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WASHINGTON, D, C.

THE BIOLOGY AND MORPHOLOGY OF THE BRACONID
CHELONUS ANNULIPES WESM., A PARASITE
OF THE EUROPEAN CORN BORER

By Arto M. ViNce

Assaistant Entomologist, Division of Cereal and Forage Insects, Buregu of
fntomology !
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INTRODUCTION

Among the 30 or more known parusites of the Furopean corn
borer (Pyrausta nubilalis Hiibn.) in Europe are found six species of
Braconidae. Only one of these braconids, Microbracon brewvicornss
Wesm,, is a true external parasite, living gregariously on the host
larva. Its biology and anatomy have been treated by Genieys (3),:
who considered it under the genus Habrobracon. Twe others, #acro-

* The present studﬁnr O. grnulipcs was begun In the summer of 1920 at the Europenn
{mmsite lnhoratory, Hydres, Var, Fraoce, and continued with varioud interruptions for n
ittle over oume year. The writer 1g very grateful for the conatent interest of H. I,
Parker, under whose guldanen it has been nhprlvizege to work, and for the heipful sesocia-
{lon of H. D. Smith, o fellow worker, e 1z lndebted to C. Fertlere, of the Rritish
Museum, for hls determination of the species, to Hugh Beott, of the sama inatifution, for
n trnoslation of Thomson's Latin deseription, and to B. A, Cushman, of the tuxonomle
nnlf of the Bureaun of Entemology. for the Lientification of all hyperparagites. He also
«xprerses his appreciation to Esther FEart for lier drawing of the gdult, to B. K. Hodgson
for 1l‘lls photegroph of the cocoon, and to Theodore Mulnma for assistance Ir the renriog
work,
# Itnlse numbers 1o parentheses refar to Literatyre Cited, p. 48,

2201132 1 1



http:Entomologi.st

2 TECHKICAL BULLETIN 244, ¥'. 5. DEPT. OF AGRICULTURE

centrus gifuensis Ashm. and Apanteles thompsoni Liyle, are also gre-
garious in habit, but live within the host. Parker (¢} has published
the results of his studies on the polyembryonic development, biolo
and morphology of the former, and the writer (74} has published
a bulletin on tﬁe Iatter. The braconids Microgaster tibialis Nees,
Chelonus annulipes Wesm,, and Meteorus nigricollis Thoms. oceur
as solitary internal parasites of the borer. The last-named species,
however, is only occasionally found parasitic upon Pyrausta and is
& negligible factor in the contrel of this host. Parker (7) has de-
seribed tts early stages and pointed out several interesting phases of
its biology.

Chelonws annulipes, as a parasite of Pyrausta nubilalis, was first
discovered by Parker 1n 1925, when three specimens were reared from
cocoons collected in corn at Pincenza, Italy, in the south Padovian
zone,* on July 29, and another cocoon was taken at Bergamo, in the
north Padovian zone, on August 5. In 1926, 11 more specimens were
reared from cocoons found near Bergamo. Thompson and Parker
(12}, who listecd the parasite ns ("helonus sp., stated that the species
seemed to approack €. carbonator Marshall, It was their belief,
based on the fact vi.t the parasite cocoon normally bore the head
capsule of the fourth-instar or ffth-instar host larva, that the eggs
of this parasite were laid in some carly stage of P, nubilalis, and they
said in a footnote:  So far as is known all species of the group to
which Chelonus belongs oviposit in the egg of the host.”

No specimens of Chelonus annulipes were found during the col-
lection of corn-borer parasites near Bergamo in 1927, and only & few
cocoons were discovered in the same region in 1928, In the late
summer of 1928 Parker made an extended search for this parasite
in the * pump lands ” of the Plavisian, Venetian, and south Padorvian
zones, and finally succeeded in locating a field of corn in the vicinity
of St. Giorgio di Nogarc (Plavisizn zone) in which parasitism by
¢. annulipes amounted to 9.9 per cent. In several other fields near
by a lighter degree of parasitism by the same species was found,
and a liftle later, at Plove di Sacco (‘genetiun zone), & few Chelonus
cocoons were collected.

With such evidence in hand it was decided to inszugurate a drive
for this parasite in the immediate region of St. Giorgio di Negaro
during the following summer. Accordingly the writer went there
on July 20, 1929, and at once began field opcrations, which resulted
in the collection and shipment in cold storage to the United States
of 1,432 cocoons of €. annulipes.

A study of the biology of the parasite later brought out the fact
that the species overwintered as a late first-stage larva within the
body of the hibernating host larva, and that a more advantageous
method of procuring the parasite in quantity was to collect large
numbers of the dormant Pyrausta larvae and ship them direct to
the United States, where the parasite would emerge in the spring.
Such collections were niade during the winter of 1920-30, and from
these larvae 9,335 adults of (. annulipes were reared, bringing the
total number of individuals shipped to 10,767,

3 For a discusslon of the zenes the remrder Iz referred to the sectlor on geographicel
dletiribution,




BRACONID CHELONUS ANNULIPES WESM.

SYSTEMATIC POSITION AND IDENTIFICATION

Chelonus annulipes Wesm. is a braconid belonging to the subfam-
ily Cheloninae.

Aecording to both Dalla Torre (7) and Marshall (5, p. 966-353)
the recognition of a genus known as Chelonus dates as far back as
1807, when the name was used by Jurine. Since that time various
systematists have recorded and described many species of the genus.
Nevartbeless, the graup has always been considered by students of
snxonomy as difficult and extremely confused.

C. Ferriere, of the British Museum of Natural History, is re-
sponsible for the identification of this species from a study of sev-
eral male and female specimens. H's determination was based
largely upon the description given by Thomson (13, p. 578-573).
The species was previously listed as €. inanifus hy Parker et al. (8).

PREVIOUS STUDY OF SPECIES OF CHELONUS

Notwithstanding the mention in systematic literature of a large
number of species of the genus Chelonus, little biological or morpho
logical work upon any of the group seems to have been undertaken.
Various entomologists of different countries have at times listed cer-
tain species as parasi‘ic upon particular insect pests and mentioned
numerous points in their biology, but in most instances the references
have been very brief,

In 1908 Silvestri (10, p. 164-157) made a short contribution on the
two species C. orientalis Silv. and €. elaeaphilus Silv. os parasites of
the olive moth, Prays oleellus Fab. In addition to descriptions of
the adults, the eggs of the two species were described, and, in the
case of . orienfalis, the external characters of the last-stage larva
and the cocoon were given and the egg and last-stage larva illus-
trated. DBrief notes upon the distribution, biclogy, and economic
importance of these species were also included.

In 1912 the first detailed observations on the biclogy of any
species of Chelonus were made by Pierce and Holloway (9) in their
notes on . {cxanus Cresson. These authors were the first to record
oviposition by & member of the genus as taking place in the ezgs of
the host insect, and they discussed the occurrence, oviposition, and
rearing of that spacies from both Heliothds obsoleta Fab. and
Laphygma frugiperda S. and A.

Chelonus sonorensis Cam. has been mentioned by Van Zwaluwen-
burg (15) as the most important parasite of the moth borer (Zslo
loftini Dyar in western Mexico, where, in 1924, it parasitized about
23 per cent of the Chilo present in volunteer rice. Qvipaesition took
place in the eggs of the host, and the parasite issued from the half-
grown host larva to spin its cocoon. The life cycle from egg to
adult under laboratory conditions was found to be 35 days.

Another species, €. blackburni Cameron, has been recorded by
Willard (17) as a parasite of the pink bollworm, Pestinophora gossy-
piclla Saund., in Hawaii, but few notes are given on its biology.

in his work on the fall army worm, Laphygma frugiperda,
Luginbill (4) hss listed . fexanus as one of the most important
parasites of that insect, and has discussed, in several pages, its bi-
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ology and seasonal history. Ie has also included good drawings of
the adult, last-stage larva, pupa, and cocoon of that species.

Vickery (76) has also considered the importance of . texanus
as o, parasite of the fall army worm and has treated several interest-
ing points in its biology.

GEOGRAPHICAL DISTRIBUTION

0. annulipes, occurring as a parasite of P. nubilelia, has so far
been found only in the northern part of Italy. The region of its
known distribution (fig. 1} has, for the purpose of convenience, been
divided into certain zones, the separation being based upon the
%eological divisions used by Thompson and Parker (72), and by

arker, Vance, Smith, and Gamkrelidze (5).

The geographical positions of the zones mentioned in this paper
are briefly as follows:

The north Padovian zone, including the region of Bergamo, covers
the plains of Lombardy and consists of that area in the northwest-
ern part of Italy which is bounded on the west and north by the
Alps and on the south by the Ligurian Appennines. On the east its
berder extends from the junction of the Trebba and Po Rivers along
the Pe itself as far as the wide bend of the Adige River. Practically
2!l this region is drained by the Po River and its tributaries.

The south Padovian zone, containing the region of Piacenza, in
Emilia, may be considered as a triangular area li’ying south of = line
drawn from the base of the Ligurian Alps along the Trebba, the Po,
and the easterly directed part of the Adige Rivers, bordered on the
south by the Toscan Apennines, and spreading east to the shores of
the Adriatic Sea. '

The Venetian zone, consisting largely of the low couniry in the
Venice and Padova regions, has a boundary which follows the Adige
River from its mouth to the point where it reaches the foothills of
the Trentin Alps and continues in a northeasterly direction along the
base of the mountains to the Piave River, which it parallels to the
Adriatic Sea, just north of the gulf of Venice.

The Plavisian zone, in the extreme northeastern corner of Italy,
a region sometimes known as the Plains of Friuli, is a somewhat
elliptical area whose northern half is hemmed in by the Alps and
whose southern boundary follows the Piave River from the moun-
tains to the sea and then goes along the woast toward Trieste. The
city of Udine is situated in the north central part of this zone,

Throughout most of the plains of northern Italy, corn, wheat,
onts, am% field legumes are common crops, and garden vegetables,
muskmelons, and watermelons, as well as various fruits and vines,
are grown more or less generally. There exists, however, a certain
diversity in the agriculture of the different zones just defined. In
the north Padovian zone considerable rice is grown, and walnuts and
hazelnuts are cultivated, The land in the south Padovian zone is
devoted to & mixed type of agriculture, Quantities of tomatoes are
grown around Piacenza and muskmelons and watermelons in the
lowlands near Ferrara. Censiderable hemp, tobacco, and sugar
beets are grown from Ferrara south toward Bologna. Tobacco and
sugar beets are also grown in the Venetian zone, but in the Plavisian
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Ficurn 1.—Map of northern Italy showing zones where Qkelonus annulipes has been found as a parasite of Pyrausta nubilalie: A,
North Padoviar; B, south Padovian; C, Venetian; D, Plavisian. Specimens of the parasite have bheen c¢ollected at all pointa
on the map except at Padova and Venice
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zone they are less extensively cultivated, and corn and cereals are
prominent,

Chelonus annulipes has been taken in all of the four zones, and
1t is supposed that the species is present, to some exten{ at least, over
this entire region of northern Ifaly. 1§ is certain, however, that it
is very unevenly distributed.

Prom present information it may be considered that C. annulipes
18 rare in the north Padovian zone, occurs only in small numbers
in the south Padovian zone, is more numerous in the Venetion zone,
and exists in greatest abundance in the Plavisian zone. Future
studies may, of course, reveal a wider distribution and occurrence
in other zones.

In the Plavisian zone heavy parasitism by Chelonus has so far
been found eonly in a rather limited area around the town of St.
Giorgio di Nogare (18 miles scuth of TJdine), and in the “ pump
lands ” covering a radius of about 5 miles south, toward the lageons
ﬁl[ong the coast. This area lies in & basin called the Laguna di

Tarano,

St. Giorgio di Nogaro, itself, is situated 23 feet above ses lavelz
but the * pump lands ” {o the south, known in Italian as * bhonifica,’
are reclaimed lands and lie below sen level. Normal precipitation,

lus the natural seepage from higher water tables, supphes such
and with sufficient moisture for agricultural operations. This, com-
bined with & natural soil fertility, permits the production of excel-
lent crops. The flelds are intersected by a series of canals partly
filled with water which is kept sufficiently low by powerful pumping
s}tations thet lift the excess to such a height that it can gow into
the sea.

Corn of the flint type is one of the principal crops grown on these
“ pump lands.” The plants are tall and strong and as a rule pro-
duce o good yield.

LIMITATION OF THE SPECIES

It is known that Chelonus annulipes is an important parasite of
the corn borer at St. Giorgio di Nogaro, and that in other points of
northern Ttaly, such as Piove di Sacco, Sermide, Piacenza, and Ber-
gamo, it occurs only occasionally or in small numbers. It is also
n, determined fact that from thousands of Pyrausta larvae collected
in various parts of France and central Europe, ¢. annulipes has
never been reared. Yet Dalla Torre {7) cites the species from Bel-
gium, Germany, Italy, Switzerland, and Hungary; Szépligeti (71,
P. 234) describes it from Hungary; and De Gaulle {2, p. 73-88) lists
it in his catalogue of the Hymenoptera of France.

This much is known of ifs general distribution and its more or
less specific confinement to certain regions, but to ascribe any defi-
nite values to climntic or other factors, mn their effect upon this
purasite, without more extensive and precise investigations of both
the parasite and its host and more date on their biological rela-
tionships, would be a speculative, if not hazardous, procedure.

From a study of temperature and precipitation in regions where
Chelonus veecurs in varied numbers, 16 has been learned, in one in-
stance, that at St. (Ylorgio di Nogaro (Udine}, where the species has
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so far been found most plentiful, the monthly temperatures vary
little from those prevailing at Bergamo, where the parasite is ex-
tremely rare, the former locality having a mean annual tempera-
ture of 55.4° F. and the latter, of 54.1°, The annual rainfall in the
two places 1s practically the same—47 inches at St. Giorgio di No-
guro and 46.6 inches at Bergamo—but there is a certain variation
In its monthly distribution. "During the period January to March,
inclusive, St. Giorgio di Nogaro receives a little more rain than
does Bergamo; while from May to November, inclusive, only a
slight variation occurs. For April, however, the rainfall at St.
Giorgio di Nogare is 2 inches less and in December 2 inches more
than at Bergamo. Whether either of these monthly differences has
any effect upon the survival of Chelonus is not kmown. It might be
conjectured that the resumption of development of the partly grown
first-stage larva——which probably takes place about April, after
overwintering within its fourth-inster host—t gether with the gen-
eral weakness of the host at the time. produces a susceptibility to a
climatic flnctuation, such as excessive rainfail, that might make it-
self apparent in an eventual limitacion of the abundance of the
species. A further study of this question, considered in relation to
the physiological effect of the parasite on its host, would be very
i}nteresting, and is certainly necessary before any conclusions can be
(T3 WwIi.

Humidity may be a contributory, and perhaps extremely import-
ant, factor in the successful existence of Chelonus, although the re-
sults of rearing experiments in the laboratory do not lend strength
to the view. It is probably true, however, that the atmosphere
covering the favored habitat of the St. Giorgio di Nogaro region—
the “ pump lands ® lying near the sea and below its level, and in-
terspersed with canals—is more humid than would be found in
places situated farther inland or at higher altitudes, where the
species exists in much smaller numbers.

ECONOMIC TMPORTANCE

The economic importance of €. annulipes as a parasite of the
Europeen corn borer in Ttaly is best illustrated by the figures given
in Table 1. Tt is readily seen that the percentage of parasitism m all
regions studied has been considerably higher in the first than in the
second gencration of host larvae. In 192), at St. Giorgio di Nogaro,
for instance, the average parasitism in the first generation was 16.9
per cent, while in the second generation it was only 3.5 per cent.

In the region of Bergamo, in the north Padovian zone, where
nearly a million specimens of £. nubilalis and its parasites have come
under observation during the 5-year period, 1925 to 1929, inclu-
sive, €. annulipes has been practically negligible. It is also scarce
in the vicinity of Sermide in the south Padovian zone.

On the other hand, in the environs of St, Giorgio di Nogaro, in
the Plavisian zone, Chelonus niust be considered one of the factors
in the control of the corn borer. At Piove di Sacco, in the Venetian
zone, it is also of economic importance. In Table 2 are given the
results of a survey of parasitism in this latter region made durin
August, 1929, by an assistant. A total of 28 cornl%elds were visited,
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and an gyverage parasitism by Chelonus of 8 per cent was found for
the region. In three fields the parasitism exceeded 20 per cent, and
a maximum of 28.2 per cent was discovered in one field.

TavrLe 1.—Parasitism of larvae of Pyrausta nubilalis by Chelonus annulipes tn
northern Italy, 19251329

First genorstion Becond generation

rver, 1 Mozt oy, | Mot
: ver- | mum ' Aver- | mum
; ;;;’gft_ age ara- anslt_ i age | para.
ara- | sitfsm | %PeC" . parg. | sitism
mens I mens © 2

| sitism IIx:lsingie sitiam |in single

: : ™ fiet : Tot ¢
|

3 Per cen.!{Per cent Numbcr‘Pa cend

do
3t. Qiorglo di Nogere. .
Plove di Sacco .! Vouetian
| North Padovian. .| 225, 287
o .\ South Padovisno._. 182 -
8¢, Qlorglo di Nogar . Phuvisian N
Plovg ¢l 98600 .. caeen .l= Venetlsn,. .. | L441
1

i Bach ot contained from 250 to 300 larves. t Firat record.

Taslg 2.—Field parasitism of larvie of Pyrauste nubilalis by first-generation
Chelonue annulipes in the region of Piove di Sacco, Ttaly, 1829

Dats Locality : s 'Igagd Date Locality

Per cent !
3
8.

b pan

B pOpo e S
[ LRI )

ST I D
b3 A3 G

=

1In ¢ other felds of this Jocslity no perasitism by C cnnufiper was found,

In 1929 parasitism by Chelonus in the first generation of the corn
borer was not evenly distributed in the d:ifferent cornfields exam-
ined in the vicinity of St. Giorgio di Nogaro., In certain fields the

arasifism was very low while in others it exceeded 20 per cent.

five of the fields where Chelonus cocoons were most numerous
the parasitism was as follows: 10, 18.8, 21.5, 21.8, and 28.6 per cent,
with an average of 21.6 per cent. The maximum parasitism in any
single field was 28.8 per cent.

Both the heaviest infestation by the corn borer and the highest
parasitism of first-generation borers by €. annulipes were found
In fields of early maturing corn which had reached the silking
stage by the latter part of July. In the younger corn there appeared
few hosts or parasites. Later, however, the slower maturing corn
received the bulk of infestation by the second-generation borers
which were attacked by the second brood of Chelonus.
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In the above srea the average infestation by the corn borer in
six different fields examined equaled 227 per cent of the plants,
with a maximum of 40 per cent in one field.

While the parssitism of the second generation, or overwintering
host larvae, is numerically less than that found in the first genera-
tion, it is still a factor of importance. In Table 8 has been listed
the degree of parasifism by €. annulipes in nine diffcrent lots of
hibernating corn-borer larvas from which parasites were bred in the
spring of 1930. A total of 2,652 borers were handled, and an aver-
age parasitism of 8.5 per cent was determined. The maximum for
any single lot was 8.5 per cent.

Tapin 8, —Parasitism of larvac of Pyrausia nubilalie® by Chelonus onnulipes
of the second generation ui Bt Giergio di Nogare, Haly, 1928

Host | Chelonus ¢ Host _Chelonus| Parosits
Lot Ne. speclmensjannulipes| s Lot Na. apocimons snnulipes]  lom

i Number | Nuwmber : , Number | Number | Per cent
alg 1 ' 68 £b h
20 . ' 57

201 . 835

283 B

310 8 ' z i 3.5

312 I 15 \

1 Tho host larvns from which the above data were obiaiued were collected in the fleld durlng the winter
nionths of 1029-30 sod the porasltes reared from thom under controlled conditlons in the haboratory.

HOST RELATIONS

The writer has bred Chelonus ennulipes from Pyrauste nubilalis
only. A few of the large round ei;gs of Sesamia sp. were several

times placed before a female of Chelonus, but she refused to oviposit
in them. Possibly this species of parasite would attack certain other
Lepidoptera whose eggs are laid in masses similar fo thoss of
Pyrausta.

Pierco and Holloway (9}, in their observations on Chelonus tex-
anus, found that snecies to parasitize the solitary eggs of Heliothis
obsoleta ns well as those of Laphygma frugiperda deposited in large
masses, and they have called attention to this_host relationship.
Vickery (16) has since added Laphygmae ewigua Hbn. and Prodenia
sp. as hosts of (. fewanus.

Only the clive moth, Prays oleellus Fab., was mentioned b
Silvestri (10, p. 164—1567) as host of Chelonus orientalis and ¢,
elaeaphilus. “ﬁllurd {17), in speaking of the parasitism of the pink
bollworm %Pcctinopham gossypiella Saund.) by C. blackburni, refers
to the probability that the high percentage of parasitism by that
species during a certain month was due to early development upon
another host which permitted large numbers of the parasite to be in
the field at an opportune time to attack the pink bollworm.

PESCRIPTION
ADULT

The wdult (fg. 2) of Chelonus annulipes differs considerably in
appearance from the other hymenopterous parasites of the European
corn borer. It is a black, robust insect with smoky-colored wings and
an abdomen covered by a single hard, dorsally convex sclerite, and
little resembles the more wasplike forms of some of the braconids.

82011 —32——=2
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The following is a translation of the original description given
to the species by Thomson (13, p. 5?’2—-5?’3% and used by Doctor
Ferriere in kis determination:

¢, annulipeg: Black, with genne swollen and strigose, the frons
subopaque and striste punctate, front tibiae and knees pale, hind tiblae broadly
pale at the middle, postscutellum with g toothed and elevated carina, seutellum
with its disk flnt and almost smooth, Length, 6-7 mm, )

“ » = Pagt Jistinguished by its binck tegulae, swollen genne, almost
opague and substriate punectate frons, by the apex of the abdomen not belng
shining and compressed, more rarely bimacnlate, by the scutellum with disk
flat and almost smooth, and by the female having the antenmae about 24-Jointed
and shorter; very easily distinguishable from 0. rupigena and 0. humiliz by
the female having the antenns dilated and flattened above the middle, by
the dentate-eleviited carina on the postscutelium, and by fhe smaller body,

FiGORE 2. —Chelonts annulipes, adult femonle, X 8

EGG

Length at oviposition, 0.2 mm.; greatest width, 0.04 mm.

'The egg (fig. 8, A) of . annulipes, immediately after deposition in
s Pyrausta egg, 1s cylindrical, arcuate, of nearly equal diameter for
its entire length, but slightly narrower af the caudal extremity.
Both its eephalic and caudal ends are well rounded. It is trans-
Iucent white in color and has a smooth glistening surface. As de-
velopment proceeds the egg (fig. 3, B) becomes distended, and the
cephalic end broadened.

FIRST-STAGE LARVA

MEASUREMENTS
At hatehing : Length of larva, 0.2 mm.; width of head, 0.075 mm.;

width of first thoracic segment, 0.047 mm.; width of first abdominal
segment, 0,032 mm.; length of mandible, 0.038 mm.
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At age of 10 days: Length of larva 0.72 mm.; width of first
thoracic segment, 0.187 mm.; width of first abdominal segment, 0.144
mm.; width of head and length of mandible same as on Batchzng.

EXTERNAL ANATOMY

The newly hatched larva (fig. 4, A) of C. gnnulipes, found still
partly surrounded by clinging masses of the serosal cells, has a
transfucent white body of eight more or less distinet segments. The
heed (4), in proportion to the other segments, is very large. It 1s
rather square, slightly narrower at the posterior than at the anterior
portion, except at the extreme front where the labrum and its
processes form a slight projection. Though but slightly more than
half as wide as the head, the first thorscic segment is only a little
broader than the segments which follow. The anal segment, longer
in itself than the ot%er abdominal segments combined and in reality
the fusion of seversl divisions, is further

lengthened into a blunt appendage (zap)
which is inclined ventrally.
A verying number of short translucent

spines, pointing in s posterior direction, are A
arranged in two or three irregular rows
across the dorsal surface of the second and
third thorzeic and the first four abdominal
segments. On the last abdominal segment the
spines are placed farther toward the front.

The differentiation of the larval segments B
seems to be a gradual process, snd accord- FiGuse 3—Hgg of Cholonus
ingly the later ﬁrst-stage larva (fig. 4, B) 37 atter aposition In Boot
varies from the newly hatched larva just rendy o haten > 't @
desceribed. The larva, when 10 days cld, has
changed considerably in its external appearance. The head (A) has
remained the same size, while the body segments have enlarged. A
peculiar aspect of this late first-stage larva is the relatively large
segment back of the head which is at least three times as long as
either of the following two segments. However, the writer has never
been able to observe any further division of this segment and has
taken it fo represent the usual first thoracic segment.

In addition to the head, now relatively small in proportion to the
body segments, there are three thoracic and six abdominal seg-
ments, The last of these segments is approximately four times as
long as any of the other abdominal segments and bears on its dorsal
sur%ace a round raised ares which represents an early phase in the
evagination of the anal vesicle (av). The dorsal spines on the
second and third thoracic and the six abdominal segments, in con-
trast to the increased size of the larva, are almost inconspicuous.

The mouth parts {(fig. 4, C) at the front of the head are situated
somewhat ventrally. Viewed from beneath, the labium (78} appears
to curve inward from the region near the base of the mandibles {md)
and at the middle to form a rather square lip which covers a chiti-
nous structure of similar shape lying within the mouth opening and
behind which the points of the two mandibles approach. Near the
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middle of the lower lip, where it starts to form its squared portiom,
are located two labial sefae.

The anteriorly rounded labrum {Zb+) is pushed out beyond the
curve of the mandibles, and possesses at its outer sdge two widely
separated processes {Idrp), which may be thrust forward from, or
drawn in toward, the mouth opening. Each process divides at the

E ov-

IF1a0RE 4.—COhelontus annulipes, fitet-stage larva: A, Dorsal vlew of newly hatched
iarva; B, dorsal view of Ierva 10 days old; C, ventral view of ;.ead: B,
mandible ; B, Interual anatemy of larve vlewed dorsally : F, Internal anntemy
of larea viewed ventrsily. aap, Ane! appendape; sy, aoa] veslcle; br, brain;
c#, esophegus ; i, goned ; A, bead; ki, heavt; hfw, heart valve; b, Jeblum; Ibr,
labrum; frp, labrigl process; md, mandible; mint, mid-dntestine; sesgn, sub-
eaophegesl ganglion; alkpl, sifk glend; wito, ventral nerve cord

extremity into three short blunt points. Near the lower edge of
the upper lip appear two (and sometimes three) ininute peglike
structures which are probably sensorial in nature.

The mandibles {fig. 4, D)} are dark brown in color, smooth, sharp?g'
pointed, decidedly curved on their inner edge, and well chitinize
especially toward their tips. Three small regularly arranged and
widely separated spines occur ventrally, on each half of the head
proper.
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INTERNAL ANATOMY

The degree of development of the various organs differs with the
age of the larva. The following description applies to a larva about
10 days old:

The digestive tract consists of a slender esophagus (fig. 4, B, es)
leeding from the mouth to the enlarged mid-intestine (mén) in the
posterior region of the first thoracic segment, The tube forming
the mid-intestine is not greatly distended and narrows slightly in
the last four abdominal segments toward its culmination on the
interior dorsal wall of the anal vesicle (av), which is considered
the evaginated hind-intestine.

The heart (4f), leading from the anal vesicle, gradually narrows
toward the anterior extremity of the first thoracic segment. Tive
valves (Aiv), located in the first five abdominal segments, control the
forward flow of blood, which enters from the posterior opening and
probably nlso from tiny ostis situated laterally along the heart in
close proximity to the valves.

The nervous system is composed of a brain (fig. 4, F, br) and
subesophageal ganglion (sesgn) filling most of the first thoracic
segment, and a nerve cord (enc) of 12 thick ganglia, each separated
from the others by two closely placed heavy cords. In each of the
occupied segments two lateral cords are given off from each of the
main ganglia and nerves branch posteriorly from the last two.

In the forward part of the first thoracic segment the two lateral
sillt glands {sif:¢2) branch from the short common duct leading from
the base of the mouth and extend posteriorly. Each gland becomes

bifurcated in the third thoracic segment, and the two branches con-
tinue to the vicinity of the seventh abdominal segment. The gonads
(g) appear as round or somewhat &Jear-shaped bodies Iying in the

region of the seventh and eighth abdeminal segments.

SECOND-STAGE LATVA
MEASUREMENTS AND EXTEENATL ANATOMY

Length near end of stage, 3 mm.; width, 0.5 mm.

The larva (fig. 5) of this stage is characterized by a rather straight
and uniformly roundish body %lestitute of spines, a thick-walled and
bluntly pointed anal vesicle (a»} which is often indented dorsally,
and a round-shaped head (%) possessing a wery thinly chitinized
armature. The body is creamy in color and consists of the head,
three thoracie, and nine abdominal segments, not counting the anal
vesicle. On the ventrum of each of the three thoracic segments
occurs 2 pair of leg buds, and laterally on the second and third
thoracic segments are two pairs of rudimentary wings. The histo-
blasts of the external genitzl appendages are located on the ventral
surface of the eighth and ninth abdominal segments in the female,
and on the ninth in the male larva.

The mouth parts appear as several raised aress on the forward
part of the head and are very lightly chitinized. No strong man-
dibles are present, as in the first and last stages. On the labrum,
however, appear to be located two pairs of small sensorial structures,
and the round markings of the antennal rudiments are visible on
the upper part of the head.
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Usually the head cast and old skin of the Arststage larval molt
are to be found on one of the last abdominal ssgments of the second-
stage larva.

TNTRENAL ANATOMY

The internal enatomy of this larva differs little essentislly 1rom
that of the first-stage larva. All organs have increased in size, axd
the two silk glands, bifureating in the third thoracic segment ana
lying very close to the body wall, have bscome more convoluted.
The appearance of the gonads and heart is little 4ifferent from that
in the first-stage larva.

A large part of the head is occupiea by the brain, and the nerve
gan%ﬁa. are located along the ventral floor of the bociy cavity. The
trachenl system, although still closed, seems fo be filled with air and
has 10 principal branches in addition to the cephalic and caudal
extremities. The two
longitudinal trunks
are united by a short
dorsal transverse
commissure in the -
first thoracic seg-
ment.

Urate cells are
closely  associated

with the lateral fat
Fiourp 5.—Okelonra;;uda;u‘?g’n‘ﬁ;,} vs‘e%gg};d-atage larva: h,‘ lobes of the second

to seventh abdominal
segments; in the sevenih there are only a few of these excretory cells.
Fat cells seem to be present in all segments of the body except the
head and the last abdominal segment.

LAST-STAGE LARVA

MEASUREMENTS

After external feeding: Lengtl, 7.5 mm.; width, 2 mm.; length
of mandible, £.214 mm.; diameter of third thoracic spiracle, 0.03¢
mir.; average length of large dorsal spines, 0.081 ram.

EXTERHAL ANATOMY

The last-stage larva (fig. 6, A), upon issuance from the host, is
cylindrical, widening gent% in diameter from the head (%) foward
the nbdomina! segments and then becoming somewhat smaller at the
rounded caudal extremity, where the anus (a) is located. The body
is creamy or yellowish in color, and has a glistening appearance.
Microscopical examination shows the skin to be thickly covered with
tiny blunt spines. Fourteen segments are present. The last two ab-
dominal are somewhat transparent and contain only the ramifica-
tions of the trachene, a few scattered fat cells, and the hind iniestine
with the anus.

A number of tiny translucent spines are distributed, dorsally
and laterally, over the various thoracic and abdominal segments
(with the exception of the anal segment}, and dorsally on each
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of the abdominal segments two to six, inclusive, are located a few
long and brown chitinized spines. On each of these five segments
the large chitinized spines occur in two shori transverse rows, one
on each side of the dorsal heart line but slightly laterad.

The exact number of such spines in any group or on any segment
is not constant for the same or for different larvae. The following
example of their sbundance and distribution is typical:

Second abdominal segment, 4 on left and 3 on right side of heart
line, or 2 total of 7.

Faurn 8.—Chelonue annulipes, last-siage iorva: A, Laterel view; B, set of dorael
splnes; ¢, mandible. a, Anus; A, head

Third sbdominal segment, £ on left and 3 on right side of heart
line, or a total of 9.

Trourth abdominal segment, 3 on left and 4 on right side of heart
line, or g total of 7.

Fifth abdominal segment, 3 on left and 2 on right side of heart
line, or a total of 5.

Sixth abdominal segment, 1 on left and 1 on right side of heart
line, or a total of 2.

Total of 15 spines on each side of heart, or 30 in sll

These spines (fig. 6, B) are not all of the same size, and usually
there is a gradation downward in their length from the median
line lsterad.

From the well-developed tracheal system spiracles open near the
anterior margin {laterad and stightly dorsad) of the second thoracic
and first six abdominal segments. In the third thoracic segment the
tracheal termination is only a mitten-shaped stub, located internally.
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The arrangement of the integumentary muscles is responsible for
decided lateral lobes on the first eight abdominal segments.

The chitinized head capsule or epicranium covers the superior and
lateral portions of the head. This part is set off from the softer
buceal region by the epicranial suture (fig. 7, A, epsu) which
is arched over the inouth and labrum, curves sli%htly downward on
ench side, and is continued laterad, coineident with the superior max-
illary suture (fig. 7, B, smasu) under the upper fold of the maxilla,
and then along the side of the head to connect with the tentorial
crosspiece (fen) which continues internally a little below the pharyux
{(phy). A short arm of the epicranium serves for the articulation

ftﬁe mandible (md). A thickening, called the inferior maxillary
siture (émasu), partly defines the lower edge of the maxilla, while
a4 short chitinous bar extends from the superior to inferior maxillary
sutures. Amnother part of the supporting structure of the head forms
a somewhat elliptical border about the labium and is termed the
labial suture (Idsu). Two rather large round markings near the top
of the head, seeming to be slightly depressed tcrwar({D their centers,
represent the antennal rudiments, (Fig. 7, A, B, «nt.)
he mouth (fig. 7, A, B, m¢h) i bordered above by the labrum
(fig. 7, A, Ibr) on which are situated six very short regularly ar-
ranged spinous sensorial organs, while deeper within the opening on
the very under edge of the labrum seem to be four very minute strue-
tures, posstbly also sensorial in function.

Each maxilla (mzx) possesses an oval 2-knobbed palpus (map)
with one seta (mse) above and another below it. Laterally to each
of the maxillae stands a group of about six spines.

The labium (?b), very slightly raised above the surrounding chiti-
nous support, carries on its lower half a considerable number of
setne (/bse) and two widely separated palpi (IAp). These palpi
are slightly elevated, rather oval in shape, and seem to terminate
in three circular knobs. Near the upper part of the lower lip is
found the slitlike opening of the common duct of the silk glands
(s/kdo). The area of the opening is a little raised, and from its
upper edge the labium slopes into the mouth opening. The sur-
face of the euticle in this region is divided into many small poly-
gonal areas. Below the labium a considerable number of spines are
Irregularly arranged,

TFrom under the maxillae the points of the two mandibles (md)
appear in the mouth opening. Each mandible (figs. 6, C: 7, A
7, B) has a broad rounded base which articulates in the curved
apophyses of the arms which extend laterad along the ventral mar-
ﬁin of the epicranium, and tapers to a sharp distal point. It is

ollow (at least In its basal portion), well chitinized, brown in
color, and possesses along its nner edge a row of about 25 long
sawlike teeth.

The appearance of the larva at this stage, after it has finished
external feeding, 1s more plump, the lateral lobes are more swollen,
and there is also a difference in coloration due to the contents of
the peritropic memuvrane, which now varies from a light to a
dark brown. With the external feeding the larger urate cells become
more apparent. They are found only in the second to eighth ab-
dominal segments, where {hey ocenr laterally in close association
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B slkdo lbsy 5
FiGoue T—Chelonws annulipes, laststoge lnrva; A, Fropt view of head: B, fronk

view of head musculature. gad, Antennal radiment; epsy, epicraniel suture;
imasn, luferior mnxilnry sutare; i, 1ablum; Ibf, lablal palpus; br, Inbrum,
e

tbre, lablal setn; Thau, imbial suture; md, mandible ; mik, mouth; me, maxiila;
mry, mazllery palpus;. sizae, maxlilary seta; phy, pharyux: sikdo, external
opening of common dJduct of sl glands ; amest, saperlor moaxillary suture; tes,

tentoriz] cremsplece ; [-f3, varfous seta of muscles deseribed lu the text
92611—32—3
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with the fa$ cells. Fat bodies are noticeable in all but the head; onk
a fow scattered cells occur, however, in the last abdominal er nna{
segment,

INTEBNAL ANATOMY

After its issuance from the host, the larva ()ﬁg. 8, A) has a mouth
(miéh), opening into a slender pharynx (phy), which is surrounded
by muscular layers considerably thickened dorsally. This leads to
the esopha%xs (}e:s), which possesses a valve (¢sv) in the first thoracic
segment. The digestive tract is then somewhat abruptly enlarged
to form the mid-intestine {mint), which is much distended with the
contents of the peritrophic membrane and closed at its posterior
extremity. The hind-intestine (Ainé) comsists of a flattened bulb
which lies against the posterior extremity of the mid-intestine an

continues by a narrowing tube toward the anal opening (ba). The
writer, in the course of numerous dissections, has never been able
to find any signs of the Malpighian tubes usually present in most
larvae of hymenopterous parasites, and is firmly convinced that no
such tubes occur in €. annulipes. Proceeding from the upper part
of the hind-intestine, however, are 2 number of short outgrowths
which are considered to be the rudiments of the Malpighian tubes
(mal) oceurring in the adult insect.

The heart in this stage is wider and larger, but the valves can
not be distinguished as in the two preceding stages.

The brain (fig. 8, A, br), rather oval in sha€e, is followed by the
subesophageal ganglion (sesgn) and 11 ganglia (vne), lying in a
chain nlong the ventral floor of the larva’s body. The thoracic
eanglia (fig. 8, B, ngt) are slightly larger than those of the abdomi-
nal segments (nga), and all are joined by pairs of rather thin
longitudinal connectives.

The silk glands {fig. 8, A, alkg?) differ from those of the second-
stage larva only in increased size and & more convoluted character.
In the ninth abdominal segment, near the termination of the nerve
cord, occur the rudimentary testes and histoblasts of the external
cenital appendages (Rbg) of the male larva. In the case of the
female larva the ovaries lie in the seventh abdominal and the histo-
blasts of the genitalia in the eighth and ninth abdominal segments.

The tracheal system (fig. 8, C) of this stage, functioning through a
series of seven open spiracles (sp), consists of = longitudinal trunk
from which 11 short latera) branches proceed dorsally and a similar
number lead in a ventral direction, the two ends of which ramify
in the cephalic and candal extremities of the larva. All branches
ramify, and in the first thoracic segment the two longitudinal trunks
on either side of the body are joined by a dorsal commissure (acom).

In Figure 9. A, is shown a longitudinal section of the head and
first two thoracic segments, and in Tigure 9, B, & similar cut of
the last three abdominal segments. Most of the structures have al-
readv been discussed. The group arrangement of the fat cells (fig.
9, A, fc), the form of the eso hageal valve (esv), the location of
the cells (sepm) which probably secrete the peritrophic membrane,
and the attachment of the dorsal pharyn eal muscles (phyml), are
illustrated. Figure 9, C, shows enlarged urate {ue) and fat (fe)
cells and two oenocytes (oen), all from a last-stage larva.
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The arrangement of the integumentary muscles of Chelonus is
less complex than that of certsin other parasitic larvae, and the fine
fibers are not found grouped inte bundles. In general the muscles
of the thoracic and abdominal segments (fig. 10} may be classified
ss follows:

Ventral longitudinal muscles (vZml) occur on each side of the
ventral nerve cord as a flat band of fibrous strands crossing the three
thoracic and first nine abdominal segments. In the first thoracic

s a‘t-.g&

B

Frauen 8. —(Ghelonus ennulipes, last-ntage larva: A, Internal apatomy viewsd lats
erally; B, nmerve gangila of three thorkeic and slxth, seventh, and eighth
sbdomios] segments; (, lateral view of traocheal system. @, Anwpd: acom,
anterior commissure; ¥r, brain; e¢s, esophagna; esv, esophageal vaive: W, hend:
fbg, Blatoblasts of extermal genltnl appendages of male; kint, hind-infestine;
mal, supposed rudlments of nlp!i;hlan tubes of gdult; min?, mid-intestine;
mth, mouth; ngae, nerve googlln of sixth, seventh, and elghth ghdomlon] seg-
ments; ngt, neryve ganglis of three thoracle segments: p dy, PLAryox ; semgm,
subesophageal aglion ; #ikde, external openlng of common ddet of silk glends:
&lkgi, alik gland; sp, spfrncle; e, “entral nerve cord

segment the band is subdivided, and a few of its fibers near the
upper edge form a set extending forward and mediad to the anterior
margin of the segment.

Dorsal longitudinal muscles (dZml) are also present in the three
thoracic and first nine abdominal segments and form e band, about
equal in width to that of the ventral longitudinal muscles, along
the uﬁper part of each lateral half of the %ody. The fibers in the
first thoracie segment occur in two groups. 'The upper £roup crosses

the entire segment, and the lower, of about the same width, is
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attucha;i about two-thirds of the way toward the front of the
segment.

entral obligue muscles (woml) occur in marrow bands, one of
which is attached at a point near the lower anterior edge of the
ventral longitudinal muscles in the first thoracic segment and crosses
diagonally mediad to the upper posterior corner of that set in the
same segment. This type of muscle is found similarly located in the
second and third thoracic and the first abdominal segments.

Fiourn 8.—0Chelonus annulipes, last-stage larva: A, Longitudina) section of heag
end first two thoracle megments; B, lougitudinal sectlon of eightb, ninth, and
tenth obdominal segments; C, celis. @, Anns; ge, gorta; be, blood cella; br,
bralu; cfl, cuticle: es, esu?hugus; £g¥, esopbrgeil valve) {o. fat cellu: gm,

ganglion ; Abg, histoblasts of external opening of genital pppendages of male]
hint, hind-intestine; oyp, nypoderimds: mal, plghlan tubes of adult; ming,
mld-Intestine ; anl, muscles ; mitk, mouth; gen, oenacytes; 4, phBErynI ; phyml,
pharyngeal muscles; s&cpm, secretlhg cells of ritrophlc wembrane; slkdo,
pxternal opening of common duet of silk glands; iten, tentorial cropSpiece;
trcent, toachenl comnissure ; ¥o, urste cell

Lateral oblique muscles (Zoml) are bands of about the same width
as those of the ventral oblique muscles and oceur in the second and
third thoracic and firsi five abdominal segments. Each set is at-
tached to the body wall at a point adjacent to the upper anterior
edge of the ventral longitudinal band and runs dorsad and caudad
to the lower posterior corner of the dorsal longitudinal muscles in
each accupied segment. In the second and third thoracic and first
gbdominnl segments these muscles appear as continuations of the
ventral oblique sets.
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Dorsoventral muscles (dvml) include two types. The first com-
prises very thin bands which run from the dorsal longitudinal to the
ventral longitudinal muscles near the posterior segmental lines of
the three liiloracic and the first seven abdominal segments. The
second consists of shorter muscle groups occurring near the middle,
or slightly forward, of cach lateral half of the second and third
thoracie and first eight abdominal segments and attached at either
end a short distance from the longitudinal muscles of the dorsal
and ventral sets, In the last two thoracic segments the muscles
of the latter set consist of only one or two large fibers, while in the
abdominal segments the bands are much wider, becoming a little
narrower in thuir upper attachment.

loml
diml I

T %
1

Fioure 10.—Ohclonus annulipes. lnst—stuﬂe larve 3 Integug:lonltmg musacles of three
ml, Do

thoracle (I-III) and Best abdominnl a) segments. real longitudlpal
mudcles; dvmi, dorgoventrnl musScles; fomi, Iaternl oblique touacles; ¥, rudi-
ments of leg; sp, spiracle; wiml, venttal longitudinai muscled; woml, veniral
obligue musclea ; wr, rudlments of wing

The muscles of the head region are shown in Figure 7, B. The
largest muscles found in the head of a Chelonus larva are those of
the mandibles (md) and consist of two sets, the extensors (1), at-
tached near the outer base of the mandibles and spreading toward
the Joteral wall of the head, and the flexors (2), originating at the
inner base of the mandibles and extending laterad in a fanlike form.
The sets are about the same size.

Two sets of musecles (3), arising near the antennal rudiments
(ant), approach each other on the lower margin of the labrum.
The labium is equi];pecl with two sets (4), which are attached some-
what apart near the lower edge of the mouth (mfh) and extend
ventrally to converge in the region of the common silk duct openin;
(slkdo). A pair of muscles (é% , located more ventrally in the labia
region, prohrg)ly funetions in connection with the silk duct opening.
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Two sets of rather narrow muscles (6, 7} are found in each of
the maxillary regions. Both of these continue laterad, and the upper
one also extends dorsad toward the base of the mandibular museles,

From the middle of the infernal crosspiece of the tentorium (fen)
at the back of the head, a short end rather wide muscle (8) is
attached somewhat forward to the under wall of the esophagus. A
little to each side, another set of short muscles (9) also unites the
under part of the esophagus with this crosspiece, and near the point
of attachment to the bar, two long muscles (70) are affixed and extend
out in s laterad and cephalad direction. On either side of the
labium, near ifs lower edge, a set of muscles (11) proceeds laterad
to the iJody wall. A number of upright museles (12) extend from
the upper wall of the cranium to points of attachment among the
circular muscle fibers {18) which surround the pharynx.

PUPA

Length, 4.75 mm. ; width, 2 mm.

The pupa {(fig. 11} of Chelonus annulipes is of
the free or exarate type, exhibits no movement, and
in general appearance js comparatively short and
robust.

Its color, during the first five or six days, or for
about half of the pupal stage, is pale yellow. The
eyes and ocelli early appear as light-brown areas which
gradually darken as development progresses, During
the latter half of the stage the body darkens by de-
grees. The antennae, head, thorax, and heavily chitin-
ized dorsal pertion of the abdomen finally become jet
black, the legs also darken, and the wings become
smoky colored. The somewhat protruded ventral part
of the abdomen is the only region remaining pale
yellow i color, and it is somewhat darkened by a
number of broken transverse black markings. A more

detailed discussion of pupal development and the exterior changes
which take place is to be found in the section on pupation,
Luginbill {4) has published & ventral view of the pupa of C.
emanus.
COCOON

Length, 8 mm.; greatest width, 3 mm.

The cocoon (plate 1) of this species is thin and slmost papery in
appearance. It is cylindriform, roughly oval in shape, with the ends
sometimes rather squared, and is somewhat thickened at the middle
by & considerable number of circular threads which give it the
appearance of heing girdled by a narrow white band. It is con-
structed of glistening white threads loosely spun exteriorly but more
tightly woven toward the interior and is sttached by the outer
threads either fo the walls of the host tunnel or, as is more often
the case, to the silken web made by the host larve during the latter
part of its life. ‘Through ihe cocoon the pups in its different stages
of development is dimly visible, and the cast meconium is seen
pushed against the caudsal extremity,
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Generally the head and dried skin of the host larva are included
in the outside web work, where they are attached at various points
on the cocoon. In an examination of 51 cocoons from the field, the
host head capsule and skin were found fastened to the cephalic end
of 17 cocoons, to the caudal extremity of 25 more, and near the
middle of 12 others.

BIOLOGY

METHODS OF REARING

The writer did not attempt to develop, to any degree, a method
suitable for large-quantity production of this parasite; his aim was
to rear only sufficient nnmbers to permit a study of the biology and
morphology of the species.

Each mule or femaie adult of Chelonus, upon emergence, was con-
fined in a smali glass-globe cage. This cage had a diameter of about
3 inches at the middle, ind an opening of 2 inches diameter at each
end. The top opening was provided with a removable tin cover,
while the bottom was set upon a piece of strong white cleth tightly
stretched across a 5-inch square wooden frame about an inch in
height. The arrangement of the cage on the cloth frame per-
mitted 2 constant interchange of air with the outside atmosphere
and at the same time provided =z suitable base to which the cage
could be attached. A strong rubber band stretched over the top
of the cage cover and around the wooden base united all so firmly
that the cage with its base could be moved about without danger of
overturning,

On the bottom of each cage, i. ., on the cloth frame, was placed
a small 1-inch square of paraffined cardboard on which lay a half
lump of dry sugar. Food in this form proved very convenient, and
the parasites fed readily upon it- Water was applied with a pipette
to the stdes of the cage, usually only once 2 day.

Both honey-water and sugar-water solutions were found to be
acceptable foods of the parasite. These foods were less convenient,
however, for two reasons: They required constant changing; and
there was always danger of the adults becoming stuck in the syrup.

In the writer’s experiments, the male and female of Chelonus
annulipes seemed to copulate most readily in the end of a 4-inch glass
vial held toward a source of strong light. Mating in a globe cage
was secured several times and at %east once In a square box cape.
None of the methods used proved certain, however, and many at-~
tempts to secure mating resulted in failure.

Qviposition was obtained by placing a mass of Pyrausta eggs o
the floor of the female’s cage. Es a rule, the mass was attached to a
small square of dock or corn leaf Whi(:’h, in turn, was glued to a

iece of paper to prevent curling up. After the host eggs had been
eft exposed for a sufficient period, usually about 24 hours, the
mass was removed and placed in a small glass-covered tin box with
a few leaves of green dock., The borer larvae, on hatching, were
allowed to feed on green dock leaves until they had reached the
fourth instar. Tach larva was then isolated in a 3-inch glass vial
plugged with eotton and given more substantial food. When avail-
able, small pieces of green cornstalk were used as food for these
older larvae; at other times portions of green fennel plant or
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string beans served as nourishment. Chelonus cocoons spun in the
glass vials * were left in the vials and placed in controlled tempera-
tures for pupation and adult emergence.

The host larvae were kept at a constant temperature of either 68°
or 77° F. The latter temperature was decidedly more favorable lor
the development of both host and parasite. Some parasitized larvae
were also ke]])_:ii in an outdoor insectary during March, April, May,
and June at fyéres, France. Under these last conditions, however,
development of bota the Pyrausta and Chelonus larvae was greatly
retarded by cool and changeable weather.

OVIPOSITION

The femnale of Chelonus deposits her eggs within those of Pyrausta
nubilalis. The eggs are laid singly, and as a rule only one is placed
within an egg ofg the borer. At times, however, especially when an
insufficient supply of host eggs is provided, a female wilF deposit a
larger quota per egg. On one occasion 22 Chelonus eggs were dis-
sected out of a mass containing only 5 eggs of the borer. Many later
dissections of single Pyrausta eggs or newly hatched larvae have
shown that more than one parasite egg was deposited in each. As
many as 5 Chelonus eggs have been removed from one small host
larva, and 2, 3, and 4 eggs per host egg have been observed at
different times,

It is thought that the presence of several Chelonus eggs in a single
Pyraunsta. eger means the death of all but one of them. It may bs,
however, that the eg%s sometimes hatch while only one of the result-
ing larvae survive. This, of course, is often the case among internal-
feeding hymenopterous parasite larvae, Never, during the course
of great numbers of dissections, has more than one larva of Chelonus
in any stage been observed.

Neither o preoviposition period nor mating is essential to egg
laying. Upon emergence from the cocoon the female has within her
ovarics a number of well-developed eggs which she will deposit at
once if provided with host material,

It requires but a few minutes for a female of Ckelonus annulipes
mn a small cage to locate a Pyrausta ege mass. Running about the
cage, when she approaches within an inch or two of the egg mass
she immediately senses its presence. This seems to excite her, and
she waves her antennae rapidly about, drawing nearer to the eggs,
The antennae are lowered, and with the tips flattened against the
leaf surface they are pushed forward until they encounter the egg
mass. The female then brushes the flattened tips of her antennae
over the surface of the eggs, draws her body directly forward a
short distance until her unsheathed ovipositor finds the spot just
sensed by her antennae, and inserts her ovipositor verticaily into
one of the eggs.

During the actual Iaying of an egg the female stands over the
host egg mass, her entire %ody quite motionless, the antennae ex-
tended straight out before her or bent slightly downward. The

¢ (laes vinls open at both ends and plugred with two cotton stoppers would be preferable
to the ordinary vlal open at only one end. It would then he ensy, when a Chelonus lacva
ig spinning its cocoom io the proximity of » cotion plug, to remove the eotton from the
oppoaite end apd take out the remaining vegetable matter (which quickly decays) without
in rny woy dlstorbing the perasite larve.
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first movements following the deposition of an egg are a withdrawal
of the ovipositor and a slight vibration of the antennae, after which
the female turns around or goes to the other side of the egg mass
‘before repeaiing the process. This proceeding may go on for some
time, until seemingly every egg in the mass has been parasitized or
‘the femeale has deposited all of the mature eggs which her ovaries
contained, .

'The characteristic feeling of the surface of the eggs with the an-
tennae and the moving forward of the body just prior to oviposition
have been mentioned by Pierce and Holloway (9) in speaking of
the parasitizing of egg masses of Lapkygma frugiperda by Chelonus
texanus, and Luginbill (4) has similarly described the oviposition
-of the same species in eggs of Laphygma.

The time required for the deposition of an egg by Chelonus annu-
lipes varies, but in the case of a regularly ovipositing female it
lasts msually from 15 to 30 seconds. The process often consumes
several minntes, however. One female on her first day of oviposi-
‘tion was observed to deposit 16 eggs, spepding an average of 1 minute
and 40 seconds af each deposition. A maximum of 4 minutes and 30
seconds was required for one deposition, and & minimum of only 20
seconds for another. One day later this same female averaged 15
seconds per egg. On another occasion she oviposited ten times,
using an averags of 28 seconds for each egg, while she required only
10 seconds for depositing each of 6 other eggs.

Pierce and Holloway (9) observed thaf “less than a minute ¥
‘was required for C. fexanus to oviposit within an egg of Laphygma
frugiperda. A few seconds to one-half minute or more is given by
Luginbill {4) as the length of time that the ovipositor of the same
species of Chelenus is retained within a Laphygma egg, and Vickery
(16) gives four seconds for the oviposition of the same species and
host. Luginbill speaks of 1 female of C. fewanus ovipositing 13 times
in 35 minutes at a temperature of 72° F., and of another individual
-ovipositing eight times in 1 minute and subsequently five times in a
like period of time, and records that on 2 oceasions the act of oviposi-
‘tion required only about 5 seconds,

The writer is of the opinion that the first ovipositions of a fe-
male of . annulipes are sometimes of slightly longer duration
than are those which follow when the insect 1z regularly depositing
her normal quota of eggs.

The female of this species will oviposit in Pyrausta eggs of all
ages, from fresh to mature. Apparently the age of the host egg does
not influence the choice of the female nor the development of the
-garasite. Chelenus have been reared to the adult stage from eggs
ﬁepo(?ited in host masses which varied in age from a few hours fo
five days.

Table 4 presents the data obtained in a study of the oviposition
of a Chelonus female in host eggs of several different ages. A num-
ber of corn borer egg masses, each differing in the maturity of the
embryo which it contained, were exposed at the same time and for
# 24-hour period to a female parasite. The eggs from each mass were
then carefully dissected and the parasife eggs counted. The data
so secured, fogether with other information obtained, seem quan-
titatively sufficient to warrant the conclusions drawn in the above
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aragraph. The distribution of the e;,:;ﬁs was, of course, somewhat
gepandent on chance, as the female wonld usually utilize those host
eggs which she first encountered and might deposit a considerable
number of her eggs before searching for other host material.

TanLe 4.—Oviposition of one female Uhelonus ennulipes in Pyrausia egge of
different ages, 1530

Ago of Pyrausts eggs I Tatal
L}
|
Fresh i 1 day old 2daysold | 3dsys old !
Dats o ! . - B
: Para- 1 Para- Para- F : ara- ugsn:tx 31::53;;3
Huost site : Hﬂ”_sit.aem Host slte eggy' Host isiteeggs) posed op%s-
agggé- depas- egg:&x dopos- %’ depos- :%ﬁ&f‘; e te
P ftod | P ited | P fled | | ited '
i \
— | e .
Number NumberiNumber Number| Number| Number Number Number Number, N mber
F. ¥ i} A ——— il 6 1 19 15 fmaeaem R 4 13
. - I 14 [ 10 18: 3; 28 (] 50
14 7 | 11 11 i 13 . i 3 48 4
1 1! 15 11 18 - | 3z
A w| 5 a 24 8 62+ 24
11 %, 2 10 7 L 53 o7
7 g1 i2 22 0 15 | 4 56 12
7l 1 : w| = | m, o @] ses| 27

The studies summarized in Table 5 tend to prove that the larval
and pupal development of the parasite is not decidedly influenced by
the age of the host egg in which the female oviposits. There was
found liftle variation irom the sverages of a larval period of 23.2
days, 2 pupal period of 9.3 days, or & total larval-pupal period of
2.5 days in parasites resulting from oviposition in host eggs of 'dif-
ferent ages.

TasLE 5.-~Effect af age of Pyrousta egg masees upon leagth of larval and pupal
periode of Chelonus annulipes ot Ti° F.

Larval period Fupal period A VeTRER
len }1 01'1
Pyransts oggs gomuina
Indlvtd-‘ Average | Individ- | Average l“;lfl &nd
ualy I length uals length period
. — . E ......
Number © Dags | Number | Dapr Dags-
Fresh 8 26. 5 ] 7.2 33.
1deyold. [ 2.0 3 8.3 33
2 days old B! 2.0 4 80 28. 0
3 days old... 8- 25,4 2 1.6 39
ddaye old oo - 33! 2.3 18 .4 W7
5 deye old - E R TN 3 0.3 2.0
Total or average. 66 | 23.2 33 83 i 325

Observations made during the experiment just cited further con-
firm the conclusion drawn therefrom. Frequently the female was
watched as she deposited u number of her eggs in an egg mass of a
certain age and then passed to a second mass, or several others, more
or less mature, and there continued her oviposition as before. An
ovipositing female was even pushed with a brush from one egg mass
to another of different age without interfering with the process of

egp laying.
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It hes sometimes seemed to the writer that there existed a slight
aversion on the part of the female to eggs which were within a few
hours of hatching. It may be that the movements of the larvae-
within such eggs are distasteful to her. Females showed no inclina-
tion to oviposit in the newly hatched corn-borer larvae.

In an sttempt to learn the egy-laying capacity of Chelonus annu-
lipes an unmated female was confined in & small glass cage, kept ab
& room temperature of ebout 75° ¥., and suppliec% with 8 new mass
of corn-borer eggs every 24 hours. The host e%gs ranged in age from
one to three days, and at the end of each day they were dissected for-
a count of the parssite eggs. As shown in Table 6 this femsle lived
28 days aud deposited a total of 655 eggs in 22 days, or an average
of 29.8 eggs per day. Her maximum daily oviposition was 65, and
her minimum eight. After death her ovaries were dissected, and
156 well-developed eggs were found. Thus this femele produced
811 eggs, and it was noted that her ovaries were still in e:megent. con-
dition and ofgenesis was going on at a normal rate.

TARLE 6.—Daily oviposition of unmated female® of Ohelonus annulipes ¢t room
temperaiure, 1930

1
Date Wumber

JUNe 23 e mmm]

Tuge 14___

Average per day__. -
! Emerged June §; died July 1. No eges ovlposited durlng last 3 days of iife.

The oviposition of four mated females of Chelonus on certain days-
is given in Table 7. The most striking point illustrated is the enor-
mous number of eggs {165) deposited gy female 3 on April 24, This
parasite had not %een supplied with host egﬁs during the previous
nine days and the indication is that a considerable number of her
eggs had matured within the ovaries and were ready for deposition
at the first opportunity. On April 8 female 1 laid a total of 89 eggs..

Tantg T.—Iutermittent® oviposition of four maled females of Chelonus
annulipes, 1980

PBggs depositad by-—-

Femals 2, |Femala 3,
emerged | emerged
Mar. 17 | Mar. 28

ADL. &5
Apr. 8
Apr. 7
Apr. &
Apr. g
Apr. 19,
Apr. 11
Apr. 15
ADpr. 24

1 On those days showing no ovipesition host eggs were ot exposed to the fomales,
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Four other mated females, kept under laboratory conditions and
provided with host eggs at intervals, deposited 231, 348, 393, and 273
eggs during life periods of 27, 72, 39, and 65 days, respectively. In
no instance were the females in a position to oviposit continually,
and all eggs exposed were not dissected. The figures only demon-
strate that from 200 to 300 eggs may easily be deposited by a female
whose capacity for egg deposition probably is twice as great, and
whorse life may be pr(ﬁonged more than two months. ’

One Chelonus female was confined in & cage and supplied with
host eggs daily from March 6 to 21. In Table 8 the resu{)ts obtained
are summarized. In all s fotal of 1,807 host eggs were exposed to
parasitism, and a hatch of 63 per cent was obtained. Certain of the
parasitizeci larvae which hatched were reared until the Chelonus

1ssued, whereas others were dissected and the presence of the para-
site noted. With such a procedurs 124 per cent of the original
Pyrausts larvae were definitely established as parasitized. This
female lived 65 days.

Tasre 8.—Data on daily ovipoaition of one female' Chelonuas annulipes in cgge
of Pyrausia nubilaiés, 1339

Chelenng | Chelons
Hoat | larvas |® mg::d Total
larene us elonus
: ssed | dlssacted {Chel
batched |from host from host produeed
larves {10

2
3
5
5

Numier

gﬂt

e
T S D D D B et O 0 T D e £

L e
B|rooReBEBERallnamts
e O =E B O e € i e O e T

L3

2

¢ This famala was mated, but the tnet that all of har progeny reated to thaedult stege wera males strongly
imdicates thal fertiilzatlon did not cccur.
1 Equals 83 per cont of the totol oumber,

The material to which host eggs are attached does not influence the
female in her impulse to deposit eggs. Females were observed to
oviposit with equal readiness in unattached eggs or masses of eggs
on leaves of doc(}{ Or corn, or oI paper,

It was also learned that the position of the host eggs does not
affect oviposition by the parasite. Oviposition was effected equally
as well in eggs placed horizontally on the bottom of & cage, upside
down on the Inner surface of the cage top, or hanging in a vertical
position in the middle of the cage. All Pyrausta eggs in the field,
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so far as their &)sition on the leaves of the corn plants is concerned,
may therefors be considered subject to parasitism by Chelonus.®

LARVAL DEVELOPMENT

With €. annulipes, as with other hymenopterous parasites whose
larvae feed internally, it is difficult to follow closely the larval de-
velopment. Many daily dissections of parasitized host larvae of va-
rious ages are necessary, and in addition the individual differences
in the size of each parasite larva as influenced by the variations in
their host environment enter to complicate the problem. However,
from a considerable number of dissections, coupled with & study «.f
the parasite larvae in relation to body size, head width, molted skin,
etc., & general idea of the advancement of the larva may be obtained.,

Dissections of 46 Pyrausta larvae of different ages containing Che-
lonus parasites kept at a constant temperature of 77° F. showed the
length of the larval stages to be spproximately as follows: First
stage, 15 days; second stage, 8 days; last stage (internal), 1 day; last
stage (external), 1 day; total, 20 days.

t is true, of course, that a considerable individual varigtion oceurs
in the length of the stages, and the above figures are ne doubt some-
what low for the development of first-generation parasite larvae in
the field during June and early July, when the cool nights would
tend to slow up growth. Probably the average length of larval life
in the region of St. Giorgic di Nogaro in the first generation is be-
tween 20 and 30 days, those larvae developing latest making the most
rapid growth in the more intense heat of midsummer.

he Chelonus larva of the second generation spends nearly nine
months of the year in an advanced condition of the first-stage larvs
within the hibernating host. In both generations the last two stages
seem to be of comparatively short duration.

In a study of the total larvel period (all stages) in bhost Iarvae
kept at a constant temperature of 77° ¥., dats on 82 individuals
showed the average larval period to be 23.2 days, with a maximum
of 34 days and & minimum of 15 days.

In one lof, at this temperature, from which 66 Chelonus larvae
issued, the average length of time elapsing between the deposition
of the parssite egg and issuance of the larva from the host was 92
days. Pupation of 50 unparasitized host larvae reared st the seme
time, counting from the time that the eggs were exposed to oviposi-
tion by Chelonus until the pupae were formed, required an average
of 28.8 days. In other words the Chelonus larvee left their hosts
on an average 6.8 days earlier than the latter normally pupated.

Similar information on larvae reared at a temperature of 68° F.
is more limited. This is due to the difficulty of rearing Chelonus at
the lower temperature. At 68° the host itself grew more slowly,
and to an even groater degree the development of the parssite was

S1t occurs to the writer, however, that under pctual fleid conditions the female
Chelonus, In en effort to escape the iniense heat of the sun’s rays, meY remein mueh of
the time ob the shady under sutface of the corn lcaves smd probabiy oviposita mere in egg
maegey which are found on thet part of the plnnt.  Oviposttion, under sueh circumstances
woald, for the maost part, take place with the fomale pargsite clinging to an under surface
or in a pnrt!g vertical Yusition. 8konid such be the case there conditlons wonld be

favorable to the propogation of the apecles, ag most of the corao-horer egge themselves ara
attached to the under surface of the vern jeaves.
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retarded. Mortality among both parasitized and unparasitized corn
borers was also fairly high. In fact, out of a total of at least 150
Pyrausta larvae from eggs exposed to the parasite, less than 10
per cent survived at the end of two months, and last-stage Chelonus
issued from only two of the surviving larvae. From time to time
various host lervae were dissected, with results as given in Table 9.
Some of the Chelonus larvae, more than 2 months old, had not ad-
vanced beyond the late first stage. Of the 2 full-grown larvae which
issued, 1 had lived 35 and the other 51 days within the host.

Tanix B-—Rate of development of larvae of Chelonus annwlipes witkin host
larvae kept af 68° F.

1
e | rae | AR
larves | larese 3"“°‘W'b‘" | “tarvss | larves BW“W"'M
-abserved] when Jobserved | w
obirved " obesrvad
|
Number] Dapr Number Days
1 14 | Lata first 3 2 a7 | Late first,
H 148 Dao. 1 42 Do.
1 11 Dao. i 51 | Last, ng.t Issuzed from hoat.
i 19 Do, 1 58 | Lats first.
] 3L Do. 1 0 Do,
1 35 | Tast, At:t [aued from host, 1 a2 Do,
1 85 { Lata first.

In resring work it was found that Pyrausta larvae parasitized by
Chelonus, after a certain amount of feedi.nf on either string beans
or fennel plant, usually left their food and surrounded themselves
with a light web work of threads, soon became plump and more or
less curved dorsoventrally, and developed sn appearance similar to
that of an undersized prepupa. Within 24 to 48 hours Chelonus
larvae issued from such borers. The host larvae did not inva:ziably
leave their food before spinning up, and a few Chelonus issued from
borers still in the tunnels of the plant upon which they were feeding.
The excessive moisture present in the vegetable matier was no doubt
responsible for the crawling out of the host larvae after the stimulus
for further feeding had ceased.

In addition over 100 goung Pyrausta larvae which had been ex-
posed to parasitism by Chelonus during the egg stage, were isolated
in vials and subjected to the temperature of an outdoor insectary at
Hyéres, France, during the period April 2 to June 30, 1980, Many
of the nights during the above period were uncommonly cool and
the daily temperature was often lowered by cloudiness snd frequent
raing. Under these conditions the growth of both parasite and host
was slow, and (as indicated in Table 10) 70 days elapsed before a
Chelonus larva issued from one of the hosts, Kven after 88 days
two of the parasite larvae were still in the late first stage.

ISSUANCE AND EXTERNAL FEEDING OF LAST-STAGE LARVA

Soon after its molt into the last stage, the larva of Chelonus an-
nulipes (with the anal vesicle now withdrawn into the body cavity
where it forms the hind intestine} makes with its mandibles an
openin%in the host integument and pushes its head and body seg-
ments through.
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Tanw 10—Rate of developmeni of larvae of Ohelonus annulipes within host
larvae kept in outdoor inssctary belween April 2 and June 30, 1930, at Hyéres,

Agenf I Age ol
Parasito| paraalts | gy oy or paraalte larvwn when || EoTasite | parasite | gap o ornait tarva when
! observed larvse | Iarv tage P beerved

aIVa0 ! foed
bagrvod; observed  when
observed

Lu.taDnrst. ! Last, just {asned [rom host.

o, . 0.

Late first, 1; sacond, 2. ; Do.

Lasti.)]u.n Issued from hoat. ' Lata fleat.
. !

Within the body cavity of the corn borer, the Chelonus larva has
been lying with its head oriented cephalad of the host, and, just
prior to issuance, ot least, has had the ventral part of its body against
the dorsal wall of the host larva.

According to the writer's observations it issues from the dorsal
side of the host, and usually in the region of the first to third abdom.
inal segments. The exact point of exit is apparently dependent
ugon the relation between the length of the parasite larva and that
of the host larva. In 13 observations, issuance in 9 cases was from
the region of the first or second sbdominal segment and in the other
6 from a point near the third sbdominal segment.

The parasite larva works its body out rather quickly. This is
accomplished by a squirming motion assisted by a bending of the
exposed segments back toward the posterior end of the host, thus
forming a sort of fulerum at the point of exit. All but the last one
or two of the abdominal segments are withdrawn; these remain
within the host until external feeding has been completed. However,
the larva is able to continue its feeding if the anal segments are
entirely freed.

As soon as most of the body segments are outside, the parasite
makes an incision with its mandibles at some point near the caudal
extremity of the host and begins its external feeding. Such feeding
oenerally continues for about 24 hours, although it is sometimes
finished sooner. The larva feeds in a curled position until the host
has been entirely exhausted and nothing remains but the chitinous
head parts and tie empty skin. During the feeding the mouth parts
are frequently withdrawn and fresh incisions made at other points
of the host’s body.

In one instance divergence from the usual method of issuance was
noted. In this case the parasite larva came out on the dorsal side
in the region of the sixth abdominal segment of the host larva,
and ﬁnnlg was observed entirely free, feeding at the exit hole.
Tt seems that this Chelonus larva issued so near the posterior end of
the Pyrausta larva that on bending its bedy caudad of the host, it
found no food. In an attempt to move 1n some other direction
toward a source of food, its anal segments became dislodged, and
the open exit hole provided an immediate feeding point.

Practically all of the blood and internal organs of the Pyrausta
larva are devoured, and within the peritrophic membrane of a
Chelonus larva that has just finished its external feeding are to be
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found rather large pieces of the host tracheae, parts of the severed
nerve ganglin, fat, blood cells, and other parts of the internal
organs,

he effect upon the parasite larva of this external feeding is quite-
noticeable in &e more rounded and plump contour of the body and'
a darkening of the contents of the peritrophic membrane from a
pale-yellowish to a rather dark-brown color, which affects the
general coloration of the larva.

SPINNING OF COCOON

The cocoon (plate 1) is constructed of slender white threads se-
creted by the silk glands of the last-stage larva, and pressed out
through the externa%opening of the common sitk duct located on the
upper border of the labium. The spinning process is begun very
soon after the completion of the external feeding of the last-stage
%Isrva, and the construction of the coccon requires from 12 to 24

ours.

During the spinning the head of the parasite is moved back and
forth and up and down, and the threads, at first sttached to the
surrounding medium, are gradually woven into & cocoon. The silk
is stretched in various directions, and in its viscous state is atfached
at different points by the pressure of the mouth of the larva, after
which it dries and hardens. Within the framework so designed
spinning is continued, and more threads are added until the strue-
ture is so thiek that one is able to see the larva only by transmitted
light. The head capsule and cuticle of the last-stage 151705t larva are
more ot less incased in the outer web work of the cocoon.

Without having fed externally upon the host larvs, the last-stage
larva of Chelonus appears unable to construct a coccon. In one in-
stance the newly issued larva was removed from the host before it
had the opportunity to feed externally, and was placed in & cotion
cell, where it lived for over a weel. %his larva apparently had the
impulse to spin, and a considerable quantity of thread was pushed
out of the opening of the silk duct. All of the thread, however,
was amassed in a sort of ball in the head region of the larva; the
»arasite seemed incapable of moving its body to attach the thread
in the formation of a cocoon.

If a Chelonus larva, after it has completed its external feeding,
is disturbed in any way, it is unable to construct a cocoon. This
has been observed numbers of times. Such larvae, when deliber-
ately removed from their normal position in the silken web of the
host and placed in a cotton cell, would spin & few threads but were
never known actually to construet a cocoon. A similar reaction took
place in the case of larvae which were moved about in vials at the
time that they were ready to spin. Those larvae which were unable
to spin their cocoons were never lnown to pupate normally.

Vickery (26} has observed that Chelonus tewanus will not com-
plete its cocoon unless the larva is inclosed in a cell. That species,
however, sometimes pupated within an incompleted cocoon,

PUPATION

The pupa of Chelonug annulipes lies largely in the posterior two-
thirds of the cocoon, with the tip of its abdomen more or less sub-
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BEd in the semiliquid larval meconium which is pushed against
nside wall of the cocoon at its caudal extremity, It is the writ-
¥ opinion that the water content of the larval meconium is re-
psible for a degree of humidity within the cocoon which is
Ineficial to the pupa.
. The pupal period actually starts upon completion of the last larval
*wmolt, which takes place from 12 to 24 hours after the casting of the
larval mecontum. Yor some hours previous the insect has been in
the intermediate state of prepupa. With a parasite like Chelonus,
however, it is not casy to determine by observation of the cocoon
just when the prepupal stage has terminated and the last larval molt
occurred. One 1s able, however, through the semitransparency of
the cocoon, to see the cast meconium, and it is this point which for
practical purposes has been taken to indicate the beginning of the
pupal pertod, The time of zetunl emevgence of the adult from the
cocoon has been designated as the end of the pupal period, although,
ctrictly speaking, the transformation from pupa to adult has ac-
tually taken place a short time before the exit of the parasite.
The lengths of the pupal period at seveval controlled temperatures,
as given in Table 11, were determined from a study of 76 individuals
upon which daily observations were taken.

TapLE 11.—-Length of pupal peried of Chelonus anhulipes at various
temperalures
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1rhe pupsl period i3 comsidered ns the length of time between the casting of the larvol meconlum snd
the einergence of the ndult fron the cocoon,

The effect of temperature upon the development of the pupa is
quite evident, The average lengths of the pupal stage at constant
temperatures of 64° and 68° F. were 23 and 20.4 days, respectively,
both periods being more than twice as long as the 9.5 days required
at 7%, Maximuom and minimum temperatures varied accordingly.

A low temperature of 46° I. serves to retard pupal development,
and it has been strongly indicated that a too long exposure to such
cold results in a high mortality. During the summer of 1929, 48
Chelonus cocoons containing prepupae or early pupae, collected in
Ttaly and brought direct to Hyéres, I'rance, iIn cold storage, were
placed in a refrigerator at a constant temperature of 46° . Exam-
wation of these cocoons one month and a half later showed that
within 33 of them the pupae had hecome black and were well
developed, while in 12 others they were still yellow and in an early
stage. Three of the latter individuals had died as larvae without
pupating. ‘Twelve of the late-stage pupae were placed at a tem-
perature of 77°, and two adults emerged a few days later.




34 TECHNICAL BULLETIN 294, U, S, DEPT. OF AGRICULTU

At another time five individuals of Chelonus, as soon as the
pupated, were exposed to a temperature of 46° F. Upon re.
from this temperature one month and a half later the pupae w |8
the cocoons appeared yellow and still in a comparatively W
stage. They were placed at 77°, and two male adults emerge’ -9
days later. It may, then, be stated that the pupal pericd in a -

cases, at least, lasted for approximately a month and a half, at 46 ¥

but that the total emergence under such conditions was poor. Many
more quantitative experiments than the writer has been able to
undertake nre essential for the determination of the exact length of
time that Chelonus pupae may be subjected to a low retarding tem-
perature, and still allow a satisfactory emergence of adults when
the cocoons are exposed to a higher temperatitre.

Daily observations were made on a number of Chelonus pupae
removed from their cocoons after the completion of spinning and
kept continually at a temperature of 77° F. The average rate of
development was determined as follows:

First day. Meconium cast and parasite remains as prepupa for 12
to 24 hours. The prepupa is pale yellow in color, with the eyes
showing a light brown. Best described as the stretched-out last-
stage larva. It is quite motionless,

Second day. Skin of last-stage larva has been shed. Pupa light
yellow in color. Brown eyes and ocelli can be seen.

Third day. Little change except a darkening of the brown of the
eyes and ocelli, Differentiation of the pupal segmentation and a gen-
eral darkening of the yellow of the body.

Fourth day. Further darkening of eyes and ocelli, and of body
in general.

ifth day. First thoracic segment darkening to a black color.
Mandible tips light brown.

Sixth day. Head and all of thorax black. Mandible tips dark
brown. Wings, antennae, and legs still white,

Seienth day. Abdominal sclerites also black. Upper part of legs
gllgixgmning. Drop of dark yellow fluid excreted in anal end of pupal

Eighth day. Pupa all black except soft light yellow abdomen.
Ninth day. Adult issues from pupal skin and casts pellets and
pupal meconium,

t is also of interest, as well as of certain practical value, to be able
to estimate the development of the pupae of €. annwlipes from an
examination of the cocoons. This may be accomplished by viewing
the color of the pupa through its cocoon. In Table 12 are listed the
writer’s observations on 14 cocoons kept at a constant temperature
of 77° F. and examined daily during the entire pupal period. On
an average, the pupa of €. annulipes appeared pale vellow in color
for five or six days after the casting of the larval meconium. In
three instances the pupa remaived in this condition for a maximum
of seven days. while in two cases it beeame black on the fourth day.

It was found that from the day when the pupa appeared black, an
average of 6.7 days elapsed before the cmergence of the adult insect
from its pupal skin, This period, in the case of one individual, re-
auired a2 maximum of eight days and in another a minimum of only

ve days. Seven days were needed in cach of six of the observations.
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It should be borne in mind, however, that the writer’s figures are
based only on cocoons kept at a constant temperature of 77° F.
Higher or lower temperatures would tend to shorten or lengthen
the pupal period, and consequently affect the appearance of the
pupe.

Nevertheless, daily observations on pupae under definite conditions
will give some iden of development. For instance, yeilow pupae
indicate an early stage, and black pupae show an advancement which
will soon result in adult emergence. When the antennae and legs
of the adult are seen to be free from the pupsal skin and slight move-
ments of the insect are taking place, it is certain that the pupal skin
is nearly or entirely shed and that the adult will emerge soon.
Shortly before emergence the adult usually moves somewhat forward
in the cocoon and volds a number of small spiral pellets of excretory
material and a small pupal meconium con’ ining, for the most part,
the broken-down mid-intestine of the last-stage larva.

EMERGENCE OF ADULT

When ready to emerge, the adult Chelonus tears with its mandibles
an irregular opening near the anterior end of the cocoon through
which 1t forces the body. Behind, in the other extremity of the
cocoon, it Jeaves the molted skin and the cast meconium of the last
larval stage. The adult after its exit from the cocoon is quite dry
and at once moves about in a lively manner.

The following observation of the emergence of a male Chelonus
made under the binocular microscope is typical of the procedure:

Through the somewhat trausparent texture of the thin, white cocoon can be
discerned the biack adult with {ts abdomen pulled slightly away from the cast
meconinm and its hend not far from the anterior end of the cocoon wall. The

antennae and legs have been freed from the Lody and frequeni movements of
these appendages oceur. 'Fhe legs are more or less doubled under the body
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and the insect pushes itseif forward ou its * knees™ (loints of the ferour and
tibla) untll Its head rests close aguainst the wall of the cocoot.

At this time, just 25 minutes after the start of the observation, the udult
manifests more activity and moves its head ghout in several directions while
its {epgs, which are mow more stretched out, push the body strongly forward.
Within five minutes the two clhitlnous mwandibles have begun to move and the
actual cutting of the exit hole has commenced. The mandibles po back und
forth, tearing awnay the threads of the cocoon unid aftec two minutes they have
plerced the texture and pushed themselves outside. The tearving process coun-
tinues until the insect, still pusting forwird on its * knees,” iy alble to thrust
ihe hiend through. The herd is again drawn inside of the cocoon, Lowever, and
u tittle more tearing with the mandibles is carried on for sbout a minute belure
the catire lnsect emerges.  Uhe actuul tearing provess of the mandibles has
lasted exnctly seven minutes,

In experiments in which three lots of cocoous were kept at a
temperature of 77° I, the emergence of Chelonus adults was found

to be 31.5, 60.8, and 65.5 per cent, respectively.
OCCASIONAL ABNORMALITY IN ADULT

It has been observed that at times the abdomen of a freshly
emerged adult of either sex iz somewhat swollen, protruding slightly
beyond the chitinous exoskeleton, and in certain lots this condition
has been extremely prevalent. The proper interpretation of this
unusuel condition would be an interesting study. The limited ob-
servations of the writer lead him to believe that the factor respon-
sible for such abnormal swelling of the abdomen is an inability of
the insect to expel a suflicient amount of excretory material accumau-
lated in the body during the larval and pupal stages.

Normally, near the time when the pupa within the cocoon be-
comes black, a drop of dark-yellow fluid 15 excreted from the anus.
A few days later the adult breaks through the pupal skin and lies
free within the cocoon for some hours before tearing its way out.
During this latter period the parasite expels, in the form of a long
spiral or series of small spiral filaments, a considerable amount of a
pasty material, rather fine in texture and pale yellow in color. As
many as 50 of these filaments have been counted within a cocoon
from which the adult had just emerged.

At other times adults emerge with distended sbdomens and, after
making their exit, cast pellets for a few hours. Sometimes part of
the material has already been voided within the cocoon. In either
case such parasites soon appear as normal as those which emerge
after casting all of the excretory material inside of the cocoon.

Finally there are theose individuals with decidedly extruded ab-
domens, that have cast little or nothing inside the cocoon and are
unable to void anything after their freedom, In these, the distention
of the abdomen persists, the individuals are weak, and death soon
results.

PROPORTION OF SEXES

Under normal field conditions, in both the first and second genera-
tions of ¢'. annwdi pes, as they occur in northern Italy, the proportion
of the male and female sexes is probably sbout equal. An examina-
tion of 58 individuals which emerged from first-generation material
collected in the field at St. Giorgio di Nogaro in July, 1929, showed
the presence of 28 males and 30 females. Out of a lot of 53 individ-
uals of the second generation of 1928 which issued from host larvae
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collected during the late fall in the same locality, 27 were of the
male and 26 of the female sex.

D. W. Jones, of the United States Entomological Laboratory,
Arlington, Mass., has also found that the males and females bred
from similar material cccurred in a 50-50 ratio.

COPULATION

The copulation of individuals of this species of Chelonus may be
secured under ordinary laboratory conditions. Although mating
has been obtained several times by placing the male and female in a
smatl box enge exposed to strong hight, this method as a rule has given
poor and inconsistent resulis. Often the male was quife attentive
while the female would refuse all attentions.

The most satisfactory meuans of procuring fertilized females, so
far found by the writer, is to place the two insects of opposite sexes
in a 4-inch glass vial and allow them to approach each other in the
closed end, which is held toward a source of strong daylight in a
well-beated room, Under such circumstances the male becomes ex-
cited and pursues the female with antennae vibrating and wings
whirring. Almost immediately he climbs upon her back and makes
contact of the genital organs. The male then loses all hold of the
female except that of the genital parts and lies more or less on his
bacikc while the female pulls away from him. The act of copulation
lasts from 30 fo 40 seconds, after which the two insects separate.

Certain females, even under the conditions described above, posi-
tively refuse to mate and prevent all attempts of the male to mount
by o raising of their wings and a rapid retreat. Such refusal on
the part of the female has been observed when she was placed with
males of different ages and on various days.

The male often s%mws great interest in the female and attempts
copulation as he pursues her with antennse waving and wings vi-
brating rapidly whenever he comes within her immediate vicinity.
In certain instances, however, the male appears guite disinterested.
It has been observed that a male will mate with more than one
female and with only & few minutes® interval between the copila-
tions, and that the female will sometimes permit 2 second mating.

I, Bartlett, of the Unifed States Entomological Laboratory, Ar.
lington, Mass., in working with large numbers of Chelonus, has
observed mating at temperatures ranging from 62° to 88° ¥, with
the largest proportion taking place from 75° to 80°. He has found
that, although mating might cccur at any time of day, the females
were most susceptible in strong sunlight, and that to obtain a Inrge
number of matings at one time it was best to have present a pre-
penderance of males over females in a 4-fo-1 ratio. It is his belief
that females which are three days old mate most readilv.

PARTHENOGENESIS AND NONFERTILIZATION

‘The unfertilized female of ('kelonns annulipes will oviposit read-
ily, and her eggs will develop normally, In all known instances,
however, the progeny from such parthenogenetic reproduction were
males.

In the case of the mated female on which Jata have been given in
Table 8. there was found an indication that apparently normal copu-
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lation sometimes resuits in nonfertilization. This female emerged
on the afternoon of March 5, and on the following morning a male
23 days old was placed with her. No interest was manifested on
the part of either sex, and the male was removed. A younger male
(only 6 days old) was then supplied, and after a few minutes copu-
lation ensued. From the Pyrausta Barasitized by this female durin
the following days, 49 adults of €', annulipes were reared, all o
which were males. Although this is only an isolaied case, it opens
up & subject of considerable interest and one worthy of study.

REACTIONS OF ADULT

The adults of this species, being somewhat positively phototropic,
are comparatively easy to handle in the laboratory. If, however, an
individual is aliowed to escape in a room some distance from lighted
windows, it will pursue a zigzag course of flight toward the light
and will come o rest several times on ifs way, sometimes in places
that are somewhat shady or hidden. The tendency, though, is to ap-
proach the source of light. When isolated in a small globe cage,
Chelonus shows little tendency to remain in that part nearest the
light, but will walk or fly about in all directions and will often be
found resting on the glass walls, at the bottom, or on the underside
of the top of the cage.

The activity of the adult is largely dependent upon the tempera-
ture. At a steady cold of 46° F. the insect remains quiet a large part
of the time. When subjected to constant temperatures of 64° and
68°, activity is increased, and at a temperature fluctuating around 68°
# reasonable amount of activity is maintained. Under the last con-
dition the parasite spends considerable time at rest, but moves about
in search of food and water, or lingers over an egg mass depositing
egis. At a temperature above 68° 1t walks and flies about the cage
miwl more rapidly than at the lower temperatures,

Like many other insects, the adult of . annulipes, when suddenly
disturbed, will “ play dead.” For example, when shaken from the top
of the eage in which it is confined, the parasite will often land on its
back or side with its antennae extended or bent back under the body,
and will lie still as if dead. This motionless attitude is often main-
tained for several minutes, and in one instance the writer observed a
female that remained perfectly still on her baek for a period of nine

minutes.
LONGEVITY OF ADULT

Normal individuals of (. annulipes are hardy insects and in opti-
mum environment live for some time. In an effort to learn some-
thing of the relative length of life of the species, 90 freshly emerged
adults at different times were subjected to various conditions of food,
water, and temperature. Kach individual, confined in a separate
cagre of the tvpe already described, was given caveful attention and
observed daily nntil its death.

Table 13 presents the data resulting from such observations. The
following remarks are explanatory of the tabulation. The tempera-
tures of 46°, 64°, 68°, and 77° ¥. were clectrically controlled and
practically constant. The outdoeor insectary used during February to
May at Hytres, France, provided a rather cool temperature with
normal daily fluctuntions. Room temperature was that of the lab-
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oratory where the avera%;a during the day was about 68°, becoming
somewhat colder during the nights in the late winter and early spring
months when the experiments were in progress. Food, in all cases,
consisted of a half lump of dry loaf sugar placed on the cage bottom,
and water was provideg once daily in t%le form of drops on the inside
of the glass walls of the cage.

Tanre 18.—Records of longevity of edullg of Chelonus ennulipes kept under
different lemperature end food conditions
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The majority of the adults handled were males, and data were
obtained on only eight females, all of which received both food and
water. The life of these females kept at 68° F., at 77°, and at room
temperature, varied from 30 to 84 days. 'The latter figure, attained
at room temperature, was the maximum longevity for either sex
under any given condition.

It is probably true in the case of this parasite, as in that of many
others, that the longevity of the female exceeds that of the male
insect (when both receive nourishment), and the data would seem
to confirm this. In two instances the average longevity of the female
was practically twice that of the male. For example, at 68° F. the
average length of life of 3 males was 36 and that of 2 females 70.5
days, and at room temperature the average longevity of 32.9 days for
14 raales, as compared with that of 65 days for 5 females. At 77° one
fernale lived 30 days, whereas the average life of three males at the
same temperature was 27.7 days. The maximum length of life for
a male (at 64° with food and water) was 89 days.
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Both food and water appear to be necessary for the prolongation
of life longer than twe weeks. With food alone or with water alone

the longevity was somewhat greater than when neither was provided.
" TIndividual differences in this respect were not great, however, except
in the cases of two individuais at the low temperature of 46° F. which
Hth 30 and 33 days, respectively, when water alone was supplied
them,

Temperature did not play as important & part in relation to adult
longevity as might have been expected. Perhaps the most notice-
able evidence of its effect was in the shortening of the life of indi-
viduals kept at a temperature of 77° F.,, without feod or water or
with but one of the two substances, and less appreciably under the
same circumstances at 68°, On the whole a temperature of 4G° for
s very long period of time acts rather unfavorably on Chelonus
adults, and the other extreme of 77° is not conducive, in all cases, to
prolongation of life. Room temperature which, at the time, fluctu-
ated sround G8° was very favorable to the parasites when they were
given nourishment,

EFFECT OF PARASITE ON HOST

Pyrausts eggs parasitized by Chelonus hatch norinally with those
of the same mass which have not received any eggs of the parasite,
and both parasitized and unparasitized larvae seem to develop at
approximately the same rate until about the time they have resched
the fourth instar. At this point the host larvae containing parasites
are somewhat lighter in color (pale yellowish), smaller in size, {aver-
aging € millimeters less in length and 1 millimeter less in width),
and in general less robust than normal larvae of the same instar,

If the host larvae are of the first or summer generation, or are
being reared under controlled laboratory conditiens, those which are
unparasitized continue their development into the fifth or last instar
and pupate normally. On the other hand, those host larvae of the
same generation which econtain Chelonus are so retarded in growth
that the parasites issue before the corn borers have entered the last
stage.

aIgn the case of the second or fall generation of host and parasite,
the unparasitized larvae of Pyrausta molt {o the fifth instar, but the
borers infested by Chelonus remain in the fourth and do not equal in
size the normal host larvae. These small parasitized larvae hiber-
nate, and during the winter months it is easy to separate them, on
the basis of size alone, from the normal overwintering borers. The
results obtained from the separation of 87 “small ”’ larvae out of 2
total of 1,166 overwintering host larvae from the field are given in
Table 14. A total of 69 {or 79.3 per cent) of these isolated “small ®
iarvae proved to be parasitized by Chelonus.

This possibility of isolating the small borers which are parasitized
by €. annulipes from the others has a certain practical vaiue, ag
during the packing of the borers for shipment the Chelonus-bearing
lzrvae can be segregated in several boxes and receive special attention.

The reason for the smaller size of Pyrausta larvae containing
Chelonus is not known, Whaiever the causative factor, it undoubt-
edly exerts its influence during the early first stage of the parasite,
Other host larvae from the same region may be parasitized by either
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the ichneumonid Inareclata punctoria Rom. or the tachinid Masicera
senilis Meig., but the presence of thess parasites, except in rare in-
stances, does not affect the size of the host larvae in any such way
as does Chelonus.

Pamx 14.—Isolation, on the basis of size, of Pyrausig nubilalis larvae pareaitized
by Chelonus annulipes in 1930
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hoat lar-
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Number | Number
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87

Percentage of tatal o 7.5

1 Of the total cumber of Chelonus secured from these 4 lots, B5.8 per cent lasuned from
the izolated smull isrvae and 4.2 per cent from tha nermel larvae left in the main Jot,

The general activity of a Pyrausta larva parasitized by Chelonus,
even for a short time after it has reached its maximum growth as a
small larva, does not appear to differ from that of the normal un-
parasitized host. This may be due to the fact that until that time
the parasite larva has been In its first stage. Growth has been rather
slow, and the feeding of the parasite larva has probably not been
sufficient to noticeably weaken the host. The increased consumption
of food by the larger and faster growing second-stage and third-
gtage Chelonus larvae reduces the vitality of the host, however, and
during the later part of the parasite’s internal existence the host
larva moves about sluggishly. It then incloses itself within a light
cocoon as if preparing for pupation. Within {his cocoon the host
larve appears rather plump, the body lies motionless and curved
somewhat dorsoventrally, and it has much the appearance of the pre-
pupal state. In about 24 hours after suck a condition hss besn
reached the parasite larva issues and beging its external feeding.

The host larva, immediately after the Chelonus has issued and
even before external feeding has coramenced, is fo all appearances
in o lifeless state, and its body is shrunken and flabby, This is frue
in spite of the fact that the parasite larva has not yet devoured any
of the vital or%ans of the borer.

The result of the external feeding of the parasite larva is the cen-
sumption of the entire contents of the host’s body until nothing
remains but the cuticle and the chitinized head parts.

FORCED I9SUANCE OF PARASITE LARVA FROM EHOST

The method of supplyinni contact moisture to the overwintering
host larvae by frequent soakings in order to force pupsation has an
equally favorable effect upon the late first-stage larvae of Chelonus
within the borers in causing them to renew development and issue.
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In Table 15 are shown the effects of soaking of the host larvae
u?on issuance of the parasite larvae at temperatures of ¢8° and
77° F. At the former temperature, between May 18 and June 14,
it required an average of 24.6 days to get the parasite larvae to issue
from the host, the minimum period being 22 days. At 77° F. be.
tween February 25 and March 26, an average of 17.6 days was neces-
sary to cause the last-stage parasite larvee to issue. Omne Chelonus
issued in & minimum of six deys. At the same temperature, but later
in the spring, between May 5 and 30, Chelonus larvae whose hosts
were subjected to contaet moisture issued in an average of 12.8
deys. This shorter.period among host larvae exposed to moisture
later in the season coincides with the fact that it is generally easiest
to break up the hibernation of borers which have been g long time
in a dormant state,

TABLE 15—Time required for larvae of Ohelonus annulipes to complete develop-
ment within and issue from overwintering larvne of Pyrausta nubilalis when
the latier are isolated, supplied with vontaot motature, and kept of constand
tontperatures of 68° gnd 17° ., 15580
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SEASONAL HISTORY

Iu the Italian regions under consideration Chelonus annulipes, like
its host, passes through two full generations annually. (Fig. 12.)
After g hibernation period lasting approximately from the middle of
September until early May, spent as a late first-stage larva within
the body cavity of the host, d%velopment is resumed, and from the
middle to latter part of May the last-stage Chelonus larva issues,
feeds externally upon the host, and spins its cocoon.

Data on the development of 97 individuals of the overwintering
second generation of €. annulipes in the spring of 1930 are presented
in Table 16. According to these observations the first larva of the
second stage appearsd on May 15, the first last-stage larva on May
17, the first pupe (or cocoon) on May 27, and the first empty cocoon
on May 29. During a part of the period from May 1 to June 12,
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Chelonus parasites in sll three larval stages and as pupae were found
in the field. From May 27 to May 31 this was especiallﬁtrue.
Spring pupation of the host, amounting to 2.3 per cent on May 1,
reached g{].é per ceni at the end of the month.
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Froune 12.—Approximate relation between the sensonal history of Chelonws gnnulipes
and ita host Pyranstc nubilails, determlned from a study of all svailable data.
Dark rreas cepresent the Atagea In the development of the host and clear once stages
in the development of the parasite

Tapix 18—8pring developmen? of 97 overwintcring Chelonus ennulipes, and
comparison with hoal pupulion at St Giorgio di Nogare, [taly, 1939°

Condition of Chelonus apnulipes
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Adult emergence begins the last of May, and continues into the
third week of June. as indicated by a study of 32 individuals which
were collected as cocoons in the feld at St. Giorgio di Nogaro in
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the spring of 1930 and from which the adults were reared under
outdoor insectary conditions at Hydres, France. Table 17 shows the
emergence obtained st Hyéres. There seemed to be no marked dif-
ference in the time of emergence of the two sexes. The first empty
cacoon in the field in Ifaly was found May 29.

Tazre 17.--8pring adull emergence of overwintere@ Chelonus annulipes, ai
Hyéres, France, 1930

Number of adults : Numher of sadults
srmerged ; smergad
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The adults emergin%in May and June are in the field during the
oviposition period of Pyrausta moths in June and July and deposit
thelr eggs during this time.

About the middle of July the full-grown larvae of the first gen-
eration of Chelonus issue from fourth-instar hosts and spin their
cocoons within the tunnels of the borer. The maximum issuance
of the Chelonus larvae and subsequent spinning cover a period
of about a week, and by July 25 most of the parasites are in their
covoons. On July 28, 1926, a full cocoon was found at Piacenza,
Ttaly, and from July 22 to 24, 1929, fresh cocoons were common in
the fields around St. Giorgio di Nogaro.

In 1929 near St. Giorgio di Nogaro adult emergence of the first
genemtion of the parssite was first recorded on July 24, On the

ollowing day 3.3 per cent of the cocoons collected in the field were
found to be empty. A summary of the data upon early emergence
for that summer is given in Table 18,

TABLE 18.—Farly adult emergence of first-generation Chelonus annulipes at 8.
Giorgio di Nogaro, Italy, 1920

Cocoens coltectad
... Emer- Pupsation

) o gence  of host
Ful! Empty

Ty B s
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Further data upon emergence in this area were not taken, buf
it was evident, from the fact that the greater part of the cocoons
collected in late July contsined azdvenced pupse, that many adults
would soon be in the field. It is therefore safe to say that during
the first week of August the smergence of Chelonus reached its peak.

During the period August 1 to 9, inclusive, an assistant takin,

survey dats in the “ pump lands” around Piove di Sacco collecte
a total of 115 Chelonus cocoons. With the exception of two full
cocoons found on August 2 and four others on August 5, all were
empty, indicating & practically 100 per cent emergence in that region
also, by the end of the first week in August.
The progress of host pupation as shown in the preceding table is
evidence that Pyrausta moths would soon be out and depositing their
eggs in the field, Further, in one field near St. Giorgio di Nogaro
examined on July 27 the emergence of second-genervation Pyrausta
moths was found to be 81.4 per cent. While the number of moths
in flight was perhaps somewhat less in several neighboring fields,
it is certain that a considerable quantity of borer egg masses were
available at the time Chelonus at}ults became abundant,

The Ionﬁevity of Chelonus females would presuppose an oviposi-
tion period, in this second generation, extending to the time when
all Pyrausta eggs in the field had hatched, or during the remainder
of August and the greater part of September.

Chelonus larvae hatching in the fall pass through the earlier part
of their first stage of growth, and then enter a condition of rest
synchronous with the dormant period of the Pyrausta host larvae.

HYPERPARASITES

Chelonus annulipes itself suffers from the attack of other insect
parasites. In one lot of 232 cocoons eollected in Italy in 1920 the
total hyperparasitism was 8.8 per cent, and in a collection of 1,432
Chelonus cocoons received from Italy the same year, D. W, Jones,
of the Arlington, Mass., laboratory, found that 2.1 per cent produced
hyperparasites.

Six specimens of Eweristes roborafor Grav., all small in size, one
colony of chaleids determined as Eupteromalus sp., and several
adults of another chalcid, Hypopteromalus poccilopus Cwid., have
been reared from cocoons of Oke?onus annulipes.

METHODS OF COLLECTION AND SHIPMENT

During the latter week of July, 1929, cocoons of €. annulipes,
most of which were freshly slpun, were collected in the cornfields
near St. Giorgio di Nogaro, Italy. The worker, provided with a
cardboard box and a knife, examined two rows of corn at a time,
observing the tassel and upper stem of each plant. Every tuassel in-
fested with P. nubilalis was carefully cut open and examined. If a
Chelonus cocoon was found within the borer tunnel the corn stem
was at once cut at a distance of about one-half inch on each side
of the cocoon, aund the green piece containing the cocoon put in the
collecting box. Practically all of the cocoons were found in the
tassels, and & maximum of six was at one time removed from 2 single
tassel. Possibly parasitism was equally distributed among Pyrausta
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occurring in other parts of the plant; it was not possible to procure
data on this point. Later all the materia] so collected was examined
by the writer and each parasite cocoon carefully removed from its
position in the tunnel of the plant. The free cocoons were then
placed in an ice boxy and kept until the end of the collecting season.

For shipment the cocoons were packed in small cardboard boxes,
50 to a box, and put within a large wooden box, which was trans-
ported in cold storage direct to the shipping pomt and dispatched
to the United States Entomological Laboratory, Arlington, Mass.?
by the first ship. During the trans-Atlantic passage the shipment
remained in cold storage.

The collection of Chelonus of the second or overwintering gen-
eration in the same year consisted in gathering the host larvae
within which the parssite passes the winter months. This was
accomplished by the usual method of collecting Pyrausta larvae. A
considerable number of workers were hired to cut the cornstalks
brought from a field to a central station. All Pyrausta larvae and
their parusites were saved for shipment. Those larvae parasitized
by Chelonus, although smalier than the normal, were included with
others which were put into round sereened tin eans containin% nar-
row strips of corrugated paper, into the holes of which the horers

crawled, sealing them with thin silkken webs. Such eans with about
400 host larvie so incased were packed in strong wooden boxes and
shipped in cold storage to the Arlington laboratory. In future
collections of the overwintering borers 2il of the small larvae para-
sitized by €. annulipes will be isolated in certain cans and given

special attention,
SUMMARY

The braconid Chelonus annulipes Wesm., first discovered as a
parasite of the European corn borer, Pyrausta nubilalis, in corn at
Piacenza, Italy, in 1925, has since been found to be of economic
importance over a somewhat restricted area near St. Giorgio di
Nogaro and in the environs of Piove di Sacco, Italy. Parasitism
of the first generation of Pyrausta in 1929 at the former point
averaged 16.9 and at the latter 8 per cent, with a muximum of 28.6
per cent in one cornfield at St. Giorgio di Nogaro. Pyrausta of the
second generation that year was much less parasitized ; at St. Giorgio
di Nogaro the average was only 3.5 per cent. The species, as a para-
site of the borer, appears to oceur over most of northern Italy.

The adult of this species, determined by C. Ferriere of the
British Museum, does not have the more or less typically wasplike
appearance of the other known hymenopterous parasites of the
European corn borer. It is a black, robust insect with smoky col-
ored wings and an abdomen protected by a single, hard, dorsally
convex sclerite. The newly deposited egy is white, smooth, cylin-
drical, end arcuate. The first-stage larva is characterized by a pair
of pointed, curved, chitinous mandibles, a considerable number of
dorsal spines, and a partly evaginated anal vesicle. In the second
stage the body appears smooth, the mandibles arve lightly chitinized

*From I W, Jones, of the Arlington laboratory, 't was learned that out of 1,432
cocoonk of Chelonus recefved by him only 11 adults bad emerged en route, dand but 2 of
thlg ng:g;ibvé were dend on arrivel. From this shipment an emergehice of 62.0 per cent
wWas o ned,
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and indistinct, and the anal vesicle is prominent. Open spiracles
appenr on the second thoracic and first six abdominal sepments of
the last-stage larva, and dorsally, on each of the abdominal seg-
ments 2 to 6, are grouped two sets of long brown spines. The
mandibles of this stage are brown, well chitinized, and many toothed,
and the head in addition possesses a number of.characteristic spines
and sensory orgens. Within a glistening papery white cocoon the
pupa, pale yellow for & ‘ew days, darkens to the black of the adulf.

n general, the internal anatomy of the larva differs little from
that of other braconids. In the last-stage larva, however, the ar-
rangement of the integumentary musecles is not complex, and the
fibers are not grouped into bundles, the silk glands are not greatly
convoluted, and the Malpighian tubes are absent.

The female of €. annulipes deposits her egg in that of the host,
and the larva passes through three stages within the growing borer.
During its last stage the parasite larva issues from the fourth-
instar Pyrausta, devours all remaining contents of the latter, spins
a vocoon, and pupates.

At n constant femperature of 77° F.. 2 days are required for the
ineubation of the egg of Chelonus; sbout 20 days are needed for
the total Iarval growth; and pupation, at that temperature, takes an
average of 934 days. Higher or lower temperatures shorten or
lengthen development of the parasite in all stages. and under field
con(liitions it is probable that the egg-to-adult period covers about
40 days.

(7. agnnulipes is cusily reared in the laboratory. The female,
whether mated or not, will usually start oviposition soon after
cmergence.  Unmated females will reproduce parthenogenetieally,
the resulting progeny in all known cases being males. Both male
and female adults, when given food and water and kept at various
temperatures between 46° and 77° F., will live for some time. One
nourished female at a {luctuating room temperature lived 84 days
(a maximum life period for the species), and a similarly nourished
male at n constant temperature of 68° lived 69 days.

In northern Italy ¢, annulipes, like its host, has two generations
annually. It overwinters as a late first-stage larva within the
fourth-instar borer and in early May resnmes ?le\'elopment. Pupa-
tion and emergence follow toward the middle and end of the month,
and in early June n considerable number of adults are in the field
to atiack the cges of the first host generation already present on
voung corn plants. The last-stage Chelonus larvae from this lot
wstie and spin their cocoons in the middle of July, and during the
lasi week of that month and the early part of August the adults
emerge and begin ovipositing in the Pyrausta eggs of the second
weneration. IBoth host and parasite of this generation, after a
certain amount of growth, enter a dormant condition for the winter
months.

The first importation of this parasite into the T"nited States was
made in the summer of 1929, and during 1929 and 1930 a total of
10767 individuals were shipped from Italy, Chelonus are more
easily proeured during the winter months, when they occur as
dormant late first-stage larvae within the hibernating host lervae.
The adults ure collected as they emerge the next spring.




48

(1)

TECHNICAL BULLETIN 294, U. 5, DEPT. OF AGRICULTURE

LITERATURE CITED

Darra Toreg, C. GG, DE
1808, QATALOGUS HYMENOPTERORUM HUCLUNQUE DESCRIPTORUM BSYSTEAMAT-
10U8 KT SYNONYMICUS, V. 4! DRACONIDAE. 323 p. Lipsiae.
Gavire, J. e
1808, CATALOGUE SYSTEMATIOUE & BIOLOGIQUE DES HYMENOPTERES DE
rraNce. 171 p.  Paris,
GENIEYS, P,
1925, MABROBRACON BREVICORKIS WESKM. Aun, Hut, Soe, Amer. 18;
143202, illus,
LuciNpr, P,
1628, THE FaLL ARMY wouM, U, 8, Dept, Agr, Tech, Bul. 34, 92 p,, illua,
MarsHALL, T. A,
1888, LES BRACONIDES. 603 p,, illus.  {a Andee, E., Species des Hyménop-
téres d'Europe et d'Algérie. v, 4,
Paexen, H. L.
1081, MACROCENTRLUS GIFUENSIS ASHMEAD, A POLYEMERYONIC BRACONID
PARASITE IN THE EGROPEAN conx mnouer, U, S, Dept. Agr. Tech.
Bul, 230, 63 p., illus,

1831, NOTES ON METEORUS (ZEMIOTES) NIGRICOLLIS THOMSON, AN OCCA-
SIONAL PARASITE OF THE EUROFEAN CORN mokEk, Eut, Soc, Wash.
Proc. 33 (3) : [03]1-103, illus,
Vaxce, A. M., SyarH, H, D, aml GaMERELIDZE, W,
1928, rYRAUSTA NUBILALIS HUDBN, IN EUROPE! NOTES ON INFESTATION AND
PARASITISM FROM 1026 To 1928, Jour, leon, Ent. 22: 688-693.
Pmmcr, W. D, and Horroway, T. 1.
1912, XoTES ON TER BIOLOAY OF CHELONUS TEXANUS OREsS. Jour. Econ.
Ent, 5: [425]—428,
SrivesTRI, F.
1008. LA TIONOLA DELL'OLIVO (PRAYS OLEELLUS FABR.) DBoll. Lab, Zool.
Gen, e Agr. R. Scenola Super. Agr, Portici 2: [83]-134, illus.
SzfPLIOETT, V.
1808, DRITRAGE ZUR KENNTNISS DER GNGARISCIIEN BRACaNtDEX, Terwmés-
zetrajzl Fiizetek 19; 228242,
TaompsoN, W. R, aud Parxez, H. L.
1928, THE EUROPEAN COBN BOBER AND ITS CONTROLLING FAQIORE IN EUROPE.
U. 8. Dept. Agr. Tech. Bul. 59, 63 p., illus.
THoMsow, C, G,
1874, OPUSCULA ENTOMOLOGICA. Fase. VI, p. 536-812, Lund.
VaANCE, A, M,
193], APANTELES THOMPSONI LYLE, & BEACONID PARASITE OF THE EDREOPEAN
cory Bomex. U. 8. Dept. Agr. Tech. Bul, 233, 28 p,, 1llua,
VAN ZWALUWENEURG, R. H.
1920, INSECT ENEMIES OF SUGARCANE IN WESTERN MEXICo. Jour. Econ.
Ent. 19: 661669,
VioKERY, R. Al
1929, STUDIEA ON THE FALL ARMY WORM IN THE GULF COAST DISTRICT OF
TEXA8. U. 8. Dept. Agr. Tech. Bul. 138, 64 p.
Wmrako, H, F.
1027, PARASITES OF THE PINK DBOLLWORM IN Hawarm U. S, Dept. Agr.
Tevh. Bul. 19, 16 p., illus,

U, %, COVERMMEKT FRIMTING OFFICL: 1952



http:SUGAltC.Da




