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<:~' INTRODUCTION 

Since the publication in 1928 of a summarized account of the 
relative importance of "he parasites of the hessian fly (Phytophaga 
destructor (SajT)) in the Eastern States,2 mucb additional information 
has been accumulated on the subject, including data not previously 
reported on from New York, southern Virginia, and North Oarolina. 
Improved technique has also made it possible to obtain trner estimates 
as to the relative importance of many of the species of parasites 
involved. It is the purpose of the writers to present berein such 
data as will revise and supplement previously public;;hed accounts. 

METHODS OF PROCEDURE 

The hessian fly material "..-bich formed the basis of this work was 
collected from numerous localities sufIiciently 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 area of wester J New York; the major wheat-growing regions 

I Submitted for puhlicatillD February 21, 1939. 
I !TILL, C. 0., and SMlTH, n. D. STATUS m' TUE PARASITE~ OF THE JlESSIAN FLY, PJIYTOPIIAGA DJ!:BTRUC

TOil (SAY), IN PENNSYLVANIA, MA.HYL\ND, ANI> VIllGiNIA, Jour. Agr, Hescarch 36: 151-155. 1928. 
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of Pennsylvania, Maryland, and Virginia as far south as the thirty
seventh degree of latitude; southern Virginia and central North 
Carolina; and a comparatively small area of the St. IJawrence Plain 
in Jefferson Oounty, N. Y. Much of the material from New York 
was C'btained through the cooperation of the late O. R. Orosby of 
Oornell University. 

The samples consisted mostly of hes;:;ian fly puparia collected in the 
fall or early in the winter, with the exception of those taken in New 
York State, some of those included in the first 10 years' records in 
table 1, and part of the seasonal-histOl'Y material. 

All the puparia, regardless of their condition, were removed from a 
given sample of wheo,t plants or stubble. The li'nng, unbroken 
puparia were placed in small shell vials, not more than 10 to a vial, in 
order t·o rear nny parasites that they might contain. The vials were 
plugi':,0tt snugly with cotton and the plugged ends of these then fitted 
ivto holes in rectangular, moistened plaster blocks. The remaining 
puparia were dissected and classified accordillg to their condition or 
the f'pecies of parasite they might contain. Living parasitic larvae 
found jn broken 110ssiun 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 chalcidoid 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 usually be 
identified by means of a key developed for this purpose. This key 
has made possible a Il1 dch >llore llccuratc evaluation of the difl'erent 
parasites than coulr~ be mn.de heretofore. In all instances in which 
the death of the ho;t could not be positivply attributed to parasites, 
the death::; are clas ;ifiecl in the accompanying tables as :'Mortality 
from other or unde1 ermined eause::;." :Most of the puparia placed in 
this category were ll' such a condition of decay tha.t the cause of their 
death could not be c\"t{'rminccl. On rare occasions the contents of a 
puparimn were found to have been eaten by a wheat-stem sawfly larva 
as it worked its way along the inte:-iol' of the wheat culm, and very 
rarely one appeared to have been killed by desiccn.tion. 

The pupalin. of the fall generation were usually collected during 
November n.nd December, and, instead of being rearNl, were dissected 
uncleI' the microscope shortly after removal from the plants. Only 
certain pamsites were found in this generation of the host n.t this time 
of year, and these coulrl readily be identified in the immature stage 
without the necessity of rearing. 

PARASITIZATlON AND MORTALITY OF THE SPRING GENERATION OF 
THE HESSIAN FLY 

Thf\ data presented in tahle 1 were obtn.ined from numerous collec
tions of hessian fly pupnrin. of the spring genemtion from over the 
t.hree larger wheat-growing l'egjons coY{'rerl by this study. Owing to 
the many difliculties encountered jt was not possible to obtain sufficient 
numbers of representn.tive samples for ttll these u,reas every year to 
give unbroken series of records. Nevertheless, the '''Titers believe that 
material collected in 11 sllflkient 11umber of years has been included 
from each area to show the average ftlll1ual mortality of puparia due' to 
parasites and other causes. FigUTPS for only the positivel:r recognized 
parasitizations w('re included in tl,is tn.ble under the heading "Mor
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taJity Caused by Parasites." Actual parasitization was probably 
somewhat greater o'wing to the death and disintegration beyond 
recof,Ilition of some of the parasites. 

It may be noted in table 1 that the differences of parasitization 
between New York and the central area was slight, but that the total 
mortality was somewhat less in N ew York. Between these two 
regions and the southern area the differences both of parasitization and 
mortality were much more mm'ked. Moreover, in both the central and 
southern areas apprm";mately 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 tIllS connection it may be sig
nificant that in the southern area, as shown later in tIllS bulletin, there 
is a conspicuous absence of Platygaster zosine, one of the most active 
parasites in the North, and that Eupelmus allynii is also much less in 
evidence than in the northern regions. 

TABLE I.-Parasitization and morial'ity of the s71ring generation of the hessian fly 
in three different sections of the Atlantic States in indicated years 

WESTERN NEW YORK 

lI'fortality 	 Mortality
Mortality from 	 Mortality fromTotal 	 TotalPupa· caused other or 	 Pupa· caused other or Year mortal· Year 	 mortalria by para· un deter-	 ria by para- nndeterity 	 itysites 	 mined sites mined 

causes causes 

]·rumber 	 Percent Perctnt Percent Numb~r Percent Percent Percent1918_________ 	 193L________396 48 49 97 1,474 70 22 9?'1919_________ 	 1932_________1,470 53 36 89 2,354 68 14 821920________ 	 1933 _________4,724 48 43 91 104 64 30 94192L________ 	 1934.________539 70 22 92 491 60 12 72 
192~ 266 55 31 86 ------- 1923_________ 1,318 75 14 89 Total or1924_________ 503 55 31 86 simple1930_________ 485 72 14 86 average__ 14,124 62 26 88 

PENNSYLVANIA, MARYLAND, AND VIRGINL-I. NORTH OF LATITUDE 370 

I1915_________ 1,8821 	 93 ,: 1923_________ 2, 8521 63 32 951916_________ 571 36/
947 59 36 95 .[ 1924_________ 3,139 75 20 951917.________ 54 961'1932_________ 3,331 77 15 92 

1,825 59 39 66 29 951918_________ 4,1,658 1 12 I 
1919_________ ii,225 58 ~ I ""--------- " ~, 1____
1920_________ 34 I 	 -- 

6, 278 1 59 98! Total or1921.________ 5,909 Hi 3039/ 07 simpl61922_________1 
4,455 I 66 I 29 Y5 il average__ 43,758 63 32 95 

VIRGINIA SOUTH OF LATITUDE 370 AND NORTH CAROLIN"\ 

1921._______ • 912 ! 31 I 76 '!'I 193L________I'912 i 42 22 64 ~~ I' 9 I 1--'---i~~====:==== l~~ I 52 27 I 7965JII Tot.fll or I
1932_________ 245 : 51 I 73 I, sim)Jlo 

I ! 
221 II a"crago__ 2, 259 I 47 22 69 

COMPARATIVE IMPORTANCE OF THE DIFFERENT PARASITES 

ATTACKING THE HESSIAN FLY 


GENERAL CONSIDERATIONS 

A total of 18 species of hymenopterous parasites have been bred from 
hessian fly pllparil1 collected at one time OJ' another in the eastern 
coastal States. Among these, nine are of major importance but the 
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rp,mainder are too scarce to be of appreciable value. The nine signifi
cant parasites include the following species: 
Serphoidea: Chalcidoidea: 

Platygaster hiemalis Forbes. Eup"lmus allynii (French). 
P. zosine Walker. 	 Merisu8 destructor (Say). 
P. 	herrickii Packard. M. febriculosus Girault. 

Tetrastichus carinatus Forbes. 
Pleurotropis metallicus (Nees). 
Eupelmella vesicularis (Retzius) . 

.Among these, the serphoids PllJ,tygaster hiemalis and P. zosine and 
the chalcidoid Eupelmus allynii by far outrank in importance the other 
parasites. P. hiemalis is of especial value because itt is the only para
site that attacks the fall generation of the fly in significant numbers, 
and because it occurs in nearly all sections of the country where the fly 
is found eX:lept in Oalifornia. P. zosine is most effective witrun the 
northeastern wheat-growing regions, while E. allynii, which competes 
closely with P. zosine even witilln 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 lvlerisus destructo1' because 
of its widespread distribution and persistent though moderate abun.d·· 
ance. Of the nine important ones, the remaining parasites are of value 
only when taken as a whole or when certain ones may occasionally 
become abundant for a season in some restricted locality. 

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

Eupelmus allynii, 7I1e7'isus destructor, and Eupelmella vesicular'is all 
deposit their eggs inSide the puparium case of the hessian fly, but out
side the fly larva, and the parasite hrva feeds by piercing the epidermis 
of the host upon which it rests and sucking out the liquefied contents. 
Tetrastichus carinatus and Pleu1'otropis metallicus, hO'wever, deposit 
their eggs witrun the body of the host, where they develop throughout 
their larval stage. The females of these two species can therefDre 
oviposit earlier in 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. 

SOURCES OF INFORMATION 

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

To obtain 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 usual manner, except for the very early 
collections which were dissected at once. Tables 2, 3, and 4 each 
shows a series of seasonal-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 localities. 

The material used as a basis for tables 5, 6, and 7 was collected 
during the 4-year period 1931-34, from 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. 
TABLE 2.-Seasonal development of hessian fly parasites, based on dissections 01 

the young host larvae and rearing from host puparia collected 1 in 1932 near Cearfoss, 
Md.; and Carlisle, Dillsburg, and York Springs, Pa. 

Parasitized 
Pamsife 

M9Y 20-25 June 24-29 J1lly 18-20 Sept. 12-15 

Platyyaster zosine______________________________________ _ 
Eupelmus allUniL _____________________________________ _ 
Mer/sUB destructor_____________________________________ _ 
Tetraslicnu8 carinatus __________________________________ _ 
:lvI. febricul08u8 ________________________________________ _ 
Eupteromalu8 fulvipes _________________________________ _
Pleuratropi8 metallicu8 __________________________________ 
Eupelmella ve8icularis _________________________________ _ 
Centrodora speci08issima _______________________________
Ditropinotus aureoviridis ________________________________ 
Undetermined chalcidoids____________________________ _ 
Hessian fly unparasitized ______________________________ _ 
Hessian fly dead, cause undetermined_________________ _Predators______________________________________________ 

Percent Percent Percent Percent 
45.75 27.30 27.SS IS. 63 
o 6.83 25.25 36.13 
o 4. in 4.00 S.OO 
o 1.90 .88 .88 
o .13 o .50 
o o .12 o 
o .27 .12 o 
o o o .12 
o 1.71 o o 
o o .12 o 
1. 00 6.40 13.00 IS. 92 

49.00 30.21 4.50 6.02 
4.25 20.14 23.00 7.14 
o .3S 1.13 2.76 

I About 200 fly forms were collected from each locality on each dato. 

TABLE 3.-Seasonal development of he3sian fly parasites, based on dissections of the 
young host larvae and on rearings from host puparia collected 1 during 1933 near 
Union lIfills, lJfd., and Carlisle, York, and A.rendtsville, Pa. 

Parasite 

Platyua8ter 20sine_______________________________________ 
Eupelmus allyniL_____________________________________
Merisus de8tructor ______________________________________ 

Tetraslichus carinat1ls___________________________________
J..I, febricu/asu8. _____________ _______________________ ____ 
Pleuratropis 771etallicus___________________________"______ 
Eupelmolla vcsicularis__________________________________ 
P. hicmalis_____________________________________________ 
Undetermined ehnlcidoids______________________________ 
Hessian fly unpnrusitizccL______________________________ 

f~~d~~~~~~_~'~~:~~_~~~~~~=:=~~~~~~~===================I 

June 9-10 

Percent 
28.46 
4.88
2.19 
.69

0 
1.12 
.16 
.27 

9.58 
16.62 

35: ~g 

Parasitized 

JulyS July 29 

Percent P"cent 
23.59 21.77 
18.23 20.961. 59 1.51 
0 .620 o0 o 
0 o 
0 o 

11.95 16.53 
5. OJ 9.71 

28.19 
30: ~ .71 

Sept. 22 

Percent 
9.71 

29.44 
3.22 
o 
.75 

o 
.15 
o 

20.24 
5.41 

29.34 
1. 74 

I An average of 173 fly forms were collected from euch locality on each dnte. 

TABLE 4.-Seasonal development of heSS1:an fly parasites, based on dissectl:ons of the 
youn!J host lanlae and rearings from host puparia collected 1 during 1934 near 
Cadisle, East Berlin, and Shermansdale, Pa. 

Parnsitized 
Parasite 

June 1 June 7 July 11 July 25 Dcc.7
--------------1-------·--------

Pacent Percent
PlatYoaster 20"i1le_ •. _. ____•_. ______ ••... _______ ••___ _ 
Eupel7llu.~ ullyniL _____ •____________________________ _ 
J..Ierisus destmetor ________•______________ •__________ _ 
Tetrastichu'l carinatu.l __________________ •_. ___________ 
:AI. febricula8us. __ •________•________ •__ •• ___________ _ 
Pleuratrapis mctallicu.,. __ •___ ._. ____ ._ •••• _______ •___ 
Eupelmella veiliclt/uris •_______ .. _______ .•••••___ •____
P. hiemulis_________________ ••______ •___ •__ •________ _ 
Pol usedis madestu.l_____ _________________• _____ •_____ . 
Choi/anel/.flt.• ,lconns________________ •_______________ _ 
Undetermined chtLlcicloids__________________________ _ 
Hessian fly unrmmsltized ______________________ •_____ 
Hessian fly dead, causo undeterminc(]______________ _Predntors___ ._______________________________________ _ 

60.55 47.11 
o .65 
o o 
4.88 3.60 
o o 
o l. 50 
o o 
o .16 
o .16 
o o 
.32 1. n5 

29.05 	 38.10 
-1. 01 0.01 
o • -18 

I About 200 fly forms were collected from each locality on ench date. 

Percent Percent Percent 
35.10 2U.83 2-1.00 
14.50 22.83 27.10 

6.67 0.17 0.83 
3.17 	 3.33 .17 
.50 .fiO .67 

o 	 .17 1.17 
,J7 : o .17 

o o o 
o o o 
.17 o o 

12.15 13.83 16.67 
0.07 5.50 3.83 

20.17 	 17.50 IS. 50 
.67 .34 .S3 
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TAllLE 5.-Percentages of the spring brood of the hessian fly parasitized by the different species of parasites prevalent in western New York O':l 

Locality Totnl E1LpeI- Pleuro "C'ndetorPlaty :I'e/rns/i 'rotalDatco! hessiun gaster ElIpei7n!lB 11Iella .MerisuB IGhUd cari tropia M . .febri ruined para ~ collection By allynii t'csic-ul- destructor 1wlu. melalli- ell/08IL8 chalciz(.sine sitization a'l'o\"D County pupnrin ods GUS doids 
-------______ -----------1------1----1----1----1----1----1----1----1----1--__1---- ;

Perce1lt 1 Percent IPercentNltlllber Percent Percrnt Perrent Percent Percent PercentHcndetta____________________ ___________________",[onro~ Oct. 28, 1931 500 2·1. 20 17.00 0.00 1.00 0.20 1.00 0.80 ~2.20 74.20Bnta\. ia______________________ Ocnesseo.. ____ .. ____________ ._ . __ <10 ________ 250 14. 00 2+.40 O. 80 L 6lI 2. 63 2.00 0 21.20 72.63Bnth_________________________ Stouben___________________ ~ 
Oct. 20, 1932 38 21.05 18.42 5.~71 5.20 2.63 2.03 0 21.05 7u.31Pony Hollo\,'_.________ •_____ 'l'olnpkins______________ ._ I:;:;jSOllt. 10 1932 183 18.03 14.21 8. (4 3.831 5. -l7 0 0 35.52 85.80Jacksonyi!lo_________________ . . ____ do . ____ . _______________ Oct. 20,1932 1.10 31. 33 lB. 07 2.00 1.33 .07 .00 1. 09 30.67 86.42Henrietta____________________ Monroe________ .._________ Oct. 22,1032 200 20.50 30.50 3.00 1.50 .50 .60 .50 27.50 00.50 ~ I~~~~ge~=======::::=:::I::::::::::::::::::::::::::::I:::::::::::::::1---- ~~~:~-I-- --22~52-,----2ii~ii3 -1- - - - -.~~,jii -1-- -- -f 52-1-- ---2~ii2-1-- -- -i~iii-I------~4ii -1- - - -2ii~iiii-I-- ---8o~ii8 

~ 
'" 00 

TABLE 5.-Percentages of the spring brood of the hessian fly 1Jarositized by (lifferent species of lJUrasites prevalent in Pennsylvania, ~Maryland, '" and paris of Virginia 
~ 

;:1 
Locality EUPfl- UndeterPlaty :MeriSllsl ]1,(. felJTi-1 Tetra.Ii-1 Pleu~o- Total rnDateo! Pllpnrla \EUPel11luS ,nsier 11Iclla mined

de&truc/or I clllo.UB chus cari- tropls llarasiti
'rown ('ounty and Rtnto eU.! laris doids 

collection allyn;; 
ZO!ti'tIC natus 11Ietal/i- resicu chaici zation 

1----1----1----1----1----1----1----1----'----
Number Perrent Percent IPercent Pacent Percent Percent Percent Percent Percent ! 

Jersey Shoro_______________ Lycoming, pa_______________ 1Oct. 2.,1932 200 21.00 43.50 0 0.50 3.00 1.00 0 . .10 22.50 P2.00Butler_____________________ Buller, 1'3 ________________ ._ Ko\". 10,1032 o200 22.50 28.50 4.50 0 .W .50 () H.50 7J.00 hjRut! Crerk.________________ Greene, Pa._____________ ._._ Nov. 15,1032 200 33.00 0.00 ".00 0 0 1. 00 1.00 20.00 7.5.00Shelocta____________________ Indian... Fll .••______________ NOY.17.19:12 200 32. [to 12.50 6.foO .50 0 0 0 23.00 75.00 \>Fleming___________________ C~ntcr, pn __________________ \ feh. 15,10a'1 Jiii 2,5.48 5.73 1. 28 1.91 0 1. 01 0 10.n 55. -!2Shcrmansdllle______________ Perry, Pa _______________ . ___ 1Ilar. 16,19a·\ InO 28.67 13.34 2.67 .06 0 0 0 18.06 &1.00Cenrfoss____________________ WIlSlllnqtOIl,Md ____________ Sept. 12,19021 198 '10.40 3.03 9.60 0 2.0:l 0 0 10.19 SO. 30 ~ 
Frederick. _________________ Froder:ck, Md______________ 1Sept. 13,1932 IUS 37.3, 8.08 4.55 2.02 .51 0 0 18.18 70.71Uuion Mills________________ , Carroll, Md_________________ :;CpL. 22.1933 liO H.II 11.18 1. 7S .59 0 0 .59 28.24 57. on
Hagerstown..______________ ! Washington, Md ____________ l Mar. 15,1034 200 32 . .10 13.00 4.00 1.00 .50 0 0 20.00 80.00 ~ 

q 

~ 
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Frederick•••••••••••••.. --'j l'rcdcrick, llId· ..•..••..····I·····dO........! 200 33.00 I 13.50 3. r.o 1 • r.o 0 0 0 25.00 75.50 

W,OOdstOCk••.••.•.•. """" Shennndonh, V,n•..•.•.•.•••. Sept. 22,10:12 200 aO.50 II. 50 U. W • IiO 0 0 [) 27.00 74.00 
l\l!ddlcburg•••..•.. _ --•• T.oudon, yo ................. Ooc. 5,1[132 111 :11.51 2.iO a.lll 0 0 0 0 10.82 57.64 

FnirtielcL.......... - ..••• Hockbritl!!c, \·11··········· •.1Sept. 22, JU:l2 2nO !lUO 12.00 S.1iO 0 0 0 0 19.00 71.00 

MunnSSl\s._............... ; l'rinco Williolll, '·IL......... NO\·.20,1933 flOO 21.20 n.oo 8.·JO 1.00 0 0 0 3;;.20 74.80 

Leosburg··....••••....••••· r Loudon, Vtl. ••.• _...... __ • __ ,_ .•••do,.... .• 105 22,85 22.80 1.01 3.8J 0 0 0 20.05 72.38 

, I I ---'------.-___________________ ~ 
'lotnL ........ --- ... ,' .............................. '............... 3, J89 L .................... _._ ...... _.. _ .._.. . .. _._.__ ...__.__ ... __..____ .. _..___ ..______.__._. 

A\·crugo... __ .... --.-. ~·---·---·--··· .. •....··---..-i--·..--.....--- ..-··--·--1 20.23 13.21 4.71 .81 .41 .28 .13 22.83 71. 61 ~ 

~ en 
oTABLE 7.-Pcrccnlagcs of the spring brood 0/ the 7wssian fly 7m1'asitizecl by the different .~pecie8 o/lJarasites prevalent in Abingdon in southern b:j

Virginia and in paris of North Carolina 

~ J.ocnlity !;j 

DnteoC PlIparin IEI/pelmua , Tetra"Ii., Cent/ o· Total
Platy. l:ndeter

{'olleet:t)1I collr~ted al/Ullii gaster 1I[eri,'u8 , M. febri.' p. zo~ine chll.• cari- d.or~ .'pe- minod PiTo\\'o parasltl·Couuty and ~tute IIcrrickii desll uctor CUIOtlJ.S flUtU8 ClOt"~'Ult1Tla chalci· !;j
zation endoids 

1---·--- Nlw':;l Prrcflll --;;;;;;; Pacelit Percept ---;;;;:;; -;;;:;;:; PC/CEIlt Percent Pcrcelli ~ 
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PLATYGASTER ZOSINE 

Platygaster eosine is an internal, primary parasite of the hessian fly. 
It 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 usually completed by the end of September, but with rare excep
tions the adults remain within their cocoons until the following spring. 
The insect is polyembl'yonic, and from 2 to 12 embryos may develop 
from a single egg, with an average of 8 per host reaching final develop
ment. 

In the course of tbe season it is subject to mtlwr 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 developing 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 chalcidoid 
inside the same host larva with dead and liquifying z08ine larvae; or 
to find the larva of an external feerler such as Eupelmus allynii attached 
to the outside of a host larva already parasitized by zosine, the larvae 
of which have been fata,l1y affected by this external feeder, 

The oviposition period of Platygaster eosine is limited to the com
parativel,v 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 d1illcidoids as 
the season progresses increasingly obscures the effectiveness of the 
former. Evidence of this substitution is given in ta,bles 2, 3, and 4, 
in which the percentage of parasitization by P. zosine decreases as the 
percentage of chalcidoid 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 reduc
tion from 60.55 percent to 24.00 percent, less than 1m1£. 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 .Tune 1 through June 7, July 1], July 25, and 
December 7. 

In spite of this heavy mortality Plaiygaster zosine has maintained 
its abundance of population. l\fany factoo have probably con
tributed to this, among which should be noted a bit:~h potential rate 
of reproduction, polyembryonic development, und Lile habit. of ~t
tacking the host during a most vulnerable stage of the latter's hfe hIS
tory, In further m ..-planation of the last-mentioned factor it should 
be noted that by ovipositiIl,2 into the egg stage of its host P. zosine 
is able to parasitize many fly larvae that finally become locn.ted in 
positions ina,ccessible to the chalcidoids, such us in stem bases below 
the soil line, or the inner sides of close-standing tillers. 

In order to make a fair comparison between Platygaster zosine and 
its closest competitor, Eupelmus all1lnii, considera,tion should be 
given to tbeir respective seasonal histories. P. zosine attains its 
maximum parasitization 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, E. allynii, which passes through more 
than one generation and attacks the later stages of the host, does 
not reach its maximum parasitization until the end of the season. 
Consequently, 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 year for E. 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 
{Lllynii at the end of the season. In 1932 (table 2) this amounted to 
a 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. allynii ever found by the writers amounted to not more tuan 
48 percent, in a collection of 110 hessian fly puparia made at York, 
Pa., September 22, 1933. Much higher parasitization by P. zosine 
is not uncommon, and an examination of hessian fly larvae collected 
May 19, 1919, in a wheat field at ::Mount Holly Springs, Pa., showed 
85 percent of them attacked by this species. Other instances have 
been recorded 3 where hessian flies from different fields in Pennsyl
vania and Maryland have been parasitized by zosine to the extent of 
51.00, 57.55, 76.09, and 79.31 percent. In general the data show 
that P. zosine usually takes a larger toll of hosts than does E. allllnii 
in the northern and central remons under discussion, and for that 
reason may be considered the~ more valuable within these areas. 
Furthermore, P. zosine does not have the dp,fect of acting as a hyper
parasite upon occasion, as do E. allynii and most of the other 
chalcidoids. 

Platygaster zosine show-ed an average parasitization of 22.52 per
cent in western X ew York, 13.21 percent in Pennsylvania, 1farvhllld, 
and part of Virginia, and only 0.21 percent in southern Virginia and 
parts of North Ca,rolina (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 pamsitization by P. zosine 
had been obliterated, and the figures do not represent the full extent 
of its activity. They are valuable, however, for compaTing the 
abundance of P. zosine in the three regions represented. .As will be 
seen, this was greatest in New York and insignificant in southern 
Virginia and North Carolina. 

Notwithstandjng many factors of influence. both unfavorable and 
favorable, for the continued existence of this parasite, and also 
in spite of Jregional fluctuations in host density, Platygaster zosine 
has maintained within the arens of its normal distribution a status 
of equilibrium that has shown no definite trends of either decrease 
or increase in the percentage of hosts attacked during the years from 
1915 to 1934. 

EUPELMUS ALLYNll 

Eupelmus allynii is a solitary, external parllsite of the hessian fly 
but is not specific to it. It Qyiposits into the host puparium, is 

'HILL, C. C. :PLA~TGA~TER VEltNALlS MTEltS, AN mpORTANT l'AI1ASITE OF THE 1lE!;~IAN TL'. Jour. 
Agr. Research 2.5: 31-42. ilIus. 1923. 
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monembryonic, and. hibernates in the larval stage within the puparium 
of the host. It passes through more 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 seen that during 
June a very low percentage of hosts are parnsitized by it. This num
ber increases rapidly during July and renches its maximum amount by 
the end of the senson. 

The full value of Eupelmus allynii was not recognized prior to the 
application of in1proved technique in 1931, and from the standpoint of 
the country as a ·whole it ma,y prove to be the most "aluable of the 
parasites because of its ·wide distribution and consistently high rate 
of parasitizf1tion. 

The different rates of pamsitizaiion by Ellpl'l1i11lS allynii in each of 
the three sections of the country under study are shown in tables 5, 6, 
and 7. These a:veraged 20.63 percent in New York State (table 5), 
29.23 iu Pennsylvf1nia, l'Ifiryland, and part of Virginia (table 6), and 
19.43 percent in southern Virginia aud part of North Carolina (table 
7). In these tables 26 localities are representeel, and the muge of 
parasitization was between a maximum of 46.46 percent at Cea,rioss, 
l\Jd., and a minimum of 14.21 in Tom.pkins County, N. Y., with the 
one exceptioT.! of the unusually low pal'llsitizf1tion of 4.50 percent 
which occurred at Randolph, N. C. 

In cases of multiple pamsitism with other hessian fly parasites, 
Eupelmus allynii has been found to haye survi"ed at the e:-..-pense of six 
other species, including Platygaster zosine, Tetrast1'chus ca1'7:natus, 
Pleurotropis metallicus, Jler'islLs destructor, Ditropinotus aureoviridis, 
and Eurytorna sp. 

PLATYGASTER HERIUCKII 

Platygaste7' hl'7Tickii is a. solitm':--, internal, primary pamsite of the 
hessian fly. It emerges in the spring, oviposits into thc eggs of the 
hessian fly as does P. zosine, Imd passes through one genem tion a. year. 
It hibernates as an adult within its cocoon inside the hessian fly 
puparillm. 

Its eifecti"e range in the eastern constal States is limited to regions 
south of latitude 37°. Within its range it is particularly importf1nt 
b.ecause, by its habit of attaeking the host in the egg stage, it par
tIally compensates for the sca,rcity of Pla,tygastl'l' zosine and, like the 
latter, usefully supplements the -work of the pamsites that attack only 
the later stages of the host. 

Like Platygaster zosine, it suffers n 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 shm\'ing the percentages of hosts pamsi
tizecl by P. herriclcii are therefore mislending unless the fnctor -of 
mortality is taken into consideration, because all the collections upon 
whICh they wer'C' bflsed were made nt the end of the season, as shown 
by the dates in the table. The abseuce of herl'iclcii from both of the 
Da.vielson County samples WfiS probn bly clue t{) hyperpa.rasitization, 
as there is no reason to believe that this pfI,rasite does not occm' in 
normal nbundance in thnt county. The high showing of 22 percent in 
rea,rings from Ashboro, Raudolph County, ma,y have been due to the 
scarcity of chalcieloid hyperpfirnsitism. It will be obser"ed 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, respecth-ely, in the other rearings. 
The .record from Abingdon, Va., showed only 1 peli:ent of hosts in
fested by herrickii, but material from eXllctly the same location, taken 

~ eurly in the season before hyperparasitism had begtlll, showed evidence 
of a 20-percent parasitization by this species. The high mortality it 
undergoes is a more serious handicap to herrickii than to zosine owing 
to the solitary parasitic habit of the former as compared to the poly
embryonic development of the latter. 

Comparing Platygaster herl'ickii with Eupelmlls allynii (tahle 7), 
in three out of four reaTings E. allynii far outranked P. hel'7'1'ckii in 
number of hosts occupied by the enel of the season. This hardier 
survival giyes E. allY7lii a numerical adyantage over P. herrickii 
which would promise grenter reliability from season to season. 

Tn most of the reanngs sho\v11 III table 7 PlatYf]astel' herrickii eyen 
appears to be eclipsed by Jfer-i81ls destructor, but hl consideration of 
the high potentiality hel'rickii shows eally ll1 the season jt would 
seem best to recognize her-rickii as the more yaluable parasite of the 
two in these southern localities. 

It is apparent, from its much lower axernge percentage of abund
ance, that Platyga.~ter lterrickii does not elltirC'iy compensate in efl'ec
tiveness for the sC!ll'city of P. zosine in the southern area, for it parasi
tized only 5.75 percent of thc spring brooll of the hessian fly in the 
southern area, whereas P. sosine parttsitizecl 1B.21 percent in the 
central area (table 6) and 22.52 percent in 'western X ew York (Utble 5). 
This difference may also partiully account for the lower mOl tJ.lity of 
the hessian fly in the South as compared to tlmt in the more northern 
regions. As has been pointed out (table 1), tbis amounted to an 
!1llllual ayernge of 69 percent in the southern as compared to 95 per
cent in the central area and 88 percent in the llortilerll area. 

lIIERISUS DESTRUCTOR 

j'.1el'isus destructor is a solitary, extunal, primary chalcidoid parasite 
of habits similar to those of EllpelmuR all!lrtii, and it is found attiLck
in~ the hessian fly throughout the In.tter's Tange of distribution in 
this cowltry. In Pt'nnsylyunin und ~rnryln,nd (tables 2 to 4) it 
begins actively to purasitize its hosts shortly beforc the mid(lie of 
June, increases in numbers during the season, and reaches its maxi
mum abundallce by S('ptember. It pnsses the winter as fL mature 
larva \\ithin the host pupariulll us does Ellpeluws aZZynii. 

In X cw York Stl1te (table 5) it was exceeded in ahundance by three 
other parasites, PlatYf](lster zosine, Eupelm1ls allynii, and EllpelmellCL 
?:esicularis, and its ll\-ertlge parusitization came to 2.52 percent. In 
the central and soutlH'l'll m'eas (tables 6 and 7), however, it reached 
third in nbundance, with ilyerflges of 4.71 and 5.27 pereent, respec
tively. Its maximum nlllount in anyone locality came to 9.60 per
cent in a sample collected at Cearfoss, 1ld., shown in table 6. 

MERISUS FEBRrCULOSUS 

j11erisus febl"icllloS1lS, like AI. destructor, is fl, solitury, external, 
primary, chalcicloicl pUI'asite of the hessian By. As will be seen from 
the seasonal history tables 2 to 4, it is seldom found attacking the 
fly prior to the month of June. Among the pnrllsites of the spring 



12 TECHNICAL BULLETIN 689, U. S. DEPT. OF AGRICULTURE 

generation of the fly it ranlwd seventh in importance in New York 
State (table 5), being exceeded in abundance by Eupelmella vesicularis, 
M. destructor, Tetrastichus carinatus, and Pleurotl'opis metallicus, as 
well as by Platygaster zosine and Eupelmus allynii. In the central 
and southern areas., .,hown in tables 6 and 7, it ranked fourth in 
importance. 

TETRASTICHUS CARINATUS AND PLEUROTROPIS METALLICUS 

Both Tetrastichus cal'inat~ls and Pleurotropis metall-icus belong to 
the Chalcidoidea, and are solitary, internal, primary parasites of the 
hessian fly ~ The mature larvae of both these species are cha,mcter
ized by compl1l':1tively heavy, curved mandibles, and the first-instal' 
larva of metallicus is el1sily dIstinguished by a caudal star-shaped, 
flexible, prehensile appl1rfLtus not found on that of carinatus. Both 
attack the hessian fly earlier in the season than do the other chalci
doids, and prefer to lay theIr eggs l1l the host larvl1e prior to the 
formation of pupal'ia. Sometimes, late in the summer, T. carinatus 
de7elops 11 second generation that attacks a summer or early-fall 
genemtion of the hessian fly in vohmteer wheat. In New York 
(table 5) ar:d in the central area of Pennsylvania, Maryland, and 
parts of Virginia (table 6) carinatus mnked fifth and metallicus sixth 
in abundance. In t11e southern area of Virginia, shown 111 table 7, 
carinatus ranked sIxth among the parl1sites, but metallicus occurs only 
rarely in southern Virginia and has never been taJcen in North 0111'0

lina. 
EUPELMELLA VESICULARIS 

Eupelmella vesiC~llal'is is a chalcidoid characterized by its abortive 
wings bent nel1r their middle I1nd by the brownish-black to cupreous 
tinge of the body. It is an extemal feeder with habits and nature 
somewhl1t like those of Eupelmus allynii and has been reared from a 
var:ety of hosts besides the hessian fly. It reaches its maximum 
parasitization by the end of the season. Although it has n wide dis
tribution, it is most effective as n, pamsite of the hessian fly in regions 
north of Pennsylvania. Southward H becomes scarcer and in the 
eastern coastal States it has not beon collected farther south than 
Wythe County, Va. n mnked third in importance in New York, 
with an average parasitizl1tion of 5.40 percent, (table 5), which was 
more thl1n twice that of k£el'isus destructor in that I1rel1. In the col
lection made I1t Pony Hollow, in Tompkins County, N. Y., it had 
parasitized 8.74 percent of the hessil1n fly. In the central area 
(table 6) it dropped to seventh pIa.ce in importance, and was unrepre
sented from all the localities south of Union Mills, Md. 

PARASITES OF LESSER IMPORTANCE 

Among the rarer pn,l'llsites that attack the hessian fly in the wheat
growing districts of the eastern coastal States are the following chal
cidoids: Eupteromal1Ls j7l11'ipes (Forbes), which commonly fissumes a 
subr.pterous form find 'which resembles Eupelmus allynii in its habits; 
}.lerisus mordellistenae Girault, in habits and appearance much like Ai. 
febriculos~lS; Oheiloneurus elegans (Dalman), which is an internal 
parn.site with a range from Lake Ontario on the north to Frederick 
County, Va., on the south; Polyscelis modestus Gahan, another ordi
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narily 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 puparia near 
Carlisle and Mount Holly Springs in. Cumberland County, Pa.; 
Oallitula bicolor Spinola, a solitnry, external parasite of wide distribu
tion, and a common parasite on Diptera of the genera Oscinella and 
Ohlorops in Europe; Oentrodora speciosissima Girault, the smallest 
in size of the chalcidoid hessian fly parasites, gregarious \vithin its 
host, and widely distributed through the wheat-gro-:;;ng districts of 
the Northeastern States west of the Hudson River; Ditropinotus 
aureoviridis Crawford, which is a primary parasite of Hm'molita; and 
two parasites, Tumidiscapus fiavus Girault and Decatoma amster
damensis Girault, whose attacks occm too rarely to be considered 
more than cases of incidental parasitism. 

PARASITES OF THE ST.I,AWRENCE PLAIN IN NEW YORK 

The fauna in the St. Lawrence Plain is distinctly different from that 
farther south and for this reason data from collections made within 
this district have been scgregatecland presented in ta,ble 8. The col
le'!tions taken in 1018 were from Theresa and Evans Mills in Jefferson 
County, N. Y. Those in 1932 were taken from 11annsville, farther 
south in the same county. 

It will be observed that both Plat]fgastel' zosine and P. hiemalis 
were present, but only in insignificant numbers; that Eupelmus allynii 
was much less abundant than -farther south; that in Evans Mills and 
Theresa }.lerisus febl'iculoSl1,S and Pleu1'otl'opis metallicus assumed more 
important roles than in the more southl'l'll regions; and that in the 
collections made at Mannsville Tetrasfichus 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 
generation 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 si.~ adults develop in a single host. 
Diapause occurs at an advanced embryonic stage of growth, in which 
stage the parasite normally hibernates. P. hiemalis embryos of this 
sort may be found throu'ghout the year, but as a rule growth is 
resumed early in the spring. In castern Pennsylvania pupation 
reaches its peak during the middle of August, and adults nre formed 
within their cocoons in maximum numbers by the lat,ter part of that 
month. Occasional ndults may be found abroad in wheatfields during 
most of the summer, but the peak of emergence is reached a1;out the 
last of September, in time to catch th.e major wave of fall oviposition 
by the hessian fly. 

In northern New York, contrary to its usual habits, Plat]fgaster 
hiemalis commonlv parasitizes the spring generation of the hessian 
fly, and it hus been O('('llsionl111y reared from the spring generation in 
other parts of the East. 

• 
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TABLE 8.-Percentages of the hessian fly parasitized by the different species of parasites prevalent in the St. Lawrence Plain in P-' 
.reffcrson County, N. Y. t-f::o. 

Platy . M. (PI'Ob'/ Pleu~o· Eupel UndeterTetra .'fensus ably) tropls Eltpet- Eltpte Dead Total ~ Locality Yenr Puparin gaster P. zosine I StichU8 metln :Af. des mined
febrien· I febriclt- m.ctal- 7nt£8 romallts l'lnt)' parasitvesiClL· tructorhiemalis carinatus chnleliO.'lts iosltS I,eus allvnii iaris fulvilJe8 doids gasters ization ~ 
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Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent Percent:Evuns :MiJlS___________ / 1918 0.65 0.43 ·1.74 0 5.00 6.04 ~ Thoresa _______________ IN."~; IP'1% 0.86 2.59 0 34.48 0 56.471918 124 2.42 0 1.61 12.90 0 9.68 6.45lIfannsville____________ 7.26 .81 .81 40.32 0 82.26H}32 100 0 0 34.00 2.00 0 3.00 4.00 0 2.00 0 tdBrownville____________ 28.00 0 73.001935 205 2.93 3.90 .49 0 8.29 22.44 12.69 5.85 q0 0 19.03 .98 76.60 
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This parasite is of economic importance, not only because it is theprincipal parasite in this country to attack the fall generation of thehessian fly, but because of its wide distribution through all regionswhere the fly occurs except California. Efforts are now being madeto establish it in that State. As may be seen in table 9, in the areasunder study it does its most effective work in the wheat-gro,vingdistricts of western New York, being about half as effective in thecentral area and much less effective in North Carolina.. 

TABLI:: 9.-Pm'centages of larvae and 7lU7)(t1'ia of the fall genemtion of the hessian.fly parasitized by Platygaster hiemalis in the Allant·ic States 

Region Years ParasitizaSnmpl~s I Hosts tionrepresented 

l\'u11lber Sumber 1-£,-T
U

-7II-he-r-I--B-.-rc-en-t

~:;~;;~~~~iii;~iaryj,1ii(CDejii\~,aj.e:'an(fVi;'?iniii~::::: 79 2,796 43
North Carolinn,_rr__ r>___rr_rr__ rr_TTrr_______ rrrr__ rrl i~ I 1, 081 I· 59. 0789 I 22

28 ~07 8 

SUMMARY 

Investigations conducted over a number of years showed that thespring generation of the hessian fly tmdergoes an average annualparasitization of about 62 percent in the Wheat-growing districts ofwestern New York; 63 percent in those of Pennsylvania, :Maryland,and part of Virginia; and 47 percent in southern Virginia and NorthCarolina. These figures represent about two-thirds of the totalmortality of the spring brood from all causes in each of the three areasmentioned. The lower mortality in southern Virginia and NorthCarolina may be partly attributed t.o the lesser abundance of thechalcidoid parasite Eupelmus allynii and the pnlctical absence of theserphoid parasite Platygaster sosine.
In all, 18 species of hymenopterous parasites haye been foundparasitizing the hessian fly in the wheat-growing areas of the easterncoastal States. By fur the most important among tlJese were theserpboids Platygaster hiemalis and P. zosine, and the chalcidoidEupelmus allynii. Other pamsites of varying importance wereP. herrickii, 31.erisus destructor, l11,jebr'iculoS71,S, Tetmslich'lls ca7'inat~ls,Pleuroiropis metallicus, and E71pelmella vesicula7'is. The remainingspecies were of insignificant value.
Platllgaster hiemalis is of special value because it is the prineipalparasite that attacks the fall generation of t.he hessian fly, nnd becnuseit has a. wide distribution. The average annual parasitization by thisspecies amounted to 43 percent in New York, 22 peJ'C.ent in Pennsylvania, 11a.ryland, and Virginia, and 8 percent in North Carolina. Itwas found to parasitize to a slight extent the spring generation of thehessian :fly in the St. Lawl'ence Plain in Jefferson County, N. Y. 
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