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C INTRODUCTION

Since the publieation in 1928 of & summarized account of the
relative importance of ‘he parasites of the hessian iy (Phytophagae
destructor (Say)) in the Bastern States,” much additional information
has been accumulzted on the subject, including data not previously
reported on from New York, southern Virginia, and North Carolina.
Improved technigue has also made it pessible to obtain trizer estimates
as to the relative importance of many of the species of parasites
involved. It is the purpose of the writers to present herein such
data as will revise and supplement previously published accounts.

METHODS OF PROCEDURE

The hessian fiy material which formed the basis of this work was
collected from numerous localities sufliclently scattered to represent
the various regions under study. On account of differences due to
latitude and topography, the spring-generation material was segre-

gated so as to represent four regions, comprising the large wheat-

growing srea of wester ) New York; the major wheat-growing regions

4
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1 Snbmlitied for pihlication Fehrinry 21, 1094,
15itL, O. C., and BMITH, F, 12, BTATUS OF THE PARABITES OF THE NESSIAXN FLY, PAYTQFIFAGA DESTRUC
TOR (SAY), IX PERNSYLYAXIA, MARYLAND, AND VIRGINlA.  Jour, Apr. Lieseapch 36 : 1GI-166. 1928,
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of Pennsylvania, Maryland, and Virginia as far south as the thirty-
severith degree of latitude; southern Virginia and central North
Carolina; and a comparatively small area of the St. Lawrence Plain
in Jefferson County, N. Y. Much of the material from New York
was chtained throngh the cooperation of the late C. R. Crosby of
Cornell University.

The samples consisted mostly of hessian fly puparia collected in the
fall or early in the winter, with the exception of those taken in New
York Btate, some of those included in the first 10 vears’ records in
table 1, and part of the seasonal-history material.

All the prparie, regardless of their condition, were removed from a
given sample of wheat plants or stubble. The living, unbroken
puparia were placed in small shell visls, net more than 10 to a vial, in
order o rear any parasites that they might contain. The vials were
plugged snugly with cotton and the plugged ends of these then fitted
wto holes in rectangwlar, moistened plaster blocks. The remaining
puparis were dissected and classified accordine to their condition or
the species of parasite they might contein. Living parssitic larvae
found in broken hessian fly puparia could not be reared successfully
but could usually be classified as to superfamily and in some cases as
to species. Host puparia from which chaleidoid parasites had emerged
in the field were dissected to obtain the pupal casts and exuviae of the
escaped parasites, from which material the species could uswally be
identified by means of a key developed for this purpose, This key
has made possible a wach more sceurate evaluation of the different
parasites than could be muade herctofore. In all instances in wlhich
the death of the host could not be positively attributed to parasites,
the deaths are classified in the accumpanying tables as “Mortality
from otber or undetermined causes.” AMost of the puparia placed in
this category were ix such a condition of decoy that the cause of their
death could not be dotermined. On rare oceasions the contents of a
puparium were found to have been eaten by a wheat-stem sawfly Inrva
as 1t worked iis way along the interior of the wleat culm, and very
rarely one appeared to have been killed by desiccation.

The puparia of the fall generation were usually collected during
November and December, and, Instead of being reated, were dissected
under the microscope shortly after removal from the plants, Only
certain parasites were found i this generation of the host at this time
of year, and these could readily be identified in the immature stage
without the necessity of rearing.

PARASITIZATION AND MORTALITY OF THE SPRING GENERATION OF
THE HESSIAN FLY

The data presented in table 1 were obtained from numerous collec-
tions of hessian fly pupavin of the spring generation from over the
three larger wheat-growing regions covered by this study. Owing to
the many difliculties encountered it was not possible to obtain sufficient
numbers of representative samples for sll these areas every year to
give unbroken series of records. Nevertheloss, the wiiters believe that
material collected in a sufficient nmmnber of years has been included
from escl area to show the average nnnual mortality of puparia due to
parasites and otlier causes. Figures for only the positively recognized
parasitizations were included in this table under the heading ‘“Mor-
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tality Caused by Puarasites”” Actual parasitization was probably
somewhat greater owing to the death and disintegration beyond
recognition of some of the parasites.

It may be noted in table 1 that the differences of parasitization
between New York and the central srea was slight, but that the total
mortality was somewhat less in New York, Between these two
regions and the southern area the diflerences both of parasitization and
mortality were much more marked. Moreover, in both the central and
southern areas approximately two-thirds of the average annual mortal-
ity was due to parasitism. It is possible that differences in parasitic
activities may partially account for the lesser degree of mortality in
the southern regions under study. In this connection it may be sig-
nificant that in the southern area, as shown later in this bulletin, there
is a conspicuous absence of Platygaster zosine, one of the most active
parasites in the North, and that Fupelmus allynit is also much less in
evidence than in the northern regions.

Tapre 1, —Parasilizelion and morlality cf the spring generation of the hessian fly
in three different sections of the Atlantic Slates in indicaled years

WEETERN NEW YORK

o i Mortality Mortal M?rtallty

Morlality?  from Mortality rom

t;:numzd uti:ier or n’f;fft“ﬂ]l‘ coused otl{:i(ér or n?grt?gl-
¥ pata- | undeter- ity by para- | undeter- ity
sitos mined sites mined

eALSES CANSeS

Perpent | Percend | Pereeni Numbert Percent | Percent | Percend
48 4% oy w0 23 92

68 14 g2
64 30 84
i1} 12 2

Total ar
simple
averaga . 42 26

MARYLAND, AND VIRGINIA NORTH OF LATITUDE 37

P :
57 36 03 1" 102, 2, B2
50 36 95 . 192 3,140
&4 42 i -] :
of ag !

58 3 02

59 39, § Tretal or
i i i X simple
G6 [ 2p ! BULTBRO_.

| 1
VIRGINIA E0UTH OF LATITUDE 37° AND NORTH CARCLINA

g12 45 3
138 40

52! &2 1 b
245 51 ; 2

I [

CCGMPARATIVE IMPORTANCE OF THE DIFFERENT PARASITES
ATTACKING THE HESSIAN FLY

GENERAL CONSIDERATIONS

N H
76 -1 1034 o2 42
Kbl

il Totat er
W simple
¥ avernpe..i 3,259 47 22

|

A total of 18 species of Lymenopterous parasites have been bred from
hessian fly puparia collected at one time or apother in the eastern
coastal States. Among these, nine are of major jmportance but the
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ramainder are too scarce to be of appreciable value. The nine signifi-
cant parasites include the following species:
Serphoidea: Cheleidoidea:
Platygastier hiemalis Forbes, Fupelmus allynit (French).
P, zastne Walker, Merigus desirucior {Bay).
P. herrickei Packard. M. febriculosus Girault.
Tetrastichus carinaius Forbes,
Plcurotropis metallicus (Nees).
Bupelmella vesicularis (Retzius).

Among these, the serphoids Platygaster hiemalis and P. zosine and
the chaleidoid Hupelmus allynit by far outrank in importance the other
parasites. P. hiemalis is of especial value because it is the only para-
site that attacks the fall generation of the fly in significant numbers,
and because it cceurs in nearly all sections of the country where the fly
is found exrept in California. P. zosing is most effective within the
northeastern wheat-growing regions, while £. allynii, which eompetes
closely with P. zosine even within these regions, has the additional
value of a much wider range of distribution. Among the other para-
sites, P. herrickii is important because of its activity In various south-
ern and western wheat-growing regions, and Adertsus destructor because
of its widespread distribution and persistent, though moderate abund-
ance. Of the nine important ones, the remaining parasites are of valus
only when taken as a whole or when certain ones may occasionally
becorme abundant for a season in some restricted locality.

Al the species of serphoids mentioned oviposit into the egg stage of
the hessian fly. Development takes place within and concurrently
with the fly larva, the premature death of which is caused by the feed-
Ing parasite.

Eupelmus allynti, Merisus destructor, and Fupelmella vesicularis all
deposit their eggs insude the puparium case of the hessian fly, but out-
side the fiy larva, and the parasite larva feeds by piercing the epidermis
of the host upon which it rests and sucking out the liquefied contents,
Tetrastichus earinatus and Pleurotropis metallicus, however, deposit
their eggs within the body of the host, where they develop throughout
their Jarval stage. The females of these two species can therefore
oviposit earlier m the season than the chalcidoids with external habits
because they do not have to wait for the formation by the host of the
protective covering of the puparium case.

SQURCES OF INFORMATION

The evaluations of the different species are based primarily on the
percentages of hosts killed by each during the season, &s shown In
tables 2 to 9. These percentages were obtained by extensive rearings
and dissections of host material for this purpose.

To cobtain data on the seasonal habits of the different species and
thereby draw a clearer picture of their relative potentialities, collec-
tions of immature fly forms were made periodically during the season
and this material reared in the vsual manner, except for the very early
collections which were dissected at once. Tables 2, 3, and 4 each
ghows a series of seasonsal-history records representing a different year,
but in the same general region of Pennsylvania and Maryland. In
each series the collections were made each time from the same fields
in the designated localitics.

The material used as a basis for tables 5, 6, and 7 was collected
during the 4-year period 1931-34, {rom points widely scattered over
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the areas represented. Only those fly puparia were used which had
been collected at the close of the season after parasite activity had
ceased and when all the species involved had reached their maximum
seasonal abundance.

Tavtm 2.—Seasonal development of hessian fly parasiies, based on dissections of
the young host larvae and rearing from host puperia collected * in 19882 neor Cearfoss,
Md.; and Carlisle, Dillsburg, and York Springs, Pa,

Parasitized
Parngite

May 20-25 | Juna 24-29 | Iuly 13-20 | Sept. 12-15

T d
£

i Percent Pereent Percent
Z08ineE. 3 27.30 27,88 18. 63
Eupelmus aflynii... 6. 83 25.25
Merises destrocior 4.75 +. 80
Tetrestichus carinalus 1.90 BB
M. Jebriculosus .13 Q
Eupteromalus fulvipes_
Pleuroiropis metalticus
Eupelmella vesicutariz. _
Centrodore speeicsissimn__
Ditropinolus evreoviridis
Undctermined chalcidoids

Hessiaw Oy unparasitized

Hessian fy dead, cause undetermined
‘Predators. . -

.12
.12

) 0
171 0
3

=
.=

12
13.00
4, 50
23,00
133

e
pupBoa, oo,

b Lmd =k

-
o -]

Koo
=11
(=Y

1 About 200 iy ferms were collected (rom ench locality on cach data.

Tasre 3.—Seasonal development of hesstan fly parasiles, based on dissections of the
young host larvae and on rearings from host puparia coliceted | during 1983 near
Union Mills, Md., and Carlisle, York, and Arendisville, Pa.

Parasitized
Parasito

Jung §-10 July § July 20 Bept. 22

Pereant Percent Pereent Fereent

Piaiypaster zosine 28,45 24, 19 8.71
Tupelmus affynii. 4.8 13.23 L 28,44
Aderiens destrueior_ . 2,18 L9 3.22
Tetrastichus carinadng... N
M, frbricufosus____
Plevratropis metullicus

Eupeimelin vestondaris_ .|

Undetermined chaleidoids
Hessian Oy nnparasitized

Tessian Uy dend, couse undetermined 85, 64
Prodators i

! An average of 173 Dy forms woere eellecied from oneb logakity on cach date.

TaBLE 4.—Seasonal development of hessiun fly parasites, based on dissections of the
youny host lervee and rearings from host puparia collected ' during 19384 near
Cuarlisle, East Berlin, and Shermansdale, Pa,

Parasitized
Yarasito

Jutie 1 Juhe 7 July 11 | July 25 Bee. ¥

Pereend | Pereend Prreent | Pereen
Plotppaster 2080 . o« oe e e e mean G0. 65 47.11 24, & 21,00
Eupetwmuy adipnii i 7,
Merisus destriugior. .. a

g, L]

Tefrastichus coringtus

M. febricutosns

Pleurotropiy metefiicus. .. -
Hupeimelle resicitheris ..
PoRfermadis. o i
ol yacelis modestuy,
Cheitonenrng efeguna.
Tadeieonined elinlckloids

Hessian fly unparasivized

Hessinn 0¥ derd, cause vodetermined
Prodators -

-l
i

DoOoSoQEo@ RO

¥ About 200 Ny forms were eolleeted from eoch logalily oo cach date.




TaBLE 5.—Percentages of the spring brood

of the hessian fly parasitized by the different species of parasites prevalent in western New York

Locality

Town

Date of
collection

Total
hessian
fiy
puparia

Pluty-
gaster
zcsine

Lupelmus
allynii

Tupel-
mella
vesicul-
aiis

Merisus
destrictor|

Tctrasti-
chug cari-
natus

Pleuro-
tropis
metalli-
cus

M, febri-
culosus

Tndeter-

mined
chalci-
doids

Totol
pars:
sitization

Henrietta. oo —

Batavia

Monrae.

.} Genessea

Bath

Pouy Hollow
Jacksonville
Henrietta

Oct.” 25,1931
o

cl.
Oct. 22,1932

Nwmber
250

38

183

150

200

Percent

Percrat
17.60

Pereent

Percent
1.60
L.6¢
5.26
3.83

1,33
150

Pereent
2.03
2.63
5.47

.67
.50

Percent
1.00
2.00
2.63
1]

.60

.50

Pereent
0.80

Percent
22,20

Percent
74.20

1,321

Average.

252

5702

1.13

TaBLE 6.—Percentages of the spring brood of the hessian fly purasitized by different species
and parts of Virginia

of parasiles prevalent in Pennsylvania, Maryland,

Locality

Town

County and Stale

Date of
colleetion

Puparia

Joupelmius,
cliynii

Platy-
gaster
208{ne

Merisus
destructor

M. febri-
culosus

Tetraali-
chus cari-
natus

Pleuro-
tropis
metalli-
cus

Eupel-
mella
resici-

laris

Undeter-
mined
chalci-

doids

Total
parasiti-
zation

Rufl Creck_..
Shelocta .
Fleming_ __.._.
Shermansdale.
Cearfoss......-
Frederick. ..
Tnion Mills..
Hagerstown

Lycoming, Pa
Butler, Pa..
Grecne, Pa_.
Indiana, Pa:
Center, Pa__
Porry, Pa
Washington, Md
Frederick, Md
Cuarroll, Md._....
Washington, Md

Oct. 27,1032
Nov. 16,1032
Nov. 1§,1932
Nov. 17, 1932
Febh. 15,1934
Diar, 16,1934
Sept. 12, 1932
Sept. 13,1032

- Sept. 22,1033

Mar. 15, 1084

Number
200

pu

Percent

Percént
43. 50
28.50

9.00
12.50
5.73
13.34
3.03
8.08
11.18

13.00

Percent
0
4.50

Percent
0.50
a
0
.50
1,41
L 06

0
2.02
.69

1.00

Percent
3.00

Percent
1.00
.50
1.00

0
101

Percent
. 50

0
.00

Percent
22,50

Percent
02,00

9
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Frederick. _oeoeoen ... <} Frederick, Md._..__..._..._]..... do...

Woodstock Shenandoah, Va.. Sept. 22,1032
Middleburg.. . Loudon, Va Daee. 51082
Fairfield. .. Rockbridge, Va Sopt. 22, 1932
Munnssas..... Prisico William, Va. 20, 1933
Leesburg .. vueiuecina. w-f-Loudon, Va_.___._. ... ! 10.cen .

= o

Average

TABLE 7.— Percentages of the spring brood of the hessian fly parasilized by the different 3pecies of parasiles prevalent in Abingdon in southern
Virginia and in parts of North Carolina

Locality
Date of Puparia Lonpelmus ljf;'l,tg/r
colleetion | collented | allynii Izgrriékii

Undeter- Total

: Tetrasti- | Cenlro- h
M Jebri-} 1 oine chus cari- | dora spe- gﬂg}g?_ parasiti-

natus | ciosizsima doids zation

Merivus
destructor] culosus

Town County and State

Number | Percenl | Percent | Percent | Percent Percent | Percent | Percent | Pereent Pereent
e g

Thomasville.._.... ... Davidson, N. ¢ Dece. 15,1942 30.06 0 116 0 0 0 22‘.01 05, 32
00

Ashboro_, . Randolph, N, -1 Nov. 19,1911 2 4.50 22,00 . 0 .
TLexington --| Davidson, N. (. Nov. 17, 1934 0 B, o .80 0 34, 50

ATL NVISSTH THYL JI0 SEIISVIVI

Abingdon Washington, Va Sept. 21,1932 . . . . 66 . 18, 66

T

Average......_... ) 5. . i . a7 20.79

SUIVIS OIINVILV HHIL

2
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PLATYGASTER ZOSINE

Platygaster zosine is an internal, primary parasite of the hessian fly.
Tt oviposits into the hessian fly egg, and the embryos always develop
within the midintestine of the host. The adults emerge in the
spring for oviposition, embryos may be found throughout the month
of May, and larvae during the last of May, all of June, and the first
part of July. Cocoons are spun during June and July, and pupation
takes place during July and August. All transformations into adults
are ususlly completed by the end of September, but with rare excep-
tions the adults remain within their cocoons until the following spring.
The insect is polyembirvonic, and from 2 to 12 embryos may develop
from & single cgg, with an average of 8 per host reaching final develop-
ment.

In the course of the season it is subject to rather high mortality.
This is due partly to the premature death of both host and parasite
with disintegration of the latter beyond recognition, and partly to
complete consumption of zosine larvae by later develo ping chalcidoids
acting as facultative hyperparasites. Such hyperparasitism has been
substantiated by many laboratory observations. In dissecting hes-
sian fly puparia it is very common to find a live early-instar ch aleidoid
inside the same host larve with dead and liquifying zosine latvae; or
to find the larva of an external fecder such as upelmus allynii attached
to the outside of a host larva already parasitized by zosine, the larvae
of which have been fatally aflected by this external feeder.

The oviposition period of Platygaster zosine is limited to the com-
paratively brief spring egg-laying period of its host, whereas oviposi-
tion by many of the chalcidoid parasites continues throughout the
summer. Thus the gradual replacement of P. zosine by chinleidoids as
the season progresses increasingly obscurcs the effectiveness of the
former. Evidence of this substitution is given in tables 2, 3, and 4,
in which the percentage of parasitization by P. zosine decreases as the
percentage of chaleidoid parasitization increases. Table 2 shows
that 45.75 percent parasitization by zosine at the beginning of the
season was reduced to 18.63 percent by fall; table 3 shows a reduction
from 28.46 percent to 9.71 percent; and in table 4 there was a redue-
tion from $0.55 percent to 24.00 percent, less than half. In table 4
the gradual diminution of zosine in the course of the season is clearly
indicated by the steadily decreasing percentage figures on the con-
secutive dates from June 1 through June 7, July 11, July 25, and
December 7.

In spite of this heavy mortality Platygaster zosine has maintained
its sbundance of populstion. Many factors have probably con-
tributed to this, nmong which should be noted a hizh potential rate
of reproduction, polyembryonic development, and e habit of at-
tacking the host during = most vulnerablestage of the latter’s life bis-
tory. In further explanation of the last-mentioned factor it should
be noted that by ovipositinz into the egg stage of its host P. zosine
is able to parasitize many {ly larvae that finally become loented in
positions inacecssible to the chalcidoids, such os in stem bases helow
the soil line, or the inner sides of close-standing fillers.

In order to make a fair comparison between Platygaster zosine and
its closest competitor, Bupelmus allynii, consideration should be
given to their respective scasonal histories. P. zosine attains its

maximum paragitization at the outset of the season in the limited
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period early in the year during which it attacks its host (tables 2, 3,
and 4). On the other hand, . allynii, which passes through more
than one generstion and attacks the later stages of the host, does
not reach its maximum parasitization until the end of the season.
Conseguently, when evaluating the two parasites by the data in-
cluded in the seasonal-history tables it is necessary to compare the
figures at the beginning of the year for P. zosine with those at the end
of the vear for K. allynii. The usual superiority of zosine in the
localities represented is thereby brought to light. This is particu-
larly shown in tables 2 and 4, in which zosine, at the beginning of the
season, shows a decidedly higher parasitization record than does
allynii at the end of the season. In 1932 (table 2) this amounted to
& difference of 9.62 percent, and in 1934 (table 4) zosine exceeded
allynii by as much as 33.39 percent. In further comparing P. zosine
with E. allynii it is significant that the maximum parasitization by
E. allynit ever found by the writers amounted to not more *han
48 percent, in a collection of 110 hessian fly puparia made ot York,
Pa., September 22, 1933. Much higher parasitization by P. zosine
is not uncemmeon, and an examination of hessian fly larvae collected
May 19, 1919, in & wheat field at Mount Holly Springs, Pa., showed
85 percent of them attacked by this species. Other mstances have
been recorded ? where hessian flies from different fields in Pennsyl-
vania and Maryland have been parasitized by zosine to the extent of
51.00, 57.55, 76.00, and 79.31 percent. In general the data show
that P. zosine usually takes a larger toll of hosts than does E. allynii
in the northern and central regions under discussion, and for that
Teason may be considered the more valuable within these areas.
Furthermore, P. zosine does not have the defect of acting as a hyper-
parasite upon oceasion, as do E. allynii and most of the other
chaleidoids.

Platygaster zosine showed an average parasitization of 22.52 per-
cent in western New York, 13.21 percent in Pernsylvania, Maryland,
and part of Virginia, and only 0.21 percent in southern Virginia and
parts of North Carolina (tables 5, 6, and 7). As all the material
that formed the basis of these tables was collected at or after the end
of the season, much of the evidence of parasitization by P. zosine
had been obliterated, and the figures do not represent the full extent
of its activity. They are valuable, however, for comparing the
abundance of P. zosine in the three regions represented. As will be
seen, this was greatest in New York and insignificent in southern
Virmnia and North Carolina.

Notwithstanding many factors of influence, both unfavorable and
favorable, for the continued existence of this parasite, and also
in spite of regional fluctuntions in host density, Platygaster zosine
has maintained within the arens of its normal distribution & status
of equilibrium that has shown no definite trends of either decrease
or increase in the percentage of hosts aitacked during the years from

1915 to 1934,
EUPELMUS ALLYNH

Bupelmus allynii is a solitary, external parasite of the hessian fiy
but is not specific to it. It oviposits into the lost puparium, is

YHLL, £, C. PLATTHASTER YERNALIS MYERS, AN IMPORTANT IARASITE OF THE MESSIAN FLY. Jour,
Agr. Research 25: 3142, llus. 1923,
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monembryonic, and hibernates in the larval stage within the puparium
of the host. It passes through move than one generation during the
year and parasitizes the hessian fly puparia in increasing numbers
throughout the growing season. This is clearly shown in the sea-
sonal-history tables 2, 3, and 4, in which it will be scen that during
June a very low percentage of hosts are parasitized by it, This num-
ber increases rapidly during July and reaches its maximum amount by
the end of the season,

The full value of Eupelmus allynti was not recognized prior to the
application of improved technique in 1931, and from the standpoint of
the country as a whole it may prove to be the most valuable of the
parasites because of its wide distribution and consistently high rate
of parasitization,

The different rates of parasitization by Eupelmus allynii in cach of
the three sections of the country under study are shown in tables 3, 6,
apd 7. These averaged 20.63 percent in New York State (table 3),
29.23 in Pennsylvania, Maryland, and part of Virginia (table 6), and
19.43 percent in southiern Virginia and part of North Carolina (table
7). In these tables 26 localities are represented, and the range of
parasitization was between a maximum of 46.46 percent ot Cearfoss,
Md., and a minimum of 14.21 in Tompkins County, N. Y., with the
one exception of the unusually low parasitization of 4.50 percent
which occurred at Randolph, N, C.

In cases of multiple parnsitism with other hessian fly parasites,
Fypelmus allynii has been found to have survived at the expense of six
other species, including Platygaster zosine, Tetrastichus carinatus,
Pleurotropis metallicus, Merisus destructor, Ditropinotus aureoviridis,
and Furytome sp.

PLATYGASTER HERRICKII

Platygaster herrickii is a solitary, internal, primary parasite of the
hessian fly. Tt emerges in the spring, oviposits into the cges of the
liessian fly as does P, zosine, and passes through one generation a year.
It hibernates as an adult within its cocoon inside the hessian fly
puparium.

Its effective range in the castern coastal States is limited to regions
south of Iatitude 37°. Within its range it is particularly important
because, by its habit of attacking the host in the eeg stage, it par-
tially compensates for the scarcity of Platygaster zosine and, like the
lntter, usefully supplements the work of the parasites tiint attack only
the later stages of the host,

Like Platygaster zosine, it suffers o heavy mortality in the course of
the season from hyperparasitism. For this reason collections made
at the end of the season do not reveal the full extent of its parasitiza-
tion. The figures in table 7 showing the pereentages of hosts parasi-
tized by P. herrickii are therefore misleading unless the factor of
mortality is faken into consideration, because all the collections upon
which they were based were made at the end of the scason, as shown
by the dates in the table. The absence of kerrickiz from both of the
Davidson County samples was probably due to hvperparasitization,
as there is no reason to believe that this parasite does not oceur in
normal abundance in that county. The high showing of 22 percent in
rearings {rom Ashboro, Randelph County, may have been due to the
scarcity of chalcidoid hyperparasitism. It will be observed that the
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chalcidoids were reared from only 9 percent of the hosts as compared
to 65.32, 56.00, and 54.31 percent, respectively, in the ofther rearings,
The record from Abingdon, Va., showed only 1 peizent of hosts m-
fested by herrickii, but material from exactly the same location, taken
eorly In the season before hyperparasitism had begun, showed evidence
of o 20-percent parasitization by this species. The high mortality it
undergoes is a more serious handicap to herrickil than to zosine owing
to the solitary parasitic habit of the former as compared to the poly-
embryonic development of the latter,

Compering Platygaster herrickii with Zupelmus allynii (table 7),
in three out of four rearings . allynit Iar cuviranked P. kerrickii in
number of hosts occupied by the end of the season. This hardier
survival gives 5. allynil a numericol advantage over P. kerrickii
which would promise greater reliability frout season to season.

Tn most of the rearings shown n table 7 Pluiyguster herrickii even
appears to be eclipsed by Merisus destructor, but in consideration of
the high potentiality herrickii shows emily i the season it would
seern best to recognize herriekii as the more valuable parasite of the
two in these southern localities.

It is apparent, from its much lower average percentage of abund-
ance, that Platygaster herrickii does not entively compensate in effec-
tiveness {or the scarcity of I°, zesine in the southern aven, for it parasi-
tized only 5.75 percent of the spring brood of the hessian fly In the
southern aren, whereas PP, zogine parssitized 13.21 percent in the
central area (table 6) and 22,52 percent in western New York (table 5),
This difference many alse partiaily account for the lower moitality of
the hessian fly in the Scuth as compared to that in the more northern
regions. As has been pointed out (table 1), this amounted to an
annual average of 69 percent in the southern as compared to 95 per-
cent in the central avea and 88 percent in the northern area.

MERISUS DESTRUCTOR

Merisus destructor is a solitary, exturnal, primary chalcidoid parasite
of habits similar to those of Enpelmus allynii, and it is found attack-
ing the hessian fiy throughout the latter’s range of distribution in
this country. Tn Pennsylvania and Marviand (tables 2 to 4) it
begins actively to puarasitize its hosts shortly before the middle of
June, increases in numbers during the season, and reaclies its maxi-
mum abuadance by September. It passes the winter as a mature
larva within the host puparium as does Eupelmus allymii.

In New York State (table 5) it was exeecded in abundance by three
other parasites, Platygaster zosine, Eupelmus allynii, and Fupelmella
vestcularis, and ifs average parasitization came to 2.52 percent. In
the central and southern aveas (tables 6 and 7), however, it reached
third in abundance, with averages of 4.7] and 5.27 pereent, respec-
tively. Its maximum amount in any one locality came to 9.60 per-
cent in o sample collected at Cearfoss, Ald., shown in fable 6.

MERISUS FEBRICULOSUS

Merisus febriculosus, like M. destructor, is a solitary, external,
primary, chaleidoid parasite of the hessian fiy. As will be seen from
the seasonal history tables 2 fo 4, it is seldom found gttacking the
fly prior to the month of June. Among the parasites of the spring
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enerntion of the fly it ranked seventh in importance in New York
%ta.te (table 5), being exceeded in abundance by Fupelmella vesicularis,
M. destructor, Tetrastichus carinatus, and Pleurotropis metallicus, as
well as by Platygaster zosine and Fupelmus allynit. In the central
and southern areas. shown in tables 6 and 7, it ranked fourth in
importance.

TETRASTICHUS CARINATUS AND PLEUROTRORPIS METALLICUS

Both Tetrastichus carinatus and Pleuroiropis metallicus belong to
the Chalcidoidea, and are solitary, internal, primary parasites of the
hessian fly. The mature larvae of both these species are character-
ized by comparatively heavy, curved mandilies, and the first-instar
larva of metallicus is easily distinguished by a caudal star-shaped,
fiexible, prehensile apporatus not found on that of cerinatus. Both
attack the hessian fly earlicr in the season than do the other chalei-
doids, and prefer to lay their ezgs 1n the lost larvae prior to the
formation of puparia. BSometimes, late in the summer, 7. carinalus
develops a second generation that attacks a summer or early-fall
generation of the hessian fly in volunteer wheat. In New York
(table 5) ard in the central area of Pennsylvania, Maryland, and
parts of Virginin (table 6) cerinatus ranked fifth and metallicus sixth
In abundance. In the southern area of Virginin, shown in table 7,
certnatus ranked sixth among the parasites, but metellicus occurs only
;‘_arely in southern Virginia and has never been taien in North Caro-
ina.

EUPELMELLA VESICULARIS

Eupelmella vesicularis is n chalcidoid characterized by its abortive
wings bent near their middle and by the brownish-black to cupreous
tinge of the body. It is an external feeder with habits and nature
somewhat like those of Fupelmus allynit and has been reared from o
var.ety of hosts besides the hessian fly. It reaches its maximum
parasitization by the end of the season. Although it has a wide dis-
tributien, it is most eitective as a parasite of the hessian fly in regions
north of Pennsylvania. Southward it becomes searcer and in the
eastern coastal States it hins not been collected farther south than
Wythe County, Va. It ranked third in importance in New York,
with an average parasitizotion of 5.40 percent, (table 5), which was
more than twice that of Merisus destructor in that area. In the col-
lection made at Pony Hollow, in Tompkins County, N. Y., it had
parositized 8.74 percent of the hessian fly. In the central ares
(table 6) it dropped to seventh place in importance, and was unrepre-
sented from all the localities south of Union Mills, Md.

PARASITES OF LESSER IMT'ORTANCE

Among the rarer porasites that atiack the hessian fly in the wheat-
growing districts of the castern coastal States are the following chal-
cidoids: Fupieromalus fulripes {(Torbes), which commonly assumes a
subapterous form and which resembles Fupelmus allynit in its babits;
Merisus mordellistenae Girault, in habits and appesrance much like MM,
febriculosus; Chetloneurus elegams (Dalman), which is an internal
parasite with a range from Lake Ontario on the nerth to Frederick
County, Va., on the south; Polyscelis modesius Gahan, another ordi-
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nerily rare parasite reared only from hessian fly puparia collected in
Pennsylvania and Maryland, but which in the spring of 1928 was
found parasitizing abundantly overwintering fall-brood puperia near
Carlisle and Mount Holly Springs in Cumberland gounty, Pa.;
Callitula bicolor Spinols, & solitary, external parasite of wide distribu-
tion, and a common parasite on Diptera of the geners Osecinelle and
Chlorops in Furope; Centrodora speciosissime QGirault, the smalless
in size of the chalcidoid hessian fly parasites, gregarious within its
host, snd widely distributed through the wheat-gro=iug districts of
the Northeastern States west of the Hudson River; Dilropinotus
aureoviridis Crawford, which is & primary parasite of Harmolite; and
two parssites, Tumidiscapus flavus Girault and Decafoma amsier-
damensis Girault, whose attacks occur too rarely to be considered
more than cases of incidental parasitism.

PARASITES OF THE ST. LAWRENCE PLAIN IN NEW YORK

The founs in the St. Lawrence Plain is distinetly different from that
farther south and for this renson data from collections made within
this distriet have been segregated and presented in table 8. The col-
le~tions taken in 1918 were from Theresa and Evans Mills in Jefferson
County, N. Y. Those in 1932 were token {from Mannsville, farther
south In the same county.

It will be observed that both Platygaster zosine and P. hiemalis
were present, but only in insignificant numbers; that Lupelmus allynii
was much less abundant than farther south; {hat tn Fvans Mills and
Theresa Merisus febriculosus and Plewroirops metallicus sssumed more

important roles than in the more southern regions; and that in the
coliections made st Mannsville Tefrasfichus carinatus was by far the
dominant parasite,

PLATYGASTER HIEMALIS, THE MAJOR PARASITE ATTACKING THE
FALL GENERATION OF THE HESSIAN FLY

Platygaster hiemalis is of most importance as a parasite of the fall
generntion of the hessian fly and is specific to this fly. It oviposits
into the egg of the hessian fly and develops polyembryonically, usually
by twinning. An average of about six adults develop in a single host.
Diapause occurs at an advanced embryonic stage of growth, 1 which
stage the parasite normally hibernates, P, hiemalis embryos of this
sort may be found throughout the year, but as o rule growth is
resumed early in the spring. In eastern Pennsvlvania pupation
reaches its peak during the middle of August, and adulis are formed
within their cocoons in maximum numbers by the latter part of that
month. Occasional adults may be found abroad in wheatfields during
most of the suminer, but the peak of emergence is reached slout the
Iast of September, in time to catch the major wave of fall oviposition
by the hessian fly.

In northern New York, contrary to its usual habits, Platygaster
hiemalis commonly parasitizes the spring generation of the hessian
flg, and it has been orcasionally reared from the spring generation in
other parts of the East.




TasLz 8.—Percenlages of the hessian fly parasilized by the different species of parasiles prevalent in the.St. Lawrence Plain in
Jefferson County, N. Y.
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This parasite is of economic importance, not only because it is the
principal parasite in this country to attack the fail generation of the
hessian fly, but because of its wide distribution through all regions
where the fly occurs except California. Efforts are now being made
to establish i1t in that State. As may be seen in table 9, in the areas
upder study it does its most effecfive work in the wheat-growing
districts of western New York, being about half as effective in the
central area and much less effective in Novth Caroling,

TanLs 9.—Percentages of larvae and puperia of the fall generation of the hessian
Ty puresitized by Platypaster hiemalis in the Atlantic Stales

Years

Parasitiza-
represented Dosts

Samples tion

Region

Number MNumber Pereet
13 Fitl 43

7
! 1,081 7 22
; % J | 8

SUMMARY

Investigations conducted over a number of years showed that the
Spring generation of the hessian fiy undergoes an average annual
parasitization of about 62 percent in the wheat-growing districts of
western New York; 63 percent in those of Pennsylvania, Maryland,
and part of Virginin; and 47 percent in southern Virginia and North
Carolina. These figures represent about two-thirds of the total
mortality of the spring brood from all causes in each of the three areas
mentioned. The lower mortality in southern Virginia and North
Carolina may be partiy astributed to the lesser abundance of the
chalcidoid parasite Fupelmus allynii and the practical absence of the
serphoid parasite Platygasier zosine.

In all, 18 species of hymenopterous parasites hiave been found
parasifizing the hessian flv in the wheat-growing areas of the eastern
coastal States. By far the most important among these were the
serpboids Platygaster hiemalis and P. zosine, and the chalecidoid
Bupelmus allynii. Other parasites of varying importance were
P, herrickit, Merisus destructor, M. Jebricwlosus, Tetrastichus caringtus,
Pleurotropis metallicus, and Fupelmella resicularis. The remaining
species were of insignificant valge.

Platygaster hiemalis is of special value because it is the principal
parasite that attacks the fall generation of the hessian tly, and beeause
1t has o wide distribution. The average aunual parasitization by this
species amounted to 43 percent in New York, 22 percent in Pennsyl-
venia, Marylend, and Virginia, and 8 percent in North Clarolina., "1t
was found to parasitize to a slight extent the spring generation of the
hession fly in the St. Lawrence Plain in Jeflerson Coun tv, N. Y
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