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Teclmical Bulletin'No. 983 December 1949 

.. Biological Control of the European Corn Borer 1 

in the United States!! 
By W. A. BAfER, W. G. BRtDLEY, and C. A. CL~K,~ entomologists, Division 

of Om'cal ct1lCl Fo1'Ctge Insect I1wcstigctt.iolls, Elll·cCllt. of Entomology and 
Plant Quamntino, Ag1'icltltu1'Ctl Research Aclministl'ation'l 

lNTRODUCTION 

T HE EUROPEAN COl~N BORER (PynLUsta, nubilalis (Hbn.», a pest 
of foreign I')Tigin, was first discovered in the United States in 

the summer of 1917. Losses of field anci sweet corn due to this 
insect in large areas or in severely infested single fields in Canada 
and the United States establish this corn pest as one of the most 
destructive and threatening ones that have invaded this country• 
Inriew of the comparatively low per-acre value of the large fields 
of corn exposed to borer attack and the lack of inexpensive con­
trol methods, the possible utilization of biological means, includ­
ing parasites, predators, and diseases, has been given considerable 
attention by Ll}e Department of Agriculture in its control pro­
gram. The great increase in dispersion and abundance of the 
borer since 1942 has resulted in a demand by State and Federal 
workers for all available information on its natural enemies and 
their possible utilization. This bulletin presents information 
covering investigations conducted during the period 1919-40. 

The early history of the program conducted by the Bureau of 
Entomology and Plant Quarantine for the introduction of foreign 

I. PllntUst(l. ?Lubilalis (Hbn.); order Lepidoptera; family Pyralidae; sub­
family pyraustinae. 

~ Submitted fur Jlublication l'tlarch 10, 1049. 
:I Resigned August 1046. 
-I The following personnel contribute.\ b;> the investigations reported herein: 

K, A. Bartlett, )<~. W. Heck. R. A. Biroll. G. T. Bottg-er, E. D. Burg-ess, S. W. 
Carter, J. Coveney, C. A. Crooks, S. Dohanian, lL Ellis, R. T. Everly, D. 'V. 
Jones, L. G. Jones, R. l\Iathes, 1\1. T.Mycrs, N.•1. Nerney, A. M. Vance, and 
R. J. 'Vebb. Assistance on the taxonomic phases of the work was given by 
C. F. W. Mllesebeck. W. F. Sellel's and D. G. Hall gave [,dvice relative tc 
the systematic position of eel tain species. 
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parasites of the European corn borer has been described by 
various writers. The more general phases of the work in Europe 
were presented by Thompson and Parker (34, 35).5 Numerous • 
papers treating specific species published by Thompson and 
Thompson (36, 37), H. L. Parker (24, 25), Parker and Smith 
(26), Vance (39, ~O, 41), and Smith (32) were cO.ncerned prin­
cipally with the general status of the various species in Europe, 
in conjunction with their morphology and laboratory biology. 
Cartwright's (10) discussion of the initial wOl'k in the Orient 
has been supplemented by Clark (11), following the completion 
of the Bureau's corn borer work in the Orient, the:reby providing 
a comprehensive summary l1f that portion of the parasite pro- ., 
gram. J'ones (17, 18) has pr-'esented brief accounts of the para­
site investigations in the United States, and these reports have 
been supplemented by papers pertaining to certain phases of the 
domestic program, including laboratory and field studies of 
Exeriste,'1 1'obo'mto)' (F,) (Baker and Jones 2), Micl'ogastel' tibi­
alis Nees (Baker and Arbuthnot 1), Campoplex alkae (Ell. and 
Sacht.) (Baker and Arbuthnot 1), and the laboratory biology of 
Zale'iJtopygus /lavo-ol'bitaUs (Cam.) (Bradley and Burgess 8). 
Since the appearance of these publications, the ~"ogress of the 
several parasites after their release in widely contrasting en­
vironments within the corn borer infested regions of the United • 
States has been observed. 

• 

to Italic numbers in parentheses 1'efel' to Literature Cited, p. 1S:J. 
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BIOLOGICAL CONTllOL OF THE EUROPEAN COllNUOREll 

SYNONYMY 

Certain corn borer parasites have been referred to in the lit ­
erature under specific names other than those used in this bul­
letin. In order to obviate confusion in identity, the terminology 
used by the present writers and the names used for tho same 
species in other publications, ar~ shown in the following tabu­
lation. 

Terminology used in this Terminology lIsecl ,in previous 
bulletin ')'efC1'cnces 

Diptera: 
Larvaevoridae: 

__________Zenillia caesar Aid,A11lolnya celesar (Ald.) 
__________ E::corista -mitis Meig,.4plomya -mitis (Meig.) 

EXC1'ista nigripalpis Towns. 
Zenx~llia mitis Meig, 

Lydella stabula1is val'. grisescC1IS
R, D. _,.~______________________MeISic('1'a senilis Rond. 


Masiccra scnilis Auct. 

Ludella griscscells R. D. 

Ceromasiu lepiclct (Mcig.) 


PSt'ucioperichacta ?'oseanae 

(B. & B.) _____________________ Zenilljet roseemew (B. &. B.) 

lIymenoptel'U : 
Brnconidae: 

Apantcics tltollt71soni Lyle ________ Apantelcs sp, (Europe) 

Chclonus anmtiipes 'Vesm. _______ Cltclonlls inan'itlls Thomson 


Clte[onus sp. 
,licwl'ocent/'lls gifucnsis Ashm, ___ .. Macrocentrlls abclominalis F. 
Micl'obracon bl'coicol'1lis 'Vesm. ___Hab/'obracol/' bl'evico1'l!is Wesm. 

Eulophidae: 
Euloplws Vil'iclllllls Thoms..., _~ ._Hemiptctl·se)/Ils 7tngllicclills (Zett.) 

Ichneumonidae: 

Campoplex 'IIIulticinctus Grav. __ '" Campoplcx 'rothii Holmgr. 

Call1poplex P'Yrallsta(l Smith _____ ~ Cam1)oplex luglibl'inus Holmgr. 


Calltpoplex n. sp, 

Zalepto1)Y9lls jltloo-orbitalis 


(Cameron) ..___ ~______________ Cl'emastlls h!lll!clliae Viereck 
Crcmastlts flaou-ul'bitalis (Cameron) 

('clmpoplex nlkae (Ell. & Sacht.). ~E1!li1lL1tC1'iel c/'Clssifemul' Thomson 
Eulillmeria alket(' (Ell. & Sacht.) 

J1U/,Ogf:lWS lJlLllctorills (Roman) ____ Angitia pn1/ctoria Roman 
Viocles ]Jltllctoria 
Inareolctta pU1!ctorict (Roman) 

Phaeogencs nig1'icicJ!s Wesm. ______PltacogC1!C8 planifTOllSWesm. 

IMPORTATIONS 

Following tne period 1919-27, covered by Jones (18), parasite 
material was imported from Europe almost every year through 
1937. After the first trial shipments in 1927, parasite material 
from the Orient was obtained yearly through 1936. 

Most of the parasites were received as immature larvae within 
the living host larvae. Nearly all importations were made during 
the winter while the parasites were in hibernation. The total 
numbers of corn borer larvae forwarded to the United States 
from Europe and the Orient from 1920 through 1938 to supply 
parasites for colonization are shown in table 1. Host larvae 
obtained from all foreign sources had reached il total of 26,867,608 
by the end of 1939. 



4 TECHNICAL BULLETIN 983, U. S~ DE1-T. OF AGRIOULTUHE 

TABLE 1.-bnportations of EU'l"opean corn bO're'r lm'vae to supply 
parasites for colo'nization ir" the UiLited States, 1920-38 -_.,-_._----- .."'..------,---~---- •.--,-------

I
Year 	 From Europe From the Orient •~--------____..I___---I-----­

Numbc'r Nlullbcr
1920 .,' _",~., .•___________ '._".•_,,___ ." 120,2071921 _._________________________ ____•~ 

1922 ______________________________ _ 	 176,258 
J 76,645H123 •. ________________ . __________ ,._~ o]924 ..... ____________....____.,."____ .• ,, 18,1051925 _. _________________________•.• ' ... 

'154,408 
1926 .. ________________ ________ ...~ 1502,600 .... ____~~_1927 ________ .. ___ __________ ._.~ 	

11,500,000 601928., .•.. ______________________.__ _
1929 ___________________________ .... 2,009,000 255 

1,272,600 1<l7,2691930 , _________ .•_____ ... ___ .•~ ,.~. 3,783.43G 425,0001931 _, , ______________________"', •. 4,461,975 681,400 

1932 _ 3,996,834 1,337,475
1933 _ 3,494,972 120,000 
1934 1,213,000 ] 22,400 
1935 . 1,141,393 134,592 
1936 o 102,444 
1937. 85,280 ... ...... . ,------

Total 	 23,796,713 3,070,895 

I U. S. Dept. AgI'. Tl~ch. Bul. 9S. 

FHOM EUHOPE • 
The yearly importations of all species of European corn borer 

par~tsites from Europe at'e listed in table 2. In the early ship­
menb, of larval hosts from Europe, corn pith was used as 11 trans­
porta\\ion medium, but later folded paper was substitueu for the 
corn pith. Wooden boxes were used as containers. The method 
next adopted, and used also for larval shipments from the Orient, 
consisted in putting 300-400 larvae in 11 metal can. Most of the 
cans used were made of brass, copper, or tin alloy, and were about 
5 incheR deep and 3 inches in diameter, with metal-screen sides, 
To provide concealment for the iarvae, each can contained a •,
packet made of several strips of corrugated cardboard bound 
together, thus fOl'ming about 400 small tunnels in which the 
larvae could spin up. The cans. were then placed in corr!lgated 
carciboar-iJ boxes and a number of these were packed for shipnlent 
in large wooden boxes. 

In the shipments from Europe made during the years 1925-38, 
the host Im'vae were in packets consisting of 14 to 16 strips of 
Ringle-faced corrugated cardboard, each strip being approxi­
mately %, inch wide and 4 ~>~ inches long, tied together with fine 
wire. A total of 150 packets was usually placed in a shipping 
box 24 by llV.~ by 5 V:! inches, inside measurements. The boxes 
were Vel'y tight and the covers were fastened on with screws, 
Some of them were lined with 30-mesh woven-wire cloth. No 
paper or other packing material was used, Each box contained • 
an identification slip showing the number of host larvae, the 
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place and date of collection, and the name of the collector. In the 
years 1925-38 larval shipments were· held in cold storage at 
approximately 40"-450 F. during the transoceanic trip. 

Very few changes were made in the methods of shipping para­
sites imported after they had emerged from their hosts. No 
Diptera were imported other than as larvae within their hosts, 
except early in the study, ,,,,hen small numbers were brought in 
from Europe as puparia. Several species of Hymenoptera from 
both Europe and the Orient were imported in the cocoon stage. 
When handled in this stage the parasites were placed in pillboxes, 
which were packed tightly in wooden boxes. One lot of eulophid 
pupae from Europe was shipped in small glass vials plugged with 
cotton. The only other methods used to import corn bOI'er para­
sites from Europe were adopted in the importation of the pupal 
parasite Phaeogenes n'ig1iclells, and have been described fully by 
Smith (32). 

Flwl\I TilE OUIENT 

Host larvae in the later shipments from the Orient (Japan, 
Korea, and Manchuria) were in packets made up of 15 strips of 
double-faced corrug~\ted cardboard, each strip being 1 inch wide 
by l!:! ·1, inches long and capable of holding 27 or 28 larvae. Each 
}Jacket was held together by two No. H rubber bands, was im­
pregnated with beeswax, and was placed in an individual metal 
can 4:VI, inches high and 2~!1 inches in diameter. Each can had 
two side openings, approximately 2 by 3 inches and covered with 
30-mesh woven-wire cloth. In addition to the packet of corru­
gated eardboard, each can contained strips of newspaper, folded 
fanlike. Each can was placed in an individual corrugated-card­
board box. These were in turn packed in corrugated-cardboard 
cartons, 30 boxes to each carton, and crated for shipment. 

Importations from the Orient did not reach the magnitude of 
those from Europe, because the Oriental species were introduced 
during a considerably shorter period and the total numbers im­
ported were much smaller. The numbers of individuals of each 
parasite species imported yearly from the Orient are listed in 
table 3 . 

Flwllt l\[ISCELLAXEOL'S SOt:HCES 

In 1936 and 1937, through cooperation with the Entomological 
Branch of the CanadIan Department of Agriculture, 10,777 adults 
of the braconid Chelonus (LlliLUlipes were imported for release in 
the United States. These importations consisted of individuals 
bred in the laboratory at Belleville, Ontario. 

In August 1981, 5,000 puparia Ot Pamthc1'csin cla/'ipalpis V. d. 
VV .• a tachinid fly parasitic on the sugarcane borer, were diverted 
il'om a shipment of over 70,000 being imported from Peru for 
release on the sugarcane borer in the Southern States. From this 
material 1,163 adults became available and were liberated in 
Saugus, Mass. 
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TABLE 2.-lrn1w1·tations of EU1'o1>ean corn bore1'pa'rasites !1"Om Europe1 ~ 

Species 11920-271 1928 , 1929 I 1930 1931 1932 1933 I19361934 1935

1----
Apa lteles thompsoniIe ________________ JL)' 6,549 55,628 58,731 680Bra( on atriconlis ------- ------- -----­

(8mith) ____ ~ _______ ~:~.935 8~.,_~91'~:~~O I~~~7 t~:~ 
8 _____ 

6 10Call IJoIliex 11l1llticinctlls ------- -~~--- --- ~--~. -. -.. -----­avo ____ _. ________G '230 243 235 831 47 84 , _______ 1_______._-----Ca1/ poplex 1)yraustae ------- -..... ---- ... _--­
.,_00- ____________Sn lith '325 903 218 276 41Chel Illt(S cmnltlipcs ----- 36 --....---- ------- -...._--.,.. ... 

!SIll. ______________W .. _----_. ------~ 831, 8,070 1,023 26,669 5,165 12,051 -;~~-I-~~~~~Call I)opicx alkac (Ell. & -------
Sa ~ht.) 57,865 18,204 9,601 13,331l 22,512 20,988 1,631 4,470 ...~"'" ~-,~-Ellio IJh Its viriciuil!s ------- ". - -----­

onlS. ___ • __ • ______T -------. ------- ""' .... _---- 918 89,188 204,189 44,073 69,750 ..,..- ""_·c __Ex/! istes 1'oborator ------- ------ --.... -_... 
(F .) ---------------- 1,411 _.... _--- ... ------ ---_ .... - -' - - ..- -" -.... _-- - • -<- .. ,. ~-...,..---Horo (lcncs 1)11l1Ct01';IIS ------- ----_ .... - -.... _--- --~".--

oman} ~ ' ________ ~(R 16,229 1,073 3,409 16,277 25,653 16,735 6,553 3,621 8,457 --,_. .. , ...Lyd 'i(/, stubu[cll!s U"ises- 830 ,,~-,- ­
cc sR, D. " 10,940 27,619" 8,378190,388~---'----- 129,316 132,095 74,405 5,539Mctc OCi.'lltl'ItS gi/uensis 37,906 135,050 -.",.-"" --- """ ... ,' ".

1nl. ____ .. _________A 5,965 59,567 21,984 20,996 9,004 3,563 132,712 _...... __ ...Met )I'llS)nlL nigricollis -- .... --~- ---""~-+ ------ ------
T 8 _______ 

~------. ------- ------ ------- ­
,~,-~---lJlic ,bl"UCOlL brevicornis ..... _---- ------- -----_ ... --- .... -..... - ~~""'-~--'esm.) ____________(~ 

lJficl 'yuste-? tibialis 
1,300 ------- ------.. -----_. ------- ------- ---.,..--- ------- ------- ------ -_._--- ~------

!S "'. __ .... _~ __ ., _____N 186,227 99,369 52,480 59,846 25,263 16,906 26,593 6 11,809Pllet 19cncs nigl'iciel1s ------ ------ -----­sm. ______________W 24,058 1,273 2,008 4,523 4,560 21,018 _______ ------ ------- ------- 5,081 10,806 

\- .~--.&­

Total 

258,842 

24 

1,670 

1,7!19 

55,841 

148,607 

408,118 

1,411 

98,817 

751,636. 

253,791 

1,300 

478,499 

73,327 
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______1 3,683 
.-~ .. ",~..,..~-.Aplomya miti8 (Meig.) __ 285 83 2.796\ .. , 59 202 ------- ----...._- ------- ------

P8 ~lId()pt·richll,dll, 1"!l8ea­ _'-____ ,,' 149,299 
III(! (B. & n.) ,_,. 15,361 13,351 50,576 21,457 21,053 23,805 345 3,351 ------- ------~- ______ 53 

LCI 
1 

-* - 53 --,~1"OI"UChIl8 8p..,______ ----I- ~ -~ ... _----_. ---"..--- ------.­
--- 292,477 126,679 148,036 11,809 13,482 10,806 2,686,725 tilTotal ... --,--_ .... --:;.".--- 352,846 310,0261165,983346,271 383,458 524,852 o 

b 
I 'l'he yell)' of r!'!ease is considered the year of importation. For the years 1920-27 importation records are taken from U. S. Dept. c:'l 

Agl'. Tech. nul. 98. For the year 1928-33 the number of parasites of each species liberated is considered the number imported. For 
the yelll's H134-38 the number of endo-parasites emerging in the United States is considered the number imported. For species ~ 
shipped in the cocoon or pupal stage the number of individuals received is considered the number imported. o 
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00 TABLE 3.-Iml)Ortations of European corn b01'e1' parasites from the Orient1 

Species 1929 1930 1931 1932 1933 1934 1935 1936 Total 
~, 

Apunt('ics ~p. " ,, __, "'"~ ______________________ 33 171 187B)'acon at)'icol'ltis (Smith) _. ______• ___ -------- ..------ --,.------- --""---'"'", .... ...------ 391 1-348 20 4 55 183 10 9 30 359 t"lZu/{'ptOJlll[JIIS jlrW()-Ol'bitalis (Cam.) _._., 363 ~ 756 1,881 11,824 753 o354 3,591 14,847 34,369CUlltlJQplcx ullCllc(EII. & Sacht.) "", _ •. -._ 
~~~.----.-- -------lio)'o(jcIH'S J}Il'JICto)'i1l8 (Roman) ___• __________ .~----.,..-- --'------ 564 7,937 -------- -... _-_ .... -- 8,501 ~ 2,029 754 26,686 ... - ,~----- 11 29,480 o ... _------ -----­ >

Lyclrlla stabulcOls g)'is(!sc(,lIs R. D. _. _____ .. ,_ 13,452 t"'15,697 24,309 14,717 544 8,038 13,431 9,897lIIlIt'l'/)t'Clltrus Ui/lIcllsis Ashm. _•__~___ .~ ______ l (I) 100,0853,906 .U 124,645 -------- _ .. ----- ________1_______ t:l 

Mkl'(JYIIstl'I' tilJia/is Nees -------------------1 __.____ _______• 358 1,118 ________ ._. _____________________ )28,592 d 
1,476 t"'N""",-ilI. PM-"", (Fan'n) ________________1 ---- 1,890 ________ ___ ' •.. _________________ t"' 

~- .. --- ... ~.....------- t"lPlwcogc'ncs niUl'iclclls 'Vesm. _____ -__________ '.' ___ ._______ 38 1,890 
'""-~.-""'--- --_ ....... _-- ~, .... ---,,~- -------- ------- 38 !j 


ZPs('uciopcric/ta<'ta, ('recta (Coq.) .. __ ... _ _______ , ______ 1,616 6 _" __________________ t!>
Tric/wIII.)!LCt clwplwlocrosis Uchida ___________ _ . ______ -------- ------- '" 4 ________________________ ..______ 1,622 00------ --,~ ..,.---- ... -~,. s-oXlwtlio)J1II1}Jin StL'lII11WtOl" Thunb. ____________ ., _____ 73 _ . ______________________________ 4--_ ..... _-- .~ ""------"' 73 !== 

'fotal_~_::.~__________________________1 13,896 V'22,408 I 28,120 190,752 I 1,486/ 8,402 /17,042 I 24,774 306,880 
t:; 
tIJ 

J For the years 1920-33 the number'of lJal'asites of each species liberated or shipped to other laboratories is considered the num­ "d 
~ber imported, excepted for T'1'ic/to1Jtllw. cllllplwlocrocis and XllntllO}Jimpla st(,1I!7IIat01', the fig'lres for which are the actual num­

bers imported. For the ye~rs 1934-36 the number of internal parasites emerging in the United States is considerec the number "J 
o 

imported. For species shipped in the cocoon stage, the number of individuals received is considered the number imported. >~30 cocoons and 13 adults imported, no l'eleases. . o:a~1980 l,Iac)'oc('ntl'l<s gi/ucnsis from Chosen and 414 from Japan imported in 1929, but not differentiated from European mater­ ....
ial in the l'elease notes. o 

~ 
bit 

•
• • .. ,..
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DOl\IESTlC COLLECTlONS 

• The first material from domestic sources, consisting of 11 adults 
of HO'l'ogenes pU1wtorius and Hi3 of Lydelht stabulans grisescens, 
was obtained through host-borer collections made in 1930 to deter­
mine the status of parasites around release points in New Eng­
land. These collections indicated that considerable number/!, of 
certain species of exotic parasites were present in the vicinity 
of the older release points in Massachusetts, and that material 
might be obtained from this section for distribution in other parts 
of the infested area. 

In the summer of 1931 the first material was collected to deter­
mine the feasibility of obtaining parasites from established colo­
nies for release in noncolonized districts. After the ears had.,'" 
been harvested, the entire stalks from about 0.37 acre of sweet 
corn carrying the highest parasite concentration in the vicinity 
of Malden, Mass., were cut and stored in an improvised emergence 
loft. In the following two years the first-generation borers were 
()btained by cutting and storing only that part of the plant above 
the ear. Thus the borers could be placed in storuge before any 
:l.ppreciable numbers of parasites had emerged in the field, and 
releases could be better synchronized with the presence: of the host 
borers. In 1932 and 1933 second-generation borers were obtained 
by storing entire stalks of infested corn in the fall to supply para­
sites for colonization in 1933 and 1934. 

• 
Although it seemed probable that parasites could be supplied 

economically by the above method, one outstanding limitation was 
apparent. '1'0 synchronize the emergence of parasites with the 
()ccurrence of host borers in a fluitable stage for parasitization, 
storage and emergence rooms in which temperature and moisture 
could be controlled, were needed. In the fall of 1935 the first 
Httempt was made to remove the borers from their host plants 
and store them under conditions of controlled temperature and 
humidity.

Records of the collections of corn borer larvae for obtaining 
parasites from domestic sources are summarized in table 4. 

A survey in the vicinity of the first liberation points north and 
west of Boston showed that parasitization of first-generation 
borers in 1929,1931, and 1932 averaged 28.8, 28.9, and 24.0 per­
cent, respectively. During the same years parasitization of the 
second-generation borers averaged G.9, 9.9, and 15.2 percent, 
respectively. However, maximum parasitization in individual 
fields infested by second-generation borers was as high as that 
of first-generation borers in the same season. Considerable varia­
tion was noted also in the parasitization of borers of like genera­
tions in different years.

Prior to the actual collection of host larvae, surveys were made 
to determine desirable flelcls from which borers should be taken. 
In earlier years the basis of choice W(lS the number of exotic 

• 
parasites in 100 stalks, the fields carrying' the greatest concentra­
tion being' utilized first. After 193·1, when selecting fields, the 
parasite species most desired fOl' distribution was g'iven first con­
sideration, Table 5 presenb data obtained in suchprecollection 
~urveys. 
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To obtain borers for storage under controlled tem}ilerahlre and 
humidity conditions, the standing corn in the fields to be utilized 
was purchased, and the collection of parasite material was started 
usually about November 1. This date was selected because 
(1) the parasite-host l'elationship had reached equilibrium for 
the season; (2) borer activity was reduced to a low point, so that 
host-plant material could be handled with a minimum of migra­
tion; and (3) seasonal observations on the field status of para­
sites could be completed befol'e domestic collections were started. 

Two men were employed in cutting the corn, a third in tying 
the stalks into bundles, and a fourth, with help, loaded, unloaded, 
and trucked the corn to the dissection place. From 20 to 30 men 
were employed in dissecting the corn and removing the corn borer 
larvae from the stalks. Since the field group could cut, tie, and 
truck the corn almost twice as fast as 25 men could dissect it, the 
field men became available at times to aiel in removing the larvae 
from the corn. 

TABLE 4.-Collections of EU1'opean C01'n borel' la1'vae fo1' obtain­
ing 1J(trasites /I'om domestic sow'ces 

Generation of host II Year of relca;~""!--H-O-s-t-la-l-,v-a-e-'IC---M-e-th-o-d-Of­
larvae of llurasites".. 1 utilized storage 

' Xnmbcl' I
First • ,~" ~__ .. _.""_ 193t I. (') In host plants.

Do ........... .. 1932 ' 327,924Second ___ , ___ ._ ._._ .. Do. 
1933 543,432First __~___ ,._ _ _'" Do. 
1933 190,150 Do.Second _ .. ___ ,._._.___ .. ___ _ 
1034 1,062,566 Do.Do _____ .._ ........ 
 1936 1U6,988 In corrugated­

Do _____ _ paper cores. 
1937Do ___ 191,265 Do.._ .. 193!> 3,000Do ___ '" Do. 
1940 20,068 Isolated in 

individual 
glass vials. 

1 All the borers that were llrcsl!nt in about 0.37 !lcre of Corn. (About
40,000 borers.) 

A greenhouse 50 by 100 feet was utilized for the dissection 
work. The 20 to 30 cutters seated on boxes in a long row on one 
side of the greenhouse, with cornstalks piled in front of them, 
were able to remove approximately 500 larvae per day per man. 
Corn debris was tossed in a pile behind the cutters, whence it 
could be removed easily and burned. So far as possible, the avail. 
able corn was dissected in the order of its estimated value as a 
source of parasite material, that containing the largest number 
of the most important parasite being used first. 

The h\rvae were placed in 1ight metal cans about 3 inches in 
diameter and 5 inches high, with a funnel soldered in the cover, 
and containing newspaper folded fanlike to prevent the larvae 
from injuring each other, These collecting cam; were taken at 
interv,t1s to a table, Wh(ll'e the lat'vae were sOl'ted. All dead or 
injured borers were removed m~d the health~,r ones were counted 

• 


. 

" 

• 


• 


I 



• • v • 
'W 

't.I.~ ";J • 

TABLE 5.---Jnfestation of host plants a.nd parasitization of European corn borers, as estimated from p1'ecollec­

tion surveys f01' domestic collection, easte'rn, Massachusetts, 1981-36 

Year of Generation 
examination of borers 

1931 ______________ F:{st_____________ 
1932 ______________ .do _______________ 
1932______________ Second___________ . 
1933______________ FirsL____________ 
1933.._____________ Second ___________ . 
1935..____________' _.do_______________ 

1936 ,-~- ."" - ' 

.do.______________ . 
-

Fields 
examined 

Number 
2 

19 
12 
13 
12 
24 
12 

Total 
area 

Acres 
0.37 

18.95 
7.55 

10.55 
6.58 

19.1 
17.8 

Estimated larvae 
Borers 

Per 100 parasitized 
plants In fields 

, . 
Number Number Percent 

------------- -----------­ ._---------­
60.6 327,924 12.76 
30.7 543,432 22.14 
80.0 190,150 14.21 

603.1 1,062,566 7.55 
510.8 1,175,682 17.30 
218.6 507,225 22.23 

Estimated 
parasites 

in field 

Numbe1' 
12,310 
41,843 

120,316 
27,020 
80,224 

203,392 
112,756 

t:) 

o 
b 
Cl .... 
c:l 
>
t' 
c:l o 
Z 
Jo3:= o 
t' 
o 
"l 
Jo3
:= 

1 Number actually recovered. l'l 
l'l 
d 
:= o 
"Cj

g; 
Z 
c:l o
:= 
Z 
t:) 
o
:= 
l'l 
:= 
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and allowed to spjn up in packets made of strips of corrugated 
cardboa.rd. Four hundred larvae were placed in each packet. 
The packets were boxed and shipped by express to the Moores­
town, N. J., laboratory, where they were placed in cold storage. 

rfhe number of healthy larvae actually obtained from the vari­
ous fields waS much less than the number of larvae estimated to 
be in the corn at the time of the precollection survey. The total 
loss from all causes amounted to 78.1 percent, most of which was 
probably due to normal reduction in the field caused by mortality 
and migration of the larvae, and by birds a~d other predators. 
However, additional losses occurred through ihjlUl'Y during har­
vest and dissection ope1,~ations, and thtough migration of larvae 
during the transportation and handling of the cornstalks. Data 
on mortalities incident to shipment were obtained by sample 
connts made of the Massachusetts larvae when they were placed 
in cold storage at the Moorestown, N. J., laboratory, Most of 
the dead larvae found were outside the packets when the ship­
ments were received. Many of them were either very small, 
immature individuals or mature larvae that had been injured 
in collection. In the fall of 1935 the mOl'htlity of larvae during
shipment averaged 2.5 percent; in 193G, 3.3 percent. 

TABLE G.-Numbers 0/ EllI'opean corn borer 1)(wctsites obtained 
jl'om domestic collections 0/ b01'el's 

I lIol'O- I 
\ Pscllclo­

geues Lydella Phac- 11e'/'i- 1Mae/'o-
Year stabulaus og£'/I('s ccnt1'lts Total

]JIUW- I chaetnyl'iscscl!lts niy ddL'lts gifuellsistol'iltS roseanae -
1930 __~__•• 11 163 ---- _..- ... - ... .........,. ~ """"". ,.._------- 174 


2,225 ... ~- .... - 3,369-----~.~ ~ -~193t -----_.. 1,14'1 - ..._------­
1932 7,909 1,637 156 2,240 11,942~----"*-

1933 8,068 1,272 66 233 9,639---- .... ---­1934 ________ , 5,000 1,411 - .. ----- ..~.- ---_..._--.". ... 6,411
1936 _____ . 14,871 6,175 -............ -... -....-~...... -" -----~ ... -- 21,046 


2,239 . - .....-.... - .. -- ...--- .... ,...~ . ..... >-~ ~ "' -. .• 12,388 
. ,,.. ­t~~b=-.-.-_=j ___1_0::~: - .,- . 2,177 2,177... --- ---------

, 

,.. - 78,815 78,8151940 ~ ~'___ 'I '_~__, _j -- . --- -- -".. ­
..'..._-" ..... 

Total! 48,233 14,041 222 2,473 80,992 145,961
I 

Data on the number of parasites obtained for release in the 
United States from domestic collections of borers in the vicinity 
of the older release points in eastern Massachusetts are presented 
in table G. 

In addition to domestic collection of borers to obtain parasites 
for colonization, small numbers of HOJ'ogenes puncto1'i'Us and 
Mcw1'ocentl-lts f1i/~~e1l8i8 adults were reared from borers collected 
in 1939 and 1940 to determine the current status of pp,rasites. 

LABOBATOBY I3BEEDII\G 

• 

'\ 

. 

-

• 


The principal source of parasites f01' colonization in the United 
States was in the laboratory; however, only five species were • 
obtained by this means, and 90 percent of the total number of 
adults were Micl'obmcon bl'evicol'uis. The breeding work with 
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M. b1'evico1'nis and Exeristes 1'obomtor in the Eastern States was 
completed in 1926 and was started at Monroe, Mich" in the spring 
of 1927, All the adults reared at Monroe were released in the 
Lake States area in 1931. Details of the technique employed in 
rearing these two parasites are given by Jones (18) and Baker 
and Jones (2),

Ghelonus ann1.tlipes, the egg-larval parasite from Europe, wag 
the third parasite to be br()d successfully in the laboratory, Start ­
ing in 1929, adults were produced each year through 1933, utiliz-

TABl,E 7,-N1tml1 e1's of European C01'1t borer pC~1'asites obtained by 

b1'eecling in lab01'at01'ies in the United States 


Mic1'O­iHic1'o­~~l~~- !Chelonus lj' E"'(,1'istes 1 b)'aeon gast(·), Totalamm ' Year brevi­t/tomp- I lipes- 1'oboratol" I tib ictlis
eornisSOUt______ J------­

1,054,0001922______ ..__, .... _.. .._. ____.. __ --------- 1,054,000 -------- ­
1923 ______ ._. ____ ,: ________ . 28,935 2,714 --------- 31,649 
1924 ..__~_.. _________ _________ 19,954 50;550 1,200 71,704 
1925______ _________ _________ 22,433 156,370 --------- 178,803 
1926______ _________ _________ 48,407 65,584 --------- 113,991 
1927____ . __, _____ .. _________ 53,635 23fJ,063 -- ..--- - ..- 292,698 
1928-_____ 5 _________ 59,896 582,287 2,308 644,496 

400,7491929._____ _________ 221 46,441 354,087 -------- ­
316,1821930______ _________ 2,016 34,342 279,824 -------- ­

14,9221931______ _________ 4,272 959 9,691 -------- ­
7411932_______ _________ 741 --------- .---------- -------- ­

1,3421933 _______ _________ 1,342 --------- ----------- -------- ­
162,497 

75,818
1938._____ _________ 133,424 _________ 29,073 -------- ­
1939______ .... _______ 75,818 --------- .---------.. ---------

TotaL 5 \ 217,834 i 315,002 , 2,823,243 \ 3,508 \ 3,359,592 

TABLE 8.-Nmnbers of E1t1'01Jean C01'1t b01'e1' 1Ja1'asites obtained 
"~rain all SOlt'l'CeS of biologicctL cont?'ol investigations, 1920-39 

-·--·--\~;;p~rtations from-~_. Domestic 
I
I Labora- II 

tory TotalYear' 'The \ Canada coHec-

Europe 0 ,'e t ,and tions breeding


i 11 n Peru 
I­

1-----------------' I~------·I--------
1920-27___ 352,846 I (I) __ ._____ _________ 1,742,845 2,095,691 
1928 .. _____ - 3H),026 i (~) ________ --------- 6411.496 954,022 

i~~g:=====. 1~g:~~~ \- ~~:~gg ~======= -----174- ~~g:I~~ g~~:g~~
] 93L__ .. __ 383,458 28,120 5,000 3,369 14,922 434,869 
1932.____ 524,852 190,752 ________ 11,942 741 728,287 
] 933_____ 292,477 1,486 ________ 9,639 1,342 304,944
1934-______ 126,679 8,402 ________ 6,411 __________ 141,492 
1935._____ 148,036 17,042 ..____________ -.- --------- 165,078 
1936"_ ____ 11,809 24,774 10,777 21,046 ___________ 68,406 
1937 _____ 13,482 ..________ _ ______ \ 12,388 _-- 25,870 
] 938_____ 10,806 162,497 173,.:103,1 ____________________ -.. ­

1939. _____ .- ....... ___ ._.... _______ 2,177 75,818 77,995 

Total 1 2,686,725 I 30G,880 15,777 I 67~i4613·,-3-59-,-5-92-'I--6-',-43-6-,-1·2-0 

I A few larvaCvol'id parasites emerged from material imported during 192"7. 
~ 15 larvaevorids and 19 hymenopterons emerged from material imported 

in 1928. 
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ing the European corn borer as the hOi-lt. In 1938 and 1939 large
numbers of C. ann21lipes were bred on Ephest-ic£ kuehn:iella Zell.
The braconid M'icmgastcr tibialis was bred in the years 1924
and 1928 in numbers sufficient to permit releases.

A few individuals of Apanteles thompsoni were bred for re­


•
lease in 1928. Table 7 summarizes the productIon of parasites
by laboratory breeding, and table 8 summarizes by years the
parasites obtaim:d from all sources for release in the United
States. Methods of obtaining eggs and rearing corn borer larvae
for us~ in breeding corn borer parasite3 are given by Patch and
Pierce (28) .md Baker und Mathes (8). 

STORAGE OF PARASITE l\IATERIAL •,
Shipments of host larvae from foreign countries were made
while the borers were in hibernation. The material arrived be­
tween October and May, the greater part of it beifJ[; received
during the winter. Late shipments in the spring were attended
by increased activity among the borers and, consequently, by
greater mortality.

In the first consignments, host larvae containing endoparasites
were shipped in corn, which was stored in outdoor insectaries
without removing the larvae from their tunnels. No manipula­
tion of the atmospheric environment or extension of the dormant
period was attempted and the material was subjected to the pre­
va:ling outdoor weather conditions as they affected the material
in the insectaries. Later material with the larvae webbed up in
corrugated-cardboard packets was stored in an underground
chamber having stone walls and an \3.[l.rthen fioor, and where 
 •

some slight environment~.l control was exerted. The earthen
fioor and the walls were sprayed periodically with water to induce
a higher humidity.

In the spring large quantities. of ice were placed in a rack at
one side of the chamber, and the packets containing the host lar­
vae were removed from the shipping boxes and arranged one
layer deep in shallow racks having bottoms of l-inch-mesh wire.
These racks were stacked one above the other until they formed
a solid column about 6 feet high. 
 When they were all in placethe entire column was wrapped in c,heesecloth and cemented overwith a one-half inch layer of plaster of paris. In earlier yearswater was sprayed onto this column at intervals during thestorage period in order to increase the humidity within the stack,but in later tests no moisture was added to the column. How­ever, by this method of storage, a gradual !'ise in temperaturewas unavoidable, and this was attended by a slow increase inmetabolic activity of the larvae.

This undesirable condition was remedied during the first win­ter (1934-35) that the host larvae were stored at the laboratoryat Moorestown. A walk-in refrigerator with controlled tempera­ture and humidity was user], When the shipping boxes arrived atMoorestown, after being carried by automobile from the steamerat New York, a sample of the contents was taken to estimate themortality incurred since they were packed. •The mortality duringshipment was estimated by examining 20 larvae in each of 10 
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packets taken at random from each box, and by counting the dead 
larvae in each box outside the packets. The mortality of the host 
larvae imported from both Europe and the Orient was very low 
during transportation, never rising above 3.5 percent. 

On receipt of the larvae at Moorestown, qualitative and quanti­
tative observations on the parasitization in the host larvae· were 
nlso made. Tile data were derived by diss~cting 10 larvae from 
each of five packets taken at random from each box of material. 

Following the examinat10n as outlined above, all parasite ma­
terial was repacked in the boxes in which it Was received, and 
was left in these containers throughout the storage period. The 
temperature and the relative humidity of the storage room (fig. 1) 
during this time was 35° F. and approximately 90 percent, re­
spectively, maintained by electrically controlled apparatus until 
development was started. 

All parasite material received in the cocoon stage was handled 
during the storage period by the method described by Arbuthnot 
and Baker.u When held under conditions provided at the Moores­
town, N. J., laboratory, the mortality of the corn borer larvae 
during ston1.ge was low, the average mortality in imported mate­
rial not exceeding 5.3 percent. In domestic collections mortalities 
as high as 13.8 percent were noted, possibly owing to the inclu­
sion of immature borers. Increasing the length of winter storage 
beyond the normal hibernation period invariably resulted in some 
increase in mortality. 

BIERCEXCE 

SYXCllHOXIZIXC HI::LI::ASES 

Prior to the use of equipment permitting control of the environ­
ment during the storage period, it was impossible to control accu­
rately the time of emergence of endoparasites. Some retardation 
was effec~ecl by the methods previously described, but the time 
of removal of material from the storage chambers was deter­
mined by the seasonal activity of the larvae and not by the dates 
of a predetermined release program. The time of resumption of 
activity of the host borers varied from year to year with their 
source and also with climatic conditions. 

During these early years the entire accumulation of host larvae 
was removed on one date when observations showed that further 
storage would result in excessive mortality caused by activity 
of the confined larvae. On this date the plaster-of-paris columns 
",'ere broken open and the trays containing the borers that had 
spun up in the corrugated-cardboard packets, were transfened 
to outdoor insectaries, where they were stacked in staggered col­
umns. each rack separated from the one below by small blocks 
of wood placed at the corners to permit egress of the emerging 
adults. The technique of handling from this point was the same, 

"ARBUTIIX()T. K. D., and BAKER, \V. A. TECIINIQUE AXD EQUIPMENT FOR 
HAXDLI:\G TWO llY:'Ir:Norn:HOUS PARASITES Or' TilE EUROPEAN CORN BORER 
11'11'11 PAU1'IC{JLAlt UEFr:Ur;XCE 1'0 PBOLOX(;IXG TIIEm IIlBEUXATlON. U. S. Bur. 
Ent. and Plant Qual'., 8--460, 12 pp., illus. 1938. lProccsscd.] 
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nize with the occurrence of the host in a IJreferred stage of 
development. 

Synchronization of par,tsite releases with the presence of suit­
able hosts was complicated by seyeral factors. :Part of the enelo·­
parasitic material was collected from areas in which one annual 
generation of the borer prevailed, and part of it was obtained in 
areas haYing two or more annnal generations. When stored and 
developed in a common environment, this host material develop~d 
at different rates, depending on its source. Furthermore, it was 
often desirable to release parasites obtained from any given ship­
ment at m01'e than one pomt in the infested area. The different 
geographic positions of the releaso points necessitated different 
release dates, depending 011 the strain of the host and on the 
meteorological conditions prevailing in the respective localities. 
Because of the variation in thefie factors, it "'as often necessary 
to mo\'e sllccessiye lob; of the host material containing parasites 
destin('.'d for variom; points in the infested arca into a deve10p­
mental t!lwironment ill order to obtain emergence at the proper 
times for release in the different localities. 

Since obviou:-1ly it is impm;sible to vary to any great extent 
the normal date of emergence of one species of endoparasite 
more than that of another in the same Jot of material afLer it 
has been placed in a developmental environment, it was necessary 
with each l(.Jt to choo::;e a prospecth"e emergence date that would 
be optimum f{)t· the most important of the species expected from 
it. Fortunat(..li:{, variations in such factors a.-; release localities, 
oviposition requirements for preferred host stages, the (L.!velop­
mental period within the host, and the ciLlration of the preoviposi~ 
tion period, permitted a fairly close synchronization of all para.., 
sites. 

That close attention to synchronization re!mlted in higher initial 
establi!'.hment has been demonstrated. Bakel' and Arbuthnot (1) 
have pointed Ollt its value with respect to the colonization of 
11:icl'O!/((stCI' tibialis. Immediately after liberation, howevet·, the 
seasonal rhythm of this parasite reverts to that of the region 
of its origin. Nevertheless, in general, a high initial establish­
ment resulting from synchronization of parasite releases with the 
propel' growth stages of the host is believed to increase the 
chances for a colony's success o\'er that of a nom;yn('hronized 
release, even with parasites having habib; similar to JI. tibialis. 

While the ultimate worth of synchronized releases of parasites 
that t'e\"ertimmediately to a seasonal, rhythm l1onsynchronous 
with the host cycle may not be demonst!'able, yet with para!:lites 
the development or \\"hieh depends chiefly on host physiology, 
synchronization is of definite value. This was clearly shown in 
the ChclollllS (ulIIuli})('s released in the Lake States. This para­
site o\"ipo::;its in com borer eg~s and the pal'a-;ite larva issues 
when the host i:-; in the fourth instal'. The week preceding the 
lJeak of host ()dp()~iti()n in the re:;pective localities was chosen 
for the release of C. (1IIIIIIlilU'S adults, since they are capable of 
o\'ipo:;iting very soon after emcrg'ence, and :;inre f\'Om 200 to 300 
eggs may be deposited O\"pr a consiclerable peried by on::! female. 
It was tholiitht that !:lJeratio\Ui .i list prior to the peak of host 
oviposition would insure a maximum l1umber of host eggs for 
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parasitization immediately after the releases, and would provide 
for the greatest possible utilizati(m of the oviposition capacity of 
the parasite. By applying this plan to a series of C. ctnnulipes • 
releases, it became evident that synchronization played an impor­
tant part in initial establishment of the parasite. 

Figure 2 shows the extent of synchronization of releases of 
Chelonlls (Lwllllipes at two points in the Lake States. Figure 
2, Aj shows that complete or partial syn~hroi1izat}on was accom­
plished with most of the adult parasites released in Jerusalem 
'l'ownship, Lucas County, Ohio. Establishment and maintenance -. 
over a numb""l' of years were obtained at this location. In the 
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l'O.!, .Mich. 

locality represented by figure 2, .8, there was no synchroni­
zation, and no resulting establishment of the parasite. A similar 
relatiom;hip held true at several other release points. 

The actual times of removal of the encloparasitic material from 
the controlled cold-storage rooms were determined by the period 
required for development of the parasite to the adult stage, in 
relation to the program for parasite liberation. The areas to be 
colonized were listed and the dates for liberations to effect syn­
chronization with the host insect in its proper stage of develop­
ment w(~re determined from observations on the seasonal history 
of the ho~t in previous years. • 

Owing to the brief developmental period required to produce 
adults from stored cocoons, synchronization of releases of these 
parasites was obtained by removal from cold storage at the time 
governed by the progress of host development in the season of 
Telease. 

It was neCeSSalT to segregate the parasites from different points 
of ori.ltin during emergence. To accomplish this, the host ma­
terial frOI11 e'lch source was confined in an individual emergence 
chamber, fou!' in all. These measured 6 feet long, 41 ~ feet wide, 
and 7 feet high. Three of them were built within an outdoor 
insectary, with double walls of pressed-wood board, except for 
one end, whkh was covered with a tmnsparent, wire-imbedded, • 
celluloid like material. Each chamber was equipped with venti­
lators thro~lgh which the air could be drawn out or forced in, 
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and electrical current was available for the operation of mechani­
Gal insect collectors. The daylIght entering each chamber could 
be supplemented ''lith artificial hght from "daylight" bulbs placed 
outside the window of the chamber. Outdoor temperatures were 
relied on to regulate the development of the parasites except 
during periods of unseasonably cold weather, when heat was sup­
plied by an electric heater. One parasite emergence chamber was 
constructed inslde a heavily insulated room in which temperature 
and humidity could be controlled as desired. This emergence 
chamber was held at 80.) F. and 70 percent l'elative humidity. 
All light supplied to this chamber was artificial. 

Although a:; many as 585,000 larvae could be handled in one 
emergence ch:lmber, about 200,000 was a more convenient unit. 
Larvae to be placed in the developmental chambers while still 
spun up in thl! packets were removed from the shipping boxes 
ill whieh they had been stored, and these packets were arranged 
one layer deep in shallow trays measuring 14 ~,~, inches wide by 
20 inches long, and 1 inch high. Each tray (fig. 3), consisted 
of a wooden frame with a bottom of 4~inch-mesh wire cloth, the 
end of which was covered with a metal strip %. inch wide. Each 
tray held 20 packets of about 400 larvae each, or a total of 8,000 
larvae, These trays were stacked in a double column in slots in 
a mobile rack (fig. 4). The racks were of two sizes but of similar 
construction. The smaller racks had a capacity of 36 trays, or 
288,000 larvae, and the larger ones held 117 trays, or 936,000 
lan·ue. However, in uctual practice, only about 5,000 larvae were 
usually in the p.lckets in anyone tray; therefore the number of 
larvae handled per rack was greatly reduced. 

I~IGt:!(E 3.-Tra~r holding IJ:lckets of European corn borer larvae in storage. 

At the time of remo\'al from storage, and approximately once 
n week during the developmental period, all packets in the trays 
were moistened. It was necessary to exercise considerable care in 
applying moisture, since a very high humidity with a high rising 
temperature (over 70) F.) caused the larvae to migrate. Such 
IPovement could be stopped quickly by lowering the humidity, even 
though this was accompanied by higher temperatures. In the 
emergence chamber, where temperature and humidity could be 
controlled as desired, there was no trouble from mip·ution. 

All parasites handled in the emergence chambers showed posi­
th'e phototropic respom;es. As parasite and host adults issued, 
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they were drawn by either natural or artificial light to the it'ont 
of the emergence chamber$.1 where they were collected. 

MOTI! EMEHGENCE • 
Most of the borer larvae placed in the emergence chambers 

pupated and large numbers of moths emerged. Since the pres­
ence of corn borer moths complicated parasite collection in the 
emergence chambers, it was important to note the moth­
emergence trend. Moths began to emerge about 2 weeks after 
the larvae were placed in the emergence chambers, but did not 

• 


•
FIGURE 4.-l\IQbile l'ack holding trays of European corn borer parasite 

material. 
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• 
become numerous until another week had passed. By this time 
most of the Lydella" siabuict1ls gJ'iscscens and a large portion of 
the ZaZe]JtoPY[Jlts jlcp':o-01'uita!is adults had emerged. Adults of 
HOj'o{jenes punctol'il(s appeared while moth emergence was at 
its heig-ht. Since many of the host moths emerging in the cham­
bers were known to be of different strains, and because of the 
possibility of the strain of any of the host adults differing from 
those present at the release points fo~' which parasites were sched­
uled, particular care was taken that moths were not dn~wn into 
the shipping cans with the adult parasites. '1'0 insure this, it 
was necessary to remove the corn borer moths before collecting 
the adult parasites. 

• 


• 


:Frmml1 5,-D~\'icc for co\l~ctingand d~stroying EUl'opcan corn borcr adults 
prior to cO\lCCti11g parasites in elllergence chambers, 

Since it was nel:essarr to destroy the moths, they were collected 
by means of a mochfied electric vacuum cleaner (fig. 5) into a 
large metal can partly filled "\'ith oil. The suction of this col­
lecting apparatus was ample for rapid collection of the moths 
and to force them into the oil. The nozzle used on the moth col­
lector had a small aperture to en,\ble the operator to pick out 
indi'.'iduul moths 'when adult parasites also were present. A 
recent impl'o\'ement has been the installation of a central Y:lcuum 
system piped to all emergence chambers. Moths are drawn to 
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a metal container in the laboratory basement. The same system 
has proved very useful for cleaning cages and for general sani­
tation. 

PARASITE EMERGE:\'CE • 
Adult parasites were collected from the emergence chambers 

directly into parasite-shipping cans by means of an electric col­
lector (fig. 6), which consisted of a "hair dryer" modified by the 
addition of a zinc-reinforced celluloid casing to hold the parasite 
shipping can in place. The central vacuum system has also been 
utilized to draw parasite adults directly into shipping cans, 

.. 

• 

• 
!"IGUUE 6.-Device for collecting parasites directly into u shipping container. 

and where this system is available, it has proved very satisfactory. 
The parasite-shipping cans used were the same as the cans used 
for the importatIOn of corn borer parasite material from the 
Orient. A 1 t :!-inch hole was punched in the cover of each can. 
'Vhen the collectinl! can was ready for use, the end of a long 
celluloid nozzle, fitted into the cover of the removable casing, 
was inserted through the hole. A small quantity of excelsior was 
placed in each can to provide additional resting positions for the 
parasite adults. • 

Parasites were counted as they were collected, and individuals 
of only one species were drawn into each can. This procedure 
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facilitated the release of known numbers of any species. As they 
were filled, the cans were closed with corks and were the!' .-;t0red 
in cooled heavily insulated shipping boxes described by Bradley 1 

until packed and shipped to the release points. 
Since the parasite adults were drawn from the wind0ws of the 

emergence chambers directly into the cans in which they were 
to be shipped, they were disturbed only once between the time of 
their emergence and their release in the field. The mortality due 
to handling \\,~lS thereby reduced to a minimum. 

In Ol'der to obtain an estimate of the approximate number and 
species of parasites to become available for colonization from 
stored material, samples of larvae were dil;sected prior to the 
developmental period. The general procedure of sampling was to 
remove and dissect 10 larvae from each of 5 packets taken at 
random ft'om each shipping box. In those dissections, data on 
multiple-parasitization, superparasitization, and other biological 
phenomena were obtained. 

It was found that 14 to 25 percent of the borers contained two 
or more larvae of the larvaevoric1 parasite Ludellct stabulans g1'i­
sescells. Biological studieG have shown that uRually not Ii .I'e than 
two larvae of L. gJ'isescells can nlature and emerge from a single 
host larva. The supernumerary parasite larvae, exceeding two 
in anyone host, were disregarded in calculating the number of 
adults to be expected. From 1 to 17 percent of the dipterous larvae 
were in the third instal" All other dipterous parasite larvae noted 
were in the second instal'. No host larva containing more than 
one HOI'QgC'lles ]Jltllclo1'ill,'5 was found, and all of this speeies were 
in the first instal'. Larvae of H. pUllctol'i1ts anel dipterous larvae 
were found in the same host larvae. Of the dipterous larvae 
found within the borers, 1.1 percent were dead, as were 3.5 per­
cent of the larvae of the H. }Jullctori1ls. When L. stavulCllls g1'i­
sescens and ZtllcptoPVYU$ /la't'o-ol'vitaZis were found in the same 
host larva, the Z. /lctVo-ol'bitalis larva was always dead, and where 
two larvae of Z. j/((1:o-ol'bitetlis were found in the same host larva, 
one of them was dead. .AIl larvae of this species were in the first 
instHr. 

When I'<;timating the number of parasites to be expected from 
any lot of hORt material, based on dissection findings, it is neces­
sary to make certain deductions to compensate for mortality occur­
ing during storage and development. 

Table 9 presents data on parasite emergence from host material 
from different sources collected in 1934-37 and stored at Moores­
town. This table shows greater mortality among individuals of 
some species than among others. Zale]Jtopygu8 jfa1'o-01'bitalis, an 
ichneumonid imported from the Orient, seemed to tolerate the 
artificial condition of storage and laboratory development better 
than any other species. Emergence of this parasite was probably 
close to 100 percent. 

H{)I'Orln/(.~ plll/elm·izl.':; was most adversely affected by the lab­
oratory hamUilW, and emergence averaged less than 50 percent 

~ B[um.!'w, \\'. (1. A TllF.n~'Ar.l.Y INS~!LATF.D l'NIT [·'011 TllF. THA:o:sponTATION 
OP ,\iH'I,,. l:o;sr.:r'r I'AICMH'l'ES. l'. S. Bur. Ent. and Plant QUal'. 1-:'L'··77, 3 pp., 
iIItlS. 1!J:Hi. Procl'Sscd. f 
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TABLE 9.-Eme1·uence of 1)(L1'asites b'om host material at the Moorestown, N. J., laboratory in 1935, 1996, and ~ 
1937 
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TABLE 9.-Eme1·gence 01 parasites 11'0111, host material at the Moorestown, N. J., laboratory in 1985, 1986, and 
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for the three seasons. Emergence of Chelonus annulipes and 
IJydella stabulan.~ !Jrisescens each averaged about 60 percent. 
From a consignment of 11,809 cocoons of Mic'rogaste1' tibialis • 
received from Europe in the winter of 1935-36, a total of 9,062 
adults, or 76.,7 percent, were reared. 

Lydella stabulans g1isescens was. alwa.ys the first to appear in 
the emergence cages. The duration of the hibernation period made 
some difference in the length of the period elapsing between th~ 
removal of the hosts from cold storage and the appearance of the 
parasite adults. As with other parasites, the longer the storage 
period was extendeil the sooner the adults appeared a~ter incuba­
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FIGURE 7.-Emergence trends of Lydella stabulans g1-isescens and H01'ogenes 
plLltctorius, season of 1935. 

tion was started. In general. however. emergence of L. stabulans 
g1isescens started within 13 to 18 days after removal from cold 
storage. reached a maximum very quickly after emergence started, 
or from 16 to 20 days from the beginning of incubation. and also 
declined very rapidly. Over 85 percent of the adults ot this spe­
cies issued within U days after emergence began. There was a 
more or less pronounced tendency in certain lots toward a second 
peak 3 to 5 days after the fi.rst. A few adults continued to emerge 
daily over a long period. Some appeared as late as 45 days after 
adult emergence started. 

Emergence of H01'ogenes 1mnctorius began 25 to 43 days after •
removal from cold storage, and the peak was reached from 10 to 



27 BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 

16 days later. Adult emergence fell off more slqwly than was the 
case with Lyclella stabulans grisescens. Adults continued to appear

• for over a month after emergence began. 
Under the environmental conditions prevailing at the Moores­

town,. N. J., laboratory, emergence of Zaleptopygus jlavo-o'rbitalis 
adults began within 18 to 25 days after removal from storage, 
and the peak of emergence was 4 to 7 days after the first adults 
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FIGURE 8.-Emergence trellds of Microgaster tibialis, 1936. 

appeared. Males emerged 3 days earlier on an average than the 
females, a fact which would account for a second peak emergence 
3 or 4 clays after the first. The peak of Z. jlavo-o'rbitalis emer­

• 
gence occurred about 10 days after the peak of Lydellct stabulans 
g1'isescens emergence from the same host material. Under simi­
luI' conditions, Z. jlavo-o1'bitaUs emerged before ROJ'ogenes punc­
tonus. 
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The peak of emergence of the egg-larval parasite Chelonus an­
nulipes occurred 10 days after the start of emergence and 49 days
after removal from cold storage. 

The emergence periods and trends for two parasites stored and • 
reared at Moorestown are shown in figure 7. 

The cocoons in which the parasite J.1Hcl'ogaste'l' tibialis spends 
the winter were brought from storage and handled during the 
developmental period as described by Arbuthnot and Baker.s At 
the Moorestown laboratory adults started to emerge 8 or 9 days 
after the cocoons were removed from storage, and the emergence 
peak was reached 10 to 14 days later. Emergence was practically 
complete by the fifteenth day after removal from storage. The 
emergence from each of the three lots of cocoons handled during
the 1936 season is shown in figure 8. 

POST·EMEHCENCE EXAMINATIOX OF HOST l\IATERIAL ' 

After the emergence of parasites had ceased, samples of the 
material still remaining in the eri ~ergence chambers were exam­
ined, to obtain additional information on the success of the pro­
gram and for any indications that might lead to improved tech­
nique in rearing operations. In these examinations the extent of 
mortality, host pupation, parasite puparium and cocoon forma­
tion, and other factors that might have affected the parasite
material were noted. 

Several features of interest were revealed by these examina­
tions. It was apparent that high temperatures caused increased 
mortality among the host larvae. In material handled during 
1937, the lots that escaped the excessively high July temperatures •
of that year showed considerably lower mortality than those 
undergoing development during that period. It was also shown 
th2.t there was greater mortality in the more heavily parasitized 
than in the lightly parasitized lots of larvae segregated and 
handled under identical conditions. This comparison was possible 
in the larvae parasitized by Chelonus nnnulipes, since the parasi­
tized and unparasitized larvae could be roughly segregated be­
cause normally parasitization by this species has a stunting effect. 

During the storage period of 1936-37, lots in which parasitiza­
tion by C. annui'ipes averaged 70 percent suffered a winter mortal­
ity of 11 percent; whereas in lots from the same source in which 
parasitization averaged only about 12 percent the mortality was 
(Jl1ly 3.4 percent. Although similar observations usually are im­
possible with parasites whose presence does not change the out­
ward appearance of the host larvae, it seems probable that the 
mortality of larvae parasitized by such species is higher than that 
of unparasitizec1 individuals, and that parasites cause a host mor­
tality not generally accredited to them. 

In the two years in which material from the Orient was handled 
at Moorestown, the mortality among these larvae was much lower 
than among larvae from other sources. The cause of this differ­
ence is not definitely known. Apparently, in 1935 the oriental 
larvae in general were more mature than those imported from •, Sec footnote 6, p. 16. 
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Europe, which may account for the difference. During that s~a­
son the mortality of European larvae was almost twice as great 
as that of oriental larvae. In 1936 the mortality of the domestic 
larvae was over 90 percent greater than of the oriental. In both 
years the packets containing the oriental larvae were impregnated 
with beeswax, whereas those containing the European material 
in 1935 and the domestic material in 1936 were handled in un­
treated packets. Mortality of larvae in the puparia and cocoon 
stages was very low for all species, averaging not over 8.5 percent 
in any case. Tables 10 and 11 give a comparison of data relative 
to host and parasite material examined after the emergence sea·· 
sons of 1935 and 1936. 

TABLE 10.-,Host 'mortality of EUl'opecm corn borel' pn'/'Clsite mate­
'/'!rL.i txt post-emergence examiuat'ion, Morrestoll'1L, N. J., 1935-36 

.. ~-~-------,..---------;-----'--~-----
I Host larvae 1 Hostpupae

Source of material 

_______ ·~iving , Dead- t Emerged t .Living I Dead 

'--P;;C-'C/-Lt . '-l-)(-"/'-cc--n-t' -P-c-rc-'(!-n-t 'Perce;; I Pel'cent 
1935 

European ... ___ .. ___ ., 11.9 52.5 15.() 0.7 2.8 
Oriental __ .._._- 7.7 18.6 ' 48.3 2.0 .5 

1936 I
Domestic., _" __ ' __ "_ 3.2 28.5 48.9 .() 1.9 

10.1 .3Oriental.......... .3 14.9 40.() I 
TABLE l1.-Emel'gence of Europectn corn b01'el'pCL1'(tsites at 


Moorestown, N. J., 1935-86 

...-.-.~-------.,-----------

I Pupnria I Cocoons 


Source of material 
 I Emer~:d' U··.... ..-l-el·... Emergedn·-e·n g-e-d-'I I Unemerged .... "~"-"----'--'I Pcrccnt PC/'ccnt '! '-"P~~;;l-Lt- Percent 
1935 

European 114.5(18.()) 0.5' ~1.2(3.9) 20.1 
Oriental ..l!);j6--------! 11.9(30.0) 8.1 :13.8(3.2) :10.1 

Domestic. I 4.7 (4.3) .2 1 ~ 11.9 (15.0) 22.6 

O,_l'i._e_nt_a_l_._____ .._.:_.8.-:1:,~:ll~5_.,.__ ____:1_4._0I . 2_1._G_(1_9_.4.~. ..,_(1_3_,2_)....!..... 

; Figures in parentheses refer to estimated original parasitization. 
~ HOI'ogelws PlL'/Ic;t()rill.~. 

:1 Z(L/eptopyglLs jlavo.ol·bita!is. 


PAHASITE SHIP)IE:\'TS 

Because of the extent of the area over which the corn borer 
parasites had to be moved for colonization, it was necessary to use 
exceptionally etlicient equipment and technique in shipping. 

'rhe large cloth-covered shipping cages illustrated by Jones IS 

were later modified by fitting the interior with convolutions of 
cloth to provide additional resting surface for the parasites, This 
method of shipping in large containers had several disadvantages. 
Consignments of parasites of a number of different species, or 
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parasites of the same species intended for release at severallibera­
tion points, could be handled only in extremely bulky shipments 
or by releasing the parasites in a room near the liberation points 
and collecting them again in lots before taking them to the field. 
To obviate these objectionable features small cans similar to those 
used for importing host larvae from Europe and the Orient were 
used for shipping parasite adults. (See Importations from Eu­
rope, p. 4.) 

When first utilized for this purpose a small rectangular piece 
of ~(~-inch-mesh hardware cloth, bent to form a hollow triangular 
wire prism, was fitted into the can to serve as a resting place for 
the adult parasites. Small sections of No. 3 absorbent cotton 
l'ol1s, supported in the mesh, were saturated with water just be­
fore shipment. To prevent high mortality caused by low humid­
ity, strips of moistened cheesecloth were wrapped around each 
can. Owing to the varied temperatures encountered clnring ship­
ment, water frequently condensed on the metal within the cans, 
and many parasites were weakened or killed b~" being caught in 
the droplets. Later the wire support was dispensed with, and fine 
excelsior was substituted to afford resting surfaces for the adults 
Hnd to reduce condensation of moisture. 

After being wrapped in moistened cloth, each can was marked 
with the number and species of parasites contained in it. It was 
unnecessary to provide food or water other than in the moistened 
cloth wrapping. As many as 350 adults of Lydelln stablllalls 
[j)·isescen.'$ could be shipped in each can, but only 200 adults of 
Ho)'ogenes pUnctol-ius or Zaleptopyglls jlCtt'o-orbitalis and 250 
adults of Chelonus (wnulipes were placed in one can. 

Three methods of transportation were used in moving parasites 
from the rearing laboratory to the point of release. For long­
c1istance shipments involving more than 2,1 hours of travel time, 
ulilway, boat, and aeroplane were used. For all other distances, 
railway express was the medium, except for release points in the 
vicinity of the rearing laboratory, for which trau$portation was 
by automobile. An iced shipping box described by Bradley!) was 
used for all rail, rail and boat, and automobile shipments, to over­
come the limited shipping schedule of the refrigerated express. 

Parasites to be shipped by air were confined in the standard 3 
by 5-inch screen-sided cans, each of which was wrapped in moist 
cheesecloth and enclosed in a corrugated-cardboard carton. A 
l!Umber of these cartons were packed in a larger corrugated-paper 
carton. The maximum number of cans per package shipped by air 
'-:as 32. As there were 250 adults per can, this made a maximum 
of 8,000 per package. The larger carton was first wrapped with 
a layer of cloth, and then with a layer of absorbent cotton, which 
"'as covered with an outside layer of cloth. The loose ends of 
this cloth '''ere stitched. The layer of cotton was dampened and 
the package was placed in a cold-storage room at 40° F. for 3 
hours before being shipped. 

A heavy manila envelope containing the bill of lading to facili ­
tate delivery of the package at the destination, was tied to the 
package. A tag containing the address and a shipping permit was 

"See footnote 7,p. 23. 

• 


• 


• 
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attached, and the package was delivered to the express company 

• 

just in time to permit the placing of the shipment on the sched­

uled plane . 


Five species of corn borer parasites have been shipped by ait' 

express. Where plane schedules have been maintained this type 
of service was satisfactery, but unavoidab.hl c;lekl~s were so fre­
quent, over a shipping period of 4 years, such transportation did 
not prove to be satisfactory. 

To find a desirable substitute for air shipments to points more 
than 24 hours distant by rail, two methods were tested in 1938. 
(1) Shipments for which part of the travel was across water con­
sisted in transporting the material in an insulated iced shipping 
box via railway express to the export point, and thence by boat 
in the same container, under refrigeration, to the point of deliv­

• 


FIGUHE 9.-Liberating European corn borer parasites near shrubbery a:t the 
edge of a cornfield. 

ery. A consignment of 2,000 Chelonlls cLnnlllipes adults was 
shipped by this method on June 21 from Toledo, Ohio, to San 
Juan, P. R. The box was sent by railway express to New York, 
where it was placed on board ship for San Juan. The box was 
Te-iced at New York, and again on receipt at San Juan. The total 
elapsed time between the date of shipment and the last release in 
the field was 7 days, and the mortality was only 2.1 percent. (2) 
In shipments entirely by rail directions for re-icing after 15 
hours of travel were attached to the top of the box. 

• 
A test lot of parasite material was sent from Toledo, Ohio, to 

New Orleans, La., a distance involving more than 2l!hours of rail 
travel. This methocl resulted in a mortality of only 0.2 percent 
from the time of shinment to field release in Louisiana. Ship­
ments in insulated iceel boxes via railway express were not only 

http:unavoidab.hl
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reliable but also conducive of low mortality. During the period1935-38 nearly a quarter of a million parasites were transportedby this means and the average mortality among all species was •less than 2 percent.

At the receiving points the box containing the parasites was
l.lsually re-iced and then taken to the field. At the liberation point,cans containing the requisite number of adults were removed fromthe box and taken to the windward edge of the field, usually inthe shade of overhanging bushes or trees. The covers were re­moved and the cans were laid on the ground to permit voluntaryegress of the adults (fig. 9). Records of meteorological concli­tions, ecological factors of the environment, and the condition ofthe adults were taken at the time of release.
The par:asite shipments showing the lowest mortality rate weretaken to the field from the rearing laboratory via automobile, theadults being again packed in iced shipping boxes as for rail trans­portation. '~he modality counts included all the adults that died
during collection and en route to the actual point of release in the
field. A few canfuls of adults were allowed to escape in a cage at
the laboratory and then were re-collected, and it was found that
much of the mortality was the result of injury during collection.
It was concluded that the mortality during actual shipment by
all methods other than air express was less than 1 percent for all
species handled during the 4-year period. 


COLO.xIZATIO~ AXD SAMPLIXG METHODS 

LIBI::HATJOX PHOCI::DL'rtE •Beginning with the first releases of three species of imported
parasites at Watertown, Mass., during the period 1920-29, para­
sites were liberated in certain localities designated as test points.
The objective was to test various environments as to the ability of
the parasites to establish to and maintain themselves. The rate,
direction, and extent of dispersion at the test points were studiedand, where possible, the seasonal history of the parasites that hadbecome permanently established was investigated. As increasednumbers and species became available, additional releases weremade at the original locations and at new ones.
In 1928, because of the natural spread and increase in cornborer populations along the borders of Lake Erie and Lake On­tario and southward from New England, more extensive prepara­tions for testing and distributing imported parasites were made,and a systematic colonization program was planned. In formu­

10 In this discussion and in future references to the field status of parasites,the term "initial establishment" denotes the recovery of the parasites fromthe host generation present in the field at the time of release. It signifiesthat the parasite contacted the host in a stage favorable for .attack and thatparasitization was sufficient to be measured by the means employed.implies nothing as to the status of the parasite after the completion oC one
It 

annual cycle. "Establishment" means that the parasites not only becameinitially establish<!d in the environment hut survived through more than oneannual cycle or the host without being supported by other l'('leases. A para-
• 

site is classified as being on a "maintenllnce" basis when its existence in theenvironment appears to be permanent. 
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lating and executing this program, obvious sectional differences 

• 
and the specific envh'onmental requirements of individual species 
were considered. 

The principle of introducing all available pl'imary parasites has 
been followed in all the colonization activities. H. S. Smith (88), 
in discussing multiple parasitization, has shown that when compe­
tition between species exists the final level of parasite population 
will be higher when all species are utilized. Smith says: "* * * on 
theoretical grounds, as well as on the data SO far available, the 
policy of entomologists in introducing all available primary para­
sites'of an injurious species is justified." 

SELECTIOX OF COLOXIZATIOX POINTS 

In the early phases of the parasite colonization pl'ogram it was 
impossible to determine the most satisfactory environments for 
the different imported species; therefore the locations for the re­
leases were selected on a geographic basis as the best way of 
insuring the inclusion of the m~ljor environmental factors. 

The specific point of release in each major geographical division 
\\ as determined by a survey of the corn borer populations in the 
different localities. That township was chosen in which the borer 
concentration was highest or in which the borer population 
equaled or exceeded that of any other locality. The selection of 
the point of release within the township was governed by the 
environmen t. 

• At most of the colOl.1Y sites the releases were made at a single 
point. At some sites, however, not all the parasites were liber­
ated in the same fielCl, but were distributed in a number of fields 
in the same vicinity.. At a few locations, notably those in Perry 
'l'ownship, Wood Count~r, and Damascus Township, Henry County, 
in Ohio, the Cattaraugus Indian Reservation in New York, and 
ill eastern Massachusetts, the group type of release was used. 
Some of the adults were liberated in fields within approximately 
10 miles of the center of each area but no better establishment 
resulted from group-type releases than from single-spot releases. 

In selecting localities adequate protection, food, and water were 
considered of primary importance. The exact location of a re­
lease site may have been chosen because of a water supply in a 
stream, swamp, or lake. \Voocl lots or areas overgrown with 
shrubs offer potential protection, The presence of a variety of 
flowering shrubs, weeds, or h'ees, as a possible source of food for 
~ldult parasites, might mean the difference between successful or 
unsuccessful establishment of a species (King and Holloway, 19). 
Typical environments selected for the release of corn borer para­
sites are shown in figure 10. The importance of these protective 
factors decreases, however, as the synchronization increases be­
tween the release of parasites and the appearance in the field of 
host stages suitable for parasitization. 

• 
In the early stages of the program the plan to release parasites 

in the most heavily populated section of a geographical division 
was modified by observing a minimum distance of 25 miles be­
tween colony sites, to pre\-ent overlapping of dispersion. All the 
test points were sufficiently isolated so that reliable information 

82836"-50-3 

http:colOl.1Y


L'unlt! be ohtained tin till' ratl' and t!in.'ctiol1 (If ~lll'ead or ll<ll'a­
~ill'~, population lllldllati()n~ altl'r \"ari!ltl~ typl'~ or l'l'll'a~l', and 
ellil'il'lIl'.\' Il\' t11l' t!i1[t'l'L'nl :-;pl>l',ie~ in L'ontrol of llll' hOl'Pl', • 

\\'11l'1l Ow main objel'ti\'l' wa~ tIll' (li~tl'ibtlti{)n of' a ~pl'l'ie~ 
thl'Oul{hout un il1rl'~tl'd al'ea, in~tl'ml (If mnkinl{ tp~l l'elea~e!'\, 
colony gitl':-; \\'l'I'P ~t'lpl'tpd about as for tl\gt point::;, but t.he deter­

• 


Fu:nu: 111.-- Typil'nl \'!1\'ironllll'I1t,; 1'01' l'\·h'a~l· 111' l::urulWan l'Ol'n hOI'l'l' pUl'a­
",t",:: .t. Edg't' IIf l'''l'nfil'ld Illll'(Il'l'l'd by woods; D. Iwar ",atpI' at l'd~l' of 
""I'!Hid.!. 

mill!ll!!" lat't"l'~ \\'('n' lh'rin'!l fl'!lm lJioiog-ieal studie:; of the para­
:-;!tl' awl it:; l'\'Hl'tiollS to livid C()llllitillll:-;, The di:-;tancl' uetween 
co!oll\' ;,;itl'~ \\'a:; dl'tinitl'h' l':-:lauli:·dll'd fl'om known data on c1.i!'\­
talll'l; and din'e(illll of :'1;1'l'ud, the numbl'l' of ilHliddllal::; U\'ail­
ahll' f,·r lli:-:tl'ilmtion, tlw :-:izl' or till' l'()J(Jn~' nl'l'l':-:~ary for initial • 
L'Mabli:-;hmt'nt. anti tlw Sb~(l of till' an'a til bl' co\'pre(l by the colony, 

TIll' total nllmher of di;;tributinl1 points was arbitrarily COl1­

tl'ollell br the size of the total infested area and by the number 
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of parasites available for colonization. Occasional releases were 
made in a locality where the environmental conditions were signifi­
cantly different from those generally' prevailing, to determine 
whether the conditions were favorable for both the host and the 
parasites. There was also the chance that such a locality might 
serve as a chronic source of reinfestation of adjacent areas, and 
that a parasite population might build up enough to offset the 
borer menace and to furnish a permanent source for spread into 
adjacent territory. NumerollS special colonies were established 
in restricted localities to obtain neces!';ary information, such as 
adequate size of colonies, possible benefits to be derived from 
synchronization, and other variations from standard liberation 
technique, which might improve the efficiency of parasite handling. 

Each season the comparative values of the different colonization 
sites were considered carefully as to the number and concentra­
tion of borers present, the probable direction of spread of the 
borer, and the relative importance of the section as to corn pro... 
duction. The sites were then classified, the more favorable ones 
being colonized comp1etely with all available species of parasites. 
'J'he only l:estriction that limited the testing of any parasite 
throughout the entire infested area was the number of adults 
available for colonization. This number was divided into units 
:::ufIiciently large to insure establishment and maintenance, where 
the parasites were capable of surviving in the environment. 

DETEIUIJ);ATIOX OF THE SIZE OF COLONIES 

An arbitrary colonization unitfol' all species was set at 1,000 
females, plus males in proportion to their normal sex ratio. 
Although establishment of some species might be obtained from 
smaller units, and considerable variation existed in the coloniza­
tion requirements of the various parasites, the arbitrary number 
of 1,000 females was considered a practical working unit. It was 
shown that excellent initial establishment of some species could 
be obtained through the release of smaller colonies; however, no 
colony of less than 500 individuals was considered adequate for 
establishment. Once fixed, the determined number was used in 
all subsequent liberations, whether for testing in the selected en­
vironments or for distribution to supplement natural dispersion 
,,,here the rate of spread was so slow as to justify further coloni­
zation. 

PERIOD OF RELEASE 

In determining the number of years during which releases 
should be made at anyone point, several factors were considered 
before a formalized procedure was adopted. Because of the lack 
of information on the adaptability and efliciency of corn borer 
parasite;.> in ne\\' environments, and because of the uncertainty 
(\f climatic conditions, it is 01' primary importance that releases 
be made in more tl.lan one year. Adequate initial establishment 
is necessary for the parasite to haye a reasonable chance of sur­
Tival. Once firmly established ~mcl included in the natural en­
vironmenh11 compiex, a species would be better prepared to with­
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stand adverse circumstances than would a few hundred newly 
inh'oduced individuals. Consequently, it was decided that if the 
capability of a species did not become apparent after the original 
liberations, releases should be repeated. 

It was obviously unwise to continue placing ~tdults of the same 
species in the same locality indefinitely because (1) it wou:d 
interfere with the early appraisal of the rehltive merits of the 
parasites, which was necessary for the most effective and eco­
nomical distribution program; and (2) because of the limited 
numbers of parasites available, as compared with the large size 
of the infested are.'\. over which colonization was desirable. Since 
it was necessary to colonize some 150,000 square miles of infested 
territory having varied environmental conditions, it was unwise 
to restrict the number of colonization points unnecessarily, 

An arbih'ary period of 3 years of release at anyone point was 
adopted as the standard for all species. Consecutive yp,clrs were 
preferable, although not always practical, because thr.; supply of 
adults available for colonization varied from one year to another. 
Whenever experience revealed defects in colonization technique, 
the species affected was considered as untested and was released 
3 more years at the same site. 

It often happened that a species previously tested thoroughly 
throughout the entire borer-infested area, without showing prom­
ise, still appeared in the importations, having been taken inci­
dentally in the foreign collection of other species. Such spec:es 
were again utilized as untested after a 3-year lapse following 
standard liberations at any point. This procedure provided for 
the testing of the immediate effects of the different environmental 
conditions that might have prevailed in the test localities dur­
ing the second release period. As soon as field surveys showed 
that an introduced species was present at a test location in sutn­
cient numbers to indicate establishment, releases of that species 
were discontinued. 

At locations where liberations had been discontinued because 
of suflicient initial establishment, and where the parasite subse­
quently failed to survive, the parasites were listed as untested 
after a 3-year period of failure to recover them. With respect 
to that locality the parasite was l'eturned to the program as an 
untested species. 

To meet the requirements of individual species or the variations 
in host concentration and dispersion, some adaptations were made 
in the operation of the colonization program. Certain species 
were released in some locations in mOre than 3 years, With all 
such species, except Mi(')'oln'((con bl'(,l'i('ol'ni.'l, this procedure was 
followed because the numbers available for colonization in certain 
pI'evious years had been considered too small for an adequate test. 
With M. brel.'icol'ni.'l, in view of the large numbers available for 
liberation and its cOIl'listent failure to become established, it wag 
deemed advisable to extend the arbitrary 3-year liberation period 
at a few points to increase the chances of liberating the parasite 
under the most favorable environmental conditions. 

An aditional complication in the program resulted from the 
importation of apparently identical parasite species from both 

• 


• 


• 

Europe and the Orient, for example, Mctcl'ocentrlts gijuensis, 
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TABLE 12.-Numbe1· of releases of imported 1Ja1'asites of the Eumpean corn borer in the United States, 1920-40 
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TABLE I3.-Number of corn borer parasites shipped to Canada, 1923-40 

1 1933 1940 Total1 1924 1 1925 1 1930Species I 1923 !1931 I 1932 1~11938 I 1939 
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Pscudopcrichacta I'recta _______________ . _______ ~____________ ------- 82 ------- ------- ------- ------- ------- 82 
253 

~ 
Aplomya -mitis ____________________ .. ___ _______ _______ 211 --_____ ______ 42 ------- -------. ------- ------- =: 
PsclldopeTichaeta roseanae ______ .--.-.-.-.-_- ._-.-.-.-.-_- _.-.-.-.-.-.- _4.,1.2.1. 1,863 1,280 140 ..-.-.-.-.-_- .--.-.-.-.-_- .--.-.-.-.-.- -.-.-.-.-.-_-,___• l"l 

7.404 l"l 

Total ___________________ 2,714 226 66 48,256 58,923 113,176 63,136 600 3,765 9,027 6,335 306,224 c: 
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Lydella stabu[(tns yrisesce?ls, and HOl'oyenes punctOJ'ius. Although 
within the species the adults of different origin could not be 
distinguished taxonomically, it was possibl~ that they might 
differ biologically. To avoid possible confusion, certain districts • 
were reserved for colonization of oriental species when appar­
ently identical species from Europe were being colonized. 

Frequently the spread and increase of the corn borer in an 
important corn-growing county necessitated the placing of that 
county higher in the weighted list of colony sites and in colonizing 
parasites in it before completion of the prescribed 3-year test 
period at older locations. To make releases at some of these new 
locations, it often became necessary to curtail the program at 
some of the older and less important sites. 

From the time of the first release in 1920 through 1940, ap­
'Proximately 6 million parasites were released in the United 
States. The species and the numbers of individuals released in 
each State are shown in table 12, 

Throughout the colonization program close cooperation has 
been maintained between the Canadian Department of Agriculture 
and the U. S. Bureau of Entomology and Plant Quarantine. Para­
sites have been forwarded to Cmlada for breeding and for field 
release (table 13). 

RELATIOX OF S;\"II'I~IXG 1'0 I.'.\HASITE FIELD STATUS 

As a guide in planning' and conducting fm'ther importation, •breeding', liberation, domestic collection, and redistribution, it is 
D.ecessary to have data on the biology, establishment, survival, 
multiplication, efliciency, rate and direction of dispersion, and 
fluctuations in population of imported parasites that have been 
colonized under various environmental conditions. Fundamental 
sampling problems are involved in deciding on the procedures 
to be followed in obtaining this information. 

The relation of parasite liberation to intensity of parasitiza­
tion must be carefully considered when any sampling system is 
constructed, since sampling immediately after current releases 
may yield results quite different from those obtained by sampling 
colony sites not supported with ClU'rent releases. This situation 
is further complicated by the continuous introduction of species 
not previously released at the different sites. In the natural 
course of liberation procedure, additional species are tested at 
sites that previously l'eceived l'eleases of other species. This con­
dition }'esulted in not only a c1iffel'ent lapse of time between lib­
eration of different species but also in an introduced variation 
in their field status. Since this variable time factor alone may 
have an important bearing on the different influences being 
studied, sampling methods must be so devised that suitable analy­
ses can be made of field data pertaining to the reaction of incli­
vidual species. 

In the inf(,'!sted area in the United States 21 different species •of impol'ted parasites having specific requirements as to libera­
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tion technique and optimum sampling time, were colonized. For 
instance, an exceptionally high initial establishment of a species 
might be obtained directly from liberation technique, but this 
condition would not be a true index of the ultimate efficiency of 
the parasite. The influence of initial establishment imposes itself 
on the results of the survey and must be analytically separable 
from other data that reveal more truly the status of those para­
sites which, following a lapse of time, have more nearly attained 
a stable part of a given locality's parasite population. Both types 
of information are indispensable and data must be available to 
permit the proper evaluation of each. 

With these objectives in mind, the immediate consideration 
in devising the sampling method was the individual species, rather 
than the combined status of all species. For lack of available 
funds and personnel, it was impractical to attempt to apply the 
optimum technique to serve each desired objective. There were 
at least 10 specific subjects on which immediate information by 
some form of sampling was desired, and these applied equally 
to each of the 21 imported species colonized. The determination 
of the status of native parasites was an additional complication. 

PRINCIPLES OF SURVEY SAMPLING 	IN RELATION TO STATIs'nCAL INTERPRETATION 
OF IlESULTS 

The foregoing discussion has treated the general objectives 
toward which parasite field sampling should be directed. Meth­
cds of sampling based on the biology of the parasites, the area to 
be covered, and the funds available, and conforming to rigorous 
mathematical principles, were developed. 

The samples must provide the following statistical informa­
tion: (1) A measure of the condition being sampled, and (2) a 
measure of the error involved in measuring the conditions. In 
plot experiments the conditions being measured and compared 
are the differences between treatments or varieties, and the prin­
ciples of replication, randomization, and local control are used 
to mitigate the errors due to soil heterogeneity and other factors. 
In field surveys the conditions being measured and compared are 
the populations of hosts or parasites in specified areas, and the 
same principles may also be used to mitigate the errors due to 
the variability of the insect populations in the different sections 
of an area. 

The difficulties arising from the variability of the insect popu­
lations within' an area may be overcome by distribution of mul­
tiple samples. Other factors being equal, the greater the number 
of samples taken the more nearly will the average tend to ap­
proach the true condition of the area. It may also be assumed 
that the variability of the insect population, like the soil varia­
bility in plot experiments, cannot be regarded as distributed at 
random over the whole area, but is to some extent systematic, 
so that neighboring sections are, on the average, more alike than 
sections farther apart. The principle of local control can there­
fore be utilized by taking the samples in sections systematically 
distributed in the Hl'ea according to some plan. Witnin each 
section the samples must be taker. at random. This section may 
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be the field nearest the center of each section, if the sections are 
placed at random insofar as conditions permit. Samples should 
not be taken from the same place in successi ve years. 

The principle of local control is thus used to the greatest pos­
sible extent by dividing the area into as many sections as there 
are samples to be taken. However great the variability between 
sections, the actual error of estimate of the mean for the area 
will be due to the variability within the sections alone. This 
sampling variability or error can be estimated only by using two 
01' more samples within each section. Each sample, however, is 
placed individually in a section and combined later in multiple­
sampled sections for the determination of the sampling error. 
For each of the many diverse problems listed previously, a valid 
solution should exist and be recognizable, if the sampling has 
been carried out correctly. 

The principles of sur.vey sampling are equally applicable to 
the placement of colony sites within the area and to theplacement 
of samples about the colony sites or of subsamples in the fields. 
Each colony site may be regarded as a sample of the adaptability 
of the environment to the species of parasib~s in the area as a 
whole. The mOl'e dispersed these species are, within the limits of 
practicability and the possibility of recovery sampling, the greater 
likelihood there is of getting a representative sample of all con­
ditions in the area. 

Owing to the great extent of the area, the diversity of con­
ditions, and the limitation of material, it w[!.s deemed advisable 
to establish the colony sites in selected environments, rather than 
at arbitrary int~vals regardless of conditions. The borers taken 
at each colony site constit.uted a sample of the native parasites 
in the area, as well as of the introduced species. In analysis for 
some purposes, such as the comparison of the means of general 
areas from year to year, these samples 'corresponded to the section­
random method of sample placement around colony sites, de­
scribed later, in which full advantage can be taken of the prin­
ciples of replication, randomization, and local control. For other 
purposes of analysis, such as comparison of mean!'! rrf parts of 
the general area in the same year, these samples corresrJond to the 
unrestricted-random method of placement about colony sites that 
utilizes the principles of replication and randomization, but not 
the important principle of local control. 

For the placement of samples about colony sites, three methods 
were tested in the field and their relative merits critically scruti­
nized in the light of these principles of survey sampling in the 
development and final selection of a suitable technique: (1) The 
strip method; (2) the unrestricted-random method; and (3) the 
section-random method, which conformed rigidly to the princi­
ples of replication, randomization, and local control. 

The first, or strip method, represents an extreme of arbitrary 
restriction which involves laying out definite radiating lines, or 
transects a delineated environment from a common center-in 
this case the liberation point-and taking samples at uniform 
distances along these lines. The lines may run only in the car­
dinal-compass directions, or additional radii may be added as 
funds permit. This method may be adapted to specific objectives, 
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such as parasitization along natural or artificial lines-rivers, 
lake fronts, prevailing winds, and highways-but is not suited 
to general sampling and does not measure the true status of the 
parasites. In addition to the high degree of arbitrary restric­
tion employed, undesirable unbalanced concentration of sampling 
occurs near the immediate point of release. This difficulty could 
be obviated by additional radii bp-ginning at successive distances 
from the liberation point. Such a procedure, however, would 
merge into the polar-coordinate system of placement, developed 
for use with the section-random sampling plan. 

The unrestricted-random method represents an opposite ex­
treme to the strip method in the operation of a standardized field­
sampling technique. By this method the area to be sampled is 
divided into convenient sections of equal size, designated by con­
secutive numbers. From the total number of sections included 
in the area being surveyed, the numbers of the actual fields to be 
sampled are taken from Tippet's Random Sample Numbers (38), 
utilizing the particular series of random numbers applicable to 
the total number of samples that can be obtained in the area. 

Regardless of the variation in type of the random-sampling 
method utilized, care must be taken to apply succeeding series of 
numbers to the separate areas in anyone year and succeeding 
series to identical areas in consecutive years. While this method 
insures a desirable randomness and has many advantages, it has 
one serious limitation-the possibility that so great a randomness 
in taking samples might miss certain sections of the area being 
sampled and that the sections missed might have yielded illumin­
ating data. FuthermQre, this method, although utilizing the 
principles of replication or multiple samples and of randomiza­
tion, almost completely lacks any utilization of the principle of 
local control. The random error, therefore, of the estimate of 
any mean from such samples would be influenced by practically 
the entire variability of the condition over the whole area, except 
for certain minor features of local control, such as distance from 
the liberation point. To obviate these deficiencies, the application 
of a more restricted sampling method was desired. 

The section-random method has been developed to supply the 
need for this additional restriction. By this method the advan­
tages of replication and randomness are fully utilized and the 
maximum of local control for the number of samples taken is 
obtained. This is the general scheme that formed the basis for 
the sampling plans in most surveys. It has sufficient flexibility 
to permit its application to a great diversity of conditions, and 
it is capable of modification, to provide for enlarged or retracted 
activities with the least possible disruption. 

The first consideration in the application of the section-random 
method was the delimitation of the nature and objectives of the 
survey to be conducted and the number and size of samples that 
could be taken with the available funds and personnel. The area 
to be surveyed was divided into sections, the total number of 
sections to be utilized equalizing the total number of sample~ 
that could be taken in the area, and one sample was taken in each 
section. The sections and samples varied in size according to 
the stated objectives. The final scheme adopted for the sampling 
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of a gi yen colony si te was a compromise of the requirements of 
the numerous objectives. 

Within each section the samples were placed entirely at ran­
dom with reference to the conditions affecting the thing being 
sampled. This sample might be from the field nearest the center 
of each section, if the sections are laid out in an arbitrary man­
ner about the liberation point, except with regard to distance. 
From year to year either the samples were allocated at random 
within the sections or the whole system was shifted. The method 
by which randomness could be accomplished was dependent on 
the size of the sections. Large sections could be subdivided into 
a number of smaller ones, and the immediate location could be 
determined by random drawings. The whole system could be 
rearranged so that the samples would fall in different locations 
in sllcces~ive years. In shifting the samples to obtain year-to­
year randomness the conesponding number of samples was placed 
at approximately the same average distance from the liberation 
point and balanced equally on all sides of it. Sufllcient random­
l1eSS of sample placement was usually obtained through normal 
crop rotation. 

The section-random method, combined with a physical layout 
that conformed to the biological requirements, fulfilled the con­
ditions of replication, randomization, and local control for sup­
plying reliable estimates of area means; eliminated a large portion 
of the place variability; and allowed a valid estimate of the com­
ponent of the variability remaining as the error of the estimate 
of the mean. These area means were of primary importance in 
IJal'asite field studies because they formed the basis for the study 
of the ecological relation of the introduced species and for the 
evaluation of the relative effectiveness of parasites in controlling 
the corn borer. Replication or multiple samples increased the 
reliability of the estimates of the means and provided valid esti ­
mates of the random variability of the estimate of the means. 

The increase in the reliability of the means with strict ran­
domness is proportional to the square root of the uumber of sam­
ples. Systematic (section-random) placement of samples adds 
the feature of local control to replication and randomness, greatly 
i!1creasing the efllciency of a given number of samples. Through 
local control the samples were distributed porportionately at de­
termined distances and approximately balanced on all sides of 
the liberation point. The random variability applying to the 
estimate of the mean was reduced from the total place variability 
of the area under consideration to the sampling variability within 
sections by eliminating the val'iabiJity between sections. The 
actual computed random variability of sampling became some­
what larger, because two or more sections were combined in the 
arithmetical estimation of the random component, but the real 
advantage in local control of placing eac,h sample in separate sec­
tions still exists. 

As the fields constituted the samples in the sections, the borer 
population in the field, in turn, was sampled. The principles of 
replication, randomness, and local control also applied to the 
campling within the fields. The more reliable the estimate of 
the means of the fields the less the random variability of the 
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samples in the areas and, therefore, of the error of the area 

• means for a given number of samples. The field sampling should 
be carefully planned to give replication, randomness, and local 
control; however, increasing the size of the field samples was not 
so effective as taking the equivalent increase in samples in more 
fields. The final specifications must therefore be guided by a 
balance with pertinent practical considerations. The samples in 
any level should, however, be uniformly distributed. Grouped 
samples must be considered as single samples, in that level, with 
subsampling. 

TII~: SECTIO:-;-R,\:-;DO~I ~(r::TIIOD APPLIED TO A 1'IUCTICAL FIELD PROBLEM 

• 

The next consideration was the mechanical process to be fol­
lowed in applying the section-random method to the specific areas 
selected for survey. The system generally used in comparable 
surveys is a rectangular-coordinate design suitable for obtaining 
abundance estimates of the entire area. Most of the colony sites 
to he sampled were relatively small, and information on the com­
parative biological responses of the different parasites at varying 
distances from liberation foci, in addition to parasite-population 
levels over the entire area, were needed; therefore some method 
other than the use of rectangular coordinahs was desirable for 
parasite sampling. The polar-coordinate system eliminated the 
objections to the rectangular-coordinate system without decreas­
ing the possibilities of gathering adequate data on control effi­
ciency. 

The polar-coordinate design is adapted to section-random sam­
pling, and fulfills the statistical requirements of replication, ran­
domness, and local control. Its actual application to colony sites 
is simple and subject to innumerable variations to fit specific 
demands. Since practical phases of the problem do not require 
differentiations of distances less than 1 mile, circles are inscribed 
(In the map of the locality to be surveyed, each circle having a 
similar radius at least 1 mile greater than that of the preceding 
vne, this being continued until the entire survey area is enclosed 
jn the outer circle. A series of concentric rings of equal width 
is thus obtained. The total survey area in square miles, is divided 
by the number of samples to be taken, giving the approximate 
area to be included in each section to be sampled. Each ring 
area is then divided by the area previously determined to be in­
cluded in each section, giving the total number of sections to be 
included in each ring.

The diagram must, of course, be adj usted to the scale of the 
map. The center of the system is located as near the actual point 
of parasite liberation as is practicable. Figure 11 illustrates 
a polar-coordinate design as drawn on a field map. 

When the sections were outlined on a map of the area in which 
single samples were to be taken and the actual fields to be exam­

• 
ined were located as outlined above, the samples were taken in 
accordance with the following procedure. 

The observation unit for the parasite count was established at 
100 borers, although a sampling unit of 50 borers appears to be 
satisfactory if the parasitization exceeds 15 percent. Fifty is 
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apparently the minimum number that can be expected to givereliable information, and has the added advantage of being anumber that readily lends itself to the necessary manipulationsof statistical analysis. Accordingly, one of these units was ob­ •tained from each of the sections comprising the polar-coordinatedesign. The samples within the sections were as nearly uniformin size as possible, in order to avoid giving some sections moreweight than others, which might interfere with the solution andthe interpretation of the l·esults. The samples from each sectionwere separate units representing discrete sets of conditions.In the actual field collection, borers were taken wherever theycould be obtained most conveniently, since observations showedthat within fields the rate of parasitization was not affected byborer distribution. The varying distribution and intensity of
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FIGURE l1.-A polar-coordinate design superimposed on a field map. 

corn borer populations often required concentration of collectionsto restricted portions of the original field or, conversely, theexpansion to include the entire section. If the complete quotaof borers coule! not be obtained from one field, additional fieldswithin the section were examined. If the complete quota of borerscould not be obtained from the section, such borers as were ob­tained served as the sample. If no borers could be obtainedwithin the section, that fact was noted and no further attemptswere made to obtain compensating collections.
It was believed, however, that sampling was insufficient whereinitial establishment of a species was still extremely slight andno appreciable dispersion beyond the limits of the immediateinfluence of the liberation point had taken place. This situationwas satisfied by fixing a sampling unit of 400 borers within theinner circle. These borers were taken from one field, arbitrarily •selected by the collector as representing the best single possibility .for supplying information on the establishment of the variousspecies being tested. In this selection the investigator considered 
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distance and. direction from release point, relation to possible 
protection, water and food supply, and stage of corn development 
as an index to borer population. One subunit, or subsample, of 
100 borers was collected from each quarter of the field being 
examined. .Each subsample l'etained its identity in the labora­
tory, since there was a reasonable expectation that higher para­
site populations would appear in those selected fields than might 
be found generally around the liberation point. 

FIELD A~D L\llOIUTOHY TECU;>;IQUE 

For phases of investigation on the field status of corn borer 
parasites in which samples of the host were needed, collections 
were made at the time of year when equilibrium between para­
sites and host had been reached. For observations on parasitiza­
tion in borers of the overwintering generation, collections were 
made in the fall after the active parasite season and when the 
host larvae had attained full growth. Feeding in the laboratory 
and lessened mortality during winter storage were thereby avoided, 
Owing to the earlier seasonal maturity of borers in the Lake 
States, collections were begun in that area about October 1, 
2 weeks em'lier than the initial date in the East. In both areas 
it was planned to complete field observations before adverse 
weather decreased the efliciency of operations. 

The survey to determine the extent of parasitization in first­
generation borers in the Eastern States area was made just prior 
to the appearance of numbers of second-generation borers. Thus, 
owing to variations in the rate of individual development, mature 
larvae, pupae, and pupal exuviae appeared in such collections, 
whereas in fall collections the host stage consisted entirely of 
mature larvae. The objective was to obtain as nearly ~ possible 
the number of ho:.>ts of a given generation that were killed by 
parasites, so that if and when it became possible to determine the 
mortality that would have resulted from other factors, an exact 
evaluation of the mortality caused by parasites might be obtai neil. 

The technique of borer collection was gradually improved and 
in 1941 the following method was used. A salve tin, about 2 
inches in diameter and 1 ~ 'b inches deep, was fastened with elastic 
bands to a tight-fitting superstructure having a funnel-shaped 
opening in the top. The salve tin contained a roll of corrugated 
cardboard 13 inches long by 1 inch wide. This cardboard sup­
plied sufficient cells in the corrugations for 50 borers, without 
crowding. Borers taken from standing, shocked, or stubblefields 
of sweet and field corn, or from 'weeds and debris, were dropped 
into the container and soon crawled into concealment in the cor­
rugations (fig. 12). When 50 borers had been taken, the salve 
tin was removed from the superstructure, covered, and placed in 
a mailing tube with a record form giving full data on the col­
lection. 

Included in the borer sample were all ectoparasites and all 
cocoons and puparia of endoparasites that had issued 11 prior to 

~~ The term "emerge" refers to the appearance of adults in the natural 
process of metamorphosis. The term "issue" refers to the process by which 
endoparasitic species leave the host. 
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collection but had caused the death of borers of the generation 
being sampled. Host remains and the p~u'asite (or cluster of para­
sites of gregarious or polyembryonic species) responsible for its • 
death ,vere placed in a No. 0 gelatin capsule. When received at 
the labol'atol'y the cans were held at a low temperature to pre­
,'ent overactivity of the borers until they could be segregated, 
which was usually done on the day following receipt but could be 
delayed by storing the C~lns in a cool place. 

Isolation is essential to prevent cannibalism and reduce the 
chances for epidemics of entomogenous diseases. Shell vials meas­
l:.l·ing 50 by 17 mm. were used for segregating the larvae. Each 
vial was covered with a CilP formed from a I-inch circle of 40-mesh 
screen wire. Each contained a piece of white ulotting paper (11/.1. 

• 
FIGURE 12.-Containcl's uscd in collecting European corn borer larvae. 

inches by :lu inch), to absorb excess water and retain moisture. 
Yials w('t'e carried in shallow trays equipped with cross pieces 
for elevating the cap end of the vial, thus facilitating the moist­
ening pr()eess and the examination of the contents. Two hundred 
vials, 01' material from two samples, were put in each tray
(fig. 13). 

Immediately after isolation of the vials, moisture was applied 
by means of a fine jet of water forced through the screen caps. 
The tra:rs were then racked in a refrigerator room (fig. 14) held 
at a temperature of 3·F-3G" F., and were kept there until the 
cliapause requirements of the host larvae had been satisfied, or 
for about 3 months. Decreasing this hibernation interval to any 
great extent, eRpecially when dealing with the single-generation 
strain of the borel', causes excessi\'e mortality of the host larvae. 
"Csual1y about ;\Iarch 1 the refrigerating unit was shut off and 
the larvae were allowed to wal'm slowly before being placed in 
an em"ironment favoring their development. This environment • 
consisted of a chamber held at 80" by a thermostat regulating a 
small fan-type electric heater and at a relative humidity of 70 
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• 
racks were used and the trays wm'e slid in and rested on angle 
irons fastened to the upt'ights (fig, 4), At Toledo, Ohio, the 
l'acks were constructed of sections of I ~-inch iron pipe welded 
together, The b'ays were supported at front and back on lA,-inch 
iron rods, the ends of which were set into holes dl illed at proper
intervals in the pipe frame (fig, 15), 

• 


FIGURE 15,--:\louili! .l'!\ck for holding tmys of Etu'opeun corll borel' parasite 
host materiul. 

• All larvae were examined at the time of removal from cold 
storage ancla record was made of the mortality during winter 
storage. Since normal de\'elopment of the larvae is impossible 
without contact moisture, water was applied at the time of re. 
moval and once each week during the developmental period, 
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Material of this type may be attacked in the laboratory by the 
fungus Bea2WtH'in bassiana, which at times causes considerable 
mortali ty. VariOlis methods of combating this disease in stored 
and experimental material in the laboratory were tested. The 
tests included the application of germicidal solutions to the living 
material or the containers, and also included germicidal irradia~ 
tion. 'l'he fungicide found most desirable was basic phenylmer~ 
curie nitrate (0.OG7 percent in aqueous solution), dissolved in the 
contact-moisture water at the rate of 15 cc. of the solution to 
1 quart of water. 

The entire lot of material was examined weekly or semiweekly 
and all pi\rasites that issued were noted. Vials containing freshly 
formed cocoons and puparia were removed from the trays and put 
in emergence racks simiiar to those described by Painter.t:I 

The time elapsing from cold storage to emergence of adult 
parasites, and also the emergence trend or clIrve for each exotic 
panu;ite undet' controlled environmental conditions, could easily 
be charted. Such information is often useful in recolonization 
work. 

Since all material was isolated, each adult parasite and the 1'e· 
mains of its immature stages could l'eadily be associated with 
the remains of its host. 

Development of the parasite survey material was allowed to 
continue for a number of days, until practically all emergence 
was completed. Since it was found that all parasite emergence 
is completed a considerable time before all the host insects have 
emerged, observations were concluded within a week after the 
maximum interval of parasite emerg-ence, as determined by past 
records. All vials wel'e closely packed in wire racks holding about 
200 each. The open ends of the vials were faced in one direction 
tu facilitate removal of undissolved material by spraying after the 
vials had been thoroughly boiled in a solution of washing powder 
and lye. The vials were dipped in a weak aqueous solution of 
hydrochloric acid,. to neutralize the alkali and prevent deposit 
after boiling, ancl were then thoroughly }·insed. 

Before beginning collection each year, the entire list of material 
to be used on the work was assembled. Each of the thollsands 
of vials received its small piece or blotting paper, and the small 
collecting cans were fitted with their corrugated-paper strips. All 
material, inclttcling blank note forms, superstructures, and vial 
trays, were placed in a fumigation chamber amI treated with a 
fungicide consisting of formaldehyde fumes generated by uniting 
10 ounces of potassium permanganate with 500 cc. of 40-percent 
formalin for each 1,000 cubic feet of space. The cold-storage 
room and the incubator room were painted with white high-gloss 
paint each year just before l'eceiving the parasite material. 

:FIELD HELEASES 

• 

.. 

• 


Since the inception of the project on biological control of the 
European corn borel', 21 species of parasites have been intro. • 

13 PAINTER, H. R. REARING BOX FOR S;\IALL lNSECTS. U. S. Bur. Ent. and 
Plant Quar. ET-40, 1 p., mus. [Processed,] 
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duced from Europe and the Orient and released in the United 

• 
States, as shown in the following tabulation: 

Parasit". Iml)Ortc<llrolJ~ 

Dipteru;
Aplomya mitis (Meig.) __________________________Europe 
Lyclclict stabulans griscscc'lls R. D. t _________________ Europe, the Orient 
NemOl'illa floralis (Fall.) _________________________ The Orient 
Psellciopel'icitacta CJ'ccta (Coq.) _.,~ ________________The Orient 
Psetulopericitaeta l'OSCCmae (B. & B.) ________--_____ Europe 

Hymenoptera:Apallteles sp. ____________________________________ The Orient 
.4panteles thompsoni. Lyle ________________________Europe, the Orient 
Bl'acon ati'icornis (Smith) ________________________Europc, the Orient 
Campoplex 'I1tulticinctlls Grav. _________~________~__ Ellropc 
Campoplex 1JYl'a1tstae Smith __ ..__________--_______ Europc
Citclonus amwUpes Wcsm.1 _____ .• __ •. ______________Europc 
Zalcptopyg!!S flavo-orbitCllis (Camej.'on) 1 ____________ The Orient 
Cmnpoplex ctlkcw (Ell. & Sacht.) _________________ ., Europe, the Orient 
Eu/opitl!S vb-ielul1ts Thoms. L _______________________Europe 
EXCI'istcsj'obomtor (F.) _________________________Europe 
HOI'ogrmes lJltnctorius (Roman) 1 __________________ Europe, the Orient 
MClc)'occnt1'1ts gi/uensis Ashm.1 ____________________ Europe, the Orient 
Jl1eteorus nig'l'icoliis (Thorn's.) ____________________Europe 
il1icl'obl'aC01~ bl'evicOl'nis 'Vesm. ___________________ Europe . 
Micl'ogastel' tibiulis Nees. _________________________Europe, the Orient 
Pitcteogcncs nigl'iclens 'Vesm.l _____________________Europe, the Orient 

I Species on a maintenance basis. 

• 
Of this number, 7 are considered as being on a mamtenance 

basis at one or more points, as determined from information ob­
tained in all surveys made through 1940. Of the remaining 14 
species, some have shown initial establishment following current 
releases, whereas others have never been recovered. 

The discussions which follow give the essential information on 
all parasites introduced prior to January 1, 1941. 

IMPOHTED PARASITES l~ A MATl\TENANCE STATUS IN THE 
UNITED STATES 

LYDELLA STAI3ULA='S GRISESCE"S R. D. (Fig. 16) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from: Europe and the Orient. 

Preferred host stage: Fourth-instar larva. 

Method of parasitization: Ovoviviparous; deposits living larva 


in frass at entrance to borer tunnel. 
Hibernation: Second-instal' lava within mature borer; rarely 

as a first-instar larva. 
Considerable confusion has existed as to the systematic identity 

of this and a closely related species indigenous to the United 
States. For a number of years the two were considered as mor­
phologically identical and, following the importation of the Euro­

• 
pean species, references to the native parasite on several stem­
boring lepic1opterous larvae were noted under the name Masice1'a 
senilis Meig. 

Thus, .ilIas'icem senilis is listed by Decker (12) as parasitic on 
the stalk borer (Pa]Jai]Jem(~ neb'I'is (Guen.» and Lupe1'ina sti lJata 
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(Morr.), by Breakey (9) on llICtcl'onoctus onusta Grote, and by 
Lowry (22) on Papaipema neb1'is (Guen.). An exhaustive study 
by E. W. Beck revealed that the claws on the hind tarsi of the 
male showed valid diagnostic characters. Attention was called • 
to this character by Villeneuve H soon after the first importa­
tion of the foreign species. He pointed out that the claws on the 
hind tarsi of the male 'were longer and more slender in the species 
autochthonous to the United States and the species he called 

~-I 

• 


, lw....."i go '!.. ~.7 ',' 

FIGURE 16.-Lyclcllu stabululls g1'iscsccns: A, Adult female, X 9; B,female 
larvipositing in frass at entrance to European corn borer tunnel, X 9; 
C, third-instal' larva ell1m'ging from ruptul'e in ventral side of thorax of 
host (European COl'll borer), X 6; D, distribution in the vicinity of Taun­
ton,Mass. Surveyed urea is indicated by solid line. 

Lydellct nig?'ita. This differentiation was apparently overlooked 
in later determinations, for it is L. nig1'ita to which Decker et aI. 
have l'eference, and not the exotic species, Lydella stctbulans 
g1'isescens, formerly called Masicera senilis. A short description
of the species and a brief account of its biology and seasonal 
history in Europe have been published by Thompson and Thomp­
son (31). Further knowledge of its habits and biology has been 
obtained from studies made in the United States for the purpose 
of perfecting handling and colonization technique. 

1-1 Villeneuve, George. P<n'sonal communication to H. L. Parker, August 17, • 
1931. 
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BIOLOGY 

Longevity of Adults 

A study was made of 4 groups, each consisting of about 20 
male and 20 female adults. 'l'hese groups were considered similar 
in every respect, having emerged on the same date, and mated at 
the same time, and were handled in the same manner at a tem­
:perature of 80° F. and 70 percent relative humidity. The only 
~.ppal'ent variation of the groups was the food supplied the dif­
ferent groups. This consisted of water, honey, sugar solution, 
and granulated sugar. All groups were supplied with water, 
which was replenished daily. 

Food was evidently a necessity, because the flies soon died 
when given water only. Sugar solution proved to be the best food, 
but there was very little difference in the food value of sugar 
solution and dry sugar. The average number of days the adults 
lived when fed the four different foods was as follows: Water 
only, 5.6; honey, 10.5; sugar solution, 16.9; and granulated sugar, 
14.0. The life of the males was from 1 to 7 days shorter than 
that of the females. 

Longevity of Fenwles Given an Opportunity to LaTvipos'it 

Females (fig. 16, A) given an opportunity to larviposit did not 
live longer than those prevented from doing so. Food supply 
was not considered so important in this case, as the females feed 
considerably on the juices of the host plants, and this undoubtedly 
would be reflected in the length of life. The average length of 
life of 10 virgin females fed granulated sugar was 1G days. 

Coition 

Females were observed to copulate within a short time after 
emergence, even before the wings were completely spread. The 
males apparently are not sexually mature at the time of emerg­
ence, as newly emerged males never copulated, but 1 or 2 days 
after emergence they copulated freely. Rarely was a female 
observed to mate the second time. No courtship takes place. 
The male approaches the female and copulation occurs without 
hesitation. The male has been observed to settle upon the female 
directly from flight. Dissection disclosed that one mating of 
even less than average time spent in coition was ample to insure 
excellent fertility. 

Mating has been accomplished at temperatures ranging from 
68° to 85° F., with the optimum approaching 80°. When the 
higher temperatures prevailed (about 85°), the adults became 
very active, and this activity temled to prevent mating. It was 
controlled by supplying moisture and air circulation by means 
of an electric fan, which had a very marked cooling effect and 
induced mating. The cllrrent of air caused the females to cling 
to the resting surface, and if properly regulated often brought 
about coition when other methods failed. Light of daylight in­



tensity was essential for copulation. Temporary darkening of 
the mating cage was often followed by intense sexual activity. 

The data at hand showed no apparent correlation between the 
tcmpemtul'e and the time spent in copulation. The lattel' ranged 
from 5 to 66 minutes, averaging approximately 25 minutes. 

Fecundity 

The gl'catest TIumbe./: or eggs observed in the uterus of a female 
was approximately 1,000. This numbCl' is at lea::;t one-third 
highet' than the average number o.f eggs per .female. The number 
of eggs ill the uterus wml ob::;erveci to vary dil'ectIy with the size 
of the female. For example, t1 lnltted females of difrcl'ent sizes 
Wel'e selected, incubated 11 days, and dis::;ec!.ed. The largest 
female contained 470 eggs, the next largest 400, the third 2110, 
and the smallest 180 eggs. These fem~des ",el'e all pel'mitted to 
mate undhitUl'berl until coition ceased naturally. The pCl'ccmtage 
of larvae 01' fertile eggs was pl'attically the same in each group­
85. 90, 95, and 90 perccnt, rcspectively. 

Tho length of time spent in cuition varied greatly. '1'0 check 
the efrect of thiH vadation on the fecundity of females, an experi­
ment was conducted, the l'eHultH of which arc shown in table 14. 

TABLg H.-JjJjlect of V(!I'[cUion 'in le/lf/tIL of coitio//. period On'I'C1J1'O­
ductio1l, of DlIclella staint/cw.':i [J1'i.<WS{'(J7U:I 

1 
Pcmalc;:I Coition 

period Egg'S laid IIesulting' Jal'vllC 

2 
1 
8 
2 

Numbe?' MinuteH 
l./i . 
1 to ~,5 
,I 
5 

Swnul'/, 
ao 
80 

1,055 
GOO 

;\'II III{)('/' 
! 

o I o 
laO 
30D 

1'("I'('('ut 
o 
o 
8.4 

51.5 
!) 
(j 
(J 

(j 

H 
15~(JO 

3,'1:35 
(,480 \ 
~,800 I 

:1,701
OO(j 

2,a41, 

49.5 
(i7,3 
8:3.6 

The females were held under controlled conditions of 80° F. 
alld 70 percent relative humidity, and were diRsectecl at the end of 
] 0 to 11 days. The table show::; an increase in the number of 
eggs and larvae pel' female as the duration ot coition increased, 
indicating that this factol' influences the numbcr of eggs that 
pass [rom thc oval'ies into the uterllS Hnd also the pcrcentage 
of fertility. Probably becaW';c of indiviciual variation, the data 
clo not show proportionate perfect correlation between the num­
ber of minutes spent in coition and thc Humber of offspring. 

Gestation 

The reproductive system of the female is fiimilar to that of mOiit 
of the lal'vaevol'id pal'nflile::; that l'clnin the egg::; until they are 
incubated. It consists of two ovaries, the oviducts of which unite 
to form the uterus. At the junction of the uterus and the ovi­
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• 
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ducts are two accessory glands and three amber-colored pear­
shaped bodies, the spermathecae, which are joined to the uterus 
by slender tubules. In a virgin female the uterus is small and 
very ShOl·t, and is covered with a mass of tracheal tubes. After 
the females have mated, the uterus becomes filled with eggs and 
is many times its original size. In females having an average 
length of life, the ovaries become shriveled and almost disappear. 
The eggs al'e retained in the uterus until they have incubated. 
The larva is active within the egg and can be seen moving its 
mandibles. 

The ovaries are of the meroistic type, and consist of 39 to 59 
ovarioles per ovary. The eggs pass into the uterus and are 
packed in one layer, each parallel to the longitudinal axis of the 
others with the anterior ends of each to the same side. When 
filled to capacity, the uterus is curved into a half-moon shape. 

Dudellct stabulaus g1·isescen.~ has never been observed to repro­
duce parthenogenetically. Only rarely were large numbers of 
eggs found in the uterus of virgin females, although it was com­
mon to find from 10 to 25 eggs, all infertile. Soon after the fe­
males mated, the eggs began to pass from the ovaries to the 
uterus and this continued for several days. Many mated females 
were dissected and the uterus was found to be filled with infertile 
eggs. 

LCL1"viposition 

A Lyclella stctbulans g1'isesceus female larviposits either directly 
into the host's burrow at the opening or in the frass and excre­
ment that cover an opening. Occasionally, the larvae are de­
posited upon the stalks a short distance from the burrow, or, more 
frequently, in frass which does not cover a host tunnel. Females 
that have been given an opportunity to larviposit but have passed 
the incubation period, will larviposit upon tiny pieces of frass, 
and will continue to larviposit at the same spot after the frass 
has been removed. The urge to larviposit is so great that little 
stimulus is necessary to cause the females to scatter their larvae 
promiscuously. 

A female, when larvipositing, stands (iver the opening to the 
host's burrow and bends her abdomen under until the ovipositor 
1s pointing downward and slightly forward, (fig. 16, B). The 
tiny larvae are forced out of the vent onto the surface or are 
Lrushed off with a quick downward and backward movement of 
the tip of the abdomen as the female regains her normal position. 

The females apparently are attracted to a corn borer burrow 
by the odor given off from the excrement and possibly from the 
host itself. The female runs hurriedly along a stalk and appears 
to be searehing from side to side. Often when she comes upon 
frass she feeds a moment before larvipositing. 

In a iaboratory test of real frass and burrows, in comparison 
·with artificial frass and openings as stimuli inducing deposition, 
the parasites larvipositecl fOlll' times as often at a burrow con­
taining a borer as at an artificial burrow covered with borer frass 
and excrement, and there was no deposition at artificial openings. 
Dried frass is equally as attractive as fresh, moist frass. 
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In a second experiment three pieces of uninfested stalk, each 
having an artificial burrow, were utilized, One burrow was par­
tially covered with corn borer frass, another with artificial frass, 
and a third was left untreated. During a 30-minute observation 
period, 25 females larviposited 54 times in the real frass, 14 times 
in the manufactured frass, and 12 times at the uncovered hole. 
This fact indicated that the borer frass stimulated the females 
to larviposit, but the stimulus was not strong enough to attract 
the entire group to the one stalk. Odor is apparently the strongest 
stimulus, but another tropism must have enabled the females to 
find the other two openings. Care was exercised in making the 
artificial "burrows" to prevent any corn borer odor from emanat­
ing from the stalks. 

One borer left its burrow and wandered about the cage, leaving 
a trail. Four depositions were observed upon the trail, and two 
females larviposited directly upon the borer. This deposition 
was believed to be accidental, however, as the females continued 
to larviposit in the frass and at the burrow from which the borer 
had crawled. 

In slightly over 1 hour, 15 females larviposited 191 times at 
3 burrows, a fact which indicated that they were not selective, 
for each female larviposited many times at the same burrow. 
The average number of depositions per female was 12.7. 

From 1 to 4 larvae were deposited at one time, with an average 
of less than 2. A total of 57 depositions were observed and the 
eggs and larvae in each were l·ecorded. Seventy-seven larvae 
and 45 infertile or undeveloped eggs were deposited, with an 
average of 2.1 eggs and larvae per deposition. 

Mated females held in an environment of 80° F. and 70 percent 
relative humidity deposited the first larvae on the fifth day after 
mating, and also deposited infertile eggs and a few undeveloped 
ones. Normally, LydellCL stabulctns g1'isescens deposits the larvae 
and the empty eggshells at the same time. 

Hatching does not take place in the uterus, but during the act 
of larviposition. Rarely did an egg hatch after deposition, for 
usually these eggs are infertile or contain dead or very weak 
larvae. The larvae or egg:s are deposited indiscriminately in the 
order in which they occur in the larval sac. The eggs nearest 
the genital opening develop first, and unless an opportunity is 
f;iven for larviposition the eggs are retained in the uterus. When 
this happens, hatching sometimes takes place within the uterus, 
and the larvae work their way either out of the genital opening 
or through the body of the mother, eventually causing her death. 
Larvae have been observed in the eyes of a dead female which, 
a few hOUl'S before, had been active and apparently normal. 

Pctrctsite and Host Relationship 

All instal's of pY1"CntstCL 1l11bUalis, excepting the first, were suc­
cessfully parasitized by Lydelln stabulans grisescens in the lab­
Ol'atolT. The mortality due to parasitization of the smaller larvae 
apparently was not higher than in the last two instal's. The size 
of the puparia depended on the size of the host, the largest borers 
producing the largest puparia. The fourth-instal' borers had 
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• 
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the highest percentage of parasitization and were judged to be 

• 
the most suitable hosts for parasitization. 

In a study utilizing various sizes of borers, only 24 percent of 
those in the second and third instal'S w('re successfully parasitized, 
whereas approximately 54 percent of fourth- and fifth-instal' 
borers produced parasites. 

Lm'vctl Habits cmd Development 

The larva of the internal parasite Llldf.lla stctbulans g1'isescens 
passes through three instal'S, but is sessile only in the second. 
']'he first-instal' larva eXIsts from one to several hours as a free­
crawling individual seeking its host. The third-stage larva be­
comes unattached as soon as its host dies. It makes contact 
directly with the ail' for oxygen and, to a certain extent, depends 
on locomotion to obtain food within the host remains. 

'Vhen larvae are permitted to develop at a constant tempera­
ture of 80° F. and 70 percent relative humidity, the first-instal' 
period averages 3.12 days in length, the second 2.19 days, and 
the third 2.72 days, or a total of 8.03 days. 

• 

Under normal conditions the first-instal' larva is deposited 
upon the corn plant, near a burrow opening, in frass thrown out 
by the host. It immediately enters the burrow and seeks its host. 
A burrow in a green plant is very moist, a condition vital to the 
success of the larva in finding its host. In the laboratory larvae 
ill dry stalks soon become entangled in dust and small particles 
of frass, which cling to the moist skin. They become sluggish 
and apparently exhausted with efforts to free themselves. How­
ever, if moisture is applied the larvae continue to crawl about for 
several hours and have been kept alive in green stalks 36 hours. 
Contact moisture is therefore beneficial to the larva from the time 
it is deposited until it reaches its host and is able to enter. 

The parasite larva has been observed to enter the host through 
a spiracle, the integument between segments, and the anus. The 
mOllth parts are well adapted for cutting through the chitin, hav­
ing a sawtooth edge and being very sharp. The activity of the 
lunTa entering its host often causes the host to squirm or wriggle 
and bite the area the larva is attacking. At times, the host larva 
dislodges the parasite or injures it so that it fails to gain entrance. 

After entering the host, the larva works its way to one of the 
main tracheal trunks, which it punctures, apparently by cutting 
with the mandibles. It then forces the posterior end containing 
the stigmata into the opening, and Temains in this position until 
the host is practically grown. The irritation caused by the larva 
induces an excessiye proliferation of the tracheal epithelium cells, 
which form a she~'lth about the parasite. This sheath is heavily 
ficlerotized for about one-third of its length at the base. The 
sderotizec1 part is dark and opaque, whereas the remainder is 
hanslucent to transparent. Occasionally, the sheath completely 
envelops the 1a1'\'[1 , especially in a hibernating or diapause host. 

• Practically all the larvae are attached in the anterior half of the 
host. 

During the first and second instal'S the larvae feed almost en­
tirely on the body fluids of the host and do not injure, the fatty 
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lobes and internnl organs. The third-instal' larvae feed on the 
fatty tissue and, just before issuing, consume most of the internal 
organs. Immediately upon the death of the host, the parasite 
leaves the sheath and forces an opening in the skin of the host. 
In most of the observations the opening was made ventrally 
through the first thoracic segments. The larva continues to feed 
and obtains oxygen directly from the air by forcing its anal stig­
mata out of the opening. 

When it has finished feeding, the larva leaves the host remains 
through the rupture in the skin (l:g. 16, G) and forms a pupariuID 
in contact with the host skin or in its immediate vicinity. 
, For 92 individuals reared in an incubator chamber maintained 
at 80° F. and 70 percent relative humidity, the period from time 
of parasitization to emergence of the adults averaged 15.85 days. 
That of 43 males averaged 14.86 days and that of 49 females 
16.71 days. The males emerged first and mating did not usually 
take place until the second and third days. The females ap­
parently were ready to mate immediately upon emergence but 
the males required a period of about 2 days to become sexually 
mature. The difference in the life cycle of the sexes holds true 
in both the larval and pupal stages as follows: Larval stage, 
males 7.02 days, females 8.08 days; pupa, males 7.83 days, females 
g.63 clays. In small lots the numbers of males and females are 
practically equal. 

SEASOI\AL IIISTORY 

Studies on the seasonal history of LyciellcL st(~bulans glisescens 
were conducted during the years 1930 and 1931. Borers were 
collected in the spring before insect activity began, and collection 
was continued thl'oughout the year at regular intervals until all 
activity had ceased in the fall. These borers were carefully dis­
sected in the labol'atory and observations were made as to the 
trend of the parasite's lan'al development. In conjunction with 
these studies a series of cage experiments was conclucted and the 
information thus obhlined was used tointel'pret the significance 
of the more generalized field observations. 

Cages 10 by 6 by G feet (iig. 17), utilized in the seasonal his­
tory studies, were placed over corn artificially infested with 
F~uropean corn borer larvae. The parasites were then liberated 
in the first of a series of two cages and observations on the first 
generation were made. All adults that emerged in the first­
generation cages were transferred to the second cage and observ­
ations were repeated for the second generation. These observa­
tions, including dissection of corn borer larvae taken from the 
byo cages, ,vere then compared with records of observations made 
in the field. 

Although no full account of these cage experiments is given 
in this paper, the data obtained in this manner were of great 
ynlue in interpreting field observations and they supplied in­
formation supplementing fleW observations materially. Data on 
emel'gence were augmented by records from large screened cages 
located at :Monroe, Mich., and at Bono and Sandusky, Ohio, 

Lycldln stabulans [Jri.'lc,'w(')lshibernates in the larval stage in­
side the host, usually in the second instal', although a few remain 
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in the first instal" During tho hibe:nation period they are at­
tached to a n:ain tracheal trunk of Lhe host, as illustrated by 
Thompson and Thompson (37), and are nearly or completely 
enclosNl by a sheath which is a growth from the tracheal epi­
thelium of the host. During this period the parasite feeds only 
on the blood in the body cavity and the host does not appear to 
suffer any harm. The parasitized larvae are indistinguishaule 
from the unparasitizecl ones unless the heavily sclerotized and 
blackened portion of the tracheal sheath is visible as a black spot 
through the skin of the host. 

Lydelln st(tbulwlS grisescclls has two generations annually, the 
adults of the second generation emerging in the spring of the 
following season. The overwintered larvae do not develop beyond 
the second instal' until the following spring. The diapause ten­
dency is not restricted to the second generation, for a small per­
centage of the first generation enter diapause in the first and 
second instal'S, and o\'erwinter in a manner similar to those of 
the second generation. Spring development begins. early in April 
and the third-instm' larvae are in evidence by the middle of the 
month. The appearance of third-instal' larvae within the host 
i~ followed by first h;suance of the parasite about l\'Iay 15 and 
subsequent first-adult emergence the last of .May. 

FICltm~; 17.-Llll'ge outdoor cages 	[01' biology studies of European corn borer 
parasites, 

(,OLO~IZ'\TIO~ 

3Taterial for colonization of this species has been imported 
from both Europe and the Odent. This tachinid fly was among 
the first IHtrasitcs of the curn i)orer to be imported, a small colony 
of 70 adults having- been released at Watertown, :Mass" in 1920. 
Since then it has been more widel~' colonized than any other of 
the introduced parasites. As shown in table 15, all the earlier 
colonies were located in Xcw Eng-land, and a considerable number 
of the earliest, consisting of European stock, in northeastern 
l'lIassachusetts. By 1930 parasitization in this locality had in­
creased to the point where it was feasible to collect for further 
distribution. During the 7-year period 1930-37 over 14,000 
adults were taken from eastern 1\Iassachusetts for colonization 
elsewhere. 
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TABLE 15.-Nzpnbe1'.'; of Lydell(~ slablllans {J1isescens adults n:leased in the United States, 1920-40 C!') 
ll,J 

State and Count~' I Township 10rigin l 192.7; 1928 11929 I 1930 I 1931 19~ 1 1933 I 1934 1 1935 !Total2 

Cunnec~icut:;-"'- . '~r i~ j'--~I--~I--I--.- ..Fairfield ----"- Fairfield .. ., D "",. O. 0 0 O.~ O. 0 0 I 0 O. 1,987 l'l
Hartford ". .. K Hartford ... E -. 0 j 0 0 0 . 0 l 0 0 2,454 0 2,4\54 (') 

Do ...... - do ,-.----- 0 -.... 0 0 0 0 0 I 0 0 6,105 0 6,105 = ZMiddlesex - Haddam .. - E --_ 0 0 0 0 0 I 0 0 0 1,823 1,81~3 oNew Haven - Milford __• ____ E ___ 0 0 0 0 0, 0 0 2,379 0 2,3'1'9 ;I> 

New London E. Lyme _____ E .--.. 0 807 725 8.455 4,1851 11,017 0 0 0 25,189 t:'" 

Do ___ do______ 0 --. 0 0 III 1,'124 ~31 1,226 0 0 0 2,784 ttl 
c::

Do .do -------- D... ..__0 -!___0 ___~ ___.:_I___~I~ ___0 0 2 t" 
t'" 
t'l 

Total ..-------- .. _~ _ ~O.7 _ S3(j 9,~~: L ~,~10 II 12,243 i__0 110,938 1,823 42,723 .. 
ZIndiana:- ...-.. . I . 1-- - ~-- -­
00Adams -------. Union --___ •. E 0 0 0 0 0 0: 0 0 3,974 3,974 ~ 
'" 

Allen -------- Jackson . ----- E 0 0 0 2,0~81 0 0I 0 0 0 2,078 :::Do ------- Lafayette -. - E 0 0 0 2,068 0 O. 0 0 0 2,068 
De Kalb .---- Butler - ._-- E .--__ . 0 0 0 1,!l82 0 0 0 0 0 1,982 !Il 
Huntington -- Clear Creek 1<; ----- 0 0 0 0 0 0 I 0 0 3,9G6 3,9Gli r;;
Lag-mnge -._-,. Bloomlield -- E ---._ 0 0 0 2,081 0 0 , 0 0 0 2,081 
Noble .. ------ Washington g --~ 0 0 0 2,086 0 0 I 0 0 0 2,086 ~ 
Steuben York .. --- E ---__ 0 0 722 0 0 0 l 0 0 0 722 o 

Do -.----. -- do ------. /0 ---- 0 0 2,414 0, 0 01 0 0 0 2,414 !OJ 

Whitley ------- Union --__.~. 1':: ___• __ 0 __0_ 0 0' 0 0 __?___0 3,964 3,9li4_ >o 
;::: 

Totul -------.~ .------- "~L"".-~i~~ 10,295 i 0 I 0 __0_1___0 11,904 25J33~ oc::1 
.' ,. • _ ~-. I I .~,.-, I . T ._, 1 ", ,.. . ?~! ?~ t:'"r 

c::Mume. "YOlk -----~·Iwells --- L ----. ~! 0 1:7,.:~f_._.~~I °lc---~;~~f~ -2':~/.1 1,9./ 
.. 
::l 
t'l 

Maryland:"\Vorcestel' Newul'k --, D ----- ___~I_ 0 0 . 0: o· 0,0 __._._0 _._. _. _01 5,365 

Massachusetts:" --'~-I""-·'/-1 . -. I 
Bal"l1stable Falmouth B "._. 0 237 8,877 6,414 0 0 0 I 0 • 16,552 

Do _.. - .do_ ._- -. 0 ----- 0 I 155 I (j67 0 0 0 0 I 0 i 822 

• 
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Do 

Bristol 
Do 
Do 

... do ____ .. _,D 
. ______ Dighton "­ ._10 
___ ­ ___, Swansea , E 
".~________ .. do _____ ,.•' 0 

o 
o 
o 
o 

o 
o 

1,977 
o 

o 
15 

720 
163 

62 
o 
o 
o 

390 I 

o 
o 
o 

o 
o 

13,331 
228 

o 
o 
o 
o 

0 
0 
0 
0 

o 
o 
o 
o 

452 
15 

16,028 
391 

Do do 'D o o o o o 293 o 0 o 293 
J<Jssex Peabody g 

Do ~ 0 
Do Sauglls .E 
Do do 0 
Do do D __ . 

FI'anklin _ Bernardston E __ _ 
Hampden Agawam E ___ .. 
Hampshire .. Hadley _ J~ ____ _ 
Middlesex _____ Arlington ____ ]i} ____ _ 

Do __ do _,. ____ ._ 0 
Do _______ do . _, .' D 
Do Concord _•. _' EDo _______ do " ____ D 
Do _______ Malden .,.,_ E 
Do l\ledfol'd iB 
Do Watertown, E 

Norfolk Quincy IE
Plymouth Bridgewater 0 _____ 
Sutl"olk ____ Revere _"' _. E ____ _ 
Worcester -----1' Charlton -----IE -----Do _______ Lancaster ____ E _____ 

Total 

o 
o 

553 
o 
o 
o 
o 
o 

1,55U 
o 
o 
o 
o 

524 
637 

o 
6,150 

o 
372 

o 
o 

9,792 

o 
o 
o 
o 
o 
o 
o 
o 

1,074 
o 
o 
o 
o 
o 
o 
o 

2,578 
o 
o 
o 
o 

o 
o 

34 
34 
o 
o 
o 
o 
o 

45 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

6,653 i 1,403 

Michigan: =~I=I= 

l3l"Unch 1Butler _______ , E 
Genesee ______ 1Genesee ______ E 
Hillsdale _._. ... Somerset _____ E 
Huron .' _____ ,. Sebewaing ____ E 
Jackson ______ ,. Henrietta . ___ E 
Lapeer _______ Goodland _____ E ____ _ 

Lcnawee ------ Fairfield -----10 _____Do _______ Tecumseh ____ E _____ 
Livingston ___ Conway _. __ E _____ 
Macomb ______ . Chesterfield ___ E ___ ._ 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 

89 
7 
3 
o 
o 
o 

395 
o 
5 
o 
o 
o 
o 
o 
o 
o 
o 
o 
01 

10,105 

2,055 
2,599 
1,168 

0 
2,031 

0 
2,101 
2,053 

~'22~2,305 

o 
o 

3,613 
803 

56 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

10,199 
o 
o 
o 

21,475 

0 
0 
0 
0 
0 
0 

1,865 
2,968 

0 
0' 

824 
106 

o 
o 
o 
o 
o 
o 
o 
o 
o 

10,114 
41 
o 
o 
o 
o 

3,209 
o 
o 
o 

28,146 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 1,411 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 1,629

,---'"f__, 
01 3,040 
---­

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

o 824 

~, 5Jg~ 
o 844 
o 59 

1,906 1,906 
1,984 1,984 
1,949 1,949 

o 3,197 
o 45. 
o 5 
o 10,114 
o 1,452 
o 886 o 2,365 
o 70 
o 8,728 
o 13,4CI 
o 655 

1,985 1,985 
O! 1,629 

7,824192';087 

-­
0 2,055 
0 2,599 
0 1,168 

1,995 1,995 
0 2,031 

1,992 1,992 
0 3,966 
0 5,021 
0 2,006 
0 2,305 

= 
(5 

S 
Cl 

5 
:l­
t:" 
C"l o 
Z..;
::c o 
t" 
o 
"l 

~ 
tol 
t"l 
~ o 
":I 
t"l 
;:. 
Z 
C"l o 
i 
5
:::: 
t"l 
:::I 

0') 
~ 
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TABLE 15.-Nwnbe1·s of Lydella stabulans grisescens adults 1'eleased in the United States, 1920-l,O-Continued ~ 

--~r-

State and County Township fOr;in1-/1927 11::~11929 1930 1931 1932 1933 1934 1935 Total!! 

"-- --­ ..,
Michigan-Gont'd.: I· ; I l"l4,872Macomb __ "__ 1lIa.rrlson _. ,E ----- o 0 o 0 4,872 0 ° 0 0 C)

Monroc ., ErIc _________, E _____ ° 28,675 0 28,997 =:313 4 o 0 0 zDo __ , Monroe ______ lE __--- o 2,285 469 0 4,340 2,063 0 ° 0 0 9,157 
Do _.' ... _do ________ 0 859 0 0 0 0 0 859 

2,371
o 0 ~ 

Oaklaml,_ ••"Highland ___ .. E o 0 o 2,371 0 0 0 0 ° 0 t' 
Do, ______. Oxford ,_____ E ____ _ 14,635o 0 o 3,709 8,84.1 2,085 0 ° 0 t= 
Do _______ . Southfield _".,_ E ____ _ o 0 o 1,965 2,382 0 0 0 0 4,347 C 

St. Clair ______ Columbus ____ E o 802 18,1 2,351 4,943 2,084 0 0 0 10,364 ~ 
Do _______ __' do ,,_._____ 0 o 0 3,570 0 0 0 0 0 0 3,570 ..,l"l 

Sanilac _______ , Lexington ____ E - ____ o 0 o 0 0 0 0 0 1,993 1,993 Z,Tuscola , ___ Koylton _____ E - ____ o 0 o 0 0 0 0 1,796 0 1,796 
00Washtcnaw ___ Augusta _____ E o 0 o 7,64'~ 0 0 0 0 0 7,642 
? 
'" 

Do _______ Northfield ____ E _____ o 0 o 3,485 () 0 0 0 0 3,485 
Wayne ________ Livonia _. ____ E ___ ,., o 0 o 0 0 0 0 1,993 0 1,993 !==-_.. --. --... rn--' -­ 121,219Total ______ ,1 __________----1-------.1_ 31! !_~:~:~I 5,082 37,841 30,211 34,907 0 3,789 5,980 t:1 

l"l, ---­:= 
.~New Hampshire: 1,782 oHillsboro __. Hollis " ______1E --•• - o o o 0 0 0 0 0 1,782 'oj 

Rockingham _.• _ Raymond ____~ E ____• o o 0 0 0 0 0 1,883 1,883 >o 
Strafford ___ '_' Strafford ••. __ E _____ o o o 0 0 0 0 0 1,904 1,904 Cl 

o 0 0 0 0 0 5,569 5,569 nTotal - _____ L------------'--------I 0 j- 0 I 
:::: 

c 
: ----, -­ ~ 

New Jersey:ll S 
0 0 1,997 1,997 t;Atlantic Egg Harbor '_1 E -~--- 0 0 0 0 0 0 

Burlington Burlington ___ D _____ 0 0 0 0 0 0 0 0 0 120 
Do Woodland ____,E _____ 0 0 0 0 0 0 0 0 508 508 
Do ,, ________do ________1D ___ .-. 0 0 0 0 0 0 0 0 0 1,080 

Monmouth Atlantic ___ ._ E ___ _ 0 0 0 0 0 0 0 0 1,980 1,980 
Ocean _ Brick _______.' E _____ 0 0 0 0 0 0 0 0 1,976 1,976 

Total ______ • _____ -,._ --,_. ---OT--oI--O---01 0 01 0 0 6,461 
j 

7,661 

• 




• • • 
New York: . I I IAlbany._____ Berne ~_______ E _ 0 0 I 0 0 0 o oi oi 1,983 1,983 

Cattaraugus ___ FJ"anklinville .. E 0 0 0 2,100 0 o o oi 0 2,100 
~ Do -~--- Indian Reser- I 
en 	 vation - - ___ E 0 1,270 1,669 0 0 o o o o 2,939
!!'" 	 Do . ___do .... ___.. __ ! 0 0 0 2,506 0 0 o o o o 2,506

Do ___.____ Randolph. ___ E 0 0 0 3,250 0 o o o o 3,250 ==i Cayuga __ .. _._ Throop _____ E _____ 0 0 0 0 0 2,071 	 oo o o 2,071
Chautauqua _. __ Portland.____ E _____ 0 149 0 2,061 0 o o o o 2,210

Do Westfield ____ E ____ 0 1,713 0 0 0 o o o o 1,713 C'lI 	 b 
Erie .______ ._ Lancaster ____ E _____ 0 795 177 0 0 o o o o 972Do _______ . ____ do .. _______ 0 ___ 0 0 304 0 0 	 ~ o o o o 304 t'
Fulton _..______ . Mayfield _____ E _____ 0 0 0 0 0 o o o 3,913 3,913 (')
Genesee ._____..__ Batavia ______ E _____ 0 0 0 2,072 0 	 oo o o o 2,072 zDo.__ . ___ Stafford ____ E _____ 0 0 0 2,099 0 o o o o 2,099
Jefferson ___ .__ Adams _______ E _____ 0 0 0 2,098 4,800 2,082 o o o 8,980

Do _______ Clayton ______ E _____ 0 0 0 2,081 3,282 o o o o 5,363 
~ 
t'

Monroe _____.._. Hamlin ______ E ___ .... 0 0 0 2,092 0 o o o o 2,092 o 
Montgomery _.._Palatine .. - ___ E ...... __ 0 0 0 0 0 o o o 3,901 3,901 "l 
Niagara _______ Porter _______ E ____ 0 0 0 2,097 0 	 ...o o o o 2,097
Onondaga ______ Clay - ________ -E _____ 0 0 0 0 0 	 III2,065 o o o 2,065 l'l
Ontario _______ . Phelps _______ E____ 0 0 0 0 0 2,084 o o o 2,084 l'lOrleans _______ Yat.es ________ E . ____ 0 0 0 2,09,! 0 o o o o 2,094 d 
Oswego ..... ____ Scrlb~ _______ E.___ 0 0 0 2,075 3,59 o o o o 5,671 ~ Schenectady ____ Glenville _____ E _____ 0 0 459 16,370 0 o 16,829 ~o o oDo _______ , ____ do ________ 0 _____ 0 0 247 2,080 0 o o o o 2,327 ~ 
Schoharie 	_____ . Jefferson ____ E _____ 0 0 0 0 0 Zo o o 1,970 1,970
Suffolk ________ Southhold ____ E _____ 0 0 0 0 0 	 (')5,916 19,365 o o 25,281Do - ___________ do ________ 0 _____ 0 0 0 0 0 	 oo 278 o o 278 IIIDo ____________do ----____ D _____ 0 0 0 0 0 o 159 o o 159 Z
Wayne _________ Ontario ______ E _____ 0 0 0 0 7,154 o o o o 7,154

Do ________ Wolcott ______ E _____ 0 0 0 0 3,586 	 o== o o o o 3,586 III o 2,090Wyoming 	------ Java -------- E ----- 0 0 I 0 2,090 0 o o o ~ ------	 11---1---Total _______..___________ ________ 0 3,927 5,362 44,659 22,418 14,218 119,802 0111,767 122,153 
---,·--·,=1 	 /=1=1=-1=== 

Ohio: 

Ashland -------\ Ruggles ______1E ----- o o o 2,089 o o o 2,089

Ashtabula _____ . Saybrook _____ E _____ o o o 2,053 o o O!o 00 o 2,053 ~ 
Auglaize ______ . Washington __ E ____ _ o o o o o D o 2,097 o 2,097 
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TABLE 15.-NU1nbe1·s of Lydella siabulans grisescens adults 1'eleasedin the United States, 1920-l,O--Continued 0) 

0) 

State and Count-.r I Township 1Origin I! 1927 1 1928 ' -1929 1 19301931 - 1932 11933 11!)34 11935 I Total

Ohio-Cont'd. 
01 0 o o o o . 0 2,062 o 2,062 "'lChampaign "- Salem ----- l"l------1 EClark __ __ Moorefield ~ .._ E ~ ____ o 0 o o o o o 0 1,991 1,991 CCrawford ___ Liberty ______ E _____ o 0 o o o o o 1,489 o 1,489 ::: 

ZDefiancu __ Washington __ E o 0 o o o o o 1,791 o 1,791
Delaware _____ Liberty ______ E o 0 o o o o o 0 1,996 1,996 C5 

>Erie __________ Perkins ______ E 172 3,202 o o o o o 0 o 3,374 t' 
Do _______ Vermillion ._. E o 0 o 2,00 o o o 0 o 2,049 0: 

Fulton ________ - German ______ E o 0 o o o o o 1,795 o 1,795 c:: 
t' 

eGeauga ________ Huntsberg i E o 0 o 2,047 o o 0-0 o 2,047
Hancock ._.____ Marion _______ 0 o 0 o 2,205 1,84!J 1,024 o 0 o 5,078 ~ 
Hardin ______ -. Liberty _.____ E o 0 o 2,056 o o o 0 o 2,056 
Henry ________.1 Damascus ----- E o 0 o o o 7 o 0 o 7 

iii 
QODo _______ " ____do ________ 0 '" o 0 o 5,760 6,504 6,884 o 0 o If1,14i) ;->

Huron ________.1 Richmond . ___ E o 0 o 3,058 4,128 2,085 o 0 o ;/,271
Knox _________. Pike _________ E ~ o 0 o o o o o 0 1,995 1,995
Lake _________ . Mentor _____ E o 2,382 o o 5,217 o o 0 o 7,599 !" 
Logan ________ . Uichland _____ E o , 0 o o o o o 1,798 o 1,798 t::J 
Lorain ________ . Avon _______ E o 0 o o o o o 0 1,996 1,996 l'l 

Lucas ________ . Jerusalem ____ E 653 2,973 904 o o o o 0 o 4,530 ~ Do _______ . ____ do ________ 0 o 0 1,129 o o o o 0 o 1,129 o
Madison _______ Pike _________ E o 0 o o o o o 0 2,996 2,996 "l 

Do ________ Stokes ______ E o 0 o o o o o 0 2,993 2,993 > 
Marion ________ Scott ________ E ____ _ o 0 o 2,048 o o o 0 o 2,048 o 

~. 

Medina ________ Chatham _____ E ____ _ o 0 o 2,382 o o o 0 o 2,382 C5 
Mercer ________ Jefferson _____ E _____ o 0 o () o o o 0 1,983 1,983 c:: 
Miami ________ . Newberry ____ E _____ o 0 o o o o o 0 1,992 1,992
Morrow ________ Westfield _____ E ____ _ o 0 o o o o o 0 1,997 1,997
OttaWI\ ________ Danbury _____ E o 0 o 2,375 4,440 o o 0 o 6,815 ~ 
Paulding _______ Brown _______ E _____ o o o o 2,389 o 2;389o 0 o 
Portage _______ . Charlestown __ E _____ o 0 o 2,073 o o o 0 o 2,073
Putnam .______ Jennings _.___ E ____ _ o 0 o 2,373 1,619 2,069 o 0 o 6,061

Do _____. _ Monroe ______ 0 374 o o 0o 0 o o o 374
Richland __________do ________ E oo 0 o 1,776 o o 0 o 1,776
Sandusky ______ BallvIlle ______ E _____ o 0 o o o o 0 1 2.795 i o 2.795 



• • • 
Seneca ________ . Seneca _______ E _____! 0 0 0 2,347 0 0 0 0 0 2,347 
Shelby ________ . Jackson _____ E ____ -'\ 0 0 0 
Starl, ~________ Marlboro ____ E _____ 0 0 0 
Summit ________ Bath • _______ E _____ . 0 0 0 

Do ________ NOl·thamllton _ E -----.1 0 0 (j 
Trumbull ____. Bazetta ______ E ___ I 0 0 0 
Union • _______ ClaIborne ____ E­ 0 0 0 
Van Wert ____ WiPshire _____ E _ __' 0 0 0 

Williams _..____ ~1~,l;son _____ E _. ___ J 0 0 0,
'Vayne .________ Ca'laan ______ E ___ , .. , 0 \1 0 O! 

Wood------ Perry ________ E . _. __ 1 0 0 0 i 
Do _______ _ do ,________ 0 ____I 0 0 0 I 

Do _.... ___ do ________ D ___ --1. 0 I 0 ; 0 I' 
Do ... _____ Webster _____ E -----1 0 I 0 ! 0 

Wyamlot ______!JaCkSOn------ E--.-l___OI---O,l--.---?l 

Total ______ 

I 
_.. _________ -----..--!_~251- 8,557\ .:~~3J 

0 0 
0 0 

2,098 5,035 
2,016 5,265 
2,089 0 

0 01 
2,370 2,445 

0 0 
0 0 

0 I 0 
0 . 0 
v 0 
~ 0 

2,088 0 

47,726 ,,_~_~~502 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 2,380 
0 0 0 

0 0 2,196 
0 0 0 

0 38,002 0 
0 I 119 0 
0 19 0 

24,806 0 0 
0 __0____0_ 

36,875 38,140 \20,792 

1,992 
1,976 

0 
0 
0 
0 
0 

0 
1,991 

0 
0 
0 
0 
0 

25,898 

1,992 
1976 
7;133 
7281 
2'089 
2'380 
4;815 

2'196 
1991 

38'002 
'119 

19 
24,806 

2,088 

217,348 

t;:j 

o 
t" o 
o 
i3 
~ 
C'l o 
Z 
>'l;., 
o 
t" 
o 
"J 

Pennsylvania:" \Centre ._______ lVIil~s -______ 0 
Crawford Gre(;nWQod ___ E 

Do . ,._ _ Wayne _____ E 
El'ie ___________ Harborcreek -- E

Do.__.. __ do _______ 0 
Do • __ .. ___ Springfield __ E 

Warren. _____. Broken Straw_ E 

----­
----.­
-----. 
----. 

---­
---. 

o 
o 
o 
o 
o 
o 
o 

o 
o 

1,689 
o 
o 
o 
o 

o 
13 
o 

395 
1,254 

o 
o 

2,081 
o 
o 

2,096 
2,095 

o 
o 
0 
0 
0 
0 
0 I 

0 
0 
0 
0 
0 
0 
O. 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

o 
o 
o 
o 
o 
o 
o 

1,965 
13 

3,770 
395 

1,254 
2,096 
2,095 

>'l 

==t>J 
t'j 

~ 
o 
~ 
t'j
;,.. 
Z 

Total .~ _______.w-----..-­ _______ 1________ o 
__,--1 

1,689 1,662 6,272 0 I 
. 

o 11,5880 0 0 
.==1=1,=== 

C'l o 
" Z 

Rhode Island: 
Newport __----- Portsmouth __ E -----Do ___________do .. _______ 0 -----

Do .. ______..... __ do __ .. _. ___ D --___ 
Providence ____ E. providence_ E -----

Do _______, ____do ________ 0 -----
Do ____________ do ________ D ----­

o 0 
o 0 
o 0 
o 2,795 
o 0 
o 0 

o 
o 
o 

1,670 
646 

o-,-I-ITotal _______.1.______________ 1________ 1 0 2,795 2,316, 

o 
o 
o 

5,990 
109 

93 

6,192 

0 
0 
0 

15,591 
1,508 

696 

17,795 

2,465 
193 
732 

0 
0 
0 

3,390 

1,806 0 
3 0 

996 0 
0 0 
0 0 
0 0 

-­2,805 0 

0 
0 
0 
0 
0 
0 

0 

4,271 
196 

1,728 
26,046 

2,263 
789 

35,293 

t:: 
o 
~ 
" 

0') 
-1 
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~TABLE 15.-Nmnbers of Lydella stabulans grisescens adults 1'eleased in the United States, 1920-40-Continued 

State and County I Township _-' Origin] 11927 11928 11929 1 1930 1931 1 1932 /1933 11934 1 1935 TotaP 

Vermont: 1-3Grand Isle __ _ "Grand Isle E o o o o o o 0 0 3,960 3,960 l"J 
Rutland __ _ ()

IPoultney -~ E o o o o o o 0 0 1,961 1,961 
==Washington Middlesex E o o o o o o 0 0 1,953 1,953 Z

Windsor ___ Bridgawater E __ o"" ___ o . o o o o _ 0 0 1,939 1,939 o1___ _____ > 
t"Total _ ~j__oI """" 0 ~ ." .._~ 0 I__~ __0 , 9,813 9,813 ________ . .,. _ _____--- ~ 

_1_~ ~__ c: 
t"' 
t" 
l"JVirginia: I ; I 'j

Accomac ------. Lee --------- E ----- 0 0 , 0 0 0 0 0 I 0 11,9771 1,977 ~ 
Northampton "'''1 Frankton -. E ----- __0,__0____0 ~ 0 ___0 i___O ___0 1,979 1,97~ Z 

Total _______ . ". ____________ ________ 0 " 0 , 0 0 0 0 , 0 0 3,956 3,956 '" :.:"" 
:::: 

Grand total -j ~;;,;t;,;:;;;-, 121~30_"72.96' 132.6111129.;791; ';192.922 702,037 fA 
t:l 
iii 

1 D, Domestic; E, from Europe; 0, from the Orient. County; in 1922-t.i2 in Malden Township, Middlesex County; "C 

: The i0bls in this column include the numbers given in the in 19~5-172 in Arlingt(lll Township, Middlesex County, and ~ 
footnotes to this table. 14 in Medford Township, Middlesex County; in 1926-1,034 in o 

Saugus Township, Essex County, 1,714 in Medford Township,
:1 In 1937, 1,987 flies of domestic origin were liberated in Fair­

'>; 

Middlesex County, and 28:; in Revere Township, Suffolk County. field Township, Fairfield County. g 
::-

II In 1936, 810 flies we!'e liberated in Woodland Township,
4 In 1936, 5,365 ,flies of domestic origin were liberated in New­ Burlington County; in 1937, 270 in the same township, and o

ark Township, Worcester County. c:in 1939, 120 flies in Burlington Township, Burlington County; t" 
5 The following numbers from Europe were liberated in the all of domestic origin. ~ 

CState in other years: In 1920-70 flies in Watertown Township, 1 In 1936, 1,965 flies from the Orient were liberated in Miles ::l
Middlesex County; in 1921-300 in Malden Township, Middlesex Township, Centre County. l"J 

• 
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lllOLOGICAL CONTROL OF THE EUROPEAN corm BORER 69 

r'lELD STATUS 

• When introduced into the Lake States area in 1927, Lydella
sf££bulcms gl'isescens showed good initial establishment on the 
l-generation strain of the borer. Maintenance was obtained, 
however, only in close proximity to Lake Erie. Surveys made 
over a number of years demonstrated that not only was this 
parasite confined to districts contiguous to the Lake, but it was 
specifically confined to sections bordering on fresh-water marsh­
land. No explanation for this definite association with the marsh 
has been obtained to date. A study of the more or less closely 
related insect fauna of the marsh has revealed no alternate host, 
a fact which might explain the concentration of the species in 
such districts. L. stabulans [j1'isescens never has been recovered, 
so far as is known, from any host other than Pyr:tusta nubilalis 
in the United States, nor hHS the closely related native species -
LUdella nigJ'ita ever been reared from P. nubilalis. All larvae 
and puparia not referable to adult males and all female flies are 
therefore determined as L. stabu/cLns [jl"isescens if reared from 
P. nubilalis and as L. nigrita if obtained from any other host. 

• 

In the vicinity of certain release points located near marshland, 
notably those in Jerusalem Township, Lucas County, and Perkins 
Township, Erie County, Ohio, and in Erie Township, Monroe 
County, Mich., parasitization by this species has increased more 
than anywhere else in the United States and compares very favor­
ably with the highest records from the countries of its origin. 
Surveys conducted at the close of the 1938 season showed that 
equilibrium between host and parasite had not been reached prior 
to that year at any of the three above-named points. The data 
on parasitization at the J ernsalem Township, Lucas County, re­
lease site (table 16) indicate the steady increase in density near 
the liberation center. 

TABLE 16.-Annual fall j)o.1'(LsitizcLtion of the E'ltr01JeCtn corn b01'e1' 
by Lyclellct stabulalls g?isescells at the Jerusalem, Township, 
L'lt'~as County, Ohio, release point 

Parasitization within radius of release 
Year 

3.5 miies 7.5 miles 

PC7'cent PC7'ccnt
1932________________ "" ," _, 0.31933 _____________________ "_ 

1934 ____________________ _ 
 2.8 

_.'1 6.31935" ____________________ , 

1936 ______________________ . 
 7.6 4.4 

10.0 7.01937 ___________________ ._ 
17.1 9.6 

1938_._- __ " _ 20.9 13.0 

• 
Collectiol1fj made in 1!)~8 to determine the distribution of 

Lyclella stablllcUls [lJ'isf.'!cens in the vicinity of marshland along 
the bays and inlets o( the Lake Erie and Detroit River shore line 
showed this lal'vaevorid to be present in greater or less density 
from the Huron River east of Sandusky, Ohio, to the outskirts 
of Detroit, Mich., a distance of over 130 miles. Within this strip 
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are several release points, and the survey showed a fairly uniform
decrease in density of the parasites as the distance from the re­lease points increased, indicating that dispersion was still taking •place. This is further borne out by data from the JerusalemTownship, Lucas County, site, which was surveyed in 1938 by
utilizing a polar-coordinate design, the three inner rings of which
were 1 mile and each of the outer two, 2 miles wide, shown in the
following tabulation: 
BorC1'S1JU1'Usitizcd

Pm'centArea surveyed:Inner circle ~________________________________________________ 24.6Fil'st ring ___________________________________________________ 22.4Second ring ___________________________________________________16.7Third ring ______..____________________________________________ •2.7Fourth ring _________________________________________________ 6.1 
Alvcragc _______________________________________________ 14.5 

At this location the five highest percentages of parasitization,principally by Lydella stabulams gl'isescens, were 81.8, 81.7, 61.4,
58.8, and 57.1. Eleven of the sections showed parasitizations of
over 40 percent.
While making borer collections in the fall to determine thestatus of parasites, puparia of the first generation of Lydellastabulan.<J gl'isescens were encountered. In the Lake States are~all ectoparasites and endoparasites that had issued from thehosts prior to the collection were included in the samples, sincesuch parasites were responsible for the death of borers which,excluding other mortality factors, would have overwintered and •produced moths the following spring. In 1938 in this area, a
greater proportion of L. stabulans gyisescens had issued from
their hosts prior to the time of collection than in any of the pre­ceding 4 years.
The total Lyclellc~ stabulcLns gl'isescens that issued prior to theOctober collection in the years 1934, 1935, 1936, 1937, and 1938
were 63.8, 64.6, 83.8, 72.1, and 86.3 percent, respectively.
There was a considerable varidion in the proportion of para­sites issuing prior to October each year, that of 1938 being about35 percent greater than the proportion in 1934. The cause ofthis variation is not known, nor was its effect on the next genera­tion observed. Each year a certain proportion of the pupariataken in the .field in October was found to have been attacked byhyperparasites. In 1938 14.1 percent were hyperparasitized.Prior to collection, adult chalcids had emerged froni over 80 per­cent of the puparja so attacked. Parasites in the remaining pu­paria hibernated and emerged in the incubator room soon afterbeiJog placed in a developmental environment in March. Theaveu;ge number of hYJ)erparasites per puparium was 7.9.Apparently there was no association between the proportionof hyperparaeites over\vintering in the puparia and the localityfrom which they were col1ected. Chalcid adults reared fromLydellct st(~bulans glisescen:: puparia were determined by C. F. W. •Muesebeck as E'llpte1'omalu~ tlubius (Ashm.). It was noted thatthe hyperparasites could attack the, puparia successfully whenno metamorphosis had taken place or when transformation had 
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progressed to the point where setae and appendages of the adult 
fly were well developed. 

All puparia from which adults had not emerged at the time 
collections were made in October, except those attacked by hyper­
parasites, were found to have died from an unknown cause. Most 
of the specimens from the Ohio shore of Lake Erie had died after 
transforming to adults, whereas those from Michigan had died 
while still in the larval stage. This fact seems to indicate that 
the puparia were killed at the advent of cold weather and that 
those originating in a slightly warmer district had time to de­
velop further than did those collected at points farther north. 

The percentage of dead and hyperparasitized puparia in 1938 
closely approximated those of 1937, when 20.68 percent of the 
total had failed to emerge and 11.51 percent were killed by hyper­
parasites. Thus a mortality of approximately one-third of the 
puparia formed before winter appears to be the normal occur­
rence and may constitute an intrinsic weakness restricting the 
rate of increase of Lyclell((, stctbuZ(Lns g1'isescens in the Lake States. 

In the Eastern States area, association of Lydelln s[(;.bulans 
(j1'isescens with marshland is not so clearly demonstrated, the 
parasite being more generally and uniformly distributed. 

In the vicinity of the earliest release points, that is, those cen­
tering at Malden, Mass., releases were made yearly throughout 
the period 1920-32, except in 1923 and 1924. It is not definitely 
known when initial establishment at this point was effected. 

The first record of this parasite's recovery was in the sp:cing 
of 1927 from Saugus, Mass., but it may have become established 
prior to that date and following its initial release. In 1928, 1929, 
and the first part of 1930, L?Jdell(~ stabulans g1'isescens was the 
most abundant parasite in this area, but later this position was 
assumed by the imported ichneumonid Horogenes 1Jllnct01'ius. 
However, L. stabulans gl'isescens was more or less abundant each 
year up to 1938. In the fall of that year it was found that this 
larvaevorid had almost entirely disappeared from a considerable 
area northwest of Boston, where it had formerly been abundant. 
Only a single specimen was recovered from a collection of over 
3,000 host larvae. The species was found to be present in 1938 
at all other points at which it had been released. 

In the vicinity of Taunton, Mass., where a survey was made 
ill 1938 covering an area of about 1,600 square miles and includ­
ing the territory influenced by the release points at Bridgewater, 
Dighton, and Swansea, Mass., and at Portsmouth and East 
Providence, R. 1., thic; parasite was found to be more evenlv dis­
persed than previously. It was recovered from 52, or 50.5 per­
cent, of the 103 collections in 1938, as compared to 31, or 32.3 per­
cent, of the 96 collections from approximately the same area in 
the fall of 1937. The average parasitization of borers in this 
area increased from 1.2 percent in 1937 to 5 percent in 1938. 
The area over which it was found was also somewhat increased. 
Figure 16, D, shows the distribution of Lydelln stabuZalls {}1ises­
cens around Taunton, Mass., as determined by the fall surveys 
made in 1937, 1938, ancl1939. 

At East Hartford, Conn., where adults from both Europe and 
the Orient were released in 1934, Lyclell(~ stabulans g1'isescens was 
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recovered from 12 of the 36 collections made within a 4th-mile 
radius of the point in 1938. Within 6 years after its l'elease, it 
had dispersed to the limit of the area surveyed in 1940. The 
highest parasitization was recorded from a field at the periphery 
of the surveyed area. The exact extent or rate of spread is not 
known. 

At the Atlantic, N. J., site, where Lydelln stabulans grisescens 
was released in 1935, small numbers have been recovered each 
year. 

On the Eastern Shore of Virginia colonies of this parasite were 
released at two sites in 1935. At one of these sites, Lee Town­
ship, Accomac County, this larvaevorid was recovered at the 
close of the 1938 season from all but 3 of the 40 collections made 
within a circle 9 miles in diameter, centering at the release point. 
The average parasitization was 9.5 percent of the 1,879 host 
larvae observed from the 64-square-mile area surveyed, as com­
pared with only 0.6 percent in a smaller area in the fall of 1937. 
Not only was there a decided increase in the percentage of borers 
parasitized (possibly partly due to a greatly decreased host 
population), but an extensive dispersion of Lydella stctbulctns 
flrisescens also took place. Although the area surveyed was in­
creased from approximately 38 square miles in the fall of 1937 
to over 60 square miles in 1938, the number of parasites obtained 
from hosts collected near the boundary of the area indicated that 
the parasites had dispersed beyond its limits. This is also indi­
cated by the fact that L. stabuictns g1'isescens parasitized as great 
a proportion of the borers near the periphery of the survey as 
in the central district. This information is summarized in table 
17. The center circle, 1 mile in diameter, was surrounded by
4 rings, each 1 mile wide. 

TABLE 17.-Ew·opean corn bm'er 1J(l1'(lsitization by LlIdella, stctbu­
lans grisescens in Lee, l'a., (tl'e(t, fall of 1937 ancl1938 

)~, European corn borers 

Area surveyed i Ohsel'ved Parasitized 

1.')37 Number Number Pel'centInner circle ~ ,,, ___ ,, _____________ .' 
Second circle •. ___________________" 77 9 11.7 

439 28 6.4Third circle , __________ •________ ... 087 61 8.9Fourth circle _ .• ______ ._~___________ 357 48 13.4 
319 33 10:3 

1938 

Fifth circle ______ _______________ _ 

Inner circle _______ . ________________ • 510 37 7.2 
Second circle ------______ ._ •• ________ 1,203 98 8.1 
Third circle ____________ •.. _____.. __ 1,500 146 i 9.4 

F_o_u_r_th_c_ir_c_le_-______-_--_-_-_-_--_-_·-'·1~__1_,8.._7_9 L~_.~__l__ 9.5 

The district surveyed in the fall of 1938 at Lee, Va., extended 
almost across the rather narrow peninsula that constitutes the 
Eastern Shore of Virginia. The shores of this peninsula are 
bordered by extensive marshlands, with numerous creeks extend­
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ing throughout the area, and it is in such ecological habitats as 
this that Lydeilct stabuictns yrisesc:ens has been most effective in 
the Lake States. An examlnation of the data does not indicate 
greater effectiveness of the parasite in collections made very near 
marshland, but the marshland influence may extend throughout 
the area surveyed. Because of its recent establishment in this 
area, the parasite probably has not yet reached its equilibrium 
position. 

It is believed that the dispersion of LyclellcL stubu[cLns grisescens 
in the Lake States area closely approximates the entire extent 
of the parasite's range in that area at the close of the 1938 season. 

In the east, however, the area inhabited by LlIdelln stnbuZnns 
grisesc:ens, as determined by the 1938 surveys, may represent 
only a portion of the parasite's total range. Most of the colony 
sites in the Eastern States have never been examined and at a 
number of them this parasite may be present, since no known 
environmental limitation. restricts the establishment of the spe­
cies in the East as the absence of marshland apparently does in 
the Lake States. 

During the progress of colonization activities, some shipments 
of adults of Lydella stnbllians grisescens were made to labora­
tories other than those concerned with corn borer activities. 
The material usually became available in connection with coloni­
zation of other species. In 1935, 10,000 adults were shipped to 
Houma, La., for a test release against the sugarcane moth borer 
(Dicttmcct sctccJwralis F.). In the same year 10,000 adults were 
shipped to Tempe, Ariz., for a test release against the southwest­
ern corn borer (D. {I1ml(lioseila Dyar). In 1936,3,000 adults were 
sent to Mayaguez, P. R., fOl' testing against the sugarcane moth 
borer. In 1937 a consignment of 105 adults of this larvaevorid 
were shipped to Presidio, Tex., to combat the pink bollworm 
(PectinophoJ"(L gossypielict Saund.). 

Hf:SDl f: ov Till·: ST.\Tl.'S 0 I.' ~·.. ngLU ST'\IIl"!.,\:-;S GHISESCENS 

Over the entire corn borer infested area LlIclellct stnbuZans 
grisescclls probably kills more borers than does any other im­
ported parasite. It reaches its maximum effectiveness in the 
immediate vicinity of the marshland bordering the shore line at 
the western end of Lake Erie and along the Detroit River. How­
ever, in the Lake areas, unless climatic or other factors change, 
vroducing conditions more favorable to the parasite than those 
that have existed since colonization, probably L. stabulctns gri­
sescens will not increase to a level of economic importance except 
in a limited area adjacent to marshland. One factor that may 
increase its general effectiveness is the tendency of its host in 
the Lake States toward an increasing prevalence of a 2-generation 
habit. 

It appears possible that in areas in the United States where 
the borer has more than two gen':!rations a year, Lyclelln stnbulans 
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grisescens may become an effective factor in control. This is 
indicated by a report from Guam. A stock of L. stabulaus gt'i­
sescens (Get'omasia lepida (Masicem senilis» had been collected .•. 
in Japan by C. A. Clark and shipped to Guam in 1930. Vanden­
burg (48) states: "It [Ge1'omasicL lepida1 appears to be a very 
efficient parasite under these conditions, approaching the danger 
point of self-extermination in the most favorable localities". 

This parasite disperses at a maximum rate of about 2 miles 
l1er year in the Lake States area, and probably much faster in 
parts of the East. 

• 


FIGURE 18.-Horogcllcs lJlLnctorius: A. neuie female, X 5; B, mature larva, 
X 8; C, cocoon with host (E L1ropcan corn borer) l't.'mains. • 
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IfoItOGE:\t::S l'C:\CTOHlCS ~Homan) lFig. 18) 

Order: Hymenoptera. 

Family: lchneumonidae. 

Imported from: Europe and the Orient. 

Preferred host stage: Seconci-, thirci-, and fourth-jnstar larvae. 
Method of parasitization: Oviparous; eggs laid free in body 

cavity of host. 
Hibernation: First-instal' larva within mature host larva. 

No treatise dealing specifically with the life history or biology 
of Horogenes punctOl'ius has been published. The following in­
formation on the biology ancl habits of this ichneumonid was 
obtained in the United States, either through research directed 
to that end or incidentally during colonization activities. 

O:((GI:-: 

Adults of this species for colonization in the United States 

originated in Europe ancl the Orient. In each of these regions 

HOl"ogenes puncto/'ius was found in both the 1- and the 2-genera­

tion areas of the host. In Europe it is more abundant in the 

warmer sections, where the host has two generations each year 

and all the material imported into the United States from Europe 

was contained in 2-generation hosts. In the Orient, however, 

H. puncto/'ius is important only in the colder sections, and most 
of the importations were from the I-generation area• 

DESCRIPTIO:-: O~' STAGES 

Adult 

The original description of H ol"ogenes 1mncto1'ius, under Angi­
ti(~ (Dioctes) ]mnctoria n. sp., is given by Roman (29, pp. 171­
17;2). Reproductions of the original descriptions, together with 
additional notes which are helpful in classifying the species, were 
published by Ellinger and Sachtteben (13, pp. 116-117; 14). It 
mot'e closely resembles Ca!l1pop/f.r ((lJwe than any other corn 
borer parasite, but, since it has no areolet in the forewings, it 
tan readily be distinguished from that species. 

Egg 

The egg of Horogenes ]JllllctorillS 18 hours after deposition 
averages 0.730 mm. long by 0.173 mm. wide at the larger end 
and 0.147 0101. wide at the mUTO,V end. It is oval arcuate, with 
broadly rounded ends. It is white, and there are no spines, proc­
esses, or markings of any kinel on the chorion. The egg does not 
turn clark brown at the end of a few clays, as does that of Cmn]Jo­
1Jie.t aT ket£'.

Dissections, at 4-hOUl" intern.ls, of European corn borer larvae0
parasitized in the laboratory and reared at a temperature of 80
F. and 70 percent relative humidity showed that HOTogenes pu,nc­
torius eggs hatch in 32 hours. 

http:intern.ls
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Fint-instal' LCt1'Va 

The primary larva is of the typical ichneumoniform type, It is • 
cylindrical, with no segmentary spines, tubercles, or appendages, 
The head is heavily chitinized, and there are 13 body segments. 
The last abdominal segment is prolonged into a conical poinj:ed 
tail about half as long as the rest of the body, 

Second-instal' LU1'VCt 

The secondary larva is larger and has a less heavily chitinized 
and more rounded head than the primary larva. At the time 
of molting into the second instal' the tail process is lost. It is 
not absorbed by the larva. 

· 
... : ..O o 

• 


FIGURE 19.-.External structures and markings of heads of last-stage larvae: 
A., Cctmpop/e'X a/kctc'; B, Hu/"ogen('s ]1U1!ctol'ilts, X 133. (Vance and Smith, 
42) , 

Mature Larva 

The general color of the mature larva is a dirty white. It is 
subcylindrical and tapers slightly anteriorly and posteriorly (fig. 
18, B). In gross appearance it is similar to the larva of Campo­
plex alkae, the chief differences appearing in the characters 
around the buccal regions. The front views of the head capsule 
of the third-stage larva of C. alkae and Ho)'ogenes }Jltllctori'lls are 
shown in figure 19, wherein the following differences between the 
two species may be noted. 

1. Interior angle at union of tip of mandible with its base obtuse • 
or rounded; ligular sclerome extensive, broadly apPl'oximat­
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ing dorsal ends of labio stipital sclerome; stipital sclerome at 

• 

median point as broad or broader than hypostoma. 


Horogenes pumcto'rius 

2. Interior angle at union of tip of mandible with its base acute 
and clearly defined; ligula sclerome, small and subcrescent 
shape; stipital sclerome at median point narrower than hypo­
stoma. Cmnpoplex alkae 

Cocoon 

The cocoon of Ho'rogenes pzmctolius is uniformly dirty white 
and consists of a closely woven outer covering of silk threads 
enveloping a dark-brown, glossy, secretitious lining (fig. 18, C). 
Its average dimensions are 11.3 by 3.5 mm. Apparently there 
is no difference in color or texture between the first- and second­
generation forms. The H. punctO'li'lts cocoon normally lacks the 
light-colored band noticeable in cocoons of Cam.poplex alkae, but 
an occasional H. pztnctorius cocoon shows a slight trace of this 
band. The exit hole is usually made at the end of the cocoon, 
the entire end being gnawed away at the time of emergence. 

BIOLOGY 

.Mating 

• Both males and females mated on the day they emerged. The 
males copulated at any time throughout their life. Females were 
observed to mate only during the first 3 days after emergence. 
Mating was obtained in the laboratory in a cloth-covered cage, 
with one end directed toward and close to a window., Copulation 
was noted ~\t temperatures between 70° and 82° .F. No attempt 
was made to ascertain the temperature limits at which the para­
sites would mate. After males had been placed with females in 
a cage, they usually mated within 5 to 30 minutes, but in one 
cage 55 minutes and in two other cages 4 hours elapsed before 
mating took place. 

• 

Copulation was always preceded by certain activities. The 
male, after becoming aware of the presence of the female at a 
distance usually less than 1 inch, approached her slowly with 
rapidly vibrating wings. This vibration sometimes continued 
almost a minute, as the male gradually came closer. He then 
stroked the female with his antennae and, unless she resisted, 
copulation took place. When in coitu the female remained quiet 
for a tim::! except for a slight vibration of the antennae. The ovi­
positor, which normally is in a horizontal position, extended ver­
tIcally after contact was made. During copulation the male faced 
in the direction of the female with the abdomen thrust forward. 
In most cases after being in coitu a few minutes the abdomen of 
the female was jerked rythmically, the pulsations being about 
1 per second. In 56 instances observed ill the laboratory the 
average length of time the adults remained in coitu was 7.9 
minutes. 
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At the end of the mating period the female often dragged the 
male a considerable distance before they separated. An unmated 
female often resisted mating attempts by pushing the male off and 
walking or flying away. A female that had mated normal~, how­
ever, would turn on the male and actively attack him and attempt 
to sting, Such action differed mm'kedly from the passive re9istance 
shown by unmated females and is a good indication that females 
normally mate but once, This view is supported by the fact that 
only one female was observed to mate twice and this wa-lO ac­
complished only after many attempts. The males will cop1.'lJate 
several times and will court mated or unmated females withoHt 
discrimination, 

P1'opol'tion of Sexes 

Of 141 individuals, the offspring of females mated Ml the .ab­
oratory, 34.04 percent were females. The sex proportions in 
material collected in Europe and shipped to the United States 
in the cocoon stage during the summer was almost opposite to 
that of the labol'~ttol'Y-reared individuals. In 5 lots of cocoons, 
totaling 986 specimens, received in August, 64.5 percent were 
females, but some males may have emerged in the field prior to 
collection. 

Oviposition 

The preoviposition period is normally of short duration, Suc­
cessful oviposition was obtained in the laboratory the day after 
emergence. The females oviposted in confinement on either free­
crawling larvae or larvae offered them on a camel's-hair brush. 
They showed much interest in borer frass or webbing and also 
showed great ability to locate such material. One female flew 
out of the cage, circled the room, and l'eturned to host material in 
the cage. 

Oviposition by HOl'ogelll'S pztnct01'ills on host borers in their 
natural habitat was observed in life-history cages. These cages, 
screened with 24-mesh coppel' screening, measured 10 by 6 by 6 
feet and were set up over two rows of corn of six hills each (fig. 
17). The corn was artificially infested to produce a high popu­
lation of host larvae. Females released in sllch cages showed 
interest in larvae webbed in the tassels. 'l'he ovipositors were 
thrust easily through the webbing and pierced the leaf sheath. 
The females also worked arollnd frass at the entrance to tunnels. 
Although the larvae concealed among the tassel florets were more 
Hccessible, dissections of the host plants indicated that some, if 
not most, of the parasitized borers were in other parts of the 
plant. Stalks dissected at the .end of the first week after adult 
parasites were released in the cage showed borers from various 
parts of the plant parasitized in the percentages shown in table 18. 

Most of the pm:asitized borers were in the middle of the plant. 
Although these borers may have migrated down the stalk after 
being parasitized in the tassel, the shortness of the time interval 
between the parasite releases and dissection of the stalk indicates 
that most, if not all, of them were in the same position when 
parasitized as when removed from the plants. These observa­

• 


• 


• 
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TABLE lS.-Pcwusitizution by HO'l'ogenes punctori7tS of EW'opean 
C01'n b01'e'l's dissected {rom different pwrts of host plant 

Number of borers 
Percent of total

Plant part borers parasitized 
• -r IPresent Parasitized 

Tassell -------.......---_..... 5- 1 2.5 

Stalk: 

UPXcer th~rd ______ • 7 4 9.3 
1\11 dIe thl1'd. __ ~,." 23 18 44.0 
Lower third ..... ----_ .. 8 3 7.2 

Total 43 26 62.5 ...~-----------
1 

tions were made at Toledo, Ohio, on l-generation h.osts. In the 
East, where the 2-generation type of borer prevails, most of the 
cocoons of the first-generation parasites were found in the tassel 
stem; therefore either parasitization takes place in the tassel or 
tip of the cornstalk or the parasitized borers make a definite 
migration to this part of the plant. 

• 

HOI'ogeues pnuctorius deposits its egg free in the body cavity 
of the host larva. In both the laboratory and the field, females 
were seen to oviposit more than once in a single host larva. The 
supernumerary eggs hatched but the resulting larvae became 
encysted, turned dark, and died without developing. Before ovi­
positing, the female touched with rapidly vibrating antennae the 
free-crawling host larva or the spot in webbing, frass, or leaf 
that she was investigating. The ovipositor and posterior end of 
the abdomen were then bent downward at a right angle, or slightly 
less, to the line of the body. The actual time required for egg 
deposition is very short. One female parasitized 33 larvae in 45 
minutes. When ovipositing on other than a free-crawling larva 
the female may repeatedly insert the ovipositor at different angles 
into the hiding place of the host until contact is made. Oviposi­
tion was accomplished readily in second-, third-, and fourth-instar 
hosts, but with difficulty in fifth-instal' hosts, apparently because 
of the toughness of the skin. When eggs were deposited in a 
mature borer, however, development of the egg and larva pro­
ceded norma1ly. 

Dissection of larvae in the field cages soon after parasite adults 
had been introduced showed that parasitized individuals were 
most numerous among the third-instal' borers. This may have 
resulted from the greater accessibility of the third-instal' or well­
advanced second-instal' borers, or from the selection of such 
borers by the parasite. 

That Horogenes puncto1ius females do not seek out the most 
heavily infested fields in preference to those less heavily infested, 
is indicated by data collected at Medford, Mass., in 1932. Two 
fields about 200 yards apart were infested at the rate of 5,120 and 

• 
1,373 borers per 100 stalks, respectively. The parasitization in 
the more heavily infested field was 1 percent and in the other, 
4 percent, or about the same number of parasites per 100 stalks 
in each field. These percentages indicated that about the same 
number ofpat'asites entered each field, since the low parasitiza­
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tion, coupled with the high host population even in less heavily 
infested fields, probably reduced to a minimum the variation due 
to the search factor. 

Longevity of Adults 

Limited observations on 37 individuals indicated that female 
parasites live longer than males. The adults were fed granulated 
sugar and water and were confined in cages in an incubator room 
held at a temperature of 80° F. and 70 pel'cent relative humidity. 
The average length of life of the males was 12.8 days. The life 
of mated females that were given opportunity to oviposit aver­
aged 16.2 days, but the average for those that did not mate or 
oviposit was 26.5 days. In the field cages only females were found 
alive at the end of 10 days following introduction of 2-day-old
adults. 

Pm·thenogenesis 

Viable eggs were laid by unmated females, but in all cages 
observed only males hatched from them. 

LC£1'val Development 

Like the egg, the newly hatched larva floats free in the body 
flu.ids of its host, and is carried to all parts of the host's body. 
The larva spends most of its life in the first instal'. When reared 
in the laboratory (temperature 800 F. and 70 percent relative 
humidity), the average larval life of 225 individuals was 14.9 days, 
ranging from 10 to 29 days, and 63.9 percent of the parasite larvae 
issued from their hosts on the twelfth to seventeenth day. 

Dissection showed that the parasite did not pass from the 
nrst instal' until the host had reached the fifth instal'. Develop­
ment in many instances was probably incited by physiological 
changes in the host larva as it prepared for pupation, because, 
although the host reached the fifth instal' in the field in August, 
the parasite passed the winter as a first-instal' larva. There was 
a distinct and appreciable tendency of the parasite to follow the 
diapause requirement of the host. On the single-generation type 
of host in the field, only a small percentage of the parasites devel­
oped to adults during the summer, the others remaining in the 
first instal' until the host became active the following year. Even 
in the laboratory there was great variation in the length of the 
instal's of HOl'ogenes ]Junctol'ius larvae reared on single- genera­
tiol1 borers. Parasites in all instal's were found in host larvae 
20 clays after parasitizing them, although all the host larvae were 
reared under the same conditions, and were parasitized in the 
same instal's by the same females. ~ 

Parasitized larvae obtained from cornstalks in a field cage and 
placed in an incubator (800 F., 70 percent relative humidity) on 
January 6, produced the first cocoons 23 days later, the average 
time for 27 individuals being 32.1 days. Since the total length 
of the egg and larval stages under similar incubator conditions 
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averaged less than 17 days, it is apparent that there was a lag 
either in the incitation of development or in the rate of develop­
ment produced by exposure to cold. Possibly the causative delay 
factor in the above instances originated in the host. 

Parasitization by H01'ogenes pllnctorius retards the growth of 
the host, even though the parasite larva remains in the first instal' 
throughout the normal feeding period of the host and grows very 
slowly. After the first instal' the parasite larva develops rapidly, 
spending but a few days in the second and third instal's. The 
parasite usually issues from the anterior third of the host's body, 
but before the termination of feeding it has consumed all but 
th~ head capsule and the shriveled larval skip. 

Cocoon Stage 

After the parasite has c:Jmpleted its feeding, it spins its cocoon, 
usually including the remains of the host in the loose strands of 
the outer envelope. The average length of the cocoon stage, as 
determined from records of 190 individuals (about two-thirds of 
which were males) reared at a temperature of 800 F. and 70 
percent relative humidity, was 9.4 days. Approximately 8G per­
cent of the adults emerged on the ninth and tenth days after the 
formation of the cocoons. 

SEASO~AL HISTORY 

The total period from deposition of the egg to emergence of 
the adult, based on observation of 190 individuals reared at a 
temperature of 800 F. and 70 percent relative humidity, was 25.3 
days. Dissection of host larvae taken in the field near Toledo, 
Ohio, showed very little development before the second week 
in June. Development is rapid after about June 10 and the first 
cocoon appeart'd on June 16. In field cages the first adult ap­
peared on June 24, and this date coincidel'l closely with that of 
field emergence as determined by field collections. In Ohio the 
average length of the life cycle of individuals that undergo one 
generation in the field in the summer is about 36 days. 

HyperpCLl'Clsitism 

Cocoons imported from Europe in August were found to be 
parasitized by a number of hyperparasites. In none of the ship­
ments, however, did the aggregate parasitization amount to 1 
per..:ent of the total. The species involved were Gelis f1'CLucl~tlentus 
(Foerst), G. instabilis Foerst, Otacllstes aestivctlis (Grav.), and 
an undetermined chalcid. On cocoons of the summe l ' generation 
in eastern Massachusetts a higher rate of hype~'parasitization was 
noted in 1938, when 8 percent of the unemerged cocoons collected 
ill the field were attacked by parasites. The three species obtained 
were Mastnls compactus (Ashm.), Itoplectis conquisito1' (Say), 
'and Gconbrlls ultim'lls (Cress.). The last two species were re­
corded, also, as primary parasites of the borer. 

828364"-50--6 
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00 TABLE 19.-Horogenes 1nmctorius adults 1'eleased in the United States th1'ough Decembm' 81, 1940 
1>:) 

~tateand Count)1 Township '~rigin~lr;9;-r 1928 I 1929 11930 11931 11932 11933 11934 1935 1936 1937 jrotaP 

Connecticut: I " , -.-----~j ..~--:--- :---l---'---I--l--~ --------~,- ­
t4Hartford ' E. Hartford ' E~___ 0 I 0 0 I o. 0 0 lUi 750, 0 0 0 i 750 
cMiddlesex .. H~ddam E .. 0 j 0 i 0 ' 0 i 0 0 0 1 0 586 0 0 I 586 ::c 
t'l 

New Haven MIlford E 0 i 0 I O! 0; 0 0 0 827 552 0 0 1,379 z 
New London East Lyme E 0 I 111 0 I 17, 2,226 ,441 0 ° 0 ° 0 2,695 a 

:>­
Do ._._,~",.do. ___ D_ 01 OJ 0' 0,93 10 0 0 0 0 0103 t"
Do_. -, -_~ do -~-- 0 0 OJ 0 I 0 I 7 1,156 0 0 0 0 0 1,163 

c
Do. ______ Old Lyme_l'~ . " j_:O~'I~'_O I __0 ; __0 ,~~__~ __0____0___.0 __0 , __0 ,_:~~ c: 

t" 
t"Total --------~~ __ J 206 _ 1l"_~__0' 17 2,326,1,6071' 0 1,57'i I 1,138 =-~G 1_ 0 I 6,8~2. 
Z

Indiana: <=>I I 
~ 

Allen ------- Lafayette -- D.__ 0 0 0 0 0 0 I 0 0 0 599 , 0 599 ".'" Steuben _____ York - _____ E ____ . 0 0 0 1,726 2,069 2,194 0 0 0 0 i 0 5,989 
-----------------_._-------, ---'-- ~ 

Total --- ----------- ------- 0"., 0 ,_ 01_.1:726, 2.06~ 2,194 0 0 0, 5!J9 ~.~: 6,588 \'l 
t1 

Massachusetts:3 I 
l'l 

~ '" 
Barnstable -- Barnstable E ~ __ . 128 0 0 0 0 0 0 0 0 0 0 . 

Do , ..- Falmouth -, E.___ 0 16 264 250 1,060 0 0 0 0 0 0,' 
128 o 

~1,590Do_ -, . -- ____ do ----- D____ 0 0 0 0 656 0 0 0 0 0 0 656 :>­
Bristol ----_ Dighton --_ E ____~ 0 0 28 0 0 0 0 0 0 0 0 I o28 :::Do --~ .. ~ ..,~ Swansea -~ E. ___ . 0 49 0 0 0 633 0 0 0 0 0 682 aDo --_____ ,_,~_do -~~. 0 ____ . 0 0 0 0 0 2,813 0 0 0 0 0 2,813 c: 

Do .---__ --- do ._-_. D,~._. 0 0 0 0 0 2,511 0 0 0 0 0 t"2,511 >-3Essex - _____ Peabody -.. O____ ~ 0 0 0 0 0 1,204 0 0 0 0 0 c: 
Do ----- Saugus --- E .. ___ • 0 0 0 0 197 0 U 01 0 0 0 

1,204 
986 ~ Do .' .---- ____ do --.. 0 _____ 0 0 0 2,029 15 0 0 0 0 0 0 2,044

Do .----- ____,do ----- D.____ 0 0 0 0 245 0 0 0I 0 0 0 245. 
Franklin ---- B, -::nardston D .---. 0 0I 0 0 0 0 0 0 0 0 575 575Hampden - __ Agawam _~ D.__ 0 0 0 0 0 0 0 0 0 522 0 522 
Hampshire -- Hadley -. - I D ".--. 0 0 0 0 0 0 0 0 t 0 560 0 560 

•
,. 
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Middlesex ,-- Arlington -- E ____J 0 I 53 0 I 0 , 0 0 ' 0 ! 0 0 0 I 0 I' 968 

Do ---- --- ____do ----- 0_____ 0 0 0 1" 0 0 33 0 . 0 0 0 0 33 
Do ------- ___do _____ D_____ 0 0 0 2 0 0 0 0 0 0 0 ! 2 
Do -------- Concord - __ E_____ 0 0 0 0 0 1,272 0 481 0 0 0 I 1,753 
po ------ ____ do ----- D_____ 0 0 0 - 0 0 379 0 5,000 0 0 01 5,379

MIddlesex --- Malden ____ E_____ 0 0 0 0 0 0 0 ! 0 0 0 0 186 
Do - ______ Medford ___ E_____ 61 0 0 0 0 0 0 0 0 0 0 2,973 tl' 

Do ------- ____ do _____ 0_____ 0 0 0 0 0 502 0 0 0 0 0 ,- 502 o 
t"'Norfolk _____ Quincy ____ E_____ 249 73 0 0 0 0 0 0 0 0 0 322 o 

Plymouth --- Bridgewater 0 .. ____ 0 , 0 0 0 732 226 0 0 0 0 0 ' 958 o .... c 
Worcester ___ Charlton ___ D_______O____O____0____0____0____0____0____~___0 ~__O_I~ t"' 
Suffolk ____ , Revere ____ E_____ 0 0 0 0 0 0 0 0 0 0 0 I 2,721 :... 

Total ___ ____________ ________ 438 191 292 2,281 2,905 9,573 0 5,481 0 1,679 575 j 30,938 o 
C'l 

I 
,.,======-==-1===;= 
() 

Z 
:0 

Michigan :'1 t"'
G,enesee ----- Genesee ___ D_____ 0 0 0 0 0 0 0 ' 0 I 0 0 5991 599 
Huron ------ Sebewaing __ D_____ 0 0 0 0 0 0 0 0 ' 0 0 558 558 "J 

o 
Lapeer ----- Goodland __ D_____ 0 0 0 0 0 0 0 0 0 0 499 ' 499 ,., 
Lenawee ____ Fairfield ___ E_____ 0 0 0 0 0 1,712 0 0 0 0 0 1,712 ;:: 
Livingston __ Conway ____ D____ 0 0 {} 0 0 0 0 0 0 0 394 394 l'l 

l'lMacomh - ___ Harrison ._ D_____ 0 0 0 0 0 0 0 0 0 539 0 599 c::Monroe - ____ Erie ______ E_____ 0 288 0 0 0 0 0 0 0 0 0 495 :0 
oDo _______ Monroe ____ E_____ 0 33 0 0 917 272 0 0 0 0 0 1,222 '0

Sanilac _____ Lexington _ D_____ 0 0 0 0 0 0 0 0 0 409 0 409 l'l 
:>­

St_ Clair ---- Columbus -- E_____ 0 18 243 1,593 1,875 0 0 'I 0 0 I 0 0 3,729 Z
Tuscola - ____ Koylton ___ D_____ 0 0 0 0 0 0 0 0 0 598 0 598 C'l
W:1shte~,aw _ Augusta ___ D_____ 0 0 0 0 0 0 0 0 0 0 600 600 o 
Wayne _____ Livonia ____ D_____ 0 0 0 0 0 0 0 0 0 0 573 5'13 ~ ----,----,----,----,----,------,----,----,----,----,----,----Total _.._, ____________ , ______ _ tl' 

01 339 1 2~31 1,593/_2,79:1 1,984 1 0 0 0 1,606 3,223 j 11,987 o 
:0 

New Hamp­ l'l; I :0
shire: 


Rocking-ham _I Raymond _-' D ___ 
 o I 0 I 0 I 0 I 0 I 0 1 0 I 0 0 0 593/ 593 

New Jersey:5 •=]-j=] 1='=1=1='=1=1=1= 
00Atlantlc ----' Egg Harbor.! D ___J 0 0 0 0 0 I 0 0 0 I 0 J 0 I 593 i 593 ~. 
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00 TABLE 19.-Hol'ogenes 1Jundo1·ius adults 'released in the Un£ted States th1·ou[jh Decembe1' 81, 191,O-Con. ~ 

Stateand Countyl Township Origin1 1927 1928 1929 1930 1931 1932 1933 I 1934 1935 1936 11937 ITotal 2 

New'Joi:sey=- ..,Cont'd. D_____ t"lBurlington __ Burlington_.. 0 0 0 0 0 0 0 0 0 0 0 608 
Monmouth -_ Atlantic ___ D ____ . 0 0 0 0 0 0 0 0 0 585 0 585 

Cl 

Ocean .. _____ Brick _____ E _____ 0 0 0 0 0 0 0 0 565 0 0 565 =z 
----------------------,---------------, (3 

Total ___ 0 01 0, 0 0 0 0 0 565 585 593 2,351 > ------------ ------- t"' 

-----'--­---.{------ = --------------------- t:l 
c:: 
t"New York: t"'Albany _____ Berne _____ E _____ 0 0 0 0 0 0 0- 0 517 0 0 517 ..,t"l 

Cattaraugus 
Indian Res. E _____ 0 0 1,256 1,973 0 0 0 0 0 0 0 3,229 Z 

Erie , _______ E _____Lancaster _ 0 0 400 0 0 0 0 0 0 0 0 400 
tL '" Jefferson ____ Adams ____ E ____ . 0 0 0 0 2,178 539 0 0 0 0 0 2,717 ~ 

Monroe _____ Hamlin ____ D___ 0 0 0 0 0 0 0 0 0 588 0 588 c:: 
Niagara ____ Porter ____ E ____ 0 0 0 0 0 0 0 0 597 0 0 597 
Orleans __ • __ Yates _____ E ____ 0 0 0 0 0 0 0 0 598 0 0 598 f" 

____ tlOswego • ____ Scriba ___• D 0 0 0 0 0 0 0 0 0 593 0 593 t"l 
Schenectady _ Glenville _. E ___ .. 0 0 0 1,793 0 0 0 0 0 0 0 1,793 "C 
Suffolk _____ Southold __ E ____ 0 0 0 0 0 1,229 1,289 0 0 0 0 2,518 ~ 

Do _____ .. _ ____ do _____ D____ 00 0 0 0 0 0 2,397 0 0 0 0 2,397 
1Vayne ______ Ontario ___ D.___ 0 0 0 0 0 0 0 0 0 598 0 598 "l 

----_. ------------------------------ >
C)Total ___ 0 0 1,656 3,766 2,178 1,768 3,686 0 1,712 1,779 o 16,545 ~------------ ------ ...._- Cl------------. --------------------­ c:: 
t"Ohio: ..,Allen _______ D_____Shawnee ___ 0 0 0 0 0 0 0 0 0 587 0 587 c:: 

Auglaize ___ . D ____ . ~Washington 0 0 0 0 0 0 0 0 0 593 0 593 t"lChampaign _. Salem ____, D_____ 0 0 0 0 0 0 0 0 0 542 0 542
Darke ______ Brown ____ D ____ 0 0 0 0 0 0 0 0 0 578 0 578
Defiance ____ Washington D_____ 0 0 0 0 0 0 0 0 0 578 0 578
Delaware ___ Liberty ____ D_____ 0 0 0 0 0 0 0 0 0 581 0 581Erie ________ Perkins ____ E _____ 0 0 0 0 0 0 0 0 588. 0 0 588 

• 
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------------------------------- ---

Fulton German. E_"""".. 0 0 I 0 0 0 0 0 0 598 0 0 I 59~ 
Hancock ____ Marion ____ 0_____ 0 0: 0 0 0 4,138 0 0 0 0 0 4,13L 
Hardin _____ Liberty ____ D_____ 0 o. 0 0 0 0 0 0 0 586 0 • 586 
Henry • _____ Damascus __ E ____ . 0 0 0 2,584 4,882 4,858 0 u 0 0 0 12,324 
Huron ___ ••_ Richmond __ E_____ 0 01 0 0 0 0 0 0 586 0 0 586 
Logan _____. Richland __ D ____ " 0 O! 0 i 0" 0 0 0 0 0 588 0 588 
Lorain __ ".__ Avon --____ D••_. 0 0 I 0 I' 0 I 0 0 0 0 0 525 0 525 

(3 
Cl 

Lucas __ .. __. Jerusalem _ E ___•. 460 27 511 2,064 I 2,897 0 0 0 0 0 0 5,959
Marion _____ ScotL _____. D____ 0 0 0 0 0 0 0 0 0 514 0 514 o t" 

Mercer _._._ Jefferson ___ E ____ 0 0 0 0 0 0 0 0 598 0 0 598 Cl 

Miami.____ Newberry _ D ____ 0 0 0 0 0 0 0 0 0 598 0 598 
Ottawa _____ Danbury __ E ___• 0 0 0 0 0 0 0 0 348 0 0 348 ~ 
Putnam _____ Jennings __ 0____ 0 0 0 0 0 4,573 0 0 0 0 0 4,573 ., 
Sandusky __ . Ballville ___ D____ 0 0 0 0 0 0 0 0 0 0 474 474 •zSeneca _____ Seneca ____ E_____ 0 0 0 0 0 0 0 0 583 0 0 583 ,., 
Union ______ Claiborne _~ D_____ 0 0 0 0 0 0 0 0 0 565 0 565 " Van Wert ___ Willshire __ E_____ 0 0 0 0 0 0 0 0 587 0 0 587 ~ 
Williams ____ Madison ___ D ____ . 0 0 0 0 0 0 0 0 0 0 600 600 o 
Wood _______ Perry _____ E_____ 0 0 0 0 0 0 3,751 0 0 0 0 3,751 "l ,.,Do ___________ do _____ D___ 0 0 0 0 0 0 1,523 0 0 00 1,523 

--------------_. -----------------'-- --.- ~Total ___, ____________ ,__• ___" 4GO 27 511 1 4,648 1 7,779 113,569 1 5,274 01 3,888 1 6,8351 1,074 1 44,065 
___'----l~t_.,.__.____.____,____,____.----,_· ____,--_",...1--- c:

t'J 

oPennsylvania: " "dCrawford __.I Greenwood _I E _____ o o 707 o o o o o o o o 707 t'J 
>

---""----I----'---_"_·-·I----'-·-···-"---,----'___-I~I~I--_ ..I=I---- Z 

Rhode Island: C'J 
oNewport ____ Portsmouth. E _____ o 0 0 0 0 640 430 0 0 0 0 1,070

Do ___________ do ----- 0 ____ _ o 0 0 0 0 6,038 0 0 0 0 0 6,038 " Z
Do ___________ do _____ D ____ _ o 0 0 0 0 1,498 2,636 0 0 0 0 4,134 o 

Cl 

Providence __ E.Providence E _____ o 505 0 82 1,503 0 0 0 0 0 0 2,090Do ___________ do _____ D____ _ t'Jo 0 0 I 9 1,231 0 0 0 0 0 0 1,240 " 
Total o 505 0 91 2,734 8,176 3,066 0 0 0 0 14,572 

Vermont: I===-I·='='='~'='~'-·I I 
" 

ChittelJden ._ Essex _____ D____ . 0 0 0 0 0 0 0 0 0 0 575 575 
Rutland ____ Poultney __ D_____ 0 0 0 0 0 I 0 I 0 I 0 I 0 I 0 I 599 599 <:';1 

00 
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00 TABLE 19.-HM·ogenes punctorius adults released in the United States through Decembe1' 81, 1940-Con. C) 

Stat4;land Countyl_~TownshiP loriginl.=~11928 ! 1929 1193~ !1931 11932 ! 1933 11934 11935 1 1936 11937 ITotal 2 

Vermont-­
Cont'd. 
Windham ___IJamaica ---I D~__ _
Windsor ___. Bridgewater D ____ _ 

Total 

Virginia: 
Accomac ____ Lee _______ D_____ 
Northampton Franktown_. D_____ 

Total ________________ -<_____ 

Total, UnitedStates__ , ______ _ 

o 0 0 0 0 0 0 o 0 
O. 

0 0 0 0 0 0 
------------ .----------­

o 0 0 0 0 0 0 0 

======== 
0 0 0 0 0 0 0 
0 0 0 O. 0 0 0 

'-0 --0­ 0 0 '--0- ---0-1--0-

1,1041 1,073 1 3,409114,1221~2,783 38,8;;112,026 

1 D, Domestic; E, Europe; 0, the Orient. 
2 The totals in this column include the numbers given in the 

footnotes to this table. 
:1 In 1921,10 IJorogcnc8 punctoriu8 fron~ Y,;I;rope were released 

in Malden Township, Middlesex County; .and 168 in the same 
township in 1922; in 1924, 555 adults in Arlington Township, Mid­
dlesex County; in 1925, 780 flies 1n Saugus Township, Essex 
County; 360 flies in Arlington Township, Middles.ex County; 
8 flies in Malden Township, Middlesex County, and 63 flies in 

0 

~ 
l'J o

0 0 5571 557 
0 0 548 548 ~ 

------ ------ 6 
0 0 2,279' 2,279 > 

t::!
c::"===1 t:" 

0 595 
. OJ. 0 593 
--'0 i --"0 ~1'~; 

7,0581- 7:303114,2711 

t"
0 , 595 

49011,083 ~ 
52~ 1,678 
00 '" 
SO' 

8,8271139,185 !:! 
rn 

Medford Township, Middlesex County, and in 1926, 9 flies in ~ Saugus Township, Essex County, 2,859 in. Medford Township, 
Middlesex County, 2,721 flies in Revere Township, Suffolk ~ 
County. o..., 

. 4 In 1926, 207 adults were .released in Erie Township, Monroe >County. I:)
::c 

5 In 1938, 182 adults (domestic parasite&) were released in 6
Burlington Township, Burlington County, and in 1939, 426 flies c:: 
were released in the same township. E;

c::::c 
l'J 
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Alte1'1wte Hosts 

• Larvae of several species of Lepidoptera were offered to Hot·o­
genes p'unct01'illS females in the laboratory in an attempt to obtain 
oviposition. The parasite adults showed no interest in the larvae 
of Gno1'imoschenw bllsckiello, Kearf., C£t1'pocaps(~ pomonella (L.), 
or P(~p(£ipem(~ 1wb1'is (Guen.), but oviposited readily on larvae of 
Pyntllst(L ainsle'i Hein. and P. penitalis Grote. Whether the para- • 
Rite could reproduce successfully on these hosts is not known, 
because none lived to produce either a pupa or a parasite cocoon. 
H. punctol'ius has never been recovered from hosts other than P. 
nubilalis (Hbn.) in the United States. 

COLONIZATION 

• 

H01'ogenes '}Junct01ius was also one of the first parasites to 
appear in the earlier importations from Europe, a colony of 10 
adults having been released in 1921 at Malden, Mass., and sup­
plemented by another small colony in 1922. In 1924, 555 adults 
were liberated at Arlington, Mass., and 4 small colonies were 
released in 1925 at 4 sites in eastern Massachusetts (table 19). 
It was not until 1926 that the first releases of orer 1,000 -adults 
per colony were made. However, establishment from some of the 
smailer releases made prior to 1926 was probably accomplished, 
since the first recovery of the species was made that year at an 
early colonv site sufficiently remote from the current year's re­
leases to T.l<lke dispel'sion from the latter points improbable. 

The first importation of this species was made during the lat­
ter part of the summer when the parasite was in first-generation 
cocoons. Cocoon shipments were continued through the summer 
of 1929. Beginning in 1925 the cocoon shipments were supple­
mented by the introduction of the overwintering hosts with Horo­
genes lJltnctoJi1l3 as first-instal' larvae. After 1929 this was the 
only method used for introducing H. punctol'ius. 

From points in eastern Massachusetts adults of this speci"s 
appeared more frequently in collections made after 1926 and, 
beginning with a few individuals in 1930, increasing use \vas made 
of this source of supply for colonization. To January 1, 1939, 
over 30,000 adults derived from hosts obtained in eastern Massa­
chusetts were released in the United States. In 1930 the first 
releases of adults originating in the Orient were made in Massa­
chusetts. 

Colonization of HOJ'ogcnes }JllnctoJ'ills in the Lake States area 
was started in 1926 with a release of 207 adults in Monroe County, 
Mich. Small releases were made in the following 2 years at this 
colony site and in Lucas County, Ohio. At the Cattaraugus Indian 
Reservation in New York in 1929, and after that year at a num­
ber of points in the Lake States area, larger colonies were released. 

For a number of years Lyclelln stablllaJls {j?'iseacens was the 
clominant parasite in the vicinity of the older release sites in 

• eastern Massachusetts, but it was eventually superseded by H01'O­
!)enes PWlct01'illS. So promising did this parasite appear at these 
test sites that it seemed advisable to distribute eolonies throughout 
the area where host concentrations warranted releases. Accord­
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ingly, in 1935 with adults from European host material, and in 
19Jti and 1937 with stock of domestic origin, a number of releases 
were made throughout the East and the Middle West, one colony 
being liberated per county. By the end of 1939 a total of 89 
colonies had been released. 

Although HOl'ogenes punctol'ius can parasitize burel'S of sev­
eral larval stages, and although these stages may be present in 
the field over a ':!onsiderable period, fairly close synchronization 
of releases with the preferred host stage of the borer is essential 
for establishmerlt. In 1934, 750 adults of H. punctol'ius were 
released at East Hartforci, Conn., and 827 at Milford, Conn. The 
periods cf ralea::;e a:ll the extent of synchronization with third­
instal' corn borers of both the first and second generations are 
shown in figure 20. Observations on the status of parasites at 
these two points in the fall of 1935 showed that at East Hartford 
0.6 percent of the host borers were parasitized, whereas at Mil­
ford no parasite was recovered. 

Q ..... 
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FIGURE 20.-Synchronization of HOI'oyenes pU1!ciorill8 releases with P'i'esence 
of preferred stage of host (European corn borer), Hartford and New Haven 

Counties, Conn. 

FIELD STATUS 

With proper synchronization, initial establishment of Horogenes 
1JUncto1'ius was readily accomplished in the areas where the 
I-generation strain of the host predominated. Adults appeared 
in quantity from practically every locality where parasites were 
liberated. However, in most areas the species maintained itself 
for 1 year only. At the Cattaraugus Indian Reservation in west­
ern New York, H. punctol'ius was recovered over a period of 4 
;years after the last release in 1930. The percentage of parasiti ­
7.ation, however, was alwaye low, never rising above 1 percent. 
In 1934, 2 specimens were recovered and in 1935 only 1 specimen 
appeared in a collection of 897 borers ::'om this point. In 1940, 
however, H. puncto/'ius was recovered in several collections of 
borers from this Reservation, and one collection showed a para­
sitization of over 10 perc.ent. 
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• 
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The 1940 recovery, showing maintenance for 10 years, demon­
strated the ability of the parasite to exist at extremely low levels. 
In Erie Township, :Monroe County, :Mich., releases of 207 and 288 
adults were made in 1926 and 1928, respectively. No recove~y 
was made until 1933, but after that the parasite continued to 
appear in small numbers in the collections from this point each 
year through 1937. In 1938 it was not recovered at any point 
in the Lake States area. In the eastern area, however, H. punc­
torius has continued to maintain itself and to increase in abund­
ance wherever it was initially established. 

Near the colonies west and north of Boston, Mass., where re­
leases were first made in the United States, HOl'ogenes punct01'ius 
was the only parasite of importance in 1940. At the center of 
this district it reached its equilibrium position about 1930, but 
continued to disperse until in the summer of 1938 it was found 
25 miles from the center of the colony. A more extended survey 
might have shown this parasite present over a considerably wider 
area. 

In 1938 and 1939 no surveys were made to obtain data on para­
site abundance in the area nort.hwest of Boston for comparison 
with that of previous years. However, in an area approximately 
10 miles square, lying close to the release points and probably 
representative of the older parts of the area, a survey in 1938 
on first-generation borers showed that IIo1'ogenes 1nmcto1'ius was 
the most pt'evalel1t parasite. Its general distribution was evi­
denced by the fact that it was recovered in each of 36 collections. 
The highest percentage of borers parasitized was 55.8, and 6 of 
the collections showed over 40 percent parasitization. A similar 
survey in this area in August. 1939 showed the parasitization by 
this species to be 16.2 percent. 

In regions where the European corn borer has two generations, 
parasitization by Horogcnes punctorius is usually much higher­
sometimes about double-on the first, or summer, generation than 
on the second. In the fall of 1938 the average parasitization, in 
the 10-square-mile area previously discussed with reference to 
the first generation, was 12.8 percent. In this survey parasite!'\ 
were again obtained from each of the 36 sections into which the 
area was divided for study. The highest parasitization by 
H. ]Jwlcto1'ills in a single collection was 32.6 percent, and 20 of 
the 36 collections showed a parasitization of over 10 percent. 
Because of the limited survey in the Malden area in the fall of 
1938, no additional information was obtained as to the dispersion 
of this species. 

Following the I'eleases made in the vicinity of Malden, Mass" 
in the earlier years a group of locations in southeastern Massa­
chusetts and eastel'l1 Rhode Island were colonized with H01'ogenes 
1JllHctoriUS. A survey to determine the status of the parasite 
at these locations was milcle in 1938, It covered a circuiar area 
45 miles in diameter, centedng at Taunton, Mass. In that year 
parasitization by H. punctorius on second-generation borers with­
in a radius of 121~ miles of Taunton averaged 1.2 percent, with 
a maximum parasitization of 7.3 percent. On the first generation 
of borers in 1938 the average parasitization by H. 1nmct01ills 
within the same area was 2.7 percent, with a maximum of 20.2 
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percent. That the parasite was still increasing in abundance in 
this area was shown by the increase in parasitization in the sum­
mer of 1939, when the average parasitization within a compara­
ble area was 6.3 percent, with a maximum of 30.1 percent. 

At the release site at Hartford, Conn., where a colony of 750 • 
adults was released in 1934, H01'ogenes puncto1ius increased its 
parasitization of second-generation borers from an average of 3.8 
percent in the fall of 1937 to an average of 8.3 percent of the 
3A66 hosts observed in the fall of 1938. The maximum para­
sitization by this species in 1938 was 28.3 percent, r.s compared 
with a maximum of 2,1.5 percent in the fall of 1937. The para­
site was reared from 30 of the 38 collections macle in 1938, and 
the area in which it was found increased from 15 square miles 
in 1937 to approximately 56 square miles in 1938. Figure 21 
shows the area occupied by this parasite as revealed' in the 1936, 
1937, and 1938 fall surveys. The data indicated that H. punc­
t01'iU8 actually was present over a shghtly greater area than that 
shown on the map, but the district included in the 1938 fall survey 
was not sufficient to show the full extent of the dispersion of this 
species in 1938. Three other localities, Atlantic Township, Mon­
mouth County, Burlington Township, Burlington County, N. J" 
~nd Lee {Ii~~trict, Accomac County, Va., which had been colonized 
within recent years, were surveyed in the fall of 1938. In New 
Jersey H. }JW1Ct01'iliS was. recovered only at Atlantic, Its recov­
ery at that point indicated maintenance for 2 years and demon­
strated the usual slow increase and dispersion for the first few 
seasons following liberation. 

H~snl~ OF TIn: STATl'S OF 1I0HOCE:-'ES I'l':-;CTORIl'S 

HOl'ogenes 2nmct01'ius is one of the most valuable of the intro­
duced parasites. Initial establishment was readily obtained fol­
lowing releases in both the eastern and western areas, but main­
tenance of the species is evidenced at present only in the eastern 
area, except at the Cattaraugus Indian Reservation, in western 
New York. 'l'here is no evidence of superiority in either the 
oriental or the European strain. At two of the localities in the 
multiple-generation area, where H. lJltnctol'ius is on a mainte­
nance basis, adults from both sources have been released. That 
the European stock is capable of maintaining itself is demon­
strated by the status of the parasite at Hartford, Conn., where 
only European material was released. A comparatively small 
number of the colony sites have been examined, to determine the 
status of the parasites at the dispersion points. Because of the 
readiness with which establishment is accomplished, it is probable 
that H. ])WlctOI'i!lS is now established over much of the eastern 
f,rea, 

)hCHocr;:-;'THCS CIF1'E~SIS Ashm. (Fig. 22) 

• 


Order: Hymenoptera. 
Family: Braconidae. 
Tmpor'ted from: Europe and the Otient. •
Preferred host stage: Seconcl- and third-stage larvae. 
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Method of parasitization: Oviparous; polyembryon~c egg de­

• 
posited free in body cavity of host. 

Hibernation: Egg in the primary and the secondary germ 
stage within the body of the mature host larva. 

DISTRIBUTION 
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FIGUHE 21.-Distribution of JIOl"OUC1!rs 1JlLnctoriu8 in the vicinity of Hartford, 
Conn. Survey limits are indicated by solid-line concentric circles. Areas 
occupied by the parasite are enclosed with broken lines, as indicated in 
the key. 

• The biology and morphology of MaC1"ocentrlls gifuensis have 
been exhaustively treated by Parker (24), and very little has been 
added to our knowledge of the biology of the species through 
colonization activities and field-status studies in the United States. 
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COLONIZATION 

The original supply of this polyembryonic braconid paraSite for • 
release in the United states was obtained from Europe and the 
Orient. All material imported from Europe originated in north­
ern France, where the borer has but one generation a year. The 
oriental form, on the other hand, is found in areas having two 
and thre~ generations of the host per year. 

• 


FIGURE 22.-1\Jctcroccntrus gijucnsis, adult female. X 10. 

The first adults of European origin became available for release 
in 1926 and were liberated in Massachusetts. In 1927 a number 
of colonies were released in the East and a colony of European 
odgin was also released at Jerusalem Township, Lucas County, 
Ohio. In the years 1927-33 a number of colonies of European 
material were released annually in both the Eastern and the Lake 
States. In 1929 the first adults were obtained from the Orient, 
and material from this source continued to be received during • 
the following 3 years. The total releases of this species in th~ 
United States are given in table 20. 



93 BIOLOGICAL CONTHOL OIo' THE EUROPDAN CORN DORER 

}'IELD S'l'ATUS 

• Macrocentrus gijuensis was first recovered in Perkins Town­
ship, Erie County, Ohio, in 1928 following a release that year of 
8,254 adults. Initial establishment was noted at one point in 
1929 and at 4 points in 1932, all in the Lake States. No evidence 
of permanent establishment has been observed in this area. 

In the East no recovery of this species was made until 1934, 
when evidence of maintenance was indicated at the release point 

OISTRI8UTIO~ 
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FIGURE 23.-Distribution of Macroccntru8 gi/ucnsis in the vicinity of Taun­
ton, Mass., Dec. 31, 1940. 

of the oriental material at Bridgewater, Mass. In the falls of 
1936 and 1937 the parasite was obtained from a number of fields 
in the Bridgewater district. In 1937, 33 percent of the borers in 

• 
 one collection were parasitized by Macl'ocent1'us gi!'uensis . 

A survey of the first-generation borers in 1938 showed an aver­

age parasitization by Macl'ocentrus gibtensis of 3.9 percent in a 
circular area containing 490 square miles and in two of the col­
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c.oTABLE 20.-Mac1'ocentrus gifuensis adults 1'eleased in the United States th1'ough Decembe1' 31,194-0 
~ 

State and County I Township IOrigin1 1926 1927 1928 1929 I 1930 1931 1932 1933 1940 Total!! 

Conn~cticut : 
Fairfield _ 
Hartford 
Litchfield 
Middlesex 
New Have 
New Lond

Do __ 
Do __ 

Tolland __ 
Windham 

I________ Stratford ______ D ______ 

----....,,--- E. Hartford ___ D______ 

......------ Litchfield ______ D______ 

------- Haddam _---­__ D ______ 
n ______ Milford _______ D ______ 
)n _____ East Lyme ____ E ______ 

------_ .... 
_.. __do _________ 0 ______ 

------......... Gales Ferry ___ D ______ 

-------- Tolland _______ D ______ 

-------- Pomfret ______ D ______ 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 1,806 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

--­-----­

0 0 
0 0 
0 0 
0 0 
0 0 

127 0 
0 0 
0 0 
0 0 
0 0 ------­

0 
0 
0 
0 
0 

114 
0 
0 
0 
0 

0 
0 
0 
0 
0 

139 
5,850 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1,993 
1,979 
1,993 
1,991 
1,994 

0 
0 

1,997 
1,995 
1,992 

1,993 
1,979 
1,993 
1,9111 
1,994 
2,186 
5,850 
1,997 
1,995 
1,992 

~ = Z 

~ 
til 

I
Total __ ---"...--_ ..... --« -------------­ ,' .. _---­ 0 0 1,806 

--­--­--­
127 0 

-----­
114 5,989 0 15,934 

--­
23,970 ~ 

!'" 

Indiana: Steuben _____ 1'ork ________ E ______ 
0 0 0 

-----­--­
0 2,508 

--­--­
1,884 24 0 

--­
0 

--­
4,416 

--­
!::l 
rn 
t:j 

Massachusetts : 
Barnstable 
Bristol

Do __ 
Do __ 

Essex __ _ 
Do __ 
Do __ 
Do __ 

Franklin _ 
Hampden 
Hampshire 
Middlesex

Do __ 
Do __ 
Do __ 

Middlesex 

_.....-_ .. -. Falmouth ______ E .. _____ 

--.,...----- Dighton _______ E ______ 

-------- Swansea ______ E ______ 

-------­
____do _________ 

()----­

--------
Danvers _______, .0_____ 

------- .... Peabody _______ E ______ 

.._-----­
____do ________ 0 ______ 

.-------
Saugus ________ E ______ 

-------- Bernardston __ . D ______ 

-.----- .....-
Agawam ______ D ______ 

------- Hadley ________ D______ 

-------- Arlington ____ E ______ 

-------­
____ do _________ 0 ______ 

-------- Concord _______ D______ 
________ Malden ________ E ____ 

Metlford ______ E ______ 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

1,496 2,639 
0 0 
0 0 
0 0 
0 3,480 

81 8o 2,679 
695 3.169 

3,461 
0 

6,820 
0 
0 
0 
0 
0 
0 
0 
0 

3,079 
0 
0 
0 
0 

0 
13 

4,115 
0 
0 
0 
0 

599 
0 
0 
0 

Hi 
0 
0 
0 
0 

165 
0 
0 
0 
0 
0 
0 

123 
0 
0 
0 
0 
0 
0 
0 
0 

262 
0 
0 
0 
0 
0 
0 
9 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

448 
8,319 

0 
244 

6,960 
0 
0 
0 
0 
0 

450 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

1,953 
0 
0 
0 

1,968 
1,984 
1,977 

0 
0 

1,947 
0 
0 

3,888 
13 

11,383 
8,319 
1,953 

244 
6,960 
4,866 
1,968 
1,984 
1,977 
6,575 

450 
1,947 
2,679 
3.864 

to:! 

~ 
o..., 
>o 
~ 

8 
c::: 
t; 
c::: 
~ 
to:! 



• • • ,I '" 

Norfolk .,. __ .. ____ 1 Quincy --------l E-----1 0 3,695 6,358 0 0 0 0 0 0 10,053 
Plymouth _ ~, _____ Bridgewater ___ i 0_____ 0 0 0 0 0 41 8,686 0 0 8,727 
Suffolk ..______ Revere ________ £______ 0 2,600 0 0 0 0 0 0 0 2,600 
Worcester ______ ' Charlton ______ D______ 0 0 0 0 0 0 0 0 1,994 1,994 

Total ____________________t____ 2,191 18,262 19,718 4,'4312s8 3121 25,10' 0 i11,82' 82,444 
____ • ____ I ·I~ 1=1_-_-··-_"--.---- t=____ I=~I----:"'I o 

Michigan: o t"' 
Lenawee _________ Fairfield _______ 0______ 0 0 0 0 0 0 4,626 0 0 4,626 c
:Monroe __________ Erie __________ 0______ 0 0 0 0 0 0 21,224 0 0 21,224 a 

Do _____----- Monroe ________ E______ 0 0 967 3,428 1,867 236 1,455 0 0 7,953 > 
Oakland _________ Oxford •... _ E_.____ 0 0 0 0 824 0 0 0 0 824 t"' 

St. Clair _________ Columbus ______ E_____ 0 0 3,874 18 2,271 0 0 0 0 6,163 o 
C) 

z..,Total _____________________________ --0--0 4,841 3,446 4,962 236j 27,3051--0'1--0 40,790 ::c o----.----I~I~I-;:;;:;::;;==I=I I=I=~-'-'--­ t"' 

New Jersey: o 
"!iAtlantic _________ Egg Harbor ___ID______ 0 0 0 0 0 0 0 0 1,996 1,996 ..,Bergen __________ Paramus ______ D______ . 0 0 0 0 0 0 0 0 1,996 1,996 =:Burlington _______ Burlington .. _ D _____ . 0 0 00 0 0 0 0 0 3,499 l'l 

Camden ________ , C!f::nll'!.nton.._! D______ 0 0 0 0 0 0 0 0 1,972 1,972 t>l 
c::Gloucester -------rWaShmgton --1 D._____ 0 0 0 0 0 0 0 0 1,966 1,966Mercer ______________do ____.. ___1D______ 0 0 0 0 0 0 0 0 1,979 1,979 5

Middlesex ________ Monroe ________ \ D______ 0 0 0 0 n 0 0 0 1,988 1,988 'tj 

Monmouth _______ Atlantic ____ . __ D______ 0 0 0 0 0 0 0 0 3,519 5,696 t'l 
>

Ocean ___ •_______ Brick _________ { D ____ ..:. __O____0. ___0 __0 ___0 0 0 __0_ 1,981 1,981 Z 
C) 
oTotal --------______I._______! __ . 0 I_._~ _. _ 0 ,0 __01___0, 0 I 0 17,397123,073 
~ New York: . 1 ---j- ',. • -.~-- •..-----1 .---.--- t= 
o 

Albany ----------1 Colome - _______ D______ 0 0 0 0 0 0 0 0 1,983 1,983 ~ Chautauqua. _. ___ Westfield ____~_ E______ 0 0 3,276 0 0 0 0 0 0 3,276 :::: 
Columbia Kinderhook ____ D______ 0 0 0 0 0 0 0 0 3,945 3,945 
Dutchess _____ Hyde Park ____ D______ 0 0 0 0 0 0 0 0 1,995 1,995 
Erie ..___ ..• ___ Cattaraugus 

Indian Res. __ . E______ 0 0 0 5,946 0 0 0 0 0 5,946 
Do __•. Lancast~r _____1E_____ 0 0 5,265 1 0 0 0 0 0 5,266 ~ 

Greene _." ..._. ___ ,COxsackle _-___ID______ 0 0 0 0 0 0 0 0 1,988 1,988 c,,~ 



~ 
TABLE 20.-Macrocentnls gifuensis adults ,·eleased h~ the United States through December 81, 1940-Con. ~ 

Stat!! and County Township Origin) 1926 1927 1928 1929 1930 11931 1 1932 1933 1940 ITotal!l 

<Jefferson ----____ jAdams ---_____ 0______ 0 --0----0----0----0- 0 5,077 0 0 .,
5,077 	 l"lOrange -----_____ Montgomery __ D._____ 0 0 0 i 0 0 0 0 0 1,989 ,n1,989

Rensselaer ------- E. Greenbush _. D______ 0 0 0 0 0 0 0 0 1,986 ::1,986
Do «.-------- Schodack - ____ ~ D______ 0 0 0 0 0 0 0 0 1,988 z

1,988 oSaratoga -------- Malta. ________ D .. ____ 0 0 0 0 0 0 0 0 1,997 1,997 	 >
Schenectady ----- Glenville ----- E_____ 0 0 0 0 273 0 I 0 0 0 t'273Do - --------- _<___<do ________ • 0_____ 0 0 0 0 80 0 0 0 0 t:I80 c::D~ ---------- --.-- do __ • ___._. D._____ 0 < 0 O! 0 0 0 < 0 0 1,987 t'1,987Suffolk ---------. RIverhead _____ D ______ 0 ! 0 0 0 0 I 0 , 0 0 1,569 to'1,569 	 l"lDo ---------_ Southold ______ E______ O! 0 0 0 0 0 0 17,139 0 .,17,139
Ulster ----------- Kingston ------ D____ -- 0 I- 0 0 I 0 0I 0 I 0 0 1,902 Z 

< 	 __Do --------- Marblehead --__ D--«---I~_O___O <~ O ___a. ___a. __~.. 0 1,986 co1,986 	 00 
?Total ---------- ----___________ 1 0 i 0 8,541 5,947 353 0< _____ 5,077117,139 I 23,413 I 62,372 
~ ;=I=I=!=I=I=1 1----:--,--.-- fIlOhio: 
t::lErie -<--------~~ Perkins _______ E_____ 0 0 8,254 0 2,739 1,4320 0 12,425 l"l 


Hancock --------~ Marion ________ 0______ 0 0 0 0 0 0 4,707 0 0 4,707 '1l 

~H('nry . ---------- Damascus - ____ 0______ 0 0 0 0 2,906 0 4,211 0 0 7,117 

Lake ------------ Mentor --______ E______ 0 0 211 0 0 0 0 0 0 211 o 
'!I.l

Lucas ---------- Adams ____•.__ D______ 0 0 0 0 0 0 0 0 3,537 3,537 > 
r Do --------- Jerusalem ---- E ______ , 0 2,053 3,060 5,104 5,028 2,174 0 0 0 17.419 C) 

Vi ood ---------- Perry --_______ E ______ ~ 0 0 0 0 0 0 0 73,106 0 73,106 ::l oDo ---------- Webster - ______ 0-_____ , 0 0 0 0 0 0 17,256 0 0 17,256 c::,<--------------	 ------ .,to' 
Total ---------- .----------___________: 0 I 2,053 11,525 5,104 10,673 3,606 26,174 73,106 3,537 135,778 c:: 

::l 
l"lPennsylvania: I I /<=,,==== == 

Crawford ------- Wayne ---___ E____ 0 0 9,0061 01 0 01 9,006o 	 o 0, 

•
• 	 • .•
." 





• • 

--------

• • • 

Rhode Island:](ent ____________ D______ 

! 
Coventry ______ 0 0 0 0 0 0 0 0 1,993 1,993 

Newport _________ Portsmouth ____ E ______ 0 0 0 0 0 0 496 9,223 0 9,719.. Do __________ 0 ______ OD 
Portsmouth ____ 0 0 0 0 0 0 13,565 0 0 13,565 

<lO E ______ "" Providence _______ 2,617 2,821 362 0 0 0 9,930
0> E. PrQvidence __ 0 0 4,130.... Do __________ Gloucester _____ D_____ 0 0 0 0 0 0 0 0 1,989 1,989
i. Washington ______ Richmond _____ D ______ 0 0 0 0 0 0 0 0 1,986 1,986 ttl 

---------'-.-------- ---
Total 0 0 4,130 2,617 2,821 362 14,061 9,223 5,968 39,182 8------...,-- ~--------------- -_._- " ClI --------------­

, Total, United States ____________ 99,468 78,072 421,031 ~ 2,191 20,315 59,567 2~,9841 21,605 6,514 103,737 t" 
C'l 

"1 D, Domestic; .E, Europe; 0, the Orient. in the same township, 2,177 adults in Atlantic Township, .Mop­ o 
2! 

2 This total includes 2,489 adults liberated in Burlington Town­ mouth County, N. J., and 1,902 adults in ](ingston Township, 
ship; B'Jrlington County, N. J., in 1936,Jmd in 1939, 1,010 adults Ulster County, N. Y. ~ 
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lections over 35 percent of the borers were parasitized. ~n the 
fall of that year, in a circular area of 1,963 square miles, 8 per­
cent of the borers were parasiti7.,ed by M. gifuensis. In the cen­
tral 500-square-mile portion of this area parasitization had in­
creased to an average 10.8 percent. Forty-seven of the 100 col­ • 
lections made in the Taunton area in the fall of 1938 produced 
M. gij'ltensis, and in these 47 collections 15 showed a parasitiza­
tion of over 20 percent by this species. The maximum parasiti­
zation by .1.1'1. gi/uensis for any collection was 56.3 percent. The 
area of highest concentration was a district within 10 miles of 
the release point at East Bridgewater, Mass. From the 9,731 
host larvae observed, 779 cocoon clusters were produced and 
15,055 adults obtained. Figure 23 shows the area in the vicinity 
of Taunton, Mass., from which this parasite was recovered in 
the fall surveys of 1937, 1938, and 1939. 

In Hl39 a survey to determine the status of parasites on the 
nrst generation of the borer in a 500-square-mile area in the 
vicinity of Bridgewater, Mass., revealed a parasitization by MaC1'O­
cent1'us gif'llensis of 12.1 percent, which 'was the highest recorded 
for any parasite and comprised 46 percent of the total by all 
species. These data indicated that M. g'ifuensis was continuing to 
increase in effectiveness, since the 12.1 percent recorded in the 
Slimmer of 1939 is comparable to the 3.9 percent obtained in a 
similar survey in the same area of the first-generation borers in 
the summer of' 1938. l!;ho!.!gh adults were obtained in 1940 from 
parasitized borers in a special collection made in the vicinity 
of Bridgewater to permit the release elsewhere of 39 colonies, 
totaling over 78,000 individuals. 

No morphological characters have been found to differentiate •
the oriental from the European strain of Mac1'ocentrus gifuensis. 
However, certain differences in their reactions point to the possi­
bility of distinct biological strains. As stated above, the oriental 
form is abundant in an area having three generations of the borer 
per year, and is present in 2-generation areas and in transitional 
zones in the Orient. It either does not occur or is extremely 
scarce in the Orient in regions where the host has one generation 
each year. In Europe the opposite situation obtains, since in that 
country the parasite is found only in an area where the hORt has 
but one generation a year. In the eastern area of borer infesta­
tion in the United States by far the greatest number of releases 
were of adults of European origin, yet the only locality in which 
maintenance of the species prevails is in the vicinity of the libera­
tion point of a colony of adults from the Orient. 

In the Lake States the species was recovered at six localities, 
each recovery being made in the year of a release in that locality. 
The details of these recoveries were as follows: 

Perkins, Erie County, Ohio: Colonized in 1928 with European 
stock. One parasitized larva was found in a collection of 1,828 
corn borers. Only 935 of these borers were taken near the field 
of release, and from these the Mac'I'OCent1"l.lS gif'llensis was re­
covered. 

Cattaraugus Indian Reservation, N. Y.: Colonized in 1929 with •European stock. One parasitized larva was obtained from a col­

http:Mac'I'OCent1"l.lS
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lection of 1,333 borers. A parasite was also obtained from a 
collection of 18 borers taken from the field of liberation. 

• Fairfield, Lenawee County, Mich.: Coloni.zed in 1932 with 
oriental stock. One parasitIzed larva was found in a collection 
of 3,187 borers. The parasite cluster was recovered from 400 
host larvae taken as cocoons in October at the release field. 

Monroe, Erie County, Mich.: Colonized in 1932 with oriental 
stock. Three parasitized lal"vae were found in a collection of 
1,501 borers. Parasites were recovered from 100 host larvae 
taken at the release point. Two clusters of parasite cocoons were• collected in October. . 

Webster, Wood County, Ohio: Colonized in 1932 with oriental 
stock. Two parasitized larvae were found in a collection or 3,394 
borers. Parasite clusters were recovered from 400 host larvae 
taken at the release point. Parasitized larvae were in cocoons in 
October. 

Adams, Jefferson County, New York: Colonized in 1932 with 
()riental stock. From a collection of 3,129 borers 24 parasitized 
larvae were found. The parasites were all recovered from 400 
borers taken from release fields. At the time of collection in 
October clusters of parasite cocoons had been produced from 5 of 
the 24 parasitized larvae. 

• 

No initi~l establishment was acco:-nplished where less than 
1,800 adults were released at one time. Disregarding all loca­
tions where less than this number were released per day, 14 col­
()nies of European material and only 6 of oriental stock remained. 
Nevertheless, 4 of the 6 recovery points were oriental colony sites. 
Of 32 borers parasitized by j}lac1'ocent1'1lS gij'-uensis, 30 had been 
attacked by adults of oriental origin. 

It was noted also that all the parasites of European origin 
passed the winter normally, that is, within the host larva; whereas 
at all of the oriental-colony sites some or all of the larvae had 
emerged aDd spun cocoons prior to the time of collection. This 
phenomenon of fall emergence has been noted to a slight extent 
at the oriental colony site at Bridgewater, Mass. While exhibit­
ing a partial lack of adaptation to the environment, this emerg­
ence also demonstrated that the diapause is not obligatory with 
the oriental strain, although it may be with adults from Europe. 

ALTERNATE HOSTS 

Parker (Z4), in discussing the host relations of lv/ac1'Ocentrus 
gi/llensis, states: "So far as is known it has not been reared 
from any host other than Pyrausta, nubilctlis. It is possible, how­
ever, that M. gi/uensis has often been misidentified as ill. abdmni­
naZis and that, consequently, some of the biological and descrip­
tive data in pUblications on ill. abclO1ninalis pertain in reality to 
lv/. gi/uensis."

In 1932 three larvae of tht) lotus borer (Pyraustn 1Jenitalis 
(Grote», collected from lotus near the Erie Township, Monroe 
County, Mich., release point, produced adults of MaC1'OCent1"llS 

• 
gi/uensis. This is the only record of reproduction of the species 
in the United States on hosts other than Pyraust(£ nubilalis. No 
laboratory experiments have been conducted to provide data pn 
host relationship with this species. 
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RESUME OF THE STATUS OF 1\IACilOCENTHUS GIFUENSIS 

In 1941 this polyembryonic braconid larval parasite was estab­
lished in the United States only in southeastern New England. 
However, it exhibited a population density greater than that of 
any other parasite, and the average parasitization produced com­
pares favorably with that of any of the introduced parasites in 
other parts of the borer-infested area. 

Clark (11) in discussing j\i!aC1'ocent1ilS gifuensis, says that it 
"is one of the most important parasites of the corn borer in the 
Orient." Concerning its status in Europe, Parker (24) writes: 
"The percentage of parasitism in the weed (Artemesia) areas 
of the Armorican zone of France has, however, maintained itself 
around 30 percent for several years; it is thus seen that this para­
site is a factor which cannot be neglected in the fight against the 
corn borer." 

Ite esH,mable position, therefore, in the countries of its origin, 
together with the parasitization it has accomplished at Bridge­
water, Mass., indicate the possibilities of this parasite. Collec­
tions of borers, chiefly parasitized by Mrtc'l'ocentrus gifuensis, are 
being made in southeastern Massachusetts for the purpose of 
providing material for further distribution in the Eastern States. 
No further colonization is contemplated where only the single­
generation strain of the borer occurs. 

CUELOXCS AXXV LlPES \Vcsm. (Fig. '::(1) 

Order: Hymenoptera. 
Family: Braconidae. 
Imported from: Italy. 
Preferred host stage for oviposition: The egg. 
Method of parasitization: Oviparous; egg deposited subcu­

taneously in host egg. 
Hiberation: First-instal' larva free in body cavity of fourth­

instar host larva. 
GhelQrtllS cmnulipes Wesm. is the only imported parasite of the 

European corn borer that attacks the host in the egg stage. Its 
biology and some phases of its embryology, physiology, and the 
technique used in its rearing have been reported by various au­
thors (6, 7, 40, 44). Prior to its introduction into the United 
States the parasite was recorded onl" from northern Italy. 

COLONIZATION 

The first impor1:ations of this species were made in the summer 
of 1929, when parasite cocoons were shipped under refrigeration. 
7he following 'winter, and in subsequent years, the introduction 
was accomplished by shipping the host borers containing first­
instal' parasite larvae. A considerable number of the earlier 
introduced adults were retained for laboratory study, but enough 
were a'Vailabl~ to make possible some releases in eastern Massa­
chusetts. It was found practical during the later years of im­
portation to differentiate by size and appearance between para­
sitized and nonparasitized borers. 

• 


• 


• 
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A suitable technique for rearing this species in the laboratory 

• 
on the Mediterranean flour moth (Ephestia kuehniella Zell.) was 
later developed by Bradley (6). By this method the number of 
lldults available from foreign importation were considerably aug­
mented by laboratory-reared material. In 1938 over 130,000 and 
in 1939 over 75,000 adults were produced by using E. kuehniella 
as the rearing host. 

The first colonies were released in the Lake States area in 1930. 
In 1937 the Entomological Branch of the Cam.lian Departinent 
of Agriculture supplied a sufficient number of adults from labora­
tory.·reared material for releases at two colony sites on the East­
ern Shore of Virginia. Table 21 shows the numbers of Chelonus 
annu/ipes adults released each year at the various liberation 
points. 

• 


FIGURD 24.-Chclonus CtnllUli1JCS, adult female. X 10. 

An examination of all available data relative to the geographi­
cal distribution of Chelonus annulipes indicates that its environ­
mental requirements are extremely exacting and not readily de­
terminable. Although it has been reared from several countries 
of Europe, it has been found (as a parasite of the European corn 
borer) by personnel of the United States Department of Agri­
culture, only in the northern part of Italy, and is recorded as 
being very unevenly distributed in that region. It was colrected 

• 
in numbers at St. Georgio eli Nog-aro, Italy, but was not found in 
the vicinity of Venice, less than 50 miles distant. Between areas 
where the parasite was plentiful and areas where it was rare, 
monthly temperatures and annual rainfall varied little. 
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0 'fABLE 21.-NU1nbe1·s of Chelonus annulipe$ ad'ults 'released in the United States through December 31, 19J,.0 ;.. , 
t-.:I

IState ancf County Township Origin' 1930 1931 1932 1933 1934 I 1937 1938 1939 1940 TotaP 

~~:~'~:3 lJ 

B, _____ 	 ~ 
}1~airfield __________ , .Fairfield ",,___ '. 0 0 0 0 0 0 988 0 0 988 l"J

Do ___________jSouthport ___ " D . _____ 	 Cl0 0 0 0 0 0 0 996 0 996Do ___________ 	Stratford ______ B ______ 
0 0 0 0 0 0 0 1,992 0 1,992 II!Hartford _________ Berlin . ______._ B______ 	 = 
0 0 0 0 0 0 0 994 0 994 C5Do ___________ Cromwell _____ B., ___ .• 	 >0 <I 0 0 0 0 0 991 0 991Do ___• ___.._•._ 	E. Gl·anby _____ B______ r­
0 0 0 0 0 0 0 995 0 995Do ________• __ 	 IIIE. Hartford ___ B ... ___ .. 0 0 0 0 0 0 0 1,000 0 1,000 ~Do •. ___.' _____ ___ .. do .. __.-_. J<J. _____ r­0 0 0 0 242 593 0 0 0 835Do .'" __ .. ______ 	E. Windsor ___ B,. _____ 0 0 0 0 0 0 o 966 0 996 f;j

Do ___________ 	 B ______
Enfield ... _....... 0 0 0 0 0 0 0 2,984 0 2,984
Do ____._..•___ B _____ 	 Z 

~ 

Farmington .-. 0 0 0 0 0 0 0 991 0 991Do ___________ B . _____
Do ___________ 	Glastonbury .•. B. _____ 0 0 0 0 0 0 0 1,984 0 I;S84 '" 

Manchester _•. 0 0 0 0 0 0 0 1,000 0 1,000 ".'" 
Do _________ 	 B _____ ..._ Rocky Hill __ ... , 0 0 0 0 0 0 0 995 0 995 ~Do ___________ 	 B,,_____Southington __ .. 0 0 0 0 0 0 0 986 0 986 [IlDo _______••. __ 	 B . _____S. Windsor _._ 0 0 0 0 0 0 0 1,993 0 1,993Do ... ____.. , .. __ 	 Suffield ____••_. B, _____ t::l

0 0 0 0 0 0 0 2,990 0 2,990 l"JB. _____ 	 "dDo Weathersfield • .0 0 0 0 0 0 0 n97 0 997-......"'-~------ 'Vindsor _____ ._ B ______ 	 ~Do 	 0 0 0 0 0 0 0 1,995 0 1,995 
B~---=------- Durham ______ , _____ 	 0lUiddlesex ______...

Do ___________ 	 0 0 0 0 0 0 0 1,986 0 1,986 'OJGuildford _____ B. _____ 0 0 0 0 0 0 0 986 0 986Do ___• _______ B .. _____ 	 >Haddam __'.__ 0 0 0 0 0 0 994 0 0 994 C'l 
ll:lDo ..... ~ "..,---- Middletown _.. _. B __ ..__ .. 0 0 0 0 0 0 0 1,992 C 1,992B _______New Haven .. __ •.___ Branford _.,,,_ 0 0 	 C50 0 0 0 0 991 0 991 c::B .... ____Do ......- """ .... _---	 Cheshire __.,. 0 0 0 0 0 0 0 9l)2 0 992 ..,r-

E. Haven _____ B_____•Do ,~ - ..... -----	 0 0 0 0 0 0 0 99: 0 994 c:: _______ B. _____Do ....... ----	 Hamden 
B ______ 0 0 0 0 0 0 0 1,9b& 0 1,983 ~ 


Meriden ______ . 	 l':IDo -- _... ------	 0 0 0 0 0 0 0 988 0 988Do ..... _________ 	 Milford ____• __ B ______ 
Do . __________ 	___.do ________ E ______ 0 0 0 0 0 0 0 987 0 987 
Do ___________ 	 B______ 0 0 0 0 0 590 0 0 0 590

New Haven ____ 0 0 0 0 O! (l 996 0 996Do _______• ___ 	 B______N. Branford ___ 0 	 0'Do ___________ 	 0 0 0 O. 2,987 0 2,987N. Haven ______ B ______ 	 gl0 0 0 0 0, o i 992 0 992 



• • • • 

------ --- --- --- ---------

--- ----- ---

-- -----

• 
o 994New H.aven. oran.ge ________ l...B. ----- .. , 0 I gI ~ lot 0 0./ 0 994Do . ________ Walhngford ___IB______ 0 - v 0 I 0 0 0 2,977 o 2,971 

New London _.---- E. Lyme _____ 1 B______ () 16 0 0 0 0 989 0 o 1,226 
Do _____.____ _ .. do _--------J E_____ 0 18 1,603 0 0 0 0 0 o 1,748 

Tolland ___________ Ellington. ..-----1 B______ 0 0 0 0 0 0 0 1,000 o 1,000
Do ___________ Sommers _____ .• B______ 0 0 0 0 0 0 0 1,000 o 1,000 

t=Total _____.---_________________________. 0 34 I 1,603 0 242 1,183 2,971 47,724 o 54,105 o ,='='='=;-1=1='= b 
Cl

Indiana: 
~ 

(3Adams ____ ______ Union _________ B __---- 0 0 0 0 0 0 0 1,246 o 1,246B ______ >J acks{ln _____._Allen 0 0 0 0 0 0 0 1,238 Q 1,238 t' 
De Kalb---------__________ ... - Butler _______._ B ______ 0 0 0 0 0 0 0 995 o 995 n 
Noble ___________ Washington ___ 13 ____•. o0 0 0 0 0 0 0 997 o 997 Z
Steuben __________1York ---------- E _____ .. 168 0 2,091 0 0 0 0 0 o 2,259 ~ 

:= oTotal ___________ --------------- _______ 168 0 2,091 0 0 0 0 4,476 o 6,735 t' 

~------:-- o 
0 1--- 0Newark _______ B____ . 

"'l 

Maryland: "rorcester __ 0 0 0 o 1,981 0 o 1,981 ~ 
I: 

-" " ., _. . - t:ol--- --- ~=-

t:olMassachusetts :~ B ______ c:ilarnstahle _______. Falmouth ______ 31 582 0 0 0 0 0 0 o 613 :=_do ________ E. _____ oDo 93 0 0 0 0 0 0 0 o 93 "d.---------
Bristol Dighton _______ E. _____ 0 0 0 0 0 0 0 0 o 90 t:ol ... --------- .Do ___________ . Swansea _______ E ______ >0 0 2,526 0 0 0 0 0 o 2,526Do ___________ ..do ____ . _____ B _____ Z

0 0 309 0 0 0 0 0 o 309
Essex ____________ Haverhill ______ B ______ 0 o 971 n

0 0 0 0 0 971 0 o
Do ___________ Peabody _______ B__.!___ :=0 0 28 0 0 0 0 0 o 28 
Do ___________ __..do _________ E. _____ z0 0 612 0 0 0 0 0 o 612
Do ___________ Saugus ________ B ______ 252 603 0 0 0 0 0 0 o 855 o t:l 

Do ___________ ____ .do ________ . E ______ o := 
Franklin __________ Bernardston ___ B.______ 0 0 0 0 0 0 960 0 o 960 := 

11 86 0 0 0 0 0 0 97 
l"J 

Hamden __________ Agawam ______ B._____ 0 0 0 0 o 9760 0 976
Hadley ________ B______ 0 

0 0 0 0 0 0 966 0 o 966Hamr,shire ------­l\lidd esex ________ Arlington _____ E ______ 0 0 0 0 0 0 0 0 o 614
Do ___________ Concord _______ B._____ o 740 0 74 0 0 0 0 0 ,....Do ___________ ____ do _________ E ______ 

0 0 2,937 0 34 0 0 0 o 2,971 
Do___________ Medford _______ 13____ _ 0 0 229 0 0 0 0 0 o 229 o 

o.:l 
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~TABLE 21.-Chelonus annulipes adults released in the United States through December 81, 191,O-Con. 
~ 

State and County Township Origin 1 I 1930 I 1931 I 1932 I 1933 I 1934 I 1937 I 1938 I 1939 1940 ITotal' 
----------------1- --1---1---1---1---1---1---1---1---1 1--­

Massachusetts-Cont'd. 
Middlesex~w ..._w~ __

Do ___________ Sundbury ______ B _____ _ ~ o o o o o o 982 o o 982Norfolk __________ Norfolk _______ B _____ _ = o o o o o o 968 o o 968 II: 
Plymouth _.________ Bridgewater ___ B______ o o 93 o o o o o o 93Worcester ________ Charlton ______ B _____ _ ~ o o o o o o 983 o o 983 t'" 

387 1 1,2711 6,808 o :J4 01 6,806 o 01 16,010 d = 
----,---"~-I-____ '____I~_ 1----,-----1=1 I~:,;

Michigan:
Lenawee __________ Fairfield _______ E______ 0 0 0 1,163 0 0 0 0 0 1,163 
Monroe ___________ Ede __________ E______ 0 0 3,514 0 0 0 0 0 0 3,514 ~ 

Do ___________ Monroe _______ E______ 0 309 0 0 0 0 0 0 0 309 
Washtenaw _______ Augusta _______ E______ 0 0 \) 0 600 0 0 0 0 600 ... : 
Wayne __________ Livonia _______ E______ 0 0 0 0 777 0 0 0 0 777 

--- ---- --- --------- ~ 
~Total ____________________________ w_____ 0 309 3,514 1,163 1,377 0 0 0 !'Ilo 6,363 

t:I 
----,----,----,-----,------,----I~I I!!I 

New Jersey: ~ 
Atlantic __________ Egg Harbor ___ B______ 0 0 0 0 0 0 991 0 0 991 o

Bergen ___________ Paramus ______ B______ 0 0 0 0 0 0 997 0 0 '"J
997 
Burlington .. _______ Burlington ____ B______ 0 0 0 0 0 0 2,000 0 !) 2,000 > 

Mercer ___________ Washington ___ B______ 0 0 0 (; 0 0 996 0 0 Cl
996 :Ill
Middll!sex ________ Monroe ______ B._____ 0 0 0 0 0 0 1,000 0 0 1,000_w 

Monmouth _______ Atlantic _______ E______ 0 0 0 0 0 450 0 0 0 450Do _______________ do _________ D______O 0 0 0 0 0 0 0 1,251 1,251
Ocean ____________ Brick _________ B______ 0 0 0 0 0 0 996 0 0 996 

--------------------- 1---Total ___________ ________________ ________ 0 0 0 0 0 450 6,980 0 1,251 8,681 

New York: I . I , 
Albuny __________ Bethlehem _____1 B_._____ 0 1 0 1 0 I 0 I 0 I 0 I 0 o 6.968 6.968 

.­

I 
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,)0 ,~ __ ," ______ Coeymans _____ H* ____~ 1,993o o o o o o o 999 2,992Do .• ________ Colonie • ______ B _____ _~ o o o o o o o 0 6,953 ti,953 

H' __Do.~ ____ New Scotland _. B~_.__ • o o o o o o o 0 :)98 998 
Columbia • ____~___ Claverack ___._ 8... ____ o o o o o o o 0 1,993 1,993

Do .. __ • __ • __ Clermont • ___ . B _._._ o o o o o o o 0 2,742 2,742
Do .. ________ Germantown •. _ B ".___ o o o o o o o 994 999 1,993
Do Ghent • ____•.. _ B______ o o o o o o o 0 1,999 1,999 ~ 

Do.~________ Greenport ____.. B • o c o o o o o 997 3,493 4,490 o 
Vo .,_ ,, _____ Kinderhook ___ B _•... , o o o o o o o 1,982 7,945 9J 927 o t"' 

00 _____ .•. Livingston _____ 8..___ _ Clo o o o o o o 989 2,245 3,234
Do .• , ____ ._ Stockport ____ B.____ _ o o .996 1,999 2,995 C5o o o o o >Do Stuyvesant __._ B ••_._. o o o o o o o 0 8,976 8,976 t"' 

Dutchess • Clinton _______ B ••_._ o o o o o o o 993 989 1,982 n 
Do E. Fishkill ___ .• B. ____ . o o o o o o 00 748 748 o 
Do Fishkill ____.•• B ____ ., o o o o o o o 0 3,983 3,983 Z 

Do 
Do 

_ 
Hyde
LaGrange 

.Park 
_ 
__ 
.__ 

._ B . 
B •. 

____ 
____ 

_ o o o o o o o 990 4,979 5,969 o 
;6 

o o o o o o o 0 1,498 1,498 t"' 
Do Poughkeepsie.. B_____ _ o o o o o o o 983 3,722 4,705 o 
Do Red Hook __ ._ B . ___ .. o o o o o o o 1,965 1,746 aj711 "l 
Do Rhinebeck ___ •• B _____. o o o o o o 987 992 1,979 ..; 
Do .• Wappinger _'" B _____ _ o o 

o 
o o o o o 0 1,743 1,743 = 

Greene Athens _____•• _ B. ____ _ t'l 
o o o o o o o 990 o 990

Do .__ Catskill ______ • B.____ . o o o o o o o 991 4,840 5,831 ~ 
Do Coxsackie _." _ B. ____ _ o o o o o o o 998 2,993 3,991 o := 
Do _."~_ g"~_ New Baltimore. B _____ • o o o o o o o 997 998 1,995 ~ 

Jeffel'son ____.".__ " Adams ___ .'". _ E _____ _ o o 1,482 o o o o 0 o 1,482 ~ Monroe ___________ Hamlin __• ___ , E _____ _ o o o o 424 o o 0 o 424 Z 
Ontario _. ____ ••. Phelps _._____ E _____ _ o o o o 189 o o 0 o 189 n 
Orange .' ________ Montgomery _. B._____ _ o o 0 1,498 1,498o o o o o :=o 
Oswego .• ____.'___ Scriba _______ . E .. _._ o o o o 459 o o 0 o 459 z 
Rensselaer _.____ ._ E. Greenbush ._ B._____ o o o o o o o 0 2,985 2,985 t: 

Do Schodack __- __ . B .•___ _ o o o o o o o 0 ~991 3,991 o:=Schenectady ._____ Glenville ______ R ____ _ o599 o o o o o o 0 599 t'l
Suffolk . __ • _______ Riverhead _____ B ._____ :=o o o o o o 999 0 o 999Do __________ Southold ______ B ______ o o o 1,080 o o o 0 o 1,080Do ___________ ,- ___do ________ E _.____ o o o 550 o o o 0 o 550Ulster .. ___________ Esopus ________ B._____ o o o o o o o 2,995 2,463 5,458 

o o o o 0 1,733 1,733 ~----------- Hurley --------1 ______ o o oDoDo .. ______, ... __ Kingston ______ BB______ o o o o o o o 995 1,234 2,229 gDo. "'._ Lloyd _________ .B______ o o o o o o o 0 2,4.44 2,«4 
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,~TABLE 21.-Chelonus annulipes adults 'released in the United States th"ough December 81, 19.40-Con. 

State and County Township Origin~ 1 1930 1 1931 1 1932 1 1933 11934 1 1937 1 1938 1 1939 1940 1Total: 
-----------------1--1--1--1--1--1--1--1--1---
New York-Cont'd. ~ Ulster ____________ l\[arbletown ____ B______ o o o G o o o 0 1,995 1,995 ZDo _____• _____ New Paltz _____ B.____ = o o o o o o o 0 748 748Do ___________ Plattekill ______ B______ o o o o o o o 0 997 997 ~Do ___________ Rosendale _____ B _____ _ o o o o o o o 0 746 746 t-

Do ___________ Saugerties ____ B ______ o o o o o o o 1,985 4,930 6,915 tl:!Do ___________ Ulster _________ B_____ c::o o o o o o o 0
'Total ___________' ,,--1--_,--',-1-"-"" ,___,___, 4,915 4,915 ~ 

1---------------1-------- 599 o1 1,482 1 1,630 1 1,072 ' o 999 I 22,8261 109,213 1137,821 I .--.. ~ 
----,----,----,~,=·=·=j=1 1== ~ 

Ohio: ~ 
Allen ____________ Shawnee ----- E______ 0 0 0 0 592 0 0 0 0 I 592 S" 
Auglaize ________• Washington __ E_. ____ 0 0 0 0 685 0 0 0 0 685 ~ Erie _____• ______ BerJi!l.________ B._____ 0 0 0 0 0 0 0 0 2,247 2,247 

VJDo ___________ PerkInS _______ E ._____ Q 0 0 0 595 0 0 0 0 595 

Fl!lton ______• ____ German _______ E______ 0 0 0 0 604 0 0 0 0 604 l"J 
" Hancock __________ Marian ________ E______ 0 0 1,380 0 0 0 0 () 0 1,380 
Hardin • _______ "__ Liberty _______ E ._____ 0 0 0 0 570 0 0 0 0 570 ~ 
Henry ____________ Damascus _____ E______ 0 358 5,741 0 0 0 0 0 0 6,099 o 
Lucas ____________ Adams ________ B______ 0 0 0 0 0 0 1,538 0 0 1,538 "J 

Do ___________ Jerusalem ____ E ______ 4,497 0 0 0 0 0 0 0 0 4,497 Cl 
> 

Ottawa ___• _______ Salem _________ E______ 0 0 0 0 508 0 0 0 0 508 :c 
Paulding _________ Brown ________ E______ 0 0 0 0 723 0 0 0 0 723 (5' 
Putnam __________ Jennings _____ E_____ 0 0 0 0 597 0 0 0 0 597 c:: 
Sandusky _________ Ballville ______ E______ 0 0 0 0 721 0 0 0 0 721 ~ Seneca ___________ Seneca ________ E______ 0 0 0 0 598 0 0 0 0 598 :c 
Williams - ________ Madison ______ E______ 0 0 0 0 47 0 0 0 0 47 l"J 
WDod ---_________ Perry _______ E______ 0 0 0 951 0 0 0 0 0 951 

Total -----------r--------------- -------- ~971----a587:i21-951~]--0-1~ _01 2,247 22,952 

'" 




• • 

---------------- -------
---

'. 'e:, • 

Rhode Island: B_____Newport ________ Portsmouth ____ 0 0 8 262 0 0 0 0 0 270DI) __________ do .. _______ . E ______ 

0 0 713 1,048 0 0 0 0 0 1,761B ______ProvIdence _______ E.Providence __ 1,733 3,071 0 0 0 0 0 0 0 4,804Do _________ ____ do __ _____ E ______ ~ 

682 6 0 0 0 0 0 0 0 688 
t::I 

-.~Total __~___--___ --­
2,415 3,0771 721 1,310 0 7,523 

~--------------- ------- o o!,' . 0t 01 ~ --- Cl 
oVermoJlt:

Bennington _______ Arlington ______ B ______ 0 0 998 >­0 0 0 0 0 0 998 t'Chittenden ________ Essex .. , ______ B ______ 0 0 0 0 0 0 996 0 0 996 (')
Grunde Isle _______ Grand~ Isle ____ B._____ o0 0 0 0 0 0 995 0 0 996
Rutland _________ Poultney ______ B .•_____ z0 0 0 0 0 0 1,000 0 0 1,000 .~
Washington _______ Middlesex _____ B ______ 0 0 0 I> 0 0 997 0 0 997 \10 
\Vindham _________ Jamaica _.,. ___ . B • _____ o

0 0 0 0 0 I> 999 0 0 999 t'B._____Windsor __________ ,Bridgewater ___ 997o O. 0 0 0 0 997 0 0 o
--.-:--- "!Total ___________ 0 o· 0 0 0 0 6,982 0 0 6,982 

~ 
.-~--,.,.,,-......... --- ------ --- l"l 

Virginia:!i l"lLee • __________ c: 
Northampton _____ 
Accomac ~ _________ B". ___ . 0 0 0 0 0 8,061 0 () 0 10,166 := 

Franktown .... DII •.• 0 0 0 0 0 611 0 0 0 611 o 
-- --_. •. , --.- '--.- --.- "d- r;Total ------_ ..._.... ---------------- -~--~" ... ~ 0 0 0 0 0 8,672 0 0 0 10,777 

,., ~ --- ------ --- (') --- ---= Z 

Total, United States ___________;________1 8,066 5,049 23,340 5,054 8,965 10,305 28,257 75,026 112,711 279,930 o
::= 

I Z 

1 B, Bred in the laboratory; D, Domestic; E, Eur!ipean. ~ In 1929, 90 parasites from Europe were released in Dighton t::I 

2The totals in this column include the numbers given in the Township, Bristol County and 614, also from Europe, were re­ :co 

footnotes to this table. leased .in Arlington Township, Middlesex County. :cl"l 
:'In 1929, 2!1 parasites bred in the laboratory and 127 from 5In 1936, 2,105 parasites bred in the laboratory in Canada 

Europe were released in East Lyme Township, New London were released in Lee Township, Accomac County. 
County. aBred in the laboratory in Canada. • 

..... o 
~ 
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In the United States, although the parasite had been colonized 
over most of the area infested by the corn borer, the release 
points were comparatively far apart and, prior to 1939, many 
of the 62 colony points at which releases had been made (28 in 
the western area of infestation and 34 in the eastern), had not •been examined, owing to their recent establishment, However, 
of the many points where the status of parasites was investi­
gated in 1938, recovery was obtained only in southeastern New 
England. Here parasitization compared favorably with that ac­
complished by ot·ber corn borer parasites; yet, at the actual points 
of release, within 10 miles of the center of the area in which 

.. 
the parasite is now well established, no Chelonus annulipes were 
recovered in the three years prior to 1940. 

The foregoing observations indicate that this braconid is a •
parasite that can exist only in a more or less restricted ecological 
island, producing effective parasitization in the central portion 
and diminishing in numbers as the less favorable periphery is 
approached. Apparently the success of colonization depends 
largely on whether the release was made in one of these ecological 
islands, and the chances for successful establishment may dimin­
ish as the distance from the more favorable part of the island 
increases. Once established, the parasite seems capable of spread­
ing to some extent. It appeared impossible, with limited knowl­
edge of the restricting factors, to select colony sites optimum for 
this parasite's establishment. To minimize this limitation and to 
establish the practical utility of close colonization for rapid in­
crease of parasite populations, rather than to depend on natural 
dispersion from widely separated release points, it was proposed 
to release Ghelonus annulipcs over a well-infested area in colonies •so closely spaced that one or more would probably be located 
near the center of a favorable ecological island. ' 

Two areas were. selected for this study: (1) A strip 16 miles 
wide, extending from the Massachusetts-Connecticut line south 
along the Connecticut River to Hartford, then southwesterly along 
the Quinnipaac River to New Haven; (2) an area 10 miles wide, 
extending from New York City northward along both sides of the 
Hudson River as far as Troy. 

In the area selected for colonization in Connecticut, 48 colonies 
averaging close to 1,000 adults per colony and spaced about 4 
miles apart, were released in 1939 at a time for good synchroni­
zation with large numbers of host eggs. Twenty-three colonies 
of similar size were released that year in the Hudson River Valley. 
Field examinations made at the time of these releases showed 
that, while host eggs were still present in small numbers in the 
fields, the releases in New York were later than the optimum time 
for good synchronization. The lowei' Hudson River Valley was 
recolonized in 1940 when 110 colonies, totaling 109,213 adults 
()f Gheloll'lls aunulipes, were released in this territory. Excellent 
synchronization of parasite releases with presence of host eggs 
was attained. 

To test the effect of climatic changes afte~' 1932, and the in­
fluence that might result from the prevalence of a 2-generation • 
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strain of the borer in the Lake States, one colony of Chelonus 

• 
annul-i])es was released in Adams Township, Lucas County, Ohio, 
in 1938 and foul' in northwestern Indiana in 1939. 

l<'IELD STATUS 

As shown previously under the general discussion on cOloniza­
tion, proper synchronization of releases with the presence of 
preferred host stages of the borer usually resulted in good initial 
establishment. In the Lake States area, however, the species• 
became established at but one locality, Jerusalem Township, Lucas 
County, Ohie, whence for a uumbel: of years after the last release, 
Ohelonus (Gnnulipes appeared in borer collections. It bas not been 
}'ecovered at that locality since 1934. At the release location in 
Adams Township, Lucas County, founded in 1938, an increase in 
popUlation of this parasite was indicated by collections made in 
the fall of 1939; however, the parasite failed to appear in the 
1940 collections. 

• 

In the fall of 1932 in the Eastern States one specimen was taken 
21,~ miles east of the release point at East Providence, R. I. In 
tbe spring of 1933 another specimen was recovered near the 
Bridgewater, Mass., release point. In the fall of 1934 several 
specimens were collected near Dighton, Mass., and collections 
made in the fall of 1935 showed that the parasite was maintaining 
itself in encouraging numbers at that point. Continued increase 
in numbers was shown by the 1936 survey and in 1937 the para­
site was recovered from an area of approximately 75 square miles. 
In that year in three collections made near the .central district 
of the surveyed area parasitization by Chelon~ts annul'ipes was 
J 3.0, 15.2, and 24 percent. 

Although "the percentage of parasitization by Chelonus annu­
lipes did not increase in 1938, recoveries were made over a larger 
territory. The parasite concentration district remained the same 
as in 1937 and covered an area of approximately 75 square miles, 
centering at Berkley, Mass. In the fall of 1937 two outlying 
localities (Abington and South Wareham), where this parasite 
was :present 10 to 15 miles from the center of its establishment, 
were noted. In the fall of 1938 the presence of C. annulipes at 
nearly the .same two localities (West Bridgewater and South 
Wareham) was confirmed. The parasite was also recovered at 
East lYIidclleborough, Mass., from a collection made between these 
outlying points. A 10-mile-southward extension of the parasite's 
habitat was disclosed by its recovery from a collection made just 
south of Fan River. It is estimated that C. annulipes was present 
Ht the close of 1938 over an area of 292 square miles in south.. 
eastern Massachll.setts, an increase of 142 square miles in its 
known habitat having been established as a result of the fall 
survey of 1938. 

• 
HESCME OF THE STATes OF CHELO:'\CS ,\:,\:,\ULlPES 

The last surveys made in the East showed this braconid to be 
on a maintenance basis at only one locality, namely, that centering 
at Taunton, Mass. 
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TABLE 22.-Numbers of Zaleptopygus flavo-orbitalis adults released in the .... 

United States, th1"ough Decem,ber 31, 1940 o 

State and County Township 1929 1930 1931 1 1932 11933 /1934 1--=:'35 r 1936 !Total 

~ Connecticut: o 

Hartford ___________ East Hartford ___ 0 0 0 0 0 76 172 
 o 248 Z== New HawJl -------__ Milford _ .___ 0 0 0 0 0 0 599 o 599New Lond{Jn ------__ East Lyme _____ 251 93 203 315 0 0 0 ~ o 636 t' 

Total ------------_ ..___________.~_____ 25 --93- 203 ~10 0 76 771 '----" ,- ­o 1,483 c::= 
-.-.""~-·I=:·-,I I~-= t' 

Massachusetts : 
Bristol ---_________ Swansea _________ 0 0 0 ~ 
Essex ______________ Peabody ________ 0 0 0 1,668 0 0 0 0 1,668 Z

705 0 0 0 0 705Essex -____________ Saugus __________ 220 371 18 <C 
coo 0 0 0 0 609 ~Middlesex ----_______ Arlington .._______ 0 2 0

Do _____________ Concord _________ 0 0 0 15 0 0 0 0 17 s:Do _____________ Medford ____ • _ .__ 0 0 0 o 0 22 0 0 22 
5J~ 0 0 0 0 593Plymouth ___________ Bridgewat.:!l" _•. _ _ 0 0 1,660 fIl 

1,488 0 0 0 0 3,148 t:1 
l"JTotal ----_________ __________________ 220 373 1,678 ---. "_.'- '1:f4,469 o 22 0 o 6,762 ~ 

====1·· I=~=I-=··-== o 
New Jersey: ':J 

> 
Ocean --------------1 Berkeley ---------1 0 I 0 I 0 I 0 I 0 I I0 0 59.9 599Monmouth --------- Atlantic -----_ __ 0 0 0 0 0 0 593 __~~I .593 ~ oTotal --------------1._____------------ c::o 0 0 0 0 G 593 599 1,192 .tic::

New York: :;:, 
Schenectady _________ 1 Glenville ------- l"J o o oSuffolk _____________ Riverhead ______ o 276/ 0 o o o 276 

Do _____________ Southold ________ o 0 o o o 600 o 600o o 0 o 233 o o o 233 
Total o 276 I 0 01 233 o I 600 '0 1,109 

,- ,. 
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Ohio: •Henry ______________ Damascus ___-_ ._ 0 
Lucas ______________ Jerusalem ____ .._ 0 

Total _____________ _________________ 0 

Rhode Island:
Newport ___________ \ Portsmouth 
Providence __________ E. Providence 11~ \ 

116 
Total -------_-_---1------------------

Virginia:
Accomac ____________ 1Lee ------------ ­

oN~:~:~~~::_======~= .~~~~~~_=__==~~==\___ 81 

Total, United States 1----.--____________ 361 

• 
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In the Lake States area strong initial establishment was ob­
tained in Adams Township, Lucas County, Ohio, where releases 
were made in 1938 t:> test the effect on the parasites of the host's 
tenden~y to produce a greater proportion of 2-generation indi­
viduals than formerly. The col1ection~ made in 1939 at this point • 
indicateci a considel'able increase in numbers of the parasite. 

• 


FIGURE 25.-ZalcptoPYU1tS jlavo-o)'bitalis, adult female. X 10. 

ZALEPTOPYGUS .FLAVO-OHBITALIS (Cam.) (Fig. 25) 

Order: Hymenoptera. 
Family: Ichneumonidae. 
Preferred host stage: 1'hird- and fourth-instar larvae. 
Imported from: Japan. 

Method of parasitization: Egg deposited free in body cavity of • 


host. 
Hibernation: As a first-instar larva within the host. 



• 

• 

• 

• 
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Zaleptopygu8 /lavo-orbitalis is. the only hymenopterous para­
site imported from the Orient and released in the United States 
that has not. been found also in Europe. Its biology as a parasite 
of the Europ~.an corn borer has been studied by Bradley and 
Burgess (8). 

COLONIZATION 

The first importations of this species were made in 1929, and 
releases in the Eastern and Lake States were contmued for a 
number of years. Table 22 presents colonization data for the 
species. 

FIELD STATUS 

Subsequent to the release of Zaleptopygus /lavo-m'bitalis in the 
Lake States area, limited field observations were made relative 
to its seasonal history and environmental reactions in Jerusalem 
Township, Lucas County, Ohio, where initial establishment was 
obtained in 1932. Dissections of host larvae that had diapaused 
in the field at this location showed a mortality of the parasite 
larvae of 73.9 percent. This mortality was thought to be due to 
cold, and such a demonstrated weakness was at that time deemed 
largely responsible for the failure of the species to attain a main­
tenance status at any point in the infested area. However, in 
the vicinity of Taunton, Mass., near which in 1931 and 1932 sev­
eral large colonies of Z. /lavo-m'bitalis were released, the parasite 
became established and maintained itself, although in very small 
numbers, for several years without additional releases. This 
continued recovery demonstrated the. capability of the species to 
survive New England winter temperatures to some extent, but 
its sparse popUlation in southeastern Massachusetts and its fail­
ure to become established at other points may be ascribed to its 
imperfect adaptation to low temperatures. 

RESUME OF THE STATUS OF ZALEPTOPYGUS FL.WO·ORBITALIS 

This ichneumonid, which originated in the. Orient, was released 
at a number of test points in the United States, but permanent 
establishment ,vas indicated only in the vicinity of Taunton, 
M~.ss., where it was present in 1941 in very small numbers. The 
records of its world distribution and host relations show that it 
is nonspecific and is adapted to warm regions, such as southern 
India, southern Japan, the Philippines, and Hawaii. The elapsed 
time since its release in Virginia has not been sU'fficient to justify 
drawing conclusions, but it seems possible that a more southern 
habitat may be more conducive to its successful establishment. 

PHAEOGEXES XIGRIDE~S \Vesm. (Fig. 26) 

Order: Hymenoptera. 
Family: Ichneumonidae. 
Imported from: Europe and Japan. 
Preferred host stage: 1- and 2-day-old pupae. ' 
Method of parasitization: Perforates freshly formed pupae 

with ovipositor and lays egg free in body cavity of host. 
Hibernation: As an adult female . 

•21114'-10-. 
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Phaeogenes nig1idens is the only impm'ted parasite of the corn 
uorer released in the United States that attacks the host in the 
pupal stage, Information on this parasite, as obtained from ob- • 
servations in Europe, have been published by Smith (32). 

COLONlZATlON 

The first !"elease of Phaeogenes nig1iciens in the United States 
wa·!; made in 1924, when a single colony was liberated at Arling­
ton, Mass. Releases of European stock, beginning in 1926 in .. 
the Lake States, continued to be made in the Eastern and Lake 
States through 1932. In 1931 a small colony of 38 adults received 
from Japan was released at Bridgewater, Mass. 

• 


FIGURE 2(J.-Phczc'oY(,1LC!S ·)ligtideIlS, adult female. X 10. 

From host material collected at the earlier release points, p~.ta­
site adults were obtained in suflicient numbers to· make small 
releases in 1932, 1933, and 1939. The colonization data for this 
parasite are given in table 23. 

Although importatio)is of this parasite are accomplished more 
successfully late in the. '.nmer than at any other time of year, 
it was desired to make'L cest of releases made early in the spl·jng. 
In August 1937 a consignment of Plweogcnes nigridens iii the 
adult stage was received from Europe, and this material ",as used 
in experiments to determine the best method of handling the 
adults through the winter. Eight hundred adults, in equal num- • 
bel's of males and females, were placed in storage at 50° F., 
800 at 45°, and 800 at 36°. Each lot of 800 was separated in 
3 boxes (about 6 by 6 by 4 inches), one holding 200 adults with 



----------------

---------------
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TABLE 23.-Nwnbe'1's of Phaeogenes n'ig,,-idens adults released in the United States, thmugh December 31, 1940 

State and County Township Originl 1926 1927 1928 1929 1930 1931 1932 1933 TotaP 
, 

til 
Connecticut: 	 oE ____

New London ,~_ Old Lyme _____ 0 1,620 0 0 0 0 0 0 1620 g
- 15 

Massachusetts :3 E ____ t'
> 

Barnstable ____ Barnstable ____ 0 1,349 0 0 0 0 0 0 1.349
Do _______ 	 nFalmouth ____. 0 0 0 115 201 0 0 0 316 oEE ____Bristol ________ Dighton _______ 	 Z0 0 0 644 0 0 0 0 644
Do _______ Swansea ______ E ____ 0 0 0 0 0 0 7,796 0 7,796 :Ii"" Essex ______ •__ Peabody ______ E ____ 	 o0 0 0 0 0 0 363 8 363 
Do ____ .. _.:. Saugus _______ E ____ 	 0 13 0 0 8 1,306 t ­

0 0 0
Middlesex _____ 	 E ____ 0 0 5 0 0 0 20 0 2,591 o..,Arlington _----Do ____ "__ l!edford ______ E 2,288 0 0 0 0 0 0 0 2,288 :4
Norfolk _______ Quincy ________ E ____ 0 2,736 3 0 0 0 0 Q I 2,739 = Plymouth _____ Bridgewater ___ o ____ 0 0 0 0 0 38 0 0 38 l'l 

Suffolk _______ Revere ________ E ____ 2,455 0 0 0 0 0 0 0 2,455 	 ~. 

~ Total _______ 	 o4,743 4,085 8 759 214 33 8,179 0 21,885 
"1:1 

'" 	 l'l- - '" 	

>
ZMichigan:

Monroe _______ Erie _________ E ____ 	 n1,161 2,218 322 20 0 0 0 0 3,721 oSt. Clair ______ Columbus _____ E 0 0 0 212 0 0 0 0 212 :=----	 Z
Total _______ 1,161 2,218 322 232 0 0 0 0 3,933 til o:= 

l"J 
NewJerse:;:~ 	 := 

Burlington ____ Burlington ____ 0 0 0 0 0 0 0 0 2,048EE ____Monmouth ____ Atlantic _______ 0 0 0 0 0 0 0 0 1,989---...Total _______ 0 0 0 0 	 0 0 0 4,037 
~---------------	 o I .... 

r­
Coll 
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TABLE 23<.,-Phaeoge1le.~ nigriclens adults 1'eleasecl in the Unite(l Statcsth'rough December 91, 1940-Con. ,...,... 
state and County Township Origin L 1926 1927 1928 1929 1930 1931 1932 1933 TotaP ~ 

New York: 
Cattaraugus ... 
Erie _________. ----	 (') 

Indian Res .. 
~ ,..,. .... -----------~. E 0 0 0 380 0 0 0 0 380 l'!I 

~ Lancaster. E 0 0 0 169 0 0 0 0 169
Suffolk _________ Southold •• D 0 0 0 0 0 0 0 20 20 = z 

Total _______ . 0 0 0 549 0 a .0 20 569 ~ ---------------- .- .-----
-. -	 t" 

III
c::Ohio:Henry ________ . 	 I 

Damascus _.... _ E 0 0 0 0 0 2,289 0 0 2,289 ~ -Lucas _________ . Jerusalem _ E 0 1,994 .0 121 1,793 2,.096 0 0 6,004 ~Wood _________ . Perry ________ D .0 0 0 .0 0 0 0 13 13 12 
Total ______ •. --. ...

.0 1,994 0 121 1,793 4,385 .0 '13 8,306 ..--------------- --. ---' .... 	 !'" 

!= 
Pennsylvania: l"Crawford _____ . Greenwood ____ 	 347 

~ c. E = ... 0 0 0 347 0 0 0 0 tI 
, l'!I 

Rhode Island: ~ 
t POl'tsmc:mth ••_.. E .0 a .0 0 G 0 8,239 0 8,239 C' 

.~,'" ___ .. do ________ 	 IIINewtr: .. ::::::: D 0 0 0 0 0 0 156 8 164 
Providence _____ E. Providence __ E ,.__ 0 .0 943 0 2,516 175 0 .0 3,!i34 >

Cl 
-...... __ .. 

--~- :=Total ______•. 	
~-. 

.0 0 	 2,516 175 8,395 8 12,037 
~--------------- ------- 943 0 	 o 

- c:: 

Total, United ~ States _____ 	 :=._--------------(------- 5,904 9,9171 1,273 I 2,0.08 4,523 4,598116,574 41 52,734 l'l, 
-

I D, Domestic; E, Europe; 0, the Orient. 	 in Saugus Township, Essex County, and 1,106 (E) adults in At'­
lington Township, Middlesex County. .
: The totals in this column include the numbers given in the 

~ In 1938, 2,.015 (E) adults were liberated in. Burlingt.on Town­
footnotes to this table. ship, Burlington County, and 1,989 (E) adults in Atlantic Town­

3 In 1924, 1,46.0 (E) adults were liberated in Arlington Town­ ship, Monmouth County; in 1939, 33 (E) adults were liberated 
mip, Middlesex County, and in 1925, 1,293 adults were liberated in Burlington Township, Burlinpn County. 

A 
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no food, another holding 300 adults with available sugar solution, 

• 
ancl a third holding 300 adults with a mixture of dry honey and 
confectioner's sugar. About an equal number of adults were 
stot'ed in outdoor cages, one containing shocked cornstalks and 
another forest litter and debris. 

By the latter part of September no living adults were noted 
in the outdoor cage except a number of females in the cage con­
taining cornstalks. Females were alive at this time in the various 
cages placed in cold storage, but most of the males were dead. 

An examination in December 1937 of all cages in which adults 
were being held in cold storage .showed only 152 females alive. 
Although it was expected that all males would die, it had not 
been anticipated that the females would incur such a high mor­
tality. Prcbably the death of the females was attributable to the 
conditions under which they were stored or to the amount and 
type of food available, or both, since 135 of the living adults were 
in one box that had been stored at 50° F. with solid honey-sugar 
as food. 

By the following spring only 18 females were alive in the cages 
that had been carried in cold storage, and no adults were living 
in the outdoor cages. 

• 

In August 1938, another shipment of adult parasites and para­
sitized host pupae was received from Italy. About half the adults 
that became available from this source were released shortly after 
receipt and the remainder were used in another attempt to store 
the species through the winter. No adults survived the hiberna­
tion period . 

FIELD STATUS 

Phaeogenes nigl'idens was first recovered in the summer of 
1925 at Arlington, Mass., following large releases made that year. 
The parasite was taken at Medford in 1926, and at Medford and 
Saugus in 1927. In 1929 adults of P. nigridens emerged from 
l:Ol'l1stalks heavily infested with Pyr(lltstCL obtained at Medford, 
Mass., and from pupae collected during the summer at the same 
point. These recoveries showed maintenance of the species for 
a period of 3 years in the absence of supporting releases at this 
point.

In 1937 PhCLeogenes nig,iclells appeared in coliections near Wal­
tham and Peabody,. Mass. The presence of this pupal parasite 
was corroborated in 1938 by recoveries in greater numbers from 
two general distt:icts in Massachusetts, one in the vicinity of Ar­
lington, Waltham, and Lexington, and another near Danvers and 
Peabody. No P. nigriclens appeared in collections taken between 
these two districts. Initial establishment of the species was noted 
in 1938 at Burlington Township, Burlington County, N. J., where 
one specimen was recovered in a collection made 12 days after 
the adult parasites were released. 

No surveys have been made in the Lake States area expressly 

• 
to inyestigate the status of Phaeogene.') nigridens. Howeyer, in 
Jel'm~alem Township. Lucas County, enough pupae were observed 
in thefleld to disclose the presence of the parasite had it been 
present in considerilble numbers. 
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RESUME OF THE STATUS OF l'HAEOGENES NIGRIDENS 

Phaeogenes nigridens is known to be on a maintenance basis 
at only one point in the United States, a restricted area in eastern • 
MassachuBetts. However, surveys designed specifically to deter­
mine its status have been made only at a limited number of points, 
and it in possible that it may be more generally distributed than 
is known at present. With an increased knowledge of optimum 
storage conditions for the adults, and attendant synchronization 
of releases with a preferred stage of the host early in the year,
wider establishment may be accomplished. 

• 


FIGURE 27.-Eulo]J/tus 'viricillills, adult female. X 24. 

ECLOI'Hl'S \'lIIiDL'Ll'S Thoms. (Fig. 27) 

Order: Hymenoptera. 

Family: Eulophidae. 

Imported from: Italy. 

Method of parasitization: Egg deposited externally after para­


lyzing host. 
Preferred host stage: Mature larva. Third- and fourth-instar 

larvae also attacked. 
Hibernation: As pupa in host tunnel near host remains. 
Information relative to this eulophid parasite of the Eu:ropean 

corn borer has been published by Parker and Smith (26). It is 
the only species of the introduced parasites that has been trans- • 
ported as a free pupa, and it is one of three imported corn borer 
parasites that is ectophagous throughout its larval life. 
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'rAnGE 24.-N70nbel's of Eulol)hus viri(lulu.') adults 1'cleased in: the United States th1"OugIL. Decembm' 31, 1940 

I 
1933 1934 Total1930 1931 1932State and County 	 Township

-_.,,---,---------' 	 = o
Connecticut: 	 5,097 5,{)97Hartford .' ________________------. E, Hartford ._w_____ · o o o o g

New Haven 
,,~ 

_.,_•.• _w·,. _______________ •• Milford_. _______ • o o o o 5,240 5,240 
East Lyme ____________ 993 5,870 o o 6,863 6 

New London _ ,.,_. ___ '., --------' o -", > 
Total _ ,., ___________________________ _ "' _ ..... ______________... __ r o 993 5,870 o 10,337 17,200 (') 

t' 

.-::___ 1---=1 ··,I==:=;....:; o-. =="~ 	 z 
o 4,466 2,205 1 0 01 6,671York 	

~ 

Indiana: Steuben ------------------------- ---------------~~ 	 5 
--=-I'~,;==----~ 	 -- t' 

..,o 
:Massachusetts:Barnstable ___________________________ ,._ Falmouth ____________ 233 6,730 0 o 0 6,963 

BI'ista! ____________________________,." Swansea ______________ 0 0 29,980 o 0 29,980 
Peabody _____________ .. 0 0 9~513 o 0 9,513 a 

'~~ssex .... ____ ~..,"..,......, __ "'" ~~... .--------.... ­ 25,009 PiDo _____• ___,._,. ",- ------, Saugus ~ .. ____--------.. 47fJ 24,530 0 o 0 
lI'iddlcsex . _____" . __ ".. ··w____ • __ 

Arlington . ___________ 15 200 350 o 0 565 c:: 
Plymouth _ ... _ .. w ______________________ ,. Bl'idgewatcr __________ 0 0 12,756 o 0 12,756 5 

"C 

Total __ w_.·, _______________________ .. ____________________ . 727 31,460 52,599 o 0, 84,786 	 g; 
Z 

---,~-

(') 
o 


Michigan: := 

Lenawee ___________________________ , .• Fairfield ______________ 0 0 2,910 o 755 3,665 z

Erie ________________l\fonl'oe ____________________________ .. 0 0 20,081 o 0 20,081 t:: 
Do ______________________________ ' Monroe _______________ 4,470 2,176 o 0 6,646 o0 	 := 

Oakland _____________________________" Oxford _______________ 0 0 2,219 o 42 2,261 l"J 
~St. Clair __ • __________________________ • Columbus _____________ 0 6,943 2,209 o 0 9,152 

Washtenau _____________________________ • Augusta _____________ _ 0 0 2,232 o 0·1 __ 2,232 
----	 -I-_~" o 1 11,413 I 31,827 o 797 1 44,037

Total ,- ... __ ..... ---------------------~I----------------------- .... 
~ 
~ 
<C 



• • 

I-' 

,~ 
TARLE 24.-Eulophus viridulus adults 1'eleased in the United States th"ough December 31, 1940-Con. 

o-j_.~, _._ State and County t-~ Township I 1930 L1~3~_1-'-:932 J1933 I 1934 I Total l'l 

New York: 
CuttuJ'UugUS Indian Res. 
Jefferson ~_~_'" ____.____,__ ... _"",. ~ 
Suffolk _______~_________________~__ 

Total __________________________ . 

oI 4,997Adams. • _____ ... ' _._, 0 4,991
Southold _ ____________ _ 0 0 

._-'-, --'. ,­; , 
.---------------------­ 0 I 9,988 I 

0 
24,750 

0 

24,750 

0 
0 

21,017 

21,017 

0 
0 
0 . 
0 

4,997 
29,741 
21,017 

55,755 

n 
II: 
Z 

~ 
t"­

= c: 
~ --­ tol 

Ohio:
Erie _______________________________ .,. 
Hancock ____________:..____________ _
Henry _______________________________ '" 
Huron __________________________ _ 
Lucas _______________________________ 
Putnanl _____________________________ ... 
Wood ____________________________~ __ .. 

Do _­ ___________________________ 

Perkins _______________ 
Marian . ______________ 
Damascus ____________ 
Richmond _____________ 
JeJ;usalcm ____________ 
Jennings ______________ 
Perry ___ • ____________ . 
Webster _______________ 

0' 
0 
0 
0 
0 
0 
0 
0 

1,99:> ',I,
0 

11,397 
0 I 

4,959 
0 
0 
0 

2,:;'26 
0,643 

11,751 
2232 
7,608 
5,862 

0 
24,270 

0 
0 
0 
0 
0 
0 

70,958 
0 

0 
0 
0 
0 
0 
0 

1,792 
0 

4,176 
6,643 

23,148 
2,232 

12,567 
5,862 

22,750 
24,270 

o-j 

i 
<=...:-: 
~ 
?J 
t:I 
l'l 

~ 
Total 

-~.-- ...----------------.....-------­ ..... "­ 1-----------------------... o I 13,346 60,552 20,958 1,792 101,648 
o 
'OJ 

Rhode Island: 

Newport ,... --------------------------­ ... _,Providence ---­ ___________________________ Portsmouth -----------,E. Providence __________ 0 I191 06,322 595,0 338 10 '/00 9336,513 

>
C 
l1li 
(;
c: 

Total --_______. ___________________________---________________ 191 6,322 595 338 0 7,446 ~ 
= 

Total, United states. __________________.,________________________ 918 I 82,988 1178,398 I 42,3131 12,926 1 317,543 

• 
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COLONIZATION 

The first releases of Eulophus viridulus were made in the United 
States in 1930, when four small colonies were liberated, three in 
Massachusetts and one in Rhode Island. Introductions and re­
leases were made during the following 4 years in the Eastern and 
Lake States. 

The data on these releases are presented in table 24. 
In handling this species after receipt and winter storage at 

the laboratory, it was necessary to exercise particular care to 
avoid including secondary parasites in the colonization shipments. 
About 1 percent of the pupae of Ell10phus Vi1'idulus were attacked 
by Tet1'£tstichus sp., which bore a superficial resemblance to the 
primary eulophid. In the emergence chambers the emerging 
adults were drawn by light attraction to a panel covered with 
white poplin cloth. On this smooth surface the characteristics 
of the species present were easily discernible and they were read­
ily segregated. Large colonies were released in all cases when 
enough adults were available. 

FIELD STATUS 

No recovery of Eulophus vi1'idulus has ever been made in the 
Eastern States. In the Lake States, where most of the releases 
were made in 1932, this ectophagous eulophid parasite appeared 
for the first time on a maintenance basis during the 1938 season. 
It was first cliscovered during an examination in Lucas County, 
Ohio, of an infestation of pyrausta 11ubilalis in weeds in August. 
E. '/)il'icllllus had been recovered at three rele~se points in the Lake 
States, namely; Columbus Township, St. Clair County, Mich., in 
1931 anel 1932; Damascus Township, Henry County, in 1931; and 
Webster Township, Wood County, Ohio, in 1932. At each loca­
tion release had been made during the year of recovery. The 
finding of E. vi1"idl(lus in Jerusalem Township, Lucas County, 
Ohio, in 1938 represented the first recovery of the species at this 
I)oint and showed maintenance for 6 years.

The discovery of the parasite in weeds early in August con­
forms with the recorded habits of the species in Europe, where the 
summl:'t' generation is found on hemp and the fall and overwinter­
ing generations on corn. 

Borers killed by this parasite were recovered in 1938 from each 
of 12 collections taken in the vicinity of Jerusalem Township, 
Lucas County, Ohio, 8 of the 12 sections being on the west side 
of the release center. The maximum distance at which the para­
sites were recovered was about 5 miles. One duster was taken 
in 1938 near a release point in Erie Township, Monroe County, 
l\rich., where 20,081 adults were released in 1932. One cluster 
was recovered in 1938 in Danbury Township, Ottawa County, 
Ohio, at a point 8 miles from the 11earest release center, 4. miles 
of this distance being acrm;s the water of Sandusky Bay. The 
number of lmpae per cluster rl~nged from 1 to 48, with an average 
of 8.7. 

'Vpon receipt at the laboratory, each cluster of Eulo]Jll1ls ~!i1i-
<lulu!'; recovered in the United States in 1938 was divided, where 
possible, one-half of fhe pupae being placed in cold storage and 



122 TECHNICAL nULLE'l'lN 1183, U. S. DEPT. OF AGRICULTURE 

the other half being held in a developmental environment in anincubator. No emergence from the latter material was noteduntil late in the winter, which indicated that the diapause re- •quirements vf this species are particularly effective.
That this parasite differs in its dispersion characteristics fromother parasites of the European corn borer is indicated by in­formation obtained in the fall of 1939 and that of 1940. Duringthese two yem's, observations were made in the following coun­
ties in Ohio: Allen, Auglaize, Erie, Hardin, Henry, Logan, Lucas,
Sandusky, Seneca, and Wood. In some of the counties only oneobservation pel' township was made and in others only a fewtownships were included. However, Eulophus vit'idulus was re­
covered at one or mOl'e points in each of the counties. One cluster
was found ovor 50 miles from the nearest release point, and the
farthest limits of dispersion were not defined by this survey.
Thus, unlike other corn borer parasites, which build up to con­
siderable concentrations in the immediate vicinity of the release
point and spread sJ.owly outward, it has been shown that Eulophus
1.Jiridullts is capab:! of rapidly extending its range without greatly
increasing in abundance in any locality. 


ALTERNATE HOSTS 

Larvae of Py1'(wstt~ ainsUei Heinrich and P. penitalis Grote col­lected in Jerusalem Township, Lucas County, Ohio, in August1988, were parasitized in the field by Eulo]Jlms Vi1'idulllS. ThisCOl1sti tuted the second l'ecord observed by Bureau personnel ofan exotic parasite of the European corn borer attacking native •borers in the United States. Parasite pupae and pupal exuviae
were noted among the parasites taken in August on P. ainsliei
and P. Itubilalis, but only pupal exuviae were noted in associa­tion wi th P. })l! nUaUs.

Preliminary datal'esulting from more extensive surveys made
in 1989 to obtain information on the distribution of Eulo]Jh'lls
t'l/-iell/lils indicate that it has an extended range about several
release points in Ohio. 


lI?:snl~: 01·' TIn: [.'JELD STAn'S OF .:eLoPIlUS VIRIDCLCS

Apparently several years have been necessary to bring the·population of this eulophid to sutllcient density to permit recov­
(l1'Y by the means utilized. However, the fact of its recoveryindicates that it has increased in abundance since its release.Although the species has not been recovered in the Eastern States,it might prove to be of value if released in some of the areas morerecently infested by the host. 

BlPOBTED PARASITES XOT K:\o\~'\" TO BE ESTABLISHED IN TilE
L'XITIW STATES 

The parasites treated in the preceding discussion comprisethose which, following- releases of 1 or more years, have become('stablishec1 in one 01' more localities in varying abundance, •thl:ough several generations of the host, without the aid of sup­porting releases. 
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The following species are those tha,t have been imported and 

• 
released in the United States, but at the close of the 1940 season 
1!annot be considered as being established . 

EXERISTES ROBORATOIt (F.) (Fig. 28) 

. 

Order: Hyn'~enoptera. 

Family: Ichneumonidae. 

Imported from: Europe. 

Preferred host stage: Mature larva. 


' 

• 

FIGURE 28.-Exe1'istes 1'obomto1', adult female. X 4. 

• 
Method of parasitization : Ovipositor inserted through plant 

tissue and host paralyzed by stinging, and eggs laid ectodermally . 
Hibernation: As a mature larva or pupa in a loosely woven 

tocoon. 



----------------

• • • 

1!r-' 

~TABLE 25.-Numbe1·s of Exeristes roborator adults released in the United States, through December 91, 1940 
l~ 
*-

State and County Township 1923 1924 I 1925 1926 1927 1928 1929 1930 1Total1 

Illinois: Washington __________________ Will __________ 0 0 0 !) 362 1,940 0 0 2,302 .., 
tz.l oIndiana:De Kalb _________________________ Butler ______Do _________________________ 0 0 0 0 0 0 3,991 1,983 5,974 z== 

Spencer ______ 0 0 0 1,374 5,170 574 0 0 7,118 8Elkhart __________________________ Elkhart ______ >0 0 0 0 1,948 1,875 0 0 3,823Steuben __ ______________________ t"' 
~ York _-------- 0 0 0 0 0 0 3,997 1,993 5,990 I: 

Total ________________________ , ______________ --- --- c:: 
t"'0 0 0 1,374 7,118 2,449 7,988 3,976 22,905 
t"' 
-~ 

Massachusetts :~ 
Barnstable _______________________ Chatham _____ 0 0 1,200 0 0 0 0 0 1,200 Z 
Essex _____________________________ Saugus ________ 7,219 0 0 0 0 0 0 0 7,275 '" 

~ '" Middlesex ________________________ Arlington _____ 7,159 11,341 4,300 0 0 0 0 0 22,800 
Do ___________________________ Cambridge _____ 7,298 0 0 0 0 0 0 0 7,298 ~ 
Do ____________________________ Malden ________ 7,259 0 a,500 0 0 0 0 0 10,759 rnDo ___________________________ Medford _______ 0 0 5,330 295 0 0 0 0 5,625 

t:I-------------------------- l"JTotal _________________________ - _______ - _______ 28,935 11,841 14,330 295 0 0 0 0 54,957 
~ 

________ ,___--_I-O;=I~I=I------·I~I= 

Michigan: o 
"'l 

Jackson ------------------------- Napoleon ------ 0 0I 0 0 I 1,682 o 0 0 1,682 >
Lenawee ------------------------ Fairfield _______ 0 0 0 0 0 o 3,985 1,986 5,971 Cl

:cl\facomb -------------------------- Harrison ______ 0 0 0 0 I 1,910 o 0 0 1,910 (5
Monroe -----------------__________ Erie _________ 0 GI 0 8,093 5,782 7,853 0 0 21,728 c:: 

Do ---------------------------- Lasalle _______ 0 0 0 0 1,964 o 0 0 ~964 ~Do ____________________________ Monroe ______ 0 0 0 6,752 8,462 3,890 0 0 19,104 c::
:c 

St. Clair ------___________________ Columbus ______ 0 0 0 2,793 4,122 
Oakland --------------___________ Oxford _______ 0 0 0 0 0 o 3,985 1,996 5,981 l"J 

7,775 0 0 14,690Washtenaw _______________________ Augusta _____ 0 0 0 0 0 o 3,841 1,998 5,839Do __________________________ Northfield ____ 0 0 0 0 0 5,891 0 0 5,89J.I 0Wayne ------------------------- Brownstone ___ 0 0 0 1,847 o 0 0 1,e47 
--------------1---1Total ____________________________ ________________ 0 0 0 17,638 25,769 25,409 111,8111-5,980 86,607 

• 



• • 

----------

-------------

• • 

u \ U I j;;,~O"New York· 2,662 I 2,963 5,350 2,014 00 3,998 1,989 5,987Ilugus Indian Res. -------.• ---- ~--------------- 0 0 0 0 0 

I ~. ________..:__________________ Randolph ------ 0 0 1,~98 o 0 1,898
Luqua ________________________ Westfield ------ 0 0 0 0 

0 0 0 1,530 1,530 
Lancaster ------ 0 0 0 0 

0 5,017 3,998 1,962 10,977
0 0 0 t:l~----------------------------- 0 1,995 1,995 

0\1 _________________-- ------- Adams -------- 0 0 0 2,700 1,974 4,674 t" 
~e _____________-------------- Batavia ------- 0 0 0 0 0 0 (5 

Java __________ 0 0 0ing __________________________ 0 ------ o- - -2,963 5,350 2,014 6,915 10,696 9,450 40,050 C'l 

Ll ____________________________ 0 2,662 8 ---------------- = > = = t" 

0 0 1,919 
C'l 
obula _________________________ 0 0 0 0 1,919 0 ZAshtabula ----- 0 0 13,734 ..,

0 1,375 689 9,670 2,000 0
Perkins -------- 3,985 1,994 5,979

--- - ....---------------------....----- 0 0 0 0 0 0 ~ :r.Iarion -------- 0 4,974 5,9330 0 0 t"~ck -------------------------- Damascus ----- 0 0 0 4,000 1,990 11,8320 5,842 o----------------------------- Richmond 0 0 
0 0 15,208 "l 

L ________ 
0 
0 1,462 

0 
2,150 4,085 1,908 5,603 ..,~entor ---------------------------- 0 1,609---------_.-~------------------ Avon __________ 0 0 0 0 1,609 0 0 

0 0 22,1813,482 6,031 t'J0 2,888 2,235 7,545 == ~ ---------------------------- Jerusalem ----- 0 1,726
'a ___________________________- 0 0 0 1,726 0 0 
----------~------------------ Carroll -------- 0 3,975 1,985 5,9600 0 ~ 

lit ___________________________ Northampton --- 0 0 0 0 
0 1,745 :=

Troy __________ 0 0 0 1,745 0 0 o0 ------ "tj ----------------------------- ------ 17,476 11,960 10,943 87,826 t'J5,074 21,300 14,389:al ____________________________ 0 5,725 >---------------- --- 7: = = = = C'l= o 
3,986 1,993 11,686mia: Wayne ________ 0 0 0 5,707ford __________________________ 0 0 ~ 0 2,000 8,4330 2,450 3,983 0Harbor Creek -- 0 0 til 

------------------------------ --- --- 3,993 20,119
0 0 0 2,450 3,983 5,707 3,986 

tal --------------------------- ---------------- ---= = ~ ---= = = 34,342 314,76659,896 46,44119,728 22,367 48,407 53,635tal United States_______________ ---------------- 28,935 

Township, Essex County. .... 
'1 The totals include the numbers given in the footnotes to this 3 In 1931, 959 parasites were liberated in Damascus Township, l':) 

table. Henry County. ~ 

:I In 1922, 56 parasites from Europe were liberated in Saugus 
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Various phases of the life history and habits of Exe1'istes 1'obo­mt01' under laboratory- and field-cage conditions have been studiedby Fox (15) and. Baker and Jones (2). 

COLONIZATION •
Exe1'istes 1'obomto1', the largest of the imported hymenopterousparasites, has been colonized with material bred in parasite lab­oratories in the United States, except for 56 individuals releasedin 1922,
Following receipt of breeding stock in 1922, releases of reared •

material were made in the Eastern States yearly through 1926.All liberations in the eastern area were confined to two sites inMassachusetts-one at Chatham" in Barnstable County, and theother at the mUltiple-release point centering at Malden, MiddlesexCounty,

A large number of parasites reared at the Arlington, Mass"
laboratory were shipped in the "spin-up" stage for release in theLake States, In 1926 the labct'atory rearing of Exeristes 1'obo­mto1' was started at Monroe, Mich" and material thus obtainedserved to augment the release material shipped from Massachu­setts. Liberations were made in the Lake States yearly from1924 to 1931, inclusive, The releases of this species in the UnitedStates are listed in table 25, 

FIELD STATUS 

Although five other species of parasites were libera~ed in the •united States prior to the first release of Exe1'istes 1'obomto1',that parasite was the first to be recovered, The releases madeearly in 1923 were apparently particularly effective, since inJune of that year initial establishment was recorded from sixtowns in the immediate vicinity of Malden, Mass" one recoverybeing 5 miles from the nearest point of release, Daily observa­tions on borers at East Arlington, Mass" in the summer of 1923showed 5 to 8 percent parasitization by this species, Recoveriescontinued to be made in eastern Massachusetts yearly from 1923through 1926. In each of these years supporting releases weremade in this locality, However, it seems probable that the para­site maintained itself through more than one generation in theeastern area, because in 1926 it was numerous in infested corn­stalks collected at Saugus, Mass., in August, although the onlyUberation made that year consisted of a small colony at Medford,With the conclusion of colonization activities with this speciesin the East, further recoveries ceased, Since observations havebeen made in eastern Massachusetts in varying detail yearly since1926, with no appearance of the species, its failure to becomepermanently established is strongly indicated,
In the Lake States area the first recoveries were made in 1925in Perkins Township, Erie County, Ohio, and at the CattaraugusIndian Reservation in New York.
Details of its field status from 1927 through 1932 in this area •have been presented by Baker and Jones (2), who point out theapparent inability of the species to exist for more than one gen­
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eration in areas ,,,here the predominating hosts have a single 
generation per year. 

SIlII'.ME~TS OF EX~:HISTJ:S ROBonAToR Fon THIAL AG.\1:\5T I'tSTS OT!;(:rt TItA.\' 
THE ECnOl'E.\~ COH~ BOltEI{ 

Owing largely to the ease with which this species could be 
produced and because of its polyphagous habits in the country 
of its origin, a considerable amount of material, reared in the 
European corn borer research laboratOl'ies in the United States, 
was shipped for testing against other pests. In 1926 and 1927, 
spin-ups of Exeristes 1'obomtoJ' were shipped from Monroe, Mil~h., 
tc Suam for tests against the European corn borer on that i3land. 
Notwithstanding the distance involved, the method of sh'pmellt 
v_tilized proved successful, an emergence of 70 percent beinz ob­
tained. In 1928, 2,000 adults were sent to New Orleans, La., for 
trial against the sugarcane borer (Di((tJ'((e(~ s(tcchamlis (F.». 
Another shipment of adults was made in 1932, to EI Paso, Tex., 
to be utilized in tests against the pink bollworm (Pectinophol'a, 
f)ossypieUn (Saund.». 

Hf:SC~lf: OF TIlE STATes Ol~ EXEHlSTES nOBOIUTon 

Since observations in recent years have failed to disclose the 
presence of E:rel'istes J'obomtol' in any locality studied, it seems 
probable that the species is not established in the United States, 
and there is a strong indication that it is unable to maintai~ itself 
in any of the regions where it has been released. Its failure to 
do so is apparently due to the lack of synchronization between 
the seasonal history of the parasite and that of its host. Such 
synchronization seems to be somewhat closer in the extremely 
limited area tested in the northeastern section of host infestation. 
It is possible that farther south, along the Atlantic seaboard, 
changes in the seasonal rhythm of the host might be encountered. 
Such changes would function more to the advantage of the para­
site. 


:\TICHOBlHCO;\, BHE\'ICOH~IS lWesm.) (Fig. 29) 


Order: Hymenoptera. 

Family: Braconidae. 

Imported from: France. 

Preferred host stage: Mature larvae. 

Method of parasitization: Paralyzes host by stinging. Deposits 


10 to 20 eggs per host ectodermally. 
Hibernation: No definite resting period.
The life history of this species has been published by Ge­

llieys (16) and the essential features of its laboratory production 
have been described by Jones (18). 

COLO"IZATION 

As with b"'xeristes l'obol'Cltol', colonization of Mic1'obl'ClCOn brevi­
cOl'nis has been accomplished almost entirely with material reared 
in the corn borer research laboratories of the United States. In 
1920 a .few females were received for use in reproduction experi­
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...TABLE 26.-Numbers of ilficrobracon b'revic(Hilis adults 1·eleascd in the United Stutes, through December 81, ~ 
19J,O 

(All parasites bred in the laboratol"Y except as indicated in footnob 2) 

State and County Township 1922 1924 

Connecticut: Hartford _ E. Hartford ~ 0 0 
~, - --­

llIinois: Washington __ "_ Will ________. 
0 0 

-
Indiana:

De Kalb ____________ Butler _______ 0 0Do ____________, Spencer ____ , 0 0Steuben ___________, York _______ . 0 0 
Total ____________ -----------_. 0 0 

Maryland:
Worcester __________, Newark ____ 0 0 

~~__.~w. " • 

Massach usetts :~ 
Barnstable __________ Chatham ___ 0 0Essex ______________ Saugus _____ 0 0Do _____________ ____ do ______ 

270,000 0Middlesex. ___________ Arlington ___. 0 0Do _____________ ____ do ______ 
260,000 0Do _____________ Cambridge __. 254,000 0Do _____________ Malden _____ 270,000 0Do ____________ Medford ____ 0 0Do _____________ Waltham ___. 0 0 

1,054,000 ITotal _____________ 
-------------~ 0 

1925 1926 I 1927 I 19!:!8 1929 - I 
0 0 0 0 0 

.' ., --­
0 0 3,635 0 0 

0 0 0 0 31,442
0 0 11,000 0 0
0 0 0 0 32,472 

0 -­0 11,000 0 63,914 

-
0 0 0 0 0 

- -

10,600 0 0 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0 
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0

9,440 0 0 0 0
7,830 2,320 0 0 0-

01
27,870 2,320 01 0: 

1930 

0 

0 

14,958 
0 

15,237 

30,195 

0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 

1938 TotaJl 

4,952 4,952 

0 3,635 

= 
0 46,400 
0 11,000 
0 47,709 

0 105,109 

1,616 1,616 
"'''' 

0 10,600 
0 320 
0 270,000 
0 80 
0 260,000 
0 254,000 
0 270,000 
0 9,440 
0 10,150 

o 1,084,590 

~ 
t"l 
C'l 

=Z 
o 
>
t" 

1% 
C 

~ 
~ 
Z 
'" 00.,.. 
!:! 
!" 
t:I 
ttl 

~ 
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o
c:: 
t" 
~ 
C
::c 
t"l 
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Michigan:

.Jackson _____________ Napoleon 0 0 0 1 0 9,455 19,440 0 0 0 28,895
Lenawee ____________ Fairfield ____ 0 0 0 0 18,192 40,751 '14,468 0 73,411

00 0 
,~ 

00 
Macomb ___________• Harrison __ _ 0 0; 0 0 8,440 17,865 0 0 0 26,305... Monroe ____________ • Erie • ____ _ 0 0 o 19,600 4,100 29,958 0 0 0 53,658.... '" Do ____________ .. LaSalle __• __ 0 0 0 0 0 18,960 0 0 0 18,960i Do __________ " _ Monroe _ ,_ 0 0 o 11,458 59,840 32,760 0 0 0 104,058 III 
Oakland __--------__ Oxford _, __ 0 0 0 0 0 19,070 37,395 15,473 0 71,938 o 
St. Clair '" __________ Columhu!; ... -- 0 0 o 15,079 16,640 19,028 0 0 0 51,347T b 

'" Washtenaw _________ Augusta . "... 0 0 0 0 0 0 35,397 14,280 0 49,677 o 
Do ________•.___ Northfield 0 0 0 0 0 20,6U5 0 0 0 20,605 ~ Wayne _____________ Brownstone _ 0 0 0 0 10,500 24,980 0 0 0 35,480 to' 

Total "_________"__ , "__________, (')
0 0 o 46,137 108,975 221,458 113,543 44,221 0 534,334 o 

-.-- .­...--.. -~,"--
New Jersey: ~ 

t-Burlington __________1BurlinlIton 0 0 0 0 0 0 0 0 5,994 5,994
Monmouth __________ Atlantic 0 0 0 0 O. 0 0 0 5,863 5,863 o 

'"l 

Total 0 0 0 0 0 0 0 o 11,857 11,857 ~ 
l".l 

New York: ~ Cattaraugus IndianRes. ______________ o 25,000 8,500 7,800 36,093 52,117 0 0 0 129,510 ~ 
Do _____________ Randolph 0 0 0 0 O. 19,812 23,855 14,984 0 58,651 S;

Chautallqua _________ Portland ____ 0 0 0 0 0 11,030 0 14,427 0 11,030 Z 
Erie _______________ Lancaster __ 0 (')0 0 0 0 0 0 14,98B 0 14,988
Genesee _____________ Batavia __". ___ (J o0 0 0 0 0 21,183 24,169 0 59,779
Jefferson _________-_. Adams __•___ 0 0 0 0 0 0 0 13,873 0 13,783 ~ 
Suffolk _____________ Riverhead __ III0 0 0 0 0 0 0 0 4,971 4,971Wyoming ___________ Java _______ 0 0 0 0 0 20,527 26,082 14,944 0 61,553 o 

iii' 
l".lTotal _____________ • ____________ _ o 25,000 8,500 7,800 36,093 124,669 74,106 73,126 4,971 354,265 iii' 

..... 
~ 



__ 
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TABLE 26.-Microbracon bl'evicorm's adults released in the U1lited States through December 81, 19~O-Con. 
.....(All parasites bred in the laboratory except as indicated in Ioot.note 2) 
~ 

State and County Township 1922 1924 1925 1926 1927 192~ 
J 

1929 1930 1938 TotaP--.........¥_,,-._--­
~ -.--

Ohio::' ~Ashtabula _. _______ Ashtabula __. 0 0 0 0 10,200 20,750 0 0 30,950 t"lErie _____,,_.._____~_. Perkins _____. (')o 25,550 90,000 1,826 15,000 16,683 0 0 0 149,059Hancock __ ••_____ Marion _____ . 0 0 0 0 0 25,220 :>'4,527 14,657 0 64,404 =zHenry _____________ . Damascus ___.Huron _____________ . Richmond 
0 0 0 0 0 0 0 58,52r 0 68,220 is 

___ ;.­0 0 0 0 0 20,678 23,901' 14,450 0 5~,029Lake • _______ .. _____ . Mentor t' _ .. __ ... 0 0 0 461 20,000 7,500 0 0 0 27,961Lorain ________ .. ____ t:. Avon _,. ____ ... 
Lucas _____________ . J erusalelll 

0 0 0 0 0 18,630 0 0 0 18,630 c: 
0 0 30,000 740 10,030 37,730 0 0 0 '18,500Ottawa .. ___________ . Carroll _ 0 0 0 0 7,200 20,520 I) 0 0 27,720 ESummit .,, ___________ . Northampton ~0 0 0 0 0 17,430 25,8BO 14,800 0 53,110Wood _,, ____________ . Troy _______ z0 0 0 o • 5,000 0 0 0 0 5,000 

~ 
~Total ____________. CO> 

------------_. o ~5,550 120,000 3,027 67,430 185,141 74,308 102,436 0 587,583 
.._-. ---. 

~ 

=-:::;:"""7''"'" --- ..- fl 
---~- ~ 

Pennsylvania: III
CruwIord __________ . Wayne _____
Erie __ ____________. 0 0 0 0 0 :;0,141i 28,216 14,762 0 73,423 t:! 

~ 

Harbor Creek 0 0 0 6,300 11,930 2(1,574 0 15,078 0 53,882 
Total ____________ . . --_.. --- --~~--, --- ~ 

,,------------ 0 0 0 6,300 11,930 51.019 28,216 29,840 0 127,305 ~ 
~'- ';'--0::- --- --";:',,:~'" 

>Virginia: c
Accomac .. , _________ . Lee ________ . 0 0 0 0 0 0 0 0 2,186 2,186 e:
Northampton _______ . Franktown (')

0 0 0 0 0 0 0 0 2,971 2,971---_. .Total ________ .. ___ . ~ ------------- 0 0 0 0 0 0 0 5,157 5,157 
.... 

0 ; 
1!>:2 

Total, United State~ -----------".. 1,054,000 50,550 156,370 65,584 239,063 582,287 354,087 279,818 28,553 2,820,403 

l. The totals in this column include the numbers given in fod­ Township, Essex County, and 80 in Arlington Township, Middle­
notes to this table. sex County. 

~ In 1921, 320 parasites from Europe were liberated in Saugus :lIn 1931, 9691 parasites bred in the laboratory were liberated 
in Damascus Township, Henry County. 

11 
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ments. The following year 1,210 cocoons and 15 adults were 

• 
imported. From this material b\'o small colonies, totaling 400 
individuals, were released in eastern Massachusetts and the 
remainder served m; a nucleus breeding stock. From this stock, 
together with a small amollnt of material imported in 1935, 
originated the colonization material, totaling over 2V:! million 

• 


adults, released in subsequent years. 
The history of the laboratory reproduction and colonization of 

Micl'obracon brevicornis in the United States parallels closely 
that of E.teristes 1·obomtor. Breeding at tho Arlington, Mass., 
laboratory continued from 1921 through 1920, some of the mate­
rial reared in 1924, 1925, and 1926 being shipped for release in 
the Lake States area. 

• 


FWURE 29.-MkrobJ'ClC0I1 br(,l'icol'lIis, adult female. X 22. 

In 1P26 production was initiated at the Monroe, Mich., labora­
tory, and colonization material for release at points in the Lake 
States area was reared at that laboratory yearly from 1926 
through 19;31, This species waS also reared at the Moorestown, 
N. J" corn borer laboratory in 1938 to furnish adults for test 
releases in the Atlantic Coast States as far south as Virginia. A 
total of 28,553 adults were rele,u;ed, but no recovery of this species 
had been made in this area through 1940. Colonization data for 
the species are given in table 26. 

FIELD STATUS 

• Notwithstm1C1ing the fact that a greater number of Mic1'obmcon 
lll'erico),ll[s adults luwe been released in the United States than 
of nny other corn borer parasites, no recovery of the species has 
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ever been made, although over V:! million borers from sites where 
the species has been colonized have been under observation. 

Unlike other parasites that have become established, no logical 
reason for the failure of ilUc'/,obmcon b1'evicomis has pres~nted 
itself. In certain European districts where this parasite is •
abundant, the practice prevails of stacking the corn through the 
winter in long rows of shocks laid against an elevated horizontal 
rail or of piling it in large ricks. It has been noted that the 
ill. b1'evicornis females are especially abundant around such rows 
or stacks of corn, the parasitization in these locations averaging 
as high as 62 percent. It was thought that such an agricultural 
practice might afford the needed protection for the overwintering 
parasites. Experiments were therefore conducted in both the 

• 


• 


FIGURE 30.-Ccullpop(cx (I[k(l(', adult female. X 5. 

Eastern and the Lake States areas, in which the European con­
ditions were simulated as closely as possible. Large numbers of 
J.ll. brevicol'nis adults and corn heavily infested with corn borer 
larvae were utilized in these tests. No recovery was ever obtained 
in these experiments. Individuals that would have propagated 
readily in the laboratory failed to produce offspring when released 
near the test shocks. It was also found that the adults failed to 
overwinter when released in screened cages containing infested 
corn shocks. 

EXPERIMENTS WITI! ASSOCIATED INSECTS 

In 1920 larvae of the southern cornstalk borer (Diatmea cmm­ •bidoides (Grote» were tested in rep~'oduction experiments. It 
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was found that the female parasites attacked and deposited eggs 
freely on the D. cmmbidoides larvae. The parasite larvae, how­
ever, encountered difficulty in becoming established and did not 
feed as wen as on Pymusta rtubilalis, and a much lower average 
number of parasites per borer was produced. The D. cmmbidoi­
des larvae shortened and disintegrated from bacterial action 
sooner than did the P. nubilalis larvae. 

TESTING AGAINST PESTS OTHER THAN THE EunOPEAN conN BORER 

As early as 1920, the year of its introduction into the United 
States, 400 individuals of iUicrobmcon bl'evicol'nis were sent to 
Ames, Iowa, for tests against native borers. 

AduUs totaling 1,462 were sent to Charlottesville, Va., in 1921 
for an experiment in combating the southern cornstalk borer 
(Diatmea cmmbidoides). The following year 1,000 adults were 
shipped for a similar purpose, and 1,900 were sent to New Or­
leans, La., in 1922 to combat the sugarcane borer (Diatmea 
sacchamUs). In 1923 a total of 900 adults were sent to Urbllna, 
Ill., for use in experiments on the smartweed borer (Pyra'llsta 
ainsliei). In 1924, 200 cocoons were shipped to New Orleans for 
special breeding work. In 1925, 1,200 adults were shipped to 
Lafayette, Ind., for use against P. ainsz.iei, and in 1926, 2,300 
were sent to Ames, Iowa, for experimental studies. 

CAMPOPLEX ALKAE (Ell. & Sacht.) (Fig. 30) 

Order: H~'ffienoptera. 


Family: Ichneumonidae. 

Imported from: Europe, the Orient. 

Preferred host stage: Third- and fourth-instal" larvae. 

Method of parasitization: Egg laid free in body cavity of host. 

Hibernation: Larva within closely woven cocoon. 


Cam]Jo]Jlex alkae bears a close resemblance to another imported 
ichneumonid parasite, H01'ogenes ]Junctori'lls, in both the adult 
and larval stages. The adult of C. alkae may be distinguished by 
the presence of an areolet in the forewings, which is lacking in 
H. punctorilts. The diagnostic characters by which the mature 
larvae may be distinguished are shown in figure 19. 

The morphology and biology of Campo]Jlex alkae have been 
treated by Thompson and Parker (35) under the name Eulim­
neria crassifemul', and Baker and Arbuthnot (1) have discussed 
phases of its hibernation habits. 

The species is generally distributed throughout most of the 
countries of Europe and, as a result of 3 years of study, was found 
to be most abundant on that continent in southw~stern France. 
In the Orient it has been found only in Manchuria, and there 
only in areas Where one generation of the host is present; how­
ever, higher concentrations of the parasite are recorded there 
than in any locality in Europe. 
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TABLE 27.-Numbe1's of Campoplex alkae adults 1'eleased in the Unite~ States, through December 31, 191,0 ~ 

[All parasites from Europe except where indicated] 

State and County , Township I 1925_ 1926 11927 ~ 1929 1930 1931 1932 Total1 
>i 
to:: 

Connccticut: (')I 
New 1.ondon ___________ 0 0 0 167 13 683 0 26 889 ZEast Lyme ----I· = 

Do ---------------- ____ do ~ ------ 0 0 0 0 0 0 0 168 168 ~ 
t"'

Total --------------- ----------_____ 0; 0 0 167 13 ~ 683 0 194 1,057 II: 
c:~"I ... --""~ -" - -- . t"'Indiana: Steuben __________-' York t"' 
too:!---------1____ 0 0 ~. __ 0 1,45_~ '_ 1,35~.j 2,345 0 I 5,1~: .., 

.. I _ Z
J'lJassachuseits:~ . . 

~ 
00Barnstable ----------___ Chatham ------ 180 0 0 0 0 0 0 0 180 ;-0 

Do ---------------- Falmouth _____ 0 0 0 269 364 855 371 0 1,859 ~ histol - .-------------- Dighton -.----- 0 0 0 0 37 0 0 0 37 
!"Do --------.---- Swansea -.-.",- 0 0 0 0 295 0 0 936 1,231

Do '.--.------ - - do ~ ---_____ - 0 0 0 0 0 0 0 82 82 t' 
~ssex . --.-----_______ Peabody --.---.. 0 0 0 0 0 0 0 III 111 to:: 

Do _. ---______ Saugus -----__ 223 140 572 0 30 1,171 163 0 2,299 ~ 
Do .. ------------- ____ ao~ ----.___ 0 0 0 0 0 0 161 0 161 o..,

Middlesex ----.--------- Arlington ____ 754 75 610 1,257 2 0 0 14 2,840
Do______________ Concord ---____ 0 0 0 0 00 0 881 881 >

C'l 
Do --.---------- Malden --_____ 811 86 722 0 0 0 0 0 7,337 :e 

(5Do ... ------------- Medford - ___._ 253 1,004 653 0 0 0 0 87 1,997 c:Do •. -------------- ____d0 2 -_______ 0 0 0 0 0 0 0 13 13 
Do - --------------- Watertown ____ 0 0 0 0 0 0 0 0 31 ~ c:Norfolk --------------- Quincy ---_____ 0 0 0 491 1I 0 . 0 0 491 := 

to::Plymouth ------------ Bridgewater~ _. 0 0 0 0 0 , 0 403 7,674 8,077
Suffolk --------------__ Revere ---_____ 0 311 588 0 0 0 0 0 899 

Total ---------------- -----___________ 2,221 1,616 3,145 2,017 728 2,026 1,098 9,798 28,526 

•
~ . 



• • .. • 

t 

Michigan: 	 , 0 606 1,177 0 1,783
Lenllwee __ ~_" _________ I' Fairfield 0 0 0 0 

0 0 2,032 8,008:Monroe ________ .. Erie --------- 0 0 2,777 	 3,199 0 · 	 48 0 1,342 2,429 8,115Do . ,..________-_~-- Monroe ------ 0 0 2,582 1,714· 	 0 0 6,169St. Clair _______________ Columbus ---- 0 0 2,195 	 1,706 817 1,451 

6,619 865 2,057 2,519 4,461 24,075 = oTotal _______________ 1---------------- 0 0 7,554· 	 g 
New York:" 	 0 3,9162,181 1,735 0 	 ~ Cattaraugus Indian Res._ - ______________ 0 0 0 0 	 t"0 297EI'ie _ ______________ Lancaster ----- 0 0 0 0 297 0 0 

0 0 0 1,928 1,929 3,857 o n 
Jefferson ._____________ Adams .------- 0 0 0 

0 0 442 11 0 0 513 :z:Schenectady ___________ Glenville ------ 0 0 
0 6960 0 0Suffolk _______________ Southhold ----- 0 0 0 0 	 ~ o 

Total _______________ _ 0 0 0 2,920 1,806 1,928 1,929 9,279 t"
0· 	 o 

'IJ 

>'! 
Ohio: 4 	 0 8,084 = .Erie ___________________ Perkins ______ 0 889 4,251 2,944 0 0 0 	 tIJ · 	 2,804 14,289Henry _______________- Daniascus _____ 0 0 0 0 0 4,372 7,113

Lake __________________ Mentor _______ 0 0 2,720 2,540 0 0 0 0 5,260 a 
:cLucas _______________ _ 2,200 3,200 1,410 0 0 0 7,862 oJerusalem 0 1,052

Summit _______________ 	 0 0 0 705 0 0 0 705 t;Northampton . 
~ 

0
'Vood _________________ _ Perry _________ 	 0 0 0 0 0 0 198 >0 0· .- '-_. 	 Z 

4,372 7,113 2,804 36,398 nTotal ________________ 1---------------- 0 1,941 9,171 8,684 2,115· 	 o 
:c 
Z 


Pennsylvania: 
 0 = Ci'~wiord ______________ ., Greenwood ---- 0 0 0 0 354 0 0 354 o 
0 196ErIC ___________________ Harbor Cr. --- 0 0 0 0 :1:96 0 0 	 ~ :a 

0 0 550Total ________________ 1---------------- 0 0 0 0 550 0 
· .. 

~ 
01 
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TABLE 27.-Campoplex alkae adults 1'eleased in the United, States through December 81, 19~O-Con. 	 .... 
~ [All parasites from Europe except where indicated] 

State and County Township 1925 1926 1927 1928 1929 1930 1931 1932 Total1 

of 
lIIJRhode Island:5 	 oNewport _______________ 	 .Portsmouth ____ 0 0 0 0 0 0 0 1,002 1,085 = Providence _____________ 	 :tE. Providence __ 0 0 0 717 953 1,033 848 0 3,551 

Total ________________ 	 ~ 
0 0 	 1:11---------------- 0 717 953 1,033 848 1,002 4,636 c= 

t'" 

Total, United States ___ 
~ 

---------------- 2,221 3,557 19,870 18,204 9,601 13,336 15,851 20,188 109,682 ~ 
:t 

J The totals in this column include the numbers given in the ship; in 1924, 128 were liberated in Arlington Township, Middle­ :footnotes to this table. sex County. $" 
!! From the Orient. ~ In 1933, 696 from Europe were liberated in .Southold Town­ != 
a In 1920, 31 from the Orient were liberated in Watertown ship, Suffolk County, and 198 in Perry Township, Wood County. 

TQwnship, Middlesex County; in 1921, 4,968 from .Europe were :; In 1933, 83 from Europe were liberated in Portsmouth Town­ fll 

liberated in Malden Township, Middlesex County; in 1922, 17 ship, Newport County. ~ 
and in 1923, 733 from Europe were liberated in the same town­ ~ 

i 
~ 

I 

~ 
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• 
COLONIZATION 

Campoplex alkae was one of the first three species of corn borer 

parasites introduced into the United States, a small colony having 

been released in Watertown, Mass., in 1920. After that year 

releases in varying numbers were made annually in the eastern 

area tht'ough 1933. Releases in the Lake States area were first 

made in 1927 and continued annually through 1933. Adults of 

Oriental origin were released only in the years 1931 and 1932, 

although a small number of cocoons and adults were imported 

in 1930. With the exception of one colony at East Lyme, Conn., 

all colonies of Oriental material were confined to eastern Massa­

chusetts. Practically all importations and shipments of this 

species were made while the parasite was in the cocoon stage. 

Cocoons containing larvae that had not cast their meconia were 

found to be most suitable for shipping and storage. Data on 

the United States releases of this species are presented in 

table 27. 
FIELD STATUS 

The first recovery of Campoplex alkae was from cocoons col­

lected in the winter of 1925-26 at Saugus, Mass. In 1927 it 

appeared in collections from four towns in the vicinity of Malden, 

• 
.Mass., and in 1929 it was recovered at East Providence, R 1., and 

Quincy, Mass. The only recoveries of this species in the Lake 

States area were a few individuals taken in 1929 and 1930 in 

Jerusalem Township, Lucas County, Ohio. Since 1930 the spe­

cies has not appeared in the United States. The explanation for 

its failure to become established permanently is difficult to find. 

Recovery records in New England indicate that the species has at 

times been able to reproduce following a summer generation in 

the field. Apparently in the Lake States there has been no sur­

vival for more than one generation. One important factor that 

would militate against its success is its lack of seasonal rhythm 

with the host, as discussed by Baker and Arbuthnot (1). 

Although no hyperparasites have appeared from the few co­

coons recovered in the field, it seems probable that hyperparasit­

ization might be a controlling factor, since some material im­

ported from Europe is heavily hyperparasitized. Six species of 

secondary parasites have been recorded as attacking Cam,poplex 

a.lkae, and at times chalcidoids have appeared from imported 

cocoons, especially of Italian origin, in such numbers as to make 

collection of the C. alkae adults from the emergenee cages difficult. 

The sex ratio of adults emerging from imported cocoons has 

always been most satisfactory. From over 41,000 adults recorded 

from 28 lots ranging in size from 21 to 9,225 individuals, the 

females averaged 60.6 percent of the total. This. proportion varied 

little from year to year. 

• 
The adults are strong fliers and, unlike many parasites that 

linger for some time in the general vicinity of the release cage, 

usually make long high flights when liberated. 
Studies of this parasite have been made with the use of field 

cages (fig. 17.). Such studies h~ve fully corroborated the ap­

parently inefficient habit, noted by Thompson and Parker (35), 
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TABLE 28.-Numbers of ApanteZes thompsoni adults 1·eleased in the United States, through December 31,1940 00 

[All parasites released were from Europe except where indicated] 
I 

State and County Township 1926 I 1927 1928 I 1929 ...1930 1931 1932 Total~ t"J 

Connecticut: New London ___________ East Lyme __-_ o I 0 = 500 0 94 0 20,674 21,268 Z 

Indiana: Steuben ___________________ ~ York __________ t<0 0 0 2,346 888 2,466 0 5,700 t:cc: 
Massachusetts :2 t< 

Barnstable _____________________ Falmouth _____ ~ Bristol _________________________ 0 0 4,360 105 497 3,500 0 8,462 ...Swansea ______Essex __________________________ 0 0 0 284Saugus ________ 0 0 327 611 Z 
Middlesex ______________________ 1,240 5,628 0 0 0 4,510 0 11,378Arlington _____ .'"Do _________________________ 0 5,273 12,1273 0 0 0 0 18,127 ~ '" Concord _______

Do _________________________ Malden 0 0 0 0 0 0 2,827 2,827_______ SDo _________________________ 0 6,392 0 0 0 0 0 6,392Medford ______Norfolk ________________________ !,696 4,680 0 0 0 0 0 8,051 ?'
Quincy ________Suffolk _________________________ 0 1,695 6,314 0 0 0 t:l]Revere ________ 0 8,009 t"J0 5,282 0 0Total ________________________ 0 5,282 ~ 

---------------- 2,936 28,950 22,801 389 497 8,010 3,154 69,139 o 
"'J 

Michigan:Lena\vee _______________________ 1;
Fairfield ______ ~Monroe ________________________ 0 0 0 0 0 1,958 1,573Erie __________ 3,531 nDo ________________________ 0 3,625 0 0 0 0 c:7,938 11,563Monroe ________ 

Oakland _______________________ 0 0 5,871 1,146 0 E;Oxford ________ 0 0 7,017
St. Clair _______________________ 0 0 0 0 0 1,961 0 1,961 c:Columbus _____ ~Washtenaw ____________________ 0 0 200 3,747 964 2,424 0 7,335 l':IAugusta _______ 0 0 0 1,975 1,455 3,430Total _________________~_____ 

---------------- 0 3,625 6,071 4,893 964 8,318 10,966 34,837 

". 
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New York:4 1,973 0 29,3100 1,201 22,611 2,609 916

Cattaraugus Indian Res. --------- --------------- 1,993 0 1,993Cattaraugus ___________________ Rar..dolph ----- 0 0 0 0 0 
0 1,970 0 11,902Chautauqua ____________________ Portland ----- 0 0 9,932 0 

0 3,218El'ie Lancaster ---- 0 0 C 1,227 0 1,991 
> ________________________ - 0 0 1,994 17 2,011Jefferson _______________________ Adams ------- 0 0 0- 556 ttl0 58 498 0 0Schenectady ____________________ Glenville ----- 0 0- 0 126 :5

Suffolk _________________________ Southold ----- 0 0 0 0 0 

\Vyoming _______________________ Java ---------

-
-

0 
0 0 0 0 0 1,990 0 1,990 8 

C) 


0 1,201 32,543 3,894 1,414 11,911 17 51,106 
Total -----------------------_.---------------- ~ 

o o 
Ohio:" 0 0 11,979Erie ___________________________ Perkins ------ 0 904 10,000 0 0- 0 0 0 1,981 1,482 3,463 ~ Hancock _______________________ :Marian ------ 0 0- 477 4,097 2,472 7,046 o

Henry _________________________ Damascus ---- 0 0 0 0 t<- 1,995 996 2,991Huron _________________________ Richmond --~- 0 0 0 0 0 o- 0 0 0 25 "JLake __________________________ Mentor ------- 0 0 25 0 
0 12,724 ...Lucas __________________________ Jerusalem ---- 0 0 9,022 2,577 1,125 0 

0 0 0 1,461 1,461Putnam ________________________ Jennings ----- 0 0 t;J0 
0 0 0 1,988 0 1,988 == 

Summit ________________________ Northampton - 0 0 
0 319'Vood __________________________ Perry -------- 0 0 0 0 ~ 0 0 :.;0 10,509 10,509Do ________________________ Webster ------ 0 0 0 0 0 o 

Total ________________________ 1________________ 16,920 52,5050 904 19,047 2,577 1,602 10,061- ~ 
, o 

Pennsylvania: IGreenwood ---- 0 0 0 0 0 2,000 0 2,000 
o 

CrawfOl'd ---------------------- Harbor Creek __ - 0 0 0 1,778 0 3,774 ~ Erie __________________________ _ 1,996 0 4 - ttl
Total _______________________ _ 5,7740 0 0 1,778 0 3,996 0

1---------------- ~ 
1 1 :.; 

t-L 
CJ.:) 
~ 
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TABLE 28.-Apanteles thompsoni adults released in the United States through December 81, 1940-Con. .­
~ 

[All parasites released were from Europe except where indicated] 

State and County Township 1926 

Rhode Island:6 _____________________ 
~e'vport _______________________ Portsmouth ____
Providence ___________________ E. Providence __ 

0 
0 

Total ________________________ 
---------------­ 0 

Total, United States ___________ ---------------­ 2,936 
~-

1 The totals in this column include the numbers given in the 
footnotes to this table. 

~ In 1925, 727 adults were liberated in Arlington Township, 
Middlesex County, and 1,675 in Medford Township, Middlesex 
County. 

3 Includes 5 laboratory-bred specimens. 

1927 1928 1929 1930 1931 193? Total1 

t,l 
l'J e 

0 0 0 0 0 0 10 ~ 0 7,177 303 0 4,266 0 11,746 e 
>
t" 

0 7,177 303 0 4,266 ,0 11,756 ~ 

34,680 88,139 16,180 5,459 49,028 51,731 252,085 ~ 
·In 1933, 126 adults were liberated in Southold Township, '" Suffolk County. ~ "" 
5In 1925, 1,075 adults were liberated in Perkins Township, ~ 

Erie County and in 1933, 319 adults were liberated in Perry fIl.Township, Wood County. 
uIn 1933, 10 adults were liberated in Portsmouth Township, ~ 

Newport County. ~ 
~ 
>
Cl 
~ a
c:: ,.,t" 

c:: 
~ 
l'J 

•
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of laying several eggs in one host in so many instances as to 
exclude the occurrence from being a matter of chance. Such 
superparasitization results in the death of all or all but one of 
the parasites in a single host. The most important factor dis­
closed by these field-cage studies, and one that possibly has a 
considerable bearing on the failure of the parasite to become 
established on Py)'(wstCL nubilalis, was the apparent incompati­
bility of the parasite with the host larvae that were prevalent 
near the western shore of Lake Erie. 

Oviposition was readily obtained in the field cages, but in many 
cages the eggs failed to hatch, even when only one was deposited 
pel' host. Of those that did hatch, almost all the larvae died in 
the first instal'. Only a few live parasite larvae in the second 
instal' have been recorded. Although parasitization as high as 
33 percent (as found by dissection) of the hosts was accomplished, 
no adult parasite was ever produced. It seems possible that somE} 

FIGURE :n.-flJ!ltlltchs tholltpsoni, adult female. X 25. 

enzymic action was present, or possibly some necessary hormone 
was lacking in the borers of the Lake States area, which inhibited 
development of the immature parasite stages. 

If such incompatibility of host and parasite is the limiting 
factor, further releases in the area already tested would be. des­
tined to failure. No liberations have been made in the infested 
area south of New York. 

It is possible that the restricting factor or factors that would 
permit successful establishment may be absent in New Jersey or 
southward. 

Ap.\~n:LES TIIO~rI'SO~1 Lyle (Fig. 31) 

Order: Hymenoptera. 
Family: Braconic1ae. 
Tmported from: Northel'l1 France (a few from Japan). 
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Preferred host stage; Second-, third-, and fourth-instal' larvae. 
Method of parasitization: Deposits eggs fl'eely in body cavity 

of host. Deposits 20-25 eggs at a single thrust OT the ovipositor, 
Hibernation: Partly grown first-instal' larvae within body of 

host. 
ApanteZes thompsoni is a thelyotokous, gregarious braconid 

parasite which Occurs in Em'ope only III regions where the Euro­
pean corn borer has but one generation. The results of a study 
of this parasite in Europe have been presented by Vance (39). 

COLO~IZATlO:-' 

Apanteles thompsoni was first released in the United States at 
l\ledford and Arlington, Mass., in 1925 and was imported and 
liberated each year from 1925 through 1933. 

In 1927 it was imported in particularly large numbers and was 
released for the first time in the Lake States area. Liberations 
in this area continued through 1932, Data on the United States 
releases of Apanteles thompsoni are given in table 28 . 
. Because this parasite reproduces without fertilization by the 

male, and produces numerous offs,ring hom a single host, it was 
thought to be an ideal species for laboratory reproduction. How­
ever, attempts to obtain adults for liberation by laboratory rear­
ingproved discouraging. Only a small number of the hosts 
exposed for pal'asitization produced parasites and the number 
of parasites per host, under conditions of mass production, was 
low. Only five adults from this source were released. 

FIELO STATUS 

Apanteles thompsoni has bei:J1 recovered in the United States 
only at Saugus, Mass. A single parasitized host larva was taken 
in the fall of 1927 following a release of over 5,000 individuals 
at that point during the current year. The reaf)on for the failure 
of this parasite to become established is not known. Its thelyoto­
kous type of reproduction eliminates mating failure as a factor 
in establishment. It has been tested under diverse environmental 
conditions in areas where the life cycle of the host approximates 
that of the species in the region of its origin. It has not been 
tested in the mOl'e southern range of the borer in the United States 
but, since it is restricted to the I-generation areas of the host in 
Europe, it seems unlikely that success would follow its introduc­
tion into warmer parts of the infested area. 

APA~TELES 51'. 

Order: Hymenoptera. 
Family: Braconidae. 
Imported from: Japan. 
During the season of 1929 a braconid parasite, closely resem­

bling, morphologically, the gregarious parasite A]Janteles tho1n1J­
soni, emerged from hosts imported from.Japan. Unlike the 
European species, however, males were present. In 1931 and 

• 

• 

• 


• 
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1932 this parasite appeared again in small numbers from imported 
oriental material. A few small colonies (table 29) ha.ve been 
released in the United States. The species has never been re­

• covered. 

,0 

• 
FIGURE 32.-CCWl!)oplC:1: lIlulticinctus, adult female. :< 12. 

TABLE 29.-Sumb(>1's of i-\panteles sp. adults 'released in .the 

State and County 

nYassach usetts: 
Bristol 
Essex 
Plymouth 

Total 

NeW York: Schenectady 

['nited States 

Township I 1929 I 1931 1932 Total 
"--~.--.- -~.~- ._-- ~---I----

• Total, "enited States 
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C,\MPOPLEX ~IULTICI:\CTI.:S era\'. (Fig. 32) 

Order: Hymenoptera. 
Family: lchneumonidae. 
Imported from: France. 
Preferred host stage: Probably small larvae. 
Method of parasitization: Egg deposited probably directly into 

body of immature host larvae. 
Hibernation: Larva in cocoon. 
Among the cocoons of Cc£mpoplex alkae and Mic1'ogaste1' tibialis 

imported from Paris, France, there appeared a small number of 
cocoons similar in coloration to those of C. alkae but slightly 
smaller in length and diameter and less dense in texture. From 
Buch cocoons there emerged two species of campoplegine para­
sites, CCLmpoplex ntlllticinctus and C. pymustae, bearing a close 
resemblance to each other. 

The chief diagnostic character for distinguishing between these 
two species lies in the thoracic carinae. In Campoplex multi­
ciuctus the median carinae are complete. The appearance of the 
thoracic sculpturing of the two species is shown in figure 33. 

FIGURE 33.-Dorsal view of propodia of parasite larvae, showing character of 
medium carina.:: ..t, ('a.IIlPU p/('J,; 'IIllllticinctlts .. E, C. lJY1'CtllstCtc. 

Campoplex multicinctus was originally described in 1829. A few 
specimens of it were obtained each year from 1927 to 1933, in­
clusive, with the exception of 1931. Data on the releases of this 
species are given in table 30. 

As in the case of other parasites imported in the cocoon stage, 
a number of hyperparasites are associated with Campoplex mul­
ticinctus. Chief among these are SCCL1nbus nigricans (Thomson). 
Celis ft'alldlllentus (Foerst), Celis sp., and an undetermined chal­
cidoid. 

One individual of this species was recovered from a collection 
of borers taken in the summer of 1927 at WobUl:n, Mass., follow­
illg releases made early that year in neighborinll towns. 

• 

., 


• 


• 
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TABLE 30.-Numbe1·s of Campoplex nmlticinctus adults 'releasea 
from Ewrope in the United States, through December 81, 19,40 

• State and County Township 1927 I 1929 1930 1932 TotaP 
1-----------

Massa,chusetts :2 
Barnstable _______ Falmouth 0 17 0 0 22 

Swansea ____ 0 15 0 22 37Bristol --..,.-------Essex ___________ 
Saugus 114 103 239 0 456 

Middlesex ___ 94 230 3 570Arlington 0Do ------,.... 
Concord ... _-.... 0 0 0 22 22Do __________ Medford 12 0 0 0 12

Suffolk _________ Revere ______ 10 0 0 0 10 ---------, ------
Total 230 135 474 47 1,129 

• ------ = 
New York::1 

Schenectady ----- Glenville ---- 0 26 0 0 26 
Southold ---- 0 0 0 0 35Suffolk ""._--------"' ---------, ------

Total ----.... ---- ..------------ 0 26 0 0 61 

------==---
Ohio: Lucas _______ Jerusalem ___ o 357o o 357 

Rho~e~~1~~·~~______ .. _ 'I 0 I=­PortsmC!uth 0 ---0 0 49 
PrOVIdence ______ E. provldencel___O_j~ 0 __O_~ 

:::::. -------- ·-------------'l'---~ It 74 0 0 123 

• United States _____________ 230 235 831 47 1,670 

1 The totals in this column include the numbers given in the footnotes to 
this table. 

~ In 1928" 243 adults were released in Arlington Township, Middlesex 
County. 

a In 1933, 35 adults were released in Southold Township. Suffolk County. 
~ In 1933. 49 adults were released in Portsmouth Township, Newport County. 

CA~ll'OI'LEX I'YHAl:STAE Smith lFig. g.t) 

Order: Hymenoptera. 

Family: Ichneumonidae. 

Imported from: France. 

Preferred host stage: Probably small larvae. 

Method of parasitization: Egg probably deposited directly into 


body of :lost, larva. 

Hibernation: Mature larva in cocoon. 

This is another of the campoplegine parasites that appeared 

among collections of Cconpoplex alkae and Micl'ogctste1' tibialis 
cocoons collected in the vicinity of Paris, France. Following its 
discovery as a parasite of Pymllsta ll11bilalis, it was described 

• 
as a new species by Smith (31). Its importation and col­
onization in the United States parallels closely that of Cltmpo­
plex nmlticinctus. Liberation data for C. })y1'Clustae are given in 
table 31. 

S2S~64'-5(}--lO 
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TABLE 31.-Numbe1's of Campoplex 'PY1'a'ltstae adults .1'eleased in 
the UnUe(l St(£tes, through December 31, 1940 

State and County Township 1927 119291~ 1932 TotaP •Connecticut:
New London _____ East Lyme __ 0 1 0 0 1 

Massachusetts :~
Barnstable _______ Falmouth 0 2 0 0 2
Bristol -----... _--- Swansea --- 0 5 0 16 21 .. 

Saugus _~___Essex - ,.----~---- 0 176 113 0 289
Middlesex Arlington .,,_ 258 0 125 7 1,293- ""----Do Concord 0 0 18 ___ ~-~~~-----_____ ---- 0 18Do ,'_,, Medford -- .. 47 0 0 0 47 •Norfolk ____ • ____ Quincy 0 7 0 0 7Suffolk __________ Revere ___ •__ 20 0 0 0 20------ .-------- ­

.... W<,~"" ___ ~,, __~Total __ 325 190 238 41 1,697 
'"'F'··"_ -"~=l-== ------

New York:3 

Sch(!nectady Gbnville 0----- o 41 0 4
Sun'olk _._--- ...._--- Southold ---- __O~__O~ 0 12 


Totnl 
 ---------- ,.. .#.",.--------- O! 41 0 0 16 
==.~-= 

Ohio: Lucas Jerusalem ,-,.... - 0 0 38 0 38Rhode Island :1~-------
Newport -------- Portsmouth 0 0 0 0 24
Providence -...-- ...-- E. Providence 0 23 0 0 23 

~ ~-
Total ...,. ... ----- -... ----~" I 0 ~I--o 0 47 •Total, 218r--:~United States 

! 
~-.",--- ... 325 41 1,799 

-
1 The totals in this column include the numbers given in the footnotes to 

this table. 
2 In 1928, 903 ndults were released in Arlington Township, Middlesex 

County, 
:11n 1933,12 adults wel'e released in SO~lthold Township, Suffolk County• 
. \ In 1933, 24 adults were l'eleased in Portsmouth Township, Newport County. 

One individual of this species was reared from a collection of • 
corn borers taken in the summer of 1929 at Quincy, Mass., fol. 
lowing a release of seven individuals of the species at that colony
site earlier in the year, 

Bl\AC()~ ,\THlCOHXIS (Smith) (Fig. 35) 

Order: Hymenoptera. 

Family: Braconidae. 

Imported from: France and Japan. 

Preferred host stage: Probably small larvae. 

Method of parasitization: Probably deposits egg directly into • 


body cavity of hORt. 
Hibernation: Within mature host larva. 
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Bmcon lLtI'icomis \vas described by Smith (30) under the name 

• 
Aga,this atricomis. Material imported into the United States 
originated in central France, northern Italy, and southern Japan. 
Only a few adults of this parasite were obtained from host larvae 
from either cQ:mtrjr. With the e.'(ception of a release of 183 indi­
viduals in 1933 at Newport, R. l., all colonies consisted of less 
than 50 adults. None were liberated in the Lake States area. The 
r.::leases in the United States ~re given in table 32. 

• 

• 

FIGURE 34.-Campople.r: ]JUI'(lllstac, adult female. X 13. 

This species has never been recovered in the United States. 
Since gravid females will oviposit readily in young feeding 

borers in the laboratory, the reason for the failure of Bmcon 
O.lricomis to show even initial establishment was probably due 
tc- the small size of the colonies. 

l\h:n:Olu:s ~ICIUCOLLIS Tholl15. (Fig. 36) 

Order: Hymenoptera. 
Familv: Braconidae. 

• 

Impol:ted from: Northern France. 

Preferred host stage: Third-, fourth-, and fifth-stage larvae. 

Method of parasitization: Single egg laid free in body cavity 


of host larva. 
Hibernation: In cocoon. 



• • 

~ 
~ 

TABLE 32,-Nmnbers of Bmcon at1'iC01ilis adults 1'eleased in the United States, through Decembet' 81, 1940 00 

[All parasites originat::!d in the Orient except wher~ indieated} 

j 

State and County I Township 1929 I 1930 1931 1932 1933 1934 1935 Total ~I-----.- . 
:f01'd _-__ • __ = Connecticut: Hal' E, Hartford __ •• __ 0 0 0 0 0 5 7 12 Z 

- - -- ~ 
t"

::Massachusetts: Peabody ____________ It
Essex 0 0 0 8 0 0 0 8 c::Do ____ ,-------------- Saugus _____________ 48 20 0 0 0 0 0 68Do ____ _ ------------~ dol., _________ ~ 

0 8 0 0 0 0 0 8 
Middlesex ~._ -------------- Arlington _._________ 0 0 0 2 0 0 0 2 ~ -------'... _----- Concord _ _ _________ ZDo 0 0 0 0 0 4 0 4-----------..,.-"'" ~ledford ____________Do ~~_ 0 0 0 27 0 0 0 27 QO "" _____ do . _________Do ___ _ ------------~ l !"..,.---------_._,. 0 0 0 6 0 0 0 6 
Plymouth __ Bridgewater ________ 0 0 4 0 0 0 0 4 !=----------... ­

!IlTotal .__ _ 48 28 4 43 0 4 0 127----------_ .... ._--------------- e 
I'l 

Rhode Island: ~ 
Newport _ Portsmouth 0 0 0 18 183 0 0 201 o-------------- "'.:Do .,_'-_ _ ___ .••dol -.-.- -"-'-'- 0 0 0 0 10 0 0 10-------------- . >Total ___ _ c:'l0 0 18 193 0 0 211---------- .... --,... --------------------- :c 

(5 

!d States ______ 1'93 i c:: 
Total, Unit ,: 1- 28 4 61 7 350 E;._------------------- 9 II c::

:c 
1 From Europe, I'l 

•
• .it 
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• 
A colony of 8 adults of Meteorus n'iyricollis was released at 

Newport, R. I., in 1933. Since this represents the entire quantity 
made available for release ,\n the United States from the consid­
erable amount of host mp,terial observed in the country of its 
origin, its unimportance- as a European corn borer parasite is 
readily appreciated. Notes on the biology and morphology of 
this parasite,as ascertained from the study of a small number 
of individuals associated with the European corn borer in France, 
have been published by Parker (25). The 8 adults released at 

• 

FIGURE 35.-Bmcon atricomi8, adult female. X 4. 

Newport were obtained from 68 cocoons received from Europe in 
the spring of 1933, and no recoveries of this species have been 
made in the United States. 

Al'LO~IY.\ mTls CMeig.) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from: Europe.

Preferred host stage: Probably from small larvae to fourth 


• 

instal'. 


Method of parasitization: Probably deposits mature eggs or 

living larvae. 


Hibernation: Small larvae within mature host larvae. 
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From the imported host larvae received in the winter of 1927­
28 from the vicinity of Paris, France, there emerged a small 
number of larvaevortds, similar in general appearance to Lyclell(L 
stabui(tns grisescens, but having hairy eyes. This hairy-eyed 
species was introduced under the name Z enillia, mUis Meig., but • 
at that time no difference in morphology or coloration was found 
between it and the widely distributed Ap[omya caeswr, which is 
native to the United States. 

Importations of small numbers of this parasite were made an­
tmally from 1928 through 1933, inclusive, and small colonies were 
released each year in both the Eastern States and Lake States 
areas. The largest colony was liberated in Jerusalem Township, 
Lucas County, Ohio, in 1930. Releases of the species in the United 
States are given in table 33. 

• 


FIGUlUJ 86.-Mt'tcOI'H,Q 'Ilitll'ico/li.q, adult female. X 10. 

The confusion that existed regarding the identity of Aplomy(£ 
m.itis with .4. caesal' has, in the past, made accurate recovery 
records impossible. An examination of the data relative to re­
covery of larvaevorids conforming to the description of either 
A. mitis or A. caesar shows that such flies have been recovered 
in nearly equal numbers from localities far removed from colony 
sites of A. mitis, or in collections made prior to the introduction 
of A. mitis, as from localities in the vicinity of points where 
A. mitis had been released. However, Wendell Sellers has recently • 
completed a study of the genus and has found a diagnostic char­
acter by which the European species may be distinguished from 
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• 
the form native to the United States. In A. mitis, the species 
imported from Europe, the parafrontals are silvery-smoky, where­
as in A. caesa'r, the species indigenous to the United States, they 
are tawny-brassy. Mr. Sellers' research in connection with the 
genv.s led 	him to believe that none of the flies recovered in tbe 
United States belong to the species A. 'mitis. 

PSEUDOI'EHICHAETA HOSEANA£ (D. & D.) (Fig. 37) 

Order: Diptera. 

Family: Larvaevoridae. 

Imported from: Europe. 

Method of parasitization: Fully developed eggs deposited on or 


• near host . 

• 

FIGURE 37.-Psf!uclopcricitaf!ta ?'osccmac, adult female. X 9. 

Preferred host stage: Probably middle larval instars. 
,Hibernation: Larva within mature host larva. 

• The morphology of the immature stages and of the adult 
Pseudopel'ichaet(L 1'OSC(/.1tuc and a brief account of its biology ,1S 
a parasite of the European corn bo~er in Europe, have been pub­
lished by Thompson and Thompson (36). 



• • 
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Ot 
1,,;:)TABLE 33.-Numbers of Aplomya 1nitis adults released {rom E1.I,rope in the United States, through December 31, 

--- ..'-- ­ ~~-- ..-

State and County 

Connecticut: New London ____________ 

Indiana: Steuben ___________________ 

Massachusetts:Barnstable _____________________ 
Bristol _.. ______________________
Essex __________________________ 
Middlesex _____________________ 
Norfolk ________________________ 

Total _______________________ 

Michigan:Monroe _____________ .__________ 
St. Clair ___ .___________________ 

Total ________________________ 

New York:
Cattaraugus Indian Res.•______ .._ 
Erie ___________________________ 
Schenectady ___________________

'-' Suffolk _________________________ 

Total ________________________ 

• 


1940 


Township l 1928 1929 I 1930 I 1931 1932 1933 

II ---I ' · 
1 East Lyme ------------j.=-_~ .. 3 .",.... , 140 L. 14 I ... 3 0 

1 York ----------~--- 0 8 0 0 0 0 

Falmouth .____________ 9 0 130 60 0 0 
Swansea ------------- 0 5 0 0 W 03
Saugus '._____________ 0 0 39 3 0 0 
Arhngton ___________ 176 0 0 5 2 0 
Quincy .--___________ 82 0 0 0 0 0 

______________________ 267 5 169 68 5 0 

I IMonroe ______________ 0 10 0 0 0 0 
Columbus ------------- 0 I 0 385 0 0 0 __•• ... _\__.. 
_____________________ 0 10 385 I 0 0 0 

::;-....=--~--

._______________________ 0 16 0 0 0 0 

Lancaster ____________ 0 1 0 0 0 . 0 

Glenville ------------- 0 0 347 0 0 I 0 
SoutholCl ______________ 0 0 0 0 0 99 

----.------------------ 0 17 347 0 0 I 99 I 

Total ~ 

nl"l 
178 ~ 

8 	 ~ 
t:: 
c: 
E=199 ~ 

8 Z 
42 

183 	 : 
82!'" 

514 ~ 
t;) 

10· ~ 
385 0'>:2 
395 E; 

:: 

g
16 E3 

1 c: 
347 E:l 

99 

463 

• 	 • ... 



• • • • • ~ 

m~: I
Henry --------- ~________________ I- Damascus ------------- 96 0 181
Lucas __________________________ JEJrusalem ____________ _ 

OD 
1,32~ 93 0 0 1,426~I ~I 1 o'" OD Wood -------------------------- PIlrry ----------------1 - 1 - 1___ ~~0 57 57 

c.> 


'"... Total ______________________-. --I ------------ ----------- 01 5 1 1,424 I 131 47 57 1,664


i == 
Harbor Creek _________ 01 20 1 01 o 1 01 01 20 l:"TPennsylvania: Erie ----------------

(5 

0 
C)...... .... 
n 
>Rhode Island: I Portsmouth __________ _ 8 

Providence ____________ _ ,~ I 4g I n _ ______ ~INe~ort -----.-------.-==::~=~~ E. Providence ---------, ~I1 -- 1 12~ I ~I 180 0 

t' 

Total ______________________ _ II! o I 15 I 120 1 45 1 41 41 188 ~ 
~ 
0 
t' 

Total, United States _ 285 I 83 1 2,585 1 258 1 59 1 160 1 3,430 0 
'oJ 
~ 
~ 
t"l 
t"l 
d 
~ 
0 
I'd 
t"l 
>
II! 
n 
0 
~ 
II! 
til 
0 
~ 
l'!l 
~ 

~ 
<:.I' 

"'" 
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01 
..-TABLE 34.-Numbe1·s of Pseudope1"ichaeta 1'oseCLnae adults 'released in the United States through December 31, 

19J,.0 K'"­
[All parasites from Europe except where indicated) 

State and County Township 1925 1926 1927 1928 1929 1930 I~I 1932 1 1933 1 1934 1 TotaP­ ... 
tI!J a 

Connecticut: I =: 
Hartford .. ___________ E. Hartford ___ 0 0 0 0 0 0 0 0 o! 2,280 2,280 Ii!: 
New London _~_______ East Lyme _____ 0 0 0 0 557 2,3591 152 2,406 0 0 5,474 8 

t'Total ___________________-"________ --0- ---0-----0--0- ---s57 2,3591~ 2,406 ----0- 2,280"7:754 
> 

= d 

§ 
t' 

Indiana: Steuben ________1York _________-1 0 I 0 I 0 I 0 4,956 1,7931 1,777 0 0 0 8,526 

Ii!: 
Massachusetts :2 oa '" Barnstable __________ Falmouth ______ 0 0 0 717 4,409 654 2,630 0 0 0 8,410 ?

Bristol ______________ S\vansea _______ 0 0 0 30 1,974 0 0 775 I 0 0 2,779
Do ______________ ____do 3 ________ 878 ~ 

0 0 0 0 0 0 0 0 0 878Essex _______________ fDPeabody _______ 0 0 0 0 0 0 0 12 0 0 12Do ______________ Saugus ________ t;j0 215 5,732 0 1 88 1,799 0 0 0 7,835 tI!JMiddlesex ___________ Arlington ______ 101 177 8,784 241 0 0 0 0 0 0 9,303 '"d
Do ______________ Concord _______ 0 0 0 0 0 0 0 4,607 0 47 4,654 ~ 
Do ______________ Malden ________ 197 87 6,357 0 0 0 0 0 0 0 7,481 o 
Do ______________ "lAledford _______ 361 2,775 7,297 0 0 0 0 0 0 0 10,433Do _____________ >Watertown ____ 0 0 0 0 0 0 0 0 0 0 94 

Norfolk _____________ Quincy ________ 0 0 2,849 1,995 0 0 0 0 0 0 4,844 ~ 
Suffolk ______________ Revere ________ 80 0 8,079 0 0 0 0 0 0 0 8,079------------------------------ d 

Total ______________ 659 3,254 39,098 2,983 6,384 742 4,429 6,272 0 47 64,802 Ei 
d 

==========--­ " Michigan: 
tI!J 

Lenawee _____________ Fairfield _______ o 0 0 0 o 1,375 0 1,853
Monroe ______________ Erie ___________ ~ 0 3,228o 0 3,278 0 o 0 0 298 o 0 3,576Do ______________ Monroe ________ o 0 0 1,803 1,784 0 0 0 o 0 3,587St. Clair ___________ Columbus ______ o 0 0 31 3,943 2,050 0 1,481 o 0 7,505 

Total ______________________________ o 0 3,278 1,834 O! 3,632 oI--17,8965,727 j 3,425 0 

)(, 



• • 

-------- --

• 

----

• }. 
New York: 

Cattaraugus 
Indian Res. ___ 0 0 0 5,714 14,127 1,975 0 0 0 0 21,816

Chautauqua ___________ Portland _- ___ _ 0 0 0 589 0 0 0 0 0 0 589-Do _______ . ______ Westfield 0 0 0 86 0 0 0 0 0 0 86-Erie ____________• ____ Lancaster .. _- .. 1} 0 0 0 501 0 0 0 0 0 501-Jefferson •.___ - ._.__ . Adams 0 0 0 0 0 0 1,715 332 0 0 2,047 til-Schenectady ____ .... _ Glenville ____ _ 0 0 0 0 4,572 0 0 0 0 0 4,572 o-Suffolk • ___ .. _____ •.. - Southold ______ 0 0 0 0 0 0 0 0 45 0 45 bDo __________________do 3 _______ - c;l0 0 0 0 0 0 0 0 87 0 87-
Total ______________ _______________ 

-------- ~ I 0 0 0 6,389 19,200 1,975 1,71& 332 132 0 29,74 t"'-
-- _.-.",.------ -------------= C') 

o 
II!Ohio:

Erie ________________ Perkins _______ 0 0 556 97 0 0 0 0 0 0 65 ~-Hancock ___________._ Marion ____ • __ 0 0 0 0 0 0 0 2,099 0 I) 2,09 o 
Henry ______________ Damascus ____ _ ­ 0 0 0 0 0 4,978 5,089 6,112 0 0 16,17 

t"' 

Lake _______________ , l\lentor _. _____ _ - oO· 0 0 196 0 0 0 0 0 0 19 "'l
Luc:ls _____. _________ . Jerusalem ___ _ ­ 0 0 59 816 5,682 2,040 2,780 ° 0 0 11,37
Putnam ____________ Jennings _____ - 0 0 0 0 0 0 0 1,773 0 0 1,77 ~ 
\Vood _______________ Perry ________ - 4 

l'l0 0 0 0 0 0 0 0 48Do _____________ • ____ do 3 _______ - l'l0 0 0 0 0 0 0 0 9 0 

Total _____________________________ _ 


- ._-° -- c::-------- ----------- ~ 
0 0 615 1,109 5,682 7,018 7,869 9,f/84 57 0 32,33 o- ." 

-------------- ------ > 
l'l 

--~-

Pennsylvania: Z 
Crawford ___________1Greenwood ---- C')0 0 0 0 13 0 0 0 0 0 1Erie ________________ Harbor Creek __ 0 0 0 0 3,787 0 0 0 0 0 3,78 ~ 

Total _____________________________ _ --------- ---- --- II! 
0 0 0 0 3,800 0 0 0 0 0 3,80' til 

o
:c 
l'l
:c 

..... 
c:J1 
c:J1 
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• • 

TABLE 34,-Pseudoperichaeta roseanae adults released ,in the United States through December 31, 19J,O--Con. ~ 
[All parasites from Europe except where indicated] ~ 

State and County Township 1925 1926 1927 1928 1929 1930 1931 1932 1933 1934 TotaP 

~ 
Rhode Island: Cl

Newport ___________ Portsmouth ____ 1:1:0 0 0 0 0 0 0 25 15 0 40Do ______________ Z____ do 3 ~------- 0 0 0 0 0 0 0 618 69 0 687
Providence __________ E. Providence __ 0 0 0 1,036 4,270 24 3,248 0 0 0 8,578 ~ 

Total ______________ 0 0 0 1,036 4,270 24 3,248 643 84 0 9,306 III 
~--------------- d=1===------------------

Total, United States _________________ 659 3,254 42,991 13,351 50,576 17,336 19,190 23,269 273 2,327 174,160 § 
Z 

1 The totals in this column include the numbers given in the County; in 1921, 784 were released in Malden Township, Middle­ :
footnotes to this table. sex County; and in 1922, 56 were released in the latter Township. .. 

~ In 1920,94 were released in Watertown Township, Middlesex :I Of domesic oriein. !== 
{II 

~ 
~ 
~ 
i! 
Cl 
d 

~ 
&: 

•
;.' 
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COLONIZATION 

This larvaevorid was one of the first three species to be im­
ported, a small colony being liberated at Watertown, Mass., in 
1920. 

The species was imported annually from 1920 through 1934, 
except in 1923 and 1924. Releases were made in the Lake States 
area in 1927-33. Colonization rlata for this species are given in 
table 34. 

The earliest importations were rn.'lde in the summer with the 
parasite in the pupal stage. The great bulk of the imported 
material, however, was received as immature larvae within hiber­
nating host larvae shipped during the winter months. A few 
adults. were obtained from northern Italy and from the area 
around Paris, France, but most of the imported material came 
from southern France. 

FIELD STATUS 

Pseudopertchaeta roseanae is another of the imported larvae­
vorid parasites which has been confused with a species indigenous 
to the United States, being indistinguishable, morphologically, 
from P. erecta (Coq.). Accuracy of recovery records, therefore, 
relative to P. roseanae has been impossible, and it is regarded 
as never having been established. However, unlike the evidence 
that suggests the probable nonestabJishment of the equally con­
fusi!1g larvaevorid Aplomya mit'is, there is some indication that 
initial establishment at least followed the introduction of P. 'tosea­
nae at certain points. 

From the year 1927, when general collections to determine the 
status of corn borer parasites were first begun, a larvaevorid 
conforming to the description of Pseudoperichaeta 'roseanae was 
obtained yearly from most of the locations examined in eastern 
New England. In 1927 and 1928 these recoveries indicated a 
parasitization no greater than 1 percent at any of the locations 
observed, whether near release points or otherwise. In the sum­
mer of 1929, however, a season in which certain other imported 
parasites of the corn borer showed a noticeable increase, para­
sitization by this larvaevorid throughout eastern Massachusetts 
was generally higher than in the two previous years, with two 
of the collections showing concentrations higher than 17 percent. 
In the summer of 1932, 2,300 adults of this larvaevorid were 
recovered from a large amount of host plant material, which 
produced 7,400 adults of 1/orogenes puuctorius but only 1,600 
adults of Lydella stabulalls grisescclls. While such concentrations 
do not conclusively demonstrate the establishment of P. 1'OSCct1WC, 

they indicate the presence of some factor, such as the introduction 
of a foreign parasite, which exerted a greater augmenting in­
fluence than could be expected from the normal concentrations 
of a native parasite. 

\Vhether or not Pseudo1Jel-ichaeta. 1'oseancte ever became estab­
lished may be open to question, but records of recent years point 
conclusively to its failure to maintain itself. No recovery of a 

8~836~~-51}-12 
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larvaevoricl resembling P. 1'OS(?a/we has been made for a numuer 
of years from any collection of European corn borers in the United 
States. -

While parasitization of corn bOl'ers by Pseudop<!ricJweln 1'osea­
'/lac in most areas in Europe is low, seldom rising above 1 per­
cent, it has reached considerable proportions in certain limited 
localities. Parker et cd. (~7) have noted parasitizations of 24 
and 30 percent in the coastal areas of Dalmatia and 11 percent 
in southwestern France. 

Evidence of a favorable p,)tential of the parasite in limited 
optimum areas, in conjunction with the probability that it is 
capable of strong initial establishment, suggests the desirability 
of testing the species further in llncolonized areas. 

:\'~;~IOHII.L.\ VLOI\.\LIS (Fallen) 

Order: Diptera. 
Family: Larvaevoridae. 
Imported from: The Orient. 
Hibernation: Within mature host larva. 
In 1932 a few adults of this species issued from larval host 

material imported fl'Om the Orient (Chosen and southern Japan). 
During this year releases were made as follows: Connecticut 553, 
Massachusetts 371, and Ohio 8,13, or a total of 1,7<17. The species 
has been recorded as a parasite of the European corn borer in 
southern France but was not recorded as being imported from 
that region. 

The small number of adults imported reflects the slight im­
portanee of the species in the Orient. The species is also indige­
nous to the United States and for a number of years prior to its 
introduction from Japan, it had been recorded as generally dis­
tributed over eastern New England as a corn borel' parasite. 
Field observations on the species have not suggested any biologi­
cal difference between the native and imported form. 

PS(:;t:DOI'EHIClIAETA [!tECTA lCoq.) 

Order: Diptera. 
Family: Larvaevoridae. 
Imported from: The Orient. 
Method of parasitization: Probably deposits fully developed 

eggs on or near host. 
Preferred host stage: Probably middle-instal' larvae. 
Hibernation: Larva within mature host larva. 
The history of the importation of this species is similar to that 

of Nemol'ill(b jlomlis, adults having been imported only from the 
Orient and in the years 1932 and 1933. Releases were made as 
follows: Connecticut 193, Massachusetts 844, New York 4, Ohio 
499, or a total of 1,540. All but 12 of these adults were released 
in 1932. 

This species, like Psclulope1 oichact(t 1·OS(!(l1l(te. has been recorded 
as indigenous to the United States and is indistinguishable mor­
phologically from the latter larvaevorid parasite imported from 
Europe. 

• 

• 


• 




BIOLOGICAL (,'O:-:'1'RQL ()l~' Tflf: F.l"ItOr~~AN ('UU:-/" llOHk:R l:if) 

The charactel'~ by "'hich the puparia of the fOlIl' ~pl'cie:; of 

• 
latTlle\'Ol'id~ imllOl'tl;.'d to the L'nited ~tate~ may be separated are 
shown by photographs of the anal gtigmata Uig-. :38) . 

• 


FlGl'HE 3R.-Anal stigmata from till' puparia of fOIlI' lal'\,uevorid pamsites of 
llH' r:uI'ulwtlrl eorn hon'r: A. ft, XIlI/ll,.;ltll iIIll/'II/USC!; h, S. liol'a/is; n, L1I­
d,lin s/Il/lIIiu/lS vriS'S("li,~; (', CI. !'S'III/"/,,l'iclHl' fa (Net(L; b, ]>. /'os('COl(t('; 

D, (L, Ap/ullt!l(t mitis; b, A, CUfsar• • :!lLl. 

\\I(IHH, bl tit TlllI \1.1<; \('(''; !Fig. :19) 

Order: Hymenoptl'l'tl. 

Famih': BrHl'llnidae. 

Impor'ted from: Europe, thl' Orient. 


• FrcaT(t~~ an..ll i('I'''!IIl.';/f I" I iIJictlis, allu 1t female. X IG, 
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'fABLE 35.-Nmnbers of Micl'ogaster tibialis lLdults l'eleased in the United States through December 31, 19~Q 

State and Count) 
Township L~ri::J I 1925 Lo:~L":::~-' 1928 I 1929 I~L::~I~I~I_:::~J TotaP ~ 

Connecticut: ~ Hartford E. Hartford .\ E o o o o o o o 1,994 1,994 
New London E. Lyme E ~ ~l o 3,970 203 852 o 10 o o 5,035 C5 

Do - .,. do _. ____ 0 o 01 o o U o o 72 o o 72 ~ 
I. . 

til 
Total c:: __,--0 ··~~-o l~-. 0'=_ 3,9~0 I 203'.. 852._ 0 I 82 ::.,.. 0 _~,994. 7,101 g: 

Indiana: Steuben York _____ I E o oI 0 0 I 2,999 2,006 1,990 I 1,990 0 0 8,985 i 
~ 

--... __.- - .__.. __ ..• -':':~I ,~. ·....-.:;.I':,·~I·....;.;..;.; -0.;,.....1---­ ... 
Massachusetts ::1 $"'" 

Chatham ____ E _____ 246 0Barnstable .... o o 0 o o o o o 246 ~ Falmouth • __ E ____ 0 0 
Bristol Dighton ____ E 0 0 o o o o 13 

Do ' •. _'0 o 8,743 233 5,105 1,390 o o o 15,471 [Ilo 13 o o
Swansea ____ E 0 0 t:IDo o o 154 o o 20 o o 174 

Essex Saugus E 357 1,314 6,303 o 0 287 236 o o o 8,497 
l"J 

Do ___ _ --- do _.___ 0 0 0 o o 0 o 121 o o o 121 ~ 
Middlesex _ Arlington ___ E 2,418 2,075 5,590 1,969 0 o o o o o 12,507 o 

-.;- ___ do ______ BOODo o ],478 0 o o o o o 2,678 >Do Concord ... , __ E 0 0 o o 0 o o 1,832 o o 1,832 o 
Do .. Malden • ____ E 1,446 2,134 5,G59 o 0 o o o o o 9,239 :e 
Do .." Medford ____ E 1,093 5,005 5,754 o 0 o o o o o 11,852 C5

c::Norfolk ___ ._ 
.0 

Quincy • ____ E 0 0 5,740 5,451 0 o o o o o 11,191 
-___ do __ • ___ BOO ~ Do .....•. o 830 0 o o o o o 830 c::

Plymouth _., 
0 

° Bridgewater _ 0 _____ 0 0 o o 0 o 237 1,046 o o 1,283 :e 
Suffolk ____.o Revere ______ E _____ 0 1,748 l"J"',007 o 0 o o o o o 8,755 

------1---1 1---'--_1--_1_--1---1---1_--
Total • ____ _ 5,560 112,276 1 36,053 18,471 40() 5,392 1,984 2,898 o 01 84,683 

L---~_= 

• 
 .• ,.. 
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Michigan: 
Lellawee I~airficld ]~
Monroe ...• .Eric .____ E

Do ____ ~.. Monroe _____ E 
Oakland .,_.. ,__ , Oxford _____ B 
St.. Clair ___ . Columbus __ • B 
Washtcnaw ___ Augusta ____ E 

Total ___________________ 1________ 

j i 
0; 
0 
0 
.0 
.0 
.0 --­
.0 

---

I 
0' ° 0 8631 
0 2;275 
.0 .0 
.0 5,711 
.0 0 --­°--' 16,617 

--­

0 
12,117 
12,391 

.0 
11,395 

0 

35,903 

1,978 
1,897 
1,575 
1,970 
2,585 
1,765 

11,860 

2,732 0 .0 .0 
0 0 581 .0 

2,.075 1,530 1,5.04 .0 
1,989 .0 .0 .0 
4,994 1,962 .0 .0 

0 .0 .0 .0 -----­-----­
11,790 3,492 2,.085 .0 

~ .­

.0 4,'il 

.0 23,31 

.0 21,35 

.0 3,95 

.0 26,64 

.0 1,76----­
.0 81,74 

----­

1:11 o g 
New Jersey:

Monmouth ..•. IAtlantic ____-I E _____ 0 0 0 .0 0 0 0 .0 0 1,809 1,80 
~ 
t' 
C'l 

"N'ew York: 
Cattaraugus

Indian Res. ______._ E 
Chautauqua Portland ._.. E 
Eric.____ Lancaster ___ E 
J elferson . Adams •.•. _ E 
Schenectady •. Glenville ••._ E
Sulfolk ______ Southold ___ E ____ _ 

Total __ • _______________." I • ____ .•_. 

--­

0 
0 
0 
.0 
0 
0 --­
0 

--­

--­

.0 

.0 

.0 

.0 
0 
0--­ -
0 

--­

995 
0 
0 
0 
0 
0 

!lll5 

4 
0 
0 
0 
0 
0 

4 

9,931 
0 

8,950 

° 35 
0 

18,n6 

-----­= --­

1,999 .0 .0 .0 
1,827 0 .0 0 

0 0 0 .0 
1,992 2,200 1,944 0 
2,071 0 0 0 

0 0 0 2,804.--­ ---'~- -~ --­
7,889 2,200 1,944 2,804 

----­-----­

=-----'I"·~ 

.0 12,92 
0 1,82 
0 8,95 
0 6,13 
.0 2,10 
0 2,80--­ -"~ 

0 34,75 

----­
2 

o 
Z 
io! 
::0 
o 
t' 
o..., 

~ 
t,sj 

t,sj 

~ o 
"C 
t,sj 

Ohio:
Erie __________ Perkins _____ E 
Hancock _____ • Marion _____ E 
Henry ________ Damascus ___ E 
HUI'on ______ Richmond ___ E 
Lake ________ Mentor E 
Lucas ________ Jerusalem ___ E 
Summit ______ Northampton. E 
Wood ________ Perry ______ E 

1,296 
0 
0 
0 
0 
0 
0 
0 

--­

1,002 
0 
0 
0 

2,725 
4,565 

0 
0 

--­

10,303 
0 
0 
0 

9,853 
11,447 

0 
0 

13,202 
0 
0 
0 

9,316 
13,186 

0 
0 

0 
1,990 

0 
3,000 
1,946 
2,822 
2,990 

0 

0 0 .0 .0 
1,998 0 0 .0 
9,558 4,949 4,525 0 
1,985 0 0 0 

0 0 0 0 
4,962 2,585 0 0 
1,976 0 0 0 

0 0 o 16,404-----------­

0 25,80 
0 3,98 
0 19,03 
0 4,98 
0 23,84 
0 39,56 
0 4,96 
0 16,40----­

2 

4 

>
Z 
C'l 
o 
::0 
Z 

= o 
::0 
t,sj 
::0 

Total _______ ._____________ . _______ _ 1,296 8,292 31,603 35,704 12,748 2.0,479 7,534 4,525 16,40.& o 138,585 
.. ~ 

~ 
~ 
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TABLE 35.-Microgar~te1· Nbialis adults 't'eleased in the United States th1'ough December 31, 191,O-Con. .... 
0')

~,.<""".=........,.",-


State and County Township Origin l 1925 1- l~ 

1926 1927 1928 1929 1930 1931 1932 1933 1936 TotaP 

Pennsylvania:
Crawford ____ E _____Greenwood __
Erie _______ . E _____ 0 0 0 0 403 0 0 0 0 0 403 ;J

Harbor Creek 0 0 0 C'l9 4,461 1,969 0 0 0 0 6,439
Total ______ ------ -------------- --.- := z------------- -------- 0 0 0 9 4,864 1,969 0 0 0 0 6,842 ~ --------------- t".Rhode Island:

Newport ______ E _____ tdPortsmouth _ 0 0 0 0 0 0 0 c::E _____ 0 1 0 1 t"Providence ___ . E. Providence 0 0 0 7,616 484 9,469 2,170 0 0 0 19,739 t"------ --.-' l'JTotal _______ ------------- -------- 0 0 0 7,616 484 9,469 2,170 0 1 0 19,740 ~ 

------ Z 
------------ ,= 00Virginia: ,. ~ 

Accomac _____ . Lee _________ E _____
E _____ 0 0 0 0 0 0 0 0 0 2,093 ~Northampton . F.l'anktown __ 2,093/0 0 0 0 0 0 0 0 0 1,106 1,106 !'ITotal _______ - --- -- --' --------­ t:l------------- -------- 0 0 0 0 0 0 0 0 0 '3:1"991 3,190 l'J 

-,«--, "C 
~Total, United States _______ -------- 6,856 20,568 85,268 101,677 52,480 59,846 19,370 13,524 19,209 o7,0021:S7,443 
"l 

1 B, Bred in the laboratory; E, from Europe; 0, from the >notes to this table. oOrient. 
:1 In 1924, 449 parasites from Europe and 1,200 parasitized :0:: 

2 The totals in this column include the numbers given in foot- Qborers were released in Arlington Township, Middlesex County. c: 
E;
c: 
£:j 

•
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Method of parasitization: Deposits eggs singly, free in body 
cavity of host. 

Prefened stage: Second- and third-instar borers. 
Hibernation: As a prepupa in cocoon. 
The results of a study of this species as a parasite of Pymusta 

nubilaHs in Europe have been published by Vance (41). 

COLONIZATION 

J.llic'l"ogaster tibialis occurs in Europe and the Orient in areas 
having both one and two generations of the host. In each region, 
however, it is more abundant in the northern l'ange of the borer. 
Shipments from Europe were chiefly from the vicinity of Paris, 
J.'rance, but some material was obtained in southwestern France 
and northern Italy. The first imporh\tions were made from 
Europe during the winter of 1923-24, and yearly importations 
from this source continued through 1933. In 1935-36 further 
importations were made from Europe, to provide material for 
releases in untested areas, chiefly south of New York. 

Releases in the Lake States area were first made in 1927 and 
continued yearly through 1933. Only adults originating in Europe 
were released in the Lake States. 

In 1931 and 1932 a small number of cocoons from Chosen were 
imported and the adults that hatched therefrom were }'eleased at 
Saugus and Bridgewater, Mass. 

When adults of this species were first obtained in 1924, attempts 
were made to rear material in the laboratory for liberation. A 
trial was made of reproducing the species by placing larvae that 
had been exposed to parasitization on growing plants in a green­
house. Practically no adults could be obtained by this method 
and the technique described by Jones (18) proved to be the most 
productive. As a result of this laboratory real"ing, a small num­
ber of host larvae that had been exposed to parasitization were 
placed on infested plants in the field in 1924, and in 1928 a num­
ber of adults obtained by rearing were liberated in eastern 
"Massach usetts. . 

In that year over 25,000 host larvae were exposed to parasiti­
zation in the laboratory, but of this number only 21 perc~nt pro­
duced parasites. Records kept during the production period 
showed that the best results were obtained between July 1 and 
August 15, and that earlier and later rearing activity was much 
less productive. The parasitization of the host larvae and their 
subsequent rearing until parasite cocoons were produced involved 
considerable time and labor and, because of the small number of 
cocoons obtained per unit number of host larvae exposed for 
parasitization, it was found to be more economical to import 
material for colonization than to rear it. The liberations in the 
United States of adults from all sources are shown in hlhle 35. 

When studying the life history of Microgaster tibialis in Eu­
rope, the writers noted that the seasonal rhythm of the parasite 
did not synchronize with that of its host, the parasite adults 
appearing in the spring in the colder areas, far in advance of 
their host. When held under natural environmental conditions 
iu the United States, imported cocoons also produced adults at 
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a time when no hosts were present in the field, and releases from 
such material produced no establishment. Methods utilized in 
correcting this situation and the results obtained have been pub- • 
lished by Baker and Arbuthnot (1), 

}'lELD STATUS 

Following a release of 449 adults of Microgaste1' tiblctlis in the 
spring of 1924 at Arlington, Mass., the species was recovered 
near the release point in the fall of that year. 

Recoveries were recorded in :Massachusetts in several subse­
quent years, but only at points where current releases had been 
made. With the cessation of supporting releases the parasite 
was no longer recovered. • 

The field status of the species in the Lake States has been 
reviewed by Baker and Arbuthnot (1), who state that recovery 
collections "failed in every instance to show this parasite present 
except in those localities where current synchronized liberations 
were also made." 

Two chief factors, one contingent on the other, stand out as 
an explanation of the failure of Microgastel' tibial'is to survive in 
the United States. 

The habit of the adults of appearing early in the spring, long 
before their hosts are available in the field, apparently constitutes 
a disadvantage to the parasite in areas where alternate hosts, by 
means of which the intervening period may be bridged, are absent. 

Evidently alternate hosts, which might serve the purpose of 
enabling the parasite to survive the period between parasite • 
emergence and the appearance of third-instal' borers in the field, . 
are absent from the area in which the parasite has been tested. 

In certain localities in Europe Microgastcl' tibialis has shown 
itself capable of comparatively high concentrations. Vance (41) 
states: "The average parasitism for the eight-year period (1922­
1929, inclusive) in the region of Paris, was 29.7 percent, with 
maximums of 63.2 and 52.5 percent in 1925 and 1926, respec­
tively." 

The species is decidedly polyphagous in habit. Thompson and 
Parker (84) note that 14 species of Lepidoptera have been re­
corded as hosts. 

Since its maintenance in the United States appears to be de­
pendent on its ability to find an alternate host, and on the avail­
ability of this host, the parasite is apparently incapable of building 
up to a considerable population. Therefore its further testing in 
uncolonized regions seems desirable. 

LAI3lWH\ CIILS 51'. 

Order: Hymenoptera. 
Family: Ichneumonidae. 
Imported from: Italy. 
Preferred host stage: Probably full-grown larva. 
Method of parasitization: Eggs probably oviposited directly • 

into body of host. 
Hibernation: Larva within mature host larva. 
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Fifty-three adults of a species of Lab1'orychus were obtained 
from the corn borer larvae collected in the vicinity of Pietra­
santa, Italy, during the winter of 1934-35. This parasite attacks 
the host larva, but does not leave it until the host has pupated. 
Since the individuals obtained during the emergence. season of 
1935 were the only ones obtained from the thousands of host 
larvae handled over several years of importations, the parasite 
was considered of no economic importance and no specific attempts 
were made to obtain adults for colonization. 

PARATHERE5lA CLARIPALPl5 (V. D. W.) 

Order: Diptera. 
Family: Larvaevoridae. 
ImpoI:'ted from: Peru, South America. 
In July 1931, 5,000 puparia of this larvaevorid fly were diverted 

from a lot of 70,000 being shipped to the United States for use 
against the sugarcane borer. From the 5,000 cocoons, 1,476 adults 
were obtained, 1,163 of which were released in Saugus, Mass., 
and the remainder were tested on Pymusta nubilalis larvae in 
the laboratory. No specimen of Pamthe'resia claripalpis was re­
covered and attempts to rear it in the laboratory on P. nubilalis 
were unsuccessful. 

PARASITE COMPLEXES AT TEST POINTS IN THE UNITED STATES 

Because of the slow increase and spread of all corn borer para­
sites, equilibrium between the host and parasites .has been at­
tained at only one point in the United States, that is, a compara­
tively small area north and west of Boston, Mass., where the 
earliest releases were made. At all other points one or more 
of the parasites present are in the process of change in relation­
ship with the host. A discussion of the parasite complexes as 
based on recent surveys follows. 

~1ALDEN, 1\'IAs5. 

Malden, Mass., designates a group of release points at which 
the earliest introduced parasites were liberated. (See Arlington, 
Cambridge, Concord, Lexington, Maldoan, Medford, Peabody, Re­
vere, Saugus, Waltham, and Watertown, in the colonization ta­
bles.) Exotic parasites are present over an area of at least 177 
square miles. The parasites of importance in this locality in 
1940 were H01'ogenes punct01ius, Lydella stabuZcLns .q'lisescens, and 
Phaeogenes nig'lidens, and of these H. 1J~mcto1'ius was predomi­
nant. For the overwintering generation of the host, the rate of 
parasitization seemed to have become stabilized at approximately 
14 percent, with an oscillation of plus or minus 3 percent. This 
parasite status had been maintained over 9 consecutive years 
(18 generations of the borer). On the summer generation, para­
sitization averaged considerably higher, the survey of 1938 show­
ing a parasitization of 25.7 percent and that of 1939, 19 percent. 
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TABLE 36.-European corn borer pm·asitization by exotic species in the Taunton, Mass., area, in concentric C
:=

1ings 5 miles 'Wide, falZ of 1988 Z 

~ 
to'l:Sorers parasitized by-
I:IjArea surveyed I .Borers I c.::

(rings) !observed Chclonlls Horugenes I Macroccntrus zaleptopygUs/ Lydella Total to' 

~annulipes pUlIctorius 1 gifuensis fiavo-orbitalis ) stabulans 
~ 

j grisescens 
. ,. I Z

~- -- -.,.. 
ao '" Nmlt- Num- Per- Num- Per- NU1ll- Per- NU1I1- Pe1·- Nmn- Per- Num- I Per- !" 

ber ber cent ber centCenter __________________. ber cent ber cent ber cent ber cent ~86 0 0 2 2.3 9First _____________------ 10.5 0 0 11 12.8 22 25.6 y.t999 31 3.1 18 1.8 121 12.1 0 0 52 5.2 222 22.2Second --.-----,...----...,---- 1,739 19 1.1 13 t;jThird ___________________ .7 174 10.0 3 0.2 123 7.1 332 19.1 l'!l2,652 1 IT 3 .1 270 .~Fourth ________________• 10.2 0 0 88 3.3 362 13.73,114 1 IT 33 !"!Center and first _________ 1.1 142 4.6 0 0 20 .6 196 6.31,085 31 2.9 20 1.8 130 12.0 0 0 63 oCenter through second ____ 2,824 50 1.8 33 
5.8 244 22.5 'oJ1.2 304 10.8 3 .1 186 6.6 576Center through third ____ 5,476 51 20.5 >.9 36 .7 574 10.5 3 .1 274Center through fourth __ 8,590 52 .6 69 
5.0 938 17.2 Cl 

'0_ .8 716 8.3 3 ~T 294 3.4 1,134 13.2 ==n
c: 

1 T, Trace-less than 0.1 percent. to' 

~ 
::0 
l'!l 

•
.J!; ,. ...; 
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t" oTABLE 37.-C01'1L bu're't' parasitization by four exotic speC'ies in the 1'aunton, Mass., area at the close of 1937 Cl 

and 1938 a 
>
t" 

Percentage of parasitization by- C'l 

Number borers . Total ..,z 
observed 	 Horogenes Lydella stabllla1ts MaC'l'occnt1'l1.8 ~I 	

o 

Ghelo1tllsSection No. 	 gifuensis o
a.nnlllip('s J)ltllctol'i1ts gl'isC8CC11.8 	 t' 

~ 

1938 "l1938 1937 1938 1937 
1937 1938 1937 1938 1937 1988 1937 	 .., 

== 
I 	

o 

10.5 26.0 25.6 t'l 
~1 •. _________ ___ 	 2,3 3.0 12.8 0100 86 13.0 0 10.0 

2-11 __ .___________ 	 1.8 4.8 5.2 2.2 12.1 14.0 22.2 a914 999 5.1 3.1 1.9 
1.9 10.0 5.2 18.9 :::12-31 ____________ 	 .5 .7 2.0 7.11,975 1,739 .8 1.1 13.7 	 o3.3 .9 10.2 1.832-61 ____________ l<T IT .4 .1 .5 	 "tl2,755 2,652 	 6.34.6 .9 t'l62-101 ___________ 	 lT 1.1 .4 .6 .23,521 3,114 .1 .2 	 >

Z15.2 22.51-11 _____________ 	 .4.6 5.8 2.0 12.0
1,014 1,085 5.9 2.9 2.7 1.8 20.4 	 C'l1-31 _____________ 1.2 2.9 6.6 1.9 10.8 8.5 o 

1-61 _____________ 2,989 2,824 2.5 1.8 1.2 
.7 1.7 5.0 1.4 10.5 5.2 17.1 lo:I 

5,744 5,476 1.3 .9 .8 3.6 13.1 	 Z
1-101 ____________ 	 1.2 3.4 1.0 8.3

9,265 8,590 .8 .6 .6 .8 	 t:::: 
o 
:>:: 
t'J 

1. T, Trace-less than 0.1 percent. 	 l=l 

~ 
0') 
-l 
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TAUNTON, MASS. 

This town lies in the approximate center of a 2,000-square-mile • 
area in southeastern Massachusetts influenced by a number of 
release points including that at Bridgewater, Mass., which was 
reserved for parasite species of Oriental origin. Other release 
points in that area are Portsmouth and East Providence, R. I., 
and Swansea, Falmouth, Quincy, and Dighton, Mass .. 

The exotic parasite complex in the Taunton locality consists ;; 
of five species, as follows: Lydellc~ stabulans g?'isescens, H01'O- ., 
genes p'ltnctorius, ll'IaC1'ocentrlts gi/,uensis, Chelonus annulipes, 
and Zaleptopygus !lcwo-o1·bitaHs. 

Table 36 gives the borer parasitization by introduced parasites 
in 5-mile-wide concentric rings in the Taunton area in 1938. 

It may be noted from this table that the braconid 1l1ac1·ocent1"l.ts 
gif~tenS'is was the most effective parasite, with the larvaevorid 
Lydella stabulans grisescens next in importance. Table 37 shows 
the comparative abundance of four exotic species in the Taunton, 
Mass., locality at the close of 1937 and 1938. In the fall of 1937 
L. stab,ltlans g1'isescens was the most abundant corn borer para­
site but, notwithstanding its considerable increase in 1938, it was 
overtaken because of the striking increase. of M. gi/1tensis. It 
was estimated that in certain fields in this .locality many more 
parasites than corn borer adults issued in the spring of 1939, 
and in 1940 the Taunton locality was a more satisfactory source 
of certain well-established corn borer parasites, particularly M. 
gifuensis, than either the European or the oriental countries from • 
which they were first imported. The increase in 1938 over that 
of 1937 indicates that equilibrium with the host was not reached 
prior to 1938. It is also evident that the equilibrium position 
at Taunton will be characterized by a higher percentage of para­
sitization than that at Malden. 

EAST l-[\ltTFOHD, CONN. 

H01'ogenes pltncto·}'i'lls and Lydellct stabulctns grisescens consti­
tute the exotic parasite complex that is well established on the 
corn borer in the East Hartford locality. H. punct01'ius is the more .. 
important and accounts for most of the parasitization (table 38), 
not only for the entire area of over 63 square miles but also in 
each of the concentric districts that make up the area surveyed. 

The East Hartford locality provides a particularly favorable 
release point for the study of the rate and direction of parasite 
dispersion, because it was one of the earliest in New England to 
be coloni7.ed on the spot-release basis, other release points being 
sufficiently far removed that their influence would not confuse 
the records. It is thus significant to note that the percentages of 
parasitization by H01'ogenes 1JUnctorius decreased fairly uniformly 
as the distance from the center of the locality increased. This 
graduated decrease showed that the parasite had not nearly 
reached its equilibrium position for the area as a whole. 

Table 39 shows the increase in parasitization of the borer in •
the central district, a circular area 3 miles in diameter, of the 

http:coloni7.ed
http:1l1ac1�ocent1"l.ts
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TABLE 38.-E'uropean corn borer parasit'ization by exotic species 
in, the Ectst Hm·tjord, Conn., locality by concentric rings, fall 
of 1938 1 

Borers parasitized by-
Borers 

Section numbers ob- Total 
Horogencs Lydellaserved 
punctol'ius stabulans 

gl'isesccns 
. ­

Nlnn- Num-I PCl'- N1I1It- Pc1'- Nllm- Per­
be?' bcr cent bel' cent bel' cent 

1 89 10 11.2 0 0 10 11.2 
---------~------2-7 473 69 14.6 4 0.8 73 15.4--------...----­

8-19 939 99 10.5 15 1.6 114 12.1-------_._---­
20-28 790 61 7.7 4 .5 65 8.2------... ----­
29-40 1,175 47 4.0 14 1.2 61 5.2 

1-7 562 79 14.1 4 .7 83 14.8----------.......-­1-19 1,501 178 11.8 19 1.3 197 13.1 
1-28 ... 2,291 239 10.4 23 1.0 262 11.4 

-. ..... -jl" •._- - _ ... - .... ~ 

-
~---"'-'~ ~-

____ T.-."1-40 3,466 286 8.3 37 1.1 323 9.4 

I Area surveyed: Centel' circle, 1 mile in diameter (sec. 1), surrounded by 
four rings (secs. 2-7, 8-19, 20-28, and 29-40, respectively), each 1 mile wide. 

1'ABLE 39.-E1t1y)pean corn b01'e1' pm'asitization for a compamble 
district (a C'i1',:ulct1' (('tea of ove1' 7 squw,.e 1niles a'round the point 
oj pamsite 1'e/ease) at Eust Hct1'tjord, Conn., 193-'1--'10 

Borers parasitized by-

TotalYear Lye/ella
}[Ol'ogew's stubu/lI:lls
pnnctorins gl'isescens 

.- -. I 
! 

Pcrccnt I Percent Pel'cent 
1.33 1.601934 0.27------_ .. 5.831935 3.()2 2.21-------- ...... 3.40 .69 4.091936 --------- .... _, .53 8.471937 -- ....-.... --~"'- ..... 

7.!M 
________ ... _.+->1938 14.06 .71 14.77 
______ ht __ •

1939 14.10 1.50 15.60 
1940 20.00 5.00 25.00---- -.~ . , , 

East Hartford locality over the 5-year period 1934-38. Para­
sites were odginally released in 1934. The parasitization of the 
borer in this central district in the fall of 1938 is shown to be 
14.8 percent, which approximates the 5-year equilibrium position 
of parasites at Malden, Mass. As previously indicated, it is prob­
able that the equilibrium position of parasites, as determined by 
the percentage of borers parasitized at East Hartford, will be 
considerably higher than that at Malden, Mass. 

)1)SO:LLAX~:Ot:5 1'0):'(1'5 IX TilE EASTEHX STATES 

At other points surveyed recently in the multiple-generation 
area, parasite releases have been of such recent date that con­
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elusion relative to their ultimate performance would be prema­
ture. The present status cf parasites at points surveyed in .New 
Jersey and Virginia has bee11 discussed under the various parasite 
headings. A considerable numner of the points at which releases 
have been made in the multiple-generation area have not been 
examined. Probably a number of the parasites that are on a 
maintenance basis at the surveyed test points have become estab­
lished at many of the dispersion colony sites. 

TIlE LAKE STATES AREA 

This area is treated as a whole, because only three parasites are 
known to be established on a maintenance basis in areas where 
one generation of the borer predominates. In a locality near the 
southwestern shore of Lake Erie, and definitely limited in its 
range to the marshland of this locality, the larvaevorid Lydella 
stabulans grisescens is present in considerable concentration. 
Individual collections near marshland in Lucas County, Ohio, 
showed a higher percentage of parasitization by L. stabulans 
grisescens alone than that produced by the entire complex of 
parasites in collections from any other point. 

Parasitization within 3% miles of the Jerusalem Township 
release point reached 20.9 percent in 1938. Since this was an 
increase over previous years, it is evident that equilibrium with 
the host was not reached prior to that year. 

The other two parasites, Eulophu;; vi?'idulus and Chelonus an­
nulipes, are of more recent establishment and are not coexistent 
with Lydell(~ stabulans g1isescens or with each other, and there­
fore cannot be said to compose an exotic-parasite complex. Their 
present status has been fully discussed under the respective spe­
cific headings. 

Although parasites .have been released at colony sites other than 
those at which surveys have been made, it seems probable, from 
our knowledge of the reaction of the different species at observed 
test points, that no notable parasitization exists in the Lake States 
area other than in the limited sections, previously described. 

UTILIZATION OF N,\TlYE HOSTS BY bll'ORTED PAHASITES 

In order to determine the extent to which native insects were 
being utilized as hosts by imported parasites, collections were 
made in the vicinity of certain release points. All these studies 
were made incidental to other parasite activities, and in the mul­
tiple-generation area they were extremely limited in extent. In the 
Lake States area, over the 4-year period 1930-33, 46 species of 
hosts, more or less closely associated with the corn borer, were 
observed for parasitization. From these, 147 species of parasites, 
] 8 of which were new to science, were reared. . 

Macrocentrlls gi/uensis was recovered from Pll?'austa cdnsliei 
and P. penitalis in 1932. This appeared to be a case of accidental 
parasitization, as M. gi/uensis failed to recur in collections of 
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subsequent generations of similar hosts. 
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Euiophus t'iriciuills was recovered from PY)'((UStCL (t'insliei and 
}'. penitnlis, and with this species such choice of hosts appears to 
be. a normal occurrence. 

FLb:LD STATUS OF XATlVE PARASITES 

From the time when observations were first made to determine 
the status or European corn borer parasitization in the United 
States, it was noted that certain of the parasites indigenous to 
the localities under observation attacked the borer. Surveys con­
ducted ovet' a considerable number of years have indicated that 
such parasitization has remained at a low level. There has evi­
clently been no tendency toward an increase in attack by native 
parasites, and where exotic species have become appreciably con­
centrated, there have been fewer recoveries, both quantitatively 
t~nc1 qualitatively, of autochthonous forms. 

TRlCIIOGH.\~EIIA )U);L"Tt:)l Riley 

Native parasites have attacked the borer in all immature stages 
but the highest concentrations have been recorded on the egg by 
the cosmopolitan chalcidoid Tl'ichogmmlluL m'ilmtwn. This high 
parasitization occurs too late in the season, however, to be effec­
tive. In the Lake Sta{-.es area corn borer eggs are seldom at­
tacked, but parasitization has been recorded from a few localities 
in Erie and Lucas Co mUes, Ohio. In the eastern area parasitiza­
tion offirst-generativi1 eggs is negligible. By the middle of 
August a small numl:ler c·r second-generation eggs are found to 
be attacked, and parasiti:.ation slowly increases but remains low 
until the first of September. During the later part of the host­
oviposition period, when only a small proportion of the season's 
total eggs are in the field, parasitization by T. minutwn rises 
rapidly. At this time it is not unusual to find over 90 percent of 
the eggs in the field parasitized by this chalcidoid. 

It was early recognized that if this high degree of parasitiza­
tion could be attained during the maximum oviposition period 
of the European corn borer, appreciable control would result. 
Accordingly in 1928, 1929, and 1930 in Massachusetts, and in 
1928 and 1929 in Ohio, attempts were made to determine the 
feasibility of producing such high parasitization artificially by 
the llse of a temporary host. 

HEARl);G :\IETHODS 

Propagation of host material from which the parasites for the 
1928 tests were to be obtained was started in the fall of 1927. 
'l'he host selected, Sitotl'o{/C~ cel'ca/ell(L (Oliv.), was reared the first 
year in a single large cage holding a ton of wheat spl'ead out in 
thin lavers on l-inch-mesh wire screening. With the aiL. of 
vacuum~ moths were collected daily into the oviposition cans, the 
operator 'working within the cage. In 1929 and 1930 the rearing 
cages were reduced to smaller units and the wheat was spread out 
in shallow trays. The cage as finally adopted embodied many of 

http:Sta{-.es


172 TECHNICAL DULLB1'IN DSa. U. S. DEPT. O~' AGIUCULTUHE 

the principles later utilized by other workers. By means of a 
suction tube designed fOl' the purpose, moths for oviposition pur- • 
poses could be removed from any desired number of cages, or 
simultaneously from an entire battery (fig. 40). 

I'AIUSITIZATIO;-l OF HOST ECCS 

Host eggs glued to circular cards were parasitized at the rate ~ 
of about 4,000 parasites per card for distribution in the field. 

FIELD TESTS 

In 1928 two cornfields in Massachusetts, one at Medford and 
the other at Saugus, were selected for tests on first-generation 
eggs of the corn borer. Although these fields had been chosen 
because of their location in areas of previous heavy infestation, 
the egg deposition that year in fields under observation was so 
lIght as to make parasite-dispersion records unsatisfactory. 

• 


FIGURE 40.-Rearing SitQtl'OyCl C('I'('CI{ellct in the laromtory. Suction apparatus 

for collecting moths from a large number of cages simultaneously: A, 

General view of unit; il, close-up of assembly of unit. 


For tests on the second-generation eggs of the 1928 season two 
fields in Waltham, Mass., were selected. In Field A (0.33 acre) 
the cards of parasitized eggs were all placed at one point in the 
center of the field. Liberations were made as follows: August 17, 
12,000; August 20, 24,000; August 24, 20,000; and August 28, 
20,000, or a total of 76,000 parasites. 

InField B (0.54 acre) there were four liberation points, one 
in each of the four quarters of the field. Equal numbers of para­
sitized eggs were placed at each point on each liberation date. 
Liberations were ~s follows: August 17, 48,000; August 21, 
80,000; August 24, 80,000; and August 28, 48,000, or a total of 
256,000 parasites. • 

In these two fields natural host oviposition was high. In Field 
A, 2,976 egg masses, or 79,337 eggs, were observed; in Field B, 
685 masses containing 17,083 eggs, were found. All host eggs 
were marked and their fate observed. Observations to discover 
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new eggs and to observe the status of eggs previously discovered 
were made on August 17, 24, and 31, and on September 8 and 13. 
The data on host oviposition and parasitization are given in 
table '10. 

Parasitization in Field B progressed in a manner similar to 
that in Field A. It increased as the season advanced, and par­
alleled the usual course of Tl'ichogramma Jlriltlituln on the second 
generation of the corn borer in eastern New England (table 40). 

Although parasitization of host eggs laid during the latter part 
of the oviposition period reached nearly 70 percent, the average 
parasitization of the eggs of that generation was only 27 percent. 
A record was kept of the posi tion of all eggs in the field. The 
percentage of parasitization was highest in the parts of the field 
that had the highest concentration of host eggs.

The parasitization in Field B was not so high as in Field A, 
even though parasites WAre released in Field B at the rate of 
nearly one-half million pel' acre. 

TABLE 40.-0viposition and P(()'(lsitization by T1ichog1'C£1nma 1ni­
Ulltll1n in Field ..4 in tests 0)1 the scc:oncl-genemt'ion host eggs, 
1928 

Fresh eggs Fresh host eggs that 
observed became parasitized Percent of fresh 

Observationl---------1------rI----lhost eggs found 
date Percent at each examina­

I of total tion that became 
.parasitized parasitized 

Number Percent Number' eggs 
1 

11Aug. 17 --I 15,797 ! 19.91 __ 642 -----2.-9-6- ------4.-06 

Aug. 24 _; IG,3~8 20.59 1 2,508 11.55 15.36 
Aug. 31 --I 32,158! 40.54 I 10,334 47.59 32.14 
S~pt. 8 ~_. 1l,~~-1 I 14.~4 . g,!!:' 26.31 56°8'.2747 
Sept. 13_ 3,GGO I 4.61 i ~,;)17 11.59,___.____ ,_.__.._____."_"_. 1------

Total 79,317 100.00 21,715 100.00 27.38 

Although the numbers of eggs deposited in these fields were 
high, their distribution in the field was not sufliciently uniform to 
obtain the most accurate data on the dispersion of the parasite. 
Accordingly, in 1929 controlled infestation was resorted to and 
host eggs laid on growing corn leaves were obtained at all de­
sired points in the field. The method employed to obtain this 
result consisted of placing one male and three female moths in a 
small wire cage oyer the corn leaf upon which the eggs were 
desired. This infestation was accomplished in June at the time 
when first-generation corn borer eggs were being laid in the field. 
A total of 97,000 parasites, or about 340,000 per acre, were re­
leased on three dates, as follows: June 22, 32,000; June 27,35,000; 
and July 2, 30,000.

Although parasitization in the immediate vicinity of the release 
points reached about 30 percent, the percentage of parasitization 
decreased rapidly as the distance from the release points in­
creased, and the total parasitization of all the eggs in the field 

82836-1°-50-13 
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averaged only 8 percent. Parasitization of eggs in a check field 
taken during the last part of the first-generation oviposition 
period averaged about 2 percent. 

In 1930 the 'l'Yichogmmm(('m.inutum tests were repeated, using 
controlled infestations and timing these infestations to corre­
spond with the natural oviposition periods of both the one and 
two generations of the hosts. Parasites were released in the test 
fIelds at the rate of over 400,OCO per acre for each generation. 

As in 1929, a slight but economically valueless iricrease in para­
. sitization over that of eggs in check fields was noted in the host 

eggs of the first generation. No increase over natural parasitiza­
tion was obtained from parasite releases against second-genera­
tion host eggs. 

It was thought that l'eleases of parasites in the vicinity of 
cornfields sufliciently early in the season might permit natural 
increase of the p,lrasite on native hosts to numbers of beneficial 
magnitude by the time corn borer host eggs appeared. To test 
this possibility, over 650,000 parasites were released in the vicin­
ity of a small cornfield in a heavy growth of grass, weeds, berry 
bushes, decIduous shrubs, and various species of trees. These re­
leases started on May 1 and were completed before June 10. No 
increase in parasitization on corn borer eggs was noted as a result 
of these l·eleases. 

Tests with T1'ichognnnmn ?ninutwn in 1928 and 1929 in Toledo, 
Ohio, on eggs of the single-generation strain of the borer pro­
duced a low percentage of parasitization as an average for large 
fields (10 acres). In these fields, as in those observations in 
Massachusetts, parasitization was highest in the immediate vicin­
ity of the release points. 

From all tests it appeared that the maximum spread as a direct 
result of a liberation was not O'ler 100 feet, and dispersion to a 
distance grp.ater than 50 feet was unusual. It appears, therefore, 
that whe.l the liberations are made as outlined above very little 
benefit can be expected from l'eleases of T1ichog-ramma minuturn 
for com borer control. 

AI'LmlYA CAESAH (Ald.) 

Because of the confusion that existed for a number of years 
regarding the identity of this and the imported species Aplornya 
-mitis, all recovered flies that answered their general description 
were classified as the native species. This is more fully treated 
under the foregoing discussion of A. mitis. A. cctesctr has been 
recovered in greater numbers than any of the native parasites 
except Trichog)"conmc(' 'miuutwn. In some years, in restricted 
areas, a considerable number of corn borers are killed by it. In 
1936 the parasite was abundant in several collections of corn 
borer larvae from Lake and Summit Counties, Ohio, a·ftd in one 
collection from Northampton Township, in which ove!' 30 percent 
of the borers were parasitized by it. 

Tn the Lake States area most of the parasites of this species 
attacking single-generation borers emerge before winter. The 
proportion of those doing so, however, varies with thoir geo­
graphical location. In 1938 over 90 percent of the specimens 
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recovered in Ohio had emerged prior to the time of c.llection in 
the fall, whereas only 60 percent of those taken in Michigan had 
emerged. Also, of those puparia formed by larvae issuing from 
the hosts prior to the October collections, none had failed to 
emerge among those collected in Ohio; whereas, of those taken 
along the Detroit River in Michigan, 30 percent had died, a fact 
indicating that the advent of cold weather in the autumn consti­
tutes a mortality factor with this species, as with Lydella stabu­
IlLns grisescens, 

There is n~ indication of increase in parasitization by Aplomya 
caeS(£1'. 

LABHOHYCIIUS PItIS)I,\TICl"S (Norton) 

This native ichneumonid attacks the European corn borer larva, 
but emerges from the pupa. It is recovered from single-genera­
tion hosts in the Lake States area and from pupae of both genera­
tions in New England. Larvae parasitized by Lab1'orychus 1n-is­
1IWl'iCUS usually pupate a short time in advance of nonparasitized
borers. 

The percentage of borers attacked is always low, and there hm: 
been no indication that it is increasing in importance as a para­
site of the corn borer. 

I3.\SSl'S AGI LIS l Cress.) 

This ichneumonid has been recovered from borers in both the 
Lake States and the Eastern area, but is more preva.lent in the 
latter. Parasitization by the species over large areas never aver­
ages more than 1 percent, but in some years in restricted localities 
aR high as 10 percent of the borers have been attacked by it. It 
has been found attacking the borer as far south as New Jersey. 

PYHAl'STOl\lYlA P~::-;ITALIS (Coq.) 

PymustomyicL penitalis is a parasite of the corn borer through­
out the northern range of the borer in the United States, but 
seems to be more prevalent in collections from Ohio and Michigan. 
This parasite apparently does not have more than one generation 
en the single-generation strain of borer, since no puparia from 
which the adults have emerged are found during the year of 
parasitization where the single-generation strain of host pre­
dominates. However, this larvaevorid does attack, and produces 
one generation on the first generation of borers in a,reas where 
the host has two generations. 

~IICHOllH'\CO~ CAl'UCOLA Gahan 

This gregarious ectophagou$ braconid attacks the European 
corn borer in New England and the Lake States, but seldom at­
tacks it when it is feeding on corn. Between 1930 and 1940, from 
over 200,000 corn borer larvae taken from corn plants in the Lake 
States area, only one colony of lvIic1'obmcon caulicola was re­
covered. However, when corn borer larvae are found associated 
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with smartweed (Polygonmn spp.) they are commonly parasitized 
by M. cCLUlicol{£. In cages used to study the life and seasonal 
history of parasites, some of the corn borer larva,:, from a heavy 
artificial infestation of corn migrated to smartweed growing 
between the cornstalks in the cage. The larvae in the smartweed 
showed considerable parasitization from M. ccmlicoln adults, which 
entered the cage, probably through the screening, but the parasite 
was not found attacking many borers in the corn. 

l\lICI\OBHACO~ CELECHIAE (Ashm.) 

This gregarious endoparasite is another species that attacks the 
borer more often when the latter is associated with host plants 
other than corn. It has been found attacking the early instal's 
of second-generation borers in potatoes at New Haven, Conn. 
All the borers observed that were killed by this parasite were in 
the second instal'. It was not found to be parasitic on first-genera., 
tion borers in corn or other host plants. 

~f::'IOI\II.I.A 1IIACL'LOSA (Meig.) 

This larvaevorid has been recovered from second-generation 
borers in New England, where it was observed as an occasional 
parasite of the borer early in the study of its biological control. 
Nemo)·Wct 1)wculosn is indistinguishable morphologically from 
the species imported in 1932 from the Orient under the name 
N. jlol'CLlis (Fall.). No change has occurred in the status of 
parasites conforming to the description of these species to indicate 
any specific biological difference between them. As high as 
11 percent parasitization of borers from individual fields has 
been recorded. 

PSEeOOPEHlCII,\ETA EHECTA (Coq.) 

Reference has been made to this species previously as being 
imported from the Orient under the name of Pseudope1'ichaetu 
1'osccwac, an imported parasite from Europe, Although it seems 
probable that the native species may have occasionally attacked 
the borer during the early years, no recovery of any parasite 
corresponding to the description of P. erectc£ has been made from 
the European corn borer in the United States since 1935. 

GA~IBRl'S t:I.Tmrs (Cress.) 

Cconbrlls ultintus has been taken both as a primary and a sec­
ondary parasite associatecl with the corn borer. It attacks the 
corn borer larva, but emerges from the pupa. It has been re­
corded as a parasite of the corn borer only from New England, 
and chiefly from the first-generation host. It was recovered as 
a hyperparasite from the cocoons of Horogenes 1mnctorius and, 
since the increase in concentration of the latter parasite in Massa­
chusetts, C. 'ltltimus has been taken in greater numbers as a para.. 
site of H. punctorius than as a primary parasite of Pymustu 
nubilalis. 
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hOI'U;CTlS CO;\"QrtSITOH (Say) 

/toplectus conqUisito1', like Gconlnlls ult'imus attacks the borer 
in the larval stage, but emerges from the pupa. It, too, acts as 
a secondary, as well as a primary parasite, being hyperparasitic 
on H orogenes pUILctorills. It is more beneficial than inj urious, 
however, in that the proportion of European corn borers attacked 
by it is greater than the proportion of H. 1JltnctO'l'ills cocoons 
attacked. Although parasitization as high as 5 percent in borers 
from individual fields is not uncommon, the average parasitization 
over the area in which it occurs is never more than 1 percent. 
I. conquisito1' has not been taken in the Lake States area as a 
parasite of the corn borer. 

CA~lllHCS B1TC~I!;\"OScs (ClIsh.) 

T\vo specimens of this ichneumonid were reared at New Haven, 
Conn., in June 1938. The borers from which they were recovered 
were infesting cocklebur. 

:\ II CHOG,\ST EH ~:I'AGOe ES Cahan 

This braconid is parasitic on borers in the Lake States and 
in New England, but is recovered more often fi'om borers infest­
ing weeds than from those in corn. It attacks and kills the larval 
hosts in early instal'S. It has been recorded from borers infest­
ing potatoes at East Hartford, Conn. 

LIXOI'HAGA Y,\HI.\IlILIS lCoq.) 

Several puparia of this larvaevorid were taken in 1938 from 
plants infested with the European corn borer. Specimens ft:om 
Hamden. Conn., were taken on September 2 and from Rochester, 
N. Y., early in August . 

:\IEL\;\"ICII;\"EDroX BHE\'ICIXCTOH (Say)" 

This ichneumonid attacks the host larva but emerges from the 
pupa. It has been recovered from first-generation corn borer 
pupae in New England, but has not been observed as parasitic 
on the borer in the Lake States area. 

:\1 ELAXICH;,\,El';\IO:\ Rl'B1CC;\"DCS (Cress.) 

Like Melanichneumon brevicinctol', this ichneumonid attacks 
the mature host larva and emerges from the pupa. Although it 
is found attacking the corn borer more often in New England, 
a few records show that .it has been taken from single-generation 
borers in Ohio. 
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DIBHACHYS CAVeS (Walk.) 

Although Dibmchys CCLVl/S functions more often as a hyper­
parasite on the cocoons and puparia of primary parasites of the 
corn borer, it has been recorded as a primary parasite on corn 
borer pupae. A large number of parasites usually issue from 
each host. 

:METEOHUS LOXOSTEGE Vier. 

This braconid hibernates within the mature host larva. It has 
been reared from EuroIlean corn borer larvae collected in New 
England and in Ohio, but is not common as a corn borer parasite. 

PRlSTo~IEnus (NEOPHlSTOlllEHUS) lIIELLEUS Cush. 

Two individuals of this species were reared from first-genera­
tion larvae of the corn borer collected at Malden, Mass., in the 
summer of 1937. 

MIOTROPlS CLISIOCAMPAE Ashm. 

Pupae of the 1937-38 overwintering generation of corn borers 
collected in July 1938 in old corn stubble in a weedy field in 
Jerusalem Township, Lucas County, Ohio, provided large numbers 
vf this chalcid parasite. It was estimated that the parasitization 
of pupae in this field by this species was about 5 percent. From 
1 European corn borer pupa a total of 202 parasites we!"e 
obtained. 

CAlIlPOLETISPERDISTINCTUS (Vier.) 

Several specimens of this ichneumonid were taken as parasites 
on first-generation larvae of the corn borer at North Haven and 
Hamden, Conn., in 1938. 

MACROCENTRUS ROBUSTUS Mues. 

This braconid was first described from specimens reared from 
larvae of the European corn borer taken on Cape Cod, Mass., in 
1930. Since this parasite has been recovered only from Cape Cod 
and southeastern Massachusetts, the range of the species is indi­
cated to be very restricted or its numbers extremely scarce. Only 
a single individual issues from a host insect, and the species has 
teen reared only from second-generation borers. 

APANTELES PYRALIDIS Mues. 

A single colony of this gregarious braconid was reared from a 
European corn borer larva collected in York Township, Steuben 
County, Ind., on October 16, 1930. 
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ENICOSI'ILUS PL'RCATL'S tSay) 

• One individual of this species issued from a corn borer pupa 
collected in Perkins Township, Erie County, Ohio, on June 25, 
1927. 

MICROBHACOX MELLITOH (Sar) 

Several specimens of this species were collected at Ecorse, 
Mich., in 1928. 'l'he corn borer larvae from which they were 
}'eared were in the fourth instal'. 

T SCAMBUS I'n:HOPIlOHI (Ashm.) 

This ichneumonid has been taken in eastern Massachusetts, 
where it parasitizes the ::;econd generation of the corn borer. It 
is recovcl'ed more often from borers associated with weeds than 
from those found in corn. It has not been recorded from the 
Lake States area. 

SCAM BUS TECUMSEH Vie~ 

A single individual of this species was reared from borers col­
lected at Winchester, Mass., in 1920. 

• SCMIBUS mSPAE (Harris) 

A single specimen was reared from a borer collected at Mel­
rose, Mass., in July 1921. 

l\l!CROBHACON N. 51'. 

This species was reared from borers collected in August 1921 
ut Lynn, Mass. 

INSECT PREDATORS 

Muir (28) points out that the more efficient insect predators 
control their host at a lower population level than do species 
having less searching ability. Predators, he said, are a more 
mobile death-factor than parasites. They attack both parasitized 
and unparasitized insects, so they do not greatly disturb the 
balance. 

From observations made in 1938 to evaluate the factors affect­
ing the abundance of the corn borer, it was found that predators 
had caused the destruction of 17.8 percent of the eggs laid on 
corn in an area neal' Toledo, Ohio. In 1939 in this area the loss 
from predators was 11.0 percent. In 1938 and 1939, 31.7 and 

• 
11.1 percent, respectively, of the eggs were class:iied as missing, 
but some of them may have been ent1rely consumed by predators. 
The predator largely responsible for the egg predation in the 
Toledo area was GemtomegillcL !uscilab1'is (Muls.). This cocci­
l1ellid appears early in the season and is responsible for 50 percent 
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or more of the egg mortality. C. /'llseiZctbl'is is also recorded as 
feeding on corn borer eggs in New Jersey. 

Hippodam'icb COILve1'gens Guer. and H. t?-idecimpunctata (L.) • 
attack the eggs in the latter part of the period in which host egg . 
deposition takes place. 

Both the 1m'vae and adults of all these coccinellids have been 
noted as feeding on corn borer eggs, They are also known to 
attack small corn borer larvae, although the extent of this preda­
tion has never been determined. 

Red spiders and chrysopid larvae have been noted as attacking 
corn borer eggs, but their value as a control factor has not been 
studied. 

BInDS 

An account of studies on the value of birds as factor!) in control 
of the borer in New England has been published by Barber (4). 

In the coursE' of numerous collections of European corn borer 
larvae in various localities, it was observed that birds seemed to 
be playing an important part in the reduction of hibernating 
borers. 

In order to study this reduction factor more exactly, a sampling 
method was tested in the spring of 1933. Twenty fields located 
at random, covering an area of 38 square miles in York Town­
ship, Steuben County, Ind" were utilized in this study. The borer 
population averaged 6 per 100 stalks in thil'l area. A sample 
consisted of 100 infested plants from each field, 25 infested plants 
being taken from each of the 4 quarters. The infested stalks • 
were divided into two classes-those showing bird "pecks" and 
those without such signs. The stalks showing bird pecks were 
utilized as the basis for determining the percentage of borer 
destruction by birds. The following data were obtained from the 
survey: Eighteen of the 20 sampled fields showed bird-pecked 
~talks ranging from 6 to 62 percent. Two fields showed no sign of )

bird-pecked plants, and 5 fields showed borer reductions above 50 
percent. The average borer reduction for the 20 fi,elds was 30 
percent in all stalks under observation. 

A supplementary observation was made in Webster Township, 
Wood County, Ohio, using 28 fields in a 38-square mile area. All 
i:elds showed bird-pecked stalks and these ranged from 1 to 50 
percent, with a general average of 15 percent for the district. 
The borer population was 18 per 100 stalks in this area. It was 
noted that bil'~~;; more often attacked stalks that showed consid­
erable evidence of bOl'er feeding (indicating an original popula­
tion of more than one borer) than those not so badly tunneled. 
'rherefore it is pl'obable that the actual number of borers con­
sumed by birds is greater than the averages noted abllve. The 
birds seen feeding' on the European corn borer were as follows: 

Downy woodpecker (DI'l/obates IHlbescens medictnus (Swain­
son) ) 

Robin (1'urrills mi{Jl'ato1'i71s mi{jl'atol'ius (L.» 
Crow (GOI'UIlIl lml.chll1'hl/lIehos bmchYJ'hl1nchos Brehm,) • 
Rusty blackbird (Eu]Jhaglts cccrolinlts (Mi.iller» 
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Rt!d-winged blackbird (Agelaius phoeniceus phoeniceus (L.» 
Purple grackle (Q~tiscc£lus quiscula quiscula (L.» 
Chickadee (Penthestes cLt'ricapillus at1icc£pillus (L.» 
Ring-necked pheasant (Phasianus colchicus t01'quat1,lS Gme­

lin) 

Starling (Sturnus vulgcwis VUlgCL1'is L.) 


It is difficult to evaluate the role that predators play in borer 
control, particularly the predators that are active at night, such 
as rodents and predaceous beetles and their larvae, those that 
attack free-crawling larvae (either migrants or borers seeking 
entrance to the plant), and those that attack adults. 

No predators of any kind have been imported into the United 
States for testing against the corn borer. 

DlSEASE 

In the field all stages of the European corn borer seem to be 
unusually free from disease. Contrary to results noted with 
several other species of insects, this freedom from attack seems 
to hold, even under crowded conditions. 

In handling material for shipments and under laboratory en­
vironments, a fungus disease, Beauve'ria bassiana (Bals) Vuill., 
occasionally causes considerable mortality. The biology of this 
organism, as related to the European corn borer, has been studied 
by Lefebvre (20, 21) and by Bartlett and Lefebvre (5) who, in 
1930, 1931, and 1932, attempted the artificial dissemination of the 
disease in New England, New York, Pennsylvania, Ohio, and 
Michigan. 

Observations in recent years in the vicinity of some of the 
points where such artificial infestation was attempted have failed 
to reveal the presence of the disease in the corn borer. So far as 
is known, no instance has been recorded of a borer being killed 
by this disease, except under circumstances traceable to artificially 
imposed conditions. 

It seem~ evident that no lasting effect has resulted from the 
artificial dissemination of the causative organism of the disease. 

Although several other fungi have been determined as asso­
ciated with the borer in the laboratory, no mortality in the field 
has been recorded for which such organisms were known to be 
directly responsible. 

SUMMARY 

In the course of investigations during the years 1919-40, on 
the utilization of natural enemies of the European corn borer 
(Pymustc& nubilc£lis (Hbn.» as an aid in itscontl'ol, over 23 mil­
lion larvae from Europe and. 3 million from the Orient were col,. 
lected and brought tc the United States for rearing their natural 
enemies contained therein. Other parasites were also collected 
and forwarded to this country in the cocoon or pupal stages. 
Of 24 species included in these importations, 22 were sufficiently 
numerous to permit extensive colonization over the borer-infested 
area in this country. The number of parasites from this source 
available for colonization exceeded 21,4 million. This supply was 
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augmented by laboratory breeding and by domestic field collec­
tions, the field releases from all sources during this period totaling 
almost 6% million adults. 

The adults were released at selected localities over the entire 
infested 11.rea where the borer was sufficiently abundant to sup­
port a parasite population. Field surveys were maintained at 
these points to determine which species became established, and 
to obtain needed information on their biology and environmental 
requirements as an aid in increasing their distribution within 
previously colonized areas and in colonizing areas newly in­
fested by the natural spread of the borer. The species known 
to have become permanently established in this country as a re­
sult of these introductions are Lydellc~ stabulans g'risescens R. D., 
H01'ogenes 1JU1wtorius (Roman), Mac1'ocent1"lts gi/uensis Ashm., 
Eulophus virid.ulus Thoms., Chelonus cLnnulipes vVesm., and Phae­
ogenes nigridens Wesm. 

Twenty-nine species of insects indigenous to the area infested 
by the corn borer in this country have been observed to p~rasitize 
the borer. None of them have been sufficiently numerous to have 
any appreciable effect on borer abundance. An extensive effort 
was made to supplement the natural occurrence of T1'ichog1'amma 
1ninutmn Riley, which occasionally parasitizes a high percentage 
of the later portion of the second-generation eggs, by rearing a 
stock supply of parasites in the laboratory and releasing numbers 
of them when first- and second-generation eggs were present. 
Neither permanent nor appreciable temporary benefit resulted 
from these efforts. 

Although no extensive investigations have been made of the 
role and possible utility that predators can be expected to exert 
ill controlling corn borer populations, birds, particularly the 
downy woodpecker (D1'yobates pubcscens medianus (Swainson» 
and the red-winged blackbird (AgeZcdus 1Jhoeniceus phoc",~iceus 
(L.», and insect predators, particularly Cemtol1wgilla /uscilabl"is 
(Muls.) and HippodCL1nic~ conve1'gens Guer., i':ave been frequently 
observed removing large numbers of corn borer larvae and egg 
masses from specific fields. No predators of any kind have been 
imported into the United States for testing against the corn borer. 

Becntve1"ia bassict1Ut (Bals) Yuill. is the only disease organism 
that has been observed in the United States to kill the corn borer 
in the field, and then only under circumstances directly traceable 
to artificially imposed conditions. Field recoveries of this disease 
have been made immediately following its dissemination, but evi­
dently no lasting effect has resulted from efforts to establish it 
as a natural control of the European corn borer. 
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