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SUMMARY 

Between 1947 and 1951 the taeh1n1d fly LYdelle. @tabu­

lana gri1eecens R.-D., vhieh vae released in Delaware bet­

ween 1941 and 1946, averaged 21.4 percent annual parasitism 

of the European corn borer, Pzyauata nub1lal1s (Hbn.). Sub­

sequent to 1951 the pare.site appeared to decl1ne in abun.danoe. 

The purpose of this work was to instigate a program of 

biological control aga:tnst the European oorn borer in Dela­

ware in order to reduce its abundance. In the Pall of 1958 

and Spring of 1959, overwintering borers were collected to 

ascertain the status of !u. atabulan1 grieesoene. Results 

indicated the fly to be no longer preaent in the State. 

In the Spring ot 1959, a biological control program 

against the corn borer was undertaken by- the University ot 

Delaware, asaisted by the United states Department ot Agri­

culture•• European Corn Borer Research Laboratory in Ankeny, 

Iowa. Adult L 1tabulans 1r1aeacen1 were sent from Iowa and 

released 1n June, 1959. Six releaae site■ were selected 

throughout the State and a total of 2,933 tliea were releaaed. 

In the Fall of 1959 and Winter of 1960 corn borer lar­

vae were collected and sent to the Iowa laboratory in order 

to determine establishment and dissemination of h atabulans 

griseacena. For each release area, whenever possible, 16 

fields were sampled in addition to the release field. 
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Starting from the release site samples were taken at intervals 

of one-half, one, two, and four miles in four d1rect1ona; 

North, South, East, and West. In most oases each sample 

consisted of 50 borers. In all, a total of 88 fielda were 

sampled and 4,249 corn borer larvae were collected and 

observed for parasitism. 

For all fields sampled, paraaitiem by h etabulana 

griaeacena averaged o.6 percent and it was recovered from 

18.2 percent of these flelds. !'he range or parasitiem was 

from 2.1 percent to 7.7 percent. Parasite recoveries were 

made from at least one field in each release area exoept 

one, for a total of l6 positive fields. Average parasitism 

for these 16 fields was 3.45 percent. Maximum dispersal 

was at least two miles. 

The average percentage parasitism (3. 45,) 1 n f' ields 

where the fly was recovered compares favorably with the per­

centage parasitism by k stabulans sr1seseen1 in release 

areas of the State in the 1911-0's at intervals of from one to 

two years after release. Since h sta.bulana griseseens had 

completed two generations in. Delaware by the time parasitism 

data was determined in the Spring of 1960, it is highly 

probable that this fly is re-established in Delaware. 



IN'fRODUC!IOW 

Since its detection in the United States in 1917 the 

European corn borer, Pyrausta nub1lal1s (Hbn.) has become 

progressively more importan.t. For the year 1959 the United 

States Department of Agriculture Cooperative Economic Insect 

Report (Vol. 10, No. 18) estimated loasea of corn grown tor 

grain due to the corn borer in the United States to be 

67,763,000 bushels. ~his amounted to a monetary loas ot 

$71,979 ,ooo .oo. 

Subsequent to its detection in Delaware in 1934, the 

borer became an important pest in the State. The population 

has risen from five borers per 100 corn plants in 1936 to 394 

borers per 100 corn plants in 1959, aceol'ding to Delaware•• 

fall abundance survey recorda. 

In Delaware the corn borer is a major peat of corn, 

peppers, and potatoes. Estimated loss ot corn in the State 

due to the borer for 1959, according to the United Statea 

Department of Agriculture Cooperative Economic Insect Report 

(Vol. 10, Ko. 18) vaa 1,318,000 bushels. !his amounted to 

a monetary· loss of $1,608,ooo.oo. Burbutis,et al, (1960) 

reported an average losa of Delavare•s pepper crop in 1958 

and 1959 to be between 40 and 50 percent, with caaea or 

infestations of 75 - 100 percent of the fruit in many fields. 

Figures for reduction of potato yields due to the corn borer 

are not available. 



While insecticides will control the European corn borer, 

cost prohibits their uae on certain crops. llany apeoiea of 

weeds are hosts for the borer, furnishing large unsprayed 

acreage• for the insect aa is the caae vith field corn. Thus, 

insecticide application cannot be expected to greatly reduce 

the overall corn borer population. 

In the Spring or 1959 a program vas launched by the Dela­

ware Agricultural Bxperiment Station, aasisted by the United 

States Department of Agriculture, in an attempt to establish 

a biological control program in Delaware against the European 

corn borer utilizing Lydella atabulans griaescens R.-D. 

The purpose of this work was to initiate a program of 

biological control against the European corn borer in Dela­

ware in order to reduce its abundance. The parasite *ydella 

atabulana griaescen.a R.-D. was released with the objective 

of supplementing the existing denaity regulating factors or 

the corn borer 1n the State, and the initial establishment 

and dispersal of the parasite was evaluated. 

The purpoae of evaluating initial establishment and 

dispersal was to ascertain the prosresa and degree of 

parasitism of the borer by k atabulan1 grisescens. This 

information may serve as a basis for future study of the 

parasite in Delaware. 
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The importance ot establishing h atabula.!11 uise1cena 

in Delaware is that while 100 percent control of the corn 

borer cannot be expected, the parasite may build up to the 

point where the same annual percentage (21.4~) of the corn 

borer population is paraaitized as was formerly the case in 

Delaware. Aa discussed by Kn1pl1ng (1960), a pest population 

level can be greatly lowered by the addition of a factor to 

the environrnental resiatanoe which supplements the existing 

factors. His theoretical calculations of boll weevil pop• 

ulation dynamics for a three year period indicates that the 

addition of a biological control factor which causes 50 per­

cent mortality in addition to the existing factors would have 

a cumulative effect which would reduce the population to only 

two percent ot that of one unexposed to this additional factor 

at the end or the three years. 

While it is not anticipated that L. atabulane srisescens 

will cause a 50 percent mortality of the borer population, 

it would seem that parasitism of over 20 percent, when added 

to the normal m.o1•talit7 factors, would have a cumulative 

affect on the borer population which undoubtedly would be 

tmportant. 



LifBlJM'qBE REVIBW 

Histocy or the European Oorn Borer in Delawar, 

The early history of the European corn borer in the 

United States has been reviewed by Caffrey and Worthley 

(1927). !he inaeot vas first detected here bys. C. Vinal 
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in 1917 in Massachusetts. During 1919, the corn borer waa 

tound through areas or the Mohawk Valley and near Lake Brie, 

New York State, and Erie County, Pennsylvania. By 1924 the 

peat vaa established in eaatern Nev England, Southwest Vermont, 

eastern New York including Brooklyn, Staten Island, and Long 

Island, along the entire south shore of .Lake Erie and in 

Michigan. 

The latest information regarding the distribution of 

the corn borer in the United States was published in January, 

1960 by the United States Department of Agriculture Cooperat:1ve 

Economic Insect Report (Vol. 10., No. 12). The pest is present 

from Maine to Georgia, vest to Oklahoma, Kansas, Nebraska and 

the Dakotas with areas of infestation in Texas., Colorado, 

Montana and Wyoming. 

Stearns (1940) aummari&ed the history of the corn borer 

in Delaware through 1940. fhe borer vas first recovered in 

the State at Stockley, Sussex county, in August, 1934. At 

that time three larvae were found by United States Department 

of Agriculture personnel. surveys in 1939 showed the borer 
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to be present 1n New Castle and Kent counties as well aa 

Sussex county. The mean infestation was 8.9 borers per 100 

corn plants. The population increased over the years to a 

high of 394 borers per 100 corn plants in 1959. 

The environmental factors affecting the corn borer 

population j_n Delaware have been reviewed by Milliron (1958) . 

MacCreary and Rice (1949), and Milliron (1953) summarised the 

effect of imported parasites on the oorn borer population in 

the State. or the introduced borer parasites, only h stabulana 

sriseacena became important, paraa1t1.z1ng annually an ayerage 

of 21.4 percent of the corn borer population from 1947 to 

1951. With the decline or h stabulans srisescens after 

1951, the main factors regulating the borer population den-

sity, according to Milliron (1958) vere weather and agronomic 

practices, the action of biotic factors being negligible. 

Corn Borer Parasites 

Many 1naeot parasites of the European corn borer have 

been recorded throughout the range ot thia pest. w. R. 

Thompson (1943) in hia comprehensive Catalog or Parasites 

and Predators of Insect Pests lists 119 species or corn 

borer parasites. All are in the orders of D1ptera and 

H.ymenoptera. 

Of the Hymenoptera there are 2 species or Chalcididae, 

30 of Braconidae, 3 of Eulophidae, 53 of Ichneumonidae, 3 of 
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Pteromalidae 1 and 3 of Tr1chogramm.1dae. The Diptera include 

l species of Phoridae and 24 or Tachinidae. 

or these 119 recorded paraaitea, 24 apeciea were brought 

to the United States from Europe and Aa1a between 1920 and 

1937 according to Baker, !1 !!• (1949). Six of theae have 

become established in the United States. They are: Bulophus 

viridulia Thoms. (Hymenoptera, Eulophidae), an ectophagoua 

larval parasite., Phaeogenea nigrideng Weam. (Hymenoptera, 

Ichneumonidae), a pupal parasite, Chelonua annul1pes Weam. 

(Hymenoptera, Braconidae), an egg parasite, Horogenea 

pungtor~us Rom. (Hymenoptera, Ichneumonidae), an endogenous 

larval parasite, Macrocentrua gifuena!s Ashm. (HJ'menoptera, 

Braconidae), a polyembryonic endogenous larval parasite, and 

L.ydella atabulans gr1aepcens R.-D. (Diptera, Tach1n1dae), an 

oviviparous endogenoua larval parasite. 

With reapect to corn borer parasite• indigenous to the 

United States, Baker, !1 !1:_. (1949) recorded 29 apecies. 

However, only s•ll numbers or borers have been paras1t1zed 

by them and they are unimportant. 

Taxonomy of Lydella stabulans gr11escena R.-p. 

According to Baker, tl !:.!• (1949) the currently accepted 

narae for the parasite is lLydella stabulans gr1seaoen1 R.-D. 

L.Ydella atabulans griseaoene R.-D. is a calypterate muaco1d 

fly or the family Tachinidae, order Diptera. 



The taxonomic history ot h gtabulana griaeacena was 

published by Bezz1 and Stein 1n 1907 in the JC!talog m, 
Palaarktischen p1ptern, Vol. III, according to Thompson and 

Thompson (1923) who published a description of the parasite 

from specimens of larvae and adults collected in Europe. 

In hie paper in 1922, Thompson discussed two other 

tachinids found in Europe which were practically inseparable 

from !u, stabulana gr1segcens in the adult stage, but which 

were morphologically distinct in the immature stages. He 

attributed the existence or these morphologically homogenous 

adults aa the reason for no reliable references in the 

literature on the distribution and bionomics of h 1tabulana 

griseacens. 
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Baker, tl !d_. (1949) list four synonyms for .b stabulans; 

Maaicera senilis Rond., llasicera senilie Meig., 4Ydella 

.grisesoens R.-D., and Qeromas1a lep1da (Jle1g.). 

L.ydflla nigrita, which is indigenous to the United 

States, has frequently been confused with L stabulana 

griseagena. The diagnostic character for separating the 

adult males of' these two tach1n1da has been reviewed by 

Baker, tl !_!. (1949}. 
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Biology of L.ydella stabulans griaeacene 

The biolota of ,k stabulans grise1cens has been studied 

1n Europe by Thompson (1923) and Thompson and Parker (1928). 

Clark (1934) reported on the seasonal history and d1str1bu­

t1on of the parasite in Asia. Baker,!! al. (1949) oonducted 

biological studies of the parasite in the United States. 

Adult longevity under laboratory conditions (8o0r. 70~ 

relative humidity) was determined by Baker., !! !:.!,. (1949). 

Average life span was 17 days, that or the male ranging from 

one to seven days shorter than that of the female. 

Under laboratory oond1t1ons males emerged from the 

puparia about two d.aya before the females. Mating occurred 

two to three days after male emergence. Optimum temperature 

for mating was found to be 80°F. 

!hompson and Parker (1928) found th.at females of .b 
etabulans gr1sescena produced only a few hundred larvae. 

'l'he maximum number of eggs found 1n disseeted females by 

Baker, tl al. (1949) was 1,000, the average bein.g approx­

imately 660 eggs per female. Egg production was round to 

increase with the size of the fly and th.e duration of coition. 

The eggs were retained until incubated, and hatched during 

ov1pos1t1on. The first larvae were deposited fiYe days 

after mating. 
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The adult females deposit larvae on cornstalks adjacent 

to corn borer tunnel openings and on leavea where the borers 

are present. Borer frass was found to attract adulta to 

these larv1poaition sites. Subsequent to deposition on the 

plant, Thompson and Parker found that the maggots did not 

wait for hosts to pass by, but actively searched for cater­

pillars, entering borer tunnels. In the laboratory, Baker 

found that the maggots could aearch as long aa 36 hours for 

the host, providing they had contact moisture. The maggots 

were found to invade the caterplllar through a spiracle, 

between body segments, and through the anus. 

Thompson and Thompson (1923) found that the first inatar 

maggot, after entering the host, cut a hole in the wall of a 

tracheal trunk of the borer and inserted the anal stigmata 

for breathing. The tracheal epithelium forms a partially 

solerotized sheath., dark brown in color at the base around 

the maggot. The first and second instar maggots feed on the 

host body fluids. The third instar maggot detaches from the 

trachea and cuts a hole in tb.e integument, through which the 

anal atigma.ta protrudes for breathing. This instar feeds on 

fatty tissues and internal organs. Pupation generally ocours 

outside the host in the borer tunnel. At 80°F and 70% rela­

tive humidity, Baker found the duration of the first, second 

and third instara to be 3.1, 2.1 and 2.7 days respectively. 

The pupal period averaged 7.8 days. 
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Thompson and Farker (1928) believed the larvae to be 

unable to penet.rate the integument or fourth and fifth instar 

borers. However, Baker, ll al, (19~9) has shown that all 

instars except the first can be successfully parasitized by 

h gtabulans griaescen,. Twenty-four percent of the second 

and third instar bo?'ers and 54 percent of the fourth and 

fifth instar borers tested were suoc~asfully parasitized. 

The fourth inetai-- borers had the highest percentage of 

parasitism and appeared to be the most suitable host stage. 

Size of the ouparium of the fly vas correlated w:tth stze of 

the host. 

Seasonal History Qf Lydella stabulans gr1aascens 

In regard to the seasonal history of L. atabulans 

griseacens, Thompson and Parker (1928) believed the parasite 

to have one generation ver year in areaa of Europe where 

univoltine corn borers were present and two generations per 

year in the case of bivoltine borers. !he parasite over­

wintered as second instar maggots 1n mature corn borer larvae. 

Clark (1934), in his study of the corn borer in Asia 

waa unable to determine the number of gene~ations produced 

in aome areas of Japan by h atabulana griaes9ens due to 

extensive overlapping of parasite generations. In southern 

Kyuahu, while the oorn borer annually produces three and a 

partial fourth generation, ~. stabula~~ griseace~s __ vas 

believed to produce four generations per year. 



Baker, tl !.!, (l949), in the United States, found the 

parasite to produce two generations annually, the second 

generation overwintering in the second 1nata.r, resuming 

development in early April and emerging aa adult flies in 
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late May. In the eourae of these studies, it was found that 

some of the first generation Ju. atabylan1 gr11e1cena went into 

diapause during the summer. These d.id not resume development 

again until the following April. 

History of Lsdella §tabulana grise;1cens in the United States 

Before di.scussing the history of h stabulane &riseaeen~ 

in the United States, its distribution in Europe and Asia, 

the sources cf United States imi:orte, should be considered. 

Thompson aad Parker (1928) fo~nd the parasite to be 

present in France, Spain, Italy, Yugoslovia, and Hungary. 

Babcock and Vance (19~9) found the parasite in low abundance 

in Czechoslovakia, Ru.mania, and in Baden, Germany. 

In the Mediterranean coastal zone of France, Thompson 

and Parker found k 11-B,bulane grisescens to be the dominant 

corn bo1~er parasite. Average annual parasitism in a five­

year study was 12.67 percent with the maximum parasitism for 

any single year of 23.7 per-cent. In Galicia (1.w. Spain) a 

one-year study shoved a parasitism of 12.4 percent by J...:. 

stabulane griseacens. In the southern Po Valley of Italy 



h 1tabulana sr1sescens was the principal borer paraaite, 

with 7.5 percent parasitism in a one-year investigation. 

In the Maples area or Italy k atabylana srise&cena waa 

found to be the dominant borer paras!te, averaging 15.9 per­

cent parasitism annually in a three-year study. Maximum 

paras1t1am tor any single year vaa 23.7 percent. 

Clark (1934) stated that !u_ atabulans grisescens vas 

one of the moat widely distributed corn borer parasites in 

the Orient. Cartwright (1933) found it in Hokkaido, Honshu, 

Shikoku, and Kyushu in Japan. He also found the parasite in 

Korea, .Manchuria, and China. On Hokkaido, it was the dominant 

borer parasite. On Honshu it was also found to be the chief 

borer parasite, eompr1s1n& approximately 94 percent or the 

parasites recovered trom borer collections. In Kyushu it was 

second in abundance only to Macr9centrug g1tuena1e. In one 

area of Korea, 93 percent ot the recovered borer parasites 

were h stabulans srisegoene. !he parasite was not round on 

Formosa. 

There are conflj.cting dates in the literature regarding 

the year in which ,b_ stabulang grj.sescens was first introduced 

into the United States from Europe. JUlliron (1953) stated 

that the paraaite vas imported from Europe in 1929. However, 

Baker,.!.!!!• (1949) indicated that it was introduced and re­

leased in Massachusetts 1n 1920, being one of the firat corn 

borer parasites imported. 
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That the parasite was :released in the United States 

prior to 1929 is substantiated by .Baker,!! ,1!.(1949) in 

published records of parasite releases in the United States 

from 1920 to 1940. Releases were recorded 1n Monroe County, 

Miohi~n in 1927 and in Nonroe and st. Claire Counties in 

Michigan in 1928 as well as Cattaraugas, cavuga, Chautauqua 

and Erie Counties in New York in 1928. Records of Importa­

tions of borer parasites from Europe from 1920 to 1927, in­

dicate that 10, 9lt-O specimens of h atabulamp srisesoen!_ were 

o't>tained. 

Bak.er, .!i §l. (1949) stated that 1,058,516 specimens of 

.k. 1tabuJ.a11s &risesceus have been imported into the United 

Sta~es up to 1937 when th1a program was discontlnued. 

European imports were supplemented with shipments from Asia 

beginning in 1929. The total number of h sta·bulaua grisescena 

imported from Europe was 751,636. From Asia, a total of 

306,880 specimens were imported between 1929 - 1936. 

Due to the possibility of biotypes, para11tes from 

Europe and Asia were never released in the same area in the 

United States. The first recovery or k 1tabulans grisescens 
in the United Statea was in 1930. Be~lnning in that year the 

fo1•eign importations were supplemented by domestic collections 

of L.ydella atabulans griaesoena, 14,041 being collected between 

1930 - 1937. Arter 1937 all L. atabulana grisescens released 



in the United States were collected from areas in the 

country where the parasite bad become established. 

Baker and Bradley (1938) reviewed the status or corn 

borer parasitea in the United Statea from 1920 - 1936. 

They found k, etabulans griseacena to be established in 

areas or Naaaachusetta, Connecticut, New Jersey, Maryland, 

and Virginia, with average parasitism of 4.4 percent, 

0.45 percent, 0.3 percent, 2.7 percent, and 0.55 percent 

respectively. At most release points in Jlassachuaetts, 

where the first releases in the United states were made, 

the parasite was recovered from almost every corn borer 

collection. 

Baker, et y. (1949) reviewed the distribution and 

abundance of Ju. stabylana griseacena in the United States 

through 1940. Aubuthnot (1950) summarized the corn borer 

parasite aituation in the United Statea through 1947. He 

stated that .6.. stabulan.s sriaescene was widely distributed 
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in the Eastern States, eYen in localities where it vaa not 

released. Although abundant in Masaaohuaetta, Rhode Island, 

Connecticut, the Hudson Valley of lew York, and Western 

Hev York, the degree of borer paraaitism vas low. In the 

Middle Atlantic Statee it vaa preaent in !few Jersey, Delaware., 

Pennsylvania, Maryland, Virginia, and Korth Carolina, with an 

average parasitism of 13 percent. It was present in Monroe, 

N1ch1gan, :Brie and Lucas Counties in Ohio with parasitism 

averages ranging from 10 to 30 percent. The parasite had 



been released in nine North Central States since 1944 and 

vas recovered from all of them. 
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Baker, in a paper presented at the Tenth International 

Congress of Entomology in 1956, summarized corn borer para­

site data in the United States for the period of 1952-1954. 

Parasitism by h etabulana griaescens was lov in Connecticut. 

In Illinois, Iowa, Maryland, Michigan, Missouri, Nebraska, 

Mew Jersey, Ohio, Pennsylvania, and Wisconsin, it was found 

to be the dominant corn borer parasite. The maximum con­

centrations in the United States were 1n Illinois and Ohio. 

It was considered to be the most effective borer parasite 

in the midwest, while Nacrogeptrua gifuenaie was believed to 

be moat important in the last. 

History of Lydella stabulfns gr1sescena in Delaware 

Releases of b. atabylans ariaescena in Delaware were 

made between 1941 - 1946 by the United Sta.tea Department of 

Agriculture in cooperation with the Delaware Agricultural 

Experiment Station. 

The flies released were collected in areas where ~ydella 

stabulans griaeaoens vaa established 1n the United Statea. 

MacCreary and Rice (1949) reported on these releases and 

initial parasite recoveries. They indicated that besides 

h etabulane sriseacens, the following parasites were re­

leased in Delaware in the same period; E. v1ridul1s, JL.. 

punc:torius, ~ annulipes, and IL.. g1fuena1s. The five 
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species released totaled 97,156 specimens of which lu.. 

stabulans gr1sescens comprised 3,179 specimens (3.3-). In 

addition, SYap1ea1s v1r1dula Thoms. vaa released in 1946. 

L. stabulana 1r1sesoens, jh annulipee., and•• gituensia 

became established in the State, but only h atabulans 

griaescens became an important parasite ot the corn borer. 

MaoCreary and Rice (1949) first recovered 1u_ stabulana 

gr1se1oens in 1943 from Stockley and Kirkwood, where the fly 

had been liberated in 1941 and 1943 respectively. Additional 

releases were made in 1944 at Hockesain, Townsend, Dever, and 

Fredrica. At Fredrica another releaae was made in 1945. 

The parasite was recovered yearly through 19,6 trom all 

release sites. It vaa also recovered from areas where no 

release had been made; Milton, Laurel, and Parmington. They 

recovered the fly from 29 or 30 borer colleotions from all 

over the state in 1947, thus showing the parasite to be 

disseminated statewide with an average parasitism of 11.6 

percent. 

Milliron (1953) reported on the status or the parasite 

in Dela.ware from 1947 to 1951. The annual statewide borer 

sampling was continued through these years. Average annual 

statewide parasitism for these years was 21.4 percent. 

At this point it is interesting to consider borer pop­

ulation fluctuations from 1947 to 1951 in relation to the 
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percent parasitism of the borer by 1u_ atabulans griaeacena. 

An indicated in :Figure 1, at the time of the release ot 

k atabulana &riaeacene in Delaware the borer population 

wa■ increasing. !he releases between 1941 - 1946 were 

followed by a decline in the borer population (between 1947 -

1951), during which time h atabulans srisescens became 

abundant on a statewide basis. After 1951 a decrease or the 

parasite population waa accompanied by an increase in the 

borer population. 

Sweetman (1958) has reviewed the literature regarding 

the evaluation and results ot biological control of inaeots. 

From his suDUl&ry on corn borer paraaitea it is apparent that 

there are several factors, both biotic and &biotic, involved. 

It ia thi1 complex of factors which complicates the exact 

evaluation of the influence of paraa1t1am on the borer 

population. 

However, it would appear, from the pattern of borer 

population fluctuation shown in g1aure l, that from 1947 to 

1951 ,k etabulan1 gr1aesgene was an iaportant supplement to 

other population regulating factors ot the corn borer. 

Subsequent to 1951, k stabulans grisescena declined 

in abundance 1n Delaware. Milliron (1958) stated that: 

''in recent years this parasite has diminished to 
the point where it cannot be considered ot much 
importance in checking its host." 
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There are other cases where the parasite has declined. 

Peterson (1948) reported its decline on Guam. Baker., ll al. 

(1949) stated that there was a sharp decline in a large area 

northwest of Boston in 1938 where the fly had previously 

been very abundant. 

A review of the literature suggests several possible 

causes for the decline of L. atabulans grisescens in Delaware. 

Thompson and Parker (1928) found puparia of the fly in the fall, 

winter, and early spring in Europe. Baker, et !1_. (1949} 

reported that puparia were found in the Lake States in the 

United States in the fall. The flies emerged from the fall, 

winter and early spring puparia in Europe long before young 

corn borer larvae vere available. In the Lake States the 

insects were killed in the puparia by the advent of cold 

weather. Sueh a lack of syrehron1zat1on w:i.th the host may 

have occurred in Delaware. 

It would appear that in cases of early emergence of the 

parasite, the presence of an available alternate host would 

be of benefit. h stabulans griseacens was believed host 

speclfic for the oorn borer until York, et al. (1955) recorded 

it from Papaipema nebris (Guen.), the stalk borer, in Iowa. 

The findings shoved that the parasite emerged before corn borer 

larvae were available in the spring. Overwintering eggs of 

f..:.. nebri1 hatched early in the spring, thus stalk borer larvae 

were available for the paras1.te be:rore young corn borer larvae 
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vere present. lt waa fot.1nd that 1u., lkfbylans gr11e1cen1 

completed one aenerat1on 10 K..:,. nebr1a. The paras.1te completed 

development Juat as young corn borer larvae became available . 

.f.:. n1)?r1e 1a preaent and v14eapread in Delaware accordln& to 

Milliron (1958). !be stalk borer larvae are present 1n the 

spring before the firat generation corn borer larvae are 

available. It 1e quite poas1ble that a decline in the popu­

lation of f.... ne~rts, it' :tt vere a host of k 1tabulan1 

gr1111cegg in De!aware) would have adversely affected the 

parasite. 

Hyperparaaitism would not seem to haYe been reaponaible 

tor the decline or the parasite in Delaware. MacCreary and 

Bice (1949}, Laird (1949), and M1lljron (1953) found hyper­

parasitism to be negliglble. '?he ehaleid Eupterpmalu ni.dul!.9.1. 

(Tho■.) vaa oceaai.onall;y recoveredli Thoapaon and Parker 

(1928)_ reported hyperparasit1aa of .k&. s\a;JU1l1n1 M&UICJ!D§ 

in Europe to be inconaequential. Hyperparaa1tiam of h 

,~1bylan1 i£!1•111na vaa reported. from Ohlo by Baker, .11 !!,s. 

(J.949). Cartwright (1953) reported extensive byperpai-asitism 

in Asia. 

Superparasit1sm is another raetor to be considered. 

Laboi-atory 1nvest1i,8t1on bas shown that when moi-e than two 

maggots or Xu. 1tab9lan1 gr1seegen; are present in a corn 

borer larva, the 111.&;iota do not survive. Hoveve:r., Thompson 

and. Parker (1928) found that borers attacked by this parasite 



seldom contained more than one maggot. 

Adverse weather conditions may have arracted the popu~ 

lation of k &tabulana gr1seacens in Delaware. Baker (1958) 

reported that a decline of this parasite in Illinota from 

1952 to 1953 was believed to have been caused by hot, dry 

weather that may have shortened the lifespan of the adult fly 

and adversely effected the maggots. 

Whatever the cause was, aurveye indicated that by 1958 

.h atabulana griaeacena was probably no longer present in 

Delaware, and that the degree of parasitism of the oorn borer 

had declined to an extremely low point. 

KftBQDS 

Prel1m1naey Studies 

In the :rall of 1958 and Spring or 1959 prel1Dtinary 

studies were conducted to ascertain the current degree of 

paraa1t1am or the corn borer in Delaware. Sixty borer lar­

vae were collected in the Fall from 30 areaa, as ahovn in 

Figure 2. !he larvae were isolated in glass vials which 

were placed in racks and held in the laboratory for parasite 

emergence data in the spring. In the apring 184 larvae were 

collected in the three countiea of the State. These larvae 

were placed in salve tins of 1.9 inches in diameter and 1.1 

inches in height. A corrugated cardboard strip l inch wide 
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and 12 inches long was rolled in each tin as a place for the 

larvae to apin. The tins vere labeled vith the collection 

location• and were shipped to the United States Department of 

Agriculture European Corn Borer Research Laboratory in Ankeny, 

Iova, for parasite emergence data. 

Release Sites 

Prior to the release ot adulta or !u., etab~lan1 grise1oe?J§ 

in June, 1959, optimum releaae sites vere selected throughout 

the State. Six such sites vere selected, as ia indicated in 

Figure 3. One was in Mew Castle County, tvo in Kent County 

and three were in Sussex County. The release sites vere 

selected on the basis of high corn borer populations in 

locations that appeared to be ecologically favorable for the 

release or adults or 1u, stabulan1 gr1sescens. 

The degree of infestation of corn plants by borers in 

the fields chosen was determined by observing borer damage 

in 25 plants in the center of each field. Second and thtrd 

1nstar borer larvae predominated. Inrastation ot the plants 

1n the fields selected ranged from 35 - 90 percent with an 

average of 55.4 percent. The figures are given in !able I. 

under Host Abundance. 

All release areas were apaoed at distances which mini­

mized the posaibility or any immediate overlapping or parasite 

populations. 
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All release area■ were adjacent to streama or marshy 

areas, where abade trees were co11D10n, in order to have shade 

and moisture available tor the fliea. 

Shippip.g and Releasing 

Adult parasites were supplied by the United States 

Department ,of Agriculture European Corn Borer Reaearoh 

Laboratory 1n Ankeny, Iowa. !he flies were shipped special 

delivery air mail from Iowa to Delaware 1n June, 1959. They 

were packed in cardboard pint containers with excelsior. !he 

containers were screened at one end to provide ventilation 

and the sides were wrapped with DlOiat paper towels to cool 

the flies and furnish moisture during transit. The containera, 

each with 500 flies, vere packed in cardboard boxes. All 

shipments arrived within 24 hours. 

Upon arrival the boxes were opened, and the pint con­

tainers were removed and wrapped with moist cloth to maintain 

moisture and coolness during transportation to the field. 

'fhey were taken directly to the release fields and the flies 

vere liberated. 

Before a container vaa opened at a release field, a 

section of cheesecloth (approximately tvo feet square) was 

moistened and draped over cornstalks or shrubs to furnish 

an immediate source ot moisture for the fliea when theT 
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emerged from the pint containers. When the container• vere 

opened, the flies promptly emerged, either disperaing immedia­

tely or going to the moistened cloths. SeYeral flies were 

obaerved ma.tin& when the containers were opened. After the 

flies were released from the eontainera, the excelsior was 

re.moved and mortality data was recorded, !able I. Mortality 

was negligible, ranging from l.2 percent - 3.8 percent tor 

each container. 

Temperature and time of release are recorded for each 

field in Table I. Shipments arriving in the morning were in 

the field by the early afternoon, while thoae arriving in 

early afternoon were in the field by late afternoon or early 

evening. 

A total of 2,933 adults of h atabQlana gr11eacena were 

released in the six f1elda, averaging approximately 489 flies 

per release field. Table I shova the number released at 

each location. 

Sameling Technigue 

In the Fall or 1959 and Wjnter of 1960 corn borer larvae 

were collected and sent to the United States Department of 

Agriculture in Ankeny, Iowa. They were held there for para­

site emergence data in the spring in order to determine 

initial establishment and dispersal of L. a:t,bulans uisescen~. 
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For sampling after initial parasite releases a modifi­

cation of the strip method, mentioned by l3aker, !! !!,. (1949) 

was utilized. As shown in Flgure 4, the releaae field.a were 

surrounded on the map with concentric cirelea with radii of 

one-half, one, two and four miles. Compass linea were drawn 

through the circles in the directions of North, South, East, 

and West from the release field. Whenever the lines inter­

sected the circles, a field was sought from which samples 

could be taken. These together with the release field gave 

a total of 17 possible fields for each sampling area. Since 

tho1~e were six areas, 102 fields should have been. examined. 

However, in some instances there was no plant material re­

maining in the field to be sampled, orelse there were no 

corn fields near an 1nteraeot1on of a circle and compass line 

on the map. The result vaa that 88 fields were sampled, but 

from these 4,249 borer larvae were collected. The number 

or borers collected in each field 1a ahovn in !able II. 

Each sample was designated with the sampling area number., 

compass direction, and distance from the release field. For 

example, II Nl would indicate one mile north of the release 

field 1n Area Two. 

To facilitate collecting borers for the samples, a metal 

cylinder 2 inohee in diameter and 3 inches high with a 

funnel-like top stoppered with a rubber plug was uaed. !he 
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bottom of the cylinder vas crimped in such a manner that 1t 

would hold a removable salve tin of 1.9 inches in diameter 

and 1.1 inches in helght. A corrugated cardboard strip l 

inch wide and 12 inches long vas rolled in the tin. 

Plant material was selected at random throughout the 

fields being sampled on the basis or borer damage and visible 

borer tunnel open1n&•• This consisted of standing corn, 

broken stalks, stubble, and debris. The material was slit 

open with a knife and the borer larvae were removed and 

dropped into the cylinder. After deposition in the cylinder, 

the larvae crawled into corrugations or the cardboard in 

the salve tins. 

In planning the sampling, it wae decided that 50 borers 

in the fifth inatar would constitute a sample, whenever this 

number could be collected within a two-hour time limit. After 

a sample was completed, the salve tin was removed from the 

cylinder, covered with a top, and labeled with the collection 

location. The aaaplea were shipped to the United States 

Department of Agriculture in Iova in mailing tubes, four 

tins per tu·be. 

RESULTS 

Data 

In the Fall of 1958 there were two borers collected 

from each of the 30 different localities which comprised 
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the areas sampled in the Fall corn borer abundance survey. 

F1rom these no h stabulan; gr11eseens emerged. Four borer 

larvae died, and two pupae failed to transform to adults. 

F1irty- four adult moths emerged from the collections. 

Macrocen~rpa g1fuens1a issued from the two dead larvae. 

The results of the preliminary study in the Fall of 1959 

are shown in Table III. Noh @tabulans sr1sescens were 

recovered from the Spring co.llect1one, IL.. gif'uensis was 

recovered from four larvae. 

Parasite recovery data from borers collected in the 

Fall and Winter of 1959 - 1960 are ahown in !able IV. 

M. s1ruensi1 was recovered from three fields with percent 

parasiti.sm of 15.9, 5.1 and 2.3. ho of these fields were 

in Area II~ (Mtddletown) and one was 1n Area. IV (Masten 

Corner). ~hit ag111s (Cress.):, a native paras1.te, was 

recovered from one field in Area V (Harbeson). h stabuls.ns 

&risescen@. was round paras1t1z1ng borers in five of the a1x 

sampling sites, but in only two of the original release sites. 

The directions and distances of dispersal are shown in 

Figu·res 5 and 6. 

Preliminary studies in the Fall of 1958 and Spring of 

1959 indicated that the only parasite of the corn borer in 

corn at the time samples were collected was M.:. sifuensi& and 



that this species was present in small numbers. Combined 

parasitism for the Fall and Spring collections was only 

2 .17 percent. t?hese studies also strongly indicated that 

~~ stabulana srisescens was no longer present in the state. 

While this conclusion may appear to be based on a small 

sampling of the cor•n borer population, personal opinion of 

efftomologists at the Delaware Agricultural Experiment 

Station lndlcated that b.. atabulans grises2ens had not been 

present for several years. 

From the data obtained it is apparent that h stabulans 

griaesoens is again the dominant 1neect parasite from Fall 

and Winter collections of the borer in corn. The average 

paras:ttism for the 88 fields sampled vas o.6 percent. How­

ever, h stabulans grisescens was found paras:!.t:tzing borers 

1n 18.2 percent of the 88 fields sampled for a total of 16 

fields. Parasitism :i.n these 16 fields (Table V) ranged from 

2.1 percent to 7.7 percent with a mean of 3.45 percent. In 

six of these fields parasitism was• percent or higher. The 

highest degree of parasitism in any single sampling area was 

found around Area II (Middletown), where percentages of 5.4, 

7.1 and 4.3 vere recorded. 

As the data indicates, the parasite showed rather strong 

outward dispersal from the original release sites. Recoveries 

were made 1.n all four compass directions; North - five, East -

four, West - three, South - two, and at the Center - two. 
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The range of distance dispersed was found to be from zero 

to two miles, with two recovery field• at center, eight at 

one mile, five at one-half mile, and one at tvo miles. Aa 

can be seen in Table V more adult parasites were recovered 

at the one mile point than at any other sampling point. How­

ever, if the percentage of recovery fields in relation to the 

number or fields sampled at each distance is calculated, a 

different picture is presented. These values are given in 

Table V. 

While numerically there were more recoveries at one 

mile (Table V), the percent recoveey relative to the number 

of fields sampled indicates that proportionally more re­

coveries were made at the center and one-half mile distances 

than at the one mile distance and beyond. The relative per­

cent parasitism decreased from one-half miles to four miles. 

A similar trend was observed by MacCreary and Rice 

(1949) in their investigations in the years immediately 

following the releaees of h stabulan.s e;risescens in the 

1940's. There was a decrease in parasitism as distance 

increased beyond one mile from the release center. 

When the parasites were released in June 1959 it is 

believed that the bulk of the borers present were second 

brood larvae. Thus the progeny of the released flies (the 

first brood of parasites) attacked mainly second brood hosts. 



!he subsequent brood of parasites would have attacked 

chiefly third brood larvae. These third brood borers were 

collected for the samples. However, the proportion or 

second brood parasites which they contained., cannot be 

determined because of the possibility that a few were dia­

pausing first brood. Diapause of .b stabulans griaesoens 

is dependent on host diapause and the proportion of second 

brood borers d1apausing in Delaware is not known. 

Baker, !! !.!• (1949) indicated that ,b stabulans 

griaeacene dispersed at a maximum rate of about two miles 
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per year in the Lake States, a two generation borer area. 

MacCreary and Rice (1949) found that in Delaware the parasite 

dispersed up to a maximum of between three to five miles 

from the release point within two years. This would in­

dicate a maximum dispersal rate of about two and one-half 

miles per year in the State at the time when the two genera­

tion borer strain was prevalent. 

Since the fliea emerging from the collections were 

in al.l probility chiefly the second brood parasj_tea, it 

would not be expected that any recoveries should have been 

made beyond approximately two and one-half miles. Thia 

proved to be true. Had any recoveries been made at the four 

mile distance, it would not have been correct to surmise 

that the parasites released in June_, 1959 bad dispersed 



four miles in two generations. This means that any parasite 

which would have been recovered at the four mile point prob­

ably would not have been directly related to the flies re­

leased in June, 1959. Rather they would have been the pro­

geny o1' flies which had been established in Delaware since 

the 19-0's. That none were found tends to confirm the belief 

that parasite vaa not present for some time prior to the 

June, 1959 releases. 

The degree of parasitism of the European corn borer by 

h stabulana gr1sescens round in this study agrees with 

parasltiam data recorded by MaoCreary and Rice in the release 

areas in Delaware in the 19•o•a. At X1rkwood, vhere a re­

lease vas made in 1943, a sample was taken the same year. 

Parasitism was found to be 2.7 percent for the initial re­

lease year. Collections made in 1945 at release areas in 

Hoekessin, Dover, Townsend and Fredrtca one year after the 

initial releases of b. stabulans grisesoens showed the per­

cent parasitism to be 4.o, 2.4, 26.5, and 4.0 respeet1.vely. 

With the exception of Townsend, these fjgures compare 

favorably with the present study. 

The results obtained also correspond well with inves­

tigations from other areas on parasitism by thia fly in the 

initial release year and the year following release. For 

example, Rolston, et al. (1958) recorded parasitism by .b 

stabulans grisescene during the initial year of release from 
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several Ohio locations. or ten counties sampled during 

the initial release year, only four counties showed positive 

data for the release year. In seYen of these counties larger 

numbers of the parasite were released than in Delaware. 

Numbers comparable to Delaware releases were recorded from 

three counties. For one of these three counties parasitism 

averaged 0.5 percent during the initial release year. In 

the other two counties no recoveries of h atabulans griaesc!!!.!, 

were made from release year collections. 

However, after five Tears parasitism reached 25.7 per­

cent in one of these counties. In the other two, percent 

parasitism reached 16.5 and 25.3 within six years. 

The recovery of only one specimen of A:.. ag111a, an 

indigenoua borer parasite, should be considered 1nconae­

Quent1al. This recovery, when added to the previous recov­

eries of A.,_ agilis in Delaware in the 1940's, makes a total 

of only seven speolmens of thia paras1ta recovered in the 

State. 

The fact that Cremastus minor Cush. (Ichneumon.1dae) 

and PYraustom.y1a penitalis (Cog.) (Tachinidae), both native 

corn borer parasites previously recovered in the state in 

small numbers, were not recovered further indicates the in­

effectiveness of indigenous borer parasites. 
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In considering !L.. g1fuena1a., its parasitism of 15.9 

percent in one field cannot be ignored. However, ita pres­

ence in only three of the 88 fields sampled corroborates 

previous data regarding its lov abundance in borers in corn. 

The low abundance of L g1fuenaia in the samples may have 

been due to various factors. The borers collected were 

taken only from corn. D. w. Jones of' the Un1.ted States 

Department of Agriculture stated that !.,.. g:I.fuensi& prefers 

to attack borers feeding on potatoes. Thompson and Parker 

(1928) observed that the parasite commonly attacked borers 

only in Artemiaia (com.,on mugwort) 1n some areas of Europe. 

Since the corn borer has a wide host range which includes 

potatoes and weeds in Delaware, it is possible that this 

braconid is more abundant in the State than the surveys 

from corn would indicate. Another factor to be considered 

is the time of the year when the samples were taken. J'rom 

the work of Cartwright (1933) and Clark (1934) in Asia. it 

appears that )L_ gifuenais 1e most effective in. July in the 

orient. This could also hold true in the United States. 

S:1nce borer oollect:tona 1.n Delaware vere made in fall, winter, 

and early spring., it 1s possible that the true degree of 

parasitism of N. gifuensis was not measured. 

On the other hand, it would appear that the times of 

the year 1n which the borer collections were made favored 

the recovery of h stabulana griaeecena. Laird (19,9), in 



his study of' hyper•parasi tism in Delaware, found that flies 

of the second gene1•ation were more pr~evalent than flles of 

the first generation. 

Thun, it may be that !6_ g1f"ens1s is more effective in 

parasitism of spring and early sul'lller borers while h gtabulana 

griseacens 1a the doainant parasite or late summ.er borer■• 

CONCLUSIONS 

In conclusion, it would appear from the results or this 

study that !u., etabulans ~riseac1ns is initially re-established 

in Delaware and may become a potentially important factor in 

contributing to the regulation or the corn borer population 

in future years. 

Furthermore the results of this investigation suggest 

that this parasite warrants additional study to ascertain 

its dispersal and degree of parasitism in Delaware in future 

years. When the average annual statewide parasitism by h 
stabulans griaescens of 21.4 percent ror 1947 - 1951 1s 

recalled, it ie clear that it ts of more than academic 

interest to follow its progress in the future. 

Had parasitism by h 1tabulana ~risescens been measured 

annually subsequent to 1950 it would seem that a definite 

indication or the parasite's gradual decline would have been 

found rather than a sudden disappearance. At the start of 
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its decline, or· shortly thereafter, the 1•elease of more h 

stabulans iJ?riaescena .mi~ht have returned the population to 

itd ma.xlmum level, or even higher. 

By following the progress of the parasite during its 

dispersal in the irnmEJdiate years it can be determined which 

areas are not suitable- for it. Correlations of the ecolo­

gical characteristics of these unpopulated areas may yield 

tnformation regarding the requirement• of' !u. stabulans 

griaesoens. Then, should future releaaea be made, parasites 

would not be wasted in such locations. 

Once a high average annual statewide parasitism is 

reached, surveys should continue. There may be a definite 

trend toward cyclic decreases ot the parasite periodically, 

which could lead to its disappearance. Should such a trend 

oe found., additional releases could probably prevent 

ex te .rm:":..na t .... on. 

In considering the value of the data that would be 

collected by an.nual corn borer parasite auryeya in Delaware 

theae surveys would seem to be fully justified. 
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Table I. Releases of h stabulans grisescena, June, 1959, Delaware. 

Host<1 ) Release 
Location Abundance rate Time Temp. No. Shipped No. Dead 

I (Bridgeville) 60 - 70~ 6/16 12:30 P.M. 800F 500 11 

II (Middletown) 80 - 90i 6/12 4:15 P.M. 81°F 500 9 

III (Dover) 40 - 50,-; 6/12 5:15 P.M. 81°F 500 19 

IV !Masten~ 60~ 6/12 7:00 P.M. 81°F 500 6 
Corner 

V (Harbeson) 35 - 40!' 6/12 8:15 P.M. 75°F 500 16 

VI !East) 
Laurel) 40~ 6/16 2:30 P.M. 80°F 500 6 

(l) Percentage of plants infested with European corn borer larvae. 

Re-
leased Mortality 

489 2.2 

491 1.8 

481 3.8 

494 l.2 

484 3.2 

494 1.2 

.r:r-
0 



Table II. Number of Borers Collected at each Sampling Site, Fall of 1959 and Winter 
of 19603 Delaware. 

Location Center North South East West 
172 l 2 4 172 l 2 Ii'. 172 l 2 4 172 1 2 Ji 

I {Brid8eV1lle) 50 50 50 50 50 50 51 40 50 51 50 50 50 

II (Middletown) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 

III (Dover) 50 50 50 50 50 50 50 50 50 50 50 50 50 50 

IV lMastena} 50 50 50 50 50 50 50 50 50 50 50 50 50 50 49 
Corner) 

V(Harbeson) 45 50 50 44 45 50 50 51 50 50 50 40 40 ~o So 

VI (E. Laurel) 13 50 50 50 So 50 50 50 50 19 21 50 50 50 50 

... 
f,-1 



Table III. Parasite Recoveries from Borers Collected in 
F1all of 1959, Delaware . 

Location No. Borers Mo. Borers Percent 

42 

(County) Collected W1th Parasites Parasitism 

Kent 33 0 o.o 
New Castle 48 4 8.3 

Sussex 103 0 o.o 



Table IV. Parasite Recoveries from Borers Collected in 
Fall of 1959 and Winter of 1960, Delaware. 

43 

No. Borers L. stabulan1 M. gifuenses A. agilis 
Locality Observed No. !I No. ,,, No. 'I> 

I Nl 41 1 2 .Ji. 

N2 46 1 2.2 

II C 39 2 5.1 

N 1/2 37 2 5.4, 

r~ 4 44 7 15.9 

E 1/2 42 3 7.1 

W 1 44 2 4.3 
III s 1 42 l 2.4 

E 1/2 40 2 5.0 

E 1 48 l 2.1 

IV C 40 1 2.5 

'N 1 50 2 4 ,:'\ .v 

s 4 43 1 2.3 

E l/2 47 l 2.1 

w 1L2 4Z l 2.1 

V s 4 44 l 2.3 

'

TT . • J.. C 13 l 7.7 

N 1 44 1 2.3 

s 1 41 l 2.4 

W 1 46 1 2.2 



Table V. Pe-rcentage of .h atabulans griaescens Recovery 
F1telds in Relation to the Number of Flelds Sampled 
in Fall of 1959 and Winter of 1960, Delaware. 

No. Fields No. Percent 
Location Sampled Recoveries Recovery 

Center 6 2 33 

l/2 M11e 10 5 50 

l M.1le 24 8 30 

2 Miles 24 .l 4 

4 Miles 24 0 0 
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Figure l. European Corn Borer Fall Abundance Surveys for 
Years 1941 ·- 1960 Showing Population Fluctuations 



46 

• 
• 

• 

• 

• 
• 

Figure 2. Outllne Map of the State of Delaware, Points IndJca­
ting Locations of the Fields for the 1958 European 
Corn Borer Fall Abundance Survey. 



Figure 3. 

0 
0 

X - Parasjte Release Sjtes 

0 -8 Mile Diameter 

Outline Map of the State of Delaware Showing 
Parasite Release Sites (X) and Sampling Areas 
(Circled) 
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Pigure 4. Diagram of Typical Release Site (X) and Sampling 
Area Shoving One-half, One, Two, and Four Mile 
Radii from Original Release Site. Fields were 
sampled Whenever Compass Lines Crossed Circles,. 
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Figure 5. Direction of Dispersal of Parasites and the 
NWlber of RecoveJ17 Pields in each Compass 
Direotion from Original Release Sites. 
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Figure 6. Distance of Dispersal of Parasites and the 
Number of Recovery Fields at each Distance 
from Original Release Sites. 
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