%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/




=
IM
@
==
Hm
th

i 25
1L23 s e

EEL
g ]
K

FF“TEEE E E E
=

AV
s

1 4
¥
€

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAY OF STANDRRDS-1963-4

IN
in

fl2

i = 8
I s pos

.
N
L

FEEERE EE E

EEEL

K

[4
3
13

MICRCCOPY RESOLUTION TEST CHART
HATIQNAL BUREAU OF STANDARDS-1963-4



http:111111.25

CONTENTS

Introduction
Synoaymy
Importations
rom Europe . _ ___
From the Orient . ______
From miseellaneous sources .
Domestic collections . ___
Laboratorf breeding
Storage of parasite material ____
Emergence
Synchronizing releases
Moth emergence .. ______ —
Parasite emergence .. _______
Post-emergence examination of

host material ____________ )

Parasite shipments . ___________
Colonization and sampling meth-

s
Liberation procedure
IMield sampling procedure ____
Imported parazites in a maicte-
nance status in the United

States
I.mdeIl{!c];) stabulans grisescens

Horogenes punctorius (Roman)
Macrocentrus gifuengis Ashm._
Chelonus annulipes Wesm.
Zaleptopypus flavo-orbitalia____
Cam.
Phaeogenes nigridens Wesm.__
Eulophus viridulus Thoms
Imported parasites not known to
be established in the United
Statea
Ezeristes roborator (F.)
Microbracon brevicornia
(Wesmo} . __________
Campopler alkae (ENL. &
Sacht,)
Apanteles thompasoni Lyle ____
Apanteles sp. ________ . __
Campoplex multicincius Grav..
Campoplex pyraustae Smith __
Bracon atricormis (Smitk) ___
Meteorus nigricoliis Thoms. ___
Aplomya mitie (Meig.)
Pgcudopericheeta rosegnae
B.&B)y . _________
Nemorilla floraliz (Fallen) ____
Pgeudoperichacta erecte (Coq,)
Mierogaster tibialis Nees _____
Labrorychus 8Pc mare— e

P
Paratheresia cleripalpis (V. d. 1‘6

Parasite complexes at test points
in the United States
Malden, Mass
Taunton, Mass, .. ___._____
East Hartford, Conn, ———..____
Miscellazieous points in  the
Eastern States
The Lake States area .._______
Utilization of native hosts by
imported parasites ___.____
Field status of native parasites__
Trichogramma minutum Riley_
Aplomya caesar (Ald.)
Labrom}chzw prismaticus {Nor-
ton

Bassusg agilis (Cress.) __. ...
Pyraustomyia penitaliz (Coq.)
Microbrocen caulicoln Gahan__
Microbracon geleckiae (Ashm.)
Nemerilla maculose {Meig.)__
Pzeudoperichacta erecte (Coq.)
Gambus ultimusg (Cress.)_____
Tloplectis conquisiter {Say)___
Gambrus bituminosus (Cush.) .
Micmgaster epagoges Gahan__
Lizophaga varighilis {Coq.)___
Melanichnewmon brevicinetor

a
Melanichreumon rubicundus
{Cress.) 1
Dibrachys eavug (Walk.y_____
Meteorus loxostege Vier..___.__
Prigtomerus (Neopristomerua)
melleus Cush, . ____
Miotropiz clisiocampae Ashm._
Campoletis perdistincius
(Vier.)
Maecrocentrus robusius Mues.__
Apantelea pyralidia Mues
Enicospilus purgatus {Say)___
Microbracon mellifor (Say)___
Scambus pterophori (Ashm,)_.
Seambus tecumseh Vier.._.___
Seambus hispee (Harrig)_.._._
Microbracon n, sp
Insect predators
Birds
Disease
Summary
Literature cited — oo .




B e

[] . -

Techm’cai Bulletin' No. 983 - December 1949

" Biological Control of the European Corn Borer'
) | in the United States®

By W. A. Bager, W. G. BRADLEY, and C. A. CLARK,? entomologists, Divigion
of Cereal and Forege Discet Inoestigotions, Bureen of Entowmology and
Plant Quarantine, Agricuitural Rescerch Administration?

INTRODUCTION

THE EUROPEAN CORN BORER (Pyrausta nubilelis (Hbn.) ), a pest
of foreign «vigin, was first discovered in the United States in
the summer of 1917. Losses of field ana 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.
In view 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 the 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 1919-440.
The early history of the program conducted by the Bureau of
Entomology and Plant Quarantine for the introduction of foreign

L Pyrauste nubilelis (Hbn.); order Lepidoptera; family Pyralidae; sub-
fumily Pyraustinae.

* Submitted for publieation Mavch 10, 1849,

# Resigned August 1846, ]

1 The follpwing personnel contributed to the investigations reported herein:
. A. Bartlett, E. W, Beck, k. A, Biiwn, (G. T, Bottger, E, D. Hurgess, 5. W.
Carter, J. Coveney, C. A, Crooks, 8, Dahanian, R. Ellis, R. T. Everly, D. W.
Jones, L. G. Jones, R. Mathes, Al T. dyers, N. J. Nevney, A. M. Vance, and
R. J. Wabb. Assistance on the taxenomic phases of the work was given by
C. F. W. Muesebeek., W. I Scllers and B. G. Hall gave advice relative to
the systematic position of ceitain species.
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parasites of the European eorn borer has been described by
various writers. The more general phases of the work in Europe
were presented by Thompson and Parker (34, 35).° Numerous
papers treating specific species published by Thompson and
Thompson (36, 37), H. L. Parker (24, 25}, Parker and Smith
(26), Vance (39, 40, 41), and Smith (32) were concerned prin-
cipally with the genera! status of the various species in Europe,
in conjunction with their morphology and laboratory biology.
Cartwright’s (10) discussion of the initial work in the Orient
bas been supplemented by Clark (11), following the completion
of the Bureau’s corn borer work in the Orient, thereby providing
a comprehensive summary of that portion of the parasite pro-
gram. Jones (17, 18) has presented brief accounts of the para-
site invesfigations 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
Ezeristes roborator (F.} (Baker and Jones 2), Microgaster tibi.
alis Nees (Baker and Arbuthnot 1), Campoplez alkae (EN. and
Sacht.) (Baker and Arbuthnot 1), and the laboratory biclogy of
Zaleptopygus flavo-orbitalis (Cam.) {Bradley and Burgess 8}.
Since the appearance of these publications, the nvogress 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,

B —

 Italic numbers in parentheses refer to Literature Cited, p. 183,




BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 3
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 thc same
species in other publications, are shown in the following tabu-
lation.

Terminology used in this Terminology nsed in previous
bulletin refercnces
Diptera:
Larvaevoridae:
Aplomye cuesar (Ald)Y —_______ Zenillia eaesar Ald.
Aplomye mitis {Meig.) ——————___FExorista wmitis Meig.

Exorista nigripalpis Towns.
Zenyllia mitis Meig.
Liydeila stabulons var. grisescens
R. D, .. Musicora zenilis Rond.
Musieera senilis Auet,
Lydella grigescens R. D,
Ceromasia lepida (Meig.)

Pscudoperichacta roseande

(B. & B.) . Zenillia voseanae (B. &. B.)
Hymenoptera:
Braconidae:
Apanteles thompsont Lyle ________ Apanteles sp. (Europe)
Chelonus annunlipes Wesm., ______Chelonus inanitus Thomson

Chelonus sp.
Muacrocentrus gifuensis Ashm. __.. Maerocentrus abdominalis F.

Microbracow brevicornis Wesm. ___Habrobracon brevicornis Wesm,
Eulophidae: -

Eulophus wiridwlus Thoms. - .. ....Hemiplorsenus unguicellus (Zett.)
Ichneumonidae:

Campoplexr multicinetus Grav, __ . Campoplen rothii Holmgr.

Campoplex pyrewstae Smith _____. Cwmnpoplex Ligubrinus Holwmgr.

Compoplex n. sp.
Zuleptopygus fluvo-orbitalis
{(Cameron) . _..__ e Cremeastus hymenine Viereck
Cremastus flavo-orbiteliz {Cameron)
Campopler wllae (EN & Sacht.) . - Ewulimnceric erazsifemur Thomson
Eulimnerie ulkee (Ell. & Sacht.)
Horogenes punctorius {Roman) .. Angitie punctoric Roman
Lioctes punctoria
Inareclata punctorie (Roman)
Phacogenes nigridens Wesm. .. _ Phacogenes planifrons Wesm.

IMPORTATIONS

Following the 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 « total of 26,867,608
by the end of 1939,
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TABLE 1.—Importations of Ewropean corn borer larvae lo supply
parasites for colonization iv the United Stales, 1920-38

Year

From Europe

From the Orient

Number
120,207
176,268
196,645

[
18,106
1154,408

1502,600
11,500,000
2,609,600
1,272,600
3.983.434G
4,461,975

3,006,834

Number

255
147,269
425,000
681,400

1,337,475

3,494,972
1,213,600 122,400
1,141,393 134,592
9 102,444

85,280 .

126,000

3,070,895

23,796,713 |

—n e —

UL S, Dopt. Agr, Tech, Bul, 98,

FaoMm Eluors

The yearly importations of all species of European corn borer
parasites from Europe are listed in table 2. In the early ship-
ments of larval hosts from Europe, corn pith was used as a trans-
portation medium, but later folded paper was substitued 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 300400 larvae in a metal can, Most of the
cans used were made of brass, copper, or tin alloy, and were about
6 inches 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 forming about 400 small tunnels in which the
tarvae could spin up. The cans were then placed in corrugated
cardboard boxes and a number of these were packed for shipment
in large wooden boxes.

In the shipments from Europe made during the years 1925-38,
the host larvae were in paekets consisting of 14 to 16 strips of
single-faced corrugated cardboard, each strip being approxi-
malely 44 inch wide and 414 inches long, tied together with fine
wire. A total of 150 packets was usually placed in a shipping
box 24 by 1114 by 514 inches, inside measurements. The boxes
~were very 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




BIOLOGICAL CONTHOL OF THE EUROPEAN CORN BORER 5

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°-45° F. during the transoceanic frip.

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, when 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 piliboxes,
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 bover para-
sites from Europe were adopted in the importation of the pupal
parasite Phaeogenes nigridens, and have been described fully by
Smith (32},

Froa 11e Orient

Host larvae in the later shipments from the Orient {(Japan,
Korea, and Manchuria) were in packets made up of 15 strips of
double-faced corrugated cardboard, each strip being 1 inch wide
by 4%, inches long and capable of holding 27 or 28 larvae. Each
packet was held together by two No. 1d rubber bands, was im-
pregnated with beeswux, and was placed in an individual metal
can 4% inches high and 23} inches in diameter. Each can had
two side openings, approximately 2 by 8 inches and covered with
20-mesh woven-wire cloth. 1In addition to the packet of corra-
gated cardboard, each can contained strips of newspaper, folded
fanilike. Each can was placed in an individual corrugated-card-
Loard box. These were in turn packed in corrugated-cardboard
cartons, 30 boxes to each carton, and crated for shipment,

Importations from the Orient &id 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 8.

Fros MisceLLaxrors SoUrces

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

In August 1931, 5,000 puparia of Paratheresic elaripalpis V. d.
W., a tachinid fly parasitic on the sugarcane bover, were diverted
from 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.




TABLE 2.—Importations of European corn borer parasites from Europe'

Species §1920-27£ 1928 | 1929 | 1930 | 1931 | 1932 | 1933 1935 Total

e

Apanteles thompsoni ; ,

Lyle oo 88,139, 36,180] 6,549} 55,628 58,731 680 . . 258,842
Bracon atricornis :

(Smith) .. ... o i j 8 i 6 10 N . 24
Campoplex multicinctis :

Grav, ... .. — : 243 8311. R ¥i 84 1,670
Campoplex pyr -austac . i

Smith .. 903; 276;. . 41 36 i 1,799
Chelonus anmnulipes , ,

Wesm. 8,070 231 26,669 5,165 e 55,841
Campoplex alkac {Ell, & i ]

Sacht.) f 18, 9,601 13,336 22, 20,9881 1,631 W 148,607
Eulophus wviridulus .

ThomS. = e . - 89,188 /204,189 | 44,073 o 408,118

Exeristes roborator ]
F. et o SN SIPIRRUII RTINS ; 1,411
Horogenes punctorius :

(Roman) o 3,22 3,409;-16,277| 25,653 | 16,735 6,553 e e 98,817
Lydella :stabulans grises- :

eens Re D. ..o [ 10, 27,619 8,378190,388/129,316 |132,095 74,405 K N woco.] 751,636
Macrocentius gifuensis

Ashm. .0 , 59,5667; 21,984] 20,996 X 3,563 132,712 .4 . 253,791
Meteorus nigricollis

Thoms. - 8 N N R 8
Microbracon. brevicornis ] ‘

(Wesm,) ____....____| 1,300 I . 1,300
Microgaster tibialis .

Nees' ... ..__..]186,227 X 52,480 59,846 , y 26, ) 478,499
Phaeogenes mgrzdcns ) .

Wesm. ___.________ | 24,058 s 2,008] 4,523] 4, K - | s 10,806 73,327

THALTADIIDY d0 "LdHA 'S *N '886 NILATINH TVOINHOAL




o e o

Aplomya mitis (Meig.) .o} cocnesn 285 83} 2,796 258 59 202 8,683
Pscudoperichaeta rosca- )
sae (B. & B.) ......| 15361 18,351} 50,576 21,457| 21,053 | 23,805 345| 3,361 - - 149,299
Labroryehti8 $p. ol mmmicomn o ool mioin oo s sonsf o o oo — - (712 3 D PR I I 53
Total = oncan .| 852,846!310,0261165,983/346,271)|383,458 | 524,852 |292,477 {126,679 148,036 11,809 {13,482 {10,806:{2,686,725

U The vear of release is-considered the year of importation. For the years 1920-27 importation records are taken from U. S. Dept.

Agr. Tech. Bul. 98. For the year1928-33 the number of parasites of each species liberated is considered the number imported. For

the years 1934-38 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.

HAY0d NHOD NVIJOHNT THL .40 TOHLNOD 1TVIIDO0T0oId




TABLE 3.—Importations of European corn borer parasites from the Orient*

Species 1929 | 1931 1932 1933 1934 1935 B Total

Apanteles sp. oo, 00l 171 3 . 391
Bracon atricornis (Smith) - . . . _____ 4 b5 359
Zaleptopygus flavo-orbitalis (Cam.) ... _ ... : ] 1,881 753 34,369
Campoplex alkae (Ell. & Sacht.) ... ... ...t ) . 564 7,937 : . 8,501
Hovogenes punctorins {(Roman) 754 5 29,480

Lydella stabulans grisesecens R. D. . y e 24,309 ‘ 100,085
Macrocentrus gifuensis Ashm, ‘ . #) 5 41 1 ; . 128,692
Microgaster tibialis Nees - ' 1,476
Nemorille floralis (Fallen) . S . . 1,890
Phacogenes nigridens Wesm, _____________ 1 38

1,622
-4
73

Pscudoperichacte erecta {Coq.) -] i
Trichomma enaplialocrosis Uchida . S
Xanthopimpla stenvnator Thunb. i e

Total . ... 13,896 | 2 28,120 /190,752 306,880

For the years 1929-33 the number of parasites of each species liberated or shipped to other laboratories is considered the num-
ber imported, excepted for Trichomma enaphalocrocis and Xanthopimpla stemmator, the figures -for which are the actual num-
bers imported.  For the yesrs 1934-36 the number of internal parasites emerging in the United States is considerec the number
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 releases. .

3980 Macrocentrus gifuensis from Chosen and 414 from J apan imported in. 1929, but not differentiated fromi European mater-

ial in the release notes.

TINLTINOIYOV A0 "LAAA S “N *¢86 NILITING TVOINHOIL




BIOLOGICAL CONTROL OF THE BUROPEAN CORN BORER 9
DOMESTIC COLLECTIONS

The first material from domestic sources, consisting of 11 adulis
of Horogenes punctorius and 163 of Lydella stabulans grisescens,
was obtained through host-borer collections made in 1230 to deter-
mine the status of parasites around release points in New Eng-
land. These collections indicated that considerable numbers 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
obtained by cutting and storing only that part of the plant above
the ear. Thus the borers could be placed in storage before any
appreciable numbers of parasites had emerged in the field, and
releases could be betier 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
appavent. 'T'o synchronize the emergence of parasites with the
occurrence of host borers in a suitable stage for parasitization,
storage and emergence rooms in which temperature and moisture
could be controiled, were needed. In the fall of 1935 the first
attempt was made to remove the borers from their host plants
and store them under conditions ef controlled femperature and
humidity.

Records of the collections of corn horer larvae for obtaining
parasites from domestic sources arve summavized 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 6.9, 9.9, and 152 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 pavasitization of borers of like genera-
tions in different years.

Prior to the actual collection of host larvae, surveys were made
to determine desirable fields frem which borers should be taken.
In earlier years the basis of choice was the number of exotic
parasites in 100 stalks, the fields carrying the greatest concentra-
tion being utilized first. After 1934, when selecting fields, the
parasite species most desired for distribution was given first con-
sideration. Table 5 present., data obtained in such precoliection
surveys.
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To obtain borers for storage under controlied temperature 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 relationship had reached equilibrium for
the season; (2) borer activity was reduced to a low point, so that
host-plant material could be handled with & minimum of migra-
tion; and (3) seasonal observations on the field siatus of para-
sites could be completed before domestie collections were started.

Two men were employed in cutting the corn, a third in tying
the stalks into bundies, 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 eould dissect it, the
field men hecame available at times to aid in removing the larvae
from the corn,

TABLE 4.—Collections of Ewropeats corn bover larvae For obtain-
g parasites from domestie sourees

Generation of host i Year of releass E Host lavvae Methed of
larvae I of purasites i utibized storage
] | f Number |
First .o .o oo 1031 ) In host plants.
Do.. .7 : 1932 : 327 624 Do.
Second ... . ... ... 1933 548,432 Do.
Wiest . . . .. 1933 160,150 Do,
Second _ ... . _.._. ... 1934 1,062,566 Do,
Do .o S 1936 166,988 | In corrugated-
paper cores,
Do ... 1937 191,265 Do,
Do__._. | 1830 3,000 Do,
Do ... 1040 20,068 | Isolated in
| individual
i : glass vials,

LAl the borers that were present in about 097 nere of corn. {About
40,000 borers.)

A greenhouse 50 by 100 feet was utilized for the disseection
work. The 20 to 30 cutters seated on boxes in a leng row on one
side of the greenhouse, with corngtalks 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. 8o 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 fivst,

The larvae were placed in light metal cuns about 8 inches in
diameter and 5 inches high, with a funnel soldered in the cover,
and containing newspaper folded fanlike fo prevent the larvae
from injuring each other. These collecting cans were taken at
intervals te a table, where the larvae were sorted. Al dead or
injured borers were removed and the healthy ones were counted




TABLE 5.—Infestation of host plants and
tion surveys for dor

RS

parasitization of European corn borers, as estimated from precollec-
nestic collection, eastern Massachusetts, 1931-36 :

Estimated larvae .
Year of Generation Fields Total Borers Eihggtt:g
examination of borers examined area Per 100 parasitized par field
: ] 1 In fields In fie
plants )
Number Acres Number Number Percent Number

1931 First 2 0.37 12,310
1932 ..do 19 18.95 60.6 327,924 12.76 41,843
1932 Second 12 7.65 30.7 543,432 22.14 120,316
1933 . First.. 13 10.55 80.0 190,150 14.21 27,020
1988 .o Second oo 12 6.58 603.1 1,062,566 765 80,224
1935..— ..do 24 19.1 510.8 1,175,682 17.30 203,392
1986 ol a0 12 17.8 218.6 507,225 22.23 112,756

«

1Number actually recovered.

ATUOT NUOO NVAIOUNd THL J0 TOYLNOD vVoI1D0101g
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and allowed to spin up in packets made of strips of corrugated
cardboard. 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.

The 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 noermal reduction in the field caused by mortality
and migration of the larvae, and by birds and other predators.
However, additional losses occurred through ikjury during har-
vest and dissection operations, and through migration of larvae
during the transportation and handling of the cornstalks. Data
on mortalities incident to shipment were obtained by sample
counts 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 weve 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 mortality of larvae during
shipment averaged 2.5 percent; in 1936, 3.3 percent.

TABLE G.—Numbers of European corn borer purasites obtained
from domestic collections of borers

Haoro-
HeHES
pme-
torius

]
Lydelle | Phac- ' Ps]c‘z t.c‘.’.o- Muacro-
stabaluans| ogenes © POVE tembrus Total

- - 4 . o 1 L0 » -
yrisescens | nigridens 'r;:::'!{:,f;cic gifuensis

163 R P 174
1,144 AN I 3,369
1,637 : 11,842
1,272 9,;39
1934, .. ) 1411 .. . . . 6,411
1986 . ._ ... 6,175 | . L.l o . 21,045
1937 200 e P 12383
1939 T M B 2,177
1940 .. R AR R 78,815

Total | 48,233 R 145,961

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 6.

In addition to domestic collection of borers to obtain parasites
for colonization, small numbers of Horogenes puwnctorius and
Mucrocentrus yifuensis adults were reared from borers collected
in 1939 and 1940 to determine the current status of parasites.

LABORATORY BRELDING

The principal source of parasites fov 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 Microbracon brevicornis. The breeding work with
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TABLE T—Numhers of BEwropean corn borer purasites obtatned by
breeding in laboratories in the Uinited States

. |
A Chatonis| pyies' e | Mo
Yeax thomp- t}:-”i:;‘ roborater!  brevi- gg“‘:i i}s Total
soni p COrn's !
B N R 1,054,000 | | 1,054,000
19937 T T 58,035 2714 | omomroan 31,649
1924 il e e e 19,954 50,550 1,269 71,704
1925. e | - —— 22,433 156,370 | 178,803
1626 . — [ S 18,407 65,684 | 113,991
T A MR TTTTTTTTTL 63635 | 9390063 | ... 292,898
1998 ... 5| sosoe | ss2i2e7 2308 | 644,496
1929, . e 221 46,441 354,087 | cmeomo 400,749
1213 JE N —— 2,016 34,342 270,824 | 316,182
1981 o I, 4,292 955 3113 I (— 14,922
LR35 12 Y [ —— 741 [_- _ 141
1933 T 1,342 1,342
1938 o f e 133,424 jooor 29,073 |c—amee 162,497
1930, ST\ 75818 |- ... AR 75818
Total. 5 i 217,834 | 315,002 2,823,243 3,508 i 3,359,592

TABLE B—Numbers of European corn Dorer P
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ST : ¢ i  pregdipe
Orient Porn tions | breeding
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1928 . __ L 319,026 ¢ C5 T P P — 644,496 954,522
1929 .. 165,983 13896 | e 400, 749 580,628
1680 346,271 22,408 174 316,182 685,036
1931 -~ 383,458 28,120 3,369 14,522 434,869
1632, .- - 524,852 198,752 728,287
1638 202,477 1,486 304,944
1934 .. 126,879 8,402 141,492
1035 ... 148,036 § 17,042 165,078
1936.. 11,800 | 24,774 68,406
1987 - _. 13482 | 25.870
1938 _____ 10,806 | oo 173,303
1939 R SR I 717,995
Total 2,686,725 | 306,880 | 15,777 & 67,146 | 3,359,592 | (,436,120
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ing the Buropean corn borer as the hos:. In 1938 and 1939 large
numbers of C. annulipes were bred on Ephestia kuehnielly Zell,

The braconid Micrsgaster 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 sunimarizes the produetion of parasites
by laboratory breeding, and table 8 summarizes by years the
parasites obtained from all sources for release in the United
States. Methods of obiaining eggs and rearing corn borer larvae
Tor use in breeding corn borer parasites are given by Patch and
Pierce {28) and Baker and Mathes {3}.

STORAGE OF PARASITE MATERIAL

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 being received
during the winter. Late shipments in the spring werc attended
by increased activity among the berers 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-
valing 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 carthen floor, and where
some slight environments] control was exerted, The earthen
floor and the walls were sprayed periodically with water to induce
a higher humidity,

In the spring large guantities 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 1.inch-mesh wire.
These racks were stacked one above the other wntil they formed
4 solid column about 6 feet high. When they were all in place
the entirve column was wrapped in cheesecioth and cemented over
with a one-half ineh layer of plaster of paris. In earlier years
water was sprayed onto this column at intervals during the
storage period in order fo inerease the humidity within the stack,
but in later tests no moisture was added to the column. How-
ever, by this method of storage, a gradual rise in temperature
was unavoidable, and this was attended by a slow increase in
metabolic activity of the larvae,

This undesirable condition was remedied during the first win-
ter (1934-35) that the host larvae were stored af the laboratory
at Moorestown, A walk-in refrigerator with controlled tempera-
ture and humidity was used. When the shipping boxes arrived at
Moorestown, after being carried by automobile from the sieamer
at New York, a sample of the confents was taken to estimate the
moertality incurred since they were packed. The mortality during
shipment 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 bux outside the packets. The mortality of the host
larvae imported from both Europe and the Orient was very low
during transporiation, never rising above 3.5 percent.

On receipt of the larvae at Moorestown, qualitative and quanti-
tative chservations on the parasitization in the host larvae were
also made. The data were derived by dissecting 10 larvae from
each of five packets taken at random from each box of material.

Following the examination 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 deseribed by Arbuthnot
and Baker.t When held under conditions provided at the Moores-
town, N. J., laboratory, the mortality of the eorn borer larvae
during storage was low, the average mortality in imported rnate-
rial not exceeding 5.3 pereent. 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
eyond the normal hibernation period invariably resulted in some
increase in mortality,

EMERCENCE
SYNCHHONIZING HELEASES

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 effected by the methods previously described, but the time
of removul of muterial 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
were broken open and the trays containing the borers that had
spun up in the corrugated-cardboard packets, were transferred
to outdoor insectaries, where they were stacked in staggered col-
amns. each rack separated from the one below by small bloeks
of wood placed at the corners to permit egress of the emerging
ndults. The technique of handling from this point was the same,

fArBuTHNOT, W, D, and Baker, W. A, TECHNIQUE AND EQUIPMENT FOR
HANDLING TWO UYMENOPTEROUS PARASITES OF THE EUROPEAN CORN BORER
WETH FPARTICULAL REVERENSE TO PHROLONGING TIEIR [IBERNATION. U. S. Bur.
Fint. and Plant Quar., £-160, 12 pp., ilus. 1938, | Processed.)
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nize with the oceurrence of the host in a preferved stare of
development.

Synchronization of parasite releases with the presence of suit-
able hosts was complicated by several factors. Part of the endo-
parasitic material was eollected from areas in which one annual
generation of the borer prevailed, and part of it was obtained in
areas having two or more annual generations. When stored and
developed in & common environment, this host material developad
at different rates, depending on its source. Furthermore, it was
often desirable to release parasites obtained from any given ship-
ment at more than one point in the infested area. The different
geographic positicns of the releasc points necessitated different
release dates, depending on the strain of the host and on the
metecrelogical conditions prevailing in the respective localities,
Because of the variation in Lhese factors, it wus often necessary
to move successive lots of the host material containing parasites
cdestined for various points in the infested area into a develop-
mental environment in order to obtain emergence at the proper
times for release in the different localities.

Since obviously it is impossible to vary to any great extent
the normal date of emergence of one species of endoparasite
more thun that of another in the same lot of material afier it
has been placed in a developmental environment, it was necessary
with each lub to choose a prospective emergence date that would
be optimum for the most important of the species expected from
it. Fortunateiy, variations in such factors as rolease localities,
oviposition requirements for preferred host stages, the develop-
mental period within the host, and the duration of the preoviposi-
tion period, permitted a fairly close synchronization of all para-
sites.

That close attention to synehronization resulted in higher initial
establishment has been demonstrated. Baker and Arbuthnot (1)
have pointed guvt its value witn respeet to the colonizution of
Aleroguster Hbialis. Tmmediately after liberation, however, the
seasonal rhythm of this parasite reverts to that of Lhe region
of its origin. Nevertheless, in penerai, a hich initial establish-
ment resulting from synchronization of parasite releases with the
proper growth stames of the host is believed to increase the
chances for a colony's success over that of a nonsynchronized
release, even with parasites having habits similar to M. fibialls.

While the ultimate werth of synchronized releases of parasites
that revert immediately to a scasonal rhythm nonsynchronous
with the host cycle may not be demonstrable, yet with parasites
the development ot which depends chielly on host physiology,
synchronization is of definite value. This was clearly shown in
the Chelonns annulipes released in the Lake States. This para-
site oviposits in corn borer ewgs and the parasite larva issues
when the hest is in the fourth instar. The week preceding the
1-eak of host ovipo:ition in the respective localities was chosen
for the release of C. wunnlipes adults, since they are capable of
ovipositing very soon after emergence, and since from 200 to 300
eges may be deposited over o considerable pericd by one female.
It was thought that Bberations just prior to the peak of host
oviposition would insure & maximum number of host egus for

sE G - - -2
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parasitization immediately after the releases, and would provide
for the greatest possible utilization of the oviposition capacity of
the parasite. By applying this plan to a series of C. aunulipes
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
Chelonus annulipes at two points in the Lake States. Figure
2, 4, shows that complete or partial synchronization was accom-
plished with most of the adult parasites released in Jerusalem
Township, Lucus County, Ohio., FEstablishment and maintenance
over a number of years were obtained at this location. In the
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TiGuns 2,—Syachronization of Chelonus annulipes releases with the presence
of host eegs, 1930; A, Jerusalem Township, Lucas County, Ohic; B, Mon-
ry, Mich.

locality represented by figure 2, B, there was no synchroni-
zatien, and no resulting establishment of the parasite. A similar
relationship held true at several other release points.

The actual fimes of removal of the endoparasitic material from
the controlled eold-storage rooms weve 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 zyn-
chronization with the host insect in its proper stage of develop-
ment wore determined from observations on the seasonal history
of the host in previous years.

Owing to the brietf developmental period required to produce
adults from stored coeoons, synchronization of releases of these
parasites was obtained by removal from eold storage at the time
roverned by the progress of host development in the season of
release,

It was necessary to segregate the parasites from different points
of orisin during emergenece. To zeccomplish this, the host ma-
terial from each source was confined in an individual emergence
chamber, four in all. These measured 6 feet long, 41, feet wide,
and T feet high. Three of them were built within an cutdocr
insectary, with double walls of pressed-wood board, except for
cne end, which was covered with a transparent, wire-imbedded,
celiuloidlike material. Each chamber was equipped with venti-
Iators through which the air could be drawn out or forced in,




BIOLOGICAL CONTROL OF THE EUROPEAN COHN BOREit 19

and electrical current was available for the operation of mechani-
cal insect collectors. The daylight entering each chamber could
be supplemented with artificial light tfrom “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 inside 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 relative humidity.
All light supplied to this chamber was artificial.

Although as mauny as 585,000 larvae could be handled in one
emergence chamber, about 200,000 was a more convenient unit,
Larvae to be placed in the developmental chambers while still
spun up in the packets were removed from the shipping boxes
in which they had been stored, and these packets were arranged
one layer deep in shallow trays measuring 1414 inches wide by
20 inches long, and 1 inch high, Each fray (fig. 3), consisted
of u wooden frame with a bottom of 4-inch-mesh wire cloth, the
end of which was covered with a metal strip 14, 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 anes held 117 trays, or 936,000
larvae. However, in actual practice, only about 5,000 larvae were
usually in the packets in any one tray; therefore the number of
larvae handled per rack was greatly reduced.

Merrk 3. —Tray holding packets of European corn Lerer larvae in storage.

At the time of removal from storage, and approximately once
2 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 707 F.) caused the larvae to migrate. Such
movement 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 desived, there was no trouble from migration.

All parasites handled in the emergence chambers showed posi-
tive phototropie responses.  As parasite and host adults issued,
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they were drawn by either natural or artificial light to the front
of the emergence chambers, where they were collected,

MoTil Emencexce

Most of the borer larvae placed in the emergence ehambers
pupated and large numbers of moths emerged. Since the pres-
ence of corn borer moths complicated parasite collection in the
cmergence 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

pr—————
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FicUrE d4.—DMebile rack 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 Lydelle stebulans grisescens and a large portion of
the Zoleptopygus flavo-orbitulis adults had emerged. Adults of
Horegenes punciorius appeared while moth emergence was at
its height. Since many of the host moths emerging in the cham-
bers were known o be of different strains, and because of the
possibiliby of the sirain of any of the host adults diftering from
those present at the release points for which parasites were sched-
uled, pavticular care was taken that moths were not drawn into
the shipping cans with the adult parasites. To insure this, it
was necessary to remove the corn borer moths before collecting
the adult parasites.

Froune 5—Device for collecting and destroying Wuropean corn borer adults
prioy to ecollecting purasites in emergence ehambors,

Since it was necessary to destroy the moths, they were collected
by means of a modified electric vacuum cleaner {fig. 5) into a
arge metal can partly filled with oil. The suction of this col-
lecting apparatus was ample for rapid eollection of the moths
and to force them into the oil.  The nozzle used on the moth col-
lector had a small aperture fo enable the operator to pick out
individual moths when adult parasites also were present. A
recent improvement has been the installation of a central vacuum
system piped to all emergence chambers, Moths are drawn to
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a metal confainer in the laboratory basement. The same system
has proved very useful for cleaning cages and for general sani-
tution.

ParasiTe EMERCENCE

Adult parasites were collected from the emergznce 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 algo been
utilized to draw parasite adults directly into shipping cans,

Fictine G.~Device for collecting parasites directly into a 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 1tu-inch hole was punched in the cover of each can.
When the collecting 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 cach can to provide additional restiny 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 ther stored
in cooled heavily insulated shipping boxes described by Bradley?
until packed and shipped to the release points.

Since the parasite adults were drawn from the windows of the
emergence champers 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
te handling was thereby reduced to a minimum.

In order to obtain an estimate of the approximate number and
species of parasites to become available for celonization from
stored muaterial, samples of larvae were dissected 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 from each shipping box. 1In 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 larvaevorid parasite Lydelle stabulans gri-
sescens. Biological studies have shown that usually not 1 .re than
two larvae of L. grisescens can mature and emerge from a single
host larva, The supernumerary parasite larvae, exceeding two
in any one hest, were disregarded in calculating the number of
aclults to be expected. From 1 to 17 percent of the dipterous larvae
were in the third instar. All other dipterous parasite larvae noted
were in the second instar, No host larva containing maore than
one Herogenes punctorins was found, and all of this species were
in the first instar. Larvae of H. punctorius and 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. punctorius. When L. stebuluns gvi-
sescens and Zuleptopygus flavo-orbitelis were found in the same
host larva, the Z. flavo-orbitalis larva was always dead, and where
two larvae of Z. fluvo-orbitalis were found in the same host larva,
one of them was dead. All larvae of this species were in the first
instar. :

When estimating the number of parasites to be expected from
any lot of host material, based on dissection findings, it is neces-
siry to muke certain deductions to compensate for mortality oceur-
ing during storage and development.

Tuble 9 presents data on parasite emergence from host material
from different sources cellected in 1934-37 and stored at Moores-
town. This table shows greater mortality among individuals of
some species than among others. Zalentopygus fluro-orbitalis, 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 perecent.

Horogenes pinctorins was most adversely affected by the lub-
oratory handling, and emergence averaged less than 50 percent

* BranLey, W, (. ;\. THERMALLY INSULATED UNIT FOIR THE TRANSPORTATION
OF ADULT INSECT PARASITES, UL 8. Bur. Ent. and Plant Guar. ET-77, 3 pp.,
ilus. 1936, Processed.”




TABLE 9-—Eme7 ‘gence of parasites from host material at the Moorestown, N. J., laboratory in 1935, 1936, and
- 1987

Source of material

Pietrasanta, Ttaly, Europe, 1934-35
Miyakonojo, - Japan; Orient; 1934-35 .
Subtotal, 1934-85

Domestie colleetion; 1935=36 .. _.
Orient, 1935-36 )
Subtotal 1935-36 _

deestlc, 1936-3T . i i

Suropean:
Small larvae 193637 ... . .. ... .

Large larvae 1936-37 .. ... ... .. ...

Subtotal, 1936-37
Total 1934-37

Liarvae

Lydelle stabuluns griscscens

Borers
parasitized

ted

parasites
available

stima

E

i

Parasites
obtained

Efficiency
of species

Number

1,141,393
134 5J2

1,275, 985

Percent
18.6

Number

212,299
38,897
251,369

166,988
102,444
269,432

-

191,265

4,750
80, 530
276, 545

28,
19.
4.
20,
O

7,180
21,200
28,290

2,869

285

5,234
8,296

Number
135,050 |

13,431
148 481
6 039

9 891
16,536

Pereent

Horogenes punctorius

Borers
parasitized ;
Estimated
parasites
available

Parasites
obhtained

Efficiency
of species

Percent [ Number
317,666

37 666

Nwumbery
8,457

o S

8,457

LPereent
224

024

25 048
25,048

15,715
15,115

2,239

71
5,468
7,178

285
403
25, 16()

1,821,962

9
7
3
7
5
15
0
5
0
8

6.
6.
3.
5.

1

287,970

172,795 |

24,482

10,149

98
732
10,979

‘ 4)81 87,884

35,15i"§

40.2

TAALTADIADV J0 "LIIA °S N ‘886 NILITTIAA TVIINHOAL




“TABLE 9.—Emergence of pcw'amtes f1 om host material at the Moorestown N. J., laboratory in 1985, 1986, and
1987—Cont.

Zaleptopygus

flavo-orbitalis Chelozus annulipes

Source of mataerial

parasitized
Estimated
parasites
available
Parasites
obtained
Efficiency
of species
parasitized
Estimated
parasites
available
obtained
of species
Borers
parasitized
Estimated
parasites
available
Parasites
obtained
of species

g Efficiency
1

T | Borers
~
)
';U Borers
¥

Num-

e ;32 Parasites
¥

[} .

§ :;é’ Efficiency
)

g
3
¥

&g
2
by

®
]
g
=
Cr
]
<
3
%
s
o
8
)
2
IS
23

o
Q
-
&
o

ber
1934-3% 242,965 | 143,607
Miyakonojo, Japan, Orient, } :
1934--35 . N . . 32. 43,204 | 17,022
Subtotal, 1934-35 i s R . 298,168 | 160,529

Domeshc collection; 1935-36 ... | .. ... i . 32,228 { 22,3564
Orient, 1935-36 . ...~} 10, ,84 X . 32,270 | - 24,744
Subtotal 1935—36 i | , . 64,498 | 47,098

Domestice, 1936-37 N ) Sl 143 27,351 12,388
European: )
Small larvae, 1936-37._ce o] .
Large larvae, 1936-37 -
Subtotal, 1936-37

Total 1934-37 , ) ) Y . 394,550 | 228,416

Pietr asanta, Italy, Europe,

™
fry
©

YIYOd NI0D NVHJIOUNE THL 40 TOULNOO TVIINOTOIL




26 TECHNICAL DULLETIN 083, U. §. DEFT. OF AGRICULTURE

for the three seasons. Bmergence of Chelonus annulipes and
Lydella stabulans grisescens each averaged about 60 percent.
From a consignment of 11,809 cocoons of Microgaster tibiglis
received from Europe in the winter of 1935-36, a total of 9,062
adults, or 76.7 pereent, were reared.

Lydella stabulans grisescens was always the first to appear in
the emergence cages. The duration of the hibernation period made
some Gifference in the length of the period elapsing between the
removal of the hosts from cold storage and the appearance of the
parasite adualts. As with other parasites, the longer the storage
period was extended the sooner the adults appeared after incuba-
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FigURE T~—Emergence trends of Lydella stabulans grisescens and Horogenes
punctoring, season of 1935,

tion was started. In general, however, emergence of L. stabulans
grisescens started within 18 to 18 days after removal from ecold
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 adulis of this spe-
cies issued within 14 days after emergence began., There was a
more or less pronounced tendency in certain lois toward a second
peak 3 to 5 days after the first. A few adults continued to emerge
daily over a long period. Some appeared as late as 45 days after
aduit emergence siarted,

Emergence of Horogenes punctorius began 25 to 43 days after
removal from cold storage, and the peak was reached from 16 to
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16 days later. Adult emergence fell off more slowly than was the
case with Lydelle stabulans grisescens. Adults continued to appear
for over a month after emergence began.

Under the envivonmental conditions prevailing at the Moores-
town, N, J., laboratory, emergence of Zaleptopygus flavo-orbitalis
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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FicURE B,—Emergence trends 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 days after the first. The peak of Z. fluvo-orbitalis emer-
gence occurred about 10 days after the peak of Lydelle stabulans
grisescens emergence from the same host material, Under simi-
lar conditions, Z. flavo-orbitalis emerged hefore Horogenes punc-
torius.
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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 coid storage.

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

The eocoons in which the parasite Microgaster tibialis spends
the winter were brought from storage and handled during the
developmental period as described by Arbuthnot and BakerS At
the Moorestown laboratory adults started to emerge & or 9 days
after the cocoons were removed from storage, and the emergrence
reak 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-Esercexce Examixatiox oF Host MATERIAL .

After the emergence of parasites had ceased, samples of the
material still remaining in the ertergence 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. If 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
that there was greater mortality in the more heavily patrasitized
than in the lightly parasitized lots of larvae segregated and
handled under identical conditions. This comparison was possible
In the larvae parasitized by Chelonus ennulipes, 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. annulipes 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
only 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 unparasitized individuals, and that parasites cause a host mor-
tality not generally aceredited 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 nct definitely known. Apparently, in 1985 the oriental
larvae in general were more mature than those imported from

¥ See footnote §, p. 16,
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LEurope, which may account for the difference. During that sea-
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 19306.

TABLE 10.— Host mortality of European corn borer parasite mete-
riadat post-emergence evemination, Morrestown, N. J., 1935-36

|
Source of material Host larvae Host pupae

T i
Living] Doad Emeorged Living! Dead

e 1
. Pereent | Percent Percent | Pereent [ Pereent
y L}

1935 :
Eurepean ... 110! 52.5 15.6 0.7 28
Oriental .. ... 7.7 18.5 ; 48.3 2.0 5
1936 | 1
Domestic, . v en e 32 285 48.9 1} 1.9
Oriental . ._. . . 3 3

! 49 405 10.1

TABLE 11.—Emergence of European corn borer parasites at
Moorestown, N. J., 193536

L |

Puparia Cocoons

Source of material : | - !
Emerged Unemerged  Emerged ' Unemerged

Pereent Pereent | Perecut Pereent

1835
European . . 114.5(18.6) 05’ :1.2(39) 19,1
Oriental .. . ——————-; 11.9(30.0) 81 *3.8(3.2) aga
1854 H :
Domestic . ... ! 4.7(4.3) 2 111.9(15.0) 29
Oviental. . .. i 11.6(19.4) 3.8 115.2(13.2) 4.0

! Pigures in parentheses vefer to estimated original parasitization.
* Horogenvs puncltorins,
3 Zateptopygus flave-orbitalis,

PARASITE SHIPMENTS

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

The large cloth-covered shipping cages illustrated by Jones'#
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 gpecies, or

4
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parasites of the same species intended for release at several libera-
tion points, eould be handled only in extremely bulky shipments
or by releasing the parasites in a4 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 14-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. 8 absorbent cotton
rolls, supported in the mesh, were saturated with water just be-
Tore 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 during ship-
nient, water frequently condensed on the metal within the cans,
and many parasites were weakened or killed by being caught in
the droplets. Later the wire support was dispensed with, and fine
excelsior was substituted to afford resting surfaces for the adults
and 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 Lydelle stabulans
grisescens could be shipped in each can, but only 200 adults of
Horegenes punctorius or Zaleptopygus flavo-orbifalis and 250
adults of Chelonus annulipes were placed in one can.

Three methods of transportation were used in moving parasites
from the rearing laboratory to the point of velease. For long-
distance shipments involving more than 24 hours of travel time,
1ailway, boat, and aeroplane were used. For ull other distances,
railway express was the medium, except for release points in the
vicinity of the rearing laboratory, for which transportation was
by automobile. An iced shipping box described by Bradley¥ was
used for all rail, rail and boat, and automobile shipments, to aver-
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
number of these cartons were packed in a larger corrugated-paper
carton. The maximum number of cans per package shipped by air
was 32, As there were 250 adults per can, this made a maximum
cf 8,000 per package. The larger carton was first wrapped with
a layer of cleth, and then with a layer of absorbent eotton, which
was covered with an outside laver of cloth. The loose ends of
this eloth were 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 foctnote 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 shlpped by aiy
express. Where plane schedules have been maintained this fype
of service was satisfactery, but unavoidable delays were so fre-
quent, over a shipping period of 4 years, such transpertation did
not prove to be satisfactory. .

To find a desirable substitute for air shipments to points more
than 24 hours distant by rail, fwo 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 fo the export poinf, and thence by boat
in the same container, under refrigeration, to the point of deliv-

-
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Figure 9.—Liberating Eurcopean corn borer parvasites near shrubbery ot the
edgre of a cornficld.

ery. A consignment of 2,000 Chelonus annulipes 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
re-iced at New York, and again on receipt at San Juan. The total
elapsed time between the date of shipmenit and the last release in
the field was T days, and the mortality was only 2.1 pereent. (2)
In shipments entirely by rail dirvections for re-icing after 15
hours of travel were attached to the top of the bex,

A test lot of parasite material was sent from Toledo, Ohio, to
New QOrleans, La., a distance involving more than 24 hours of rail
travel. This method resulted in a mortality of enly 0.2 percent
from the time of shipment to field release in Louisiana. Ship-
ments in insulated iced boxes via railway express were not only
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reliable but also conducive of low mortality. During the period
1935-38 nearly a quarter of a million parasites were transported
by this means and the average mortality among ail species was
less than 2 percent.

At the receiving points the box containing the parasites was
usually re-iced and then taken to the field. At the liberation point,
cans containing the requisite number of adults were removed from
the box and taken to the windward edge of the field, usually in
the shade of overhanging bushes or trees. The covers were re-
moved and the cans were laid on the ground to permit voluntary
egress of the adults (fig. 9). Records of meteorological condi-
tions, ecological factors of the environment, and the condition of
the adults were taken at the time of release.

The parasite shipments showing the lowest mortality rate were
taken to the field trom the rearing laboratory via automobile, the
adults being again packed in iced shipping boxes as for rail trans-
portation. The mortality 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.

COLONIZATION AND SAMPLING METHODS

Liseration Procepvkg

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 destgnated as test points.
The objective was to test various environments as to the ability of
the parasites to establish'® and maintain themselves. The rate,
direction, and extent of dispersion at the test points were studied
and, where possible, the seasonal history of the parasites that had
become permanently established was investigated. As increased
numbers and species became available, additional releases were
made at the original locations and at new ones.

In 1928, Lecause of the natural spread and increase in corn
borer populations along the borders of Lake Erie and Lake On-
tario and southward from New England, more extensive prepara-
tions for testing and distributing imported parasites were made,
and a systematic colonization program was planned. In formu-

1 Tn this discussion and in future refevences to the field status of parasites,
the term “initial establishment” denotes the recovery of the parasites from
the host generation present in the field at the time of release. It signifies
that the parasite contacted the host in a stage favorable for attack and that
parasitization was sufficient te be mossured by the means employed. It
implics nothing as to the status of the parasite after the completion of one
annual cycle.  “Establishment” meuans that the parasites not only heenme
initially estabiished in the environment hut survived through move than one
annual cyele of the host without being supported by other veleases. A para-
site is clussified as being on a “maintenance” basis when its existence in the
environment appears to be permanent.




BIOLOGICAL CONTROL OF THE EURCPEAN CORN BORER 33

lating and executing this program, obvious seciional differences
and the specific environmental requirements of individual species
were eonsidered.

The principie of introducing all available primary parasites has
been followed in all the colonization activities, H. S, Smith {33},
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.”

SELECTION O COLONIZATION POINTS

In the early phases of the parasite colenization program it was
impossible to determine the most satisfactory environments for
the diffevent imported species; therefore the locations for the re-
Jeases were selected on a geographic basis as the best way of
insuring the inclusion of the major environmental factors,

The specific point of release in each major geographical division
was determined by a survey of the corn borer populations in the
different loealities. That township was chosen in which the borer
concentrafion was highest or in which the borer population
equaled or exceeded thab of any other locality. The selection of
the point of release within the township was governed by the
onvirenment.

At most of the colony sites the releases were made at a single
point. At some sites, however, not all the parasites were liber-
ated in the same field, but were distributed in a number of fields
in the same vicinity. At a Few locations, notably those in Perry
Township, Wood County, and Damascus Township, Henry County,
in Ohio, the Cattaraugus Indian Reservation in New York, and
in eastern Massachusetis, 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 betier 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. Wood lois or areas overgrown with
shrubs offer potential protection. The presence of a variety of
flowering shrubs, weeds, or trees, as a possible source of food for
adult 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 profective
factors decreases, however, as the synchronization increases be-
{ween the release of parasites and the appearance in the field of
host stages suitable for pavasitization.

In the early stages of the program the plan to release parasites
in the most keavily populated section of a geographical division
was modified by observing a minimum distance of 25 miles be-
tween colony sites, to prevent overlapping of dispersion. Ali the
test points were sufliciently isolated so that reliable information

828364 =501y
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cauld be obiained on the rate and diveetion of spread ol pava-
sites, population Huetuations dafter various {yvpes ol release, and
ellicieney ot the ditferent specdes in control ol the borer.

When the main objective was the distribution of n species
througheut an infested aren, instead of making test releasos,
colomy sites were selected about as for test points, but the deter-

Froree - Typieal environments for release of Buropean corn harer para-
srteas AL Polre of pornfeld ovdered Ly wuosdss O, near water at edge ol
eoretichl

minine tactors woere derived From hiological studies of the para-
site and s reactions o field conditions,  The distanee between
corony sites was definitely estabiizhed from known data on dis-
tanee st divection of spread, the nunmber of ndividuals avail-
able for distribution, the size of the colony necessary for initial
eatablishment, and the size of the area to be covered by the colony.

The total aumber of dizsiribution points was arbitrarily con-
trolled by the size of the tofal infested area and by the number
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of parasites available for eolonizationn. 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 beth the hest and the
parasites, There was also the chance that such a locality might
serve as a chronie source of reinfestation of adjacent areas, and
that a parasite population might build up enough to offset the
borer menace and to furnish 4 permanent source for spread into
adjacent terrifory. Numerous special colonies were established
in restrieted localities to obtain necessary information, such as
adequate size of colonies, possible benefits to be derived from
synchronization, and other variations from standard liberation
technigue, which might improve the efticiency of parasite handling.

Euch season the comparative values of the different colonization
sites were considered carefully as to the number and eoncentra-
tion of borers present, the probable direction of spread of the
borer, and the relative importance of the section as to corn pre-
duction. The sites were then classified, the more favorable ones
being colonized completely with all available species of parasites.
The only restriction that limited the testing of any parasite
throughout the entirve infested area was the number of adulis
available for eolonization. This number was divided into units
gsufliciently large to insure establishment and maintenance, where
the parasites were capable of surviving in the environment.

DETERMINATION OF THE SIiZE OF COLONIES

An arbitrary colonization unit for all species was set at 1,009
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
eolony of less than 500 individuals was considered adeguate for
establishment. Once fixed, the determined number was used in
all subsequent liberations, whether for testing in the selected en-
virenments or for distribution to supplement natural dispersion
where the rate of spread was so slow as to justify further coloni-
zation.

PERIOD OF RELEASE

In determining the number of wvears during which releases
should be made at any one point, several factors were considered
before a formalized procedure was adopted. Because of the lack
of information on the adaptability and elliciency of corn bover
parasifes in new environmentis, and because of the uncertainty
of climatic conditions, it is of primary importance thai releases
be mude in more than one vear. Adequate initial establishment
is necessary for the parasite fo have a reasonable chance of sur-
vival. Once firmly established and included in the natural en-
vironmenta: complex, a species would be better prepared to with-
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stand adverse ecircumstances than would a few hundred newly
introduced 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 aduits of the same
species in the same locality indefinitely because (1) it would
interfere with the early appraisal of the relative 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 area 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 arbitrary period of 3 years of release at any one point was
adopted as the standard for all species. Consecutive years were
preferable, aithough not always practieal, beeause the supply of
adults available for colonization varied from one year to ancther.
Whenever experience revealed defects in colonization technigue,
the species affected was considered as untested and was released
3 more years at the same site.

It often happened that a species previcusly tested thoroughly
throughout the entire borer-infested area, without showing prom-
ize, still appeared in the importations, having been taken inci-
dentally in the foreign collection of other species. Such species
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 suffi-
cient numbers to indicate establishment, releases of that species
were discontinued,

At locations where liberations had been discontinued hecause
of sufficient 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 returned to the program as an
untested species.

To meet the requirements of individua! species or the vaviations
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 vears. With all
such species, except Microbracon brevicoruis, this procedure was
followed because the numbers available for colonization in certain
previous vears had been considered too small for an adequate test.
With M. brevicornis, in view of the large numbers available for
liberation and its conrsistent failure to become established, it was
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, Macrocentras gifuensis,
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Maryland .. . X 5,365 8,962

Massachusetts 1 92,087 1,084,590 ; 1 4 1,726,638
Michigan = ... 11,987 | 121,219 . 534,334 . {.. . i B | 1,008,220
New Hampshire 5,669 . ; B SO SO . N & e e 6,162
New Jersey 7,661 ‘ 11,857 . ; 60,661
New York 122,153 ; 62,372 354,265 ; ) 916,063

Ohio . .o 217,448 1 135,778 587,683 1 138,585 ' : 1 1,473,974
Pennsylvania 11,588 9,006 i 127,306 6,842 1. . 186,058
Rhode Island .eoool. 35,293 | - 39, ) 19,7401 . .. 163,081
Vermont i 9,818 . ... i e e . N 19,074
Virginia 3,956 - _ 3,199 o 27,738

Total _ 139,185 | 702,137 | 421,031 812,820,403 | 387,449 1,747% 52,734 ! 173,613} 6,001,069

THALTAOIEDV d0 “LdAd '8 N ‘886 NILATING TVOINHOAL




TABLE 13.—Number of corn borer parasites shipped to Canada, 1923-40

Species 1923 | 1924 | 1925 | 1930 { 1931 1932 1933 | 1936 | 1938 | 1939 Total

Apanteles thompsoni ] 1,090} 6,600 7,000 225 i 14,915
Chelonus annilipes - ... 2,020 246 4,070 1,453 . 7,789
Zuleptopyyus: flavo-orbitalis e 1,373 160 : 1,533
Campoplex alkae 431 7,225 8,737 654 | 16,659
Eulophus virididus 6,200 | 25,791 { 1,760 33,751
Exeristes roborator ... : —— | = 292
Horogenes punctorius .._.. i 4,195 | 5,849 12,459 2,675 ( 26,235
Lydella stabulans grisescens .. 33,2791 22,158 | 18,670 | 15,474 . - 89,681
Muacrocentrus gifuensis 3,297 | 2,6311 24,471 33,244 |.... 82,113
Microbracon brevicornis : e 2,714
Microgaster tibialis _ 4,500 17,384 18,135
Nemorilla floralis: . 143 143
Phaeogenes nigridens 4,600 25 4,625
Pseudoperichaeta erecta : - 82 82
Aplomya mitis RIS IR 42 253
Pseudoperichacta roscanae __—___ . y 1,280 ) 7,404

1°113,176 306,224
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Lydella stabulans grisescens, and Horogenes punctorius. Although
within the species the adults of different origin could not be
distinguished taxonomically, it was possible 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 relenses 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 velease 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. 8. Bureau of Entomology and Plant Quarantine, Para-
sites have been forwarded to Canada for breeding and for field
release (table 13).

Frenp SaMenixe Procebpune
RELATION OF SAMPLING 'TO PARASITE FLELD STATUS

As a guide in planning and conducting turther importation,
breeding, liberation, domestic coliection, and redistribution, it is
necessary 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 envirenmental conditions. Fundamental
sampling problems are involved in deciding on the procedures
to be followed in obfaining this information.

The relation of parasite liberation tc 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 current 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 received releases of other species. This con-
dition resulted in not only a different 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 indi-
vidual species,

In the infested area in the United States 21 different species
of imported 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 resuits 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 loealify’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 fo 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 STATISTICAL INTERERETATION
OF RESULTS

The foresoing discussion has treated the general objectives
toward which parasite field sampling should be dirvected, Meth-
cds of sampling based on the biclogy 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 invelved 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 prineiples may also be used to mitigate the errors due fo
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 mui-
tipie 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 inseet population, like the soil varia-
bility in plot experiments, ecannot be regarded as distributed at
random over the whole area, but is to some extent systematie,
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 area acecording to some plan. Witnin each
section the samples must be taker. at random. 7This section may
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be the field nearest the center of each section, if the sections are
placed at random insofar as eonditions permit, Samples should
not be taken from the same place in successive 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
or more samples within each section. Bach 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 survey sampling are equally applicable to
the placement of colony sites within the area and to the placement
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 parasites in the avea as a
whole. The more dispersed these species are, within the limits of
practicabilily 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 was deemed advisable
to establish the colony sites in selected environments, rather than
at arbitrary intervals regardless of conditions. The borers taken
at each colony site constituted 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 reneral
areas from year to year, these samples eorresponded to the section-
random method of sample piacement around eolony - sites, de-
scribed later, in which full advantage ean be taken of the prin-
eiples of replication, randomization, and local control. For other
purposes of analysis, such as comparison of mears of parts of
the general area in the same year, these samples correspond to the
unrestricted-random method of placement about colony sites that
utilizes the principles of replication and randomization, but not
the important prineiple 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 unrestricied-random method; and {3) the
section-random method, which conformed rigidly {o the princi-
ples of replication, randomization, and loeal control.

The first, or strip method, represents an extreme of arbitrary
restrietion which invoives laying out definite radiating lines, or
transects a delineated environment from a common centere—in
this ease 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 e 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
tu general sampling and does not measure the true status of the
parasites. In addition to the high degree of arbitrary restric-
tion employed, undesirable unbalaneed concentration of sampling
oceurs near the immediate point of release. This difficulty could
be obviated by additional radii beginning at successive distances
from the liberation point. Such a precedure, however, would
merge into the polar-coordinate system of placement, developed
for use with the seetion-random sampling plan.

The unrestrieted-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 any one 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 sampies might miss certain sections of the area being
sampled and that the sections missed might have yielded illumin-
ating data. ¥Futhermere, this method, although utilizing the
principles of replication or multipie samples and of randomiza-
tion, almost completely lacks any utilization of the principle of
local contrel. 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 cobviate 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 medification, to provide for enlarged or retraeted
activities with the least possibie disruption.

The first consideration in the application of the section-random
nethod 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 samples
that eould 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 given colony site 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 loeation could be
determined by random drawings. The whole system ecould be
rearrangec so that the samples would fall in different locations
in successive years. In shifting the samples to ebtain year-to-
year randomness the corresponding number of samples was placed
at approximately the same averapge distance from the liberation
point and balanced equally on all sides of it. Sufficient random-
ness of sample placement was uasually obtained through normal
crop rvotation. '

The section-random method, combined with a physical layout
that conformed to the biological requirements, fulfilled the con-
ditions of replication, randomization, and lecal 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
parasite field studies because they formed the basis for the study
of the ecological velation 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 striet ran-
domness is proportional to the square root of the number of sam-
ples. Systematic (section-randem) placement of samples adds
the feature of local control to replication and randomness, greatly
increasing the efficiency 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
cf the area under consideration to the sampling variability within
sections by eliminating the variability 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 each 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 loeal eontrol also applied to the
sampling 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 errvor 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
suhsampling.

THE SECTION-RANDOM METHOGD APPLIED TO A PRACTICAL 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 menerally used in comparable
surveys is a rectangular-coordinate design suitable for obtaining
abundance estimates of the entire area. Most of the colony sites
¢ be sampled were relatively small, and information on the com-
parative biological responses of the different parasites af varying
distances from liberation foei, in addition to parasite-population
levels over the entire avea, were needed; therefore some method
other than the use of rectangular coordinates was desirable for
parasite sampling. The polar-coordinate system gliminated 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 inmumerable variations to fit specific
demands. Since practical phases of the problem do not require
differentiations of distances less than 1 mile, circles are inscribed
un the map of the locality to be surveyed, each circle having a
similar radius at least 1 mile greater than that of the preceding
one, this being continued until the entire survey area is enclosed
in 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 szection to be sampled. Each ring
avea 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 adjusted 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 give
reliable information, and has the added advantage of being a
number that readily lends itself to the necessary manipulations
of statistical analysis. Accordingly, one of these units was ob-
tained from each of the sections comprising the polar-coordinate
design. The samples within the sections were as nearly uniform
in size as possible, in order to avoid giving some sections more
weight than others, which might interfere with the solution and
the interpretation of the results. The samples from each section
were separate units representing discrete sets of conditions.

In the actual field collection, borers were taken wherever they
could be obtained most conveniently, since observations showed
that within flelds the rate of patasitization was not affected by
borer distribution. The varying distribution and intensity of
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Figure 11.—A polar-coordinate design superimposed on a field map.

corn borer populations often required concentration of collections
to restricted portions of the original field or, conversely, the
expansion to include the entire section. If the complete quota
cf borers counld not be obtained from one field, additional fields
within the section were examined. If the complete gquota of borers
could not he obtained from the section, such borers as were ob-
tained served as the sample. If no borers could be obtained
within the section, that fact was noted and no further attempts
were made o obtain compensating cellections.

It was believed, however, that sampling was insufficient where
initial establishment of a species was still extremely slight and
no appreciable dispersion beyond the limits of the immediate
influence cof the liberation point had taken place. This situation
was satisfied by fixing a sampling unit of 400 borers within the
inner circle. These borers were taken from one field, arbitrarily
selected by the collector as representing the best single possibility
Tor supplying information on the establishment of the various
species being tested. In this selection the investigator considered
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distance and direction from release point, relation fo possible
protection, water and food supply, and stage of corn development
ag an index to berer population. One subunit, or subsample, of
100 borers was collected from each quarter of the field being
examined. Bach subsample retained ifs 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 tound generaily around the liberation point.

FIiELD AND LABORATORY TECHNIQUE

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 maturily of borers in the Lake
States, eollections were begun in that area about Oectober 1,
2 weeks earlier 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 #s possibie
the number of hosts 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 movtality caused by parasites might be obtained,

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 117 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 eardboard sup-
plied sufficient cells in the corrugations for 50 borers, without
erowding. Borers taken from standing, shocked, or stubblefields
of sweet and field corn, or from weeds and debris, were dropped
into the container and soon erawled into concealment in the cor-
rugations (fiz. 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!* prior to

1 The term “emerge’” refers to the appearance of adults in the natural
process of metamorphosis. The term “issue” refers to the progess 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 parasite {or cluster of para-
sites of gregarious or pelyembryonic species} responsible for its
death were placed in a No. 0 gelatin capsule. When received at
the laboratory the cans were held at a low temperature to pre-
vent 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 cans in a cool place,

Isolation is essential to prevent cannibalism and reduce the
chances {or epidemics of entomegenous diseases. Shell vials meas-
uring 50 by 17 mm. were used tor segregating the larvae. Each
vial was covered with a cap formed from a 1-inch circle of 40-mash
screen wire. Each contained o piece of white blotting paper (114

Fiourk 12,—Containers used in eotleeting European corn borey larvae.

inches by 1y inch), to absorb excess water and retain moisture.
Vials were carried in shallow trays equipped with cross bieces
for elevating the cap end of the vial, thus facilitating the moist-
ening process and the examination of the contents. Two hundred
vials, or malerial 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 frays were then racked in a vefrigerator room (fig. 14) held
at a temperature of 34°-36° F., and were kept there until the
diapause requirercents of the host larvae had been satisfied, or
for about 3 months. Decreasing this hibernation interval to any
great extent, especially when dealing with the single-generation
strain of the borer, causes excessive mortalify of the host larvae.
Usually about March 1 the refrigerating unit was shuat off and
the larvae were allowed to warm slowly before being placed in
an environment 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 weve shd in and rested on angle
irons fastened to the uprights (fig. 4). At Toledo, Ohiep, the
racks were constructed of sections of !)-inch iron pipe welded
together. The trays were supported at front and back on 1,-inch
iron rods, the ends of which were set into holes diilied at proper
intervals in the pipe frame (fig. 15).
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Figure 15.~-Mobile rack for holding trays of European corn borer parasite
haost material,

Al larvae were examined at the time of removal from cold
storage and a record was made of the mertality during winter
storage. Since normal development of the larvae is impossible
without contaet 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 Beauverie bessiena, which at times canses considerable
mortality. Vuricus 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. The fungicide found most desirable was basic phenylmer-
curie nitrate (0.067 percent in agueous 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 parasites that issued were noted. Vials containing freshly
Tormed cocoons and puparia were removed from the trays and put
in emergence racks simiiar to those described by Painter.®

The time elapsing from cold storage to emerpence of adult
paragites, and also the emergence trend or curve for each exotic
parasite under controlled environmental conditiens, could easily
be charted. Such information is often useful in recolonization
work.

Since all material was isolated, each adult parasite and the re-
mains of its immature stages could readily be associated with
the remains of its host.

Development of the paragite 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 emergence, as determined by past
records. All vials were 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 spruying after the
vials had been thoroughly beiled in & solution of washing powder
and lye. The vials were dipped in a weak aqueous solution of
hydrochloric acid, to meutralize the alkali and prevent deposit
alter boiling, and were then thoroughly rinsed.

Before beginning collection each year, the entire list of material
te be used on the work was assembled. Each of the thousands
of vials received its small piece of blotting paper, and the small
collecting cans were fitted with their corrugated-paper strips. All
material, including blank note forms, superstructures, and vial
trays, were placed in a fumigation chamber and treated with a
fungicide consisting of formaldehyde fumes generated by uniting
10 ocunces of potassium permanganate with 500 ce. 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 receiving the parasite material.

FIELD RELEASES

Since the inception of the project on biological control of the
European corn borer, 21 species of parasites have been intro-

13 PAINTER, H. R. REARING BOX FOR 5MALL INSECTS, U. 8. Bur. Ent. and
Piant Quar. ET-40, 1 p., illus. [Processed.]




BIOLOCICAL CONTROL OF THE EUROPEAN CORN BORER 53

dueed from Europe and the Orient and released in the United
States, as shown in the following tabulation:

Paragiten Imporicd from
Diptera.

Aplomye mitis (Meigy ——___________________TBurope

Lydelle stabulans grisescens R, DAL . __..FKurope, the Orient
Nemorille floralis {Fall.) — The Orient
Pseudoperichacte erecta {Coq.) .. oo The Ovient
Pseudoperichacta vosewnee (B & Bu) oo e o Europe

Hymenoptera:

Apdnteles Sp memaee The Orient
Apunteles thowupsoni Lyle BEurope, the Orient
Broacon airicornis {(Smith) _____ Europe, tha Orient
Cuwmpoplex mullicinetus Grav. Eurepe

Campoplex pyraunsiae Smith __ Europs

Chelonus annulipes Wesm.! _ ... ... ——________Burope
Zaleptopygus Aave-orbitelis (Came;on}‘ _____________ The Orient
Campoplex alkue (Bl & Sachdy o oo Europe, the Oricnt
Ewlophus viridulus Thoms.' ___ Eurcpe

Exeristes roborator (F.) ___ Eurcpe

Hovogenes punctorius (Roman)? -Eurgpe, the Orient
Macrecentrus gifuensis Ashmt Europe, the Ovient
Meteorus nigricoilis (Thoms.) Europe
Microbracon brevicornis Wesm, Europe
Microgaster Fbialis Nees, wu.—— Europe, the Qrient
Phacogenes nigridens Wesm.t Euvope, the Orient

! Species on a maintenance basis,

Of this number, 7 are considered as being on a malntenance
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 diseussions which follow give the egsential information on
all parasites introduced prior to January 1, 1941,

IMPORTED PARASITES IN A MAINTENANCE STATUS IN THE
UNITED STATES

LypeLLa stapuLans crisescens B, 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 entranee to borer tunnel.

Hibernation: Second-instar 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 vears the two were considered as mor-
phologieally identical and, following the importation of the Euro-
pean species, references to the native parasite on several stem-
boring lepidoptercus larvae were noted under the name Masicera
senilis Meilg,

Thus, dasicere senilis is listed by Decker {12) as parasitic on
the stalk borver (Pupuipema nebris (Guen.})) and Lupering stipata
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(Morr.), by Breakey (2) on Macronoctus onuste Grote, and by
Lowry (22) on Papaipema nebris (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 scon 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 siender in the gpecies
autochthonous to the United States and the species he called

+

LAl

Froure 16.—Lydella stabulans grisesecus: A, Adult female, X 9; B, female
larvipositing in frass aé enbrance to BEurcpean covn borver tunnel, X 9;
¢, thivd-instar larva emerging from rupture in veniral side of thorax of
host {Eurepean corn borer), X 6; D, distribution in the vicinity of Taun-
ton, Mass, Surveyed srea is indicated by solid line.

Lydelle nigrita. This differentiation was apparently overlooked
in later determinations, for it is L. nigrite to which Decker et al.
have reference, and not the exotic species, Lydelle stedulans
grisescens, formerly called Masicere senilis. A short description
of the species and a brief account of its biology and geasonal
history in Europe have been published by Thompson and Thomp-
son {87). 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.

:‘3" Villenouve, George, Personal communication to H. L. Pavker, August 17,
1931




BIOLOGICAL CONTROL OF THE EUROFPEAN CORN BORER 5

<t

BIOLOGY
Longevity of Adults

A study was made of 4 groups, each consisting of about 20
male and 20 female adults. These 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-
verature of 80° F. and 70 percent relative humidity, The only
apparent variation of the groups was the feod supplied the dif-
Terent groups. This consisted of water, honey, sugar solution,
and granulated sugar. All groups were supplied with water,
which was replenished daily.

Food wwas evidently a necessity, because the flies soon died
when given water only. Sugar solution proved to be the hest 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 solutien, 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 Femaoles Given an Opportunity to Larviposit

Females (fig. 16, 4) given an opportunity to larviposit did not
live longer than those prevented from doing so. Ifood 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 18 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 fo 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 tended 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 current 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-
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tensity was essential for copulation. Temporary darkening of
the mating cage was often lollowed by intense sexual activity.
The data al hand showed no apparent correintion beiween the
temperature and the time spent in copulation, The latier ranged
from 5 to 66 minutes, averaging approximately 25 minutes,

Fecundity

The greatest number of egys observed in the ulerus of a female
wag approximately 1,000, This number is at least one-third
higher than the average number of egps per fomate. The number
of eggs in the ulerus way observed to vary directly with the size
of the fomale, For example, 4 mated females of different sizes
ware selected, incubated 11 days, and dissected. The largest
Temale contained 470 epps, the next lavgest 400, the thivd 240,
and the smallest 180 cgps. These females were all permitied to
mate undisturbed until coition ceased naturally., The percentapge
of larvae or fertile eggs was practically the same in each group—
85, 90, 95, and 90 pereent, vespectively,

The length of time spent In evition varied preatly, To check
the effeet of this variation on the fecundily of femnales, an experi-
ment way conducted, the results of which are shown in table 14,

TasLe 1d—Effect of variaiion n length of coition neriod on vepro-
duction of Lydella stabwlans grisescens

% Coition

Femnles period Bes nid . Itesulling Larvae

Nuwmbor Alinntes Number Niwher i Peveent
2 B T : 30 g . ]
1 Iio 5 L1Y] g, ¢
8 - : 1,665 139 8.4
2 ] A 600 300 5L.D
b 6 ! 3135 1,701 9.5
6 8 I 1,480 094 67.3
& 15-0Hi) I 2,800 i 2,841 g6

The females were held under controlled conditions of 807 T,
and 70 percent relative humidity, and were dissceted at the end of
10 to 11 days, The table shows an increase in the number of
egus and larvae per female ay the duration of coition increased,
indicating that this factor inflluenees the number of egys that
pass from the evaries inte the uterus and also the percentage
of fertility. Probably because of individual variaiion, the data
do not show proportionate perfect correlalion belween the num-
ber of minutes spent in coition and the number of offspring,

Crestalion

The reproductive system ol the female is similar to that of most
of the larvaevorid parasites that retain the egis untit they ave
ineubated. 1k consists of two ovaries, the oviduets of which unite
to form the uterus. AL the junction of the uterus and the ovi-
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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 short, 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 are retained in the uterus until they have incubated.
The larva is active within the egg and ecan 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 paralle! 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.

Lydelle stabulens grisescens has never been observed to repro-
cuce parthenogenetically, Only ravely were large numbers of
eggs found in the uterus of virgin females, although it was com-
mon to find from 10 to 25 eggs, ail infertile. Scon after the fe-
males mated, the ergs began to pass from the ovaries to the
uterus and this continued for several days. Many mated females
were disseected and the uterus was found to be filled with inferiile
eges.,

Larviposition

A Lydella stabuluns grisescens female larviposits either directly
info 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 over the opening to the
host’s burrow and bends her abdomen under until the ovipositor
is pointing downward and slightly forward, (fig. 16, B). The
tiny larvae are forced out of the vent onto the surface or are
brushed 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 atiracted to 2 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 searching from side to side. Often when she comes upon
frass she feeds a moment before larvipoesiting,

In a iaboratory test of real frass and burrows, in comparison
with artificial frass and openings as stimult inducing deposition,
the parasites larviposited four times as often at a burrow con-
taining a borer as at an avtificial burrow covered with borer frass
and excrement, and there was no deposition at artifieial 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 faet 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 craswled.

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 recorded. 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 egrs and a few undeveloped
ones. Normally, Lydeile stabulans grisescens 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 egys are deposited indiscriminately in the
order in which they occur in the larval sac. The eges nearest
the genital opening develop first, and unless an opportanity is
given 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 hours before, had been active and apparently normal.

Parasite and Host Relutionship

Al instars of Pyrauste nubilalis, excepting the first, were sue-
cessfully parasitized by Lydelle stabuluns grisescens in the lab-
oratory. The mortality due to parasitization of the smaller larvae
apparently was not higher than in the last two instars. The size
of the puparia depended on the size of the host, the largest borers
producing the largest puparia. The fourth-instar borers had
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{he 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 instars were successfully parasitized,
whereas approximately 54 percent of fourth- and fifth-instar
borers produced parasites.

Larval Habits and Development

The larva of the internal parasite Lydella stabulans grisescens
passes through three instars, but is sessile only in the second.
The first-instar 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 air for oxygen and, to a certain extent, depends
on locomotion to obtain food within the host remains.

When larvae are permitted to develop at a constant tempera-
ture of 80° F. and 70 percent relative humidity, the first-instar
period averares 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-instar 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
in 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
mouth parts are well adapted for cutting through the chitin, hav-
ing a sawtooth edge and being very sharp. The activity of the
Jarva entering its host often causes the host to squirm or wriggle
and bite the area the larva is attacking. At times, the host larva
dislodres 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 remains in this position until
the host is practically grown. The irritation caused by the larva
induces an excessive preliferation of the tracheal epithelium cells,
which form a sheath about the parasite. This sheath is heavily
sclerotized for about one-third of its length at the base. The
sclerotized part is dark and opaque, whereas the remainder is
franslucent to transparent. Occasionally, the sheath completely
envelops the Jarva, especiaily in a hibernating or diapause host.
Practically all the larvae are attached in the anterior half of the
host.

During the first and second instars the larvae feed almost en-
tirely on the body fiuids of the host and do not injure.the fatty
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lobes and internal organs., The third-instar 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 foreing 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 (1ig. 16, C) and forms a puparium
in contaet with the host skin or in its immediate vieinity.
. For 92 individuals reared in an incubater 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 requived a perind of about 2 davs 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
B.63 days, In small lots the numbers of males and females are
practically equal.

SEASONAL HISTORY

Studies on the seasonal history of Lydelic stabulans grisescens
were conducted during the years 1930 and 1931. Borers were
collected in the spring before insect activity began, and collection
was continued throughout the year at regular intervals until all
activity had ceased in the fall. These borers were carefully dis-
sected in the laboratory and observations were made as to the
trend of the parasite’s larval development. In conjunction with
these studies a4 series of cage experiments was conducted and the
information thus obtuined was used to interpret the significance
of the more generalized field obgervations.

Cages 10 by 6 by 6 feet (fig. 17), utilized in the seasonal his-
tory studies, were placed over corn artificially infested with
Furopean 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 emerzed in the first-
generation cages were transferred to the second cage and ghserv-
ations were repeated for the second generation. These observa-
tions, inciuding dissection of corn borer larvae taken from the
two cages, were then compared with 1records of observations made
in the feld.

Although no full account of these cage experiments is given
in this paper, the data obtained in this manner were of great
value in interpreting field cbservations and they supplied in-
formation supplementing field observations materiaily. Data on
emetrgence were augmented by records from lurge screened cages
located at Monroe, Mich., and at Bono and Sandusky, Ohio.

Lydelle stabulans grisescens hibernates in the larval stage in-
side the host, usually in the second instar, although a few remain
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in the first instar. During the hibernation period they are at-
tached to a main {racheal trunk of he host, as illustrated by
Thompson am! Thompson (37), and are nearly or completely
encloscd by a sheath which is & growth from the tracheal epi-
thelium of the host. During this peried 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 indistinguishable
from' the unparasitized ones unless the heavily sclerotized and
Llackened portion of the tracheal sheath is visible as a black spot
through the skin of the host.

Lydella stabulans griseseens 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 instar 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 instars, and overwinter in a manner similar to those of
the second generation. Spring development begins early in April
and the third-instar larvae are in evidence by the middle of the
month. The appearance of third-instar larvae within the host
is followed by first issuance of the parasite about May 15 and
subsequent first-adult emergence the last of May.

o . . o ey e

Fietrk 17.—Large outdoor eages for biology studies of Eurepean corn borevr
parasites.

COLOXIZATION

Naterial for colonization of this species has been imported
trom both Europe and the Ovient. This tachinid fly was among
the first parasites of the corn Lorer to be imported, a small colony
of 70 adults having been released at Watertown, Mass,, in 1920.
Sinee then it has been more widely colonized than any other of
the intreduced parasites.  As shown in table 15, all the earlier
colonies were locatad in New England, and a considerable number
of the earliest, consisting of European stock, in northeastern
Alassachusetts. By 1930 parasitization in this locality had in-
creased to the point where it was feasible to collect for further
distribution. During the T-year period 1930-37 over 14,000
adults were taken from eastern Massachusetts for colonization
elsewhere,
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.| Henrietta - E 0 0 0 2,031 0 0 0 0 2,031
Goodland . 0 0 0 0 0 0 0 0] 1,992 1,992
Fairfield 0 0 0 2,101 1,865 0 0 0 0 3, 966
Tecumseh .._. 0 0 0 2 053 2,968 0 0 0 0 5 021
Conway . ....— 0 0 0 2, 006 0 0 0 0 0 2 006
Chesterfield —-_ 0 0 0 2 305 0 0 0 0 0 2, 1305
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TABLE 15.——Nfumbers of Lydella stabulans grisescens adults released in the United States, 1920-40—Continued

State and County

Township | Origin® | 1927 | 1928 | 1929

Michigan—Cont’d.:
Macomb ... ...
Monroe

Do

Do ... .
Oakland . .

Harrison .., .
Eme

Otfox d

‘| Southfield ——
1Columbus .. _{’

O,

Le\tmgton N
- | Koylton
Augusta
Northﬁeld e
Livonia ....._

w
fot
for o]

ocooccoococotons

Ko

[]

oo
INOOCOoOOUIR O

o9
=

1930

1931

1932

1933

1934

1935

‘Total*

OO0 O

1,965
2,351
0

0
0
7,642
3,485
0

4,872
0
4,340
0

0
8,841
2,382
4,943

0

OO OoODOoOOCOOOOD

.-.
WOOOOOOoOD

cCooo

New. Hampshire:
Hillsboro ]
Rockingham _.
Strafford ... ..

Hollis .
_{Raymond ._.___
-1Strafford .._._.

37,841

30,211

Sl OO0 COoCOSOEHOOO

4,872
28,997
9,157
859

231

3, 485
1, 993

121,219

Total .

New Jersey:t
Atlantic .
Burlington .

Do ... ..
Do .
Monmouth - -_ ..
Ocean _ ...

“Total

Egg Harbor ..

_-{Burlington ___|;

Woodland ____

1,782
1,883
1,904

5,569

1,997
120
508

1,080

1,980

1,976

7,661
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New York:

Albany ..
Cattaraugus ...

L I

Cayuga ..
Chautauqua

Montgomery ..

Niagara
Onondaga

Ontario w...__..

Orleans

OsSWego .. ...
Schenectady ...

Do

A Randolph P
Portland ..
] Lancastcr

. Mayﬁeld i
Genesee ..l

Do i
Jefferson ...

O i

B
Franklinville . & .

Indian Reser- |
vation ,,-__%

Waestfield -

Batavia
Stafford —.__-
Adams

Clayton

Hamlin
Palatine

Clay e

do

Schoharie

|Jefferson ...

Southhold _..__
do

Total

1 Ontario
] Woleott

—edO

Java

HHQUOHMOMMMEMHM HHHMMHO HEEEECH

CO0CO0COOCO0OODCOOTCOCCOOO

s
<
o

COCOLDOOOODOC

Y
oAl
-1

COLOOCOD

0
2,090

WS
COOOCOONOOOCC OO0 O

CRROCOoOODOD

[voX=7)

ScocoocmoocooRTioo o

ONODOCCOOOOHOOD OO

[

©0

[l ST
Q=0
oo WwooLt

OO0V OLOOCOLDIOCODOOOTCTS o

it
(=4
oo
S

WO OOOOCOO

COOCDOCOOOHODOOCOD

coo00O

7,164
3,686
2,090

Ohio:

Ashland
Ashtabula
Auglaize

Ruggles

=) coooocooooooocccooocooocooooo (~Y~}

44,659

O OCCOOOOCOOOOOOOCOOLOOOOOODOCOO O

122,153

Saybrook

Washington .-

2,089
2,063
0

2,089
2,063
2,097
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TABLE 15.-—Numbers of Lydelle stabulans grisescens adults released in the

United States, 1920-40—Continued

1935

State and County Township Origin®{ 1927 | 1928 | 1929 1930 1931 1932 1933 | 1934 Total®
Ohio~—Cont’d.

Champaign .. |Salem E 0 0 0 0 0 0 01 2,062 0 2,062
Clark .. ... ...|Moorefield ... ..[E .. ._ 0 0 0 0 0 0 0 0] 1,991 1,991
Crawford .  ...|Liberty eI oo 0 0 0 0 0 0 0} 1,489 0 1,489
Defiance ...._..|Washington -.|E ... 0 0 0 0 0 0 0 1,791 0 1,791
Delaware  ....—_jLiberty —....]BE .o_ 0 0 0 0 0 0 0 0] 1,996 1,996
Erie oo {Perking me..jE . 1721{ 3,202 0 0 0 0 0 0 0 3,374
a Do oo |Vermillion . {E ..~ 0 0 0 2,040 0 0 0 0 0 2,049
Fulton ... German woem.- B ... 0 0 0 0 (] 0 0] 1,795 0 1,795
Geauga -u..-—-|Huntsberg B 0 0 0 2,047 0 0 0 0 0 2,047
Hancock . ....-|Marion _.___.. 0 0 0 0 2,205 1,849 1,024 0 0 0 5,078
Hardin .....-.|Liberty —._... E 0 0 0 2,056 0 0 0 0 0 2,056
Henty —cwve—-|Damascus B _ ..., 0 0 0 0 0 7 0 0 0 T
Do o QO i O _oain 0 0 0 5,760 6,504 6,884 0 0 0 19,148
Huron —__.-..__}tRichmond ._._jE .._._ 0 0 0 3,058 4,128 2,085 0 0 0 3,271
Knox . Pike B oo 0 0 0 0 ~ 0 0 0] 1,995 1,995
Lake . ____.___. Mentor .- E o~ 0| 2,382 0 0 5,217 0 0 0 0 7,699
Logan - ..., Richland o E .. 0, © 0 0 0 0 0f 1,798 -0 1,798
Lorain ..._..__.. Avon .. .- E ... 0 0 0 0 0 0 0 0| 1,996 1,996
Lucas o Jerusalem .. |E _._._ 653§ 2,973 904 0 0 0 0 0 0 4,530
Do e —.~do 0 0 0| 1,129 0 0 0 0 0 0 1,129
Madison | Pike E 0 0 0 0 0 0 0 0] 2,996 2,996
Do e Stokes ._—— | B i 0 0 0 0 0 0 0 0] 2,993 2,993
Marion —__—___| Scott E 0 0 0 2,048 0 0 0 0 0 2,048
Medina —__._-_. Chatham ___-{E _ . __ 0 0 0 2,382 0 0 0 0 0 2,382
Mercer _.____. Jefferson ..—___ ) 0 0 0 0 0 0 0 0] 1,983 1,983
Miami ..o Newberry .. {E __.___ 0 0 0 0 0 0 0 0 1,992 1,992
Morrow —_..__._._.| Westfield E 0 0 0 0 0 0 0 0| 1,997 1,997
Ottawsa, ..., Danbury _—____ B o _._ 0 0 0 2,375 4,440 0 0 0 0 6,815
Paulding - ...} Brown ___. ___ E ___._ 0 0 0 0 0 0 0| 2,389 0 2,389
Portage —._.___.|Charlestown . |E _____ 0 0 0 2,073 0 0 o] -0 0 2,073
Putnam _-_ . .. Jennings _____ E___-_ 0 0 0 2,373 1,619 2,069 0 0 0 6,061
0 i Monroe C 0 0 0 374 0 0 0 0 0 374
Richland ... - e dO E 0 0 0 1,776 0 0 0 0 0 1,776
Sandusky _____. Ballville ______ E . _ 0 0 0 0 0 0 01! 2,795 0 2,795

99
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Seneea. o iiwim—m Seneca wvem—r| B
Shelby o Jackson - E
Stark  cae_io Marlboro .| E
Summit e Bath  .emic | BE
“ DO wmer———i Northampton _{E
Trumbull ... Bazetta .o il
Union . .—re—ntClatborne 1B
Van Wert —. .| Willshire _____E
Wayne . .om—— .~ Canaan ... E
Williams —.e—w_.|Madison . E
Wood ... Perry E
Do e [N (< S £ 6
Do ST R ¢ [+ QR D
Do ... Webster o_—_-{E
Wyandot _._._-]Jackson ... E
Motal o e o i [ e e
Pennsylvania:*®
Centre . .—o——__iMilis o]0
Crawford & ....|Greenwood —__JE
0 ... _IWayne . e L

Warren
Total

Rhode Island:
Newport
D

o DO m i
Providence __....

A QO

Harborereek __{E
o e O
Springfield _-—|E
Broken Straw_|E

......

R——

Portsmouth __{E

| RUNION . [\ S — 0

wwodo
E. Providence_{E
i 10

do D

0 0 0] 2,347 0 0 0 0 0 ;
0 o,{ 0 0 0 0 0 0| 1,992 “12:33’2’
0 0} 0 0 0 0 0 0} 1,976 1,976
0 0% 0 2,098 5,035 0 0 0 0 7.133
0 0 6| 2016| 5265 0 0 0 0} 7281
0 0; 0f 2,089 0 0 0 0 0 2/089
0 0} 0 0 0 0 0] 2,380 ol 2380
0 0! 0 2,370 2,445 0 0 0 0 4815
0 0 0 0 0 0 0 0] 1,991 1,991
0 0 0! 0 0 0 01 2,196 0 2196
0 0 0: 0 0 038,002 0 0 58002
0 0 U 0 0 0 119 0 0 119
0 0 0 G 0 0 19 0 0 19
0 0, 0 0 0} 24,806 0 0 0} 24.800
ao5| 8557 2,033] 47,726] 36,502| 36,875 38,140 20,792 | 25,898 | 217,348
0 0 0 0 0 0 0 0
0 0 13 0 0 0 0 0 1’955 3
of 1,689 0 2,081 -0 0 0 0 0 3.770
0 0} 395 0 0 0 0 0 0 395
0 0] 1,254 0 0 0 0 0 0 1.254
0 0 0] 2,096 0 0 0 0 0| 2096
0 0 0| 2,09 0 0, 0 0 0| 2095
o| 1,689 1,662| 6,272 0 0 0 0 0! 11,588
0 0 0 0 ol 2465| 1,806 0 0l 427
0 0 0 0 0 193 3 0 0 196
0 0 0 0 0 7321 996 0 0| 1,728
ol 2795{ 1,670 5,990} 15591 0 -0 0 9| 26,046
0 0| 646 109{ 1,508 0 0 0 0 2,263
0 0 0 93 696 0 0 0 0 "7189
0| 2,795| 2,316 6,192 17,795/ 3,390 2,805 0 0| 35,293

YIAOA NYOD NVHJOUNT THIL 40 TOUILNOD TVOIDOI0IL

L9




TABLE 15.—Numbers of Lydella stabulans grisescens adults released in the United States, 1920-40—Continued

State and County Township | Origin?{ 1927 | 1928

1929 -

1930 1931 1932 1933 | 1934 | 1935 | Total®

‘Vermont:
Grand TIsle .__.
Rutland .___. |
‘Washington
Windsor ... ..

Grand Isle
Poultney ... .
Middlesex:
Bridgawater

3,960
1,961
1,953
1,939

3,960
1,961
1,953
1,939

Total ..

Virginia:
Accomac Lee
Northampton .| Frankton ..

9,813] 9,813

1,977
1,979

1,977
1,979

Total e

3,956 3,956

10,935 | 27,519

Grand total -

21,830

172,969 | 132;611; 129,779 | 60,747 | 38,5659 | 92,922 | 702,037

! D, Lomestic; B, from Europe; 0, from the Orient. .

* The totals in this column include the numbers given in the
footnotes to this table.

#In 1937, 1,987 flies of domestic origin were liberatad in Fair-
field Township, Fairfield County.

11In:1936, 5,365 flies of domestic origin were liberated in New-
ark Township, Worcester County.

5The following numbers from Europe were liberated in the
State in other years: In 1920—70 flies in Watertown Township,
Middlesex County; in 1921--300 in Malden Township, Middlesex

County; in 1922—62 in Malden Township, Middlesex County;
in 1925~—172 in Arlington Township, Middlesex County, and
14 in Medford Township, Middlesex County; in 1926—1,034 in
Saugus Township, Essex County, 1,714 in Medford Township,
Middlesex County; and 285 in Revere Township, Suffolk County.

9In 1936, 810 flies were liberated in Woodland Township,
Burlington County; in 1937, 270 in the same township, and
in 1939, 120 flies in Burlington Township, Burlington County;
all of domestic origin. )

7In 1936, 1,965 flies from the Orient were liberated in Miles
Township, Centre County.
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BIOLOGICAL CONTROL OF THE EUROPEAN CORN BORER 09

F1ELL STATUS

When introduced into the Lake States area in 1927, Lydella
stabulans grisescens showed good initial establishment on the
1-generation strain of the bover. Maintenance was obtained,
however, oniy in close proximity to Lake Krie. Surveys made
over a number of years demonstrated that mot only was this
parasite confined to districts contiguous to the Lake, bLut 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 grisescens never has been recovered,
g0 far as is known, from any host other than Pyrauste nubilalis
in the United States, nor hus the closely related native species
Lydelle nigrite ever been reared from P. nubilalis. All larvae
and puparia not referable to adult males and all female flies are
therefore determined as L. stebulans grisescens if reared from
P. nubilalis and as L. nigrite 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 Jerusalem Township, Lucas County, re-
lease site (table 16} indicate the steady increase in density near
the liberation center.

TABLE 16.—Annual fell parasitization of the European corn borer
by Lydella stebulans grisescens af the Jerusalem Township,
Lu~as County, Ohio, release point

Parasitization within radius of release

Year 3.5 miles 7.5 miles
Peverith Percent
1082 e - . 0.3 | e
1088 e e o ) 28 |
1084 L o e 6.3
1085 e ! 7.6 4.4
1086 . oo e m e A= 10.0 7.0
1G8T o e e 17.1 9.6
19838 . e o 20,9 13.0

Collections made in 1228 to determine the distribution of
Lydeliq stebulaits grisescens in the vicinity of marshland along
the bays and inlets of the Lake Erie and Detroit River shore line
showed this larvaevorid to be present in greater or less dengity
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 re-
lease points increased, indicating that dispersion was still taking
place. This is further borne out by data from the Jerusalem
To_“fn_shlp, 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:
- Borers parasitized
Pereent

Area surveyed:
Inner circle 24.6
First ring 22.4
Second rinp 16.7
Third ring . - 29
Fourth ring —— 81

——

Average . N —me 14,5

At this location the five highest percentages of parasitization,
principally by Lydella stabulans grisescens, 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 the
status of parasites, puparia of the first generation of Lydella
stabulans grisescens were encountered. In the Lake States area
all ectoparasites and endoparasites that had issued from the
hosts prior to the collection were included in the samples, since
such 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. stabuluns grisescens had issued from
their hosts prior to the time of collection than in any of the pre-
ceding 4 years.

The total Lydelle stabulans grisescens that issued prior to the
October collection in the years 1934, 1935, 1938, 1937, and 1938
were 63.8, 64.6, 83.8, 72.1, and 86.2 percent, respectively,

There was a considerable varization in the broportion of para-
sites issuing prior to October each year, that of 19388 being about
3% percent greater than the proportion in 1934. The cause of
this variation is not known, nor was its effect on the next genera-
tion cbserved. Each year a certain proportion of the puparia
taken in the field in October was found to have heen attacked by
hyperparasites. In 1938 14.1 percent were hyperparasitized.
Prior to collection, adult chaleids had emerged from over 80 per-
cent of the puparia so attacked. Parasites in the remaining pu-
paria hibernated and emerged in the incubator reom soon after
being placed iz a developmental environment in March, The
averzge number of hynerparasites per puparium was 7.9.

Apparently there was mo association between the proportion
of hyperparasites overwintering in the puparia and the locality
from which they were collected, Chalcid adults reared from
Lydella stabulans grisescens puparia were determined by C. F. W.
Muesebeck as Eupteromalus dubius (Ashm.). Tt was noted that
the hyperparasites could atrack the, puparia successfully when
no 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 aduits 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 hypevparasitized 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 Lydelle stabulans grisescens in the Lake States.

In the Eastern States area, association of Lydelle stedulans
grisescens 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 spring
of 1927 from Saugus, Mass., but it may have become established
prior to that date and following ifs initial release. In 1928, 1929,
and the first part of 1930, Lydelle stabulans grisescens was the
most abundant parasite in this area, but later this position was
assumed by the imported ichneumonid Horogenes punctorius.
However, L. stebulans grisescens 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
in 1938 covering an area of about 1,600 square miles and inelud-
ing the territory influenced by the release points at Bridgewater,
Dighton, and Swansea, Mass, and at Portsmouth and East
Providence, R. I., this 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 956 collections from apptoximately the same area in
the fall of 1987. 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.
Firure 16, D, shows the distribution of Lydella studulans grises-
cens arvound Taunton, Mass., as determined by the fall surveys
made in 1937, 1938, and 1939,

At East Hartford, Conn., where adults from both Europe and
the Orient were released in 1934, Lydella stabulans grisescens was
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recovered from 12 of the 36 collections made within a 414-mile
radius of the point in 1938. Within 6 years after its release, it
had dispersed to the limit of the area surveyed in 1940. The
highest parasitization was recorded from a field at the periphery
cf the surveyed area. The exact extent or rate of spread is not
known,

At the Atlantic, N. J., site, where Lydelia stedulans 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, Accormac County, this larvaevorid was recovered at the
close of the 1938 season from ali but 3 of the 40 collections made
within a circle 9 miles in diameter, centering at the releuse point.
The average parasitization was 9.5 percent of the 1,879 host
larvae observed from the G4-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 Lydelle stabuluns
grisescens 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. stabulans grisescens 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.—Furopean corn borer parasitization by Lydella stabu-
luns grisescens in Lee, Va., area, fall of 1937 and 1938

European corn borers
Area surveyed © Observed I Parasitized
|

1087 Number Number Percent
Inner circle . ... oL L ... 77 ] 11.7
Second eircle .. . 439 28 6.4
Third civele . . . GB7 61 8.9
Fourth civele - . . . _______ 357 418 13.4
Fifth cirele . __ _. . .. 319 33 10.3

1838
Inner circle ____.__. ——————— 5106 4 37 7.2
Second cirele _____ . . 1,203 - 08 | 8.1
Thitd circle ... __ . e 1,560 - 146 : 9.4
Fourth cirele . o e e mm——— 1,879 F 179 | 9.5

The district surveyed in the fall of 1938 at Lee, Va., extended
almost across the rather narrew peninsula that constitutes the
Eastern Shore of Virginia. The shores of this peninsula are
bordered by extensive marshlands, with numerous (reeks extend-
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ing throughout the area, and it is in such ecological habitats as
this that Lydelle stabulans grisescens has been most effective in
the Lake States. An examinaiion of the data does not indicate
greater effectiveness of the parasite in collections made very near
marshland, but the muarshiand influence may extend throughout
the area surveyved. 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 Lydella stebulens 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 Lydella stubulans
grisescens, 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
rumber 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,

SEHIEMENTS OF LYDELLA STABILANS GHISESCENS T0O OUTSIDE LABORATORIES

During the progress of colonization activities, some shipments
of adults of Lydelle stabulans griseseens were made to labora-
tories other than those concerned with corn borer activities.
The maierial usually became available in connection with coleni-
zation of other speecies. In 1935, 10,000 adults were shipped to
Iiouma, La., for a test release against the sugarcane moth borer
{Diatruea saccharalis F.). In the same year 10,000 adults were
shipped to Tempe, Ariz., for a test release against the southwest-
ern corn borer (D, grandiosella Dyar). In 1936, 3,000 adults were
sent to Mayaguez, P. R., for testing against the sugarcane moth
borer. In 1937 a consignment of 105 adulis of this larvaevorid
were shipped to Presidio, Tex., fto combai the pink bollwerm
{Pectinophora gossypielie Saund.),

KESUME OF THE $TATES 01 { VDELLA STABULANS CRISESCENS

Over the entire corn borer infested area Lydelle stabulans
grisescens probably kills more borers than does any other im-
ported parasite. It reaches its maximum effectiveness in the
immediate vicinity of the marshiand bordering the shore line at
the western end of Lake Erie and along the Detroit River. How-
ever, in the Lake areuas, unless climatic or other factors change,
producing conditions more favorable to the parasite than those
that have existed sinece colonization, probably L. stebulans gri-
sescens will not inerease to a level of economic importance except
in a limited aresz 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-reneration
habit.

It appears possible that in areas in the United States where
the borer has more than two generations a year, Lydelle sfabulans
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grisescens may become an effective factor in control. This is
indicated by a report from Guam. A stock of L. stebulans gri-
sescens {Ceromasia lepida (Masicera senilis)) had been collected
in Japan by C, A. Clark and shipped to Guam in 1936. Vanden-
burg (43) states: “It [Ceromasia lepida) appears to be a very
efficient parasite under these conditions, approaching the danger
point of self-extermination in the most favorab!le localities”.

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

FiGURE 18.—Horogenes punctorius: A, aduit temale, X 5; B, mature larva,
x 8; C, cocoun with host (Europesn corn borer) mamains.
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FHorocexes prycromivs (Homan) (Fig. 18)

QOrder; Hymenoptera.

Family: Ichneumonidae.

Imported from: BEuropeand the Orient.

Preferred host stage: Seeond-, third-, and fourth-instar larvae.

Method of parasitization: Oviparous; eggs laid free in body
cavity of host.

Hibernation: First-instar larva within mature hest larva.

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

QRIGIN

Adults of this species for colonization in the United States
originated in Europe and the Ovient. 1In each of these regions
Horogenes punctoriis 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 twe generations each year
and all the material imported into the United States from Europe
was contained in 2-generation hosts, In the Ovienf, however,
H. punctorius is important only irr the colder sections, and most
of the importations were from the 1-generation area.

DESCRIPTION OF STAGES

Adult

The original description of Horogenes punctorius, under Angt-
tie (Dioctes) punctoria n. sp., is given by Roman (29, pp. 171-
172). Reproductions of the original descriptions, together with
additionat notes which are helpful in classitying the species, were
published by Elinger and Sachtteben (13, pp. 116-117; 14). It
more closely resembles Cuwmpopler ali:we than any other corn
borer parasite, but, since it has no areclet in the forewings, it

ean readily be distinguished from that species.

Egy

The egg of Horogenes punctorius 18 hours after deposition
averages 0.730 mm. long by 0.173 mm. wide at the larger end
and 0.147 mm. wide at the narrow end. Itis oval arcuate, with
broadly rounded ends. Itis white, and there are no spines, proc-
esses, or markings of any kind on the chorion. The egg does not
turn dark brown at the end of & few days, as does that of Campo-
wlex allae.

Dissections, at 4-hour intervals, of European corn borer larvae
parasitized in the laboratory and reared at a temperature of 80°
F. and 70 percent relative humidity showed that Horogenes punc-
forius egys hatch in 32 hours.
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Fivsi-instar Larva

The primary larva is of the typical ichnenmoniform type. Itis
eylindrieal, with no segmentary spines, tubercles, or appendages.
The head is heavily chitinized, and there are 13 body segrments.
The last abdominal segment is prolonged into a conical poinfed
tail about half as long as the rest of the body.

Second-instur Larva

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 instar the tail process is lost. It is
not absorbed by the larva.

R T

Fioure 19.—External structures and markings of heads of last-stage larvae:
A, Campeplex alhae; B, Horogenes porctorius, x 188, (Vance and Smith,
42).

Mature Larva

The general color of the mature larva is a dirty white, It is
subeylindrical and tapers slightly anteriorly and posteriorly (fig.
18, B). In gross appearance it is similar to the larva of Campo-
plex wlkae, 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. «lhkae and Horogenes punctorius 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 ifs base obtuse
or rounded; ligular sclerome extensive, broadly approximat-
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ing dorsal ends of labio stipital sclerome; stipital sclerome at
median point as broad or broader than hypostoma. )
Horogenes punctorius

Interior angle at union of tip of mandible with its base acute
and clearly defined; ligula sclerome, small and subcreseent
shape; stipital selerome at median point narrower than hyEO-
stoma. Campoplex alkae

Cocoon

The cocoon of Horogenes punctorius 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. punctorius cocoon normally lacks the
light-colored band noticeable in cocoons of Campoplex alkee, but
an oecasional H. punctorius coccon shows a slight trace of this
Lband. The exit hole is usually made at the end of the cocoon,
the entire end being gnawed away at the time of emergence.

Bi10L0GY
Maling

Both males and females mated on the day they emerged. The
males copuiated 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 elose to a window. Copulation
was noted at 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 eame closer. He then
stroked the female with his antennae and, unless she resisted,
copulation ook place. When in coitu the female remained quiet
for a {ima except for a slight vibration of the antennae. The ovi-
positor, which nermally 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 in 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 offen resisted mating attempts by pushing the male off and
walking or fiying away. A female that had mated normally, how-
ever, would turn on the male and actively attack him and attempt
tosting. Such action differed mavrkedly from the passive resistance
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 was ac-
complished only after many attempts. The males will copulate
several times and will court mated or unmated females without
discrimination.

Proportion of Sexes

Of 141 individuals, the offspring of females mated m the .ab-
oratory, 34.04 percent were females. The sex proportions in
materiul collected in Europe and shipped to the United States
in the cocoon stage during the summer was almost opposite to
that of the laboratory-reaved individuals. In 5 lots of €ocoons,
totaling 986 specimens, received in August, 64.5 percent were
females, but some males may have emerwed in the field prior to
collection.

Oviposition

The preoviposition period is normally of short duration. Sue-
cessful oviposition was obtained in the laboratory the day after
emergence, The females oviposted in confinement on either free-
crawling larvae ov 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 muaterial. One female flew
out of the cage, circled the room, and returned to host material in
the cage.

Oviposition by Horogencs punctorius on host borers in their
natural habitat was observed in life-history cages. These cages,
screened with 24-mesh copper screening, measured 10 by G by 6
feet and were set up over twe 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 such cages showed
interest in larvae webbed in the tassels. The ovipositors were
thrust easily through the webbing and pierced the leaf sheath.
The females also worked around frass at the entrance to tunnels,
Although the larvae concealed among the tassel florets were more
accessible, 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 parasitized 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, it not all, of them were in the same position when
parasitized as when removed from the plants. These observa-
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TABLE 18.—Puarasitization by Horogenes punctorius of European
corn borers dissected from different parts of host plunt

piant . Number of borers bPercentof totald
ant par ¢ -
Present Parasitized orers parasitize
Tassell _____ oo 5 i
Stalk:
Upper third . 7 4 9.3
Mlcfdle third _... .. 23 iR 44.0
Lower thivd ... B 3 7.2
Total .o 43 26 2.5

tions were made at Toledo, Ohio, on 1-generation hosts. 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.

Horogenes punctorius 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 resulfing larvae became
encysted, turned dark, and died without developing. Before ovi-
positing, the female touched with rapidly vibrating antennae the
free-crawling host lavva or the spot in webbing, frass, or leaf
that she was investipating. The ovipositor and posterior end of
the abdomen were then bent downward at a rirht angle, or slightly
less, to the line of the body. The actual time reguired 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-instar 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 normally,

Dissection of larvae in the field cages soon afier parasite adults
had been introduced showed that parasitized individuals were
meost numerous among the third-instar borers. This may have
resuited from the greater accessibility of the third-instar or well-
advanced second-instar borers, or from the selection of such
borers by the parasiie.

That Horogenes punctorius 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 weve 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 aboul the same
number of parasites 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 percent 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
aijivie at the end of 10 days following introduction of 2-day-old
adults,

Puarthenogenesis

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

Larval Developnent

Like the egg, the newly hatched larva floats free in the body
fluids of its host, and is carried to all parts of the host's body,
The larva spends most of its life in the first instar. When reared
in the laboratory (temperature 80° 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
first instar until the host had reached the fifth instar. 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 instar in the field in August,
the parasite passed the winter as a first-instar 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-
cped to adults during the summer, the others remaining in the
first instar until the host became active the following year. Even
in the laboratory there was great variation in the length of the
instars of Horogenes punctorius larvae reared on single- genera-
tion horers. Parasites in all instars were found in host larvae
20 days after parasitizing them, although all the host larvae were
reared under the same conditions, and were parasitized in the
same instars by the same females. .

Parasitized larvae obtained from <ornstalks in a field cage and
placed in an incubator (80° 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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averagéd leas 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 eold. Possibly the causative delay
faector in the above instances originated in the host.

Parasitization by Horogenes punctorius retards the growth of
the host, even thourh the parasife larva remains in the first instar
throughout the normal feeding period of the host and grows very
slowly. After the first instar the parasite larva develops rapidly,
spending but a few days in the second and third instars. The
parasite usually issnes from the anterior third of the host’s body,
but before the termination of feeding it has eonsumed all but
th2z head capsule and the shriveled larval skin,

Cocoon Stoge

After the parasite has completed its feeding, it spins its cocoon,
usually ineluding 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 80° F. and 70
percent relative humidity, was 9.4 days. Approximately 86 per-
cent of the adults emerged on the ninth and tenth days after the
formation of the cocoons.

SEASONAL HISTORY

The total period from deposition of the egg to emergence of
the aduit, based on observation of 190 individuals reared at a
temperature of 80° F. and 70 percent relative humidity, was 25.3
days. Dissection of host larvae taken in the field near Toledo,
Ohio, showed very liitle development before the second week
in June. Development is rapid after about June 10 and the firs
cocoon appeared on June 16. In field cages the first adult ap-
peared on June 24, and this date coincides closely with that of
field emergence as determined by field collections. In Ghio the
average length of the life cyele of individuals that undergo ene
peneration in the field in the summer is abeut 36 days.

Hyperparasitism

Cocoong imported from Hurope in August were found to be
parasitized by a number of hyperparasites. In none of the ship-
ments, however, did the aggrepate parasitization amount o 1
perent of the total. The species involved were Gelis fraudulentus
(Foerst), G. iustebilis Feerst, Otacustes aestivelis (Grav.), and
an undetermined chaleid. On cocoons of the summer generation
in eastern Massachusetts a higher rate of hyperparasitization was
noted in 1938, when 8 percent of the unemerged cocoons collected
in the field were atiacked by parasites. The three species obiained
were Mastrus compactus (Ashm.), Ioplectis conquisitor (Say},
and Gambrus ultimus (Cress.). The last two species were re-
corded, also, as primary parasites of the borer.

8283647 —56——8




TABLE 19.—Horogenes punctorius adults released in the United States through December 81, 1940

Origin‘% 1927

1998 ! 1929

Stateand County! Township 1930 | 1931 | 1932 11933 1§ 1934 | 1935 | 1936 -} 1937 a;!I‘otal"'
Connecticut: ; ]
Hartford .. jE.Hartford{ E_.__ 0 0. 0 0 0 0 0 750 0 ¢ 0 750
Middlesex - ..} Haddam E . 0 0 0 0 0 0 0 0 586 0 0 586
New Haven | Milford E 0 0 0 0: 0 0 0 827 552 | 0 0} 1,379
New London.{ East Lyme | E 0 11 0 173 2,226 441 0 0 0 0 0] 2,695
Do e mendo oo 0. .. 0 0 0 0 71 1,156 0 0 0 0 0§ 1,163
Do . ... ...do ... D._ 0 (1] 0. 0 93 10 0 Q 0 0 0 103
Do e 0ld Lyme. | E. . 206 0 0: 0 0 0 0 0 0 0 0 206
Total . o f e oLl 206 117 0 17 2,326} 1,607 07 1,577 1,138 0 0 6,882
Indiana: i
Allen .. Lafayette .| D._.._ 0 0 0 0 0 0 0 0 599 ¢ 599
Steuben ... York e Eo.... 0 0 0! 1,726 { 2,069 2,194 0 0 0 0 0. 5,989
Total _.__ 0 0{ 1,726 | 2,069| 2,194 0 0] 0{ 599 0 i 6,588
) i
Massachusetts:® i
Barnstable _-| Barnstable | E _. 128 0 0 0 0 0 ] 0 0 0. 128
Do _. . .. ._{Falmouth - |E_.__ 0 16 264 2501 1,060 0 0 0 0 0 0F 1,590
Do ..o feneidO s 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 28
Do ... .| Swansea __|E. 0 49 0 0 0 633 0 0 0 0 0 682
Do .vinfcado 2O 0 0 0 0 0 2,813 0 0 0 0 0f 2,813
Do © |emido oo 0 0 0 0 0} 2,511 0 0 0 0 0] 2511
Esgex ...___| Peabody . .. 0 0 0 0 0! 1,204 0 0 0 0 0! 1,204
Do . .__..__|Saugus __... 0 0 0 1] 1971 0 ] 0 0 0 1] 986
Do i ewido 0 0 0| 2,029 15 0 0 0 0 0} 0] 2,044
Do . i)l do e 0 0 0 0 245 0 0 0 0 0] 0 245 «
Franklin ..__ | B. vnardsto 0 0 0 0 0 0 0 0 0 0 575 575
Hampden ___| Agawam .. 0 0 0 0 0 0 0 0 0 522 0 522
Hampshire _.} Hadley ... .. 0 0 0 0 0 [ 0. 0 0 560 0 560
. . (] ’ a2 .
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Middlesex . _.[| Arlington . JE_____ 0 53 0 0 0] 0 0 0 0 0 0 968
Do i ado e O 0 Q 0 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 e Concord —-JE_.___ 0 0 0 0 01 1,272 0 481 0 0 0} 1,753
Do ... do D 0 0 0 0 0 379 0} 5,000 0 0 0 5,379
Middlesex .| Malden -_._| E_ . 0 0 0 0 0 0 0 0 0 0 0 186
Do e Medford . E.___. 61 0 0 0 0 0 0 0 0 Q 07 2,973
Do o @0 | O 0 0 0 0 0 502 0 0 0 0 0 502
Norfolk ____. Quiney . |Bowo.| . 249 73 0 0 0 0 0 0 0 0 0] 322
Plymouth __.[ Bridgewater| O——_. 0 o} 0 0 732 226 0 0 0 0 0 958
Suffolk ____. Revere ¢ B 0 0 0 0 0 0 0 0 0 0 0} 2,721
Worcester —_.{ Charlton .| D——... 0 0 0 0 0 0 0 0 0 597 0 597
Total 438 191 2921 2,2811 2,908 19,5673 0] 5,481 0l 1,679 5757 30,938
Michigan:* .
‘Genesee .__. | Genesee ___|D_____ 0 ] 0 ] 0 0 0 0 0 0 599 599
Huron. ____ Sebewaing | D____.. 0 0 6 0 0 0 0 0 0 0 5568 558
Lapeer ~_-__. Goodland -_{D...... 0 0 0 0 0 0 0 0 0 0 499 499
Lenawee ___| Fairfield ..|E____. 0 0 0 0 01 1,712 0 0 0 0 . 1,712
Livingston ..| Conway.....|D____. 0 0 () 0 0 0 0 0 0 0 394 394
Macomb ... Harrison ._.|D.___ 0 0 0 0 0 0 0 0 0 5991 0 599
Monroe ... Erie E 0 288 0 0 0 0 0 0 0 0 0 495
Do ... Monroe E 0 33 0 0 917 272 0 0 0 0 0| 1,222
Sanilac ..._. Lexington _|D_.____ 0 0 0 0 0 0 0 0 V) 409 0 409
St. Clair ...__| Columbus __|E____.. 0 18 2437 1,683 1,875 0 0 0 e 0 0 3,729
Tuscola _ ... Koylton | D_____ 0 0 0 0 0 0 0 0 0 598 0 598
Washteraw .| Augusta _..| D-____ 0 0 0 0 0 0 0 0 0 0 600 600
Wayne ... Livonia D 0 0 0 0 0 0 0 0 0 0 573 573
Total 0 339 243 | 1,593 | 2,792] 1,984 0 0 0] 1,606} 3,223 111,987
New Hamp- -
shire: :
Rockingham .| Raymond .:|D_..._. 0 0 0 0 0 0 0 0, 0 0 593 593
New Jersey:°
Atlantic ____| Egg Harbor!D_.___, 0 0 0 0 0 0 0 -0 9 0 593 593
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TABLE 19.—Horogenes punctorius adults released in the United States through December 31, 1940—Con.

8

Stateand County; - Township [Origin!| 1927 192.8 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | 1937 |{Total®

New Jersey—
Cont'd. :
Burlington __I Burlington. {D____. 608
Monmouth __| Atlantic ...{D____]| =~ 0 585
Ocean .o B____. 565

Total __. , 2,351

New York:
Albany ...__|Berne
Cattaraugus

Indian Res.
Erie ... .| Lancaster .

517

Jefferson ...
Monroe
Niagara ...

Adams .. |E

Hamlin .__..
Porter ...

[+)]
[

o
(o]

Orleans .......| Yates
QOswego ...._. Seriba __._.|D
Schencctady .| Glenville .
Suffolk Southold ..
v endO

Ontario _._| D

o
©o
CODWOoOOWOOO &

=
13
cvooocoowos o

) .
D0
oJvoocotnooo o

~

L=

olocooocoodoooo o
o!ldooocooocood ©
O OOOOOSOOODe  ©
olocooodoooce ©

<o
[<2]
Qo
(=]
bt
-3}
-3 | ©
| 0o

Shawnee ...
Auglaize ... | Washington
Champaign _.| Salem
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Darke
Defiance ___.
Delaware __.

‘Erie . _w.__|

Brown ...

‘Washington |

Liberty ...

Perkins ...




Fulton . .. ...} German . __|E_. 0 0! 0} 0 0 0 0 0 598 0 0 59¢
Hancoek ___ | Marion ... JO.. ... 0 0: 0 0 0} 4,138 0 0 0 0 01 4,136
Hardin -__. Liberty _...{D..... 0 0! 0 0 0 0 0 0 0 586 0 586

Henry -_.._{Damascus .| E_.__. 0 0 07 2,684} 4,8821 4,858 0 0 0 0 01 12,324

Huron ... Richmond _{E.._. 0 0 0: 0 0 0 0 0 586 0 0 586

Logan _.....|Richland ..iD__. 0 0 0 0 0 0 0 0 0 588 -0 588

Lorain .._...{Avon ... __.] D. .- 0 0 0 0 0 0 0 0 0 525 0 525

Luecas ......Jerusalem _[E.__.__. 460 27 511 2,064 2,897 0 0 0 0 0 0! 5,959

Marion ... Scott .o, Do..._ 0 0 0 0 -0 0 0 0 0 514 0 514

Mercer ..... Jefferson.. | E._._ 0 0 0 0 0 0 0 0 598 0 0 598

Miami ... Newberry .ID._.._ 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 __{O____ 0 0 0] 0 0| 4,578 0] 0 0 0 0} 4,573

Sandusky ... Ballville ___[D.___ 0 0 0 0 0 0 0 0 0 0 474 474

Séneca. .. 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

Wood ______. Perry E 0 0 0] 0 0 04 3,751 0 0 0 0] - 8,751
Do ~-.-do D 0 0 0 . 0 0 0} 1,523 0 0 0 L0 1,523

Total __J|. . 460 27 511 4,648 | 9,779 |13,569 [ 5,274 0! 3,888 | 6,835 1,074 | 44,065
Pennsylvania: : : .
Crawford __..| Greenwood .| E_.____ 0 0 707 0 0 0 0 0 0 0 0 707
Rhode Island:

Newport _.__| Portsmouth. {E____| 0 0 0 0 0 640 430 0 0 0 0! 1,070
Do oo wemdo _____ o_____ 0 0 0 0 0| 6,038 0 0 0 0 0] 6,038
Do .. |.__.do _____ D____. 0 0 0 0 0| 1,498 | 2,636 0 0 0 0| 4,134

Providence __|E.Providence{ E____. 0 505 0 821 1,503 0 0 0 0 0 0 2,090
Do . ___] —-w—do D 0 0 0 9| 1,231 0 0 0 0 ] 0] 1,240

Total 0| 505 0 91§ 2,734 8,176 38,066 0 0 0 014,672
Vermont: . i

Chittenden .. Essex _._._ D___.. 0 0 0 0 0 0 0 0 0 0 575 575

Rutland .___|Poultney: __|D.___. 0 0 0 0 0 0 0 0 0 0 599 599
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TABLE 19.—Horogenes punctorius adults released in the United States ilLrough December 31, 1940—Con.

Stateand Countyl. Township. |Origin’| 1927 | 1928 | 1929

1930

1931 | 1932 1933 1934 | 1935 | 1936 | 1937 |Total®

Vermont—
Cont'd. )
“Windham ... |Janiaica .__|
Windsor ___.| Bridgewater|

557
548

Total __ .

2,279

Virginia:
Accomac Lee
Northampton | Franktown_.

0 595 0 595
0 593 490 | - 1,083

Total ___

0 490

1,678
i 1.188 i

1,104} 1,073

Total, United States.._

3,409 { 14,122

22,783 | 38,871 | 12,026 | 7,058 { 17,303 | 14,271 8,827 {139,185

1D, Domestic; E, Europe; O, the Orient.

* The totals in this column include the numbers given in the
footnotes. to this table;
% 1n 1921, 10-Horogenes punctorius fron: Fia;rope were released
in ‘Malden Township, Middlesex' County; aad 168 in the same
township in 1922; in 1924, 555 adults in Arlington Township, Mid-
dlesex County; in 1925, 780 flies in Saugus Township, Essex
County; 360 flies in Arlington Township, Middlesex County;
8 flies in Malden Township, Middlesex County, and 53 flies in

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. )

_*1Ia 1926, 207 adults were released in Erie Township, Monroz
County.

5In 1938, 182 adults (domestic parasiteg) were released in
Burlington Township, Burlington County, and in 1939, 426 flies
were released in the same township.
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Alternate Hosts

Larvae of several species of Lepidoptera were offered to Horo-
genes punclorius females in the laboratory in an attempt to obtain
oviposition. The parasite adults showed no interest in the larvae
of Guorimoscheme busckielle Keartf., Carpocapse pomonella {L.),
or Papaipema nebris (Guen.), but oviposited readily on larvae of
Pyrausta aiusiei Hein. and P. penitalis Grote. Whether the para-
site could reproduce successfully on these hosts is not known,
because none lived to produce either a pupa or a parasite eocoon.
H. punctorius has never been recovered from hosts other than P.
aubilalis (Hbn.) in the United States.

COLONIZATION

Horogenes punciorius was also one of the first pavasites 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 adulis
were liberated at Arlington, Mass.,, and 4 smail colonies were
released in 1925 at 4 sites in eastern Massachusetis (table 19).
It was not until 1926 that the first releases of over 1,000 adults
per colony were made. However, establishment from some of the
smaller releases made prior to 1920 was probably accomplished,
since the first recovery of the species was made that year at an
early colonv site sufficiently remofe from the current year's re-
ieases to ruake dispersion from the latter peints improbable,

The first importation of this species was made during the lat-
ter part of the summer when the parasite was in first-generation
eccoons. (oeoon shipments were eontinued through the summer
of 1929, Beginning in 1925 the cocoon shipments were supple-
mented by the infroduction of the overwintering hosts with Horo-
genes punctorins as first-instar larvae. After 1928 this was the
onty method used for introducing H. punctorius.

From peints in eastern Massachusetts adults of this species
appeared more frequently in eollections made after 1926 and,
beginning with a few individuals in 1930, increasing use was made
s5f this source of supply for celonization. To January 1, 1939,
over 30,000 adults devived from hosts obtained in eastern Massa-
chusetis were released in the United States. In 1930 the first
releases of adults originating in the Orient were made in Massa-
chusetts.

Colonization of Horegenes punctorius in the Lake States area
was started in 1928 with a release of 207 adults in Monroe County,
KMich. Small releases were made in the following 2 vears at this
colony site and in Lueas County, Ohio. At the Cattarauvgus 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 Lydelle stabuluns grisescens was the
dominant parasite in the vicinity of the older release sites in
eastern Massachusetts, but it was eventually superseded by Horo-
genes punctorius, 8o promising did thig 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
1936 and 1937 with stock of domestic origin, a number of releases
were made throughout the East and the Middle West, one colony
being liberuted per county. By the end of 1939 a tofal ef 89
colonies had been released. .

Although Horogenes punctorius can parasitize burers of sev-
eral larval stages, and although these stages may be present in
the field over a considerable period, fairly close synchronization
of releases with the preferred host stage of the borer is essential
for establishmert. In 1954, 750 adults of H. punctorins were
released at Bast Hartford, Conn., and 827 at Milford, Conn. The
periods cf release and the extent of synchronization with third-
instar 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
5.6 percent of the host borers were parasitized, whereas at Mil-
ford no parasite was recovered,
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Fiaure 20.—8ynchronization of Horogenes punctorius releases with Presence
uf preferred stage of host {European corn borer}, Hartford and New Haven
Counties, Conn.

FiELD STATUS

With proper synchronization, initial establishment of Horogenes
punctorius was readily accomplished in the areas where the
1-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. punctorius was recovered over a period of 4
years after the last release in 1930, The percentage of parasiti-
zation, however, was always 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 from this point. In 1940,
however, H. punctorius was recovered in several collections of
borers from this Reservation, and one collection showed a para-
sitization of over 10 percent.
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The 1940 recovery, showing mainienance 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 recovery
was made until 1933, but after that the parasite continued to
appear in small numbers in the colleetions 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. pune-
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, Horegenes punectorius
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 ares northwest 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 Horogenes punctorins was
the most prevalent parasite. Its general distribution was evi-
denced by the fact that it was recovered in each of 36 eollections.
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 {wo generations,
parasitization by Horogenes punctorius is usually much higher—
sometimes about double—on the first, or summer, generation than
on the second. In the fail 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 parasites
were again obtained from each of the 36 sections into which the
area was divided for study. The highest parasitization by
H. punctorius in a single coilection was 32.6 percent, and 20 of
the 36 collections showed a parasifization of over 10 pereent.
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 releases made in the vicinity of Malden, Mass,,
in the earlier years a group of leeations in gsoutheastern Massa-
chusetts and eastern Rhode Island were eolonized with Horngenes
punctorins. A survey to determine the status of the parasite
at these locations was made in 1938. It covered a circular area
45 miles in diameter, centering at Taunton, Mass. In that year
parasitization by H. punctorius on second-generation horers with-
in a radius of 121% miles of Taunton averaged 1.2 percent, with
a maximum paracitization of 7.3 percent. On the first generation
of borers in 1938 the average parvasitization by H. punctorius
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 inc¢rease in parasitization in the sum-
mer of 1939, when the average parasitization within a compara-
ble area was 6.3 percent, with & maximum of 30.1 percent,

At the release site at Hartford, Conn., where a colony of 750
adults was released in 1934, Horogenes punctorius 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
3,466 hosts observed in the fall of 1938. The maximum para-
sitization by this species in 1938 was 28.3 percent, zs compared
with a maximum of 24.5 percent in the fall of 1987. The para-
site was reared from 30 of the 38 collections made 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 avea occupied by this parasite as revealed in the 1936,
1937, and 1938 fall surveys. The data indicated that H. punc-
torius actually was present over a shghtly greater area than that
ghown 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.,
and Lee distriet, Accomac County, Va., which had been colonized
within recent years, were surveyed in the fall of 1938. In New
derscy . punctorius was recovered only at Atlantic. Tts recov-
ery at that peint indicated maintenance for 2 vears and demon-
strated the usual slow increase and dispersion for the first few
seasons following liberation,

RESUME OF THE STATUS OF HOROGENES PUNCTORILS

Horogenes punctorius is one of the most valuable of the intro-
duced parasites. Initial establishment was readily obtained tol-
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. There i{s no evidence of superiority in either the
oriental or the European strain. At two of the localities in the
multiple-generation area, where H. punetoriug 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
enly 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. punctorins is now established over much of the eastern
avea.

MacroceNtres ervvnnsis Ashm, (Fig, 22)

Order: Hymenoptera.

Family: Braconidae,

Imported from: BEurope and the Ovient.

Preferred host stage: Second- and third-stage larvae.




BIQGLOGICAL CONTROL OF THE EUROPEAN CORN LORER 91

Method of parasitization: Oviparous; polyembryonic 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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Ficuug 21.—Distribution of Horogenes punctoring in the vieinity of Hartford,
Conn.  Survey limits are indicated by solid-line eoncentric cireles, Arcas
oceupied by the parasite are enclosed with hroken lines, as indicated in
the key.

The biology and morphology of Macrocentrus gifuensis have
been exhaustively treated by Parker (i24), and very little has been
added to our knowledge of the biology ot 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 twe
and three generations of the host per year,

!

Fiaure 22.—Muacrocontrus gifuensis, adult female, x 10,

The first adulis of European origin became available for release
in 1926 and were liberated in Massachusetts. In 1927 a number
of colonies were released in the Bast and a eolony of European
ovigin was also released at Jerusalem Township, Lucas County,
Ohio. In the years 1927-33 a number of colenies 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 8 years. The total releases of this species in tha
United States are given in table 20,
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FIELD STATUS

Macrocentrus gifuensis was first recovered in Perkins Town-
ship, Erie County, Ohio, in 1928 following a release that year of
8254 adults. Initial establishment was noted at one point in
1929 and at 4 points in 1982, all in the Lake States. No evidence
of permanent establishment has been observed in thig area.

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

DISTRIBUTION
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FicUrs 23.—Distribution of Macrocentrus pifuensis in the vicinity of Taun-
ton, Mass., Dec, 31, 1940,

of the oriéntal material at Bridgewater, Mass. In the falls of
1036 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 Mecrocentrus gifuensis,

A survey of the first-generation borers in 1938 showed an aver-
age parasitization by Macrocentrus gifuensis of 8.9 percent in a
circular area eontaining 490 square miles and in two of the col-




TABLE 20.—3Macrocentrus gifuensis adults released in the United States through December 31,1940

State and County Township 1926 | 1927 1929 '} 1930 | 1931 1932 | 1933 | 1940 °

Connecticut:
Fairfield —........_} Stratford
Hartford e E. Hartford __.
Litchfield Litcifield
Middlesex ...i..{Haddam ... ._
New Haven Milford
New London Easi(z1 Lyme ____|

wiamedo

Gales Ferry .|’

Tolland ___.__.....{Tolland

Windham Pomfret

Total

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

0

0
1,997
1,995
1,992

15,934
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Indiana: Steuben ..... Ym"k e e -

Massachusetts:
© _Barnstable ._...... { Falmouth
Bristol Dighton
Swansea
cemmndO
Danvers
Peabody
emndo
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Franklin ..o .. . Bernardston
Hampden Agawam
Hampshire ..__.___..| Hadley
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Norfolk v
Plymouth ... ...
Suffolk
Worcester

Total

Quiney

Revere

Bridgewater. ...} |

Charlton —_-..__}]

Michigan: -
Lenawee .. _o....
Monroe iz
) Do e
QOakland
St. Clair . cceis

Fairfield _

Erie
Monroe

Oxford . ...
{ Columbus

Total

New Jersey:
Atlantic
Bergen ...
Burlington _. . ...
Camden
Gloucester ~: .mee
Mercer i
Middlesex ...
Monmouth
Ocean .. ....ceime

Total . ... .

New York:
Albany coicioi
Chautauqua . ...
Columbia: .. . _ ...
Dutchess
Erie.. . ..

Do e,
Greene ... .

Egg Harbor ...
Paramus
Burlinglon

o\ as]ﬁngton .

[P (] i

Clementon ... ..iD

Monroe

Atlantic _......
Brick o

Colonie
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Westfield _.__._
Kinderhook ...
Hyde Park __..
Cattaraugus
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TABLE 20.—Macrocentrus gifuensis adults released in the United States through December 31, 19450—Con.

} ‘ ) i . [ ) v.,
State and County } “Township 1926 | 1927 | 1928 | 1929 | 1930 I 1931 i 1932 i 1933 1 1940 | Total?

T
[
=3
-3

0l 5077
1,989 1,989
1,986 | 1,986
1,988 | 1.988
1,997| 1,997

0| 273

0 80
1,987 1,987
1,569] 1,569

0] 17,139

0] 1,902
1,986 1,986

23,413 62,372

Jefferson  .._
Orange .. Montgomery _..
Rensselaer | E.. Greenbush .. .{D

Do oot Schodack —.__.
Saratoga . Malta . _._._.____
Schelr;ectady Glenville .

0 v e ndO

£
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COoOoOODODS

R s [y
Riverhead ._.___
Southold
Kingston
Marblehead ...
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=
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12,425
4,707
7,117

211
3,537

17.419

| 73,106

17,256

135,778

Perkins
Marion
Damascus
entor
Adams
s} Jerusalem __..__
Wood _..._.______|Perry
Webster ._____-

oloocodocae

Total
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Pennsylvania: ,
Crawford 0] : - 9,006
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Rhode Island:
Kent ... __. . ..|Coventry
Portsmouth __.._.
Portsmouth .._.__|{
E. Providence _..|'
Do Gloucester
Washington —____..| Richmond

4,130
0
0

36

496

0
0

i

1,993
0

0
0
1,989
1,986

1, 1989
1, 1986

Total

4,130 2

362

14,061

5,968

39,182

* Total, United States 2,191 | 20,315

59,567 21 984 | 21,605

6,514

103,737

99,468

78,072

421,031

1D, Domestic; E, Europe; O, the Orient.
2 This total includes 2,489 adults liberated in Burlington Town-
ship; Burlington County, N. J.,in 1938, nnd in 19389, 1,010 adults

in the same townshlp, 2,177 adults in Atlantic Townshlp, Mon-
mouth County, N. J., and 1,902 adults in ngston Township,

Ulster County, N. Y.
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lections over 35 percent of the borers were parasitized. In the
fall of that year, in a circular area of 1,963 square miles, 8 per-
cent of the borers were parasitined by M. gifuensis. In the cen-
iral 500-square-mile portion of this area parasitization had in-
creased to an average 10.8 percent. Forty-seven of ths 100 col-
lections made in the Taunton area in the fall of 1938 produced
M. gifuensis, and in these 47 collections 15 showed a parasitiza-
tion of over 20 percent by this apecies. The maximum parasiti-
zation by M. gifuensis 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 Taunten, Mass., from which this parasite was recovered in
the fall surveys of 1937, 1938, and 1939,

In 1039 a survey to determine the status of parasites on the
first generation of the borer in a 500-square-mile area in the
vicinity of Bridgewater, Mass., revealed a parasitization by Macro-
centrus gifiensis 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 3. gifuensis was continuing to
increase in effectiveness, since the 12.1 percent recorded in the
summer 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. kuough adults were obtained in 1940 from
parasitized borers in a special collection made in the vieinity
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 Buropean strain of Macrocentrus gifuensis.
Howaever, certain differences in their reactions point to the possi-
bility of distinet 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-peneration 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
cach year. In Europe the opposite situation obtains, since in that
country the parasite is found only in an area where the host 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 Buropean 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 Macrocenirus gifuensis was re-
covered.

Cattaraugus Indian Reservation, N. Y.: Colonized in 1929 with
Furepean stock. One parasitized larva was obtained from a col-
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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.: Colonized in 1932 with
oriental stock. One parasitized larva was found in a collection
of 3,187 borers. The parasite clusier was recovered from 400
host larvae taken as cocoons in Qctober at the release field.

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

Webster, Wood County, 0h10 Colonized in 1932 with oriental
stock. Two parasitized larvae were found in a collection of 3,394
Lorers. Paragite clusters wers recovered from 400 host larvae
taken at (he release point. Parasitized larvae were in cocoons in
October.

Adams, Jefferson County, New York: Colonized in 1932 with
oriental stock. From a collection of 8,129 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 initial establishment was accomplished where less thun
1,800 adults were released at one time. Disregarding all loca-
tmns where less than this number were released per day, 14 col-
onies of Buropean material and only 6 of oriental stock remained.
Nevertheless, 4 of the 8 rrecovery points were oriental colony sites.
0Of 32 borers parasitized by Macvocentrus gifiensis, 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
cmerpged and spun cocoons prior to the time of colleetion. This
phenomenon of fall emergence has been noted to a slight extent
at the oriental colony site at Bridgewater, Mass. While exhibit-
ing a partia! 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 (24), in discussing the host relations of Maerocentrus
gifuensis, states: “So far as is known it has not been reared
from any host other than Pyrauste nubilalis. It is possible, how-
ever, that M. gifuensis has often been misidentified as M. abdonii-
nalis and that, consequently, some of the biological and descrip-
tive data in publications on M. ebdominelis pertain in reality to
M. gifuensis.”

In 1932 three larvae of the lotus borer (Pyrauste penitelis
(Grote) ), collected from lotus near the Erie Township, Monroe
County, Mich., release point, produced adults of Macrocentrus
gifuensis, This is the only record of reproduction of the species
in the United States on hosts other than Pyrauste nubilalis. No
laboratory experiments have been conducted to provide data on
host relationship with this species.
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RESUME OF THE 5TATUS OF MACROCENTRUS GIFUENSIS

In 1841 this peolyembryonic braconid larval parasite was estab-
Hshed in the United States only in souiheastern 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.

Ciark (11) in discussing Macrocentrus gifuensis, says that it
“Is one of the most important parasites of the corn horer in the
Orient.” Concerning its status in Europe, Parker (24} writes:
“The perceitage 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.”

Itc estimable position, therefore, in the countries of its origin,
together with the parasitization it has accomplished at Bridge-
water, Mass., indicate the possibilities ¢f this parasife, Collee-
tions of berers, chiefly parasitized by Macrocenlius gifuensis, are
being made in southeastern Massachusetis 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.

Cucroxes axyeLipes Wesm. {Fig. Zua)

Order: Hymenoptera.

Family: Braconidae,

Imported from: Italy.

Preferred host stage for eviposition: The egg.
- Method of parasitization: Oviparous; egg deposited subcu-
taneocusly in host egg.

Hiberation: First-instar larva free in body cavity of fourth-
instar host iarva.

Chelonus annulipes Wesm. is the only imported parasite of the
Buropean corn borer that attacks the host in the egg stage, Iis
hiology and some phases of its embryology, physiology, and the
technique used in its rearing have been reported by various au-
thors (5, 7, 40, 44). Prior to its introduction into the United
States the parasite was recorded onlr from northern Italy.

COLONTZATION

The first importations of this species were made in the summer
of 1929, when parasite cocoons were shipped under refrigeration.
The following winter, and in subsequent years, the introduction
was accomplished by shipping the host borers containing first-
instar parasite larvae. A considerable number of the earlier
introduced adults were retained for laboratory study, but enough
were available 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 speeies in the }laboratory
on the Mediterranean flour moth (Ephestia kuehniella Zell.) was
later developed by Bradley {6). By this method the number of
adults available from foreign importation were considerably aug-
mented by laboratory-reared material. In 1938 over 130,080 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 Can:lian Department
of Agriculture supplied a suflicient 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
annulipes adults released each year at the various liberation
peints.

}]

T
FICURE 24.—Chelonus annndipes, 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 notthern part of Italy, and is recorded as
Leing very unevenly distributed in that region. If was colfected
in numbers at St. Georgio di Nogaro, 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 rarve,
monthly temperatures and annual rainfall varied liftle.




TABLE 21.—Numbers of Chelonus annulipes adults released in the United States

through December 81, 1940

o0l

Vol

State and County Township Origin'-1930 | 1931 | 1932 | 1933 | 1934 ! 1937 | 1938 | 1939 1940 | Total®
Connecticut:?

Fairfield Lo Fairfield ccw ... {B.___.. 0 0 0 0 0 0 988 0 0 988

DO wvmriiemeei Southport ... B 0 0 0 0 0 0 (v 996 0 996

Do i Stratford — . ) -SSR 0 0 0 0 0 0 ol 1,992 0 1,992

Hartford oo Berlin .. -~ B. 0 0 0 0 0 0 0 994 0 994

DO i Cromwell ... B _.. 0 ] 0 0 0 0 0 991 0 991

DO i nic E. Granby ... B...._ 0 0 0 0 0 0 0 995 0 995

07 E. Hartford .| B...... 0 0 0 0 0 0 0| 1,000 0 1,000

Do wvmiin wmmonf im0 i | B 0 0 0 0 242 593 0 0 0 835

Do v} B Windsor <o.| B .. .. 0 0 0 0 1] 0 01966 i 0 996

DO it Enfield .| B 0 0 0 0 0 0 0| 2,984 0 2,984

DO il Farmington ... 1B ... .. 0 0 0 0 0 0 0 991 0 991

Do o Glastonbury ...{B..._.: 0 0 0 0 0 0 0] 1,984 0 1,584

Do sl Manchester ... | B...... 0 0 0 0 0 0 014 1,000 0 1,000

DO i Rocky Hill'm . { B 0 0 0l 0 0 0 0 995 0 995

DO i Southington .. {B.._ .. _ 0 0 0 0 0 0 0 986 0 986

DO e e e S. Windsor .. {B.______ 0 0 0 0 0 0 0l 1,993 0] 1,993

DO i Suffield ~.novono B...... ¢ 0 0 0 0 0 0} 2,990 o 2,990

DO iwrvecwiesn] Weathersfield .| B...__. .0 0 0 0 0 -0 0 097 0 997

Do el Windsor ..._... B 0 0 0 0 0 0 0] 1,995 0 1,995

Middlesex < s Durham .. .. [B..____ 0 0 0 0 0 0 0] 1,986 0 1,986

0 et ] Guildford e - | B 0 0 0 0 0 (13 -0 986 0 986

Do v Haddam ... | B 0 0 0 0 0 0 994 0 0 994

0 et e ena] Middletown o[ B . 0 0 0 0 0 0 0{ 1,992 ¢ 1,992

New Haven . ....__.|Branford ... |B.__._.. 0 0 0 0 0 0 0 991 0 991

Do i.icieww|Cheshire ..o . |B._.__. 0 0 0 0 0 0 0 592 0 992

Do e B Haven - oo | Boe oo 0 0 0 0 0 0 0 99 0 994

Do | _iieenl ~|Hamden ... B..._.. 0 0 0 0 0 0 0] 1,953 0 1,983

Do . ..o |Meriden ____._. B 0 0 0 0 0 0 0 988 0 988

Do e Milford ... {B._____ 0 0 0 0 0 0 0 987 0 987

Do | oo do -|E. 0 0 0 0 0f 590 0 0 0 590

Do v New Haven __.. Bl 0 0 0 0 0 0 Q 996 0 996

Do o N. Branford ...|B.._.__ 0 0 0 0 0. 0 0% 2,987 0} 2987

Do i N. Haven ... .. B__.... 0 01 0 0 0 0 0 992 0 992
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TABLE 21.—Chelonus annulipes adults released in the United States through December 31, 1940-—Con.

State and County

Township

1930

1931

1932

1933

1934

1937

1938

1939

1940

Total?

Massachusetts—Cont'd.
Middlesex ... ..ooun

Worcester
Total

Sundbury .. _
Norfolk
Bridgewater __.
Charlton .

Michigan:
Lenawee
Monroe

Fairfield

(=B R =N—~Y—F—

¥e

Do e
‘Washtenaw
Wayne .. ___

Monroe
Augusta
Livonia

Total

New Jersey:
Atlantic

Egg Harbor ———
Paramus
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{ Brick
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| Livingston _..... B
Stockport ... | B.o.o.o.
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| Clinton .o Boooil
E. Fishkill ... B.. ..
Fishkill . ...... B
Hyde Park —...|B..c.-.
LaGrange ... |B..--.
Poughkeepsie . | B.....:
Red Hook ... ...|B....
Rhinebeck  _.. .| Bi..ou
Wappinger -...|B
Athens .. -|B
Catskill ... ..|B.
Coxsackie .....|B
New Bnltlmore B
Adams ... .. |E.. ...
Hamlin ... {E. ...
-{Phelps  _.o.... Bl
Montgomery ... |B._....
Seriba - o, E....
E. Greenbush .. {B.. ...
- Schodack . i B
Glenville ___...{F . ...
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Southold ____.. B
i udo E
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TABLE 21.—Chelonus amzulipes'ad:ults released in the United States through December 81, 1940—Con.

State and County Township Origin? : 1931 | 1932 | 1933 | 1934 | 1937 | 1938 1940 - | Total®

New Yor l\—Cont’
e 1,995 1,995

748 748
997 997
746 746
49301 6,915
4,915| 4,915

109,213 137,821

Marbletown ...
New Paltz _____ B

COoOOT

Saugerties
Ulster

-
Sy
@
=)

(=]

592
685
2,247
595
604
1,380
570
6,099
1,538
4,497
508
723
597
721
598
47
951

22,952

Shawnee
Washington
Berlin
Perking —_o___}
-1 German ’
Marian
Liberty
Damascus
Adams .o
Jerusalem _____
Salem
Brown
Jennings ...
Sandusky — eI Ballville ____- -
Seneea v _| Seneca
Williams  _.._.____} Madison
Perry
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Rhode Island: ]
New}))ort e | POTtsmouth _.._
o §

v do .
E.Providence ...
0 il O

Total

Vermont:
Bennington Arlington
Chittenden Essex . . oeoio-
Grande Isle Grande Isle ......I1 B
Rutland . - . { Poultney
Washington Middlesex
Windham «_.___..._1Jamaica . ..oun.
Windsor Bridgewater _..

Totsl

997
6,982

o'ocoocoooo .
ciooooode
S| ooCoooo
ol ocoooo0
cloocoocococo
ocloooDo0OO
clocoodoe i
oloscocoe

1

Virginia:® : ‘ ! ; o : ;
Accomac .. Lee .. . 01 8,061 0 10,16g
Northampton .| Franktown ... .|BS 0 611 0 611

Total —_____ RS, IR 0 0 o 0] 86712 0 0 0| 10,777

Total; United States : B,066{ 5,049|23,340{ 5,054} 8,965}10,305 | 28,2571 75,026 112,711 |279,930

1B, Bred in the laboratory; D, Domestic; E, Eurspean. 4Tn 1929, 90 parasites from Europe were released in Dighton

*The totals in this column include the numbers given in the = Township, Bristol County and 614, also from Europe, were re-
footnotes to this table. : leased in Arlington Township, Middlesex County. ]

#In 1929, 221 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. 9Bred in the laboratory in anada.
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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 other corn borer parasites; yet, at the actual points
of release, w1th1n 10 miles of the cenier 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 bracenid 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 snccessful 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, If appeared impossible, with limited knowl-
edge of the restricting factors, to select eolony sites optimurm for
this parasite’s establishment. To minimize this limitation and to
establish the practical utility of close colonization for rapid in-
crease of parasiie popuiations, rather than to depend on natural
dispersion from widely separated release points, it was proposed
to release Chelonus annulipes over a well-infested area in colonies
so closely spaced that one or more would probably be located
near the center of & 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 beth sides oi the
Hudson River as far as Troy.

In the area selected for colonization in Connectient, 48 colonies
averaging close fo 1,000 adulis per colony and spaced about 4
miles apart, were released in 1939 at a t{ime for good synchroni-
zation with large numbers of host egzs. 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 synchrom tation. The lower Hudson River Valley was
recolonized in 1940 when 110 eolonies, totaling 109,213 adulis
of Chelonus annulipes, were released in this territory., Exeellent
synchronization of parasite releases with presence of host eggs
was attained.

To test the effect of climatie changes after 1932, and the in-
fluence that might result from the prevalence of a 2-generation




HICLOGICAL CONTROL OF THE EUROPEAN CORN BORER 109

strain of the borer in the Lake States, one colony of Chelonus
annulipes was released in Adams Township, Lucas County, Ohio,
in 1938 and four in northwestern Indiana in 1939,

FIELD 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 resuited in good initial
establishment. In the Lake States area, however, the species
became established at but one locality, Jerusalem Township, Lucas
County, Ohic, whenee for a number of years after the last release,
Chelonis annulipes appeared in borer collections. It has not been
recovered 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.

10 the Tall of 1932 in the Eastern States one specimen was taken
214 miles east of the release point at East Providence, R. I. In
the spring of 1933 another specimen was recovered near the
Bridgewater, Mass., release point. In the fall of 1924 several
specimens were collected near Dighton, Mass., and eollections
made in the tall of 1935 showed that the parasite was maintaining
itself in encouraging numbers at that point. Continuned 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 surveved area parasitization by Chelonus ennulipes was
13.0, 15.2, and 24 percent.

Although %he percentage of parasitization by Chelonus annu-
lipes did not increase in 1938, recoveries were made over a larger
territory. The parasite conceniration 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 ils establishment,
were noted. In the fall of 1938 the presence of C. annulipes at
nearly the same two localities {West Bridgewater and Scuth
Wareham) was confirmed. The parasite was also recovered at
East Middleborough, Mass., from a collection made between these
outlving points., A 10-mile-southward extension of the parasite's
habitat was disclosed by its recovery from a collection made just
south of Fall River. It is estimated that C. annulipes was present
at the close of 1938 over an area of 292 square miles in south.
eastern Massachusetts, an inerease of 142 square mileg in its
known habitat having been established as a result of the fall
survey of 1938.

RESUME OF THE S5TATUS OF CHELONUS ANNULIPES

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,




TABLE 22.—Numbers of Zaleptopygus flavo-orbitalis adulte released in the
United States, through December 31, 1940

‘State and County Township 1922 1930 1931 1932 1933

Connecticut: :
Hartford East Hartford ___
New Haven ___.._..| Milford . __ ... ___
New TLondon East Lyme __.___

Total
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a
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Essex ... __ . .1
Bssex oL
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New York:
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In the Lake States area strong initial establishment was ob-
tained in Adams Township, Luecas County, Ohio, where releases
were made in 1938 to test the effect on the parasites of the host's
tendency to produce a greater proportion of 2-generation indi-
viduals than formerly. The eollections made in 1939 at this peoint
indicated a considerable increase in numbers of the parasite,

1
|
|
|

L‘
]
|

F1GURE 25.—Zaleptopygus Aevo-orbitalis, aduli female, x 10,

ZALEPTOPYCUS FLAVO-ORBITALIS {Cam.) (Fig. 25)

Order: Hymenoptera,

Family: Ichneumonidae.

Preferred host stage: Third- and fourth-instar larvae.
Imported from: Japan. :

Methed of parasitization: Egg deposited free in body cavity of
host.

Hibernation: As a first-instar larva within the host,
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Zaleptopygus flavo-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 European 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 continued for a
number of years. Table 22 presents colonization data for the
species.

FIELD STATUS

Subsequent to the release of Zaleptopygus flavo-orbitalis 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 gev-
eral large colonies of Z. flavo-orbitalis 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 tn become established at other points may be aseribed to its
imperfect adaptation to low temperatures.

RESUME OF THE STATUS OF ZALEPTOPYGUS FLAVO-ORBITALIS

This ichneumonid, which originated in the Orient, was released
at a number of test points in the United States, but permanent
establishment was indicated only in the vicinity of Taunton,
Mass., 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 suificient to justify
drawing conclusions, but i{ seems possible that a more southern
habitat may be more conducive to its successful establishment.

PraEocENES NIGRIDENS Wesm. (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.

S22 —0—18
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Phaeogenes nigridens is the only impozted parasite of the corn
borer released in the United States that attacks the hest in the
pupal stage. Information on this parasite, as obtained from oh-
servations in Europe, have been published by Smith (32).

COLONIZATION

The first release of Phaeogenes nigridens in the United States
was 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.

igunre 26.--Phacoyencs wigridens, adult female, x 10,

From host material collected at the earlier release points, pu2za-
site adults were cobtained in sufficient numbers to make small
releases in 1932, 1933, and 1939, The colonization data for this
parasite are given in table 23,

Although importations of this parasite are accomplished more
successfully late in the - .amer than at any other time of year,
it was desired to make u cest of releases made early in the spring.
In August 1937 a consignment of Phacogenes nigridens in the
adult stage was received from Europe, and this material was used
in experiments to determine the best method of handling the
adults through the winter. Eight hundred adults, in egual num-
bers 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
4 boxes (about 6 by 6 by 4 inches), one holding 200 adults with




TABLE 28— Numbers of Phaecogenes nigridens adults released in the United States, through December 31, 1940

State and-County - Township Origin' | 1926 1927 1928 1929 1930 1931 1932 1933 Total?
Conrnecticut: i .
New London ...l OldLyme __.-|E- ... 0 1,620 0 0 0 0 0 0 1620
- 'Massackusetts:® ‘

Barnstable —.._| Barnstable _.__|E - - 0] 1,349 0 0 G| 0 0 0 1.349

Do i Falmouth ____.|E .. 0 0 0 115 201 0 0 0 216

Bristol . amen Dighton ... E . __. 0 0 0 644 0 0 0 0 - 644

' Do i Swansea e E ... 0 0 0 0 0 0 7,796 0 7,796
ESSCX o momiemm Peabody -l E e 0 0 0 0 0 0 363 8 363

0 wim | SAUGUS e E - 0 0 0 0 13 0 0 C) 1,306
Middlesex .....| Arlington ... |E ... 0 0 5 0 0 0 20 0 2,691

. DO wimeont Medford E ._...| 2,288 0 0 0 0 0 0 (] 2,288
Norfolk .-~ Quiney —coofE oo 0 2,736 3 0 0 0 0 0 2,739
Plymouth __..-| Bridgewater .| 0 .. 0 0 0 0 0 38 0 0 38.
Suffolk ..____ Revere E 2,455 0 0 0 0 0 0 0 2,455
Total 4,743 4,085 8 759 214 33 8,179 0 21,885

Michigan:;

Monroe. e Erie ___._.__|E __..| 1161 2,218 322 20 0 0 0 0 3,721

St. Clair  ______ Columbus. | E ____ ] 0 0 212 0 0 0 0 212
Total 1,161 2,218 322 232 0 3,933

New Jersey:4

Burlingtori __..| Burlington _.__|E __._ 0 0 0 0 0 0 0 0 2,048
Monmouth __.__| Atlantic ————__|E. ____ 0 0 0 0 0 0 0 0 1,989
Total - 0 0 0 0 0 0 4,037
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TABLE 23.—Phaeogenes nigridens adults released in the United States through December 31, 1940—Con.

State and County Township Origin' | 1926 1927 1928 1929 1930 1931 1932 1933 Total®

New York:

Cattaraugus
e e st o et o s - 380

Lancaster o ' [ 169
Southold .. .. . 20

. Total ___...C . ) 0 569

‘Ohio: ‘ , g
Henry ___.__._{Damascus .... S ‘ 2,289

Lucas Jerusalem . .. . B ] ~ 6,004
0 0 13

8,306

Pennsylvania:
Crawford _____.| Greenwood ..._ e 347

Rhode Island: ) 1
Newr)ort' Portsmouth ... R ' 0 G 8,239 8,239
DO e} e d e 0 0 0 156 | 164
Providence ____J E. Providence ... 943 | ‘ 2,516 0 : 3,634

Total : 943 ' 2,516 8,395 12,037

Total, United
States 5904 | 9,917 | 1,273 | 2,008 | 4,523 16,574 41| 52,734

FUALINDIYOV 40 ‘IdIAA °S ‘N1 ‘F86 NILATING TVOINHOAL

1D, Ddrnéstic; 'E, Europe; O, the Orient. ;n Saugus Township, Essex County, and 1,106 (E) adults in Ar-
2The totals in thi s : 3 ington Township, Middlesex County. L .
£ -ne s fn his column include the numbers given in the 4In 1938, 2,015 (E) adults were liberated in Burlington Town-
ootnotes to this table: ~ ship, Burlington County, and 1,989 (E) adults in Atlantic Town-
*In 1924, 1,460 (E) adults were liberated in Arlington Town- ship, Monmouth County; in 1939, 33 (E) adults ‘were liberated
ship, Middlesex County; and in 1925, 1,293 adults were liberated - in Burlington Township, Burlington County.
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no food, another holding 300 adults with available sugar solution,
and a third holding 300 adults with a mixture of dry honey and
confectioner’s sugar. Abcut an equal number of adults were
stored 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
Leen anticipated that the females would incur such a high mor-
tality. Prebably 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 onelbox 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 aftcr
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 nigridens 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
cornstalks heavily infested with Pyrauste 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 releasas at this
point.

In 1937 Phaeogenes nigridens appenred in collections near Wal-
tham and Peabody, Mass. The presence of this pupal parasite
was corroborated in 1938 by recoveries in greater numbers from
two general districts in Massachusetts, one in the vicinity of Ar-
lington, Waltham, and Lexington, and another near Danvers and
Peabody. No P. nigridens 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 cotlection made 12 days after
the adult parasites were released.

No surveys have been made in the Lake States area expressly
to investigate the status of Pheeogenes nigridens. However, in
Jerusalem Township, Lucas County, enough pupae were observed
in the field to disclose the presence of the parasite had it been
present in considerable numbers.
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HESUME OF THE STATUS OF PHAEQOGENES NICRIDENS

Phaeogenes nigridens is known to be on a maintenance basis
at only one point in the United States, a restricted area in eastern
Massachusetts. However, surveys designed specifically to deter-
mine its status have been made only at a limited number of points,
and it is 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 synehronization
of releases with a preferred stage of the host early in the year,
wider establishment may be accomplished.

FIGURE 27.—Ewlophus viridulus, adult female. x 24.

-
Fr

EcLornus virioeres Thoms. {Fig. 27)

Order: Hymenoptera.

Family: Eulophidae.

Imported from: ltaly.

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 reiative to this eulophid parasite of the European
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.




TABLF 24.-Numbers of Fulophws viridulus adults rveleased in the United States through December 381, 1940

State and County

Township

1930

1931

1632

1933

1934

Total

Connecticut: :
Hartford .. ... —
New Haven - .
New London

Total .

T+ T Rl o e i

Indiana; Steuben

= i ny v o it . o i o i S 5 7

Massachusctts:
Barnstable -
Bristol
Essex

Do .
Middiesex
Plymouth ...

k8 e i . o 5 53 2 e

i e

Michigan:
Lenawee
Monroe

Do
Oukland
St. Clair ...

Washtenau — ...

B. Haitford .iwmmee-x
Milford .
Bast Lymeé —ocmmanns

Falmouth

Swansea

Peabody

Saugus <.

Arlington

Bndgcwater PSR,

Fairfield
Erie
Monroe

Oxford e
Columbus

J Augusta

5,097
5,240
0

e

10,337

5,007
5,240
6.863

17,200

0

6,671

st e

6,963
29,980
9,513
25, 1009
565
12,756

84,786

3,665
20,081
6,646

9,152
2,232

44,037

©2,261:
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TABLE 24.—Eulophus virididus adults released in the United States through December 31, 1940—Con.

State and County : | Township 11930 1931 1932 1933 1934 | Total
New York:

Cattaraugus Indian Res, . . -

Jefferson

Suffolk

Total __

4,997 0 4,997
4,991 | 24,750 0 29,741
0 0 21,017

9,988 | 24,750 ' 55,756

A e b Sk e 5 e b o 3 M e B s b

Ohijo:
Erie .= | Perkins
Hancock : <" | Marian
Henry . . .. | Damascus ..o . ...
Huron __ . v .o | Richmond
Lucas .. ...} Jerusalem
Putnam _. .| dennings i
Wood ... : . A PErry s
Do ... ; ~..| Webster

Total ..

1,999 2,iC6 4,176
0 6,643
11,397 | 11,751
01 2232
4,959 [ 7,608
0 5862
of 0

0 24,270
60,6562 101,648

AYALTAOIYOV J0 "1ddd “S ‘N “£8e NILITING TVOINHOAL
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- Rhode Island:
Newport . ... S 595 933
Providence __.._..._ 0 6,613

Total . oo o . ‘ 595 : 0 7,446

Total, United States. — 1 178,398 317,543
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COLONIZATION

The first releases of Enlophus 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 Euwlophus viridulus were attacked
by Tetrastichus sp., which bore a superficial resemblance to the
primary eulophid. In the emergence chambers the emerging
adults were drawn by light attraction tc a panel covered with
white poplin cloth. On this smooth surface the characteristies
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 viridulus has ever been made in the
Fastern 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 discovered during an examination in Lucas County,
Ohio, of an infestation of Pyreuste nubilalis in weeds in Aurust.
I2. wiridulus had been recovered at three relesse points in the Lake
States, namely: Columbus Township, St. Clair County, Mich,, in
1931 and 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. viridulus in Jerusalem Township, Lucas County,
Ohio, in 1938 represented the first recovery of the species at this
point 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
summer 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 cluster was taken
in 1938 near a release point in Erie Township, Monroe County,
Mich., where 20,081 adults were released in 1932. One cluster
was recovered in 1938 in Danbury Township, Ottawa County,
Ohiog, at a point 8 miles from the nearest release center, 4 miles
of this distance being across the water of Sandusky Bay. The
number of pupae per cluster ranged from 1 to 48, with an average
of 8.17.

Upon receipt at the laboratory, each cluster of Eulophus viri-
dulns vecoversd in the United States in 1938 was divided, where
possible, one-half of the pupae being placed in cold storage and
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the other half being held in a developmental environment in an
incubator. No emergence from the latter material was noted
until late in the winter, which indicated that the diapause re-
quirements of this species are particularly effective,

‘That this parasite differs in its dispersion charaeteristics from
other parasites of the Buropean corn borer is indicated by in-
formation obtained in the fall of 1939 and that of 1840. During
these two years, observations were made in the following coun-
ties in Ohio: Allen, Auglaize, Erie, Hardin, Henry, Logan, Lucas,
Sandusky, Seneeca, and Wood. In some of the counties only one
observation per township was made and in others only a few
townships were included, However, Eulophus viridulus was re-
covered af one or more points in each of the counties. One cluster
was found over 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-
siderabie eoncentrations in the immediate vicinity of the release
point and spread slowly outward, it has been shown that Eunlophus
virldulus is capak'e of rapidly extending its range without greatly
increasing in abundance in any locality.

ALTERNATE HOSTS

Larvae of Pyrauste ainsliei Heinrich and P, penitalis Grote col-
lected in Jerusalem Township, Lucas County, Ohio, in August
1938, were parasitized in the field by Eulophus viriduwlus, This
constituted the scecond record observed by Bureau personnel of
an 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. wubilalis, hut only pupal exuviae were noted in associa-
tion with P, penitalis,

Preliminary data vesulting from more extensive surveyvs made
in 1939 to obtain information on the distribution of Fulophus
viridulus indicate that it has an extended range abouf several
release points in Ohio,

BRESUME OF THE FIELD STATUS OF EULOFIUS VIRIDULUS

Apparently several years have been necessary to bring the
bopuiation of this eulophid to sufficient density to permit recov-
ery by the means utilized. However, the fact of its recovery
indicates that it has increased in abundance siniee 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 more
recently infested by the host,

IMPORTED PARASITES NOT KNOWY TO BE ESTABLISHED IN THFE
UNITED STATES
The parasites treated in the preceding discussion comprise
those which, following releases of 1 or more vears, have become
established in one or more localities in varying abundanece,
through several generations of the host, without the aid of sup-
porting releases,
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The following species are those that have been imported and
released in the United States, but at the close of the 1940 seazon
tannet be considered as being established.

Exgristes rosoraton (F.) (Fig, 28)

Order: Hymnenoptera.

Family: Ichneumonidae.

Imported from: Europe.

Preferred host stage: Mature larva.

FICURE 28, —Fxeristes roborator, 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
gocoon, .




TABLE 25.—Numbers of Exeristes roborator ddults released in the United States, through December 31, 1940

State and County

Township

1923

1924

1925

1926

1927

1928

1929

1930

Total

Will

Hlinois: ‘Washington ..

Indiana:
De Kalb

Do
Elkhart .

Steuben

Total

1Butler _

Spencer  _
Elkhart __

Massachusetté 2
Barnstable

Essex .

Middlesex

Do
Do

Do

Total

Michigan:
Jackson

Lenawee .

Macomb

Monroe

Do

Do
Cakland

St. Clair

‘Washtenaw

Do

‘Wayne

Total

Chatham
Saugus ..
Arlington
Cambridge
Malden ... _._
Medford . ..

Napoleon
Fairfield
Ha_rrison

{Erie . ___.___
Lasalle _____.___ :

Monroe
Oxford _____.__
Columbus

Northfield _____
Brownstone ____

0

0

0

9

362

0
5,170
1,948

0

1,940

0
574

- 1,875

0

0
3,991
0

0
3,997

0

2,302

5,974
7,118
3,823
5,990

7,118

7,988

22,905

S|l o000 OoDoCOOCOoOO

Q| CO0OOLORNOTO

S|osovococoone
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New York: ‘
Cattaraugus Indlan Res. —wwmv R - 0] 2,662 2,963| 5,350 2,014 0 0 0 ,989
Do ...- : . |Randolph - 0 0 0 0 0 0| 3,998| 1,989 5,987
Chautauqua Westfield ——2-—- 0 0 0 0 0] 1,898 0 0| 1,898
Erie . Lancaster —_-.—- ~ 0 0 0 0 0 0 ol 1,5801 1,530
Genesee i — _|Batavia® _ceeee 0 0 0 0 o| 5,017 3,998} 1,962 10,977
Jefferson —om—co e _|Adams e 0 0 0 0 0 0 of 1,995 1,995
Wyoming — . c———e— Java, oo 0 0 0 0 0 0ol 2,2700] 1,974| 4, 674
Total - ol 2,662] 2,963| 5,360| 2,014 6,915 10,696 | 9,450 40,050
Ohio:?
Ashtabula - - - Ashtabula - 0 0 0 0| 1,919 0 0 0] 1,919
Erie _ .- Perkins —————-— ol 1,375 682] 9,670| 2,000 0 0 0] 13,734
Hancock _ —— Marion e 0 0 0 0 0 ol 3,985| 1,994] 5979
Henry .- Damaseus’ ———— 0 0 0 0 0 0 0 4 974 5,933
Huron Richmond . ——-— 0 0 0 0 0| 5,842| 4,000/ .1, '990 | 11,832
LaKe e i b e e Mentor —o-—c—- 0! 1,462| 2,150 | 4,085 1,908} 5,603 0 0] 15,208
LOTBIN ot o e et e b b e e Avon o 0 0 0 0| 1,609 0 0 0] 1,609
LUCAS —meimm Jerusalem ___-_- ol 2,888 2,235| 7,645 3,482 | 6,031 0 0 22,181
Ottawa e _|Carroll. i~ 0 0 0 0| 1,726 0 0 0 1,726
Summit - Northampton ——_{ = 0 0 0 0 0 0l 8,975 1,985 5,960
Wood | Troy - 0 0 0 0! 1,745 0 0 0] 1,745
Total OS] PR R 0| 5,725 5,074 {21,300 14,389 117,476 | 11,960 10,943 | 87,826
Pennsylvania: . i
Crawford - Wayne __—————- 0 0 0 0 o] 5707| 3,986 1,993| 11,686
Erie Husbor Greek - 0 0 0| 2,450 | 3,983 0 0| 2,000 8433
Total . 2,450 | 3,983| 5,707 38,986 3,993 | 20,119
Total United States 28,935 | 19,728 | 22,367 48,407 | 53,635 | 59,896 46,441 | 34,342 |314,766
1 The totals include the numbers given in the footnotes to this Townshlp, Essex County.

ble.
21n 1922, 56 parasites from Europe we

re liberated in Saugus

$In 1931, 959 parasi
Henry County.

ites were liberated in Damascu:

s. Township,
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Various phases of the life history and habits of Exeristes robo-
rator under laboratory- and field-cage conditions have been studied
by Fox (15) and Baker and Jones (2).

COLONIZATION

Feeristes roborator, the largest of the imported hymenopterous
parasites, has been colonized with material bred in parasite lab-
oratories in the United States, except for 56 individuals released
in 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 in
Massachusetts—one at Chatham,. in Barnstable County, and the
%ther at the multiple-release point centering at Malden, Middlesex

eunty.

A large number of parasites reared at the Arlington, Mass.,
laboratory were shipped in the “spin-up” stage for release in the
Lake States. In 1926 the labcratory rearing of Eaxeristes robo-
reator was started at Monroe, Mich., and material thus obtained
served to augment the release material shipped from Massachy-
setts. Liberations were made in the Lake States yearly from
1924 to 1931, inclusive. The releases of this species in the United
States are listed in table 25,

FIELD STATUS

Although five other species of parasites were liberaced in the
United States prior to the first release of Faeristes roborator,
that parasite was the first to be recovered. The releases made
early in 1923 were apparently particularly effective, since in
June of that year initial establishment was recorded from six
towns in the immediate vicinity of Malden, Mass., one recovery
being 5 miles from the nearest point of release. Daily observa-
tions on borers at Bast Arlington, Mass,, in the summer of 1923
showed 5 to 8 percent parasitization by this species. Recoveries
continued to be made in eastern Massachusetts yearly from 1923
through 1926. In each of these years supporting releases were
made in this locality, However, it seems probable that the para-
site maintained itsel® through more than one generation in the
eastern area, because in 1926 it was numerous in infested corn-
stalks collected at Saugus, Mass., in August, although the only
liberation made that year consisted of a small colony at Medford.

With the conclusion of colonization activities with this species
in the East, further recoveries ceased. Since observations have
been made in eastern Massachusetts in varying detail yearly since
1926, with no appearance of the species, its failure to become
permanently established is strongly indicated.

In the Lake States area the first recoveries were made in 1925
in Perkins Township, Erie County, Ohio, and at the Cattaraugus
Indian 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 the
apparent inability of the species to exist for more than one gen-
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eration in areas where the predominating hosts have a single
generation per year.

SHIPMENTS OF EXERISTLS ROBORATOR FOR TRLAL AGMNET PESTS OTHER TIIAN
THE EUROIEAMN CORN BORER

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
Furopean corn borer research laboratories in the United Statos,
was shipped for testing against other pests. In 1926 and 1927,
spin-ups of Exeristes voborutor were shipped from Monroe, Mich,,
te Guam for tests against the European corn borer on that izland.
Notwithstanding the distance involved, the method of sh'pment
utilized proved successful, an emergence of 70 percent being ob-
trined. In 1928, 2,000 adults were sent to New Orleans, La., for
trial against the sugarcane borer (Diatraec sceecharalis ().
Another shipment of adults was made in 1932, to El Paso, Tex,,
tc be utilized in tests against the pink bollworm (Pectinophore
gossyplelle (Saund.)).

RESUME QF THE STATUS OF EXERISTHS ROBORATOR

Since observations in recent years have failed to disclose the
presence of Exeristes roborator in any locality studied, it seems
prokable that the species is not established in the United States,
and there is a strong indication that it is unable to maintairn itgelf
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.

AMicromiacox previconsis (Wesm.) (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-
nieys (16) and the essential features of its laboratory production
have been described by Jones (18).

COLUNIZATION

As with Ezeristes roborator, colonization of Microbracon brevi-
cornis 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 Microbracon brevicornis adults released in the United States, through December 31,
: 1940

(All parasites bred in the laboratory except as indicated in footnots 2)

State and County Township 1922 | 1924 1925 1926 ! 1927 1928 1929 1938 | Total!

Connecticut: Hartford .. |E. Hartford .. 0 0 ] 4,952 4,952

Tllinois: Washington _.... {Wi . 0 3,635

Indiana: .
DeKalb __ . __. : : 0 46,400

Do o .. |Spencer ... 0 0 0 [ 11,000
Steuben York . 0 417,709

Total . - 105,109

Maryland:
Worcester Newark __..

(W
{»r3
oy
[=2]

1,616

Massachusetts:? )
Barnstable _ {Chatham ___ 0
Saugus 0
[RENY (1) 270,000
Middlesex y Arlington ._._. 0
. ifemnndo L[ 260,000
Cambridge .| 254,000
Malden 270,000
0

0
1,054,000
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Michigan: {
Jackson Napoleon ...
Lenawee Fairfield
Macomb JHarrison .....
‘Monroe Erie ... ....

LaSalle ...,

Monroe .. -, .

Oxford ... —-.

Columbuy ...

Augusta . ..

Northfield ..

-|Brownstone .

28,895
13,411
26,305
53,658
18,960
104,058
71,238
51,347
49,677
20,605
35,480

534,334

9,455 | 19,440
0| 18,192
8,440 17,865
4,100 | 29,958 0
o] 18,960 0
59,840 | 32,760 0
0| 19,070| 37,395
16,640 | 19,628 0
0 0| 85,397

0| 20,6U5 0
10,500 | 24,980 0

108,975 { 221,458 | 113,643

§——09—oFICHTE

O | VOO OOSOOSOOO
Ol OCOLOOOCOoOOS
|l OOoOODOOOOOCO
oclooo0o0oooee

|

New Jersey: i '
Burlington Burlington . 0. 5,994
Monmouth Atlantic - . 0. 6,863

Total , 0 0 0 S0 0 0 11,857

New York:
Cattaraugus Indian
i 62,117 0 0
19,812 14,984
11,030 14,427

0 14,988
21,183 ¢
0 13,871(3)

0
20,627 14,944
124,669 73,126

129,610
58,661
11,030
14,988
69,779
13,783

4,971
61,663

354,265

Randolph ___;
Chautauqua -t Portland

Erie Lancaster _.
Genesee . Batavia . ..._.|
Jefferson Adams - ..
Suffolk Riverhead __.
Wyoming

Total

oO-HooOOOD

TS
©
3
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TABLE 26.—Microbracon brevicornis adults released in the United States through December 31 , 1940—Con.
(All parasites bred in the laboratory except as indicated in footnote 2)

State and County

Township

1922

1924

1927

1928

1929

1930

1938

Total?

Ohio:* .
Ashtabula .
ETie i —_—
Hancoek i
Henry ...

Huron

Ottawa oo
Summit
Wood

Ashtabula ...
Perkins
Marion .....|

FDamascus _.._.
JRichmond ...

Mentor e
Avon .l
Jerusalem __.
Carroll . .
Northampton
Troy: .

Total

0
25,650

20,750
16,683
25,220
0
20,678
7,500
18,630
37,730
20,520
17,430
0

0

0
24,627

0
23,901

0

0
0

9
25,860
0

0

58,52¢.

0
0
0

0
14,800
0

30,950
149,059
64,404
68,220
59,029
27,961
18,630
73,500
27,720
53,110
5,000

Pennsylvania:
Crawford

D1 S LR

Total ...

S| oocoocooooooo

185,141

74,308

102,436 |

L oloocccomctnece

587,683

Harbor Creek

0
6,300

30,445
20,674

28,216
0

14,762
15,078

73,423
53,882

Virginia:

Lee

Accomae ..
Northampton

Total _..

Franktown __

0
0

6,300

51,019

28,216

29,840

127,305

0
0

2,186
2,971

2,186
2,971

Total, United States

0

0

5,167

5,157

1,054,000

50,650

156,370

65,684

239,063

582,287

354,087

279,818

28,653

2,820,403

1 The totals in this column iriclude the ‘num

notes to this table.

*In 1921, 320 parasites from Europe were liberated in Saugus

sex County. R
41In 1931, 9691 parasites bred in the laboratory were liberated

in Damascus Township, Henry County.

bers given in foct- Township, Essex County, and 80 in Arlington Township, Middle-
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ments. The following year 1,210 cocoons and 15 adults were
imported. From this material two small colonies, totaling 400
individuals, were released in eastern Massachusetts and the
remainder served as a nuclens breeding stock. From this stock,
together with a small amount of material imported in 1935,
originated the colonization maferial, totaling over 214 million
adults, released in subsequent years.

The history of the laboratory reproduction and colonization of
Mierobracon brevicornis in the United States paraliels closely
that of Exeristes roborator. Breeding at tho Arlington, Mass.,
laboratory continued from 1921 through 1926, some of the mate-
rial reared in 1924, 1925, and 1926 being shipped for release in
the Lake States area.

Fuovre 29.—Microbracon brevicornis, adult female. x 22,

In 1026 production was initiated at the Monroe, Mich., labora-
tory, aud colonization material for release at points in the Lake
States area was reared at that laboratory yearly from 1926
through 1931, 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 releasedl, but no recovery of this species
had been made in this area through 1940. Colonization data for
the species ave given in table 26.

FIELD STATUS
Notwithstanding the tact that a greater number of Microbracon

Lrevicoris adults have been released in the United State's than
of any other corn borer parasites, no recovery of the species has
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ever been made, although over ¥, 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 tailure of Micrebrucon brevicornis has presented
itself. In certain European districts where this parasite is
abundant, the practice prevails of stacking the corn through the
winter in long rows of shoeks laid against an elevated horizontal
rail or of piling it in large ricks. It has been noted that the
M. brevieornis 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
parasifes, Experiments were therefore conducted in both the

‘\\ N\
AN

o ‘)' el

4

PFIGURE 30.—Campoplex wlkae, 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
M. brevicornis 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 WITH ASSOCIATED INSECTS

In 1920 larvae of the southern cornstalk borer (Dictraee cram-
bidoides {Grote)) were tested in reproduction experiments. It
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was found that the female parasites attacked and deposited eggs
freely on the D. crambidoides larvae. The parasite larvae, how-
ever, encountered difficulty in becoming established and did not
feed as well as on Pyrauste nubilalis, and a much lower average
number of parasites per borer was produced. The D. crambidoi-
des larvae shortened and disintegrated from bacterial action
sconer than did the P. nubilalis larvae,

TESTING AGAINST PESTS OTHER THAN THE EUROPEAN CORN BORER

As early as 1920, the year of its iniroduction into the United
States, 400 individuals of Microbracon brevicornis were sent to
Ames, lowa, for tests against native borers,

Adulis totaling 1,462 were sent to Charlottesville, Va., in 1921
for an experiment in combating the southern cornstaik borer
(Diatraea crambidoides). 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 (Diatraea
saccharalisy. In 1923 a total of 900 adults were sent to Urbena,
111, for use in experiments on the smartweed borer {Pyrausta
ainsliet). In 1924, 200 cocoons were shipped to New Orleans for
gpecial breeding work. In 1925, 1,200 adults were shipped to
Lafayette, Ind., for use against P. ainsliei, and in 1926, 2,300
were sent to Ames, lowa, for experimental studies.

CamrorLex aLkat (Ell & Sacht.) (Fiz. 30)

Order: Hymenoptera,

Family: Ichneumonidae.

Imported from: Europe, the Orient.

Preferred host stage: Third- and fourth-instar larvae.

Method of parasitization: Egg laid free in body eavity of host.
Hibernation: Larva within closely woven cocoon.

Campoplex «lkae bears a close resemblance to another imported
ichneumonid parasite, Horogenes punctorius, 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. punctorius. The diagnostic characters by which the mature
larvae may be distinguished are shown in figure 19.

The morphology and biology of Campopler alkae have been
treated by Thompson and Parker (35) under the name Eulim-
neria crassifemur, 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 southwestern 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.——Num‘bers of Campoplex alkae adults released in the Um'tegi States, through December 31, 1940

[All parasites from Europe except where indicated]

" State and County Township 1925 1926 1927 1928 1929 1932 Totalt

Connecticut: ;
New London | East Lyme ...

0. 13 26 889
Do do® — 0 {

0 168
Total 0 0 0 5 18]

Indiana: Steuben York . 0, ) 1,457

Massuchusetts:#
Barnstable --Chatham
Falmouth _.....
Dighton
Swansea _l...
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Michigan: ' ' ‘
LENAWEE . posimm et Fairfield ... 0 0 -0 0 0 606 1,177 0 1,783
Monroe ST I 0F 5 (S 0 0 2,971 3,199 0 0 0 2,032 8,008
DO s ie | MONTOC e 0 | 0 2,682 1,714 48 0 1,342 | 2,429 8,115
St. Clair e e Columbus  ——n 0 0 2,195 | 1,706 817 1,451 0 0 6,169
Total 0 0 7,564 6,619 865 2,067 2,619 4,461 24,075
New York:* ; ; )
Cattaraugus Indian Res. . 0 0 0 0 2,181 1,735 0 0 3,916
Erie . it | Liancaster _o... 0 0 0 0 297 0 0 0 297
Jefferson  omw—cc e Adams oo 0. 0 0 0 0 0 1,928 1,929 3,867
Schenectady oot Glenville, i 0 0 0 0 442 1 0 0 513
Suffolk e _—-.|Southhold - 0 0 0 0 0 0 0 0 696
Total - 0 0 0 0 2,920 1,806 1,928 1 1,929 9,279
Ohio:*
Erie Perkins .. 0 889 4,251 2,944 0 0 0 0 8,084
HENLY s | DAMASCUS e 0 0 0 0 0 4,372 7,113 2,804 14,289
LAaKC o mece et ] Mentor el 0 0 2,720 2,640 0 0 0 0 5,260
LS ot e | Jerusalem ool 0 1,052 2,200 3,200 1,410 0 0 0 7,862
Sunmit’ e Northampton . . 0 0 0 0 705 0 0 0 705
‘Wood . Perry —em—ioo. 0 0 0 0 0 0 0 0 198
Total 0| 1,941 | 9171 | 8,684 | 2115| 4,372 7,113 | 2804 | 36398
Pennsylvania:
Crawford oo & { Greenwood ___. 0 0 0 0 354 0 0 0 354
Erie | Harbor Cr. — 0 0 0 0 336 0 0 0 196
Total 550 0 0 550
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TABLE 27.—Campoplex alkae adults released in the United States through December 81, 194,0—Con.

[All parasites from Europe except where indicated]

9e1

State and County Township 1925 1926 1927 1928 1929 1930 1932 Total?

Rhode Island:*® : .
Portsmouth _..._ 0 0 0 0 0 1,002 1,085
Providence E. Providence ... 0 0 n7 953 1,033 0 3,661

Total 0 ' 0 n17 953 1,033 1,002 4,636

Total, United States ___. 2,221 3,657 | 19,870 | 18,204 9,601 { 13,336 | 15,851 | 20,188 | 109,682

*The totals in this column include the numbers giver in the ship; in 1924, 128 were liberated in Arlington Township, Middle-
footnotes to this table. sex County. :

2 From the Orient. : ‘In 1933, 696 from Europe were liberated in"Southold Town-

“In 1920, 381 from the Orient were liberated in. Watertown ship, Suffolk County, and 198 in Perry Township, Wood County.
Township, Middlesex County; in 1921, 4,968 from Europe were %In 1933, 83 from Europe were liberated in Portsmouth Town-
liberated in Malden Township, Middlesex County; in 1922, 17 ship, Newport County,
and in 1923, 733 from Europe were liberated in the same town-
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COLONIZATION

Campoples alkae was one of the first three species of corn borer
parasites introduced inte 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 through 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. L, 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
wonld 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 Campoples
alkae, 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 emergence 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 have fully corroborated the ap-
parently inefficient habit, noted by Thompson and Parker (35),




TABLE 28.—Numbers of Apanteles thompsoni adults released in the United States, through December 31, 1940

[All parasites released were from Europe except where indicated]

4
State and County

Township

1926

1927

1928

!

1929

1930

Connecticut: New London

Indiana: Steuben

East Lyme _.__

0

0

500

0

94

York

‘Massachusetts:?
Barnstable

Bristol

0

0

Falrﬁouth
Swansea

Essex

Middlesex

Do

Do

Do

Norfolk

Suffolk

Total

Arlington
Concord ...
Malden

Medford _—____|

Quiney .—______
Revere

Michigan:
Lenawee

Monroe

Do

Oakland

St. Clair

‘Washtenaw

Total

Fairfield

rie . ___

Columbus
Augusta
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New York:*
Cattaraugus Indian Res.
Cattaraugus

Chautauqua

Erie ... ..

Jefferson

Schenectady

Suffolk -

Wyonming
Total

Rardolph
Portland -
Larncaster
Adams ___
Glenville

' Southold

(=X

i
Coo=NIe0

Ohio:®
Erie

Hancock

Henry

Huron

Lake

Lucas

Putnam

Summit

‘Wood

Do

Total

Perkins

Marian
Damascus
Richmond
Mentor
Jerusalem
Jennings
Northampton _..
Perry

Webster

o|lococoooo

jut
-3

DOOOOOOOO

Pennsylvania:
. "Crawford

Erie

Total

Greenwood _-__

S| OO0 OOO

Harbor Creek .—
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TABLE 28 —Apanteles thompsoni adults released in the United States through December 31, 1940—Con.

[All parasites released were from Europe except where indicated]

State and County -

Township

1926

1927

1928

1929

1930

1931

1932

Total*

Rhode Island:®"
Newport
Providence

Total

Portsmouth .-
E. Providence __

0
0

0
0

0
7177

0
0

0
4,266

0
0

10
11,746

0

0

7,177

0

4,266

-0

11,756

Total, United States

2,936

34,680

88,139

16,180

5,459

49,028

51,731

252,085

1 The totals in this column include the numbers given in the

footnotes. to this table.

*In 1925, 727 adults were liberatéd in Arlington Township,
Middlesex County, and 1,675 in Medford Township, Middlesex

County.
?Includes 5 laboratory-bred specimens,

4In 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
Township, Wood County.

9Tn 1933, 10 adults were liberated in Portsmouth Township,
Newport County.
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of laying several eggs in one host in so many instances as to
exclude the ovccurrence 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 Pyrouste nabilalis, was the apparent incompati-
bility of the parasite with the host larvae that were prevalent
neat 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
per host. Of those that did hateh, almost all the larvae died in
the first instar. Only a few live parasite larvae in the second
instar have been recorded. Althotugh 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

7o

Fiouire 31— panicles thompsoni, adult female. % 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 svccessful establishment may be absent in New Jersey or
southward.

Araxreces Ticompesoxt Lyle (Fig. 31)
Order: Hymenoptera.

Family: Braconidae,
TImported from: Northern France (a few from Japan).
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Preferred host stage: Second-, third-, and fourth-instar larvae.
Method of parasitization: Deposits eggs freely in body cavity
of host. Deposits 20-25 eggs at a single thrust or the ovipositor.
N Hibernation: Partly grown first-instar larvae within body of
ost.

Apanteles thompsoni is a thelvotokous, gregarious braconid
parasite which occurs in Burope only in 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).

COLONIZATION

Apanteles thompsoni was first released in the United States at
Medford 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 aren. 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 offsoring from 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-
ing proved discouraging. Only a small number of the hosts
exposed for parasitization preduced parasites and the number
of parasites per host, under conditions of mass production, was
low. Only five adults from this source were released.

FIELD STATUS

Apanteles thompsoni has heen 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 reason 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 cvcle of the host approximates
that of the species in the region of its ovigin. It has not been
tested in the more southern range of the borer in the United States
but, since it is restricted to the 1-generation areas of the host in
Europe, it seems unlikely that success would follow its introduc-
tion into warmer parts of the infested area,

APaNTELES 5P,

Order: Hymenoptera.

Family: Braconidae.

Imported from: Japan.

During the season of 1929 a braconid parasite, closely resem-
bling, morphologically, the gregarious parasite Apanteles thomp-
sont, emerged from hosts imported from Japan. TUnlike the
European species, however, males were present. In 1931 and
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1932 this parasite appeared again in small numbers from imported

ortental material.
released in the United States.

covered.

Fioure 32.—Cumnopler multicinetus, adult female,

TABLE 29 —Numbers of Apanteles sp. adults released in the

State and County

Massachusetts:
Bristol
Essex .
Plymouth

Total

New York: Schenectady :_Glcn\.rillc e

Total, United States

{'nited States

® 12,

A few small colonies (table 29) have been
The species has never been re-

Township | 1920 l 1431 | 1932 Total
Swansea ..--. 0 30
Saugus N 0 78

!. Bridgewater __ 187 280
e ; 187 388
r
0

301
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Camporcex seLriaserus Grav. (Fig, 82)

Order: Hymenoptera.

Family: Ichneumonidae.

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 Campoplex alkae and Microgaster tibialis
imported from Paris, France, there appeared a small number of
cocoons similar in coloration to those of C. alkee but slightly
smaller in length and diameter and less dense in texture. From
such cocoons there emerged two species of campoplegine para-
sites, Campoplex multicinctus and C. pyraustae, bearing a close
resemblance to each other.

The chief diagnostic character for distinguishing between these
two species lies in the thoracic carinae. In Cempoplex maudti-
cinctus the median carinae are complete. The appearance of the
thoracic seulpturing of the two species is shown in figure 33.

A g

Ficure 33.—Dovsal view of propodia of parasite larvae, showing character of
mediem carinae: oA, Campopler wadticinctus; B, C. pyrenstac.

Campoplex multicinctus was originally described in 1829. A few
specimens of it were obtained each year from 1927 to 1983, 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 paruasites imported in the cocoon stage,
a number of hyperparasites are associated with Campoplex mul-
tictnctus. Chief among these are Scambus nigricans (Thomson).
Gelis fraudulentus (Foerst), Gelis sp., and an undetermined chal-
cidoid.

One individual of this species was recovered from a collection
of burers taken in the summer of 1927 at Woburn, Mass., follow-
ing releases made early that year in neighboring towns,
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TABLE 30.—Numbers of Campoplex multicinctus adults released
from Europe in the United States, through December 31, 1940

State and County Township 1927 | 1929 | 1930 | 1932 | Total
i

Massschusetts:*
Barnstable Falmouth __. 0 17
Bristol Swanses ... . 4] 15
Essex ——_—ne———.| SBaugus 114 103
Middlesex Arlington __._ 94

Do e —__| Gonecord - 0
DO e | Medford ____ 12
Suffolk _——______| Revere 10

Total

-]

3]
[ =3 =0 N R ]

Y
=1

New York:#
Schenectady Glenville ___..
Suffolk .oooeee— .| Southold __..

Total

QOhio: Lucas Jerusalem —__

Rhode Island:?
Newport Portsmouth . 49
Providence E. Providence i T4

Total ! 0 i 0 0 123

T

otal,
United States 230 235 231 47| 1,670

! The totals in this eolumn include the numbers given in the footnotes to
this table,

21n 1928, 243 adults were released in Arlington Township, Middlescx
County.

TIn 1933, 35 adults were released in Southold Township, Suffalk County.

+In 1933, 49 adults were released in Portsmouth Toewnship, Newport County.

CAMPOPLEX PYRAUSTAE Smith (Fig. 34)

Order: Hymenoptera.

Family: Ichneumonidae.

Imported from: France.

Preferred host stage: Probably small larvae.

Method of parasitization: Egg probably deposited directly into
body of host larva.

Hibernation: Mature larva in cocoon,.

This is another of the campoplegine parasites that appeared
among collections of Campoplex alkae and Microgaster tibialis
cocoons collected in the vicinity of Paris, France. Following its
discovery as a parasite of Pyreuste nubilalis, it was described
as a new species by Smith (21). Its importation and col-
onization in the United States parallels closely that of Campo-
plex multicinctus. Liberation data for C. pyraustae are given in
table 31.

R28364*-—50——10
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TABLE 31.—Numbers of Campoplex pyraustee adults released in
the United States, through December 81, 1940

State and Couenty Township 1927 | 1929 | 1930 | 1932 | Total®

Connecticut:
New London _____| East Lyme __

Massachusetts:
Barnstable Falmouth .._
Bristol Swanses _.._
Essex . .| Saugus
Middlesex _..._._.] Arlington . __

i mme—) Coneord ____

i Medford ._ .

Quiney . __..

Revere __ __ __

pud
-3
L B e R R il Y S

Total _. ___.___

New York:®
Sehanectady Glonville
Suitotk Southeld ____

©Ohio: Lueas L Jerasalem
Thode Island:?
Newport ___.____| Portsmouth _
Providence . E. Providence

Total,
United States | . . . 325 411 1,799

} The tetals in this column inelude the numbers given in the footnotes to
this table,

*Ta 1028, D03 adults were released in Arlington Township, Middlesex
County.

FIn 1933, 12 adults were released in Southeld Township, Suffolk County,
*In 1933, 24 adults were relessed in Portsmouth Tuwnship, Newport County.

One individual of this species was reared from a collection of
corn borers taken in the summer of 1929 at Quiney, Mass., fol-
lowing a release of seven individuals of the species at that colony
site earlier in the year.

.

Bracoy arricornis {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 hest.

Hibernation: Within mature host larva.
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Bracon atricorniz was described by Smith (30) under the name
Agathis atricornis, Material imported into the United States
originated in central France, northern Italy, and southern Japan.
Only a few aduits of this parasite were obtained from host larvae
from either ceuntry. With the exception of a release of 183 indi-
viduals in 1933 at Newport, R. 1., all colonies consisted of less
than 50 adults. None were liberated in the Lake States area. The
ruleases in the United States are given in table 32,

PIoune 34 —Campoplex pyrausiae, 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 laboratery, the reason for the failure of Bracon
alricomiis to show even initial establishment was probably due
te, “he small size of the colonies,

MeTeort's xicricoLLis Thoms. (IMig. 36)

Order: Hymenoptera.

Family: Braconidae,

Imported from: Northern France.

Preferved host stage: Third-, fourth-, and fifth-stage larvae.

Method of parasitization: Single egyg laid free in body cavity
of host larva.

Hibernation: In cocoon.




TABLE 32.~—Numbers of Bracon atricornis adults released in the United States, through Decembei 81, 1940

[All parasites originatad in the Orient except where indicated]

State and County

Township -

1929

1930

1931

1932

1933

1935

Total

Connecticut: Hartford .. _......

Massachusetts:
Essex . ...

Do e i
Middlesex . vl
O L e o o e

Do i

e 65 a2 e e

Do
Plymouth
Total

Rhode Island:
Newport ..
Do ...

E. Hartford .......

0

0

7

12

Peabody e

R [\ LA

Arlington

Concord .. .

Medford .
RN « (+ LU

Bridgewater

s e e s s e i s 4t 22

Portsmouth - . ... .
P T LT

Total ....

Total, United States
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A colony of 8 adults of Meteorus nigricollis was released at
Newport, R. I, in 1933. Since this represents the entire quantity
made available for release in the United States from the consid-
erable amount of host mrterial 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

F1GURE 35.—Bracon atricornis, adult femate, 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.

Arvoyya »ITIS (Meig.)

Order: Diptera.

Family: Larvaevoridae.

Imported from: Europe.

Preferred host stage: Probably from small larvae to fourth
instar.

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 1827-
28 from the vicinity of Paris, France, there emerged a small
number of larvaeverids, similar in general appearance to Lydelle
stabulans grisescens, but having hairy eyes., This hairy-eyed
species was introduced under the name Zenillia. mitis Meig., but
at that time no difference in morphology or coloration was found
between it and the widely distributed Aplomye ceesar, which is
native to the United States,

Importations of small numbers of this parasite were made an-
fually from 1928 through 19383, inclusive, and small colonies were
released each yeuar 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.

Figune 36.—Melcorus nigricsflis, adult female. x 10,

The confusion that existed regarding the identity of Aplomye
mitis with A. cuesar 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. caesirr shows that such flies have been recovered
iri nearly equal numbers from localities far removed from colony
sites of A. mitis, or in collections made prior to the introduetion
of A. mitis, as from localities in the vicinity of points whera
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 Eurepe, the parafrontals are silvery-smoky, where-
as in A. caesar, the species indigenous to the United States, they
are tawny-brassy. Mpr. Sellers’ research in connection with the
genus led him to believe that none of the flies recovered in the
United States belong to the species 4. mitis.

Pseupovrericnaera roseanae (B, & B.) (Pig. 37)

Order: Diptera.
Family: Larvaevoridae.
Imported from: Europe.

Method of parasitization: Fully developed eggs deposited on or
near host.

o
‘;?‘-\'"I
e
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PFroure 37.—Psendoperichactia roseanae, 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
Pseudoperichuete roseuniue and a brief aceount of its biology as
a parasite of the Eurepean corn borer in Eurepe, have been pub-
lished by Thompson and Thompson (36).




TABLE 33.—Numbers of Aplomya mitis adults released from Europe in the United States, through December 381,
1940 ' '

State and County

Township ‘

i

1928

1929

1930 i 1931

1932

1933

Total

Connecticut: New London. ..ol

Indiana: Steuben

Massachusetts:
Barnstable
Bristol ...
Essex ..
Middlesex
Norfolk

Total .

Michigan:
Monroe
St. Clair

Total .

East Lyme

York

18

0

140

14

3 N

0

178

8

Falmouth
Swansea
Saugus .

Monroe
Columbus .~

New York:

Cattaraugus Indian Res. ~o_...._].

Erie
Schenectady
Suffolk

Lancaster oo}

Glenville
Southota
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Ohio:
Henry

Lucas ..

Wood

e e i St 5 i A o e 20t

Total

oe i oms

Pennsylvania: Erie oo ooi0

Rhode Island:

Newport

Providence - iioiim i

Total

Total, United States . ... .....

. . ']
Damasecus oo 0 0 96 38 41 0 181
Jerusalem ..o 0 b 1,328 93 0 0 1,426
Perry 0| 0 0 0 0 57 67
- RN 0 5 1,424 131 47 57 1,664
Harbor Creek .. ___ 0 20 0 0 0 0 20
Portsmouth . __ ... e -0 0 0 0 4 4 8
E. Providence __.._____ 0 15 120 45 0 0 180
_______ 15 120 45 188

e e et o o 285 83 2,685 258 59 160 3,430
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TABLE 34.—Numbers of Pseudoperichaeta roseanae

adults released in the United States through December 31,
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1940
[All parasites from Europe except where indicated]
State and County Township 1925 | 1926 |- 1927 | 1928 | 1929 | 1930 | 1931 1932 | 1933 | 1934 | Total*
Connecticut:
Hartford ...oecoooioo E. Hartford ... 0 0 0 0 0 0 0 0 0! 2,280 2,280
New London _....—._.._| East Lyme ... 0 0 0 0 557 2,359 1521 2,406 0 0f 5474
Total 5571 2,359 1521 2,406 2,280 17,754
Indiana: Steuben York 0 0 0 0| 4,956 1,793| 1,777 0 0 0{ 8,526
Massachusetts :* : )
Barnstable ...l __ Falmouth .. .. 0 0 0 7171 4,409 654 2,630 0 0 0| 8,410
Bristol o Swansea _____._ 0 0 0 30| 1,974 0 0| 1775 0 ol 2,719
Do do® 0 0 0 0 0 0 0 878 0 0 878
Essex .l . | Peabody i 0 0 0 0 0 0 0 12 0 o 12
DO e Saugus 0 215} 5,732 0 1 88, 1,799 0 0 0 7,835
Middlesex _.__l__i._.. Arlington __.._.__ 101 1771 8,784 241 0 0 0 0 0 0f 9,303
Do i |Concord _——__._._ 0 0 0 0 0 0 0] 4,607 0 471 4,654
DO o i Malden .| 197 871 6,357 0 0 0 0 0 0 0 17,481
Do o Medford ____.__- 361 2,775} 17,297 0 0 0 0 0 0 0} 10,433
Do e .| Watertown ____ 0 0| 0 0 0 0 0 0 0 94
Norfolk . _________ Quiney . ______ 0 0| 2,849 1,995 0 -0 0 0 0 0 4,844
Suffolk Revere ____..__ 0 0| 8,079 0 0 0 0 0 0] 8,079
Total 659 3,254 139,098]| 2,983 6,384 7421 4,429 6,272 0 47| 64,802
Michigan: »
Lenawee _.___________ Fairfield —___.__ 0 0 0 0| 1,375 0 1,853 0 0{ 3,228
Monrqe ) Erie 0 0{ 3,278 0 0 0 0 298 ¢ 0| 3,576
Do oo Monroe _.______._ 0 0 -0 1,803| 1,784 0 0 0 0 0| 8,587
St Clair _.__________ Columbus __:_-_ 0 0 0 31| 3,943 2,050 0l 1,481 0 0| 17,605
Total 0 0] 3,278} 1,834} 5,727; 3,425 0] 3,632 0 0] 17,896
® ' . o . @

Fe1




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
0 e e e Westfield: oo 0 0 0 86 0 0 0 0 0 0 86
Erie L .micsiciwme—.|Lancaster ... 0 0 0 0 501 0 0 0 0 0 501
Jefferson v ool Adams. ool 0 0 0 0 0 0f 1,715 332 0 0| 2,047
Schenectady .. co.. | Glenville ... ... -0 0 0 0] 4,572 0 0 0 0 0| 4,572
Suffolk ..ot Southold . 0 0 0 0 0 0 0 0 45 0 45
Do - do? 0 0 0 0 0 0 0 0 87 0 87
Total 0 0 0{ 6,38919,200 1,675 1,715 332 132 0 29,743
Marion ... 0 0 0 0 0 0 0| 2,099 0 01 2,099
Damasecus o —__ 0 0 0 0 0] 4,978 5,089 | 6,112 0 0| 16,179
| Mentor _ 0 0 0 196 0 0 0 0 0 0 196
) . |Jerusalem __.__. 0 0 59 816 5,682 2,040 2,780 0 0 0] 11,377
“Putmam ol Jennings __._. 0 0 0 0 0 0 0| 1,773 0 04 1,773
Wood L Perry o 0 0 0 0 0 0 0 0 48 0 48
Do o8 0 0 0 0 0 0 0 0 9 0 9
Total 0 0 6151 1,109 5,682 17,018 7,869 9,984 57 0] 32,334

Pennsylvania:

Crawford ___________ Greenwood ._.. 0 0] 0 0 13 0 0 0 0 0 13
Erie Harbor Creek __ 0 0 0 0| 3,787 0 0 0 0 0] 3,787
Total 0 0 0| 3,800 0 0} 3,800
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TABLE 34, ——Pseudopemchaeta roseanae adults released in the United States through December 81, 1940—Con.

9¢T

[All parasites from Europe except where indicated]

State and County Township 1925 | 1926 | 1927 | 1928 | 1929 | 1930 )3 1934 | Total*

Rhode Island: :
Newport Portsmouth _._. . 0 0 0 25 15 40
Do do* - 0 0 0 618 69 687

0

0
Providence E. Providence __ : 1,036 | 4,270 3,248 0 0 0| 8,578
Total 1,036 4,270 3,248 643 84 0] 9,305

Total, United States 659 1 38,254 | 42,991 | 13,351 | 50,576 | 17,336 | 19,190 | 23,269 2731 2,327(174,160

! 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 i in 1922, 56 were released in the latter ownship.

2Tn 1920, 94 were released in Watertown Township, Middlesex 8 Of domesic origin.

FTEALTAOIEDV J0 "TJIIA S "l ‘886 NILATING TVOINHOAL
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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 rata for this species are given in
table 34.

The earliest importations were made in the summer with the
parasite in the pupal stage. The great bulk of the imported
material, however, was received as iminature larvae within hiber-
nating host larvae shipped during the winter months. A few
adults were obtained from northern Iialy and from the area
around Paris, Franee, but most of the imported material came
from southern France.

FIELP STATUS

Psendoperichaeta roseanae i3 another of the imported larvae-
vorid parasites which has been confused with a species indigenous
{o the Unpited States, being indistinguishable, morphologically,
from P. erecte (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 nonestablishment of the equally con-
{fusing larvaevorid Aplomya mitis, there is some indication that
initial establishment at least followed the introduction of P. rosec-
nae at certain pointis.

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 Pseudoperichrete roscanae 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 colleftions 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 Horogenes punctorius but only 1,600
adulis of Lydella stabulans grisescens. While such concentrations
do not conclusively demonstrate the establishment of P. roscanae,
they indicate the presence of some factor, such as the infreduction
of a foreign parasite, which exerted a greater augmenting in-
fluence than could be expected from the normal concentrations
of a native parasite.

Whether or neot Pseudoperichaeta roseanae 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

§7B364°—5f 12
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larvaevorid resembling P. roseande has been made for a numher
of years from any collection of European corn borers in the United
States.

While parasitization of corn borvers by Pscudoperichactu rosea-
tae in most areus in Europe ig low, seldom rising above 1 per-
cent, it has reached considerable preportions in certain limited
localities. Parker et al. (27) have noted parasitizations of 24
and 30 percent in the coastal areas of Dalmatia and 11 percent
in southwestern France.

Evidence of a favorable potential 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 uncolonized areas,

NEMORILLY FLorALs {Lallen)

Ovder: Diptera.

Family: Larvaevoridae.

Imperted from: The Ovient.

Hibernation: Within mature host larva.

In 1932 a few adults of this species issued from larval host
material imported from the Orient {Chosen and southern Japan).
During this year releases were made as follows: Connecticut 553,
Massachusetts 871, and Ohio 843, or a total of 1,747. The species
has been recorded as a parasite of the European corn borer in
southern France but was not recorded as being imported trom
that reyion.

The small number of adults imported reflects the slight im-
portance 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 borer parasite.
Field observations ot the species have not suggested any biologi-
cal difference between the native and imported form.

Psevporegicitaeta Erecta {Coq.)

Order: Diptera.

Family: Larvaevoridae.

Imported from: The Ovient.

Method of parasitization: Probably deposits fully developed
epryrs on or neat host.

Preferred host stage: Probably middle-instar larvae.

Hibernation: Larva within mature host larva.

The history of the importation of this species is similar to that
of Nenmorille floralis, 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 Pseudoperichaetu roseanae, has been recorded
as indigenous to the United States and is indistinguishable mor-
phelogically from the latter larvaevorid parasite imported from
Europe.
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The characters by which the puparia of the four species of
larvvaevorids imported to the United States may be sepurated arc
shown by photographs of the anal stigmata (fig. 38},

FioUre 3B.—Anal stigmata from the puparia of {our larvaeverid parasites of
the Furnpean corn borer: A, o, Newordin moaendosa; b N floralis: B2, Ly-
e o slabntans griscgerps; O, Pondope pietue ba crecte; b, P paseanae;
L, u, Aptvmyga mitis; b, A, cocsur, - 2140,

Wi uoast e Tusivas Nees (e 39)

Order: Hymenoptera,
Family: Braconidae.
fmported trom: Europe, the Orient.

Fioure 89, - Mireagastor Hibialis, adull female. X 16,
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TABLE 35.—Nwumbers of Microgaster tibialis adults released in the United States through December 31,1940

State and Count) Township Origin? | 1925 | 1926 | 1927 1928 1929 | 1930 | 1931 | 1932 1933 1936 | Total?®

Connecticut: )
Hartford . . |E. Hartford . ST 0 1,994
New London |E. Lyme . . ] i 203 8

. e 1 0 0

Do .. ...
Total ..o | i) ' 203 | 85 1,994

Indiana: Steuben LA 2,999 0

Massachusetts:* |
Barnstable _ ... | Chatham' .._..
Do ......|Falmouth ___
Bristol ...... |Dighton __..|]
. Swansea ..__.

. | Saugus
Do o] i dO e
Middlesex
Do .

(=7

- ™
[ L]
L]

[
oo
<Noo
[\
oW
e =
o
COoOCOoCOOO

Do ........ | Medford  ._.._
Norfolk ...
0 i o O e
‘Plymouth __ .. | Bridgewater _
Suffolk i

Total

o
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0
0
0
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0
0
0
0
1,832 0
0
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Michigan: § i
Lenawee o VRairfield B oL 0 0 0 01 1,9781 2,732 0 0 0 0l 4,710
Monroe ... |Brie o] B e 0 0} 86311 12,117 1,897 0 0 6581 0 0] 23,316
DO i Monroe .a-.. B e 0 0] 2,275 12,391} 1,575 2,076 1,630 1,604 0 0 21,350
Oaklund i | Qxford oo ) ORI 0 0 0 0| 1,970} 1,989} O 0 0 01 3,959
St. Clair w.—.. | Columbus .| E .. 0 0| 57111 11,395 2,6851 4,994| 1,962 . 0 0 0| 26,647
Washtenaw __.|Augusta B 0 0 0 0} 1,765 0 0 0 0 0{ 1,765
Total 0 0{16,617| 85,003}11,860]11,790| 3,492} 2,085 0 01 81,747
New Jersey:
Monmouth ... jAtlantic.._._| B 0 0 0 0 0 0 0 0 0 1,809 1,809
New York: l
Cattaraugus i )

Indian Res. . [ E 0 0 995 41 9,931 1,999 0 0 0 012,929
Chautauqua . |Portland . .. | B oo 0 0 0 0 0o} 1,827 0 0 0 0] 1,827
Brie ... ... Lancaster __| B . 0 0 0 0] 8,950 0 0 0 0 0] 8,950
Jefferson ... jAdams ..o | B Lo 0 0 0 0 0 1,9921 2,200| 1,944 0 0| 6,136
Schenectady . ~.{Glenville .. | B e 0 0 0 0 35| 2,071 0 0 0] 2,106
Suffolk o Southold e | B e 0 0 0 0 -0 0 0 0} 2,804 0] 2,804

Total . . 0 0 9495 418,916 17,880 2,200 1,944 2,804 01 34,752

Ohio: 1
Erie _ ool Perkins __—_ E _.._.| 1,206{ 1,002|10,3031 13,202 0 0 0 0 0 0! 25,803
Hancock foocem Marion —vre| B s 0 0 0 0] 1,990 1,998 0 0 0 0] 3,988
Damascus —-.f E . 0 0] 0 0 0| 9,658 4,949 4,525 0 0] 19,032
_.|Richmond ._._|E ____= 0 0 0 o 8,000 1,985 0 0 0 0] 4,985
Mentor e B 0| 2,725 9,853 9,316 1,946 0 0 0 0 0] 23,840
_|Jerusalem .| E _o.__ 0| 4,565]11,447] 13,186] 2,822 4,962 2,685| 0 0 0] 39,667
Northampton { E _____ 0 0 0 0| 2,990 1,876 0 0 0 0 4,966
Perry __—-__ E ... 0 0 0 0 0 0 0 0]16,404 0] 16,404
1,296 | 8,292 31,603 35,704 12,748 | 20,479 7,534 | 4,525 16,404 01138,585
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TABLE 35.—Microgaster tibialis adults released in the United States through December 31, 1940—Con.

a9l

; ) :
State and County | Township Origin®| 1925 | 1926 | 1927 1928 [ 1929 | 1930 { 1931 | 1932 | 1933 | 1936 | Total®

Pennsylvania: }
Crawford Greenwood ... . " 403 o ( 403
Harbor Creck ‘ 4,461} 1,969 6,439

4,864 1,969 0f o0 0 6,842

Rhode Island:
Newport Portsmouth _| F ] i 0 0 0 [ 1
Providence ......| E. Providence : . 9,469 ! 19,739

Total : 0 0 9,469 ol 1 19,740

Virginia:
Accomac Lee ) 2,0931 " 2,093
Northampton- .| Franktown _. ‘ 0 1,106¢ 1,106

Total : 0 0 0 0 0 0 0 3,199 3,199

Total, United States 6,856 | 20,568 | 85,268 | 101,677 | 52,480 | 59,846 | 19,370 | 13,5624 19,209 | 7,002 {387,443

1B, Bred in the laboratory; E, from Europe; O, from the mnotes to this table,
Orient. o . %In 1924, 449 parasites from Europe and 1,200 parasitized
*The totals in this.column include the numbers given in foot- borers were released in Arlington Township, Middlesex County.
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Method of parasitization: Deposits eggs singly, free in body
cavity of host.

Preferred stage: Second- and third-insiar borers.

Hibernation: As a prepupa in cocoon,

The results of a study of this species as a parasite of Pyrouste
nubilalis in Europe have been published by Vanece (41).

COLONIZATION

Microguster tibialis oecurs in Europe and the Orient in areas
having both ene and two generations of the host. In each region,
however, it is more abundant in the northern range of the borer.
Shipments from Europe were chiefly from the vicinity of Paris,
France, but some material was obtained in southwestern France
and northern Italy. The first importations 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 Siates area were first made in 1927 and
eontinued yearly through 1933. Only adulis 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 released at
Saugus and Bridgewater, Mass.

When aduits 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 rearing, a small num-
ber of host larvae that had been exposed to parasitization were
piaced on infested plants in the field in 1924, and in 1928 a num-
ber of adults obtained by rearing were liberated in eastern
Massachusetts. :

In that year over 25,000 host larvae were exposed to parasiti-
zation in the laboratory, but of this number only 21 percent pro-
duced parasites. Records kept during the productiont 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 fo rear it. The liberations in the
TUnited States of adults from all sources are shown in table 35.

When studving the life history of Microguster 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
in the United States, imported cocoons also preduced adults at
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a time when no hosis were present in the field, and releases from
such material produced no establishment. Methods utilized in
correcting this situation and the resuits obtained have been pub-
lished by Baker and Arbuthnot (1).

FiELD STATUS

Following a release of 449 adults of Microgaster fibialis in the
spring of 1924 at Arlingion, Mass., the species was recovered
near the release point in the fall of that year.

Recoveries were recorded in Massachusetts in several subse-
guent years, but only at points where eurrent 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 Avbuthnot (7), who state that recovery
coilections '“failed in every instance to show this parasiie 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 Microgaster tibiclis to survive in
the United States.

The habit of the adults of appearing eariy in the spring, long
before their hosts are available in the field, appareantly constilutes
a disadvantapge to the parasite in areas where alternaie hosts, by
means of which the intervening period may be bridged, are absent.

Evidently aliernate hosts, which might serve the purpose of
enabling the parasite to survive the period befween parasite
emergence and the appearance of third-instar borers in the field,
are absent from the area in which the parasite has been tested.

In certain localities in Europe Microguster tibialis has shown
itself eapable 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 pevcent in 1925 and 1926, respee-
tively.”

The species is decidedly polyphagous in habit. Thompson and
Parker (324) mnote 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.

LABNOHACHLS 8P,

Order: Hymenopiera.

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 Labrorychus were obtained
from the corn borer larvae collected in the vicinity of Pieira-
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 seasen of
1935 were the only ones obtained from the thousands of host
larvae handled over several years of impeortations, the parasite
was considered of no economic importance and no specific attempts
were made to obtain adults for colonization.

PARATHERESIA CLARIPALPIS {V. D. W.)

Order: Diptera.
Family: Larvaevoridae.
Imported from: Peru, South America.

In July 1931, 5,000 puparia of this larvaevorid fly were diverted
from a lot of 70,000 being shipped o the United States for use
against the sugarcane borer. From the 5,000 cocoons, 1,476 adults
were obtained, 1,168 of which were released in Saugus, Mass.,
and the remainder were tested on Pyroauste nubilalis larvae in
the laboratory. No specimen of Paratheresia claripalpis was re-
covered and atiempts to rear it in the laboratory on P. nubilalis
were unsuccessful.

PARASITE COMPLEXES AT TEST POINTS IN THE UNITED STATES

Because of the siow 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 discussior of the parasite complexes as
based on recent surveys follows,

Maroey, Mass.

Malden, Mass., designates a group of release poinis at which
the earliest introduced parasites were liberated. (See Arlington,
Cambridge, Concord, Lexington, Maldan, 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 Horogenes puneiorius, Lydella stabuluns grisescens, and
Phaeogenes nigridens, and of these H. punciorius was predomi-
nant. For the overwinteving 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 mainiained over J consecutive years
{18 generations of the borer}. On the summer generation, para-
sitization averaged considerably higher, the survey of 1928 show-
ing a parasitization of 25.7 percent and that of 1939, 19 percent.
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TABLE 36.—FEuropean corn borer parasitization by exotic species in the Taunton, Mass., area, in concentric
rings 5 miles wide, fall of 1938

Borers parasitized by—

Area surveyed Borers - -
(rings) observed Chelonus Horogenes Macrocentrus | Zaleptopygus Lydella

annulipes punctorius gifuensis flavo-orbitalis stabulans
grisescens

Num- | Num- Num- | - Per- | Num-| Per- | Num-| Per- | Num-!| Per-
ber ber . ber cent ber cent ber cent cent
Center 86 0 0 2 2.3 9 0. 0 12.8

“First e 999 31 A 1.8 121 52 5.2
Second . . 1,739 19 : . 174 .
Third 2,652 . 270

3,114 2 142

Center and first 1,085 ; . . 130

Center through second R 2,824 . . 304

Center through -third .____ 5,476 . . 574

Center through fourth __... 8,590 y K . 716

»
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TABLE 37.—Corn borer parasitization by four exotic species in the Faunton, Mass., area at the close of 1937
‘ and 1938 ‘

Percentage of parasitization by— :
s Total

Chelonus Horogenes Lydella stabulans | Macrocentrus ;
annulipes punctorius grisescens gifuensis

Number borers
observed

Section No.

1987 1988 1987 1938 1937 1988 1937 1938 1937 1938 1937 1938

1| 100 86
211 L 914 999
1,975 | 1,739
2,755 | 2,652
3,521 | 38,114

1,014 | 1,085
2989 | 2,824
5744 | 5476
9,265 | 8,590
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Tavunrox, Mass,

This town lies in the approximate center of a 2,000-square-mile
area in southeastern Massachusetts infiuenced by a number of
release points including that at Bridgewater, Mass., which was
reserved for parasite species of Oriental origin. Other release
peoints in that area are Portsmouth and East Providence, R. 1.,
and Swansea, Falmouth, Quincy, and Dighton, Mass.

The exotic parasite complex in the Taunton locality consists
of five species, as follows: Lydelle stebulans grisescens, Horo-
genes punctorius, Macrocentrus gifuensis, Chelonus annulipes,
and Zaleptopygus flavo-orbitalis.

Table 36 gives the borer parasitization by introduced parasites
in 5-mile-wide concentric rings in the Taunton area in 1938,

1t may be noted from this table that the braconid Macrocentrus
gifuensis was the most effective parasite, with the larvaevorid
Lydella stabulans grisescens next in importance. Table 37 shows
the comparative abundanee of four exotic species in the Taunton,
Mass., locality at the close of 1937 and 1938. In the fall of 1937
L. stabulans grisescens 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. gifuensis. Ik
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 inerease 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 Hawrronrp, Coxx.

Horogenes punctorius and Lydelle stabulans grisescens consti-
tute the exotic parasite complex that is well established on the
corn borer in the East Hartford locality, H. punctorius is the more
important and accounts for most of the parasitization (table 38),
not only for the entire area of over 63 square miles hut 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 colonized 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 Horogenes punctorius 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 ares 3 miles in diameter, of the
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TABLE 38.—FEuropean corn borer parasitization by exotic species
in the Eust Hartford, Conn., locelity by concentric rings, fall
of 19381

Borers parasitized by—

Secti b Borers
ection numbers -
se{:'?red Horegenes Lydella Total
punctaring stabnlans
grisescens
Num- | Num-1 Por- | Num-| Per- | Num-| Per-
ber ber cent ber cant ber ecnt
i 8% 19 11.2 0 G 10 11.2
P 473 69 14.6 4 a8 73 15.4
819 439 99 10.5 15 15 114 12.1
20-28 700 61 7.7 4 5 65 8.2
2940 . ___ 1,175 47 4.0 14 1.2 61 5.2
L 562 79 141 4 T 83 148
1-19 0. e 1,501 178 11.8 19 1.3 197 13.1
1-28 __ .. . .- 2,291 239 10.4 23 10 262 11.4
1-48 ... . 3,466 286 8.3 37 11 323 a4

P Area surveyed: Center eircle, 1 mile in diameter (sec, 1), sorrounded by
four rvings (sees. 27, 8-19, 20-28, and 2040, respectively), each I mile wide.

TABLE 39.—Eurapean corn bover parasitization for a comparable
district ( o cireular areq of over 7 square miles around the point
of parasite release) at Eust Hartford, Conn., 1984-40

Borers parasitized by—
Year Total
pietoring griscscens
" s

Percent i Pereend Percent
193d o . 0.27 1.33 . 1.60
1935 -, 8.02 2.21 5.83
1936 .- .. 3.40 59 4.09
1937 o 754 b3 8.47
1938 14.06 A1 14.97
1939 . 14.19 1.50 15.60
1040 .. ... 20,00 5.08 25,00

East Hartford locality over the B-year period 1934-38. Para-
gites were originally 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
considerabiy higher than that at Malden, Mass.

MiscenLaxeous Poixts ix TiiE EasTery STATES

At other points surveyed recently in the multiple-generation
area, parasite releases have been of such recent date that con-




TECHNICAL BULLETIN 983, U. 5. DEPT. OF AGRICULTURE

clusion relative to their ultimate performance would be prema-
ture. The present status of parasites at points surveyed in New
Jersey and Virginia has been discussed under the various parasite
headings. A considerable number 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.

THE 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 Ludella
stabilans grisescens is present in considerable concentration.
Individual collections near marshland in Lucas County, Chio,
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 315 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, Fulophus viridulus and Chelonus an-
nulipes, are of more recent establishment and are not coexistent
with Lydella stabulans grisescens 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 eolony 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 deseribed.

Urieizamiox or Native Hosts sy IMrorTen ParasiTes

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. Inthe
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,
18 of which were new to science, were reared.

Macrocentrus gifuensis was recovered from Pyrauste ainsliei
and P. penitalis in 1932. This appeared to be a case of accidental
parasitization, as M. gifuensis failed to recur in collections of
subsequent generations of similar hosts.
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Bulophus viridulus was recovered from Pyrauste ainsliel and
. penitulis, and with this species such choice of hosts appears to
be a normal occurrence.

FIELD STATUS OF NATIVE PARASITES

From the time when observations were first made to determine
the status of 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 over a considerable number of years have indicated that
such parasitization has remained at a low level. There has evi-
dently 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
ani qualitatively, of autochfhonous forms,

Trictiocramaa MsvTey 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 Trichogramme minutum. This high
parasitization occurs too late in the season, however, to be effec-
five. In the Lake States area corn borer eggs are seldom at-
tacked, but parasitization has been recorded from a few localities
in Erie and Lucas Coaniies, Chio. In the eastern area parasitiza-
tion of first-generativn sygs is negligible. By the middle of
August a small number of second-generation eggs are found to
be attacked, and parasiii—ation slowly increases but remains low
until the first of September. During the later part of the host-
gviposition period, when only a small proportion of the season's
total eggs are in the fleld, parasitization by 7. minatum rises
rapidly. At thig time it is not unusual to find over 90 percent of
the eges in the field parasitized by this chalcidoid,

It was early recognized that if this high degree of parasitiza-
tivn 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 use of a temporary host.

REARING METHODS

Propagation of host material from which the parasites for the
1928 tests were to be obtained was started in the fall of 1927.
The host selected, Sitetroga cercalelle (Oliv.), was reared the first
year in a single large cage holding a ton of wheat spread out in
thin lavers on l-inch-mesh wire screening. With the aiu of
vacnum, moths were collected daily into the oviposition cans, the
cperator working within the cage. In 1929 and 1930 the rearing
cages were reduced fo smaller units and the wheat was spread out
in shallow trays. The cage as finally adopted embodied many of



http:Sta{-.es

1792 TEGHNIGAL BULLETIN 853, U. S. DEPT. OF AGRICULTULE

the principles later utilized by other workers. By means of a
suction tube designed for the purpose, moths for oviposition pur-
poses could be removed from any desired number of cages, or
simultaneously trom an entire battery (fig. 40).

PARASITIZATION 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
eges 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 unsatistactory.

Fi1gure 40.—Rearing Situtroga cerenlolle in the lakoratery. Suction apparatus
for collecting moths from a large number of capes simultaneously: A
General view of unit; B, elose-up of assembly of unit.

For tests on the second-generation eges 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.

In Field 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 zs 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 egps
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 ave given in
table 40.

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 Trichogrammea minutum on the second
generation of the corn borer in eastern New England {table 40}.

Although parasitization of host eggs laid during the latter parf
of the oviposition period reached nearly 70 percent, the average
parasitization ot the eggs of that generation was only 27 percent.
A record was kept of the position of all eggs in the field. The
percentagre 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 were released in Field B at the rate of
rnearly one-haltf million per acre.

TABLE 40..—01'5330851‘50?2 and parasitization by Trichogramme mi-
wutun in Field A in tests on the second-generution host eggs,
1928

] i
[ Fresh egys : Fresh host eges that
| observed | became purasitized  [Percent of fresh
R - { host ergs found
Obs:!;\;gtlon | i % Percent |2t cach examina-
i ; ftotai (tion that became
i i | of tota . U
: ; ' parasitized parasitized
¥ Number ‘' Percent | Number = eggs
| i |
Aug. 17 i 15,797 19.91 . 642 2,96 4.06
Aog. 24 . 16,328 20.50 ¢ 2,508 11.58 15.36
Aug. 31 - 32,158 , 4054 ¢ 10,334 47.58 3214
Sept. B . | 11,374 1 14.34 5,714 26.31 50.24
Sept. 13 .. ’ 3660 4.61 | 2,517 11.59 68.77
Total 31T 100.90 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 teo
obtain the most accurate data on the dispersion of the parasite.
Accordingly, in 1929 controiled infestation was resorted to and
host eggs lald on growing corn leaves were obitained 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 over the corn leaf upon which the eggs were
desived. This infestation was accomplished in June at the time
when first-generation corn bover egys 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

825364 °—B55—13
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averaged only 8 percent. Parasitization of eggs in a check field
taken during the last part of the frst-generation oviposition
peried averaged about 2 percent.

In 1930 the Trichogramnie minutum tests were repeated, using
controlled infestations and timing these infestations to corre-
spond with the natural oviposition pericds of both the one and
two generations of the hosts. Parasites were released in the test
fields at the rate of over 400,000 per acre for each generation.

As in 1929, a slight but economically valueless increase 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 epys.

It was thought that releases of parasites in the vicinity of
cornfields sufliciently early in the season might permit natural
increase of the parasite 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 viein-
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 releases.

Tests with Trichogramme minutum 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 liberatien was not over 100 feet, and dispersion to a
distance greater than 50 feet was unusual. It appears, therefore,
that whea the liberations are made as outlined above very little
benefit ean be expected from releases of Trichogramme minutum
for gorn borer control.

ArLoMyA caksar (Ald.)

Because of the confusion that existed for a number of years
regarding the identity of this and the imported species Aplomya
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 4. mitis. A. eaesar has been
recovered in greater numbers than any of the native parasites
except Trichogremmea minutum. 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, Qhio, and in one
collection from Northampton Township, in which over 30 percent
of the borers were parasitized by it. _

In 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 their geo-
graphical location. In 1938 over 90 percent of the specimeng
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recovered in Ohio had emerged prior {o the time of eellection in
the tall, whereas only 60 percent of those taken in Michigan had
emerged. Also, of those puparvia formed by larvae issuing from
the hosts prior to the Oectober collections, none had failed to
emerge among those collected in Ohio; whereas, of those faken
along the Detroit River in Michigan, 30 percent had died, a fact
indieating that the advent of cold weather in the autumn consti-
tutes a mortality factor with this species, as with Lydella stabu-
luns griseseens,

There is no indication of increase in parasitization by Aplomye
cuesar.

LiBrO®YCHUS PRISMATICUS {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 Labrorychus pris-
gwtic‘us usually pupate a short time in advance of nonparasitized

orers.

The percentage of borers attacked is always low, and there hac
been no indication that it is increasing in importance as a para-
site of the corn borer.

Bassts aciuis (Cress.)

This ichneumonid has been recovered from borers in both the
Lake States and the Eastern area, but is more prevalent in the
latter. Parasitization by the species over large areas never aver-
ages more than 1 percent, but in some years in restricted localities
as 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.

Pyravsromvia rexitass {Coq.)

Pyraustomyla penitelis 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
cn 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 p:ze-
dominates. However, this larvaevorid does attack, and produces
one generation on the first generation of borers in areas where
the host has two generations.

Microsaacox eavuicora Gahan

This gregarious ectophagous braconid attacks the European
corn borer in New England and the Lake States, but seldom ai-
tacks it when it is feeding on corn. Between 1930 and 1944, from
over 200,000 corn borer larvae taken from corn plants in the Lake
States area, only one colony of Microbracon caulicols was re-
covered. However, when corn borer larvae are found associated
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with smartweed (Polygonum spp.) they are commonly parasitized
by M. caulicols. In cages used to study the life and seasonal
history of parasites, some of the corn borer larvae from a heavy
artificial infestation of corn migrated fo smartweed growing
between the cornstatks in the cage. The larvae in the smartweed
showed considerable parasitization from 31. caulicola adults, which
entered the eage, probably through the sereening, but the parasite
was net found aitacking many borers in the corn.

MicrosracoN 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 instars
of second-generation borers in potatoes at New Haven, Conn.
All the borers observed that were killed by this parasite were in
the second instar. It was not found to be parasitie on first-genera-
tion borers in corn or other host plants.

NemowiLa Macvross (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.
Nemorilly maculose is indistinguishable morphologically from
the species imported in 1932 from the Orient under the name
N. floralis (Fall.). No change has occurred in the status of
parasites conforming to the description of these species {o indicate
any specific biologieal difference between them. As high as
11 percent parasitization of borers from individual fields has
been recorded.

Psevpovericiaeta erecta (Coq.)

Reference has been made fo this species previously as being
imported from the Orient under the name of Pseudoperichaeia
roseenae, 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. erecta has been made from
the European corn borer in the United States since 1835.

Gamurus vnTists {Cress.)

Gambrus ultimus has been taken both as a primary and a sec-
ondary parasite associated with the corn borer. It atiacks 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
& hyperparasite from the cocoons of Horogenes punctorius and,
since the increase in concentration of the latter parasite in Massa-
chusetts, G. wléimus has been taken in greater numbers as a para-
site of H. punctorius than as a primary parasite of Pyrausta
nubilalis,
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IroprrLectis coxqrisitor (Say)

Itoplectus conquisitor, like Gambrus wltimus 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 Horogenes punctorius, It is more beneficial than injurious,
however, in that the proportion of European corn borers attacked
by it is greater than the proportion of H. punctorius cocoons
attacked. Although parasitization as high as 5 percent in borers
from individua!l fields is not uncommon, the average parasitization
over the area in which it occurs is never more than 1 percent.
I. conquisitor has not been taken in the Lake States area as a
parasite of the corn horer.

Casurus prresixoses (Cush.)

Two specimens of this ichneumonid were reared at New Haven,
Conn., in June 1938. The botrets from which they were recovered
were infesting cocklebur.

MicrocasTenr eracoces Gahan

This braconid is parasitic on borers in the Lake States and
in New England, but is recovered more often from borers infest-
ing weeds than from those in corn. It atfucks and kills the larval
hosts in early instars. It has been recorded from borers infest-
ing potatoes at East Hartford, Conn.

Lixornaca varkiawinis (Coq.)

Several puparia of this larvaevorid were taken in 1938 from
plants infested with the European corn borer. Specimens from
Hamden, Conn., were taken on September 2 and from Rochester,
N.Y,, early in August.

MELANICHNEUMOYN BREVICINGTOR (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 horer in the Lake States area.

MeLaxtcuserMox rrsicrsors (Cress.)

Like Melanichnewmon brevietnctor, 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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Disractiys cavys {Walk.)

Although Dibrachys cuvus functions more often as a hyper-
parasite on the cocoons and puparia of primary parasites of the
cern borer, it has been recorded as a primary parasite on corn
borer pupae. A large number of parasites usually issue from
each host,

Mzreorus LoxosTece Vier,

This braconid hibernates within the mature host larva. It has
been reared from European corn borer larvae collecfed in New
England and in Ohio, but is not common as a corn borer parasite.

Pristomerus {NeorristoMerus} meLieus 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,

MioTropris 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, Ohis, provided large numbers
of this chalcid parasite. I was estimated {hat the parasitization
of pupae in this field by this speeies was about 5 percent. From
1 Buropean corn borer pupa a fotal of 202 parasites were
obtained.

CAMPOLETIS PERDISTINCTUS {Vier.)

Several specimens of this ichneumenid were taken as parasites
on first-generation larvae of the corn borer at North Haven and
Hamden, Conn., in 1938,

MacroceNTRUS ROBUSTUS Mnes,

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 Massachusetis, 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
Leen reared only from second-generation borers.

APANTELES PYRALIDIS Mues,

A single colony of this gregarious braconid was reared from a
Buropean corn borer larva colleeted in York Township, Steuben
County, Ind., on Gctober 16, 1830,
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ExtcosriLus prroatrs (Say)

One individual of this species issued from a corn borer pupa
collected in Perkinsg Township, Erie County, Ohio, on June 25,
1927.

Micropracoxy MeLLiTOR (Say)

Several specimens of this species were collected at Ecorse,
Mich., in 1928. The corn borer larvae from which they were
reared were in the fourth instar.

Scaynpus rrerornont (Ashm.)

This ichneumonid has been taken in eastern Massachusetts,
where it parasitizes the second generation of the corn borer, Ii
is recovered more often from borers associated with weeds than
from those found in corn. It has not been recorded from the
Luake States area.

ScAMBUS TECUMSEH Vier.

A single individual of this species was reared from borers col-
lected at Winchester, Mass., in 1920.

Scamnus uisrar {(Harris)

A single specimen was reared from a borer collected at Mel-
rose, Mass., in July 1921.

MICROBRACON N. SP.

This species was reared from borers collected in August 1921
at Lynn, Mass,

INSECT PREDATORS

Muir (23) 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 near Toledo, Ohic. 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 classified as missing,
but some of them may have been entirely consumed by predators,
The predator largely responsible for the egg predation in the
Toledo area was Ceratomegille fuscilubris (Muls.). This cocci-
nellid appears early in the season and is responsible for 50 percent
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or more of the egg mortality. C. fuseilebris is also recorded as
feeding on corn borer eggs in New Jersey.

Hippodamic convergens Guer. and H. tridecimpunctota (L.)
attack the eggs in the latter part of the period in which host egg
deposition takes place.

Both the larvae and adults of all these coceinellids have been
noted as feediny 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
¢orn bd:rer eggs, but their value as a control factor has not been
studied.

BIRDS

An account of studies on the value of birds as factors in control
of the borer in New England has been published by Barber (4).
In the course of numerous collections of European corn borer
larvac in various localities, it was observed that birds seemed to
}l:e playing an important part in the reduction of hibernating
Orers.

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 this 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: Bighteen 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 fields 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
felds 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. If was
noted that birJs more often attacked stalks that showed consid-
erable evidence of bhorer feeding (indicating an criginal popula-
{ion of more than one borer) than those not so badly tunneled.
Therefore it is probable that the actual number of borers con-
sumed by birds is greater than the averages noted above. The
birds seen feeding on the European corn borer were as follows:

Downy woodpecker (Drycbates pubescens medianus (Swain-
son))

Robin (Turdus migratoriug migretorius (L.))

Crow (Corvus brachyrhynchos brachyriynchos Brehm.)

Rusty blackbird (Buphagus eavolinues (Miiller))
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Red-winged Wackbird { Agelaius phoeniceus phoenicens (L.))

Purple graekle (Quiscalus quiscule quiseule €1..))

Chickadee {Penthestes alricapillus giricapillus {L.))

Ring-necked pheasant (Phasianus colehicus torquatus Gme-
lin) '

Starling (Sturnus vulgaris vulgaris L.)

It is difficult to evaluate the role that predators play in borer
control, particularly the predators that are active at night, such
as rodenis and predaceous beetles and their larvae, those that
attack free-crawling larvae (either migrants or borers seeking
entranee 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.

DISEASE

In the field all stages of the European corn borer seem fo be

' vnusually free from disease. Contrary to results noted with

several other species of inseets, this freedom from attack seems
tc hold, even under erowded conditions.

in handlmg material for shipments and under laboratery en-
vironments, a fungus disease, Becuveria bassiune (Bals) Vuill,
oecasionally causes considerable mortality. The biclogy of this
organism, as related to the European corn borer, has been studied
by Lefebvre (20, 271} and by Bartlett and Lefebvre (5) who, in
19306, 1931, and 1932, attempted the artificial dissemination of the
disease in New England, New York, Pennsylvania, Qhio, 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
iz known, no instance has been recorded of a borer being killed
by this disease, except under eircumstances traceable to artificially
impeosed conditions,

It seemis evident that no lasting effect has resulted from the
artificial dissemination of the eausative 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 %o be
directly responstble,

SUMMARY

In the course of investigations during the years 1919-40, on
the utilization of natural enemies of the BEuropean corn borer
{ Pyrouste nubilalis (Hbn.)) as an aid in its confyrol, over 23 mil-
lion larvae from Euvope and 3 million from the Orient were eol-
lected and brought tc the United Siates for rearing their natural
enemies contained therein. Other parasites were also collected
and forwarded to this couniry 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 214 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 614 million adults.

The adults were released at selected localities over the entire
infested area 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 environmentzl
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 Lydella stabulans grisescens R. D,,
Horogenes punctorivs (Roman), Macrocentrus gifuensis Ashm.,
Fulophus viridulus Thoms., Chelonus annulipes Wesm., 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 porasitize
the borer. None of them have been sufficiently numercus to have
any appreciable effect on borer abundance. An extensive effort
was made to supplement the natural occurrence of Trichogramma
minutum Riley, which cceasionally 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 ner 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
in controlling corn bhorer populations, birds, particularly the
downy woodpeckey (Dryobates pubescens medianus (Swainson))
and the red-winged blackbird (Agelaius phoeniceus phociceus
(L.)), and insect predators, particularly Cerctomegilla fuscilabris
(Muls.) and Hippodamia convergens Guer., rave 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.

Beawverie bassiana (Bals) Vuill, 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 horer,

-
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