parasitized on October 18, adults began to
emerge on October 31, and others issued from November 9 to 10.

This species is 2 common parasite of Diatrace saccharalis Fab.,
according to Holloway, and is also known as a parasite of Heliothis
obsoletn Fub.

Two species belonging to the genus Euplectrus have been reared
from Laphygma larvae, namely, &. comstockii How. and platyhy-
penae How., Both have a wide distribution in the South and have
been reared from larvae of other species of Lepidoptera.

The parusites belonging to this grenus have a most interesting life
history. The egus are placed externally on the dorsum of the cater-
pillar, usually in the region of the thorax, and the larvae hatchiny out
begin to feed in this external position. VWhen the parasitic larvae
are nbout mature they give the host a humped appearance to the
unaided eye, due to the Tarvae being grouped very closely together,
Figure 42 shows a group of Euplectrus larvae about mature but still
feeding.
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(. G. Alinstie, while stalioned uf Orlando, Fla., reared adults of
Fuplectrus comstockil Howard, February 20, 1918, The period
spent in the cocoon was 8 days. T. S. Wilson reared adults of the
snme species at Wellington, Kans,, in October, 1914. He observed a
cocoon period of from 15 to 38 days.

Chittenden records the reuring of 25 adults from a single host
larva,

"Lhis species of Tuplectrus is also an enemy of dlabama argillacea
Hiibn.

Euplectrus platyhypenae Howard {fig. 42) has been reared re-
peatedly ot DBrownsville, Tex., though it is not to be considered as
abundant in that region. In May the egg stage was from 21 fo 3
days in length, the lnrval stage from 3 to 4 days, and the pupal stage,
or the tume spent in the cocoen, from 6 to 7 days. In November

I, A2—Aduit of Buplectrus phutyhypenae.  Greatly enlavgoed

these stages had a2 minimum length of 6 days for the egy stage, b
days for the larval stage and 7 days for the pupsal stage. i
. (8. Smyth. at Brownsville, Tex., reared 167 adults from 6 host
larvae, 80 per cent of the adults being femsles. On other occasions
he made the following rearings: 90 Ruplectrus larvae and pupae
from § host larvae, the greatest number of larvae on one host being
31, the smallest 3; 31 E. platyhypence larvae from another host,
trom which developed 23 females and 1 male; from another in-
dividual were reared 15 males and 10 females; from another, 27
females and 3 males; from another, 37 females and 8§ males. This
would seem to show that there is a preponderance of females in this
species.
pj\.&ults of this parasile may live for a considerable length of time
in confinement when given food. Vickery cbserved that one male
lived 97 days in a room the temperature of which was sbout 70° F.
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This species may sometimes reproduce parthenogenetically. An
unmated female was placed in a vial with a Laphyema lavva. The
following night 28 eges were deposited on the larva. The e o5
hatched 1n 8 days, and the larvae matured in 4 days, while the time
spent in the cocoon was 6 days. The adults were males.

This species has zlso been reared from specimens of fall army
worms taken at Texarkana, Ark, and Greenwood, Miss. Kewley
rearsd it at Columbia, 8. C., during the summer season of 1917 and
made quite an extensive study of its Labits and life history.

(Chaleis) Brachymeris robusta Cresson, Spilochalcis femorata
Fabricius, and 8. witieta Ashmead are mentioned by Wilson (66, .
&) as enemies of the fall army worm in St. Croix, Virgin Islanc(;.

HYPERPARASITES

In his studies of the parasites of Laphygma, at Brownsville, Tex.,
R. A. Vickery observed and reared guite a number of secondary para-

Eupelminus meteori
Eupteromalus sp.
Spilochalcis torvi

piloc alcis forvina Meteorus |apl")«'gma°
Gelis sp.

Mesechorus sp.

Roga: Iaphg’m.a:.

Hemiteles sp.
Dibrachys meteori
Spilochalcis Pa”cn& Apanleles marginiventris

Laphygrna frugiperda

Elasmus apanteli Sagaritis dubitatus
Tetrastichus dolosus Euplecirus comstocki

Tetrastichus euplectri Euplecirus platyhypenae

Fla, 43.—Dlngram showing relatlonshlp between Yephygma frugiperde and some of
its parasites and hyperpurasites (Hymepoptern)

sites or hyperparasites. (Fig. 43.) He wus able to breed a number
of different species and thus to obtain data on their hrbits and life
cycles. It is to be understood that the following information on
these parasites has been taken largely from the notes made by
Vickery, unless otherwise stated.

ICHNEUMONIDAE

Adults of an unidentified species of Hemiteles were reared in
June, 1914, from cocoons of Apanteles marginiventris; Rogas la-
phygmae, Sagaritis dubitatus, and Meteorus laphygmae, collected in
the feld.

Oviposition was observed in a rearing cage containing some
Sagaritis cecoons and a female Hemiteles. The female had no
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difficulty in penetrating the cccoon with its ovipositor. She first
examined the cocoon very carefully, facing one way, then another.
She then mounted the cocoon and Eent her abdomen forward under
her body and placed the point of the ovipositor in contact with the
cocoon. Then slipping the ovipositor out of its sheath, she brought
her abdomen bacl to its normal position, the ovipositor being left
under the center of the abdomen, pointing downward. She next
pushed the ovipositor into the cocoon until the tip of the abdomen
was in contact with the cocoon. Then, resting on the tip of the
abdomen and using it as a_fulerum, she partly withdrew her ovi-
positor and pressed it back in again until the desired spot was
reached.

The period between oviposition and the emergence of adult has
been determined ns 9 to 10 days in July, at an average mean tempera-
ture of 83° F. This species is sometimes parthencgenetic, the resutt-
ing progeny being males.

An adult belonging to the genus Gelis was reared from a cocoon
of Rogas laphygmae collected in July, 1912, at Brownsville, Tex.
It was again reared from a collection of 295 Meteorus laphygmae
cocoons collected by E. G. Smyth in July and August at the same
place. Ten individuals were reared from this lot. Smythe observed
the female Gelis ovipositing in a Meteorus cocoon which was sus-
pended from a blade of Bermuda grass by a silk thread. It took
the female 17 minutes to oviposit, several incisions being made dur-
ing this time.

An ndult of a species of Mesochorus was reared January 28, 1913,
at Orlendo, Fla.,}t):-y G. (3. Ainslie. Two adults, apperently of this
sume species, were reared at Greenwood, Miss., by J. M. Langston in
1915. Langston records a cocoon stage of 8 to 14 days. At Browns-
ville, Tex., three individuals were rearerd from a lot of 295 Meteorus
laphygmae cocoons collected by Smyth. The scarcity of this hyper-
parasite shows its apparent insignificance as an enemy of Meteorus.

CHALCIDOIDEA

A cocoon of Meteorus laphygmae, collected in the field on May
28, 1914, yielded a female of Fupelminus meteori Gahan on June
98. This female was at once placed in a vial with five reared Mete-
orus cocoons. 'The cocoons were opened some days later, and in one
of them a parasite of the above species was found.

. G. Smyth. st Brownsville, Tex., reared a number of adults of
this species from a field collection of 295 Meteorus cocoons.

A number of adults of Dibrackys meteori Gahan were reared in
June, 1914, from cocoons of Rogas lephygmae, Sagaritis dubitatus,
and Meteomis laphygmae collected in the field.

In rearing cages in which adults were confined with hosts the
period between oviposition and emergence of adults in June was as
follows: With Sagaritis dubitatus as a host, 10 days at an average
menan temperature of 82° F.; with Meteorus laphygmae as a_host,
also 10 days at an average mean temperature of 88° F.; with Fogas
laphygmae as o host, 11 days, the adult in this case being a female.
‘The length of the life cycle rppears to be about the same irrespective
of the host species,
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On one cecusion it was possible to observe the development ¢of a
Dibrachys larva by transmitted light under the binocular microseope.
The lurvai stage was determined as about four days.

Smyth reared 29 adults in July and Angust, 1912, from a collee-
tion of 295 Meteorus laphyymae cocoons collected in the field at
Brownsville, Tox,

Adults of this species were also reared from cocoons of A panteles
marginiventris.

In muking observations on the deposition of egus by Dibrachys
it was observed that about one hour is required for the operation,
The parssite closes the hole made by the ovipositor in the cocoon
after the egyr is placed. The spot sefected for the deposition of the
egg is at the eap end, which places the cee near the thorax of the
host. One female, when disturbed while ovipositing, returned later
and sought the hole she had originally started and completed the
operntion of oviposition.

According to A. B. Gahan (78), this parasite occurs also at
Memphis, Tenn.

Adults of Spilochaleis pallens Cresson were reared from cocoons
of Rogas laphygmae collected in the field in July. 1914, and from
cocoons of Meteorus laphygmae collected in the field in September of
the same year,

E. G. Smyth reared 69 adults of 5. pallens from a collection of
295 Meteorus luphygmae cocoons made at Brownsville. Tex., in
August, 1912. This shows a percentage of infestation of about 80
for this parasite and reduces somewhat the efficiency of the Meteorns
parasite as an enemy of the fall army worn

The species was also reared at Columbin, S. C, on October 10,
1916, by R. J. Kewley.

A reared femule S. pallens was placed in a vial with cocoons of
Apanieles marginiventris. She was observed to oviposit, the oper-
ation requiring about 10 minutes. This individual had no difficulty
in penetrating the Apnnteles cocoon. On the other hand, ovipositing
in Meteorus cocoons required about three-fourths of an hour.

Adults of this hyperparasite have been kept alive for a period of
60 days. During this time they were fed and kept in a room the
temperature of which averaged about 70° F.

The time required for the development of the parasite from ovi-
position to emergence, using Apanteles marginsventris as a host,
was 13 days in actober, at an average temperanture of 76° F., 31
days in October and November, ab an avernge mean temperature of
67°. The time required for this period when Meteorus laphygmae
was used as a host was 15 days in October. The pupal stage in the
latter case was ¢ days, the average mean temperature of the period
being 73.5°,

Table 19 shows the results obtained with S. pallens, using Meteorus
laphygmae as o host, in delermining the life cycle. These progeny
were all males, 24 in number. The length of the egg and larval
stage varied from 7 to 9 days and the pupal stage from 6 to 9 doys,
while the total life cycle was from 14 fo 24 days, with iverage menn
temperatures varying from 68° to 76.5° F.
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TaseE 19 —Life-cycle coperimenis with Spilochaleis pallens, using Melcorus
laphpymae as ¢ host, af Brownsville, Ter., 1944
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Adults of the hyperpurasite Spilochaleis torving Cresson (8. delira
(Cress.} Vierveck) were veared from Al eteorus laphygmae cocoons col-
lected in September, 1914. An experiment was conducted with S.
torving, using Meteorus laphygmae us u host, and the results obtained
are given in Table 20. This table shows that the period between
oviposition and the emergence of adults at that time of the year
vuried from 17 to 27 days at an average mean temperature varying
{rom 66° to 73.5° F.

TaBLE 20.—Life-cycle experiments with Spilochaleis torving, using Metcorus
luphyymee as o host, al Brownsville, T'ex., 111}
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Of 295 M. laphygmae cocoons coliected at Brownsville, Tex., in
July and Angust, 1912, by E. G. Smyth, 38, or 16 per cent of the
number, were parnsitized by this species.

Attempts were made to cross . pallens and 8. forvina. There was
courtship but ne mating.

According to A. B. Gahan (20, p. 215), the hyperparasite Teéras-
tichus dolosus Gahan has been reared by R. A. Vicker% at Tallulah,
La.. from Fuplectrus platyhypence parasitizing Laphygma frugi-
perda, and by T. 8. Wilson at Wellington, Xans., from £ comstockii
parasitizing Caradring sp.
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A. B. Gahan (19, p. 167) records Tetrastichus euplectri as having
been reared from £. platyhypence by R. A. Vickery. The host was
collected at Taltulah, La.

Elasmmus apanteli Gahan is recorded by A. B. Gehan (18, p. 438)
os having been reared at Memphis, Tenn., by W. R. McCon-
nell from & cocoon of .dpanicles marginiventris parasitizing L.
frugiperda.

An adult belonging to the genus Bupteromalus was reared from a
cocoon of Meteorus laphygmae collected in June at Brownsville, Tex.

DIPTEROUS PARASITES

TACHINIDAE

Tachinid parasites play an important part in the control of the
fall army worm. In fact, the natural control of outbreaks seems
to depend largely upon the
abundance of these parasites.
During the severe outbreak
of 1912, tachinid parasites
were scarce at Columbia,
8. O, during early summer
and did not become abun-
dant until late summer. In
Florida, according to G. G.
Ainslie, they began to be
abundant in July. In the
following year (19138) para-
sitic flies were abundant in
a colony of Laphygma lar-
vae on millet and soon were
in complete control of the
caterpiliars,

It is unfortunate that
tachinid parasites do not
attack the host until the
latter is nearly mature and
thus has accomplished its
most destructive work. In

Fia, 44—adult of Winthemia guodripustuleta, n  spite of this fact, these para-

o el omye o1 9Ty WOt Jires of the fall army worm

tunction efliciently by de-

rtroying large numbers of a given generstion of larvae and thus
grently reducing the succeeding generation.

A number of different species of Tachinidae attack this insect, and
the most important of these is Wintkemia quadripusiulata.

The tachinid Winthemia quadripustulate Fab. (fig. 44) has a very
wide distribution; it cccurs throughout the territory invaded by the
fall army wormn and hns been reared from this host in various parts of
the country. Itisnot only anenemy of this army worm but also of the
true army worm and many other lepidopterous caterpillars. This fiy
oviposits on larvae of the fifth and sixth instars. ¥ggs are placed
usuaily on the dorsum of the thoracic segments of the host. How-
ever, they are often found cn other parts of the body, sometimes on
the head or on the lateral sides of the last abdominal segment. The
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number of eggs placed on one larva varies greatly, usually being one
or two, somefimes three, and when the flies are abundant it is mot
uncommon to find larvae having as many as six eggs. In one instance
12 eggs were found scattered over the body of one individual. Two or
three flies have been reared from one host at Columbia, but not more
than three. Walton {64) also records the rearing of from one to
three flies from a single caterpillar. At Columbia, 8. C, in & cage
containing a collection of 17 larvae bearing eggs, 24 puperia were
taken from the seil. This fly never deposits eggs on very young
caterpillars, but always on nearly mature larvae. This seems to be
a wise provision of neture to insure the parasite a better chance of
life. If the eggs were placed on young larvae, these might molt
before the eggs had & chance to hatch, us they would be cast off with
the old skin. In a series of 12 nearly mature specimens introduced
into & cage with a number of these flies in July, 1914, parasites were
reared from only one caterpillar. The five eggs on this specimen
were deposited July 10, and three maggots emerged and pupated on
the 27th; three adults issued on August 10. The length OP the period
betwesn oviposition and emergence of adult was 31 days. The
remainder of the larvae had from one to seven eggs on their backs
vut failed to produce flies.

The tachinid larva emerges from the side of the egg next to the
caterpillar, and bores directly through the body wall of the host,
which is active during most of the time that the maggot is feeding,
but dies before the parasite emerges. In some instances maggots do
not issue from the host until a day or two after the latter has died.
The host seldom burrows into the ground when parasitized, but
usunlly dies on the surface of the ground, and the maggots, after
emerging, burrow intc the ground to pupate.

In several instances it wwas observed that the caterpillars pupated
even when parasitized and cast the final molt except a small part
to which the egc was attached. These pupae acted normaily at
first. The eggs of the parasite hatched, and the muaggots emerged
from the pupal cases of the host to pupate.

In August, 1920, W. quadripustulate wes very abundant at Colum-
bin, S. C., in an outbreak of fall ermy worms. Numbers of para-
sitized larvae were collected, and the duration of the pupal stage was
determined. Dats on the number of adults issuing from one host
were also obtained. Some of the results obtained are given in Table
91. Altogether 185 parasitized larvae were collected. Moths issued
from 8 per cent of this number; tachinids issued from more than 50
per cent of the number, and the remainder died.

TARLE 21.—Duration of the pupal stege of Winthemia guadripusfuiaia, August,
1020, with Laphygma frupiperda as a host; also fhe number of flies reared
from one larva
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Tasty 21.-—Duration of the pupal siege of Winthemia gquadripustulela, August,
1920, with. Laphygme frugiperde as a host; wlso the number of files reared
from ene lerpa—Continned
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Other species of Tachinidae have been reared from Laphygma
in various parts of the country. These are mentioned below.

The interesting parasite dArchytas piliventris Van der Wulp (fig.
45) is indigencus to Texas and has been reared very often from
Luphygma larvae at the entomological laboratory at Brownsville,
Addrich reports it from Waco, Tex. Tt is especially common during
the fall months. although it has been reared during other periods
of the year. The rate of parasitism may reach 20 per cent but
usually is not over 5 per cent. The female deposits living larvae
on the folinge of plants upon which the host is feeding. The maggots
are bluish green in coler and lie close to the leaves until disturbed,
when they rear up, stand erect, and wave their hends about. One Hy
was observed to deposit 15 maggots in 60 seconds. When a cater-
pillar crawls over one of these magoots the maggot attaches itself
to the caterpillar and enters its body. A favorite place of entrance
appears to be just back of o proleg. The host pupates normally,
and the adult parasite emerges from the pupa. But one adult
parasite emerces from one host.

Vickery’s observation indicates that the shortest time between
vviposition and emergence for this species. in 25 individuals, was
25 days, during October and November, at an average mean tempera-
ture of 75° I". During December and Januwary the time spent
in the pupal stage alone was 51 days at an average mean tempera-
ture of 61.5°. The pupal stage in April and May was 21 days. BE.
(3. Smyth observed that the time elapsing between the pupation of
Laphygma larvae and the cmergence of 4. pifiventris in 12 indi-
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viduals was from 14 to 16 days, in June, at sn average mean temper-
ature of 79° T,

Van Dine (62) reared this species from Laphygma frugiperda in
1912 in Porto Rico, and Mel T. Cool, under date of August 11, 1905,
wrote from Santiago, Cuba, that he reared this parasite from the
sume host.

An adult of Phorocere claripennis Macq, (fig. 46} was reared by
E. A. McGregor August 14, 1912, from a Laphygma pupa collected
ut Leesville, g. C., und by G. G. Ainslie on September 16 of the same
year, from a larva collected at Grand Bay, Ala.

R. J. Kewley, at Columbia, 8. C., on August 8, 1916, collected a
fall army worm, which entered the soil August 10. On August 15

Fia. 4i—Adult of Arehytas pilfventrie, parasite of the fall aemy worie. Greatly
eninrged. t\\’n[ton ond Luglnbill)

a puparium was found., The fly issued August 23 and was deter-
mined by J. M. Aldrich.

On August 6, 1914, J. 8. Wade reared an adult of Archyias analis
Fob. from a Laphygma larve taken at Mead, Kans., July 18. Other
specimens of this parasite were reared at Wellington, Kans., by T. S.
Wilson on September 2 and 23, and October 1, 1914,

An adult of Pherocera floridensis Town. was reared from a fall
army worm at Columbia, 8. C., SBeptember 1, 1920. The determina-
tion of the insect was made by J. M. Aldrich.

Hyphantrophage hyphantriae Town. was reared from a fall army
worm collected at Chillocothe, Tex., by T. D. Urbahns on August 30,
1912; the Iarva emerged and pupated on Septemher 7, the adult
emerging September 20. The fly was determined by W. R. Walton,

82048—28——6
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An adull of Frontine archippivora Will. was reared by T. D.
Urbahns September 19, 1912, from a Laphygma larva collected at
Chillocothe, Tex., on Aogust 30, The maggot pupated on Sep-
tember 10. R. A, Vickery reaved it at Brownsville, Tex. According
to Van Dine (62), it has been reared from Laphygma in Porto Rico.
Aldrich reared the species from Laphygma favimeeulate Harv,,
Pyrameis cardui L., and Vanesse antiope L. at Moscow, Idaho.

According to Chillenden (7)), Frontine frenchiz Will. was reaved
by Howard from a Laphygimna larva collected at Columbia, 8. C., in
September,

Admontic degeericides Coq. was reared at Brownsville, Tex., from
a Luaphygma Inrva received from (Glen Herrick of Cornell University
%n iSepf.embcl' 13, 1912. The determination was made by W. R.
Yalton. '

110, $——Phorocera claripennis, i parasite of the fall army worm, (Wildermuth)

Exorista ceratomiae Coq. was reared October 21 from a Laphygma
larva collected September 30, 1912, at Memphis, Tenn. The deter-
mination was made by W. R. Walton.

(fonia crassicornis Fab. was reared by Var Dine {62} in Porto
Rico, in 1912, from & fall army worm, and determined by W. R.
Walton.

According to Coquillett {71}, Gonia capifata De Geer is aiso a
parasite of iaphygmn.

FExorista pyste Walker is mentioned by Wilson (66, p. §) as an
enemy of the fall army worm in $t. Croix, Virgin Islands.

SARCOPFIAGIDAE
E. A. McGregor reports having reared a specimen of Sarcophaga

assidue 'Walker from a pupa of the fall army worm at Batesburg,
S, C., during 1912.
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THE FALL ARMY WORM
PREDACIOUS ENEMIES

COLEOPTERA

Chief among the predacious enemies of the fall army worm are
the Carabidae, especially those belonging to the genus Calosoma.
Both the larval and adult stages of Calosoma feed on Laphygma
larvae. However, the beetles are in the larval stage when the cater-
pillars are most abundant and do not become adult until late summer.
They hibernute as adults, and probably there is but one generation

er year. :
? Gglosomu larvae were found feeding on fall army worms in vari-
ous parts of the country in 1912. The writer first noticed them at
St. Rdat.thews, 5. C., during late July of that year. Specimens
captured and placed 1n receptacles with Laphygma larvae devoured
them immediately. Jun the following year Calosoma larvae were
more sbundant than in 1912. These predators were abundant at
Columbia, S. C., in a millet patch which was heavily infested with
Laphygma, especially under the millet that had fallen. The soil in
such places was honeyvcombed by the predators. No Laphygma
larvee and only a few pupae could be found in such places.

Three species of this genus are known to be predacious on the fall
army worm in the United States, namely, 0. calidum Fab., C.
serutator Fab.. and £, sayi Dej.

Calosoma calidwm Tab. is the most common of the three species of
Calosoma given above and has been repestedly found associated with
the fall and true army worms. In fact, during a recent outbreak of
the latter, in crabgrass and cowpeas at Columbia, 8. C., this species
proved very efficient in controlling the pest.

Calosoma scrutator Tab. has been fHund associated with Laphygme
larvae in the South, but does not appear to be as common as
C. ealidum.

R. N. Wilson obtsined an adult of Calosoma say: Dej. from =
larva collected in a field which was badly infested with Laphygma,
near Gainesville, Fla. The adult was determined by E. A. Schwarz.

In Porto Rico. Van Dine found €. alternans Web, feeding on a
Laphygma larva. .

Three sther species of ground beetles feed on the fall arn.y worm,
according to Hinds and Dew {37) and Dew (12). These are Lebia
analis De Geer, Galerita bicolor Drury, and Callide punctate Lec.

Other coleopterous enemics of the insect are the tiger beetles, of
which T'etracha caroling L. has been found to be the most common.
This species has been observed to feed on the larvae.

Harpalus pennsylvanicus Dej. was found feeding on a Laphygma
larva in a burrow at Memphis, ‘Tenn., on September 30, 1912, by
W. R. McConnell.

HEMIPTERA

Four species of insects belonging to the order Hemiptera, suborder
Heteropters, have been found to be abundant in some districts where
the fall army worm occurs and have ~ften been observed to feed on
Laphygma larvae. The two principal species are Apateticus macu-
liventris Say and Triphleps insidiosus Say.
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(Podisus) Apateticus maculiventris Suy (figs. 47, 48, and 49)
appears to be the commoner of the two bugs found feeding on
Laphygma. As a preda-
tory enemy it probably
ranks next to Calosoma
beetles.  Caterpillars are
attacked by the nymphs
ns well as the adults,
Even the moth does not
escape the attacks of
this bug. McConnell
observed an adult of
Apateticus sucking a
moth of Laphygma at
Harde, Miss., August 21,
1012,

Numercus observations
of its feeding on Laphyg-
ma larvae +were made
durving 1912; by 8. E.
Crumb at  Clarksville,
Tenn.; by Dwight Pierce
at Mound, La., West
Point, Miss, and Mac-
Clenny, Fla.; by Harry

i, ‘:E!TTTE{JI? SIII]!E‘IZIleld' scEl(ltller lrmﬁ, Apateticis -{mxcluilt- Pinkus at Opeleusas, Le.,
1)1"1'5:.!IGrt‘utl}l'cil'l"m?gctl.m (‘l'ln’:ll{':.iré“":'ln\({mr_l.?lg':it?ﬁillll]r and Mr, Becker at vari-

. ous places in Arkansas.

This bug is & common cnemy of other lepidopterous insects and

1s considered the most useful of our predacious Hemiptera. Accord-

g to HMart (27, ». 207).

this bug is an enemy of

Diabrotica duodecimpune-

tate Oliv. and Leptinoiarsa

Jecemlineata Say.
The small bug 7riphleps

ingidiosus Sry hus been

found feedinr on tl» lar-

vae of Laphygma; it ap-

pavently feeds more often

on the egos of this iusect.

S. E. Crumb observed this

soecies  nktacking an in-

jured Laphygmea larva at

Clarksville, Tenn., on Au-

gust. 23, 1912,
This insect is one of the

chief enemies of the corn

enrworm (Heliothis obso- i

feta ab.). iy ",
Nabis ferus Y. was ob- g, 48.—4 nymph of the spined soldier bug

served by . H. Parks suck-

ing o Laphygma larva at Memphis, Tenn., in 1912. Determination

was made by O. H, Heideman.
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_ W. R. McConnell observed » Sinee sanguisuge Stal. attacking o
Laphygma Inrva. Determination was made by O. L. Heideman,

MIBOELLANLOUR PREDATORS

A larva of a species of Chrysopa was found in a millet field
which was infested with Laphygma at Columbia, 8. C. It attacked
young larvac of Luphygma when given the opportunity.

W. D. Pierce records inding o mass of Laphygma eggs which were
nttacked by a Iarva of Chrysepa at Dallas, Tex., §eptember 23,
1912. This lnrve ate another mass of eggs before it pupated. Pierce
determined the species as probably @. plurebunda Fitch.

Morgan observed an adult of Megilla maculata De Geer, feediny
on an egg mass of Laphygma at Memphis, Tenn., July 31, 1912.

Van Dune records this species as predacious on Laphygma larvae
in Porto Rico, and
R. A. Vickery ob-
served en adult feed-
ing on a pupas of
Sagaritis  dubiiatus
in the field. The
beetle hud caten a
liole inte the cocoon
and remcved the
pupa.  Vickery has
observed cocoons de-
stroyed in this waoy
previously.

C. L. Scott ob-
served Cerafome-
gilla fuseilabris
Muls. feeding
on the eggs of
Laphygme [fro-

giperde ot Browns- 48,4, { the spined soldier b leaf; B
: . . TIG, dd——d, 0 1 5plne soldier bz on R leal; ’
\"1“9, TB.\., June 2, egugg of the Eggs. Mych enlm‘;,gud

1914, ¥e observed
it attacking a cocoon of Sagaritis dubitatus. From a collection of 90
Sagaritis cocoons made by Seott, 30 had been injured in this manner.
This beetle was observed destroying cocoons of Fuplecirus plaby-
hypenae and A panteles marginiventris (Cress.) at Brownsville, Tex.,
on other cccasions.

The Meteorus cocoons are not often attacked, as they sre suspended
by a thread which makes them difficult of access.

W. R. McConnell observed a wasp, determined as Polistes annularis -
L., eating a fall army worm at Hoxie, Ark., on August 18, 1912.

According to Bodlkin (3), Polistes migricens ™ performed valuable
services in destroying Laphygma larvae in British Guiane during the
outbreak in 191%. Van Dine observed an adult feeding on a
Laphygma larva in Porte Rico.

B

T & A. Robwer, of the Jurenp of Entomology, stntes thnt thete is 1o such spe¢les belong-
ing 1o this genus koown Lo Wien | Ile segzeshs that My, Bodkin may hawe refecved to
Monfeznin nigriceps (Spinolyy,  In another publieation Bodkin (2) velfevs to a Polybio
niyriceps which may also be the same species, There I3 no specles krown as Polubic
nigriceps.
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W. R, McConnell records having observed a wasp, Vespula carolina
L., holding a Laphygma moth in its grasp at Greenwood, Miss.,
September 23, 1913.

species belonging to the genus Sphex (once called Ammophila)
was chserved feeding on Laphygma larvae by E. R. Barber ard other
members of the Bureau of Entomology.

W, E. Hinds and also J. A. Dew ?12, 31} record having observed
this species feeding on these caterpillars in Alabama during 1912,

Various observers have recorded that dragonflies feed on fall avmy
worms.

Vavious species of ants have been observed feeding on the fall
army worm, and they ave listed by Wilson (66, p. 5) as enemies of
the fall army worm in St. Croix, Virgin Islands. At Columbia, 8. C,,
it was impossible to rear this species in flowerpot cages on tabies
until the legs of such tables were placed in pans containing water or
oil. Before this was done the ants would crawl up the legs of the
tables, worlc their way inside the cages, pick up the young larvae and
carry them awny into their lairs. Some cages were almost completely
cleared of larvae in this way. The ants attaclked not only the larvae
in the cages but also those in the felds. Old larvae as well as young
ones were attacked and killed. The former when first attacked re-
sisted but soon were overpowered and killedl by the large number of
antagonists.

One of the species Harry Pinkus observed feeding on the larvae at
Nacogdoches, Tex., during 1912 was Seolenopsis geminata (Fab.),
and other specimens devouring Laphygma larvae, near Gainesville,
Tla., during July, 1915, were detel‘mineg as Solenopsis geminata Say,
subspecies aylonz Fub.

According to T. E. Holloway, the Argentine ant ({ridomyrmes
humilis Mayr) has been observed to atteck the fall army worm.

Another species, Pogonomyrmer barbotus Smith (Mayr), has been
observed by T. 5. Wilson to carry away young larvae of this species.

Various species of spiders have been observed to feed on Laphygma
larvze, and on one oceasion g mite attaclked and killed a larva.

VERTEBRATES

Among the predacious vertebrate enemies of the fall army worm
the mammals, amphibians, and birds play an important réle in the
destruction of this prst.

MAMMALS

The skunl {Mephitis nigre Penle and Beauvois) is known to feed
on beth the larval and pupal stages of this insect.

REFPTILES

Wilson {66, p. 5) mentions lizards as enemies of the fall army
worm in St. Croix, Virgin Islands.

AMPHIBIANS

The most commeon enemy of the fall army worm among the am-
plibians in the Seuth is the little, green tree frog, Hyla semifasciata
cinera Daudin,  According te W. D, Pierce, Harry Pinkus observed
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this species feeding commonly on the larvae at Lafayette and
Opelousas, La., in 1912; and G. D. Smith made similar observations
at St. Joseph, Videlia, and Tallulah, La.

On one occasion it was noticed that 2 number of frogs, apparently
of this species, devoured Laphygma larvae as they dropped into
trap furrows. The frogs gathered in the furrows and ate the larvae
in large quantities, making it impossible to employ the log drag
without crushing them.

On several occasions the common toad, probably Bufo lentignosus
Shaw., was observed to feed on larvae of this insect, while Bodkin
82) records B. marinus ns predacious on the caterpillars in British

uianag.

BIRDS

NATIVE WILD DBIRDS .

A number of different species of birds have been observed to feed
on Tephygma in the United States. The list of these species includes
the following:

Killdeer {Ocyechus vociferus vociforus L.).

Partridge or quall {Colinus virginianus virginianus L.).

Micker (CQoleptes aurelus L.},

Crow (Corvus brachyriymenos brachyrhynelhoy Brehm).

Blue jay {OQyenociita cristale eristate L.).

Red-winged blackbivd (Ageletus phoenicens pioeiiceis L.).

Crow blackbird or purple grackle (Quisculus quiscule guiscule L.).

Boat-tailed grackle {Megaguiscaluy majfor wajor Vieill).

Aendowlark ox fleld lack (Sturncile maoygne magna 1.).

English spurrow or Burepenn liouse spurrow {Pasver domesticus domesticus L.},

Chipping sparrow (Spizeliv. passering pessoring Bechst. ).

Meckingbird (Mimaus polyyloitng polyglotios I..).

Bluebird {Sielic sielis giulis L.},

The English sparvow has been observed on several occasions to
completely eradicate the fall army worm from lawns and other small
patches of grass around diwellings. In this respect it benefits the
city dweller more than the farmer. During a recent outhreak of
Laphygma on the State capitol grounds and on the campus of the
University of South Carolina at Columbia the sparrows were ob-
served to collect in flocks and devour the caterpillars in great
numbers,

D. F. Ferris, of Summit, Ind., as early as 1842 discovered that
crows feed on the fzll army worm.

W. B. Hall, at Wakeman, Ohio, in the f2ll of 1912, on several occa-
sions noticed crows in great numbers feeding on the larvae and
pupae. Hall also observed flocks of killdeers and meadowlarks visit
the same place for their meals.

In Porto Rico, according to Van Dine, two species of blackbirds
prey upon these larvae. These are known as El Judo (Crotophaga
and) and El Chango o Mozambique (Hologuiscalus drachipterus).
According to Bodkin (§) the “robin® (Leistes guianensis) feeds
upon Laphygma larvee in British Guiana.

In the Virgin Islands Wilson (66, p. 5} records the gray kingbird
(Tyrannus dominicensis) and the blackwitch (ani} (Crofophaga
ani) as ferding on Lapbygma. He also mentions several inverte-
brate enemies,
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In San Salvador Megaguiscalus major macrourus rendered good
service in destroying fall ‘army worms during an outbreak in 1912,
according to P. A. Villa Carta. This bird in Mexico is known as
“Pajaro Prieto” and in the Central American States as © Sanate.”
It is considered a granivorous bird and invades cornfields in search of
grain; however, on this occasion it assisted the farmers in controlling
an insect pest.

BOMES'WIC FOWLE

Turkeys, chickens, and other barnyard fowls have been observed
vepeatedly to feed on the larvae of this insect and sid greatly in
controlling the species, especially in lawns around dwellings and
near-by pasture lands.

DISEASES

In the late fall of 1912 a disease was observed among some larvae
collected in the field at Columbia, S. C. After being kept in recep-
tacles for a short tume, the intected larvae turned a pinkish color
and died soon afterwards. Almost immediately after death the
remains would change into a more or less watery mass. B. R. Coad
noticed a disease among Laphygma larvae at Tallulah, La., during
1912. During the same year W. D. Pierce recorded n similar obser-
vation for Miseissippi, and G. G. Ainslie mentions the presence of
a disease of these larvae late in the fall of 1914 at Nashville, Tenn.
Laphygme frugiperda lurvae similarly affected were collected also
during the late summer of 1920 at Columbis, S. C.

Dead larvae of this insect supporting a fungons growth twere
found at Brownsville, Tex., by R. A. Vickery during November,
1913, and at varous times during the following year. He observed
that the fourth and Gfth instars sve most often attacked. One
fungus which has been found attacking these larvae is Bobrytis rileyi
Farlon. J. A. Hyslop collected such a larva at Winchester, Va.,
August 15, 1914, According to Van Dine, two species of parasitic
fungi are prevalent among Laphygma larvae in Porto Rico, These
ave & species of Botrytis and a species of Empuss.
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