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l,iological tontrol 


of INSECT PESTS 

in the Continental United States! 

~ 

.;; 

• 
By C. P. Clausen 2 

'. 

Most of our major inse;;.t pests of agricultural crops today are of 
foreign origin, having entered the United StatE',s through various trade 
channels since colonial days. The great expansion of international 
trade in recent times and the greater speed of transpor~ation have 
increased the opportunity for insect pests to move from one country 
to another. Once they are established these pests are generally more 
destructive in the new environment than in the countries of origin. 
This condition may be attributed to several factors, one of which is 
the absence of natural enemies. Often the natural enemies did not 
enter the country with their hosts, and consequently the latter were 
able to increase to a far greater extent than in the countries of origin. 

The objective of the biological control work herein reported was 
to import parasites and predators from abroad, establish them through
out the range of each insect pest in the United States, and thus reduce 
the hosts to the approximtLte level that occurs in the countries of 
ongm. Often this level is not below that at which injury to crops is 
inflicted and then other methods of control rr.ta,y be required, though 
possibly on a reduced scale. Occasionally the results of these parasite 
introductions are so great as to reduce the insect pests below the level 
of economic injury, and thus large savings may be effected each year 
through completely .eliminating the need for spraying, fumigation, 
or other chemical control measures. 

The first inteutional importation of an insect enemy of a crop pest 
into the United States was that of Apanteles glomeratus, a parasite 
of the larvae of the imported cabbageworm, which became established 
as a result of shipments received from England in 1884. However, 
the real beginning of sustained biological control work dates from 
1888, when .Albert Koebele was sent to Australia by the United States 
Department of Agriculture to obtain natural enemies of the cottony
cushion scale. The spectacular success of this venture was followed 
by almost continuous work to the present day in the importation of 
beneficial insects for use against many crop pests. 

1 Snbmitted for publication August 5, 1955. 

• 
2 Formerly entomologist in charge, Division of Foreign Parasite Introduction, 

Bureau of Entomology and Plant Quarantine, Agricultural Research Adminis
tration, United States Department of Agriculture; now chairman, Department of 
Biological Control, Un;yersity of California. 

1 



2 TECIL"ICAL BULLETIN 1139, U. S. DEPT. OF AGRICUVrURE 

This account of biological control efforts in the continental United 
States is believcd to be reasonably complete up to 1950 insofar as the 
record of importations and cstu,blislunents is concerned. The final 
results on a number of field projects cannot be given at this time 
because the parasite-distribution llnd the importation programs have 
not beC!} completed. 

WORLDWIDE SEARCH FOR EFFECTIVE NATURAL 
ENEMIES 

The entomological explorers for ovcr 60 years lu1YC combed practi 
cally cvcry countr~7 in t.hcTempt'ratc, Subtropical, and Tropical 
Zones for effpctivc pn,rnsites and prt'dators to control the pests attack
ing our agricultural crops. The 95 spt'cies of imported parusitt's and 
predators now estn,blished in tIl(' C'ontillt'ntlll Unil('d Statt"s have comt' 
from many parts of tht' world, as shown ill figuJ'(' 1. The)' and their 
hosts are listed ill table 1. 

As cxpt'ctcd, most of the sllc('.('ssful imporlations JULYt' Iwen from 
temperate areas, fLnd by far thc largest number have bet'll from con
tinental Europe. .MallY of our major' lwsts havt' come from there. 
The 42 specit's of t'stablislwd parasitt's from that rt'gion are ust'd mainly 
in large-scale and pl'Olong('(1 wod\: t.o combat the gypsy moth, tll(' 
b!'owntail moth, and other.' forest insects, the European corn borel', 
and the alfalfa wet'vil. Allskalia is reprt'seH ted by 13 species and 
South Africa by 10, all bt'ing parasites or pr'C'Clators of scalt' inst'cts 
and mealybugs for use in California,. It, is noteworthy tilfi.t rdativd.r 
few ha\Tc come from South America, and as of 1953 none have come 
from India or the .i\Jnlayan region. 

Among the 95 speci('s that ar'p her(' recorded as pstn,blished, 81 ar(' 
parasitic in habit and 14 predaceous. Of the pal'flsites, 32 species 
belong to the hymenoplt'rous fnmilit's Encyrtidae and Eulophidae 
(Aphclinimw), and tht'y art' used mainly for seale insect and mealy
bug control in Califol'nin .. Of the 15 specit's of Tnchinidae, 9 are uti 
lized in the control of forest and shade-tree insects. 

Any list, such as that givt'n in tabh' 1, cannot be considered com
plete on any particular date, as species believed to bt' well established 
have disappeared n.ftt'r a period of years; on the other hanel, SOl1l(' 

specit's not believ('(l establislll'd have pt'r'sisted and nppt'nrpd in rc
covery collections many years later'. 

For example, Rodoz,zn koebelei (01.) from Austrn.lia was colonized in 
infestations of cottony-cushion scale in California in 1891, and was 
distributed through field-collected material during the following 6 
years; yet it later disappem·ec!. rhilocor?J,s sirnilis Rossi, the pl'('(ln.tor 
of the white peach scule (P8eudnulacnspis peningonn (Targ.)) and of 
tilC San Josc scale (Aspi<iiotU8 perniciosu8 Comst.), imported from 
Japan in 1901 and 1902 and extensively colonized in Gt'orgia, showed 
a marked increasc the following yen.I' n,nd was still common in 1905, 
but eventulllly died out. Likewise Lixophngn clintmeae, the parasite 
of the suga,rctllJe bore I', persisted in Louisiana for at least 5 yel1,rs after 
completion of the colonization program, but each year the number of 
recoveries declined and it finally disappeared. It is therefor'e possiblt' 
that. somt' of t]l(' species inclucll'd in the present list, particuln.rly those 
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TABLE I.-Imported parasites and predators (listed under host) 8uccessfully established in the continental United States, ~ 

country of origin, and date of importation, 1875-1.951 

~ 
Host and parasite or predator 	 Country of origin Date of importation 

.------------
Antonina graminis CMask.) (Rhodes-grll.Ss scalc) : 

Anagyrus antoninac Timb_____________________ . ___ .. _ _ _ _ _ _ _ __ 	 HawaiL _______________________ _ 1949. I
Aonidiella allrantii (Musk.) (Culifornia, red scale): 

Aphytis "A" 1__________________________________________ .. 	South China_____ . _____________ _ 1947.Comperiella bifascl:ata How. (red scale strain) _______________________ do_________________"_ ______ _ ] 941. Cy1)ocephaZlls sp __________________________________________ • _____do_________ .. _______________ _ 
1932-33. !Habrolepis rOl/xi Comp_____ __ _ _ _ _ _ _ _ _ _ _ _ ___ _ _ _ _ _ _____ _ _ _ _ _ _ 	 South Africa.. ____ ._ 1937. 	 1-3

Lfndorlts lophantac (Blaisci.).________ _______ _____ .. ________ 	 Australia ____________________ _ 1891-92. 	 ZOrcus chalybclls (Boisel.) _-- -- ___ ---- _-- _-- . __ _ . _________ 1_____ rlo___ - - - -- - - -- - ___ - - ______ _ 1892. .....Prospaliella, pcrnicios'i Tower (red scale strain) ______ '" .. ___ .. _ _ _ 	 Formosa_ _ _ _ _ __ _ _ _ _ _ _______ _ ] 9,19. 	 ..... 
Aonidiella cilrina (Coq.) (yellow scale): 	 CoO 

Comperie/{a bifasciata Ifow ________________ _ Japan______ _ 	 ~<O19HH 7, 1922-24. 
Aphiciidae:

Leis dl:midiala 15-spilota. (Hope) _________ _ South China __ ] 924. ~ 
Aspidiot1tS dc,~lruclor Sign. (coconut scale): ~Azya trinitat-is MshlL ___ • ____________ . __ _ 	 Puerto Hico __ _____ . _ _ _ _ _ _ _ _ _ _I ] 938. 

Trinidad-: ________ . ___________ ]936. t;:;Cryplognatha nodieeps i\·f8hlL _____ • ________ _ 	 t'j- - -,{Puerto RICO __________ .. ____ • _ _ _ _ 1938. 
A1lioserica castanea (Arrow) (Asiatic garelen beetlc): ~ Tiphia asericac A. & L___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _.. KoreH. __ _ ]927-32.
CeropZasles cirripediformis Comst. (ba\'llaele scale): ~ Sculellisllt cyanea Nfots. _____________ . __ . ___ _ ItaJy_._ 	 J 895-98. >Cnidocam.paJla.vcscens (Wlkr.) (oricntal moth): G:lChaetexorislajavan(tB. &B __ • ___________ ._. .Japan __ 	 =:d1929-30. 	 ....Coleophora laricella (Hbn.) (Inrch casebcarer): 

Agalh:is pUll/iUs (,Rntz.) __ • ______________ _ . _, Allst~!:l, England, Hollllnd ____ .... _( 193;-3!.
I{Austll'L. -- ___ - ..... ___ .. _... _____ . _ _ 193_-3:J.Chl'ysocharis Zaricinellae (Ratz.) __________ ._ --- England_____ . __ ._______ 1936. 

Diatraea saccharalis (F.) (sugarclllle borer); 
t;! 
I 

Agalhis s/1'gmatcrlls (Cress.) ___ ........ _.. __ .~ ..... .. " ... _ .... ,{Argen~!na--.. _ ------------11929-30. 

I Peru C.)---- _______________ 1.932. 

http:Rhodes-grll.Ss


• • 
JAxophaga diatracat) (TnR.) 

Pa.ralhercsia clan:paI1)is (v. d. ,y.) _______ .... _...... __ 

1)/:1)1'ion (GUpinia.) hercyniae (11 tg.) (Emopean spruce sawny):
Dahlbomin1ts Juscipcnnis (Zctt.) ______ ••••• _____ .. _ . _ . _ _ 

Etirlla. zinckenella. (Treit.) (lima-be:tn pod borer): 

Cuba, Puerto llico _____ . _.' 

Argentina ________________ ---- 
. --. Peru ________________________ _{ 

.. __ _ Europe l \'in Canadn) - - • - _ - - _ 

Bl'Ucon 1)iger "'esm __ . _ . ___________ • ___ .' , .. __ • ____ • ____ Franee___ -_ -.- - •___ ... __ - -.--
Ghelon1ls inanitlls (1,.) __ . __ •• ___ ••• ___ • __________________ • ____ do __ . ______ .. __ •. 
Pha.ncrololllaplaniJrol/8 (Nees). _________ . __ •. ____ - .•• __ • __ Hungary____ . __ . _____ . ______ _ 

ForJiC1lla a.1triclilaria L. (European earwig):
Bigonichela setipcnm:s (I?:lll.) _ __ _ __ _ __ __ _ _ _. _ _ _, Frnnee, Englnnd, !tilly- -- - - - - -. - J 

Galerllcella xanthQlI/elaena (Sehr.) (elm lellf beetle): \ 

Erynnia nilida R.-D __ ~ . _. _________________ . ________ ... _' _:{~t:~~;;~~== =~ :==~:~ ==: _::: ===== === 
Ompholilha. molesla. (Busck) (orientlLI fruit moth): 

Agalhl:S diversu.~. (l'.{lles.)_._. ____ .--- --- --. -- .. _ _ _ _ _ _ --- --- .I,lIlPlUl--- -. --,. .-- . -... -.--
}/clerarlhru.s nemoro./u.s (Fall.) (hirch leaf-mining sawfly.):

Chrysocharis iaricinellac (Ratz.) _________ •• ______ • _______ ,. ___ ,. AustrilL______ - _. __ _ 
Plwllol/lcris phlll/otoll/o," 1'l1ue5__ ... _____________ ._. ______________ do__________________ • __ -_ 

HIJJlcra. poslica (Gyl1.) (alfalfa weevil): 
Bathyplecles curclllionis (Thoms.) _____________________________ Italy______________ ._ ._. _____ _ 
lIfYlllar praiensis (Foerst.) __ . ____ ______ __ __ _ _ __ ________ ___ __ ____ do___ __ -- - __ -. _-. _ - __ 

Jlypera punctala (F.) (elo\-er leaf weevil):BiolYS1:a. tristis (Gnw.) _______________________________ ,.,. _. ________ do____________________ - -- __ 
Jcaya plll'cha.~i Mask. (eotton~'-l'IIHhion SClLi('):

Cryplochaclum l'ccryr/(l (Will.) ________________________ . _ _ _ _ __ __ AlIs(,raiia. ________ '" ... _. __ " _- ___ _ 
Rodolia carrlinalis (Mills.) ___________________ . _________ ._ • _______ do. __________________ . __ ... 

1NI~a:niine Coccidae: 

• 

1915, 1918-20, 1926-27, 

]93&-,10. 
1929. 
1929-31, 1932, 1936 . 

1935-39. 


193&-38. 

1938. 

193&-38. 


] 92,1-29, 1931, ] 938-39. 


1909, ] 911. 

1924-25,1932-35,1939. 


1933-3G. 


1930-3,1. 

1930-35. 


1911-] 3. 

1911-] 3, 1925-28. 


1912. 


18R8-S9. 
1S88-SH. 

France______ ._. _______ •• ____ • __ /1 905 -G.
E.tocholnu.• quaririplls/'ulatus (1,.} ___________ _ 	 { Ilaly ________________________ • __ 1915, ]927. 

LcpidL'sapI!C$ beckii (Newm.) (purple scale):
I I I'· "X" 1 	 {Ohina______..•. _________________ _ Prior to +910. 

i P'II £s ------- •• ---------.-------------------------- .• Houth China, Formosa__________ _ 19·18-49. 
Phllscu,~ "B" 1____ __ _____ _ _ ___ __ _ _ ______ ___ ___ _ _ __ __ __ __ ___ _____________ _l~ormosa 1950-51. 

Neodi1)rion scrtifcr (Geoff.) (pine sawfly) : 
Aptesis basl:zonia (Grav.) ___________________________________ Europe (vill Canlldll) ____________11935, 1938, 1940. 
Dahlboml:nus fuscipenm's (Zett.) __________________________________ clo___ __ ____ _ _ _ _ __ _ _ __ _ _ ___ _ 1935-36. 

I Species designation by Department of Biological Control, University of California. 
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TABLE I.-Imported parasites and predators (listed under host) s1lCcessjully established in the continental United States, ~ 

country oj origin, and date of importation, 1875-1951-Continued 

t;3 
Host and parasite or predator Country of origin Date of importation 

,-------_________1_____________ 

NlIgmia phaeorrhoea (Danav.) (brown-tail moth):
Apante/as lacteicolo,. Vicr ______ ._.. ______ _ AUiitria, Italy .... _ ... 1906-10. ICarabus aUTa/us 11 ____________ _ ]~urope .._.. ___ • __ _ 190i.Carcelia la;r;iJrons VilL. ________ _ _.! _____ do__________ . b:I• 1906-.10. 
Euptcromallls nidulans (Thoms.) __ _ I Central Europe. __ _. 1906-8. ~ Exorista larvarum (1..). _________ _ i{Jtaly ________ ---." 190.'i.

'1 Europe__________ _ t=:1 
1906-1 1,1923-32. >-3

,Meteortts versicolor (Wesm.) ________ _ I Central Europe __ .. __ 1906-11. ZlI-1onodon(omeTus aere!l.~ ·Wlkr_____ _ ! Europe____ .... __ 1905-10. .....Townsendiallomllia m:d'icola (Tns.) ___ _ ____ cia ... 1005-11. .....
Pariatoria oleae (Colvee) (olive scale): c.> 

A7Jh1l1is maclllicornis (Mnsi): <0 

(Egyptian strain) ___ . _. __ Egypt. ____ _ 19·18-40, 1051. (Indian strain) ______ . __ _ India___ _ ~ .l95].
(Persian strain)___________ _ Iran ____ _ 1951. ~(Spanish strain) ______________ _ HpaiIl_ ... 1951.Aspidiotiphagus sp_________ • _______ _ JralL __ I::'1951.

Phytophaga destructor (Say) (hessian fly): 
PleurotTopis metallica (Nee;;) _________ _ Ellgland __ _ ~1890-9·1. 

Pier{.~ rapae (L.) (imported cabbagewol'm): 
England ___ _ o 

>'%jApanleles glomeralus (1..) __ .. _ 1875,1883-8-1,1891. 
-,{ Germany__ _ ]881. :>Popilll:a japonica Newm. (Japanese bL'etle):

Duilla ventralis (Al(l.) _____ • ___ • _____ .. ____ .. _ Korea. _____ _ 
Cl 

1925-2i, 1929-31. ~ Hyperec/eina aldrichi MesniL _____ .. _. _____ . ___ .. Japan ______ _ 
1920-24, 1927-30, 1933. Prosena sibirita (F.) _______ • __ ....... __ .. _____ . __ _ ____ do_______ _ 
 1\")21-30.

.Japan_________ _ -- 1920-22.
Tiph'ia popilliavora Roh __ ." -.. Korea, China ____ ", ~ 1925-2i, 1030-31, 1934{ =0

36. t=:1nphia vernalis RoIL_._ ...... ___._ Korea, South China ___ _ 1924-33.
Por/he/ria dispar (1..) (~~'psy moth): 

Anq.~tatus dl:.~paris Ruschka _____ _ Centm! Europe, Japan._ 1908-10. 

http:1906-.10


• • 
Apantetes mci.anosce/us (Rlttil.) ____ _ : ~i('ily_,. __ 

Blepharipoda sculella!n R.-D. ._ I l~lIropl'> ..... 

Calosoma sycophan/(I (L.) f'\"itxt.·rlancl,ltaly._ •• _ 

Cara/J1I.s auratus 1,.. _ . . _ . 1':l1rop<,..... 

Comp.~ilura concimlllia (ilrpi).!;.)._ Cl'nlrnl El1rOIH'.... _. 


Haly •.•
E.corisla larvarl/.II/. (L) __ . { i~\lropt· -> 

JHo1todon[ol/lerus aerllllS \Vlkr ElIro))l'. 

Ooencyrl.llS kll.wanai (How.) •. .Japan. . 

ParaseUgena silvtJsiris R.-D•. _. C('ntTal Ellropl'. __ .. 

PhoiJocCl'/n-PI! di~p(l/'l:.~ (Vit'r.) .. .do. 


P.~c!ldocor.cus arlonhlulI! (I..) (bllg-tailI'C1 nwalY!)II/!): 
Anagyrns jusciue7ltris (eir.) . Hawaii . 
Al!arho]lII.~ sydneYl.'w,js Timh_ I AlIf'tmlia _ . 

:{tiOllt!l Africa ...
Tt,lrac71cmus peregrinus Comp_ : Bruild _ 

Pscw/ococcus I}reuipe,~ (Ckll.) (piIlPappic' III1'nlyhllp;1: 
lla'lllbleionia pscudococcilla romp_. IHruiliJ (\'in 1'I)('rto niea)._ 

PSCllriOCOCC!lS citTi (Risf\o) (I·.il;rll;; ll11'alyhl\/!): 
Cry plolaemus mOIl/rollziNi ;\ 1111..; __ _ ; Au>'t ruJitl. 
Lcp/o7llaslidca abnormis (c:ir.L ____ ._. . 1-iicily _ 

PseudococcltS cm/ls/ocki (KlIw.) (Colllstock Illl'alybllg): 
Allolropa burrelli MIll'iL _. _- - - - _ - - -.. ... _ Japan. 
PsclH[nphycus 7IIaUnll.~ G:llltlll ___ • _____ ' __ - .. "i .... ___ do. 

P.~elldococCll.~ yuhum: Green (ciirophilus rneal.vllu~): 
Cleorlip/o.~iN kocbelei (1;'('10---- .. ------- .. -- ~ Aw,tralin_ .. ----- ----
Coccopilogw; (llIl'1lcyi Cornp ____ .• _.. _._ ... _• ._ .... _ .. ______ ._: .. _..... do .. ______ • ______ • --.--.--
SC1lIl!n1t.~ binaevalllN (Mllls.) _____ ... - .. - ...... -- .. .--- ... ,-<-1 South Africll _________ ... __ ... _._ 
TctracnC'llms pret-ios'uN Timb_ .. ________ .. _____ . __ . _______ .. t AustralitL ... _________ .--- -. 

Pymll,~ia n/tbl:laN.~ (HIlIl.) (European corn borer): I 
Chelon'lt.~ anmdipeli WesIlL ______ .. ____ . __ . ...... . ___ ...... j Tt:t1y______ .------------------. 
lIoroqenes ]l1I1Iclori'l/.8 (Rolllan) ______ .• _ . ., _ •.. __ 'i{FrHnce, l~nJy--_------------ __. !MlLllchurlll____________________ _ 

Lydello stahl/ians (Jri.~eNcen.~ R.-D___ ._. _{.France, !ttlly _____________ ....... I Japan, Roren ___________________! 
MaC1'OCentTu.~ ,qijuen.~i.~ .o\shn!.. _ .. ____ ... _ _ __ .. __ ._j{li'rancp-~-----------------------! Japan, horcn ___________________1 

Phacogenes 1I1:griden~ Weslll {Italy---- -- - - - --- --- - --- --- - - - --,. . - -- ---- .. - --- - ------- - - -- --- .. - ---I .Ta))all __ - _______________________! 
Sympie.~ili lIiriduia (Thorns.) _____________ •• " ..... " _____ ...... _____ ) Italy______ - - _. _______________ - "I 

• 

1\; \1- 12. 
1905-11, 1 f,2-1-27. 

a1,....1005-10. 
01007. t"' 

1006· 11. 0 
0 

I 90fi-ll, 1923-32. 0 
11"(1). ,.... 

>1905-10. t"' 
If07 fl. 0 
I (106-11, 1 924-33. 0 
1907--12, UI24-31. Z 

8 
::0 

lf36. 0 
t"'11'3:3. 
01924. 1 1l2{i. .",

IP3·1: 
~ 
U1IO-l.3··l·1. t'1 
0 
>-3] SOI-r·2. 
"tI101-1. t'1 
U1 
"l1939-4.1. U1 

194.1. fi'" 1928. 
1928. ~ 

ttj1921. 
\928. 0 

~ 
1929-37. >-3 

t'11921-23, 1925-37. t:::l
1930-32. U1
1920-35. >-3 
1929-3(i. >

>-31926-33. t'1 
1929-32. U1 

1924-32, 1937-38. 

1931. 

1930-34. '-l 
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TA.BLE l.-Imported parasites and predators (listed under host) s1tccessjully established in the continental United States, 00 
country oj origin, and date oj impol'tation, 1875-1951-00ntinued 

~ 
Host and parasite or predator Country of origin Date of importation g 

---_ .._----...-__ .........J----.-------- ~ 

Rhyacionia buoliana (Schiff.) (European pine shoot moth): I Q 

. if~tlsj,ri:L ____ -- ---- 1931-35. ~ 
Gremaslus mterruplor Grny ___________. ____________ .. ____ . _.... ,ll'.;J1gInlld----- _. 1936. ttl . HoJlnncL _____ _ 1937 . 

. IrAustritL ____ _ 1931, 1933-35. 
Org2lus obscurator (Nees) _____ .. _____ .. _____ .. _.. __________ .. - - <lEn~IaJl(L--- 1936. ~ . .' i HoIw~ld__________ _ 1937. 
Tetrasttchus lurwn7un (JUg.) __________________ .... ______ .__ __ _ AlIstl"lll _____ - ___ - __ 1931-35. ~ 

Saissetia nigra (Nietn.) (nigra scale): : .....Aphyclls helvolu.~ Comp___________________________________ ! South Africn___________________ _ 1938. ..... 
Saissetia oleae (Bern.) (black sCllIe): c:<>I
Ap/tycu.s helvolus Comp________________________ .. ___ __ _ _ __ ___ Sou I;h Afr!ca___________________ _ <01924, 1937, 

I h 1 b . H {South Afrlca___________________ _ 1900, 1914. .f p YCllS .ouns urYt ow _________________________________ ._ Australia__• ___ _ S 
j 1916.

Aphycus stanleyi (Comp.) __ .• - _______________ .____ __ __ __ _ _ _ South Africa_______________ • ___ _ 1937. fJl . C {South Africa___________________ _occop agus capens2s omp_________________________________ A st "I'" 1914-15, 1921-23, G h t!u. ra 1.,·_____ _ 1918, 1:!.1Goccopha(/us cowperi Gir_ _ __ ___ __ ___ _ _ _ _ _ __ ___ _ _ _ _ __ ___ _ _ __ _ South Africa___________________ _ 1937. I-dGoccophagus lJU!vinarillC Comp ___________________________________ do ________________ _ 1937. !""l
Goccophagus rusli Comp ________________________ .. _____ __ ____ TranSyallL _________ _ 1937. 
Goccophagus tr~fllsciatus Comp____ __ __ __ _ _ _ __ ____ ___ ___ _____ _ SOli th Africa________ _ 192'l-25. 

0 
I:%J

Lecaniobius ulilis Comp_ ________ __ ____ ____ _ _ __ _ _ __ __ __ _ _ __ _ Argentina, BraziL______________ _ 1934-35.
Quaylea 1vhittieri (Gir.) _____________________________ ", __ _ _ __ _ Australia. _____________________ _ :>

1900-1901. 0Rhizobi1lS dcbilis Blaekb_________________________________________do________________ _ ~1891-92. .....Rhizobius ventralis (Er.) ____________________________________ Australia, Tasmania_ 1888-89, 1891-92. 0
Scutellista cyanell Mots_ ____ __ _ _ _ __ _ _ ____ ___ ___ __ _ _ _ _ __ __ ___ South Africa___________________ _ q1900-1901. t"'

Btilpnotia salicis (J..,) (satin moth): 1-3 
'1 '. (Rat.) {Hungary ______________________ _ 1927. q

Ap leles 1 ~an SO,t arn.s z. --------------------------------- Austria _____________ .. __________ _ 1932-33. 1:!.1]![e{eorus versicolor (\VesIll.) _ _ _ _ _ _ __ _ _ _ _ __ _ _ __ _ _____ ___ ____ _ _ Central Europe ________________ _ 1932-34. 



9 

• 


• 


• 


BIOLOGICAL CONTROL OF INSECT PESTS IN THE UNITED STATES 

of comparatively recent establishment, may not persist even though 
their present status is promising. Oonversely, some of those not 
believed to be established may be found after a period of years, as 
was the case with Agathis divel"sus, an oriental fruit moth parasite. 

The species tJlat were imported but did not become established 
represent a much larger number and came from practically every 
country or geographic area. .Approximately 390 species were imported 
and colonized in varying numbers, but failed to establish themselves. 
~Many of them 'were available and were colonized in only very small 
numbers or were by necessity released under unfavorable conditions. 
Among them, however, were a considerable number of species that 
were released in very large numbers and lUlcler all possible environ
mental conditions and even then failed of establishment. In some 
instances adverse climatic conditions weTe believed responsible, 
whereas:'J. others the apparent lack of suitable alternate hosts to 
can.y the parasite through the winter served as an effective bar to 
their persistence year after year. 

At least 175 additional species were imported, but were not released. 
This was due to various reasons, such as insufficient numbers for satis
factory coloni.zation, arrival of the shipments at the wrong season for 
release, failure of tbe stock in hibernation, inability to rear the species 
in the insectar:y, or doubt as to the exact host relationships. 

ORGANIZATIONS CONDUCTING BIOLOGICAL 
CONTROL WORK 

The Federal Entomology Research Branch, formerly the Bureau of 
Entomology and Plant Quarantine, is responsible for controlling the 
importation of living insect material into the United States, and has 
largely rest,ricted to itself the privilege of importing parasites and 
predators into the continental United States. This restriction is based 
on the need for handling the imported material under strict quarantine 
conditions in order to eliminate the possibility of escape of inseet pests 
and hyperparasites. :Many importations comprise enormous quanti
ties of living host stages, which represent a real risk unless they are 
handled with extreme care. 

Until 1934 all phases of the biological control work of the Bureau 
were conducted independentl:y by the several divisions concerned with 
research on the different insect pefJts. In that year the Division 01 
Foreign Parasite Introduction was organized, with responsibility for 
the foreign investigations and for the quarantine handling of the im
ported material. After passing through quarantine, the pure colonies 
of approved parasites and predators were released to .field stations of 
the respective divisions, which were then responsible for the rearing, 
colonization, and recovery programs. 

In 1940 the facilities for the quarantine reception of imported mate
rial were greatly improved through the construction and utilization of 
a specially designed parasite receiving station at Hoboken, N. ;T. This 
occupied an entire floor in the Plant Quarant.ine Building, and pro
vided insectproof rooms with independent air-cunditioning controls in 
each, as well as cool-storage facilities, for the safe handling of any 
type of material that might be received. Unfortunately, this station 
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had to be closed in 1944, and imported material is now received in 
improvised quarantine rooms at several field stations. 

The one exception to the restriction of importation activities to the 
Entomology Research Branch is the State of Oalifornia, which began 
importations on an independent basis in 1899. Prior to thi.s date the 
explorations of Albert Koebele in Austria, New Zealand, and Fiji dur
ing 1891-92 were on a cooperative basis with the United States Depart
ment of Agriculturl3, whereas those of George Oompere in 1899-1901 
were sponsored by the State. In 1913 the biological r.ollLrol work of 
the State, then under the State Oommission of Horticulture, was reor
ganized under the direction of Harry S. Smith, and this unit was trans
ferred to the University of Oalifornia in 1923. In 1931 the parasite
importation program in Oalifornia was formalized under a three-way 
memorandum of understanding between the Bureau of Entomology 
and Plant Quarantine, the University of Oalifornia, and the StatE' 
Department of Agriculture. Excellent quarantine facilities arc pro
vided at the two main stations of the Department of Biological 0011

trol at Riverside and Albany, and the scale of work for the Statei:: 
now about equal to that of the Federal organization. Approximatei:,' 
one-third of the species of parasites and predators established in the 
continental United States have been imported by the Oalifornia 
organizations. 

The early investigations 011 natural enemies of the gypsy moth and 
h!"Own-tail moth that were conducted in Europe during 1905-11 were 
on a cooperative basis between the Bureau and the :Massachusetts 
State Board of Agriculture, whereby the State defrayed t.he costs of the 
foreign explorations by Bureau personnel. 

Although the State organizations, with the one exception mentioned. 
do not rond tIet importation activities, they are now participating 
substantially in the overall biological control program, especiall~' 
t,he colonization and recovery phases. In general, the Entomology 
Research Branch is responsible for the initial colonization and estab
lishment of imported p~tr8,sites and predators in each State, whereas 
the State conducts the general distribution program. However, this 
has been a variable practice, as the entire distribution program Oll 

gypsy moth and a large portion of that on the Japanese beetle and 
European corn borer were handled by the Federal orga.nization alone. 

In recent years the States have been participating much more 
actively. An example is the cooperative project developed in 1943 
for the wide distribution of corn borer parasites, mainly in the Middle 
West, and for t.he later recovery and evaluation studies. 
. More and more the State organizations are being called on to 
handle the entire domestic program, with the Entomology Research 
Branch making the importations, passing the material through 
'quarantine, anet then forwarding the pure colonies of parasites to the 
State organizations. Examples of this participation are the projects 
on biological control of the sweetclover weevil (Sitona cylindricollis 
Fahr.) in North Dakota, the omnivorous leaf tier (Cnephasia longana 
(Haw.)) in Oregon, and the Rhodes-grass scale in Texas. The 
Branch also forwards direct to the University of Oalifornia many 
consignments of parasites for use against miscellaneous pests in that 
State. The Maine Forest Service and the New Jersey Department of 
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BIOLOGICAL CON'l'ROL OF INSECT PESTS IX THE l,2>,'TTED STATES 1] 

grams with sa\diy parasites of European origin I)J"ovided by the 
Canadian Department of Agriculture . 

This participation of the State organizations in biological control 
projects is encouraging and offers possibilities of a substantial contri 
bution to progress in tbis line of work. In the case of an insect pest 
of wide distribution, such as the corn borer, it is obviousl~- imprac
ticable even for the Fecleral org-anization to maintain a staff of 
sufficient. size to rear and coloni;e the imported parasites over the 
entire infested area, not to mention the followup recovery and evalua
tion studies that are required in ('flclt section. The program as a 
wbole would undoubtedly be mueh further advllIleed today if the 
cooperative plan of work developed about 1943 could lUl\'C been 
undertaken many years earlier. 

MICROBIAL CONTROl.. OF INSECT PESTS 
~Iicrobial control is that part of gelll'l"fil biologic-al control in which 

disease-producing micro-organisms ratlwr than insect pUl"fisit.es and 
predators are utilized in the control of insect pests. The micro
organisms maT be viruses, bncteria, fungi, protozoa, or nematodes. 
All these groups pln.y nil important and of len dominant pnrt in the 
natural ('ontrol of many insects, though their utilization in biological 
control has lagged far behind that of the insect pnl'asites and predu.tors 
(137).3 

Results thus far from utilizing seveml fungi, baeteria, viruses, and 
nematodes for til(' control of crop pests in the enited !:itates have been 
sufficiently successful \\-iih only two organisms, in that their use may 
be considered practical for control in til(' field. Other organisms have 
been used successfully in smnll-scale fiC'ld eXlwriments, but for yarious 
reasons tht' \\'ork has not ndvH,llced beyond that point. The two 
successful micro-organisms are the baeteriull1 Bacillus popilliae 
Dutky, which is widely employc(l to c-ontrol Japanese beetle grubs in 
the soil in the :l'\orthenstern Stn-les, and thl' \'irus BOl'relina campeoles 
Steinhaus, whieh has proved highly efl'l'ctiw' in till' control of the 
alfalft1 caterpillar (eol£as philodice eury/heme Bdd.) in Culifomia. 

Unfortunately the early attl'mpts at microbiul eontrol were with 
organisms not adaptable for sueh use, and their ov('t'exploitation 
hampered further development in this field. It beca111l' the general 
opinion t1mt insect, diseuses wel'l' stricily cl('penden t on climl1le for the 
development of outbreaks and that if climatic conditions were not 
favorable nothing ('ould be done to increase their effecti\-eness in the 
field. 

Steinhaus (138) not only tboroughly annlyzed past efforts in the 
utilization of disease-proclucing organisms in insect contl'ol but dis
cussed the disadvantages as wdl as the advantages of this method. 
He emphasized that microbial control of certain insects is being con
stantly maintained in nature without the help 01.' interference of man, 
and that these micl'O-orgn.nisll1s contribute substa.ntinUy more to 
natural controllhall is generall~- recognized. 

Perhaps the outstanding disndntntage in the use of micL'O-organisms 
in insect control is the need for accurate timing of the appli(-ations. 

3 Halic Ilumber;; in parcnlhcsf's ref!'r to T,itpmtllrc Cit('ci, p. 135. 

363934-56--2 
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This is especially true when dealing with f01iage-feeding insects as 
compared with those inhabiting the soil. The fungi especially need 
to be distributed when moisture and temperature arc high. Under 
certain circulUsta,nces ~he pathogenic organisms may have a definitely 
adverse ('freet on the lllsect parasites a,nd pn'clators of the pest, and 
the net efreeL may be detrimental. nIicrobial ('ontrol, even if fu1ly 
effective, may not be so lasting as that attained with inseet pa,rnsites 
and predators and ma,}, necessitate reapplications all'luall)~ oJ' at such 
intClyuls as the pest buildup may r('quire, As )-et there has been no 
demonsLration of microbial control ('ompurH,ble in completeness n,nd 
permanence Lo that of the cottony-cllshiou scale by the yedalil1 
(Rodolia cardinalis) , 

.Mierobin.I control hns t11(' following adntntng('::;: (1) ~(nny of the 
micro-organisms can be C'll1tiyuted and produC'C'd at 10\\" cost as ('om
pared to insC'ct pnmsites und prcdnJors, (2) application in the fidd as a 
sprny 01.' dust ('osts approximately IhC' snmr as thnt of an ins(,('tieide, 
(3) mi('ro-ol'gflllisms 111'l' hnrll1ll'ss io mnn nnd p1ants, nncI (4) they are 
not nJl'ecled b,- mosl insC'C'licidt's. 

One of t.he inost impol'lan t poin ts demonsl mtecl by Steinhaus and 
his associates in 1'('('en\; work in Cn.lifOl'llia with sevel'lll viruscs and 
baetNia is that outbn'aks of disease call be induced at practically any 
level of host dellsit.\T (140), This possibility and n, fuller undpl'sbtnding 
of the intel'relatiollships of litC' organisms, climatic conditions, and the 
host will permit much greater utilization of these controlling ngcl1cies 
than in the pust. lL is quite possihle thn,t t11Pil' successful usc may 
yield results equal to those' ah'('ady atlniul'el with the inscc't parasites 
and prcdlttors, 

UTILIZATION OF NATIVE PARASITES AND 

PREDATORS 


Tilt' wide range of climatic conditions in th(' continental United 
States hIts a direct l)('aring on th(' distribution of nn,tin- insect Pt'sts 
and their natural eU(,lllies. Arens of comptU'able climate may be 
widely s('pamtl'd b,v g('ogmphic balTiet's such as mountain ranges find 
deserts. Ol'iginull,'- these barrie],s, in conjunction with the cliscon
tinuous oceUITell(~(' of the food plants, s('L'vcd as ('fl'edivl' checks 
against; tlH' spread of both pC'sts nlld natural encmies, ThC' advent of 
rn.pid transportation fncilitiC's and the largc-scn.le mO\'('IllC'nt. of pliwts 
and commodifies lhroughout th(' ('oun[r.'- JUIYC bccll lhe means 
whcrcby- many pest spec'ies haye I)('en able to extend thcir range, 
This has been faeilitn.ted also hy changed ngricultuml practices, wbich 
havc greatly extended the III'('HS in which ench crop is grown, and 
wbich mltny times hlw(' reduced 11ll' ('xten t find efl'('din'l1('ss of the 
naturnl bal:riC'rs, 

An cxeellent example is lhe wooH.\' npple aphid (Eriosoma lanigel'1£1n 
(Hausm,)), which is native to the norlheastel'll portion of the conti 
nent, ~Yith the extension of. app1e culture to all parts of the country, 
this pest spread l'Il.pidl"T !tnd l'<.'ltcIH'd the Pacific const ubout a hundred 
yea}'s ngo, Howeyer, its pnrnsite, Aphelin11s mali (Halel,), was left 
b('hind, TIl(' colonizu.tion tUl<l ('stnblishrn(,llt of Aphelill1i8 in thesC' 
new seet ions hus resulted usualI,\- in snlisfnct:ory eonlTol. 

• 


• 


• 
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• 
The squash bug (Anasa tristis (Deg.)) occurs throughout tbe United 

States, 'whereas its principal parasitc, Tric/top0(/CL pennipes (F.), or 
more exactly the strain of that species, was limited to the eastern 
region. The latter has now been colonized successfully in tbe Pacific 
Kortbwest. 

In a slightly difl'erellt categol":r arc the pests of foreign origin that 
hUNe become widely established and which ha,'c heen attacked by 
native parasites. 'rhe oulstnnding example in this group is t!ie 
oriental fruit moth. .A nat in.' pamsite, Jlacrocenlrl.ls ancylivol"1ls 
Rob., the Ilormn! host; or "'hieh is the strawberry leaf roller CAncylis 
com.planajrcLgariae CW. & R.)), quickly adapted itself to the new host, 
and has been utilized efrectively in the biological contL"OI of the fruit 
moth. Originally, the pnmsiLe's distribution \\'US limited, centering 
about Kew Jersey and Delaware, but its c!]'('ctin.' range on the new 
host has now been gren,tly extended through a large-scnle distribution 
program. 

Other similar l'xampll's ma.,r b(' cited. The asparagus beetle 
(Crioceris asparagi (L.)) is attaeked in the Eastern SULtes by a native 
egg-lt'.rval parasite, Tetrasticlms Clsparagi Cwfd., which was of limited 
distribution. Jls introdue(ion into the Pacific XOl·thwest was highly 
beneficial. Likewis(' T. brel>istigma, Gahan, a pupal parasite of the 
elm leaf beet)P in tile Enst('rrI !::itntes, proyed of yaiue after its intro
duction into Cnlifornia. 

• 
1'11el·e is some question fl.'" to whether the more efrective par!1sites of 

the San Jose seale an' of Ion'i~1l or domestic origin, but in any case 
their nu.turn.l distribuli.otl has not ('oyered the ('ntil·e range of the pest 
in the United Sta,Les. The introduction of Pros]Jaltella. pemiciosi 
from Georgia into California aided grenl1y in the control of the pest 
in thatStaLL;. 

These Iew exa,mples indicate (.lIt' lieI'd for and bl\nefits to be gained 
from the distribution of nati,'e l)amsites throughout til(' country when 
it is found that they do not occur throughout the range of the host 
insect. It has been demonstmted tlll1,L many native parasites are 
well adapted to eondiliolls that pre,'ail in some, if not in nIl, areas in 
which they do noL occur naturally. 

EFFECT OF INSECTICIDES ON NATURAL ENEMIES 

• 

The discovery u,nd widespread usc of many now and extremely toxic 
insecticides during fl.nd follo\\'in~ "Todd ,,,riU· II have had a pro
Iloun('ed efrl'cl Oil the biologicnl cOlltrol of sl'vl'rIll mnjor I)t'sts nnd 
on the. natmal con trol of nmny othC'r pests thiLt previollsly had 
been of only minor importance. ':\In,ny of the insecticides used prior 
to 1945 relluLineci in toxic form itS resid ues on the foliage for only 11 

short timo after applicntiol1 , and eonsequen tLy were destrllctive to 
parasites and predators for onl.v :1 fe'\\' days after application, rather 
thn,1l fOt' i1 period of monlhs (;21). 'fllis wn.s t'sp('C'iull.y true of tho 
illspelic-ic\es oJ pliLllt o,·igill, such us rot('nol1(', nil'otilll', and pyreth
rum. Tbe portioll of the Jlutuml-ellcmy population ilfl'ee((\c\ by these 
materials was only thlLt which was ill the neLi\"(\ stnge for n short 
period after treaLment, and tllt'ren.fter liLl' mUo of Ilatuml enemi.cs to 
the pest insects WfiS a,pprpcinbly higher than before. 

http:enemi.cs
http:Jlacrocenlrl.ls
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The first of the new insecticides to appear, DDT, quickly demon
strated its destructiveness, owing not only to its high toxicity to many 
entornophagous insects but even more to the persistence of a toxic 
residue on the foliage for as long us 6 months oe·more.. A spectacular" 
example of its capacity to upset the natUl"al balance of an insect. pest 
very !;oon appeared in the case of the cottony-cushion scale on citrus 
in Californil1 (38). The Il.pplication of DD'I' for con 1.1'01 of the eitricoln. 
scale (Coccus lUJeudoma{lllo/ial'llIn (Kuw.)) and the cit.rus thripR 
(Scil'tothi'ips citl'i (:\:[oulL)) was quickly followed by heavy infestn
tions of the scale, 11 situation HUlt hnd not been seen since the introduc
tion of vedalia more than 50 years bdore. Two applications, Ollf' 

during the winter or Ntdy spring and again in July, resulted in the scale 
remaining free from attack by the vecliLlia throughout the season. A 
single application prior to ,July wen.thered sufFicientl.r before fall to 
permit reentntnce of veclalin. and consequent biological control. In 
localities where usc of the insecticide has been geneml, the coloniza
tion of vedaliil. after it propel' interval rather thun waiting for the 
naturnl influx from son1l' disUu\('(' nwny expedited control. A similar 
course of CVt'nts has been showlI in t.he cnse of sueh insects as the black 
scale in Cnlifornin. nlld the woollr n.ppic' n.phid ill till' Northwest. 

.Another lwd possibly more serious effect of the new insecticides bas 
been revealed through the upsurge of minor pests following these 
applications. :Mal\y of tIlt'se pests httd previously been of little 
economic importance and required 110 special measures for' their 
control. Reports have come from all parts of tlle United States of 
heavy infestations of aphids, phytophagous mites, scale insects, and 
leaf miners following application of insecticides for" control of other 
insect pests, This development is usually attributed to the destruc
tion of the natural C1wmies. In some cases this obviously is true, 
but in others this supposed cause of outbreaks is only an assumption 
and is not supported by factual data. :Much work is now being done 
to measure and evaluate the cITect of the ne\\" insecticides on the 
complexes of insect pests 011 the difrerent crops. As these data 
accumulate it may be possible to devise measures to eliminate or 
minimize the hnrmful effects of present chemical control practices. 

Of the extellsive number of new organic insecticides developed siIlce 
DDT, some of which arc yustly more toxic, none have as long a 
residual action n.nd several lose their effectiveness very soon a.fter 
application. A change in the chemical used, in its for"l1lulation, or in 
the timing of applications mn.y contribute to tJ1C. solution of the 
problem. These compounds difi'er mal'kedly in their toxicity to 
entomophagous insects, and Cttch olle possesses qualities mnking it 
especially toxic to some species and relatively innocuous to others. 

The use of the so-cn.lled seleetivc insecticides (120) has been recom
mended to overcome the difflculties previously mentioned. These 
insecticides arc stomach poisons, tJlC particles of which are coated 
with substances that are diges~ible only by the plant-feeding insects, 
and are therefore harmless to the parasites and the more common 
groups of predators., 

Another approach to the problem is the recently developed systemic 
insecticides, which at present appeal' to !tn.ve a somewhat restricted 
usefulness. These compoullds<!nter the sap stream of tJw plant 
('ither througb the foliage or by way of the. roots and nre tmI1slocated. 

• 


• 


• 




BIOLOGICAl. CONTHOL OF TiXSECT PESTS 11\" 'I'RE lJ"NITED STATES ] 5 

• 
The phytophagous insc(' ts 11.I'e killed liS it t'c'sult of fecd ing Oil the sap 
or foliage, but parasites alld pl'pdators n,ttllcking them I1rc not hnl'med, 
Some of these compou lids wlll'll I1pplicd to til(' foliage are toxic to 
parasites and predators, the ('xtCllt varyillg with Ole species COIl
cerned, but this cfTect pcrsists for ollly Ii short time, 

The de \Te!opm Cll t of l'osistallce to insecticides, wll ich hns beel! 
demonstrated ill l't'Ccnt ,YNU'S to occur in many petit Sl)('cil'~., lpaels to 
the hope that n similar r('sistancc may appeal' among thl' 1'11/:01110
phagous insects, C'olllirmMion of that dc\'eIoprnclI t in tll(> field is 
lacking, mainly bpcause evalun tiOll studit's Ul'e It'sS exact in biological 
contl'Ol pl'Ograms than ill those dcaling with insecticides, Thc 
attempts to produce I.,t'sistant stl'ains in til(' insl'ctn.l'Y 111lYe ,yiclded fi. 

little success, though not sufIici{'llt Lo be of pmetical applicatioll, 

ANTS IN RELATION 10 BIOLOGICAL CONTROL 

• 

Th(' ants hn.ye il wide l'l\.llge 01' food SOUI'Cl'S, illcluding TUllgi, plant 
SILP, l'xuclations, u,nd sel'ds, hOIlt'ydew secreted by various insccts, and 
tht' body Jluids 11nd tisslI('s of OLlICl' insects nnd hight'r OI'gll.llisms, 
As Il. whole the predac('ous nWlll bpI's of the' family l'lLllk high I1S llatural 
con trol agcncies, wh ich hold mallY iJlst'ct pests of forest tl'{'es nnd 
agricultural crops bdow the I('vel of ('co nomic injury, They f(,cd 
ext('nsively Oil many insccts that pUSS. all 01' part of their lives in thp 
soil, n.nd hav(' 1)('('11 1'('POl'tNl tfl dcstl'o:,r a hig-h PCl'C('lltll.ge of larvae of 
fruit f1il's and !Jousl' Hies (1\11£8C([ domestic([ L,), which entcr the soil 
for pupation, The drinr and kg-ionnlY ants of Ull' Tropics whell on 
thc march dcstroy prl1.cticuJly nH insl'ct lifc in tlH'ir pnths that is 
unable to escape by fIig-11 L 

Ants wt'l.'e till' /-irst insC'ets to bp utilizpd in biological contl'OJ. For 
many c(,llturi('s tll(' (,hin('s(' citrlls groW('I'S mnd(' n ['t'gu 111.1' pructice of 
plucing coloni('s of O(-cophylla s/ilara{/dillu F. ill theil' orchal'cIs, alld 
pV('n pl'o\'idNI I'unwa,vs from trt'(' to tr('(', Thp ants wl'I'e helie\"('(1 to 
fetId on Ill1kpd eatt'rpillurs and to drin' awn,y b('pUes nnd \'ariolls bugs, 
At th(' pl'('spnt tinl(' allts of th(' g('IlUS Formica nncl relatpel forIlls arc 
coloniz('d and pro(p('[('d 1'01' thpil' nid ill cOlltl'OIIillg inscct ppsts in the 
fol'('st.s of' Europc. 

Thc' specics thn,L Iln,jwl'mful to ItgricuHul'nl crops HI'(' lIulinly those 
that fc('d Oil JroIlPyd('\\' s(,('I'Pl('d by senlc iIlSCetS, llH'1l1yhugs, whiteflics, 
nphids, alld INlflIOPP('I'S, Thl' injur,Y is Illnilll~r indil'ect, I'('suiting 
from prol(,ctiOIl givPIl Hlt'st' lH'sts from th('il' Ilutui'llI PIlPmics, The 
pL'C'datol's I1I'P dri~'l'll nWil~r alld o\'ipositioll by pUl'llsitl's is pr('\'cnted, 
The lulI'mful ('(I'pct is ('s1}('('in,U,v Iloticeable' willI pal'asitl' slH'cies that 
require Gonsidpl'llblp tinl<' fol' COlllpll'lioll of o\'iposition or fOl' host 
feeding (72), 

In nddition to UH'il' hnl'lll ful p(i'l'et LlIl'ough ill tpl'fpl't'Il(,(, with thl' 
ilctivitips of nn.tuml ell('ll1il's, lUlls have bt'l'1l sho\\'11 to be directly 
harmful by pel-fol'llling n. saniinl'Y sl.'I'Viee for thp insect pests-the 
l'cIIlovnl of honcyc/('\\', \\'llicll results ill tL reduction in mot'tu.lity of the 

• 
clLdy stugc's !lilt! iUI Itc('plt'l'Iltion ill Ih(' ratc' of d('\'l'lopml'nt, 

Thel'(' is n, widl' \'urintioll ill uttl'l1.ctin'lIess to Hilts of the· honeydews 
of c1ifTel'Pllt specit's, '!'lInt of tl)(' soft (bl'owlI) scalc (C'occu, lte8peridum 
L,), bluek scnk, nile! gn'('11 scnle' (()()C(,li'~ I'iridis (Gret'n)) is much 
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sought after, whereas that of the citricola scale is almost entirely 
neglected. Some essential nutrient seems to be lacking in. the honey
dew of the last insect. 

In the citrus groves of sou thern California it is essen tial to eliminate, 
ants before biological contl"Ol of any of the lecaniine scales can be 
accomplished by the introduced parasites, and this llpplies also to 
mealybug control through the use of the coccinellid beetle Crypto
laemus montl'ouzieri. 

It has been generally nssumed that the c1eyelopment of ditlspine 
scale infestations would 1)(' little afTectNl by ants, inasmuch ns these 
scales do not produC'e hone.nlcw. Howe,;er, there are usually small 
colonies of aphids, soft senJ('s, or mealybugs on the trees, and the 
a.Q.ts in tending them inci<kntally protect the cliaspine scales from 
attaek l)'y parasitps and pr('datol's. Obsel'vn,tions and tests on the 
California red scale in southern Cnlifornia (35) showed that infesta
tions on ant-inhabitn,t('d trees increased as much as 24 times over 
those on ant-free trecs, and thn,t parasitization by AZJhytis wns much 
higher on the IMler. Infestations of red mites nlso became much 
heavier on the nnt-inhn.hit.Pd trc('s, In tites(' tpsts tbe species inyolved 
wns the Argentine ant (Tridomyrme:r, h'ILmilis ~raYT), 

It is becoming in(,[,pasingly (']par that the presence of honeydew 
feeding itnts, rpgal'dl('ss of Lhe pest sl)('('ies that attracts them, may 
prcvent entirely Ot' grNl.tly l'du('e the efl'ectiveness of natural enemies 
that othet'Wise might he cu,pabk of controlling mlljo!" pest species. 
Fortunately on tI,pp erops ilt It'nst an l ('ontrol is eeonomiCIlJlypracticable. 

MASS CULTURE OF PARASITES AND PREDATORS 
The development of methods for the mass culture of a wide range 

of parasites and precln,tors hns contributed substantially to progress 
in the biological control of pest sppcies, vVllen such methods nrc 
practicable, they not only mnke possible the early and complete 
distribution of n. spceies oy('[' the pntire geographjc ril,nge of the host 
but also mtl.ke stocks n:vailable at :tn economienJ figure for periodic 
or annual eolonization and for inund:l.live programs tieel in with area 
control or ('mdiefltion projects. The key requirement in all such 
programs is thn,t the cost of producing the enormous numbers that 
arc needed shall not exceed the benefits that will acct'lle from their 
large-scale use, 

The periodic colonization of natural enemies is a device to increase 
the efl'ectivellPss of specics Lhnt arc nlready esbl.blished but for various 
reasons do not n,ttain thpir full 01' consistent effectiveness in the field, 
Examples of the pmetieal fLpp1ieation of this method of control arc 
the mealybug predator Cl'.1Jptolaem1l8 montl'olLziel'i in California, 
which often fails to survive the winter in sufficient numbers and is 
therefore recolonized each spring, and the orientn,l fruit moth pnrasite 
Aiacl'ocent1'llS ancyliz:o'l'1ls, the effectiveness of which can often be 
greatly enhanced by supplementary spring relenses, '1'he value of 
Aphlltis "A," a newly introduced parasite of the California red scale, 
is much increased ill some arcus of southern Cnlifornin, by periodic 
colonization during the senson to bridgp the pOl'ioel during which the 
host scales n,I'e not: in th(' PI'OPPl' stngp for parnsitization, 

• 


• 


• 


http:nnt-inhn.hit.Pd


• 


• 


• 


BIOLOGICAL CONTROL Oli' INSECT PESTS IN THE UNITED STA'l'ES 17 

In the inundative method of control, which is practicable only 
under exceptional cil'cumstances, a sufficient number of natural 
enemies are released at one time to control the pest by the first field 
generati('n. The numbers released pCI' acre may exceed the host 
population, as frequently occurred when NL ancylivol'U8 was used to 
control the outbreak of the oril!l1tal fruit moth in Oalifornia dur
ing 1944-46. 

The first and still one of the outstanding examples of mass produc
tion was that with O. montrouziel'i in California. (127). Since it was 
impracticable to use the growing host plants to produce the vast 
numbers of mea.lybugs that were required, sprouted potatoes were 
used instead. Ol'yptolaemU8 adults were then produced and distributed 
by the millions at a cost of approximately $2.50 pel' thousand. 

At the peak of the program tor control of mealybugs with Orypto
laem1l8 in southern Oalifornia during the 1920's, 15 county, coop era
ti ve, and private organizations were engaged in beetle production. 
The scale of operations may be judged by the Orange County estab
lishment, constructed specifically for this purpose, which comprised 
22 separate building units, in which millions of beetles per day were 
produced. The potatoes were grown in open trays about 18 inches 
square, the well-developed sprouts were infested with mealybugs, 
and the beetles were then rrleased in the room after the mealybugs 
had matured and deposited eggs. Average production was about 400 
beetles pel' tray. 

The potato has proved exceedingly useful in other biological control 
projects. The sprouts have served exceptionally well for the produc
tion of black scale and related species, permitting the economical 
production of millions of a series of imported parasite species. The 
tuber itself is an excellent host on which to produce the red scale and 
other diaspine Coccidae for pn,t'Usite ()[·oduction. Finally, it provided 
the means whereby the millions of 111. aneylivol'u8 were produced for 
the control of the oriental fruit moth outbreak in California (58). 
This production was possible because the potato tuberwol'm (Gnorimo8
eMma opel'culella (Zell.) proved to be an acceptable host for the 
parasite (57), although thelattel' is not known to attack it in the field. 

The methods developed for the mass production of egg parasites 
of the genus Trichogmmma represent an outstanding contribution to 
biological control techniques. The early work in Oalifornia (59) 
utilized col'll in open bins for the rearing of t:he host insect, the 
Angoumois grain moth (Sitoi1'oga cerealella (Oliv.»). Modifications 
of this method were later developed by various workers, and a closed 
unit system (135), with wheat being used instead of corn, proved 
more economical and solved the problem of controlling troublesome 
mite infestations. The cost of production ranged from $5 to $10 per 
million l'richogramma, dependent on the scale of rearing. 

Several varieties of melons of the genera C'ucU1'bita and Oitrullus 
have been highly satisfactory for mass production of a number of 
lecaniine and diaspine scale insects and their parasites. These, with 
potatoes and potato sprouts, now provide the means for mass rearing 
of practically every species of scale insect and mealybug that is of 
economic importance in California . 

Several examples may be cited wbere the utilization of a substitute 
host has made possible the mass production of parasite species that 
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never attack it 1I11(\C'r JlI1turnl conditions. The best known ill'(' 

the Angoumois grain moth alld the ~I('dit(,ITalle!ul f1oUl' moth (Eph
estia kilhniella hl,n.) in the rearing of Bl'ocon find Ohelonus speciC's 
that are parfisites of the pink bollworm (Pectinophora gossvpiellCL 
(Saund.)) and of the European corn bon'I', alld the potato tu}wl'worm, 
all excl'Uellt insl'ctal'Y host for 1\-1. allclllilJ01'1L8 find other pnrusites. 

TIlt' rp('l'nt dl'l,plopnwnt of all tlrtificinl food Ill('(liulll (8/5) 1'01' the nUlSi; 
produetioll of tllP oril'lltnl fruit fly (Dacus d01',wt/i8 Hl'lIdl'l) in Hllwnii 
hns l'xpl'dit('C1 grf'nlly til(' parflsite-pro<iudioll progrHnl. The ust' of 
fruit for this pUl'pOSl' wns uIll'l'onomi<'nl alld wns imprll.di('abll' for 
s('vl'l'Ill other l'l'flSOI\i;. A pl'l'pamtioIl of squn,sh, Intl'r rl'plill'l'd by 
talToL, supplenwlltl'd \,,'ith nn l'llzymn,tie Pl'Otl'iIl hydrolysfltt' of soy 
to indu('t' il1el'l'l1sC'C1 f('('u IHli t,I', proved highly sat isfal'lOl'Y for large'
scnh' produ('tion of thl' fly. 'l'ht, development ond USl' of such 1lll'e1in 
('lln gl'pally l'('(lucc (hl' ('os\ of largp-sefllp pnrnsitl'-prociuction pro
grnms. 

~rnss produ(,tion of pfll'llsitl's (hnt iLLln('k inuC'liVl' stages of the 
host and. thiLt nrc I'l'a.dily fLVn.ilnblP in lluflntity in lll(' fh'lel l'l'pl'('Sents 
n much simple'r prohlt'm, involving llH1inly the (\PI'dopnH'nt of c\l'viC'('s 
nnd PI'O('{,(\UI'{'S to 1'('(lu('(' labor ('osts to u. mininnll1l. ~llllIY millions 
of j)ahlbomilllls/lI,w'ipennis, t\, ('0('0011 purnsill' of th(' lDUI'OP(:llll spruc(' 
su,\\'fly, hn.I'l' \)('l'lI produ('ed nnd distl'ibuLL'd l'1le\t ,F'UI' by the Cn.Ilt1
difUI Dt'jhu'tnH'nt of ~\gri(,lliturl' und Sl'Yl'I'lll Stutl' organizatiolls. III 
thl' sunl!' l'lllpgory fm' Ill(' egg PHl'Ilsil<'s of the gyps,\' moth and till' 
l'tlilg(\ ('u.tl'l'pillnr (f!emileu('(( olil'i(/(' (,kll.), whidt hny(' 1)('('11 rl'tll'eel 
b.,- tltl' milliolls Ht \'('I'Y low ('ost. 

RESULTS OF BIOLOGICAL CONTROL 
In tlt(' following pagl's is givl'1I hl'ipfly til(' pn't;('nl sttltus of tlll' 

difl'C'J'pnt insect j)('sts ngiLinsL which hiologienl ('olltl'ol hm; 1>t'pn undl'I'
tnkl'lI, eitlll'J' ns n major Pl'Oj('e(' OJ' in('idC'nLnl to OUI!'1' n('tiyitips. 
Thps!' j}('sts nl'(' gl'oujwd H('C'ol'ding to lht' kind of ngricuitul'al ('rop 
that tl10Y nt tnde All netil'ili('s ill biologi('n.l ('ontJ'ol nl'(' J'('prC'sl'1IIt'cl, 
wlwlitl'r large 01' smllll, n.nd inciuck thos(' in which nntil'p ns \\,pll ns 
importl'<\ ni\,turnl C'nl'mi('s han' hl'l'n uliliz('d. 

A total of 91 ins('('l ])('sls an' df'uit with in this i\('('ounl. Importn
t..ions of Iltlturnl ('IH'mi('s fmlll n.brond ltnn' 1)('('1\ !lwei!' ngainst 77 of 
t\H'm, nnd thl' I'l'mnining 14 flrl' Sl)('cips ngninst IYllich n.ttpmpts \\'NC' 
madC' t'it\lC'r to ('x 1<'11<1 thl' distribution of nnhll'u.l 1'1H'mi('s all'l'udy 
prpSl'llt in tit" (,Olllltl',\' 01' to incI'C'flS(' ti1pir l'fl'eetivC'IH'SS b)' mnS's 
colollizt1tioH OJ' b\' oth('1' menns, 

Thl' 1'('Sl1lts of biologicn] conlrol work in the ('ontilll'ntI11 Unitl'd 
Stnlps for morl' 111nl1 GO )'C'l1r8 indicate thnt onl,\7 a sllulll portion of 
our most, impol'tn.nt ngricuitmnl pC'sts ('nn Ill' fully ('ol1tJ'ollPd hy this 
method nnd thn.t with n substnl11inl IHllnb('J' of lhC'111 no 1'C'Clu('tioll 
whnlcvrl' ('llll he nttn,illNI. HOWl'YeI', most of t1H' biologicn.i control 
PJ'ojl'cts mn,," he C'X]wetpc\ to )'ield n, pllrtin,] control, the I)('ndlts 
dC'rivcd t\H'rC'fl'om I)('ing in the form of ]'C'duc('c\ injul')" to crops and n. 
10wl'I' total ('ost for elH'l11ielll iLl1d Otllt'I' nwal1s of control thut still need 
to 1)(.' prncticC'd. 
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FRUIT INSECTS 
On the basis of the number of insect pests involved, the greatest 

portion of the biological control work in the continentnl "Cnited Stntes 
hns been devoted to insects attncking fruit tree-s. This is partly 
explained by the efl'orts of the California State organizations, which 
for many years were centered nlmost entirely 011 a mtlwr large number 
of scale insects and mealybugs attncking citrus. Sevel'l11 outstanding 
results have been obtained thc}l'e, and their great success is partly 
attributed to the more favorable climatic conditions in Califomia and 
to the fact that the scale insects and mcaJyhugs appeal', in geneml, 
to be espccially susceptihle to control by the biologicul method. 

The fruit insects with which commereial conlrol has been efrected 
b.,- this l1H'tlnS, 0)' a. lllCllSHrnhlc rcduction in infcstation has bcen 
attained, arc as follows: Of tlH' ('itrus ins('ets, blac·k s(,ale, citrus 
mcalybug, eitl'Ophilus llleltiybug, cottony-cushion scale, long-tailcd 
mcnJybug, and ycllow senle; of the (kciduous fruit jusects, Comstock 
mealybug, .Jnpancsl' bcetl(', oricutnl fruit moth, nnd woolly applc 
aphid. 

Oriental Fruit Moth 

(GraplwWlw !nalata, (Busckn 

Be{',nUSl' of thc' great destructiven('ss of the orie'nU1l fruit moth to 
thc pcach CI'OP of thc Eastcrn Fnitl'd Stn,tC's ancl the Inck of su('ccss in 
('ontrolling it wHh insc(!ti('iC\p app1i(,l1.tions. an ('xtendcd program for 
the importation of its nalul'nl Pl1emips was u ndprtakcll in 19ao (.9). 
~[ost, of lite' collections WPl'e made in .Japan and Kor('(l, (82), though 
somc consignments \\'('re rc('Pived from Frl1 n('p, Italy, and Austrnlil1.. 
Howcycr, the moth was of onl)' I'pt'pnl establishnH'nl ill the Inst thrcc 
countries, and ('OnsC'CllIelltiy the nnturnl ('11('mips attacking it \\'PI'(' 

natiYC' spC'C'iC's huving othcr normal hosts. T]I('Sl' fpw nil tiy(' sl)l'cies 
w('re not abundnnt in comparison with Ul(' pnl':1sitC' complex attacking 
tIl(' pcst in its nativl' homc in thl' Fur Ellsl. 

Total importatiolls fl'om nIl sOW'('('S from ] 9:10 through 19:39 ('om
pl'isl'd npproximlltl'ly 440,000 fldd-eoU('ctl'd fruit moth larval' with II. 

yariablc pCI'('('ntag(' of pll1'l16itizntion, 211 ,500 Plll'llsite coeoons IU\(\ 

pupal·in., and 20,000 adult pnl'l1sitl's. '1'.1wsp importntions illclu<il'd 
more thnn 20 plll'l1sih' SP('Cil'6. "\Yith tli(' ('x('('ptioll of 1 01' 2 spp('ies, 
they \\'('1'(' all colonizpd in lhe inf('sted nl'('ns of th(' Eastcrn States, 
some in vCIT liLl'gP numbprs and at mu,n), poinls. Sev(,1'1l1 specics, 
noln!>l.\' Iiol'ogl'lw; ma/esta('. (Fchicln), I'l'PI'Od1J('pd wplI in the field 
dUl'ing IIIP S('llSon of I'ph'nsf' n.nd sho\\'('{l C'onsidcl'HbIP promiSl'. 1]11
fortunnt('ly the ('olonics dC'dillCd 8hn.q)ly nft('/' tItl' first scnson and 
cventually disll]Jpl'tll'('d. ThC' p!'il1cipnl obstndl' to t'stnblishmCllt 
appcars Lo hl1VO bl'Pll thp In('k of 11 suiLn.ble 11lteI'lIl1.t.e host to curry the 
parnsit(,s over the winter. The VCIT cxt('nsivc impoltn.tion program, 
covering n. pCI'iocl of 10 YNLI'S, I'l'sulted in til(' l'stllblisitment of only n 
single specic's, Agathis diZWI'S7.1S, in thc Unitl'd Statcs, nnd evcn now, 
over 20 ycnrs after the initinl rdcnsc,;, it is found at only a very few 
points and is of 110 valuc in ('ontl'ol. 

In 1950 the University of Cn.liforJlill. imported 11 smull amOllJ1t of 
plll'asitt' mai.cl'inl from Shnlltlll1g Provin('o, Chinn, from which WH:'; 
I'carl'd PlwtlerotOli1a molestae ~[lI('s. lind rtgathis./e8til'1l Mues. Rcaring 
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stocks of these two species were forwarded to the Bureau of Ento
mology and PInnt Quarn,nticl} labomtory at ~[oorestown, N. J., 
where insectary procluctio!1 was uncJerUtkel1. Releases of hoth of 
these and of A. dil'e7's1L.~ as well were mnde in light infestations in 
southern California in H)51. None of them are~' known to be es
ta,hlished in thut StaLe. 

Despite the very disappointing outcome of the foreign importation 
program, a ve'ry substantial degree' of control has still been attained by 
the biological method through the use of Jfacl'()CI'ni1'1lS ancyli.vonls, 
a natiye ]jarnqite previously reared onl.\~ from the stt"flwherry leaf 
rollel' (A'Ilcylis c()mpfru/() fra{j(rriae C\r. &: lL). This is one of the few 
exn.mple's of a ]lar-nsile of n, native pest ])]"o\-ing efl'eeLive against an 
introducpd ])('st ntttwking n.notht'l" CI'OP, 

Priol' to tli(' appparnn('e of tlw fruit moth in (11(' tTnitrd States 
Jfac/'l)c(,IlU'US wa;; known to bp common only in Xe\\' J(,l'sey, Ddawn,re, 
and :,[n,rylnnd, IL quickly ndapled itself to the !lew pest and aUn.ined 
n, high d('gn'p of pnl'nsitizntiol1. A largl'-scflle production ancl colo
nization 'pro.gl'fim wns 1Illclertnke>1l ill 1\)29 and continucd to 19:35, 
during whi('h period ('o\onip:,; wr1'e 1'l'lrnsed in an infrstl'd srctic,ns, 
Infested 01'('11111'(1;; JI'('qu('ntly sho\\'ed 50-percl'nt 01.' morc fruit injury, 
:n-t o[[po this 10';" was 1'('(llIc('(l to h'ss than 10 JWl'cent the s('ason 
following I'(,jpn'w of [h(' pa,rnsite. Sn.t.isfnctory methods of chemicnl 
('olltrol \\'('I'e not llH'n knowl1, und tll(' pnrnsite rcleases thcrefore 
pl'l'YcnLeci sPl'iollS Itnd otherwise 1IIln'·oidu,ble losscs. These brl1efits 
\\'CI'P o\)ln,ilwd in mn.ny of the mosl important prach-proclucing Statrs, 
yrt then' 11.l'r some seetiom;, such ns southern Ohio, wl1('re JIacrocen
tr1lS l'elensl's lmvc consistl'lltly fn.iled to eJTcet finy appreciable rcdu('
tion in the fruit inf('stnLions, The I'pasons for this condition are not 
well understood, but it mny he nssocintNI with a senl'city 01' ahst:'nce of 
the stl'nwbrl'l'Y kaf mU!'I': wlli('h is n, supel'io1' overwil1tcring host, 01' 
to a(l\T(,l'se ('Iimn.tic cOlldit,ion.:;, pn,l'ticl.llllrly low winter temprraturcs, 
Eypn in the scC'tiolls whe'rc thc pnrt1sitr is most dfcctiv(' thcre' n.rr 
orca«ional SNlsons whrn the pest is allle to build up to destrl.letive 
lewIs, so tlH1.t [he pnrnsit!', nlLhough gellernl1y rffrclivc, cnnnot be 
dependrd on to ('ontrol the fruit moth (,Vl'lT y('al' . 

.A. fmlll('r de\,r]opnwnt in the lltilizn.tion of Jhrc7'()Cent1'1lS, which 
greH,tly inCl.'cn.ses i ls (,fj'ectivt'lless, is mass colonilmtion en.rly ench 
scn,son (10), ]Dvpn in orchards that already have u, considerable> 
parn.site popuLalion, the release of 500 nddiJionnl adults J)('r ncre at the 
prOpl'l' lime results ill nil npprceiabLc reductioll in thc proportion of 
fruit thn,t becomcs infested. In New Jersey such libt'l'atioll''l have 
brought about l1 l'('(luetioll or 50 to SO percent in fruit injul'Y, 'l'his 
pmctice ml\Y nlso be. of special henefit during the occn.sionn.l seasons 
when outhreaks o(,cur in sections where eo.ntrol is usually satisfactory. 

The most intensive utilizn.tion of j\{acI'OCentI'1IS, hO\\TCyel', was III 
connection with the outbr(,n,k of the oriental fruit moth in Californin.., 
which was dis('oYered in 1942. Here the rell'Mes w(,l'e not fol' direct 
protection of Lhe fruit crop but for suppression of incipient infesta
tions and pl'evpotion of sprend, :Methods were developed by the 
University of California (58) for the production of the parn.site in 
enorl11Ous numbers and at low cost, wilh lhe potato tuL)(,I'WOI'Ill as the 
host, Fiftecn million or more wprc colonized annnnlly from 1944 
through 1\.)46, The coLonies weJ'(~ plu('('d in evwy infested orchard, 
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irrespective of the degree of infestation, and in adjoining orchards 

also. It iSJ of course, impossible to evaluate the part this program 


. played in control of the pest. Many of the incipient infestations 

disappeared, and in no l1l'ea of the State has the fruit moth attained 

a pest status comparable with tun ~ held in the Eastern States. In 
"pite of the millions of 111. anclIlivorY,s that \\'(,1'e r('l('used, this parasite 
failed to become esttlblished in Cu.lifol'l1ia, though 1'('t'oY('ries were 
made the season of release. 

Codlint Moth 
(Cm'jJoca,p.<,a. pomonella (L.) 

The co(Uing moth is the most destmctive p('st of apples in the 
United States, and all possible means of controL need to be fulLy 
explored. The ftrst attempt along biologicul ('ontrol lines was in 
1904-5J when Ephialtes ccmdatu8 (Ratz.) was imported from Spaiu 
under the name of Cailiephilliles messol' (Grn.y.) by the Calif01'l1ia 
State Oommission of Horticulturo for l'eLen.se in that Stn.tc. It was 
reported to be cstabli"hed and abundaIlt at sonl·n.! points of l'elease, 
but eventul1lly disl1ppearecl. Latcr, in 19:35-36, it wus introduced 
from :Fl'Ilnce for coJonizl1tion in the Eastel')) Statcs, bu t this effort 
likewise was unsuccessful. Pf!l'is£erola emifjraia Hoh. was imported 
from Hawaii and released by the UnivcI'siLy of California in 1947, 
but did not become established. 

• 
The penetmtion of the codling moth 1m'vae deep within the pulp of 

fruit for almost the entin'. larval period provides almost complete 
protection from parasite attack, except by the species that oviposit ill 
the host eggs. Oonsequently, control by la,rval plun.sitl'S a,ppears to 
offer little promise. 

Extensiye tests were ma,de to utiLiu' the nn.ti\re egg pnrnsite Tl'icho
gramm,a, minutu7n Riley of various stmins and possibly dili'prent species 
of the genus, whcrein large numbers wt'l'(' l'ell'fised in the OI'dUlI'ds 
early in the season. They w(\re not sufllcionlly beneficial to warrant 
recommendlltiOll of the practice commercially (1). These tests were 
conducted in Georgia, and in soveral other principal apple-producing 
sections of the United States. 

A series of tests wcre conducted in a.n apple ol'chfl,rd at Kcarneys
ville, W. Vll., in 1936-40 to ('valuate the effectiveness or native natu
rnl enemies in the absence 01' insecticidal trca.tments. During a. 
a-year period the percentage of soullct i'ntit in the com11lercially
treated plots was 56-75, whereas in the biological control plots it was 
28-38 (96). None of the paru.sites or predatol's incL'Cfl,sed their 
efficiency sufficiently in the absence of insecticides to j lIstify discon
tinuation of the standard spmy pru.cLices. 

Peach Twit Borer 

(Anal'sia lineatella, Zell.) 

• The peach t,wig boreT is of foreign origin and is now distributed 
throughout the United States, being most abundant a,nd injurious in 
Oalifornia. In 1931 Lhe impOL'tation of natural enemies was under
taken/ when the Bureau of Entomology u.nd Plant Qual'l1ntine station 
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in Fl'I111Ce forwarded seven shipments of Paralitomastix lJyralidis 
(Ashm.) to the University of On.lifornia, which undertook the rearing • 
and colonization work. ' 

The shipments from Fl'I1nce comprised more than 2,300 field-col
lected and reftf'c(l twig-borer lanrae, from which more than 62,000 
pyralidis adults were obtained fOl' field release. !::leverD,! Jarge colonies 
wcre placed ill infested orchards in the Ohino nrea in southern Oali
fomil\. n,ncL l1t'ltl' Yuba City in th0 Sitenl,lnenlo \Talley during June to 
August] 9:31. Fi('lrL l'e('O\'('I'irs of pilrasitiz('d InrYill' \\'('1'(' mudc shortly 
after the releases at Chino in 1931, and in 19;32 the pnrasitizatioll 
rn,ngNL up to :35 ppre(,llt. Additional rcit'ases \\'('1'0 mn.de 'with domes
tie mn,terin.L rLuring 19;32. Rccoypries \\'pl'e made in Yuba County in 
1940-'11 at LIw si tps of lllP 19:32 1'('] l'fl SPS. Th(' parasite .is '\Tell estab
lished .iJ1 Californin, but d t'tn,i led. il1formation is In,eking on its efTec
tin'ness ill cOlltrol. 

At the til1w this intl'odudion ,,-ns nU1.dl' it \\·n.s knO\\'n thnt p, 
]JYl'alidi8 was 11.ln'n.d~- pn'sent as n, pnmsitp of the twig bOl'cr in the 
Eastern Stntes, but stoeks for use in California ,,'cre more ren.dily 
n,\-nilab1e in Europt'. 

This parasite dpposits its egg in thnt of the host, illld dc'v(,lopment is 
pol,F'mbl'yonie. Thirt,\' 01' more illdi\'iduills l1,n' produced in ('itch host 
lnrvn, which is killed when it altftins full growth. Dead parasitized 
In,l'Ylw arc l:lrgl'r than 1ll'l1.lLhy indi"iduals. Th(, llumher of gellert!.
tions is the Sflll1l' ns for the host. 

Western Grape Leaf Slceletonizer 

(lJal'l'isilw bl'illilLII8 B. & McD.) • 

'I'he W('stem grl1,p(' INLf skelt'lonizl'r, It ]Jl'st of wild l1.nd ('ultivatt'(l 
grl1,p('s, is nH,tivl' to ill(' Southw('st and 1r[pxieo, and an infestation 
appeu,rl'rL in San DiC'go County, CHlif., in U)41. Eradicn.tion ef\'orts 
\\'(,I'C un<ic'l'taken to ('\imilll1,te llll' risk of its sprl'nd to the importtmt 
grf1.p('-growing scctiolls of the Sln,te, but they have not been succcssful 
and ill(' progmm is no\\' ('('11 tpl'ed Oil prcYcntion of spread. To nid in 
the n,ttainHlellt of this objl,(,tiYe, the importntion of natural enemies 
wu.s bcgun ill 1\)50, ",11{,11 the search wn.s started ill Arizonn, followed 
by Slll'veys in 1[oxico, the el1siprn hnH of the Unitpd States, nnd Utah. 
The ('ollectioJls in the Enst<'1')1 Stntes were ff'om other spocies of FIa,1'6s
ina nncl relatNI gClH'J'fl,. Fift(,Pll species of primar~' pn,rusites were found 
(132), of which (l hitYe heen ren,rpcl nnd eololliz('d in the infested nren.. 
Thl'ec of tlwm n,l'e ostu.blishNl-.flpanteles ha1'1'i8inae 1'[U('S. and 
St1£l"Ini(£ sp. from Arizonn allli Pelec!lsto1'na, IWI'l'?:si7lCLe (Ashm,), the 
stock of whi(:11 was reared from Har"i8i,na, am.erica'/la. (Guer.) and 
Acoloithus sp. col}Pcteri in Flof'ida. 

Totn,l releases during 1951-53 comprised appr-oximately 91,000 
pamsites representing 6 specios. In addition, 4,790 adults of Gomp
silu,ra concinnalcL, obtained through the Bureau of Entomology and 
Plnnt Quarantine Inbomtory at New Hnven, Oonn., were relensod in 
1952 in infestations of the skeletonizeI' and otll('l' lepirlopterous pests 
in San Diego County, • 

The Shu'min from Arizona !1.nd 1'Iexieo, originally bt'lievnd to be 
S. hal'risinae (Coq.), is no,,' thought to comprise scvemL closely 
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related species. Apanteles and Stur'ml,a quickly attained a high 
parasitization, ntnging up to 75 percent in the colonized areas, 
but evaluation of their effeetivencss has been complicated by the 
appearance of a virus cLisease of the skelPtonizet· larvac, which has 
greatly reduced the field infestatioJls. 

Orange Worms 

Several species of Lepidoptera an' known ns ontllge WOl"ms in 
California, the mOl"e important beillg ArYYi"otaellia. citran(L (Fern.), 
p.y~oderce8 rileyi ,(W1S111.), Holcocera iceryaeella, Riley, and 2vf.1Jelois 
rempars Dyal". Sevel"fil thousand adults of a larval parasite, Peri
sieroLa emigmta, as ,,-eLL as n, smn,ll numher of Cremast'Us sp., obtained 
from Hawaii, Wl're colonized in Orange County in 1947, but failed to 
become established. Small quantities of parasite mn.t.et·ial, mostly 
of 1\{yeloi8, were forwn.rdecL hom Frn.nee to the University of Cali
fornia in 1948 n.nd the following years. Sevcral colonies of CampopleJ' 
;ranthostomus Grav. were l'eleased in infestations of llf.l'eniJI(l.i"8 on 
witlnut ill Orange County, but diclllot becollle estahlishcd. 

Pecan Nut Casebearer 

(Aci"obasis cal'yae Grote) 

Investigations on the biological control of the pecan Hut casebearer 
through the utilization of egg pamsites of the genus Trichoyramma 
were initiated in Georgia in 1931 find extendc'd over It 5-yeal' period 
(136). Five. stmins of T. 1n?:nut'U1n, derived from various hosts and 
rem'ed on eggs of the Angoumois gl'l1in moth, were used in the tests. 
R.eleases \yere variable' in number and were distributed over the oviposi
tion periods of the host. The)T l'fLllged up to 200,000 adult pamsites 
per tree. On some plots small hut ddinite reductions in infestation 
were obtaincd, but they wel"e not suffieient to ofl'set the cost of pamsite 
production. This method of ('ontrol therefore cannot be recom
mended on a commercial basis. 

Similar field j-,ests were made during the same period on two other 
pecan inseets, the pecan len.f caseben,rer' (Acl'obasi.s .7uglandis (LeB.» 
n,nd the hiekory shuckworm (Laspeyresia C(/1'!lCL1W (Fitch). Results 
in the vn,dous plots W('l'l' inconsistent, n,l1cL no suhstantial reduction in 
infestation wns aiLaillcd. 

Japanese Beetle 
(Popillin japonica, Xewm.) 

'1'he large-scale importation of llatural ('nemies of the Japanese beetle 
from Japan, Korea, China" and India (23,24,79) from 1920 until 1933 
totaled 15 species, of which 4 were dipterous parasites of the adult 
beetle, 2 were tachinid intemal parasites of the grubs, 8 were hymen
opterous external pamsites of the grubs, and 1 was a carabid predator. 
Five of them became estllblished in the infested areas in the North
eastern United States-FlyperectC'ina aldrichi (=Cenieler cinerea Ald.) I 

a parasite of the adult bectlcs, and Dexilla 'ventralis, Prosena sibirita, 
Tiphia popilliavom, and T. vert/(Llis, which are parasites in or OIl the 
grubs in the soil. Of these, onl)" thc 2 species of Tiphia have adapted 
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themselves to local conditions and are now generally distributed. 
T. vernalis emerges in the spring when the host grubs are nearly full
grown and is, accordingly, the most valuable of the 2. T. popilliavora, 
however, emerges during the late summer, and during its oviposition •period most of the host grubs are still small. As a result, the progeny 
of the parasite are largely of the male sex, and increase and effective
ness in control al'e therefore reduced. 

It has been exceedingly difficult to evaluate the effect of 'l'iphia on 
the Japanese beetle infestations. On~' reason is that the beetle popu
lations have not maintained a consistent level. In every locality the 
pest builds up to a high peak quickly n;fter establishment, and then 
aftm' a period of years su bsicles to a much lower level. As a result the 
zone of heaviest infestation is not the aeea of initial infestation but is 
at the periphery, which increases each year in distance from the 
original center of establishment. However, even in the older and less 
dense infestations T. vernalis often parasitizes up to 65 percent of 
the grubs. It is believed that this parasite contributes substantially 
to suppressing the grub population in spite of cel~tain habits that 
cause it to be muchless effective insome localities thanin others. Heavy 
parasitization of grubs takes place mociC frequently:in the immediate 
vicinity of an adequate food supply for the adult wasps. T. vernalis 
feeds mainly on aphid honeydew, whereas T. 1Jopilliavol'a feeds at 
the blossoms and nectu,I' glands of certain plants. 

Extended field tests have been conducted in New Jersey to deter
mine the effectiveness of a parasitic nematode, Neoaplectana glaseri 
Steiner, in controlling grub infestations (81). Methods were de
veloped by the State Department of Agriculture in cooperation with 
the Rockefeller Institute of :Medicnl Research and the Federal Bureau 
of Entomology and Plant Quamn tine, whereby the nematodes could 
be economically renred in cuI ture medin, in the laboratory. Enormous • 
numbers were produced u,nd utilized in large-scale field experiments 
throughout thc State. The results were not encourag:ing, and this 
parasite does not seem capable of aiding in the biological control of 
the pest. 

The greatest possibilities in biological control of the Japanese beetle 
now appear to be the bacterial diseases of the grubs (7, 151), which 
are known as milky diseuscs. They are caused by species of Bacillus, 
the most common being B. popilliae and B. lentimol'bus Dutky. The 
origin of these bacteria is not known, but diseased grubs were first 
found in New Jersey, where the beetle first became established, and 
they may either be native to the United States or have entered with 
the original beetIe stock from which the infestation arose or have 
been contained in .the large Quantities of soil accompanying some of 
the early parasite shipments from Japan. 

Methods have been developed whereby grubs can be infected arti
ficially and the bacteria grown in quantity under insectary conditions. 
After the required period of incubation, the diseased grubs are mac
erated and mixed with talc or other material at a predeterm:ined 
dosage (52), and it is usually in this dry form that the bacteria are 
distributed in the field. This spore dust is available from commercial 
sources. 

Large-scale colonization programs have been conducted in New 
Jersey, Delaware, and Maryland and to a lesser extent in other States•. • 
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They have been effective in pre\~enting tUl'f injury by the grubs and 

• 
serious defoliation by the beetles in parks and gardens. Experimental 
plots have shown a grub mortality in excess of 90 percent within 2 
months after application, and equally high mortalities have been 
noted in areas where the organisms had become established b.y natural 
means. The present clistribution program is directed principally to 
the areas representing the periphery of the main beetle infestation to 
prevent buildup of the population to the peaks attained in the older 
infested a1:oas. In city lWc! subuJ'bllll areas it is desirable that any 
program for control should be on n, eonmlllnity basis so that the 
treated areas will not be subjectecilo a constant influx of adul t beetles. 
The cost of the spore dust and of its application is too high to permit 
general utilization for protection of agricul tural crops, but its usc is 
practicable for protection of turf in city parks, goH courses, and 
lawns of private homes. Spot treatment in agricultural areas is fol
lowed by a gradual, though somewhat slo'," spread of the disease 
by natural means. 

Cherry Fruit FJies 
(Rhagoleiis cing'lllata. (Loew) and B. fausta, (0. S.) 

• 

Fruit flies of the genus RlwfJoletis iLrc sCI·ious pests of cherry in the 
Pacific Northwest, and ttpparel1tly arc spreading southward into 
Oalifornia. In] 952 four species of OpillS, including O. jOl'mOSCLnUs 
Fullaway and O. cOJnJJenscLIls (Sih all pamsites of the oriental fruit 
ity, were imported from Hltwaii, 

y 

.), 

and 8:35 adults were colonized by 
State agencies in Oregon and 092 in Idaho. The following year 
31,830 adults of the samc species \\Tere colonized in infestations at 
2 sites in 'Washington and 1 each in Oregon and .:\[ontana. rfhe re
lease in 1ifontana was Oll H. fCL1lsiCL, wherNls in Lbe other :3 States it 
was on R. cinglllatn. 

These efrorts were experimcntal, as the normal host of the parasites 
is the oriental fl'uit fly, n, tropical Or subtropical species. It is not 
known whether the p!Lntsites \\"ill de,"elop in any species of Rhagoletis 
or whether they will be able to bridge the \\Tinter on iL one-generation 
host. 

Walnut Husk Fly 
(Rhagolelis comp/etn Oress.) 

The walnut husk flr was first reported in southem Oalifornin in 
1927. It is ItIl accidell tul in tL'Oduction from the eastel'l1 part of tbe 
continent, and attacks se\'('ral deciduous fruits in. addition to the 
walnut.. 

In 1931-32 three parasites of the .:\Jec1itcrranean fruit fly (Ceratitis 
cnpitata Wied.) in Hawaii-OjJ1:us tryoni Cam., O. hwnilis Silv., and 
Tetrastich'lls g~tfardia,'J7.us 8ilv.-were impolted and colonized by the 
University of Oalifol'l1ia, but fltiled to become established. In 1937 
the next attempt was made to establish parasites of this pest, when 
several small colonies of Opi'lls melle us Gahan, a parasite of the a,pple 
maggot (Rhagoletis 1JOm01iella (\Yalsh)) obtained from New York, 
were released in the Pomona district. No l'eco\'eries were made. 

• In 1951 Opius jormosCLnus was imported. and sC\Teral colonies WI11'11 

http:g~tfardia,'J7.us
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l'eleased in groves at Pomona. This parasite had originally been 
imported into Hawaii from Formosa and WfiS established on the 
oriental fruit fly. It WfiS thought that it might be adapted to the • 
husk fly because of an obligatory win leI' diapause, inasmuch as the 
husk fly has only a single generation each ycaI', Establishment was 
not attained. 

Black Scale 

(Sais8r:tia oleae (Bt'rn.)) 

The sparch by the Clllifol'llin. Stull' orgnnizn.tiolls for 1lI1turaienemies 
of the blaek sellle·, a mlljor p('st of ("itrus ill that Stntc, hns CO\'pl'pd a 
period of 60 y('ars, in {ht' eours(' of which pmcticnlly pn.'r~· subtropical 
Itnd tropical region of tIll' wodd has \.)('('n tombed for parusi(('s and 
predators that might aid in control (131). '1'11(, scope of this work 
may be judg('(L b~· the fnet thn.t 11101'(' than iO species of Chalcidoiclea 
have been n'ared from this one sealp inspct in various parts of the 
wodd. .Many of these spc'C'ies belong to the nphelinine genus 
GoccopIWg·U8. Thp O('('lIITencp of S('X d ifl'eren lialion in tht' hosl. 
rellttiollships of spl'ci('s of this gelllls nnd otbel' gelH'l'a of the family, 
discovel'l'd b.\' Fl11l1ders (61), is thl' pl'ohable renson for failure of 
cstnblislul1pnt of n numb(II' of specips ('olonized in thl endy years, and 
hns pnn'idt·d lhe knowkdgc' ('SS('n tial for sU(,Ct'ssful rearing and 
colonization of sl)('cips of the gPIlUs that haye been imported in recent 
ypn.l'S . 
• Of the n,pproximntely::lO SIWcil's of pn.l'I1siles and pn'dn.tors imported 
nllc! coloniz('(1 during lin' tiO-,\'{~ar lH'riod, S ill tpl'lln.! pn.msi tes, 1 of 
which In.t('l' proypd to be /1, St'C'ondl1,I'.\' pl1l'llsit.e, :z chaleidoid egg 
predntors, and :~ coceilwll id pn'datol's ha\'(' I)t'('onw estnblish('d. The 
first importations from A.ustl'l1lin. \\'pl'(' mailll.\' coceillellid lH'dlps, nnd 
of tht's(" llIti:::obius /'fnfrali8, coloniz('(1 in 1891 and 1892, showed the 
gren.tpst promise'. Tt incl'ens('d ('lIormousl~~, I1l1d (·xp(·dn.tions wer(\ 
high thllt Ht'IIL ('ontrol would 1)(' n.('complislH'd. 'l'his result wns not. 
attained, thollgh tht' bel'tl(' hns ]H'rsistpd in Ift.rg<' numbers in the 
citrus gro \'('s , pSI)(1eil111y in thp ('onstnl spctions. Comml'I'einl control 
of Ih(' senle 011 oli\'p hns I)('en attailH'd 1)\' this bectll' /1 number of 
times, and it is prohably of gn'nter \'ulue n,gaillst the pest on thnt crop 
thn.n on citrus. OUlPl' importpd eo('einellid prpdators thitt Iln\'e become 
established I1l'e R. debilis n.nd Lindol'lIs loplwntae, though the In.ttcr 
has pt'o\'ed to 1)(' bdtel' aCln.pLed to other pests. 

8c'Illellis(a cyanea. is (he more n,bundant of tile \.\\'0 introduced egg 
predators, l1.nd n.ttains n. high population in the unpvcn hlltch al'pns 
along til(' const. lts contribution town.rd control is rplntin.'ly little, 
eyen when n n~r,\r high pprcpn lIlge of scales is attn.eked, as n, sufficient, 
number of eggs to mnii1 tnin n, maximum infesLntion remain uncoll
sumed uncleI' endl femn,le scale. The second of the cstn,blisll('d eg~ 
predators is Lecaniobius utili.'!. 

Prior to 1900, when 8clltellista, wns introduced into Ca.lifornitt, a 
native egg predlttor, Tomocera californica How., wns abulldllllt on the 
black senLe, often n,ttacking up to 75 percent of the adult females, It 
declined rapidly thcrenfter I1nd is now seldom seen. Its place nppar
ently hns been permanently usurped b.\T SClltellisia., • 
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Of the 8 species of internal parasites thaL haw becoUle I.'stablished, 
the 2 that han! been n1lun.ble in control are AphYCllS helrolus and 
A.. lounsburyi. The colonizn.tion of ..'l. lO1l1t.~bwyi in thl.' COtlstal 
sections of southel'll Ctllifornia in 1918 and thereafter gnyc great 
promise, and commercial control \\'as effected in n. cOl)sidl'mble number 
of groyes from 1920 to 1924. It declinecllltereaftl'r ns n. result of its 
OWli actiyities in bringing tIl(' scalC' to more of all "eyen hatch" 
condition and through til(' nUnck of (/uay/r:a lchillifri, t1- secondary 
pamsit('. The rt'duction of dIP ofr-hatc·LJ brood of till' scnle pC'l'll1ittC'd 
morc efrectin- control 1)\' n sillgl(' nllllllll[ chcllli('fll tl'('atnll'ut. The 
pernll1llent e!C'Il,nup of t'Ill' illfl:;'[iltions 011 peppl'r trees, which nrc 
\\"iciel:- grown nlong streets itnd for SIHldl' tllld which ::;eITl'd as a source 
of reinf('stntion [or citrus grons that lind bpen spr:\~"ed Or fumignted, 
is credited mainly to ..:L /ounsbwyi. ~ 

A. stallleyi, CocCOp/WgllB Tusti, and C. capou.:;.'! hilT!': shown their 
ability to control the scale only 1111(iPl' spee1ul eon<iilions. The first 
appears to prefer thc soft scnlP ns a host, though o('cusiolll111y it becomes 
sufIiciently abundant on the black scull' to ('H.use un appreciable 
reduetioll in tlte infest:ltions. C. rllsli and ('. captllsiR 11Il,c been 
effective in infestations on citrus ill ollh" ,1 fpw localities find urc of 
most yal lie 11gainst tilt' scale on oh'nntiel: ulld pepper trees, 

'l'hc remaining three species-C. ('au-peri, C. pul6nariae, and C. 
trijasciailLs-nre still of n'ry limited distribution nnd of no value in 
control of the blnck senle on eitrJ.ls or olh-e. 

• 
The long 5cnrch for fully l>ITecli\-c parasites of the black scale 

finnlly I1PPl>nred successful when .:1. /tl/rolllS \\"115 obtained from South 
AfriCR in 19:3/ (64), .:l.[tC'r nn C'xtensi\"c rearing and distribution 
program during till' next f('\\' .n'ars, till' pest infpstntions subsided 
greatly, tllld th('re wus lillie or no need for insccticidnl treatment. 
The sl1yings C'frectC'd bY this eontrol amounted to millions of dollars 
ench .\"cn,r.~ Howeyt~r, this higbl~- fnyornble situntion did not persist 
in nil sections, as it deyC'lopC'cL Intl.'L' that thC' pnrnsite \\"IIS not fully 
ndn.pted to til(' full rnngt' of dimntie conditions prevniling in the 
citrus-growing sl'('tions of tlll' Stnte. In n'cent ypnrs the protracted 
pprio(ls or low wintl'r tC'lll[}('rntUl'C's thnt occur periodically in the 
in trrior ,-nll(,,,s 1111\'(' had 11 s('rioHs C'ffl'Ct OIl till' (,fjiciencY of the 
pnI'Hsit('. '1'1)(' ('old willtl'r of 1949-50, [or eXlllnple. was followed by 
hen.\·.\- nnd extel1sin outhr('H,\\:s of the scnle in many gro\-es, and 
chemical control again becamc necessary. 

• 

~\parl from its gn'tl.lt'l' ('lr('('tiYt'IH'ss in n.rt'as hnying a mild winll'l' 
elimn[e, A. Itdl'lI/llS tltlains its IIlOSt ('onsi:::t('nl ('olltl'Ol of thC' bllwk 
sellll' in St'clions wlll'rt> tlH'L"{' is n. ('('rtuln oycdnppi.ng of gC'ul'rnlions of 
the host, su('\t ns o('('urs in SOLlW {'oustai nl"C'HS mlher thiln in the 
intl'rior, whef'(' tht're iii /1 sillgle sh/trply defil1('d brood allnunlly. This 
situation has 1('(1 to il,n intert'sting sPI'ips of l':qwriments, which are 
still under way, to iUrl'('iUW tltr dfl'ctiYC'lless of lhe parasite undl'r the 
laUer conditions. Tlws{' tl'S[S proYi{\('(L foe til(' infestation of a portion 
of the infcstC'd [rc{'s \\'jtlt off-Iwl.dt scail> cnndl'rs dming the spring; 
thus the pnrasite \\-ns 1)f'oyi<1cd with llOSts of fL stnge suitnble for nttack 
during sewrnl months in \\'hieh th(' nOl'l1wl field populn.tion is too far 
ndynncecl in devplopment to be suitabh' for pHl'nsilt' 1'C'production . 
Instead of dying J)('('tluse of Inc\\: of hosts, the parlisile would then be 
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able to survive and reproduce in sufficient numbers to control the 
new brood of scale that appears in the late summer and the autumn. 

After the introduction of A. lounsburyi and the severe attack on 
it by the secondary parasite Q. whittieri, it had been thought that 
this introduced hyperparasite might prevent for. all time the attain
meut of biological control of the black scale (131). For that renson 
its netivlties after establishment of A. helvolus were watched with 
much interest. Fortunately the habits of the latter aL'O such that it 
is never attacked by Quaylea, ancl the early apprehensions reganling 
this hyperparasite have proved unfounded. In the groves where A. 
helvolu8 is most abundant and effective there has been 110 c'xtensive 
increase of all}T hyperparasite. 

Citricola Scale 
(Coccus pseudomagnoliarum (Kuw.» 

Oonsignments of field-collected citricola scale material were for
warded from Japan to the University of California in 1922-23 and 
1936-37, from which 4 or more chalcidoid parasites and 1 coceinellid 
predator wero obtained. One parasite, COCCOIJhagu8 Japonicus Oomp., 
·was released in small numbers in Oalifornia, but did not become 
established. Importn,tions were resumed in 1951 and 1953, and re
leases have been made of COCCOIJ/Wfjll8 yoshidae Nakay., COCCOIJhag1.ts 
sp. not yet described, and .f1ph?IC718 orientalis Oomp. in Tulare Oount}T. 
The outcome of these releases is not yet known. 

European Fruit Lecanium 
(Lecani'um corni Bouche) 

The EmopelLIl fruit lccanium is n, serious pest of apricot and seveml 
other fruit trees and ornamentals in centrol OnJifornin.. In 1939 the 
University of OalifoL'uia undertook a snrvey of the pest and its natuJ'n.l 
enemies in Europe, especially in Ii'rn.nce and Italy. A large llUInber of 
shipments of this and l·eln.ted species \\Tere se.nt to CaJifornia during 
that year, and they Were supplemented by additional consigmm:nts 
from the parasite station of the Bureau of Entomology and Plant 
Quarantine at St. Oloud, Frn.nce. 

A large number of parasites were reared from this material, mainly 
from other species of Lho genus, and colonies of 10 parasite species 
were released on infested apricot and other host plants in the San 
Jose, OaliL, area. However, these were smull colonies, with the 
exception of AphYC718 macu.lipennis Timb., and none became estab
lisued. 

H. S. Smith concluded as a result of his survey in Europe that in 
most of the records of pamsites on this host, the hosts are incol'l:ectly 
identified, and that no importa11t pamsites attack the European 
fruit lecanium in that region. The heavy infestations of the pest 
in Europe, in conjunction with the absence of parasites, led to the 
conclusion that the species is native to Nortb America and that it 
bas been introduced into Europe. 
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Kuno Scale 
(Lecanium hmoensis (Kuw.)) 

The kUl10 scale is of Japanese origin and has become established in 
Oontra Costa and Santa Clara Counties in California as a pest of 
deciduous fruit trt'es, especially plum and apricot. It is spreadincr 
slowly, but infestations are sufficiently heayy to require ~hemical 
control measures. 

In 1953 the University of California importecl several of the para
sites of this pest from Japl1n and colonized them in the inf('sted arell. 
The principa.l ones were EncyrhLS sp., which hits h,'o g('n('rations each 
year, the first emerging .from half-gro\\-n scales and lhe second from 
the llULlure fcma\('s, n,ncl Tirachlltars1ls kwwanai Yuasa. The latter is 
an anthribid bretle that attacks the ovipositing femalcs, the larvae 
ht'ing predaceous on the eggs in the egg chamber. l?ield releases of 
both species ,,-ere lllade in 1953, but there is as yet no evidence of 
establishment. 

California Red Scale (Aonicliella aurantii (Mask.» and 
Yellow Scale (Aonidiella citrina (Coq.» 

These t\,-o pests of citrus, which in the United States are most 
destructive ill Califomia, will be discussed together beca.usc the yeUO\v 
scale was long considered to be Jnrrely a strain of the red scale and 
because lhe importecl na.tun"Ll t'nomies have been from v-arious species 
of the genlls and hayc boen utilizcd agn.inst both. This effort in 
control by the biological method hus bocn under way by the Oalifornia 
organir.atiolls for 60 years i thus it rivn.ls that of the black scale in 
dumtion but docs not yet llqual it in results. 

The C'ady introductions werc mainly from the Austmlian rcgion and 
comprisrcl a Ilumber of predaceolls coccincllids, of which only Orc1l8 
c1wlybeu8 find L'indorllsloplwntae hrcame establisliecL Later importa
tions wcrc from Tnelin" ChinlL, South America, n,nd most recently from 
South Africa.. At lClLsL 30 sPN:ies of pfu'llsites and predators have been 
importcd a.nel colonized. In addition to OrC'/J,s and Lindor1Ls, 1 other 
predator-GybocephahLs sp.-n.nd 4 pal'l1sites-Comperielln bifasciata, 
Habrolellis 'row'i, .flphytis "A," nmi the reel scale stmin of Pros]Jaltella 
perniciosi-n.n' no\\- CSlllblishcd in souUWI'1l California. 

Goccido]Jhilw~ citricola BrClhes, a promising predntol' imported from 
Brazil in 1934, prrsisl:l:'d in the fidel foJ' seYC'rnl )"C'a1'S but finally 
disu.ppen.red. 

From t.he point of ,Tirw of cfTcctivellessin control the predators 
may be disregn.relC'd, ns UH')- hlLve pel'f:isted in only yery limited areas 
and arc not abundant. The sume is true of the South African para
site II. rou.d, wbich is pl'imnril)' n reel scale parasite and is established 
only in San Diego Count.v. Only Compel'iella and Aphlltis "A" are 
of appreciable ynlne in ('ontrol, the first on tbe yellow scale and the 
second on the red SCI1.1('. Efl'ective natural enemies of the reel scale 
appear to be conspicuously In.eking in all parts of the worlel where it 
occurs. Although a strn,in of C. bifasciatn adaptable to the red scale 
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has become esb1hlished tmel abundant in some orchards, it has shown 
no indication thus far of aeeomplishing nny degree of eOnLl"01. The 
t\\TO most reeentl.\- psb1hlished lHLrasi t('s Aphylis "A" and the red senlc 
strain of P7'ospaltelln perniciosi, ohtn,inrd {rom China and Formosa, 
show considerable promise, hut thc'ir finnl status is ~-d to b(' deter
mined. 

Intensive fL~'l<l tcsts hfLVe b('('n ulldedaken to det('rminc the prac
ticability of periodic' helL\rJ- colonization of Aphytis itA" and .fl.. cliry
somphali (::\lel,(·(\t), the b\lrr prohn.bl,\T a('('itlenlnll.\- intl'odu('('tl with 
its host many YC'IU'S 11g0, itS a Hwans of (~ontI"ol1ing dl(l ('(Id senie (40), 
Such a practicc would ('0l1l]wl1snt(' for lh(' lLPln.y in buildup of the 
field pl11'asi te' POpullltioll OIri ng to the II usui tahilil.\' of thr su('ccssin 
host broods I1l crl'tairt slng(ls or denlopnwnt for pnmsit:(' oviposition. 
Prcliminu,IT fidd lC'sts h:we gin'l1 stl,tisfnctol'.\- contl'ol, and the prac
ticability of this m0lhod jn the :11'C'11S suiln,bk for the parasite is no\\' 
dependent; 011 the (len'lopml'llt of m('lhods of mnss production of the 
parasite and of ils r<'i(lIlSC iLL n, cost not in (IX('PSS of the fLmount ('x
pendcd for chemical control. 

The results obtained wilh the yell 0 \\" seale sLl'llin of Compcrieli(L 
have been much bettel' tlw,1l those with tllp te(l scalC' stl'llin. III the 
Redln,nds aren, cspeeinJly it has showll up w(lll, lHll·ticularly under city 
conditions] where the cll\'il'onJnrnt and the Ynriet.\c of ~·egetn.tion ure 
most suiln,blp Iweuuse of o\T('l']apping of the difl'l'l'C'nt host stages. 
Infestations ill parks IUlcl similar itrens have becn completely COJl
trolled, and high poplllnLions of the pnrnsite arc frequently found ill 
the field. At the ])!'('sent lime lhe ydlow senle is of .little eonunereial 
importance 011 eitrlls ('x('ept. in Uw San Joaquin Valley (69), where 
its seasonal c.rcle .is much mOl'C uniform than cls('wlwl'c and sblges 
sui table for pnrllsi tizu,tion may be lnckiug for long p(,l'iocis. The 
originitl strain. of C. bifcLSci(lta from ,Tn.pan a]ype:lI's not to be adapted 
to thrse cOllditions, whpl'Pits sloeks imported from China during the 
~ast parl of 1()48 !\,nd \\"idely distributed in the San ;fonquin VnJI('y 
1Il 1949 haY(' p(1'<'etrd ('onlr'ol in n. numlwl.' of ol.'ciln.rcls. 

Purple Scale 
([,rpidosaphes beckii eNe\\-m.» 

The PlIl'plt, senJe hns long bcrll one of the most drstruetive pests 
of citrus in certnin of the constal seetiolls of southern Cnlifomil1 and 
is also a serious problem in Florida. Sinec tlte IS90's the Cn1ifornia 
organizations 1111\'0 searched in mnny parts of the ,,"odd for cfreetivc 
naturn,l enemies, but with little snccess. The imported eoccinellid 
beetlcs OI'CllB clwlybeu8 l1nd Lindol'llS loplwntae arc often found feeding 
on it, bu t \\'i th no apprecinble pfl'pet in control. The external para
site AZJhylis "X," obt.n.iIlPd from SouLb Chinn, nud li'01'1110Sn in 1948
49, Itucl PhYSCllS ICB," imported from l!"orlllosa. in 1950-51 (71), are 
established in seYe!'n] locnli tics in ihe constnl aroa, bu t their finnl 
value in control of tlte scn.le is not yet known. 

Fig Scale 
(LepidosaZllws fiC1l8 (Sign.)) 

A cousidomble llumber of shipm,enls of fig sctt.le, oystcrsh('.ll scale 
(Lepidosaplws 'ldmi (1,.»), [l,nd L, conch-ijol'li1is (Gmel.) wpre mnde from 
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Italy and France to the Univ(,L'sily of California during 1989-40 and 
1949-50 for 00ntrol of the fig scnle in the San Jonquin Yaney. The 
principal parasites obtained from t.his material \n~re Physcus testa
ceous Masi, Archenomus sp., iLlld AIJhylis mytilaspidis (LeB.). All 
three species were coloniz('d ('xt('nsin:-Iy, but Physcus and Archenomus 
diel not become established. lleknses were Ilutde in mixed infesta
tions of the fig seah> and oyst('rslwll senlC', as thl' parflsiles were known 
to aUnek: both specic·s. Otlwr ['('lpase's n~!linst thp fi~ s(,111(· comprised 
Aspidiolip/WY1l8 sp, lUll I T(I/8imia sp, frOHt South China and se\'eml 
toecinelli<l IWC'tlt's from South ..:\.Jri('t1. A. Ii!ytilaspidis, which is 
known Lo b(' nJr!'ntly widt'ly (·sLablisIH·d in the' Cnited StaLt's, was 
eolonized n.t ~ll'['c'l'd, Cnlif., in ~lnreh I H4D in an arcu, wherc the 
domestiC' form of thilL s])('eil's WitS n,bsl'nt. 

Field observations in the Snn ,Joitquin Vltll('y renalecl Lbat the 
Aphytis originall.\c obtai[1('(l from L. cOllch~ro,.mis in Frunce had estab
lished iLself and nHni[ll'd it high rn.tc of ]Htri\sitizn,tion, l'Iwging up to 
Ill'urly 100 ()('['('(,ll l. As n, l'('sul l tile' in[pstations u ntlC'[' obseryutioll 
han~ IWCll \'cry gr('tltl,\' l'pdu('{'<! (43). 

Gloyer Scale 
(Ltpido8(lfJ/II'o'; !/lol'l'rii (Pitl'k.») 

Thl' CHon'[' seah' is It minor lH'st of citl'uS ill lL \'{'I'Y Iimitpd al'l'il 
in California. Dur'ing 1948-49 shipments of misedlu[wOus scale ma
L('rinl n'eei\TC'Cl from Soutlr Chinn 1>\' tlr(' Cnin'I'sih' of Cnlifornia 
yidded hundreds of sp('('inlPns of jJI'():~paltflla elo7lgata Doz. (76). It 
wns reared in the illfwdary, and til(' first fidel l'C'h'ns(', ('onsisting of' 
only fixe mated fel1lnlps, Wt1S made in Omngl' Count.\· in ~[n..Y 1948 . 
The pn,rasite was rc('oYC'I'('(1 from this ('olony sit(~ through collections 
made in Deccmber ) 949, J~t'leuses \n'['(' mndC' ILt otl1('r points in the 
following ycars tl,nd cstublislrmNlt \nlS :lttainect. P. elonrJata hud 
pl'eviously becn reurNl from Olon'[' senle ('oUected in Texlts ILnd 
li'lorida, so tbat this (,(rort en,llnot be {'ol1sitlc['('(1 us un originnl intro
duction into the CnitNl Stntes, though tire s])('('[('s 1111(1 not pre\'iously 
been found ill Cnlifol'llin .. 

San Jose Scale 
(AspiC/iotu8 p(ll'nicio8118 Comst.) 

The Snn ,Jose s('nlC', whi(,It originated ill Asia nlld \\'US first obsenred 
tIl the UnitNl States about 1870, quickl.\' spread onl' the ('11 tire countr.\· 
IlUcl caused seriolls injury to npple nnd othl'r fruit trees u:ucl Lo OrllH
mentals. In the Enstern find South{'['n Bbltes it is nttueked by a 
numbl'l' of plll'UsilC's thnt mIL.\' hnxe lldl),pted th(,l11sehTes to it or \\;el'(, 
of foreign origin find hn.d been hl'oughtin with tIl(' host. For many 
years these enemies appeal' to huxe kept the pest tll1del' refisonable 
control in muny sections cxcept in orchards l'e('eivin~ frcqucnt sprn.y 
trcatments, C('rtuinl.y it is now m\I('/t I('ss dcstruC'lin' than during 
the period immediately following its ('stahlislunent in this eountr,\Y. 

A cocdncllid h('etle, GltilocoruoS 8imiil8, is an u,bunclnnt cn('m}' of the 
scale in Japtlll, and efl'orts were mnde to import and estnhlish it fl'OIll 
1895 to 1923, but without su('('css . 

Since the important purllsites of til(' senle were not prcsent in 
California, the Burcnu of Entolllology IUl<.l Plnnt Qunrantine nnd the 
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University of California undertook coopera.tively to establish one or 
more of the effective species in that State. The material was obtained 
from Georgia, where the dominant parasite is ProspalteUa perniciosi. 
Approximately 200,000 Prospaltella adults were released in 5 central 
and southern California counties in 1943-44. The parasite is now 
known to be established in San Bernardino, San Diego, and Santa 
Cruz Counties. Parasitizat;ion is high and the scale infestations have 
been much reduced in severity. 

Coconut Scale 
(Aspidiotus destructor Sign.) 

The coconut scale is a minor pest ~.f ornamentals in Florida, and the 
importation of its natural enemies was incident to a larger project 
under way in Puerto Rico in 1936 and the following yearE. The 2 
coccinellid beetles Azyatn'nitatis and Oryptognatha nociiceps, which 
had been exceptionuJly successful in controlling the pest in other 
countries, were established in southern Florida as a result of releases 
made in 1938-39. No further information is available regarding their 
progress and effectiveness in controL Two additional coccinellid 
predators, both of the genus Delphastlls, were obtained from Puerto 
Rico in 1936 and 1938, but neither species perEisted in. the field in 
Florida. . 

White Peach Scale 
(Pse1ldaulacaspis penta,gona (Targ.)) 

The white peach scale is a,n abundant and at times injurious pest of 
p.each and related deciduous fruit and ornamental trees in the South
eastern States. In connection with a project in the Far .East in 1901 
(103) it was observed that the scale in Japan was heavily attacked by 
a coccinellid beetle, Ohilocorus similis, an enemy of the San Jose 
scale. Several shipments were made to the United States, but only 
two individuals survived. However, they proved sufficient for rearing 
purposes, and large numbers were produced in the insectary at vYash
ington, D. C., for release in several States. The field eolonies appeared 
to tlu'ive, especially those in Georgia, where recoveries were made for 
several years, but the species did not persist beyond 1905. Several 
attempts have been made to establish this predator on various other 
scale insects ill California, but they likewise were not successful. 

Olive Scale 
(Pa,rlatoria oleae (Colv6e)) 

The olive scale is a relatively recent introduction into California, 
having flrst been observed abundantly on olive in the San Joaquin 
Valley in 1931. Since that time it has become widely spread over the 
State l and is destructive not only to olive but to a wide range of other 
fruit and ornamental trees. The importation of natural enemies was 
initiated by the University of California in 1939, when two shipments 
of material from Italy were received. They yielded a small number of 
Aphytis_sp./.but no field .releases were made. 
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In 1948-49 several consignments of scale material were received 
from Egypt, and yielded large numbers of a strain of Aphytis macu
licornis adapted to the olive scale. In :March 1949, 5,000 adults were 
released on oliye at 4 points in the Sun Joaquin Vulley, and recoveries 
were made in 1951 at 2 of these colony sites. 

The foreign survey of thiR pest und itE natural enemies was extended 
by the Uniyersity of California in 1951 to include India, Pakistan, the 
countries of the :Middle East, and the :Mediterranean region. The 
scale is at times a serious pest on deciduous 'ruit trees in some coun
tries of the Ncar East, but is rather mre in north,,-est India,. Pakistan, 
and the :Mediterranean region. The presence of one or more uppar
ently effectiYe parusites led to the belief that they might hold the pest 
in check there. SIY.lill importations of pUl"Usitiz('d material from muny 
countries were mfLde into Oalifornia during the summer of 1951. 
From this material were obtained four strains of A. m([clllicornis, which 
haye beC:'n designated the Indian, Persian, Egyptian, anel Spanish 
strains. 

The fIrst field relefLse ,\-as of the Indian strain in 1951 followed by 
the other three early the next year, and they quickly became estab
lished. The distribution program, which included also Aspidiotiphagus 
sp. from Iran fLnd Ohiiocorus bilJUsiulatus (L.) from Israel, was largely 
eompleted early in 1953, when a total of approximately 6}~ million 
pa,rasites and predators, most of which werC:' the Persian und Indiun 
strains of A. mactllicornis, had been released throughout the infested 
areas of the State. 

Results of the field tests with these strains of A.. macul1cornis have 
been especially promising (4-4-). Releases in field plots in Fresno 
County in January 1952 and the follo,,"ing mouths ··esulted in para
sitization of the spring brood of the scale, which approached 100 
percent in June. The second host generation during the late summer 
sho\\-ed relatively lo\y parasitization. The scale population in the 
spring of 1953 was less than 5 percent of that of the preceding year, 
and panlsitization again approached 100 percent. There are indka
Lions that the same course of events is laking place in the commercial 
olive orchards throughout the State, where the releases ,,"ere made 
later. 

Field recoverips have also been made of Aspidiotil)/!agus sp. at man:r 
points, mainly Oll dooryard trees, ancl of O. bipustlllat'lIS, 11 coccinellid 
preda.tor, bu t the InH0r is not Jmo\\'n to be established. 

Cottony-Cushion Scale 
(Icel·ya p1lrchasi Mask.) 

The biological con trol of tile cottony-cushion scale in Oalifornil1 
through the importation of its natmal enemies f,·om Australia is well 
knowll. 'Within less than 2 years after the arriyal of the first small 
consignments of tiw yedalia~ (Rodolia cCll'dillalis) from Australia in 
1888, the pest, which: had threatened to destroy the citrus industry, 
wag under complete control throughout south('rn Oalifornia and has 
remained so to tbis day. The pest is hdd n,t such a low leYel that 
several days ma,), be spent in spnrch for it before a single slllall colony 
is found. From. time Lo lime n slllall inff'stn,tion may appear on one or 



34 TECITh'ICAL BULLETL., 1139, U, S, DEPT, OF AGRICULTURE 

a few trees in an orchard or on ornamentals, but the beetle soon 
appears and quickly brings it under control. • 

The expenditure of lcss than $5,000 to defray the costs of the expedi
tion to Australia thus brough t bencfits to the citrus industry of the 
United Statcs amounting to millions of dollars annually, This beetle 
has since becl! colonized and established in about .5U citrus-producing 
countries in clifl'el'cnt parts of the world, and in most of them the samc 
thorough control of the pest hns becn attained, It has also beell 
equally e!l'ectin against rcln,ted pests, 110tably Ice7'!la, ae[J!lptiac(l, 
(Doug,) and I, seychella7'wl1 (West,,",), which are d('stL'uctive to citrus 
and oUler plants in oUter countI'ies, 

The rapidity with which commcrcinl control was cff('cted in southern 
California from nn original stock of 514 heetlcs receind bet\\'('ell 
~o\~ernbeL' lRRS nnc! ~Ial'ch lS8H is shown h.'- th(' following extract 
from a I('Ue'r fL'om D. W, Coquill(,(,t [0 C, "-. Wi('y daled Octolwr 
']1, ]889: 

Th(' first half of llll' YPM T de\'olpd nearly tIll' wholl' of Illy tinH' 10 proplI.g.lltin),( 
Ilnd clistribulill!.!; lllP ,\Ilstmlilt 'Lady-bird (I"ct/o/ill cordinrtli,~) rl'el'lltl~' inlroducl'd 
by this Dh'ision, At UH' pr('s!'lIt tint(' it is \'PI',I' <liflic\llt. to find Il Ih'ing Flutpd 
Scale (JcrrYft 7}U1'clwsi ~rask('lI' ill the \'icillil\' of this city (l,os :\ngl'les), so thOr
oughly hns tIl£' l.ndy-birel dOI1(' it" work i and, inrll'cd, thl' sal11e iR trlle of nellrl~' 
til£' entire HOIlt.hprn part of lll(' ;;latt', :1.." \\,pll a.~ of many localilil'R in the Northprn 
part. 

That com pletc con tl'Ol hy the \-('dn,lia has COli tinued to the. prcsen t 
clny l'equirt's SOI11(' qlln.Iifien,tion in tJle light of c('rtain d(',-elopnH'lIts 
during the last f('w yenl's. 'I'11(' wid('spl'encl lise of DDT and othrr 
even 11101'(' toxie chlorillalrd hydl'oenrbons find organic phosphatl's in • 
the control of (TOP pests hfls llPS('t till' nnturnl blllune(' of mnll'y asso- ' 
ciated ins('cts and hfiS rnis('c\ 111(,[11 to tJ1(, StfituS of major p('sts, Thcse' 
insectieidl's, ('s])Pcin,lIy DDT, p('rsisL on thp foliltg(' foL' months nnc! 
pmcticn.1l}r ('eadielttc the' plll'asitp and prp<inJol' populations, TIH' 
genel'lll usn of DDT ugninst t.hl' eitricob scnll' and citrus thrips ill 
certain arras in California ('lill1inn,U'd the wdnlin b(>l'tk in thosc n.rcns, 
As a resull h('lL\ry nlld d('f;lmelin' inf('stntions of the cottony-cushion 
scale quickly appe'flrcd (38) Sll('h ns hnd not 1)('('11 SC('11 for more than 
50 years. Consequently, it wns llPC(,SSfll',Y to r('coloni7.c the yedalia 
after til(' toxic l'('sidu('s on Ole folin,ge had been dissipatcd. 

Certain o( t.h(' host plllnts of thc cottony-cushion scn.lc are not, for 

some ren.son, suitable for fceding n,nd reproduction of n'dnlin, Re

pcatcd ('O'orts hn,vp bcc>n mndc to establish the beetle in infestations 

of the scal(' 011 Scotch broom (Cylis1l8 8copa,7'iu8) and maple in centl'lll 

California, but without suc('('ss. 


The spectaculn,t' success wilh Uw n~dnlia ovcrshadowed completely 
the valu(' of the pnl'Hsitic f1,Y (YrmJtoc/weiwn ice7'!lae, which WfiS estab
lished in CalifOt'I1in n,t tll<' Stunp time. The lattcr is most abundant 
in the coastlll s~'ctiol1s and, in the absence of the ycclalia., "would effect 
all appreciable dcgree of contl'ol alone. HoweveL', it hn.s not been 
given tJlis oPPol·tunity in any of the citrus-producing areas, but its 
vI11ue in control of Lhe pest on ornamentals ill the Sn.n Francisco Bay 
area, wherc climatic conditions aee not suitn,ble for the vedalia, has 
been fully demonstrated. • 

A second coecincllid b('('lit', /hdnlia koebele1', was imported from 
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• 
Australia in 1891 and persisted ill abundance in the citrus orchards 
of southern California for many years, but even tuully disappeared . 

Citrophilul Mealybul 
(Pseudococcus fJahani Green) 

The first infestations of the citrophilus nwalybug on citms trees 
were observed in soutJH'rn Califol'l1ia in HH3, and in the following 
yeuTs it spr('ad rapidly and soon l)('cn.nH' 011(' of the major p('sts 110t 

only of citrus but of Ol:llamentals in Ulltt State. :F'o/' It considern.ble 
p('riod it was IHkqualely controlled by annual mass rclNlses of the 
coccinellid b('etle eryplolaem1l8 monlrou,zieri, which had originn.lly 
been import('(l f/'Om Australia for control of Ule citrus mealybug. 
Another species, 8c?lmn1£.8 bi.nael1allls, WitS imported from South Africa 
by the Califol'llilt Dl'IHlrtnH'l1t of Agriculture ill 1921. It became 
established alld rather widely d istribu ted, bu t con Lribu ted little to 
control. 

• 

It becnme reeoglli7.(,ci. :lS time W('Tl t on that more (,{Hcien t con trol 
might be possible with illll'rIll11 pamsit(,s, if such could be found, than 
\\'ith the pr('(lnc('olls beetles. The s('arch fOl' t1i('sc was llOde/·taken by 
the University of Cnlifornin. in 1927-28. The COU Il try of origin of the 
mealybug was not known, but; a study of its dist.ribution pointed to
ward (he Austn1-1inll region. III\'('stigatiolls w('re therefore started in 
that country, though the species had 11e\'e/' beell reported to occur 
there. However, it was quickly found, and with it were seyeml para
sites. The importations llUlc!(' dUl'ing ('arty 1928 resulted in the 
('stablish111('n t in ('nl i[orllil1- of ('occoplw!Jll.8 flllrneyi and Tetracnem1lS 
pretio8U8 as weHlls 11- pn'dnceolls ilonidicl fly, ('leodiplosi8 koebelei (29). 
The predator proved to bc of Jiltlc \'1lI.ue in cOllt/'Ol, but the' 2 pal'!1sites 
increased and sprend so rn.pidly (lIn.t satisfactory COil trol was dl'ected 
throughout 11-11 tJH' infl'sted areas of C'lllifol'llia within 2 yellrs. There 
have be('11 no outbreaks sillce t.JlIlt time, and lhe pC'st is consistently 
held n.t all ('xceptionnIIy low I('\'c/. In romplC't('ness n.lld consistency 
of control {ht' success of tJiisprojret rqulLls tllaL attnined 40 ypn/'s 
previously by the wdalin. beetle on the cottony-cushion scale. 

Immrdiately following initial relenses of tltn parasites, C'occophagus 
was grnemlly the most etl'('ctive ill reducing the heavy existing infesta
tions. However, obsl'rvations in rcccnt years IttlYC shown a prepon
dernnce of Tetracnem1.lS, indicating that this species may be the most 
effective under conditions of 10\\- host density. 

It is somewhat surpl'ising thn t ou tbreaks' of citrophilus menlybug 
have not oCCUlTed following the genernl use of the new organic 
insecticides since 1945, n.s inf('stations of other mealybug species on 
citrus in sou them California hl1\,(' increasccl greatly a.ftel' application 
of sprays or dusts to the tr-e('s. 

Citrus Mealybug 
(PselldOCOCCllS citl'i (Risso)) 

'l'he first eel'orL in the biological con trol of the ci trus mealybug in 
California wns in 1891-92, when the coccinellid beetle C'l'yptolaemus 
montl'o1tzieri wus imported from Australia. It increased l'al)idly for 
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several years and showed promise of effecting control, but then sub
sided to relatively little importance. Later investigations demon
strated that this was due mainly to the inability of the beetle to 
sUr»ive the winter in sufficient numbers to prevent mealybug buildup 
in the spring. The development of mass culture methods, with 
releases in the infested groves each spring, solved this problem, and 
for many years the pest was satisfactorily controlled by this means. 

The use of Cryptolaemus consti.tuted an annually recurring cost to 
the gro,,'e,·s, in which respect it difrers from the requirements of other 
biological control projects, l'1nd for that reason the search for effective 
inLemal piu·asites was continued. Leptomasticiea abnormis was ob
tained frol11 Sicily in 1 !)14. Although it was not consistently effec
ti\'(~ in reducing the pest infestations, in some sections it held 
them to a low level between ou tbreaks and possibly also lengthened 
the illternl,ls between these outbreaks. Certainly the citrus mealybug 
has been much less dcstrudive sillce the introduction of the parasite. 

In Ventura County, howe,'er, the mealybug has persisted in many 
gro\'es in sufficient numbers to 11Ccessito.te control measures. About 
50 million Or?lptolaenw8 b!.'ctlcs and many millions of Leptomastix 
daclylopii lIo\\'. n,nd Palll'£di(L peregl'inn Timb. arc produced and 
colonized each yell\" for its control. L. dactylopii, which previously 
had been recorded from 'IYnshington, D. C., and Louisiana, was 
imported from Brazil in 1934 and P. 1JCregrinn from South China in 
19·19. rl'hese two species are not yet known to be established, as 
sl\l"\'ival oycr the winter is uncertain. "'lien colonized in the spring 
and early summer, however, they increase rapidly and are often 
effective in controlling the pef't. 

Extensive e~:periments \\'ere conducted in :Massachusetts (150) 
during 1933-35 to determine the possibilities for the effective lise of 
Cryptolaemus in controlling hea"vy infestations of the citrus mealybug 
on gardenias and chrysanthemums in greenhouses. The releases 
,,'ere on the basis of about Olle beetle per plant. Control was usually 
accomplished b}r the second brood of larvae and in 9 to 10 weeks 
after the initial relcases. 

Cryplolaenw8 reproduces satisfactorily only at 70° F. or above. 
Greenhouse temperatures are usually below that during the "winter, 
and therefore the beetles can be utilized successfully only when 
releases are made during April through June. The beetle does not 
reproduce extensiv6!y in light infestn,tions, yet if they are too heavy 
at the time of beetle release there will be serious injury to the crop 
before con tr01 is accomplishpcl by the second brood of larvae. Thus 
tJlere are definite limitations to the use of Oryptolaemus in greenhouses 
under commercial conditions. 

The inability of Oryptolaemu8 to reduce light infestations in green
houses or to hold them consistently at a low level once the heavy 
infestations are controllecl suggests the use of L. abnormis, L. dacty
lopii, and P. peregrina as a supplementary measure. A recent study 
of this problem in California (42), where ga,rdenias are often heavily 
infested with this mealybug, showed that initiil,l heavy infestations 
could be reducecl and then maintained at a low level by tJlC use of 
sm'eral llatural enemies, the most important of those used in the 
t~sts being Ohr·ysopa califomica Coq., Scymnu8 binaevatm, and 
Anagyrm ki'l-'Uensis Compo 
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• 
Comstoclc Meal,bug 

(Pseudococcus comstocki (Kuw.» 

During the 1930's the Comstock mealybug increased to a destructive 
status in apple orchards in sections of Virginia, West Virginia, and 
several other Eastern States. Attempts at biological control through 
the importation of its parasites from Japan WeI'e begun in 1939 and 
continued through 1941 (83). Five species of internal parasites were 
imported and colonized, and 2 of them became well established
Allotropa burrelli and Pseudaphycus malinus. In addition, A. con
vexifrons M ues. and Olausenia purpUl'ea Ishii had apparen tly been 
accidentally introduced with the host some years previously, but the 
first was found to occur in only a few localities, whereas the latter was 
generally distributed. 

A. burrelli, P. malinus, and O. pUl'purea have proved to be effective 
in the field in this country. The rearing and distribution program 
was continued until 1948, although the 3 species were well established 
in all the main infested areas by the end of 1945. Commercial control 
has been attained in most infested orchards mainly by the first 2 
species. Their release early in the season generally results in control 
by the end of the year, but if made later in the season the control is 
not accomplished until the end of the following year. This delay is 
mainly attributed to competition with C. pUl'pUl'ea, which is especially 
effective against the third brood of mealybugs, but is very much 
hampered earlier in the season by the attack of secondary parasites. 

• In 1940-41, before the effectiveness of the imported parasites had 
been demonstrated, an attempt was made to utilize the Australian 
mealybug predator Oryptolac1nus montrouzicl'i for control of heavy 
infestations. The Comstock mealybug has the same general habits 
as the citrophilus and citrus mealybugs on citrus, in that the infesta
tions consist of large aggregations of adul ts and egg masses, a condition 
found to be essential for the full effectiveness of Oryptolaemus. Re
leases of large colonies of adult beetles were made in three orchards in 
Albemarle County, Va" under favorable conditions in 1941-42, but 
the experinlent was llllsuccessfui. No feeding by the beetles was 
observed, and only a single larva was found after the releases. 
Apparently there was practically no reproduction. 

Long-Tailed Meal,bug 
(Pscudococcus adonidum (L.» 

The long-tailed mealybug is one of the minor pests attacking citrus 
in California, but occasional outbreaks have occurred in recent years, 
and in some areas it has become a major pest of avocado. The 
importation of natural enemies was begun in 1933, when Anarhopus 
slldncllensis was obtained from Australia, where it had been observed 
several years before. Tetracnem~ts pel'egl'inus, which had been im
ported from South Africa in 1924 and 1926 but not established, was 
brought in from Brazil in 1934, followed by Anagllrus fusciventris 
from Hawaii in 1936. All three species have become established (62). 

A .. fusciventris has proved to be of little value in control, whereas 
A. slldnellensis and T. peregl'inus have been highly effective in con



38 TECHNICAL BULLETIN 1139, U. S. DEPT. OF AGRICULTURE 

trolling infestations on citrus and avocado as well as on Dracaena, 
an ornamental plant that is a preferred host. A. sydneyensis is the 
dominant species, though either it or T. peregrinus alone is able to 
bring an infestation under control. Both of these species were 
colonized in heavily infested avocado orchards in San Diego County 
in 1941 (66). Observations 18 months later showed that both ,nre 
established and the infestations reduced sufficiently so that funher 
control measures were unnecessary. Since that time the parasites 
have become established throughout the coastal area of southern 
California. They have aided greatly in control of the pest, though 
occasional local outbreaks still occur on citrus. 

Grape Mealybug 
(Pscudococcus maritimus (Elu·h.)) 

The grape mealybug is presumably native to North America and 
is widely distributed. In California it is a pest of grape, citrus, 
walnut, apple, pear, and many other plants. The form that occurs 
on grape appears to represent a distinct strain, as it is unable to de
velop on the other plants mentioned, and it has only two generatiom. 
each year. Also it is heavily attacked by several parasites that do 
not attack the form infesting the other plants. 

E:-..-periments have been conducted recently (4-5) in the control of 
this pest on pear trees through the utilization of a native predator, 
the well-known green lacewing (Ohrysopa californica). These tests 
were undertaken mainly to restore in the orchards the natural 
populations of the lacewing that had been greatly reduced because of 
applications of DDT and other insecticides for control of the codling 
moth. The adults of Ohrllsopa are extremely susceptible to these 
insecticides, whereas the larvae are resistant. Accordingly, the 
colonies placed in the field consisted of eggs rather than adults. 

It was found that 3 releases of 250 eggs per tree, properly timed 
over the spring and summer months, brought about a very substantial 
reduction in fruit infestation. There was also a "residual" effect, 
in that the orchards remained reasonably free of mealybugs the 
second year, even without further releases. This finding suggests 
that releases in alternate years will be sufficient to maintain control. 

Pineapple Mealybug 
(Pseudococcus brcvipcs (Ckll.)) 

The pineapple mealybug is a common though not destructive pest 
in small pineapple plantings in southern Florida. Although it is a 
minor pest, it was possible in 1943-44 to obtain parasite stocks from 
Puerto Rico incident to other activities. As a result Hambletonia 
pseudococcina, originally from Brazil, was obtained and established 
in plantings at Sebring from an initial release of 454 adults in June 
1944. No information is available regarding its abundance or effec
tiveness; in fact, the general use of the new organic insecticides on 
this crop in recent years has probably reduced the parasite to a very 
low level. 
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Woolly Apple Aphid 


(Er'iosoma lanigerum (Hausm.)) 

The woolly apple aphkl is native to the northeastern portion of the 
continent, as is also its internal parasite, Aphelinus mali. The pest 
is usually fairly well controlled by Aphelinus, though occasional minor 
outbreaks occur. 

The opening of the West to agl·icult.ural development in the last 
century led to the establishment of n, large apple industry in the 
Pacific Northwest. Apple cuttings and nlU'sery plants from the 
East undoubtedly carried the aphid to the Northwest, but apparently 
the parasite was left behind. Because of this absence of an important 
natural-control agency the aphid increased and spread widely, and 
heavy infestations developed on the trees. The situation was further 
complicated by a fungus disease, perennial apple canker, which 
caused serious injury to the trees. The physical condition of the 
bark about wounds or pruning scars, induced by large colonies of 
aphids, provided optimum conditions for the development of the 
disease and resulted in lal'ge lesions at such points. The essential 
step in the control of the disease was therefore the elimination of the 
aphid infestations. 

.' 
The introduction of A. mali into the Northwest was accomplished 

first in the Hood River Valley by the Oregon Agricultural Experiment 
Station in 1929 and by the Federal Bureau of Entomology in the 
Wenatchee and Yakima, Wash., areas in 1930-31. Its establishment 
and spread wore rapid, and the aphid infestations soon sub~Jided to 
a, noninjurious level. A further consequence was the virtual dis
appearance of perennial apple canker as a serious orchard problem. 
This favorable situation persisted until the late 1940's, when the 
widespread use of DDT and related compounds for codling moth 
control practically eliminated the parasite from the orchards. This 
brought on once more the heavy aphid infestations and in their wake 
outbreaks of perennial apple canker. The solution of this problem 
lies in ei ther the addition of an effective aphidicide to the codling moth 
sprays 01' a change in the insecticide to one less to~ic to the parasite 
and less persistent on the foliage. 

'1'he parasite was also in troduced into the apple-growing sections of 
Oalifornia during 1935-39, but it is not so effective in some areas of 
the State as it is in the Northeast and Northwest;. 

The general effectiveness of A. mali in the United States has led 
to its in troduction into the apple-growing areas of 50 countries 01' 
geographic fLl'eaS during the last 30 years. It is known to be estab
lished in more than 40 of these countries, with varying degrees of 
success in control of the pest. 

Recent observations in Oalifornia (105) indicate that Exochomus 
quadripustulabls, a coccinellid beetle imported from Italy and estab
lished in 1928 to control certain lecaniine Ooccidae, is capable of check
ing heavy infestations of the aphid in some parts of that State and 
is a valuable supplemen t to A. ma,li. 
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Citrus Blaclcfl, 
(Aleul'ocanlhlls 1.l:oglumi Ashby) 

Information on the biological control of the citrus blackfly is 
included in this account because this is the only project conducted in 
other countries and partieipatecl in by the United Slates Department 
of Agriculture with the direct objecli\~e of protecting an agricultural 
crop here. The purpose \\'as to pl'eYent or reduce the probability of 
entr.yof the pest into tll(' L'nitNl ~tuJes us con trusted \\·ith control 
a.fte;: entry. 

This blackfly, which is of A.sialic origin, became a destruct.ive pest 
of citms and otlWl' phllls in Cuba, lhe Bulmmus, and Oentral America 
after its discoyery in Jfun:'Licn, ill 1913. Its presence in these places, 
particularly on the isln.nels near Floridn" made imminent the danger of 
introduction ~nto thn.t State. It ,\'as felt that if the pest could be 
reduced to a low level by the biological method, the dn.nger of entry 
into Floridn, and the Gulf States \\'ould be greatly reduced. Accord
ingly, the United States Department of Agriculture (md the Cuban 
Department of AgrieulLure, Commerce, and Ln.bor investigated the 
problem 011 i1 cooperative basis. 

A parasitic wasp, EI'eimoceru8 sel'ius Si1\-., ILnd i1 predaceous beetle, 
Catana clall.seni Chapin, were introduced into Cubfl. from }.[n.laya in 
1930 (22) und widcl.r colonizrd. Complete cont.rol WitS quickly 
brought about, mainly throngh the pn.l"fisite, not only in Cuba but in 
J allluica, Panfl.llla, Costfl. Rica, n.l1d, after SOllle dell1)", in the Bahamas. 
The cla.ngcl' of l'ntl'y of the pest into t.beC"nited States from the ,Yest 
Indies has thus bee1l gn'atiy reduced. If it should fl.vpefl.r in Florida, 
the pamsite cun be obtuined inul1eclinJriy, und there is reasonable 
assurance tilal it \dll exercise the Sf\,me degrr(] of control that was 
attained in Cuba unci elsewhere. 

'rhe discoycry in 1935 of an infestu,tion of thc blackfly on the west 
coust of }.{cxico und its mpid spread to mfl.ny parts of Lhn.t country in 
the following ycars were of much concern to the citrus gl"Owers of the 
border States from Texas to Cn.lifornifl.. 'l'he hei1vy infestations that 
developed during the following years in seycml areas of ~rexico demon
strated thu,t the pest might well be able to increase to a destructiye 
status under the conditions that prevail in those semin.rid States. 

In 1943 a project was unclertu,ken by the :Mexican Department of 
Agriculture anel the United Stn.tes Department of Agriculture for 
the importation of E. serius, which hfl.d been so effective elsewhere. 
During the summer of that yNU' 60 colonies of the parasite, obtained 
from the Canal Zone, were releused in the infested area on the west 
coast from Colima northwuTcl beyond Los 110chis, to which area the 
pest at that time was restricted. .Many of tJ}(~ colonies becume estab
lished and, fl.S the pest spread to other parts of the country, the para
site was distributed from these sources. In many sections it became 
very abundfl.nt, but in only a few small [treas was i~ able to brin& about 
controL This result was unexpected and disappointing, but climatic 
conditions dtu:ing the winter appn,rently nre markedly unfavorable to 
the parasite, causing its population to decline grei1tly. 

The seriousness of the problem, accentuated by the close approach of 
the pest to the border and the almost complete failure of EretmocerU8, 
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• 
made it necessary to renew the search in tropical Asia for more effec
tive parasites. This was undertaken in 1948-50, with special atten
tion to species that might be found in regions having a semiarid 
climate similar to that of "Mexico. In w('stem India and Pakistan a 
number of parasites were found tha,t had noL been encountered in the 
original investigations in 1IalrLya. Four of them-Prospaltella cly
pealis Sihr ., P. opulent(h 8ih1'., P. smilhi 8ik., and Amilus hesperidum 
Silv.-are now established in Mexico and arc being widely distributed. 
They have been collected and distributed hy the hundreds of millions 
by tllC Mexican N"ationa.l Committee for tile Combat and Control of 
the Citrus BJackfly', find salisfactOI'.f control has been obtained in the 
central and ('nst('l'n parts of Lhe country but not yet in the west coast 
areas. A. hespcl'id'U'Jn is tbe most cfl'ectiye of the new importations. 

Citrus Whitefly 
(Dialeul'odes citl'i (Ashm.» 

The citrus whitefly is generally distributed as I\, pest of citrus and 
many orna.mentnls in Florida and the Gulf States, and infestations 
have elm-eloped from time to time ill California. In 1910-11 a 
search was made in India for na.tura.l enemies of this pest and two 
were found (152), a.n intert1nl pan\,sile, Pro8pCLlieli(L lCLhorensis How., 
and a coccinellid predator, Calan(L parceselos(L (Sicnrd) ( Crypto[Jnatha 
jl(Lvescens :Mots.). Both of these were taken to Florida, hut unfortu
nately during the early winter when facilities were not available for 
laboratory propagation. '1:11e. stocks of both species died during the 
winter, and consequently no field relenses were made. 

For nULn~T yelLl.·s considerable interest has been ShOWll in the parasitic 
fungi of the genel'fi. Aschersonia. and AcgerilcL, which attack whiteflies in 
Florida. A study of these fungi (106) indien.ted that they are the 
mosi, impoL'tlLut of the naturnl-control agencies opcra.ting against the 
whiteflies in the Stfi.te, but artificial dissemination of spot'e suspensions 
did not contribute appreciably to control if the fungi were already 
present in the f!royes. Methods were developed bjT Stntc agencies for 
growing these fungi in qunntit.\~ in the laboru,toJ'.r, and beginning in 
1915 eulLlll'es were wide! \T distributed. In recent yelLI'S mueh doubt 
has arisen as to the actual 1'eln.tiollsbip of the fungi to the whiteflies 
and tlJCl'cal ynIlIc of the distributiion progrl1111. It wns discontinucd in 
194:3. 

Citrus Red Mite 
(Mel(llelra71lJch1~8 cilri (MeG.)) 

OCCI1Siolln.l effort.s hum~, been made to o13tain natural enemies of the 
citrus red mite t which is a seriolls pest in southern California. As 
eady us 1900 onc or morc speeirs of prednceous Coccinellidac were 
jmported from. Austrn.lin., but did not become established. Sletho1'lls 
vayans (Black.), which was coloni7.ecl in 1900-1001 t wns recovered in 
1902, but did not persist. 8. {jilt'ijrons ~:fuls., obtnined from South 
China in 1950, reproduced well ill scwrnlloculities dming the seasons 
of l'eleHsc, but is not known to be C'slu.blished. 
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FIELD AND GARDEN INSECTS 

The main efforts toward biological control of insect pests of fIeld 
and garden crops have been directed against the alfalfa weevil, 
European corll boreL', sugaL'cal1e bOl'er, European earwig, and pink 
bollworm. Commercial cOlltrol JUtS not been attained throughout 
the range of any of these pests, although substantial results have 
been shown on the European corn borel', alfnlfa ,,-eevil, and alfalfa 
cnterp illat· . 

European Corn Borer 

(PYl'nu8la nubiinZis (Hbn.)) 

The discovery of the Europeu,n corn borer in ~Iassachusetts in 1917 
and in other al'eas shortly thereaftCl' led to an early realization of the 
importance of the problem facing the produ(:.el·s of one of the principal 
grain crops in the United States. As a result biological control inves
tigations were initiated at an early date (4), studies being undertaken 
in France in 1919. The 8el11'ch fOI' natural enemies in Europe was 
concentrated mainly in France and Italy. Importations from that 
region from 1920 to 1938 totaled nearly 24 million field-collected 
hibernating borers, a portion of which contained early stages of para
sites, and a large number of cocoons, puparia, and pupae of se\reral of 
the parasite species. Eighteen parasite species were obtained from 
these shipments. 

The importations from Japl1l1, Korea, and :Manchuria from 1929 
through 1936, totaled more than 3 million field-collected borers, with 
13 parasite species represented. As certain of these species were 
identical with those from Europe, the combined totul comprised 24 '. 
species. The total production of parasites obtained from the imported 
material was approximatciy 2,687,000 adults from Europe and 307,000 
from the Orient. These Ilumbers were supplemented later in the 
colonization program by 3,360,000 of 5 species, produced by domestic 
rearing, and field collections of 146,000. Adclitionul field collections 
of several of the established, species for extension of the colonization 
program have been made !lll1lUally since 1939. 

Although the large-scule importation program was completed in 
1938, small collections of certa.in species occurring in Europe but not 
yet established in the Unit,ed States were made during the following 
10 years in the hope that they would be better adtlptt'd to some of 
the more newly infest;ed nreas. 

Of the 24 species of parasites that were imported and colonized, 6 
have become established-Chelon1Ls nnnuUpes, HOl'ogenes punctorius, 
L1/della stnbulans grisescens, :Jlacl'ocentl'us fJijuensis, Phneogenes nigri
dens, and Symzn:esis virid1tllL. The fIrst species attacks the egg and 
del-relops in the larva, Phneogenes is a parasite of the pupa, and the 
ofner 4 attack the larva. Only L1/della and 1!lacl'ocenirU8 have be
come sufficiently abundant or widely distributed to be considered as 
of appreciable value in field control. Each species appears to be 
rather definitely limited in its ecological requircments, and none are 
able to increase to effective numbers throughout the entire area of 
infestation of the host. ~ 

L. slabulans wise.scens, the most effective of the introduced speeies, .. 
is now widely est,n.blished oveL' thc Eastern and :Middle Atlantic 
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States, where it effects a parasitization of 10-45 percent. Extensive 
colonization in the North Central States since 1944 has resulted in its 
general establishmellt and rapid spread in that area, 'with field para
sitization ranging irom45 to 75 percent in Illinois, Indiana, Iowa, 
Kentucky, and southwestern Ohio. 

31. gifuensis has been widely clislributecl, but thus far has not pe::
sisted in appreciable numlwfs except in c('rtaill areas of southern New 
England, where it is tIll' dominant: species and ,,-here pal'flsitizat.ion 
up to 52 percent has been obselTNl. 

Fl. punclorius Ilfls been established aJ.ld \\-idC'ly distributed for mallY 
years in southern :Sew England and X ew J ('rs('~-, but field pal'llsitiza
tion has declin('cl in rec('nt :---('al's. It has bN'n \\-ieidy distributed, 
especially since 1944, in the X orth Central States, but has not per
si~ted in npprecia,ble J1umb('rs nt aJl.r point beyond the generally 
inhabited area in th(' I~ast('t'n Stntes. 

SeYel'ttl other sp('cies hn,-e bN'n colonizNl on n Vl'r'y wide basis but 
without success. R('lel1srs of E)'l'ri8Ie,~ 1'ob()I'a tor (F.) totaled 314,796 
adults, which were distributed over 6 States. Although recoveries 
frequentl," were made, pl'l'mnnl'nt ('staj)lishm,ent was not attained. 
Bracon bl'eL'icorllis ('Yesm.) wns eolonizrd on an eyell greater scale, 
with 2,820,40:3 adults relen:sed in 11 States. ~o recoveries have ever 
been made. 

• 
The exLensiyc l?Nlel'ftl-Stutc cooperative program initiated in 1943 

and covering mainly the Xorth Central States has permitted much 
more intensive colonization and re{'overy studies than had, previously 
been possibh-. The entire biological coutrol program, which has now 
been under WH,y for morc thn,n 30 yen,rs, shows much more promise 
than was ·thought possible 15 yellJ's ngo. The figures for field para
sitizatioll, espeeiuH,\' in the Xorlh Central States, indicate the possi
bility of substnntial results in {'ontrol of the pest. Definite decline 
in the infestatiolls in severnl al'eH,S appcltrs to be correlated directly 
with the establislmlent nl1el increase of the introduced parasites. 

In H131-33, e~l)el'iments \\-l'l'e undertaken in the utilization of a 
fungus diseHse in supplementing the insect parasites for control of 
the col'll borer (5). The fungus WItS Bea1lveria bassiana (Bals.) Vuill., 
which was contained in (l, consignment of corn borer larvae imported 
(rOUl ~[al1churil1" A mortl1lit.'~ of 80-90 perccnt of the larvae occurred 
while they were being hrld for pnmsite emergence. The field plots 
were treated with spore dust applied with a hand duster, at first 1 
week ufter the peak of o\-iposition and again after all the eggs had 
hatched. Other plots received weckly ltpplications. 

As expected the modality varied with the dosage of spores applied. 
The best results, repr('st'nting a kill nvcraging 71.3 percent, were 
secured with 2 applications of 20 gm. of spores each prl' aae. How
ever, it WI1S concluded that the n,nl1unl n.pplication of spore dust for 
field control would be impracticable because of difficulties of produc
tion and Itpplication.

Although tbe fungus persisted in the field for some time after the 
applications, the llitturnl spread in succeeding gcncmtions was very 
limited. This condition is understandable with this n.nd other insects 
of similar habit, I1S t.he infected caterpillars die in tbeir burrows in 
the plant, n,nd I.here is little opportnnitr for dispersion of the spores 
frolll these ('onfinC'C1. spllC'rs. 

363934-56-4 
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Sugarcane Borer 
(Diatraea saccharalis (F.)) 

The early attempts at the biological control of the sugarcane borer, 
beginning in 1915, consisted of the colonization in Louisiana of large 
numbers of a tachinid fly, Lixophaga dia.traeae, which is native to Cuba 
and other West Indian islands. It persistcd in the field for several 
years, but finally disappeared. 

In 1928 It large-scale program was stn.rtecl for the importation of 
parasites from Argcntina and PCI'u. The search reyealed at least 
9 species, 2 of ,,-hich weL'C ye!'y abundant. During it 4-year period 5 
of these parasites were shipped to Louisiana. (.93), the consignments of 
Paratheresia claripalpis consisting of 6a7,OOO pupnria and of Iphiaula:c. 
rimae (WoIc.), 59,600 adults. The other :3 species were forwarded in 
only small !lumbers. lvlost of this matel'ial came from Peru. The 
fieldl'elellses were mainly in Louisiana, though a small portion of the 
stock was utilized in southel'll Floricltt. Additional supplies of the 
2 abundant species were obtained in 1936 and of Lixophaga as well in 
that and later' years for release in Florida. In 1938-41 it was possible 
to obtflin colonies of t.he Amazon fly (lJ!felarlonist?ll1tm minense Tns.), 
a very promising species originating in Brazil and previously imported 
into Puerto Rico by tht} Federal Agricultural Experimentnl Station 
there. Adequate nUl11.bers were released during several years in both 
Louisin.na n.nd Florida. 

None of these natUl'ul enemies of South American origin became 
established in Louisiana. There appear to be two reasons {or the 
consistently unsuccessful attempts to establish parasites of the borer • 
in that State. Cane is an allllllfli crop and its complete removal in 
the autumn of each year creates conditions unfavorable for over
wintering of the parasites. Further') the winter temperatures, with 
a minimum of 15°-20° F., am too severe to permit survival of the 
parasites. There appen.rs to be little prospect of the successful 
utilization in the Stn.te of any of the m01'e common parasites of the 
pest that are known to occur in the "\Ycst Indies and Cen trill and 
South America. It may be possible to find others that are fldaptable 
to lower winter tel1lpemtmes, but even if such arc eventually found 
the cultural methods employed ma.y prevent theil' increase. 

The climate and cultural practices in southern Flol'ida are much 
more favorable for parasite survival than those in Louisiana. L. dia
traeae is now well established in the State, as is fllso Agathis st'igmateru8 
(122), which had been included in small numbers in the shipments 
from Peru in the eatly 1930's. Lixopha{!a is the more abundant and 
effective. In 1941 the combined pamsitization ranged up to 83 per~ 
cent in a number of fields at Fellsmere. 

The distribution of Lw;ophaga and Agathis in Florida is not yet 
complete, but the fields receiving the eadiel' releases have shown a 
marked reduction in the pel'centage of stalks injured by the borer, 
However, even in sou thern li'lorida the occnsional frosty winter 
periods result in high mortality of the pamsites and low parasitization 
the following season. 

The outcome with P. cl<lripalpis, the most; promising of the Peruvian 
parasites imported and colonized in gn'ltt numbers, was especially 
disnppointing. RepeaLed l'CCOY'c/'ics \\~crc mnde in Floeida, some lIP 
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to 50 miles fromWtheWnearest point of release, and samples showed 30 
percent or more parasitization. It undoubtedly is established, though 
no observations on its field status have beeu made since 1945. 

Repeated releases of tbe Amazon fly were made during several years, 
and field recoveries were made at a nmnber of colonization sites during 
the season of release. EstabliRhment wus not effected. 

During 1950 al'earing stock of an egg pal'asite of the genus Telenomus 
was imported from 'l'l'inidacl. The releases totaled 6,220 in ]~ou.isiana 
and 2,000 in Floridt1. Field recoycries ba\re not, yet been made. 

Importations of additional species are still being made in the bope 
of finding one or more that will be better adapted to conditions pre
yailing in tbe cune-gro\\-ing fU'cas of the United States than those that 
hav'c been tested thus far. 

For many years attempts hayc been made, noL only in the United 
States but in several ,rest Inc! ian islands uncI South American coun
tries, to coiltrol the sngarcane bOI'cr by the use of t'gg parasites of the 
genus Tl'icho[jl'arnrna. It was belicvecl that their l'elease eal'ly in the 
spring, when the pest population is low, and at the l'u.te of about 5,000 
to 10,000 pel' acrc would. gi\Te n. high parasitization earlicr in tbe scason 
than would othcrwise occur, I1nd that this would prevcnt or reduce 
the buildup of the pest to destructive le,els later in the season. 
Substantiall'cdnctions in infestl1tions have l'esulte,d from this practice 
in Barbados and Peru. It 1111lY be mentioned that the methods of 
production of sugarCi1llC in the contincntal United States differ from 
those of tropical countries. The cane is hal'nsted at tbe end of each 
growing season, whereas in the Tropics the crop is permitted to grow 
for IS to 24 months beforc cutting. This cultural practice obviously 
bas a definitc influence on parasite abundance. Largc-scale field 
expcl'iments(.95) have shown thn.t releases of as high as 45,000 Tl'icho
[/l'amma adults pCI' acrc ha\Tc no appreciable effect in reducing borer 
injury to C!111e under conditions prevailing in Louisi!1na. Very little 
difTerence was observed in thc p!1rusi tization of the eggs in the release 
plots as comp!1I'ecl with the check plots. 

Alfalfa Caterpillar 
(Colias philoclice e1ll'ytheme Bcld.) 

The !1ttell1pts to control the alfalf!1 cuterpillurin California by the 
biological method reprcsent the first effort in thc United States to 
utilize and disseminate artificially n. diseuse-producing virus. rl'his 
virus, BOl'l'elina ca,mpeoles, occurs in nature in Oalifornia and is 
transmitted from lurva to larva in several W!1YS. K atul'al outbreaks 
of the disease occur sporadiea:Jly, initiated by hlgb population densities 
and other fuctors, and pln.y an important part in con trolling some 
infestations, but they cannot be depended on to oCCtll' with sufficient 
frequcncy to give satisfactory economic control. 

Field tests wcre undertaken during 1948-51 (141) to determine 
whether outbl'C'!1ks of th(' disensC' eouid he induced by the distribution 
of the "irlls mai(,J'iaL ~1C'L1\(}ds hn.c1 been d('nlopecl for obt!1ining 
the ,-il'us mttlerial, cithcl' by infecting nnd l'l'aL'ing lalT!1e in the 
lu,bOl'ntol',Y or by colleeting tlt'ad u~ld dying. Jan'ue in the field. t~'bc 
deud cliseasccllu,['vuc WC1'(' blencleclll1 Lo a tIuek homogeneous soiutlOn, 
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which, when applied in the field, was diluted sufficiently to give a 
polyhedral count of 50-100 million per milliliter. Application was 
by conventional ground equipment and by airplane. 11 ~ 

Rapid and substantial reductions of the caterpi ar populations 
were obtained as a result of these applicl1lions, and it was coneluded 
that 5 gallons of yirus suspcnsion containing 10 million polyhedra pCI' 
milliliter per acre ,,'as ttcLequate to insure' infpclion and to rcduc(' the 
field popuIn.tion below eC'Ollomimll.\' injurious lewis. One of lhe chid 
obstacles Lo gCIIl'rn,1 use of this llH'thocl of ('ontrol is til(' llpcl'ssity foJ' 
('xaet timing of llll' applications, Light inf('stlLtiolls ('1m 1)(' controlled 
by treatmell t when the IfUTlte !In' ill llll' third ins lar I \\'1tel'pns the hens
iest infesln,tions must be trealed \\'hile lilt' pc~st is still mostly ill lhe 
egg stage. 

Pl'elirnillltl'Y eXIH'L'imell ts hayc shown tlmt i?acillu8 tku7'ingiensis Ber
liner, originally oblaincd J'l'omlarnte of tlil' ~lcditf'l'l'al1can flour moth 
in Emope, lllll.y also be utiIizecl in iniliating olltbl'paks of disease in 
infestations of Ih(' fl,lfalfa call'rpiUn,r (13D). The suspension used 
in the early fi(,lll lesls ('olltni1l('d 1 10 2 million SPOI'CS per milliliter of 
dilueut. Within 24 to 48 hoUl's afll'r nvpli('ation infC'ction ,,'ns gencrn.l 
enough 10 kill [n,rge 11 umbpl's ot: catpI'pillal's. 'I'll(' {(1st plots showed 
a l'eduetioll in population helo\," all ecollomit' levp\. The bacillus is 
mOl'(' l'l\,pid ill its It('lion Ilw,n the virlls, "'hieh requiL'es 5 or {) days, 
thollgh tltl' ilelioll dol'S 1I0t :t])])Cl1l' to 1)(' quiU' so ('oll!:iisleHL All added 
ndvantagp ill hell'"Y illfl'stalions is that tltc' integllllll'l1t of t.he diseascd 
catt'l'pilIlll' is Ipfj ill 1ad i 1hus the <lend .lllS('('t dl'ops to the ground 
,,"ilhout foulillg' thl' foliagC'. JIO\nwel', OIW disadvn.ntage is that the 
folingc dol'S lloL I){'('ollll' ('ontaminatNl ,,"ith the bactel'ium, and 
conseq u('n 1 I.'" till' In,ll'r broods of ItLlTiLl' do 1l0t become generally .. 
i11fec(NI. 'I'hl' l'frpets of I\. single tl'pfl,tnll'l1l nrl' therefore Dot so I 

10ng-lnsLillg IlS 1[LQ:5e of the virus. 
Rinee H. til !(l'ingellsis ('iLlt be WO,,"J1 on n.l'tificial mcdia, its culture is 

more simpl!' tlin,n thn.t of the virlls, "'hidl must 1)(' grown in the living 
inscct. 'I'll(' bncillus <'IUl possibly Ill' pJ'odu('('(l on a C0l11l11Crcittl 
basis at a cost n.ppl'oximn,ting tlutt of [L chemi('al inse('tici([(o. 'rhe 
cost of ttpplictttioll is the smIle, ,,"hl'thel' :t hneillus, virus, Ol' chemical 
is used. 

The n.lfalfu. cntl'l'pillll,r is nlso often hpavily pal'nsitized in the field 
by Apwnteles medicaginis l\lucs. 'I'll!' C'xisten('c of these tlu'ce llatural
cont,rol ageI1cic's, each of which is efl,pll.ble of controlling the pest 
under favorable conditions, IU1S led 10 the development of an effectiye 
and economieltl p1'ogmlll fo!' control ill thc Dos Pnlos area of central 
Oalifornia. This super'vised progJ'nm hns two main objectives-the 
application of insecticides ttt the })I'OI)('1' time nnd the withholding 
of such illse('ticide tl'entnH'll ts whell ('ontrol by nn.tuml agencies is 
expected with SOllle ('c'rtainty. .ilpunteles often n.ttnins a high degree 
of part1sitimtion, allcl its buildup in relation to the host population 
and stage of development usually CIll! be predicted at the time of 
examination. The parasite is not. n,clYcl'sel,\' affeeted by the virus 
disease, as it matu.res in the young stages i whereas the host is killed 
by the disease mainly when ncar·l.', full grown. 

In order to put this progml11 into effect in the Dos Palos aren., a ~ 
cooperative pest-cont!'ol association WfiS organized and 11. field ento- ~ . 
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mologist employed. The area to be superyised was limited to approx
imately 9,000 acres, ns it was essential that each field be examined 
at least once each week. In 1947, 30.5 and 11.4 percent of the fields 
at the fourth and fifth ('uttings, respecti\r('ly, 'W're wiihheldfromchemi
cal treatment becn.use o[ high JHLrnsitization. Fourteen percent of 
the fields were snNed from injury without treatment during the third 
to fifth cutting p('riods and an additional 50 percent by high pam
siti;mtion plus other factors, 

1.:ntil l'ec('ni ~Yt'n.rs A, meclico{JiJ1 is was ('onsid('red to be identical 
with the easil'1'Il A, flcL'l'iconc1weRil(,y. How(','('r, the former is !L 
solitnry pH,rasit(' n,nd n.Un.oks onl." tllt' young host stages, completing 
its deYdopment \\-hell thr. host is still onl." p::u'll)- gro\\'n, A., flmri
conchae is gregariolls and is able to n,Uaek thn host in an~y stage, In 
1951 !Lnd 1%3 l'('nring stocks of Ih(' lattN w('r(' ohtn,ineel from 1'[ary
I::md, n,nd field colonization on fl. smn.1I sctllC' was begnn in California, 
It is nntieipate(l that Iwcn,lIse of iis ltn.bils this species may be more 
dfectin' than A, medicaginis, 

Pinlc Bollworm 
(Pectinophora gossypiella, (Saul1cl.)) 

The pillk holl\\'ot'm, a highly (lcstrurtive pest of co ttOll , is now 
nt'tll'ly worldwide in distribution, It l'e!Lchecl the United St!Ltes in 
1I) 17 by spreading from )'f('xieo, 'rho crn.dic::Ltioll program that W!LS 
eoncluetcd fOI: mUIlY Y('fI.I'S, followed by an intensive control pro
gram, made it illlprfldieuhlc lo underln,kr the import::Ltiol1 of ll::Ltuml 
eJlemit's until 11);3<1, In tha,t, yeilr ::L 1'('::Lring stoele of Bracon kil'k
pa.ll'ic/Ci (vnnw,), a la.ryal pn.rn.si te record('d as being !Lbundallt in 
East Afric::L, was l'l'('ciYNl Jl'orn Eg}l)t, and in the following year 
:3 n,clditionnl spceil's WPI'l' ob(ainrd from thc Silme country, Two 
speciC's ,,-crt' th('n obtuilwd from HiLwn.ii and 3 specics in 1938-40 
from KorPfI" Thc scnr('h for nddilional pn.rasites was st!Lrtccl in South 
America in 1940, n.1I(] during tt3-yea.I' period sm::Lll consignments of 
2 In,rYu.l p!LI'nsitL's wcre fon\"Hnled from BraziL Tilt' imported stocks 
of til(' most promising pn rilsi lcs, mninly spcc'il's of thc genel'a B1'O.con 
n,nd C'helo Tl118 , \\'('1'(' StlT>ph'lHenlc(] b)- large-senIe l!Lbora.tory rcaring, 
:tlllllarge numbrrs wer(' I'('ll'fls('d in thc iuf('sted nt'ea in Texas and in 
nearby infcsttttions in )'I('xico, w])(']'c conditions wcre lwlieycd to be 
more 'fn.,'orahle for Ll10 pa.I'n.siles, Xonc of the 11 species became 
eslilhlished, The sl'f\reh fOl' l'frN'tiYe pH,rnsites was rcnewed in India 
in 1952, 

• 

The failm'(' of these pnrnsit('s to cslfLblish themselYL~s l1my be !LUt'ib
lltecl to seYcml cn.uses, From nccessit.y, b('c::Luse of the restricted 
distribution of Llio pest, tlt(' n'l('Hscs were made in semin.rid sections 
where cotton is gl'OWIl in irrig!Lt('d fields and whore yel'y few !Llternatc 
host plants n·l'e :wnilnble, ]i'Ul'th(' I' , the elcn.nup program !Lnd the 
cotton-fn'c pt'l'io(l enfOI'('ed ns control 1l1('nSlll'eS eliminated !L l!Lrge 
portion of the hosts thn!. would normally hibel'l1n.tc and of the pnm
sites as well. Acl iYe' stn.ges of til(' pink bolh,-orm suitn.ble for para
sitization nn' nyailn.ble during on1)' a f('w months of the yen.I" In 
the abseJlC'e of nltrl'nntC' host" nn \\-hi('ll to bridge L1H' interycning 
]H'l'iod, t\t(' l):1l'llsiIC ('oloni('" dipd oui. 

http:hibel'l1n.tc
http:HiLwn.ii
http:pn.rn.si
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Bollworm 
(Heliothis zea (Boddie)) 

Importations of natural enemies of the bolhrorm from Peru were 
undertaken in 1941 incident to the work on parasites d the boll 
weevil (Anthon01n1tS grandis Boh.). An anthocorid bug, Paratriphleps 
laeviuscul1ts Champ., had been found in Peru to be highly effective 
against nnother species of Heliothis on cotton, nnd it consistently 
destroyed a high percentnge of the eggs. A total of 1,450 nymphs 
and ndults of P. lael'iusC1il1l8 were forwarded to the United States 
during 1941, of ,,·hicb about 1,200 were released in bollworm infesta
tions in Texas. The species did not bcc'orne established. 

Lima-Bean Pod Borer 
(Etiella zinckenella (Treit.)) 

The inyestiglttions on the nn,tuml enemies of the lima-bean pOd 
borer were begun in Franco in 1936, and shipments of mnterial from 
that country and Hungary ',-ero lilado during 1936-38. They com
prised 7 species of parasites that attack the larvae, of which Bracon 
lJiger, Phanerotoma. lJlanijron8, and Ghelon1lS inanitus were received 
in the largC'st IllUnl)('rs. Rden,ses were made both in lima bean fields 
n.nd in wild growth of Lhe tree lupine (Lupimls arboreus Sims), a 
favoreel native host of the pod borer. 

Recoycry collecti.ons were madC' for sev('l'nl veal'S ltiter the initial 
release, ltnel thes(', three species ,,-ere found to be establishNl in south
ern Cltlifornia,. The development of the colonies and their spread 
have not boen followed since that time, but there is little reason to 9· 
believe that they hn,vc hnd any n,ppn'ciable dl'ect on the pod borer 
infestations. 

Pea Moth 
(La8peyresia nigricana (Steph.)) 

The pelt moth is It clestl'uctiw pC'st of field peas in the K orthwestern 
States, and biological controlmeasllJ'C'S \yere undertakcn against it iu 
1936 ltnd tbe following )~eltrs b~y the \Yashington Agricultural E:-..-peri
ment Stntion. Fieldl'elellses of 31acl'ocent1'Us ancyli'IJor1l8, the highly 
effective parn.site of the orientltl fruit moth, were made in 1936, 1943, 
and 1945, but establislunent was not atta,inecl. In 1944 collections of 
ltdults of Ascogaster quacZridentat(L vYC'sm., Gtypta haesitator Gray., ltnd 
Gtypta sp. were made in British Columbia, and colonies were releltsed 
in WhatcoIll and Skagit Counties. These parasites hltd previously 
been imported from England by the Canadian Dcpartment of Agri
cultlll'e and established on the pelt moth in Bri tish Columbilt. Asco
gaster is a well-known parasite of the codling moth in N Grth America, 
but does not ltttack the pea moth; wherelts the strain imported into 
Canada was obtltinecl from the pea moth in Englnncl. The two species 
of Glypta did not become established in Washington, but the imported 
colonies of A8cogaster' persisted, ltnd there WltS also It nlttlll'al spread 
from Canadian SOlll'ces into adjacent counties of this State. • 
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Fall Armyworm 
(Laphygmajrugiperda (J. E. Smith)) 

A small number of parasites of the fall army-worm and of related 
pests were obtained in Uruguay in 1944. During this year a total of 
947 puparia and 381 adults of the tachinid fly A1'chytas incertus 
C11acq.) were forwarded to the Everglades E:\.lleriment Station in 
Florida. Approximately 700 were released in the field, but establish
ment was not accomplished. The importations also illcluded several 
thousand adults of a carabid beetle, Calosoma argentinense Csiki, which 
likewise failed to establish iLself. 

Imported Cabbageworm 
(Piel'is rapae (L.)) 

The imported cabbagewol"m is an introduction from Europe and 
first appeared in Canada about a hunclrecl years ago. It spread so 
rapidly that practically all sections of the United States were infested 
within 25 years. The importecllanral parasite Apanieles glomeratus, 
which became established in 1884, is now generally distributed and 
often effects a high pa.rasitization. The same is true of Pteromalus 
puparum L., a gregarious pupal parasite, which had been previously 
introduced. accidentally. In spite of the abundance of these two 
parasites, this cabbageworm is still a serious pest of cruciferous plants, 
and the parasites apparently haye contributed little to its control. 

Omnivorous Leaf Tier 
(Onephasia longana (Haw.)) 

In recent yeo,fS the omni\'orous leaf lier has become a serious pest 
of strawberry and several other truck crops in the Pacific Northwest 
and has been observed as a pest of flax in California. A survey of its 
natural enemies in li'rance in 1950 revealed the presence of several 
promising bracollid and ic1meumonid parasites of tbe lan~ae. Impor
tations were started in the summer of 1951, the rearing and coloniza
tion program being conducted by the Oregon Agricullmal Experiment 
Station. 

Potato Tuberworm 
(Gnorimoschema operculella (Zell.)) 

The potato tuberworm not only is a pest of stored tubers but is 
destructive to the crop in the field in several parts of the United States. 
The initial stock of a polyembryonic laryal parasite, Copidosoma 
koehleri Blanch., was imported from Ohile in 1945 by the Imperial 
Institute of Biological Control to its laboratory at Riverside, Oalif., 
and stocks were later turned oyer to the University of California for 
rearing and colonization in the State. A total of 1,700,000 adult 
parasites were released in southern California and 360,000 in the area 
about Norfolk, Va., during 1946-47. Little attempt has been made to 
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determine the fate of these colonies in California, although it is known 
that establishment was not effected in Virginia. 

Ranse Caterpillar 
(llemilellca oliz'iae Ckll.) 

The range caterpillar is it sel'ious ]wst of natiye gnLsses in north
eastern New "Ml'xieo, "'hero deSLl"lwtiYl' outbreaks oeeUl" periodically. 
One of th(' chief fn.etors in its ImLural l'ontrol is all l'gg parasite, 
Anastatus semifiatidus Galum. Another Pgg parusile, OoencYl'tus 
kuwanai, n, larYILl parasill', C0n1ji8illlrO, concimwta, lwd thl'ec species 
of carabid beetles of the genus C'a/o8ouw, including C. sycoplianta, 
were introduced from :\ew Enghnd ancl colonized in considerable 
numbers during 11)1:3-16, but nOlle of them beefune established. 

In 19:30 a program ,,'as lllHh'rtnken for the mnss production (77) of 
Anasintus for field colonization ill the hope that, large-scn,le releases 
might aid in the SUppl"l'ssion of the periodic hcayy infestations. A 
production rate of 2 million pn,rasiliz(,d ('ggs 1)('r monlh was n,tln,ined, 
and dlll"illg Ill(' follo"oing 2 )'l'ttrs () million of tlles(' Pggs ,n'n' placed 
in infested nH'IlS. TIl(' rl'sulls \\l'rt' ill('(lllclllSi\'(" hO\\"(,\,l'I", and tIl!' 
program waf; PYl'lllllall.\' dis("ontinut'll. 

Alfalfa Weevil 

(JJypem poslica (Gyl1.» 

'J.'lw sl'arch 1'01' nn.tuml ('lH'mi('s of the nHnlfn, weevil hegall in Italy 
in 1911, and in that and til(' follo\\-illg 2 .noHI·S n. Iitrge numbl'I' of • 
natural en(,111i('s, eomprising at IPHst :) sJ)('cips tllaL nUnck the eggs 
and 4 that d('wlop ill tlH' llUTHP ftlld I on thp pUpHl" \H'r(' importl'(l 
anclrelPaser! in rtnh (18). The> liu'nt! PHrllsite Hathyplecles clll'culiolli8 
alollP heCftlllC estnlJlishl'd as n, \"('sull of J"l'I('HSl'S nt Ihis lime. Addi
tional importations Wl'rp 1l1ftdc from ltnly nnt! Frn.IH'(' during 192ii-28, 
resulting in III(' t'stnhlislnn('nt of 111(' l'gg pn,I'nsile J1Ylf1w' pl'atl'llsis. 

Dibmchoidl'8 dynasles CF'oPl"st.), n n l'xt('rnlll pamsi {"p of tI\(' prl'pupn, 
and pupn, whieh was ine\mkd in the] 911-1:3 rPleasl's, has sine(' b('pn 
collected ill 'Ctnh, Orl'gon, ntHl 'Ynshington. Although no reconries 
wrre lllftd(' in the S('llSOnS follo\\'ing till' pn]"ly rf'leuses, these findings 
nut.y indieate establishnwnt ftt Illftt liltH' ml h(,I' thUll u('('i(lentnl intro
duction at n, late'!" dlLte. 

After the alfalfn, \\'(I(,\Oil Iweame established in the ('('ntrnl vnlll'Ys of 
Califomin" a tbird importation program \\-us undertnk('Il, with sp'ecial 
emphasis on ('gg pn,l"Ilsi\('s nnd predators to supplPment the already 
established Balhllplectes. During] 9:3:3-:35 mallY shipments were made 
to the University of Cn.Jifomia. 'l'hl'Y ('ontainl'll mll,inly Peridesmia 
phytonomi Gn,hn,n and Spinllterus sp., but included also several newly 
discovered larval parnsites of promise. They were libprated. in the 
infested areas ill that titate, but clicinot, bc('ome estn,blishcd. 

The benefits of the importn,tioll program nre due to B. curculionis 
alone, as the se('ond specil's to be establishNl, Jr. 'lJratensis, is so rare 
on this host as to be of no yalliP in ('ontro1. Bathyplectes increased 
very rapidly after its rt'lNlse in Utn,h, and in til(' (il'ld the pn,msitizn,tion • 
of weevil ltuTae infesting tbe first erop often exceeded 90 percent, in 
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fact many samples showed 100-percent parasitization. Such 'a rate of 
.. 	 parasitization would normally be decisive in control of a pest, but 
..~ 	 complicating factors intervened. The first cutting of the alfalfa was 

made at an earlier stage. of growth than previously. Under both con
ditions a very high percentage of the immature stages of the weevil, 
whether parasitized or not, were removed from the field or were killed 
by heat or lack of food immediately after cutting of the crop. With 
early cutting, a much smaller proportion of the weevil larvae attained 
the cocoon stage and consequently the kill was higher. A detailed 
a.ccount has been recently published (86) dealing with the combined 
effects of early cutting and Bathyplectes parasitization on the weevil 
populations in Utah. The parasite is unquestionably an important 
factor in control in that and adjoining States. 

B. curculionis was introduced into Oalifornia in 1933-34 after the 
spread of the pest to that State (54, 104). Economic control was 
attained in lowland middle Oalifornia, and the infestations were re
duced to an exceedingly low leveL The parasite has not been so 
effective in the San Joaquin Valley, but climatic conditions there are 
not so favorable to the pest itself. 

Clover Leaf Weevil 
(J-Iypera punctata (If.)) 

The importation of natural enemies of the clover leaf weevil from 
Italy was incidental to the biological control project on the alfalfa 
weevil, a species of the same genus. The larval parasite Biolysia 
tl'ifitis was presumably releascd at or near Washington, D.O., in 1912 
and became established. Recoveries were made at widely separated 
points in Virginia in 1932 and the following years. No information 
is available as to its effectiveness. 

Boll Weevil 
(Anthonomus flrandis Boh.) 

'fhe first attempt to control the boll weevil of cotton by the biolog
ical method was in 1904, when 4,000 adults of the predaceous ant 
Ectatama tuberculatum (01.) were imported from Guatemala (30) and 
released in 89 colonies in Texas. This l)redator did not become 
established, and nothing further was done until 1941, when importa
tion of 2 larval parasites, Bracan vestitic'ida (Vier.) and Triaspis ves
titicida Vier., was begun from Peru. I.Jarge numbers were received 
during 1941-45, and supplemented by stocks from the rearing program 
they were released at many points in Texas and I.Jouisiana. In spite 
of apparently ideal conditions neither species became established. 

Pepper Weevil 
(Anthanomus eUflenii Oano) 

Since the pepper weevil is of the same genus as the cotton boll 
weevil, any pltrasite of one is likely to a,ttack the other. The large
scale importation and roaring of boll weevil parasites from Peru by 
the Federal Bureau of Entomology and Plant Quarantine made it 



52 TECHNICAL BULLETIN 1139, U. S. DEPT. OF AGRICULTURE 

possible to provide the University of Oalifornia with colonies for release 
against the pepper weevil in that State. .. 

In 1942-43 approximately 7,000 females of Bracon vestiticida were l1li'::" 
released in several infested fields of San Diego and Orange Oounties. 
In spite of very favorable conditions for establishment and increase 
no field recoveries have been made. 

Sweetclover Weevil 

(Sitona clllindricollis Fahr.) 

Because of the damage to sweetclover by the sweetclover weevil in 
the North Oentral States the importation of its natural enemies from 
France was undertaken on a small scale in 1948. Since that time 
small shipments of lVlicroctonus aethiops (Nees) and Oampogastel' exigua 
(Meig,), both of which attack the adult beetles, have been forwarded 
to the North Dakota Agricultural Experiment Station for rearing and 
field colonization. Recoveries have been made the season of release, 
but it is not yet known whetber either species is permanently estab
lished. ~ 

Legume Weevils 

Weevils of the family Bruchidae attack many legume crops. A 
project was undertaken in 1935 for the importation of natural enemies 
from Europe, especially for control of tbe pea weevil (Eruchus pisol'um 
(L.)), the broiLdbean weevil (E. rufimanus Boh.), and the vetch 
bruchid (E. bmchiab:s FiLlu·.). One internal parasite, Triaspis thoracica 
(Ourt.), was found in iLbundance in France and Austria. LiLrge num- •. 
bel'S were shipped to the United States during 1935-39, and a rearing .... 
program, which continued until 1942, provided additional stocks fOl' 
field usc. Field releases to the end of that year comprised more than 
66,000 adults in Idaho against pea weevil infestiLtions, 17,200 in Oregon 
against that pest and tbe vetL\h bruehid, 19,000 in Oalifornia against 
the broa,dbeiLn weevil, and 20,700 in PennsylvaniiL and 21 ,200 in North 
Oarolina against the vetch brucbid. In addition, 2,320 adults of 
Tetrastichus bl'uchivol'uS Gahan, also of European origin, were released 
in North Oarolina in 1939 against the vetch bruchid. 

No fieldl'ecoveries of T. thoracic a have been miLde at any of the 
large number of colonization sites. Specimens of Tetrastichus were 
recovered at two release points in Nort,h OfLrolilltt ill 1940, but none 
have been taken since then. 

Vegetable Weevil 
(Listroderes costil'ostl'is obliquus Klug) 

The search for natural enemies of the vegetable weevil 'in South 
America revealed 4 species that attack the larvae, anei they were 
imported from Uruguay and Argentina during 1942-45 (115). The 
most promising was a tachinid fly, Epiplagiops littoralis Blanch. The 
parasite material was shipped to the University of Oalifornia station at 
Riverside, and releases of that species and of POl'izon argentinensis 
Blanch., P. par7ceri Blanch., and 'J.'1'iaspis sp. were made in infested • 
fields in Orange Oounty. These releases (27) totaled 7,319 adults of 
E. littoralis, which had been reared in the insectary from imported 
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stock, 1,271 weevil larvae parasitized by the 2 species of Porizon, and 
a small number of adult Triaspis. Difficulty was experienced in 
handling these parasites because of the reversed seasons in South 
America and California. Material assembled in October and N0
vember, v:l;~()h is spring in Argentina, arrived in California in late 
autumn. 'rhe tachinid parasite had no true hibernation period, so that 
it was impossible to hold it in storage until the time most favorable for 
colonization. So far as known, none of the species became established. 

Asparagus Beetle 

(Orioceris aspal'agi (L.)) 

'rhe asparagus beetle is of European origin and has, since its initial 
establishment, spread to all asparagus-growing sections of the United 
States. The search for natural enemies was begun in France in 1939, 
and during that season 9,500 puparia and 17 ,825 host larvae parasitized 
by 1I1eigenia mutabilis (Fall.), a tachinid fly, were forwarded to the 
United States. A total of 11 colonies, comprising 6,556 adult parasites, 
were released in infestations at several points in southern New Jersey 
during 1939. Recoveries were made of the first .field generation at 7 
colony sites, and several showed a high percentage of parasitization 
in the area of release. However, the parasite failed to persist through 
the winter. There is some indication tha(. an alternate host may be 
necessary for permanent establishment. 

In 1936 a small number of adults of an egg-larval parasite, Tetras
tichus asparagi, which is native to the Eastern United States, were 
shipped from Ohio to Washington and colonized at Sumner and 
Orting. Establishment was effected readily, and in 1937 field collec
tions of parasitized larvae were utilized in distributing the parasite 
to other points in the State. Increase and spread were rapid at all 
points. According to B. J. Landis, the parasite has been responsible 
for a marked reduction in the severity of the beetle infestations, though 
not to the point of full commercial control. Two colonies of T. 
asparagi were released in Orange County, Calif., in 1940, but establish
ment was not effected. 

Mexican Bean Beetle 

(Epilachna varivestis Muls.) 

The Mexican bean beetle has spread during the past 30 years over 
most of the eastern half of the United States. The search for its 
natural enemies in Mexico began in 1922, when a tachinid fly, Para
dexodes epilachnae Ald., was found to attack the larvae in the central 
and southern portions of that country. The lield parasitization was 
frequently very high, at times 80 percent or more. Importations. 
during 1922-23 and 1929-30 totaled 62,400 parasite puparia. A large
scale rearing program during 1930-35 produced 145,500 adult para
sites, of which 82,000 were released in 85 localities in 19 States (101). 
Reproduction was rapid in many of these field colonies, with the bean 
beetle populations showing parasitization up to 90 percent within 2 or 
3 months after the initial release. The parasite spre!1d several miles 
during this period. In spite of this promising situation it did not be
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come established; in fact, nofl1-singli"indiyid un{was-rccovcrcd-d UL"ing 
the season after colonization. ~ -

A study off thel~iodl<?gy of ~hc'pamsite find ofIlhcbbc~~ l?celtlS~' revcal1cd ~ 
the reasons or t lIS Isappomtmg outcon1i'. 11 t c L/1lU~( , tatcs t 1C 

beetle passes its inactive scaSOIl, from about October to ~fay, us un 
udult hidden awuy in she1tf'rcd placps, and no larnlC arc present during
this period. The pnrnsite hnp 110 obligat.ory hibf'rnution p('riod, and 
evcn ill the pupnl Sl,lgP {"annol slllTin' the willlc'l". ThC' spC'ciC's is 
able to l)(,l·sist in its nu,tin' hl1,hitn.t in :\lexico bC'e:ws(' :1, fl'w Iwd/(. 
lal"Yue, or lhose of UII n,!tprnitU' host, u.n· pJ"l'!wnt in UJ(' Ji('lds during 
the \\-inter. The pn.msitt' is ("onsNlupnlly nbll' to breed throughout 
thE' yenr, though c\Pn~lopnH'nt is much rrtnrckd during tlH' \\"in«'r. 

In 1940 another tn.chinid fly,. Lydinolyddla metaflic(( Tnli., wns 
found n.tt:lCking natin· speei('s of Epilachna in Drnzil. Shipments to 
the rnited Stn,tes during 1940-4:~ totnl('d 1:"),7·16 p:1msil(' pupnria. 
011(' colony of ]82 adults was r('\etllil'(\ at )'I:ttfl\\"nn, X. ,T., in H)42, n,nd 
7 ('oloniC's. comprising a,:300 adults, \\"('rp lilll'l·llted in lImt spclion of 
the::-;talC' in 194:1. On('81111111 j"('!en.spwnsmn.dC' nl Bellsvillt', :\ld., lhe 
same season. \i}x(('nsin r('('oV('I'y coll('(·Cions indicn,tp that the pfLrasite 
failed to bC'col11(' pstn,blish('d. 

FiC'ld lests ha\"e 1>('('1\ l'onclu('ll'd 011 till' mi("I"OIJial ("onlrol of the' 
~rC'xicn,n bNUl bt'('L\(' (:i/) with til(' fun~us /{ullll'(I"ia bagsilllla, tlt(' sump 
oJ'gllnism (('s(('<1 on (IIl' Eu!"olwHn ('(JI'I11""ct'r, Till' ip'·esU'd bC'f1,1l plots 
Were tr('ntl'd \\"i~h l-I)('I'('l'llt spOJ"(' (lllst, (whl'tlt flour ns the carriel') 
at {he raU' of ~o pounds pC'!" 11('1'(, in 2 llpplic:ltiolls 2 duys llpnrt. 

Exnminntioll of tht' plots 14 dnys :tflpr ('ompktioll of lrefl.lment 
showed tlw.t 2 ("11.I'ried n, \'('1·.\' low population of living stage's of till' 

beetle, wilh no plnnt injul".\' (,yident, a third lwd a liLrger l.IumlH't" of .• 
feeding IIl,en\.(' en,using up to 10 PC'I·C(,llt of plant injury, w!J('r(,:ls the .." 
untreated control plot ent"l'it'c\ u high popu1ntion of all stages, \\·jeh lhe 
pll1nt injUl.·.\" ('stimatC'd at no pC'l'C't·nt. 1"01' ('ompfLt"nti\"e purposes an 
a<lditiollill plot was tn'atNl with 1 uppJication of roL('noll(, at 20 pounds 
P~'l" ucrc. SlilTiving beall hC'C'll('s in \"nrious stngC's w('/'(' sen'rid limps 
more nUI11C'I·OUS i1w,n in lll(' fungus-ll"en,[l't! plots, and plallt injury was 
esLimated at 25 perct'ut. This 1II1fn\"om·hlc' outeornc' is fLttribu/l'C/ to 
heav.\" and frequcntrn.ills, which, on thC' other ltn,nel, providt'Cl optimum 
conditions for fungus (/e\'('lopment. 

All stages of the ]wan beet\p arC' highl.\" susc(lpliblc to fUllgus :niack. 
Laboratory tests sho\\'ed some liqut'fndion of egg c1ustprs \\"ithin. ]8 
hours I1,Her- d listing and 100 ]WI"{'l'll t nHel" 72 homs. 

So fllr llskllOWIl no nt.!pmpt hns yd In'(,ll mnd(' to [pst or utili?c this 
method of ('ontl"ol 011 :1, ('omllwreiul s('nh'. 

European Chafer 

(..:lmphimalloll ma.ialis (Rnz.) 

The European chafe!" was first; found ill westt'l"ll Xc\\" York in ill(' 
19:10's and is still limited to thnt StMc. Be(,fLuse of the potl'nlin] 
destructiveness of UlC' gruhs to turf, similn!" to that by tll(' .Jnpfll1C'se 
beetle, 11 program for the irnpOl'ln.tion of its llnturnl enl'miE's from 
Europe wus lIudl'rlnkcl1 in 194R, Two specics of t:lchinid parasites, .. 
Dexilla 1"l181ica, (F.) unci Jlicrophtlwlma e1/'1'opaen Egger, thnt Iltla('k 'T' 
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the grubs hu,vo 11ecn rcC'eivcd from FranC'c and colonized in small 
numbers, They are not yrl known to hc eSlitblished, hut their im
portation, us wdl 11S thn t of oLher Eurolwan parllsit('s, is being 
continurd. 

Asiatic Garden Beetle 
Ui1ltoSP7'1'('1l C(lstrL72ea (An'ow}) 

SCY(,l'l11 pamsit('s or seri('ine grubs W('I'(' imported from ,J!lpan, Koren, 
[llld Chinll durill~ l027-:3'l (23,7/1), ineicirlH to the selll'<:h for natural 
c[]rmi('s of lh(' .Tn.pall('st' I}('pt,h~, hut only Tiphia (l.sericae becn,nle es
tablished. It wns released ill infl'stntions of tIl(' AsiatiC' garden beetle 
and of S('rim ~'imili8 Lt'wis in s('\'(,I'lll Stnt.ps. J L is known to lJe Cl"

tahlished n.t scv('ml poi n Is in Prll nsylvnnia, bu t hns not increased 
suflicipnily to hnvr lmy ('fl'p('t on 010 be('tll' inf('slntions. 

Oriental Beetle 
(AI/lima/a. (jriellialis ,'-n l('rh.) 

Thp lllllurni C'1H'l1lit,S of lhe oripntal 1H'('tle were imported from 
.Japan Ilnd Korpa during 1£)25-26 and 10:32. The shipments com
prised 8,800 coeoonsof 5 "Iwcips of Tiphia, of which :~ were colonizc.l 
in variOlls infested areas in s('vemL XorLheastert1 Stlltes. None 
hl'Cll.ll1C ('stahlishec1. 

Susarcane Beetle 

tE1J.(1lheo[a rllgiceps (IJl'C'.») 

Small impOl'tnlions of nlllurni (,1H'll1irs of th\' sugarcanr be('tlc and 
seyeml ollwr sugarculll' prsLs WN(' mucie from Puerto Rico during 
10:34, 1n:)()1 uncI 104:3, 'I'll(' slripn1('llts of tJw first :2 .nnes eonsistrci 
of a gnlh pal'ilsitr, Campsomeri8 r/ol'sa{a (F.), and till' giant tond })1ifo 
marinuR L., wlrrr('ns th(, 1H4:1 ('{forts \\'('rt' rcnt('red on lh predac('ou,; 
('lrrt('rid bect,!(" P?/I'oplwrus III III i1l0S!lN (IlL). III 1044 lhe U nitcd 
SLaLps Sugnr CorpOl'n.LiOIl irnpol't('cl lJujo arenarwn Hens('l and B. 
p(lracl1emi.~ Lutz from ArgC'nt.ilHL for l'rjC'llse in southern Florida 
agn,inst whiLl' gnllis, mol(' ('L'iclu,ts, f1.nd otlwr soil-inhabiting peds. 
C(Lmpsomeris WIlS colonized only in IJouisiann., hut B. 1nar1'll1lB hns 
b(,Pll repentedl), r('l('ns(,(1 in hoth States lI.11d in T(\xns. Tht' pn'du.
('POUS bret\e was lik('wisu rd('lls('d in Floridn. and Loui,;iana, thollgh in 
mthcI' small numb('rs. Xmle of these natlll'lll on('mics hn,ve beeom(' 
established. Obst'l'vation3 on the ginnt lond hn.Yc been suffieicntly 
('xtcnsiYC' to inciicnle quil(' (/{'fLnitC'I.\' thnt nl1.hough it mn.'y persist for 
s(wernl .nars in southl'rn Floridn., iL is ulln.hl(' 10 withstnnd winters 
with p\'ell o('('asionnl light hosts. 

BJaclc Grain Stem Sawfly 
(Cephus (Trachel-lIs) /abidus (.1<' ,) 

The scycrn] specie's of till' sltwfly gPIlUS Cephus, ineluding C. tabidv,s 
n.nd C. 1)!J(/maell.8 (T.J.) , nrC' ILL timt'S spriolls ]ll'sis of wlwllt in New 
York, P(,lll1s,dnmin, and lit(, XOl't 11 (\'n trill Stnt('", w]H'rcns C. cinctu8 
:\fort. is lhr dominant SlW('il's ill the W('StNI1 Stnles. III 1030 n,nd 
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the following yel1rs the Cl1nl1dil1D Depl1rtment of Agriculture im
ported I1nd estl1blished 11 1l1rvI11 pl1r1tsite, Oollyria calcitrator (Grltv.), 
from Engll1nd for usc ml1inly I1gainst O. cinctus and O. pygmaeus. 
Through the courtesy of t1ll1t Department stocks were obtained from 
field collections in Cl1Iladl1 for relense in the United Stl1tes. In 1935 
a total of 11,700 ndults were rcleased at 3 points in Ohio and 9 in 
Pennsyivl1nia. The 193G releases numbered 10,:340, and were made 
at 1 point in Ohio, 3 in Pennsylvl1uil1, and 1 in New York. In 1937 
11 colony of 900 was placed at Cm'lisle, Pa., and the following year a 
colony of 1,8:30 Df; Doyer, Ohio. A field recoyery wns made in April 
1938 at Carlisle at the site of the release of the preceding year, but 
the parasite 11ns not been taken since and is presumed not to haye 
become esta,hlisbed. 

Grasshoppers 

(Acrididae) 

Little effort hns been made to control grus>:hoppers by the biological 
method, mainl.)" because these pests, being native to the North 
American Continent, !llready hl1,-e a full complement of pl1rasites I1nd 
predl1tors I1ttl1cking them, and there was little possibility of benefit 
from the introduction of additional species. However, 2 I1bortive 
efforts n,ppen,r to ha,·e been made to import 2 species of Sarcophaga 
from Austmlia, the flrst hy Albert Koebele in 1893 and the second 
by George Oompere in 1000. ShipnlC'nts were made, I1nd one small 
colony was releHsed in Livermore VI111ey, Ol1lif., in the 1l1tter year 
(53). 

In 1900 field ex]wrill1ents were initil1tcd by the United Stl1tes De
partmcnt of Agriculturc to determine the possibilities of controlling 
grasshoppers by means or a fungus imported from South Africl1 (88). 
This was presumably EmZJUS((, grylli, (Fres.), though probably con
taminated by other spccies. During ilULt year cultures were sent to 
IG9 fn.rmers in 24 Stn,tes for field tests. Sometimes a very high mor
tl1lity was reported, bu t in general the results were inconclusive I1nd 
the investigation was abandoned. 

Hessian Fly 
(Phytophaga destr1lctor (Say)) 

The first attempt to import natul'!11 enemies of the hessil1n fly was 
in 1890-94, when shipments of Pleurotl'opis metallica adults and par
asitized fly pupn,ria were obtained from Engll1nd. This effort was 
successful, I1nd the species became estl1blishecl and widely distributed, 
but it hl1d no ri.pprecil1ble effect in control of the pest (87). No 
further work WI1S done on the problem until 1934, when importations 
from Fmnce begl1n. From that year until 1939 sml1H shipments of 
PlatygCLsler 1Jleul'on Wlkr. n,nd Trichacis 1'emulus (WHcr.) were .ml1de 
I1nnul111y from Fmnce I1nd :Morocco. They totl1led 1,158 speCImens 
of P. pleuron and 3,336 of T.l'emulus. The field releases of P. pleuron 
comprised G41 I1dults in Pennsylvl1nil1 I1nd 202 in New York, whereas 
those of T. 1'enmlus were 77 in Pennsylvl1nil1, 427 in Virginia, and 
1,523 in North Oarolinn. So fnr as known neither species became 
es tablished. 
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Releases of Platygaster zosine WIler., a species already present in 
the Eastern States, were made in central California in 1922 and 1925, 
but establishment was not attained. 

Squash BUI 

(Anasa tristis (Deg.)) 

The squash bug is a serious pest of cucurbits, particularly squashes 
and pumpkins, throughout the United States. In the Eastern States 
it is heavily parasitized by a tachinid fly, l'71.chopoda lJennipes, which 
is also an effective parasite of the southern green stinkbug C.Nezara 
lliridula (L.)) in the Southeastern SLates. Since this parasite was 
absent in infestations of the sqnash bug in the Northwestern States, 
parasitized bugs were collected in New Jersey and Connecticut during 
1943-4.4, and 4,123 parasite pupl1ria were forwarded to Washington 
and Utah. Total releases of adult flies at Wapato, Wash., in 1943 
were 912, with an additional but unknown number the following year. 

Parasitized squash bugs were observed in some numbers in tbe field 
during the Jate summer and the fall of 1943, and the field parasitization 
over a cons~derable area the following year was approximately 50 
percent. Observations by B. J. Landis in 1951 showed parasitization 
of about the same extent. The squash bug is now only a minor pest in 
central ,Yashington, and titis reduction in severity of attack may, in 
part at least, be attributed to the parllsite. 

This parasite occurs throughout the United States, but appears to 
comprise several host-determined strains, each of which is limited in 
distribution to a definite section of the country. 

Harlequin BUI 

(1I1urgantia histrionica (Hahn)) 

Biological conLrol work on the harlcq uin bug, It well-known pest of 
cruciferous plants, 'was undertaken by the University of California 
during 1941-42, when stocks of the egg parac;ite Trissolcus murgantiae 
Ashm. werc obtained from Mississippi for ficld release. A total of 
780 adults were released at several points in Los A.ngele<; and San 
Diego Counties during tbe 2 seasons. The species became established, 
though it did not attain the abundance of another egg parasite, 
Ooencyrtu.s john.soni (How.), already present in the State. 

Chinch BUI 

(Blissus Zeucopterus (Say)) 

During 1865 the attention of entomologists was first drawn to severe 
outbreaks of fungus disease among chinch bug infestations. In 1888 
the distribution of diseased bugs was undertaken on a small scale in 
Minnesota, and from 1888 tlu·ougb 1896 a large-scale program was 
developed in Kansas. In 1891 an experiment station was established 
for the specific purpose of developing methods for the mass production 
of the fungus and for its distribution without charge to the farmers 
of Kansas. During 1888-96 between 40 and 50 thousand packages 
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of fungus material wCre distribull'd. Other States likcwi5c developed 
distribution programs, including lllinois, Nebrnslm, ~'lissouri, Ohio, 
and Oklahoma, though on u, smaller scale. .~f 

The fungus was JJecwL"er'ia {flobu.lijern (Speg.). Many ('onflicLing 
claims were mn.de regilrding the results of the work. Thc studips in 
Kansas were morc prolonged nnd eontlusi\'c thnn ('1sewhel't', nncl n 
critical ll,nalysis of tlH' work ,,'as puhlished in 1911 (8). It "'US ('on
eluded that the fungus WIIS pl"l'senl in all fidds in tIll' infestNI nrNl 
Ilud in such great aim lid nll('e lhul a J"t i ficin I (liSll'ilHl t io Il (·ou 1<1 Ill' of 1I0 

prneticu,l use. "'hen' Llll' fungus WIlS not in t'\'id('IH'P, (Juthn'nks of l\ll' 
disease ('ould not be induced In' artificial dislri bu lioll. ClimatiC' ('olld i
lions played a dominant rof(, , and wh('1l t11t'," \\'('1'(' Javomhlt, thc 
production of spores 'and (ht'ir dislrilH1tion hy tl)(' wind ]lro\'idl'd, 
uunided, for the initintion nl1(1 c!('\'clopn1('n( of oulbrcnks of the 
diseasc. 

The outcome of this work wilh llll' dlinch bug is often dted 10 
:mpport lhc belief thn.l lit lie ('nil Il(' hOPl'd for in ll1l' utilizalion of 
diseu5e-producLng orgallisms in tllp lJiologic!ll COlltrol of inspet pests. 
Howcyc'r, !IS Slpinhnus Udh') poin\.('d out tllt' conclusions ('ill'd npply 
only to lIw chinch bug, to thc pnrti('uinr fungus, und to lhl' gPIH'rnl 
!u'l'tt ill wliieh (lip work wns <lon('. 

Potato Psyllid 

(Pamlrioz(L cockerelli (Sulc») 

TIll' discoYl'ry ill 1\)42 of all ('ne.n'lid, .:lphl/('U8 JI8yllidis (Comp.), 

heavily pnrasilizing lh(' polnto psyllid 011 lomnto in Orangc Couoty, 

CaliL, led to n, smnl1-seHIt' ('!Tort to ('stn\)lish it in tli.(' potlllo-growing • 

section of till' XorLlI PlnUl' YnllC'.\" ill XebrHskn, ",hpJ"(' till' ])('st is oft('Jl 

desLl'u('tiYt'. J n ,Tu 11('. a net .ruh- 194:{ til<' rlli V('rsiL\r of C'nlifol'nin 

forwarded 4 consignnwnts of 'tllt' pnrnsitl', comprising nhout 700 

adults, to Ow Burl't1u of Entomology nnd Plant Qunmntine Inhorn.tory 

at ScoUshtuil', Xl'llr. 'I'll(' firs\' 2 lots \\'('1'(' rp!tlnfwd twar]).\' nlld tItt' 

oth<'l" 2 aL Torrillgton, \ryo. rnforlunnt<,I.\'] n,I:{ WHS n sensOIl of low 

psyllid inft'stntions, so thnt ('ollciilioml for parasitp rclensl' wcrc not 

flWOI"llblc, Hpl'onl"Y ('olll'(,tions ill Hl44 fnih'tl to show l'slabiishmt'l1t. 


Beet Leafhopper 

((,i7'c~lliJe7' /('11 e1l1/.s (Baker») 

The hc('l len.fhopper is i1 sl'riolls l)l'st of l)(\(,t in the \'rcstcl'l1 Stutcs 
nnd of tomato in California, 011 both of which plants it acts ns n v('cto]' 
of disease. Thl' first. inycslignliol1s 011 its biologienl control \\,('1'(' in 
11)17-18, whl'J) tIll' Cnlifornin, Stnte Commission of Horticulture under
took the imporllltion of nalurnl enemics from AusLmlin, U46). The 
shipments dming 19] R consisted of boxecl stems of snllbush (Atriplex 
muelleri) t'ontnining It'trge numbers of eggs of it natiY(' Il'afhoppcr. 
These eggs \\'('I'C nholl t gO ])('I'('('n t ])urnsitized by Pt(,I'Y{JofJ7'amma, 
acuminalwn Perk. nnd i1 species of l\1ymnridue. Thest' lWo spccies 
were l"t'nrl'd in Cnlifornia n.nd tl'steel on the l)('et IcnfhoPPcl" in field 
cages. No reproduction look place, nnd it wus t'oncluded that they."" 
wel'(, not adapted to this host. 
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The second search for na!;ural enemies wus in 1926-28, 'when the 
Federal Bureau of Entomology and Plant Quarantine in cooperation 
..."ith the University of California undertook a survey in Argentina, 
Uruguay, and :Mexico. No parasite importations were made as the 
leafhopper wus not found. 

In later years taxonomists concluded that Lhe beeL leafilOpper was 
of European origin. Its distribution is now known to extend from the 
Mediterranean region to the Near Eust. In a sUITey of the Mediter
riLllean countries by the University of California during 1951, O. 
tenelllls and se\'l'("fil other species of that complex were found in 
Egypt, Algeria, Spain, and other coun!,ries. One shipment of parusite 
material \\'11..<:; forwarded from Tripolitania. Two egg parasites were 
reared from this material, and a colony of Aphelinoidea anatolia Now. 
was released in t.he Sun Joaquin Ynlley in September 1951. 

In 1952 a joint project wus illilirLted between the Bureau of Ento
mology and PI-an t QllnJ"lLll tine and Lhe rni \'I'l'sity of California for an 
intensi ye pnrusi te-<'oUcel-ion progmlll in Spnin and the North African 
countries from Fn'nch ~loro('('o to Eg}'pL. Th(' shipme'nts from these 
countries, supplernenLt'd bX ins('clary renrillgs, pro\TidN1214,lOO ndllit 
pIlL'usites of 4 sIll'cies of Myrnaridae and Trichognul1mll.licIae, nil of 
which attack. tIL (I ('ggs, for releasp in CnJiforniu, and smnller numbers 
were distribut('d in ldttho, Utnh, fend Arizona (DO). 

Because of tho SUCCl'SS in Ha.wnii and elsewhere in controlling other 
leafhoppers throug]J tll(' introduction of egg predators of the genus 
Oyttol'hin'us, it had beoll hoped that a species of this group might be 
found that would he' eCjunlly ('f£ecth'e ngainst (.ho beet le'nfhopper. 
Howeyer, such it predtltor adaptable to tlH' hrot leafhopper and its 
ollyironment has not yet been discovered. 

Greenbug 

(l'oxoptera gr(wninum (Rond.)) 

One of the earliest large-scale attempts to utilize a TIatiYe parasite 
iu the control of a crop pest was that on the greenbug, a destructive 
pest of wbeat in Kansas. This \\'ork was undertaken by tbe Uni
yersity of Kansas in 1907 (91), and may be regarded as the foro
I"llnnrr of the mnss colonization prn.ctices employed later with Cryp
tolaemus Jor mealybug eontrol, lfippociamia for aphid control in 
vcgetnble fields, nne! j1ac/,ocenll'us for Lhe oden lnl fruit moth. 

It had been ohserved ;,/In,t the parasite Aphidi1l8 tf'staceipf's (Oress.)
C=A. tritici Asbill.) appeltl"ed ill the fidds in controlling numbel's in 
tbe spring or en.dy summer only aHer the greenbug infestations had 
built up to damaging proportiolls. This situation WtlS attributed to 
the inability of tlte pantsitc to withstand winter conditions in suffi
cient nlunbcrs, n,nd it ",n.s beli,'vcd that if tlcLive colonies could be 
placed in the 1i('I<ls early in the sen,soll their incrense ,,'ould prevent 
cle'·elopment of desLructi n~ aphid infestations. 

Infested when!; plants slloll[ing high Ilphicl pal"Hsitizat.ion were col
lected in the field in sOllthern Kn nsas tllld nod·horn OIdahonul., where 
the season is slightly ('adier Lhan in tllC most seriollsly afTocted areas 
of centml and northern Kansas. A totnl of 8,9;)2 boxes of this parasite 
material wem distributed to almost every county in Kansas from 

363034-56-11 



60 TECHNICAL BULLETIN 1139, U. S. DEPT. OF AGRtcULTURE 

April 17 to June 16. Inasmuch as each shipment was estimated to 
contain from 20 to 30 thousand parasites, the toUtl amotmted to 
several hundred millioll. • 

None of this work was conducted on a strictly experimental basis, 
and reliance WfiS apparently placed mainl}T on farmers' reports. Pub
lished testimonials were enthusiastic as to the outcome, and many 
farmers reported complete control within a few days or n. week: or 
two after receipt of the parasite colonies. These reports of course 
could IlOt be true, but indicated instead that, with favorable COIl
ditions, the existing parasite populations in the field de\Teloped with 
startling rapidity, which they an- capable of doing, and quickly 
hrought the outbreaks under control. 

Farmers in general are eagrl" Lo believe in the C'fficiency of biologicill 
control, as it relieves them of using other morC' laborious and eostly 
methods. Howev'er, this enthusiasm often leads them to on-rIook: or 
ignore the evidence that is available. On other projects reports have 
repeatedly been received of complete control after the relense of 
parasites or predators, even though thorough observations by com
petent. entomologists showed that they had not even become estab
lished. The subsidence of the pest infestations had been due to other 
unrelated factors. 

Studies on the illf]uence of climate on the greenbug and its parasite 
haye shown that temperature is one of the dominant factors and thai 
the greenbug can reproduce at appreciably lower temperatures HUUl 

are required by the parasite. It is thus ineyitable that the infesta
tions should build up in the spring well in ndvH,nce of the parHsite, 
especially during cool, damp seasons. 'rhe pnTasite, because of its 
temperature requirements, is not fully adapted to its host, and no " 
means are ayaili1ble whereby this deficienc}T can be overcome or 
alleviated. 

Yellow $usarcane Aphid 
(Siphajlava (Forbes)) 

The yellow sugH.rcane aphid is !1 minor pest ill southern Floridll 
Imd other Gulf Coast States. In Puerto Rico it is often heavily 
n,ttacked by !1 coccinellid beetle, Ooelophora inaequalis (F.), and this 
species was imported into the United States in 1939. Releases of 
1,367 adults and larvae were made in Florida, Georgia, a,nd Louisiana, 
but establishment was not attained. 

Miscellaneous Aphids 

A Inrge though uncertain llumber of species of aphid-feeding Co<.'
cinellidae were imported by Koebele from Australia, New Zealand, 
and Tasmania into Califol'llia during 1889-93, but none became estab
lished. The only species of foreign origin now estnblished in the 
United States is Leis ciimiciiata 15-spilotn, which was obtained from 
China in 1924. It failed to become established in California, but 
has done Yer)" well in Florida. It has shown a strong preference for 
the a,phids Imel whilicflies oeem-ring on papaya and citrus, nnd is 
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believed to contribute appreciabl)r to the control of the citrus apbid 
in some localities. 

For many years much attention was given to the control oC apllids 
attacking truck crops by the l'elease in infested fields, early in the 
season, of large numbers oJ native coccinellid beetles. The species 
utilized in this work has been almost entirely l1ippodam~ia convergens 
Guer., which i.s the most common of the aphid-feeding species of the 
family in man.y parts of the United States. It hibernates in very 
compact find. large colonies, some comprising 50 to 60 gallons of 
berLles, in mountnin valleys and canyons, and consequently it can bc 
collected in almost unlimitecl quantities a,t a low cost (16). 

For mnny years, since about 1910, the Oalifornia State Oommission 
of Horticulture collected these beetles by the ton and distributed 
thcm free to vegetable-crop growers of the State, the greatest portion 
going to melon growel:S in the Imperial Y alley. 110m recently several 
nttempts have been made to utilize thrm on a large scale against the 
pea aphid (Macrosiph1L1n pisi (Hfi,rris)) in the Eastern States and 
against the green bug in the Middle 'Vest. However, in tests on the 
melon aphid (A1Jhis gossypii Glov.) in the Imperial Valley (36) little 
or no benefit resulted from this practice, as the beetles dispersed very 
widely immediately after release. Also, a native population was 
always present in all localities, and the beetles appearecl in the fields 
as soon fiS the aphid infestation became sufficient to maintain them 
and to permit of extensive reprocluction. For these reasons growers 
are advised against placing any· reliance on them when released, even 
in large nUIhbers, in the early spring, but to utilize the more depend
able chrmieal control methods that u.re now availa,b]r. Sometiml's 
growers who have purchased quantitirs of heet]rs hnyc failed lio 
obtain the exprcted control and ha\'e dclnyed the usc of other meas
ures until serious dnmnge has heen done to the crop. 

Rhodes-Grass Scale 
(Antonina. grnmini~ (Mask)) 

The Rhodes-grass scale, It pest of range grnsses, has become exceed
ingl.y destrncti\'e in southenstern 'l'exas in recent years and is spread
ing rapidly. It attacks not only Rhodes grass (Chloris !/(l.lI(Lnn) hut 
several othrr ynItmble gJ·nssrs. Tho\lsl1nds of ucres of exccllcnt stands 
of Rhodes grass hn.ye hCl'n completely destroyed. Since iL is im
probable that this pest (,lLll be controlled economieally with insedi
eides, it was especially urgent thtlt the possibilities of biologiclll con
trol be investigated immediatel.y. One internal parasite, Anagyrus 
antoninae, was known to occur in Hawaii, and in these islands the 
scale, although frequently seen, is a minor pest. Rearing stocks of 
the parasite were imported early in 1949, and since that time it hns 
been roared and released in lnrge numbers by the Texas Agricultural 
Experiment Station (119). Even though estabEshment has been 
attained at several points, it is not yet Imown to what extent it will 
be able to control the pest. Additional pnrllsite species are being 
imported from otl1('1" pn t"fs of the world. if, 
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Sugarcane Meal,bug 
(Pseudococcus boninsis (Kuw.)) 

The sugn,rcane mealybug is one of the less important pests of sugar
cane in the Southern States, and is considereel to be injurious princi
paUyin the st'clions where cane is grown for simp production. Tbe 
body fluids of the llwalybugs cause n. disC'oloration of lhe product. 
Aphycus terryi FulL was imported from Hnwl1ii into Louisiana in 1932 
and was thought to hayc beeOlll(' estnhlishC'd during subscquC'nt years. 
Colonies fro111 Louisialln fit'l<l ('olleetions \\"(\['(' rpiPnsed in infested 
fields in Georgiu, Ilnd Flot·ida. HowL'n'r, it rleyt'l0pNI !ILler tbat thl' 
materilll distributed was of another hut similar spc'('it's) Pscudaphycw; 
mundus Gnhan, whieh prcsumn,bly is llnth"c on another host or is an 
accidental inll'oduetion. It bcco,me eslnblisht'd nTHl u.lmudlult in a 
number of locu.lities in \\"bieb l'el('(lscs W('I"(' l1uHle. The trur rL 
terryi is not known to be ('stu.blished. 

Two-SpoHed Spider Mite 
(Tctranychus teiarius (L.) (=T. bimaculal1lS IIaLTcJ-) 

Field tests \\-rrC conducted on the control of the two-spotted spidt'r 
mi te, tt p<'st of bush benDS, \\'i th the fun~us Bwuveria ba,s81alla (51). 
A O.5-perrent spore dust '\-as n.ppjiNl during a pt'l'iod of high tcmper
atmc anei relative humidity as wpU as SOIne minfa11. A kill of 71.1 
percent was observed in 5 du.ys.. The control plot showed n. mortality 
of 25.5 percpnt, Illu('h of which may hu.yp bern due to fungus conlmni
nation from the trpu,ted plots. The results of these tests suggest tbe .,. 
desirability of similar ,experimentnl sl1.1dies on other mite spedes that 
offer troublesome control problems, especially in u.reas haviug climu.tic 
conditions that arc fa,'omble to flUlguS deyclopment. 

INSECTS AFFECTING FOREST, SHADE, AND ORNAMENTAL 
TREES AND SHRUBS 

'rhc mosl importnnL pt.·ojN·ts for (lip biological eon(['ol of fOl'est- and 
shadc-trpc ins('cts, in which some sueerss has bePll attained, nrc those 
relating to lhe gypsy moth, brawn-tail moth, nnd so,lin moth. Sub
stuntinl benefit hns resulted from the work on tLese three pests, tbou~h 
falling short of full control. On less important pest species, such as tile 
orientnl moth, definite bendit hus likewise o<'currecL 

G,ps, Moth 
(Pol'thetl'ia dispar (L.)) 

The project for tiw biologieu.l control of the gypsy molh, u. dest.I.·uc
live enemy of forest- and shade-trees, which bt'came estab1ished in K ew 
Enghmd ahout 1869J has been one Qf the most extensive ftctivitics in 
this line in the 'United t:itates. The large-sealc importa,tion of lUllural 
enemies from Europe n.ncL to iL lesst't extent from Japan from 1905 to 
1914 wu.s r(,llt'wed in 1922-33 (14·, 89). Dtu'ing these years of active .~ 
foreign work more than 40 species of pu.rtlsi tt'S aml predators were 
imported and colonized. Of (hest~, g pnrasi tes-2 egg, 6 larval, and 
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1 pupal-and 2 predators hayc become established. Up to 1927 a 
total of approximate'ly 92 million pnrnsi tes bad been rpleasecl, the 
great bulk heing of the 2 egg SI)('<'I('8, \\-hieh \H're reared or collected 
f!"Om established eolonips in. enOrmous numhers for redistribution. 

The cgg panlsi les are Ana8tatu.'{ di8paris and Ooencyrlus lwwanai, 
the first ('oming 1'1'0111 Emopp and .JllPllll Ilnc! til(' second from Japan 
on1\-. .:lna8tatll,~ is gpll(,I'nlh- l'MaiJJishpd in Illl inf('stcd sections of 
X('\\' England It,nd O()nll'!Jl'lll'~ l hl'Ougholl[, (h(' southern portion of the 
host I'ange. TIl(' eomililwd ]JflJ,ltsitization hy th(' 2 speeil's renrhed its 
peak in H121-24, \"}H'1l il IW(,l'ngt'(l20--27 [wl'c('nt, but for a lime therc
flfter it d('('lin('(lto ]('SS (han 10 [Wl.'cC'llt. 11 o\\"('Y(' 1', I'cC'cntl.r these egg 
]HLrflsiU's IrlL\'(' ngain b('COllW ns nlnrndn,nl as in 1921-24. 

,Among til(' Inl'ntl pnl'flsit('s, ('ompsilul'([ ClJ1lcil!7wia, Blepharipoda 
sClllellata, all(l Apante/es Irl(ianosalu,<; nl'{' th(' most pfr('eli\'(~. 0. 
concinnala is 110"- wid('I.\- distl'ilnll('cl nnd oft(,11 parnsiliz('s 400 pCl'ccnt 
or mOl'c of til(' gypS,\' moth Inn'nC', nnd itis of ('qual Or gJ'('nter impor
tuncC' us nn ('l1cm.l' of s('Y('ml othel' h>pi(lopterolls pests. B. scutellata, 
,,-hieh CnlPl'g('S from the host pupnp, fl'cc/lwntly nLLnins a, pamsitization 
of 70 jH'rc('llt Or marl', n,nd nil n,,"prnge fOl' nll C'ollcctiolls of up to ncnrly 
50 J)('I'('pnt in son1.(' SC'flSOns. A. mf'la)!o8celu8 ranks third among the 
lurTnl pal'llsi tcs and, itl though tlllllslWll.\' yal'inhlc in the extcnt of 1ts 
attack, ench or its 2 broods ofl(,11 pnmsitiz(ls 20-30 percent of the 
larvae. Th(,s(' sp('cics \1'('1'(' nln'u'dv nlHllHlnnt \\"11(,11 the Inf('station 
nt Pittston, ]>n.. , was fowlcl ill 10:32. Rl'orista [al'v(ll'um and Pam
setigena sill'f8lris also sho\l' promise' of ('olltl'ibuting to the control of 
the pest. 

Other ('slablislH'cl pnl'nsitps of' I('sser imporlance an' Phobocampe
disPali~ and JlonodolliomcJ'1l8 aO'1l18. 

Slzl/'7nia il1l'ollspicu([' (~r('ig.) (L~8), a pJ'omisi ng la('hinitl parasite 
f'l'om pentrnl Euro])(' , was illtro<I1I('('(l B,nd colonized (luring 1906-11 
and 192:3-28. At I('nst OI1P colon,' from the' llLtN' n·lcases in ),[assach u
sl'lts j)(,l'sistpd for s{'nralyPltrs, h\lt fnil!'d of p('nnanent establishment. 
This mll,\' haye h('('n clue lo t1w In.('k of n suitn,b1e alternate host for the 
oVt'l'wintering gencl'Mion. 

The eanrJJid predator Clllo80lrza sycop1iallta is one of the most 
important natural enemies of tho gypsy moth, It nttacks both the 
lal'ytl(' and pupfle, lLnd {kid obs('rvtltions h11\"(, shown that it is abull
dnut. ill man.\" 10cn1i ti{'s. Il destroys nn apprpciable proportion of 
Lhe insect pests. 

Another important ng<'llcy in eonlrol is [t will, or polyh('Llml vinls 
discllse (80), recently detpl'mined ns HOI'I'dill(L 1'eprime1l8 Holm('s, 
which first upJ)('i\.r('d in X('w ]~ngliUld in lDOi. It IS common in Europe 
nnd probably l'enriH'd tlip lTnill'll Stn,{cs lLJl10ng the large numbers of 
ca,tCl'pillllrs imporlC'([ in the parflsi te-introduction pl'ogmm. It 
Ilssumcs epidcmic. proportions onl,'- in hen,\'y infpstaliol1s, ,,'1Iich nro 
oftcn almost complel('I.\~ cll'stl'oyed. 

It is excrptionall.l- difficult to (l('t('rmiJle the influC'llC'e of natural
('ontrol far/ors on an i,nse('t. slleh as lbe gypsy moth, whie-It is subject to 
wide Itnd f.lWlu('nt cliang(ls of l)Opuln.Lion l(,\T('ls. It is bc1ie\Tetl, 
hOWe\Tcr, ihn,t the ('ombinpd clr('et of the parHsites n,lld predators has 
given avprN'illble contl'OL lnsien,cl of' OCCUlTing frequently in epidemic 
form a,nd for extcndrd pOI'iods, tho gypsy moth outbreaksal'c now 
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reduced so that they are comparable in range and severity to those 
occurring in Europe. ~, 

Brown-Tail Moth "..... 
(Nygmia phacorrhoea (Donov.)) 

Large-scale importations of natural enemies from Europe for the 
biological control of tbe brown-lailmotb were made from 1905 to 1911, 
concurrently with the work on tbe gypsy moth, and during tbat period 
20 or more species or ]HLl"nsit('s and ]JrC(hltors \\"er(' received !lIHl 
colonized (14, 8D). 

Seven sp('cics of parusites became eslabLished on this p('sL in the 
infested ill'eaS of New England, the most efrective of \\~hich nre 
Apanteics lac/f'icolor and 1'owllscnciiellomyia 1l,idicoilL. ']'. 11,iclicolCL 
pttrasitizes, Oll an i1Ycruge, 10-20 percent of the hiberuntillg larvae, 
wherens in some yen,!'s lacteicolor mny destroy 20-:30 percent. Carcelio, 
laxifrons nttained a general field parasitizn,tiotl of about 23 percent by 
1916, but declinecl tbcrcnJter to less than 5 percent; so for many years 
it has been of minor importtlnce. l11eleorus versicolor is also generally 
established, but the field parasitization is consistently low. Euptero
malu~ nidula,ns, which attacks both larn,e and pupae and is also hyper
parasitic through several Braconidae, is likewise of little value in fie1cL 
eontrol. The pupal parasite j\ionociontomeru,s aC1"CUS is considered to 
be more importn,nt us a secondary parasite, through several Tachinidae, 
than in its primary cnpacity on tbe brown-tail moth. However, in 
most sensons it is not suffieiently abuncln,nt to be of importance ill 
either role. 

n has not been possible to evaluate Lhe effectiveness of the imporLed 
ptlr!1sites and predators of the brown-tail moth, and no effort was 
made to do so. However, for many years since the establishment of 
the parasites the moth has been of little conseq uence ill New England, 
with no serious outbreaks, and it is reasollable to credit the pal"llsites 
with a substantial role in bringing about that situation. 

During 1908-11 a series of experiments were conducted in :Massa
chusetts with a disense-producing fungus in the field control of the 
brown-tail moth (134). The fungus was Entomophthora aulica,('. 
H.eich., which is well known in Europe and has occurred commonly 
on. this host in New England for many years. 

Severn.l methods were employed for the distribu tion of the fungus, 
including a water sllspension of spores, but most of the releases com
pr-ised infected caterpillars. They were released in the field during 
:May or August and September, 20 to 30 such larvae comprising a 
colony, which was placed on the tree in or near a brown-tail web. 
Colonies were distributed in more than 100 localities in Massachusetts 
and in one locality in l\i(aine. The results of the field tests were 
variable, yet it was concluded that, under favorable conditions, the 
fungus could be depended on to kill 60-100 percent of the caterpillars 
in the treated areas. The lack of dependability of this method of 
control, presumably associated with· adverse climatic conditions, 
prevented its general adoption, and the experimental work was finally 
discontinued. 
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Satin Moth 
(Stilpnotia salicis (L.») 

As a result of importations of parasite material from central Europe 
during 1927-34 for use in the biological control of the satin moth, 
Apantcles solita,ri'u,s and lYleteol'u,s versicolor have been established in 
the United States (97). In addition, Compsilu,ra concinnata andE'u,p
ieromalu,s nidu,lans, originally imported against other insects, have 
proved useful against this pest. 

A. solitariu,s is the most important of these species, and many field 
collections of overwintering host material, both in New England and·"rnshington, show a parasitization up to 60 percent or more. l1f. 
ver'sicolor from brown-tail moth stock did not become established on 
the satin moth in New England, but occurred in abundance in Wash
ington after the importation from Emope of stock from the satin 
moth during 1932-34 and its release in the State. Field parasitizl1tion 
1'l1nged IIp to 50 percent, and many infestations were quickly reduced 
to a lloninjurious level. C. concinnafa at times also attains a high 
parasitization, often amounting to 50-70 percent ill areas where 
alternate hosts are sufficiently abundant to carry it through periods 
when satin moth larvae arc not availl1ble. In recent yel1rs E. nidu,lans 
hilS become of increasing importl1nce I1S an enemy of this pest in New 
Engll1nd. ~ehe decline of moth infestations in New England and the 
sl1tisfl1ctory control in vVl1shington I1l'e I1ttributed ~,o the effectiveness 
of these parasites. 

Oriental Moth 
(Onidocampajlavescens (Wlkr.» 

Tbe oriclltl11 moth, ]10t to be confused with the orientl11 fruit moth, 
OCClll'S in 11 sml111 area in 1fussl1chusetts centering about Boston, I1nd 
is of minor impol'tl1nce as a pest of several shade I1nd ornamental 
trees. The first attempt to introduce parasites for its control was in 
1917-18, when the 1'Iassachusetts Agricultural College received 
several shipments of cocoons from China (56). They yielded a num
ber of Chrysis shanghaiensis Sm. adults, which were released in the 
infested area. Recoyery collections early in 1919 showed a parasitiza
tion of 6 percent, but the parasite has not been taken since then. 

The major parasite of the oriental moth in Japan, Chaetexol'ista. 
,iavana, increased very rapidly after its importation and initial coloni
zation in Massachusetts in 1929-30 (48), and reduced the infestations 
to a noninjurious level. However, the periodic extremely low winter 
temperatures of that area, such as occurred during 1933-34, am very 
detrimental to the parasite. It passes the winter as a young larvl1 
within the body of the caterpillar in its egglike cocoon, and these low 
temperatures ca,use a high mortality of the parasites without a corre
sponding effect on the hosts. The parasitization of the host brood 
the following season is consequently low, and the pest population 
builds up accordingly. However, the parasite quickly increases and 
soon brings the pest again nndeL' control. A similar declina in efl'ec
tiveness, followed by rapid recovery, must be anticipated at interyals 
in the fu ture. 
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European Pine Shoot Moth 
(Rhyacionia blwliana (Schiff.)) ,,,, 

The European pine shoot moth was first found in the United States 
in 1914, and is now a serious pest in nurseries and plantations and on 
ornamentals in many of the Northeastern States. The search for its 
natural enemies in Europe, the region of origin of the pest, was beglUl 
in 1931 (49). From that year until 1937 large-scale shipments, 
comprising 15 or more species of parasites, were sent to the United 
States, mainly from Austria, but some from Holland and England. 
'1'wo larval parasites, Ol'emastus interrlLpt01' and Orgilus obscuraiol'., 
and a pupal parasite, Tetrastichus tUl'ionum, have become estoJblished 
as a result of this work. Recoveries of each species have been made 
at release points in several Northeastern States, but no information 
is available regarding their abundance, spread, or effect or;, the host 
infestations. 

Pine Tip Moth 
(Rhyacionia jl'W3trana bllshnelli (Busck)) 

The. control of the pine tip moth in a large artificial planting of pine 
in Nebraska is an interesting exampJe of the utilization of native 
parasites. ']'he infestation there became so heavy that planting of 
yello\\r pine, the favored host, was discontinued. Several species of 
parasites obtained from Virginia were released in 192:1 (6), and one, 
Oampoplex jl'ustl'anae Oush., became established. 'Within 4 years 
the parasitization was about 80 percent, and the injury to the terminal ...\ 
shoots declined from over 90 to 15 percent. This control has per- ~/ 
sisted, but unfortunately has been masked by the increase of another 
species of tip moth, which is not attacked by Gampoplex. 

Larch Casebearer 
(Goleophora laricella (Hbn.)) 

The larch casebearer is of European origin, and now OCClU's through
out the range of its host in the eastern half of the United States. 
Importations of large numbers of its natural enemies from central 
Europe, numbering 11 or more species, were undertaken in 1932-37. 
Two of these species are known to be estn.blished-Ghrysocharis 
lal'icinellae at one or more points in :Maine, New Hampshire, Vermont, 
and New York and Agathis pumilis in :Main13, New Hampshire, New 
York, and Michigan (49). '1.'he progress of these colonies has not 
been followed closely, and their effect on the host infestations is 
therefore uncertain. However, it is known that both species effect 
a high parasitization in Maine and N ew York, and they are credited 
with reducing the host infestations in adjacent areas in Oanada. 

Elm Leaf Beetle 
(Galerucella xanthomelaena (Schr.)) 

The importation of natural enemies for the control of the elm leaf " 
beetle was begun in 1907 when beetle eggs parasitized by Tetrastichus . 
xanthomelaenae Rond. were received fl'om France. Many thousands 
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ot these eggs were imported (luring 1907-8, 1917, and 1933-:35 from 
vnrious countries of Europe, and the parasites reared from them "'ore 
widely colonized in the Eastern States. Another species of the genus 
was obtained in Jnpnn in 1934, 1936, and 1938, and more than 14,000 
adults were released in centraL California. These 2 species are not 
known to be established. 

In 1934-35 hU'ge-scale importalions were made of the tachinid pnra
site El'ynnia nitida from France for colonization in New England, but 
establishment was not accomplished. A small consignment sent to 
California in 1939 resulted in establishment nnd widespread distribu
tion (63). One consignment of !L carabid pf1rasitc, Lebia scapularis 
Fourc., was released in Ne,,' England, but failed to maintnin itself. 

A pupnl parasite, Tetrastichus brevisti[Jrna, which is nntive to the 
Eastern United States, was forwnrded to the University of California 
in 1934 for colonization in that StnLe. It quickly became established 
and hI now abundant in the infested areas. 

Although none of the imported pamsites were able to mnintain 
themselves in the Eastern United States, the establishment of E. 
nitida and T. brevisti[Jma in California was followed by a high para
sitization, especinlly by El'ynnia, but not sufficient to prevent the 
occasionnl defolintion of elm trees in the Centrn,l Valley areas. The 
injury is not nearly so general or destructive as occurred prior to the 
establishment of the pamsites. 

Southern Pine Beetle 
(Dendroctonus frontalis Zimm.) 

The serious injury to forest trees by bark beetles led to studies on 
biological control nt an endy date. In 1892-93 A. D. Hopkins, of 
the "Vest Virginia Agricultural Experiment Station, conducted inves
tigations in Germany and noted that f1 predaceous clerid beetle, 
Thanasimus formicarius (L.), was abundfi,llt fi,nd n,ppcn,red to be of 
value in checking the pest. A totnl of 6,098 adult beetles and larvae 
were shipped to West Vil'ginif1 during 1892-94, and 2,200 were released 
in the forests of th.at Stnte. No .field recoveries IlfLve ever been made. 

Birch Leaf-Minins Sawfly 
(Ileterarth7'1ls nernoratus (Fall.» 

The birch leaf-mining snwfly is nn nccidentnl introduction from 
northern Europe, and now cnuscs serious injury to birch in the North
ern New Englnnd Stntes nnd New York. A Inrge number of parasite 
species were intl'oduced from central Europe during 1930-:34 (47). 
Two of them, Ch7'ysocharis laricinellae nlld Phanomeris 1Jhyllotornae, 
have become estnblishecl. The fil'st has maintninecl itself f1t one or 
more points in l\1nine nnd New Hmnpshire, and Phanomeris hns been 
recovered only in :Mnine (49). Theit· progress hns not been followed 
in reeen t ycnrs. 

European Spruce Sawfly 
(Dipl'ion (Gilpinia) hercyniae (Htg.» 

The EUt'opean spruce sawfly first apP('ftl'cd in lll(' Lnited States in 
1929, when it wns found in New Ihmpshil'o, the inf('stfl,tion probably 
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spreading from Canada. In that country a very destructive outbreak 
developed on the Gaspe Peninsula in 1930, mpidly extending the area .... 
of heavy defoliation and death of trees westward and southward during..,...' 
the following years. An extensive biological control program was 
undertaken by the CtUH1diau Department of Agriculture, with large
scale importations of natural enemies from Europe and a few from 
Japan from 1933 to 1939. A pupal parasite, Dahlbominusjuscipennis, 
was reared and distributed by the millions, lLnd it and a number of 
additional species became established. 

Heavy infestations of the sawfly began to deyclop in .Maine, New 
Hampshire, and Vermont in 1937 and caused much concern over the 
possible destruction of the spruce forests of New J!jngland and New 
York. Tluough the courtesy of the Oanadian Department of Agri
cultme large stocks of 16 parasite species were ohtained and Teleased 
during 1935-41. The pupal PlLl'lLsite D. juscipennis was Teared and 
distributed in enormous numbers by the Maine Forest Service and the 
Federal Bureau of Entomolog}T and PllLnt Quarantine. It is the only 
parasite to become well established. 

In the early 1940's the sawfly inCestations in both Canada and the 
United States subsided sharply, apparently owing to an epidemic 
virus disease of the larvae. This deV'elopment, of course, has been 
independent of the parasite-introduction program; consequently, it 
has not beer.l possible to evaluate the efrectiveness of the latter in tJle 
Urlited StatE's. 

Larch SawHy 
(Pl'istiphora el'ichsonii (R tg.)) 

Attempts have been made to est!1blish the larval parasite j).1esoleius 
tenthredinis Morley on the larch sawfly at several points in the United 
States. This parasite was established in Canada through importa
tions fTom England, a11(1 was credited with aiding materially in check
ing the pest. Small shipments were received from Oanada in 1912 
for release in Michigan, in 1929 for Massachusetts, and.in 1931 for 
New Hampshire and for further colonization in :Massachusetts. 

So far as known none of these releases resulted in establishment, but 
in recent years the parasite has been collected in :Montana, :Minnesota, 
Wisconsin, Michigan UB), and Pennsylvania. These estilblishments 
aTe attributed to natural spread from Oanada. 

Pine SawHy 
(Neodiplion sertifer (Geoff.)) 

The pine sawfly, of European origin, was first recorded in New 
Jersey in 1925 and has since become established in several other States. 
Severe defoliation of several species of pines occurred in the New 
Jersey infestations. During 1935 and the following years, when a 
biological control project on the spruce sawfly was undertaken, colonies 
of a number of European parasites, obtained from the Canadian 
Department of Agriculture, were reared and released by the New 
Jersey Department of Agriculture in pine sawfly infestations. They 
included Dahlbominusjuscipennis and Aptesis basizonia. Both species 
are known to be well established on this pest in New Jersey, t,hough 
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the recovery surveys have not been sufficiently extensive to give 
detailed information on their abundance or influence in control of the 
pest infestations. 

Barnacle Scale 
(Ceroplastes cirripedijonni.s Comst.) 

The barnacle scalc anet the Florida wax scale (Ceroplastesjloridensis 
Comst.) are pests of ornamental plants in the Gulf States. Several 
shipll1f'nts of parasite material were receind from Italy in 1895 and 
the following years, and releases of the egg predator Scutellista cyanea, 
were made at Baton Rouge, La., in 1898. ObselTations in 1906 and 
1923 showed that 8cuteliista, wns abundant on both species of C'ero
plasles, but nothing is known regarding its effecti\'eness. Probably 
the snme situation exists as with the black scale in California, where 
it, \\'ns found that the lanra of Scutelli.~ta usually does not consume all 
the eggs in the host egg chnmber, so that a high percentage of attack 
11as little or no drect in reducing the infesUtlions. 

European Elm Scale 
(Ooss1}paria spuria (Mod.») 

The European elm scale is distributed throughout the "Gllited 
::)tat('s. The elm trC'l's, so gC'tlemlly used for park, street, and garden 
planting, are rendered ullsightly by tbe heavy deposits of honeydew 
in whieh the fungus causing sooty mold grows profusely. Young 
trees jf heavily infesteclll1ay be killed. 

Parasite ll1alerinl imported from Italy in 1939 and from Franec 
in 1949-53 was utilii:('cl for rCfI.ring and colonization in California. 
The paL"Qsites comprised Coccop/wgus gos8?Jpariae Gahan alld Tri
chomasthlls c?J(Lnijrolls Dulm. One colony of C. gossypariae \vas re
leased at Los Gn,tos, Calif., in I9a!) and others ttt ~an Josc, Sacramcnto, 
Pasadcna, Redlands, and othel" locnlities during 1949 and the following 
ycars. Rccove!"y eollectiolls at Recllnnds in 1951-53 from 1949 
releases rcvcn.led estn blishrnCllt of thc species (74). In fact the scale 
n.lmost disappeared from the trees on which the parnsites had been 
placed, fl.ncl dispel"sion rxtenclecl for some distance. Estn.blishment 
wus not efrected n.t alW olhe!" rdease sites. Failure of establishment 
in oth(,1" locnlilies ma}~he d.ue to the need for Lhe males to denlop 
as parasites of thc female InlTile of their own spe('ies. This reproduc
t ion hnhit makes lleecssary repcnted releases at proper intervals to 
provide conditions suitablc for' the clcvelopmen t n nel the perpctuation 
of both sexes. 

For many ~-ears lhere has beell confusion regarding chp, identity 
of the Coccop/wgus specics attacking the ElU"opeall elm scale. The 
form in Europe has gcncrally been listed as e. insidiatol' (Dalm.), 
whereas that OCCUlTing commonly in the Eastern States is identified 
as C. goss?Jpariae. Taxonomists who hayc recel1 tly examined specimens 
from both sources agree that they nrc the same. 

Releases of T. cyanijrons were made in sevel"nlloC'alities in southern 
CnJiJornin, in 1949 ancl l"e('oyries \\'rre made 2 months littel', but the 
species did not persisL 
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Nigra Scale 
(S~aissetia nigra (Nietn.)) 

The nigra s('il1e WitS all important pest of ornamental shrubs and 
plants in California. prior to its control by tbe biological method. 
This WtlS accomplished hy the Lniyersit.'~ of Ca1ifomia incident to 
the la.rge-scale program for the control of the black sca1e on citrus. 
The introduction of AphyCllS heh'ol1ls hom South Africa. for control 
of the latter pest was highly successful, but \\'fiS enn more so in the 
cnse of the nigra. sca.lc. Field n'lcascs on the latter were relatively 
fp\\", and l1l0st'infcstations were ilwaded b.'~ parasites dispersing fronl 
citl"Us groves in which L1. Itch-olus had been relcnsed. The field 
control h.'" .Ll. he11Jo/us throughout southern California was rapid 
and complete (188), and the infestations ha.n' been held at a con
sisLenll.'" low 1l'\'('1 sillct' 1\)38. Seyernl imported species of Cocro
lJhag1ls hn,\'e ('slahlisitl'<l thems(,lns on this host, though they ha\"c 
not con tribu ted appre!'iahly (0 its con (rol. 

MISCELLANEOUS INSECT PESTS 

Horse Flies 
(l'ab(ll1u,~ dorsUcr 'Ylkr. (=1', h!lalinipenlli8 Hillc)) 

Tbe tabanid flips aI'(' serio liS pests or cattk and horses in Texas 
fLnd ot ht'l' :-:;011 I hel'lI and Sou t h\\'(,c,tprn St n tpc" Th!' most abundan t 
speei('s in Tpxas is Taballus dOl'sUcr, which (lC'posils its eggs in masse's 
on stOIH'S projPl'ting fl'om rnpidl~' [[o\\'ing watpr, III some sections 
th('s(' C'ggs arp Iwnyil." pnl'asilize(] b~' TdellOln'us emersoni (Gir.). 

For s('\'('ral yeal's, ]ll'giJlning in H1l4, an attempt was made to 
l'rdu('e the numh!'!'s of thes!' flies by collecting quantili!'s of eggs in 
locali tics whel'(' t heT \\'el'e known to be lH'ayil,Y parnsi tized nn(l coloniz
ing them in other sr('lions whel't' the paJ'nsit(' was a.bsent 01' scarce 
(11 7). 'rbese egg masse's wel'/.' srI ou tin cagcs tbtlt p!'rmi Ued the 
pn,rn.sitcs to escnpe, but pl'evt'nted thp newly hatched fly larvae 
from doing so, In Hl14, ]0 to 12 gallons of egg massrs, representing 
20 to 25 million eggs, \\'ere collected in 1 locality in Texas; they were 
so abundant that 1 colle('lor could ohtain about 2 million per day. 
Observations the follo\\-ing season indiC'nted i1 reduction of a,pproxi
mately 50 perccnt in the- fly population wherc the !'ggs had been 
collected, as compfLl'ed with arcas \"her!' no collections had heen 
made, and a mark!'d I'eduction wherc thc releases were mnde. It was 
conduded thn,1 this was a. practicfLhle means of reducing horse fly 
inf('stations 1I1ldPI' t'ertain climatic and physical conditions. Howcyer, 
this conclusion mllst he rpgarded as (I'lly tentative, as the cxpel'im!'nts 
con'red onlT n, single· season and \\'ere not checked sufficiently to 
determine aeclll'ntel." t Itt' l'estIl Is of the T!'leases. 

Blow Flies 
BIo\\" Ilies of the genel'a Sarco])lwga nnd Phaenicia (L1lcilia sens, 

lat,) are serious pests of linstock ill the Southwest. A na.tivc parasitc, 

., 
~ 

~ 
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Alysia ridibunda Say, was found to attack the puparia of these pests 
in certain areas, but was not of general distribution. A program was 
undertaken in 1933 (102) for the rearing and colonization of the para
site in Uvalde County, Tex., where it was not known to occur. A 
total of 50,221 adults were released, in colonies a"eraging about 80 
individuals, during late 1934 and early 1935. 

Recovery collections made during the summer of 1935 near a 
number of release sites showed an average parasitization of 37.1 
percent. The parasitization declined sharply thereafter, and in 1937 
and 1938 only occasional individuals could be recovered. 

Laboratory tests showed that A. ridibunda was unable to complete 
its life cycle on Callitroga horninivorax (Coq.), the most common and 
injurious blow fly in the Southwest, or on C. macclla1'ia (F.), a related 
species that occasionally produces myiasis in sheep. 

European Earwis. 
(Forficula auricularia L.) 

Biological control of the European earwig was undertaken in 1924 
as a result of heavy infestations developing in the Pacific Northwest, 
especially in the a,rea about Portland, Oreg. The parasite material 
was imported by the Federal Bureau of Entomology and Plant 
Quarantine from Englund, France, and Italy, and comprised two 
tachinid species, Bigonichcta .sctipennis and Racodine1Lra antiqua. 
(Meig.). The rearing and coloniza~:on work (108) was first handled 
at; a laboratory established in 1924 by the Oregon Agricultural 
Experiment Station. The project was then conducted by the city 
of Portland for a number of years and. wa,) finally transferred back 
to the experiment; station in 1930. During 1925-29 large numbrrs 
of these parasite species were received, reared, a.nel colonized in Port
land and the surrounding area. Sp0cial attention was given to 
Bigonicheta, and it became established as a result of these releas(ls. 

In 1931 the Bureau of Entomology and Plant Quarantine undertook 
an extensive importation, rearing, and colonization program with the 
objective of distributing the parasites to all infested States. 'rhe 
importations, comprising both species of parasites but with special 
emphasis on Racodineura, were made in 1931 and 1938-39. Field 
releases in 1938-41 totaled 94,450 parasitized earwigs and an Ulu'ec
orded number of adult female parasites. R. antiqua again failed to 
become established, though occasional field recoveries were made. 
Rearing, colonization J and recovery studies of Bigonicheta con tinued 
through 1940. 

B. sctipennis is generally established in the area about Portland and 
throughout Washington, as well as in Ida,ho anci Utah. The earwig 
is subject to such wide fluctuations in population because of climatic 
and other conditions that it is difficult to appraise the stiLtus of the 
parasite. It is abundant in a number of localities tl,nd bas spread 
widely, but detailed information is lacking as to its influence on the 
pest infestations. According to C. 'V. Gctzencla,ner of the Bureau, 
who was in charge of the later phases of the work, the infestations 11ll.YC 

subsided in severallocll,lities. 
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Roelcy Mountain Woocl Tielc 
(Dermacentor andersoni Stiles) 

The biologicul control of the Rocky Mountain wood tick, a highly 
important vector of several hlllllan disease organisms, was undertaken 
in 1926, when the cncyTtid parasite Hunterezz,u,s hookeriHow. (=Ixodi
phagus caucurtei du B.) was imported from France by the :Montana 
State Board of Entomology. In the following. years it was reared and 
distributed widely in Montana, Idaho, and adjoining States by thaL 
organization and by the United States Public Heu.1th Heryice (31). 
Dlll'ing 1927-32 the releases in the Bitterroot YullC'y and other parts 
of :Montana alone totaled 4,158,600 adults. 

Prior to the synonymizing of tbe American and Elll'opcan forms by 
A. B. Gahan in 1934 and before its introduction from Europe, Il. 
hookeri had becn recorded from a number of widely separated points 
in the United States, though not from the Rocky :Mountain area. The 
populations now existing in that area mn,y be derived entirely from 
the imported stock, though this of course canuot be proved. The 
parasite is not known to be sufficiently abundant to effect allY appre
ciable reductiou iu the tick infestations. It attacks several genera 
and species of ticks in addition to the Rocky }\Jouutain wood tick. 

Several attempts have been made to establish H. hookeri on the 
American dog tick (Dermacentor variabilis (Say)) and other species ill 
the Eastern States. One colony of Europeu:n origin released in 1926 
persisted on \,he Elizabeth Islands, Mass., for at least 12 years, and 
another released on Capers Island, S. C., in 1929 apparently became 
e~\\tablished. In 1937-39, 91,000 n,dults and n, large Humbel' of pamsi t
ized American dog ticks were released on t.heisland of }\'lart,11l1'S 
Vineyu.rcl, }\Jass., but no field TccoveriC's were made in the following 
yCIlTi•. 

THE ESTABLISHED PARASITES AND PREDATORS 
In the following pages is n, brief account of Lhe importation, coloni

zation, recovery, and effectiveness in the field of each of the 95 species 
of parasites and predators (pp. 4-8) thn,t are now established in tht' 
continental United States. '1'he principal features in the hiolog)T a,nd 
habits of each species, where these; are known, are included. However, 
many of the species were introduced n,nd established without detailed 
study beyond determination of their host relationships. 

Agathis c/iversus {Mues.} {Braconidae} 
Agathis diversus, a parasite of the oriental fruit moth, wus imported 

from central Japvn during 1933-36 (82), the total numher of adults 
being approximately 1,360. Some of them were utilized for insectary 
rearing, and 20,800 were producecl durulg 1934 and 1935. The fU'st 
releases were made in New Jersey and Pennsylvania in 1933, and the 
colonization program of the following 2 years covered the States fronl 
Connecticut to Michigan and southward to North Carolina. The 
firlst field recoveries were made at 4 points in New York in 1935 from. 
re eases of the same season. Howt:lver, these colonies did not persist. ~ 
A number of colonies in other Stn,tes and in later years showed con
siderable promise, with rates of parnsitization in excess of 20 percent 
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of the larvae in peach twigs,but the parasite population ahmys de
('lined and the colonies appurentl~r died out. Large-scale rearings of 
fruit. moth larvae from peaeh b,-igs and immature peach drops during 
1939-47 failed to ~yield a single specimen of dive7'8u.~. 

Recent observations (3), howewr, lmw indicated that the species 
is firmly established in at leust one area in Xew' Jersey. The circum
::;tan ces' under which it ,,-as found indicate a pronounced change in the 
habits of the ::;p<'('ir8, which explains the lack of sucCC'ss in recoyering i.t 
previomlly. In .Japan, thC' country of origin, diversu8 grnerally attacks 
fl'llit mot.h larvae infesting pC'nch l,,-igs il1 spring and midsummer, and 
it \'"us ussumed that this habit would persist in the Lnited States. 
This cliclllotproVC' to be the ('u8e,"nnd its persistC'nce in the field ,,-as 
(ietrrminecl only when coUt'etion;; of hibernating fruit, moth larvae 
from hte peach drops were made ll('ar ~foorestown, X. J., during 
] 943 and in the following ~wars. Over,,-}ntcring larTur from apple 
drops on thC' sanw propertiC's did not ~-}eld the parasitC'. The discov
rry of this ChflllgC' in habit 1l1a~- reveal the establishment of the species 
in other States "h(']'(' colonization took. place on a, large scale but where 
earl~T recovC'r,Y collections comprisrd only infested twigs. 

The OCClUTenC'e of the parnsii('s in appreciable numbers only in late 
peach drops lenTes UUa11S\\-erecl the question of wbat bost species is 
nttacked during the spring and midseasoll. IL appears that there 
must b(' one or more a1t('1'110.1e hosts, as yet unkno\\-n, that carry the 
~pe('ies through tbat period. 

A. diver81lS is iL solitnry in(('rnal parnsitC' of the fruit moth lan'ue. 
It hus several genC'rlltions pach yen,l', and hibel'l1at!:'s in the young 
larval stnge in the full-grown cocooned host lal'vuC'. O\-ipositioll is in 
yO\wg fruit moth larvae that hu\-e onl~~ recently entered the fruit or 
twigs. This Sl)('ci('s is one of the few that produces female progeny 
gen('mtion after gpnemtion without ne('d of fertilization. 

Agathis pumi/is (Ratz.) (Braconidae) 

, Importations of A[}alhis pll1nili.<:, fi, solitary inLernal parnsite of the 
larvae of the larch casebearer, were begun in 1932, and in that and the 
following 3 years shipments from Austria totaled 620,000 field-col
lected larval cnsC's. The}- wpre followed by 102,000 from England in 
1936 and 53,500 from Holland jn 1937. The pumilis content of this 
materinl wus 10"-, and the total number of adult Plll'ilsites reured from 
the Austrian 111aterial wus only 7,048. The first field releases were 
made at Sidney, ~raine, in the summer of 1933 and at Berlin, K. H., 
and Saranac, ~. Y., in tilp following y('al'. Reconries were Illade at 4 
points (.W) ill 19:36, nnd it has since been found to be establishecl in 
.Michigan. A. 1)1lmili.~ has llOt been extensively colonized, und no 
evidence is a yailnblp as yet tllitt it is exerting an~- appreciable check 
on the host infestaJiolls ftt the points where it first becume established. 

Agathis stigmaterus (Cress.) (Braconidae) 

The cit'ClIm::;tnllcPs surrounding the introductiOIl of Agalhi8 stig
materu8, u pal'llsitP of the Sllgtll'CUIlC bOl'('r, al'€! not known with cer
tainty. A totnl of 127 pal'asite cocoons were forwarded fWIll A.rgentina 
in 192!)-;iO, but. none, so far as known, from Peru (93). It was first 
l'ecoyered n.t Cnnul Point., Fla., in ] 9:H in the generul yicinity where 

http:a1t('1'110.1e
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releases of other parasites from Peru h:td been made in 1932 and later 
at 3 other points (94). No intentional releases of stigmaterus were ~ 
made at that time in either Louisiana or Florida, and it is believed ,...., 
that the intToduction resulted from accidental inclusion of a small 
number of adults among the large consignments of Iphia'lllax rimae 
from Peru that 'yere released in Florida in 1932. In some fields an 
[tycruge parasitization of 30 percent was noted in 1941. 

A colony of 68 stigmater1lS adults obtained from the field in Florida 
were released at Hacelancl, La., in Septcmber 1944. Recoyeries were 
mfide in that area in 194,7 and 1949, and cocoons containing living 
stagrs Wt're found in 1950. 'l'herc is then a possibility that the species 
may be able to prrsist under Louisiana conditions . 

.fl. sti{/materll.~ is a solitary intrrnal parasite of the sugarcane borer 
loUTtl. Senral grl1praliol1s arc produced each season, and the winter 
is pass('d as a first-instal" lalTfi within the hibernating host. 

Allotrope burrell; Mues. (Pbtygasteridae) 

'1'he first obsen'atiOl1s on Allotropa b1lrrelli, a gregarious internal 
pal'asitc of PsellciococcllS spp. in ,Japan, wel'e made by H. S. Smith in 
191:3, who shipped it to California for colonization against the citrus 
mefilybug. Aclditional material WfiS imported in 1917, 1921, and 1923, 
and laboratory tpsis indicated that it \\'as unable to deYelop in any of 
thr mralybugs found on citrus trrC's in California. 

'1'11e outhreak of the Comstock mealybug on apple in the EastC'L'n 
States in morr re('C'nt years led to an in,'estigation by the Bureau of 
Entomology and Plant Quarantine of the possibility of obtaining .. 
effectiYe l1lltuml enemies in Japfill, as the pest bad originally been ... 
clrscril)('d from that country and se\'C'ral pamsitC's, in addition to 
bllrrelli, w('rC' known to fittack it there. The' studies revealed that 
burrelli is tl valuable parasite not only of this mealybug but of the 
closely l'C'latrd fOI'ffi that occurs on citrus in that country. In 1939-41 
a lotal of 47.780 fi('ld-collected host Ilmummies/' containing approxi
mat('ly 700,000 full-grown pamsite larvae, were shipped from Japan 
to thc L'nitrcl States. The first liberations against the Comstock 
mealybug on apple were made at Batesville, Va., and several other 
points in Virginia and ",Vest Virginia in June 1940, and first-generation 
recoYeri('s wr1'O made at a number of these points the next month. 
It has sincr been colonized and become established throughout the 
range of its host in Ole United States. 

A. burrelli (20) o\'iposits in the nymphs and adult females of the 
meal)~bug, and up to 18 eggs, with an average of 8.8, are deposited at 
each insertion of thr o\-ipositol'. The number of adults emerging from 
a single host depends on the size of the latter at death, the ma~imum 
observed hC'ing 57, though the average is about 11. Females pre
dominatC' among th(' progeny in thC' ratio of about 3 to 1. Hosts 
of the first 01' second instal' at, the time of parasitization often produce 
onl}T a single pamsite. Dead pamsitized mealybugs have a distinc
tive "mummified" appearance, with the shell of the body hard and 
distended, and those ('ontfiining several full-grown larvae or pupae , 
of the parasite show deady the outline of the cell occupied by each . 
one. The anruge life c~\'Cle coyers about. 40 days at summer temper



BIOLOGICAL CON'rROL OF INSECT PESTS IN THE illII-rTED STATES 75 

atures, and the winter is passed in the fun-grown larval stage within 
the dead host in sheltered places. 

Anagyrus antoninae Timb. (Encyrtidae) 

Anagyrus antoninae, a parasite of the Rhodes-grass scale, was 
imported into Texas from Hawaii in 1949 (119), when three small 
consignments of field-collected host materiul were receivC'd during 
:March to ~:Iay. Se\Teral hundred adult parasites emerged from each 
of these shipments, and the first field releases were made tbat season. 
The rearing and colonization program has been conducted by the 
Texas Agricultural Experiment Stn,tion. Field recoveries have been 
made at a number of release points in the lower Rio Grande Valley, 
and the parasite is reported to be established in Florida also. 

This purlLsite is solitary and develops internally in the female scale. 
Oviposition usually takes place in the young nymphs, and the cycle 
from egg to adult is completed in 111 days or less at Sllmmer temper
atures. 

Anagyrus fusciventris (Gir.) (En.::yrtidae) 

'rhe importation of Anagyrus jusciventris, a parasite of the long
tailed mealybug, from Hawaii was accomplished by the University 
of Oalifornia in 1936 (62). It was propagated in the insectary and 
the first field relel1ses were made in ~IIay and June of that year. It 
was recovered at one colony site, at Otay ill San Diego OOllnty, the 
following December and has persisted since that time. Although 
the parasite is known to have a wide runge of hosts, it has not developed 
extensively on any of those occurring in Oalifornia and has had no 
appreciable effect on infestations of the long-tailed mealybug. 

A. jusciventris is a solitary internal parasite and deposits its eggs 
in the early-stage mealybugs. The cycle from egg to adult is com
pleted in about 25 days at summer temperatures. 

Anarhopus syclneyensis Timb. (Encyrtidae) 

Anarhopus sydneyensis, a parasite of the long-tailed mealybug, was 
imported from Australia by the University of Oalifornia in the autumn 
of 1933 (28, 62). The first shipment yielded only 6 females, 1 of 
which was permitted to oviposit in a small number of hosts and then 
was placed in cold storage to await the development and emergence 
of her male progeny. She was then mated and progeny of both sexes 
resulted. The second shipment yielded 6 females and 1 male. The 
first field colonization on citrus, from insectary-reared stocks, took 
place in 11a1'ch 1934 at Downey, Oalif. This grove was reported to 
be commercially clean by the following November. It was Ilssumed 
that this control was a result of the parnsite releases, though no 
recovery collections were made. It was not until 1939 that the para
si te was reared from field-collected material taken a.t that location 
and at Santa Barbara. 

The female sydneyensis oviposits in mealybugs of all sizes, though 
..~ the larger ones are preferred. Only a single individual develops in 

each host. The life cycle covers about 1 month at 80° F. 
363034-56-6 
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Anastatus cJisparis Ruschka (Eupelmidae) 

Importations of gypsy moth eggs to obtain parasites for colonizat,ion 
in the Dnited States were begun in 1906, when a fc,,- were obtained 
from Switzerland. Seveeallots "'ere rccei\Tcd from .Japan alHI Russia 
Lhe foUo"'ing y('ar (14, 89) .. 1\one of (hese consignments yielded 

...:'inastatus dispari.'1 (listed in cady-American Ii temture as.A. bifasciatus 
]Tonse.), hut the 1908 shipmentfi fro111 Russia pl'Oduced 470 adult 
pa.rasites, and 14 shipments frolll ,Tapnn )'irldrd more than 5,000. 
Lnrger shipments werc' 1'ec('iv('(] from ,Japan llnd ,'uriolls COllntries of 
I~Ul'OPC during 1\)00-10. Thr total TIlllllber of parasites obtainrd 
frol11 foreign SOUL'('('fi wns 1:lS,G80, allcl Inter domcstie collections nt 
{'stablished colony sitl'S prrmitlrd the liberation of more than G5 mil
lion, mostly ns pueasitizrd host rggfi, in G States dming fl, 15-yenr
prrioel. 

The first field colony, consisting of 51:3 adult p!1l"flsilcs WflS releasN] 
ncar Boston, ;\(nss., in 1008, the only' colonization of the )'eflr. In 
the following year 128,000 Wrl'C released nJ 5 sites in that StILle and 
thereafter in all sections infested by the gypsy moth. Each colony 
('onsistecl of ahou t 2,000 host eggs, and the colonies were placed at 
X-mile intervals along til(' roadways. The firstl'('covcr.'- wns made in 
1010. The parnsite became rstablished in all sections of the generally 
infested area of New England. Thr apparent prak of aJnmc!ance was 
attained about 1922, when an avprnge pnl'fl5itization of :30 percrnt was 
OhSf'lTed, but this declined. grnduillJ)" to less than 10 prrcrnt. i'i yonrs 
later. :'101'(' recrIlt records fire not ll.Yallable. 

A. dispa7'is (8.'1) is fI, soliln1'y in (('mal pal'asi le of lhe gypsy molh egg. 
Oyiposition takes placo very soon after the llost ('gg is laid, nnd the 
pnTUsite Im'\T!!' is full gl'o\\'n within 2 weeks. The larva thC'n remains 
inactive in the egg until lhe following spring, nlld ('mergence of the 
adult takes pIncc in ,Tul1r nlHl July, '\'!l('11 lhe C'ggs of the new host 
genern.tion are availl1bl(' for attack. At [il11C's fl, few' adults emerg(' 
during thc all [umn find gi,-C' rise to n, par(in.! second generation. This 
rgg parasite has occasionall}' bet'n r(,fI,rr<1 f1,lso as no llYPcl'parnsite from 
the coc:oons of A. meZanoscelu8. 

Apante/es g/omeratus (L.) (Braconidae) 

Apanteles glomeratus, n, gr('gariolls internal pal'flsite of the ltu'Yfie of 
the imported cabbageworm, was the first insect parasite Or predn,tor 
intentionally introduced into the Dnitecl States. In 1875, or shortly 
thereafter, O. V. Riley l'CC'ei,-ccl a shipment of IH1rasite cocoons from 
Englltnd, but no em('rg('n('e oC(,11r1'e(1. In 1881 while visiting in 
Germany O. Lugger, of the :'ffi,rylnnd Acaclem}" of Sciences, collected 
about 3 pints of cocoons and brought them to Bltilimore, where they 
were distributed in infested fields during October. The time at which 
these liberations wcre l1ulcle was not fltyomblc and establishment was 
not accomplished. The next effort was in the winter of 1883-84, 
when Dr. Riley' obtnin('(l a consicl('l'ltble qultntity of cocoons from a 
correspondent in Engla.nc!. Fort.,--fiye adults were released in a field 
at Washington, D. C., in April 1884, and othcrs during the following _ 
months. The first recovery 1consisted of I 2 masses of cldiocoonsltal]~ell ,., 
from the fields that reccivec the l\fay re cases. An ae 'tiona s up
ment of cocoons WfiS recoiyed fmm England in the spring of 1891, 
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and they were colonized in Iowa and K ebraska. Definite establish
ment was obtaincd from the releases at Ames, Iowa. 

In ull probability this pltl'usite WitS distributed to a certain extC'1l L 
from Washington and other points after its establishment, though no 
mention is made of itinlat('J' publications. The capacity of a paL'Usitt, 
to spread widely by I1ftt.urul meuns is \Yell illustl'ult'd by this species, 
which in a rC'lfltiV('ly short period spn'llci almost from coust to coast, 
and it is now .found in all sections of Xorlh AmC'rica inhabilN\ lJ\, ils 
110s[, It ,vas intrntiOllfilly colonized in Cnlifol'llift in Un5. -

A. glumerallls (55) (}\'iposits ill host larvae tlmL nrc only 1 0.1' 2 tlnys 
old !llld ocensiollllIly ill oldrl' lat",!\('. Tht' o\-ipositol' is illsC'rted ill tltt' 
IMt'l'o\·entra.l J'(lgion, nnd lii-:35 ('ggs nuty be dl'posiled at a singh' in
s('rtion. Th(' cggs /lout fn'(, ill lhe body lIuitls nnd hatch in :~-7 days, 
dependillg on tIw tempernture. The JntTfi(' n.Unin full growth in abou I 

• 

1:3 days, by whicIl lime the host lun'lt lrns likewise completed its 
growth. The parnsite lnlTilC thC'tl rIllPrge from the body of the host 
through individual hol('s cut in tbe int,,~um(,llt, usually at the si(\(I:; 
uncI in the middle of the body. The oub\'nrd mO\"elllent of all indi
yiduals in th(' brood is closely sYllchronized so that all emerge th" 
same c1u:r. The ('o('oons nre spun i 11 an irr('gulal' mass on the leaf 
surJncc ncar the body of the host. The life ('ycle is complete in n 
minimum of 2:3 (hys; ('ollsequenll)', It consic\Pl'Ilbh' Ilumb('r of generil
lions may b(1 produc('d ench yCllt'. Tll(' winter may be pnssed us 
Pltrly-slnge lalTll(' in !lH~ host in l'('giOllS where lal'vae of the latter per
sisl through the wintpr, 01' as full-growll lulTne in the ('ocoon in un'us 
wlH're hib(,l'nntroll by th(' pttrasite itself is obligatorjT. 

The repl'oducliYe capacity of this species is high, 2,000 rggs lUl\'ing 
1>('('11 ('ounted in tlU' ovari('s of a single [('mille, The brood i'f'om :1, 

single host IUI.T!1 BlUr number more (lw,n 100, though the a\'PI'ttg<' is 
much less. 

.A. notable fcnlul'c in the biology of this pnrusiLe is thnt Lhe host 
lan'a is not kiIIt'd by the lurgl\ milS::; of llUTne thut deY('lop within its 
hody Or llil'eetl,Y hy J\1('('hnnicnl injury at. tll(\ tim(' tlwy emcrgt'. There 
is partial l'ecover)', with tll(' POWPl' of n'ovC'm('nt considerubly CUl'

triiled, nnd ((('nth may not In,ke plfice lIntil 2-4 \\'('('ks IMpr. Onl.\' 
rnrl'ly is one of tlH'SP pilrnsitized indiyiduals abh' to pupate. ])C'atll 
is apparently due to nil irrPllleciiablc upsetting of the physiological 
proc('sses of the host I'nther thnll to di1'(,('t injury ineid(,tlt to fpeding 
and ('ll1prgell('p of the pl1rfisi te brood. 

Apanteles lacteicolor Vier. (Braconidae) 

• 

Apa.nleles Zacleicolor, tl solitnry pal'llsi tp of the young cnterpillnl's of 
[·l1e browl1-tnil moth, wus imported from .Eul'opP during 1906-10 (lit,
89). Large quan!ili('s of o\'el'wint('ring host webs \\'('1'(' l'l'cpived e!lch 
.\'caJ·, and t1l(, ,,-nriolls parllsites nssociMt'd \\rillt theIll \\'ere reared oul 
n,t. the labornlory a[ ~relr'ost', ~ltlss. Among them wpre (');'),000 laclei
color adults from AU5t I'jlt and Itnl.v thnt ,,'pre liberilted d lIring J907-10. 
ThC' liberations duritl~ 1Ull-lS, totnling 255,245, W(I['(' fl'om tire ('nl·I.\' 
<,sll1blished domestic colonies . 

'rhe first .field ('olonies, consisting of :~:w ndult pnl'asites, were lib
el'aled at:3 points in ~IfissnchusetLs in 11)07, but. nOM of them became 
cSlll,hlislwd. 'l'he colonies of the following :renrs contninecl much 
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larger numbers: and recoveries were made in 1909 in 2 localities ",lIe1"(' 
re]el1ses had been made in 1908. By the following year one of these 
colonies had extended several miles from the point. of release. The 
parasite is no,Y generally established over practicall.y the entire infested 
area in New England and Canada. 

.fl. lacteicolor attacks Lhe young larvae of the gypsy moth and of 
several nativeLcpic!opicra. These alternate summer hosts have aided 
in the establishment and il1crense of the pRl"asitc. It is considered to 
be one of the important fnclms in reducing the brown-tail moth popu
lation in New Engla,nd. The average .6eid parasitization in 1925-26 
was 25-30 percent. 

The ('gg of lacteicolor is insert('cT into the body of the .6rst- or sccond
ins tar caterpillar and floals feee in the body flu ills (109). It hatches 
after about 3 days, and the yOlmg larYfL develops slowly, keeping pace 
with the geowth of the host. The winter is passed within the cater
pillar and growth is accelerated in the spring. The growth of the 
host is much retal'Cle'd, as it docs not dcyelop beyond the stage in which 
it passes the winte'r. The hos!; dies 7-12 days after the parasite larva 
begins feeding. Unlike the cabbageworm larya parasitized by A. 
glomeratu8, the brown-tail moth larva is killed just before the parasite 
larva emerges from its body. This is due to the destruction of the 
central l1elTOliS systcm b}~ the parasite larva at the completion of its 
[e'rding. 

TIle aclult parIlsites from the overwintering generation emerge in 
lair :3:fay and early Juno in New England, and 2 summer geue'l'l1tions 
may be procluced on alternnte hosts, such as the gyps~~ moth und 
\ario;!~ natlYe I)e'piciop(e'ra of se'-ern! families. The cycle of n sum
111e'r brood is compll'tNl in 19-20 days, and the !ldults from the brood 
dcYelol)ing in gypsy moth larvae emerge in la.te June and early July. 
The' white' oblong cocoons of the oyer\\'interin~ brood are found in the' 
brown-tnil motll \\"e/)8, whereos (hose 'of lhe slimmer broods fU'e found 
011 the uudersid(' of leayes nnc! in crevices in the burk. 

Apanfe/es melanosce/us (Ratz,) (Braconidae) 

Apanlele.'! melanoscelus, a solitary internal p!lrasite of gypsy moth 
caterpillnrs, is grJ1e'mlly distributed in Europe, being espe'cinlly 
abundnnt in Sicil}-. IL was from this island thnt 142,000 parasite 
cocoons were srcul'C'Cl in 1911 and 22,000 in 1912 (11,,89). 1i'rom this 
materia] 23,475 adults w('re obtained for field colonization, mainly in 
1911, and these were supplemented by 132,177 produced by insednry 
Teuring and released during 1915-27. The first liberations we're made 
in :MassacllUsells in the hlr spring of 1911, nnd fidd rreoYeries were' 
mack the follo\\-ing season. 'rhe' pamsite is now generally estn,blishecl 
OYN' t.he infe'ste'd aren, of N e\\- England. 

A. melano8celW! (38) hits two generaLions eaeh season. This hnbit 
has grently faeili tatNl establishm('n t, inasmuch as 110 alternate host 
is required. I-Io\\'ever, il; does atlnek SCY('l'ul other hosls, including the 
satin moth fiud the white-marked tussock moth (FIemerOCamlJa, lellco
sl1'gma (J. E. Smith)). Its increase in the field in the rnitecl State's 
was rnther slow, and there is a marked Yllriation in its abundance 
from Tcar to year. ?\fa,ny collections of host lal'vae show a pal"Usitiza,
tiOll of 20-30 percent and occasionally more. 

• 


• 


• 
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'. The adult parasites of tbe spTing brood emerge from their' over
wintering cocoons in l\lay and immediately attack the 11mvly hatched 
gypsy moth larvae. The eggs arc deposited singly in the posterior 
portion of the body. Development is rapid, as feeding is completed 
in 6-12 daTs after deposition of the egg and the cocoon oUtge covers 
7-11 days. The females of the second brood attack mainh" the third
stage catel'pilla.rs, though the [omth slage is also suitable lor ovi
position. Though the host larvae are now Y(,l'Y much larger than those 
attack('d by the spring gt'l1('ralion, only a single parasite de\"('[ops in 
each. The developmental perio<l is longer, ho\\'pver, as·emergenee of 
the ImTae ft'Olll the host OCCllrs 15-31 days u:ft('r oviposition. Activi
ties of parn.silizpd cait'rpilll1l's are considerably reducpd. and thpJ' 
(,011Snn1(' much less food than healthy individuals. The host cater
pilll1l's may liye 1 or 2 weeks aft.('r lhe parasite lalTae Plll('rge, but 
they do not fe('d during this p('riod. '.I'll(' parnsil('s pnss the winter in 
the i'uIl-grown In.l'vl11 stl1ge in lheir cocoons. These eocoons l11'e USUl1l1y 
found in sheltered plaees on or near the inf('sted trees, to which the 
parasitiz('cl caterpillars hnd cmwl('d bdore clNtLll. The cocoons arc 
much heavier and a darker.' yellow thl1n those of the spring g('neration. 

Apante/es solitarius (Ratz.) (Braconidae) 

• 
In the ('arly publications rell1ting to the biologieal eontrol of the 

gypS.r moth, .lipanlele8 8olilari11.8 was reported ns haying bC(,1l imported 
in 1909 I1nd 1911, but it has sillee been del(,l'mined that the material 
repres('n t('cl 0111('1' sp('cies of the genus. The true solilarius is genernlly 
distributed in Europe, amI is mainly parasitic in the caterpillars of the 
satin moth, though it is ablt' to cleYelop in those of seyernl other species 
also. 

• 

Importation of field-colleelecl satin moth ('ocoons was begun in 1927 
(11S), when 105 were received from Hungary, from which 55 I1dult 
parasites emerged and were used as a breeding stock for insectl1ry 
production. They pl'oyided all the material used for colonization, 
fLpal't from relatively smiLll numbers contained in shipments l'eceiyed 
in 1932-33 from Austria. From 1927 to 1932 liberations of adult 
parusiLes and sometimes of parusitized host larvae were made in satin 
moth infestat.ions ill 5 localities in Massachusetts, 1 in New Hamp
shire, I1nd 1 in 'Y'nshington (.97). The first Jielcll'ccover.r was made in 
1928, and establisitm('nt of most of the otber colonies was Tecorded the 
season following rel('ase. One colony in New Halllpshire spread about 
15 miles within 1 year after relC'ase. The species is now generally dis
t.ribut('cl in New England over the entire aren, inbabited by the host. 
The single ('olony of 267 adults liberaLed atKenG, '~ash., in 1932 be
camo ('stablisilecl find sprencl over practically the entire State in 2 
years (07). 

Field parasitization of oyprwint('riJ1g sn,tin 'uoth larvue by 8olitariu8 
often 1'(,l1ches 60 percent or more in both 1\ew England and 'Washing
ton. This species has been the most important of the established 
natural enemies responsible for the marked decline in saLin moth 
infestu,Lions. ' 

The s(,:1so11111 c-yde of 8oNtariU8 is somewhat complex us compared 
with that of other species of the genus nlready discussed. This is due 
to an adaptability for bridging Lhe wink!' period, wh(,l'eby it hibernat('s 
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either as a first-instar larva in the host ce.terpillar or as a prepupal 
larva in its cocoon. There are consequently two broods of adults from 
the overwintering generation, each of which produces a second genera
tion during the summer. The adults fFom overwintering cocoons 
emerge in early May and attack the host larvae coming out of hiberna
tion. The adults from the brood that passes the winter in the host 
larvae emerge during late May and early June, and the life cycle of 
the summer broods is completed in 30-38 days. The second generation 
of adults of both groups attacks the newly hatched satin moth larvae, 
which begin t.o appeal' in early July: From then on some of the young 
larvae persist in the living host through the winter; others maturc 
immediately and form overwintering cocoons; and a few even reach 
the adult stage during the autumn, and thus a p3.rtial '~hird brood de
velops. 

This species is ""cry similar morphologically to A. melanoscelu8, 
which is mainly a parasite of the gypsy moth. Orossbreeding experi
ments yielded fertile progeny, the FJ and F2 generations tending to 
resemble the female parent. Those of intermediate character repre
sented only approximately 24 percent of the progeny in the 2 genera
tions. -

Aphycus he/vo/us Compo (Encyrtidae) 

Aphycus heuvolus attacks the early nymphal stages of the black scale, 
t1nd produces several generations on each host brood. It also attacks 
various other lecaniine Ooccidae. The first importation was made 
from South Africa by the University of Oalifornia in 1924. A small 
number of adult parasites emerged after arrival, but no field releases 
were made at that time. Additional material was imperted in 1937 
and a rearing stock obtained, frem which millions were produced by 
State, county, and private organizations for liberation in southern 
California during the following years. 

The first field releases were made in Los Angeles and Ventura 
Oounties in the autumn of 1937 and in Orange Oounty in 1938. Re
coveries were made in the autumn of 1937 in a grove in Ventura Oounty, 
after which the parasite was taken at many points in these counties 
during 1938. In many groves it increased very rapidly and brought 
about complete control within 1 year. Oertainly helvolus is now the 
most effective of an the parasites of the black scale established in 
Oalifornia (126). The suppression of the pest was especially mpid in 
t,he coastal areas. 

A. helvolus (64) is a solitary internal parasite of the young stages of 
the black scale. In the areas of southern Oalifornia where the "uneven 
hatch" condition of the scale exists, only two generations of helvolus 
fI,re produced per host generation. Eight 01' more generations may be 
produced in "even hatch" areas, but there is a long early-summer 
period when stages suitable for attack are not present. 

The adult female feeds regularly on the body f1.uids of the host scale, 
a habit very destructive to the scale in its young stages. The egg is 
deposited dorsolaterally in either end of the host body, and the stall(, 
with its aero scopic plate, remains fixed at the point of insertion ~n 
the integument. The life cycle is completed in 13 days at summer 
temperntures. If the host scale is not in a suitable stage for feeding 
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and oviposition by the female, the production of eggs ceases and those 
already developed in the ovaries are absorbed. This characteristic 
is advantageous to the species in enabling it to bridge extended 
periods when suitable host stages arc not available. 

Aphycus lounsbiJry; How. (Encyrtidae) 

Several shipnwnts of black scale parasite DU1teriai were recei\Ted 
from South Africa by the California State Commission of Horticulture 
during 1900 and 1914, and a few specimens of Aphycus lounsburyi 
emerged from the In,tter shipments after arrival. No liberations from 
this South African stock were made. In 1916 a, sma,ll colony of 
adult parasites wa,s hmught to Ca,lifornia from Australia, (53, 129). 
They were used in laboratory propa,ga,tiOIl, a,nd colonies were released 
at severa,l points in central a,nd northern California in 1918. The 
first liberations upon citrus in southern California were at Santa Paula 
and Alhambra during September 1919. These groves were not 
chemically treated for scale control in order that the pamsite might 
increase without hindrance. Evidence that lounsburyi was reproduGing 
in the field was noted at Santa Paula the following month. During 
1921 and 1922 large numbers of the parasite were produced by several 
county and private organiza,tions. Satisfactory control resulted for 
a time in the coasta,l sections when the trees were left unfumigated, 
but the outcome was not so satisfactory in the inland areas where the 
scale has a single distinct generation each year. 

• 
During 1920-24 lounsburyi showed great promise of solving the 

black scale problem, but it has declined greatly in importance since 
that time owing, in part perhaps, to heayy attack by secondary pam
sites, mainly Quaylea whittier'i. Its attac1c on the sca,le had the effect 
of eyening the development of the host in the coa,stal a,l'eas so that a, 
much grea,ter portion of the brood wa,s in the sa,me stage a,t a, given 
time. 

A. lou'nsbul'yi (131) is a solitary or gregarious internal parasite of 
the bla,ck scale i1nd oviposits in the "rubber" stage and older scales. 
The egg is of the same type as that of A. helvolus, but the ma,llller of 
oviposition is different. The oyipositor is thrust beneath the scale and 
then upward through the soft integument of the ventral side of the 
body. The laryfl, seyers its cOllllect,ion with the egg stalk after the 
second molt. The cycle from egg to adult is completed in 16 days at 
optimum summer temperatures, a,nd there are several generations eftch 
yem·. 

Aphycus stanley; (Comp.) (Enl:'rtidae) 

• 

Aphycus slanleyi, one of the minor parasites of the black scale, was 
importedfrom South Africa by the UniYersity of California in 1937 (26). 
The insectary stock was built up from 150 adult pa,l'asites that emerged 
from the inlported material. The first releases were made in the a,u
tumn of that year at Whittier and in Ventura and Riyerside Counties, 
and it was recovered at San Fernando in 1938. At the present time 
it is established in most sections of southern Cali.fornia. The soft scale 
has proved to be its preferred host, though occasionally it is sufficiently 
abundant on black scale to bring about an appreciable degree of 
control. It has also been recorded on citricola scale and E1.lCalymnat71s 
tessellat1ls (Sign.). 
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This parasite is either solitary or gregarious in habit. The stalked 
egg is usually placed at the anterior or posterior margin of the host 
body, with the tip of the stalk projecting to the exterior. The life 
cycle is very short, covering only about 2 weeks at summer tempera
tures. 

Aphytis II A II 4 (Eulophidae) 

Aphytis "A" is indistinguishable morphologically in the adult stage 
from A. chrysomphali, a long-established species in California, but may 
be separated from it by color differences in the pupal stage. Mixed 
lots of parasitized California red scale and Florida red scale (Ohrysom
phalus aonidum (L.)) received by the University of California from 
South China during 1947 yielded Aphytis "A," which was utilized for 
insectary propagation (75). This species attacks only the gray stages 
of the host scale. 

The first field releases were in Santa Barbara County during July 
1948, and the parasite was reared and distributed in large numbers in 
that and the following 6 years. It was first recovered in Orange 
County in March 1949, and establishment has since been recorded in 
a number of orchards in all infested counties in southern Califomia. 
However, it has difficulty in persisting under the climatic conditions 
of the hot interior areas. 

The females feed on the body fluids of the host and also sting 
indiscriminately without ovipositing, the result being a much higher 
total mortality per individual than from direct parasitization alone. 

Aphytis macu/icornis (Masi) (Eulophidae) 

Aphytis maculicornis is a solitary external parasite of the olive scale. 
The first importations were made by the University of California in 
1948-49, when material was obtained from Egypt. Further impor
tations were made from various countries in eastern Asia, the Near 
East, and the ~·dediterranean region in 1951. It developed, in the 
course of the domestic rearing work, that 4 distinct strains were repre
sented, which have been designated the Indian, Persian, Egyptian, 
and Spanish strains, indicating the countries of origin. The adults 
are morphologically indistinguishable, but there are important biologi
cal differences between them (84). The Persian and Indian strains 
reproduce biparentally, whereas the Spanish and Egyptian are uni
parental, and the biparental strains do not interbreed. In the Persian 
strain the life cycle is shorter and the reproductive capacity is greater 
than in the other forms. 

In California the Persian strain is much the most effective in the 
field, ana attains a high percontage of parasitization within a few 
months after release. Its greates't effectiveness is during the late 
winter and the spring months in attack on the first host generation, 
whereas the second host generation is only ligll tly parasitized (44). 

4 Recently described as Aphytis lingnanensis Compere. 
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• 
Ap/wtis "X" 5 (Eulcphidae) 

Aphytis "X" is a solitary parasite of the purple scale, and was 
presumably first imported from China into California by George 
Compere prior to 1910, though it did not become established at that 
time. The second effort was by the University of California in 1948
49 (70), when shipments were received from South China and Formosa. 
The initial stocks were used for insectary propagation. The first 
field release was late in 1948, and very soon thereafte,· the parasite 
was colonized in all infested areas in southern California. The first 
field recovery was in January 1950, and by September of taat year 
the narasite was abundant in seyeral areas where releases had been 
made 1 year or more previously. 

This parasite develops externally on second~ and third~il1star hosts. 
The egg is placed beneath the body of the scale and development is 
completed in about 15 days. Male and female progeny are produced 
in approximately equal numbers. The efficiency of Aphytis "X" in 
the control of its purple scale host is greatly increased by the female's 
habit of feeding on the body fluids of the scale, and the mortality 
resulting may equal or exceed that brought about by parasitization. 

Aptesis basizonio (Grav.) (Ichneumon!dae) 

Aptesis basizonia, a parasite of the larvae of severnl sa,vflies, is 
native to Europe, and was first imported into Canada from Hungary in 
1933 and the following years for control of the European spruce 
sa"rfly. Consignments of adult parasites were received, beginning in 
1935, from the Canadian Department of Agriculture for use in the 
United States. Releases at Lake Portage, Maine, on the spruce sawfly 
in August 1935 totaled 3,650 adults, and additional colonies were 
released over a period of several years in that State, New Hampshire, 
Vermont, New York, and lvIassachusetts. In August.1940, 5 colonies 
were released in Essex County, N. J., against the pine sawfly. 
Approximately 12,000 adults have been released in infestations of the 
2 pests. Recoveries were made from the pine sawfly cocoons col~ 
lected in 1947 and 1948. The parasite is well established at 4 points 
in New Jersey, but has not yet been recovered from the spruce sawfly. 

Aspic/iotiphagus Sp. (Eulophidae) 

Aspidiotiphagus sp., a solitary internal parasite of the olive scale, 
was contained in host material forwarded from Iran to California in 
1951. Nearly 2 million were reared and widely colonized in the San 
Joaquin Valley in 1952. Field recoveries have been made at a con
siderable number of colony sites since that time, but practically all 
of these were from dooryard trees. Orchard conditions appear to be 
unfavorable for its establishment and increase. 

5 Recently described as Aphyti(lepidosaphes Compere. 

• 
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Azya trinitatis Mshll. (Coccinellidae) 

AZ1Ju tl'initatis) a predator on the coconut scale and native to 
Trinidad, was imported from Puerto Rico into Florida in 1938. A 
consignment of 800 adults was received in May of that year and 
colonized at :1fiami and Lantana. A survey in August 1939 revealed 
thfLt establishment had been effected at Miami. No information is 
available regarding its present abundance or effectiveness. 

The eggs of this species are yellow and aTC deposited singly on 
infested foliage and on other parts of the tree. The life cycle is com
plete:in 33-47 days at summer temperatures. 

Bathyplectes curculionis (Thoms.) (Ichneumonidae) 

The importation of naturnl enemies of the alfalfa weevil was first 
undertaken from Italy in 19] 1 (18). There was some confusion 
regarding the several species of Buthyplectes contained in the ship
ments, though it is known that 787 cocoons of Bathyplectes c7.l,l'culionis 
·were in the cOl1sigmnents of 1912, whereas mLxed lots forwarded in 
1911 and 1912 contained 1,667 of th:is and other species of the genus. 
In addition, 146,000 host larvae and cocoons were imported during 
1911-13. 

The single 1911 liberation at Sandy, Utah, consisted of 40 adult 
parasites, which ·were placed in field cages from which the tops were 
later removed. The number released in 1912 is unknown, though 
certainly small. The 1913 releases in the vicinity of Salt Lake Oity 
and those of 1914 n,t Kaysville and Ogden totaled 1,335 adults. 

No recoveries were made from the 1911 and 1912 colonies, and this 
fa,ilure of establishment is believed to be due to the very small number 
Teleased. Definite establishment was observed in 1914 in a field 
where colonies had been placed the previous season, and spread there
after was very rapid, the entil,'e infested area in Utah being covered 
by 1920. The parasite was colonized and established in Oolorado in 
1918-19, Nevada in 1921-22, Oalifornia in 1933-34, and Oregon in 
1934, and it has spread by natmal means into Idaho and Wyoming. 
It now occms in practicll,lly every section of the Western States 
inhabited by the host, and in most sections it attains a high 
parasitization. 

B. curculionis was colonized by the Bureau of Entomology and 
Plant Quar-antine in 1942 in infestations of the legume weevil (l:Jypera 
brunneipennis (Boh.)) in the Yuma, Ariz., area. It was recovered at 
Bard, Oalif., across the Oolorado River from the colonization site in 
'i 953. It had also been reared from this host in San Diego Oounty in 
1952. This establishment, several hundred miles from lmown infesta
tions of the alfalfa weevil, may have resulted from carriage of cocoons 
in shipments of alfalfa hay from the central part of th.: State. 

B. curculionis is a solitary internal parasite of the larvae of the 
alfalfa weevil. The females oviposit in the spring in larvae of any 
stage of development, and death of the host takes place after it has 
spun the cocoon. The adults of this generation then attack the 
cocooned hosts that remain in the field. There are, consequently, 
two full generations on the single generation of the host. The cocoon 
of the parasite is distinctive, being broadly oblong, chocolate brown 
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in color, and with a pale band encircling the middle. These cocoons 
are formed within the cocoon of the host and in them the prepupal 
larvae pass the winter. 

Bigonicheta setipennis (Fall.) (Tachinidae) 

The nymphs and adults of the European earwig are parasitized to 
some degree by Bigonicheto, setipennis in all the countries of Europe. 
'rhe importation of this parasite into the United States was under
laken in 1924 (108). Shipments to Oregon from that year to 1929 
comprised 2,519 parasite puparia and 3,200 field-collected eal'\\'igs 
from England and France, most of the material coming from the latter 
country. The domestic rearing and colonization program during this 
period was conducted by the city of Portlnnd and b)r the Oregoll 
AgricultUl'al E).-periment Station. '1'11e first field liberations were 
made at Portland in June and July 1926, when 2 colonies, totaling 
66 parasite females and 26 males, were released. At one of these 
colony sites 10,000 earwigs that had been previollsly exposed to the 
parasite for 1 hour in cages were also released. From 1927 to 1930 
releases at the same city totaled 941 gravid parasite females and many 
thousands of earwigs that had been exposed to parasitization in the 
insectary. Approximately 65,000 adult flies were released dUl'iu.g 
1931-33. One colony of gravid parasite females was placed at 
Oorvallis, Oreg., in 1929. 

• 
The first recoveries consisted of several parasite puparia taken on 

the insectary gt'ounds in July 1926, and in 1927 collections of earwigs 
from one of the colony sites of the previous year yielded the parasite. 
In the following years it was recovered at many of the colonization 
sites. 

Extension of the colonization program to other States was under
taken by the Bureau of Entomology and Plant Quarantine in 1931 
and the years following. In that year approximately 143,000 field
collected earwigs were received from England, France, and Italy, 
from which about 2,800 flies were obtained to serve as rearing stock. 
Large-scale rearing was then undertaken, and numerous colonies were 
released in Washington during 1934-40, consisting of mated parasite 
females, parasitized earwigs, and, in a few instances, parasite puparia. 
Releases were also made in Oalifornia in 1934-35, Idaho in 1935, 
Oonnecticut in 1936 and 1939, Rhode Island in 1936 and 1939, 
Massachusetts in 1938-39, and Utah in 1939. Additional imported 
material became available in 1938-39 incident to the attempt to 
establish another parasite, Ro,coclineura antiquo,. 

B. setipennis is now generally established in the area about Portland, 
Oreg., and throughout Washington, and some collections have shown 
a parasitization in excess of 20 percent. Recoveries have also been 
made in Idaho and Utah, but the outcome in the Eastern States is 
not known. 

• 
B. setipennis is a solitary or occasionally gregarious internal parasite 

of the earwig. The winter is passed in the pupal stage in rubbish on 
the surface soil. In Europe, where detailed biological studies have 
been made (142), the adults begin to emerge in late April mA, after a 
pTeoviposition period of 19 days or more, the females deposit their 
fully incubated eggs, 250 or more, upon the substratum neal' the host 
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or, at times, directly UPOll it. Hatching takcs place within less thall 
1 minutc, nne! the young lnrvnc, which are YCIY active, inunedin.tely 
begin the search for :1 host earwig. En try in to the body is effected 
through Ule sorte]; portions of tllC integument, most often in the neck 
area. A T(lSplratol"Y sheo,th is formed abou t the posterior portion of 
the l)ody, attl1chcc\ at Uw point of perforation in the integument of 
the thorax of thc host, which pro"ides a channel for outside air to ful
fill respirator.v llPl'ds. During 111n'0,1 development withi!) the host, 
which nUL}' (,O'-('r 21-\JO days, tlJe parasite f('eds only 011 the body 
fluids f\ml fo,t, fLnd cons(lquent1y itlflicts a minimum of injmy. The 
lat'\'fL Olcn (',uts a hole in the in tcrscgmental mC'mbranc near the 
posterior end of th(l abd.omen of 1;11c host and cmerges for pupation. 
Thc louger lWl'iocis of lan-ai cleveIopnwnt l11('n tioned above are in 
?ounger C'arwigs, which do not provide sufficicnt food matl'rial for 
rapid growth. A parasitized catwig may Jive for 24 days or more 
ait(lr enwrgence of t,he parasite brva from thc body. 

According to C. IV. Getzendancl', who was in chill'ge of the Bureau 
of Entomology and PlfLnt Qua,rantine program from 1931 to its con
clusion, the originn.l Portland releases ''>\"er(l the progeny of stock 
originating in England, whc'reas thc lat(lr l'elt'ases were from Italian 
stock. T11c80 2 strains s11o\\'('(1 mal'kcd differcnces when Teared in 
\fashington. The Italian strtLin emerges earlier in the spring and 
develops 2 gcncrf.tions and a. pattial third each scason as compared 
with 1 and a pa.rtial second generation from the English strain. The 
adults of the It1l.lial1 strain are larger and have a much greater j'cpro
ductiye capacity. 

Bio/ysia tristis (Grav.) (lchneumonidae) 

'rhe l'(lcorr/s r'cgarding the importation and colonization of Biol1/sia
tristis, 0, solitary in t(ll'l1al parasite of the larvae of the clover leaf 
,,"C'(lyil, arc v(lry incomplcte. It is known tha,t a large number of 
parasite cocoons wcre importcd from Italy in 1912, some being for
wa.rcled direct to Salt Lake City, Utah, and others to ,Yashingtol1, 
D. C. '1'h(lre is no rccord of any releases ill Utah. Correspondence 
of tha.t year reveals that adults emerged in some numbers in ,Yas11
ington, but I;ltel'e is 110 record of o,ctufLl colonization. .A.t tho,t time 
there ,ms a llcav:'{ w('eyil infestation in Potomac Pade and nearby 
arcas, and it is probable that tho adults were released thero. So fal' 
as known 110 recovery collections wore made during the following 
yetLrS, and it WitS not until 1935 (41) that the l)amsite was reared 
from hosts taken in the field at Arlington, Va., near the site of the 
earlier infestation. This discovery was made incidental to other 
studies on the weevil. Tbis delay in recording establishment is 
cleady attribll table to lack of search for the pnmsite d'Lu'ing the 
intenrening period. Adults were taken by collectors at Norfolk, Va., 
in 1932 and in Shenandoah County, Va., in 1941, and it appears that 
a considerable Datural spread has tl1kcn place. 

Blepharipoda scutel/ata R.-D. (Tachinidae) 

Importation from Europe o~ BlephCLl'ipocia sGutellata, a pm:asite of 
gypsy moth larvae, was begun Jl1 1.905 (14, 89), when small slupments 
of full-grown caterpillars sent to the United States yielded several 
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hundred parasite puparia. These did not survive hibernation, and 
consequently none were colonized. Slightly better results were ob
tained the following year, and a small number of adult parasites, 
probably less than 100, were released in 1:fussuchusetts in 1907 and 
1908. The 1909 shipmcnts from southern Franee we're mOre suceC'ssful. 
Several thousand full-grown parusite maggots ,,·ere libC'mtf'Cl ill the 
forests that season :1nd others were held at the illseC'tllrv. TJll·C'(' 
colonies of adults ,,-ere released in the sDring of 1910. "rhe totn] 
number of adults liberated from 1908 through 1911 was 5,372. 

A fl'''- recoveries were made ill 1910, probably from mn.tc'rialliber
atl'd that season, but ill 1911 the parasite \ms taken at sCYl'ml points, 
and sprC':1d thereafter· was Yery rapid. li'urther coloniz:1tion ,\-itll 
domestic stock was undertaken in later years, 71,314 parasite pup:1ria 
having been placed in the field during 1917-23. Additional material 
from foreign SOUTces bceame u;vailabln during 1924-27, ineident to 
importation of other parasites, lLnd 5,725 adults were liberated, as 
well as 2,232 from domes tie sources. 

This parasite is now distributed throughout the range of its host in 
the Lnited States, and is proving to be one of the most v:11uable 
enemies of the gypsy moth. Field colleclions of pupae frequently 
s11o,,- a high parasitization, r:mging up to 70 percent or more. ~Jaxi
mum abundance was attained in 1923, when the aYerage parasitization 
of all collections of female gypsy moth pupae was 49 percC'ni.. 

• 
B. scutellata is a solitary internal parasite of gypsy moth larvae, and 

has lL single generation each year. The winter is passed in the pupal 
stagC' in the soil. The adults emerge in the spring, n, week or t,,-o before 
general hatching of the gypsy moth eggs. r1'he female fly mp.y deposit 
5,000 or more minute black eggs, which are hard shelled and able to 
withstand prolonged exposure. They are deposited on the folinge of 
plants on which caterpillars are feecling, and a portion of them arc 
consequently eaten with leaf tissue by the catell)illars. TncubaLion 
takes place while the eggs are still within the oviduct of the female, but 
hatehing occurs only in the digestive tract of the host caterpillar. The 
young maggot then enters the bod:y cavity and feeds until tllr host has 
attained the full-grown larval or the pupal. stage. The full-groW!l 
mJ~got usually issues from the pupa, though occasiollally from a 
caterpillar, and drops to the ground for pupation. 

Brocan piger Wesm. (Braconidae) 

• 

Importations of Bracon piger, a parasite of the larvae of the lima
bean pod borer, were made from Europe dUTing 1936-38, when a total 
of 1,021 adults and 2,941 cocoons were receiyed from France. From 
these shipments 2,540 adults became available for relense in ClLlifornia. 
The Hrst releases were made in 1936 at Ventura and Oxnard in waste 
areas overgrown with Lupinus arboreus, a wild host of the pod borer. 
Observations at Ventum in August and September 1938 showed that 
the parasite had become well established and had e£feeted a parasitiza
tion of approximately 20 percent. The progress of Lhe Held colonies 
has not been followed since that time. 

B. piger is a gregarious external parasite of the half- to full-grown 
larvae of the pod borer. rrhe host is permlLnently paralyzed at the 
time of oviposit,ion. The female parasite may constru('t n. feeding tube 
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tw:ough which she feeds on the body fluids of the host. The eggs, up 
to 15, are placed directly llpon the body, and, after hatchlng, the young 
lnrvn.e distribute themselves over the body and begin feeding. The 
entire body contents of the host are consumed within about 4 days. 
The cycle from egg to adult requires 19 days at summer temperatures. 
The colony deyeloping on eaell host may number from 2 to 8, and the 
individual cocoons are spun in the cdl of the bost in the bean pod. 
There may be n, numbN' of g('n01'ations each yelll', but in the late-
Reason generations an increasing llllUlber of the larnlC go into cliapn,lIsc. 
These QV('l'\\-inLeril1g liLl'vne spin mu('h heavier ('O('oons Lhan do those 
which develop fl,nd emerge ,,-ilhout deln,y. The first brood of j),cluils 
('merges in ,Tunc. 

Ca/osoma sycophanfa (L.) (Carabidae) 

Among the Europt'a,n prNla,tors of the gypsy moth B,nd oOlel' 
Lepidoptera, Colosoma, sycoplwllla, l'nnks high. It ,,'as one of tha first 
of the hU'gc number of I1ftturnl enemies of t!1ftt pest to be illtroduced 
into New lj;ngland (12,13, ]/" B/J). In the summer of 1905, a shipment 
of 216 beetles was l"('('eivecl from Italy, but only a single individual 
ftrrivec1 n1iy~. 'rhc following yefl.]' 3 llddiUoJ1nl consignments were 
received from the smne ROlll't'e ftnd 10 consignments from :Miss lVL 
Ruhl in Switz(,l'lfind. A loUtl or 693 Colo8oma beetles were nlive upon 
ftlTivnJ. l'ht' importfttions of Hl07-10 hronght the total received alive 
to 4,045, or whieh 2,711 w('re rcleftsed ill the field in New England, In 
a,ddition, In.bomtory rearing pl'ovid('cl 14,780 sycophanta larvae for 
release in 1908-10. Total libern.tions of imported, reared, and do
mestic-collected bN'Ues and In:rviLC in New England up to 19Zi com
prised 35,830 beetles and ] 9,9;30 larvae. In adclition,5,490 were 
colonized at 11 oth('l' points in the Unit('d States outside the range of 
[he gypsy moth. 

'The fU'st releases of sycoph(tnta. in New Engh1ud consisted of 6 
('olonies of 30-50 b('('11cs ea('h H,t 5 towns nen.r Boston, :Mllss.) in 1906) 
n.nd the liberations thc following :yeal'S were extended to include the 
entire inf('stecl area. O. 8ycophamta laryuc were found under bands on 
Crees a,t sevcral of the colony sites during the summer of 1907, and 
rccoyeries WE'ee mftde thc!'('fi,fl('r n,t nul,llY point.s. One colony spread 
ovPr II sqt1ft!'C miles wit,hill 2 yen.l's of release. The beetle now oceurs 
throughout t.he al'E'n, inhnbited by the gYPRy 1ll0t,].l and has extended it,s 
distribution to n.djoilljng Stat('s. It has not been recovered in I,Jle 
Southern and vVestern SLfttes, where relens('s aga,inst other pests were 
made from 1913 to 1921 n.nd occn.sionally in later years.

It is difficult to eyalun.te the effect of n. predator of this type, but 
the n.bundn.nce and geneml distribution of Galosoma in the areas 
heavily infested by the gypsy moth warrants the belief that it is one 
of the most importn.nt of the imported natural enemies of this pest, 
and the large number of laryn.e and pnpae that are destroyed by iL 
:ndicates that it contributes substantin.lly to reducing the infestations. 

O. sycophanta is predaceous on both the larvae and pupae of tbe 
~ypsy moth and of many other lepidopterons pests. Both the larvae 
and the adult heGtlcs feed very freely on the 2 stages of the host. The 
beetles live 2-4 years. 'rho eggs are laid in the soil during June and 
July nml hn.t.rh in 4-5 dn,YR, The Jarya.l period coyers abonti 14 days 
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and the pupru13 days. The newly transformed adults remain in tbe 
pupal cells in the soil until the following spring. 

The larvae are exceedingly voracious and feed both by day and 
night. Tests have shown that a larva ",till destroy at least 50 full
grown gypsy moth larvae during its 2-w'eek developmental period, and 
each adult beetle will destroy several hundred. rfhis predator is 
highly prolific, especially during the second year of life, and as many 
as 653 eggs have been obtained from 1 female in a single season. 

Carabus auratus L. (Carabidae) 

'l'he data relating to the importation and colonization of Carabw; 
auratus, a predator on the gypsy and brown-tail moths, are incomplete. 
It is recorded that 478 beetles were received from Em'ope and liberated 
in New England (14-) during 1907, and no further reference to this 
predator is made in the literature except mention of its establishment. 
According to R. C. Brown, it was first recovered in 1920. 

Carcelia laxifrons Viii. (Tachinidae) 

• 

The first importations of Carcelia laxifrons (referred to in early
American publications as Parexorista cheloniae Rond.), a parasite of 
the brown-tail moth, were made from Europe in 1906. They were 
of the immature stages in living host caterpillars (14-,89). The 1906
10 importations yielded a total of 9,742 adult parasites for liberation. 
The number placed in the field during 1906-7 was Yery small; whereas 
1,500 were released in a single coloJl3~ in 1908, relatively few in 1909, 
and the largest number in 1910. The 1908 releases were of mated 
females, and recoveries were made at the colony site the same season. 
Adult parasites were reu,red OUG in considerable numbers frolIl domestic 
host material in 1909. The pu,rasite then apparently declined for a 
time, but it spreu,d rapidly over pm.ctically the entire a!\~a of New 
England inhabited bjT the host. 

An average field parasitization of about 23 percent is recorded for 
1916, but the average since that time has been low, not exceeding 5 
percent. Thus it cannot. be regarded as of any importance in the 
control of the moth. 

O. laxifrons has a single generation each year, and the winter is 
passed in the pllpal stage in the soil. The adult flies emerge from 
April to June, and the females deposit their thin-shelled, stallmd eggs 
on the brown-tail moth caterpillars very so011 after tlley emerge 
from hibernation. Upon hatching the maggots immediately cnter 
the bodies of the hosts, and development is completed by the time the 
latter are full grown and ready for pupation, Only it single incliyidual 
develops to ma.turity in eu,ch host. 

This European species has its A:merican counterpart in C. malaco
80mae Sellers, parasitic mainly in j\:[alacosoma li1rvae, and from which 
it can be distinguished only with difficulty. Progeny have been 
obtained from crOsses of these two species. 

• Chaetexorista javana B. & B. (Tachinidae) 

In Japan the oriental moth is rather heavily parasitized by Ohae
texorista j(wana, u,nd aUfl.ngements were made in 1929 for .it,s importa
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tion into Massachusetts. Thirty thousand host cocoons, a large 
portion of them containing parasitized larvae, were forwarded early 
in 1929 and 779,000 in 1930. From these 2 consignments a total 
of 92,900 parasites emerged, of which 85,000 were colonized at 
16 points in Boston and its vicinity during 1029-30. Recoveries were 
made in 1930 at Boston and llevere, where colonies had been placed 
the previous year. The parasite increased and spread very rapidly, 
as indicated by an average parasitization of 63.5 percent in 1933 (~8) 
and approaching 100 percent in some collections. 

This parasite has a single generation each year, and winter is passed 
as a. second-instal' larva in the full-grown host larva within its hard
shelled, egglike cocoon. Larval development is completed in the 
early summer and pupation takes place in the host cocoon. The 
adult parasite emerges by pushing ofl' the circular cap at the anterior 
end of the cocoon, which normally serves f(.f the exit of the adult 
moth. The eggs are deposited directly on the caterpillar, and the 
young maggot bores into the body, attaching itself to the point of 
entry by a respiratory funnel. Only a single individual develops to 
maturity in each host. 

Che/onus annu/ipes Wesm. (Braconidae) 

Ohelon1£s ann1,lZipes is parasitic in the larvae of the European corn 
borer. Since it was found in appreciable numbers only in certain 
restricted sections of northern Italy, it was imported into the United 
States rather late in the campaign for the biological control of that 
pest (4). During 1929-30 parasite cocoons and field-collected 
borers shipped to the United States totaled 10,767. Further large
scale shipments of host larvae and also some cocoons and adults of 
the parasite were made in 1932-37, which yielded a total of 45,917 
adult parasites for colonization. Mass laboratory production was 
undertaken in 1938, the 1'1editerranean flour moth being used as 
host, and in a 3-year period an additional several hundred thousand 
were thus reared and colonized. 

The first field colonization, consisting of 1,052 adult parasites, 
took place in 1929, find 8,066 were released in 1930, all of these being 
in the I-generation area in Ohio and !vIichigan. Additional large
scale releases were made in the Gr:1at Lakes area during the following 
9 years. Occasional recoveries of a few individuals were made at 
several points in Ohio and .Michigan in 1933 and later, but the colonies 
did not persist. It is now known that one of the main factors con
tributing to the failure of establishment of these early colonies was the 
lack of proper synchronization of the releases with the peak of host 
o·viposition. One 1938 release in Ohio, with proper synchronization, 
showed a parasitization of 12.6 percent the following season, but 
even this colony failed to persist. 

Ti\e first release in the 2-generation area was near Taunton, :Mass., 
in 1932, aT'd for several years releases in the East were limited to that 
State and Connecticut, after which colonization was extended to all 
the other infested Atlantic Coast States. In 1935 a parasitization of 
6.5 percent was noted in the Taunton area, where releases had been 
made in 1932. 'l'his general area, the adjoining Connecticut areas, 
and the Hudson River Valley in N ew York appear to be particularly 
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favorable to the parasite, and it has persisted there from year Lo year, 
though the rate of parasitization except at localized points, continues 
to be low, seldom exceeding 1 percent. 

e. annulipes is a solitary internal parasite of the corn borer larvae 
(144-). Two generations are produced each :vear ill areas where the 
host has a corresponding cycle. The female de])osits her eggs in those 
of the host, \\'hich mny be in any stage of embryonic lkn'lopmcnt. 
The parasite egg enlarges considel"l.bly during mcu bation and hatches 
within 2 days. Tho larva feeds internally untll its second molt, 
after which it emerges from the fOUl'lh-instur host and completes its 
feeding externally. A while, papery cocoon is then spun in the burrow 
of tbe dead host. In this summer generation the incubation period is 
2 days, the larval periocl 20-30 days, of which the final clay is repre
sented by external feeding, and about 8-12 days are spent in the 
cocoon. 

The second generation carries through the ,,·inter as late first
instal' larvae in fourth-instal' caterpillars. These parasitized cater
pillars at the time they go into hibernation arc some,,"haL lighter in 
color and appreciably smaller in size than healthy individuuls, so that 
they can readily be recognized in the field. The parasite lurnle 
complete their feeding ill the spring, und adult emergence takes plrrce 
in late May and early June. 

The life cycle of annulipes is closely synchronized "with that of the 
host, and jn northern areas "where the latter hus a single annual genera
tion the parasite likewise has only one. '1'11e reproductive capacity is 
relatively high, as each female is capable of producing up to 1,000 
eggs during a period of 1-2 months. One female wus obsel'\'ed to de
posit 165 eggs in a single day. 

Che/onus inanitus (L.) (Braconidae) 

A few individuals of Ghelonus inanitus, a parasite of the lima-beun 
poel borer, appeared in the material collected in Frn.nce in 1938. 
This parasite was then reared on the ~fediterl'l1neall flour moth. A 
shipment of approximately 10,000 moth lu.ryue j which had been 
exposed to the parasite in the egg stn.ge, was made to the united States 
in December 1938. Tob.l parasite emergence from this maf.l?t"ial tll(' 
following spring was 780. These adults were used for labol'l1tory 
propagation and provided stocks for colonizll,tioll dming 19;W {mel 
1940. A total of 18,790 adults "'ere released in 8 colonies in southern 
Oalifornia from July to Noyember 1939, 3 of which were in infested 
beanfields at Ventma, 2 in areas at Lhe same place lw.yillg a heavy 
growth of Lupinus arboreus, 2 in bcanfields at Santa Barbn,l'I1, and 1 at 
San Diego. One colony of 380 adults was relcas('(l n,t, Venlul'll, late in 
the summer of 1940. 

'1'11e first field recoveries were made late ill 1940 from borers in 
Lupinus pods at one of the 1939 colony sites. Ollly n, small 11 umber of 
individuals have been recovered thus far, and the progress of the colo
nies was not followed in the sllccel'dillg years. 

The biology of inanit1ls has not been studied in detn,il, though 
essentially its habi.ts are si.mUar to those oC C. annulipes. \\~hen it 
attacks the summer generations of the pod borer in southern Fmnce, a 

363934.-56---7 
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generation may be completed in 23 days. In all generations the rate 
of development is synchronized with that of the host. 

Chrysocharis laricinellae (Ratz.) (Eulophidae) 

The larval parasite Ohrysocharis la7"icinellae is the most important 
natural enemy of the birch leaf-mining sawfly in Europe. From 1930 
through 1934 a total of more than 34,000 chalcidoid larvae and pupae 
and 320,000 host mines and hibernacula were shipped from Austria to 
the United States (47). The laricinellae emergence from this material 
totaled about 10,000, wi/ih smaller numbers of other species. The first 
field colony, consisting of 63 adults, was released at Strong, l\1aine, in 
1931, followed by larger liberations in that State and Vermont, New 
Hampshire, and :Massachusetts in 1933-35. The total number of 
adults liberated was 7,268. Recoveries from the birch leaf-mining 
sawfly were made at Stark, N. fl., and Bethel and Eustis, l\1aine, in 
1937 from 1935 releases (49). 

This parasite is also an important enemy of the young larvae of the 
larch casebearer in Europe, and considerable numbers were included 
among the importations of Datural enemies of that pest from Austria 
in 1932-35 and from England in 1936. Liberations were made in 
infested areas in New England ancl N (}w York. Recoveries from this 
host (4.9) wero made in 1936 from 1933 releases in Maine and New 
York, and inNew Harnpshire and Vermont from colonies released in 
1935. 

Recoveries of this parasite from infestations of the elm leaf miner 
(JJ'enusa ulmi Sund.) at a Dumber of points in New England indicate 
that it may have been presont for some tinle prior to the importations 
mentioned, possibly having reached this country with that host many 
years previously. 

O. laricinellae is a solitary internal parasite of mediunl-sized and full
grown larvae of the leaf miners and casebearer. There is one full 
generation and a partial second each year, and the winter is passed in 
the full-grown In.1'val stage in the leaf mine of the host. The life cycle 
of the snmmer generation is short, requiring only 17-23 days. The 
tendency of the female parasite to feed on the body fluids of 
the host, probably killing large numbers of leaf minets in this way, 
adds to the effectiveness of the species. 

Cleodiplosis koebelei (Felt) (Itonididae) 

Oteodiplosis koebelei (recorded as Diplosis sp.) (29), a predator on 
the younger stages of mealybugs, is native to Australia, and was 
imported into the United States in March 1928 by the University of 
Oalifornin, as a part of the project for the biological control of the 
citrophiIus mealybug. 'rhe first colonies ",-ere released in the field in 
sonthern Oalifornia in the spring of 1928, and recoveries were made 
the followinr,; August. The fly was reared and colonized in large 
numbers thL'.t season, and it becallle established at lllany points. 
However, it has not become abundant, and is of negligible value in 
control, though it has been fairly effective against the grape mealybug 
in greenhouses. 

• 


• 

• 
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O. koebelei has a very short life cycle, which is completed in 13 
days at summer temperatures. The eggs are laid among the egg 
masses of tho host, and the maggots feed on the eggs and young 
nymphs. 

Coccophagus capensis Comp. (Eulophidae) 

• 

There is some confusion in the records regarding the importation of 
Ooccophagus capensis, a parasite of the "rubber stage" black scale, as it 
was not distinguished untn recently from O. modestus Silv. It is a 
common parasite of the black scale in South Africa (26), where it was 
known in the early years as O. orientalis How. It was undoubtedly 
represented in the numerous shipments of material received by the 
Oalifornia State Oommission of Horticulture during 1909-12, and 
presumably also in those made at the time Scutellista was introduced 
in 1900-1901. However, there is no record of any releases having been 
made. Dming 1914-15 additional shipments were received from O. P. 
Lounsbury at Oape Town. This stock was propagated in the insec
tary, and strong colonies were releas(}d in both central a.nd southern 
Oalifornia. No recoveries were made at any of these points. In 1918 
a colony was obtained from Australia, and several releases were made 
in central Oalifornia. In 1921-23 large numbers were again received 
from South Africa, and colonies were placed. in infested groves in the 
coastal section from Santa Barbara to San Diego. Several small 
colonies, totaling 78 adults, were placed in White Park, Riverside, in 
1924, and the parasite was recovered there in abundance in June 1925. 
This locality alone provided the special conditions for persistence that 
are required because of the peculiar differentiation in host relation
ships of the two sexes. 

O. capensis is a solitary internal parasite of the black scale and 
others of that genus (17, 61, 130). It is one of the eulophid parasites 
of scale insects and mealybugs that exhibit a startling sex differentia
tion in their host relationships, accompanied by a morphological dif
ferentiation in the early stages of the two sexes, this latter being' 
evident in some species e""en in the egg after deposition. The female'el 
of all species develop as primlf.ry parasites, whereas the males, except 
O. ochraceus How., develop consistently as secondary parasites. The 
fertilized fema.le capensis oviposits through the middol'sum of the 
host, and deposits female eggs in the body cavity of the third-instar, 
or "rubber-stage," blnck scale. These eggs hatch in 3-4 days, and 
the Inter stages are very irregulor in their development. The mini
mum cycle from egg to ndult is 24 days at summer temperatures. 
Pupation takes place before the death of the host, and the pupa is 
enveloped in a membranous cocoon surrouudedl)y the organs and body 
fluids of the host. 

• 

The unmated female, in depositing her male eggs, places them within 
the body of a prepupa or pupa of hCl' own species or of some other 
primary parasite in various lecaniine Ooccidae, and development is 
completed as an internal parasite in those stages. The first-instal' 
larvae of the two sexes are markedly different, the male larva being 
teleaform. The minimum life cycle of the male is approximately 20 
days. 

http:primlf.ry
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Coccophagus cowper; Gir. (Eulophidae) 

Goccophagus C01lJpI'l'i, tL commnn parasite of the young nymphs of the • : 
black scale in South Africa, was imported into the United StaLes from 
t·bere bytLe Glliversity of Oalifornia in 1937. It apparently is 
indistinguishuble morphologicnlly from C. lyci-mnia (Wlkr.), but 
crossbrredillg ksts \\'pre unsuccessful and their host relationships 
differ. It was propuga.Led in '\e iusectary, and field releases were 
made in Rivrrsick, Vrll turn., itt:. 3an Diego Counties in 1937. 

ThC' first fidd re(;oYery \\'as made in 1938 at San Diego. At the 
prcsrnt Limc it is known to he established only at several points in 
Sun DiC'go and Los AngelC's Counties and on the hemispherical scale 
(Sclissctia hrmisphacrica (Targ.) n.ndthe nigra scn.le rather than on 
thE' black sefdr. '1'hrl"(' appears to be no prospect that this parasite 
will he of any i),pprecin.blC' vulue in I;he control of the black scale. 

The female is It solilnxy internal pn,rasite of scales about onfl-third 
grown, wherC'as tbe Illale is an external pr.rasite of full-grown larvue 
n,nd PUP!Le' of other pamsite species in their cocoons in the host (26). 

Coccophagus gurney; (omjJ. (Eulophidae) 

The sen,l'eh for nn,tllml en('mics of the citl'ophilus mealybug in 
Aus{ralin, b:y thc (Tnin~l'sity of Cn,lifol'rUa in 1927 led to the early 
diseovpl')' of C()ccOphn{f!l.8 YW'fu'yi, and it was imported into California 
thC' f()llo\,"'in~ Y('t1.l' (29). It was propt1.gateel in Yery large numbers a.t 
se,'eml count}' and printte insectnrics. The first relen.ses were made 
during ,Tune ID~S, l1.llel field recoVl~ries were made the following month. 
An aPPI't'eiuble n'duetion in the field infestations was noted in the 
spring of 1020, and by 1930 the pest had been satisfactorily controlled • 
in all secLions of southern California. 

This pn.l't1site, like scveml otber species of the genus, shows a marked 
clifl'erence in form and habili in the immatw'e stages of the two sexes 
(17, 61). The egg in each case is deposited iu the body cavity of the 
host. The female egg haLches in 3-'11,clays, a11e1 the cycle from egg to 
tl.duJ t is compkted in 2'1-43 days. Embryonic development of the 
nude is eompleted in 3 clays, but bn,tching cloes not take place until 
tlw hody fluids of the coccid host have been ronsumed by a primary 
pm·n.sile larvlJ,. Th(' mILle egg may remain aliyc up to 86 days if 
conditiollS essential for hn,tching do not appeal'. If a feillale larva of 
[,ho same speciei:i develops in Lhe host, the malo egg eyentually hatches 
aud the ltLrva enters the bod.\r of the full-grown prinlury larva. Here 
it feeds internally lor n. t.ime and then completes its development as an 
extcl"lwl parasite. Howenll', if tho vrimary parasite larva is Lepto
/nrtljli,.I; dnctJ/lopii, Lhe mn.le In.lTa of [j1Lrneyi feeds exter11ally tlu'oughout 
(.S d('yC'lopment. 

Coccophagus pu!v;nar;ae (omp. (Eulophidae) 

OucCOp/W{jlLS 1Jul1'ina)'i(LC, l1.11othor minor parasibe of the young stages 
of the blttck scn,lc, was imported from South AfriC!L by the University 
(If Cali[ornin in 19a7 (26). Colonies were l'elen.sed in San Diego and 
Vellt,u I'il. Counties in 1937-38. At present it is known to be established. 
only on the uigra scnle, rat,her than on the black: scale, at Santa Paula, 
where it, h:l,cl been I'clcnsecL in 1938 and was fu'st recovered in ] 939. 
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This species is similar in its habits to G. cowper·i. The male eggs of 
both species are attached externaU:r to the denn of full.,:;rown 
chalcidoid larvae in various lecaniine Ooccidae. 

Coccophagus rust; (omp. (Eulophidae) 

Ooccophagus rusti is the most common parasite of the black scale in 
East Africa and the Transvaal, and 'was imported into Oalifornia 
from the latter area by the University of California in 1937 (26'). It 
was propagated extensively in the insectary, iLnd was released in 
Orange and San Diego Oounties during late 1937 !1nd 1938. It was 
first recovered at Hewes Park in Orange Oounty in 1938, and is now 
known to be estn bHshed at several points in Orange, Riverside, and 
Santa Barbara Oounties. In only a few localities bas i~ shown a 
capacity to effect full control of tbe host on citrus, but in general its 
greatest effectiveness has been in I'educing infestations on oleander and 
pepper trees. 

The mated female of rusti deposits her eggs tlU'ougb the dorsum of 
the half-grown black scale, and only a single female deyelops to matmity 
in each one, The life cycle is approximately 20 days. The male 
progeny develop as internal parasites in full-grown lanrae and in 
pupae of various parasites of lecaniine Coccidae. 

Coccophagus trifasciatus (omp. (Eulophidae) 

• 
Ooccophagus trifasciatus is a comt{lon parasite of the black scnle in 

South Africa, and it was imported from thfLt region into the United 
States by the University of Oalifornia in 1924-25 (131). More than 
1,000 adult parasites were obtained from the importeel scale material 
during these years. The first colonies that were liberated comprised 
a. total of 168 adults, whicb were placed in "'nil;e Park, RiYcrside, 
during late 1924 and early 1925. The species was recovcrec1there 
in the summer of 1925 and has persisted since that time. Its estab
lishment at this point was possible because of the presence of O. 
lycimnia on the soft scale and occasionally on the black scale also. 
This parasite species and others of similar habit usually serve as hosts 
of the trijasciatus males. 

O. trijasciatus (17, 61) .is able to produce a Yery high proportion of 
female progeny generatlOn after generation. The female egg is 
deposited in tbe body cavity of a second- orthird-instar black scale, 
and the cycle from egg to adult is completed in a minimum of 27 days. 
The winter is passed as a first-instar larva in the body of the host. 

The male egg is likewise deposited in a young scale, and embryonic 
development is complet,ed in about 3 clays. However, hatching is 
delayed until the body contents of the host have been consumed by a 
female larva of some other prinlary parasite, whereupon the male 
develops as an ext(lrnal parasite on it. The fu'st-instar male larva is 
of the planidium type. 

This species and O. rusti oviposit with great rapidity-in about 1 
second.-and consequently botb are able to work effectively even ill 
the pr(lSenCe of ants. 
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Comperiella bifasciata How. (Encyrtidae) 

The search for pa,rasites of the California red and the yellow scales '. 
by the Oalifornia organizations has extencled oyer many years. ThE' 
first importation of OO1nperiella, bijascia,tcL ,\-as from Hong Kong in 
1906, and others have been made perioelicnlly up to the present timr 
from points in South China, Formosa, and .Tapan. Shipments of 
Aonicliella, taxus 11eon. and Chl'ysomplwhl8 b~fa8ciculatU8 Ferris from 
,Tu,pnn in 1924 yielded stocks of bffasciata, which \\-ere tested on 0111i
fornitL red scale, but they fu.iled to reproduce. This pn,Tasite was 
liually rstablisheel on bijasciccu/alu8 at Pnsaclena, anel the n,dapLability 
of the J'i1panese materin.l to i.he yellow scale wus determilH'd in ] g:{ I 
((Jt}). Hdeuses Were then llwde on thtLl, host ill the Redlands, Sn.uLa 
Puultt, and Visulit1. areilS in cities, \\,11.,1,:'" t11('I'(' is more oyerln;pping or 
the stages of the scale than iu Lhe orclulrds, l1nd it not oIlly bect1111P 
pstablishcd but etfeetecl st1Lisfactol'Y control. It is no\\- present ill 
practically nJl sections of Ctl1ifornia inhabited by the yenow scalp, 
though not efl'ectiYc undPI' orchard couclitiollS in the Sail Joaqui.n 
Yalley, Th is general distribution has been accomplished 0 Illy oyer 
a period 01' years hecause 01' the exceedingly sio\\- rn te of natUl'u] 
sprcad, \\~hich Dlay be only a few tree ro\\-s per year. This strain of 
bijascial(L uppeal'S to he especin,lly e1:f('eti,-e in Jigh t irrfestn Lio11s, so 
that its gI'ci1Lest usc llUL)' be in hokLing the prst in cheek aftrl' chemica I 
tl'eatmNlts ro.ther thn.n in reducing the initial henvy infestt1Lioll:". 

The luler studies on this problem l'('ycu.led tL complex n,ln.tioIlship 
belWONl bijasc iaia, alld its hosts, wh il'h t'xplaills the seeming in('oll
sisLeucies lUlL! ll1ilmes 01' tbe Cltrlier drol'ls, It dt'\'(~Lop('d that l;llPI'P 

wore n t least, 2 distinct stmius of the purt1si tc in liLt(' Fal' Enst. That • 
on the yeJlo\\~ scale wus n,ble to dev-dop not ("11y in thn,t host but ill 
A. tax'lLS, Chrysomphat1ls bijaseic1llat'lls, C. t.'onicl1Lm, tweI C. dietyo
spenni (Morg,), but only rUl'ely in the red dcale. The importation 
progralll frolll the Ii'ur East wns [m'Lber eomplicatecl by the fl1('t 
that the rod and yellow scn.les often do 110t silo\\' the sharp color 
diJl'erences thn.t are seen in Cnlifol'uin" uncl the differences in dis
tribution of the scale OIl the plant are not neady so pronounced, 
It was not until 1932 tht1t morphological chal'!tcters becll,me kno\\~u, 
whereby these 2 host species could be distinguished. 

In J 041 a strain of bijasciata haying the red seale us its norlllltl hosl 
WitS found in Sou th ChiIltl. lWeI imported in to California (Sf'). With 
t\,f) initin,] stock of only 5 llULLed females, over :2 millioll adults \\-C1't' 

produced for distribution dming the next; 15 months. 'l'bis strull; 
is 110\\' established l!enemlly over the. in terior in.fested t1rens ill 
sou them OnJiforniit, bu t thel:c n,re no indicn Lions that it; is able to 
cheek thr scale infcstn,tions. 

The fCluales of bija~ciata are very elelibemLe in their actiyiLies, !'('

quiriug considemble time for exnminntiOll of the host and for ovi
position. For tbis renson it is essential, [01' llU1~..imum efficiency in 
eontrol, that ants be eliminated from tbe infested trees; otherw.ise 
oviposition will he largely preyent;ed. 

An interesting situation hus been l'evollied with rcspeet to the 
e1:l'ect of the food of the host 011 successful parusiLiziLti,:u by bijasciata,., 
The South Ohina strain reproduces normally in red sCtlle grown OIl 

cil,rus, bu I; populations grown on Sl1g0 palm show a very bigh mortality 
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of the immature stages of the parasite, which is attributed to .n 
nutritional deficiency. 

O. bijasciata is a solitary internal parasite of the female scale (68), 
attacking preferably the second .instar, though it also dev:e1ops to n 
lesser extent in the male scnle. It h11s the stalked egg, characteristic 
of the family, but the stalk is functionless and the egg lies free in the 
body cavity of the 10st. A female ma.y deposit up to 136 eggs during 
an oviposition period of about 3 wee1cs. The life cycle covers 20-40 
days, depending on the stnge of development of the host at the time 
of attack. 1£ attack takes place on the very- young scale, its de
velopment is retarded, and the parasite emerges from the earl:r 
third-instal' host during the gray stage rather than later. 

The female punctures tho yOlmg stages of the scale with her ovi
positor in order to feed on the body fluids, but seldom deposits eggs 
jn them. Many scales p.;re punctured by the ovipositor without being 
fed on. This mutilation of the young scale, causing its death, a(lds 
appreciably to the effeotiveness ·ofthe parasite. 

Compsi/ura concinnata (Meig.) (Tachinidae) 

• 

Oomps?'lura concinnata, a parasite of gypsy moth larvae and of 
many other lepidopterous larvae, is the most important of the many 
parasites imported into the United States against that pest (14, 
89). Shipments of gypsy and brown-tail moth ctLterpillars received 
from various countries of Europe in 1906 yielded a very few speci
mens of Oompsil1Lra for colonization; an unknown but much larger 
number were colonized in 1907 and none in 1908. Importations were 
continued umil 1911. Releases in New England during the following 
years totaled 89,167 adults up to t;he end of 1927. The colonization 

• 

stock since 1912 has been of domestic origin. 
The fil'st definite recovery was in 1909, when the species was found 

to have spread widely from a colony site near Boston. Dispersion 
of 25 miles from 1 colony site in a sing1e year was observed. It 
quickly became established throughout the New England areas 
inhabited by the gypsy and brown-tail moths and has spread to 
adjoining Sta tes. Season averages for field parasitization have been as 
high as 40-50 percent, though often dropping below 10 percent. 

Colonies have also been liberated on other hosts in N e",Jersey, 
New York, Pennsylvania, District of Columbia, New l\1exico, Min
nesota, At'izona, California l Idaho, Oregon, uncl Florida. The para
site \Vas wiaely colonized on the satin moth in Washington from 
1929 to 1934, and became well established (97). 

Sinco its introduction into tbe United States, concinnata has been 
reared from nearly 200 species of Lepidoptera, representing 20 
families, and from 3 families of Tenthl'eclinoidea, most of these rec
ords having been reported in 1926 (149). Because of this wide 
ru.nge of hosts there is practicaDy novel' a shortage of suituble hosts 
in the field, find the parasite is able to maintain a high population 
level at all times. It is a valuable element in the parasite complex 
attacking the gypsy and brown-tll.il moths in the United States, 
and field parasitization of the satin moth is often high, !1DlOlmting at 
times to 50-70 percent. 

http:brown-tll.il
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O. concinnata (35) is a solitary or gregarious internal parasite 
of the larvae, 1 to 4 developing in each host, and it attacks practically 
any stage of host larva that is iLvailable. There are 3 or 4 generations •. 
each year, fluc1 the winter is passed as a young maggot within the 
host. The oVeIwintering hosts comprise certain na tive caterpillars, 
and do not include the gypsy or bl'o\\-u-taiJ moths. The fu:st of these 
latter hosts is in the egg stage during the winter, and the second 
occurs as yOlltlg lan-ae in the webs. The brown-tail moth larvae 
are attacked in large numbers by Gomps'il1trG- dUTing the autumn, 
and the po.rasitized individuals invariably die during the winter. 
Its value as a control for these 2 pests is therefore dependent 0n the 
availability of alLC'rnatehosts t.o support the ovenvintering generation. 
Laryal deyelopment in suitable bosts is rapid in the spring, and thC' 
fu'st generation of adults emerges in late April to June. 

The femo.1e is equi ppod wi t1 an oyipositol' of the piercing type, which 
it; thrust through t.he skin of the caterpillar, and a liying maggot is 
injected into the body cayity. The reproductive capacity is not 
large, probabl:r not C'xc:eetlitlga hundre<1. LatTa1 development is 
completed in alJOut ];) days, oJter which the full-g--'Jwn maggot 
em.erges from the host and pupates in the soil. If the 10st is a browIl
tail moth, the puparium mn,y be formed in the COCOOIl. The pupal 
stagC' covers 10-14 da,ys. 

Cremastus interrupt~r Grav. (Ichneumonidae) 

Importations of ('rrmasi1ls intC7'l'1lpt07', a pfil'asite of the larvae of 
the EUl'opean pine shoot moth, were made from Austria during 1931
:15, England in 1936, and Holland ill ] 937. The Dumber of parasite e· 
eocoons rccC'iYec1 clming that pC'riod is uncertain, as those in the .., 
1931-32 shipments were not separatC'd from reln.ted species, but the 
total Jor 1933-:37 was 10,100, 0.£ which by far the greatest number 
came from England in 1936. 

The iiI'st fif'ld rPleases were made at Brookline and Hingham, .M:ltss., 
in July 1931. The 1936 releases in several States totaled 6,177 adults, 
lmd reeovcl'ies wC're madC' in Conneeticnt, New Yprk, and New Jersey 
(,49). Informal ion on la(.<'1' dispersion and effectiveness is T'.Gt n;:;9ilable. 

This species is a solit.a;['y internal parasite of the larvae of the pine 
shoot moth and sC'YC'ral rdated speeies. The winter is passed ill the 
young lan~al stage in the hibernating host larvae and the adults 
appear in the fidel in ,Tunc and July. Sometimes the full-grown larvae 
emerge from tl1C' host pupae rathf'l' than from the caterpillars. There 
is It single generation C'aeh year on the pine shoot moth. 

Cryptochaetum iceryae (Will.) (Agromyz:idae) 

The trip of Albert Roebele to Australia in 1888-89 in search of 
natural enemies of the eottou}T-c"ushion scale was prompted by the 
report of the oecu1'1'en('.e, in that C:Olmtry of a dipterous pamsite, 
Oryptochaet1L'ln iee7'yae, 1'a.(.he1' than the vedalia beetle, which at that 
time was not known as au enemy of the scale. It was quickly found 
(99), and his frrst suipl1lent, which arrived in San Francisco on Novem
ber 26, 1888, eonsisted of about 6,000 pn.l'asitizecl a.dult settles, con-e 
taining about 4 Oryptoc.haei1Lm parasites each, and 1 \Varclian cage 
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of infested citrus and Pittosp07'um plants (53). A second shipment 
followed a few days later, consisting of about 3,000 varasitized scales, 
but the varcel was damaged in transit, and only a single fly emerged. 
Five shipments in all were received at Los Angeles between November 
1888 and the end of February 1889, and the total fly emergence from 
these consignments was 548. The fiies reprod1iced readily in the field 
cage in whieh theJT were released, IlDd in the following April a large 
portion of the scales were found to be parasitized. Oolonies were 
distributed from this SOlU'ce, and the parasite very so"n became 
generally established over the entire infested area. Today it is almost 
invariably present wheneVel' a, small host infestation is found, and is 
most abundant ill the coastal areas. 

A shipment received from a correspondent in .A.ustralia in 1888, 
prior to Koebele's trip, yielded a lHlmbel' of adult flies, which \\'ere 
released on a caged tree, but these ,,'ere from .Jionophlebus, and the 
parasite species was almost certair.Jy Cryptoc!wetum monophlebi 
Skuse. Establishment was not attained. 

• 

C. icel'yae is a solitary or gregarious illternal parasite of the female 
cottony-cushion scale (128, 143). HaLf-grmnJ (second-instal') scales 
are preferred for oyjposition, though larger or smlLller individuals 
may be attacked successfully. The female pa.rasite is equipped \\rith 
an ovipositor of the piercing type, and the egg is vlaced in the body 
cavity of the scale by a quick thrust of the oviposit,or through the 
skin. The egg ha,tches in 3-5 clays, and the complete life cycle covers 
1 month or more. The host is killed by the fOlllth-illsLar parasite. 
larva, and pUI)ation takes phtce \\-ithin the partly cu:ied remains of 
the host. li'rom 1 to 17 individuals may develop to matmity in a 
single scale. There a,}'e 5 01' 6 generations each year. A distinctive 
featm? of the larva of this parasite is a pair of long tubular processes, 
or IItails," at the posterior end of the body, whieh fulfill a respira
tory function. 

Crypfognafha nocJiceps Mshll. (Coccinellidae) 

Since Cryptognatha nodiceps had bee11 excC'ptiollally c.llective in 
controlling the coconut scale in :Fiji and Puerto Rico, UlTangements 
were made for its importation and uSe against the same pest in 
ii'lorida. One consignment of 156 beetles from Trinidad was released 
at Miami in February 1936, and another of l15 beetles from Puerto 
Rico at the same place in September 1938. A survey in August 1940 
revealed that the species had become eSULblished. No further informa
tion is available regarding its .ahlUlclance, spread, or effectiveness. 

The eggs of nodiceps are slightly green in color, and are deposited 
singly under a sCD.l~ covering, from which the female scale has been 
removed and cle,-omcd. '1'11e life cycle is completed in 19-25 days 
at; summer Lemperatures, but mtLy be ('onsicl01'a.biy prolonged if the 
food supply is not abundant. At such times the larvae are markedly 
cannibalistic. As with many other species of this family the larvae 
assemble in clusters for pupation. 

• Crypfolaemus monfrouzieri Muls. (Coccinellidae) 

TheTe is little published informa,tion Tcgarcling the details of the 
importation a.nd colonization of the mealybug predator Oryptolaemus 
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montrouzieri, except the statement that considerable numbers were 
included in Koebele's shipments from A.ustralia that arrived at 
San Francisco in December 1891 and the early months of 1892. The 
beetles were reared and widely distributed in southern California 
during 1892, and establishment was readily effected. 

This p'··;dator appears to be especially adapted to the coastal 
sections of southern California, but is not able to persist in the interior 
v:alleys. During the years after its introduction it was credited 'with 
controlling a number of outbreaks of the citrus mealybug in the 
coastal areas, but it then subsided and was of little value thereafter. 
This condition was believed to be due to the inability of the beetle to 
smvive the winters in sufficient numbers so that a controlling popula
tion could be built up early enough the following season. 

A. marked change took place in the status of Oryptolaemus about 
1917 as a result of the development by the California State Commission 
of Horticultl.ll'e of mass-production methods (127), w:heI'(:lby the 
mealybugs were grown on potato sprouts, and the consequent adop
tion of the practice of releasing the beetles in consid~rable numbers 
whenever an infestation appeared. This practice involved liberations 
in infested gl"oves at the rate of 10-20 beetles per tree each season so 
long as conditions demanded, and proved to be a practical means 
of controlling the several species of mealybugs that were then injuring 
the citrus gr0ves in southern California. Large insectaries were 
established by county, cooperative, and private organizations for 
producing the beetles, and they were reared and distributed by the 
millions each year. 

A.lthoubO'h (Jryptolaemus is found most £renerally in infestations of 
mealybugs of the genus Pseudoeoecus that are gregarious and that 
deposit their eggs in large masses, it also attacks related genera, such 
as Ripersia, Phenaeoec~Ls, Fe'rrisia, and even leer'ya. It has been 
recorded as feeding extensively on lecaniine Coccidae of the genus 
Pulvinaria.. These genera deposit their eggs in cot.tony musses very 
similar to those of the true mealybugs. 

The adults and larvae of montrouzieri feed mainly on the eggs and 
young nymphs. The eggs of this species are placed singly in or near 
the host masses and .hatch in about 8 days. The larval feeding 
period is 12-20 days and the pupal period 8-12 days. Pupation 
takes place in cUI'led leaves or in ot.her shelterecl places on the tree or 
on the ground beneath it, and the winter is passed in this stage. 

Cybocepha/us Sp.(Nitidulidae) 

This undescribed species of Oyboeephalus is a predator on the 
California red scale and other c1iaspine Ooccidae. It is native to the 
Asiatic region, and was imported into California from South China 
in 1932-33 by the University of California. An extensive rearing 
program at the Orange County Insectary provided 20,000 .adults for 
general.release on l'ed scale throughout that county during the follow
ing few years. No field recoveries were made at that time, hut in 
1944 it was found to be abundant in infestations of Diaspisboisduvalii 
Sign. on cactus at Costa Mesa, on D. eoeois (Licht.) on palm .at 
Santa Ana (11), and in small numbers on purple scale in 1952. How
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• 
ever, the infestations of the fu'St 2 hosts have not been appreciably 
reduced, and the beetle has not yet been taken on reel scale. 

The life cycle of Oybocephalus is about 24 days at summer temper
atmes (60). The eggs are deposited singly in va,cated male host 
scales or beneath mature female scales. The lnn-ae feed mainl.?" on 
adult female scales. When feeding is completed, these larvae enter 
the soil or conceal themselves in debris on tbe surface and spin 
spherical, ",rhite, pm·chmenUike cocoons. 

Dahlbominus fuscipennis (Zeft.) (Eulophidae) 

Da.ldbomimts juscipennis is.a common parasite of the Gocoon stages 
of the EUl'opean spruce sawfly and other sfLwilies in Europe. Impor
tations from that region by the Canadian Depal'tment of Agl'icultme 
have been made since 1933, and sevl'ral hundred million hn,vo been 
propagated in the insectaJ'.y since then for l'l'Jease against the pest in 
that country. During 1935-39 several million adults were sent to 
the United States by that Department, a por('ion of which were 
liberatecl elirectlyaga,inst the spruce sa;wfly anel rl'lateelspecies, and 
the remainder were utilized for large-scale rearing by the Bureau of 
Entomology and Plant Quarantine, the Maine Forest Service, and 
the New Jersey Depa.rtment of Agriculture. 

• 

The first release in the United States, consisting of approximately 
30,000 adults, was made in northern Maine in August 1935, and in 
the following years the parasite wn.s colonized in very large number" 
throughout the range of the host in the ?:\ortheastern United States. 
More than 200 million were liberated in Maine by the end of 1939, 
and 30 million in New Hnmpshire, Yermont, Iwd Ke,,- York (50). 
In 1941 releases were mll,c1e in AlabllIDll, Michigan, South Dakotn, 
and Tennessee in infestntions of natiye sawflies. 

The initial field recovery was n1ll.de at Orange, Cmm., in 1936 from 
a colony released the same season, and the following year it was 
taken at two points in :Maine and in New York, where liberations 
had been ma,de in 1936. It is DOW estnblished, nnc1 l1.t times shows 
a high parasitization at many points in the infested area. 

Relenses \\Tere mnde in infestations of Neodipl'ion sertijel' in New 
Jersey in 1939, and establjshment at a number of points was recorded 
the following season. Oollect-jollS of cocoons in ] 941 showed a l)jgb 
percentage of pal'asitizatioD. 

The recover,)' of t.his parllsite frOID D1prion jl'uteio1'1l'1n on al· 
SouthingtOll, Conn., in 1941 is of particular interest., I1S this locality 
is 25 miles frOID the Dearest relense POjDt where j11,sciperznis had been 
established in 1936. 

• 

D. jusctpennis (107) is a gregarious extel'llal parasite of the full
grown la,!'vae, prepupae, and pupae of the sawflies in their cocoons. 
Twenty 01' more eggs are laid on a single host at one insertion of the 
ovipositor after the host has been partially pnralped by stinging. 
The cycle frOID egg to adult ranges frOID 25 to 50 days} with an average 
of about 31 days at slunmer temperatUl'es. Hibernation takes place 
in the mature larval, prepupa.l, and pupal stages in the host cocoons. 
In Canada there are 2 generations and a, partial third each year. 
A portion of the larvae of tbe first summer generation go into diapause, 
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with adult emergence dela~Ted until the following season. The 
a-verage Dumber of incliyiduals developiIlg ill a COCOOll is 34, though 
m.ore th!1n 100 have been recorded. The entire colony emerges from 
the cocoon through a single emer/!ence hole. The average number of 
progeny per female is less than] 00. The sex ratio is Yariab1e, with 
the fem!1les nlways pl't'Clominating; it is us high as 9 to 1 in some 
rcarings. 

Dexilla ventralis (Ald.) (Tachinidae) 

DC17illa nmtralis, a polY'phugous pnrt1siCe, ,,"as first fOl1nd in KorPll, 
in 1922 (24·), wh01'e it is pnnlsitie in grubs of seYl?ml spe(,l(1s of POIJillio, 
other than ,japonica., unrl in j\foridiba" Ph?/llopertlw, .lin-oma.la, and 
,','CT1.:ca·. The first siljpmeJ1L to (he United States \\'us made in 192:;, 
and others during 192G-27 and 1929-:31. A total of fjO,324 inseclal'Y
parasitized gruhs \\"er(' forwarded. '1'11(' first liberation wus made at 
Haddonfield, X . .T., in 1926 (15), and ndults ,,"ere l'ccoYel'ed the 
following season. HrlN1SCS hny<, hern mn,de a.t othcr pornts in Kew 
,Terse~' and in Pennsylvfmin" Kl'W York, ~litr.dand, and ]]]ill01s, but 
the Hnddonfidd eolony is tlJe only onr known (,0 be established,and 
e,en there tbe populaUon is exceedingly 10"" and there are no 
indications of spread. 

The failure of 1'entmli~ to lJecome e1l'('cti,"e .ngarnst the Japanese 
b('(\tlt1 in the Unitrd. States may be attrihuted mainly to a lack of 
suitable alternate hosts t.o brillge the sununer period when Popillia 
grubs of a suiUthle stag(' of dev('1opment for para&itizatioll are not 
ayailable in the field. 

D. ventrali8 is a solitary internal parasit.e of the grubs oI the yurious 
scarabaeid geneI'll. mf'nlionrc1. Th(' Irmalr fly drposits young larvae 
or eggs in var)"ing stages of incubation on the surIaee of the soil, 
presumably ncar host grubs. The InlTt1l' then bUlTowabout in the 
soil in seureh of thl' grubs, which they C'ntC')" by horing through the 
SkUl. A respiratory fllnnd is formed at the point of entry, and this 
attachmt'nt is retained through ulmost the entire life of e!1ch larva. 
The bJackish funnel is distinctly visible within a few hours after 
the host grub is entered und seryes as a rea,ely means of l'ecognizrng 
parasitized indiyiclunls, The host grub is usua]ly full grown before 
death. Pupation of the pal'asiLe tnkes ])lnee in the soil near the 
remains of' the host. 

In Korea, wherecletailecllifc-history studies were made, there may 
be 3 generations each year, the overwintering one being in grubs of 
31iridiba, the see-ond in P07Jillia, and the third in Serica., all of which 
tu'e reasonabl.y abundant. However, a, portion of the winter genera
tion is in Popiilia, n.ncl the flies from this host emerg(~ later than those 
from 31i1'idiba. The sununer generation from this stock is in Se1-ica, 
followed by atta,ck 011 Popillia, Phyllopet·tha, or ]ii'l'idiba, so that only 
2 generations develo]) during the year rather than 3.when]1iTidibais 
the overwintering host. 

Erynnia nitida R,·D. (Tachinidae) 

Efl'orts have b(~en ma,de over an extended period of yeal's to establish 
Erynnia nitida, a Elll'opean parasite of the elm ]('uf beelle, in the 
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Eastern United States. The first importation \yas in 1909, wlH'1l a 
consignment of puparia wus re('.eiYed from Italy, but no parasite 
emergence was oblainecd. A second lot ,ms received ill 1911, from 
which liberations of an unknown lHunbN' of ndttlt parasites were mude 
in New England. Additional importations were made from France in 
1924-25 ancL 19:32-a5, eomprising mOre than 100,000 field-collected 
hibernating bt'etlcs, 5-15 percent of which C()utaillE'd parasite larvaE', 
and 1,500 pupnria. EnH'rgen('.e from this material "'as very 
poor, and the munbel' of adult parasites thnt becameavaiJable for: 
release was small. ::3mdl parasite colonies w(;,r(;, liberat(;'d in the field 
in Virginia in 1925, !-IfassflchuSE'tts in 19;H,Hlld COllllE'Cticut and New' 
JE'rsey in 1935. .A siJJgle intli,·jduul was j"('('on'l'l'd in 1935.at W"ObUl'll, 
!-liass., ",JJere a COlOllY lwd been pliwed the prececiing year. The 
parasite Jlas not 1)e(,l1 takeD since U.Htt tillll" and t11t'1'e is ))0 rcason Lo 
believe that it is ('stabJished in the XorUH'astt'l'J1 United SLates. 

In 1939 the Fuiwl'f;ity of Ca]ifomin. undrrtook the importa.tion of 
ErY'Ilnia for colonization ngninst the h('eU(' in that StaLe (6S). The 
shipment from FraJl(~e consisted of oIlly 55 pu])arja, from which 28 
male and 14 feillale pnJ'asites emerged after arrival. They were mated 
and utilized for laboratory propngation. OJ) ~1ay 23, ] 939, 11 mated 
E1ynnia females \\'err~ Ii bemLed in 3 colonies at Stockton and 1ianteca, 
and these wen' supplelllPllted by the release of ] Gfemales on June 17 
and 4 on August 8. Thus only 31 maled f('males ,,·ere released. Ht'
eoveries were mll,de at the 3 original COlOlly siles ill Sept,ember, and 
later collections of OY('lwil1 Lrring he('tles nt one oJ these poin ts showed 
a parasitization of nJ)out 10 pe1'(.'('nt. Beetles collected during the 
wintt'r of 1940-41 showed a parasitization of 20 pertent, n,nd an even 
high('r mte of attack was Jloted in some localities ill later years. A 
small liberation of adult parasites from lhe California (:o]oui('s was 
made in Orego1l ju 1941. 

'rhc fully ineubat('d egg of nitida is deposited. externally on the 1eaf 
beel1e larva, and OIl ha("hing (be mnggoL bores iuto the body. There 
fire at least 2 summer generlltions in these larvae, the life cycle being 
about 1 month. PilrtlsHized larvae h'iwe the elm foliage and move to 
the trunk of the {reo, where they" dic. Pupatioll tak('s place. \\'ithin 
the drie.d skin of the host. A velT Ull usual change in habi t takes 
place in the oYcl'winteriJlg pttr:lsite. gencntLion. Instead of matm'ing 
and pupating ill th(' Hutumn brood of host lu;rvap, the pttrasite .larvae 
carry through iJ1Lo the adult beeLles, whieh pass the wintel' in sheltered 
places. In the spring, aftel." Ute ht'etlrs emel'g(' and begin feeding, the 
parasite lan-ae. resum(' their develop nH'll t. The host is quickly 
killed, and pupatIon lakes plaee in the beetle body. Only a sil1gle 
individual develops to maturity in each host hrva or adult. 

Eupteromalus nidulans (Thoms.) (Pteromalidae) 

During [he wi1)l0r of 1905-6 enormous llllmbc'rs of hibernating webs 
of the brown-tail molh were' J'ecei,'('d from Yttrious paJ.'ls of Europe 
(141 89), and from thpJll large lJumbers of EU1)tcr'omalu8 niduians 
(referred to in cu:dy-American publications as Pt.eromalu8 Cgl'Cgi1l8 
Foerst.) emerged during the. spring of 1906. Forty thousand adult 
J)arasites ,,'e1"e colonized that year nt \) points ))('ar Bosto)), !-I'1ass., H,nd 
about tIle same number ilt 8 additional points in 1907. TJle 1908 
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liberations totaled 11.6,000, some of which were colonized in the spring 
and the remainder in September. Total liberations during 1906-9 
were 530,000, most of which were obtained by domestic rearing. 

The first field recoveries were made at Concord, :Mass., in the faU of 
1908 at points where the parasite had been colonized earlier that season. 
By 1916 it had spread over practically the entire area inhabited by the 
host. It declined in abundance after that time and has since been of 
little consequence as an enemy of the brown-tail moth. 

Since the establishment of the satin moth in New England,where it 
was first found in 1920, nidulans has attacked it more extensively than 
the browll-tail moth, and it is assuming a status of some inlportance 
in the contl'Ol of that pest. In 1929 the average parasitization over 
the entire infested area in New England was 9 percent. It was 
colonized in lVashington against; this pest dw-ing 1931-34, when a total 
of 11,727 adults were liberated. Several recoveries were lllade in 1935 
at considerable distances from the colonization sites. 

E. nidulans (118) isa solitary or gregarious external parasite of 
the larvae and pupae of the brown-tail and the satin moths and of 
several other Lepidoptera. The winter is passed in the full-grown 
larval stage in the webs of the brown-tail moth and the hibernacula of 
the satin moth, and pupation takes place in those locations in the early 
spring. The adults emerge in May and June. The spring genera
tions, of which there appear Lo be 2, deyelop mainly as hypel'parasites, 
through Apanteles, jJ1.eteo7·us, and other Hyrnenoptera, though only ill 
very small numbers. These hosts are present in the cocoon stage at 
that seaso)). TJlercllJ·!l.3 genemiions on the satin moth in the fall, the 
last of which hibernates. In oviposition the female fIrst stings the 
larva, inducing permanent pnrnJ.ysis, und then deposits her eggs 011 
the body. The female often feeds on the body fluids of the host after 
stinging it, a feeding tube haying been made for this pw-pose. This 
habit of feeding may add to the pest mortality. The adults ofnidulans 
are long liYeu, aild the reproductive capacity is high. A number of 
females under observation averaged 251 eggs each, with a maximum 
of 583. 

Exochomus quaclripustu/atus (L.) (Coccinellidae) 

E'.tochomus quadripustulatus is one of the most con1UlOn coccinellids 
in southern Europe, where it preys on various lecaniine Coccidae and 
aphids. It was first imported into the United States from France in 
1905-6, and small colonies were released in mi.xed infestations of scale 
insects at North Saugus, Mass., in the spring of 1906, but there is no 
record of any recoveries. Importations were made from Italy in 1915 
by the California State Commission of Horticulture and in 1927 by 
the University of California. The 1915 releases were on citrus and 
olive trees infested with several species of scale insects and mealybugs 
in Sacramento County, but again establishment was not effected. 

The 1927 and 1928 releases, consisting of insectary-reared material, 
were on a larger scale and in infestations of several scale insects (105). 
The first recovery was made in August 1928 in San .Mateo County, 
where the beetles were found feeding on Physokermes insignicola 
(Craw) on 1vIonterey pine. Specimens were later taken also from 
sycamore infested with StomacOccu8 platani Ferris. By 1934 the 
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predator had spread to many parts of the State. The most recent 
observations indicate that it is becoming an important enemy of the 
woolly apple aphid. 

Exorista larvarum (L.) (Tachinidae) 

Exorisla, lart'arum is one of the important parasites of t.he gypsy 
and brow·n-lail moths in many parts of Europe, and it uttacks a num
ber of othel' lepidopterous insects us well, including the sutin moth. 
The first importutioJls into the rnited States that yielded larvarum 
were from Italy in 1905 (14.,89), but no releases were made tbut year. 
The shipments from several other European countries in 1906 through 
1908 produced a. few small and un sa tisfactory colonies for libemtion 
in Ne\\r England ugainst the gypsy moth, hut those of the following 3 
years were on a lurger scale. The releases of ] 906 through 1912 
t.ota.led 3,363 a,dult. para.sites. No reeoY(~ries were made from any of 
these colonies, and the attempt to establish the species ,\'as abandoned 
until 1923, w]Jen hnportations \\'rrc again undertaken, this time on a 
much larger seale, fl.nd continued until 1932, The libemtions in 
New England totaled 3,001 parasitrs in 1925, 16,749 in 1926, und 
19,039 in 1927, with un unknown number from 1928 through 1932. 

The fu'st field recovery from tIie gypsy moth in New England was 
ut \Yaterbury, Corm., in J 940, und in 1941 the pUl'Usite was tuken in 
11 townships in Muine, New Hampshire, and Massachusetts (123). 
The gr'eutest number were recovered ut Salisbury, :Mass., where a 
parasitization of 9 percent wus noted. It was also recovered from 
the bro\m-tail moth at 2 points in K ew Hampshire the same year 
and from the satin moth in Connecticut in 1940. Small releases 
",·ere made a,ga.inst; the sutin moth in Washington in 1933, but no 
recoveries have yet. been made in thut State. 

E. larvarum is virtually indistingllishuble in the udult stage from 
the American species E. mella (lVlkr.), though it differs in habit to 
the extent that pupation is normally outside the host body, "'hereas 
the latter species pupates within the remains of the host. In the 
course of the eurly work in New England it was considered probuble 
that the 2 species would interbreed, and that the preference of 
larvarum for the gypsy and brown-tail moths would consequently 
be eliminated. E. mella seldom dm~elops on these pests in the field. 
No experimental duta have been presented in support of the above 
conclusion, but because of its possibility larvarum was removed in 
1912 from the list of European species considered to be promising in 
the biologicaJ control of these 2 pests in Ne\\- Englund. This decision 
was later reconsidered, and the Im'gc-scale rclcuses since 1925 Tesulted 
in establishment. The delay in recovery until 1940 and] 941 can 
probably be attribu ted to the clifficulty of distinguishing the imported 
species from E. mella and, to a lesser ex.tent, to insufficient surveys in 
the colonized areas. 

E. larvarum is a solitary or gregarious internal parasite of the gypsy, 
brown-tail, and satin moth larvae. Its relatively large eggs are 
deposited directly on the caterpillar where they hutch, und the maggots 
immediately burrow into the body. They mature quicldy and emerge 
from the caterpillar for pupation, though on certain other hosts in 
Europe they are reported to emerge consistently from the pupa. 
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There arc several genern,tions each year. At least one .alternate host 
is required to enable the parasite to bridge the period in which gypsy, 
brown-tail, and satin moth larvae arc not u;vailahle for parasitization. 

Habro/epis rouxi Compo (Encyrtidae) 

Habrolepis 1'01lXi, a parasite of the Californial'cd scale, was imported 
hom South .lurica by the. rniwl'sit0' of California in 1937, and 
during 1937-39 approximately 50,000 adults '\'('l'e ]"rared and liber
ated in infestations on citrus in southern California (67) and all equal 
number on the oliye s('.fl.lp in tilr Sn,n Joaquin 'iTalley during 1941.-42. 
Fieldl'eeo\Teries from thl' J'C'd scale ""C're madC' at mnny poin ts during 
the season of ]"cJrfl,s(', but the parasite has persistC'd in only a single 
locnlity. This is at Chuln, Vista 11{'Ul' San Dirgo, \\'Iwre about 1,000 
females w('rol'ckased in 1U37. In 1943 it wus Oh;:;PITCd to he abundant, 
though appan·ntly pxcrting no n'PPl'eC'iahle pontrol, on a f(,\\r s('mi
abandoned, un Lr('a tpd t I'('PS. 

H. rouxi is a solitary inlel'JJal parasite of the adYane('cl stages of the 
red scale. Fl'ma]r progeny al'(' prodlH'('d generation after gener
ation without tire inLt'IT('ntioJl of the mah', tbough a small portioJl of 
the brood ma)" he of that sex. TJH'.pl'ocilletion of males is n.tfectecl by 
s('Yerfl.l faeCol's, sll('h u,s the LemppratuJ'e and the type and coneli tion 
of gro"rth of thc:foliag(\ or fl'ui t on which the host seale grows. 

Hambletonia pselJdococcina Compo (Encyrtidae) 

In ] 935-36 Hamblclonia lJseu.dococcina was found in BJ'fiziJ and 
Colombia and was imported into Ha,yuii and Puerto Rico, where it 
hecame establisbed on the piMapple mealybug. Two consignments of 
adult parasites obtained from J>llel'to Rico in 1943 for l'elnase in 
Florida failed to SUlTi\'e, but in :'\Ia.\" oJ t1wfollowing yeaI' n total of 
374 were Teceiyed alin and utilized for field rC'lease. Colonies were 
placed in infested pinE'apple plantings at Fort Pi('rce, Boynton, and 
Sebring. I{ecovcry collections made' later [1,t the fiJ:st 2 points failed 
to show establishment, hut the parasite was reared in some numbers 
from collections at Sehring in KOYC'l11bel' 1944, 1945, and] 947. No 
illJormn.tion is fl,yailable r('garc1ing its later sprE'ad and effectiveness. 

Horogenes plJnctorilJs (Roman) (Ichneumonidae) 

Ilol'ogenes punclOl'iug is one of the importn.n t parasites of the 
larwte of the European eOI'll borer in J~urope find the Far East. It 
passes t,he "'inter in the' parl)' la1Tul stage in the hQst caterpillars, 
and thus was contained i.n the millions of hibernating borers shipped 
to the Fnited States from Fmnc.e and Italy dUling 1921-23 and 1925-37 
and from Manchuria during 1930-32 (4,). From this material 84,710 
adult pa1'l1sites became aynilable flnd were released in all infested 
arens. T))(~se colonies wore supplellWllt.od in later years by 44,475 
obtained from domestic sources. rrhe first colonies derived from 
imported summer c.ocoons were released in lIfu.ssl1ebusetts in 192J 
and 1922, but they compl'ispd only 178 parasites. None were released 
in 1923 nnd only 186 in 1924. lleeoveries were recorded in :Massl1
chusetts und Mi'c.lJigan in 1926, Ohio in 1927, Rhode Island in 1928, 
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and Indiana in 1929 from the larger releases of later years, but only 
the colonies in Massachusetts and Rhode Island persisted. 

The incl'cl1se of pt;,nclori11,S in the 2-generation arel1 was particularly 
encouraging. Thus in 1 locality in southeastern lvIassachusetts in 
the autumn of 1939 the field parasitization averaged 11 percent, and 
parasitization up to 35 percent was noted in Connecticut. The 1940 
collections showed a marked increase in central Connecticut, where 33 
percent of the borers collected were parasitized, and a considerable 
number of samples showed a parasitization in excess of 50 percent. 
However, this field abundance did not continue, and the 1945-48 
collections showed a maAimum parasitization of only 14 percent in 
IVlassachusetts, where the species is now most abundant, and much 
less in adjoining States. Recent SUl"yeys show that the parasite has 
also persisted, but at a low leyel, at the Cattaraugus Indian Reser
vation in New Yori-. 

Results of the introduction of the parasite in the Lake States were 
not encouraging until 1948, "when it was found to be widely established 
in northwestern Ohio. Additional recoveries in 1949 and 1950 dis
closed establishment in adjoining areas in Indiana and Michigan. 
Releases in Iowa aud 11innesota in 1949 resulted in establishment 
and spread at several points. 

H. punctorius is a solitary internal parasite of the larvae, and has 
one or more generations each year, depending on the seasonal cycle of 
the host. It passes the winter as a first-instar larva in the body 
cavity of the full-grown host larva. The adults emerge in late June 
and July and oviposit in second- to fourth-instar hosts. A summer 
generation is completed in 25-36 days, with the egg, larval, and cocoon 
stages requiring an average of 17~' 15, and 9-10 days, respectively, 
at 80° }1'. 

HyperecteinCl aldric/,; Mesnil (Tachinidae) 

lIyperecteina. aldrichi (=Centeter cinerea), a parasite of the adult 
Japanese beetle, was the fIrst of its natural enemies to be discovered 

• in northern Japan shortly after the investigations were begun in. 
1920 (24). In Hokkaido, the northern island, it was very evident 
that the fiy was mainly responsible for holding the pest in check, as 
field parasitization ranged up to nearly 90 percent of the females in 
years when the beetle population was relatively low and slightly 
less in years when the beetle population w&s considerably higher. 
This fInding led to high hopes that the species would be equall~y useful 
and cffccti\Te against the beetle in the United States. 

The first importations were made in 1920, and a total of 637,000 
dead parasitized beetles containing parasite pupada were shipped to 
the United States during 1920-24, 1927-30, and 1933. Colonies of 
adult parasites were fIrst liberated in Burlington County, N. J., in 
1922, and recoveries were made the following season. The parasite is 
now established over an area of about 500 square miles in New 
Jersey and Pennsylvania, and at South Egremont, :Mass., and East 
Hartford, Conn., but unfortunately it has not lived up to expectations. 
The flies emerge in the field several weeks or more in advance of the 
beetles and, although a fair portion of the early-emerging beetles may 

363934-56-8 
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be parasitized, the flies disappetlJ· before the peak of beetle emergence 
is reached, and the total parasitizat.ion of the host brood is consistently 
less than 1 percent. It has been hop'3d that this difficulty in time of • . 
emergence might be overcome by natural selection, but during the 
more than 30 years that the species has been established in the United 
States there has been no indication of a closer synchronization in time 
of emergence. 

H. aldrichi has a single generation each yetlJ·, and the winter if> 
passed in the pupal stage within the body of the dead beetle in the 
soil or under rubbish. Emergence takes place in early summer, 
mostly in June, and after a short preoviposition period, the femall;' 
begins her a.ttack on the adult beetle. About 91} percent of the eggs 
are placed on the dorsum of the thorax, and 85 to 96 percent on the 
female beetle.. The egg is hard-shelled, white, and very conspicuous 
against the dark-green background of the beetle thorax. Hatching 
takes place after about 2 days, and the yOlmg maggot bores directly 
dowilwtlJ'd through the heavy wall of the thorax into the body cavity. 
It.moves about freely in the body, and at no time is then~ a permanent 
respiratory attachment with the tracheal system or through the 
integument of the host. The larval period is completed in about 9 
days, and death of the host takes place 5-6 days after deposition of 
the egg. The puparium is formed in the beetle abdomen, and always 
lies wifih its head end at the tip of the abdomen. This position 
facilitates the later emergence of the adult fly. Only a single ptlJ'asite 
develops to maturity in each beetle. 

Lecaniobius uti/is Camp. (Eupelmidae) 

The importation from Brazil and Argentina of Lecaniobius utilis, • 
an egg predator of the black scale, was undertaken by the University 
of California in late 1934 and early 1935 (25). A. total of 151 adult 
parasites emerged from the !:'('ule material after arrival in California. 
This stock wus increased by insecttlJ'Y propa/!ation, and the first 
colony, consisting or 100 makd females, was liberated at Oxnard, 
Oalif., on June 13, 1935. Field recoveries were made the following 
October. Inasmuch as the habits of utilis are the sam'3 as those of" 
Scutellista cyanea, which effects a high parasitization in the coastal 
sections, it was not e}..-pected that this species would aid appreciably in 
controL Establishment is known to have taken place only in River
side and Ventura Counties, and in the latter county the species was 
found in 1941 in an infestat.ion of nigra scale rather than on the black 
scale. 

L. utilis oviposits preferably beneath lecaniine scales when they 
are beginning to deposit eggs. The ovipositor is thrust beneath the 
scale margin, and the stalked egg is placed so as to adhere to the 
venter of the scale or to the substratum. The minimum life cycle is 
about 30 days, whereas the ma}"-1mum approaches 6 months, owing 
to the larval dio,pause during the winter. 

Leis c/imic/iata 15-spi/ota(Hope) (Coccinellidae) 

Leis dimidiata 15-spilota, a predfL~~r on various aphids, was im-.: 
ported from South Ohina in 1924 by the University of California. 

i 
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• 
It was prop,agated and liberated in Oalifornia during 1925, but elid 
not become established . 

A consignment was sent from Oalifornia to the Florida Agricultural 
E"'-.]>eriment Station in June 1925, and between 40 and 50 colonies ,,'ere 
reared and released in citrus groves in that State during 1926. The 
species has become well established at Windermere and Orlando, 
where it feeds on a variety or aphids. In the latter locality in 1933 
it was abundant on papaya foliage, feeding on Trialeurodes variabilis 
(Q.), At that time the Leis beetles were noted on papaya and citrus 
in greater numbers than any native species had been seen in the 
State. The adults feed extensively on honeydew secreted by leaf
hoppCJ.'s on COI'll, 11'01' severn'! years after its establishment Leis 
was considered LO be an important agency in the control of citrus 
aphids in the sections of the State where it was established, though 
unfortunately it pl'ovedlater to be seriously affected by below-average 
winter temperatures. 

Leptomastie/ea abnormis (Gir.nEncyrtidae) 

• 

'rhe importation of Leptomasticlea abnormis, a parasite of the citrus 
mealybug, from Sicily La the United States was accomplished by the 
Oalifornia State Oommission of Horticulture in 1914 (145). Several 
consignments of host material were received during July and August 
of that year, and from one of these a small number of abnormis emerged. 
Insectary propagation resulted in the production of several hundred 
thousH,nd adult parasites forueld l'elease dtu'ing the following two 
seasons. The first .ueld liberations were at Alhambra, Oalif., from 
August 1914 to l,,[arch 1915, and recoveries were made in July of the 
latter year, Oolonie(l were then released in all infested sections of 
the State, and establishment was effected in almost every locality. 
Shipments were also made during this period to Florida, Louisiaml, 
and Hawaii, Increase of this parasite in the field in Oalifornia was 
rapid and high populations were attained, Although it has unques
tionably had some influence on field iniestiLtions, it has not been able, 
alone, to hold the pest generally at a noninjurious level. , 

Since its establishment in Oalifornia, the parasite has been recorded 
from many sections of the United States, where it has not been inten
tionally colonized, and its distribution is probably very general at the 
present time. The host is a common greenhouse pest, and it is 
assumed that distribution of the parasite has taken place incidental 
to movement of infested greenhouse plants.

L. abnol'mis is a solitary internal parasite, and attltcks the fu'st and 
second instal'S of the host. Developmcnt from egg to adult is com~ 
plete in about 25 days at optimum temperatures. In addition to the 
citrus mealybug, this parasite has been reared from Pseudococcus 
krauhniae (Kuw,) in Oalifol'llia and from that host and Ferrisia 
virgata (Oldl,) in Hawaii. 

Line/orus /ophantae (Blaisd.) (Coccinellidae) 

Lindo7'tls lophantae was included among the many Ooccinellidae 
imported into Oalifornia from Australia by Koebela in 1891-92 for 
use mainly against the black scale, It was first IiberH,tecl in southern 
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California in 1892 and recovered the sume seuson. It now occurs 
generally and often abundantlyin tlmt section and in centml California • ' 
(53), and preys most frequent.Jy on yru·ious diaspine Cocridae, especi
ally the California red scale and to a linlited extent on soft scales and 
mealybugs. 

The eggs are placed singly in crevices ncar the host scales, find the 
life cycle covers 22-29 days at summer temperatures. 

Lixophaga cJiatraeae (Tns.) (Tachinidae) 

Lixophaga cliatraeae is the most important pru'asite of the sugarca11e 
borer in Cuba and some other 1Ycst Indian islands. The cfrorts to 
bring about its establishment in the rllitt'd Statl's eo\'er a period of 
about 25 :rears beginning in 1915, U.t which time smnll importations 
were made from Cuba nnd 1 colon:v was released at XC'''- Orleans (94). 
Fmther importations wcn' made in ]nlS and a few indi,-iduals were 
released. In 1919 and 1920 large l1luubers "'ere rec('i"e<l, and eolonies 
totaling 2,718 adults were released at. 4.5 poin ts in sou llleastern 
Louisiana. Field recoveries ,,'ere made at lllost of these vomts, and 
rather extended spread was lloted from some of them. The parasite 
persisted for a numbel' of )'1.'!U·s, and 1'('eoYeries were made at 3 colo
nization points as late as H)2i5, but none thereafter. 

It was thought that conditions in southern Florida where sugarcane 
is grown would be more fayorable for the pal'fisite than Louisiana; 
consequently, the importations from Cubu. in 1920-27 and those from 
Puerto Rico'in 1936 and] 9:38 wel'e cobnized in thaL State (92). The 
1926-27 importations were by the ]i'lorida Agricultural Experiment 
Station and comprised 1,760 parusiLe pupnria. The number of • 
adults released exceeded 1,000. The 1936-40 imports from Puerto 
Rico and Cuba were utilized in pad as Tearing sLoeks, from ",J1icb a 
total of about 2,500 adult pUJ'usites were rolcused. Sinco 1938 the 
Fellsmere Sugar Pl'oduccrs' Association has coo peru ted in tl1is work, 
and has employed an experienced entomologist. to conduct pfll'asiLe 
rearing and colonization. 

The first field rC('OVelT was made III Fellsmerc ill January] 937, um) 
the pflJ'tlsiLC hns since b'een taken in inereasing l1ul11beJ's each souson. 
A 20-percent parasit.ization wus notC'd in one field in 1938 and 55 
percent in allother in ] 9a9. Establishment has also been effected in 
the JJake Okeechobl'l' section. '1'he parusite slUTived the severe 
wintcr conditions of ]9a9-40, ilnd a pUJ·usit.izatiol1 up to 35 percent 
was noted cru'ly in 194], increusjng to an a\'('rage of 47 percent later 
the same season (122). It has been credited with bringing about an 
appreciable reduction in the infestations in the Fellsmere area, though 
populations appear to be seriously affected by exeeptionally low win tel' 
tcmpel'atmes, and recolonization follo,,'ing sueh "inters may be 
helpful in restori11g t.he pfll'asitizu.tiol1 to its previous lcwl. 

L. diatraeae (121) is n. solitruT jnLernnJ parasite of thc canc borer 
larvae. In Cuba there. are 8-] 0 gl'ncl'ations en,ell yenr, though in 
Florida the number is probabl)' somewhat less. The cggsare ililly 
incubated and lIu.tcll in the oviduet of the. parent femule. The young 
maggots flJ'e deposited on the CU,ne stalk aL oj' netu' n. bOJ'er entral1C(' • 
hole, and thcy t hen enter the tUllneJ and bore into the bodies of tbt' . 
hosL larvae. The rcspiratory funncl, f01'l11ed very S0011 after entry 
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by the maggot, is connected with one of the main tracheae of the 
host neal' one of the first i)r second abdominal spiracles. Some of the 
second-instal' maggots lie fr'ee in the host body, and this is always 
true of those of the third instllJ'. IJ!ll'val deyelopment of the parasite 
is complete ill about 9 clnys, Mel the host dies 1-2 days before the 
maggot emerges Jor pupn,Lion. The pupal stage covers 9-11 days, 
and the puparium is found in the tunnel of the host. Although 
diatl'aeae is nonnallv solitary ill habit., several individuals have been 
known to develop to matut'ity in n, single host. On occasion maggots 
mfLy issue from the llOst pupa rather than from the full-gr0wnll11'va. 

Lye/ella stabulans grisescens R.-D.{Tachinidae} 

Lydella stabulans gl'i.sescen.~ I listed iu lhe eru'ly publications as 
i\iasic(Jl'a senilis Rond., is it ('onunoll parasite of the larvae of the 
ElU'opean corn bo1'('1' in Etu·opC' and thC' Far East, and was the most 
impQrt;aut pflJ'tlRit,e obse1'ved attn,eking that peslin Japan and Korea. 
It passes the winter as a young lllJ'Ya in the hibernating hQst cater
pillar, Inlet it, WilS in this stnge lhn.t most of the material from abrQad 
was received. rrhe h1.J'ge-sen.ie shipmpnts of hibernating bQrers from 
Fmnce and Italy duriug 1920-35 yielded 668,120 adults Qf Lydella 
for release, whereas lhose from Japan n.nd Korea dW'ing 1929-:36 prQ
duced 90,147. A few small colonies were l'elen.sed in ldn.ssachusotts 
during' 1920-22 and in 1925, following which large colQnies were 
plaeecL ill flU of the heflYLly infcstec[ States (4). Total releases by the 
cud of 19;35 numbered moro than 700,000. 

The first field ]'ecovel'Y wn.s made in ),fassachusetts ill 1927, n,nd 
in the following yeflrs this pllJ'nsite was recovered in RhQde Island, 
Ne,,- York, Ohio, und ?\Iidtign.l1. Howeyer, mQst Qf these reeo\Tcries 
diel lJot represent permanent. establishment.. In the Gren,t Lakes 
area the parasite has pe.l'sistcd only in a small soction of Ohio and 
)'1ichigan, l'eprC'senting n. strip only a fC'w miles wide bordering Lake 
ErL(, tlnd extending from 8n.uclusky, Ohio, to Detroit, Mich. In this 
limited flJ'Cll it is the most abundant of tbe cstablished fQreign parn
sites, many eo11cet10ns showing a ptll'!1.sitizatioll in excess Qf 50 percent. 
In K ew Englll,nd the llrea of esLllblishDlent is limited to )'fnssachusetts, 
CQlll1ecticut, and Rhode Isln.ucl. The parasite is now genemlly dis
tributed oYer flU Itren. of approximately 22,000 squllJ'e miles ill the 
:Midcllc .Atlantic ~tates, extending frQm K ew Jersey n.ud eastern 
Penns}'l vanLa souLll\\'tu'd into Korth On.rQlillll. The parasitizatiQn 
ranged from Hj to ,15 percent fill' all sflmples Lnken in 1948, 

The extensive colonizll,tion ),'l'ogmm in the North Centml States 
since 1944 bas resui.ted in wide cstn,bLishmeut in Illinois, IneLituln., and 
the eastern hnJJ of Iowa, with a percent partlsitization during 1949
50 ranging up t,o 6:3 .in lUil1ois, 45 in Inditwa, nnd 70 in IQwa. Dis
persion from colony sites .in southern Indiana hns exceeded 10 miles 
per year. ,],his spc('ics bas also become llbundal1t at 2 PQints in 
Kentuckv. 

L. stab1lla,ns gl'i8escens is a. solitn,I'Y internal parnsite Qf the CQl'll
borer larnte, and n,tLacks principally those of the fomth instn,r. 
There are b,·o g'pr1('rn.tions en.ell yen,r, and l.hp win Let' is passed as n. 
sCCQl.1d-instlll~ mllggot, occasionn.ll.,' us a first instIll', in t.he bQdy of 
Lho. hQst. A portion of t.he young 1IllTIl.(' ofLhe e!1.l·ly-sllmmpJ' genern.

http:occasionn.ll
http:Iidtign.l1
http:h1.J'ge-sen.ie


112 TECHNICAL BULLE'I'IN 1139, U. S. DEPT. OF .AGRICULTURE 

tions enter diapause and do not progress to maturity until the follow
ing spring, 

The female fly deposits living larvae rather than eggs, and up to • 
1,000 eggs in various stages of incubation may be found in the oviduct. 
Hatching takes place during larviposition. The young maggots are 
deposited directly into the opening of the burrow oftha bost or in 
the frass and excrement, which often cover the opening. 'rhey imme
diately seek the host larva and enter the body either through a natural 
opening or by boring through the skin. An attachment is soon made 
with one of the .main tracheal trunks in the an terior portion of the 
body, and a respiratory funnel is formed. This connection is mn,in
tained until the host dies, which tn,kes place shortly after the second 
molt of the parasite. At the completion of feeding, the maggot leaves 
the host through .t1 rupture in the skin and pupates in the bl1lTOW 
nearby. The larval and pupal stages of the female coyer 8 and 
9 dnys, respectively, when reared at 80 0 F., and each stage of the 
moJe l'equires 1 day less. 

Macrocenfrusgifuensis Ashm. (Braconidae) 

llfacrocentl'us gifuensis is common in some parts of Europe, where 
it at times parasitizes up to 40 percent of the caterpillars of the 
European corn borer OcctUTing in Artemisia. It is likewise one of 
the most important parasites of this pest in the Far East, especially 
in southern Japan and Korea. The fll"st importations comprised 
3,885 cocoons from northern France in 1926 and 2,080 in 1927. 
Large-scale rearings from the millions of hibernating host larvae 
received from that country up to 1933 and from Japan and Korea • 
during 1929-32 yielded 337,870 adult parasites for colonization in 
the United States. Total releases till'ough 1940 comprised nppro.~i-
mately 421,000 adults in 8 States (4). 

The first liberations were in Massachusetts ill 1926, and large 
releases were made in all infested Stat.es during the following 6 years 
and in 1940. Recoyeries were made ncar Boston in 1928 and there
after in most States in which there .had been releases. However, the 
colonies in the Lu.ke States area did not persist, and the present gen
eral distribution is limited to certu.in sections of the 2-genera.tion 
area, especially southeastern Massachusetts and Oonnecticut. In 
these sections it spread rapidly and effected a high pm'Rsitizat,ion in 
some localities. At the end of the 1939 seRson the average parasitiza
tion in southeastern Massachusetts was 11 percent, with a maximum 
of 52 percent in one collection; whereas in 1940 the average of the 
samples taken was 26 percent. However, in 1941 the figure declined 
to 14 percent, this being correlated with a marked reduction in the 
host population. Up to .25 percent of the hibernating borers.in Oon
necticut, Massachusetts, and Rhode Island were parasitized dl1l'ing 
1946-50. 

The development of gifuensis to a status of importance as the 
dominant species in. southeastern }'1assachusettsis of particular .inter
est. The last releases of foreign stock were made in 1932, and for 
a number of years thereafter the species was found. only in very .•.. 
small numbers, indicating establishment but giving no promise of . 
becoming of value in con trol of the host. In the autmnu of 1937 
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the average parasitization at Taunton, :Mass., was only 1 percent, 
but this increased to 8 percent in 1938 and to 25 percent or more 
from 1938 to 1948. Because of this demonstration of potential value 
in control a further colonizat,ion program was undertaken in 1938 and 
the iollo"'ing years with stock from field collections made in the 
~lassachusetts arefl,. This program covered mainly the 2-generation 
area from Connecticut south to Virginia. 

Du:ring 1944-47 an extensive colonization program was undertaken 
in the North Ceutral States, but permanent establishment is not 
vet certain. 
- 31. gifuensis is one of the interesting groups of parasites that :rep:ro
uuce pol)Tembryonically (114). '1'he seasonal cycle is sYllchrouized 
\\rith that of the host, so that there may be 1, 2, or 3 generations 
each year. The adults emerge in Jlllle and July in the I-generation 
areas, earlier in more sOllthern localities, and deposit their eggs in 
second- and tllird-instar corn borer larvae. A.. single minute egg is 
deposited in the body cavity at each insertion of the ovipositor. 
'rhis egg then undergoes a complex: growth fl,nd development, which 
culmiufl,tes in the production of 10 or mo:re first-instal' larvae from the 
single egg. From then 011 the larvae developfl,s in the monembryonic 
species, passing through 4 stages. Emergence from the body of the 
host larva takes place immediately after the third molt. Feeding is 
completed ex:ternally in a fe\v hours, or it may eX'jend to 1 day. The 
larvae then spin individual cocoons, all of whicl: are bound together 
in a compact, irregular-shaped mass in the tunnel of the host. The 
winter is passed in the IImorula" stage in the body cavity of the 
hibernating full-grown borers, and the first-ins'tar larvae appefl,r in 
April. 

The adults that develop from a single parasitized host may number 
40 or more, but the general average is 21. 'riley may be the product 
of a single pfl,rasite egg or of several. The colony may be exclusively 
of oue sex: or it may comprise both sexes. Among 200 representative 
colonies, 71 were of males alone, 54 were exclusively female, and 75 
indudecl both sexes. The mi.'md bl"Oods are presUlllfl,bly the product 
of several eggs deposited in the individual host, at least one of which 
has been fertilized. Usually there are more larvae and germs present 
than can be nourished by the amount of food in the host body. The 
excess number are destwyed through the feeding of the survl\To,rs. 

The reproductive capacity is relatively high, as ea,ch female is 
capable of producing 200-300 eggs. On the basis of 10 Incuviduals 
being derived from each egg there is a total potential of several 
thousand progeny. 

Mefeorus versicolor (Wesm.) (Braconidae) 

l\!leteol"us versicolor, a solitary parasite of the lal'\rae of the gypsy, 
brown-tail, and satin moths in Europe, was iirst imported for use 
!1gainst the b,rown-tail moth in New England during 1906-11 (14, 89). 
The emergence from the 1906 and 1907 shipments totaled less than 
100 individuals, and these were utilized mainly in labomtory experi
ments, though it is recorded that a few were colonized, fl,ncil'ecoveries 
were made at the colony site the same season. The £xst satisfactory 
field colony, consisting of 1,000 individuals, was liherated in a bl'O"wn
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tail moth infestation in New England in 1908, and numerous rl'eoY(,l'ies 
were made dUl'ing thc autumn of that ycar. Total releasl's up to 
1916 numbered n,pproximate1y 11,000 n.dults, of which 3,113 werc of 
foreign origin and, in audition, an unknownnumher were contained in 
imported brown-tail webs that \\,pro placed dU'ectly in the field for 
emergence of other parasite species. The pn:rasitic is now mLht'r 
generally established ovel' the int'('sLed area in X ow England, though 
the parasitization is consistently }Pss thn,n 5 percent. It tItc'1'e[ol'e 
calmo t be considered as n.n unportn.nt aid in checking the browll-Uti! 
moth. 

Importations directed speeiJiea]]y fLgncinst the stLtin mo th W('1'(, Jllftde 
from 1932 through 1934. Duriug thi.s period :35,220 cocoons of ~his 
moth were shipped Lo the rlliLed StaLl'S from Austria and Hungn,ry, 
and 20,000 adult pamsi Los elllC'rged and wel'('liberated in K ('w England 
and 'Washington, the reIcn,ses in I.h(' latter t)Late totaling 5,500 during 
1932-34. The parasite. did not become established 011 the satin 
moth in New England, but WfLS reeonreu ill cOllsiclC'mb1e ul.ImbC'l's in 
Washington in 1934 n,nd the following years (97). 

'When the femalt's of vel'sicolol' !tre attacking the brown-tail mot.h, 
they oviposit in the young caterpillars during August fLnd 1)l'ptember 
(109). The egg increases gl'eally in size during incubation andhatcht's 
in 5-0 dn,ys. The first-instal' htrvn 1uts n,ll exeeptionn.ily long tail, or 
"caudal hO],ll." '1'b(', ",jntC']' is passecl jn this stage ",i thin the hi1)('1'
lH1ting cate1'pilhLr. After the host begins feeding in the spring, the 
parasite la1'vn, renews its growth and attaulS the full-grown stlLge in 
10-14 days. r1'ho parasitized host molts only once and die'S nJ'Lel' the 
parasitelan"alenves the body. The pn,rnsite GO coon IS unusual in thn,t 
it is suspended from the JonJ' 01' twig by fL silkt'n tlu'ead, an Inch Ol' 
more in length, extending J'rolll the posterior encl. r1'he coGoon sULge 
covers 13-14 clays. 

The .adults that t'merge in the spring iml1wdinLely attack the 
caterpillars thcn available, 'which arc of the last two instal'S. There 
are thus two full genern,tiolls 011 the hrown-tail moth, follo,,'ed by a 
partial third on various naLl,"e hosts, 01' \\'hi('11 (he en,dy stagps are 
present .in the field during luidsuIllmer. r1'he fC'lnn.lps n;re long 1i,-ec1, 
so that these l1,ltpl'Ill1,te hosts al'(' not rss<'nt~ill.l 1'01' the prl'pptuat.ion of 
the species. 

r1'he COC0011 stfLges arc ('xeej)tiolULlly suseeptible Lo a.ttu.ck by otht'l' 
bymenopterous pn,msites, the mOl'tn.jjty being consistently 50-75 
percent or morC'. Also mnny llUTlLC fail Lo j)rogrc'ss to the pupal stage 
after spuming their cocoons. Tht's(' two fn,ctors gn'atly J't'duce the 
eifectiveu('ss of tht, plu·u.si te n.gltinst the b1'o\\,l1- tn,U mo tIt. 

Monodontomerusaereus Wlkr. (Torymidae) 

]1.onoc/o'lllOmel''lI,S'ael'e'lI,8 is a pai'iLsite of the pupae of the gypsy and 
brown-tail moths, and wn.s import('d from Yt'llious parts 01' Europe 
during 1905-10 (14,89), The bulk 01' the early materiu.l consisted of 
hibernating adult paI'asit('s obtained J'rom wint('.I' nests oJ the bl'own
tail moth, which had been imported for oCher more importt1l1t parasites 
that they contn.inccl. 1\1.. aer-e'll8 was also l'l'al'ed in hll'gcnumbers
from gypsy moth pupae import,Nl from Hal'y. A Lotn] 01' 1,700 acluJ t 
parasites issu('(l from bl'own-tn,il nests unpol'Led during the wiuter of 
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• 
1905-6, and a colony of unknown size was released near Boston in the 
spring of 1906. No n~leases were made iu 1907, but those of foreign 
stock obtained i:u 1908-10 1Jrought the total number colonized in 
New England to 15,541. 

Collections of winter nests of the br<1,\\Cn-tail moth during the 'winter 
of 1908-9 near tht' original 1906 colo!1,\- site showed that the parasite 
not only had lWGome estu,blished but had spread at the rate of about 
10 miles per year. By 1910 the species was distrihuted over the entire 
area of New England iJiliabited b:r the host. 

ilL aereU8 uSlHLll)T has only a single generation each year, though 
there may be a pa,rlial second. The winter is passed in the adult 
stage, and l)y the females only, in the compo,ct brown-tail moth 'webs 
n:nd in old eocoOll masses (111). These fema,les beeome acti\re in 
April and ~:rtLY o.nd beg-in oyiposition 2-3 weeks later. Oviposition 
takes place in the pUptv·, and 1-4 eggs are deposited at e11eh insertion 
of the ovipositor, This pa,msite 111so de\relops in the pupae of the 
gypsy moth and 01' se\Tel'ulnati\re Lepidoptem. 

• 

A striki:lg feature in the l)iology of this pn:rasite is thn:t although 
deyelopment is intemit] when the host is i1 lepiclopterous pupa, it 
becomes external in hahit when in the seeondn:ry role through various 
Hymenoptera and Diptera. The m\)st common hosts among these 
ordel's are tbe s6\"eral ichneumonicl, br11conicl, and tachinid primary 
parasites of the gypsy ond brown-tail moths. 'rhe most serious effect 
results fromattauk on several of the more important tachinid species 
that do not enter the soil for plI pation. The eggs arc placed externally 
on the laryae or plll)ae within the cocoon or puparium. These stages 
are usuaUy killed or permanently paralyzed at the time of oviposition . 
Howe\'er, in \rery fresh to,chinicipuparia} the eggs are placed internally, 
bu t many indiyiduoJs die after attaining larval maturity,apparently 
due to unsuitable physical conditions in the puparium at that Lime. 

The egg of ael'eU8 is distinguished from that of most other species of 
similar habit that n,re associated with the gypsy and brown-tail moths, 
because its surface is thicldy eon~red with minute spicules. Only 
18-30 days are required for development from deposition of the egg to 
emergence of the adult. Twenty-four adults have been reared from 
a single puparium of Compsii1lra concinna,ta. 

Among the progeny, females normally predominate in the ratio of 
about 2 to 1. The females are yery long lived, persisting for 11 
months or more, and they may go into hiberno,tion as early as the 
middle of August. During their actiye period they' feed verv exten
si,rely on the body fluids of the hosts. The insC'rtion of the ovipositor 
is often to provide a means of ac.cess to the body iluids of the host for 
feeding rathel' than for o\-ipositioll. A feeding tube, extending from 
th.e bod:y wall of the. host to the outl'r surface of the cocoon or 
puparium, is formed abou t the o'lipositor, and when the latter is with
drawn the tube senres as a chmmel by means of which the parasite 
can feed. 

• 
This parasite provides an excellent example of the complex 

problems that may arise in a biological control project, The species 
was fIrst released on the assumption that it was a true primary parasite, 
bu t when indications of j ts hyperpamsitic habit appeared, with 'larious 
Ichneumonidn,e IWld Ta,ehinidiLe as hosts, th(' nolonization program 
was discontinued. FurUwl' studies indica,ted that it was an impmtant 
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parasite of the pupae of the gypsy moth and, on the basis of this 
information, more releases were made during 1908-10. A study of .the 
field status of the parasite in New England 20 years after its establish- • 
mentindicated that,as a whole, it is probably more harmful than 
beneficial. Collections of OompsilurcL and Blepharipoda puparia have 
shown a pu.rasitization up to 37 percent iu some localities, and it is 
believed that many more are killed bythe direct feeding of thefemales. 
However, during most seasons and in most loca[ties aere'us is not 
suffieimt.ly ahundant to be M any importance in either role. 

Mymar pratensis (Foerst.) (Mymaridae) 

Some c.onfusion existis with respect to the importations of 1.1ymar 
pratensis, an egg parasite of tJle a.lfalfa weevil, from Italy during 
1911-13 (18). All mymarid material contained in dried alfalfa 
stems rec.eived during those years was recorded as AnCLphoicicCL sp., 
and it was not until several yea,]"s later tJlI.l.t pratensis and A. luna 
GiT. were differentiated. Consequently, there is no means of deter
mining the number of pratensis specimens that were received and 
liberated. Releases of the 2 species in the vicinity of Salt Lake 
City, Utah, totaled 345 in 1911, an unknown munber jn 1912, anel 
1,395 in 191(,. Rather extensive SUl'Y/'ys in. alfalfa fields in the areas 
of rele,..,se, the last in 1923, indicated tJ.lat establishment had not bpen 
obtained. 

Importations from Italy ,,'ere resumed from 1925 through 1928, 
and field releases in Utah in these years totaled 8, 1,730, 112, and 
498, respecti\~ely·. The fIrst recoveries were made in tJle spring of 
1926 (86), when adults were reared from eggsc.ollected at 1 colony 
site, and in 2 other localities from eggs of the clover leaf ,,-eeyil. No • 
recoveries were mo,de III 1927, but the parasite was taken dill"ing the 
following 3 years in a fjcld adjacent to one at West Jordan, Utah, 
ill which I'eleases had been made in 1928. In 1929 collections of 
O"\~erwin tering eggs of the cloy(lr leaf weevil were reported to be' 
parasitized to the extent of nearly 50 percen t. Field parasitizatio11 
of the alfalfa weevil does not exceed 4 percent. It thereforeappeaTs 
that pmtensis is more properly a parasite of the clover weevil, utilizing 
the alfalfa weevil as an alternate host, and this ma,y a,ccount for the 
difficulties eJ.l)erienced in establishing it on .the latter pest. 

:J1. pmtensis is a soljtary internal parasite of the eggs of the nlfaJfn. 
weevil, whereas two jncliyiduals usually develop in each egg of the 
clover leaJ weevil. Parasitized eggs in the later stages of their 
development may beTecognized by the presence ofcll·cula.r reddish 
spots. The life cycle has not been studied, 1)ut related species develop 
from egg to adult in a fe,,- weeks and there are probably a number of 
generations each seaSOIl. The overwintering habit is IlOt known. 
Obviously it cannot be in the eggs of the alfalfa weevil, which hiber
nates as an adult, so that it probably is in the eggs of '!ilie clover leaf 
weevil, a few of which are reported to persist through the winter. 

OOfmcyrtuskuwanai(How.) (Encyrtidae) 

'rhe first· importi1tion~ ofdOfoencyrtJus kU'IJ!CLnCLih,an egg parffisite of the • 
gypsy mo th,were receIve rom' apan ill t, e spring 0 1907 and 
the winter of 1907-8 (14-, 89), though no living parasites emerged 
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from the shipments after arrival in the United States. The importa
tions of the winter of 1908-9 yielded .a single female in February, 
and an unsuccessful attempt was made to secure reproduction in the 
laboratory by mating her with her o\\rn male progeny. Twelve .adult 
females werc obtained in April 1909, and these, with 21 that emerged 
later, provided a rearing stock from which large lllUllbers of progeny 
developed ill the following generations. Increase was so Tapid that 
more than 1 million were on hand early in 1910. The total number 
of li\ring lcuwanai received from Japantlnd liberated during 1909-10 
wus 1,703, whereas more than 25 million were produced in the in
sectary and liberated by the end of 1927. 

The first .field colony was released ill Massachusetts in August 
.1909, tlnd releases were limited to that, SLate dming 1910-11, after 
which the par1LSite was colonized throughout the infested areas of 
New England and in New Jersey. Field recoveries wera made at 
several of the colony sites tJle season of release, and the parasite soon 
became established throughout the southern portion of the range of 
its host in New England. \nnter conditions are apparently adv:erse 
to its surviyal in the nortJlern sections. 

This species is a less valuable parasite in tbe United States than 
Anastatus disparis, tJlOugh collections at a number of points in :Massa
chusetts bave shown a parasitization Tanging up fA} 48 percent. The 
occurrence of several generations on the eggs .01 each brood of the 
host permits kllwa,nai to increase velT l'npidly lInderfavorable 
conditions. 

O. kuwanai, like A. dis paris, is a solitary in temal parasite of the 
egg of the gypsy ,moth (3.n, but difl'ers from it in habit by ovipositing 
prefembly in eggs in which embryonic development is well adyanced 
rathm' than in fl·eshly laid eggs. In New England there are four 
complete generations and a par·tial fjfth each year, and the winter is 
passed by the adult females in the forest debris. These fema1es 
become active dUling AW·il, '£wo generations are produced in the 
spring in the on~rwillterillg host eggs, a portion developing in dead 
and infertile eggs. The adults are sufficiently long lived so that a 
portion of tJle females u:om the first spring generation survIve to 
attack the freshly laid host eggs that are deposited in July. .The third, 
fourth, and possibly several additional genemtions de\relop in the 
new eggs dUl'lng tJJe late summer and autumn. 

The cycle from egg to adult is completed in abou t 21 days at summer 
t.emperatures. AIter deposition of the egg, the stalk l'Cmains ii.xed 
in the oviposition punctme in the shell, u,nd the developing larva 
retains its connection with the egg remains, for respiratory pmposes, 
until it is nearly full grown. 

:Mated females deposit a,n t).I'erage of about 150-200 eggs each, and 
the progeny show a predominance of females in the Tatio of .about 
3 to 1. ,Unmn,ted females produce only male progeny, and the total 
number 1S much less than from mated females. 

Tbis parasite has been successfully reared in the laboratory inLhe 
eggs of a number of native Lepidoptel'l1, some large eggs yielding up 
to fiye individuals, but it bas llot been found to attack these .hosts 
in the field. A startling variation in its host relationship is revealed 
by its occasional development ill cocoons of Apanteles melanoscel'1l,s, 
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a parasite of gypsy moth lary.ue. In one instance 17 adults emerged 
from a single cocoon. 

Orcus cha/ybeus (Boisd.) (Coccinellidae) 

Orcus chalybeu8, a predator of c1iaspiJ]c Coccidae, was contained in 
the shipments forwarded by' .Alhprt Koebele from Australia that 
reached California during t:he flrst half of ]892 (5S). The number of 
consignments that were sent and tJH~ number of beetles that survived 
are not known, but thr totalliberuted from all importations was 978. 
They ,,-ere placNl jn s('Yeral orchards in Los Angeles and Santa 
Barbara Counties il1 souiliprn Califomia. RpcoYC'ries were made 
at Santa Barbarn.lale in 1892 nnel the follo\\-ing season n t Los A.ngeles. 
The originn.l colonie;:; nt San t 11 Barbara wpre released in infestations 
of the black scale, and thp beetlrs appear ablr to dewlop !on lecaniine 
as well as diaspine Corridae. This species apparenil:r is not adapted 
to tJl(~ hot interior y.ul]p:vs, and at the prescHt time can be found only 
at Santa Bal'bam, when' it is common hutJ10t abundant in infestations 
of California rpd scale. 

'Orgi/us obscurator (Nees) (Braconidae) 

.Among the Europt'an pine shoot moth material imported from 
Austria, beginning ill 1931, Or{lilus obscu'rator was includ ed in uncertain 
numb('rs, hut tJte 19:33-35 shipments from that country and from 
England ill 1936 and Holland in 1937 total('d 4,200. The first field 
liberations were made at Brookline, Mass., in July 1931, after which 
releases were made at mallY points in New England. 

Field recov('ries we1"(, made at 2 points ill 11assachusetts in 1934, 
and the parasite bas since been taken at 8 releasr points in Connect
icut, 11assacllUs('tts, New York, and New Jcrs('y (49). This parasite 
was first takell in tbe Unit('d Stat('s at Newport, R. I., in 1925, where 
it had apparently b('come ('stu blished from an earlier accidental 
introduction, but all oth('r l'ecov(,1'ies arc quite certainly from inten
tional colonizations. 

O. obscumtor is a solitary internal parasite of the full-grown larva, 
and ma}' em('rge from either tJle host lan'a or pupa. The adults 
appear in midsummer. 

Parasetigena si/vesfris R.-D. (Tachinidae) 

Pl71'asctigenasilvcstri8, which is listed in earlier publications dealing 
with biological control of the gypsy moth as P. segrega.ta Rond. and 
Phorocera agilis R.-D., is found conunonly throughout Europe as a 
pru'asite of .tJle caterpillars of th(' gypS}' mOtJl, the nun moth (Lym.an
tria monacha (J.J.)), and, to a lesser extent, the brown-tail moth. 
Theeru'ly records relating to its importation are confused because of 
difficulty in distinguishing it from several nativc species. It was 
contained in the shipments of gypsy moth mat('rial received from 
Europe during 1906-11 (14·, 89, 123). A total of 641 adults were 
liberated at NortJl Andover, Mass., during :Mayand June L910, 
bu t no recoveries were made at this colony site. 

.A second attempt to effect establishment was made in 1924-33, 
·when colonies were placed ill 22 localities ill 1fassachusetts, New 
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Hampshire, ~faine, a,nd Oonnecticut. Approximately 97,000 adults, 
mostly mated females, were released during this period. Field re
coveries were made at Boxford, ~lass.: in 1927, where the pa.rasite 
had been released tile same season, and at, 5 other colonization points 
in that State, ilie only ones surv'eyed, in June 1940. In 1941 it was 
taken in 3:3 out of 70 townships sunreyC'd in the 4 States in 'whicb 
releases had been made. The field parasitization ranged up to 
18 percent, and a spread of more than 35 miles from se\Tel"fil colony 
sites was noted. The delay in recoyery is accounted for by the ab
sence of collections in the eolonizt'Cj arC'as dUJing the intervening 
period.. 

P . .c;ilve8tri8 is Jlormall.y a solital"~T int('rl1al plU"asite of half-grown 
and lttrgPl" gypS~T moUl ('aterpillal"s. There is a. singl(' g('n('ration 
Nt('h ypar, and the winter is pass('d in illp pUP:1J stag(' in the soil. 
Emergence of th(' adults takes pla('e in ~lay and ,JUIH'. Th(' pre
o\'iposi lion period following mating ra nges from 5 to ] 5 days or more, 
depending on prc'yailing L(,Il1J)('ra.turC's. '1'JI(, ('.onspi('uous wJJite, 
hard-slll'lled eggs are usually deposil.C'd 011 th(' dorsum of the catC'1"
pillar, usuall~y in t.h(' an t('rior '·('gion. Hakhillg tak<'s plaee in .a 
minimum of 2 days, and t.he young maggot immecliatply enters the 
body of thC' host at a point ,)('ar where the egg was laid. A respira
tory funopl is formed at the point of ('nLr),. The la/Tal stage lllU.)' 
range from 16 to 35 da.ys. Emergence of the maggot is usualJy 
frolll the full-grown eat<>rpillnr, b1.l t occasionally from the pupa. 

Paratheresia claripaipis (v. d. W.) (Tachinidae) 

The first importations of Parathel'esia clal'ipalpi8, a parasite of the 
sugarcane borer, were made from A . .rgC'ntina in 1929, when 7,146 
parasite puparia w.ere received. Shipments from Peru included 
629,000 puparia during 1929-31 (93), in addition to 13,748 adult flies 
ill 1932 and 314 in 1936. Fi('ld l"elC'ases in Louisiana totaled 158,680 
adults from 1929 tlu·ough 1932, and additional releases were made 
up to 1936. R('co\Teries were made in 1937 from the 1932 releases, 
but the parasite has not been taken ill that State since 1942. 

The Florida releases consisted of 4,048 adult parasites placed at 
Oanal Point and Sarasota in 1932 and 48 ill 1936. In 1936 and the 
following :years the pal"Usite was recoYcrC'd at sev(,l"al of ilie coloIl
ization points and at Jupit<'l", Fla., abou t 55 miles from the nearest 
colony sites. Samples from one fjt'ld sho\\'ccl a parasitization of 30
40 p<'l'cent (94). It was found to be common in the Punta Gorda 
ar<:a. in 1945, the last year in which SUJ'Ycys were made. The per
sistcllce and the abundance of the parasite in thps(' localities are 
attributed to the milcl<'r climatic conditions find to cane being left 
in the field through the winter. 

This parasite is solita'T in habit, and develops internally in the 
larger host IanTar, though occasiona.l indi\Tiduals may emerge from 
the pupae. The life cycle averuges about 32 da,ys, so that several 
generations are produced ea.ch year. In areas having a definite 
winter season Ule parasite passl's t.his period as a, first-instar larya 
within the hibernating host. 

The gestation period is 9-10 days, uud a grayicl f('male c.ontains 
500-600 C'ggs anel lnITuC'. The' )"oung maggots .are deposited singly 
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on the cane stalk, usually in the general vicinity of tile bmrow en
trance of a host larva. The maggot then makes its way into the 
bmrow and to the host larva., into wbich it bores its way, usually 
through the skin in the ventral area. It then lies free in the body 
cavity until after the first molt, when a respiratory attachment is 
made, usually at one of the spiracles of the eighth abdominal seg'" 
ment. This connection is maintained until after the second molt. 
1Vhen feeding is completed, the maggot leaves the body of the host 
and pupa.tps nearby in I1le burrow. 

Phaeogenes nigridens Wesm. (Ichneumonidae) 

Phaeogenes nigridens, a parasite of the EUl'oppan corn borer, is 
widely distribut.ed in Europe and occurs also in the Far East, but is 
most abundant in nortbprn Italy: where tbe parasitization ranges up 
to 20 percent. The first shipment. to the United States, consisting 
of 1,G01 ,adult parasites, was forwarded from Italy in the summer of 
1924 (4), and consignments of parasitized host pupae from 1925 
through 1932 totaled 27,000. Additional shipments, totaling 8,422 
ndults and 13,000 parasitized host pupae, were l'eceiyed from the 
same SOUl'ce in 1937 and 1938. A smull consignment was also re
ceiyed from Japan in 1931. The first liberations wpre made near 
Boston, Mass., in Ul24 and in Michigan in 1926, Ohio in 1927, and 
t.hereafter in otber infested States. The total rpleases to the end of 
] 939 were 52,734 adults distributed in 8 States. 

The first indication of defmite pstablishment was at Bedford, 
l\1ass., w})erp rpcoveries \\'ere made in 1929 at points where releases 
had been made 3 years prevjous~y. In later years the parasite was 
recovered at several othel: locations in ,'Massachusetts. The field 
parasitization is consistently very low. 

This species is a solitar}T intemal parasite of the pupae of tbe COl'l1 

borer (124),. It passes the winter as an adult female in sheltered 
places, 11 habit common to many species of the subfamily. The sea
sonal cycle varies greatly, but because of the long life of the females 
the species is able to persist, if necessary, in the most northern sec
tions on the basis of 1 generation each yen1'. However, in most of 
the 1-genel'a.tion host Hrcas in Europe the parllsite appears t.o have 
:2 generations, as it does ov(']' most of the 2-gen('rn.tioJ) host areas. 
In some localities there may hr (; pm'tinl third or ('V('1) fom'th gen
eration on an alternate host. ' 

The adult females emerge from hibernation in the late spring and 
attack freshly formed corn borer pupae as soon ns they become 
available. In a,ccomplis})ing this the female fh'st enters the borer 
tunnel, cuts a hole in tbe cocoon with her mandibles, enters the 
cocoon, and then stings the pupa., usually at or near the base of a 
wing pad. The primary larva is of the mandibulate t;ype. Pupa
tion takes place within tbe shell of the host pupa. The egg, larval, 
and pupal stages average 2, 15, and 4~~ days, respectively, at 77° F. 
The reproductive capacity of nigridens is relatively low, as ea.cli 
female deposits not more than 50 eggs. The progeny compl'lse 
apprmrlmn.telyequal ml1nl~ers of the 2 s(,xp,s. 
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Phaneroioma p/anifrons (Nus) (Braconidae) 

The importations of Phanerotoma planifrons, a parasite of the 
lima-bean pod borer, imm Hungary from 1936 through 1938 com
prised 7,476 parasite cocoons and 96,000 host larvae that had been 
eJ..-posed to tl: e parasite in the egg stage. From this material more 
than 33,000 f/.dults were obtained for colonization, of which 30,000 
were available in 1938. Laboratory rearing on :Mediterranean flour 
moth .larvae provided additional numbers for release in 1939. 

The first field releases were made at Ventura, Cali£. , in September 
1936, when 493 adults were liberated in areas having a heavy growth 
of tree lupine (L'Upin'Us arbol'eus). The colonizations of the following 
3 years were in similar areas in Ventura County and in lima bean 
fields in that county and in Santa Barbara and San Diego Counties. 
The first field recovery was from lupine pods in September 1940. 
Later field records are not available. 

P. planifrons is a solitary internal parasite of the larvae, and is one 
of the group of Braconidae that oviposit in the host egg and delay 
growth until larval development of the host is well advanced.Para
sitized larvae are appreciably smaller than healthy individuals. In 
Hungary, where material was obtained for importation, there is one 
complete and a partial second generation each year, and, according to 
H. L. Parker, the winter is_probably passed~as a partly grown larva 
within the host. The completion 01 internal feeding [by the larva 
is followed by its emergence from the body' and then by a period of 
external feeding until only the collapsed host skin is left. The papery 
cocoon is spun within the cocoon of the host. 

Phanomeris plJyllotomae Mues. (Braconidae) 

Phanomeris phyllotomae is an external parasite of the larvae of the 
birch leaf-mining sawfly, and was one of several species att.acking 
that pest that were imported from Austria during 1930-35 (47). A 
total of 3,885 adult parasites emerged from the import.ed cocoons, and 
t.hese were released in :Maine, New Hampshire, and N ew York. The 
first release, consisting of 60 males and 28 females, was at North 
Conway, N. H., in 1931, with the same number of mated females 
liberated there t.he following )'ear. The parasite was recovered at 
Bar Harbor, Maine, in 1937, where it was colonized in 1933, and at 
Eustis, Maine, in 1937 from 1935 liberations. It was again collected 
at both points in 1938, but no further informat.ion is available regard
ing its spread or effectiveness. 

P. phyllotomae has one generation with a partial second each year, 
and the winter is passed in the full-grown larval stage in its cocoon in 
the larval mine of the host. Pupation takes place in the spring, and 
the adults emerge from May to July. Males predominate in the ratio 
of about 3 to 2. In oviposition the female first stings the host larva, 
inducing a partial but permanent paralysis, and then deposits an egg 
in the mine, but not directly on the larva. The egg hatches in 1~-2 
days, and the young larva then crawls to the host and begins its 
external feeding. Many of these larvae apparently fail to reach the 
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host and die of starvation. Feeding by the parasite larva is com
pleted in 6-8 days, and the cocoon is then spun. 

Phobocampe clisparis (Vier,) (Ichneumonidae) 

Small numbers of Phobocampe disparis, a l)arasite of the gypsy 
moth, were imported from Russia and Austria during 1907-10 (14, 
89), but there is no Te.cord of liberations dUTing that period. In 1911 
about 125,000 parasite cocoons were collected in Italy and 171,000 
the following year. The 1911 shipments yielded 12,543 adults the 
following spring, and these were liberated at 4 localities in eastern 
:Massachusetts and at 1 place in southeastern New Hampshire. No 
material for release was obtained from the 1912 shipments. Impor
tations were resumed in 1924 and continued until 1931, during which 
period al)out 5,000 parasite cocoons were received from Hungary and 
Yugoslavia. From this material 3 colonjes weTe released in :Massa
chusetts during 1929-31. 

Field recoveries were made the season of release at all of the 1912 
colony sites. So far as known the present distribution of the parasite 
is restricted to northeastern :Massachusetts and southeastern New 
Hampshire. The species has not spread to any great extent nor has 
it become abundant at any time, so that it is a negligible factor in the 
control of the host. 

This species is a solitary internal parasite of the gypsy moth larvae 
(112). Oviposition takes place mosti readily in the fll'st- and second
instal' larvae. The egg lLllcllarval stages within the host cover 7 and 
12-25 days, respectively. The host is killed when in the fourth 
instal', aud the full-grown parasite larvn, then emerges and spius its 
cocoon on a leaf or twig nearby. The cocoons arc only lightly 
attached, however, and soon drop to the ground. Pupation takes 
place 20-21 days later, and the pupal stage requi,'es 11 clays. There 
is only a single generation each year, and the winter is passed in the 
adult stage in the cocoon. The reproductive capacity is high, as 
individual females have been known to deposit ill excess of 1,200 eggs 
during a period of 5-8 weeks. The species apparently is not fully 
adapted to the gypsy moth, l1S a number of dissections of field-collected 
caterpillars showed tiULt about 34 percent of the eggs and larvl1e 
contained in them were dead and encysted. 

Physc!Js "8" (Eulophidae) 

This undescribed species of Physcus, a parasite of the purple scale, 
is native to South Ohina and Formosa, and was imported from the 
latter island by the University of Oalifornia during 1950-51 (7S). 
The first field release was m!1de in Orange Oounty in 1950 and at other 
points in that county and San Diego Oounty in 1951. Recoveries 
were made at Ohula Vista and Oceanside in 1952, and the species has 
persisted since that time. 

Physcus "B" is a solitary internal parasite of the purple scale, and, 
like many species of Ooccophagus and several other genera, exhibits a 
differentiation in the host relationships of the sexes. The male is a 
solitary internal parasite of the full-grown female larva of its own 
species. 
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Pleurotropis metallica (Nees) (Eulophidae) . 

Plewrotl'opis metaliica, (=Entedon epigon'U.s vYlkr.) is a solitary in
ternal parasite of the larvae of the hessian fly in Europe, and was 
first imported from England by C. V. Riley in the spring of 1890, 
when 2 lots of adults totalinr, 305 were received from London. All 
were dead upon arrival at V\ ashington. Two fUl'ther consignments, 
this time consisting of parasitized host. puparia, were received from 
the same SOUl'CO the following spring. The material was distributed 
to entomologists in Indiana, Illinois, and 'Michigan, and a small 
quantity was also sent to Ca,nada. Results of this work are known 
only from Illulois, where S. A. Forbes liberated the adult parasites 
in doth cages in the field during early .May and noted the emergence 
of the fU'st domestic brood of adults. .A. portion of the parasitized 
puparia were distl'ibuted to other parls of that State, and the adult 
parasites were released in open fields, as were also a small number at 
the Illinois E)..'}Jeriment Station farrn. Ko l'ecoveries were made in 
1892 or in the years immediately [allowing. 

The fmal shipment of parasitized host puparia from London was 
received in :May 1894, and the adult parasites that emerged were 
liberated in a field at Cecilton, Md. The first field recovery was 
made there in .May 1895, and the parasite WfiS not again taken until 
1915, when speeimens were reared from mat.erial collected at Hagers
town, :Md., and at 5 localit,ies in Pennsylvania. Its natural spread 
must Juwe been relatively rapid, ho\\-ever, as it was recorded in 1921 

• 
(147) from 151 localities in 12 States, representing a solid block from 
the Eastern Coastal States to Illinois and, in addition, Oregon and
'ifashington. It has since been recoyered in 11issouri, Iowa, and 
Kansas. The lack of recovery in the earl:y years can therefore be 
attributed toinsuffieient collections. It has never been fotmd in 
sufficient numbers to exert any appreciable efl'ect on the hessian fly 
infestations (87), though it is the most abundant of the parasite 
series in north-central New YoI'lc 

Prosena sibirita (F.) (Tachinidae) 

Proseno, sibil'ita., n. pantBite of Japanese heetle gruhs, was fU'st found 
in northern Japn.n in 192], and has sinee be(:'ll reared from various 
other scarabl'1Cicl hosts in Ohinn" :Malaya, and India. Shipments 
from Japan to the United States were begun in 1921 (23,24,79), and 
during a lO-year period a totn.l of 33,500 labol'lttory-parasitized grubs 
and 159,000 field-collected grubs, luwing an average parasitization of 
10 pereent, were fOl'\vardcd. 'fhe first field liberation, consisting of 
53 adult pamsites, was made at Iv[ool'estown, N. J., .i.n 1923, and the 
parasite was first recoyered at that point in 1927. Total releases 
from 1923 to 1930 were 12,364 adults in 5 localities. 

At the present time only the single colony at 1100resLown is known 
to be established and it is very wen.k. This situation is believed to 
be due to the lack of a suitable alLemate host or the absence of a .2-year 
phase in the Japanese beetle in 1ihe infested areas. In northern Japan, 
where sibil'ita is most abundant, a considerable portion of the beetle 
grubs car.ry OYCl' 10 the second senson. .Also several additional host 
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species, of which well-developed grubs are present in the soil dming 
midsummer, are available as alternate hosts. In the Northeastern 
United States the adult flies emerge in late spring or earl}T summer, ." 
when few grubs of suitable size for parasitization are presenli in the 
soil, and it is not until late August that second-instar grubs are avail
able. This midsummer gap in host stages suitable for parasitization 
can only be filled by a carryover of a portion of the host grubs to a 
second season, as suitable alternate hosts that are full grown at thfl.t 
time apparently are laeking. 

This parasite is a solito,ry internal parasite of the Japanese beetle 
and other gru bs. A single generation is produced each yeo.r, and tbe 
winter is pflss!1cl ns 11n early second-instar latTa within tbe host grub 
in the soil. Development is renewed in the spring after the grub 
begins feeding, and larval mo,t,urity is attained at the time the normal 
host is preparing for pupation. 'J'he full-grown maggot leaves the 
grub through a hole made in the ventcr of the abdomen, and pupates 
in the soil 1 or 2 inclws belo\\' the llOSt remains. The pupal stage 
covers 22-30 days, and til(' adult fiy emerges in late July and August. 

The adult flies are cre.puscular in habit, and feed at the blossoms of 
umbelliferous pit1l1ts. The reproductive syste:'m of the gravid female 
contains up to 800 eggs nnd larvae, the latter numbering 50-300. 
These yOllllg maggots are:' deposited on lhe:' surro,cr of the soil, preSlID1
ably in the general vieinity of host grubs, 'When a grub is found, the 
maggot bores through the derm, USlil1Uy in 11n intersegmental aren" 
and ellters the body cavity, wherp it lies free until after the iil'st molt. 
A respiratory ('olluecLion is then made to one of Lhe main tracheal 
trunks of tile host near a thort1.eie or first abdomillt1l spirade. This 
COllnection is m:1intainccl until n:fter the death of the host grub. The 
respirn,tQryfulll1el, being attached to a tracheal trunk, is seldom visible •. 
externally,thus durering from that of Dexilla. ventralis, whieh is cou
spicuous beeause of being connected direetly with the integument at 
tile point of the original entr}T of tile parnsitie maggot. 

P. sibirila is widely distributed through the nortil temperate and 
tl"Opieal regions from Jt1pal1 to ,Malo.ya, India, and Europe, and must 
therefore have a considerable number of llOSLs in addition to the species 
of Popillia" Anomala" l\firidiba, nnd Serica" \\"hiel! were 0.bserved ill 
Japl11l and Korel1. 

Prospaltella pernicios; Tower (Eulophidae) 

'1'he slrain of PI'08palteUcL ]uI'nici(l8i, pamsitie on the California 
,red scale in Formosa" \\'u.s impQrted by Lhe University of California 
iu1949 (71), 11nd was released at many points in all counties of south
ern California in that yea/'. Recovery collections have nO.t been on a 
wide scale, but the parasite is kUO\\Tll to be wen established ill Los 
Angeles and Riverside Counties. It appears most abundantly in late 
winter and early spring. 

The California red scale stmin of this species is indistinguishable 
morphologically from that which is found as a common parasite of 
the San Jose scale in Asiu, and North AmCl·ictl. However, the two 
are distID('t in certu,ill hu,bits, and fl,re sharply reslricted in their host 
preferences. Reproduction of the red scale straill is unisexlU11, who1"o-. 
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as that of Lhe sLraill 011 Lhe San Jose scale is bisexunl ill the Nor~h 

• Atlalltic States and unisexual ill the Southern States. 

Pseuclaphycus malinus Gahan (Encyrtidae) 

Pseudaphycus malinus was the last of the. series of parasit('s imported 
fO,r the control of the Oomstock mealybug. It is one of the least 
common species found attacking that pest. ill Japan, n.na the small 
initial stock \\'as obtained from mea.lybuO's coUcctc(l from pen,I" at 
Shilldembaru, Fukuokn-kcu, on the island of Kyushu. A totnl of 
1,596 pnmsitizcd menJybugs, ",hich bnd bern reRred ill (he illsrctnry 
in Japan, were reerived during the sununcr of 1941. ]<~mt'rgelH:e from 
the n,'sL consignment wns obmincd in July, il.nd duringth(' following 2 
months a totn,l of 5,1:34 adult pamsites "'(.'r(' r0lensed iu It numb01' of 
heavily infestcd apple orclmrds ncar CluLl'lottesvill0, YR., n,nu 3.1so in 
'Vest Virginia n,nd Ohio. Par-asi(,ized menJ.Ybugs were obsrrn,d in 
abundance ill the Virginia orelw.rds "'ithin 2 months aft(.'r the fiJ'st 
releases, nnd most of the eolo.11ies beeame csU1blishcd. 

Laboratory J'caring was underLaken ill 1943 (83), with!t producti0l1 
of approximntciy 50,000 adult parasites, and the next year 54,000 
nelult parasites and 7,000 host mmnmies WCrt' prodnced nud utiliz.ecl 
in the colonizntion program extending to 1111 infested locn.li ties in 
Virginia, West Virginia, Ohio, New Jersey, Connecticut, nnd Michi
;;tLU. The species soo.n became generaUy established and fl,bundtLllt 
iua11 the illfested sections. 

• 

P. 'lna.linus, n gregarious inl:01"11al parnsile, ell-posits its C'ggs in the 


nymphal and aduH femnle stnges of the host. TIle life ('yell' is shm't, 

being completed in nbout 17-21 dn.ys n.t summer tcmp(·n'Ltures . 

Usunlly 5-10 IDcliyiduals, of ,,"hidl about 75 p(lrccnt n,,'(1 {cHutIes, 

develop in each host. Thrre n.reJi2 'or 3 genel·n.Lions Lo eneh one of 
the host, nnd the wLuLl'r is pnssed in tll(' full·gl'owulal'vu.l st:n6~ in (he
dend llOSt. 

Quay/ea whittieri (Gir.) (Encyrtidae) 

~hlG'lIle(L 'whittieri (=IJe'lnenclldus cl'(I:w'ii Timb.) WitS JOUJld tH:i a 
memb(lr of the pltrn.sitc complex Teared from the bIn.d" sen.le in Aus
Lrnlin. (luring inY('stigntions therc ill 1900-1901, and wns lntC'lltjonnl1y 
introclueed n,nd established in the "Cnited Stn.tes in the belief that it 
,,'as a primn.ry pn,/'Ilsitc of thn,t pest. l1s slr-ietly hyperpn,l"asiti(' !tn,bit 
was not detenninctl until some ycnrs htC'I·. The sJ)('('ies is iue! uded 
in LItis account in order (;0 compictC' the ltisloricn.l J"('('OI'd n,nd to 
illustrate the diliiculties encountered .ill the endy work Itnd the po
tentially serious I'esults that may follow 11, mistakC'll decision l"(.'ganling 
the l'clationships of n. pl1rn.site to tlle pest insed. 

The small numbel.· of 'Whittieri eontained in the shipmen ts of bhtck 
scale materil'Ll received in Cn.lifornin. wcrc propngl1ted in the insectary 
fOt' distribution during the spring of 1901. Twenty-fiye colonies were 
released in Snlltl1 Oln.m, l\fontercy, Santa. Barbtml., Vent.UI"il, Los 
Angeles, tl.nd San Diego Oountirs (53, 131). No infonnn,tion is 
n,va:iln,ble )'cgl1l'ding thc (jmt~ of its recovery in tllt' fldd, though its 
distribution becn.me gpI1('l·n.l in til(' ronsln.l sC'dions within n. YCIT few 
years. 

http:primn.ry
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The highly injurious nature of whittieri was not fully revealed until 
the development of the large-scale colonization of Aphycus .lounsburyi 
since 1919 in the coastal counties, where the "uneven hatch" condition • 
of the .host insect pI·evails. This latter parasite breeds continuously 
throu~hout the year and thus provides suitable conditions for nninter
ruptea increase of a secondary parasite. During 1920-24 A. louns
buryi was the most effective black scale parasite present in California, 
and in some coastal areas the pest on citl'll'l was reduced to the point 
,,,,-here fumigation was no longer required. However, by that time 
whittieri began to make its pl'esence felt, and, as a l'csult, the primary 
parasite was reduced to a much less effective status. According to 
Smilih and Compere, Wl'his pal'asite is so elastic in its habits that it 
may eyen prevent for t111 time the control of the black scale by the 
biological method." Fortunately, subsequent developments have 
shown that Lhis is not, the case. :More recent inyestigations indicate 
that whittieri does not interfere with A. lO'll,nsb'll,ryi in jts attack on 
black scale on pepper trees, a fn,vored host plant. The physical con
dition of these trees pl'events in some way the eycning of the hatch of 
the scale, and suitable stages for parasitization by A. lounsburyi are 
present throughout the year. The life cycle of whittieri is appreciably 
longer than that of A. lounsburyi; consequently, it is unable to over
come the latter during the nctiye season. 

At the time Quaylea was imported fl'om Australia there apparently 
wns a definite doubt as to its exact relationship to the black scale, 
and specimens of adults were accordingly submitted for examination 
by taxonomists before anY.l'eleases were mnde. The report r~ceived 
after this examination recommended release on the sole basis that the 
known l'epresentn.tives of the group to which this species belonged 
were all primary .in their relationships and there con seq uently was no 

• 
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dnnger involved. From what is nmy known of the variations in 
habit even within a genus the final decision with l'espect tocoloniza
tion of a particular species cannot safely be made without first con
.firming the tentative conclusion by careful dissections of parasitized 
hosts, by rearing experiment.s, or both. It was perhaps inevitable 
that such a mistake should be made before the viLal necessity for 
careful study of the habits of imported pal'8.sites before release could 
be fully recognized. 

Q. 1Vhittieri is a solitary internal parasite of the full-grown larvae of 
yarious ehalcidoid species that develop internnlly in Saissetia and 
"elated genera (65). It pupates within the distended skin of the host 
larva. It also parasitizes, to a lesser extent, the larvae of Sc'ldellista 
cyanea, which deyclop in the egg chamber of the host. 

Rhizobius cle.bi/is Blackb. (Coccinellidae) 

The num.erous shipm.ents of Coccinellidae made to California from 
Australia by Koebele in 1891-92 (53) included Rhizobiusdebilis, 
which had been observed as a pl~edator on the black scale ,and other 
lecaniine Coccidae. Koebcle reported that an initial liberation of only 
2 adults in an infestation of San Jose scale at Alameda, Calif., in May 
1892 resulted in a very large increase in the numbers of beetles "'ithin,. 
the following 4 months. The beet/Ie was also liberated on the black 
scale at Santa Ba,rbara and has persisted there .and in certain other 
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coastal sections of southern Oalifornia, though in small numbers. It 
has been .listed (32) as one of the effective predators on the dictyosper
mum scale (Ohrysomphalus dietyospermi) in Louisiana. 

Rbizobius ventra/is (Er.) (Coccinellidae) 

In Australia the black lady beetle (Rhizobius ventralis) is one of the 
most abundant of the Ooccinellidae attacking the young nymphal 
stages of lecaniine Ooccidae. Large nu.mbers were shipped by 
Koebele fl"Om that country to Oalifornia in 1888-89, and it was also 
received from Tasmania in 1889. Apparently no liberations were 
made as a result of t,hese first importations, and it was not until addj
tionalmaterial was forwarded in 1891-92, of which not mOl'e than 20 
adults were alive on an'ival, that colonies were released in fruit 
orchards infested with black scale (53). The firsfi colony was placed 
in an infested olive orchard at Santa Barbara and others in prune 
orchards at San Jose in the spring of 1892. In the snmmer of 1893 
beetles were reported to be present by the millions at Santa Barbm'a, 
and it was confidently e)."pected that the scale would be completely 
controlled within a very short time. However, this optimistic 
outlook was not justified by developments of the following yem'S. 

R. ventralis is a predator of the egg and young Im'val stages of the 
black scale. Usually a cluster of several eggs is placed beneath the 
host scale, and the young larvae feed on the eggs and later on the 
young scale that have settled on the foliage. The adult beetles like
wise feed on these young scales. Pupation takes place on the trunk 
and branches of infested trees. 

Roe/olio core/ina/is eMuls.) (Coccinellidae) 

Rodolia eardinalis, more generally known as the vedalia beetlc, is 
the best known of all the illsects that have been employed in the 
biological control of insect pests. On his fU'st trip to Australia in 
1888-89 Albert Koebele found it feediug on the cottony-cushion scale, 
and 5 shipments of adult beetles were forwm ..ded to Oalifornia between 
November 1888 and :March 1889 (53, 99). The first consignment 
yielded on]y 28 live beetles upon alTival, but those following brought 
the total survivors to 514. 

The beetles fmm the first 3 consignments, munbering 129, were 
placed immediately after arrival on an infested tree that had been 
enclosed in a cloth tent at Los Angeles. By the following April they 
had increased to such an extent that nearly all the scale had been 
destroyed. One side of the tent wus then removed to permit the 
beetles to escape. Oolonies were sent to other parts of the State, and 
by the middle of June 208 colonies, totaling 10,555 beetles, had been 
distributed. At this time the infestation in the orchard containing 
the initial colony p.ad been completely controlled, and in all otber 
localities control was effected within a few months aft,er l'elease of 
the beetles. 

R. eardinalis is predaceous on the egg and em'ly nymphal stages of 
members of the subfamily MOl1ophlebinl1e, aud is best known for its 
attack on several species of leerya.. There n.re probably 8 or more 
generations each year in subtropical eitl'US arcus (100). Tbe life 
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cycle .from egg to adult is completed in .a minim.urn of 13 days at sum
mer temperatures, with the egg, larval, and pupal stages covering 2,8, • 
and 3 days, l·espectively, and it may be prolonged to 3-4 months dm- " 
ing the colder portions of the year. The females may begin oviposi
tion the day aUel· emergence. The eggs are reddish in color and are 
deposited singly or in small dusters either beneath the female scale 
and egg sac or on the dorsum. The newly hatched larvae bmrow 
into the egg sac and feed on the eggs and young nymphs. The larger 
Inryne ieed nlso on the more advanced nymphal stages. Pupation 
tukes place on the brandtes or foliage of the trees. The adult beeUp 
is equnlly as voracious ns the Im·Ylle and feeds on all stnges. 

The potenlil11 ratc of inereasc is \'CIT grt'at whell 011e considers t.he 
/lumber of g('neraLions en('h year nlld the eapaeily of the female Lo 
producc 500-800 eggs during n life s])an of 1 month or more. 

Scutellista cyanea Mots. (Pteromalidae) 

The history of Scutellista cY(Lnea usu, means of controlling lecaniinc 
Coccidne in the United Statea hus two distinct phases, the first being 
its introduc!,ion into Louisiana against the Florida wa.... scale (Cero
plastes jloridens'is) aud the bnrnade scale, and the aeeond its introdue
Lion into Califoruia. agl1insti the black seale (89). The first consign
ment fmm Ital.\T, consisting of twigs infested with C. 'rusci CL.), was 
rccehTed in 1895. but it was not until 1898 that adult parasites beeame 
11 nlilable for field eolonization. These adults were permitted Lo Oyj

posit in scales on a caged plant at 'tVashington, D. C., and this pltlnt, 
with the remn.inder of the impOl·ted twigs, was sent to H. A. ~10rgan 
at Baton Houge, J.Ja., for field release of the pal'llsites. Apparently • 
no effort was made to follow the ])rogress of this colony, at least no 
l'efcrenee to it oeems in the literatme of the inlmediate succeeding 
years. In 1906 nnd again in 192:3 L. O. Howard mentions the rccoy
cry of the sjleeies in Louisil1Jlu, firsl from Lhe wax scale and then 
from the black scale. 

The stock from which the Califomiu relenses were made consisted 
of a quanUty of pl1l'tlsitized black seille carried by C. 1'. Loullsbmy 
fromOapetowll, ~outh Afriel1, to 'Washington, D. C., in June 1900, 
fl·om where the material was immediately shipped to California. 
Several additionttl shipments were made the same season and in 1901, 
but the number of parasites that emerged at their destination was 
very small. All established colonies are believed to be from 4 females 
and 17 males obtai.ned from the last shipment, which reached Oali
fornia in October 1901 (63, 131). By 1903 the species was estab
lisheci in all the infested sections of the Stnte and had attained a 
high percentage of pal'tlsitization. 

In its.l'elation to the black scale, cyanea. (131) is primarily a pred
ator ont.he eggs rather than a Lrue parasite. The ovipositor is 
inseri;ed beneath the adult femnle seale, usually through the poste
rior arch, and the double-bodied egg is then deposited among those 
of the host 01' adheres to the ventral derm of the bod:r. Theegg 
complemen t of .a large scale is sufficien (; to bring several cyanea larvae 
(,0 matmity. The egg, larval, and ]mpal stages cover :3, 11, nnd 10. 
days, l·espectiYely, dming the sununeJ'. The first larval stage may 
be prolonged to severn,l weeks in the absence of host eggs.. Several 
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generations may be produced each season on the black scale in the 
"uneven hatch" areas. V\llen the larva is mature, it spins 8., light 
web of silkbeh,-een the host body and the twig surface, fonning 
somewhat of a pupation cell, . and the dead parasitized scales may 
remain on the tree fol' seyeroJ years. The adult; parasite emerge" 
through a circular opening cut through the dorsum of tbe dead scale. 

If eggs are not present beneath the host scale a.t the time the 
parasite egg hatches, the :,young lan-a may punctw'e the body wall of 
the scale and then fced as a true extel'1lal pal'asite. It cau, if neces
sary, develop to maturity iu this way. 'I'll(' species has b(l('11 l'ear(ld 
from th(' soft scall', which giy('s hirlh to living nymphs, 

Scymnusbinaevatus{Muls.) (Coccinellidae) 

Scymllu8 binaevalu8, a pr(lcllttor 011 ,-a1'iou8 m('alybug speci(ls, was 
imported from South A11'ico., by the rniyersily of Califomia in De
cemb(lr 1921 (125). Only 32 adult pI't'dators were obtained from 
this shipment, but propagation in the inst'ctary WitS successful, and 
large numbers wer(' Jiberttt,ed the follo\\'ing S(lo.sons in inf('stations of 
citrus and citrophilus mealybugs on citrus in southeJ'll California. and 
on grape mealybug In cell tral California. 'J'b('first field 1'('cov('ri(ls 
werr nUld(l at, .Alilambra in July] 922, Oxnal'd in October, and vYhittiel' 
in December of the sanl(' yetll·. Tbis prI'dator il1('1'('11ses to a much 
greatC'r (lxLent in illf('statiolls of eit1'ophilus l1lC'alybug than on th(l 
eitrus m(llllybug, and is now well established througbou t southern 
California. Xo l'ecoY(lri(ls w('re mad(' from I'el(lnsps Oll the grap(l 
flwal}-bug in th(' San .Touquill Valle~-. 

Sympiesis viridula (Thoms.) (Eulophidae) 

SympiesiJl vil'idula, a parosileof the lUITae oJ tll(l European ('Ol'l1 
borer, oecms abundantly only in northrl'n Haly, Iwd all importations 
were made from that eoun try. Th(l first shipmC'nts, totaling 3,27:3 
parasite lanTae,pupu(" nnd adults, were receind in the summer of 
1930 (4.), and between that tim(l and tbe win tel' of 1933-34 the im
portations totaled 1,760,000 hib(ll'tlatlllg pupae'. Thl:' iirst liberatiolls 
were made jll Massachusetts and Rhode Island in ] 930, and in the 
following 4 .rears 317,543 adults were rel('tls('(l iJl all the Stutes having 
a suita.hLe bore1' popwo.t:ion. 
Dmiug the colonization period occasional field re(~oyeries wet'emade 

the season of l'eleasC:' 01' thr following yc'al'. but' nOlle of these colonies 
persisted. It was not. until 1938 that (lstablished colonies "-(Ire found 
in 810calitirs in Ohio and in 11ichigan, and addilionnll'ecoyer.ies wel'e 
made at other point.s in th(l succeeding ~-PilJ'S. One of the Ohio col
onies. was from a 1932 libr.nltion, T,he parusi'L(' field population after 
this lapse of timl' wus still wl'y low, though in 1940 a sprNld of 50 miles 
was obsclTed, and in 1950 a sprcud of 0'"(,1' 100 mil(ls was noted in 
Indiana and Iown., Field pnrasi tization eX('('l:'ding 15 pl:'rcen twas 
observed in 2 counties in eentml Iowa in 1950, The most ('ast('l'I1 point 
of known csln,blisluneo t .is th(l Cattaraugus Tnditlll Rrsen'iltioll ill 
western New York, \\'I](>l'e this parasitp wus found in 1946--49 aftel' 
colonization there in 1931. 
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S.mridula isa gregarious external parasite ·ofthe corn borer larvae, 
whlchare .in the third to iiftb instarat tbe time of attack (116). The 
larva is completely and permanently paralyzed bytbe sting of the • 
pe.rasite, and. the eggs are then placed indiscriminatel:y on the body. 
The parasite larvae grow Tapidly 'and reduce tbe host body to .an 
empty skin in 4 to 5 days. Pupation takes place in the host tunnel, and 
luhe winter is passed in the pupal stage. Several generations .are pro
duced each year. The average summer colony developing on each 
host larva numbers 28 individuals, whereas the winter colonies .aTe 
about 3 tinles as large. '1'he sex ratio is 2 to 1, with t,he females pre
dominating. 

T etracnemus peregr;nus (omp. (Encyrtidae) 

Tetracnemus IJeregrinus was first imported from South Africa by the 
University of California in 1924 and 1926 for use .against the long
tailed mealybug, but it was not established. It was again imported 
in 1934, this time from Brazil. A tot.al of only 1,250 .adults were 
reared for colonization, and these were placed in Santa Barbara, Los 
Angeles, and San Diego Counties during October to December 1934 
(62). Establisbment was reported at several San Diego County colony 
sites wbere it, in conjunction with Anarhopus sydneyensis, appears to 
be holding the mealybug infestations on lwocado in check. T. pere
grinus has .also been effective .in controlling infestations on Dracaena 
in Los Angeles County. 

T. peregrinus is a solitary internal parasite of the early nymphal 
stages of the mealybug, and its life cycle covers approximately 1 
month. • 

T etracnemus pretiosus Timb. (Encyrtidae) 

The introduction from AusLralia of Tetl'acnemUSl)l'etiosus, a parasite 
of the citrophilus mealybug (29), took place a.t the same time as that of 
Ooccophagus gumeyi, pal"llsitic on the sanIe host. It was first liberated 
.in southern California in 1928.and was l"eeovered the same season. 
Distribution .and establishment were quickly etl'ected in all areas of 
the State infested by the mealybug. It competes with Coccophagus, 
which is dominant because oJ its hyperparasitic males. However, 
pretio8Us is capable of controlling infestations alone, and is able to 
gain over Ooccophagus during the swn.'ller months. Recently the field 
collections have sho.,-n it to be more abundant than Ooccophagus, and 
itaplJears to be more effective in light infestations. 

T. pretiosU8 (19) is a solitary internal parasite of the early nymphal 
stages of the mealybug. It oviposits readily in nymphs that have just 
left the egg. The egg, larval,and pupal stages cover 6,17, and 6 days, 
respectively,at summer temperatw·es. 'rhe parasite egg increases in 
size during incubation, and nearly half of the first larva.! stage is passed 
while ,the larva is still enclosed within the shell. 

T drast;chus tur;onum ,(Htg.) (Eulophidae) 

Tetrastichus tUl'ionu1n is a gregarious internal parasite of the pupae • 
of the European .pine shoot motb, nnd was included .in the pnrasite 
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material Teceived from Austria during 1931-35 (4.9). The total num
ber of parasitized pupae received,each containing about 20 turionum 
larvae, was 6,875. Large releases were made in NewEngland and in 
New York, New Jersey, and Pennsylvania during 1933-35. 

The first field recoveries were at Brookline, 11ass., and on Long 
Island in 1934, and at 3 additional colonization points in 1{assachu
settsand in New York and New Jersey in 1936. Nothing further is 
known regarding the establishment, spread, or abundance of this 
parasite. 

Tiphia asericae A. & J. (Tiphiidae) 

TiphiGt asericae is a solitar,'- ex.ternal parasite ofscarahaeid grubs 
of the tribe Sericini, ~1nd was import;ed for control of the .Asiatic garden 
beetle and Serica si1nilis (23). It was discovered in central Japan 
during the search for Japanese beetle parasites, and was later found in 
Korea and China also. Shipments were begun in 1927, and in a 
6-year period a total of 11,260 aduHs and 62,20.5 reared cocoons were 
slupped from Korea to the United States. Adults were first liberated 
on Long Island in 1928, the colony consisting of 58 females, and others 
later at many points in Pennsylvania and New Jersey. The 1928 
release was unsatisfactory, as the 58 females were the sole sm'vivors 
of 9,604 shipped from Korea, and they were probably of low vitality. 
No releases were made in 1929. First recoV'eries were made III 

Pennsylvania in 1933 from colonies released in 1930, and the parasite 
is now known to be well established at several points in that State, 
though increase and spread have been slight. 

The adult wasps appenr in the field in late spring and early summer 
and feed mainly on aphid honeydew. In oviposition the ebgsare 
placed singly on the host grub, almost invariably in the suture between 
the .seventh and eighth u.bdominal segments, just above a spira(';le of 
the eighth segment, and with the u.nte1'ior pole directed toward the 

.median dorsal line. Incubation is cOl1lpletein 3 days, and larval 
development to the spinning of the cocoon requires 10-12 days. 
The winter is pu.ssed in the adult stage within the cocoon. There is 
only a single generation each :rear. 

Tiphia popil/iavoraRon. (Tiphiidae) 

Tiphia popilli,avora wus the fll'st of the~larya.l parasites of Japanese 
beetle grubs to be discovered in northern Ju,pan when investigations 
were undertaken there in 1920, and it was later found to occur also in 
Korea and South China. The fu'st shipments to the United States 
were made from Japan in 1920-22 and from Korea and China during 
1925-27, 1930-31, and 1934-36 (23, 24, 79, 98). The total imports 
during these periods were 13,945 adult females and 31,833 reared 
cocoons. The 1921 and 1922 releases in the field in the United States 
totaled,less than 100, and only 9 were. liberated in 1923. The stocks of 
,Japanese origin available through 1926 were all concentrated at 4 
re.lease points neal' :Moorestown, N .•J. The parasite was first 1'oeov
ered at Oinnaminson, N. J., in 1926, and is well established in New 
,Jersey, Pennsylvania, New York, Connecticut., Delawll,re, Rnd Mary
land. Domestic collections fo1' recolonization were started in 1927, 
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and until the end of 1951 a total of 767 colonies, each comprisingap
proximately 100 .females, have been obtained from local sources in 
New Jersey and Pennsylvania .for distribution to other localities. 

The adults of popilliavora emerge during August, when most of the 
host grubs are too small for satisfactory parasitization. Attack on 
young grubs results ill a very high percentage of male progeny; thus 
the increase and effectiveness of the species are limited. The Korean 
and Chinese strains introduced and colonized during 1926-36 emerge 
some\\'ha.t later in the season, and consequently may be more suitable 
for American conditions than is t,he Japanese strain. 

This parasite has a, single generation each year, and the winter is 
passed asa full-grown larva in the cocoon in the soiL Pupation takes 
place in midsummer, .and the adult wasp emerges in August and per
sists for a monihor more. It feeds main1)· at the blossoms of wild 
carrot. In oviposition the female parasite first stings the host grub 
in the ventral thoracic region, inducing temporary but complete 
paralysis fot 15 minutes or longer,afLer which she kneads with her 
mandibles the ventral area of the host abdomen that is to receive the 
egg. The egg is placed transversely ill a groove between the fifth 
and si:x:th abdominal segments. The entire process of oviposition 
requires 20-30 minutes. Incubation is complete in 5-7 days, and the 
young lanTa begins feeding at a point immediately in front of the an
terior end of the egg. There are 5 laryal stages. Feeding of tbe para
site lana does not at first affect the host grub, but tbe latter weakens 
and dies after the parasite has attained the fifth instal'. The host 
body, except fOI' the head capsule and legs, is completeljTconsumed 
The larval feeding period covers 18-30 days, after which the spimlin 
shaped COCOOll is spun in the soil cell of the host. 

The reproductivecapacit}r of popilliavora is relatively 10\\', yet 
there appears to be a rum'ked difference in fecundity between the 
strains. Females of tbe Cbinese straiu deposited up to 115 eggs under 
laboratory conditions. 

Tbe size of the bost grub at the Lime of oviposition by the female 
parasite has a definite Telation to the sex of the pa.rasite that develops 
on it (9). Individuals reared from second-instal' grubs proved to be 
aL'llOst exclusively males, whereas those from third-instal' grubs 
showed a slight preponderance of females. The sex of the progeny 
is determined !l.t the time of oviposjt,ioJJ, the fem!lle wasps tending to 
deposit unfertilized eggs on small grubs, whereas both fertilized and 
unfertilized eggs are deposited on third-instal' grubs. In th;:. infested 
!J.rea in the United States the Japanese beetle is largely in the second 
instal' dming August, the period of greatest abundance of the p!lrasite i 
so tbe progeny are predominantly male. 

Tiphia vernalis Roh. (Tiphiidae) 

Tiphia vernalis, a parasite of the grubs of Popillia spp., was dis
covered in Korea in 1922 (23, 24, 79), and shipments to the United 
States from tbatcountry and South China from 1924 tbrough 193:3 
totaled 69,237 adult females aud 49,835 teared cocoons. The fhst 
liberations were made at :Moorestown, N. J., in 1925, .and the fu'st 
field recovery of the species was in 1.928. Field colonization with 
domestic stock was started in 1931, .and by the end of 1951 more than 
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239,000 females had been obtained from local sources for recoloniza
tion. The species has been extensively colonized in the older infested 
sect.ions of New Jersey, Pennsylvania, N"ew York, Delaware, 1.1ary
land, Connecticut, and Vir'ginia and, to a lesser extent, in 7 other 
States. A survey made in 1950, covering 1,400 square miles of gen
erally colonized area in Pennsylvania., showed establishment at 86.6 
percent of the colony sites. Sometimes a spread of 20 miles from t.he 
colony site was observed. 

This species is the most valunhk of the 5 imported parasites of Ute 
,Tapanese brrtle now established in the cnited States, and, under 
particularly favorable conditions, it has been found t.o par.asitize 
up to 65 percent of t1l(' gruhs. Hs abllndanc(' ma,y be judged by t)Je 
('olledions mach' at Olle ('olony 5itr on a golf course in Perlnsylvania, 
,,-here moretill11l 66,000 females \'-ere collected from 19:31 tIu'ougJ) 
194], practically all of tll('Jll from about 6 tre('s on which they had 
become concentrated by the attraction of a ] O-perecnt honey solution 
sprayed 011 the .low-hanging foliage. T. verllali.s is the only established 
pUTasite of the Japanese beetle that is considered appreciably effective 
in eontrolling infestations of this pest. Its distribution, however, is 
appar('ntly strongly influenced by tl1(' food sources of the adult ,,-asps 
rather than by host grub abundanec. Conscql1ently, a high parasitiza
tion may Oe('ur ill an area where the former is favorable, yet a few 
hundred yards away, where the grubs are ('(juaUy abundant, the 
pa,rn.sit ization may be v(\ry low (78). 

T. Ternali8, Jjke popillia,11ora., has a single gellf'rttlion eadt year, but 
there a,re several importa.nt differences in their life histories and ha,bits. 
The former passes the winter witJlin the {,0{'001} in the soil, but in the 
adult rathe]" tban the larval stage, The ndulLs emerge in ~1uy, and 
the c:n'le of the species is consequently well adapted to that of the host, 
as the grubs of the latter are nearly full-grown fl,t that time. The egg 
is placed wntl'ally in a groove between the HUl'd t.horacic and the first 
abdominal segments, with the anterior pole directly toward the lateral 
ma.rgin. Incubation requin's 8-9 days, and larval development to the 
spinning of the eo('oon covers 24 days or more. 

T1I(' females feed uJmost (,xdusively on honeydew s('t'rct,ed by 
aphids developing 011 forpst and shade twes and 011 orllamental and 
olh('r plants. Spring-emergiJlg spec,ies of Tiphia 11.1'(' usually depcndent 
on this sour("r of food, ",here as th(' late-suillIllPr .a.nd n,utumn spccies, 
('qUflU,\- cOJ)sistr:>ntly, feed nt blossom or ot.her JlC('ta.r glands, Cnd('r 
favorable lalJorat.ory eonditions the females deposit, on an avemge, 80 
eggs or more during an oviposition period of 5-8 weeks. 

Townsencliellomyianiclicola (Tns.) {Tachinidae) 

The shipments of enormous qU!l,ntities of Jlibernation nest.s of the 
brown-tail moth from Europe during 1905-11 (14, 89) included a 
yariable number of larvae that were parasitized by l'owl!sendiellomyia 
nidicola. Difficulty was experienced in rearing the panLsite maggo.ts 
to the adult stage, as most of the caterpillars died before the parasites 
eould complete their development. . During 1906-9 only about 200 
adult parasites were obtained, and these were released at North 
Saugus, }.{ass., the gr('atest portion 1n 1907, An additional 3,300 were 
colonized in 1911. 

http:maggo.ts
http:importa.nt
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The first field recovery was made in the summer of 1910, and by 
1916 the parasite had spread over the entire range of the host. It 
ranks next to Gompsilura concinnata in value as a check on the brown
tail moth. Field parasitization, as determined by dissection of • 
hibernating larvae, ranges from 10 to 20 percent. 

T. nidicola (110) is a solitary internal parasite of the brown-tail 
moth larvae. It has a single generation each year, the adult flies 
appearing late in July. After a preoviposition period of 7-8 days after 
mating,the female begins the deposition of her thin-shelled, fully 
incubated eggs. They are placed on the venter of the host body 
either between the true legs or the prolegs. A gravid female may 
contain 600 or mOre eggs ill various stages of development. The 
parasite maggot bores into the host ver.Y soon after the egg is laid. 
It then lies free in the body cavity for 10-14 days, after which it enters 
the esophagus and remains there t,luoughout the9-month hibernation 
period. There is no feeding then, and the maggot appears to be 
enveloped in a cyst. It leaves this cyst only in late 11ay or early June, 
after the host has fed for some time and has molted into the last stage. 
The maggot then again penetrates the body cavity, moves to the 
posterior end, and after 3-4 days develops a respiratory funnel at an 
aperture in the integument. The first molt then takes place, and 

larval maturity is attained about 12-17 days la.ter. The host dies 

shortly before the maggot completes its feeding. The pupation habit 

is unusual, as the puparium is formed in situ in the body of the host 

and i.s enveloped by the respiratory sheath. 


The life cycle of nidicola is perfectly synchronized with that of the 

brown-tail moth, and no additional hosts are known. 
 • 

• 
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abnormis, Lcptomnstidca____ 7,36,109

Acoloithussp _____ .~ ___ .. __ 22 

Acrobnsis caryac___ . _ 23 

Acrobnsis juglaJ)dis _ _ _ _ _ _ _ _ _ 23 

acuminatum, Ptcrygogramma _ 58 

adonidulll, Pscudocuccus _ _ _ 7, 37 

Aegerita___________ _ _ 41 

acgyptiaca, Iccrya___ 34 

acreus, 1\'1onoc!ontQlllCrus_. 6, 


7, 64, 114, 115 

nethiops, Microctonus__________ 52 

Agathis diversus _____ ._ 5, 19, 20, 72, 73 

Agathis festiva ____ .. _ J9 

Agathis pumilis. ___ .. _ _ 4, 66, 73 

Agathis stigmatcrus_ _ 4, 44, 73, 74 

agilis, Phorocera___ ._ _ 118 

alc!richi, Hyperecteina __ .• _____ 6, 


23,107,108 

Aleurocanthus woglumi._ .. , 40 

Allotropa burrellL.____ _ _ 7,37,74 

Allotropa convcxifrollS_ ". 37 


• 

Alysia ridibunda_ _ _ _ _ _ 71 

aruc.ricalla, Harrisina____ _ 22 

,\nlitus hesperidum___ H 

Amphiruallon majalis_ _ 54 

Allagyrus antoninae __ . 4,61,75 

Anagyrus fusciyentri~. _ 37 

Allagyrus kivuCllSi8_ 36 

Anaphoidea luna_ _ _ 116 

Anaphoidca sp______ _ 116 

Allarhopus sydllcyensi~ __ 37,38,75,130

Anarsia lincatcllll___ .. _ ..___ .. _ 21 

Anasa tristis __ ~ ___ . ____ ~. ___ 13,57 

Anastatus bifascillt\IR __ . _. " __ _ 76 

Anastatus disparis______ 6,63,76,117 

Anastatus scllliflavidus___ ._____ _ 50 

anatolia, Apheli!~oidea _____ .___ 59 

Ancylis comptana fragariac_____ 13,20 

ancylivorus, l\larrocentrlls__ __ _ 13, 


16,18,20,48

andersoni, Dcrmacentor__ " . _.. _ 72 

aunulipcs, CheloJlus ... ____ 7,42, 90, 91 

Anomala _____ .. _____ ._ _ 
Anomala orieutalis ___ .. _ 
Allthonomus eugeniL. _ . _ 
A.nthonomus grandis ____ .. 
autiqua, Racodil)eura_.. .. 
Antonina graminis____ _ 
antoninae, Anagyrus __ .. ,. ~ 
Aouidiella surantiL__ .. __ .. _.. _.. _. 
AOllidiells citrins__ ... ..... 

• 

Aonidiella taxus _______ .... _.. . _ _ 96 

aouidum,Chrysomphalus_______ 82, 96 

Apantelcs ___________ .- .. _. ___ 104 

Apanteles fia\'icQllchae ___ .. ___ _ _ 47 

,Apanteles glomeratus ___ 1,6,49,76, .77 


102,124 

55 

51 


. 51 

_ 71, 85 


4, 61 

4, 61,75 

_ 4, 29 


4, .29 


Puse 

Apantcles harrisiuac___ _______ 22 

ApauteJes lacteicolor __ .. _.. _ 6, 64, 77, 78 

Apanteles medicaginis ____ • _____ 46,47 

Apsntelcs mclanoscelus_ .. _ _____ 4, 


63, 78, 80, 117 

ApanLcles solitarius __________ 8,65,79 

Apheliuoidea anatolis__ . _ . 59 

Aphelillus maIL__ _ _ _ __.. . 12, 39 

Aphidid&e__________ ___ ____ 4 

Aphidius tcstaceipes___ _ .59 

Aphidius triticL_______________ 59

Aphis gossypiL _ _ ____ _________ 61 

Aphycus helvolus ______ 8,27,70,80,81 

Aphyc~!s lou!lsburyL. ___ 8,27,81, 126 

Apbycus msculipennis_ __ 28 

Aphycus orientaJis ____ • _ ... _.._ 28 

Aphycus psyllidis _____ . _ _ _ ... _ 58 

Apbycus stanleyL ___ .. _ __ __ _ 8, 27, 81 

Aphycus terryL __ .. _ _ _ _ ________ 62 

Aphytis "A"__________ 4, 16,29,30,82 

Aphytis chrysomphalL _____ . __ 30,82 

Aphytis lepidosaphes_ _ _ 
Aphytis lingllanensis ___ .. 
Aphytis maculicornis __ _ _ 
Aphytis ruytilaspidis_ .... __ 
Aphytis sp ____ .... __ .. _ _ 
A.phytis "X" _ _ _ _ _ .. .. 
Aptesis basizouis_ _ _ _ _ .. 
Archenolllus SP____ . __ 
Archytas iucertus ___ ._ 
arcnarulll, Buro___ ___ __ 
argcntim'.l1se, Calosoms__ _ _ 
argentiueusis, l>orizou_ __ __ 
Argyrotaellia citrans_.. .'
Aschersol1ia_________ .. _ _ _ _ _ 
Ascogaster quadr.identats.. 

8a 
_ .. __ 82 

... _ 6, 33, 82 

.. 

.. 

asericae, Tiphia_ .. __ .. _ _ .. 4, 55,131 

nsparagi, Criocer.is___ _ _____ 13,58 

asparagi, Tetrastichus __ .. ______ 13,53 

Aspidiotiphagus sp ______ 6,31,33,83 

Aspidiotus destructor. __ _ 4., 32 

Aspidiotus peruiciosus_ .. _ . _ .. ___ 2,31 

aulicac, Entomophthora___ .. ___64

aurantii, Aonidiel1a ______ .______ 4,29 

auratus,Carabus_____________ 6,7,89 

auricularia, Forficula _____ ..... _ _ _ 5, 71 

Autoserica castanea _________ ._ 4, ,1i5 

Azya trillitatis ______________ 4,32,84 


Bacillusleutimorbus__ • ______ • 24, 

Bacillus popilliae _______ .... ____ 11,24 

Bacillus thuringicusis. _ _ _ _ _ • __ :16 

basizonia, Aptesis ______ • ____ 5,68,83 

bassianR, Bcau"eria_____ _ _ _ _ 43, 54, 62 

Bathyplectes curculionis ___ 5, 50, 51,84

Beau\'cria bassiaua _________ 43,54,62 

31 

32 


5, 30, 88 

5, 68, 83 


31 

49 

55 

49 

52 

23

41 

48 
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Beauveria gIobulifera_ _________ 58 Catana parcesetosa~______ ~ ____ 41 

beckii, Lepidosaphes___________ 5,30 caucurtei, Ixodiphagus_ __ _ ____ 72 

bifasciata, Comperiella_________ 3, caudatus, Epbialtes_____ __ _____ 21 


4, 29, 30, 96, 97 Centeter cinerea______ .. ___ . __ 23, 107 

bifasciatus, Anastatus__________ 76 Cephus dnctus________________ 55,56 
 • 
bifasciculatus, Chrysomphalus_ _ 96 Cephus pygmaeus_~ ___________ 55,56 

Bigonicheta setipennis _______ 5,71,85 Cephus (Trachelus) tabidus_____ 55 

bimaculatuB, Tetranychus_ _ _ _ _ _ 62 Ccratitis capitata______________ 25 

binaevatuB, Scymnus____ 7, 35, 36, 129 cerealella, Sitotroga____________ 17 

Biolysia tristis______________ 5, 5J, 86 Ceroplastes cirripediformis______ 4,69 
bipustulatus,Chilocoru5____ _ _ __ 33 Ceroplastes fioridensis _________ 69,128
Ble.Pharipoda_______________ . 116 Ceroplastes ruscL_____________ 128 

Blepharipoda scutellata___ 7, 63, 86, 87 Chaetexorista javana________ 4,65,89 

BliBSUS leucopterus__ __ 57 chalybeus, Orcus ____ .. _ _ 4, 29, 30, 118 

boisdllvalii, Diaspis____ _ 100 cheloniac, Parexorista__________ 89


Chclonus________________ 47
~____boninsis, Pseudococcus__ 62 

Borrelina campeoles __ • _ 11, 45 Chclonus annuIipes _______ 7,42,90,91 

Borrelina rcprimens_____ •• 63 Chelonus inanitus ___________ 5,48,91 

brachialis, Brllchus_____ .. 52 Chilocorus bipustulatus_ ____ __ _ 33 

13rachytarsus kuwanai____ 29 Chilo cor us similis ____________ 2,31,32 

Bracon________________ 47 Chrysis shanghaiensis__________ 65 

Bracon brevicornis ___ • _. ... _ _ _ _ 43 Chrysocharis IaricinellaeA, 5, 66, 67, 92 

Bracon kirkpatrickL___ .. ".___ 47 chrysomphali, Aphytis _________ 30,82 

Bracon piger__________ .. _ ._ 5,48,87 Chrysomphalus aonidum _______ 82,96 

Bracon vestiticida_____________ 51,52 Chrysomphalus bifasciculatus___ 96 

brevicornis, Bracon________ ____ 43 Chrysomphalus dictyospcrmL _ _ 96 

brevipes, Pseudococcus_____ ____ 7,38 Chrysopa californicll. ___________ 36,38 

brevistigma, Tetrastichus_______ 13, 67 cinctus, Cephus _______________ 55,56 

brillians, Harrisina _______ .. 22 cinerea, Centeter_______ • _____ 23, 107 

bruchivorus, TetrastichllS_ _ 52 cingulata, Rhagoletis__________ 25 

13ruchus bracbialis_________ 52 Circulifer tenellus _____________ 58,59 
Bruchus pisorum_________ 52 cirripediformis, Ceroplastcs_____ 4,69 
Bruchus rufiman us ______ .. . 52 citrana, Argyrotaenia_ ___ __ _ _ __ 23 

brunneipennis, Hypera__ . 84 citri, Dialeurodes_________ _ 41 

Bufo arenarum_________ ... 55 citri, Metatetranychus___ _ _ . _ 41 

Bufo marinus_________ •.... 55 citri, Pseudococcus __________ "._ 7,35 
 •
Bufo paracnetnis_____ • __ .... ____ 55 citri, Scirtothrips_________ __ ___ 14 

buoliana, Rhyacionia __ __ __ _ _ 8, 66 citricola, Coccidophilus____ _ _ _ _ _ 29 

burrelli, Allotropa _____ . __ . _. 7,37, 74 citrina, AonidieIla _________ ~___ 4,29 


claripalpis, Parathercsia_____ 5,44,119

c1auscni, Catana________ . _____ 40
calcitrator, Collyria____ .. 56 


californica, Chrysopa __ ..•.. . . 36, 38 Clausenia purpurea____________ 37 

californica, Tomoccra__ . 26 Cleodiplosis koebeleL _____ 7,35,92,93 

Calliephialtes messor ___• _ _ _ 21 clypealis, Prospaltella_____ _____ 41 

Callitroga hominivorax___ . 71 Cncphasia longana________ ~ _ _ _ 10 

Callitroga .macellaria ____ • 71 Cnidocampa flavescens____ ____ 4,65

Calosoma. _______________ .___ 50 Coccidophilus citricola _____ . ___ 29 

Calosoma argentinensc_________ 4!) Coccophagus capensis _____ .. _ 8,27,93 

Calosoma sycophanta___ .__ 7, 50, 63, 88 Coccophagus cowperL _______ 8,27,94 

campeoles, Borrclina___________ 11,45 Coccophagus gossypariae ___ .. ___ 69 

Campogastcr exigua___________ 52 Coccophagus gurneyL _______ 7, 35, 94 

Campoplex frustranae__________ 66 Coccophagus insidiator_________ 69 

Campoplex xanthostomlls_______ 23 Coccophagus japonicus____ _ _ ___ 28 

Campsomeris dorsata__________ 55 Coccophagus lycimnia_________ 94,95 

capensis, CoccophagllS _______ 8,27,93 Coccophagus modestus_______ • _ 93 

capitata, Ceratitis_____________ 25 Coccophagus ochraceus ____ _ _ _ _ 93 

Carabus auratus _____________ 6,7,89 Coccophagus orientalis_________ 93 

Carcelia laxifrolls____ _ _ _ _ _ _ _ _ 6, 64, 89 Coccophagus pulvinariae_____ 8,27,94 

Carcelia malacosomae _________ • 89 Coccophagus rustL__________ 8,27,95 

cardinalis, Rodolia_____ _ _ 5, 12, 33, 127 Coccophagus sp_______ 26, 28, 122, 130 

Carpocapsa pomoneUa_ 21 Coccophagus trifasciatus _____ 8,27,95 

caryae, Acrobasis ______ . 23 Coccophagus yoshidae_ _ _______ 28 

caryalla, Laspcyresia__ , 23 Coccus hesperidum____________ 15 

castanea, Au·tosericu___ " . 4, 55 Coccus pseudomagnoJiarum _____ 14,27 

Catana clallsenL ______ ... _... 4,0 Coccus viridis,. ___________ ~___ 15 
 • 
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cocker-elli, Paratrioza_ _ _ 58 Diprion (Gilpinia) llercyniae____ 5, 67 

cocois, Diaspis___ _ ____ _ _ 100 dispar, POl'thetria_____________ 6,62 

Coelophora inacqualis_____ 60 disparis, Anastatus ______ 6, 63, 76, 117 

Coleophora laricella________ _ 4,66 disparis, Phobocampe_______ 7,68, 122 

Colias philodice curythemc. _ _ 11 45 diversu~, A~athjs______ 5,19,20,72, '(J

Collyria calcitrator_ _ __ ' 56 domestlCa, I1usca_____________ 15 

compensaos, Opius_ __ 25 dorsalis, Dacus________________ 18 

Comperiella bifasciata_. __ _ _ 3, dorsata, Campsomeris_____ _____ 55 


4,29,30,96,97 dorsifer, Tabanus___________ .__ 70 

cornpleta, Ilhagoletis____ _ 25 dY.Ilastes, Dibrachoides__ ___ _ _ _ 50 

Oompsilura concinnata___ 7, 


22, 50, 63, 65, 97, 98, 115, 134 
 Ectatoma tuberculatull1_ __ _ _. _ 51

cOlllptaua fragariae, Ancylis. _ 13, .20 
 egl'egius, Pteromalus______ • _ _ 103

comstoeki, Pseudocoeeus_ __ 7, 37 
 elongata, Prospaltella_______ . 3J
eonchiformis).. Lepidosaphcs_ 30, 31 
 emersoni, Telenomus__ ___ __ __ _ 70
cOJlcitlnatn, vompsilura_. _ _ 7, emigrata, Perisierola___ . ___ ._. 21,23

22, 50, 6a,65, 97, 98, 115, 1a4 Ernpusa grylli _____________ • __ - 56 

COIl vergens, li ippodalllia . 61 Ellcyrtus sp ___ _ 29
______ . ___ - .. 
cotl\'cxifrOJls, AlIotropR_ 37 
 Entedon epigonus _______ ._ _ __ 123

Copidosorua koehlcrL 49 
 Eutomophthora aulicae ____ . _ _ _ U4
comi, LecaniuIIL___ . 28 
 Ephestia kiihlliella______ ___ _ _ _ _ J8

eostirostris obliquus, LillLrudl'l'cs_ 52 
 Ephialtes eaudatus___________ _ .21
cowpcri, Coceopha/.;ug. 8,27, 94 
 epi~oous, Ent~don-:----- _ _ _ _ _ __ 123
crawn, Hemencyrtu15 __ _ _ _ 125 
 f!;ptlachua vaJ'J"estls___________ 58
Cremastus interruptor 8, 66, 98 
 cJ)ilachnae, Paradexodes____ _ _ _ _ 53
Cremastus 15p___ _ 23 
 J~piplagiops littoralis____ __ _ _ __ _ 52
Crioceris asparagi _ • _. _ _ 13, 53 
 Eretmocerus serius_ __ _ _ _ _ _ _ _ __ 40

Cryptochaetulll iceryae. __ 5, 34, 9S, 99 
 erichsonii, PristipllOra ___ -_ _ _ __ _ 68
Cryptochaetllllllllouophlcbi ____ 99 
 Eriosoma lanigerum___________ 12, 39 

Cryptognathn flo.vescclIs. . 41 
 Eryllniallitida_________ 5,67,102,103
Cryptognathn lIodiceps 4, 82, 99 
 Etiella zinckenella_____________ 5,48Cryptolaemlls_______ 59 


]~ucalyml1at.lIs tessellatus____ ___ 81
CryptolaelllUS lllolltrOlizieri. __ _ _ 7, Eueiheola rugiceps_________ _ 55
16,17,35,36,37,99,100 eugenii, Aothonornus__________ 51
curculionis, Bathyplectes__ 5,50,51,84 Eupteromalus lIidulans__ 6, 64, 10:3, 104
cyanen, ScutelIista_____________ 3, 4, europaea, ~1:icrophihalmll.___ . _ _ 54
8, 26, 69, lOS, 126, 128 
 Exeristes roborator______ . _" .. 43
eyaniIrons, Trichomnsthus______ 69 
 exigua, Carnpogast,er ___ ,,______ 52
Cybocephalussp _______ 4,29,100, J01 
ExochoIUUS quadripustulatus_ 5, 39, 104 
cylilldrieoIlis, Sitoua __________ 10,52 Exorista larvarum________ 6,7,63,105Cyrtorhillus_________ 59 
 Exorista mella ____ .. __ '" ___ _ _ _ 105 


dactylopii, LepLomaslix ________ 86, 94 

Dacus dorsalis______________ _ IS fausta, Rhagoletis. ________ ' _ _ _ 25 

Dahlbomillus fuscipenuis _______ 5, )8, Fenusa ulmL ________ ' • ___ ._ __ 92 


Ferrisia_ _____ _ _ __ _ _ _ _ ___ ____ _ 100
08,101
debilis, Rhizobius_ __ ___ , __ S, 26, 126 Ferrisia virgata______________ • 109 

Delphastus_ ___ _____ _ _ _ _ _ _ __ _ _ 32 festiv~ Agathis. ____ ___ __ ___ __ 19 

Dendroctonus fronialis .... ___ • 67 ficus, Lepidosapbes____________ 30 

Dermacentor anrlersonL ____ . _. 72 flava, Siphll.___________________ 60 

Dermacentor variabilis_._. ___ __ 72 flavescens, Cnidocampa_ __ _ _ _ _ _ 4, 65 

destructor, AspidiotUl,__________ 4,32 .fiavescens, Cryptognatha_______ 41 

destructor, Pbytophaga. _ ____ _ 6, 56 flaviconchae, Apanteles _______ . _ 47 

Dexilla rustica. _________ .. _ _ __ 54 florideJJsis, Ceroplastes_ _ _ _ _ _ _ _ 69, 128 

Dexilla ventralis __ • • __ •• _. 6, 23, 102 Forficula auricularia _ _ _ ____ _ _ _ _ 5, 71 

Dialeurodes citrL _ • ,, __ .. _' __ 41 Fonniea________ -- ••.•.. ___ .___ ]5 

Diaspis boisd uvaliL _ , __ ....__ _ _ 100 it)rmiearius, Thanasimus. _ '"_ .. _ 67 

Diaspis cocois________ ., __ _ 100 formosanus, Opius._. ___ 25 

Diatraea saccharali$_________ 4,44 frontalis, Dendroctonus .67 

diatraeae, Lixophaga____ .2, 5,44, iIO frllgiperda, Laphygma _ ___ 49 

Dibrachoides dynastes_________ 50 frustrana bushnelti, Rhyaciollia. 66 

dictyospermi, Chrysomphalus___ 96 frustrallae, Campoplex_________ 66 

dimidiata 15-spilota, Leis ____ 4, 60, 108 frutctorulll, Diprion__ _________ 101 

Diplosis sp _______________ - ___ 92 
 fuscipennis, Dahibolllinus_ 5,18,68,101
Diprion Irutetorulll __ . ___ . _ _ _ _ _ 101 fUSCi\'ClltriS, Anagyrus.________ 37 
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gahani, Pseudococcus__________ 7 35 iceryaeella, Holcocero.. _ . _ 23 

Galerucella xanthomelaena _ _ _ _ _ 5; 66 inaequalis, Coelophora. _ 60 

giffardianus, Tetrastichus_______ 25 inanitlls, Chelonus ___ _ • 5,48,91 

gifuensis, Macrocentrus_7,42,43, 112, 113 incertus, Archytas_ 49 
 •

gilvifrons, StethorllS. ___ • __ • __ _ 41 inconspiclla, Sturmia __ 63 

glaseri, Neoaplectana. __ ' ___ . __ 24 insidiator, Coccophaglls __ 69 
__ 104
globulifera, Beallveria _________ • 58 insignicola, Physokermes
glomeratus, Apanteles ___ 1,6,49,76,77 interrllptor, Cremo.stlls. __ . 8,66,98 

gioverH, T.epidosaphes._. __ ... _ 31 Iphiaulax rimac____ . 44 

Glypta haesitator _ 48 Iridomyrmex humilis 16 

Giypta sp ____ .. __ .. _ 48 Txodiphagus Co.llcllrtei 72 

Gllorimoschemaoperclliells. ] 7, 49 

GossypariasPllria________ _ 69 japonico., Popillis.___ _ _ 6,23, 102 

gossypariae, Coccophagus _ 69 japonicllS, Coccophaglls __ ._. 28 

gossypiella, Pectinophora. 18, 47 javana, Chaetexorista__ 4,G5,8!)

gossypii, Aphis ________. 61 johnsolli, Ooencyrtlls 57 

graminis, Antonina_ __ 4, 61 juglandis, Acrobasis 23 

graminum, Toxopters. _ 59 

grandis, AllthonOmll1' 51 kirkpatricki, Bracon 47 

Grapholitha molesta_ 5, 19 kivuensis, Allagyrlls . 3G 

grylli, EmpuS8______ 56 koebelei, CleodiplosiH. 7, :)5, 92, 93 

gurueyi, Coccophaglls 7, 35, 94 koebelei, Rodoliu____ _ 2, 34 


koehlcri, Copidosomu ___ . 49 

Habrolepis rouxi.__ 4,29,106 krauhniae, Pseudococclls _ . . 109 

haesitator, Glypta_, _. 48 kiihniella, Ephestia______ e_. __ . 18 

Hambletonia pseudococcilla. _ 7, 38, 106 kunoensis, Lecunium._,_ ._ .. , _ 29 

Harrisina americana _ _ _ 22 kuwunui, Brachytarsus __ • 29 

Harrisina brillians__ _ 22 kuwanai, Oocncyrtus ___ . _ . _ 7,50, 

harrisinae, Apanteles ____ . 22 63,116,117 

harrisinae, Pelecystmns 22 

.harrisinae, Sturmia. _ 22 lacteicolor, Apantcle1' _____ 6, 64, 77, 78 

Heliothis_______ • __ 48 laeyjusculu~. Paratriphleps_____ . 4.8 

Heliothis zea____ _ 48 lailorensis, ProspultelllL___ .• 41 


_'e e, _.helvolus, AphyCllS_ .... _ 8, 27, 70, .80, 81 lanigerum, Eriosoma. 12, 39 

Hr,mencyrtus .crawii ______ • _" _ J25 TJaphygmll frugiperda_. _ _ _ _ _ 49 
 •

Hemerocampa. Jeucostigma. _ _ 78 lllricella, Coleophora" . _ 4, 66 

Hemilellca oliviae. __ . __ .. . ] 8, 50 laricinellae, Chrysochuris __ . 4, 5, 

hemisphaerica, Saissetia_. _ 94 66, 67, 92 

.hercyniae, Dipriol1 (Gilpinis) 5, 67 larvarum, Exorista .. _ . _•• 6, 7, 63, 105 

hesperidum, Amitus. _ 41 Laspeyresia caryanll_., _ _ 23 

ilesperidlllll, Coccus____ _ ]5 Laspeyresin nigricllnu. 48 

Heterarthrlls ncmoratus 5, 67 laxifrons, C'urceliu _ _ __ 6,f34, 89 

IIippodamia __________ . 59 Lebia scapularis__ .. _ _ ,,__ 67 

Hippodamia convergens__ .. . 61 Lecaniobius utilis, ... _ .. _ 8, 26, 108 

histrionica, :MurgsnUa_. • 57 Lecanium cornL ___ ,. _ ... ___ _ 28 

Holcocera iceryaeella ___ 23 Lecanium kunoensis ___ . _ . _.__ 29 

hominivorax, Callitroga_ _ 71 Leis dimidiata 15-spilotn __ 4,60, 108 

hookeri, Hunterelllls__ _ 72 lelltimorbus, .Bacillus____ --___ 24 

Horogenes molestae ____ 19 lepidosuphes, Apbytis___ . ___ __ 8:) 

IIorogencs punctorius__ _ .7, Lepidosaphes beckiL ___ ... ___ 5,30 


42,43,106,107 Lepidosaphes conchiformis______ :30,31 

humilis, Tridomyrlllex__ J 6 Lepidosaphes ficus_____ ___ __ __ 30 

humilis, Opius ______ . _ 25 Lepidosuphes gloverij _ _ ___ _ _ _ 31 

Hllnterellus hooked____ __ _ 72 Lepidosaphes ulmL.___________ 30 

hyalinipennis, ~ahan.us.,__ ,_ _ 70 Leptomastiden ubnormi:.L _ • _ 7, 36, 109 

Hypera brunnelpenllls, ..•. 84 Leptomastix dactylopii •.. ,. ____ ._ :36,94 

IIypera .posHca____ . 5, 50 leucopt.crus, Blissus__ _ _ ,.., _ . _ _ 57 

Hypera punctata__ _ 5,51 leucostigma, Hemerocampll_____ 78 

IIypcrecteina aldrichi. __ 6, .23, 107, J08 Lindorlls lophllntae___ 4,26, 29, 3D, 109 


lineatella, Anursia __ • _ _ __ _ _ _ ___ 21

Tcerya. _________ _ ___ JOO, 127 lingnanensis, Aphytis. __ .. _ _ __ 82 

Tcerya aegyptio.ca _ 34 Listroderes eostirostris obJiquus_ 52 

lcerya purchasi ___ • _ _ 5,33,34 littoralis, Epiplagiops ___ ~______ 52 

leery&. seychellarum __ _" 34 Lixophaga diatraelle. _. ___ 2,5,44, 110 
 •
iceryae, Orypt,ocho.etum~ __ 5,34,98,99 longana, Cnephasia_. ____ , _ _ _ __ 10 
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lophantaet Lindorus __ 4, 26, 2~, 30,109 nimoratus, Hetera~hrus_______ 5,67 

lounsburYl, Aphycus _____ 8,21,81,126 Jileoaplectana glaserL__________ 24 

Lucilia_______________________ 70 Neodiprion sertifer_________ 5,68,101 

luminosus, Pyrophorus_________ 55 Nezara viridula_______________ 57 

luna, Anaphoidea______________ 116 nidicola, Townsendiellomyia ____ 6,64, 

lycimnia, Coccophagus ____ ,. ____ 94,95 133,134 

Lydellastabulansgrisesceos __ 7,42,111 nidulans, Eupteromalus ________ 6,64, 

Lydioolydella metallicu ..... _ _ _ _ 54 103, 104 

Lymantriu monuchu_ 118 nigra, Saissetiu________________ 8,70 


nigricana, Laspeyresia_ .. _ _ _ _ _ _ _ 48 

macellaria, Callitroga______ ___ 71 nigridens, Phaeogenes _______ 7,42,120 

l\bcrocentrus_________ , __ .. .. _ _ 59 nitida, Eryonia ________ 5, 67, 102, lOH 

l\lacrocenLrus ullcylivorus •. ____ 13, 16, nodiceps, Cryptognatha ______ 4, 32,99 


18,20,4.8 nllbilulis, Pyrausta_______ . ____ 7,42 

Macrocentrlls gifucllsis_ 7,42,43,112,113 ~ Nygmia phaeorrhoea________ ___ 6,64 

M:acr~siph~m pisL_.__________ -: 61 

macuhcorllls, AphytlR _______ 6,33,82 ob:!C'"urator, Orgilus _________ 8,66,118 

maculipennis, Aphyclls___ 28 ochraceus, Coccophagus________ 9:3 

majalis, AmphimaUoll _____ ... _ _ _ 54 Oecophylla smaragdina_ ... ___ .. __ 15 

Malacosoma____________ _____ 89 oi-cae, Parlatoria_____ .__________ 6,32 

malacosomae, Carcelia ____ .. , .. _ 89 oleae, Saissetia_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 26 

mali, Aphelinus ___________ . ___ 12,39 oliviae, Hemileuca _____________ 18,50 

malious, Pseudaphyclls___ __ 7, 37, 125 Ooellcyrtus johnsoni .. _____ , • __ _ 57 

marinus, Bufo________________ 55 Ooencyrtus kuwanaL. _________ 7,50, 

maritimus, Pseudococcus___ . __ 38 63,116,117 

Masicera senilis __________ .. __ III operculella, Goorimoschemu_-'__ ]7,49 

medicaginis, Apanteles __ .... ___ 46,47 Opius .compensans_____________ 25 

Meigenia mutabilis_____ .. 53 Opius formos&nus_ _ _ _ __ _ _ _ __ __ 25 

melanoscelus, Apanteles ________ 7,63, Opius humilis_________________ 25 


78,80,117 Opius melleus_______ __________ 25 

mella, Exorista________________ ]05 Opius tryonL_________________ 25 

melleus, Opius _________ , _____ 25 opulenta, ProspalteUa__________ 41 

l\lesoleius tenthredinis____ ____ 68 Orcus clialybeus _________ 4,29,30,118 

meSsor, Calliephialtes _____ .,,__ 21 Orgilus obscuratOl· __________ 8,66, 118 

l\{etagollistylum minense __ .. ____ 44 orientalis, Anomalu___ __ _______ 55 

metallica, Lydinolydella__ 54 orientulis, Aphycus___ ___ _ _ ____ 28 

metallica, Pleurotropis _ _ . _ 6, 56, 123 orielltalis, Coccophagus _ _ _ _ _ _ _ _ 93 

Metateiruoychus ciirL_._. . 41

l\{eteorus _____________ • 104 paracnemis, Bufo______________ 55 

1leteorus versicolor___ ..... _ ... _. _ _ 6, 8, Paradexodes epilachnae_ _ _ _ _ _ __ 53 


64, 65, lla, 114 Paralitomastix pyralidis________ 22 

MicrocLonus aethiops__________ 52 Parasetigena segregata_________ 118 

Microphthalma ellropaea___ ____ 54 Parasetigena silvestris __________ 7,63, 

mioense, :Metagonistyl u Ill. . _ _ _ _ 44 118,119 

minutum, Trichogranuua•.. _____ 21,23 Paratheresia claripalpis _____ 5,44, 119 

Miridiba ____________• __ . , __ 102,124 Paratrioza cockerellL__________ 58 

modestus, Coccophaglls_ 9a Paratriphleps laeviuscullls_____- 48 

molesta, Grapholitha_ ___.. 5, 19 parcesetosu, Catana___________ 41 

molestae, Horogenes ____ , ,. _ _ 19 Parexoristacheloniae __ .. _______ 89 

1ll01estae, Phanerotoma_. _____ 19 parkeri, Porizon_______________ 52 

monacha, Lvmalllria____ . _ .. _.. __ 118 Parlatoriaoleae_______________ 6,32 

Monodolltomerus aereus_______ 6,7, Pauridia peregrina_____________ 36 


64,114, l15 Pectinophora gossypieUn ___ .. _ _ _ 18, 47 

monophlebi, Cryptochaetum____ 99 PelecystollHL harrisinae__ _ _ _ _ ___ 22 

l\lonophlebus_________________ 99 pennipes, Trichopoda __________ 13,57 

montrouzieri, Cryptolaemus____ 7, 16, pentagona, Pseudaulacnspis_ __ __ 2, .32 


17, 35, a6, a7, 99, 100 peregrina, Pauridia____________ 36 

mundus, Pseudaphycus________ 62 peregrinus, Tetrucnemus _______ 7,37, 

Murgantia histrionica____ . __ ___ 57 38, 130 

murgantiae, Trissolcus_________ 57 Peridesmiu phytollomi. ________ 50 

Musca domestica______________ 15 Perisierola emigrata___________ 21,23 
mutabilis, Meigenia____________ 53 perniciosi, Prospaltella_________ 4,13 
Myelois venipars______________ 23 29,30,32,124-
Mymar pratensis___________ 5,50, 116 pernicioslls, Aspidiotus_________ 2,31

Phaeniciu_ _ _ _____ ________ ____ 70
mytilaspidis, Aphytis__________ 31 
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Phaeogenes nigridens _ _ _ _ _ _ _ 7, 42, 120 PterygogrammB; acuminatum _ _ _ 58 

phaeorrhoea, Nygmia__________ 6,64 Pulvinaria_____ __ _ _ __ __ __ __ _ _ _ 100 

Phanerotoma molestae _________ . 19 pulvinariae, Coccophagus _____ 8, 27, 94 

Phanerotoma planifrons_____ 5,48,121 pumilis, Agathis___ _ _ _ _ _ _ _ _ _ _ 4, 66, 73 
 •
Phanomeris phyllotomae____ 5, 67, 121 punetata, Hypera_____________ 5,51 

Phenacoccus__________________ 100 punctorius, Horogenes_ ___ _ _ _ __ 7, 

philodice eurytheme, Colias_____ 11,45 42,43,106,107

Phobocampe disparis _______ 7,63,122 puparum, Pteromalus__________ 49 

Phoroceraagilis_______________ 118 purchasi, Icerya_____________ 5, 33, 34 

Phyllopertha__________________ 102 purpurea, Clausenia_ _ _ _ __ _ _ _ _ _ 37 

phyllotomae, Phanomeris____ 5, 67, 121 pygmaeus, Cephus______ _ _ _ ___ 55, 56 

Physcus "B" ______________ 5,30,122 pyralidis, Paralitomastix_ _ _ _ _ _ _ 22 

Physcus testaceous____________ 31 Pyrausta nubilalis _________ . _ _ _ 7,42 

Physokermes insignicola____ __ _ _ 104 Pyroderces rileyL_____________ 23 

phytonomi, Peridesmia_________ 50 Pyrophorus luminosus _____ . _ _ _ 55 

Phytophaga destructoL __ _ __ _ _ _ 6, 56 

Pieris rapae_____ ___ ___ _ _ _ _ _ _ _ _ 6, 49 quadridentata, Ascogaster_ _ _ _ _ _ 48 

piger~!3racon----------- ____ 5,48,87 quadripustulatus, Exoehomus___ 5,

pisi, Maerosiphum____ _ _ _ _ _ _ _ _ _ 61 39,104 

pisorum, Bruchus_____________ 52 Quaylea whittierL_____________ 8, 

planifrons, Phanerotoma____ 5, 48, 121 27,28,81,125,126

platani, Stomacoccus_ _ _ __ _ _ _ _ _ 104 

Platygaster pleuron____________ 56 Racodin~u~a antiqua___________ 71,85 

Platygaster zosine_____ _ _ _ _ ____ 57 rapse, Plens__________________ 6,49 

pleuron, Platygaster_ _ _ _ _ _ _ ____ 56 remulus, Trichacis_____________ 56 

Pleurotropis metallica___ _ _ _ _ 6, 56, 123 reprimens, Borrelina_ _ _ _ _ _ _ _ _ _ _ 63 

pomonella, Carpocapsa_________ 21 Rhagoletis cingulata___________ 25 

})omonella, Rhagoletis____ ______ 25 Rhagoletis completa_ __ _ _ _ _ _ __ _ 25 

Popillia japonica___________ 6,23,102 Rhagoletis fausta______________ 25 

Popillia spp_________________ 102,124 Rhagoletis pomonella__________ 25 

popilliae, Bacillus _____________ 11, 24 Rhizobius debilis ___________ 8,26,126. 

popilliavora, Tiphia____________ 6, Rhizobius ventralis_________ 8,26,127 


23, 24, 131, 132, 133 Rhyacidnia buoliana___________ ,8,66 

Porizon argentinensis__________ 52 Rhyacionia frustrana bushnellL_ 66 

Porizon parkerL______________ 52 ridibunda, Alysia______________ 71 
 •Porthetria dispar__ _ _ _ ___ _ _ _ __ _ 6,.62 rileyi, Pyroderces____ _ _ _ _ _ _ _ _ _ _ 23 

postica, Hypera_______________ 5,50 rimae, Iphiaulax______________ 44 

pratensis, Mymar _ _ _ _ _ _ _ _ _ _ 5, 50, 116 Ripersia____ ___ ____ ___ _ _ _ _ _ _ _ _ 100 

pretiosus, Tetracnemus______ 7,35,130 roborator, Exeristes_____ ___ ____ 43 

Pristiphora erichsoniL_________ 68 Rodoliaeardinalis_ _ _ _ _ _ _ 5, 12, 33, 127 

Prosena sibirita_ _ _ _ _ _ _ _ 6, 23, 12~, 124 Rodolia koebeleL__ ___________ 2,34 

Prospaltella clypealis___ _______ 41 rouxi, Habrolepis___ __ _ _ _ _ _ _ 4, 29, 106 

Prospaltella elongata___________ 31 rufimanus, Bruchus_ __ _ _ _ _ _ _ _ _ _ 52 

Prospaitella lahorensis ______ . _ _ _ 41 rugiceps, Euetheola____________ 55 

Prospaltella opulenta__________ 41 rusei, Ceroplastes__________ ___ 128 

Prospaltella perniciosL_________ 4, rusti, Coceophagus __________ 8, 27, 95 


13,29,30,32, 124 rustiea, Dexilla________________ 54 

Prospaltella smithL __ _________ 41 

Pseudaphycus malinus ______ 7,37,125 saccharalis, Diatraea___________ 4,44 

Pseudaphycus mundus_________ 62 Sa~sset~a h~misphaerica- _ _ _ _ _ _ 94 

Pseudaulacaspis pentagona_ ___ _ 2, 32 

pseudococcina, Hambletonia_ 7, 38, 106 ~:i~~::i: cl!~:~____ ==========_=== 8, ~g

Pseudococcus adonidum________ 7,37 salicis, Stilpnotia______________ 8,65 

Pseudococcus boninsis_ _ _ ______ 62 Sarcophaga ___________________ 56,70 

Pseudococcus brevipes_ _ _ _ _ _ _ _ _ 7, 38 scsp!1laris, Lebia_ _ _ _ _ _ _ _ _ _ _ _ _ _ 67 

Pseudococcuscitri_____________ 7,35 Scirtothrips eitrL _ _ ___________ 14 

Pseudococcus comstockL __ _ __ _ _ 7, 37 scutellata, Blepharipoda___ 7, 63, 86, 87 

Pseudo coccus gahanL__________ 7,35 Scutellista cyanea_______ 3,4,8,26,69, 

Pseudococcus krauhniae________ 109 108, 126, 128 

PseudococCllS maritimus________ 38 Scymnus binaevatus_____ 7,35,36, 129 

Pseudo coccus spp ____________ 74,100 segregata, Parasetigena. _ _ _ ____ 118 

pseudomagnoliarum, Coccus ____ 14,27 semifiavidus, Anastatus. ____ ___ 50 

psyllidis, Aphycus_ __ _ _ _ _ _ _ _ _ _ _ 58 senilis, Masicera_______________ 111 

Pteromalusegregius __________ 103 Serica ______________________ 102,124 

Pteromalus puparum . _ _ _ _ _ _ _ _ 49 Serics similis .. _______________ 55,131 
 • 
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serius, Eretmocerus____________ 40 

sertifer, Neodiprion _________ 5, 68, 101 

setipennis, Bigonicheta ____ ...__ 5,71,85 

seychellarum, Icerya___________ 34 

shanghaiensis, Chrysis_________ 65 

sibirita, Prosena________ 6,23, 123,124 

silvestris, Patasetigena__ 7, 63, 118, 119 

similis, Chilocorns ___________ 2,31,32 

similis, Serica ________________ 55, 131 

Sipha flava___________________ 60 

Gitona cylindricollis ____________ 10, 52 

Sitotroga cereal ella _ _ _ _ ___ .. _ _ _ 17 

smaragdin8, Oecophylla_______._ 15 

smithi, Prospaltella_______._ ___ 41 

solitarius, Apanteles_ _ _ _ . . _ 8, 65, 79 

Spintherus sp___________ ._ ____ 50 

spuria, Gossyparia_____________ 69 

stabulans grisescens, Lydella_ 7, 42, 111 

stanleyi, Aphycus ___________ 8,27,81 

Stethorus gilvifrons____________ 41 

Stethorus vagans______________ 41 

stigrnaterus, Agathis ______ 4,44,73,74 

Stilpnotia salicis_______ _ _ ____ __ 8, 65 

Stomacoccus platanL_____ .. ____ 104 

Sturmia harrisinae_____________ 22 

Sturmia inconspicua___________ 63 

Sturmia sp___________________ 22 

sycophants, Calosoma____ 7,50,63,88 

sydneyensis, Anarhopus_ 37, 38, 75, 130 

Sympiesis viridullL _____ 7, ,,12, 129, 130 


• 

Tabanus dorsifer______________ 70 

Tabanus hyalinipenllis_________ 70 

tsbidus, Cephus (Trachelus) _ _ _ _ 55 

tsxus, Aonidiella______________ 96 

telarius, 	Tetranychus_ _ _ _ _ _ _ _ _ _ 62 

Telenomus_ _ __________ _ _ __ ___ 45 

Telenomus emersonL _ • _ _ _ _ _ _ _ _ 70 

Telsimia sp______ ___ _ _ _ _ _ _ _ _ __ 31 

tenellus, Circulifer ___ _ _ _ _ _ _ _ _ _ _ 58, 59 

tenthredinis, Mesoleius_ _ _ _ _ _ _ _ 68 

terryi, Aphycus_______________ 62 

tessellatus, Eucalymnatus_ __ _ _ _ 81 

testaceipes, Aphidius___________ 59 

testaceous,Physcus____ _ _ _ _ _ _ __ 31 

Tetracnemus peregrinus__ 7, 37, 38, 130 

Tetracnemus pretiosus ______ 7,35,130 

Tetranychus bimaculatlls____ _ __ 62 

Tetran),,,hus telaritts____ _ _ _ _ _ _ _ 62 

Tetrastichus asparagL _ _ _ _ _ _ _ _ _ 13, 53 

Tetrastichus brevistigma _______ 13,67 

Tetrastichus bruchivorus_ _ _ _ _ _ _ 52 

Tetrastichus gifIardianus_ _ _ _ _ _ _ 25 

Tetrastichus turionum______ 8,66, 130 

Tetrastichus xanthomelsenae_ __ 66 

Thanasimus formicarius________ 67 

thoracica, Triaspis_____________ 52 

thuringiensis, Bacillus___________ 46 

Tiphia_______________________ 55 

Tiphia asericae_____________ 4, 55, 131 


Page 
Tipbia popilliavora____________ 6, 

23, 24, 131, 132, 133 

Tipbia vernalis ____ 6, 23, 24, 132, 133 

Tomocera californica___________ 26 

Townsendiellomyia nidicola_____ 6, 


64,133, 134 

Toxoptera graminum__________ 59 

Trialeurodes variabilis _ _ _ _ _ _ _ _ _ 109 

Triaspis sp___________________ 52 

Triaspis thoracics_____________ 52 

Triaspis vestiticida____________ 51 

Trichacis remulus_____________ 56 

Trichogramma________________ 17, 45 

Trichogrsmma minutum _______ 21,23 

Trichomasthus cyanifrons_ _ _ ___ 69 

Trichopoda pennipes ___________ 13, 57 

trifascistus, Coccophagus ____ 8, 27, 95 

trinitatis, Azya_____________ 4, 32, 84 

Trissolcus murgantiae__________ 57 

tristis, Anass_________________ 13,57 

tristis, Biolysia ______________ 5, 51, 86 

tritici, Aphidius_______________ 59 

tryoni,Opius_________________ 25 

tuberculatum, Ectatoma_______ 51 

turionum, Tetrastichus______ 8, 66, 130 


ulmi, Fenusa__________________ 92 

ulmi, Lepidosaphes____________ 30 

utilis, Lecaniobius __________ 8, 26, 108 


vagans, Stethorus_____________ 41 

variabilis, Dermacentor________ 72 

variabilis, Trialeurodes_________ 109 

varivestis, Epilachna___________ 53 

venipars, Myelois_____________ 23 

ventralis, Dexilla ___________ 6, 23,102 

ventralis, Rhizobius ________ 8, 26, 127 

vernalis, Tiphia_____ 6, 23, 24, 132, 133 

versillolor, Meteorus___________ 6, 


8, 64, 65, 113, 114 

vestiticida, Bracon____________ 51, 52 

vestiticida, Triaspis____________ 51 

virgata, Ferrisia___ _ _ _ _ _ _ _ _ _ _ _ _ 109 

viridis, Coccus________________ 15 

viridula, Nezara___________ :.__ 57 

viridula, Sympiesis__ 7, 42. 129, 130 


whittieri, Quaylea_____________ 8, 
27,28,81,125,126 


woglumi, Aleurocanthus________ 40 


xanthomelaena, Galerucella______ 5, 66 

xanthomelaenae, Tetrastichus___ 66 

x&nthostomus, Campoplex______ 23 


yoshidae, Coccophagus_ _ _ _ _ _ _ _ _ 28 


zea, Heliothis_________________ 48 

zinckeneHa, EtieHa_ _ _ __ _ _ _ _ _ _ _ 5, 48 

zosine, Platygaster____________ 57 
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