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INTRODUCTION 

The gregarious braconid parasite Apantele8 thompsoni Lyle 2 was 
first mentioned in literature in 1927, when it was described by Lyle 
(11} 8 as a new species from specimens collected in northern France. 
W. R. Thompson and H. L. Parker, of the United States 'Bureau of 
Entomology at the European parasite laboratory, Hyeres, _V ar, 
France, first found it in larvae of PyrCUU8ta 'lIfIibilcilis Hiibn., in 
Artemisia, near Brussels, Belgium, in 1920. In their bulletin on 
this insect and its controlling factors in Europe (25) they give a 
brief discussion of the biology, limiting factors, and extent of para
sitism by this species. 

1 The writer expresses his appreciation to H. L. Parker under whose direction these 
studies were carried on, for his Inspiration and willing advice which have been of invalu
able aid: to H. D. Smith Ii laboratory associate, for his many helpful suggestions: t()
Esther Hart for her drawing of the adult: to Jean Boltchenko for his field collectlvn of 
paraRite matelClal; and to Theodore Malama for his clerical assistance. 

• Order Hymenoptera, famlly Braconldae. 
• Italic numbers in parenthesis refer to Literature Cited, p. 26. 
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A single colony of what is thought to have been A. tlwrnpsoni wasfound by Thompson and Parker in corn in the Jura district ofeastern France in 1921. In 1924 a more extended search for theparasite resulted. in the ~iscovery. of several point~ in northernFrance, notably III the regIOn of LIlle, Nord, where It occurred asa parasite of the borer in Artemisia in sufficient abundance to permitits collection for shipment to the United States.
The first shipment in quantity was made in 1926 and has beenfollowed by further shipments each year since that time. To date159,355 individuals of A. tlwrnpscmi have been collected in northern 

NORTH 

BRUSSELS • 

L A 

ARRAS· 

FIOURIil 1 -Map of area. In which Apm~tek8 thompson, occurs In greatest abundance,Inciudingthe diutrict In northern Fr.Ulce from which coJiectlons of this parasiteare sent to the United States. Colonies have been found In aU towns Indicated 

France and shipped to the United States. Of this number 5,935were sent in 1926,33,175 in 1927, 96,789 in 1928, tlnd 23,456 in 1929. 

DISTRIBUTION AND HOST RELATIONS 

The fa\"ored habitat of A. thmntp8oni, so far as it is known, appearsto be the Sequanian (north) zono,4 covering an area that extends,roughly, from Arras (fig. 1), in the upper part of France, north tothe coast and east toward Antwerp and Brussels in Bel~ium. Pl'ilCtically no corn is frown in this area, but within a radms of a fewmiles of the city 0 Lille about 50 per cent of the plants of ArtemisiavuZgm-l$ L. are commonly infested by P. nubilal:i8. 

• The arrangement of the biogeographical zones used in the dlscnsslon of A.. thomp8on,corresponds to that foUowed by Thompson and Parkpr (25) and Puricer, VII nee, Smith, nndGamkrelidze (16). PhyslclIl lind climatic characteristics form the basis for the sepllrationof these areas. Briefly, the zoncs here mentioned are: T.he Sequanlan (north), comprisedor the lowlands of north·central France. Including the rl'gion of Flanders: the Sequanian(south), In the basin of the Seine. with the exception of Its more eastern parts, Includingthe city of Paris and its environs; the Rbodanlan. tbe r('gion east of the upper RhOne inFrance lind the \'IlIley Itself as fllr south as Prlvas, Valence, and Digne; the Aqultalnlan,covering the southwestern corner of France, bounded on the south by the Pyrenees, onthe north and northeast by the foothills of the central plateau, and extending westwardto the Atlantic Ocean: and the Danaprls!an, the mixed forest and steppe region of theDnieper River In Russia. 
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A. thompsoni has been found, however, in several other districts 
where corn is the chief food of the borer. In 1921 a few specimens 
were collected in the Jura area of eastern France known as the 
Rhoda.nian zone; its presence in very limited quantities was discov

tered near Bayonne, France, in the maritime part of the Aquitainian 
zone in 1928. Borer larvae collected in 1928 from the Danaprisian 
zone in Russia were parasitized by a gregarious braconid which was 
probably A. tlwmpsoni,. and Kothl.n (10) has recorded It borer para
site from Hungary which may be the same species. 

Although at present P. nubilalis is the only known host of this 
species of Apanteles, there is no reason to suppose that under proper 
conditions it would not attack larvae of related species. 

CLIMATE AND AGRICULTURE OF FAVORED HABITAT 

The Sequanian (north) zone, considered the favored habitat of 
A. thompsoni, as pointed out by Thompson and Parker (135), has a 
transitional type of climate. The mean yearly temperature IS about 
50° F., and that of the winter is 35° to 37°. There is an average 
absolute minimum temperature of about 12° and an average abso
lute maximum of about 93°. The five months, December to April, 
inclusive, constitute the drier part of the year, whereas the period 
from May to October has a higher precipitation. June and October 
are the rainiest months, and February is the driest. The average 
annual rainfall for Lille is about 27 inches. 

For the most part the area is one of mixed agriculture. The suc
cessful culture of corn is prevented by the low summer temperatures, 
and Artemisia, a weed common in wuste areas and along the railway 
lines, provides the chief food supply of the larvae of P. nubilalis. 

ECONOMIC IMPORTANCE OF APANTELES THOMPSONI 

The average parasitism of Pyrausta larvae by A. thompsoni for 
different years from 1920 to 1929, inclusive, in its various zones of 
known distribution, is shown in Table 1. The parasitism in the 
Sequanian (north) zone, where the most extensive investigations 
have been made, dropped decidedly, from 22.9 per cent in 1924 to 
2.9 per cent in 1925, and has since remained rather low. 

TABLE 1.-Par/J.8itilW~ of larvae of Pyrausfa nl£bila·lis by A.panteles th(}mpsoni, 
by years, in cliffere1tt zones 

I IA\'crnge I II I I' A "erage
Zone 	 Year I PI~rtL~it'l Host plant Zone i Year parasit· Host plantI,' 

Ism I' : ism ____	,_._.1___ .......': ~ ___l___t.___ 

" i Per cent ! I' I IPer cent 
1920 (1) Artemisia. I Sequanian (south).J 1924 -0.01 Artemisia. 

I 1924 22. 9 Do. 1 :{ 1921; -.01 Corn.I 192..'i 2.?, Do. ,Rhodanian....•__..i 19251 1.1 Artemisia. 
Sequanian (northl_l!, 1926 3. ~ Do.! ,1925.08 Corn. 

1927 11.6 Do. Aquitainian" __ " __r 1927, -.01 Do. 
1028,' 2. 5 Do. I Danaprisinn....__ .. , 1928 I 6.3 Do.1 1929 .5 Do.. I 

, 	 f 1 
1 First found. 
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In the year of heaviest parasitism, i. e., 1.924, a maximum of 42.6 
,!?er cent was found in a collection of 513 specimens of host larvae 
from Lille, and in the same yeltr 16.3 per cent of a collection of 276 
borers was parasitized in the vicinity of Brussels. 

The degree of parasitism by Apanteles varies at different pOints) 
in the. ~equanian (north) zone,. as sh?wn by a survey made during 
the WInter of 1928-29 and presented 1Il Table 2. These data show 
that as high paracitism as 15 per cent occurred that year at Merville, 
but that the average for Lille, obtained from the examination of a 
large number of specimens, WitS only 2.8 per cent. 

'TAIlLE 2.-Loc(l~ variation in degree of parasUism of Pllrausta nubllaU,s larvae 
by Apantolos thomllsoni in northern France, 1928 

I Host IIost 
Pnrf1slt speci- Parasit·Locnlity Locnllty1 ~g~~~ ISIll mons Ism 

:exnmlnod exalllln~d 

.,- ···I---I---~II 
Per cent NIL!lIbeT PeT cenLllIc. _________ •_______________1NIL3~~8!; Arlllcntleres _________________ _2.8 188 3.7Arras __________ ... __ •________, 201 Orchlcs___________.._________ _2.5 156 2.6" Valenclemws ____• __• ________ _8.5 258 1.6l\~~~~[l~~~~~~__:::::::::::::::1 IAll 15.0Dalllonl.. ____ ..._____________ 1 320 '1'otaL___u______________ 5,IH _________ _2.5 Average_________________ _____.._ 3.1 

i 
~ 

,I 

'With the exception of the 6.3 pel' cent parasitism found in a lot 
of larvae from Russia in 1928, the parasitism by Apanteles in borers 
infesting COl'll has been very slight, and the greater supply of this 
pal'llsite has been obtained from Pyrausta larvae inhabIting Arte
misia. In centra'! Europe the species is sO rarely encountered as a 
parusite of the corn borer that it is a negligible factor of control. 

SuperficiaUy A. th07npsoni does not appear to have great import
ance IlS a fllctor in the control of the corn borer, but it is undoubtedly 
true that ~t plays a certain role in the preservation of a natural 
balance which, if upset by its elimination, might allow the repro
ductive rate of the borer to increase Ilnd permit it to become 6, more 
severe pest of marketable crops than it is now. 

DESCRIPTIONS 

ADULT 

(Fig. 2) 

'rhe original description of the species by Lyle (11), based on a 
study of 11 females collected in Lille, Nord, France, is ns follows: 

!? • Black, shining i palpi pale; antennae beneath fusco-testaceous; clypeus 
and mandibles t'ufo-testuceous j belly at base testaceOUo3 j sides of abdominal 
sl'gments 1 and 2 fusC'o-testaceous j legs testaceous, with hind coxae black or 
blllCklsh, hind femora nnd tibiae s\lghUy IllCuscllted at tips, allll hind tarsi 
more 01' less infuscate(l, 'Villgs subhyuline, stigma pule fuscous, nervures palel' 
but usually visible to the extreme margin of the wing.

Thorax: Mesothorax smooth, shining, feebly punctate j scutellum !lll(l meta
thomx smooth and shining. Legs with spurs on hind tibiae half as long as 
the metatarsus. Abdomen with first segment rather more than twice as long 
as its medial breadtll, with sides pamllel for half its length then narrowed 
to the ulmost truncate apex, smooth with some faint laternl striation; second 
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segment mtber more tban half as long as third with two oblique impressed 
lines converging forward and enclosing a triangular space, smooth and shin
ing like the remaining segments. Terebra briefly exsertell, barely surpassing 
the anus. . 

Ltngth, 3 mm.; expanse, 5-6 mm. 
The mille Is lit present unknoWIl. 

I<'lGUItE 2.-Adult female of Apontelcll t/1(}/I"JIilOlli. X 16 

EGG 

Length at oviposition, 0.17625 mm.; greatest width, 0 ..05625 'Jim. 
The ovarian or newly laid egg (fig. 3, A) of ..:'1. tn01npsoni is 

translucent white, quasicylindrical in form, broadly ronncled I't its 

~'IGUIlE 3.-EggR of Apm•.tolCH thom,jJ80n£; A, 
'Ve!l·df!velope() oVllrlnn egg; B, egg 3 dnys 
old; C. egg 5 days olil nnd juet prior to hatch
ing 

cephalic end, and of nearly the same width for half of its length, 
after which it gently narrows to a smaller rounded caudal extremity 

. which possesses a short blunt petiole. 'l'he surface is smooth. 
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Symbols used in Figures S, 4, 5, 6, and 7 

ac, anterior commissure. 
av, anal yesicle. 
bt·, bmln. 
ch, chorion. 
cin. chitinous intima. 
e, embryo. 
e[J/h, epithelium. 
C8, esophagus. 
h, head. 
hby, histoblasts of external genital 

apl1l'ndages. 
hi, hind-intestine. 
hl·t, heart. 
int, •intestine. 
Ib, labium. 
lop, labial palpus. 
lor, labrum. 
lorpr, labrnl process. 
lose. labial seta. 
ma,' lllandible. 

mi, mid-intestine. 
?nt, Malpighiall tube. 
mth, mouth. 
niX, nmxilla. 
mxp, maxillary palpus. 
malse, maxillary seta. 
1', rectum. 
'1"0'1), rudimentnr~' ovary. 
88, eighth abdominal segment. 
s9, ninth abdominal se!,\'Illent. 
ser, serosa_ 
sesgn, subesophageal ganglion. 
sTkd, common duct of silk glands. 
slkilo, external opening of common duct 

of silk glands. 
slkOl" silk glands. 
sp, spiracle. 
spa, spiracular opening. 
vlIe, ventral nerve cord. 

FIRST-STAGE LARVA 

Length on hatching, 0.64 mm.; near end of stage, 2 mm.; head 
width, 0.16 mm.; length of mandible, 0.Of63 mm. 

The larva (fig. 4, A) of A. thompsoni, upon hatching from the egg, 
has a translucent white body, fairly uniform in width but tapering 
very slightly from the head to the anal segment. The rather square 
head (h) is followed by three thoracic and seven distinct abdominal 
segments. The last abdominal segment is three times the length 
of any of the other segments, ancl might, perhaps, better be regarded 
as a divisio:::1, since it, no doubt, represents several true but as yet 
unclifferentiated segments. It carries at its extremity a slight cap
like swelling «(W), which later further evaginates to form the anal 
vesicle. 

Each of the last two thoracic and the seven abdominal segments 
bears dorsally a single transverse row of sharp, translucent spines 
directed postel'iorly. rrhese spines are nearly half as long as a seg
ment, and the first eight rows are arranged across the middle of the 
segment; on the last. and largest segment they are placed more an
teriorly. Theil' number on any or all segments is variable, but com
monly there are more present and they are less widely separated on 
the last three abdominal than on the other segments. 

};\..£ter a period of feeding and growth the larva (fig. 4, E), al
though stlll in the first stage, has changed considerably in appearance 
from that of its earliest condition just described. The body is now 
rather transparent, somewhat narrowed toward the head, and has at 
the anal extremity a large vesicle. In addition to the head there are 
now three thoracic and nine distinct abdominal segments, and an 
anal vesicle (av) which consists of an evagination of the hind-intes
tine. At this time the spines are so small in comparison with the 
increased size of the larva that they are seen with difficulty. The 
transparency of the cuticle and hypodermis, however, more easily 
permits a study of the internal anatomy of the larva. 

The head (fig. 4, B, 0) has a mouth opening (mth) located some
what ventl'lllly, with two sharp, sli~htly curved mandibles (0, ntd,. 
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D). Both labrum (lbr) and labium (lb)ili'e present, and from the 
top of the head a protuberance carrying two labral processes (B, 0, 
lbrpr) projects over the mouth opening. . . 

The 2-1ohed brain (fig. 4, E, br) and subesophageal ganglion 
(sesgn) fill a large pa.rt of the head. The ventral nervous system 
(vnc) is continued by a chain of 13 ganglia, consisting of 1 ganglion 
in each of the three thoracic segments, 1 in each of the first seven 
abdominal segments, and 3, more or less fused, in the eighth and 
ninth abdominal segments. Main branches pass from the ganglia 

av 

FIGURE! 4.-First-stage larva of Apantoles tllOlIl:Jitolti: A, Early first-stage larva,
dorsal view; B, head of first-stage larva, lateral view; C, head of first-stage
larva, ylewed somewhat ventrally; D, mandible of first-stage larva; Eo gross
Internal anatomy of late first-stage larva, lateral view, showing digestive tract,
left l\!ulplghlun tube, ventral nervous system, beart, one of the silk glands.
and one of the rudimentary ovaries 

into the various segments and further distribute themselves to supply 
the entire body, wIth the exception of the anal vesicle, into which the 
nervous system does not extend. 

Two fairly straight silk glands (sZkgl) extend posteriorly and 
lateroventrally from the head region. These become bifurcated in 
the third thoracic segment-the branches of each ending abruptly in 
the region of the sixth abdominal segment. Just back of the mouth 
the two glands empty into a short commqn duct (slkd) which leads 
to the upper border of t.he labium. 
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From the mouth opening (?nth) the digestive tract is continued by 
,9. slender esophagus (es) into the first thoracic segment, where it 
enlarges into the mid-intestine (int). This is a long, slightly curved 
tube lying near the center of the body and entering the anal vesicle, 
which it partially traverses. It ends on the ventral wall of this 
vesicle. At thisl0int, and arising at the very apex of the mid-intes
tine, are attache two straight, slender Malpighian tubes ('Tnt) which 
extend forward ventrally to the region of the second abdominal seg
ment. 

The heart (Art) runs dorsally from the anterior segments to the 
anal vesicle; the posterior end situated within the vesicle is some
what enlarged. The flow of blood, as usual, is controlled by n series 
of valves. 

The trachenl system is present, but the very smnH tubes nre not yet. 
inflated with air. Situated in the region of the seventh abdominal 

segment and rather latero
ventrally are two rudimen
taryovaries (1·OV). 

SECOND·STAGE LARVA 

Length near end of stage, 
4 mm.; width, 0.84 mm.; 
head width, 0.28 mm. 

1,.- , The larva (fig. 5) of this 
FIGURE 5.-Second-stage larva, InternI view stage is somewhat club

shaped, being larger pos
teriorly and tapering toward the oblong head (n). The anal i! 

vesicle (av) is now as large or slightly larger in diameter than 
the widest abdominal segment, and the body segmentation is the same 
as in the fed larva of the previous sta~e. The larva has become more 
opaque and is of a creamv or yellOWIsh color. Both mandibles and 
buccal armature are very slightly chitinized. 

The tracheal system conSIsts of two lateral longitudinal trunks, 
each of which gives rise to 10 principal branches; it appears to be 
filled with air but is still apneustic. 

The mid·intestine is larger because of the feeding of the larva and 
the consequent accumulation of und~ested material within the peri
trophic membrane. Otherwise it diners little from that of the first
stage larva. The Malpighian tubes have increased in size and now 
extend to the first abdominnl segment. 

The silk glnnds, which have become larger and very much con
voluted, fill the greater portion of the body cavity as far back as the 
seventh abdominal segment, and scattered fat cells are visible. The 
pear-shaped rudimentary ovaries !!re in the seventh abdominal seg
ment, and the histoblasts of the external genital appendages (fig. 
6, A) appear on the ventral floor of the eighth and ninth abdominal 
segments. The six imaginal buds of the legs show on the ventral 
sudace of the three thoracic se~ments; laterally on the second and 
third thoracic segments are the developing wing pads. 

LAST-ST~,GE LARVA 

Length at end of feeding, 4.5 mm.; width, 1 mm.; head width, 
0.48 mm.; length of mandibles, 0.08438 mm.; diameter of thoracic 
spiracular opening, 0.02437 mm. 
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In the earlier part of the last stage the shape of the Apanteles 
larva resembles that of the second stage; the anal vesicle persists 
a.nd segmentation is the same. Later, at about the time of its issu~S8m 

-~.<,;S' tmO.·~.. 
A 6 

ac 

I!'IGURE 6.-Lnst-stage larva of Apant.elc8 0'&'"1180/1·;: A, Hlstoblnsts of ex
ternal genital appendnges locntecJ ventrally on the eighth and ninth 
abdomlnnl segments of second-stage and last-stage lanae; B, thoracic 
splrnele and portion of trnchca of last-stage larva, with part of epithelial
layer cut away to show the chltlnolis Intlmn; C, last-stage larva Interal 
view; D, main tracheal system of last-stnge larvn, Interal view. (Only left 
hnlf shown) 

ance from the host, the parasite larva (fig. 6, C) assumes a more 
rounded and plump form, and the anal vesicle by invagination be
comes the hind-intestine. The head and thoracic segments are now 

28848-31--2 
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supplemented by 10 well-differentiated abdominal segments, on thefirst 8 of which are rather large lateral lobes produced by the arrangement of the muscles in that part of the body. The larva is quiteopaque, and urate cells are visibly distributed among the fat cells.The trncheal system (fig. 6, D) is well developed and consistsof two longitudinal trunks, one on each side of the body, united inthe first thoracic segment by a transverse dorsal commissure (ac),but not joined posteriorly us in the case of certain ichneumonids,chalcids, and some other braconids. The head is supplied by twoanterior bmnches from ench longitudinal trunk, while the lnst abdominal segment is entered by the posterior end of the trunk, whichthere branches in all directions. From each main trunk !t dorsal anda ventral branch are given off in each of the thoracic and first nineabdominal segments; these branches terminate in a network of fineramifications. In addition, from near the base of these dorsalbranches in the last two thoracic and first seven abdominal segments, asmaller branch leads inward in a ventral direction.Open spiracles (fig. 6, D, sp) are present, one pair being locatedlaterally and slightly dorsally in the second thoracic segment and ineach of the first to se,venth abdomin!ll segments, inclusive. Eachspiracular opening (fig. 6, B, spo) is surrounded by a light-brownchitinous ring. The chitinous intima, (Gin), surrounded by its singlelayer of epithelial cells (eptlL) , runs inward for a short tlistance asa rather small spiral tube, but soon enlarges into a bulblike structurewhich gradually narrows to the general diameter of the maintracheal trunk.
The ventral nervous system, typical in general arrangement of thatof the Hymenoptera, is composed of a brain (fig. 7, A, In'), subesophageal ganglion (sesgn) , Ilnd 11 other ganglia (vnc), the lastof which occurs in the eighth abdominal segment. The two cordswhich connect the various ganglia, while not' fused, are not verywidely separated. .
The digestive system consists of the mouth (fig. 7, A, mth,), theslender esophagus (es), the mid-intestine (mi) distended with thecontents of the peritrophic membrane and closed at its posterior end,the rather bulb shaped hind-intestine (hi), and the rectum (1')opening at the extremity of the last segment. From the anterIOrextremity of the hind-intestine two Malpighian tubes (mt) emerge,make a sharp downward curve, and continue rather straight alongthe ventral floor to the third abdominal semnent.
The two large silk glands (fig. 7, A, si%gl) occupy much of thebody cavity; their general arrangement is similar to that of theprevious stages. The short common duct coming from the opening(slkdo) on the labium quickly branches into the two lateral glands,each of which subdivides in the third thoracic segment, after whichthe branches convolute for the remainder of their length in the abdominal segments. .
The dorsal heart (fig. 7, A, h1·t) is the chief organ of circulation,and by its valvular action causes the' blood to flow and bathe thevarious internal organs.
The head {fi~. 7, C) of ~he last-stage larva, ~ith its wel.I-chitiniz~dand more dIstmctly outlmea buccal parts, dIffers conSIderably m~ppearance from that of ~ither previous stage. The lower edge of 
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the wide and somewhat raised labrum (lbr) extends back into the 
mouth opening (rnth) in the form of a wide inverted V, in the apex 
of which are located four very minute, round, sensorial structures. 

On each half of the upper lip are four short, closely placed, spin· 
ous sensory organs lying within a light-brown area, and immediately 
above are three short spines placed In a triangular form. Two more 

md 
mth 
mx 
slkdo 

mxp Ibp 
IbseIb 

FIQURE 7.-Patts and organs of lost-stage larva or A.panteles tllompBoni: A, 
Gross Internal anatomy of lust·stage larva, lateral view. sbowlng digestive 
systcm with left Malplghian tube, vcntral nervous system, llenrt, one of tbe 
silk glands, and one of the rudimentary ovaries with bistoblasts of external 
genital appendages; n, mandible of last·stuge larva i C, bend of last-stage 
larva, front view 

such spines occur nelir the base of each mandible, and a row of five 
others extends from that l'egion, but slightly nearer the mouth open· 
ing, in a direction upward and mediad. 

Rather round in shape and slightly elevated, the labium (fig, 7, C, 
lb) bears near its lower edge a pair of widely separated setae (lose), 
1!.bove which are situated the two labial'palpl (lbp), Near its upper 
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margin occurs the slitlike openin~ (slkdo) of the common silk duct, 
beyond which the lip slopes into tne mouth cavity. 

The raised maxillae (fig. 'I, 0, mw) lie one on each side of the lower 
lip. Each bears a palpus (mwp) and a short seta (mmse) , while about 
the lower edge of the labium on what may be termed the mentum 16 
short spines are arranged in a semicircle. 

Each of the two brownish and strongly chitinized mandibles (fig. 
'I, Band 0, md) has a wide base, a short sharp point, and 10 saw
like teeth. The mandibles articulate on two short processes of the 
thickened epicranial suture, and the maxillae and labium are bounded 
by thiclmned chitinous borders. 

The labrum, labium, and maxillae are covered with tiny round 
tubercles. These are most numerous on the labrum and on those 
parts of both labrum und labium bordering the mouth opening. 

PUPA 

Length, 3 mm. 
The pupa of A. thompsoni is motionless and of the free or exarate 

type common to the Hymenoptera. At first it has a light-yellowish" 
color, except for the blackish eyes and dark-brown ocelli. Within a 
few days the head and both ventral and dorsal parts of the thorax 
become smoky colored, and the entire pupa gradually darkens to 
the black of the adult. 

COCOON 

Length, 4 mm.; width, 1.5 mm. 
The cocoon is woven with delicate white threads secreted by the 

silk glands of the full-grown larva after its issuance from the host. 
Its surface is dull. Both ends of the cocoon are rounded. All of 
the cocoons of a colony are loosely bound together in an irregular 
malmer by similar threads and are also fastened to the inside of the 
plant tunnel or other sm-face upon which the host was resting when 
the parasite larvae issued. Occasionally the dead or dying host 
it.'3elf is included in the webwork. 

BIOLOGY 

BEHAVIOR UNDER LABORATORY CONDITIONS 

For the writer's purpose1 a box 2 feet square and 6 inches deep, 
covered at one end with cheesecloth and closed at the other end by a 
sliding glass plate, provided a satisfactory cage for handling the 
adults. Such acage was placed with the cheesecloth toward "a win
dow and the opposite SIde partly opened. Young borer larvae 
(stages 1 to 4) to be parasitized were placed on the cage floor, and 
each one was removed after having been stung by the female. Quan
titative handling and breeding of Apanteles, however, call for the 
use of a modification of such a cage to reduce tIle possibility of 
escape of the lively adults and so facilitate manipUlation by the 
worker. 

Immediately after being parasitized, the young borer larvae, in 
lots of 20 or 25, were put into small round tin boxes and supplied 
with leaves of dock for food. They were kept under such conditions 
at various temperatures until I!-hont their fourth instal', when each 
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was put into a ~lass vial and fed with stems of dock until the issu
ance and spinmng of the mature parasite larvae. The colonies of 
parasite cocoons were then kept in similar vials and provided with 
slight moisture until the adults emerged. 

Water and drops of sugar solution were constantly kept before 
the caged females, which fed on both fluids. Prolongation of the life 
of A. thompsoni seems to be best accomplished by the method used 
by Jones (9), i. e., keeping the adults in a box cage (similar to thnt 
just described) in. a cool, dark closet and bringmg them out into 
light and warmth for \Jnly a short time each day to allow them to 
feed and oviposit. Adults so treatea lived as long as one month, 
whereas females placed in small glass globe cages, even when given 
food and moisture, lived only It few days. 

Colonies of cocoons, if put in dry. glass vial!; and kept at a con
stant tempemture of either 68° or 77° F., almost invariably failed 
to produce adults, and subsequent dissection showed that death oc
curred at various points in the transformation of the pupa into the 
adult. . 'l'he placing of moist blotting paper or a bit of green vege
table matter within the tube, as a rule, insured a satisfactory emer
gence. If too much moisture was provided, however, the results 
were sometimes unfavorable. 

Temperature alone, during the development within the cocoon, 
seemed to be a less important factor, as equally high percentages of 
emergence were obtained under conditions of a constant temperature 
of either 68° or 77° F., and of ordinary room temperatures with It 

fluctutation from about 68° in the daytime to around 61° at night. 

OVIPOSITION 

Only It few seconds are required for the actual deposition of the 
, eggs. Upon sensinO' the presence of a host larva the female quickly 

approaches and with one thrust of her ovipositor deposits a number 
of eggs in it. 

She may oviposit two or three times in the same larva before leav
ing it to go through the more or less usual postoviposition motions 
of preening herself. The host larva is not paralyzed by the ovi
posltor of the female and continues to squirm constantly until the 
completion of oviposition. Oviposition may occur at any time of dav. 

The female assumes no chal.·ltctel'istic position durinO' the act of 
oviposition. At times the wings are held upright over the back and 
remain motionless, and often the clinging female is rolled completelv 
over several times by the wriggling host larva. It was observed that 
the apparent inclination of the parasite to oviposit in a cedainlarva 
was sometimes more pronounced when two 01' more females were 
attacking it than when only one was present, and it was not uncom
mon to see several female!; in close contact and thrusting their ovi
positors sharply at one another. In this connection it was noted that 
not all of the larvae punctured by the ovipositor of the female para
site actually contained eggs.' . 

The number of eggs deposited at a single thrust of the ovipositor 
was variable. From 20 to 25 seems to be a normal number, although 
often more or fewer were found. Large numbers of eggs within a 
host, however, are usually the. result of s~veral depositIOns by one 
or several females. At olle bme the Wl'lter made an attempt to 



14 TECHNICAL BULLETIN 233, U. S. DEPT. OF AGRIOULTURE 

"saturate" a large third-stage borer larva with Apanteles eggs. The 
larva was placed for 15 minutes in a cage containing many females, 
and according to close obsurvation received 45 oVIpositor thrusts. 
Upon dissection a total Df 868 eggs were counted, or an average of 19 
eggs per thrust, and no doubt th~ actual number of eggs deposited 
was even greater than could be determined by this count. The aver
age capacity of the female ovaries seems to be about 230 eggs, al
though as many as 262 fairly well developed eggs were dissected from 
the ovaries of a female which had no opportunity to oviposit for 
several weeks. 

The fer.lale will deposit eggs immediately after emergence, al
though the oviposition activities are considerably more pronounced 
after several days of feeding. It may be that in nature she first 
feeds and allows some time to pass before she begins a search for 
borer larvae. . 

There seems to be no decided preference on the part of the female 
as between second, third, and fourth stage larvae, and for oviposi
tion purposes all three stages probably serve equally well. First 
and fifth st~ge larvae are not immune from attack, out the former 
are too small and weak in themselves to withstand parasitism 
effectively and soon die either fiom the shock of the sting or the 
presence of the parasite eggs1 while the skin of the latter is too thick 
easily to permit the penetratlOn of the ovipositor. 

DEVELOPMENT OF THE EGG 

At a constant temperature of 68° or 77° F. eggs within second, 
third, or fourth stage host larvae hatch in about five days. Under 
field conditions the incubation period is perhaps slightly longer. 

Soon after deposition the egg begins to increase in size, and a 
steady growth, accompanied by slight changes in shape, is main
tained until the time of hatching. The individual eggs from a 
single lot deposited at one time differ in the degree of develop
ment attained within the oviducts of the female, and a certain 
variation in the embryonic growth also occurs. The average daily 
development, however, as based upon a study of numerous entire 
and sectioned specimens, takes place about as described in the para
graphs that follow. 

Cell differentiation soon commences, and on the first day after 
oviposition the ent~re preembryoni~ mass gradually pulls slightly 
away from the chorlOn at the posterIor end of the egg. 

The egg when 2 days old contains an outer layer of long columnar 
cells or blastoderm, within which lies a narrow longitudmal region 
filled with yolk matter and containing a number of yolk cells. . 

In the 3-day-old egg (fig. 3, B) are to be found the early embry
onic layers in the process of formation and differentiation sur
rounded by a cellular membrane. This envelope, the writer believes, 
is the serosa. A few cells are grouped at the two ends of the em
bryonic mass while the remaining cells form a narrow layer along 
its sides. 

By the fourth day the embryo has formed, and the segments ana 
larval organs are oecoming defined. This embryo, composed of a 
large head and 10 other segments, lies in the center of the egg en
tirely surrounded by the cells of the serosa. The anterior half is 
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inclosed by a great mass of theRe round-shaped cells which extends 
out to the chorion, and a smaller quantity of the same type of cells 
is segregated at the posterior end. A single layer of the cells (more 
oval in form) extends lengthwise on both sides of the embryo to 
join the masses segregated at the anterior and posterior ends. Cer
bl.in instances, however, have been observed in which a smaller 
quantity of serosal cells was present at either extremity Of. the 
embryo llnd more than one layer extended partly down the sIdes. 
Except where the serosal cells touch the very anterior inside of 
the chorion, the embryo inclosed within its cellular envelope lies 
free within the chorion of the egg, which is now considerably swollen 
but st.ill retains more or less of its original shape. 

The appearance of the egg (fig. 3, C) when 5 days old and just 
prior to hatching (bursting of the chorion) resembles in most 
respects that of th~ previous day as j nst described. It is greatly 
swollen dorsally and anteriorly, while the posterior portion of the 
chorion with its petiole is empty. Both the embryo (e) and the 
cells of the surrounding serosal envelope (se·r) have increased in 
size, anel the entire mass lies free in the expanded chorion. In fact 
the entire egg has so developed in size since its deposition that 
it is now three times the length of a fresh egg and eIght times as 
wide through its middle. The embryo has attained its full growth, 
and shortly the chorion (ok) bursts, liberating a first-stage larva 
nearly surrounded by the clinging masses of serosal cells. The head 
parts, especially the labral processes, are the first to emerge from 
the cellular envelope. It is, however, several weeks before the 
first-stage larva has freed itself from these cells, and in some cases 
a few serosal cells have been found clinging to Apanteles larvae 
1 month old. These cells distribute themselves throughout the body 
cavity of the host larva and are quite conspicuous when parasitized 
host larvae are dissected. 

DISCUSSION OF THE EMBRYONIC ENVELOPE 

Numerous references to the presence of a cellular envelope about 
the embryo of monembryonic entomophagous parasites have been 
published. Some authors, in speaking of the embryology of the 
parasitic Hymenoptera, term this envelope the amnion; others speak 
of it as the serosa; while those of a third group consider that both 
the amniotic and serosal layers are present. Recorded instances of 
the existence of verv large quantities of serosal cells at the time of 
hatching of the egg, however, are less numerous, and many of 
these r~cords, if not the larger part: appear to be confined to the 
Bracomdae. 

Tower (f!'l) has figured diagrammatically the embryo of ApanteZes 
-milita:ris Walsh as surrounded first bv the fused amniotic and serosal 
envelopes, later by these fused envelopes dividing into two parts, with 
the serosal cells grouped at each pole, and finally, at the-time of hatch
ing, by an amniotic layer inclosmg the entire embryo and all within 
a thick layer of serosal cells extending out to the very chorion of 
the egg. He believed that there occurred a separation of the cells 
into onefortion which is cast out at the poles of the egg and becomes 
a body 0 loose cells (of serosal origin) lying between the chorion and 
the embryo, apd another portion which becomes a layer of broad 
flat.tened cells (amnion) inclosing the embryo. 
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Pemberton und Willurd (17), in treating of the biology of severnJ
braconid fruit-fly parasites in Hawaii, speak of a "gelatinous mass
of large cells" extending along the ventral surface of the body ofthe first-stage larva of DiaaMsma tryoni Cameron, from the backof the head to the tip of the abdomen, and state that these are theserosal cells which adhere to the larva until it molts for the firsttime. In making a comparison of OpiW! n.1t1nilis Silv. with D. tryoni,these authors say that the ventral mass of serosal cells retained byO. n.1t7niUs after the hatching of the larva is much smaller in volume,
Jess conspicuous, and is often broken away from the larva before the
molt to the second instal'. The same authors also figure serosal cells
stili clinging to a cust skin of a first-instal' larva of Diaalut.snw. ful
lau'(f;yl Silv. According to 'Villard (fe8), the laL'va of the braconidOpius fletahmi Silv. (a parasite of the melon fly), when first hatched,is surrounded by a mass of serosal cells which cling to it until it is
ulmost ready to molt to the second instal'. Willard states that these
cells of O. fletaMri, however, were never observed clingin~r to the
first lllrval molt as in the case of the three pllrasites of the Mediter.
1'IUlelUl fruit fly (D. tryon-i, O. 111!lfrnilis, and D. ftdlarwayi).
The egg of unother braconid, Daan1",~a a?'eolm'i8 Nees, is illustrated
by Haviland (C) as containing a well-developed embryo surrounded
by a " trophic membrane" which apparently consists of a large quan
tity of cells of serosal origin, polygonal in surface view, and re
sembling tho~le present in the egg of A. thompsoni. This authoL'
state..::; that tO~/arc1 the end of embryonic development the nuclei of
these cells appear in various stages of degeneration. In an earlier
~aper Haviland (5) briefly conSidered the embryonic membrane in
Charips, a member of the Cynipidae. and at the same time discussed
the interpretations of Silvestri and Gatenby relutive to such a melllbl'llnc in certain of the Chalcididae.
ZOl'in (/30), in a paper on Llpanteles gabrielis Gaut. und Riel, ~lasfigured both the early and late stages of the egg of that speCIes,showing the changes which take place in shape and size as the larvalembryo develops. The egg of the later embryonic stages, as drawnby Zol'in, appears to contain quantities of cells which ere undoubtedlyof serosal orIgin, although no explanation to this effect is offered. Infnet the egg of ./1. gabrielis in all stages resembles very much that ofA. tllOmpson-i.
Ul'Undori (.)') HlCntiom; only the amnion as present in the egg of,tlp(~nt{'les glomeratu8 (1...) HeiIlh., and discllsses the persistence ofthe cells of this envelope until the issuing of the internal-feedingpar.·usite lnrvne from their host.
In a study of the parasites and hyperparasites of aphids Spencer(;~4) has given some interesting data on the serosa as it occurs incertain species of the AphidiiIlHe, a subfamily of the Bl'acollidae.This author states that only a single embryonic membrane is formedby these species and that 111 the case of Diaeretu8 mpae Curt. it isderived from a delamination or extrusion of cells from the ectodermof the early embryo. During embryonic development these cells increase in size und number, become polyhedral in shape with ovalnuclei, Hnd fit ruther loosely around the embryo. There exists theprobability, according to this writer, that the serosal membrane isbroken up by a cytolytic enzyme secreted by the larva. At any rate,with the hatching of the larva the serosa divides into various-sized ( 
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fragments which undergo u stl'llnge process of vacuolization and 
growth and are finnily devoured with the various tissues of the aphid. 

More recently ,Jackson (8) has thrown new light on the serosal 
membrane Ilnd the wav in which it functions in the braconid Dino
cam,pus (Pel'ilitus) rotil1l8 Nees, and has summarized much of the 
previous work on this subject. :Miss ,Jackson discovered that the cells 
of the embryonic membrane in D. 1'nl1:hls increased in size with the 
development of the embryo until the hatching of the egg. They 
then became dissociated and dispersed throughout the body cavity 
of the host, where they grew in size by the absorption of fatty mat
ters il'om the host until they became quite stretched out with fat 
globules, and in this condition they ('onstitutrd the principal food of 
the parasite lal'\~a in its luter stng'('s. Death of the parasite larva 
did not affect the dissociation and 1'ubsequent development of the 
cells of the embryonic membrnlle. This writer believes that many 
workers have considered similar cells in parasitized larvae only as 
disorganized fat bodies of the host anel have overlooked their true 
nature. 

Among the Chlllcididae the embryonic envelope has received the 
attention> of severnl lluthors. Henneguy (1, p . .'].17), in speaking of 
the group of insects having a single embryonic envelope, illustrntes 
the egg of Smicra clavipes and says that the cells of the membrane, 
nfter the hatching of the egg, become somewhat spherical in shape, 
absorb fat globules, and then degenerate in the body cavity of the 
host, where it is possible that tlH'Y are later eaten by the parasite 
larvae. 

An account of the embryonic membrane found in the Platygasters 
has been gh'en by Marchal (112). Following the eclosion of the larva 
of Triclwd8 1'emldus 'ValkoI': the amnion breaks up into round or 
oval bodies to which chis author has given the name' pseudogermes." 
The bodies grow Ilnd mllltiflY for some time after they are free und 
floating about in the blooc of the host larva. The (lissociation of 
the embryonic em'elope in Pl(ttllg(f.,~tel' lineaMt..'1 Kieffer and P. 111.al'
clwZi Kie1fpl' was found to be similar, but in the species P. O'rnatus 
Kieffl'l' a "tl'ophamnios" is present and a paranucleus undergoes 

. multiple division t.o form It body whieh finally divides into irregular 
masses, some of which remain uttaehed to the larva while others 
float free in the body cavity of the host as "pseudogermes." 

In a new and interesting paper on the Sirex parasites Chrystal (!'a) 
speuks of the embryonic envelope in Ibalia as thel trophic membrane 
or t.rophamnion IlncI says that it ifi composed of various-sized cells 
possessing large nuclei. This writer round that the larva of Ibalia 
leucospoides Hochew. issued head-first from one end of the tro
phamnion and tIl\:' ru~tUl'ed cuticulat· emrelope remained unchanged 
m appearance up unbl the third stage of the parasite. Up to that 
time no dissociation or the cells WIlS observed and it seemed unlikely 
that any difference would be noted in. the fourth or last stage larva. 
It, therefore, appeared probable that the cells either degenerated 01' 

disappeared just previolls to the final destruction of the host larva 
or thut they were devoured by the parasite. 

The cellular envelope present in the egg of Encyl'tus aphu];ivorus 
May!', and of Oophtlw1'a 8etnblidis Aur., two species of Chalcididae, 
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is clll1ed the" pseudoserosa :) by Silvestri (932), who considers it as 
differing in origin from the serosa of other insects. 

LARVAL GROWTH AND PUPATION 

The larva of A. thompsoni, so far as obsarved, is strictly an endo
parasite which spends practically all of its life free within the body 
cavity of the host larva from whose substance its nourishment is 
derived. 

According to the writer's observations the parasite passes through 
three distinct and well-defined larval stages, molting twice in the 
body of the host and a third time within the newly spun cocoon. The 
cast skins of the first and second molts are pushed back toward the 
posterior end of the larva, where they sometimes remain attached for 
It short time before being entirely shed. 

'1'he wl'lter at one time observed the movements of several ApantElles 
in their efforts to issue from the host larva. Throu~h the integument 
of the host could be seen the head of the parasite larva as it moved 
back and forth over It small area on the inside of the host's skin, and 
the chitinous head armature, aided by the sharp-toothed mandibles, 
scraped away the intervenin~ hypodermis and other tissues. Finally 
the tip of one of the mandit>les pierced the skin, and after several 
minutes of the same to-and-fro motion the mandibles gradually en
larged the hole until the head of the parasite larva could be pushed 
through. Forward muscular movements of the larva continued until 
it issued free from the host about 45 minutes later. There is a 
tendency for the parasite lrn'vae to issue along the lateral line of the 
host larva. 

An Apanteles larva often starts spinning while issuing from the 
host, and, the threads are first attached near the middle of its own 
body. In about 8 hours it has inclosed itself within a fine network of 
white threads through which tlie head may be seen still moving about 
as more threads are spun and attached. Nearly 24 hours are required 
for the whole sRinning process and another period of like duration 
elapses before the casting of the meconium and voiding of waste 
matter within the cocoon just prior to pupation. A few days after . 
spinning it is easy to distinguish through the white texture of the . 
cocOon the dark-colored cast meconium at the posterior end and the 
brown eyes of the developing pupa near the other end. 

Observations made on Apanteles colonies kept under outdoor in
sectary conditions during the middle of May at Hyeres, where the 
temperature a,verages higher than at Lille during the same period, 
showed the pupal period to vary between a minimum of 9 days and a 
maximum of 15, with 14 as an average. At a constant temperature 
of either 68° or n° F. the pupal period was only 8 days, and at 
ordinary room temperature approaching those just mentioned, but 
fiuctuatmg, little difference in length of time was noted. 

In emerging from its cocoon the adult cuts a neat cap almost off 
from the cephalic end of the • cocoon and t3=nerges head first. The 
average colony of Apanteles consists of from 15 to 20 individuals. In 
one count of 37 colonies containing 864 individuals, based on dis
sections of host larvae, the average size of a colony was 23, with a 
maximum of 61 and a minimum of 9. Thompson and Parker (fd5) 
have recorded an average of 15 individuals per colony. 

( 
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LIFE OF THE ADULT 

The adult of A. thompsoni is a delicate insect and rather suscep
tible to meteorological conditions. It dies quickly if provided with 
too little or no food or if kept constantly at a temperature that is 
too high or where the relative liumidity is too low. Regardless of 
temperature, death usually occurs within 24 hours after emergence 
unless the female is able to ingest moisture. Provided only with 
such moisture, the maximum longevity of females at a constant tem
pemture of 77° F., or at a fluctuating room tempemture, was only 
2 days. At (;4.4° the life of one individual given only water was 
prolonged for a period of 4 days. All of the above females were 
confined separately in small glass globe cages. One female remain
ing from a lot put into a large square box cage lived for 26 days at 
64.4° when given moisture and sugar water, nnd others placed in 
box cages at the same temperature, similarly fed, and subjected to 
light and warmth for only a short time each day, lived several weeks. 

Usually all of the f..dults of a single colony emer<Ted within a few 
hours, and it was seldom that living adults remained in their cocoons 
longer than 24 honrs after the start of emergence. In controlled 
experiments, at both a constant temperature of 77° F. and under 
ordinary heated-room conditions, the emergence was 83.7 per cent, 
at 68° it was 78.1 per cent, and in an outdoor insectary it was 76.5 
per cent. 

The adult of A. thompsoni is positil?'ely phototropic, but not as 
decidedly so as nre many other hymenopterous parasites. When 
handled, the adults will often attempt to escape from the cage by 
flying or walking directly away from a source of strong light, and 
in this netion they are sometimes very persistent. 

EFFECT OF PARASITE ON HOST 

Parasitized larvue of P. nubilalis, regardless of the stage in which 
they are attacked by A. th01npsoni, grow and approach maturity. 
Within such borers the Apttnteles larvae feed upon the substance of 
the host and at times possibly attack the vital organs. Such feed
ing hus a weakening effect upon the host, and parasitized larvae 
contnining nearly mature Apanteles larvae can often be distinguished 
from healthy specimens by their somewhat drawn appearance and. 
the slowness of their movements. In the earliest stages of para
sitism by Apanteles,ohowevcr, such distinction is more difficult. 

Death is the fate of any larva of P. nnbilalis from which Apan
teles have issued, and in no known instance has pupation of the host 
followed. The wounds caused by the exit of the parasite larvae 
soon close, and the Pyrausta larva may continue to move about slug
gishly for days before death takes place. It is probable that the 
longevity of such a larva from which parasites have issued is de
pendent upon the number of parasite larvae which it has nourished 
and the severity of direct injury which has occurred to the more vital 
organs. 

The average length of life of six host larvae after parasite issuance 
was 9 days at 77° F., with a maximum of 14 and II. minimum of 4 
days, while for six other larvae kept at a room temperature of about 
68° the average longevity was 11 days, with a maximum of 19 and a 
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minimum of 4. One larva of P. 'nubllal-is, at 68°, lived 25 days after 
the issuance of the parasite larvae. 

SEASONAL HISTORY 

A. th01n,(,soni, after overwintering as a partly grown first-stage 
larva withm the body of its host, continues development into the 
second and third stages in early spring, and issues to spin its cocoon 
from the middle of April to the end of the third week in ~fny. The 
period of maximum spinning varies somewhat from year to year 
according to weather conditions, but in general this may be said to 
occur- between May 7 and 21. Adults usually start emerging about 
May 15, and by June 4 nearly all have left their cocoons. 

In the spring of 1925, in the vicinity of Brussels, Belgium, sJ?un 
colonies were found in the field on May 2, and Ileal' Antwerp the first 
colony was observed on May 7. In 1926 a colony of Apanteles co· 
coons was found on April 22 in the region of I...ille, France, and from 
21 borer larvae (out of a collection of 323) parasite colonies had is
sued and spun on May 1. Records for 1928 indicate a somewhat 
earlier spinning and pupation of the parasite larvae, and in shipments 
from Lille to Hycres colonies had spun as early as April 16. Fresh 
colonies of cocoons were found from that date on until May 24. 

The first colony 9f cocoons in 1929 was collected in the field in the 
Lille region on May 8, when approximately 10 per cent of the 
Apanteles colonies had issued from their hosts. On Mav 13 about 25 
per cent had issued, and by May 23 practically 100 per ci'mt had spun. 
Issuance from daily collections of Pyrllusta larvae sent to Hyeres and 
kept under outdoor insectary conditions covered a nearly parallel 
period from May 14 to 24. 

Although the first empty Apanteles cocoons were not found in the 
field in 1929 until May 31, the emergence of adults, from the first 
colony of cocoons collected, had started by May 20. Laboratory data 
taken on the colonies under observation showed an emergence 
period lasting from May 22 to June 1, and it seems quite certain 
it'om later field collections that the majority of the adults had 
emerged by June 7. 

Ail of the writer's data indicate the occurrence annually of only 
one full generation of A. thompsoni in northern France and Belgium. 
The females which emerge in late May and early June probably 
wait several weeks for the occurrence of Pyrausta larvae large 
enough to serve for oviposition. Just when egg laying by Apanteles 
commences or when the peak of oviposition is reached has not been 
determined. 

Thompson and Parker (~5) were of the opinion that Apanteles 
had two generations a year in the Lille region, from the fact that 
empty cocoons were found about the middle of August, 1925, in 
green Artemisia plants. However, several times in June and July, 
1929, Apanteles cocoons from which the adults had emerged were 
collected from Artemisia of that year's growth, indicating that the 
overwintering host larvae sometimes migrate into the fresh Arte
misia st.ems in the spring before the time for the parasite larvae to 
issue. It seems probable, therefore, that the first record was of this 
nature and that A. thompsoni really has but one generation a year. 
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Field collections of young borer larvae wem made at fr'equent in
tervals during the summers of 1927 a.nd 1929 in the region of Lille, 
and such larvae were later dissected. The data are summarized in 
Table 3. It should be mentioned that the collections, 611 larvae in 
1927 and 767 in 1929, contained second, third, fourth, and fifth stage 
boret·s, bllt thnt only those which were found parasitized by .4.. 
th01npsoni nrc listed in the table. 

TABLE 3.-P(~fa,.~;.ti.'l1n 7111 AlI(H1tclc.~ tholllpsoni in 81/;//WIf:I· field ooUcctions of 
P1rfall.vla. II1I71ilalis tit Lillo. Pralloe, 11)21 alld JlJf!ll 

i AIlRllteles roulld 
PercelltNumbt.!f I, 
n~e ofYeur or lon-oo P('rlod or rollrction IlUrnslt·collected I, Stoge or host IRtoKo 0: \lorn-Doto 15111larva site lUfYll 

....~- .. ----1-----1·-----
: { AlI~. 27 Fourth______ ,_ Flrst __________ 3.9

1927_______• 611 I Aug. 10 to 30________________ Aug. 29 _____do _____________do________
I 1 Aug. 30 _____do_____________do________ 3.3 

2·1
1929_______ 767 : July 10 to Sept. 10___________ Sopt. 6 Fllth.._____________do ________

1 1.7 ___~! ____~______________~~__~____~________L_____ 

1 COllections contnlned larvae or various stllges lIS round In tho field. 

It seems peculiar that Apanteles, either in the egg or first larval 
stage, was not found in these collections of early-stage host larvae 
earlier than August 27 in 1927 or September 6 in 1929. Two possible 
explanations of this condition may be offered; (1) that the collections 
were too small and that borer Inrvae in the field contained early 
stages of Apanteles but by chance were not included in the collec
tions; and (2) that Apanteles has a summer generation in an alter
nate host and does nob attack Pyrllustl1 larVlte before the latter part 
of August. '1'0 the writer the first explanation seems the more 
plausible. 

LIMITING FACTORS 

It is difficult to explain why this parasite is not more widely 
dispersed in other similllr and apparently fnvorable regions inhabited 
by the corn borer. In this respect the writer can only say that per
hups the various climatic factors operatiag to produce a certain 
synchronization between the sellsonnl rhythm of the host and parasite 
do not operate to produce the Sllme results in other zones. 

Drought and excessive heat would appear to be two factors which 
prevent a continuance of the species III the more southerly regions 
of weSi.em Europe. Its confinement to the Sequallian (north) zone 
an.d apparent absence in the Paris district are less casy to explain, 
however. It may be that the somewhat wnrmer climate of the latter 
with its less abundant rainfall is the responsible factor. 

The foregoing explanation, while it may nccount for the geo
graphical limits of this species, docs not explain its Ilumericallimits 
within the zone where it is found. Although the writer has never 
reared any hyperparasite from A. th01npsoni, the fact that other 
members of this genus are often so attacked would indicate that this 
species is not immune. It does not seem probable, from dissections 
and observations, that superparasitism is a factor limiting the abun
dance of the species (although it does limit its efficiency). 
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On the other hand, counts made on colonies of cocoons sent infrom the field during the summer of 1929 and after the period ofnormal emergence have shown that It certain mortality occurredamong the parasites in the pupal or adult 8tabres within the cocoons.As h1gh as 25 per cent mortality has been found, and it may be thatsome factor, operating in the field to prevent a normal emergence ofadults fL'om the cocoons, limits the abundance of the insect in thezone considered as its optimum. 

THELYOTOKY 

PIl.rthenogenesis, or the ability of a female to produce offspringwithout actual fertilization by a male of the species, is not uncommonin many O'!'oups of the Ilnimal kingdom and has often been mentioned in literature upon various hymenopterous parasites.Many careful observers have shown that fertilized females of theHymenoptem nOl'lnally produce both males and females while unfertilized females u!'e generally arrhenotokous and leave only maledescendants or more rarely exhibit deuterotoky and give rise toprogeny of both sexes. In every such case, however, so far as thewriter b'ds been able to learn, both sexes of the species in questionare known to occur in reasonable abundance.
On the other hand, thelyotoky, in which unly females are constantly produced and the opposite sex is either unknown or onlyrarely encountered, is much more unusual among the parasitic Hymenoptera, A. tlwmpsoni is an example of this class in which themale is unknown, and parthenogenesis of the thelyotokous type maybe regarded as a normal procedUl'e in this species.
It is interesting to review different examples of thelyotoky alreadydiscovered amoIll? the three best-known families of the parasiticHymenoptera, At the present time the family Chalcididae leadboth the Ichneumonidae and Braconidae in the number of speciesrecorded as reproducing in this manner, owing possibly to the mo~eextended studIes made upon the biology of the members of thISgroup.
The offspring of Th1'ipocten1t8 1'usselli Crawford, an internalchllicid pllrnsite of Thysanoptera, according to the observations ofRussell (~1), were alwnys females.
McConnell (13) hilS stated that unfertilized females of the chalcidEupdminus saltato1' Lindm. are thelyotokous and that rearings fromunmated females for as many as six generations always give femaleprogeny. This charllcteristic of the species has been further corroborated by Phillips and Poos (18), as well as by MueseLeck andDohanian (14.).
Timbel'lake and Clausen (;'36) have reported Acll1'J/sopophagusmoacstus 'l'imberlake as pl'Oclucing generation after generation offemales without the intelTelltion of the male, and add that reproduction of the species PSC'lullept01nastim sqYa1n'1nulata Girn.ult andAnagy1'US mbalbieomis (Girault) is "generally parthenogenetic,"the male being found only occasionally und not in sufficient numbers to permit the general fertilization or the females.Smith and Compere (~3) believe that Ooccophagus moaestus Silv.is thelyotokons, the males only occasionally being found, and state 
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thnt such It condition is true in the case of certain other species of 
Coccophagus. 

III It recent paper, part of which is devoted to the biology of 
.!lp7ielin'!l~ jualllnd'lt,8 Gahan, a pl:imary parasite of the geranium 
aphid, Grhnvold (4) states that the male of this insect has never 
been described and concludes frOln various studies that the snecies 
is thelyotokous. L 

This form of parthenogenesis has been noted only a few times 
among the Ichneumonidae. Picard (19) mentions it in the case of 
H e'lniteles longicauda Thoms. and remarks that "Les males doivent 
etre tres rares car je nlen ai pas obtenu en eleyage et n'en ai pas 
rencontre dans la nature." He further observes that such partheno
genesis is very remarkable in the Ichnemllonidae. 

In their study of hyperparasitism Muel:iebeck and Dohanian (14) 
also found It species of Hemiteles which proyed to be thelyotokous, 
the male being unknown. and they have employed this characteristic 
of Hemiteles tenell'lll3 tia,y to distinguish it from the EUFopeftn 
species H. m·eator (Panz.) which exhibits no difference in morpho
logical characters. 

The only other example of thelyotoky in the Ichneumonidae seems 
to be that of Ne1l1eritis canescen8 GraY., mentioned by Pi.card (920) 
and later corroborated by \Vojnovskaja-Krieger (fJ9). Only females 
are produced by this species, and the male is unknown. 

An even lesser number of references to agamogenesis in which 
only female progeny result is to be found in literature upon the 
Brnconidae. O"loblin (15), in speaking of Dinoc(fjJnp'll~ iC'f'1ninatU8 
Nees, says that ~ jusqu'a present c'est Ie seul exemple connu de par
thCnogenese tMlyotoque dans la fa mille des Bruconides"; and 
Balduf (1), in writing 011 the sallle species under the name of D. ooc
dnellar: t-ichr:mk, expresses the belief that the'reproduction of this 
parasite is purely thelyotokollS. No other im;tltnce seems to have 
been recorded until the present writing. 

Thelyotoky is probably more common'among the parasitic Hynwll
optera than it is now snppo;::ed to b(', and future :investigations 
will no doubt rcrcal much interesting e"jc1ence upon the subject. 
Time may reyeal the existencc of the malc. at least in rare occurrence, 
among those species in which it is now entirely unknown. 

ECONOMIC IMPORTANCE OF THELYOTOKY IN THE HYMENOPTER
OUS PARASITES 

Certain authors, more notably Clausen (f26), have discussed the 
economic value of thelyotoky among the parasitic Hymenoptera, 
and Clausen has attempted to show that frequent or general repro
duction in this way results in a much greater rate of increase than 
would be the case if a portion of the progeny were males. To 
bear out this idea he has calculated that the possible increase for 
one year, allowing five generations of 50 each and no mortality, of 
Ach1,!/Bopophagm 1node8tu~ Timberlake, producing only females, 
would be at least four times us great as if fertilization had taken 
place and progeny of both sexes in the ratio of one to three had 
been produced. 

As this writer states, no evidence has been given to show that 
t.he continued absence of the male contributes to a weakening of 
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the race, although in certain cases a reduction in the average nUlll
bel' of the progeny because of lack of fertilization might offset 
any advantage otherwise obtained. 
It is possible that a thelyotokous species of parasite has an 

economic advantage over an arrhenotokous or even a deuterotukous 
species, and by mathematical calculation, considering other factors 
as constant, one may readily reach this conclusion. However, in 
the case of A. tlw1l/,psoni at least, it would seem that any such 
advantage, if not offset by other dislldvantageous ittctors in the 
zone it inhabits, would manifest itself in a proportionately ~reater 
economic importance of the species in its particular habItat as 
compared with that of othel' coexistent species of parasites. But 
this does not seem to be the case, and it is necessary to conclude 
that if any slIch advantage really exists, it is utilized in main
taining the species at its present quantitative level; and conversely, 
without this advantllge the species would be numerically less 
abundllnt. It therefore. llppeurs unlikely thllt any essential lldyan
tage of thelyotoky, unless of value in the native home of a parasite, 
would develop following its importation into a nev, environment. 

It is true, of course, that in the breeding of a thelyotokous para
site in the laboratory for liberation in the field, much time and 
labor nrc saved because illlltings are unnecessary llnd the llctunl 
relll'ing and handling of the males is dispensecl with. There is 
also one ot.her point which mlly be favorable to a thelyotokous 
species, name.ly, thllt after libemtion i!l a new environment, th.ere 
will be no hmdrance to, or even slowmg up of, the :':'eproductlOn 
of the pal"Usite because of nonfertilization of the surviving females~ 
which for some time may be limited in numbers and rather widely 
distributed. 

METHODS OF QUANTITY COLLECTION AND SHIPMENT 

Owing to the fact that A.thOlnpsoni overwinters as a larva within 
the body of its host, it was found that the most feasible method of 
handling was to collect and ship the host borers during the winter 
months and allow the adult parasites to emerge the following spring. 

Hired collectors of larvae of P. mtbilaZis usually work in the field 
in the vicinity of Lille from the middle of October until the end of 
:March. Each worker carriers a round tin screen container in which 
pieces of folded paper have been placed. He dissects stems of dry 
standing Artemisia plants as he finds them in the field or by the 
wayside and places all Pyrausta. larvae in the container where they 
soon crawl into the folds of the paper. 

As the climate in northern France during the winter months is 
cold, the larvae when collected are very inactive. It is therefore 
necessary to put them in a warm place to increase activity so that 
they will crawl more readily into the holes in the strips of corru
gated paper provided for them in the metal shipping can. The 
shipping can used) together with its contents of narrow upright 
strips of corrugated paper: is of the type designed by D. ·W. Jones, 
of the European corn-borer laboratory of the United States Bureau 
of Entomology at Arlington, Mass. 

The laryae when placed in such a can readily enter the paper corru
gat.ions and inclose themselves by a compact silk web spun across 
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the openings, until the bun.dle of paper sections looks. more or less 
like a honeycomb. ApproxmlRtely 400 lunae are put mto each can, 
and the cans of larvae so prepared are packed tightly in It wooden 
box for shipment to the United States. 

SUMMARY 

Apantelas tlw7Il,pson-i Lyle is a gregarious braconid found most 
nbundantly in Europe in the environs of the city of Lille, France, 
where it occurs as an internal pamsite of the larva of the European 
corn borer, PVI'a:usta nubiZaU.'! Hiibn. In this area the parasite at
tacks Pyrnusta larvae infesting the weed A1'temisia vulgatris L. It 
has also been recorded from Artemisia in the Sequanian (south) 
zone, from both Artemisia and corn in the Rhodanian zone, and 
from corn in the Aqnitllinian and Danaprisian zones. 

Jj""rom the Scquunian (nolth) zone, in which the city of Lille i.<; 
:::itUlltcd, winter shipments of the host larvae have been made to the 
United States by the Bureau of Entomology from 1926 to 1929, 
inclusive, and a total of 159,355 individuals of A. thompsoni have 
IJeell reared from this material. 

Collectors of the host lurvae usually work in the field from the 
middle of October until the end of March. The larvae are cut out 
of dry Artemisia stems, packed in specially designed tin cans, and 
shipped in large lots to the United States, where emergence of the 
parasite is obtl1..ined the following spring. 

The economic importance of thi.s parasite of the corn borer in its 
natural habitat has varied from year to year, and its prevalence 
within restricted areas has differed considerably. The maximum 
parnsitism recorded ,for the species is 42.6 per cent, found in a lot of 
borer larvae from Lille in 1924, with an average of 22.9 per cent for 
all collections macle that yeal·. Parasitism since that time has been 
much tower, the highest annual average in the 5-year period, 1925 to 
]929, having been only 6.6 per cent. . 

The species, first desCl'ibed by G. 'r. Lyle in 1927, is thelyotokous: 
the male being entirely unknown. The female, with a single thrust 
of ~lOr oviposltor, usua.uy deposits 20 to 25 eggs within the body 
caVIty of the young Pyl'ltusta larva. After abont five clays these eggs 
hatch into larvae which pass two full stages and the greater part of 
It third stage within the host, from whose substance nourishment is 
derived. ,\Yhen nearly full grown, the parasite larvae issue from 
the host and spin their cocoons. Emergence of the adults occurs 
about 14 days later. 

The female is capable of depositing severnl hundred eggs and may 
oviposit more than once within the same host larva. The normal 
colony of Apanteles consists of from 15 to 20 individuals; a colony 
of 61 is the largest found in the course of dissections. 

The host lal'va, from which Apantele!! have issued, dies. Actu!tl 
death, however, may not occur for a number of clays or even several 
weeks after the issllance of the parasite larvae. 

The developing embryo within the egg of Apanteles is surrounded 
by an envelope of serosal cells which often remains partly attached 
to the hatched larvae for several weeks. Other workers have noted 
simil,!-r embryonic envelopes among certain species of hymenopterous 
paraSItes. 
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Apanteles adults, if provided with proper moisture and food COll· 

ditions, may be kept alive in the laboratory for several weeks, and 
oviposition in young Pyrausta larvae is easily obtained. 

A. tlwmpsona overwinters as a partly grown first-stage la.rva. 
within the body of the host. Devp.lopment into the second anel third 
stages begins in early spring, and the larva issues from the host to 
spin its cocoon from the middle of April to the middle of May. 
Adult emet'gence starts by the erid of the second week in May and 
continues into early June. Present available data indicate the occur
rellce of only one generation annually in the Lille region. 

Examples of thelyotoky among the Chalcididae have been recorded 
by lIumerous writers and more rarely mentioned by observers of 
the Ichneumonidae. The present bulletin records what is thought 
to be the second example of this form of parthenogenesis among 
brnconid parasites. 
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