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;Biological Sontrol

of INSECT PESTS

in the Continental United States' ~

By C. P. Clausen?

Most of our major inseot pests of agricultural crops today are of
foreign origin, having entered the United States through various trade
channels since colonal days. The great expansion of international
trade in recent times and the greater speed of transportation have
incressed 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 bc attributed to several factors, one of which is
the absence of natural cnemies. 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 cach insect pest in the United States, and thus reduce
the hosts to the approximate level that oceurs in the countries of
origin. Often this level is not below that at which injury to crops is
inflicted and then other methods of control may 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 intentional importation of an insect enemy of & crop pest
into the United States was that of Apanteles glomeralus, a parasite
of the larvae of the imported cabbageworm, which became established
as o result of shipments received from England in 1884. However,
the real beginning of sustained biological control work dates from
1888, when Albert Kocbele 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.

! Submitted for publication August 5, 1955.

¢ Formerly entomologist in_charge, Division of Foreign Parasite Introduction,
Bureau of Entomology and Plant Quarantine, Agrieultural Research Adminis-
tration, United States Department of Agriculiure; now chairman, Department of
Biologieal Control, University of California.
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TECHNICAL BULLETIN 1139, U, S DEPT., OF AGRICULTURE

This account of biological control efforts in the continental United
States is believed to be reasenably complste up to 1950 insofar as the
record of importations and establishments is concerned. The final
results on & number of field projects cannot be given at this time
beeause the parasite-distribution and the importation programs have
not been completed.

WORLDWIDE SEARCH FOR EFFECTIVE NATURAL
ENEMIES

The entomological explovers for aover 60 yvears have combed practi-
cally every country in the Temperate, Subtropical, and Tropical
Zones for effective parasites and predators to eontrol the pests attack-
ing our agricultural ¢crops.  The 95 specics of imported parasites and
predators now establishied in the continental United States have come
from meny parts of the world, as shown in figure 1. Thex and their
hosts are listed 1 table 1.

As oxpeeled, most of the successful impertations have bheen from
temperalc areas, and by [ar the largest number have been from con-
tinental Burope. Many of our major pests have come from there.
The 42 species of established parasites from that region are used mainly
in large-scale and prolonged work to combat the gypsy moth, the
hrowntail moth, and other forest insecis, the Euvopean corn borer,
and the alfalfn weevil, Australia is represented by 13 species and
South Afvica hy 10, all being parsites or predators of scale insects
and mealybugs for use in California. Tt is noteworthy that relatively
few have come from South America, and as of 1953 none have come
from India or the Malayan region.

Among the 95 species that are here recorded as established, 81 arc
parasitic in habit and 14 predaceous. Of the parasiles, 32 species
belong to the hymenoplerous familics Encyrtidac and Eulophidae
(Aphelininae}, and they are used mninly for seale inscet and mealy-
bug control in California.  Of the 15 species of Tachinidae, § are uti-
lized in the control of forest and shade-tree insects.

Any list, such as that given in table 1, cannot be considerced com-
plete on any parlicular date, as species believed to be well established
have disappeared after a period of years; on the other hand, some
species not believed cestablished have persisted and appeared in re-
covery collections many years later.

For example, Rodolia koebeled (OL) from Australia was colomized in
infestations of coftony-cushion scale in California in 1891, and was
distributed through ficld-collected material during the following 6
years; yet ik later disappeared. Chilocorus similis Rossi, the predator
of the white peach scale (Pseudaulacaspis pendagona (Targ.)) and of
the San Jose scale {(Aspidiotus perniciosus Comst.), imported from
Japan in 1861 and 1902 and cxtensively colenized in Georgia, showed
3 marked increase the following year and was still common in 15045,
but eventunlly dicd out. Likewise Lizophaga diatraeae, the parasite
of the sugarcanc borer, persisted in Louisiana for at least 5 years after
completion of the colonization program, but cach year the number of
recoveries declined and it finally disappeared. It is thervefore possible
that some of the species included in the present list, particutarly those




FIGURe l.—Areas of origin of the 95 species of imported parasites and predators established-in the continental United
States. - Scutellista cyanea Mots. and Comperiella bifasciata How,, introduced at different times and from different areas
against several pests, are represented by two dots each.
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TABLE 1.—Imported parasites and predators (listed under host) successfully established in the continental United States,
couniry of origin, and date of importation, 1876-1951

Host and parasite or predator

Country of origin

Date of importation

Anlonina graminis (Mask.) (Rhodes-grass scale):
Anagyrus antoninae Timb
Aonidiella qurantii (Mask.) (California red scale):
Aphytis “A 1
Comperiella bifasciata How. (red scale strain)
Cyhocephalus sp
Habrolepts rouzi Comp
Lindorus lophantae (Blaisd.) ... . ._...
Orcus chalybeus (Boisd.) .o . ool
Prospaltella perniciosi Tower (red seale strain). . ____ ....._
Aonidiella cilrina (Coq.) (yellow scale):
Comperiella bifasciata How
Aphididae:
Leis dimidiala 15-spilota. (Flope)
Aspidiotus desiructor Sign. (coconut seale):
Azya trinitatis Mshll . ... ...

Cryptognatha nodiceps Mshll. .. _ . _ ... .. :

Auloserica castanea (Arrow) (Asiatic garden beetle):
Tiphia asericae A, & J oo .o i Ll

Ceroplastes cirripediformis Comst. (barnacle seale):
Sculelliste cyanea Mots

Cnidocampa flavescens (Wlkr.) (oriental moth);
Chaetezorisla javana B; & B o

Coleophora laricella (Hbn.) (larch caschearer):
Agathis prumilis (Rabz.) oot im0

Chrysocharis laricinellae (Rabz.) o il e menn 0 e {
Diatraea saccharalis (I.) (sugareanc borer):
Agathis stigmaterus (Cress,) . ..o oiiieun. . A ‘{

Japan

South China.._ .,
Puerto Rico
Trinidad

Korea, ...
Ttaly. .. ... ..
Japan...
Austria, England, Holland

Austria

Argentina. ... ...

Peru (Mo o ool ‘

1949.

1947.
1941.
1932-33.
1937.
1891-92.
1892.
1949.

1916-17, 1022~-24,
1924,
1938.
1936.
1938.
1927-32.
1895-98.
1929-30.
1932-37.
1932--35.
1936.

1929-30,
1932,

AENLTAOIEOY J0 “IdHd 'S ‘Nl ‘6811 NILATING TVOINHOIL
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Lizophaga diatraeae (I'ns.) . ..

Paratheresia claripalpis (v. d. W)y oo s
Diprion (Gilpinia) hercyniae (Htg,) (European spruce sawily):

Dahlbominus fuscipennis (Zeth.) - oo mcmac i e iaen
Eltiellg zinckenella (‘Treit.) (lima-bean pod borer):

Bracon priger Wesmi_o .. L. oo iiiaiiiiil e

Chelonus inanitus (L) . i e e

Phaneroloma planifrons (N ecs) .............................
Forficula auricularia 1., (Buropeéan earwig):

Bigonicheta setipennis (Fall). ... e s

“Galerucella zanthomelaena (Schr.) (elm leaf bcctle}
Erynnia nitida R-D. ... ..

Grrapholitha molesta (Busck) (oriental fruit moth):

Agathis diversus (MUes.) oo o e e Tad
Heterarthrus nemorafus (Fall,) (birely leal-mining sawily BE

Chrysocharis laricinellae (Rata.) - o oo L i v iiin v

Phanomeris phyllotomae MUCS_ . oo o oo i
Hypera postica (Gyll.) (alfalfa w ccvll)

Bathyplectes curculionis (Thoms.) - oo vimnn il

Mymar pratensis (Foerst.) - . oo i e aann
Hypera punctata (F.) (clover leaf weevil) :

Biolysia (ristis (Grav.) oo m i drrm e aace e ccm el wmmnmn
Icerya purchasi Mask. (cottony-cushion seale): i

Cryptochaetum sceryae (Wilk) o e i oo e miaaaas

Rodolia cardinalis (Muls.) - L L oo oo il o eminans
Lecaniine Coceidae:

Erochomus quadripustulatus (L)ool oo
Lepidcsaphes beckii (Newm.) (purple scale):
Aphytis “X" 1o e e e e e S

Physcus "B e i e ma e
Neodiprion sertifer (Geoﬁ") (pine sawfly):

Aplesis basizonia (Grav.

Dahlbominus fuscipennis (Zetb.) - o ool i il

Cuba, Puerto Rico.ca-= ... ..

{1\ rgenbina. oo Lok e
Pertle e i ia s

Europe {via Canada)._._...... e

France, England, Italy. ... ...

J ) Rt
VP TARCC . s e e e e i e

Japan.... ...

Austriae. oo

{Tmncc .........................

China. . oliiaiellian
South China, Formosa_. ... ..._.
Formosa. .. __Lll_ i .-l

1 Species designation by Department of Biological Control, University of California,

1915, 1918-20,
1936-40.
1929,
1929~31, 1932, 1936.

1935-39.

1936-38.

1938.

1936-38.

192429, 1931, 1938-39.

1909, 1911.
1924—20 1932-35, 1939.

1933-36.

1930-34.
1930-35.

1911~13
1911~13, 1925-28

1912,

1888-89.
1888-89.

1905-6.
1915, 1927

Prior to 1016,
1948-49,
1950-51.

1935, 1938, 1940,
1935-36.

1926-27,

SALVIS ('IC*LLINJ’.I THLL NI SLSEd LOISNI 10 TOULNOD 1VIIDOTOIA
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TasLE 1.—Imported parasites and predators (listed under host) successfully established in the continental United States,

country of origin, and date of tmportation, 1876—1951—Continued

Host and parasite or predator

Country of origin

Date of importation

Nygmia phaeorrhoca (Donov.) (brown-tail moth):

Apanteles lacteicolor Vier.o oo _ .. . ... .. . .. =
Carabus auratus L_____.._____. e
Cuarcelia lazifrons VillL_____._.__ . ... - .. .
Eupteromalus nidulans (Thoms.) ...

Exorista larvarum (L) oo . L

Meteorus versicolor (Wesm.) -_.__.___: A
Monodontomerus aerens Wikr. . ___ . .. ...

Townsendiellomyia nidicola (Tnsy__.. .
Parlatoria oleae (Colvée) (olive scale):
Aphybis maculicornis (Masi):
(Egyptian strain)._. . __. . S
(Indian strain) _______.. . . ..
(Persian strain). ... .___. S
(Spanish strain) . ._ ... _..__.. o
Aspidiotiphagus Sp__ ...l _
FPhytophaga destructor (Say) (Hessian fly):
Pleurotropis metallica (Nees)___.______.
Pieris rapae (L.) (imported cabbageworm):

Apantéles glomeratus (L) vl il il i

Popillia japonica Newm. (Japanese beetle):
. Derilla ventralis (Aly_____ ... _ ... . ... ...
Hyperecteina aldrichd Mesnil__ . __. ... ... . ... . .
Prosena stbirita (F.) o oo i

Tiphia popilliavora Roh. .. .
Tiphia vernalis Roh... . __..._.

Porihetria dispar (I..) (gypsy moth) :
Anastatus disparis Ruschka._ .. .. . .

3

1
¥

Austria, Maly___.. . ...

Burope.. . oewenca. |
e do.__. ... .

Central Furope.-. .

Ttaly . . ...

ivBuropeo .. lolu

Central Kurope. ... .
Furope.... . ....

Beypta_....

¢ India. ...

Fingland.._. .

{England____,

Germany___.

Korea..__...

Japan_____..
_____ do_ ..o,

Hdapan__ . ..oo_
~.{ Korea, China___._. .

Korea, South China._._ ..

GCentral Burope, Japan.__ . .

i

|

i
'

1906-10.
1907.
1906-10.
1906-8.

.1 1905.
© 1906-11, 1923-32.

1806-11.
1905-10.
1905~11,

1948-49, 1951.

. 1950,
L1951

: 1951,

1951,

189094,

1875, 1883-84, 1891,

1881.

1925-27, 1920-31.

1920-24, 1927-30, 1933.

1921- 30,

1920-22.

1925-27, 1630-31, 1034-
36.

1924-33.

1908-10.

9
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Apanteles melanoscelus (Raln) ..... L . R Nieily ., - [
Blepharipoda sculellata R.-D . R - o luuropt e
Calosoma sycophania (1) .- ... : o Bw n/('rlun(l ltnlv ............ e
Carabus auratus T._. . .. .o R 1 UFOP@. e o RIS
Compsilura concinnala (\rmg e L e IC('I;tml B uropv- e e
m:,_._- D SR IS |
Exorista larvarum (1Y ... 0 . ; {i* arope.. LT
Monodontomerus aereus WIkr__ . R, . CRurope. Lol
Qoencyrtus kuwanai (How.y. . .. - . ¢ Japan. . Soeels PR
Parasetigena silvestris R-D.o ... : o Qentral Buropeo. ..t oo
Phobocampe disparis (Vier.) . . . i .do.. . o
Pseudococcus adonidum (1..) {k am,-tn-l(\d m(‘alvl)ug_) !
Anagyrus fuscivenlris ((-n J. . ) _ i Hawaii . .
Anarhopus sydneyensis Timh. . DAustralia_ o oo
Tetracnenus peregrinus Comp. . “ {E?,:{it;:\rlua "~ _‘ ’ “ ) ‘

Pseudococcus brevipes (CKIL) (pine 1[)[)](‘ nwnl\hun.
Hambletonia pseudococcina Comy . . { Brazil (via Puerto Rico).. ..
Pseudococcus ¢itri (Risso) (eitrus nwalvhnﬂ) :

Cryptolaemus monirowzieri Muls._ . .. Australiac

i o
Leptomastidea abnormis (Gird. .. ... i Sieily . ) S s
Pseudococcus comstocki (Kuw.) (Comstock anl\'bug,): !
Allotropa burrelli: MUCS, . o woiivamal cii i i Tapii L e
Pseudaphyecus malinus Gahan_ .l ... .0 o0 e e e et 0 e e i
Pseudococeus gahani Gréen (citrophilus mealybug): H
Cleodiplosis koebelei (Felt) oo o ooiio o e ama e Australing oLl e
Coccophagus gurneyt COMp. L. .. oa e e o i ._g- SRR s [« T S i
Scymnus binaevatus (Muls) oo L. ol e I South Africa.. .. ... e
Tetracnemus pretiosus-Timbe. oo oo Lo il , Australia. o oo el o
Pyrausta nubilalis (Hbn.) (Iuropean corn borer):
Chelonus annadipes WeSI Lo o lu o ihadniniieci o manruny Tt.ll) ...........................
g Franee, Tbaly o o c ool imcaim e
. } 3 R
Horogenes punclorius (Roman) oo ... ... 0. o oaqua *{M‘mch’urm ______________________
; N e R Pranee, Thaly o avaia
Lydella stabulans grisescens R. D--“-.‘_ F T !{Tapan Korea. oo
S o Franceo. . e eemmem e
Macrocentrus gifuensis Ashm_ .. u_w oo '“'“‘!{T'lpun, Korem - oTmT
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Phaeogenes nmrulen.s WESIN et e e i Q{Iupun_* ________________________

Sympiests viridula (THOMS.) «limima i ic e m s cmc e e e e Tty e e S 1

PG 2,
1905~11, 1624~27.

1605--10.
1607.
1006+ 11,
1€05,

1906-11, 1923-32.

1905~10.
10079,

1006-11, 1924-33.
190712, 1924-31.

1036
1£33.
19244, 1926.
16344,

19484,

1801 -02.
1914,

193941,
1941,

1928.
1928.
1921,
1928,

1929-37.
1921-~23, 1925-37.
1630-32.
1920-35.

i '1929-36.

1926-33.
1929-32.

1924-32, 1937-38.

1931,
1930-34.
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TaBLe 1L.—Imported parasites and predators (listed under host) successfully established in. the continental United States,
country of origin, and date of tmportation, 1875—1951—Continued .

Host and parasite or brcdator

Rhyacionia buoliana (Schiff.) (Europecin pine shoot moth):

Cremastus interruptor Gray

Orgilus obscurator (Nees)

Tetrastichus turionum (Htg.)
Saissetia nigra (Nietn.) (nigra scale): -
Aphycus helvolus Comp
Saisselia oleae (Bern.) (black scale):
Aphycus helvolus Comp

Aphycus lounsbury: How
Aphycus stanleyi (Comp.)
Coccophagus capensis Comp

Coccophagus cowperi Gir
Coccophagus pulvinariae Comp
Coccophagus rusti Comp
Coccophagus trifasciatus Comp
Lecaniobius wutilis Comp
Quaylea whiltieri (Gir.)
Rhizobius debilis Blackb
Rhizobius veniralis (Er.)

) Scutellista cyanea Mots.

Stilpnotia salicis (1.) (satin moth):

Apaniteles solitarius (Ratz.)
Meteorus versicolor (Wesm.)

Clountry of origin

Date of importation

¥

‘fAustria
1 England
{Holland
: [A ustrin

England
Holiand
| Austria

South Afrieto .ol

South Africa
South Afriea
Australia_ oo o i
South Afriea

{South Afriea ool
Australia. .

Transvaal

South Afriea.. .. oo ..
Argentina, Brasil

Australia

Australia, Tusmania
South Africa

Hungary . oo oo ol
{Austria

1931~35.
1936.

1937.
1931, 1933-35
1936,

1937.
1931-35.

1938.

1924, 1937.
1900, 1914.

1916

1937.

1914-15, 192123,
1918.

1937,

1937,

1937, .

1924-25.

1934-35.
1900-1901.
1891-92.

1888-89, 1891-92;
1300-1901.

1927.
1932-33.
1932-34.
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BIOLOGICAL CONTROL OF INSECT PESTS IN THE UNITED STATES g

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

The species that were imported but did not become established
represent & much larger number and came from practically every
country or geographic area. Approximately 390 species were imported
and colonized i varying numbers, but failed to establisl 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 o cousiderable number of species that
were released in very large numbers and under all possible environ-
mental conditions and even then failed of cstablishment. In some
instances adverse climatic conditions were believed responsible,
wlereas 'a others the apparvent lack of suitable alternate hosts to
carry the parasite through the winter served as an effective bar to
their persistence year after year.

4t least 175 additional species were imported, but were not released.
This was due to various reasons, such s insufficient numbers for satis-
factory colonization, arrivel of the shipments at the wrong season for
relcase, failure of the stock in hibernation, inability to rear the species
In the insectary, or doubt as to the cxact host relationships.

ORGANIZATIONS CONDUCTING BIOLOGICAL
CONTROL WORK

The Federal Entomology Research Branch, formerly the Buresu of
Entomology and Plant Quarantine, is responsible for controlling the
importation of living insect material into the United States, and has
largely restricted 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 insect pests
and hyperparasites. Many importations comprise encrmous quanti-
ties of living host stages, which represent a real risk unless they are
handled with extreme care.

Until 1934 all phases of the biologieal control worl of the Bureau
were conducted independently by the several divisions concerned with
rescarch on the different inseet pests. In that year the Division of
Foreign Paresite Introduction was organized, with respoosibility for
the foreign investigations and for the quarautine handling of the im-
ported material. After passing through quarantine, the pure eolonies
of approved parasites and proedators were released to field stations of
the respective divisions, which were then responsible for the rearing,
colonization, and recovery programs.

In 1940 the facilitios for the quarantine reception of imported mate-
rial were greatly improved through the construction and utilization of
& specially designed parasite receiving station at Hoboken, N..”. This
occupied an entire floor in the Plant Quarantine Buildiag, and pro-
vided insectproof rooms with independent air-conditioning controls in
each, as well as cool-storage facilities, for the safe handling of any
type of material that might be reccived. Uufortunately, 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 California, which began
importations en an independent basis in 1899, Prior to this date the
explorations of Albert Koebele in Austria, Wew Zealand, and Fiji dur-
ing 1891-92 were on & eooperative basis with the United States Depart-
ment of Agriculture, whereas those of George Compere in 189%-1801
were sponsored by the State. In 1913 the bielogical conirel work of
the State, then under the State Commission of Horticulture, was reor-
ganized under the direction of Harry 3. Smith, and this unit was trans-
ferred to the University of Californie in 1923. In 1931 the parasite-
importation program in California was formalized under a three-way
memorandum of understanding between the Bureau of Entomology
and Plant Quarantine, the University of California, and the State
Department of Agriculture. Excellent quarantine facilities arc pro-
vided at the two main stations of the Department of Biological Con-
trol at Riverside and Albany, and the scale of work for the State is
now about equal to that of the Federal organization. Approximately
one-third of the species of parasites and predators established in the
continental United States have been imported by the California
organizations.

The early investigations on natural cnemies of the gypsy moth and
brown-tail moth that were conducted in Europe during 1905-11 were
on a coopersative basis between the Bureau and the Massachusetts
State Board of Agriculture, whereby the State defrayed the costs of the
foreign explorations by Bureau personnel.

Atthough the State organizations, with the one exception mentioned.
de not conduct importation activities, they are now participating
substantially in the overall biological control program, especially
the colonization and recovery phases. In general, the Entomology
Rescarch Branch is responsible for the initial colonization and estab-
lishment of imported parssites 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 on
zypsy moth and a large portion of that on the Japanese beetle and
Furopean corn borer were handled by the Federal organization slone.

In recent years the States have been participating mueh more
actively. An esample is the cooperative project developed in 1943
for the wide distribution of corn borer parasites, mainly in the Middle
West, and for the 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 meaking the importations, passing the material through
‘guarantine, and 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 {Chephasia longana
(Hew.)) in Oregon, and the Rhodes-grass scale in Texas. The
Branch also forwerds direct to the University of California many
consignments of parasites for use against miscellancous pests in that
State. The Maine Forest Service and the New Jersey Department of
Agriculture have condueted large-scale rearing and colonization pro-
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grams with sawfy parasites of European origin provided by the
Canadian Department of Agriculture.

This participation of the State organizations in biological contrel
projects is encouraging and offers possibilities of a substantial contri-
bution to progress in this line of work, In the case of an insect pest
of wide distribution, such as the corn borer, it is obviously imprac-
ticable even for the Federal organization to maintain a staff of
sufficient, size to rear and colonize the imporied parasites over the
entire infested area, not Lo mention the fellowup recovery and evalua-
tion studies that are required in each section. The program as a
whole would undoubtedly be much further advanced todayv if the
cooperative plan of work developed about 1943 could have been
undertaken many years earlier.

MICROBIAL CONTROL OF INSECT PESTS

Mierobial control is that part of general hiclogical control in which
disease-producing micro-organisms rather than insect parasites and
predators are ulidized in the control of inscct pests. The micro-
organisms may be viruses, bacterig, fungl, protozos, or nematodes.
All these groups play an important and often dominant part in the
natural control of many insects, though their utilization in biological
contrcil has lagged far behind thas of the insect parasites and predators
(187

Results thus far from utilizing several fungi, baeteria, viruses, and
nematoedes for the control of crop pests in the United States have been
sufficiently successful with only two organisms, in that their use may
be considered practical for control in the field. Other organisms have
been used successfully in small-scale field experiments, but for various
reasons the work has not advanced bevond thal point. The two
successful micro-organisms are the bacterium  Bueillus popillice
Dutky, which is widely cimployed Lo control Japanese beetle grubs in
the soil in the Northeastern States, and the virus Borreling campeoles
Steinhaus, which has proved highly effective in the control of the
elfalfa caterpillar (Colias philedice ewryiheme Bdvl) in California.

Unfortunately the cavly atlempts al micrebial coutrol were with
organisms nol adaptable for such use, and their overexploitation
hampered further development in this field. Tt became the general
opinion thal insect diseases were strietly dependent on climate for the
development of outbreaks and (hat if elimatic conditions were not
favorable nothing could be done Lo invrease their effectiveness in the
field.

Steinhaus (788) not only thoroughly analyvzed past efforts in the
utilization of discase-producing organisms in insect coniral but dis-
cussed the disadvantages as well as the advantages of this method.
He emphasized that microbial control of certain insccts is being con-
stantly maintained in nature without the help or interference of man,
and that these micro-organisms contribute substantially more to
natural control than is generally recognized.

Perhaps the outstanding disadvantage in the use of micro-organisms
in inseet control is the need lor accurste timing of the applications.

¥ Ttalic nombers in parentheses refer to Literatnee Cliled, p. 135,
ABA834I—56 2
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This is especially true when dealing with foliage-feeding insccts as
compared with those inhabiting the soil. The fungi especially need
to be distributed when moisiure and temperature are high. Under
certain circumstances the pathogenie organisms may have a definitely
adverse effect on the inscel parasiles and predators of the pest, and
the net eflfect may be detrimental.  Aierobial control, cven if fully
effective, may not be so lasting as thet attained with insect parasites
and predators and may necessitite reapplieations annually or at such
intervals as the pest buildup may require.  As vel there has been no
demonstration of microbial control comparable in comploteness and
pevmanence lo that ol the cottony-cushion seale by the vedalis
(Rodolia cardinalis). _

Alicrobial control has the lollowing advaninges: (1) Many of the
micro-organisms can be cultivated and produced af low cost as com-
pared to insect parasiles and predators, (2) application in the ficld as a
spray or dust costs approximalely the same as that of an insecticide,
(3) micro-organisms are harmless to man and plants, and (4) they are
not afleeted by most insecticides.

One of the most imporiant points demonstrated by Steinhaus and
his associates in recent work in California with seversl viruses and
bacterin is thal outbreaks of disense can be indueed at practically any
level of host density (140}, This possibility and a [uller understanding
of the interrelationships of Lthe organisms, climalic condilions, and the
host will permit mueh greater utilization of these controlling agencies
than in the past.  1ts quite possible that their successtul use may
vield results vqual to those already attained with the insect parasites
and predators.

UTILIZATION OF NATIVE PARASITES AND
PREDATORS

The wide range of climatic conditions in the continental United
Stales hns a dircet bearing on the distribution of nadve insect pests
and their natural enemies.  Arcas ol comparable climate may be
widely separated by geographic burriers such as mountain ranges and
deserts.  Originally these barviers, in conjunclion with the discon-
tinuous occurrence of the food plants, served as effective checks
against the spread of both pests and natural enemies.  The advent of
rapid transportation [ucilities and the large-scale movement of plants
and commoditics throughout the country have been the means
wherehy many pest species hnve been able o extend their range.
"T'his has been facilitated also hy changed agricultural practices, which
have greatly extended the areas in which each crop is grown, and
which many times have redueced the extent and effectiveness of the
nalural harriers,

An excellent example is the woolly apple aphid (Eriosoma lanigerum
(Hausm.)}, which is native to the northeastern portion of the conti-
nent.  With the extension of apple culture to all parts of the country,
this pest spread rapidly and reached the Pacific coast about a hundred
yenrs ago. IHowever, its parasite, sphelinus maeli (Flald.), was left
behind,  The colonizatlon and establishment ol Aphelinus i these
new sections has resulted usunlly in salisinclory control.



http:largc-scn.le

BIOLOGICAL CONTROL OF INSECT PESTS TN TIHE UNITED STATES 13

The squash bug (Anase {ristis {Deg.}) oeecurs throughout the Gnited
States, whereas its principal parasite, Trichopodu pennipes (I'), or
more cxactly tiie strain of that species, was limited {o Lhe eastern
regionr. 'Fhe latter hos now been colonized suecessfully in the Pacifie
Northwest.

In a shightly different category are the pests of foreign origin that
have become widely established and which have been attacked by
native parasites. The oulslanding example in this group is the
oriental fruit moth. A nalive parasite, Macrocentrus ancylfivorus
Rob., the nermal host of whiech is the strawberey leal voller (clneyfis
comptana fragarice (AW, & 1)), quickly adapted itself to the new host,
and has been utilized elfectively in the biolovical econtrol of the fruit
moth. Originally, the parasite’s distribution was limiled, centering
about Now Jersey and Delaware, but its effeetive range on the new
host hias now been greatly extended through a large-seale distribution
program.

Other similar examples may be eited, The asparagus beetle
(Crivceris asparagi {1..)) is attacked in the Eastern Stales by a native
ege-lerval parasite, Petrastichus asparagt Cwid., which was of limited
distribution.  Its introduetion into the Pacific Northwest was highly
benefieial.  Likewise T, freristigmae Gahan, a pupal parasite of the
elm leaf heetle in the Bastern States, proved ol value alter its intro-
duction into Californin,

There is some question as Lo whether the more effeetive parasites of
the San Jose seale are of foreign or domestic origin, but in any case
their natural distribution has not covered the entire range of the pest
in the United States. The inlroduction ol Prospaltelle perniciost
from Georgin inte California aided greatly in the control of the pest
in that State.

These few examples indieate the need for and benefits o be gained
from the distribution of native parasites throughout the country when
it is found that they do not occur throughout the range of the host
insect. 1t has been demonstrated that many native parasites are
well adapted to conditions that prevail in some, 1l not in all, areas in
which they do not occur naturally.

EFFECT OF INSECTICIDES ON NATURAL ENEMIES

The discovery and widespread use of niany new and extremely toxic
insecticides during and following World War 11 have had a pro-
nounced effect on the biological control of several major pests and
on the natural control of many other pesis that previously had
been of only minor importance.  Many of Lhe insecticides used prior
to 1945 remained in toxic form as residues on the foliage lor only a
short time after application, and consequenlly were destructive to
parasites and predalors fer only a {ew days after application, rather
than for a peried of months (27). ‘This was vspeeinlly true of the
mseeticides of plantl origin, sueh as rotenone, nicotine, and pyreth-
rum.  The portion of the natural-enemy population affecled by these
materials was only (hat which was In the aclive stage for a short
period alter treatment, and therealter the ratio of natural enemies to
the pest insects was apprecinbly higher than belore.
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The first of the new insecticides to appear, DD, quickly demon-
strated its destructiveness, owing not only to its high toxicity to many
entomophagous insects but even more to the persistence of a toxic
residue on the folinge for as long as 6 months or more. A spectacular
example of its capaeity to upset the natural balance of an insect pest
very soon appeared in the case of the cottony-cushion scale on citrus
in Califernia (38). The application of DDT for control of the citricola
scale (Coceus psewdomagnoliarum (Kuw.)) and the citrus thrips
{Scirtothrips citri (Moult.)) was quickly followed by heavy infesta-
tions of the scale, asituation that had not been seen since the introduc-
tion of vedalia more than 50 ycars before. Two applications, one
during the winter or early spring and again in July, resulted in the seale
remaining free from atlack by Lhe vedalia throughout the scason. A
single application prior to July weathered sufficiently before fall to
permit recatrance of vedalia and consequent biclogical control. In
localities where use of the insecticide has becn general, the coloniza-
tion of vedalin after a proper interval rather than waiting for the
natural influx from some distanes away oxpedited control. A similar
course of events has been shown in the ease of such inseels as the black
seale in Califoruin and the woolly apple aphid in the Northwest.

Another and possibly more serious cffect of the new insecticides has
been revealed through the upsurge of minor pests following these
applications. Many of these pests had previously been of little
economic importance and reqguired no special messures for their
contrel. Reports have come from all parts of thie United States of
heavy inlestations of aphids, phytophagous mites, scale insccts, and
leaf miners following application of insecticides for control of other
insect pests. This development is usually attributed to the destrue-
tion of the natural enemies. 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 worl is now being done
to measure and evaluate the cffect of the new insecticides on the
complexcs of inscet pests on the different crops. As these data
accumulate it may be possible to devise measures to eliminate or
minimize the harmful eflects of present chemical control practices.

Of the exteusive number of new organic insceticides developed since
DDT, some of which are vastly miore foxic, none have as long a
residual action and several lose their eflectiveness very soon after
application. A change in the chemical used, in its formulation, or in
the timing of applications may contribute Lo the solution of the
problem. These compounds differ markedly in their toxicity to
enfomophagous insccts, and each one possesses qualitics making it
especially toxi¢ to some species and relatively innoeuocus to others.

The use of the so-called selective insecticides (£20) has been recom-
mended to overcome the difficulties previously mentioned. These
insecticides are stomach poisons, the particles of which are coated
with substances that are digestible only by the plant-feeding inseets,
and are therefore harmless to the parasites and the more common
groups of predators.

Another approach {o the problem is the recently developed systemie
insecticides, which at present appear to have o somewhat restricted
usefulness. These compounds enter the sap stream of the plant
either through the foliage or by way of Lhe rools and are translocated.
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The phytophagous insects are killed as n rosult of feeding on the sap
or foliage, but parasites and predators attacking them are not harmed.
Some of these compounds when applied to the folinge are toxic to
parasifes and predators, the extent varying with the species con-
cerned, but this effect persists for only a short time.

The development of resistance to insceticides, which has been
demonstrated in recent vears 16 oceur in many pest species, loads to
the hope that a similar resistance may appear amongr the entomo-
phagous insects. Confirmation of that development in the feld is
lacking, mainly because evaluation studies are kss exact in biclogical
contrel programs than in those dealing with Ianseccticides. The
attempls to produce resistant strains in the inseetary have vielded a
little success, though not sufficient io be of practical application.

ANTS IN RELATION TO BIOLOGICAL CONTROL

The ants have o wide range of food sources, ineluding fungi, plant
sap, exudalions, and seeds, honevdew seereled by various inseets, and
the body fluids and tissues of other insects and higher organisms.
As a whole the predaceous members of the family ranik high as natural
control agencies, which hold many inscet pesls of forest trees and
agricultural erops below the level of cconomic injury. They feed
extensively on many insects that pass all or part of their lives in Lhe
soil, and have heen reported te destror a high percentage of larvace of
fruit flies and house flies (dfuseu domesiica 1..), which onter the soil
for pupation, The driver and legionary ants of the Tropics when on
the march destroy practieally ol inscet life in their paths that is
unable to escape by flight.

Ants were the first inseets to be utilized in biological control.  Yor
many centuries the Chinese citrus growers made a regular practice of
placing colonics of Occophylle smaragding K. in therr orchards, and
even provided runways from tree to tree. The ants were bhelieved Lo
feed on naked caterpillars and to drive away beetles and various hugs.
At the present time ants of the genus Formica and rvelated forms are
colonized and protected for their aid in conlrolling inscel pests in the
foresis of Burepe,

The species that are harmful to agriculturnl craps are mainly those
that feed on honeydew seereled by seale inseets, mealybugs, whiteflics,
aphids, and leathoppers. The injury is mminly indirect, resulting
from protection given these pests from their nntural enemics. The
predalors are driven away and oviposition by parasites is prevented.
The harmful effect is especially noticeable with parasito specios that
require considerable time for completion of aviposition or for host
feeding (72).

In addition to their harmiful effeet through interforence with the
activities of natural encmies, anls have been shown to be directly
harmful by performing » sanitary service for the inseet pests—the
removal of honeydew, which results in a reduction in mortality of the
carly stages and an acceleration in the rate of development,

There s a wide varintion in altractiveness to unts of the honeydews
of different species.  That of the soft (brown) seale (Cvecws hesperidum
L.}, black seale, and green seale (Cvecus viridis (Green)) 1s 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 southern California it is essential to eliminate
ants before biological control of any of the lecaniine scales can be
accomplished by the introduced parasites, and this applies also to
mealybug control through the use of the coccinellid beetle Crypto-
laemus montrouzieri.

Tt has been generally assumed that the development of diaspine
scale infestations would De fitile affected Ly ants, inasmuch as these
seales do not produce honevdew., However, there are usually small
colonics of aphids, soll seales, or mealybugs on the trees, and the
ants in tending them ineidentally protect the diaspine scales from
aftack by parasites and predators. Observations and tests on the
Californin red seale in southern California (8§) showed that infesta-
tions on ant-inhabilated trees incrensed as much as 24 times over
thosc on ant-free trees, and that parasitization by Aphytis was much
higher on the latter. Infestations of red mites also became much
Leavier on the ant-inhabited trees. In these tests the species involved
was the Areentine ant (Fridemyrmer hwmilis Mayr).

It is beecoming increasingly clear that the presence ol honeydew
fecding ants, regardless of the pest species that attracts them, may
prevent entirely or greatly refuce the effectivencss of natural enemies
that otherwise might he capable of controlling major pest species.
Forlunately on tree crops at least ant control is economically practicable.

MASS CULTURE OF PARASITES AND PREDATORS

The development of methoeds [or the mass cuiture of a wide range
of parasites and predators has contributed substantially to progress
in the biological conivol of pest species. When such methods arc
practicable, they not only make possible the carly and complete
distribution of o specics over the entire geographic range of the host
but also make slocks available at an econemical figure for periodic
or annual colonization and for inundative programs tied in with area
control or eradication projeets. The key requirement in all such
programs js that the cost of producing the cnormous numbers that
arc needed shall not excecd the benefits that will acerue lrom their
large-scale use,

The periodic colonization of natural enemics is a device to inereasc
the effectiveness of species that are already established but for various
reasons do not attain their Tull or consistent effectiveness in the field.
Examples of the practieal application of this method of control are
the mealybug predator Cryploleemus montrouzieri in California,
which often fails to survive the winter in sufficient numbers and is
therefore recolonized cach spring, and the oriental fruit moth parasite
Macrocentrus ancylivorus, the cffoctivencss of which can often be
greatly enhanced by supplementary spring releases. The value of
Aghatis “A," a newly introduced parasite of the California red scale,
is mueh increased in some arcas of southern California by periodic
colonization during the season {o hridge the period during which the
host scales are not in the proper stage for parasitization.
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In the inundative method of control, which is practicable only
under exceptional circumstances, a sufficient number of natura]
enemies are released at one time to control the pest by the first field
generaticn.  The numbers released per acre may exceed the host
population, as frequently occurred wlen M. ancylivorus wes used to
control the outbreak of the oriental fruit moth in California dur-
ing 1944-46,

The first and still one of the outstanding examples of mass produc-
tion was that with C. montrouziess in California (187}, Since it was
impracticable to use the growing host planis to produce the vast
numbers of mealybugs that were required, sprouted potatoes were
used instead. Crypiolaemas adults were then produced and distributed
by the millions at a cost of approximately $2.50 per thousand.

At the peak of the program for control of mealybugs with Crypto-
laemus in southern California during the 1920’s, 15 county, coopera-
tive, and private organizations were engaged in heetle production.
‘The scale of operations may be judged by the Orange County estab-
lishment, constructed specifically for uhis 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 released in the room after the mealybugs
hed matured and deposited cggs, Average production was about 400
beetles per tray.

The potato has proved cexceedingly useful in other biologieal control
projects. The sprouts have served exceptionally well for the produc-
tion of black scale and related species, permitiing 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 Coccidsne for parasite production. Finally, it provided
the means whereby the millions of A, ancylivorus were produced for
the control of the oriental fruit moth outbreak in Californis (58).
This production was possible because the potato tuberworm (Gnorimos-
chema operculelle (Zell.)) proved to be an acceptable host for the
parasite (57, although the latter is not known to attack it in the field.

The methods developed for the mass production of egg paragites
of the genus Trichogramme represent an outstanding contribution to
biological control techniques. The carly work in California GL)]
utilized corn in open bins for the rearing of the lost insect, the
Abngoumois grain moth (Sitotroga cerealelle (Oliv.)). Modifications
of this methed 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 problen of controlling troubjesome
mite infestations. The cost of production ranged from $5 to $10 per
million Trichogramma, dependent on the scale of rearing,

Several varietics of melons of the genera Cueurbite and Citrullus
have been highly satisfactory for mass production of a number of
lecaniine and disspine scale inscets 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 where the utilization of a substitute
host has made possible the mass production of parasite species that
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never attack it under natural conditions, The best known are
the Angoumois grain moth and the Mediterranean flour moth (Eph-
estia kihniella Zell) in the rearing of Brecon and Chelonus species
that are parasites of the pink bollworm (Pectinophora gossymella
(Ssund.)) and of the Buropean corn borer, and the potato tuberworm,
an excellent inscetary host for M. auncylirorus and other parasites.

The recent development of an artificial food medium (85) for the mass
production of the oriental fruit iy (Dacus dorsalis Hendel) in Hawai
has expedited greatly the parasite-production progran.  The use of
fruit for this purpose was uncconomical and was impracticable for
sovernt other reasons. A preparation of syuash, later rveplaced by
carrol, supplemented with wn enzyvmatic protein hydrolysate of soy
to induce increased feeundity, proved highly satisfactory {for large-
seate production of the fiy.  The development and use of such media
can greatly reduee the cost of large-scale parasite-production pro-
grams.

Mass production of parasites that aftack inaclive stages of the
host and that are ceadily available n quantity in the ficld represents
a nmeh simpler probleny, involving mainly the development of devices
and procedures to reduce labor costs to & minimum.  Many millions
of Dahlbominus fuseipennis, n cocoon parasite of the European spruce
sawfly, hve been produced and distributed each year by the Cana-
dinn Department of Agriculture and severnl State organizations.  [n
the same category are the ege parasiles of the gypsy motb amd the
range calorpillar {({femidevca olipiae Cllly, which have been reared
by the mitlions at very low cost.

RESULTS OF BIOLOGICAL CONTROL

In the following pages is given briefly the present status of the
different insect pests against which biologienl control has been under-
taken, cither as a major project o incidenlal to olber activities.
These pests are grouped according to the kind of agricultural erop
that they attack.  All activities in biological contral are represented,
whether Targe or small, and include those in which native as well as
imported nalural enemies have been utilized,

A tolal of 91 inseet pests are dealt with in this aceount,  Importa-
tions of natursl enemies from abroad have been made against 77 of
them, and the remaining 14 are species ngainst which attempts were
made either to extend the distribution of natural encmices already
present in the country or Lo iperease their effectiveness by mass
eolonization or by other means.

The results of biological contrel worle in the continental United
States for more than 60 vears indicate thal only a small portion of
our most important agricultural pests can be fully controlled by this
method and thal with a substantial number of them no reduction
whatever enn be attained. 1Towever, most of the biclogieal control
projeets may be expecled o vield a partial contral, the henefits
derived therefrom being in the form of reduced injury to crops and &
lower total cost for chemical and other means of control that still need
to be practiced.
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FRUIT INSECTS

On the basis of the number of inscct pests involved, the greatest,
portion of the biclogical control worlk in the continental United States
has been devoted to insects attacking fruit trees. This is partly
expleined by the efforts of the California State organizations, which
for many yeavs were centered almost entirely on a rather large number
of scale insects and menlybugs attacking citrus.  Several outstanding
results have been obiained there, nnd their great success is partly
attributed to the more favorable climatic conditions in California and
to the fact that the scale inscets and mealybugs appear, in general,
to be especially susceptible to control by the biological method.,

The fruit insects with which commercial control has been effected
by this means, or a measurable reducetion in infeslation has been
attained, are as follows: Of the citrus insects, black seale, citrus
mealybug, citrophilus menlybug, cotlony-cushion seale, long-Lailed
mealybug, and yellow scale; of the deciduous fruit jnsects, Comstock
mealybug, Japanese beetle, oriental fruit moth, and woolly apple

aphid.
Oriental Fruit Moth
(Grapholithe moleeta (Busek))

Because of the great destructiveness of the oriental Nl moth to
the peach crop of the Eastern United States and the Jack of success in
controlling it with insccticide applications, an extended program for
the importation of its nateral enemies was undertaken 1 1930 (2).
Most of the collections were made in Japan and Korea (82), though
some consignments were received from Prance, Ttaly, and Australia.
However, the moth was of only recent establishmoent in the last three
countries, and consequently the nsturnl enemies attacking it were
nalive species having other normal lwosts,  These fow native species
were not abundant in comparison with the parasite complex attacking
the pest in its native home in the Far Kast.

Total importations from alj sources from 1930 through 1939 com-
prised approximately 440,000 field-collocted fruit moth larvae with o
variable percentage of parasilization, 211,500 parasite covoons anita
puparia, and 20,000 adult parasites. These importations included
more than 20 parasite specics.  With the exeeption of 1 or 2 species,
they were all colonized in the infested areas of the Eastern States,
some in very large numbers and al many points.  Several species,
notably Horogenes molestae (Uchida), reproduced well in the field
during the season of release and showed considorable promise. Un-
fortunately the colonies declined sharply after the first season and
cventually disappeared. The principal obstacke to establishment
appesars to have been the lack of a suitable allernate host to carry the
parasites over the winter,  The very extensive importation program,
covering & period of 10 years, resulted in the establishment of only a
single specics, Agathis diversus, in the United States, and even now,
over 20 years after the initial releases, it is found at only a very fow
points and is of no value in control,

In 1950 the University of Califoruin imported a small amount of
parasite maferial from Shantung Provinee, China, from which was
reared Phanerotoma molestae Mues. and Agathas festive Mues.  Rearing
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stocks of these two species were forwarded to the Bureau of Tinto-
mology and Plant Quarantice laboratory at Moorestown, N, J.,
where insectary production was undertaken., Releases of both of
these and of . diversus as well were made in light infestations in
southern Califormia in 18951, None ol them are known fo be os-
tablished In that State.

Despite the very disappointing outcome of the foreign importation
program, a very substantial degree of control has still been altained by
the biolegical method through the use of Afacrecentrus ancylivorus,
a nafive parasite previously reared only from the sirawberey leaf
roller (Ancylis comptana fragariae (\V. & R.)). This is onc of the {ew
examples of a parasite of a nalive pest proving effective against an
wntroduced pest attacking another crop.

Priov lo the appearance of the Truit moth in {he United States
Macrocentrus was known 1o be commoen ouly in New Jersey, Delaware,
and Maryland, Tl quickly adapied itsell to the new pest and atlained
2 high degree of pavasitization. A large-seale production aid colo-
nizalion program was undertaken in 1920 and continued to 1935,
during which period eolonies were released in all infested seelicns,
Infested orchards frequently showed 50-pereent or more [ruil injury,
vel often this loss was reduced to Iess than 10 peceent the season
following release of the parasite.  Salisfactory methads of chemical
control were not then known, and the parasite releases therefore
prevented serious and otherwise unavoidable losses.  These benefits
were obinined i many of the mosl Important peaech-producing States,
vet there are some sections, suel as southern Ohio, where acrocen-
{rus releases have consistentiy failed to effect any appreciable reduce-
tion in the fruit infestations. The reasons for this condition are not
well understood, butb it may be associated wilth 8 seareily or absence of
the strawberry leal rollor, which is & superior overwintering host, or
to adverse ehimatie conditions, particularly low winler temperatures.
Even In the sections where the parasite 18 most offective there are
oceasional sossons when the pest is able to build up Lo destruclive
levels, so that the parasite, although gencrally eflective, caunot be
depended on to control the fruit moth every vear,

A furlher development 1 the utilization of 3acrscenirus, which
greatly increases its cffeetiveness, s mass colonization carly cach
scason (/0), Iven in orchards that already have a considerable
parasite population, the release of 500 additienal ndults per acre at the
proper time resulls in an appreciable reduelion in the proportion of
fruil that becomes infested. In New Jersey such liberations have
brought about o reduetion of 50 to 80 pereent in fruit injury.  This
practice may also be of special benelit during the oceasional scasons
when outhreaks oceur in sections where conbrol is usually satisfactory.

The most intensive ubilizalion ol decrocentirus, however, was In
connection with the outbreak of the oriental fruit moth in California,
which was discovered in 1042, Tlere the releases were not for direet
protection of the fruit cvop bub for suppression of incipient infesta-
tions and prevention of sprend. Methods were developed by the
Universiby of Califormia (58) for the production of the parasite in
cnormous numbers and at Jow cost, with the potalo tuberworm as the
host. Tifteen million or more were colonized annually from 1944
through 1946, The celonics wore placed in every infested orchard,
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urespective of the degrec of infestation, and in adjoining orchards
also. It is, of course, impossible to evaluzte the part this program
“played in control of the pest. Many of the incipient infestations
disappeared, and in no ares of (he State has the fruit moth attained
% pest status comparable with that held in the Eastern States. In
spite of the millions of 3f. ancylivorus that were released, this parasite
failed to become established in Californiz, though recoveries were
made the season of release.

Codling Moth
(Carpocapse pomonella (1))

The codling moth is the most destructive pest of apples in the
United States, and all possible means of control need to be fully
exploved. The fist attempl along biological control lines was in
1904~-5, when Ephialtes caudetus (Ratz) was imported from Spain
under the name of Calliephiclies messor (Grav) by the California
State Commission of Horticultnre for release in that State. 16 was
reported to be established and abundant at several points of relense,
but eventually disappeared. Later, in 1935-36, it was introduced
from France for colonization in the Rastern States, but this cffort
likewise was unsuccessful. Perisicrola emigrate Roll. was imported
from Hawaii and released by the University of California in 1947,
but did not beecome established.

The penetration of the codling moth larvae deep within the pulp of
fruit for almost the entire larval period provides almost complete
protection from parasite attack, exceph by the species that oviposit in
the host eggs.  Consequently, control by larval parasites appears to
offer little promise.

Extensive tests were made to utilize the native egg parasite Tricho-
gramma minutum Riley of various strains and possibly different species
of the genus, wherein large numbers were released in the orchards
early in the season. They were not sufliciently beneficial to warrant
recommendation of the praclice commereially (/). Those tesls were
conducted in Georgia aud in several other principal apple-producing
sections of the United States.

A series of tests were condueted in an apple orchard at Nearneys-
ville, W. Va_, in 1936-40 to evaluate the eflectiveness of native natu-
ral enemics in the abscnce of insceticidal treatments. During a
3-year period the percentage of sound [ruit in the commercially-
treated plots was 56-75, wherens in the biclogical control plots it was
28-38 (96). Nonc of the parasiles or predators inercased their
clficieney suffliciently in the absence of insecticides Lo justify discon-
tinuation of the standard spray practices.

Peach Twig Borer

{(Anarsia lineatella Zell)

The peach twig borer is of foreign origin and is now distributed
throughout the United States, being mosi abundant and injurious i
California, In 1931 the importation of natural enemies was under-
taken, when the Bureau of Entomology and Plant Quarantine station
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in France forwarded seven shipments of Paralifomasitz pyralidis
{Ashm.} to the University of California, which undertook the rearing
and colonization worlk. :

The shipments {rom France comprised more than 2,300 field-col-
lected and resred twig-borer larvae, from which more than 62,000
pyralidis adulls were obtained lor fcld release.  Several large colonies
were placed in infested orchiards in the Chino area in southern Cali-
fornie and near Yuba City in the Sacramento Valley during June (o
Avgust 1931, Ficld recoverios of parasitized larvae were made shortly
after the relenses at Chino in 1931, and in 1932 the parasitization
ranged up to 35 percent.  Addilional releases were made with domes-
tic material doring 1932, Reeoveries were made in Yaba County in
194041 at the sites of e 1932 peleases.  The parasite is well estab-
Iished in Californin, but detailed mformation is lacking on its eifec-
tiveness i control.

At the time tlus introduction was made it was known thal P,
pyralidis was slready present ns a parasile of the twig borer in the
Bastern States, but stocks for use in California were more readily
available in Europe,

This parasile deposits its egy in that of the host, and development is
polyvembryonic.  Thirly or more individuals are produced in ench host
larva, which is killed when it atiains full growth.  Dead parasitized
tnevae are larger than healthy individuals. The number of genere-
tions is the same as lor the Liosl.

Western Grape Leaf Skeletonizer
{flarrising brilliens B. & MeD)

The western grape leal skelelonizer, & pest of wild and cultivated
grapes, 18 naabive o the Southwest and Mexico, and an infestation
appeared in San Diego County, Calil., in 1841, Ereadication efforts
weore undertaken to eliminate the risk of its spread to the important
grape-growing sectionus of the State, but they bave not been suceessiul
and the program is now centered on prevention of spread.  To aid in
the attainment of this objective, the imperlation of natural encmics
was begun in 1950, whoen the search was started In Arvizona, {ollowed
by survers in Mexico, the eastern half of the United States, and Utah,
The collections in Lhe Eastern States were from other species of Harrs-
1ne and related genera.  IFifteen speeies of primary parasites were found
(132}, of which § have beent reared and eolonized in the infested area.
Three of them are established—Apanteles harrginae Mues, and
Sturmic sp. lrom Arizona and Pelecystoma harrisince (Ashm.), the
stock of which was reared from Harrisina americana {Guer.) and
Acoloithus sp. collected in Florida,

Total releases during 1951-53 comprised approximaicly 91,000
parasites represaiting 6 species.  In addition, 4,790 adults of Comp-
silure coneinnete, obtained through the Burcau of Entomology and
Plant Quaraniine laboratory at New Haven, Conn., were released in
1952 in infestations of the skeletonizer and other lepidoptercus pests
in San Diege County.

The Sturmie from Arizona and Mexico, originally believed to be
8. harrisinae (Cog.), is now thought to comprise several closely
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related spscies. Apanteles and Sturmua quickly attained @ high
parasitization, ranging up to 75 pereent in the colonized 81048,
but evaluation of theiwr effectiveness has been complicated by the
appearsnce of a virus disease of the skelotonizer larvae, which has
greatly reduced the field infestations.

Orange Worms

Several species of Lepideptern are known as oratge worms in
California, the more important being Argyrotaenia. citrana (Fern.),
Pyroderces vileyi (Wlsm.), Holcocera iceryuecila Riley, and Adyelors
tenipars Dyar, Scveral thousand adults of a larval parasite, Peri-
sterola emigrata, as welt as o small number of Cremastus sp., obtained
from Hawnil, were colonized in Orange County in 1947, but failed to
become established.  Small quantities of parasite material, mostly
of Myelois, were Lorwarded from France to the Universily of Cali-
fornia in 1948 and the {ollowing years. Several colonies of Campopler
zanthostomus Grav. were released in infesiations of 3/, Tenipars on
walnut in Orange County, but did not become eostablished.

Pecan Nut Casebearer
(Aerobadis caryae Grole)

Investigatious on the biological control of the peean nul cascbearer
through the utilization of egg parasites of the genus Trichogramma
were initiated in Georgia in 1931 and extended over o 5-year period
(136). TFive strains of 7. minutum, derived from various hosts and
reared on cggs of the Angoumois grain moth, were used in the tests.
Releases were variable in number and were distributed over the oviposi-
tton periods of the host.  They ranged up to 200,000 aduls parasites
per tree.  On some plots small but definite reductions in infestation
were oblained, but they were not sufficient to offset the cost of parasite
production. This method of control therefore cannct be recom-
mended on a commereial basis.

Similar ficld tests were made during the same period on two other
pecan inseets, the pecan leaf casebearer (Acrobasis yuglandis (LeB.))
and the hickory shuekworm (Laspeyresia caryuna (Fitch)). Results
in she various plots were inconsistent, and no substantial reduetion in
infestation was attained.

Jupanese Beetle
{Popillia juponica Newm.)

"The large-scale importation of natural enemies of the Japanese beetle
from Japan, Korea, China, and Indin (23, 24, 79) from 1920 until 193;
totaled 15 species, of which 4 were dipterous parssites of the adult
beetle, 2 were fachinid internal parasites of the grubs, 8 were hymen-
opterous external parasites of the grubs, and 1 was a carabid predator.
Five of them hecame established in the infested areas in the North-
eastern United States—Hyperecteing aldrichi (= Centeter cinerea Ald.),
a parasite of the adult beetles, and Dezille ventralis, Prosena sibirita,
Tiphia popilliavora, and T. wernalis, which are parasites in or on the
grubs in the soil.  Of these, oniy the 2 species of Tiphia bave adapted
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themselves to local conditions and are now generally distributed.
T. vernalis emerges iu 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 are therefore reduced.

It has been cxceedingly difficult to evaluate the cffect of Tiphia on
the Japancse beetlo infestations.  Ouc reason is that the beetle popu-
lations have nob maintained @ consistent level. In every locality the
pest builds up to a bigh peak quickly after cstablishment, and then
after a period of vears subsides to a much lower level.  As a result the
zone of heaviest infestation is not the arca of initial infestation but is
at the periphery, which inereases each year in distance from the
original center of establishment. However, even in the older and less
dense infestations 7. wernalis oflen parssilizes up to 65 percent of
the grubs. It is believed that this parasite contributes substantially
to suppressing the grub population in spite of certain habits that
causelt to bemuchless offectiveinscinclocalities thaninothers. Heavy
parasitization of grubs takes place must frequently in the immediate
vicinity of an adequate food supply for the adult wasps. 7' vernalis
feeds mainly on aphid honeydew, whercas T. popilliavora feeds ai
the blossoms and nectar glands of certain plants.

Extended field tests have been conducted in New Jersey to deber-
mine the effectiveness of a parasitic nematode, Neoupleciana glaseri
Steiner, in controlling grub infestations (81). Methods were de-
veloped by the State Department of Agriculture in cooperation with
the Roekofeller Tnstitute of Medical Research and the Federal Bureau
of Entomology and Plant Quarantine, whereby the nematodes could
be cconomically reared in culture medin in the laboratory. Enormous
numbers wero produced and utilized in large-scale field oxperiments
throughout the State. The results were not encouraging, and this
parasite does not scem capable of aiding in the biological control of
the pest.

The greatest possibilities in biological countrol of the Japanese beetle
now appear to he the bacterial diseases of the grubs (7, 151), which
are known as milky diseases. They are caused by specics of Bacillus,
the most common being B. popillice and B. lentimorbus 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 he native to the United States or have entered with
the original beetle stock from which the infestation argse or have
been conteined in the large quantitics of soil accompanying some of
the early parssite 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 disessed grubs are mac-
erated and mixed with tale or other material at o predstermined
dosage (52), and i} is usually in this dry form that the bacteria are
distributed in the field. This spore dust is available from eommerciel
sources.

Large-scale colonization programs have heen conducted in New
Jersey, Delaware, and Maryland and to a lesser extent in other States.
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They have been cflective in preventing turf 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 mortalitics have been
noted in areas where the organisms had become established by natural
mesans. The present distribution program is divected principally to
the areas representing the periphery of the main beetle infestation to
prevent buildup of the population to the peaks attained in (he older
infested aveas. In eily and suburban areas it is desirable that any
program for control should be on o comnumily basis so that the
treated arcas will not be subjected to a constant influx of adult boetles.
The cost of the spore dust and of its npplication is too high (o permit
general utilization for protection of agricultural crops, but its use is
racticable for protection of twrf in cily parks, golf courses, and
awns of private homes. Spot treatment in agricultural areas is fol-
lowed by a gradual, though somewhat siow spread of the discase
by natural means.

Cherry Fruit Flies
(Rhagoletis cingulate (Locw) and £. fausta (0. S.))

Fruit flies of the genus Rhagoletis avc serious pesis of cherry in the
Yacific Northwest, and apparently are spreading southward into
California.  In 1952 four species of Opius, including 0. formosanas
Fullaway and 0. compensans (Silv.), all parasites of the oriental fruig
fly, werc imported from Hawaii, and 835 adults were colonized by
State agencies in Oregon and 692 in Idsho. The following year
31,830 adults of the same species were colonized in infestations af
2 sites in Washington and 1 each in Oregon and Montana. The re-
lease in Montana was on £, fauste, wherens in the other 8 States it
was on fi. cingulaia,

These efflorts were experimental, as the normal host of the parasites
is the oriental fruit fly, a tropical or subtropical species. It is not
knewn whether the parasites will develop in any species of Rhagoletis
or whether they will he able to bridge the winter on a one-generation

host.
Walnut Husk Fly
(fthayoletis completa Cress.)

The walnut husk fly was first reported in southern California in
1927, It is an accidental introduction from the castern pavt of the
continent, and attacks several deciduous fruits in addition to the
walnut.

In 193132 threc parasites of the Mediterrancan [ruit fly (Ceratitis
capitata Wied.) in Hawaii—Opius fryoni Cam., 0. humilis Silv., and
Tetrastichus giffardienus Silv.—were imported and colonized by the
University of California, but failed to bocome established. In 1937
the next atlempt was made to establish parasites of this pest, when
several small colonies of Opius melleus Gahan, a parasite of the apple
maggot (Khagoletis pomonella (Walsh)) obtained from New Yorl,
were released in the Pomona district. No recoveries were made.
In 1951 Opius formesanus was imported. and several colonies weore
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released in groves at Pomona. This parasite had originally been
imported into Hawaii from Formosa and was established on the
oriental fruil fly. It was thought that it might be adapted to the
husk fly because of an obligatory winter diapause, inasmuch as the
husk fly has only a single generation eaeh year. Establishment was
not attained.

Black Scale
(Saissetia oleae (Bern )

The search by the California State organizations for natural enemics
of the black scale, a major pest of ¢itrus in that State, has covered a
period of 60 years, in the course of which practically every subtropical
and tropical region of the world hias been combed for parasites and
predators that might aid in control (/81). The scope of this work
may be judged by the fact that more than 70 specics of Chaleidoidea
have been renred from this ene scale inseet in various parts of the
world. Alany of these species belong to the aphelinine genus
Coccophagus. The oaccurrence of sex ifferentiation in the host
relationships of species of this genus and other genera of the family,
discovered by Flanders (6f), 1s the probable reason for failure of
establishment of a number of specivs colonized in the carly vears, and
has provided the knowledge essential for successful rearing and
colonizalion of species of the genus that have been imported in recent
YOATs.

Of the approximalely 30 species of parasites and predators imported
and colonized during the 60-vear period, 8 internal parasites, L of
which later proved 1o be a seccondary parasite, 2 chalcidotd cgg
predators, and 3 coccinellid predators have beeome established.  The
first importations lrom Australin were mainly coccinellid beetles, and
of these, Rhizobins venfrafis, colonized in 1891 and 1892, showed the
grealest promise. [t increased enormously, and expectations were
high that field control would be aceomplished.  This result was nof
attained, though the beetle has persisted in large numbers in the
citrus groves, especiully in the coastal seetions,  Commereial conlrol
of the scale on olive has been attained by this beetle a number of
times, and it is probably of greater valie against the pest on that crop
than on cilrus. Other imported coceinellid predators that have become
established are R. debilis and Lindorus lophuntae, though the latter
has proved to be better adapled to other posis.

Scufellista cyanea is the more abundant of the two introduced ogg
predalors, and atiaing o high population in the uneven hateh arcas
along the const.  Its contribution toward control is relatively little,
even when a very high percentage of scales is atiacked, as a sufficient,
number of eggs to maintain a maximum infestation remain uncon-
sumed under each female scale. The second of the established cgg
predators is Lecaniobins utilis.

Priov to 1900, when Seutellisie was introduced into California, a
native cgg predator, Tomocera californica How., was abundant on the
black scale, often attacking up to 75 percent of the adult females. It
dechned rapidly therealter and is now seldom seen. Its place appar-
ently has been permanently usurped by Seuteflista.
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Of the 8 species of internal parasites that have become cstablished,
the 2 that have been valuable in control are Aphycus helvolus and
A. ltounsburyt. The colonization of A, {ounsburyi In the coastal
sections of southern California in 1918 and thereafter gave great
promise, and ¢commereinl contrel was effected 1n 2 eonsiderable number
of groves from 1920 Lo 1924, It declined thercafter as & result of its
own activities i bringing the seale to more of an “even hatch”
condition and through the attack of Qwayleq whiltieri, a secondary
parasite,  The reduoction of the oil-hatel brood of the scale permitted
more effeetive contrel by a stugle annual chemical treatment,  The
permanent cleanup of the nfestations on pepper frees, which are
widel v grown aloug streets and {or shade and which served as s source
of reinfestation for citrus groves that had been spraved or fumigated,
is credited mainiy to o1 founsburyi.

A stanleyi, Coccophagus rusti, and ' eapensis have shown their
abiity Lo control the seaie only under special conditions. The first
appents to prefer the soft seale as a host, though ocensionally it becomes
sufficiently abundant on the black scale to cause an appreciable
reduction in the wfestations. . rusli and . eapensis have been
effective in infeslations on cilrus in only a fow localities and are of
most value against the scale on oleander and pepper trees.

The remaining three species—(. cowperi, {*. pulvinariae, and ('
trifasciatus—are still of very limited distribution and of no value in
control of the black seale on citrus or olive.

The long scarch for fully effective parasites of the blaek seale
finalty appeared successful when 2L kelvolus was obtained from South
Africa in 1937 (64). After an extensive rearing and distribution
program during the next few yvears, the pest infestations subsided
arcatly, and there was litte or no need for insecticidal treatment.
The savings cffeeted by this control amounted to millions of dollars
each vear. However, this highly favorable situntion did not persist
in all sections, as it developed later that the parasite was not fully
adupted to the full range of climatic couditions prevailing in the
citrus-growing seclions of the State.  Tn vecent yvears the protracted
periods of low winter temperatures that occur periodically in the
mierior vallevs have bad a serious elivet on the efficiency of the
parasite.  The cold winter of 1040-50. for example, was followed by
heavy pud extensive ocutbreaks of the scale m many groves, and
chemical control agnin became neecessary.

Apart from its greater effectiveness m aress having a mild winter
chimate, <L hefrolis atining s nrost counsistent conwrol of the black
seale in seetions where there is a eorinin overlapping of generations of
the host, surh as cccurs in sopw coastal apreas eather than in the
interior, where there is o single sharply defined brood aunually,  This
situation has led to an interesting series ol experiments, whieh are
sLill under way, 1o incvease the effectivencss of the parasiie uuder the
latter conditions. These tests provided {or the tfestation of a portion
of the mfested trees with ofl-hinteh senle erawlers during the spring;
thus the parasite was provided with hosts of a stage suitable for altack
during several months in which the normal field population is toe far
advanced in development Lo be suitable for parasite reproduction,
Instead of dyving beeause of lack of hosts, the parasite would then be

363934-—566——3
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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. whittier:, it had been thought that
this introduced hyperparasite migh$ prevent for all time the attain-
ment of biological control of the black scale {131}, For that reason
1ts activities after establishment of A. helvolus were watched with
much interest. Fortunately the habits of the latter are such that it
is never attacked by Quaylea, and the early apprehensions regarding
this hyperparasite have proved unfounded.” In the groves where A.
helvolus is most abundant and cflcctive thore has heen no extensive
inerense of any hyperparasite.

Citricola Scale
(Coceus pseudomagnoliarum (Kuw.))

Consignments 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 chaleidoid parasites and 1 coceinellid
predator were obtained.  One parasite, Qoceophagus saponicus Comp.,
was released in small numbers in California, but did not become
established. Tmportations were resumed in 1951 and 1953, and re-
leases have been made of Coccophagus yoskidee Nakey., Coccophagus
sp. not yet described, and Aphyeus orientalis Comp. in Tulare County.
The outecome of these releases is nob yet known.

Eurepean Fruit Lecanium
(Lecanium, corni Bouché)

The European fruit lecanium is a serious pest of apricot and several
other fruit trecs and ornamentals in central California. In 1939 the
University of California undertook a survey of the pest and its natursl
enemies In Europe, especially in France and Italy, A large number of
shipments of this and related species were sent to California during
that year, and they were supplemented by additional consignmernis
frem the parasite siation of the Bureau of Entomology and Plant
Quarantine at St. Cloud, France.

A large number of parasites were reared from this material, mainly
from other specics of ihe genus, and colonies of 10 prrasite specics
were released on infested apricot and other host plants in the San
Jose, Calif., area. Tlowever, these were small colonies, with the
ia'x;:lep{tion of Aphycus maculipennis Timb., and none became esteb-
ishied.

H. S. Smith concluded as a result of his survey in Europe that in
most of the records of parasites on this host, the hosts are incorrectly
identified, and thal no important parasites attack the European
fruit lecanium in thet region. The leavy infestations of the pest
in Burope, in conjunction with the absence of parasites, led to the
conclusion that the species is native to North Americe and that it
bas been introduced into Europe,

’
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Kuno Scale
{Lecanium Lunoensis (uw.))

The kuno senle is of Japancse origin and has become established in
Contra Costa and Santa Clara Counties in California as a pest of
deciduous fruit trees, cspeeially plum and apricot. It is spreadin
slowly, but infestations are sufficiently heavy to require ¢hemica
control measures.

In 1953 the University of California imported several of the para-
sites of this pest from Japan and colonized them in the infested area.
The principal ones were fineyrius sp., which has bwo generations ench
year, the first emerging from hall-grown scales and the sceond {rom
the matare females, and Brochytarsus kwwanai Yuasa, The latter is
an anthribid beetle that alincits the ovipositing females, the larvae
being predaceous on the cgys in the cge chamber.  Tield releases of
hoth species were made in 1953, bub there is as yeb no evidence of
establishment.

California Red Scale (Aonidielle curantii (Mask.)) and
Yellow Scale (Acnidiella citrina {Coq.))

These two pesis of citrus, which in e United States are most
destruetive in Calilornia, will be discussed together because the yellow
seale was long eonsidered o be merely a strain of the red scale and
because the imported natural enemies have been from various species
of the genus and have been utilized against both, This effort in
control by the bialogical melhod has been under way by the California
organizations for 60 years; thus i rivals that of the black scale in
duration but does not yet equal it in resulls.

The carly introductions were mainly from the Australian region and
comprised a number of predaceous coceinellids, of whicl only Oreus
chalybeus and Lindorus lophantae hocame established.  Later importa-
tions were from Indin, China, South America, and moslk recently from
South Afrien.  Alleast 30 specics of parasites and predators have been
imporled and colonized.  Tn nddition to Orcus and Lindorus, 1 other
predator—Cybocephalus sp.—and 4 parasites—Comperielle hfasciala,
Habrolepis rouri, Aphytis “A and the red scale strain of Prospaltelia
perniciosi—are now cstablished in southern Californin.

Coccidophilus citricola Bréthes, a promising predator imported from
Brazil in 1934, persisted in the ficld for several vears but fnally
disappeared.

From the poiat of view of effectiveness in control the predators
may bhe disregarded, as thev have persisted in only very limited arcas
and are not abundant. The same is true of the South African para-
site F1, rouri, which is primarily a red seale parasite and is established
only in San Diego County. Only Comperielle and Aphyiis YA are
of appreciable value in control, the first on the yellow scale and the
secend on the red seale.  Effective natural enemies of the red scale
appear to be conspicuously lacking in all parts of the world whers it
oceurs. Although o strein of C. bifasciaia adaptable to the red scale
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has become cstablished and abundant in some orchards, it has shown
no indication thus far of accomplishing any degree of control. The
two most recently established parasites dphyiis “AY aud the red seale
strain of Prospaltelie perniciost, obtained from Chinn and Formosa,
show considerable promise, but their final status is vet {o be deter-
rained.

Intensive field tests have boen undertaken o determine the prac-
ticahility of periodic heavs colonization of iphytis A and A, chry-
somphaly (AMercet), the latler probably aceidentally introduced with
its host many yeurs ago, s a means of controlling the rod scale (40},
Such a practice would compensate for the delay in buildup of the
field parasite population owing to the vusuilability of the suecessive
host breods at cortain stages of development for parasitc oviposition.
Preliminary field tests have given satisfactory control, nnd the prae-
ticability of this method in the areas suitable for the parasite is now
dependent on the development of methods of mass production of the
parasite and of its release ab o cost nob in excess of the amount ex-
pended for ehiemical contrel,

The results obtained with the vellow seale strain of Comperiella
have been much befter than those with the red seale strain,  In the
Redlands area especially it has shown up well, particularly under city
conditions, where the environment and the variety of vegetation are
most suilable because of overlapping of the different host stages.
Infestations in parks and similar areas have been completely con-
trotled, and high populations of the parasite are frequently found in
the field. At the present lime the vellow seale is of little conunercinl
importance on citrus exeept in the San Joaquin Valley (69), where
its seasonal cyele ds much more uniform than elsewhere and stages
suituble for parasitization may be lacking for long periods. The
original strain of . difasciota from Japau appears not 1o he adapted
to these conditions, whereas stocks imported from China during the
last part of 1948 and widely distributed in the San Joaquin Valley
in 1949 have cffeeted control in a number of orchards.

Purple Scale
{ L. pidosaphes beckii (Newm.))

The purple scale bas long been one of the most destructive pests
of citrus in certain of the coastal seetions of southern California and
is also & sericus problem in Florida.  Since the 1890’s the California
organizations have searched i many parts of the world for cffective
naturel enemices, but with little success, The imported coccinellid
beetles Orcus chalybeus and Lindorus lophantae are often found feeding
on it, but with no apprecinble effeet in conlrol.  The external para-
site Aphytis “X," obtained from South China and Formess in 1948
49, and Physcus “B,” mmported from Formosa in 1950-51 (71), are
establisbed in several Joealities in the coastal area, but their final
value in control of the scale is not yet known,

Fig Scale
( Lepidosaphes fiens (Sign.))

A comsitleralle nmnber of shipments of fig seale, oystershell scale
(Lepidosaphes wimi {1.)), and L. conchiformis {Gmel.} were made from

4



http:oystcrsh('.ll

BIOLOGICAL CONTROL QT INSECT PESTS 1N THE UNITED STATES 3|

Italy and France to the University of Californis during 1939-40 and
1949-50 for control of the fig seale in the San Joaquin Valley. The
princi]{nl parasites obtained from this material were Physcus testa-
cepus Masi, Archenomus sp., and Aphydis mytilaspidis (LeB3.). All
three species were colonized extensively, but Physcus and Arehenomus
didl nol become established. Releases were made in mixed infesta-
tions of the fig scale and oystershell scale, ns the parasites were known
Lo attack both species.  Other releases against the fig seale comprised
Aspidiotiphagus sp. and Telsimic sp. from South Ching and several
cocanellid beetles from Scuth Afvien. A myrilespidis, which is
known to be already widely established in the United States, was
colonized at AMlereed, Calil,, In March 1940 in an area where the
domestic form of that species was absent.

Field ohservations in the Ran Joaquin Valley revealed that the
Aphylis originally oblained from L. conchiformis in France had estah-
fished itself and attained a high rate of parasitization, ranging up to
nearly 100 pereent.  As u result the infestations under observation
have been verv greatly reduced (43).

Glover Scale
( Lepidosa phes gloverit (Pack.)}

The Glover seale is 1 minor pest of citrus in w veey limited area
in California.  During 1948—49 shipments of miscellanvous seale ma-
terial received from South Chinn by the University of California
vielded hundreds of specimens of Prospadtelia clongate Doz, (76). 1t
was reared in the insectary, nnd the first field release, consisting of
only five mated females, was made in Orange County in May 1948.
The parasite was recovered from this colony site through collections
made in December 1949, Releases were made at other points in the
following years and establishment was attained. . elongute had
previously been reared from Glover seale collecied in Texns and
IFlorida, se that this effort cannot he considered as an original intro-
duction inte the United States, though the species had not proviously
heen found in California,

San Jose Scale
{1spidiotus perniciosus Comsl.)

The San Jose seale, which originated in Asin and was first observed
n the Uniled Stales nbout 1870, guickly sprend over the entive country
and caused serious injury te apple and other fruit trees and lo orna-
mentals. In the Eastern and Southern States it is attacked by a
number of parasites that may have adapted themselves to it or were
of foreign origin and had been brought in with the host. Tor many
years these enemies appear to have kepl the pest wncler reasonable
control in many sections except in orchards receiving frequent spray
treatments, Certainly it is now much less destructive than during
the period immediately following its establishment in ihis country.

A coccinellid beetle, Chilocorus similas, is an abundant enemy of the
scale in Japan, and eflorts were made te import and establist it from
1845 to 1923, but withoul success.

Since the important parnsites of the scale were not present in
California, the Bureau of Entomology und Plant Quarantine and the
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University of Californin undertook cooperatively to establish one or
more of the effective species in that State. The material was obtained
from Georgia, where the dominant parasite is Prospaltells 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 Sante
Cruz Counties. Parasitization is high and the scale infestations have
been much reduced in severity.

Coconut Scale
(Aspidiotus destructor Sign.)

The coconut scale is a minor pest of ornamentals in Florida, and she
importation of its natural cnemies was incident to & larger project
under way in Puerto Tlico in 1936 and the following years. The 2
coccinellid Deetles Azya drinilatis and Cryptognatho nodiceps, which
had been exceptionally successful in controlling the pest in other
countries, were csiablished in southern Florida as « vesult of releases
made in 1938-39. No [urther information is available regarding their
progress and effectivencss in contrel, Two additional coccinellid
predators, both of the genus Delphastus, were obtained from Puerto
Rico in 1936 and 1938, but neither species persisted in the field in

Florida.
White Peach Scale
{Pseudanlacaspis pentagona (Targ.))

The white peach scale is an abundant and at times injurious pest of
peach and related deciduous fruit and ornamental trees in the South-
castern 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, Chilocorus similis, an cnemy of the San Jose
scale. Several shipmenis were made o the United States, but only
two individuals survived. However, they proved sufficient for rearing
purposes, and large numbers were produced in the insectary at Wash-
ington, D. C,, for release in several States. The field colonies appeared
to thrive, especially those in Georgie, where recoveries were made for
severn] years, but the species did not persist beyond 1905, Several
attempts have been made to establish this predator on varicus other
scale Insects in Californig, but they likewise were not successful.

Olive Scale

{Parlatoria oleae {Colvée))

The olive scale is & relatively recent introduction into Celifornia,
having first been observed abundantly on olive in the San Jonquin
Valley in 1931, Since that time it has become widely spread over the
State, and is destructive not only to olive but to & wide range of other
fruit and ornamental trees. The importation of natural enemies was
mitinted by the University of California in 19349, when two shipments
of materizl from Italy weve received. They yielded a smell number of
Aphytis sp.! but no ficld releases were made.
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In 1948-49 several consignments of scale material were received
from Egypt, and yiclded large numbers of & strain of Aphytis macu-
licornis adapted to the olive scale. In March 1949, 5,000 adults were
released on olive at 4 points in the San Joaquin Valley, and recoveries
were made in 1951 at 2 of these colony sites. :

The foreign survey of this pest and ite natural enemies was extended
by the University of California in 1951 to include India, Pakistan, the
countries of the Middle East, and the Mediterranesn region. The
scale is at times & serious pest on deciduous “ruit trees in some coun.
tries of the Near East, but js rather rare in northwost India, Pakistan,
and the Mediterranean region. The presence of one or more appar-
ently effective parasites led to the belief that they might hold the pest
in check there. Sl importations of parasitized material from many
countries were made into Calilornia during the summer of 1957,
From this material were obtained four strains of A. maculicornis, which
have been designated the Indian, Persian, Egyptian, apd Spanish
strains,

The first ficld velease was of the Indian strain in 1951 followed by
the other three carly the next year, and they quickly became estab-
lished. The distribution program, which included also Aspidiotiphagus
sp. from Iran and Chitocorus bipustulatus (L.) from Tsrael, was largely
completed early in 1953, when a total of approximately 63 million
parasites and predators, most of which were the Persian and Indian
strains of 4. mesulicornis, had been released throughout the infested
areas of the State,

Results of the field tests with these strains of A, maculicornis have
been especially promising (44). Releases in field plots in Fresno
County i January 1952 and (he following months -~esuited in para-
sitizabion of the spring brood of the scale, which approached 100
percent in June.  The second host generation during the late summer
showed relatively low parasitization. The scale population in the
spring of 1353 was less than 5 pereent of that of the preceding year,
and parasitization again approached 100 percent. There are indica-
Lions that the same course of events is taking place in the commercial
olive orchards throughout the State, where the releases were made
later.

Field recoveries have also been made of dspidiotiphagus sp. at many
points, mainly on dooryard trees, and of €. bipustulatus, . coccinellid
predator, but the lalter is not known to be established.

Cottony-Cushion Scale
(Jeerya purchasy Mask.)

The biological control of the cottony-cushion seale in California
through the importation of its natural enemies from Australia is well
known. Within less than 2 years after the arrival of the first small
consignments of the vedalin (Rodolia cardinalis) from Australia in
1888, the pest, which had threatened to destroy the citrus industry,
was under complete conlrol throughout southern Californin and has
remained so te this day. The pest is held at such a2 low level that
several days may be spent in search for it belore a single small colony
1s found.  From time to time a small infestation may appear on one or
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8 few trees in an orchard or on ornamentals, but the bectle soon
appears and quickly brings it under control.

The expenditurc of less than $5,000 to defray the costs of the expedi-
tion to Australiz thus brought benefits fo the citrus industry of the
United States amounting to mitions of dollars annually. This beetle
has since been colonized and established in about 5U citrus-producing
countries in different parts of the world, and in most of them the same
thorough coutrol of the pest has heen attained. It has also been
equally effective agnainst related pests, wotably feerya acgyphaca
(Doug.) and f. seychellarum (Westw.), which arc destructive to citrus
amnd other plants in other countries.

The rapidity with which commereial control was cffected in southern
Californin from an orizinal stock of 514 beetles received between
November 1888 and March 1889 is shown hy the following extract
from & letler from D, W, Coquillett to €. W, Ritey dated October
21, 1884:

The first half of the venr | devoted neacly Hie whole of my {ime 1o propagating
and distributing e Anstralin Ladv-bird { Vedalie cardinalis) recently introduced
by this Division, At he present fime it s very diflicall (o find a living Fluted
Beale (feerya purchasi Maskell’ in Lhe vieinity of this eity (Los Angeles), so thor-
oughly has the Ladv-bird done its work; and, indeed, the same I8 true of nearly
thie entire Southern part of the stale, as well us of many loeaiilies in the Northern
part.

That complete control by the vedalia s continued to the present
day requires some qualification in the light of cerlain developments
during the kst few vears, The widespread use of DDT and other
even more toxic chlorinaled hivdroenrbons and organie phosphates in
the confrol of ¢rop pests has upset the natural balance of many asso-
ciated insects and has raised thom to the status of major pests.  These
insecticides, especially DT, persist on the foliage for months and
practically cradicate the parasite and predator populations.  The
gonerul use of DIYD agninst Lhe citvicola seale and citrus thrips in
gertain arens in California eliminated the vedalia beetle in those arcas.
As & result heavy and destructive infostations of the cottony-cushion
seale quickly appeared (88) such as hind not been seen for more than
50 years. Clonsequently, it was necessary Lo recolonize the vedalia
after the toxic resicdues on the folinge had been dissipated.

Certain of the host plants of the cottony-cushion scale are not, for
some reason, suitable for feeding and reproduction of vedalin. Re-
peated offorts have been made to establish the beetle in infestations
of the seale on Scoteh broom (Cyiisus scoparius) and maple in central
Californin, but without success.

The spectacular suceoss with the vedalia overshadowed completely
the value of the parasitic fiv (ryptochaetum iceryae, which was estab-
lished in California at the samoe time. The latter is most abundant
in the coastal sections and, in the absence of the vedalia, would effect
an appreciable dogree of control alone. However, it has not been
given this opportunily in any of the citrus-producing arcas, but its
value in control of the pest on ornamentals in the San Francisco Bay
area, where climatic conditions are not suitable for the vedalia, has
heen fully demonstratod.

" A second coceinellid beetle, Redolia kocbelei, was imported from
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Australia in 1891 and persisted in abundance in the citrus orchards
of southern California for many years, but eventuaily disappeared.

Citrophilus Mealybug
(Pseudococeus gqahani Green)

The first infestations of the citrophilus mealybug on citrus (rees
were observed in southern California in 1913, and in the following
years it spread rapidly and soon beeame one of the major pests not
ouly of ecitrus but of ornamentals in that State. For a considerable
period it was adequately controlled by annual mass releases of the
coceinellid beetle Cryplolacimus montrouzieri, which had originally
been imported from Australia for control of the citrus mealybug.
Another species, Seymnus binaevatus, was imported from South Africa
by the California Department of Agriculture in 1921, It became
established and rather widely distributed, but contributed little to
control.

Tt beeame recogniued as time went on thal more elficient control
might be possible with internal parasites, if such could be found, than
with Lhe predaceous beetles.  The search for these was undertaken by
the University of Culifornin in 1927-28.  The gountry of origin of the
mealybug was not known, but a study of its distribution pointed to-
ward the Australian region.  Investigations were therefore started in
that country, though the species had never beon reported to occur
there. However, it was quickly found, and with il were several para-
sites. The importations made during ecarly 1928 resulted in the
establishment in Calilornia of Coceophagus gurneyi and Telfracnemus
pretiosus us well as & predaccous itonidid fly, (leadiplosis koebelei (29).
The predator proved to be ol Jittle value in control, hut the 2 parasites
increased and spread so rapidly that satisfactory control was effected
throughout all the infesled areas of California within 2 years. Thoere
have been no outbreaks sinece that time, and e pest is consistently
held at an exceplionally low level.  Tn completeness and consistency
of control the success of this project cquals thal attained 40 years
previously by the vedalia beetle on the eottony-cushion scale.

Immediately lollowing initial releases of the parasiles, Coccophagus
was generally the most effective Ju reducing the heavy exisling infesta-
tions. IHowever, observations in recent years hinve shown a prepon-
derance of elracnemus, indicating that this species may be the most
effcetive under conditions of low host density.

It 1s somewhat surprising thai outbreaks of citrophilus mealybug
have not occurred following the general use of the new organic
insecticides since 19435, as infestations of other mealybug species on
citrus in southern California have increased greatly after application
of sprays or dusts to the lrees.

Citrus Mealybug
(Pseudocoecus citri (Risso))

The first effort in the biclogical control of the citrus mealybug in
California was In 1891-92, whoen the coceinellid beetle Cryplolaenus
montrouziers was imported from Australia. It incremsed rapidly for
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several years and showed promise of effecting control, but then sub-
sided te relatively little mmportance. Later investigations demon-
strated that this was duc mainly to the inability of the bectle to
survive the winter in suflicient 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 salisfactorily controlled by this means.

The use of Cryploleemus constituted an annually recurring cost to
the growers, in which respect it differs from the requirements of other
bielogical control projects, and for that reason the search for effective
iternal parasites was continued. ZLepfomustidea abnormis was ob-
tained from Sicily in 1914, Although il was not cousistently effec-
tive in reducing the pest infestations, in some sections it held
them to a low level between outhreaks and possibly olso lepgthened
the itervals bebween these outbreaks.  Certainly the eitrus mealybug
has been much less destructive since the introduction of the parasite.

In Ventura County, however, the mealybug has persisted in many
groves in sullicient numbers to pecessitele control measures.  About
a0 million Cryplolaemus bectles and many millions of Lepiomasiiz
dactylopii How. and LPawridie peregrine Tinb. are produced and
colonized each year for its control. L. dactylopii, which previously
had been recorded ffom Washington, D. C., and Louisiana, was
nported from Brazil i 1934 and P, peregring from South China in
1949, These two species are not yet known to be cestablished, as
survival over the winler is uncertain.  When colonized in the spring
and ecarly summer, however, they increase rapidly and are often
elfective 1n controlling the pest,

Extensive experiments were conducted in Massachusetts (150)
during 1933-35 to determine the possibilities for the cffective use of
Cryplolaemus in controlling heavy infestations of the citrus mealybug
on gardenins and chrysanthemums in greenhouses. The releases
were on the basis of about one beetle per plant.  Control was usually
sccomplished by the sccond brood of larvae and in 9 to 10 weeks
after the initinl releases,

Cryptolaemus reproduces satisfactorily only at 70° F. or above.
Greenhouse tomperatures arve usually below that during the winter,
and therefore the beetles can be utilized successfully only when
releases are made during April through June. Tlie beetle does not
reproduce extensively in light infestations, yet if they are {00 heavy
at the time of beetle release there will be serious injury to the crop
before control is accomplished by the second brood of larvae. Thus
there are definite limitations to the use of Cryplolaemus in greenhouses
under commercial conditions.

The inability of Crypiolaemus to reduce light infestations in green-
houses or te hold them consistently at a low level once the heavy
infestations are controlled suggests the use of L. abnormis, L. dacty-
lopii, and P. peregrina as a supplementary measure. A recent study
of this problem in Calilernia (42), where gardenias are often heavily
infested with this mealybug, showed that initisl heavy infestations
could be reduced and then maintained at a low level by the use of
several natural epemies, the most hnportant of those used in the
tests being Chrysopa californica Coq., Seymnus bingevatus, and
Anagyrus kivuensis Comp.
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Comstock Mealybug
(Pseudococcus comstocki (Kuw.))

During the 1930s 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 were 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 Mues. and Clausenic purpurea Ishii had apparently been
zocidentally introduced with the host some years previously, but the
first was found to ocour in only o few localities, whereas the latter was
generally distributed.

A. burrelli, P. malinus, and C. purpurea 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 aress 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
meinly attributed to competition with €. purpurea, 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 194041, before the effectivencss of the imported parasites had
been demonstrated, an attempt was made to utilize the Australian
meslybug predator Cryptolaemars montrouzieri for control of heavy
infestations. The Comstock mealybug has the same genersl habits
as the citrophilus and citrus mealybugs on eitrus, in that the infesta-
tions consist of large aggregations of adults and egg masses, a ¢cohdition
found to be essential for the full effectiveness of Crypiolaemus. Re-
leases of large colonies of adult beetles were made in three orchards iu
Albemarle County, Va., under favorable conditions in 1941-42, but
the experiment was unsuccessful. 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 Mealybug
{(Pseudococcus adonidum (1.))

The long-tailed mealybug is one of the minor pests sttackang citrus
in California, but occasional outbreals have oceurred in recent years,
and in some aress it has become & major pest of avocado. Thae
importation of natural enemies was begun in 1933, when Anarhopus
sydneyensis was obtained from Australia, where it had been observed
several years before. Telracnemus peregrinus, which had been im-
ported from South Africa in 1924 and 1926 but not cstablished, was
brought in from Brazil in 1934, followed by Anagyrus Fusciventris
from Hawaii in 1936.  All three species bave become established (62).

A. fusciventris has proved to be of little value in control, whereas
A. sydneyensis and T. peregrinus have been highly effective in con-
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trolling infestations on cttris 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 7. peregrinus alone is able to
bring an infestation under control. DBoth »f these species were
colonized in heavily infested avocado orchards in San Diego County
in 1941 (66). Observations 18 months later showed that both ware
established and the infestations reduced sufficiently so that furiher
control measures were unnecessary. Since that time the parasites
have become established throughout the coastal area of southern
Californta. They have aided greatly in contrel of the pest, though
occasional local outbreaks still oceur on citrus.

Grape Mealybug
(Pseudococeus mardimaus (IEhrh.))

The grape mealybug is presumably native to North America and
is widely distributed. In California it is & 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 generations
coch year. Also it is heavily attacked by several parasites that do
not attack the form infesting the other plants.

Experiments have been conducted recently (45) in the control of
this pest on pear trees through the utilization of a native predator,
the well-known green lacewing (Chrysopa californie). 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 Chrysopn are extremely susceptible to these
insecticides, whereas the larvae are resistant. Accordingly, the
colonies placed in the ficld 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. Tlhis finding suggests
that releases in alternate years will be sufficient to maintain control.

Pincapple Mealybug
{(Psendococcus brempes (Ckll))

The pineapple mealybug is a common though not destructive peast
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 Humbletonia
pseudococeing, 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

(Erosoma lenigerum (Hausm.))

The woolly apple aphid is netive to the northeastern portion of the
continent, as s also its internal parasite, Aphelinus mali. The pest
is usually fairly well controlled by Aphelinus, though cecasional minor
outhreaks occur.

The opening of the West to agricultural devclopment in the lnst
century led to the establishment of a large apple industry in the
Pacific Novthwest. Apple cultings and nursery plants from the
East undoubtedly carvied 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 <isease, perenmial apple canker, which
caused serious injury to the trees. The plusical 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 resuited in large lesions at such points, The essential
step in the control of the discase was therefore the elimination of the
aphid infestations,

The intreduction 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 were rapid, and the aphid infestations soon subsided to
a. noninjurious level, A further consequence was the virtual dis-
appearance of perennial apple canker as & serious orchard problem,
This favorable situation persisted until the late 194(’s, wheno 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 perenpiol apple canker. The solution of this problem
Hes in either the addition of an effectiveaphidicide to the codling moth
sprays or 4 change in the insecticide to one less toxic to the parasite
and less persistent on the folinge.

The parasite was also introduced into the apple-growing sections of
California during 1935-39, but it is not so effective in some arcas of
the State as it is in the Northeast and Northwest.

The general cffectiveness of A. malt in the United States has led
to its introduction into the apple-growing areas of 50 countries or
zreographic arcas during the last 30 years, It is known to be estab-
lished in more than 40 of these countries, with varying degrees of
suceess in coatrol of the pest.

Recent observations in California (105) indicate that Frochomus
quadripustulatus, o coccinellid beetle imported from Italy and estab-
lished in 1928 to control certain lecaniine Coccidae, is capable of check-
ing heavy infestations of the aphid in some parts of that State and
is a valuable supplement to A. mali.
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Citrus Blackfly
(Aleurocenthius woglumi 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 participated in by the United States Department
of Agriculture with the direct objective of protecting an agricultural
crop here.  The purpose was Lo prevent or reduce the prabability of
entry of the pest into the United States as contrasted with control
after entuy.

This blackfly, which is of Asiatic origin, became o destructive pest
of citrus and other planis in Cuba, the Bahiamas, and Central America
after its discovery in Jamaica in 1913, Its presence in these places,
particularly on the islands near Florida, made imminent the danger of
introduction into that State. It was felt that il the pest could be
reduced to a low level by the biological method, the danger of entry
into Florida and the Gulf Staies would be greatly reduced.  Accord-
ingly, the United Siates Department of Agriculture and the Cuban
Department ol Agriculture, Commerce, and Labor investigated the
problem on & cooperative basis.

A parasilic wasp, Erefmocerus serius Silv., and a predaceous beetle,
Catana clauseni Cliapin, were introduced into Cuba from Malaya in
1930 (22) and widely colonized. Complete coutrol was quickly
brought about, mainly through the parasite, not only in Cuba but in
Jamaica, Panama, Costa Riea, and, alter some delay, in the Bahamas.
The danger of entry of the pest into the United States from the West
Indies has thus been greatly reduced.  If it should abpear in Florida,
the parasite can be obtained immediately, and there is reasonable
assurance that it will exercise the same degree of control that was
attained in Cunsa and elsewhere.

The discovery in 1935 of an infestation of the blackily on the west
conast of Mexico and its rapid spread to many parts of that country in
the following years were of muel concern Lo the citrus growers of the
border States [rom Texas Lo Calilornia.  The heavy infestations that
developed during the following years in several arcas of Mexico demon-
strated that the pest might well be able to incrense to a destructive
status under the couditions that prevail in those semiarid States.

In 1943 a project was undertaken by the Mexican Department of
Agriculture and the United States Department of Agriculture for
the importation of E. serius, which had been so effective elsewhere.
During the summer of that year 60 colonies of the parasite, obtained
from the Canal Zone, were released in the infested area on the wesb
coast from Colima northward beyond Los Mochis, to which aresa the
Fest‘. at that time was restricted. ~ Many of the colonies became estab-
ished and, as the pest spread to other parts of the country, the para-
site was distributed from these sources. In many sections it became
very abundant, but in only a few small areas was it able to bring about
control. This result was unexpected and disappointing, but dimatic
conditions during the winter apparently arc markedly unfavorable to
the parasite, causing its population o decline greatly.

The seriousness of the problem, accentuated by the close approach of
the pest to the border and the almost complete failure of Eretmocerus,
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made it necessary to renew the search in tropical Asia for more cffee-
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 western India and Pakistan a
number of parasifes were found thal had not been encountered in the
original investigations in Alnlaya. Four of them—~>Prospaltella cly-
pealis Silv., P. opulenta Silv., P. smithi Silv., and Amdlus hesperidum
Silv.—are now established in Mexico and are being widely distributed.
They have been collected and distributed by the hundreds of millions
by the Mexiean National Commititee for the Combat and Control of
the Citrus Blackfly, and salisfactory confrol has heen obtained in the
central and eastern parts of the country but not yet in the west coast
areas. A, hesperidum is the most effective ol the new importations,

Citrus Whitefly
(Dialeurodes citri {(Ashm.})

The citrus whitefly is generally distributed as a pest of citrus and
many ornamentals in Florids and ihe Gulf Siates, and infestations
have developed {rom time to time in California. In 1910-11 &
search was made in India for naturnl enemies of this pest and two
were found (152), an internal parasite, Prospoliella lahorensis How.,
and & coccinellid predator, Catana parceselose (Sicard) (=Cryptognatha
flavescens Mets.). Both of these were taken to Florida, but unfortu-
nately during the early winter when facilities were not available for
laboratory propagation. The stocks of both speeies died during the
winter, and consequently no field releases were made.

For many years cousiderable interest has heen shown in the parasitic
fungi of the genera Aschersonia and Aegerite, which atéack whiteflies in
Flonda. A study of these fungt (706) indicated (hat they are the
most important of the natural-control agencies operating against the
whiteflies in the State, but avtificial dissemination of spore suspensions
did not contribute appreciably to control il the fungi were already
present in the groves.  Methods were developed by State agencies for
growing these fungi in quantity in the Jaboratory, and beginning in
1915 culiwres were widely distvibuied.  In recent years much doubt
has nrisen as to the actual velationship of the fungi to the whiteflies
and the real value of the distribution program. Tt was discontinued in
1943,

Citrus Red Mite
{Metatetrangchus eitri (MeG.))

Qcceasional efforts have been made to obtain natural enemies of the
citrus red mite, which is a sericus pest in southern California. As
carly as 1900 one or more species of predaceous Coecinellidae were
imported from Australia, but did not become esiablished.  Stethorus
vagens (Black.), which was colonized in 1900-1901, was recovered in
1902, hut did not persist. 8. gifeifrons Muls,, obtained from South
Ching in 1950, reproduced well in several loealities during the scasons
of release, but is not known 1o be established.
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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 ngainst the alfalfs weevil,
European corn borer, sugarcane borer, European earwig, and pink
bollworm. Commercial control has not been atteined throughout
the range of any of these pests, although substantial results have
beenr shown on the European corn borer, alfalfa weevil, and alfalfa
caterpitlar.

European Corn Borer

(Pyrauste nubilalis (Hbn.))

The discovery of the Buropean corn borer in Massachusetts in 1917
and in other arcas shortly thereafter led to an early realization of the
importance of the problem facing the producers of one of the principal
arain crops in the United States.  As a result biologieal control inves-
tigations were initisted ab an early date (4), studies being undertaken
in France in 1919. The scarch for natural e¢nemies in Kureope was
concentrated mainly in France and Ttaly. Importations from that
region from 1920 fo 1938 totaled nemrly 24 million field-collected
hibernating borers, a portion of which contained carly stages of para-
sites, and o Jarge number of cocoons, puparia, and pupae of several of
the parasite species. Eighteen parssite species were obtained from
these shipments.

The importations from Japan, Korvea, 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 Burope, the combined total comprised 24

species. The total production of parasites obtained from the imported
meterial was approximately 2,687,000 adults from Europe and 307,003
from the Orient. These numbers were supplemented later in the
colonization program by 3,360,000 of 5 specics, produced by domestic
rearing, and field collections of 146,000. Additional ficld collections
of several of the established species for extension of the colonization
prO%ram heve been made annually since 1939,

Although the large-seale importation program was completed in
1938, small collections of certain species occurring in Europe but not
vet established in the United States were made during the following
10 years in the hope that they would be better adapted to some of
the more newly infested areas.

Of the 24 species of parasites that were imported and colonized, 6
have become established—Chelonus annulipes, Horogenes punclorius,
Lydella stabulans grisescens, Macrocentrus gifuensis, Phacogenes nigri-
dens, and Sympiesis viridule. The first species attacks the egg and
develops in the larva, Phaeogenes is a parasite of the pupa, and the
otner 4 sttack the larva. Only Lydella and Aacrocenirus have be-
come sufficiently ebundant or widely distributed te be considered as
of appreciable value in field control. Each species appears to be
rather definitely limited in its ecological requirements, and none are
able to increase to effective numbers throughout the entire area of
infestation of the host.

L. stabulans grisescens, the most effective of the introduced species,
is now widely established over the Eastern and Middle Atlantic
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States, where it cffects & parasitization of 10-45 percent. Extensive
colonization in the North Central States since 1944 has resulted in its
general establishment and rapid spread n that area, with field para-
sitization ranging from 45 to 75 pereent in Ilinois, Indisna, Towa,
Kentlucky, and southwestern Ohio.

M. gifuensis has been widely distributed. but thus far has not per-
sisted in apprecinble numbers except in certain areas of southern New
England, where it is the dominant species and whore parasitization
up to 52 percent has been observed.

H. punclorius has been established and widely distributed for many
vears in southern New England and New Jersey, but field parasitiza-
lion has declined in recent vears. It has been widely distributed,
especially since 1944, in the North Central Siates, but has not per-
sisted in appreeiable numbers at any point beyond the generally
inhabited area in the Kaslorn States,

Several other species have been colonized on a very wide basis but
without success. Relenses of Ereristes roborainr (F.) totaled 314,796
adults, which were distributed over 6 Siates. Although recoveries
frequently were made, permanent establishment was not attained.
Bracon brecicornis (Wesm.) was colonized on an even greater scale,
with 2,820,403 adults relensed in 13 States.  No recoveries have ever
heen made.

The extensive Federal-State cooperative program initiated in 1943
and covering mainly the North Central States has permitted much
more infensive colottization and recovery studies than had previously
been possible.  The cntire biclogical control program, which has now
been under way for move than 30 vears, shows much more promise
than was thought possible 15 vears ago. The figures for field para-
sitization, especially in the North Centeal States, ndicate the possi-
bility of substaniial results in conlrol of the pest. Definite decline
in the infestations in several aveas appears to be correlated directly
with the establishment and increase of the infroduced parasites.

In 1031-33, cxperiments were undertaken in the utilization of &
fungus discase in supplementing the inscct parasites for control of
the corn borer (7). ‘The fungus was Beawveria bassiana (Bals.} Vuill.,
which was conlained in n consignment of corn borer larvae imported
from Manchuria, A mortslity of 86-90 percent of the larvae occurred
while they were being held for parasite emergence. The field plots
were Lreated with spore dust applied with o hand duster, at first 1
week after the peak of oviposition and again after all the eggs had
hatehied.  Other plols received weekly applications.

As expected the mortality varied with the dosage of spores applied.
The best results, representing a kill averaging 71.3 percent, were
secured with 2 applications of 20 gm. of spores cach per acre. How-
ever, it was concluded that the annual applieation of spore dust for
field control would be impracticable because of difficulties of produc-
tion and application.

Although the fungus persisted in the field for some time after the
applications, the natural spread in succeeding generations was very
Lmited. This condition is understandable with this and other insects
of similar habit, as the infected caterpillars die in their burrows in
the plant, and there s little opportunity for dispersion of the spores
from these confined spnces.

363934—56——4
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Sugarcane Borer
(Diatraca saccharalis (F.))

The early attempts at the biological control of the sugarcanc horer,
beginning in 1915, consisted of the colonization in Lousiana of large
numbers of a tachinid fly, Lizophaga diatracae, which is native to Quba
and other West, Indian islands. It persisted in the field for several
years, but finally disappeared.

In 1928 a large-scale program was started for the importation of
parasites from Argentine and Peru. The search revealed at least
9 specices, 2 of which were very abundant. During o 4-year period 5
of these parasites were shipped to Louisiana (98}, the consignments of
Paratheresia claripalpis consisting of 637,000 puparia and ol Iphiculex
rimac (Wolce.), 59,600 adults. The other 3 species were forwarded in
only small numbers. Most of this material came from Peru. The
field releases were mainly in Louisiana, though a small portion of the
stock was utilized in southern Florida. Additional supplies of the
2 abundant species were obtained in 1936 and of Lirophaga as well in
that and later years for release in Florida. In 1938-41 it was possible
to obtain colonies of the Amazon fy (Metagonisiylum minense Tns.),
& very promising species originating in Brazil and previously imported
into Puerto Rico by the Federal Agricultural Experimental Station
there. Adequate numbers were released during several years in both
Louisiana and Florida.

None of these natural enemies of South American origin hecame
established in Louisiana. There appear to be two rensons for the
consistently unsuccessful attempts to establish parasites of the borer
in that State. Cane is an annual crop rnd its complete removal in
the autumn of ench yenr creates conditions unfavorable for over-
wintering of the parasites. Further, the winter temperatures, with
& minimum of 15°-20°F,, are too scvere to permit survival of the
parasites. There appears to be little prospect of the successful
utilization in the State of any of the more common parasites of the
pest that are known to occur in the West Indies and Central and
South America. It may be possible to find others that are adaptable
to lower winter temperatures, but even if such are eventually found
the cultural methods employed may prevent their increase.

The elimate and cultural practices in southern Florida are much
more favorable for parasite survival than those in Louisiana. L. dig-
traeae is now well established in the State, &s is also Agathis stigmaterus
(122), which had been included in small numbers in the shipments
from Peru in the carly 1930%s. Lizophage is the more abundant and
effective. In 1941 the combined parasitization ranged up to 83 per-
cent in a number of fields at Fellsmere.

The distribution of Zinophaga and Agathis in Tlorida is not yet
complete, but the fields receiving the enrlier veleases have shown
marked reduction in the percentage of stalks injured by the borer.
However, even in southern Ilorida the occasional Trosty winter
periods result in high mortality of the parasites and low parasitization
the following season.

The outcome with P, claripalpis, the most promising of the Peruvian
parasites imported and colonized in great numbers, was especially
disappointing. Repeated recoveries were made in Florida, some up



http:appen.rs
http:Louisin.na

BIOLOGICAL CONTROL OF INSECT PESTS IN I'HEE UNITED STATES 45

to 50 miles from™the nearest point of refease, and samples showed 30
percent or more parasitization. It undoubtedly is established, though
no observations on its field status have been made since 1943.

Repeated releases of the Amazon fly were made during several years,
and field recoveries were made at a number of colonization sites during
the season of release. Establishment was not effeeted.

During 1950 a rearing stock of an egg parasite of the genus Telenomus
was imported from Trinidad. The releases totaled 6,220 in Louisiana
and 2,000 in Florida. Ficld recoveries have not yet been made.

Importations of additional species are still being made in the hope
of finding one or more that will be better adapied to conditions pre-
vailing in the cane-growing areas of the United States than those that
have been tested thus far,

For many years atternpts have been made, not only in the United
States but in several West Indian istands and South American coun-
iries, to conbrel the sogarcanc horer by the use of cgg parasites of the
genus Trichogramma. It was belicved that their release early in the
spring, when the pest population is low, and at the rale of about 5,000
to 10,000 per acre would give o bigh parasitization carlier in the scason
than would otherwise oceur, and that this would prevent or reduce
the buildup of the pest to destructive levels later in the season.
Subst—antiall reductions in infestations have resulted [rom this practice
in Barbados and Peru. It may be mentioned that the methods of
production of sugarcane in the continental United States differ from
those of tropical countries. The canc is harvested ab the end of each
growing season, whereas in the Tropics the crop is permitted to grow
for 18 to 24 months belore cutting. This cultural practice obviously
has o dcfinite influence on parasite abundance. Large-scale field
experiments (95) have shown that releases of as high as 45,000 Tricho-
gramme adults per acre have no appreciable efleet in reducing borer
injury to cane under conditions prevailing in Louisiana, Very little
difference was observed in the parasitization of the eggs in the release
plots as compared with the cbeck plots.

Alfalfa Caterpillar
(Colius philodice ewrytheme Bdvl.)

The attempts to control the alfalfa caterpillar in California by the
biological method represent the first eflort in the TUnited States to
atilize and disseminate artificially n disease-producing virus. This
virus, Borrelina campeoles, occurs in nature in California and is
transmitted from larva to Jarva in several ways., Nafural outbreaks
of the disease occur sporadically, initiated by high population densities
and other factors, and play an important part i controlling some
infestations, but they cannot be depended on to occur with suflicient
frequency to give satisflactory cconomic control,

Ticld tests were undertaken during 1948-31 (147) to determine
whether outbreakis of the isease could be induced by the distribution
of the virus maferinl.  Methods had been developed for obtaining
the virus malerial, either by infecting and rearing larvae in the
laboratory or by collecting dead and dying Iarvac in the field, The
dead discased larvae were blended into o thick homogeneous solution,
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which, when applied in the ficld, was diluted sufficiently to give a
polyhedral count of 50-100 million per miililiter. Application was
by conventional ground equipment and by airplane.

Rapid and su%stantia-l reductions of the calerpillar populations
were obtained as o result of these applieations, and il was concluded
that 5 gallons of virus suspension containing 10 million polyhedra por
milliliter per acre was adeguale to insure infeetion and to reduce the
field population below economically injurious levels.  One of the chief
obstacles to general use of this metlhod of control is the neeessity for
exact timing of the applications,  Light infestations ean be controlled
by treatient when the larvae are in the third instar, whereas the heav-
iest infestations must be treated while the pest is still mostly in the
egg slage.

Preliminary experiments have shown that Beeilius thuringiensis Ber-
liner, originally obtained from larvae of (he Mediterranean flour moth
in Burope, may alse be utilized v initinting oulbreaks of disease in
infestations of the alfaila ecatlerpillar (139). The suspension used
in the early feld tests contaimed 1 to 2 nothon spores per milliliter of
diluent.  Within 24 to 48 hours alter application infection was general
enough o kill large numbers of caterpillars. The test plots showed
a reduction in population below an ecconomie level.  The bacillus is
more rapul m s acetion than the virus, which requives 5 or § days,
though the aetion does not appear {0 be quile 56 consistent.  An added
advantage in heavy infestations is that the integument of the diseased
caterpiliar is lelt intact; (hus the dead inscet drops to the ground
without fouling (lw folinge.  [Towever, one disadvantage is that the
folinge does not become contaminated with the bacterium, and
consequently lhe later broods of larvae do not become generally
mfected,  The effects of o single treatment are therefore not so
long-lasting as those of the virus.

Since B thuringensiy ean be grown on ardificial media, its culture is
more simple than that of the virus, which must be grown in the living
insect.  The baeillus can possibly be produced on n comniercial
basis at a cost approximaling that ol a chemical inseeticide. The
cost of application is the siume, whether a baeillus, virus, or chemieal
is used.

The alfalin caterpillar i3 also olten heavily parasilized in the field
by Apunteles medicaginis Mues.  The existence of these three natural-
control agencices, each of which is capable of controlling the pest
under favorable condilions, has led to the development of an offective
and economical program for control in the Dos Palos area of central
Californin. This supervised program has two main objectives—the
application of insecticides at the proper Lime and the withholding
of such iusecticide treatinents when conirol by natural agencies is
expected with some corlainty. cpanteles olten atinins a high degree
of parasitization, and ils buildup in relation to the host population
and stage of development vsually can be predicted at the time of
examination. The parasite is not adversely aflected by the virus
discase, as it matures in the young stages; whereas the host is killed
by the discase mainly when nearly full grown.

In order to put this program into cileet i the Dos Palos ares, a
cooperalive pest-control associntion was organized and a field ento-
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mologist. employed. The avea to be supervised was limited to approx-
imately 9,000 acres, as it was essential that cach ficld be examined
at least once cach week.  In 1947, 30.5 and 11.4 percent of the fields
at the fourth and fifth euttings, respectively, were withheld from chemi-
cal treatment because of high parasilization. Fourteen percent of
the fields were saved from injury without treatment during the third
to fifth cutting porioels and an additional 50 pereent by high para-
sitization plus other factors.

Until recent years 2. medicaginis was considered to be identical
with the eastern 2. flaviconchae Riley. TTowever, the former is a
solilary parasite ancd atiacks only the young host stages, completing
its development when the host is still only partly grown. 4. flavi-
conchae is gregarious and is able Lo attack the host in any stage. In
1951 and 1053 rearing stocks of (he letter were obtained from Mary-
land, and ficld colonization on a small scale was begun in Calilornia.
T is anticipated that becnuse of ils habils (his species may be more
cffective than A. medicuginis.

Pink Bollwerm

(Pectinophora gossypiella (Saund.))

The pink boliworm, & highly destructive pest of cotton, is now
nearly worldwide in distribution. It reached the United States in
1017 by spreading from Mexico. The eradicalion program that was
conducted for many years, followed by an intensive control pro-
gram, made it impracticable to underiake the importation of natural
enemics until 1934, In that year a rearing slock of Bracon kirk-
patricks (Witkn.), a larval parasile recorded as being abundant in
Fast Alviea, was received from Bgypt, and in the following year
3 additionnl species were oblained from the same country. Two
species were then obtained from Hawaii and 3 species in 1938-40
lrom Korea. The search for additional parasites was started in South
America in 1040, and during o 3-vear period small consignmenis of
2 Tarval parasites were forwarded [rom Brazil.  Tle imported stocks
of 1he most promising parasiles, mainly speeies of the genera Bracon
andl Chelonus, wore supplemented by large-seale laboratory rearing,
and large numbers were released i the infested area in Texas and in
nearby infestations in Mexico, where conditions were believed Lo be
more [avorable for the parasites. Nonce of the 11 species became
established.  The search for ¢lfective parasites was renewed in India
in 1952.

The faiture of these parasiles Lo establish (hemselves may be altrib-
uted to scveral causes. From necessity, because of the vestrieted
distribution ol the pest, the releases were made in semiarid sections
where cotten is grown in irrigated fields and where very few alternate
host plants are available. Further, the cleanup program and the
cotton-free period enforced as control measures climinated a large
portion of the hosts that would normally hibernate and of the para-
sites as well,  Aetive stages of the pink bollworm suitable for para-
sitization are available during only a few months of the year. In
the absenee of allernale hosts on which to bridge the intervening
period, the parasite colonies died out, :
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Bollwerm
(Hleliothis zea (Boddie))

Importations of natural cnemies of the bollworm from Peru were
undertaken in 1941 incident to the work on parasites ¢f the boll
weevil {Anthonomus grandis Boh.). An anthocorid bug, Paratriphleps
lagriusculus Champ., bad been found in Peru to be highly effective
against another species of Heliothis on cotton, and it consistently
destroyed a high percentage of the eggs. A total of 1,450 nymphs
and adulls of P. laeriusculus were forwarded to the United States
during 1841, of which about 1,200 were released in bollworm infesta-
tions in Texas, The species did not become cstablished.

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

The investigations on the natural enemies of the lima-bean pod
borer were bogun in France in 1936, and shipments of material from
that country and Hungary were made during 1936-38. They com-
prised 7 species of parasites that attack the larvae, of which Bracon
piger, Phanerotoma planifrons, and Chelonus inanitus were received
in the largest numbers.  Releases were made both in lima bean fields
and In wild growth of the {ree lupine (Lupinus arboreus Sims), a
favored native host of the pod borer.

Recovery collections were made for several yvears nfter the initial
release, and these three species were found Lo be established in south-
ern California. The development of the colonies and their spread
have not been followed since that time, but there is litlle reason to
believe that they have had any appreciable offect on the pod borer

infestations.
Pea Moth
(Laspeyresia nigricana (Steph.))

The pea moth is a destruetive pest of ficld peas in the Northwestern
States, and biological control measures were undertaken against it in
1936 and the {ollowing years by the Washington Agricultural Experi-
ment Station. Field releases of Macrocentries ancylivorus, the highly
effective parasite of the oriental fruit moth, were made in 1936, 1943,
and 1845, but establishment was not attained. In 1944 collectjons of
adults of Ascogaster quadrideniaic Wesm., Glypta haesitator Grav., and
Glypte sp. were made in British Columbia, and colonies were released
m Whatcom and Skagit Counties. These parasites had previously
been imported from England by the Canadian Department of Agri-
culture and established on the pea moth in British Columbia. Asco-
gaster is a well-known parasite of the codiing moth in North Americs,
but does not attack the pea moth; whereas the sirain imported into
Canada was obtained from the pea moth in England. The two species
of Glypta did not become established in Washington, but the imported
colonies of Ascogasier persisted, and there was also a natural spread
from Canadian sources into adjacent counties of this State.

4
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Fall Armywerm
(Laphygma frugiperde (J. E. Smith})

A small number of parasites of the fall armyworm 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 Archyles incertus
(Macg.) were forwarded to the Everglades Experiment Station in
Florida. Approximately 700 were released in the ficld, but establish-
ment was not accomplished. The importations alse included several
thousand adults of & carabid beetle, Calosoma argentinense Csiki, which
likewise fziled to establish itiself.

Iimported Cabbageworm
(Pieris rapae (L))}

The imported cabbageworm is an introduction from Europe and
first appeared in Canada about a hundred years ago. It spread so
rapidly that practically all sections of the United States were infested
within 25 years, The imported larval parasite dpanteles glomeratus,
which became established in 1884, is now generally distributed and
often cffects o high parvasitization. The same is true of Pteromalus
puparum L., a gregarious pupal parasite, which had been previously
méroduced accidentally. In spite of the abundance of these two
parasites, this cabbageworm is still & serious pest of eruciferous plants,
and the parasites apparently have contributed little to its control.

Omnivorous Leaf Tier
(Cnephasia longana (Haw.))

In recent years the omniverous Jeal tier has become a serious pest
of strawberry and several other iruck crops in the Pacific Northwest
and has been observed as a pest of flax in California. A survey of its
natural enemies in I'rance in 1950 revesled the presence of several
promising braconid and ichneumonid parasites of the larvae. Impor-
tations were started in the summer of 1951, the rearing and coloniza-
tion program being conducted by the Oregon Agricultural Experiment
Station.

Potato Tuberworm

(Gnorimoschema operculella (Zell.))

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

Range Caterpillar
(ITemilenca oliviae Ckll.}

The range caterpillar is a serious pest of naive grasses m norgh-
eastern New Mexico, where destructive outbreaks ocowr periodieally.
Oune of the chiel fuclors in iis nalural control is an oy parasite,
Anastatus semiflovidus Gahan, \nother egg parasile, Ooency:ms
kuwanai, o larval parasite, Qompsiture Lmu,uumt(.' and three species
of carabid bectles of the genus Calosome, m(‘hulmu . syeophanta,
were introduced from Noew 15 ngland and colonized i considerable
numbers during 1913-16, but none of them became established.

In 1938 a progrant was undertaken for the mass production (77} of
Anastatus Tor licld colonization in the hope that large-seale releases
might aid in the suppression of the periedic hoavy nfestations, A
Pr oduction rate of 2 mitlion parasitized eggs per month was attamed,
and during (he following 2 years 8 million of these cegs were placed
in infested areas. The restlls wore inconclusive, however, and the
program was evenluanily discontinued.

Alfalfa Weevil
{(Hypere postica (GylL)

The search for natural enemtes of the alfalfa weevil began in ltaly
in 1811, and in that and the following 2 vears o lacge number of

noatural enemics, comprising nl loast 5 species that altack the egys
and 4 that develop in the larvae and 1 on the pupae, were imported

and released in Utah (J8).  The larval parasite Bathyplectes cureutionis
alone beeame establislied as o resuli of releases at fhis time.  Addi-
tional imporintions wore made from Ttaly and France during 1925-28,
resulting in the establishment of the egg pavasile Mymar pratensis.

Dibracheides dynasies {(Foerst.), an external parasife of the prepupa
and pupa, which was inctuded 1in the 1911-13 releases, has sinee been
collected in Utah, Orvegon, and Washington.  Although no recoveries
were made in the sensons following (he early releases, these findings
muay indicale establishment at that time rather than aceidental intro-
duction at & later dale.

After the alfalfa weevil beeame established in the central vallevs of
California, & third importation program was undertaken, with special
emphasis on egg parasiles and predators to supplement the already
established Bathyplectes. During 1033-36 many shipmentis were made
to the University of California.  They contained mainly Peridesmia
phytonori Gahan and Spintherus sp., but included also several newly
discovercd larval parasites of promise. They were liberated in the
infested areas in that State, but did nob become established.

The benefils of the importation program are due to 8. curenlionis
alone, as ihe second species (o be established, 3. pratensis, is so rave
on this hest as to be of no value in control.  Bathyplecies inereased
very rapidly alter its release in Utab, and in the field the parasitization
of weevil larvee infesting the first crop often exeecded 90 percent, in
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fact many samples showed 100-percent parasitization. Such ‘s rate of
parasitization would normally be decisive in control of a pest, but
complicating factors intervened. The first cutting of the alfalia was
made at an earlier stage of growth than previously. TUnder both con-
ditions & 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
account has been recently published (86) dealing with the combined
effects of early cutting and Bathyplectes parasitization on the weevil
populations tn Utah. The parasite is unquestionably an important
factor in control in that and adjoining States.

B. curculionis was introduced into California in 1933-34 after the
spread of the pest to that State (54, 104). Economic control was
attained in lowland middle Cakhierniz, 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
(Hypera punctate (I.))

T'he importation of natural enemies of the clover leaf weevil from
Italy was incidental to the biological control project on the alfalfa
weevil, o species of the same genus. The laurvaﬂ parasite Biolysia
{ristts was presumably released at or hear Washington, D C., in 1912
and became cstablished. Recoveries were made at widely separated
points in Virginia in 1932 and the following years. No information
15 avadlable as to its effectiveness,

Boll Weevil
(Anthonomus grendis Boh.)

The first attempt te control the boll weevil of cotton by the biolog-
ical method was 11 1904, when 4,000 adults of the predaceous ant
Ietatoma tuberculatum (0Ol) were imperted from Guatemala (80) and
rcleased in 89 colonies in Texas. This predator did not become
established, and nothing further was done until 1941, when importa-
tion of 2 larval parasites, Bracon vestiticida (Vier.) and Triaspis ves-
titicida Vier., was begun from Peru. TLarge numbers were received
during 194145, and supplemented by stocks from the rearing program
they were released at many points in Texas and Louisiana. In spite
of apparently ideal conditions neither species became established.

Pepper Weevil

{Anthonomus eugendis Cano)

Since the pepper weevil is of the same genus as the cotton boll
weevil, any parasite of one is likely to attack the other. The large-
scale importation and rearing of boll weevil parasites from Peru by
the Federal Bureau of Entomology and Plant Quarantine made it
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possible to provide the University of California with colonies for release
against the pepper weevi! in that State.

In 194243 approximately 7,000 females of Bracon vestificida were
released in seversl infested fields of San Diego and Orange Counties.
In spite of very favorable conditions for establishment and increase
no field recoveries have been made.

Sweelclover Weevil
(Sttona eylindricollis Fahr,)

Beenuse of the damage to sweetclover by the sweetelover weavil in
the North Central States the importabion of its natural enemies from
France was undertaken on a small seale in 1948, Since that time
small shipments of Microctonus aethiops (Nees) and Campogaster exigua
(Meig.), both of which atiack 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,
buht iils is not_yet known whether cither 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 Euraope, cspecially for control of the pes weevil (Bruchus pisorum
(1.)), the broadbean weevil (5. rufimenus Boh), and the vetch
bruchid (5. braekiciis Fahr.). Oneinternal parasite, Trigspis thoracica
(Curt.), was found in abundance in France and Austria. Large num-
bers were shipped to the United States during 1935-39, and a rearing
program, which continued until 1942, provided additional stocks for
field use. Field 1eleases to the end of that year comprised more than
66,000 adults in Tdaho against pea weevil infestations, 17,200 in Oregon
against that pest and the veteh bruchid, 19,000 i California against
the broadbean weovil, and 20,700 in Pennsylvania and 21,200 in North
Carolina against the veteh bruchid. In addition, 2,320 adults of
Tetrastichus bruchivorus Gahan, also of European origin, were released
in North Carolina in 1939 against the veteh bruchid.

No field recoveries of T. thoracice have been made at any of the
large number of colonization sites. Specimens of Tefrastichus were
recovered at two release points in Norih Caroling in 1940, but none
have been taken since then,

Vegetable Weevil
{Listroderes costirosiris obliquus Klug)

The search for natural enemies of the vegetable weevil in South
Ameriea revealed 4 species that attack the larvae, and they were
imported from Uruguay and Argeatina during 1942-45 (115). The
most promising was a tachinid fly, Epiplagiops littoralis Blanch, The
parasite material was shipped to the University of California station at
Riverside, and releases of that speecies and of Porizon argeniinensis
Blanch., £. parkeri Blanch., and Triespis sp. were made in infested
fields in Orange County., Theso 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
& small number of adult Triaspis. Difficulty was experienced in
bandling these parasites because of the reversed seasons in South
America and California. Material sssembled in October and No-
vember, wiiich is spring in Argentina, arrived in California in late
autumn. The tachinid parasite had no true hibernation peried, 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
(Crioceris usparagi (1))

The asparagus beelle is of European origin and has, since its initial
establishment, sproad 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 Meigenia mulabilis (Fall.), a tachinid fly, were forwarded to the
Upited 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 gencration at 7
colony sites, and several showed s high percentage of parasitization
in the area of release. However, the parasite failed to persist through
the winter. There is some indication that an alternate host may be
necessary for permanent establishment.

In 1936 a small number of adults of an egg-larval parasite, Tetras-
tichus gsparagi, which is native to the Eastern United States, were
shipped from Ohio to Washington and colonized at Sumner and
Orting. Establishment was eflected readily, and in 1937 field collee-
tions of parasitized larvae were utilized in distributing the parasite
to other points in the State. TIncrease and spread were rapid at all
points, According to B. J. Landis, the parasite has been responsible
for a mariced reduction in the severily of the beetle infestations, though
not to the point of full commercial control. Two colonies of 7.
asparagt were released in Orange County, Calif., in 1940, but establish-
ment was not effected,

Mexican Bean Beetle
(Bpilachna 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
natursl enemies in Mexico began in 1922, when & tachinid fly, Para-
dexodes epilachnae Ald., was found to attack the larvas in the central
ond southern portions of that country. The field 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 pars-
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 80 percent within 2 or
3 months after the initial release. The parasite spread several miles
during this period. In spite of this promising situation it did not be-
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come established; in fact, not wsingle’individual was recovered during
the season after colunization,

A study of the biology of the parasite and of Lhe bean beetle revealed
the reasons for this disappointing outeome. TIn the United Staies the
beetle passes ils inactive season, from about Qctober to May, as an
adult hidden away n sheliered places, and no larvac are present during
this period.  The parasite has no obligatory hibernation period, and
even in Lhe pupal stage canpot survive the winler.  The species is
able to persist in its nutive habitat in Mexico because 2 few beetle
larvae, or those of an aliernale host, are present in the fiekds during
the winter. The parasite is consequently able to breod throughout
the year, though development is much retarded during the wintor,

In 1940 another tachinid fly, Lydinotydelia metailica FYns., was
found attacking nalive species of Kpilachna in Brazil, Shipments to
the United Stales during 194043 fofaled 15746 parasite puparia.
One colony of 182 adulis was relensed at Matawan, N.JF, D 19492 and
7 colonics, comprising 3,300 adults, were liberated in that seetion of
the State in 1943, One smadl release was made at Beltsville, Md., the
same season,  Kxtensive recovery eollections indicate thatl the parasile
faited to become established.

Field tests have been conducted on the microbial control of the
Moexican bean beetle (37) with the Tungus Beaureria bussiona, the same
organism lested on (he Buropean corn borer. The infested bean plots
were treated widh I-percent spore dust (wheat flour as the earrien)
at {he rate of 20 pounds per acre in 2 applications 2 davs apart.

Examination of the plols 14 duys after completion of treatment
showed that 2 carvied a very low population of living stages of the
beele, with no plant injury evident, & third had a larger nunbor of
feeding Inrvae causing up to 10 pereent of plant injury, whereas the
untreated control plot carvied » high population of all stages, with the
plant injury cstimated at 90 pereent.  For comparalive purposes an
additional plot was treated with 1 application of rotenone al 20 pounds
per aere.  Surviving bean bectles i various stages were seveend times
more numerous than in the fnngus-treated plots, and plant injury was
estimated at 25 pereent.  This unfavarable outeome is attributed Lo
heavy and frequent raing, which, on the other hand, provided optimum
conditions for fungus development.

Aldl stages of the bean beetle are highly susceptible to fungus attack.
Laboratory tesis showed some liquefaction of egg clusters within 18
hours alter dusling and 100 pereent alter 72 hours.

Bo far as known ne atfempt has vel been made Lo test or utilize this
method of eontrol on a commereinl seale,

European Chafer

(Lmphimallon majelis (Raz.))

The European chafer was first found in western New York in the
1930°s and 1 still limited to that State, Beeause of the potontial
destructiveness of the grubs to tuef, similar to that by the Japanese
beetle, & program for the importation of its satural enemies from
Europe was uadertaken in 1948, "Pwo species of tachinid parasites,
Dexilla rustica (1.} and Microphthalma cuwropace Egger, that attack

4
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the grubs have been reveived from France and colonized in small
nambers.  They are not vel known to be established, but their im-
portation, #s well ns that of olher ISureopean parasites, is being
continued.,

Asiatic Garden Beetle

(o lutosericd costnnea (Arrow))

Several parasites of sericine grubs were imported from Japan, Koren,
and China during 1927 =34 (23, 79), incident Lo the search for natural
coemics of the Japanese beetle, but only Tiphic asericee became cs-
tablished. Tt wns released in infestatlons of the Asiatic garden beolle
and of Sertea eimitis Tewis in several Slates. 1L )s known to be es-
tablished at several points in Pennsylvania, but has noi incrensed
sufliciently 1o have any effect on the heetle infestations.

Orienfal Beelle

{Anomnla arienialis Waterh.)

The natural enemies of the oriental beelle were imported from
Japan and Korea during 1925-26 and 1932, The shipments com-
prised 8,800 cocoons of 5 speeies of Tiphia, ol which 3 were colonized
in varigus infested areas in several Northeastern States. None
heenme estallished.

Sugarcane Beetle

Wuetheole rugiceps (Lecel))

Small importations of natural enemies of the sugarcane beetle and
several olher sugarcane pests were made [rom Puerte Rico during
1934, 1936, and 1943,  The shipments of the firsl 2 years consisted
nf a grub parasite, Campsomerts dorsalo (I°), and the giant toad Bufo
marinus L., whereas the 1043 offorts were eentered on a predaceous
claterid heetle, Pyrophorus fuminosus (1), In 1944 the Uniled
Stales Sugar Corporation imporled Jufu arenarum Hensel and B.
paraenemis Lutz from Argenting for relense in southern Florida
agninst white grulls, mole crickets, and other seil-inhabiting pests.
Campsomeris was colonized only in Louisiana, hut B. marinus has
been repeatediy released in both States and in Texas. The preda-
eeous beetle was likewise released in Florida and Leuisiana, though in
rather small numbers. None of these natural enemies have become
established.  Observelions on the giant toad have heen sufficiently
extensive Lo indicate quite definitely that allhough it may persist for
several vears in southern Florida, it is unable {o withstand winters
with even ocensional light frosis.

Black Grain Stem Sawfly
(Cephus {(Trachelus) tabidus (7))

The several speeies of the sawfly genug Cephus, including C. tabidus
and . pygmacus (1.}, are al Umes serious pests of wheat in Now
York, Pennsylvania, and the North Central States, whereas O, cinctus
Norl. is the dominant species in the Western States. In 1930 and
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the following years the Canadian Department of Agriculture im-
ported and established a larval parasite, Collyria calcitrator (Grav.),
from England for use mainly agninst C. eincius and . pygmaeus.
Through the courtesy of that Department stocks were obtained from
field collections in Canada for release in the United States. In 1935
a total of 11,700 adults were released at 3 points in Ohio and 9 in
Pennsyivania. The 1930 relenses numbered 10,340, and were made
at 1 point in Ohio, 3 in Pennsylvania, and 1 in New York. In 1937
s colony of 000 was placed &t Carlisle, Pa., and the following year a
colony of 1,830 ot Dover, Ohic. A field recovery was made in April
1938 b Carlisle at the site of the release of the preceding year, hut
the parasite has not heen taken since and is presumed not to have
become established.

Grasshoppers
{Acrididae)

LitUle effort has heen made to contrel grasshoppers by the biological
method, mainly because these pests, being native to the North
American Continent, already have a full complement of parasites and
predators attacking them, and there was little possibility of benefit
from the introduction of additional species. However, 2 abortive
elforls appear to have heen made to import 2 species of Sarcophaga
from Australia, the first by Albert Koebele in 1893 and the second
by George Compere in 1900. Shipments were made, and one small
colony was released in Livermore Valley, Calif, in the latter year
59).

In 1900 field experiments were initiated by the United States De-

partment of Agriculture to determine the pessibilities of controlling
erasshoppers by means of a [ungus imported from South Africa (88).
This was presumably Empusa grylli (Fres.), though probably con-
taminated by other species. During that year cultures were sent to
169 {armers in 24 States for fleld tests. Sometimes a very high mor-
tality was reported, bub in general the results were inconclusive and
the investigation was abandoned.

Hessian Fly
(Platophage destructor {Say))

The first attempt to import natural enemies of the hessian fly was
in 1890-94, when shipments of Pleurofropis metallica adults and par-
asitized fly puparin were obtained from England. This effort was
successfu), and the species became established and widely distributed,
but it had no appreciable cffect in control of the pest (87). No
further work was done on the problem until 1934, when importations
from France began, Trom that year until 1339 small shipments of
Platygusier plevron Wlkr. and Trichacis remulus (Wlkr.) were made
annually from France and Morocco. They totaled 1,158 specimens
of P. pleuron and 3,336 of 7. remulus. The ficld releases of P. pleuron
comprised 641 adults in Pennsylvania and 202 in New York, whereas
those of 7" remulus were 77 in Pennsylvania, 427 in Virginia, and
1,523 in North Carolina. So far as known neither species became
established.
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Releases of Platygaster zosine Wlkr., a species already present in
the Eastern States, were made in central California in 1922 and 1925,
but establishment was not attained.

Squash Bug
{Anasa tristis (Deg.})

The squash bug is a serious pest of encurbits, particularly squashes
and pumpkins, throughout the United States. 1n the Eastern States
it is heawily parasitized by a tachinid fly, Trichopoda pennipes, which
is also an cffective parasite of the southern green stinkbug (Nezara
viridule (L)) in the Southeastern Siabes. g’mce this parasite was
sbsent in infestations of the squash bug in the Northwestern States,
parasitized bugs were collected in New Jersey and Connecticus during
194344, and 4,123 parasite puparis were forwarded to Washington
and Utsh. Total releases of adult flies at Wapato, Wash., in 1943
were 912, with an additional bub unknown number the following year.

Parasitized squash bugs were observed in some numbers in the feld
during the late summer and the fall of 1943, end the field parasitization
over a considerable 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 Washington, and this reduction in severity of attack may, in
part at least, be attributed to the parasite.

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

Harlequin Bug
(Murgantia kistrionica (Hahn))

Biological control work on the harlequin bug, a well-known post of
cruciferous plants, was undertaken by the University of California
during 194142, when stocks of the egg parasite Trissoleus murgoniiae
Asbm. were obtained from Mississippi for field release. A total of
780 adulés were released at several points in Los Angeles and San
Diego Counties during the 2 seasons. The species became established,
though it did not attain the abundance of another egg parasite,
Ogencyrtus johnsont (How.), already present in the State.

Chinch Bug
(Blissus leucopterus (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 through 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 were distributed. Other States likewise developed
distribution programs, including lllincis, Nebraska, Missouri, Ohio,
and Oklahoma, though on o smaller seale.

The fungus was Beaurverie globullfere (Speg.). Many conflicling
claims were made regarding the results of the work. The studies in
Kansas were more prolonged and conclusive than elsewhere, and a
eritical analysis of the work was published in 191t (8). 1t was con-
cluded that the Tungus was present in all fields i the infested nrea
and in such great abundence that artificial distribution could be of no
practical use. Where the fungus was nol i evidenee, outhreaks ol the
disease eould not be induced by artificinl distribution.  Chmatic condi-
tions plaved a dominant role, and when they were Tavorable the
production of spores and their distribution by the wind provided,
unaided, for the initiation and development of outhregks of the
discase.

The outcome of this work with (he chineh bug is often cited {o
support the beliel that fittle can be hoped for in the utilization of
disease-producing organisms in the hiologieal control of inseet pests.
However, as Steinhaus (739) pointed out the conclusions cited apply
ouly to the chineh bug, to the pacticular fungus, and to the genceral
area in which the worle was done.,

Potate Psyllid
(Paralrioze cockerelli {Suley)

The discovery i 1942 of an enevrtid, Aphycus paytiidis (Comp.y,
heavily parasitizing the potato psyllid on tomato in Orange County,

Calif. led to a small-scale effort to establish it in the potata-growing
soetion of the North Platle Valley in Nebraska, where the pestis often
destructive,  In June and Juiv 1943 the University of Califormia
forwarded ¢ consignments of the parasite, comprising ahout 700
adults, to e Bureau of Xntomology and Plant Quaraniine laboratory
st Scolisbhull, Nebre, The first 2 lots were released nearby and the
other 2 at Torrington, Wyo, Unfortunately 1943 was 2 season of Jow
psyliid infestations, so that conditions for parasite release were nol
favorable. Recovery colleetions in 1944 failed to show eslablishment.

Beetl Leathopper
(Cireulifer tenellus (Baker))

The beet leafhopper is a serious poest of heet in the Western States
and of tomato in Californin, on both of which plants it acts as a veclor
of disease. The first investigations on its biclogical control were in
1917-18, when the California State Conmmission of Horliculture under-
took the importalion of natural enemics from Australin (/46). The
shipments during 1918 consisted of boxed stems of saltbush (Atriplez
mmacellers) containing large numbers of eggs of & native leafhopper.
These eggs were ahout 90 percent parasitized by Plerygogramna
gewminatum Pork, and a species of Mymaridae, These two species
were reaved in California and tested on the Dbeet leafhopper in field
cages. No reproduction Look place, and it was concluded that they
were not adapled to this host,
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The second search for natural enemies was in 162628, when the
Federal Bureau of Entomology and Plant Quarantine in coopernbion
with the University of Califernia undertook a survey in Argenling,
Uruguay, and Mexico. No parasite importations were made as the
leafbopper was not found.

In later years taxonomists concluded that the bect leathopper was
of BEuropean origin. Its distribution is now known to extend from the
Mediterrancan region Lo the Near Bast, In a survey of the Meoediter-
rancan countries by the University of California during 1951, ¢
tenellus and several other spocies of that complex were found in
Egypt, Algerin, Spain, and other countries. One shipment of parasite
material was forwarded from Tripolitania. Two cge parasites were
reared from this material, and & colony ol Aphelinoidea anatolia Now.
was released in the 8an Joaquin Valley in Seplember 1951,

In 1952 & joint project was inilinted botween the Burean of Ento-
mology and Plant Quarantine and the University of California for an
intensive parasite-collection program in Spain and the North African
countrics from IFrencl: Morocco Lo BEgypt. The shipments from these
countries, supplemented by insectary rearings, provided 214,100 adult
parasites of 4 species of Mymaridae and Trichogrammatidae, all of
which altack the egas, lor release in California, and smaller numbers
were distributed in Idaho, Ulah, and Arizona {405,

Because of the suceess in Hawaii and elsewhere in coutrolling other
leafhoppers through the introductiou of ege predatlors of the genus
Cyrtoriinus, it had been hoped Lhat & species of this group might be
found that would be eqoaily offective agrinst the beet loathopper.
However, such a predator adaptable to The beot lealhopper and its
environment has not yet been discovered.

Greenbug
(Zoxoptera graminum (Rond.))

One of the earliest Inrge-scale attempts to utilize o native parasite
iu the control of o crop pest was thak on the greenbug, a destructive
pest of wheat in Kansas, This work was undertaken by the Uni-
versity of Kansas in 1907 (91), and may be regarded a5 the fore-
runner of the mass colonization practices employed later with Oryp-
folagmus for mealybug control, Ilippodamia for aphid control n
vegetable ficlds, and Macrocentrus for the oriental fruit moth.

Tt had been observed that the parasite Aphidius testaceipes (Cress.)
(=sL trities Ashm.) appenrcd in the ficlds in controlling numbers in
the spring or early swnmer only after the greenbug infestations had
built up to damaging proportions. ‘Uhis situntion was altributed to
the inability of the parasite to withstand winter conditions in suffie
cient numbers, and it was belicved that if aclive colonies could be
placed in the fields early in the senson their increase would provent
development of destructive aphid infestations.

Infested wheat plants showing high aphid parasitization were col-
lected in the field in southern Kansas and northern Oldakioma, where
the season is slightly earlier than in the most seriously affected arens
of central and northern Kansas, A total of 8,832 boxes of Lhis parasite
material were distributed to almost overy county in Kansas from

363834—50——0
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April 17 to June 16. Inasmuch as each shipment was estimated to
econtain from 20 to 30 thousand parasites, the tolal amounted to
severstl hundred million.

None of this work was conducted on a stricily experimental basis,
and reliance was apparently placed mainly on farmers’ reports. Pub-
lished testimonials were enthusiastic as to the outcome, and many
farmers reported complete control within a few days or a week or
two after receipt of the parasite colonies, These reports of course
could not bhe true, bué indicated instead that, with [avorable con-
ditions, the existing parasite populations in the field developed with
startling rapidity, which they are capable of doing, and guickly
hrought the outbreaks under control.

Farmers in general are eager Lo believe in the elliciency of biological
control, as it relieves them of using other more laborious and costly
methods. However, this enthusinsm often leads them to overlook or
ignore the evidenee that is available.  On other projects reports have
repeatedly been received of complete contrel after the release of
parasiles 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 influence of climale on the greenbug and its parasite
have shown that temperature is one of the dominant factors and thal
the greenbug can reproduce at appreciably lower temperatures than
are required by the parasite. 1t is thus inevitable that the infesta-
tions should build up in the spring well in advance of the parasite,
ospecially during cool, damp seasons, The parasite, beeause of is
temperature requirements, 18 not fully adapted Lo its host, and no
means are available whereby this deficiency cen be overcome or
alleviated.

Yellow Sugarcane Aphid
(Sipha flave (Forbes))

The yellow sugarcanc aphid is a minor pest in southern Florvida
and other Guif Coast States. In Puerto Rico it is often heavily
attacked by a coccinellid beetle, Coeloplore inaegualis (F.), and this
species was imported inlo the United States in 1939, Releases of
1,367 adults and larvae were made in Florida, (zeorgin, and Louisiana,
but estabhishment was nol attained.

Miscellaneous _Aphids

A large though uncertain number of species of aphid-feeding Coc-
cinellidae were imported by Koebele from Australin, New Zealand,
and Tasmania into California, during 1889-93, but nene hecame estab-
lished. The only species of forcign origin now established in the
United States is Lets dimidiate 15-spilote, which was obtained from
China in 1924. Tt failed to hecome established in Californie, but
has done very well in Florida. Tt has shown a strong preference for
the aphids and whitefiics aceurring on papaya and citrus, and is
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Delieved to contribute appreciably to the control of the citrus aphid
in some localities.

For many years much attention was given to the control of aphids
attacking truck crops by the release in infested ficlds, early in the
season, of large numbers of native coccinellid beetles. The species
utilized in this work has been almost entirely Fhippodemia convergens
Guér., which is the most common of the aphid-feeding species of the
family in many parts of the United States. It hibernates in very
compact and large colonies, some comprising 50 to 60 gallons of
bectles, in mountain valleys and canyons, and consequently it can be
collected in almost unlimited quantities at & low cost (16).

For many years, since about 1910, the California State Commission
of Horticulture colleeted these beetles by the ton and distributed
them free to vegetable-crop growers of the State, the greatest portion
going to melon growers in the Imperial Valley.  More recently several
atiempts have been made to utilize them on a large seale against the
pes aphid (Macrosiphum pisi (Harris)) in the Kastern States and
against the greenbug in the Middle West. However, in tests on the
melon aphid (Aphis gossypia Glov.) in the Imperial Valley (36) little
or no bencfit resulted from this practice, as the beetles dispersed very
widely immediately after release. Alse, a native population was
always present in all localities, and the beetles appeared in the fields
as soon as the aphid infestation hecame sufficient to maintain them
and {o permit of extensive reproduction. Tor these reasons growers
are advised against placing any reliance on them when released, even
in large numbers, in the carly spring, but te utilize the more drpend-
able chemical control methods that are now available, Somefimes
growers who have purchased quantitics of heetles have failed to
obtain the expected control and have delayed the use of other mees-
ures until serious damage has been done te the crop.

Rhodes-Grass Scale
{Antonina graminis (Masl.))

The Rhodes-grass scale, o pest of range grasses, has become exceed-
ingly destructive in southeastern Fexas'in recent years and js spread-
ing rapidly. Tt attacks not only Rhodes grass (Chloris gayana) but
several other valuable grasses.  Thousands of acres of exeellent stands
of Rhodes grass have been completely destroyed. Sinee it is im-
probable that this pesi can be controlled cconomically with inseeti-
cides, it was especially urgent that the possibilities of biological von-
trol be investigated immediately. One internal parasite, Anagyrus
antoninae, was known to oceur in Hawnil, and in these slands the
scale, although frequently seen, is & minor pest. Rearing stocks of
the parasite were imported early in 1949, and since that time it has
been reared and released in [arge numbers by the Texas Agricultural
Experiment Station (//9). Even though establishment has been
attained at several points, it is not yet known to what extent it will
be able te control the pest. Additional parasite specics are being
importrd {rom othor parts of the world.
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Sugarcane Mealybug
( Pseudococcus boninsts (Kuw.))

The sugarcane mealybug is onc of the less important pests of sugar-
cane in the Southern Stales, and is considered to be injurious princi-
pally in the seclions where cane is grown for sirup production.  The
body fiuids of the mealybugs cause n discoloration of the produet.
Aphyeus terryl Full, was imported from Hownii into Louisiana in 1932
and was thought to have beeome established during subsequent vears.
Colonies from Louistana field collections wore released in infested
fields in Georgia and Florida.,  However, it developed Inter that the
material disteibuted was of another but similar species, Pseuda phycus
mundus Gahan, which presumably is native on another host or is an
aceidenial introduction, It became established and abundant in a
aumber of Jocalities in which releases were made.  The true .
ferryl is not known to be established.

Two-Spotted Spider Mite
{Tetranychus telartus {1.) (=1 bimacvlalus Harver))

Field tests were conducted on the conirvol of the two-spotted spider
mite, a pest of bush beans, with the fungus Beawrveria bassiana (51).
A 0.3-percent spore dusl was applied during o period of bigh temper-
ature and rvelative humidily as well as some rainfall. A K81 of 711
percent was observed in 5 days. The control plot showed & mortality
of 25.5 percent, much of which may have been due to fungus contami-
nation from the treated plols. The results ol these tests suggest the
desirability of similar experimentsl studics on other mife species that
offer troublesome control problems, especially in areas having climatic
conditions that are favorable to fungus development.

INSECTS AFFECTING FOREST, SHADE, AND ORNAMENTAL
TREES AND SHRUBS

The most imporiant projects for the biological control of forest- and
shade-tree inseets, in which some suecess has been attained, are those
relating to the gypsy moth, brown-tail moth, and satin moth., Sub-
stantial benefit has resulted from the work on these three pests, though
falling short of full control.  On less uuportant pest specics, such as the
oriental moth, definite benefit has likewise occurred.

Gypsy Moth
(Porthetria dispar (1))

The project for the biological conirol of the gypsy moth, a destiuce-
tive enemy of forest- and shade-irees, which beeame established in New
England about 1869, has been one of the most extensive activities in
this line in the United States.  The large-scale importation of natural
enemies from Furope and to a lesser extent [rom Japan from 1905 (o
1914 was renewed in 1922-33 (74, 84). During thesc yvears of active
foreign work more than 40 spectes of parasites and predators were
imported and colonized. Of {hese, § parnsites—2 cgg, 6 larval, and
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1 pupal—and 2 predators have become established. Up to 1927 a
total of approximately 82 million parasites had been released, the
great bulk being of the 2 ege speeies, which were reared o collected
from established colonics in enormous numbers for redistribution,

The egg parasites are Anastaius disparis and Onencyrius kuwanai,
the first coming from Europe and Japan and the second from Japan
only.  lnastotus is generally established in all infested stclions of
New England and Qocreyreus throughoul the southern portion of the
host range.  "Phe combined parasilization by the 2 species reached its
peak in 192124, when it averaged 20-27 percent, bul for a time there-
after it deelined to less than 10 pereent, However, recentiy these egg
parasites have again become as abundant as in 192124,

Among the larval parasites, (ompsilura concinnala, Blepharipoda
seulellata, and Apanleles melanoseclus are (he most effective. @
concinnala is now widely distributed and ofton parasilizes 40 pereent
or more of the gypsy moth larvae, and it is of cqual or greater impor-
tanee as an enemy of several other lepidopterous pests. J1. seuteliata,
which emerges from the host pupao, frequently atlains a parasitization
of 70 pereent or more, and an average for all colleclions of up to nearly
30 pereent in some seasons. . melanoseelus ranks third among the
larval parasites and, although unusually variable in the extent of its
aftack, each of its 2 hroods often parastiizes 20-30 pereent of the
larvae.  These species wore already abundant when the infestation
at Pittsion, Pa., was found in 1932, Frorista lerearum and Para-
.s‘iefigena silrestris also show promise of contributing to the control of
the pest.

Other established parasites of lessor importance are Phobocum pe
disparis and XMonodoniomerus acrews.

Sturmic inconspicua {Moeig) {148}, o promising tachinid parasite
from central Burope, was introduced and eolonized during 1906-11
ad 102328 At Teast one colony From the laler reloases in M nssachu-
setis persisled for several years, but failed of permanent establishment.
This may have been due o the lack of a suitable alternate host for the
overwintering gencralion,

The carabid predator (wiosoma syeophante is one of the most
importanl natural enemies of the gyvpsy moth. 1t atiacks both the
larvae and pupae, and field observations have shown that it is abun-
dant in many loealities. It destroys an appreciable proportion of
the insect pests.

Another important ageney i control is a will, or polvhedral virus
disease (80), recently cetermined ns Borreling reprimens Holmes,
which first appeared in New Bagland in 1907, Tt is common in Burope
and probably reached the United Stales among the large numbers of
caterpillars  imported in the parasite-introduction pregram. 1t
assumes epidemic proportions ondy in heavy infestations, which are
often almost completels destroyed.

tt is exceptionally diflicult Lo delermine the influence of natural-
control factors on an insect such as the gypsy moth, which is subject to
wide and frequent changes of population levels. It is believed,
however, that the combined offeet of the porasites awd prodators has
given appreciable control. Instead of occurring frequently in epidemic
form and for extended poriods, the gypsy moth outhreaks are now
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reduced so that they are comparable in range and severity to those
occurring in Europe.

Brown-Tail Moth
(Nygmia phaeorrhoca (Donov.))

Large-scale importations of natural enemics {rom Europe for the
biological control of the brown-tail moth were made from 1905 to 1811,
concurrently with the work on the gypsy moth, and during thal period
90 or morc species of parasites and predalors were received and
colonized {74, 89).

Seven species of parasiles became established on this pest in the
infested wreas of New England, the most effective of which are
Apanteles lacteicolor and  Townsendiellomyia nidicole. T nidicoln
parasitizes, on an average, 10-20 percent ol the hibernating larvae,
whiergas in some yewss lacleicolor may destroy 20-30 percent.  Carcelia
Tazifrons attained & general field parasitization of about 23 percent by
1916, but declined thereafter to less than 5 percent; so for many years
it has been of minor importance. Afeleorus versicolor is also generally
established, but the ficld parasitization is consistently low. Huplero-
malus nidulans, which attacks both larvae and pupac and is also hyper-
parasitic through several Braconidre, is likewise of little value in field
gontrol. The pupal parasite Monodoniomerus aereus is considered to
be more important as & sccondary parasite, through several Tachinidae,
than in its primary capacity on the brown-tail moth. However, 1n
most scasons it is nob sufficiently abundant to be of importance in
¢ither role.

Tt has not been possible Lo evaluate the effectiveness of the imported
parasites and predators of the brown-teil moth, and no cffort was
made to do so. Fowever, for many years sinee the establishment of
the parasites the moth has becn of little consequence in New England,
with no serious outbreaks, and it is reasonable to credit the parasites
with & substantial role in bringing about that situation.

During 1908-11 a scries of experiments were conducted in Massa-
chusetts with o disease-producing fungus i the field control of the
brown-tail moth (734). The fungus was Eniomophthore aulicae
TReick., which is well known in Burope and has occurred commonly
on this host in New England for many years.

Several methods were employed for the distribution of the fungus,
including a water suspension of spores, but most of the releases com-
prised infected caterpillars. They werc released in the field during
May or August and September, 20 to 30 such larvae comprising &
colony, which was placed on the tree in or nesr & brown-tail web.
Colonies were distributed in more than 100 localities in Massachusetts
and in one locality in Maine. The results of the feld tests were
variable, yeb it was concluded that, under {avorable conditions, the
fungus could be depended on to kill 60-100 percent of the caterpilars
in the treated arcas. 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 (1.))

As a result of importations of parasite material from central Europe
during 192734 for use in the biological control of the satin moth,
Apanteles solitarius and Meteorus versicolor have been established in
the United States (97). In addition, Compsilura concinnate and Lup-
teromalus nidulans, originally imported against other insects, have
proved useful against this pest.

<l. solitarius 18 the most important of these species, and many field
collections of overwintering host material, both in New England and
Washington, show a parasitization up to 60 percent or more. M,
rergicolor from brown-tail moth stock did not heeome established on
the satin moth in New England, but occurred in abundance in Wash-
ington after the importation from Europe of stock from the satin
moth during 1932-34 and its release in the State. Field parasitization
ranged up to 50 percent, and many infestations were quickly reduced
to a noninjurious level. €. concinnata at times also attains o high
parasitization, often amounting to 50-70 percent in arcas where
atternate hosts are sufficiently abundant to carry it through periods
when satin moth larvae arc not available. Tn recent years 77, nidulans
has become of increasing importance as an enemy of this pest in New
England. The decline of moth infestations in New England and the
satisfactory control in Washington are attributed to the effectivencss
of these parasites.

Oriental Moth
(Cidocampa flavescens (Wlkr.))

The oricutal moth, not to be confused with the eriential fruit mo th,
occurs in a small aren in Massachusetis centering about Boston, and
1s of minor importance as a pest of several shade and ornamental
trees, The first attempt to introduce parasites for its control was in
1917-18, when the Massachusetts Agricultural College received
several shipments of cocoons from China (56). They yielded o num-
ber of Chrysis shanghaiensis Sm. adults, which were released in the
infested area. Recovery collections early in 1919 showed a parasitiza-
tion of 6 percent, but the parasite has not been taken sinee then.

‘The major parasite of the oriental moth in Japan, Chaetezoriste
jerana, increased very rapidly after its importation and initisl coloni-
zation in Massachusetts in 1929-30 (48), and reduced the infestations
to & noninjurious level. IHowever, the periodic extremely low winter
temperaturcs of that area, such as occurred during 1933-34, are very
detrimental to the parasite. It passes the winter as a young larva
within the body of the caterpillar in its egelike cocoon, and these low
temperatures cause a high mortality of the parasites without & 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. Iowever, the parasite quicldy increases and
soon brings the pest again under control. A similar declina in effec-
tivencss, followed by rapid recovery, must be anticipated at intervals
in the future.
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Evropean Pine Shoot Moth
(Rhyacionia buoliane (Schifl.))

The European piae shoot moth was first found in the United States
m 1914, and is now a serious pest in nurserics and plantations and on
ornamentals in many of the Northeastern States. The scarch for its
natural enemies in Furope, the region of origin of the pest, was begun
in 1931 {(49}. PFrom 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.
Two larval parasttes, Cremastus interrupior and Orgilus obscurator,
and a pupal parasite, Tetrastichus turionum, have become established
as & result of this work, Recoveries of cach species bave been made
at release points in several Northeastern States, but no information
15 available regarding their abundance, spread, or cffect on the host
infestations.

Pine Tip Moth

(Rhyacionia frustrana bushnellt (Busck))

The control of the pine tip moth in a large artificial planting of pine
in Nebraska is an interesting example of the utilization of native
parasites, The infestation there became so heavy that planting of
yellow pine, the favored host, was discontinued. Several species of
parasites obtained from Virginia were released in 1925 (6), and one,
Campoplex frustrange Cush., became cstablished. 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 Campoplez.

Larch Casebearer
(Coleophora laricella (Hbn.))

The larch casebearcr is of Kuropean origin, and now occurs through-
out the range of its host in the eastern half of the United States.
Impertations 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 established—Chrysocharis
laricinellae at one or more points in Maine, New Hampshire, Vermont,
and New York and Agathis pumilis in Maine, New Hampshire, New
York, and Michigan (49). The progress of these colonies has not
been followed closely, and their effect on the host infestations is
therefore uncortain.  However, 1t is known that both species effect
a high parasitization in Maine and New York, and they are credited
with reducing the host infestations in adjacent arcas in Canada.

Elm Leaf Beetle
(Galerucelle zanthomelaena (Schr.))

The importation of natural enernies for the control of the elm leaf
beetle was begun in 1907 when beetle eggs parasitized by Tetrastichus
zanthomelaenae Rond. were received from France. Many thousands
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of these eggs were imported during 1007-8, 1917, and 1933-35 {rom
various countries of Burope, and the parasites reared from them were
widely colonized in the Eastern States.  Another species of the genus
was obtaloed in Japan in 1934, 1936, and 1938, and more than 14,000
adults were veleased in central California. These 2 species are not
known to be established.

In 1934-35 large-scale importations were made of the tachinid para-
site Frynnic nitide from France for colonization in New England, but
establishment was not accomplished. A small consignment sent to
California in 1939 resulted in cstablishment and widespread distribu-
tion (8#3). One consignment of & carabid parasite, Lebie scapularis
Foure., was teleased in New England, but failed to maintain itself.

A pupal parasite, Telrastichus brevistigma, which Is native to the
Eastern United States, was forwarded to the University of California
in 1934 for colonization in that State. T& quickly hecame established
and is now abundant in the infested arcas.

Although none of the imported parasites were able to maintain
themsclves in the Eastern United States, the establishment of Z.
nitide and 7. brevistigma in California was followed by a high para-
sitization, cspeeially by Erynnie, but not sullicient to prevent the
occasional defoliation of elin trecs in the Central Valley arcas. The
injury is not nearly so general or destructive as occurred prior to the
establishmeni of the parasites.

Southern Pine Bectle
(Dendroclonus frontalis Zimm.})

The serious injury te forest trees by bark beetles fed to studies on
biological control at an eacly date. In 1892-93 A. D. Hopkins, of
the West Virginia Agricultural Experiment Station, condueted inves-
tigations in Germany and noted that a predaccous clerid beetle,
Thanastmus formicaries (1), was abundant and appeared to be of
value in cheeking the pest, A total of 6,098 adult beetles and larvae
were shipped to West Virginia during 1892-04, and 2,200 were released
in the forests of that State. No field recoveries have ever heen made.

Birch Leaf-Mining Sawfly
(Heterarthrus nemoratus (Fall))

The bireh leal-mining sawifly is an accidental introduction from
northern Europe, and now causes serious injury to bireh in the North-
ern New England States and New York. A large number of parasite
species were introduced from central Europe during 1930-34 (47).
Two of them, Chrysocharis laricinellae and Phanomeris phyliotomae,
have become established. The first has maintained itself at one or
more peints in Maine and New Hampshire, and Phanomeris has heen
recovered only in Maine (49). Their progress has not been followed
in recent years.

Evreopean Spruce Sawfly
{(Dprien (Gilpinda) hercynice (Hig.))

The European spruce sawily first appeared in (he Uniled States in
1929, when it was found in New Hampshire, (e infestation probably
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spreading from Canada. In that country & very destructive outbreak
developed cn the Gaspé Peninsula in 1930, rapidly extending the ares
of heavy defolintion and death of trees westward and southward during
the following yecars. An extensive biological control program was
undertaken by the Canadian Department of Agriculture, with large-
scale importations of natural cnemies from Burope and a few from
Japan from 1933 to 1939. A pupal parasite, Dahlbominus fuscipennis,
was reared and distributed by the millions, and it and a number of
additional species became established.

Heavy infestations of the sawfly began to develop in Maine, New
Hampshire, and Vermont in 1937 and caused much concern over the
possible destruction of the spruce forests of New England and New
York. Through the courtesy of the Canadian Department of Agri-
culture large stocks of 16 parasite species were obtained and released
during 1935-41. The pupal parasite D. fuscipennis was reared and
distributed in cnormous numbers by thie Maine Forest Service and the
Tedersl Bureau of Entomology and Plant Quarantine. It is the only
parasite to become well estabhished.

I the early 1940’s the sawily infestations in both Canada and the
United States subsided sharply, apparently owing to an epidemic
virus disease of the larvae. This development, of course, has been
independent of the parasite-introduction program; consequently, it
Lias not beer possible to evaluate the cffectiveness of the latier in the
Urited States.

Larch Sawfly
(Pristiphore erichsonit (Hig.))

Atlempts have been made to cstablish the larval parasite Aesoletus
tenthredinis Morley on the larch sawfly at several points in the United
States. This parasite was established in Canada through importa-
tions from England, and was credited with aiding materially in check-
ing the pest. Small shipments were received from Canada in 1912
for release in Michigan, in 1929 for Massachusetts, and in 1631 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, Minnesots,
Wisconsin, Michigan £46), and Pennsylvania. These establishments
are attributed to natural spread from Canada.

Pine Sawfly
(Neodiprion sertifer (Geoff.})

The pine sewfly, of European origin, was first recorded in New
Jersey in 1925 and has since become cstablished in several other States.
Severe defoliation of several species of pines occurred in the New
Jersey infestations. During 1935 and the following years, when &
biological contro! project on the spruce sawily was undertaken, colonies
of & number of European parasites, obtained from the Canadian
Department of Agriculture, were reared and released by the New
Jersey Department of Agriculture in pinc sawfly infestations. They
included Dahlbominus fuscipennis and Aptesis basizonia. Both species
are known to be well established on this pest in New Jersey, though
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the recovery surveys have nob been sufficicatly extensive to give
detailed information on their abundance or influence in control of the
pest infestations.

Barnatle Scale
{Ceroplastes ctrripediformis Comst.)

‘Lhe barnacle seale and the Florida wax seale (Ceroplastes floridensis
Comst.} are pests of ornamental plants in the Gulf States. Several
shipments of parasite material were received from Italy in 1895 and
the following years, and releases of the egg predator Seutelliste eyanca
were made ab Baton Rouge, La., in 1898, Observations it 1906 and
1923 showed that Seutelliste was abundant on both species of Cero-
plastes, bub nothing is known regarding its effectiveness. Probably
the same situation exists as with the black scale in California, where
it was found thal the lavrva of Scutellista usually does not consume all
the cggs in the host egg chamber, so that a high percentage of attack
has little or no effect n reducing the infeslations.

European Elm Scaie
{Glossyparia spurie (A od.))

Phe luropean clm seale is distributed throughout the Uhnited
Slates.  The elm trees, so generally used for park, street, and garden
planting, are rendered unsightly by the heavy deposits of honeydew
i which the fungus causing sooty mold grows profusely. Young
trees if heavily infested may be killed.

Parasite material imported from Ltaly in 1939 and fvom France
m 1949-53 was ulilized for rearing and colonization in California.
The parasites comprised Coccophagus gossyparice Gahan and Tri-
chomasthus cyanifrons Dalm.  One eolony of €' gessypuriae was re-
leased at Los Galos, Calil,, 31 1930 and others af San Jose, Sacramento,
Pasadena, Redlands, and other localities during 1949 and the following
years. Recovery collections at Redlands m 195i-53 from 1049
releases revealed establishment of the speeies (74).  In fact the scale
almos$ disappeared from the lrees on whieli the parasites had been
placed, and dispersion extended for some distance. Istablishment
was not effecled ab any other release sites,  Failure of cslablishment
in other localities may bhe due to (he need for the males to develop
as parasites of the {emale larvae of their own species,  This reproduc-
tion habit makes necessary repealed releases at proper intervals fo
provide conditions suitable for the development and the perpetuation
of both sexes.

For many wvears there has been confusion rvegarding the identity
of the Coccophagus species altacking the European olm seale. The
form in ISurope has generally been listed as (. insidiator (Dalm.),
whereas thab occurring cotmumonly in the Eastern States is identified
as O, gossypariae. Taxonomists who have recently examined specimens
from both sources agree that they are the same.

Releases of T cyanifrons were made in several localitios in southern
California in 1849 and reeov ries wore made 2 months laler, but the
species did not persist.
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Nigra Scale
{Seisseiia nigra (Nietn.))

The nigra seale was an important pest of ornamental shrubs and
plants in California prior to its control by the biological method.
This was accomplished by the University of Califorma incident to
the large-scale program for the control of the black scale on citrus.
The introduction of Aphycus helvolus from South Afriea for vontrol
of the latter pest was highly successful, bul was even more so0 in the
case of the nigra seale.  Field releases on the latter were relatively
fow, and most infestalions were invaded by parasites dispersing from
citrus groves in which (. heflvafus had bheen rveleased. The field
control by el helvolus throughout southern California was rapid
and complete (133), and the mflestations have been hold at a con-
sistently low level sinee 1933, Several imported species of Coeco-
phagus hiave established themselves on this host, though they have
not contributed appreciably Lo its control.

MISCELLANEQUS INSECT PESTS

Horse Flies
{ Tabunus dorsifer Wik, (=7, hyaltnipennis Hingd)

The tabanid flies are serious pests of eattle and horses in Toexas
aind other Seuthern and Southwestorn States,  The most abundant
speeies i Texas is Tedanus dorsifer, which deposits ils cggs in masses
on atones projecting from rapidly flowing water. In some sections
these eges are heavily parasitized by Telenomus emersoni (Gir).

Tor severnl yvears, begiming in 1914, an atlempt was made to
reduece the numbers of these flies by collecting guantitics of eggs in
Iocalities where they were kuown Lo he heavily parasttized and coloniz-
ing them in other sections where the parasite was absent or scarce
(117, "These egg masses were st out in cages (hat pernntted the
parnsites to eseape, bot prevented {he newly hatebed fly larvae
from doing so.  Tw 1914, 10 to 12 gallons of egg masses, representing
20 to 25 million eggs, were collected in 1 locality in Texas; they were
so abundant that 1 eollecior could obtain about 2 million per day.
Observations the following season indicated a reduction of approxi-
mately 50 pereent in the fly population where the eggs had been
collected, as compared with areas where no collections had heen
made, and a marked reduction where the releases were made. It was
concluded that this was a practicable means of reducing horse fiy
infeslations under certain climatic and physical conditions. Howsver,
this conclusion must be regarded s enly tentative, as the experiments
covered only a single season and were not checked sufficiently to
determine aceuraicly the resnlfs of the releascs.

Blow Flies

Blow flics of the genera Sercophaga and Phaenicia (Lucilia sens.
lat,) gre serious pests of livestoek in the Soulhwest. A native parasile,
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Alysia ridibundg Say, was found fo attack the puparia of these pests
in certain areas, but was not of gencral 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 adulls were released, in colonies averaging 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 parasilization of 37.1
percent. The parasitization declined sharply thercafter, and in 1937
and 1938 only cccasionsal individuals could he recovered.

Laboratory tests showed that A. ridibunda was unable to complete
its life cycle on Callitroge homanivoraz (Coq.), the most common and
injurious blow fly in the Southwest, or on €' macellaria (F.), a related
species that occasiounlly produces myiasis in sheep.

European Earwig
(Forficula auricularia 1..)

Biological control of the European earwig was undertaken in 1924
as a result of heavy infestations devcloping in the Pacific Northwest,
especially in the aren about Portland, Oreg. The parasite material
was imported by the Federal Bureau of Entomology and Plant
Quarantine from England, Trance, and Italy, and comprised two
tachinid species, Bigowichela setipennis and Raeodineura antiqua
(Meig.). The rearing and colonizalon work (108) was first handled
at a laboratory cstablished in 1924 by the Oregon Agricultural
Experiment Station. The project was then conducted by the city
of Portland for & number of years and wan finally transferred back
to the experiment station in 1930. During 1925-20 large numbers
of these parasite species were received, reared, and colonized in Port-
land and the surrounding arga. Special attention was given to
Bigonicheta, and it became cstablished as o result of these releases.

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. The
importations, comprising both species of parasites but with speeial
emphasis on Racodineura, were made in 1931 and 1938-39. Field
releases in 1938-41 totaled 94,450 parasitized carwigs and an unrec-
orded number of adult female parasites. R. antigua again failed to
become established, though oceasional field recoveries were made.
Rearing, colonization, and recovery studics of Bigonichela continued
through 1940.

B. setipennis is generally established in the area about Portland and
throughout Washington, as well as in Idaho and Utah. The earwig
is subject to such wide fluctuniions in population because of elimatic
and other conditions that it is difficult to appraise the status of the
parasite. It is abundant in a number of localilies and has spread
widely, but detailed information is lacking as to its influence on the
pest infestations.  According to €. W. Getzendaner of the Bureau,
who was in charge of the later phases of the work, the infestations have
subsided in several localities.
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Rocky Mountain Weod Tick
{Dermacentor andersont Stiles)

The biological control of the Rocky Mountain wood tick, a highly
important vector of seversl human disease organisms, was undertaken
in 1928, when the eneyriid parasite Hunterellus hookeri How. {= Izodi-
phagus caucuriei du B.) was imported from France by the Montana
State Board of Entomology. In the following years it was reaved and
distributed widely in Montansg, Idaho, and adjoining States by that
organization and by the United States Public Health Service {31).
During 1927-32 the relesses in the Bitterroot Valley and other parts
of Montana alone totaled 4,158,600 adults.

Prior to the synonymizing of the American and Burepean forms by
A. B. Geahan in 1934 and before ils introduction from Iurope, f1.
hookeri had been recorded from a number of widely separated points
in the United States, though not from the Rocky Mountain area.  The
populations now cxisting m that aren may be derived entively from
the imported stock, though this of course cannot be proved. The
perasite is not known to be sufficiently abundunt to effect any appre-
ciable reduction in the tick infestations. It attacks scveral genera
and species of ticks in addition to the Rocky Mountain wood tick.

Several attempts have been made to establish H. hookeri on the
American dog tick (Dermacenior variabilis (Say)) and other species in
the Eastern States. One colony of European origin released in 1926
persisted on the Elizabeth Islands, Mass., for at least 12 years, and
ancther released on Capers Island, S. C., in 1929 apparently became
established. In 1937-39, 91,000 adulls and & large number of parasil-
ized American dog ticks were veleased on the island of Martha's
Vineyard, Mass., but no field recoveries were made in the following
veata.

THE ESTABLISHED PARASITES AND PREDATORS

In the foliowing pages is a brief account of the importation, coloni-
zation, recovery, and cffectiveness in the field of each of the 95 species
of parasites and predators (pp. 4-8) that are now cstablished in the
continental United States. The principal features in the biology and
habits of each species, where these are known, are included. However,
many of the speecies were introduced and eslablished without detailed
study beyond determination of their host relationships.

Agathis diversus (Mues.) (Braconidae)

Agathis diversus, a parasite of the oriental fruit moth, was imported
from central Japen during 1933-35 (82), the total number of adults
being approximately 1,360. Some of them were utilized for insectary
rearing, and 20,800 were produced during 1934 and 1935. 'The first
releases were made in New Jersey and Pennsylvania in 1933, and the
colonization program of the following 2 years covered the States from
Connecficut to Michigan and southward to North Carolina. The
first field recoveries were made at 4 points in New York in 1935 from
releases of the same season. However, these colonies did not persist,
A number of colonies in other States and in later years showed con-
stderable promise, with rates of paresitization in excess of 20 percent
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of ihe larvac in peach twigs, but the parasite population always de-
clined and the colonies apparently died out. Large-scale rearings of
fruit moth larvee from peach twigs and immature peach drops during
1939-47 failed to yield a single specimen of diversus.

Recent observations (3), however, have indieated that the species
is firmly established in at least one area in New Jersey. The circum-
stances under whieh it was found indicate a pronounced change in the
habils of the species, which explaing the lack of success in recovering it
previously. In.Japan, the couniry of origin, diversus generally attacks
fruit moth larvac infesting peach twigs in spring and midsummer, and
it was assumed that this habit would persist in the United States.
This did not prove to be the case,”and its persistence in the field was
determined only when collections of hibernating fruit moth larvae
from late peach drops were made near Moorestown, N. J., during
1643 and in the following years. Overwintering larvace from apple
drops on the same propertics did not vield the parasite. The discov-
ery of this change in habit may roveal the cstal)rishment of the species
in other States where colonization look place on a large scale but where
eatly recovery collections comprised only infested twigs.

The oceurrence of the parasites in appreciable numbers only in late
peach drops leaves unanswered the question of whal host species is
altacked during the spring and midseason. It appears that there
musb be one or more nlternate hosts, as yel unknown, that carry the
species through that period.

2. diversus is o solitary internal parasile of the fruit moth larvac.
It bas several generations each vear, and hibernates in the young
larval stage in the full-grown cocooned bost larvae.  Oviposition is in
voung fruil moth larvae that have only recently entered the fruit or
twigs. This species is one of the few that produces female progeny
generalion rfier generation without need of [ertilization.

Agathis pumilis (Ratz.) (Braconidae)

Imporiations of Agathis pumilis, & solitary internal parasite of the
larvae of the larch casebearer, were bogun in 1932, and in that and the
following 3 years shipments from Austria totaled 620,000 fieid-col-
lected larval cases. They were followed by 102,000 from England in
1936 and 53,500 from Holland in 1937. The pumilis content of this
material was low, and the total number of adult parasites reared from
tie Auvstrion materiel was only 7,048. The first ficld releases were
made at Sidney, Maine, in the summer of 1933 and at Berlin, N. H.,
and Saranac, N. Y., in the following year. Recoveries were made at 4
points {47y in 1036, and it has since heen found to be established in
Michigan. L pumilis has not been extensively colonized, and no
evidence is ﬂ\'nifﬂb][‘ as yet that it is exerting any appreciable check
on the host infestations at the points where it first beeame established.

Agathis stigmaterus (Cress.) (Braconidae)

The cireumstanees surrounding the ntroduction of Agathis stig-
materus, a parasite of the sugareane borer, are not lknown with cer-
tainly. A total of 127 parasile cocoons were forwarded from Argentina
in 1929-30, but noune, so far as knowao, from Peru (93). Tt was first
recovered at Canal Point, Fla., in 1934 in the general vicinity where
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releases of other parasites from Peru had 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 introduction resulted from accidental inclusion of a small
number of adults among the large consignments of Iphigulex rimac
from Peru that were relcased in Florida in 1932, In some fields an
average parasitizalion of 30 percent was noted in 1941,

A colony of 68 stigmalerus adults obtained from the field in Florida
were released at Raceland, La., in September 1944,  Recoveries were
made in that area in 1947 and 1949, and cocoons containing living
stages were found in 1950, There is then a possibility that the species
may be able to persist under Louisiana conditions.

A stigmaterus is a solitary internal parnsite of the sugarcanc borer
larva. Several generalions are produced each season, and the winter
is passed as a rst-instar larva within the hibernating host.

Allotropa burrelli Mues, (Platygasteridae)

The first observations on Allotropa burrelli, a gregarious internal
parasite of Pseudococcus spp. in Japan, were made by H. S. Smith in
1913, who shipped it 1o California for colonization against the citrus
mealvbug.  Additional material was imperted in 1917, 1921, and 1923,
and laboratory (osts indicated that it was unable to develop in any of
the mealvbugs found on citrus trees in California.

The onthreak of the Comstock mealybug on apple in the Easlern
States in more recent vears led to an investigation by the Bureau of
Entomology and Plant Quarantine of the possibility of obtaining
effective natural enemies in Japan, as the pest had originally been
deseribed from that counlry and several parasites, in addition to
burrelli, were known to attack it there. The studics revealed that
burrelli is a valuable parasite not only of this mealybug but of the
closely relaled form that occurs on cilrus in that country. In 193941
a total of 47.780 field-collected host “mummies,” containing approxi-
mately 700,000 full-grown parasite larvae, were shipped from Japan
to the United States. The first liberations against the Comstock
mealybug on apple were made at Batesville, Va., and several other
poinis in Virginia and West Virginia in June 1940, and first-generation
recoverics were made at a number of these points the next month.
It has since been colonized and become established throughout the
range of its host in the United States.

A, burrelli (20) oviposits in the nymphs and adult females of the
mealybug, and up 1o 18 eges, with an average of 8.8, are deposited at
cach inserlion of the ovipositor., The number of adults emerging from
a single host depends on the size of the latter at death, the maximum
observed being 57, though the average is about 11. Females pre-
dominale among the progeny in the ratio of about 3 to 1. Hosts
of the first or second instar ot the time of parasitization often produce
only a single parasite. Dead parasitized mealybugs have a distine-
tive “mummified” appearance, with the shell of the body hard and
distended, and those containing several full-grown larvae or pupae
of the perasite show clearly the outline of the cell occupied by ecach
one. The average life cyele covers about 40 days at summer temper-
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atures, and the winter is passed in the full-grown larval stege within
the dead host in sheltered places.

Anggyrus antoninae Timb. (Encyrtidae)

Anagyrus antoninae, s parasite of the Rhodes-grass seale, was
imported into Texas from Hawaii in 1949 (119), when threc small
consignments of field-collected host material were received during
March to May. Several hundred adult parasites emerged {rom cach
of these shipments, and the first field releases were made that scason,
The rearing and colonizalion program has been conducied by the
Texas Agricultural Experiment Station.  Field recoverics have been
made at & number of release points in the lower Rio Grande Valley,
and the parasite is reported to be established in Florida also.

This parasite is solitary and develops internally in the fematc seale,
Oviposition usually takes place in the young nymphs, and the cyele
from egg to adult is completed in 18 days or less ab summer temper-
atures,

Anagyrus fusciventris {Gir.) {Encyrtidae)

The importation of dnagyrus fusciventris, a parasitc of the long-
tailed mealybug, from Hawaii was accomplished by the University
of California in 1936 (62). It was propagated in the insectary and
the first fiold releases wero made in May and June of that year. It
was recovered at one colony site, at Otay in San Diego County, the
following December and lies persisted since that time. Although
the parasite is known to have a wide range of hosts, it has not developed
extensively on any of those occurring in California and has had no
appreciable offect on infestations of the long-taled moealybug.

A. fusciveniris is a solitary internal parasite and deposits its eggs
in the carly-stage mealybugs. The cycle from cgg to adult is com-
pleted in sbout 25 days at summer temperabures.

Anarhopus sydneyensis Timb. (Encyrtidae)

Anarhopus sydneyensis, & parasite of the long-tailed mesalybug, was
imported from Australia by the University of California in the antumn
of 1033 (28, 62). 'The first shipment yielded only 6 females, 1 of
which was permitted to oviposit in & 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 fiekl colonization on citrus, from inscctary-reared stocks, took
place in March 1934 at Downey, Calif. This grove was reported to
be commercially clean by the following November. It was assumed
that this control was n result of the parassite releases, though no
recovery collections were made. It was not until 1939 that the para-
site was reared from ficld-collected material taken at 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
cach host. ‘The life eycle covers about 1 month at 80° F.

383034—58——=6
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Anostatus disparis Ruschka (Eupelmidae)

Importations of gypsy moth eggs to obtain parasites for colonization
in the United States were begun in 19066, when & few were obtainecd
from Swilzerland.  Several lots were received from Japan and Russia
the following vear (14, 89). None of (hese consignments yielded
Anastatus disparis (listed in eavly-American literature as A, bifasciutus
Fonsc.), but the 1808 shipmenis from Russia produced 470 adult
parasiles, and 14 shipments Irem Japan vielded more than 5,000.
Lavger shipments were received from Japan and various countrics of
Europe during 1009-10. The total sumber of parasites obiained
from foreign sources was 138,680, and later domestic collections ab
established colony sites permilted the liberation of more than 65 mil-
lion, mostly as parasitized host cggs, in 6 States during a 15-vear
period.

"The first field colony, consisting of 513 adult parvasites was relzased
near Boston, Mass., in 1808, the only colonization of the year. In
the following year 128,000 were released at 5 silos in that State and
thereafter 1n all seetions infested by the gypsy moth. Rach colony
ronsisted of about 2,000 host cggs, and fhe colonies were placed ot
¥-mile intervals along the roadways. The first recovery was made in
1910, 'The parasite became ostablished in all scetions of the genorally
infested area of New Eugland. The apparent peak of abundance was
attained about 1922, when an average pavasitization of 30 percont was
observed, but this declined gradually to less than 10 pereent 5 YeaTS
later.  More recent records are nol available.

A. disparis (34) is a solitary internal parasite of the gvpsy molh egg.
Oviposition iakes place very soon after the host egg 18 Inid, and the
parasite larva is {ull grown within 2 weeks. The larva then remains
infictive in the ogg until the following spring, and emergence of the
adult takes place in June and July, when (he eggs of the new host
generalion are available for attack. At times a fow adults emerge
during the autumn and give rise to a parfial sceond generation.  This
egg parasite hns oceasionally heen reared also as a hyperparasite from
the cocoons of A, melanoscelus.

Apanteles glomeratus (L.} (Braconidae)

Apanteles glomeratus, a gregavious internal parasile of (he larvae of
the imported cabbageworm, was the first inscch parasite or predator
intentionally mfroduced into the United States. In 1875, or shortly
thereafter, C. V. Riley received a shipmont of parasite cocoons from
IEngland, but no emergence occurred. In 1881 while visiting in
Germany O. Lugger, ol the Maryland Academy of Sciences, collected
about 3 pints of cocoons and brought them to Baltimore, where they
were distributed in infested fields during October.  The time at which
these liberations were made was nol favorable and establishment was
not accomplished. The next effort was in the winter of 1883-84,
when Dr. Riley obtained a considerable quantity of cocoons from a
correspondent in England. Forty-five adulis were released in a field
at Washington, 1. C,, in April 1884, and others during the following
months,  The first vecovery consisted of 2 masses of cocoons taken
from the fields that received the Mey releases. An additional ship-
ment of cocoons was received from England in the spring of 1891,
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and they were colonized in Towa and Nebragka. 1Definite establish-
ment was obtained from the releases at Ames, Towa,

In all probability this paresite was distributed to o cerlain extent
from Washingion and othier points after its establishmeat, theugh no
mention is made of it in Inter publications. “L'hie capacity of a pacasiie
to spread widely by natural means is well illusteated by 1his species,
which in a relatively short perviod spread almost Irom const (o coast,
and it is now found in all sections of North America inhabited by 1=
liost. It was intentionally colonized in California in 1914,

A. glomeratus (55) oviposils in host larvae that are only 1 or 2 dayvs
ohf and oceasionally In older larvae,  The ovipositor is inserted in Lhe
laleroventral region, aml 15-35 cges may be deposited at a single in-

sertion,  The eges lioat free in the body fiuids and halch in 37 days,

liependmo on the. temperature,  The Jarvae atiain full growlliin aboutl
L3 days, by which time the host larva has likewise completed its
growlh. " The parasite larvae then emerge from the body of the host
lluouuh individual holes cut in the integument, usually at the sides
and in the middle of the body. The outward movement of all indi-
viduals in the brood is closely synchronized so that all emerge the
same day. The cocoons are spun in an irregular mass on ilic leal
surface near the body of the host. The life evcle is complete in a
minimum of 23 days; consequently, a considerable number of genera-
tions may be produced each year. The winier may be passed as
early- _stage larvae in (he host in regions where larvae of the latter per-
sist through the winter, or ns fu]l-crto“'n laevae in the cocoon in areas
where hibernation by the parasite itself is obligatory.

The reproduclive capacity of this species is high, 2,000 eggs having
been eoumted in the ovaries of a single [emale. “I'he brood from a
single host larva may number more (lian 109, though the average is
much Jess.

A notable fealure n Lthe biology of this pacasile is thal the host
larva is not killed by the large mass of Inevae that develop within is
body or direetly by mechanical injury al the {ime they emerge,  There
ts partial recovery, with the power of movement considerably cur-
tailed, and death may not (ake place until 2-24 weeks later. Only
rarely is one of these parasitized 1adividuals able to pupale. Death
is apparently due to an irremediable upsetling of (he physiological
precesses of the host rather than te direetl injury incident to feeding
and emergence of the parasite brood.

Apanteles lacteicolor Vier, (Braconidae)

Apandeles lucteicolor, n solitary parasite of the young caterpillars of
the Brown-tail moth, was imporied from Europe during 1906-10 (f4,
893, Large quantilies ol overwinlering host webs wore roeeived cach
venr, and the verious parvasites associafed with them were reared out
al the laboratory nl Aelrese, Mass.  Amoung them were 55,000 leclei-
color adults from Austrin and lialy that were Tiberated duri ing 1907-10,
The liberations during 191118, lotnlmcr 255,245, wore from the corly
established domestic colonics.

The first ficld colonies, consisting al 336 adult parasites, were lib-
erated at 3 poinls in Massnchusetts in 1907, hut none of them became
established.  The colenies af the following yvenrs contzined much
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larger numbers, and recoveries were made in 1909 in 2 loealitics where
releases had been made in 1908. By the following vear oune of these
colonies had extended several miles from the point of release. “The
parasite is now generally cstablished over practicallv the entire infestod
area in New England and Canada.

A. lacieicolor atiacks the young larvac of the gvpsy moth and of
several native Lepidoptlers.  These alternate summer hosts have aided
in the establishiment and increase of the parasite. i is considered to
be one of the important faclors in reducing the brown-tail moth popu-
lation in New Bngland. The average field parasitization in 1925-26
wias 25-30 percent.

The cgg of lacteicolor is inserted into the body of the first- or second-
instar caterpillar and floats free in the body fluids (108). It hatches
after about 3 days, and the young larva develops slowly, keeping pace
with the growth 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 retarded, as it does not develop beyond the stage in which
it passes the winter.  The host dies 7-12 days aftor the parasite larva
beging fceding.  Unlike the cabbageworm larva parasitized by A.
glomeratus, the brown-tail moth Iarva is killed just before the parasite
larva emerges from its body. This is duc to the destruction of the
central nervous sysiem by the parasite larva af the completion of its
feeding.

The adult parnsites from the everwintering generalion emerge in
late May and early June in New England, and 2 summer generations
may be produced on alternate Losts, such as the gypsy moth and
vario:s native Lepidopters of severnl families. The eycle of a sum-
mer brood is completed in 19-20 days, and the adults [rom the brood
developing in gypsy moth Iarvae emerge in Inle June and enariy July,
The white oblong cocoons of the oversintering brood are found in the
brown-tail moth webs, whereas (hose of the summer broods are found
o the underside of leaves and in crevices in the bark.

Apanteles melanoscelus (Ratz.) (Braconidae)

Apanteles melanoscelus, o solitary internal parasite of gvpsy moth
caterpillars, is generally distributed in Turope, being pspreially
abundant in Sicilly. Io was from this island that 142,000 parasite
cocoons were secured in 1911 and 22,000 in 1912 (14, 89). From this
malerial 23,476 adults were oblained for ficld colonization, mainly in
1911, and these were supplemented by 132,177 produced by insectary
rearing and released during 1915-27.  The first liberations wore made
in Massachusetts in he late spring of 1911, and field recoveries were
made the following season. The parasite is now generally established
aver the inlested area of New England.

A melanoscelus (88) has two generations each season. This habit
has greatly facilitaled establishment, inasmuch as no alternnte host
is required. Flowever, it does attack several other hosts, including the
saiin moth and the while-marked tussock moth (Hemerocampa. leuco-
stigma (1. . Smith)). s increase in (he field in the United Stales
was rather slow, and there is a mavked variation in its abundance
from year to year. Mauwy collections of host larvae show n parasitiza-
tion of 20-30 percent and oceasionally more.
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The adult parasites of the spring brood emerge from their over-
wintering cocoons in May and immediately attack the newly hatched
gypsy moth larvae. The eggs are deposited singly in the posterior
poriion of the body. Development is rapid, as feeding is completed
n 6-12 days after deposition of the eger and the cocoon stage covers
7-11 days. The females of the second brood attack mainly the third-
stage calerpillars, though the lourth stage is also suitable for ovi-
position, Though the host larvae are now very much larger than those
attacked by the spring generation, only a single parasite develops in
cach. The developmental period is longer, however, as-emorgence ol
the larvace from the host oceurs 15-31 days alter oviposition.  Activi-
ties of parasitized eaterpillars are considerably reduced, and they
consume much less food than healthy individuals. The host eater
pillars may live 1 or 2 weeks alter the parasite larvae emerge, but
they de not feed during this period. The parasites prss the winter in
the full-grown larval stage in their cocoons. These cocoons are usually
found in sheltered places on or near the infested trees, to which the
parasitized caterpillars had crawled before death. The cocoons are
much heavier and a davker yellow than those of the spring gencralion.

Apanteles solitarivs (Rate.) (Braconidae)

In the carly publications relating to the biological coutrol of the
evpsy moth, o panieles solifarius was reported as having been imported
m 1909 and 1911, but it has sinee been determined that the material
represented other species of the genus.  The true soldlarius is generally
distributed in Turope, and is mainly parasitic in the eaterpillars of the

salin moth, though it 1s able to develop in those of several other species
also.

Importation of ficld-collected satin nioth cocoons was hegun in 1927
(118), when 105 were received from Hungary, from which 55 adult
parasites emerged and were used as n breeding stock for insectary
preduction.  They provided all the material used for colonizatios,
apart from relatively small numbers contained in shipments received
i 1932-33 from Austria. From 1927 (o 1032 liberations of adult
parasites and sometimes of parasitized host larvace were made in satin
moth infestations in 5 localitics in Alassachusetts, 1 in New Iamp-
shire, and 1 in Washington (97}. The first field recovery was made 1n
1928, and establishment of most of the other colonies was recorded the
season following release. One colony in New Hampshire spread about
15 miles within 1 year afler release. The specices is now generally dis-
tributed in New England over the entire area inhabited by the host.
The single colony of 267 adults liberated at Kent, Wash., 1n 1932 be-
came established and spread over practically the entire State in 2
years (97).

Ifield parasitization of overwintering satin moth larvac by solitarsus
often reachies 60 pereent or more in both New England and Washing-
ton. ‘I'his species has been the most important of the ostablished
notural enemies responsible for the marked deeline in satin moth
infestations.

The seasonal eycle of solitarius is somewhat complex as compared
with that of other species of the genus already disecussed. This is due
to an adaptability for bridging the winter period, whereby it hibernates
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either as a first-instar larva in the host ceterpillar or as & prepupal
larvs in its cocoon. There are consequently two broods of adults from
the overwintering generation, each of which produces & second genera-
tion during the summer. The adults from overwintering cocoons
emerge in early May and attack the host larvae coming out of hiberna-
tion. The adults from the broed that passes the wirter 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 adulis of both groups attacks the newly hatched satin moth larvae,
whieh begin to appesr in early July. From then on some of the young
larvae persist in the living gost. through the winter; others mabture
immediately and form overwinterving cocoons; and & few even reach
tléf adul$ stage during the sutwmn, and thus & partial third brood de-
velops.

This speecies is wery similar morphologically to A. melanoscelus,
which is mainly & pearasite of the gypsy moth. Crossbreeding experi-
ments yielded fertile progeny, the I, and ¥, 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 helvolus Comp. {Encyttidae)

Aphyous helvolus abtacks the early nymphal stages of the black scale,
and produees several gencrations on each host brood. It also attacis
various other lecaniine Coccidae. The first importation was made
from South Africa by the University of California in 1924, A small
number of adult parasites emerged after arrival, but no field releases
were made ab thaet time. Additional material was imperted in 1937
and a rearing stock okiained, frcm which millions were produced by
State, county, and private organizations for liberation In southern
California during the following years.

The first fleld releases were made in Los Angeles and Ventura
Counties in the sutumn of 1937 and in Orange County in 1938. Re-
coveries were made in the autumn of 1937 ina grove in Ventura County,
after which the parssite was taken at many poiats in these counties
during 1938. In many groves it increased very rapidly and brought
about complete conbrol within 1 year. Certainly Aelvolus is now the
most effective of ell the parasites of the black scale established in
Caelifornin (126). The suppression of the pest was especially rapid in
the coastal areas.

A. helvolus (64) 1s a solitery internal parasite of the young stages of
the black scale.  In the areas of southern California where the “uneven
hatch” condition of the scale exists, only two generations of helvolus
are produced per host generation, Eight or more generations may be
produced in “even hatch” areas, but there is o long early-summer
period when stages suitable for atfack are not present.

The adult femsle feeds regularly on the body fluids of the host seale,
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 stalk,
with iis aeroscopic plate, remains fixed at the point of insertion in
the integument. The life c¢ycle is completed in 13 days ab summer
temperatures, If the host scale is not 1n n 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 cnabling it to hridge extended
periods when suitable host stages are not available.

Aphycus lounsburyi How. (Encyrtidae)

Several shipments of blacl seale parasite material were received
from South Africa by the California State Commission of Horticulture
during 1900 and 1914, and a few specimens of Aphyeus lounsburyi
emerged from the latter shipments after arvival. No liberations from
this South African stock were made. In 1916 a smali colony of
adult parasites was brought to California from Australia (93, 129).
They were used in laboratory propagation, and colonies were releasocl
at several points in centrsl and northern California in 1918, The
first liberations upon citrus in southern California were at Santa Paula
and Albambra during September 1819. These groves were not
chemically treated for scale control in order that the parasite might
increase without hindrance. Evidence that lounsbury: was reproducing
1n the field was noted at Santa Paula the following month, During
1921 and 1922 large numbers of the parasite were procduced by several
county and private organizations. Satisfactory control resulted for
2 time in the coastal sections when the trees were left unfumigated,
but the outcome was not so satislactory in the inland areas where the
scale has a single distinet 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 heavy attack by secondary para-
sites, mainly Quayiea whittiers. Iis attack on the scale had the effect
of evening the development of the host in the coastal areas so that o
much greater portion of the hrood was in the same stage at a given
time.

A, lounsburyt (131) is a solitary or gregarious internal parasite of
the black scale and oviposits in the “yubber” stage and older scales.
The egg is of the same type as that of A. helvolus, but the manner of
oviposition is different. The ovipositor is thrust beneath the scale and
then upward through the soft integument of the ventral side of the .
Lody. The larva scvers its connection with the egg stalk after the
second molt.  The cyele from egg to adult is completed in 16 days at
optimum summer temperatures, and theve are several generations each,
year,

Aphycus stanleyi (Comp.) (Enirtidae)

Aphycus stanleyi, one of the minor parasites of the black scale, was
imported from South Africs by the University of Californiain 1937 (26).
The insectary stock was built up from 150 adult parasites that emerged
from the imported material. The first releases were made in the au-
tumn of that year at Whittier and in Ventura and Riverside Coun ties,
and it was recovered at San Fernando in 1938, At the present tHme
it is established in most sections of southern California. The soft seale
has proved to be its preferred host, though occasionally it is sulficiently
sbundant on black seele to bring about an appreciable degree of
conbrol. 1t has also been recorded on citricola seale and Ihealymmnalus
tessellatus (Sign)),
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This parasite is either solitary or gregarious in habit. The stallked
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
eycle is very short, covering only about 2 weeks at summer tempera-
tures.

Aphytis VA" (Eulophidae)

Aphyiis A" is indistinguishable moerphologically in the adult stage
from A. ehrysomphali, 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 (Chrysom-
phalus aonidum (L.)) received by the University of California from
South Chine during 1947 yielded Aphyiis “A,” which was utilized for
insectary propagation (75). This species attacks only the gray stages
of the host scale.

The first feld 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. Tt 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 California.
However, it has difficulty in persisting under the ¢limatic conditions
of the hot interior areas,

The femules feed on the body fluids of the host and also sting
indiseriminately without ovipositing, the result being a much higher
total mortulity per individusal than {rom direct parasitization alone.

Aphytis maculicornis (Masi) (Evlophidae)

Aphytis maculicornis 1s o solitary external parasite of the olive secale.
The first importations were made by the University of Califoraia in
194849, when material was obtained from Egyps, Further impor-
tations were made from variocus countries in eastern Asia, the Near
Hast, and the Mediterranean region in 1951. Tt developed, in the
course of the domestic reering worls, that 4 distinet strains were repre-
sented, which have hecn designated the Indian, Persian, Egyptian,
and Spanish strains, indicating the couniries 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 grester
then in the other forms.

In California the Persian strein is much the most effective in the
field, and attains a high percontage of parasitization within a few
months after release. Its greatest effectiveness is during the late
winter and the spring months in attack on the first host generation,
whereas the seeond hest generation is only lightly parasitized (44).

1 Recently described as A phyiis Hngnanensis Compere,
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Aphytis * X" (Evlcphidae)

Aphytis “X” is a solitary parasite of the purple scale, and swas
presumably first imported from China into California by George
Compere prior to 1910, though it did not become established at that
time. The sccond 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 thercafter the parasite
was colonized in all infested arcas in southern California. The first
field recovery was in January 1950, and by September of that year
the parasite was abundant in several arcas where releases had been
made 1 year or more previously.

This parasite develops externally on second- and third-instar hosts.
The egg is placed bencath 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 Iemale’s
habit of feeding on the body fluids of the scale, and the mortality
resutting may equal or exceed that brought about by parasitization.

Aptesis basizonia {Grav.) {Ichneumenidae)

Aptesis basizonia, a parasite of the larvae of several sawflies, 1s
native to Europe, and was first imported into Canada from Hungary in
1933 and the following years for control of the ISuropean spruce
sawily. Consignments of adult parasites were received, beginning in
1935, from the Canadian Department of Agriculturc for use in the
United States. Releases at Lake Portage, Maine, on the spruce sawfly
in August 1935 toteled 3,650 adults, and additional colonies were
released over a period of several years in that State, New Hampshire,
Vermont, New York, and Massachusetts. 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.

Aspidiotiphagus Sp. (Eulophidae)

Aspidiotiphagus sp., » 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
Joagquin 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 Aphyiis lepidesaphes Compere.
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Azya trinitatis Mshll, {Coccinellidae)

Aeye trindatls, o predator on the coconut scale and native to
Prinidad, wes imported from Puerto Rico into Florida in 1938. A
consignment_of 800 adults was received in May of that year and
colonized at Miami and Lantana. A survey in August 1939 revenled
that cstablishment had been effccted at Miami. No information is
available regarding ils present abundance or effectiveness.

The cggs of this specics are yellow and are deposited singly on
infested folinge and on other partis of the tree. The life cycle Is com-
plete in 33—47 days ab summer temperatures.

Bothyplectes curculionis (Thoms.} (Ichneumonidae)

The importation_of natural enemies of the alfalfs weevil was firsh
undertaken from Italy in 1811 (48). There was somo confusion
regarding the severnl species of Bathyplecies contained in the ship-
ments, though it is known. that 787 encoons of Bathyplectes curculionds
were in the consignments of 1912, whereas mixed lots forwarded in
1811 and 1812 contained 1,667 of this and other species of the genus.
In addition, 146,000 hosi larvac and cocoons were imported Euring
1911-13.

The single 1911 liberation at Sandy, Utab, consisted of 40 aduls
parasites, which were placed in ficld cages from which the tops were
later removed. The number released in 1912 is unknown, though
cerbainly small. The 1913 releases in the vicinity of Salt Lake City
and those of 1914 at Kaysville and Ogden totaled 1,335 adults.

No recoveries were made [rom the 1911 and 1912 colonies, and this
[ailure of establishment is believed to be due to the very smell number
released.  Definite establishment was observed in 1914 in a feld
where colovies had been placed the previous season, and spread there-
after was very rapid, the entive infested area in Utah being covered
by 1920. 'The parasite was colonized and cstablished in Colorado in
1918-19, Nevade in 1921-22, California in 1933-34, and Oregon in
1934, and it has spread by natural means into Idaho and Wyoming,
Tt now ocours in practically every section of the Western States
inhabited by the hos$, and in most sections it attains & high
pavusitization,

B. curculionis was colonized by the Burean of Entomology and
Plant Quarantine in 1942 in infestations of the legume weevil (Hypere
brunneipennis (Boh.)) in the Yums, Ariz., ares. It was recovered at
Bard, Calif., across the Colorado River from the colonization site in
1953. It bad also been rearcd from this host in San Diego County in
19562. 'This esbablishment, several hundred miles from known infesta-
tions of the alfalfa weevil, may have resulted from carriage of cocoons
in shipments of aifalfa hay from the central part of the Statc.

B. curculionis is a solitary internal parasite of the larvae of the
alfalfe 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 cocoen. The adults of this generation then attack the
cocooned hosts that vemain 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 Eale band encircling the middle. These cocoons
are formed within the cocoon of the host and In them the prepupal
larvee pess the winter.

Bigonicheta setipennis (Fall.) (Tachinidae)

The nymphs and adults of the Furopean earwig are parasitized to
some degree by Bigonicheia setipennis in all the countries of Europe.
The inportation of this parasite into the United States was under-
taken in 1924 (108). Shipments to Oregon from that year to 1629
comprised 2,519 parasitc puparis and 3,200 field-collected earwigs
{rom England and France, most of Uie material coming from the latter
country. The domestic rearing and colonization program during this
period was conducted by the ity of Portland and by the Oregon
Agricultural Txperiment Station. The first field liberations were
made at Portland in June and July 1926, when 2 colonics, totaling
66 parasite females and 26 males, were released. At one of these
colony sites 10,000 earwigs that had been proviously 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 carwigs that had been exposed to parasitization in the
insectary. Approximately 65,000 adult flies were released during
1631-33. One colony of gravid parasite females was placed at
Corvallis, Oreg., in 1929,

The first recoveries consisted of several parasite puparia taken on
the insectary grounds in July 1926, and in 1927 collections of carwigs
from one of the colony sites of the previous year yielded the pavasite.
In the following years it was recovered at many of the colonization
sites.

Extension of the colonization programn to other States was under-
taken by the Bureau of Entomology aud 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 stocls.
Large-seale rearing was then undertaken, and numerous colonies were
released in Washington during 193440, consisting of mated parasite
females, parasitized earwigs, and, in a few instances, parasite puparia.
Releases were also made in California in 1934-35, Idsho in 1935,
Connecticut in 1936 and 1939, Rhode Island in 1936 and 1939,
Massachusetts in 1938-39, and Utah in 1939. Additional imported
material became gvailable in 1938-39 incident to the attempt to
establish ancther parasite, Racodineura antiqua.

B, setipennis is now generally established in the ares about Portland,
Oreg., and throughout Washington, and some collections have showan
g, parssitization in excess of 20 percent. Recoveries have also been
made in Ideho and Utah, but the outcome in the Kastern States is
not koown.

B. setipennis 1s o solitary or occasionally gregarious internal parasite
of the earwig. The winter is passed in the pupal stage in rubbish on
the surface soll. In Europe, where detailed biological studies have
been made (142}, the adults begin to emerge in late April aid, after a
preoviposition period of 19 days or more, the females deposit their
fully incubated eggs, 250 or mmore, upon the substratum near the host
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or, at tunes, diveetly upon it. Halching takes place within less than
1 minute, and the young larvae, which are vory active, immedintely
begin the search for a host earwig. Entry into the body is effected
through the softer portions of the integument, moss often in the neck
area. A vespiratory sheath is formed about the posterior portion of
the body, attached at the point of perforation in the mtegument of
the thorax of the host, which provides a channel for outside air to ful-
fill respirntory needs. During larval development within the host,
which may cover 21-00 days, the parasite feeds only on the hody
fluids and [at, and consequently inflicts a minimum of injury.  The
larva then cuts a hele in the intersegmental membrane near the
posterior end of the abdomen of the host and emerges for pupation,
The louger periods of larval development mentioned above are in
younger carwigs, which do not provide sufficient food material for
rapid geowth. A parasitized earwig may live for 24 days or more
after emergence of the parasite larva from the body.

According to C. W. Getzendaner, who was in charge of the Bureau
of Entomology and Plant Quarantine program from 1931 to its con-
clusion, the original Portland releases wore the progeny of stock
originating in Tngland, whereas the laler releases were from Italian
stock. These 2 strains showed marked differences when reared in
Washington. The Ttalian steain emerges carlier in the spring and
develops 2 generations and a pactial third each soason as compared
with 1 and o partial second generation from the English strain. The
adulfs of the Italian strain are larger and have & much greater repro-
ductive eapacity.

Biolysia tristis (Grav.} (Ichneumonidae)

"The vecords regarding the importation and colonization of Biolysia
Iristis, a solitary internnl parasite of the larvac of the clover leaf
weevil, are very incomplete. It is known that a large number of
parastbe cocoons were imported from Ikaly in 1912, some being for-
warded direct to Salt Lake City, Utal, and others to Washington,
D. C. There is no record of any relenses in Utah. Correspondence
of that year veveals that adulis emerged in some numbers in Wash-
ingbon, but there is no record of actual colonization. At that time
there was a heavy woevil infestation in Potomae Park and nearby
areas, and it is probable thai the adults were released there. So far
as known no recovery collections were made during the following
vears, and it was not until 1935 (41) that the parasite was reared
from hosts taken in the field at Arlington, Va., near the site of the
carlier infestation. This discovery was made incidental to other
studies on the weevil. This delay in vecording cstablishment is
clearly abtributable to lack of search for the paorasite dwring the
mtervening peciod.  Adults were taken by collectors at Norfolk, Va.,
11 1932 and in Shepandoah County, Va., in 1941, and it appears that
2 considerable natural spread has taken place.

Blepharipoda scutellata R.-D. {Tachinidae)

Importation from Burope of Blepharivoda scuiellate, o parvasite of
gypsy moth larvae, was hegun in 1905 (14, 89}, when small shipments
of full-grown caterpillars sent to the United States yielded several
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hundred parasite puparia. These did not survive hibernat ion, and
consequently none were colonized. Slightly better resulls were ob-
tained the following vear, and & small number of adult porasites,
probably less than 100, were released in Massachusetis in 1907 and
1908. The 1909 shipments from southern France were more suceessful,
Several thousand full-grown parasite magpots were liberated in the
forests that season and others were held ab the insectary.  Three
colomes of adults were released in the spring of 1910. "Phe tolal
number of adults liberated from 1908 through 1911 was 5,372,

A fow recoveries were made in 1910, probably from material liber-
ated that scason, bud in 1911 the parasite wns taken at several poinis,
and spread thereafler was very rapid. Turther colonization with
domestic stock was undertaken in later years, 71,314 porasite puparia
having been placed in the field during 1917-23. ° Additional material
from forcign sources became available during 1924-27, incident to
importation of other parassites, and 5,725 adulis were liberaied, as
well as 2,232 from domestic sources,

This parasile is now distributed throughout the range of ils host in
the United States, and is proving to be one of the most vajuable
enemics of the gypsy moth. Field colleclions of pupae frequently
shiow a high parasitization, ranging up to 70 pereeni or more. Maxic
mum abundance was aliained in 1923, when the average parasitization
of all collections of female gypsy moth pupac was 49 percent.

B. scutellala is & solitary infernal parssite of gypsy moth larvae, and
has a single generation each year. The winter is passed in the pupal
stage in thesold. The adults emerge in the spring, a week or two before
general hatching of the gypsy moth eges. The female fly may deposit
5,000 or more minute black eggs, which are hard shelled and able to
withstend prolonged exposure. They arc deposited on the foliage of
plants on which caterpillars are feeding, and a portion of them are
consequently eaten with Jeaf tissue by the caterpillars. Tncubation
takes place while the eggs are still within the oviduct of the fomale, but
hatching oceurs only in the digestive tract of the host caterpillar. The
young maggot then euters the body cavity and feeds until the host lins
abtained the full-grown larval or the pupal stage. The full-grown
muaggot usually issues from the pupa, though oceasionally from a
caterpillar, and drops to the ground for pupation.

Bracon piger Wesm. {(Braconidae)

Importations of Bracon piger, & parasite of the Inrvae of the lima-
bean pod borer, were made from Europe during 1936-38, when o total
of 1,021 adults and 2,941 cocoous were received from France, From
these shipments 2,540 adults became avnilable for relosse in Californis,
The first releases were made 1n 1936 at Ventura and Oxnard in waste
areas overgrown with Lupinus erboreus, o wild host of the pod borver.
Observations at Ventura in August and September 1938 showed that
the parasite had become well established and had effected a parasitiza-
tion of approximately 20 percent. The progress of the ficld colonics
has not been followed since that time.

B. piger is o gregarious external parssite of the hall- {o { ull-grown
larvae of the pod borer. The host is permanently paralyzed at the
time of oviposition. The female parasite may construct » feeding tube




88 TECHNICAL BULLETIN 1139, U. 8. DEPT. OF AGRICULTURE

through which she feeds on the body fluids of the host. The eggs, up
to 15, are placed directly upon the body, and, after hatching, the young
larvac distribute themselves over the body and begin fecding.” The
entire body contents of the host are consumed within about 4 days.
The cycle from egy to adult requires 19 days at summer temperatures.
The colony developing on each host may number from 2 to 8, and the
individual cocoons are spun in the cell of the host in the bean pod.
There may be o numiber of generations each year, but in the late-
scason generalions an ineveasing number of the larvac go into diapause.
These overwintering larvae spin muely heavier coroons than do those
which develop and emerge without delay. The first brood of adulls
enierges in June.

Calosoma sycophanta {L.) (Carabidae)

Among the Euvepean predators of the gypsy moth and other
Lepidoptern, Calosoma sycophania ranks high. It was one of the frst
of the Iarge number of natural enemies of that pest to be introduced
into New Iingland (72, 18, 14, 87). Tn the surnmer of 1905, & shipment
of 216 beetles was veceived from Italy, but only a single individual
arrived alive.  The following year 3 additional consighments were
received from the same source and 10 consignments from Miss M.
Ruhlin Switzerland. A total ol 693 Culosoma beetles were alive upon
arrival. The importations of 1907-10 brought the total reccived alive
to 4,043, ol which 2,711 woere released in the field in New England, In
addition, laborntory rearing provided 14,780 sycophante larvac for
velease in 1908-10. Total liberations of imported, resred, and do-
mestic-colleeted beetles and larvae in New England up to 1927 com-
prised 35,830 beetles and 19,930 larvee. In addition, 5,490 were
colonized af 11 other points in the United States outside the range of
the gypsy moth,

Fhe first releases of sycophente in New Hngland consisted of 6
colonies of 30-50 beetles cach b 5 towns near Boston, Mass., in 1906,
and the liberations the following years were extended to include the
entire infested aren. (. sycophanta larvae were found under bands on
trees a6 several of the colony sites during the summer of 1907, and
vecoveries were made therealler at many points. Oune calony spread
over 11 square miles within 2 years of release. The beetle now oceurs
throughout the area inlinbited by the gypsy moth and has oxtended its
distribution to adjoining States. 1L has not been vecovered in the
Southern and Western States, where releases against other pests were
made from 1813 to 1921 and oceasionally in Iater years.

It is difficult to evaluate the effeet of & predator of this type, bul
the abundance and general distribution of Culosome in the areas
heavily infested by the gypsy moth warrants the belief that it is one
of the most important of the imported natural enenvies of this pest,
and the Iavge number of larvae and pupae that are destroyed by it
‘ndicates that it contributes substantially to reducing the infestations,

(. sycophania is predaceous on both the larvae and pupae of the
3ypsy moth and of many other lepidopterous pests. Both the larvae
and the adult beetles feed very freely on the 2 stages of the host. The
beotles live 24 years. 'The eggs are laid in the soil during June and
July and hatch i 4-5 days. The Jarval period covers abont 14 days
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and the pupal 13 days. The newly {ransformed aduits remain in the
pupal ceﬁs in the soil until the following spring,

The Jarvae sre exceedingly voracious and feed both by day and
night. Tests have shown Lgat o larva will destroy at least 50 full-
grown gypsy moth larvae during its 2-week developmental period, and
each adult beetle will destroy several hundred. This predator is
highly prolific, especially during the second vear of life, and as many
as 653 eggs have been obtained from 1 female in & single season,

Carabus auratus L. (Carabidae)

The datse relating to the imporiation and colonization of Curabus
auratus, o predator on the gypsy and brown-tail moths, are incomplete.
It is recorded that 478 beetles were received from Kurope and liberated
in New Eugland ({4) during 1907, and no further reference to this
predator is made in the literalure except mention of its establishment.
According to R. C. Brown, it was first recovered in 1820.

Carcelia laxifrens Vill. (Tachinidae)

The first importations of Carcelia lazifrons (referred to in early-
American publications as Parezorista chelonice Rond.), 2 parasite of
the brown-tail moth, were made from Europe in 1806, They were
of the immature stages in living host caterpillars (14, 89). The 1906~
10 importations yielded a tolal of 9,743 adult parasiles for liberation.
The number placed in the field during 1906-7 was very small; whereas
1,508 were released in a single colony in 1908, relatively few in 1909,
and the largest mumber in 1818, The 1908 releases were of mated
females, and recoveries were made at the colony site the same sesson.
Adult parasites were reared oni in considerable numbers from domestic
host material in 1908. The parasite then apparently declined for a
time, but 1t spread ropidly over practically the entire aren of New
England inhabited by the host.

An average field parasitization of about 23 percent is recorded for
19186, 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.

. lazifrons has a single generation each year, and the winter is
passed in the pupal stege in the soil. The aduls flies emerge from
April to June, and the females deposit their hin-shelied, stalked eggs
on the brown-tall moth caterpillars very soon alter they emerge
from hibernation. Upon bhatching the mageots immediately enter
the bodies of the hosts, and development is completed by the time the
latter are full grown and ready for pupation. Only o single individual
develops to maluriby in each host.

This European species has its American counterpart in G. malaco-
somae Sellers, perasitic mainly in Malocosoma lavvae, and from which
it can be distinguished only with difficulty. Progeny linve been
obtained from crosses of these two species.

Chaetexorista javana B. & B. (Tachinidae)

In Japan the oriental moth is rather heavily parasitized by Chae-
texorista javene, and srrangements were made in 1929 for its importa-
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tion into Massachusetts. Thirty thousand host cocoons, s large
portion of them containing parssitized larvae, were forwarded em%y
in 1929 and 779,000 in 1030. 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 1929-30. Recoveries were
made in 1930 at Boston and Revere, where colonies had been placed
the provious year, The parasite increased and spread very rapidly,
as indicated by an average parasitization of 63.5 percent in 1933 (48)
and approaching 100 percent in some collections.

This parasite bas o single generation each year, and winter 1s passed
as & second-inster larva n the full-grown host larva within its hard-
shelled, egglike cocoon. Larval developmient is completed in the
early summer and pupation taltes place in the host cocoon. The
adult parasite emerges by pushing off the circular cap at the anterior
end of the cocoon, which norma:?lly serves fov the exit of the aduli
moth. The eggs are deposited directly on the caterpillar, and the
voung maggot bores into the body, attaching itself to the point of
entry by & respiratory funnel. Only a single indivadual develops to
maturity in each host.

Chelonus annulipes Wesm. (Braconidae)

Chelonus annulipes is pasasilic in the larvae of the Eurcpean 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 ficld-collected
horers shipped to the United States totsled 10,767, TFurther large-

scale shipmentis of host larvae and also some cocoons and adults of
the parasite were made in 1932-37, which yielded & total of 45,917
adult parasites for colonization, Mass laboratory production was
undertaken in 1938, the Mediterranean flour moth being used as
host, and in & 3-year period an addilional several hundred thousand
were thus reaved and colonized.

The first ficld colonization, consisting of 1,052 adult parasites,
took place in 1928, and 8,066 were relcased in 1930, sll of these being
in the 1-generation arca in Ohlo and Michigan. Additional large-
socale releases were made in the Groat Lakes ares during the following
9 years. QOcocasional recoveries of a few individuels were made 8t
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 o the failure of establishment of these esrly colonies was the
lack of proper synchronization of the releases with the pesk of host
oviposition. One 1938 release in Ohio, with proper synchronization,
showed s parnsitization of 12.6 percent the following season, bué
even. this colony failed to persist.

The first releasc in the 2-generation ares was near Taunton, Mass.,
in 1932, and 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
8.5 percent was noted in the Taunton arca, where releases had been
made in 1632. This general area, the adjoining Connecticut areas,
and the Fludson River Valley in New 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 excepl at localized poinls, continues
to be low, seldom exceeding 1 percent.

0. annulipes is a solitary inlernal parasite of the corn borer larvae
(144). Two generations are produced ecach vear in areas where the
hos! has a corresponding cyele.  The female deposits her cggs in those
of the host, which may be in anyv stage of embrvonic development.
The par asite egg enlarges considerably during ncubation and hatches
within 2 days. The larva feeds internally umil its second moli,
after which 1t cmerges from the fourth-instar hosi and completes its
feeding externally. A while, papery cocoon is then spun in the boarrow
of the dead host.  In this summer genceation the incubntion period is
2 days, the larval period 20-30 days, of which the final day is repre-
sented by external feeding, and about 8~12 days are spent in ihe
cocoon, ‘

The second generation carries through the winter as late first-
instar larvae in fourth-instar caterpillars. These parasitized cater-
pillers at the time they go into hibernation are somewhat lighter in
color and appreciably smaller in size (han healthy individuals, so that
they can readily be recognized in the feld. The par asite larvae
complete their feeding in the spring, and adult emergence takes place
in late May and early June,

The life cycle of annulipes is closely synchronized with that of the
host, and in northern aveas where the latier bas a single annuel genern-
tion the parasite likewise has only one. The reproductive capacity is
relatively high, as each female 15 capable of producing up to 1,000
eggs during & period of 1-2 months. One female was observed to de-
posit 165 eggs in o single day.,

Chelonus inanifus {L.} (Braconidae}

A few individusls of Chelonus inantius, s parasile of the lima-bean
pod borer, appeared in the material collected in France in 1938.
This parasite was then reared on the Mediterranean flour moth. A
shipment of approximately 10,000 moth larvae, which hod Dbeen
exposed to the parasite in the egg stage, was made to the United States
in December 1938. Total parasite emergence from this malerial the
following spring was 780. These adults were used for laboratory
propagetion and provided stocks for colomizalion during 1939 and
1940, A total of 18,790 aduils were released in § colouies in southern
Californis from July to November 1939, 3 of which were in infosted
heanficlds at Ventura, 2 in aveas at the same place having a heavy
%rowf,h of Lupinus arborzus, 2 in beanfields at Santa Barbara, and 1 ot
San Diego.  One colony of 380 adults was released at Venlura late in
the summer of 1940,

The first field recoveries were made Inte m 1940 [rom Dborers in
Lupinus pods at one of the 1939 colony sites,  Only & small humber of
individuals have been recovered thus [ax, and the progress of the colo-
nios was not followed in the succeeding years.

The biology of inanitus has pot been studied m detnil, though
essendially s hobits arce similor (o those of €. annulipes. Wheun it
abtacks the suminer generations of the pod borer in southern France, a

363934—56—17
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generation may be compieted in 23 days. In all generaiions the rate
of development is synchironized with that of the host.

Chrysocharis laricinellae (Ratz.) (Eulophidae)

The larval parasite Chrysocharis laricinellae 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 larvace and pupae
and 320,000 host mines and hibernacula were shipped from Austria to
the United States (47). The larieinellae emergence from this material
totaled about 10,000, with smaller numbers of other species. The first
field colony, consisting of 63 adults, was released at Strong, Maine, in
1931, followed by larger liberations in that State and Vermont, New
Hompshire, and Massachusetts in 1933-35. The total number of
adults liberated was 7,268. Recoveries from the birch leaf-mining
sawily were made at Stark, N. H., and Bethel and Eustis, Maine, in
1937 from 1935 releases (49).

This parasite is also an important enemy of the young larvae of the
larch casebearer in urope, and considerable numbers were included
among the importations of natural chemies of that pest from Austria
in 1932-35 and from Eagland in 1936. Liberations were made in
infested areas in New England and New York. Recoveries from this
host (49) were made in 1936 from 1933 releases in Maine and New
York, and in New Hampshire and Vermont from colonies released in
1935.

Recoveries of this parasite from infestations of the elm leaf miner
(Fenusa ulmi Sund.) at a number of points in New England indicate
that it may bave been present for some time prior to the importations
mentioned, possibly having reached this country with that host many
years previously,

O. laricinellae is o solitery internal parasite of medium-sized and full-
grown larvee of the leai miners and casebearer. There is one full
generation and a partial sccond each year, and the winter is passed jn
the full-grown larval stage in the leaf mine of the host. The life ¢ycle
of the summer generation is short, requiring only 17-23 days. The
tendency of the femsle parasite to feed on the body fluids of
the host, probably killing large numbers of leal minets in this way,
adds to the effectiveness of the species, -

Cleodiplosis koebelei (Felt) (ltonididae)

Cleodiplosis koebelei (recorded as Diplosis sp.) (29), a predator on
the younger stages of mealybugs, is native to Australia, and was
unported 1nto the United States in March 1928 by the University of
Californie as o part of the project for the biological control of the
cibrophilus mealybug. The first colonies were released in the field in
southern California m the spring of 1928, and recoveries were made
the followir~ August. The fly was reared and colonized in large
numbers thet season, and it became established at many points.
However, it has not become sbundant, and is of negligible value in
control, though it has been fairly effective against the grape mealybug
in greenhouses,
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. Loebeler has a very short life ¢ycle, which is completed in 13
days at summer temperatures. The eggs are laid among the egg
masses of the host, and the maggots feed on the eggs and youny
nymphs.

Coccophagus capensis Comp. (Eulophidae)

There is some confusion in the records regarding the imporiation of
Coccophagus capensis, a parasite of the “rubber stage” black scale, as it
was not distinguished until recently from C. modesius 3ilv. It is a
common parasite of the black scale in South Africa (26), where it was
known in the early years as €. orientelis How. It was undoubtedly
ropresented in the numerous shipments of material received by the
Californin State Commission of Horticulture during 1809-12, and
presumably also in those made at the time Seufellista was introduced
in 1900-1901. However, there is no record of any releases having been
made. During 1914-15 additional shipments were received from C. .
Lounsbury at Cape Town. This stock was propagated in the insec-
tary, and strong colonies weve released in both central and southern
California. No recoveries were made at any of these points. In 1918
a colony was cbtained from Australia, and several releases were made
in central California. 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 Diege. 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.

C. capensis is a solitary internal parasite of the black scale and
others of that genus (17, 67, 130). It is one of the eulophid parasites
of scale insects and mealybugs that exhibit o startling sex differentia-
tion in their host relationships, accompanied by a merphological dif-
ferentiation in the early stages of the two sexes, this latter being
evident in some species even in the sgg after deposition. The females
of all species develop 2s primary parasites, whereas the males, excepl
C. ochraceus How., develop consistently as secondary parasites. The
fertilized female capensis oviposits through the middorsum of the
host, and deposits female eggs in the body cavity of the third-instar,
or ‘‘rubber-stage,” black scaie. These eggs hatch in 3-4 days, and
the later steges are very irregular in their development. The mini-
mum cyele from egg to adult is 24 days at summer temperatures.
Pupation talkes place before the death of the host, and the pupa is
enveloped in a membranous cocoon surrounded by the organs and hody
fluids of the host.

The unmated female, in depositing her male eggs, places them within
the body of a prepupa or pupa of her own species or of sonie other
primary parasite in various lecaniine Coccidae, and development is
completed as an internal parasite in those stages, The first-instar
larvae of the two sexes are markedly different, the male tarva being
teleaform. The minimum life cycle of the male is approximately 20
days.
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Coccophogus cowperi Gir. (Eulophidue)

Coccophagus cowperi, & commnn parasite of the voung nymphs of the
black scale 1n South Africa, was imported into the United States from
there by the University of Calilornia in 1937. It apparcutly is
indistinguishable merphologically from . lyetmnte (Wikr.), but
crosshreeding tests were unsuceessful and their host relationships
differ. It was propagated in e insectary, and field releases were
made in Riverside, Ventura, ar. San Diego Counties in 1937.

The first ficld recovery was made in 1938 at San Diego. At the
present Lime it is knewn to be established only ot several points in
San Diego and Los Angeles Counties and on the hemispherical scale
{Saissetie hemisphaeriea (Targ)) and the nigra scale rather than on
the black seale. There appears to be no prospect that this parasite
will be of auy appreciable value in the control of the black scale.

The female is o solitary internal parasite of scales about one-third
erown, whereas the male is an external parcasite of full-grown larvae
and pupae of other parasite specics in their cocoons in the host (26).

Coccophagus gurneyi Comp. (Eviophidae)

The search lor natural enemigs of the citrophilus mealybug in
Australin by the University of California in 1927 led to the early
discovery of Coecophagus qurneyl, and it was imported into California
the Jollovring vear (29). It was propagated in very large numbers at
several county nnd privale insectaries. The first releases were made
during June 1928, and field recoveries were made the following month,
An appreciable reduction in the field infestations was noted in the
spring ol 1929, and by 1930 the pest had beon satisfastorily controlled
in all sections of southern Califernia.

This parasite, like several other species of the genus, shows a marked
difference in forin and habit in the immalure stages of the two sexes
(17, 61). The ezg in ecach case is deposited in the body cavity of the
liost.  The female egg halchos in 3~4 days, and the cyele from egg to
adult is comploted in 24-43 days. Embryonic development of the
nale is completed in 3 days, but batehing does not take place unti
the body {luids of the coceid host have been ronsumed by a primary
parasife larva, The male egg may remain alive up to 86 days if
conditions essential for Latehing do not appear. If a female larva of
the svme species develops in the host, the male egg eventoally batches
and the larva enters the body of the full-grown primary larva., Here
it foads intornally for & time and then completes its development as an
external parasite.  Iowever, if the primary parasite larva is Lepto-
mastie dactylopii, the male larva of gurneyi {eeds externally throughout
ts developuent.

Coccophagus pulvinariae Comp. (Evlophidae}

(‘vecophagus pulvinarice, another minor parasite of the young stages
of the black seale, was imported from South Aflvica by the University
of California in 1937 (26). Colonies were released in San Diego and
Ventura Countics in 1937-38. At present it is known to be established
only on the nigea seale, rather than on the black seale, at Santa Paula,
where it ad been released in 1938 and was first recovered in 1939.
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This species is similar in its hebits to €. cowperi, The male eggs of
both species are attached externally to the derm of full-grown
chalecideid larvae in various lecaniine Coceidae.

Coccophogus rusti Comp. (Evlophidae)

Coccophagus rusii is the most common paresite of the black seale in
Fast Alrvice and the Transvaal, and was imported into California
from the latter area by the University of California in 1937 (26). Tt
was propagated extensively in the Insectary, and was released in
Orange and San Diego Counties during late 1937 and 1938. I6 was
first recovered at Hewes Park in Orange County in 1938, and is now
known to be established at several points in Orange, Riverside, and
Santa Barbare Counties. In only a few localilies bas it shown a
capacity to effect full control of the host on citrus, but in general its
greatest effectiveness has been in reducing infestations on oleander and
pepper trees.

The mated female of »ust? deposits her eggs through the dorsum of
the half-grown black scale, and only a single female develops to maturity
in each one. The life cycle is approximately 20 davs. The male
progeny develop as internal parasites in full-grown larvae and in
pupae of various parasites of lecaniine Coccidae.

Coccophagus trifasciatus Comp. (Eulophidae)

Coccophagus trifasciatus is 2 comsaon parasite of the black scale in
Soutbh Africa, und it was imported from that region into the United
States by the University of California in 192425 (737). More than
1,000 adult parasites were obtained from the imported scale material
during these years. The first colonies that were liberated comprised
& total of 168 adults, whbich were placed in White Park, Riverside,
during late 1924 and early 1925. The species was recovered there
in the sumnier of 1925 and has persisted since that time. Its estab-
lishment at this point was possible because of the presence of C.
lycimnie 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 trifesciatus maies.

C. trifasciatus (17, 61) is able to produce a very high propertion of
female progeny generation after generation. The female egg is
deposited in the body cavity of a second- or third-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 scule, and embryonic
development 1s completed in about 3 days. However, hatching is
delayed unti] the body contents of the host have been consumed by a
female larva of some other primary parasite, whereupon the male
develops as an external parasite on 1b. The first-instar male larva is
of the planidium type.

This species and C. rusti oviposit with great rapidity—in about 1
second—and consequently both are able to work effectively even in
the presence of ants.
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Comperiella bifasciata How. (Encyrtidae)

The search for parasites of the California red and the yellow scales
by the Calilornin organizations has extended over many vears. The
first importation of Comperielic bifesciate was from Hong Kong in
1906, and others have been made periodically up to the present time
from peints in South China, Formesa, and Japan. Shipments of
Aontdielle tuzus Treon. and Chrysomphalus bifusciculetus Ierris from
Japan in 1924 vieldod stocks of bifasciuta, which were tested on Cali-
fornia red scale, but they failed to reproduce. This parasite was
finally established on bifaseicufulus ot Pasadena, and the adaplability
ol the Japanese material to the yvellow senle was determined in 1931
1. Releases wore then made on shat host in the Redlands, Sauta
Pauls, and Visalin areas in eities, whas there 1s muore overlapping of
the stages of the seale than in the orchards, and it not only beeame
established but eflected salisfactory control. 16 is now present in
practically all seetions of Calilurniz inhabited by the yvellow scale,
though not ellective under orchard conditions in the San Joaquin
Vallex, This general distribution has been sccomplished only over
u period ol years because of the exceedingly slow rate of nafural
spread, which mny be oniy a few tree rows per vear. This strain of
tifasciala appewss to be espocially effective in Jight infestations. so
that its greatest use may be in bolding the pest in check after chemical
treatments rather than in redueing the initial heavy infestations.

Tho later studies on this problamn revealed u complex relationship
beiween bifasciate and itg lhosls, which expleins the sceming incon-
sistencies and fnilures of the ecarlier efforts. It developed that there
were al least 2 distinet strains of the parasite in the Far ast. That
on the yellow seale was able to develop not only in that host but i
A. taxus, COhrysomphalus bifasciculatus, . conidum, and C. dictyo-
spermi (Morg.), but only rarely in the red seale. The iraportation
program from the Far Bast was {urther complicated by the fact
that the red and yellow scales olten do not show the sharp color
differences that are seen in Calilornin, and the differences in dis-
tribution of the seale on the plant are not nearly so pronounced.
1% wns not until 1932 that moerpholegical characlers heenme knowu,
wherehby these 2 host species could be distinguislied.

In 1941 a strain of bifascigle having the red scale as its normal hosl
was found in South Ching and imported inte California (37). With
an initial stocls of only 5 mated females, over 2 milion adults were
produced for distribution during the next 15 months. This strain
is now established geverally over the interior infested arcas in
soubbern Calilornia, but there are ne indications that it is able to
check the scale infestations,

The fomales of bifasciate are very delibernte in their activilies, re-
quiring considerable time for examinetion of the host and for ovi-
position. Ifor this reason it is essential, for maximum efficiency in
control, that ants be eliminated from the infested trees; otherwise
oviposition will be largely prevented.

An interesting situaiion bhas Deen revealed with vespect to the
effect of the faod of the host on suceesshul parasivizutien by bifaseiala.
The South China strain reprodices normally in red scale grown on
citrus, but populatious grown on sago paln show a very high mortality
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of the immature stages of the parasite, which is attributed to =
nutritional deficiency.

C. bifasciate is & solitary internal parasite of the female scale (68),
attacking preferably the secood instar, though 1t also develops to &
lesser extent in the male scale. It has the sialked egg, characteristic
of the family, but the stalk is functionless and the egg lies free in the
body cavity of the host. A female may deposit up to 136 eges during
an oviposition period of about 3 weeks. The lLife cycle covers 20-40
days, depending on the stage of development of the host at the time
of attack. I attack takes place on the very young scale, its de-
velopment is retarded, and the parasite cmerges from the early
third-instar host during the gray stage rather than later.

The female punctures the young stages of the scale with her ovi-
positor in order to fecd on the body fluids, but seldom deposits eggs
in them, Many scales are punetured by the ovipositor without being
fed on. 'This mutilation of the young scale, causing its death, adds
appreciably to the eflectiveness of the parasite.

Compsilura concinnate (Meig.} (Tachinidae)

Compsilure concinnata, s parasite of gypsy moth larvee and of

many other lepidopterous Jarvae, is the most raportant of the msoy

parasites Imported into the United States sgainst that pest (14,
89). Shipments of gypsy and brown-tail moth caterpillars received
from various countries of Europe in 1906 yielded a very few speci-
mens of Compsiture for colonization; an unknown but much larger
number were colonized in 1907 and none in 1908. Importations were
continued unsil 1911, Releases in New England during the following
years totaled 69,167 adults up to the end of 1927. The colonization
stock since 1812 has been of domestic origin.

The first definite recovery was iu 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 single year was observed. It
quickly became establisbed throughout the New England areas
inhabited by the gypsy and brown-tail moths and has spresd to
adjoining States. 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 New Jersey,
New York, Pennsylvenia, District of Columbia, New Mexico, Min-
nesotn, Arizons, California, Idaho, Oregon, and Florida. The para-
site was widely colonized on the satin moth in Washington from
1929 to 1934, and became well established (97).

Since its introduction inte the United States, concinnate has been
reared from nearly 200 species of Lepidopters, representing 20
families, and from 3 families of Tenthredinoiden, most of these rec-
ords having been reported in 1926 (149). Because of this wide
range of hosts there is practically nover o shortage of suiteble hosts
in the field, and the parasite is able to maintain a high population
level at all times. It iIs & valuable element in the parasite complex
attacking the gypsy and brown-tail moths in the United States,
and field parasitization of the satin moth is often high, amounting at
times to 50-70 percent.
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C. concinnale (39) is » solitary or gregarious internal parasite
of the larvae, 1 to 4 developing in each host, and it attacks practically
any stage of bost larva that is aveilable. There are 3 or 4 generations
ench year, and the winter is passed as a young maggot within the
host. = The overwintering hosts comprise certain native caterpillars,
and do not include the gypsy or brown-taill moths. The first of these
Jatter hosis is in the egg stage during the winter, and the second
ocowrs as young larvae 1n the webs, The brown-tail moth larvae
are attaclked in large numbers by Compsilure during the aubumn,
and the porasitized individuals invariably die during the winter.
Jts value as a control for these 2 pests 1s therefore dependent on the
availability of alternate hosts to support the overwintering generation.
Larval development in suilable hosts is rapid in the spring, and the
first generation of adulls emerges in late April to June,

The female is equipped with an ovipositor of the piercing type, which
is thrust through the skin of the caterpillar, and a living maggot is
injected into the body cavity. The reproductive capacity Is not
large, probably nol exceeding a hundred. Larval development is
completed in aboul 13 days, after which the full-g-uwn maggot
emerges from the bost and pupates in the soil. If the Lost is a brown-
tail moth, the pupartum may be formed in the cocoon. The pupal
stage covers 10-14 days.

Cremastus interrupfor Grav. (Ichneumonidae}

Tmporiations of (remnastus interruplor, a parasite of the larvae of
the Turepean pine shoot moth, were made from Austria during 1931~
35, England in 1936, and Holland in 1937. The number of parasite
cocoons received during that period is uncerfain, as those in the
1931-32 shipments were nol separated from related species, but the
tolal for 1933-37 was 10,100, of which by far the greatest number
came [rom England in 1936.

The first ficld releases were made ot Brookline and Hingham, Muss.,
in July 1931. The 1936 releases in several States totaled 6,177 adults,
and recoveries were made in Connecticut, New York, and New Jersey
(49). Information onlater dispersion and cffectiveness is not available.

This species is a solitary inlernal parssite of the larvae of the pine
shoot, moth and several velated species. The winter is passed in the
yvoung larval stage in the hibernating host larvae and the adults
appear in the field in Junc and July. Somectimes the {ull-grown larvae
emerge from Lhe host pupae rather than from the caterpillars. There
iz o single generation cach vear on the pine shoot moth.

Cryptochaetum iceryae {Will.) (Agromyzidae)

The teip of Albert Koebele to Australia in 1888-89 in search of
natural enemics of the coftony-cushion scale was prompted by the
report of the occurrence in that country of a dipterous parasite,
COryplochaetum iceryue, rather than the vedalia beetle, which at that
tine was not known as an enamy of the scale, Tt was quickly found
(94), and his first shipment, which arrived in San Fraucisco on Novem-
ber 26, 1888, consisted of ebout 6,000 parasitized adult scales, con-
taining about 4 (yyplochueium parasites each, and 1 Wardian cage
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of infested citrus and Piitesporuwm plants (48). A second shipment
followed & few days later, consisting of abount 3,000 parasitized scales,
but the parcel was damaged in transit, and only a single fly emerged.
Five shipments in all were received at Los Angeles between Novemnber
1888 and the end of February 1889, and the total fiy cmergence from
these consignmenls was 548. The flies reprodiced readily in the field
cage in which bhey were released, and in the following April a large
portion of the scales were found to be parasitized. Colonies were
distributed {rom this source, and the parasite very socn hecame
generally established over the ontive infesbed avea. Today it is almoss
wvariably present whenever a small host infestation is found, and is
most abundant in the coastal arcas.

A shipment received from a correspondent in Australin in 1888,
prior to Koebele's trip, yielded & nuraber of adult flies, which were
released on a caged tree, but these were from Afonophiebus, and the
parpsite species was almost cerlaindy Cryplochactum monophleli
Skuse. Establishment was not attained.

O, dceryae is a solitary or gregarious inbernal parasite of the female
coltony-cushion scale (128, 148). Hall-grown (second-instar) scales
are preferred for oviposition, though larger or sineller individuals
may be attecked successfully. The female parasite is equipped with
an oviposibor of Lhe piercing (ype, and the egg 1s placed in the body
cavity of the scale by a quick thrust of the ovipositor through the
skin. The egg hatclies in 3-5 days, and the complete life cyele covers
1 month or more. The host is killed by the fourth-instar parasite
larva, and pupation takes place within the partly dried remaine of
the host. From 1 to 17 individuals may develop to maturity in a
single scele. There are § or § generations each year. A distinctive
featurs of the larva of this parasite is a pair of Jong tubular processes,
or “tails,” at the posterior end of the body, which fulfill & respira-
tory funcliou.

Cryptognethe nodiceps Mshii. {Coccinellidae)

Since Cryplognathe nodiceps bad Dbeen exceptionally coffective in
controlling the coconut scale in Fiji and Puerto Rico, arrangements
were made for its bmportation and use against the same pest in
lorida. One consignment of 156 beetles from Trinidad was released
at Miami in February 1936, and another of 115 beetles from Puerto
Rico at the same place in September 1938, A survey in August 1940
revealed that {he species had become established. No further informa-
bien is available regarding ibs abundance, spread, or effeciiveness.

The eggs of nodiceps are slightly green an color, and are deposited
singly under & scsle covering, from which the female scele has been
removed and devoured. The lie evele is completed in 19-25 days
al sunumer Lemperalures, bul may be considerably prolonged if the
food supply is not shundané. At such times the larvae are markedly
cannibalistic. As with many other species of this family the larvae
assemble in clusters for pupation.

Cryptoloemus monfrouzieri Muls. (Coccinellidae)

_ There is little published information regarding the details of the
importation and colonization of the mealybug predator Cryptolacmus
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montrouzieri, except the statement that considerable numbers were
included in Koebele’s shipments from Australia that arrived at
San Francisco in December 1891 and the early months of 1892. The
beetles were reared and widely distributed in southera Californis
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
valleys. During the years after its introduction it was credited with
controlling & number of outbreaks of the citrus meelybug in the
cosstal 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
survive the winters in sufficient numbers so that & controlling popula-
tion could be built up early enough the following season.

A marked change took place in the status of Crypiolaemus about
1917 as a result of the development by the Californis State Commission
of Horticulture of mass-production methods (127), whereby the
meslybugs were grown on potato sprouts, and the consequent adop-
tion of the practice of releasing the beeties in considerable numbers
whenever an infestation appeared. This practice involved Liberations
in infested groves at the rate of 10-20 beetles per free each season so
long as conditions demanded, and proved to be 2 practical means
of controlling the several species of moalybugs that were then injuring
the citrus greves in southern Celifornia. 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.

Although Cryplolgemus is found most generally In infestations of
mealybugs of the genus Pseudococous that are gregarious and that
deposit their eggs in large masses, it also attacks related genera, such
as Ripersia, Phenacoccus, Ferrisia, and even Jcerye. It has been
recorded as feeding extensively on lecaniine Coccidae of the genus
Pulvinariv. These geners deposit their eggs in cotiony musses very
similar to those of the true mealybugs.

The adults and larvae of monfrouzier: feed mainly on the eggs and
young nymphs. The eggs of this species are placed singly in or near
the liost masses and hateh in sbout 8 days. The larval feeding
period is 12-20 days and the pupsl period 8-12 days. Pupation
takes place in curled leaves or in other sheltered places on the tree or
on the ground beneath it, and the winter is passed in this stage.

Cybocephalus Sp. (Nitidulidae)

This undescribed species of Cybocephalus is o predator on the
California red scale and other diaspine Coccidae. It is nalbive to the
Asiatic region, and was imported into California from South Chine
in 1832-33 by the University of Celiforpin. An extensive rearing
program at the Orange County Insectary provided 20,000 adults for
general release on red scale throughout that county during the follow-
ing few years. No ficld recoveries were made af that time, but in
1944 it was found $o be abundant in infestations of Diaspis borsduvalii
Sign. on cactus at Coste Mesa, on D. cocots (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 first 2 hosts have not been appreciably
reduced, and the beetle has not vet been taken on red seale.

The life cycle of Cybocephalus is about 24 days at summer temper-
atures (60). The cggs are deposited singly in vacated male host
scales or beneath mature female scales. The larvae feed mainly on
adult female scales. When feeding is completed, these larvae enter
the soil or conceal themselves in debris on the surface and spin
spherical, white, parchmentlike cocoons.

Dahlbominus fuscipennis (Zett.) {(Eulophidae)

Dahlbomanus fuscipennis is o commmon parasite of the cocoon stages
of the Buropean spruce sawfly and other sawflies in Europe. Impor-
tations from that region by the Canadian Department of Agriculture
have becn muade since 1933, and several hundred million have been
propagated in the insectary since then for release against the pest in
that country, During 1935-39 several million adults were sent to
the United States by that Department, a porlion of which were
liberated directly against the spruce sawfly and related species, and
the remainder were utilized for large-scale rearing by the Bureau of
Entomalogy and Plant Quarantine, ihe Maine Forest Service, and
the New dJersey Department of Agriculture.

The first release in the United States, consisting of approximately
30,000 adults, was made in northern Maine in August 1935, ond In
the following years the parasite was colonized in very large numbers
throughout the range of the liost in the Northeastern United States.
More than 200 million were liberated in Maine by the end of 1939,
and 30 million in New Hampshire, Vermont, and New York (50).
Tn 1041 rcleases were made 1n Alabama, Aichigan, South Dakota,
and Tennessee in infestations of native sawilies,

'The initia] field recovery was made at Orange, Conn., in 1936 from
a colony released the same season, and the following year it was
talten at two poirts in Maine and in New York, where liberations
had been made in 1936. It is now established, and af times shows
a high parasitization at many points in the infested arca.

Releases were made in infestations of Neodiprion sertifer in New
Jersey in 1939, and establishment at & number of points was recorded
the following season. Collections of cocoons in 1941 showed a high
percentage of parasitizetion.

The recovery of this parasite from Diprion frutelorum (¥.) al
Soeuthinglon, Conn., in 1941 is of particular inlerest, as this locality
15 25 miles from the nearest release point where fuseipennis had been
established in 1936.

D. juscipennis (107) is a gregarious external parasite of the full-
grown larvae, prepupae, and pupae of the sawflies in their cocoons.
‘Twenty or more eggs are laid on a single host at one insertion of the
ovipositor after the host has been partislly paralyzed by stinging.
The cycle from egg to adult ranges from 25 to 50 days, with an average
of about 31 days at summer temperatures. Hiberpation takes place
in the oature larval, prepupel, and pupal stages in the host ¢ocoons.
In Canada there sre 2 generations and a partianl third each year.
A portion of the larvae of the first summer generation go into diapause,
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with adult emergence delaved until the following seasop. The
average number of individuals developing in & cocoon is 34, though
more than 100 have been recorded. The entire colony emerges from
the cocoon through a single emergence hele. The average namber of
progeny per female is less than 100. The sex ratio is variable, with
the females alwayvs predominating; it is as high as 9 to 1 in some
rearings.

Dexilla ventrafis {Ald.) (Tachinidae)

Desilla ventrelis, a polyphagous parasite, was first Tound in Rorea
in 1922 (24), where it 1s parasitie in grubs of several speeies of Popillio
other then japonive, and in Afridibe, Phyllopertha, Anomale, and
Serieq. The first shipment to the United States was made m j925,
and othiers during 1926-27 and 1829-31. A total of 50,324 inseclary-
parasitized grubs wore forwarded. The first liberation was made at
Haddonfield, N. J., in 1926 (158), and adulls were recovered the
jollowing season. IMeleases have been made at other points in New
Jersex and in Pennsylvania, New York, Marvland, and Illinois, but
the Haddonlicld coleny is the only one kuown to be established, and
even there the population is exceedingly low and there are no
indientions of spread.

The failure of ventralis 1o become effective against the Japanese
beetle in the United States max be attributed mainly Lo a lack of
suitable alternale hosts to bridge the summer period when Popillia
grubs of a suitable stage of development for parasitization are not
available in the ficld.

D). ventralis is a solilary inlernal parasile of the grubs of the various
scarabaeid genera mentioned. The fomale fly deposits young larvae
or eggs in varving stages of incubalion on the surface of the soil,
presumably near host grubs,  The farvae then burrow about in the
soil in sesrch of the grubs, which they cnter by boring through the
skin. A pespiralory funnel is forined at the pomnt of entry, and this
attachment i retained thirough almost the centire life of each larva.
The blackish {unpel is distinetly visible within a few hours after
the host grub is entered and serves as & ready means of recognizing
parasitized jndividuals, The host grub is usually full grown bhefore
death. Pupation of the parasite takes place in the soil near the
remains of the host.

In Korea, where detailed life-history studies were made, there may
be 3 generations each year, the overwintering one being in grubs of
AMiridiba, the second in Popiliia, and the third in Seriea, sll of which
are reasonably abundant. However, & porlion of the winter genera-
tion is in Popillie, and the flics from this host emerge later than those
irom Afiridiba. The sunumer generation fvom this stock 1s 1n Sericea,
followed by attack on Popillia, Phyllopertha, or Airidiba, so that only
2 generations develop during the year rather than 3 when Afiridiba 15
the overwinlering host.

Erynnia nitida R.-D. {Tachinidae)

Efforts have been made over an extended period of years Lo establish
Erynnia nitide, o Europcan parasite of the elm leal beetle, in the
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Eastern United Slates. 'The first nportation was in 190§, when &
consignment of puparia was received from Italy, but no pargsile
emergence was oblained. A second Jot was recerved in 18913, from
which liberations of an unknown number of adult parasites were made
in New BEngland.  Addilional importalions were made from France in
192425 and 1932-35. comprising more than 100,000 field-collecled
hibernating beetles, 5-15 pereent of which coniained parasite larvae,
and 1,500 puparia. Kmergence fromr this material was  very
poor, and the number of adult parasites that became availabie for
refease was small,  Sindd parasite colonies were liberaled 1n the field
in Virginia in 1925, Massachuselts in 1934, and Coanecticut and New
Jersey iy 1935, A single individual was revovered n 1935 at Woburn,
Mass., where a colony had been placed (he preceding year. The
pargsite has not been taken since that Unwe, and there is ne reason to
believe that it is established mn the Novtheastern United States.

In 1939 the Universily of Callfornia undertook the imporiation of
Irynnie Tor colonization aguinst the beetle in that State {68). The
shipment from France consisied of only 55 puparia, from which 28
male and 14 female parasites emerged aftor arrival.  They were mated
and utiized {or laboratory propagation.  On May 23, 1939, 11 mated
Framnia females were liberated in 3 colonies at Stockson and Mantees,
and these were supplemented by the release of 16 females on June 17
and 4 on August 8. Thus only 31 mated Jemales were released. Re-
coveries were made ab (e 3 original colony siles n September, and
later colleclions of overwintering heelles nt one of these points showed
a parssitization of sbout 10 percent. Beetles collected during the
winter of 184041 showed a psrasitizalion of 20 percent, and an even
higher rate of atlack was noted In some tocalities 1n later yvears. A
small liberation of adult parasites from the Californin colonies was
made in Oregon 1 1341,

The fully meubated egg of nitida 1s deposited externally on the leaf
beeile larva, and on hatching lbe maggot bores into the body. There
are ab least 2 summer generations n Lhese larvae, the life cycle being
about 1 monlh.  Parasitized larvae leave the edm foliage and move to
the frunk of the tree, where they die. Pupation takes place within
the dried skin of the host. A very unusual ¢hange in habit takes
plage in ihe overwinlering parasite generation. Instead of maturing
and pupating in the aulumn brood of host larvae, the parasite larvae
carry thro uth wito the adult beetles, which pass the winter in sheltered
places. In the spring, after the boetles emerge and begin {eeding, the
parasite larvae resume lheir developmeut. The host is guickly
killed, and pupation takes place in the beetle body. Only a single
individual develops to maturily in each hosl lavva or adull.

Eupteromalus nidulans (Thoms.} (Pteromalidae)

During the winter of 1805-6 enormous numbers of hibernating webs
of the brown-tall molh were received {rom various parts of Hurepe
(14, 89), and from them large vumbers of fupteromalus nidulans
(referred o in eariy-American publications as Pleromalus cgregius
Foerst.) emerged during the spring of 1906. Forly thousaud adult
parasites were colonized that year al 9 poinis near Boston, Mass,, and
about the same number al 8 additional points in 1907. The 1908
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liberations totaled 116,000, 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 fall 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.

Sinee the establishment of the satin moth in New England, where it
was fivst found in 1920, neduions has attacked it more extensively than
the brown-tail moth, and it is assuming a status of some importance
in the control of that pest. In 1929 the average parasitization over
the entire infested area in New England was 9 percent. It was
colonized in Washington against this pest during 1831-34, when a total
0f 11,727 adults were liberated. Seversl recoveries were made in 1935
at considerable distances from the colonization sites.

E. nidulans (118) is s solitary or gregaricus external parasite of
the larvae and pupse of the brown-tail and the satin moths and of
several other Lepidopteras. The winter is passed in the full-grown
larval stage in the webs of the brown-tail moth and the hibernaculg of
the satin moth, and pupation takes place in those locations in the early
spring. The adulis emerge in May and June. The spring genera-
tions, of which there appear to be 2, develop mainly as hyperparasites,
through Apanteles, Meteorus, and other Hymenopters, though only in
very small numbers. These hosts ave present in {he cocoon stage at
that scason. There ars 3 generalions on the satin moth in the fall) the
last of which hibernates. In oviposition the femasle first siings the
larva, inducing permanent paralysis, and then deposits her eggs on
the body. The female often feeds on the body fluids of the host after
stinging it, a feeding tube having been made for this purpose. This
habit of feeding may add to the pest mortality. The adults of niduians
are long lived, aud the reproductive capacity is high. A number of
females under observalion averaged 251 eggs each, with a maximum
of 583.

Exochomus guadripustulatus (L.} {Coccinellidae)

Izochomus quadripustulatus is one of the most conunon coccinellids
i southern Europe, where it preys on various lecaniine Coccidae and
aphids. It was first imported into the United States from France in
1505-6, and small colonies were released in mived infestations of scale
insects at North Saugus, Mass., in the spring of 1908, 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 rcleases were on citrus and
olive trees infested with several species of scale inseets and mnealybugs
in Bacramento Couniy, but again establishment was not effected.

The 1927 and 1928 releases, consisiing of insectary-reared material,
were on a larger scale and iu 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 Monterey pine. Specimens were later taken also from
sycamore infested with Stomacocous platani Ferris. By 1934 the
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predator bad spresd to meny parts of the State. The most recent
observations indicate that it is becoming an important enemy of the
woolly apple gphid.

Exorista farvarvm (L.} (Tachinidae)

FEzoriste lorparum is one of the imporlant parasites of the gypsy
and brown-ilail moths in many parts of Kurope, and it altacks a num-
ber of other lepidoptercus insects as well, including the satin moth.
The first importations into the Tnited Slates that yielded larvarum
were from Tlaly in 1905 (14, 89, but no releases were made that year.
The shipments from several other European countries in 1806 through
1908 produced 2 few small and unsatisfactory colonies for Liberation
in New England against the gypsy molh, but those of the {oliowing 3
years were on o lavger scale. The rolcases of 1906 through 1912
totaled 3,302 adult parasites. No recoveries were made from any of
these colonies, and the attempt Lo establish the species was abandoned
until 1923, when importalions were again undertaken, this time on o
much larger seale, and conlinued until 1932, The liberations in
New England totaled 3,001 parasiles in 1925, 16,745 in 1926, and
19,039 in 1927, wilh an unknown number from 1928 through 1932.

The first field recovery from the gypsy moth in New England was
at Waterbury, Conn., In 1940, and in 1941 the parssite was token in
11 townships in AMaine, New Hampshire, and Massachosetts (723).
The greatest number were recovered st Salisbury, Mass., where a
parasilization of 9 percent was noted. It was also recovered from
the brown-tail moth at 2 points in New ITampshire the same year
and from the satin moth in Connecticnt in 1840, Small relesses
were made against the satin moth in Washington in 1933, but no
recoverics have yet been made in that State.

L. larvarum 1s virtually indistinguishable in the adult stage from
the American species . mella (Wlk.), though it differs in habit fo
the extent that pupation is normally outside the host hody, whercas
the lalter species pupates within the remains of the host. In the
course of the early work in New England it was considered probable
that the 2 species would interbreed, and that the preference of
larparum for the gypsy and brown-tazil moths would consequently
be eliminated. . melle seldom develops on these pesis in the field.
No experimental data have been presented in support of the above
conelusion, but because of its possibility larsarwm was removed in
1912 from the Jist of European species considered to be promising in
thie biological control of these 2 pests in New BEngland. This decision
was later reconsidered, and the large-scale releases sinee 1825 vesulted
in esteblishinent. The delay in recovery until 1940 and 1941 can
probably be attributed to the difficulty of distinguishing the imported
species {rom E. mella and, to o lesser extent, to insufficient surveysin
the colonized areas.

E. larvarum is o solitary or gregarious internal parasite of the gypsy,
brown-tail, and satin moth larvae. I{s relafively large eggs are
deposited directly on the caterpillar where they hatch, and the maggots
immediately burrow into the body. They mature quickly and emerge
{from the caterpillar for pupation, though on certain other hosts in
Furope they sare reported to emerge consistently from the pupa.
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There are several generations exch year. At lcast one alternate host
is required to ensble the parasite to bridge the period in which gypsy,
brown-tail, and satin moth larvae are not available for parasilization.

Habrolepis rouxi Comp. {Encyrtidae)

Habrolepis rouxi, a parasite of the California red seale, was imported
from South Alrica by the University of Californis in 1937, and
during 1937-39 approximately 50,000 adulis were reared and liber-
ated in infestations on citrus in southern California (67) and an equal
number on the olive seale in the San Joaquin Valley during 194142,
Field recoveries from the red seale were made at many points during
the season of release, but the parasite has persisied in only a single
locality. This is at Chula Visla near San Diego. where about 1,000
females were released in 1937, In 1943 it was observed to be abundant,
though apparenly exerting no appreciable vontrol, on a few semi-
abandoned, untreated (rees.

H. rousi is a solitary internal parasite of the advanced slages of the
red scale. Female progeny are produced generation after gener-
etion without the intervention of the male, though a small portion of
the brood may be of that sex.  The production of males is affected by
several factors, suell as the temperature and the (ype and condition
of growth of thelfolinge or fruit on which the host seale grows.

Hombletonia psevdococcing Comp. {(Encyrtidae)

In 1935-36 Hamblelonia psevdococcing was found in Brazil and
Colombia and was imported into Hawaii and Puerto Rico, where it
became established on the pineapple mealybug. Two consignments of
adult parasites oblaived from Puerte Rico in 1943 for relesse in
Florida failed to survive, but in May of the following year o total of
374 were recetved alive and utilized for ficld release. Ceolonies were
placed In infested pincapple plantings at Fors Pierce, Boynton, and
Sebring. Recovery collections made later ab the first 2 points failed
to show establishment, but the parasite was reared in some numbers
from collections at Bebuing in Novembor 1944, 1945, and 1947. No
information is available regarding its later spread and effectivencss.

Horogenes punctorius {Roman) {[chneumonidae)

Horogenes punclorius is one of the imporlant parasites of the
larvae of the Turopean corn horer in FEurope and the Far East. It
passes the winter in the early larval stage in the host caterpillars,
and thus was contained in the millions of hibernating borers shipped
to the United 8tates from France and Ttaly during 192123 and 1925-37
and from Manchuria during 1830-32 (4}, TFrom this material 84,710
gdult parasites became available and were released in all infested
areas. These colonies were supplemented in laler years by 44,475
obtained from domestic sources, The first colonies derived from
imported summer cocoons were released in Alassachusetts in 1921
and 1022, but they comprised only 178 parasites. None were released
in 1523 and only 186 in 1924, Recoveries were recorded in M assa-
chuseits and Michigan in 1926, Ohio in 1927, Rhode Island in 1928,
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and Indians in 1929 from the larger releases of later years, but only
the colonies in Massachusetts and Rhode Island persisted.

The increase of puncloring in the 2-generation area was particularly
encouraging. Thus in 1 lecality in southeastern Massachusetts in
the autumn of 1939 the field parasitization averaged 11 percent, and
parasitization up te 35 percent was noted in Connectictit. The 1940
collections showed a marked increase in central Connecticut, where 33
percent of the borers coliccted were parasitized, and a considerable
number of samples showed o parasitization in excess of 50 percent.
However, this field abundance did not continue, and the 1945-48
collections showed a maximum parasifization of only 14 percent in
Massachusetts, where the species is now most abundant, and much
less in adjoining States. Reecent surveys show that the parasite has
also persisted, but at a low level, at the Cattarsugus Indian Heser-
vation in New Yorl,

Results of the intreduction of the parasite in the Lalke States were
not encouraging until 1948, when it was found to be widely established
i nerthwestern Ohio.  Additional recoveries in 1649 and 1950 dis-
closed establishment in adjoining areas in Indiana and Michigan.
Releases in Towa and Minnesota in 1949 resulted in establishment
and spread at several points.

H. punctorius is a solitary internal parasite of the Jarvae, and has
one or more generntions ench yvear, depending on the seasonal cycle of
the host. It passes the winter as a first-instar larve 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 1%, 15, and 8-10 days, respectively,
al 80° It

Hyperecteina afdricki Mesnil {Tachinidae)

Iypevecieing aldrichi (=Cenieter cinerea), o parasite of the adult
Japanese beetle, was the first of its natural enemies to be discovered
- n northern Japan shortly after the investigations were begun in
1920 (24). In Hokkaido, the northern island, it was very eviden$
that the fly was mainly responsible for holding the pest in check, as
field parasitization renged 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 wes considerably higher,
This finding led te high hopes that the species would be equally useful
and effective against the beatle in the United States.

The first Importations were made in 1920, and o total of 637,000
dead parasitized beetles containing parasite puparia 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 recoverics were made the following season., The parasite is
now established over an area of about 500 square miles in New
Jorsey and Pennsylvania, and at South Egremont, Mass., and East
Hartiord, Conn., but unfortunately it has not lived up to expectations.
The flies emerge in the ficld several weelis or more in advance of the
beetles and, although o fair portion of the carly-emerging beetles may

363934 —56——8
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be parasitized, the flies disappear before the peak of beetle emergence
is renched, and the total parasitization of the host brood is copsistently
less than 1 percent. If has been hoped 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 tine
of emergence. -

H. aldrichs has a single generation each yvear, and the winter is
passed in the pupal stage within the body of the dead beetle in the
soil or under rubbish, Emergence tokes place in early summer,
mostly in June, and after a short preoviposition period, the femalr
begins her attack on the adult beetle. About 90 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
agrinst the dark-green background of the beetle thorax. Hatching
takes place aftcr about 2 days, and the young maggot bores directly
downward through the heavy wall of the thorax into the body cavity.
It moves about freely in the body, and at no time is there a permanent
respiratory attachment with the tracheal systom 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 with its head end at the tip of the abdomen., This position
facilitates the later emergence of the adult fily. Only a single parasite
develops to maturity in each beetle.

Lecaniobius utilis Comp. (Eupelmidae}

The nmportation from Brazil and Argentina of Lecaniobius wiilis,
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 seale material after srrival in California,
This stoek was incressed by insectary propagation, and the first
colony, consisting of 100 mated females, was liberated at Oxpard,
Calif., on Junc 13, 1935. Field recoveries were made the following_
October. Inasmuch as the habits of uiilis are the same as those of
Seutellisia cyanea, which effects a high parasitization in the coastal
sections, it was not expected thaf this species would 2id appreciably in
control. [Establishment is known to have taken piace only in River-
side and Venfura Counties, and in the latter county the species was
fouFd in 1941 in an infestation of nigra scale rather than on the black
scale.

L. utilis oviposits preferably beneath lecaniine scales when they
are beginning to deposit e%gs. The ovipositor is thrust beneath the
scale margin, and the stalked egg is placed =0 as to adhere to the
venter of the scale or to the subsfratum. The minimum life ¢ycle is
about 30 days, whereas the maximum approaches 6 months, owing
to the larval diapause during the winter.

Leis dimidiata 15-spilota (Hope) (Coccinellidae)

Leis dimidiate 15-spilofe, o predalsr on various aphids, was im-
ported from South China in 1924 by the University of California.
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It wes propagated and liberated in California during 1923, but did
not become established.

A consignment was sent from California to the Florida Agricultural
Experiment Station in June 1925, and between 40 and 50 colonies were
reared and released in citrus groves in that State during 1926, The
species bas Dbecome well established at Windermere and Orlando,
where it feeds on a variety of gphids. In the latter locality in 1933
it was abundant on papsys foliage, {eeding on Tricleurodes variabilis
(Q.). At that time the Leis bectles were noted on papays and citrus
in greater numbers thao any native species had been seen in the
State. The adults feed extensively on hobeydew secreted by leal-
hoppers on corn. For several vears alter its establishment Leis
was considered Lo De an importanl ageney in the control of citrus
aphids in the sections of the State where 1t was established, though
unfortunately it proved laler to be seriously aftected by below-average
winter temperatures,

Leptomastidea abnermis {Gir.):(Encyrtidae)

The importation of Leplomastidea abnorinds, 8 parasite of the citrus
mealybug, from Sicily to the United States was accomplished by the
California State Commission of Horticulbure in 1914 (148}, Several
consignments of host material were reccived during July and August
of that yesr,and {rom ane of these & small number of abnormnis emerged.
Insectary propagation resulted in the production of several hundred
thousend sadult parssites for field release dwring the following two
sensons. The first fleld liberations were at Albambra, Calif., from
August 1914 to March 1915, and recoveries were made in July of the
latter year. Colonies were then released in all infested sections of
the State, and establishment was eflecied in almost every locality.
Shipments were also made during this period to Florida, Louisiana,
and Hawaii. Increase of this parasite in the field in California was
rapid and high populations were attained. Although it has unques-
tionably had some influence oz ficld infestations, it has not been able,
alone, to hold the pest generaily &t a nopinjurious level. |

Since ifs establishment in California, 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 & common greenhouse pest, and if is
assumed that distribution of the parasite has taken place incidentsl
to movement of infested greenhouse plants.

L. abnormis Is a solitary internal parasite, and attacks the first and
second instuars of the host. Development from egg to adult is com-
plete in about 25 days ab optimum temperatures. In addition to the
citrus mealybug, this parasite has becn reared from Pseudococcus
kravhnige {Kuw.) in California and from that host snd Ferrisia
virgata (Ckll) in Hawaii,

Lindorus lophantae (Blaisd.) {Ceccinellidae)

Lindorus lophanige was included among the many Coccinellidse
imported into Calilornia from Australie by Koebele in 1891-92 for
use mainly against the black seale. It was first liberated in southern
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California in 1892 and rccovered the same secason. It now oceurs
generally and often abundantlyin that section and in central California
(53}, and preys most frequently on various diaspine Coceidae, especi-
ally the Celifornia red scale and (o a limited extent on soft scales and
mealybugs.

The eggs are placed singly in crevices near the host scales, and the
life cycle covers 22-29 days ot summer temperatures,

Lixophage diatraeae (Tns.) (Tachinidae)

Tixophage diatraeae is the most important parasite of the sugareanc
borer in Cuba and some other West Indian islands. 7The eofforts to
bring about its establishment in the United States cover a period of
about 25 yewrs beginning in 1915, al which time small importations
were made from Cuba and 1 colony was released at New Orleens (94).
Further importations were made in 1418 and a few individuals were
released. In 1919 and 1920 large numbers were received, and colanies
totaling 2,718 adults were released 2t 45 peinis in southeastern
Louisiana, Tield recoveries were made at most of these points, and
rather extended spread was noted from some of them.  The parasite
persisted for a number of years, and recoveries were made at 3 colo-
nization points as late as 1925, bul none thereafter.

It was thought that conditions in southern Florida where slgarcane
is grown would be more lavorable for the parasite than Loulsmna
consequvntlv the importations from Cuba in 1926-27 and those from
Puerto Rico in 1936 and 1938 were colonized in that State (22). The
1926-27 importations were by the Florida Agricultural Experiment
Station and comprised 1,760 parasitc puparia. The number of
adulls released exceeded 1,000, The 1936-40 imports from Puerlo
Rico and Cuba were utilized in parl as rearing stocks, from which a
total of aboul 2,500 adull parasites were rolensed.  Sinee 1938 Lhe
Felismere Sugar Producers’ Association has cooperated in this work,
and has meloyod an cxperienced entomologist te conduct parasife
rearing and colonization,

The first field recovery was made al Fellsmere in January 1937, and
the parasite has since been taken in increasing numbers each sonson
A 20-pereent parasitization was noled in one ficld in 1938 and 5
percent in another in 1939.  Establishnent has also bheen effected in
the Luke Oleechobee secltion, The parasite survived the severe
winter conditicns of 1939-40, and a parasitization up Lo 35 percent
was noted early in 1941, inereasing to an average of 47 percent later
the same season (122). Tt hes been eredited with bringing about an
appreciable reduction in fhe infestations in the Fellsmere area, though
populations appear to be seriously aflected by exceptionally low winter
bemperatures, and recolonization following such wiaters may be
helpful in restoring the parasitization to its previous level,

1. diatraeae (121} is o solitary internal parasile of the ¢ance horer
larvae. In Cuba there are 8-10 generations each wvear, though in
Florida the number is probably somewhat less. The eggs are quy
incubated and hatch in the oviduel of the parent female. “The young
maggots are deposited on the cane stallk at or near a horer enirance
holc and they then enter the tunnel and bore into the bodies of the
host larvac. ~The respiratory funnel, formed very soon after entry
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by the maggot, is connected with one of {he main trachese of the
host near one of the firs or second abdominal spiracles. Some of the
second-instar maggols lie [ree in the host body, and this is always
true of those of the third instar. ILarval development of the parasite
18 complete in about 9 days, and the host dies 1~2 days before the
maggot emerges for pupalion. The pupal stage covers 9-11 days,
and the puparium is found in the tunnecl of the host. Although
dugtracce 1s normally solitary in habil, several individuals have been
kknown to develop to maturity in a single host. On occasion maggots
may issue from the hosl pupa rather than from the full-grown larva.

Lydella stabulans grisescens R.-D. (Tachinidae)

Lydelle. stedulans grisescens, listed in the early publications as
Masicera senilis Rond., is a common parasite of the larvae of the
European corn borer in Europe and the Far East, and was the most
importent parasite observed atlacking that pest in Japan and Korea.
It passes the winker as a young larva in the hibernating host cater-
pillar, and it was 0 this stage ihal most of the material {rom abroad
was received.  The large-seale shipments of hibernating borers from
France and Italy during 1920-35 yielded 668,120 adults of Lydella
for release, whereas those from Japan and Korea during 1929-36 pro-
duced 90,147. A few small colonies were releasecd in Massachusetts
during 1920-22 and in 1925, following which large colonies were
placed in all of the heavily infested Stetes (4). Total relenses by the
end of 1935 numbered more than 700,600,

The first Geld recovery was made in Massachusebts in 1927, and
in the following years this parasile was recovered in Rhode Island,
New York, Ohio, and Michigan. However, most of these recoveries
dicl not represent permanent establishment. In the Great Lalkes
areg Lhe parasite has persisted only in a small section of Ohio and
Michigan, representing a strip oniy a few miles wide bordering Lake
Irie and extending from Sandusky, Ohio, to Detroit, Mich. In this
limited area it is the most abundant of the established foreign para-
sites, many collections showing a parasitization in excess of 50 percent.
In New England the area of establishment is limited to Massachusetts,
Connecticut, and Rhode Island. The parssite is now generally dis-
tributed over an arce of approximately 22,000 square miles in the
Middle Atlantic States, extending from New Jorsey and eastern
Penosylvania southward into North Carolina. The parasitization
ranged from 16 Lo 15 percent nr all samples talken in 1948,

The extensive colonization program in the North Central States
since 1944 has resulted in wide establishment in Illinols, Indiana, and
the eastern hulf of Towa, with a percent parasitization during 1949—
50 ranging up to 63 in Illinois, 45 in Indiana, and 70 in Towa. Dis-
persion [rom colony sites in southern Indiann bas exceeded 10 miles
per veur. This species has also become abundant at 2 points in
Kentucky.,

L. stabulans grisescens is a solitary internal parasite of the corn-
borer larvae, and attacks principally those of the fourth instar.
There are two gencrations cach vear, and the winter is passed as 2
second-instar mnoggot, oceasionally as a first instar, in the body of
ke host. A portion of the young larvae of the early-summer genera-
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tions enter diapause and do not progress to maturity until the foliow-
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 1n the oviduct.
Hatching takes place during larviposition. The young maggots are
deposited directly into the opening of the burrow of the host or in
the frass and excrement, which often cover the opening. They imme-
diately seck the hos 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 trachenl trunks in the anterior portion of the
bhody, and & respiratory funnel is formed. This connection is main-
tained until the host dies, which takes place shortly after the second
molt of the parasite. At the completion of feeding, the maggot leaves
the host through = rupture in the skin and pupates in the burrow
nearby. The larval and pupal stsges of the femsle cover § and
9 days, respectively, when rcared at 80° F., and each stage of the
mele requires 1 day less.

Macrocentrus gifuensis Ashm. {Braconidae)

Macrocentrus gifuensis is common in some parts of Europe, where
1t at times parasitizes up to 40 percent of the caterpillars of the
Kuropean corn borer occurring in Artemisia. 16 is Hkewise one of
the most important parasites of this pest in the Far East, especially
in southern Japan and Korea. The first importations comprised
3,885 cocoons from northern France in 1926 and 2,080 in 1927.
Large-scele 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 parssites for colenization in
the United States. Total releases through 1940 comprised approxi-
mately 421,000 adulis in 8 States (4).

The first liberations were in Massachusetts in 1926, and large
releases were made in all infested States during the following 6 years
and 1n 1940. Recoveries were made near Boston in 1928 and there-
after in most States in which there had been releases. However, the
colonjes in the Lake States area did not persist, and the present gen-
eral distribution is limited to certain sections of the 2-generalion
aren, especially southeastern Mussachusetts and Connecticut. In
these sections 1t spread rapidly and effected a high parasitization in
some localities. At the end of the 1939 season the average parasitiza-
tion in southeastern Massachusetis was 11 percent, with & 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
t0 14 percent, this being correlated with a marked reduction in the
host population. Up to 25 percent of the hibernating borers in Con-
necticut, Massachusetts, and Rhode Island were parasitized during
1946-50.

" The development of gifuensis to a status of importance as the
dominant species in southeastern Massachusetts is of particular inter-
est. The last releases of foreign stock were made in 1932, and for
8 number of years thereafter the species was found only in very
small numbers, indicating establishment but giving no promise of
becoming of value in control of the host. In the asubumn 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 eontrol & further colonization program was undertaken in 1938 and
the following years with stock from field collections made in the
Massachusetts arven.  This program covercd mainly the 2-generation
aren from Connecticut south to Virginia.

During 194447 an extensive colenization program was underfaken
in the North Ceatral States, but permanent establishment is not
vel certain,

M. gifuensis 1s one of the intevesting groups of parasites that repro-
duce polyembryonically (£14). The seasenal cycle is synchronized
with that of the host, so that there may be 1, 2, or 3 gencrations
vach year. The adults emerge in June and July in the 1-generation
areas, earlier in more southern localities, and deposit their eggs in
second- and third-instar corn borer larvae. A single minute egg is
deposited in the body cavity at each insertion of the ovipositor.
This egg then undergoes a complex prowth and development, which
culminates in the production of 10 or more first-instar larvae from the
single egg.  From theun on the larvae develop as in the monembryonic
species, passing through 4 stages. Emargence from the body of the
host larva takes place immediately after the third molt. Feeding is
completed externally in o few howrs, or it may exiend to I day. The
larvae then spin individual cocoons, all of whick are bound together
in a compact, irregular-shaped mass in the tunnel of the host. The
winter 1s passed In the “morula” stage in the body cavity of the
.‘Iiibernﬂ,ting full.grown borers, and the [rst-inster larvae appear in

pril,

The adults that develop from & single parasitized host may number
40 or more, but the generel average is 21.  They may be the product
of & siogle parasite egir or of several, 'The colony may be exclusively
of one sex or it may comprise both sexes. Araong 200 representative
colonies, 71 were of males alone, 54 were exclusively femele, and 75
included hoth sexes. The mixed broods are presumably the product
of several eggs deposited In the individual host, at least one of which
has becn 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 destroyed through the feeding of the survivors.

The reproduckive capaciby is relatively high, as each female is
capable of producing 200-300 egegs. Oun the basis of 10 individusls
being derived from each egg there is a total potential of several
thousaud progeny.

Mefteorus versicolor (Wesm,) (Braconidae)

Metsorus wversicolor, o solitary parasite of the larvae of the gypsy,
brown-inil, and satin moths in Hurope, was first imported for use
sgeinst the brown-tail moth in New Enogland during 1906-11 (14, 89).
The emergence from the 1906 and 1907 shipments totaled less than
100 individuals, and these were utilized mainly in laboratory experi-
ments, though it is recorded that a {ew were colonized, and recoveries
were made &b the colony site the same season. The first satisfuctory
field colony, consisting of 1,000 individuals, was liberated in a brown-
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tail moth infestation in New England in 1908, and numerous reeoveries
were made during the autumn of that year. Total relesses up to
1916 numbered approximately 11,000 adults, of which 3,113 were of
foreign origin and, in addition, an unknown number were contained in
imported brown-tail webs thal were placed directly in the field for
emergence of other parasite species. The parasife is now rather
generally established over the infested area in New England, though
the parasitization is consistenily less than 5 percent, It therelore
canr;)ot, be considered as an important aid in checking the brown-{ail
meth.

Importations directed specifically against the salin molh were made
from 1932 through 1834, During (s period 35,226 cocoons ol this
molly were s]up])ed to the United States from Austrin and Hunguary,
and 20,000 adult parasiles cmerged and were liberated in Now hnglamd
and W ashulgl.on the releases in the Jatler Slate toteling 5,500 during
193234, The parasite did not beecome established on the satin
moeth in New England, but was recovered in considerable numbers in
Washington in 1934 and the following vears (97).

When the females of versicolor are aitacking the brown-tail moth,
they oviposit in the young caterpillars during August and September
(109} The cgg inereases greatly mosize cluuug ncubation and hatehes
im 5-G days, “The first-instar larva Las an exceptionslly long tail, or
“ecaudal horn.” ‘The winter is passed in this stage wichin the hiber-
nating caterpillar. After the host begins feeding in the spring, ihe
parasite larva renews its growth and attains the full-grown stage in
10-14 days. The parasitized host molts only once and dies after the
parasite larva leaves the body, The parasite cocoon is unusual in that
it is suspended from the leal o1 twig by a silken threed, an inch or
more in lengtly, extending from the posterior end. The cocoon stage
covors 13—14 days.

The adulis that emerge m the spring immediately atfacl the
caberpillars then available, wliel ave of the last two instars. There
are thus two full generalions on the brown-tail moth, followed hy a
partial third on various native hosts, of which the ecatly stages are
present in the ficld during midsummer.  The females are Jonur lived,
so that these alternate hosts are not essentind for tle pmpotualmn of
the species,

The cocoon slages are exceptionnlly susceptible to atlack by other
hymenopterous parasites, the mortality Dbeing consistently 50-75
percent or more.  Also many larvae fail to progress to the pupal stage
after spinning their cocoons. These two factors greally reduce the
effectivencss of the parasile against the brown-lail moth.

Monodontemerus aereus Wlkr. (Torymidae)

Monodontomerus «ereus is a parasite of the pupac of the gypsy and
brown-tail moths, and was imported from various parts of Furope
during 1905-10 (14 89). The bulk of ihe early material consisted of
hibernating adult pm-asitos obtained from winter nesis of the brown-
tail moth, which had been imported for other more important parasites
thet they contained. Af. aereus was also reared in large numbers
from gypsy moth pupae imported from Ttaly, A total of ] 700 adult
parasites issued from brown-tail nests imported during the winter of
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1905-6, and & colony of unknown size was relcased neer Boston in the
spring of 19068, No releases were made in 1907, but those of foreign
stock obteined in 1908-10 brought the total number colonized in
New England to 15,541,

Collections of winter nests of the brown-tail moth during the winter
of 1908-9 near the original 1906 colony site showed that Lhe parasite
not only had hegome estabiished but had spread at the rate of about
10 miles per year. By 1910 the species was distributed over the eatire
aren of New England inhabited by the host,

A, aereus usually has only 8 single generation each year, though
there may be a partial sccond. The winter is passed in the adult
stage, and by Uhe females only, in the compact brown-tail moth webs
n.ncT in old cocoon masses (177). These females become aelive in
Apnl and May and begin oviposition 2-3 weeks later. Oviposition
takes place in the pupae, and 14 oggs are deposibed at each insertion
of the ovipositor, This parasite also develops in the pupsae of the
gypsy moth and of several native Lepidoptera.

A striking feature in the biology of this parasite is that allhough
development is internal when the host is & lepidopterous pupa, it
becomes external in habit when in the secondary role through various
Hymenopters and Diplera. The most common hosts smong these
orders are the several ichneumontd, braconid, and tachinid primary
parasites of the gypsy and brown-taill moths., The most serious effect,
resulls from attack on seversl of the more important tachinid species
that do not enter the soil for pupation. The eggs are placed externaliy
on the larvae or pupae within the cocoon or puparium. These stages
are usually killed or permanently paralyzed at the time of oviposition.
However, in very {resh tachinid puparia, the eggs are placed mnteraslly,
but many individuals die alter attaining larval maturity, apparently
due to unsuitable physical conditions in the puparium at that time,

The egg of agreus is distinguished from that of most other species of
similer habit that are associated with the gypsy and brown-tail moths,
because its surface is thickly covered 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
& single puparium of Compsilure concinnala.

Among the progeny, females normally predominate in the ratio of
about 2 to 1. The females are very long lived, persisting for 11
months or more, and they may go into hibernation as carly as the
middle of August. During thelr active period they foed verv exten-
sively on the body fluids of the hosts. The insertion of the ovipositor
is often to provide & means of access to the body fluids of Lhe host for
fTeeding rather than for oviposition. A feeding tube, extending from
the body wall of the host to the outer surface of the cocoon or
puparium, is formed about the ovipositor, and when the latter is with-
drawn the fube scrves as a channel by means of which the parasite
cun feed.

This parasite provides an excellent example of the complex
problems that may arise in a biological control project. The spacies
was first released on the assumption that it was a true primary parasite,
but when indications of its hyperparasitic habit appeared, with various
Ichneumonidae and Tachinidae as hosts, the colonization program
was discontinued. Further studies indiceted that it was an important
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parasite of the pupse of the gypsy moth and, on the basis of this
informeation, more releases were made during 1908-10. A study of the
field status of the parasite in New England 20 years after its establish-
ment indicated that, as a whole, it 1s probably more harmful than
beneficial. Collections of Compsilura and Blepharipoda puparia have
shown a purasitization up to 37 percent in some localities, and it is
believed that many more are killed by the direct feeding of the feraales.
However, during most seasons and in most localitics aereus is not
sufficiently abundant to he of any importance in either role.

Mymar pratensis {Foerst.) (Mymaridae)

Some confusion cxisls with respeet to the importations of Adymar
pralensis, an egg parasite of the alfnlfa weevil, from Italy durig
1911-13  (78). Al mymarid maberial contained in dried alfalia
stems received during those years was recorded as Anaphoides sp.,
and it was not until several yvears later that prafensis and A. luna
Cir. were differentiated. Consequently, there is no means of deter-
mining the number of prafensis specimens that were received and
liberated. Releases of the 2 species in the viecinity of Salt Lalke
City, Utah, totaled 345 in 1911, an wrknown number in 1912, and
1,395 in 1913. Rather extensive surveys in alfolfa fields in the aress
of release, the last in 1923, indicated thiat establishment had not been
ohtained.

Importations from Italy were resumed from 1925 through 1928,
and field releases in Utah in these years tofaled 8, 1,730, 112, and
498, vespectively. The first recoveries were made in the spring of
1926 (86), when adults were reared from eggs collected at 1 colony
site, and in 2 other localities from eggs of the clover leal weevi. No
recoveries were made in 1927, but the parasife was taken during the
following 3 years in & ficld adjacent to one at West Jordan, Utah,
in which releases had been made in 1928. In 1929 collections of
overwintering eggs of the clover leaf weevil were reported to be
parasitized to the extent of necarly 50 percent. Field parasitization
of the alialfa weevil doos not exceed 4 percent. It thercfore appears
that prafensis is more properly a parasite of the clover weevil, ntilizing
the alfelfa weevil as an allernate host, and this may account for the
difficuliies experienced in establishing 1t on the latter pest.

M. pralensis is a solitary internal parasite of the cggs of the alfalfa
weevil, whercas two individuals usually develop in each cgg of the
clover leaf weevil. Parasilized eggs in the later stages of their
development may be recognized by the presence of circular reddish
gpots. The life cycle has not been studied, but related species develop
from egg to adult in a few weeks and there arc probably a number of
generafions each sesson. The overwintering habit is nob 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 cggs of the clover leaf
weevil, a few of which are reported to persist through the winter.

Ooencyrtus kuwanai (How.) (Encyrtidae)

The first importations of Ooencyrius kuwanai, an egg parasite of the
gypsy moth, were received from Japan in  the spring of 1807 and
the winter of 1907-8 (74, 89), though no living parasites emerged
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from the shipments after arrival io the United States, The importa-
tions of the winter of 1908-9 yielded a single female in February,
and an unsuccesslul attempt was made to secure reproduction in the
laboratory by mating her with her own male progeny. Twelve adult
females were obtained in April 1909, and these, with 21 that emerged
later, provided a rearving stock {from which large numbers of progeny
developed in the following generations. Increase was so rapid that
more than 1 million were on hand sarly in 1910. The total number
of living kuwanei received [rom Japan und liberated during 1909-10
was 1,703, whereas more than 25 million were produced in the in-
secbary and liberated by the end of 1927.

The first field colony was released in Massachusetts in August
1909, and relesses were limited to lhat State during 1910-11, after
whicli the parasite was colonized throughout the infested arens of
New IEngland and in New Jersey. Jield recoveries were meade at
several of the colony sites the season of release, and the parasite soon
became established throughout the southern portion of the range of
its host in New England. Winter conditions are apparently adverse
to its survival in the northern sections,

This species is a less valuable parasite in the United States than
Anastatus disparis, though coliections at a number of points in Massa-
chusetts have shown a parasilization ranging up Lo 48 percent. The
occurrence ol several generntions on the eges of cach brood of the
host permits kwwaner to increase very rapidly under favorable
conditions.

0. kwwanai, like A. disparis, is o solitary internal parasite of the
cge of the gypsy moth {84), but differs from it in habit by ovipositing
preferably 1 eges in whick embryonic development is well advanced
rather than in Ireshly laid eggs. In New England there are four
complete generations and a partial fifth each year, and the winter is
passed by the adull females in the forest debris. These females
become active during April. Two generations are produced in the
spring in the overwinlering host eggs, a portion developing in dead
and mfertile eggs. The adults are sufficiently long lived so that a
portion of the females from the first spring generation survive to
attack the freshly laid host eggs that are deposited in July. The third,
fourtly, and possibly several additional generations develop in the
new eggs during the late summer and sutwmno.

The cycle from egg to adult is completed in about 21 days ab summer
temperatures. After deposition of the egg, the stalk remains fived
in the oviposition puncture in the shell, and the developing larva
retains its connection with the ege remains, for respiratory purposes,
until it is nearly full erown.

Mated females deposit an aserage of about 150-200 eggs each, and
the progeny show & predominance of females in the ratio of about
3 to 1. Unmated females produce only male progeny, and the total
number is much less than from mated females.

This parasite has been successfully reared in the laboratory in the
czgs of o number of native Lepidoptera, some large eges yielding up
to five individuals, but it has not been found to attack these Losts
in the field. A startling variation in ifs host relationship is revealed
by its occasional development in cocoons of Apanieles melanoscelus,
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o parasite of gypsy moth larvae. In one instance 17 adults emerged
from a single cocoon.

Orcus chalybeus (Boisd.) (Coccinellidae)

Oreus ehalybeus, o predator of diaspine Coccidae, was contained in
the shipments forwarded Dby Albert Koebele from Austrelia that
reached California during the first hall of 1892 (53). The number of
consignments that were sentand the number of beetles that survived
are nob known, but the Lotal liberated from all imperiations was 978.
They were placed in several orehards in Los Angeles and Santa
Barbera Counties in soutliern California. Recoveries were made
at Santa Barbara late in 1892 and the following season at Los Angeles.
The original colonics at Santa Barbara were relensed in infestations
of the black scale, and the beetles nppear able (o develop lon lecaniine
as well as diaspine Coccidae.  This species apparently 15 not adapted
to the hot interior valleys, and ot the present time can be found only
at Santa Barbara, where it is comunon but not abundant in infestations
of Californiz red seale.

‘QOrgilus obscurator (Nees) (Braconidae)

Among the European pine shoot moth material imporied from
Austria, beginning in 1931, Orgilus obscuralor was included in uncertain
numbers, but the 1933-35 shipments from that country and from
Bngland in 1936 and Holland in 1937 totaled 4,200. The first field
liberations were made at Brookline, Mass., in July 1931, after which
releases were made ab many points in New England.

Tield recoveries were made at 2 points in Massachuselts in 1934,
and the parasite has since heen taken at 8 releasc points in Connect-
jcut, Massachusetts, New York, and New Jorsey (48). This parasite
was first taken in the United States at Newport, R. 1., 1n 1925, where
it had apparently become established from an earlier aceidental
introduection, but all other recoveries arc quite certainly from inten-
tional ¢colonizalions.

0. obseurator is a solitary internal parasite of the full-grown larva,
and may emerge from cither the host larva or pupa. The adults
appear in midsummer.

Parasetigena sifvestris R.-D. (Tachinidae)

Perasetigena silvestris, which is listed in earlier publications dealing
with biological control of the gypsy moth as P. segregate Rond. and
Phorocera agilis R.-D., is found comtnonly throughout Europe as a
parasite of the caterpillars of the gypsy meth, the nun moth (Lymen-
iria monache (1..)), and, to a lesser extent, the hrown-tail moth.
The early records relating to its importation are confused because of
difficulty in distinguishing it from several native species. It was
contained in the shipments of gypsy moth material reccived from
Europe during 1906-11 (J4, 89, 128). A total of 641 adults were
liberated at North Andover, Mass, during May and June 1910,
but no recoveries were made at this colony site.

A second attempt to effect establishment was made in 1924-33,
when colenies were placed in 22 localities in AMassachusetts, New
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Hampshire, Maine, and Connecticut. Approximately 97,000 adults,
mostly mated females, were released during this period. Field re-
coveries were made at Boxford, Mass., in 1927, where the parasite
had been released the same season, and at 5 other colonization points
in that State, the only ones surveyed, in June 1940. Tn 1941 it was
taken in 33 out of 70 townships surveyed in the 4 States in which
releases had been made. The field parasitization ranged up to
18 percent, and a spread of more than 35 miles from several colony
sites was noted.  The delay in recovery is accounted for by the al-
sence of collections in the colonized arcas during the intervening
period.

P. stivestris is normally o solitary internal parasite of half-grown
and larger gypsy moth caterpillars. There s a single generation
each year, and the winter is passed in the pupal slage in the soil.
Emergence of the adults takes place in Mav and June, The pre-
aviposition period following mating ranges from 5 to 15 days or more,
depending on prevailing temperatures. The conspicuous white,
hard-shelled eggs are usually deposiled on the dorsumn of the cater-
pillar, vsually in the anterior region. Hatehing takes place in a
minmum of 2 days, and the young maggot immediately enters the
body of the host at 2 point near where the egg was laid” A respira-
tory funael is formed at tie point of entry. The larval stage may
range from 16 lo 35 days. ISmergence of the maggot is usually
from the full-grown caterpillar, but occasionally from the pupa.

Paratheresia claripalpis {v. d. W.) (Tachinidae)

The first importations of Paratheresia claripalpis, s parasite of the

sugarcane borer, were made from Argenting in 1923, when 7,146
parssite puparia were received. Shipments from Peru inecluded
629,000 puparia during 1929-31 (95), in addition to 13,748 adult flies
n 1932 and 314 in 1936. Field releases in Louisiana totaled 158 680
adults from 1929 through 1932, and additional releascs were made
up to 1936. Recoveries were made in 1937 from the 1932 releases,
but the parosite has not been taken in that State since 1942,

The Florida releases consisted of 4,048 adult parasites placed at
Canal Point apd Sarasots in 1932 and 48 in 1936. In 1936 and the
following years the parasite was recovered at several of the colon-
ization pomts and al Jupiter, Fla., about 55 miles from the nearest
colony sites. Samples from one field showed o parasitization of 30—
40 percent (94). 1t was found to be common in the Punta Gorda
area in 1945, the last year in which survevs were made. The per-
sistence and the abundance of the parasite in these localities are
attributed to the milder climatic conditions and to cane heing left
in the field through the winter.

This parasite is solitary in habit, and develops internally in the
larger host larvae, though oceasional individuals may emerge from
the pupae. The life cycle averages sbout 32 days, so thas several
generations are produced each year. In areas having a definite
winter season thie parasile passes this period 8s o first-instar larva
within the hibernating host.

The gestation period is 9-10 days, and a gravid female contains
500-600 eggs and larvae. The voung maggots are deposited singly
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on the cane stalk, usually in the general vicinity of the burrow en-
trance of a host larva. The maggot then makes its way into the
burrow and to the host larva, inte which 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 attechment is
made, usually at one of the spiracles of the eighth sbdominal seg-
ment. This connection is maintained until after the second molt.
When feeding is completed, the maggot leaves the body of the host
and pupates nearby in the burrow.

Phoeogenes nigridens Wesm. (Ichneumonidae)

Phacogenes nigridens, a parasite of the European corn borer, is
widely distributed in Europe and occurs also in the Far East, but is
most abundant in northern Jtaly, where the parasilization ranges up
to 20 percent. The first shipment to the United States, consisting
of 1,601 adult parasites, was forwarded from Itsly in the summer of
1924 (4), and consignments of parasitized host pupac from 1925
through 1932 totaled 27,000. Additional shipments, totaling 8,422
adults and 13,000 parasitized host pupsge, were received from the
same source in 1937 and 1938. A small consignment was also re-
ceived from Japan in 1931. The first liberations were made near
Boston. Mass., in 1624 and in Michigan in 1926, Ohio in 1927, and
thercafier in other infested States. The total releases to the end of
1939 were 52,734 adults distributed in 8 States.

The first indication of definite estallishment was at DBedford,
Mass., where recoveries were made in 1929 at points where releases
had been made 3 vears previously. Tn later years the parasite was
recovered at several other locations in Massachuseits. The field
parasitization is consistently very low.

This species js a solitary internal parasite of the pupae of the corn
borer (724). It passes the winter as an adult female in sheltered
places, o habit common to many species of {he subfamily.  The sea-
sonal eyele varies greatly, but beeause of the long life of the females
the species is able to persist, il necessary, jn the most northern sec-
tions on the basis of 1 generation each year. Howcver, in most of
the 1-generation host areas in Europe fhe parasite appears to have
2 generations, as it does over most of the 2-generation host areas.
In some loealities there may he g partial third or even fourth 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 as they become
available. In accomplishing this the female first enters the borer
tunnel, cuts a hele in the cocoon with her mandibles, enters the
cocoon, and then stings the pups, usually at or near the base of a
wing pad. The primary larva is of the mandibulate type. Pupsa-
tion takes place within the 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 each
female deposits not more than 50 eggs. The progeny comptrise
approximately equal numbers of the 2 sexes.
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Phanercioma planifrons {Nzes) {Braconidae)

The importations of Phanerotomae planifrons, a parasite of the
lima-bean pod borer, {vrom Hungary from 1936 through 1938 com-
prised 7,476 parasite cocoons and 96,000 host larvae that had been
exposed to the parasite in the egg stage, T'rom this material more
than 33,000 gdults 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 Venturs, Calif., in September
1936, when 493 adults were liberated in areas having a heavy growth
of tree lupine (Lupinus arboreus). 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 internsl 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 smeller 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 hest. The completion of 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 phyflotomae Mues. (Braconidae)

Phanomeris phyllotomae is an external parasite of the larvae of the
birch leaf-mining sawfly, and was one of several species attackin
that pest that were imported from Austria during 1930-35 (47).
total of 3,885 adult parasites emerged from the imported cocoons, and
these were released in Maine, New Hampshire, and New 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 the following year. 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 ro further information is available regard-
ing its spread or cffectivencss.

P. phyllotomae bas 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, Pupaiion takes place in the spring, and
the adults emerge from May to July. Males predeminate 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 14-2
days, and the young larva then crawls to the host and begins its
external feeding. Moany of these Iarvae 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 cccoon s then spun.

Phobocampe dispuris (Vier.) (Ichneumonidae)

Small numbers of Phobocampe disparis, & parasite of the gypsy
moth, were imported from Russio and Austria during 1907-10 (14,
89), but there is no record of liberations during that period. In 1511
about 125,000 parasite cocoons were collected iu Italy apd 171,090
the following year. The 1911 shipments yielded 12,543 adults the
following spring, and these were hberated at ¢ localities in castern
Massachusebts and at 1 place in southeastern New Hampshire. No
material for release was obtained from the 1912 shipments. Impor-
tations were resumed in 1824 and continued until 1931, during which
period about 5,000 parasite cocoons wore recelved from Hungary and
Yugoslavia. From this material 3 colomies were relessed in Messa-
chusetts during 1629-31.

Thield 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 specics has ot spread to any greab extent nor has
it become abundant 8t any time, so that it is & negligible factor in the
control of the host.

This specics is & solitary internal parasite of the gypsy moth larvae
(112). Oviposition takes place most readily in the first- and second-
inster larvac. The egg and larval stages within the host cover 7 and
12-25 days, respectively. The host is killed when in the fourth
instar, and the full-grown parasite larva then cmorges and spins ifs
cocoonn on o leaf or iwig nearby. The cocoons are only lightly
attached, however, and soon drop fo the ground. Pupsation takes
place 20-21 days later, and the pupal stage requires 11 days. There
is only o single generation cach 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 deposil in excess of 1,200 eggs
during a period of 5-8 weeks. The specics apparently is not fully
adapted to the gypsy moth, as a number of dissections of field-collected
caterpillars showed that about 34 percent of the eggs and larvee
contained in them were dead and encysted.

Physcus “B" (Eulophidae)

This undescribed specics of Physcus, a parasite of the purple scale,
is native to South China and Formosa, and was imported from the
latter island by the University of California during 1950-51 (73).
Phe first field release was made 1 Orange County in 1950 and af other
points in that county and San Diego County 1 1851. Recoveries
were made at Chule Vista and Oceanside in 1952, and the species has
persisted sinee that time.

Physcus “B’ is & solitary internal parasite of the purple scale, and,
like many species of Coccophagus and several other genera, exhibils a
differentiation in the host relationships of the sexes. The male is a
solitary internal parssite of the full-grown female larva of its own
species.
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Pleurotropis metallica (Nees) (Eulophidae) -

Pleurotropis metallica (=FEniedon epigonus Wikr.} is & solitery in-
ternel parasite of the larvac of the hessian fly in Europe, and was
first imported from England by C. V. Riley in the spring of 1880,
when 2 lots of adults ﬁo’baiing 305 were received from London, Al
were dead upon arrivel at Washington. Two further consignments,
this time consisting of paresitized host puparia, were received from
the same source the following spring.  The material was distributed
to entomologists in Indiana, IHinois, and Michigan, and a small
guantity was also senb to Cunadn.  Resulls of this work are known
only from Ilinois, where S. A. Forbes liberafed the adult parasites
in cloth cages in the field during early May and noted the cmergence
of the firsl domeslic brood of adulls. A portion of the parasitized
puparin were distribufed to other parts of that State, and the aduls
parasites were rcleased in open ficlds, as were also a small number at
vhe [ois Experiment Station farm., No recoveries were made in
1892 or in the years immediately following.

The final shipment of parasilized host puparia from London was
received in May 1884, and the adult parasites that emerged were
liberated in a field ab Cecdton, Md., The first field recovery was
made there in May 1893, and the parasite was notl again taken until
1915, when specimens were reared from material collected at Hegers-
town, Md., and at 5 localities in Pennsylvania. Its natural spread
must have been relatively rapid, however, ns it was recorded in 1821
(147) from 151 localities in 12 States, representing a solid block from
the Eastern Coastal States to Illinois and, in achition, Oregon sud
Washington. It has since been recovered in Missourl, Towa, and
Kanses. The lack of recovery in the early years can therefore be
attributed to insuflicient collections. It has never been found in
sufficient numbers to exert any appreciable effect on the hessian fly
infestations (87), though it is the most sbundant of the parasite
series in north-central New York,

Prosenc sibirita (F.) {Tachinidae)

Prosena sibirii, o parasite of Japanese beetle grubs, was first found
in northern Japan in 1921, and has sinee been reared from various
other searabacid hosts in China, Malaye, snd India. Shipments
from Jepan to the United States were begun in 1821 (23, 24, 78}, and
during a 10-year period a tolal of 33,500 laboratory-parasitized grubs
and 159,000 ficld-collected grubs, having an average parasitization of
10 peveent, were forwnrded. The fivst fleld liberation, consisting of
53 adult parssites, was made at Moorestown, N. J., in 1923, and the
perasite was first recovered at that point in 1927. Total releases
{rom 1923 to 1930 were 12,364 adulls in 5 localities.

At the present time ounly the single colony ab Moorestown is known
to be established and i$ is very wenk. This situation is believed to
be due to the iack of a switable alternate host or the absence of 8 2-year
phase in the Japanese bectle in the infested areas.  In northern Japen,
where sibirila 1s most sbundant, a considernble portion of the beetle
grubs carry over io the second scason.  Also several additional host
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species, of which well-developed grubs are present in the soil during
midsummer, arve available as alternate hosts. In the Northeastern
United States the adult flies emerge in labe spring or early summer,
when few grubs of suitable size for parasitization are present in the
soil, and it is not until late August that second-inster grubs are avail-
able. This midsummer gap in host stages suitable for parasitization
can only be filled by a carryover of & portion of the host grubs to &
second season, as suilable alternate hosts that are full grown at that
time apparently are lacking.

This parasite is & solitary iuternal parasite of the Japanese beetle
and other grubs. A single genevation is produced each year, and the
winter is passed as an cnrly second-instar larva within the host grub
in the soil. Devclopment is renewed in the spring after the grub
hegins fecding, and larval maturity is attained at the time the normal
host is preparing for pupation. The fullgrown maggol leaves the
orub through a hole made in the venber of the abdomen, and pupates
in the soil 1 or 2 inches below the host remeins. The pupal stage
covers 22-30 days, and the adult fly emerges in late July and August.

The adult {lies are crepuscular in habit, and feed at the blossoms of
umbelliferous plants. The reproductive system of the gravid female
contains up Lo S00 eggs and larvae, the latter numbering 50-300.
These young maggots are deposited on the surlace of the soil, presum-
ably in the general vieinily of host grubs.  When a grub is found, the
maggot bores (hrough the derm, usually in an intersegmental aren,
and enters the body cavity, where it lies Trec until after the first molt. -
A respiratory conveclion is then made to one of the main tracheal
trunks of the host near a thoracic or first abdominal spiracle. This
connection is maimtained until after the death of the host grub.  The
respiratory funnel, being attached to a tracheal trunk, is seidom visible
externally, thus diffeving from that of Dexille ventralis, which is con-
f})icucms because of being connected directly with the integument at
he point of the original entry of the parasitic maggot.

P. sibirite is widely distributed through the north temperate and
tropical regions from Japan to Malaya, India, and Europe, and muss
(herefore have o considerable number of hosts in addition to the species
of Popillia, Anomala, Afiridibe, and Serice, which were observed in
Japan and Kovea.

Prospaitefla perniciosi Tower (Eulophidae)

The strain of Prospaltells perniciosi, purasitic on the Califernia
red seale in Formoss, was imported by (he University of California
in 1949 (71), and was released at many points in all counties of south-
ern California in that year. Recovery collections have not been on &
wide scale, but the parasite is known to be well established in Los
Angeles and Riverside Counties. It appears most abundantly in late
winter and early spring.

The California red scale strain of this species is indistinguishabie
‘morphologically from that which is found as & common parasite of
the San Jose scale in Asin and North America. However, the two
are distinct in certain habits, and arc sharply restiicted in their hosl
preferences. Reproduction of the red scale strain is unisexual, where-
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as thut of the strain on the San Jose scale is bisexual in the North
Atlantic States and unisexual in the Southern States.

Psevdophycus malinus Gahan {Encyrtidae)

Pseudaphycus malinus was the last of the sevies of parasites imported
for the control of the Comstock mealybug. It is one of the least
common species found attacking thal pest in Japan, and the small
mitinl stock was obinined from mealybugs collected from pear at
Shindembary, Fukuoka-ken, on the island of Kyushu. A total of
1.596 parasitized mealybugs, which bad been reared in the insectary
in Japan, were received during the swnmer of 1941, Kmergence from
the first cousignment was obuained in July, and during the following 2
months & total of 5,134 adult parasites were released in & number of
heavily infested apple orchards near Chartottesville, Vu., and also in
West Virginia and Ohio. Parssitized menlybugs were observed i
asbundance in the Virginia orchards within 2 months after the first
relenses, and most of the colonics became established.

Laborntory rearing was undertaken in 1943 (83), with & production
of approximately 50,000 adult parasites, and the next year 54,000
adult parasites and 7,000 host mummies were produced and utilized
in the colonization program extending to all mfested localities in
Virginia, West Virginin, Ohjo, New Jersey, Connecticut, and Michi-
gan.  The species soon became generally established and abundaut
i 2ll the infested sections.

P. malinus, a gregarious internal parssite, deposits its eggs m the
nymphal and adult female stages of the host. The Jife eyele is short,
being completed in about 17-21 days at summer temperatures.
Usually 5-10 individuals, of which about 75 percent are fomales,
develop in cach host. There arefi2 ‘or 3 generslions to each one of
the host, and the winter is passed in the full -grown larval stage in the
dead host.

Quayleo whittieri {Gir.) (Encyrtidae)

uaylea whittieri (=Hemencyrtus crawii Timb.) was found as o
member of the parasite complex reared from the black serle in Aus-
tralin during investigations there in 1900-1901, and was intentionally
mlroduced and establisbed in the United Stales in the belief that it
was a prinary parasite of that pest. Ifs strictly hyperparasitic habit
was not determined until some vears later. The species is mcluded
in this account in order to complete the historical record and to
HMustrate the difficulties encountered in the early work and the po-
tentinlly serious resuits that muy follow a mistaken decision regarding
the relationships of a parasite to the pest insect.

The small number of whittieri contained in the shipments of black
scale material received in California were propagated in the insectary
for distribution during the spring of 1901.  Twenty-five colonies were
released in Santa Clara, Montercy, Santa Barbara, Venturn, Los
Angeles, and San Diego Counties (63, f8/). No informaiion is
available rogarding the time of its recovery in the field, though its
distribution became general in the coastal sections within a very few
years,
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The highly injurious nature of whittier: was not fully revealed until
the development of the large-scale colonization of Apkyeus lounsburyi
sinee 1919 in the coastal counties, where the “uneven hatch” condition
of the host insect prevails. This latter parasite breeds continuously
throughout the year and thus provides suitable conditions for uninter-
J'upt.eﬁ increase of a secondary parasite. During 1920-24 A. louns-
buryt was the most effective black scale parasite present in California,
atd In some coastal rreas the pest on citris was reduced to the poini
where fumigation was no longer required. However, by that time
whittieri began to make its presence felt, and, as & result, the primary
parasite was reduced to a much less effective status. According to
Smith and Cowmpere, “This parasiic is so clasbic in its habits that it
may cven prevent for all time the control of the black scale by the
biological method.” TFortunately, subsequent developments have
shown tbat bhis is not the case. More recent investigations indicate
that whitiiers does nol interfere with A. lounsburyi in its aftack on
black scale on pepper trees, & favored host plant.  The physical con-
dition of these trees prevents in some way the evening of fhe hatch of
the scale, and suitable stages for parasitization by A. lounsburyi are
present throughout the year. ‘The life cycle of whiltierd is appraciably
longer than that of A. lounsburyi; consequently, it is unable to over-
come the latfer during the active season.

At the time Quaylea was imported from Australia there apparently
was & definite doubt as to its exach relationship to the black scale,
and specimens of adults were accordingly submitted for examination
hy taxonomists before any releases were made. The report raceived
after this examination recommended release on the sole basis that the
known representatives of the group to which this species belonged
were all primary in their relationships and there consequently was no
danger involved. From what is now known of the variations in
habit even within a genus the final decision with respect to coloniza-
tion of a particular species cannot safely be made without first con-
firming the tentative conclusion by careful dissections of parasitized
hosts, by rearing experiments, or both. It was perhaps inevitable
that such a mistake should be made before the vital necessity for
careful study of the habits of imported parasites before release could
be fully recognized.

(. whitttert is a solilary internal parasite of the full-grown larvae of
various chaleidoid species that develop internally in Saissefie and
related genera (65). It pupates within the distended skin of the host
larva. It also parasitizes, to a lesser extent, the larvae of Seulfeliisia
eyanea, which develop in the egg chamber of the host.

Rhizobius debilis Blackb. (Coccinellidae)

The numerous shipments of Coceinellidae made to California from
Australia by Kochele in 1891-92 (53} included Rhizobius debilis,
which had been observed as a predator on the biack scale and other
lecantine Coceidae. Koebele reported that an initial liberation of only
2 adults in an infestation of San Jose scale at Alamedsa, Calif., in May
1892 resulted in & very large increase In the numbers of baetles within
the following 4 months. The beetle was also liberated on the black
scale at Santa Barbara and has parsisted there and in certain other
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voastal sections of southern California, though in small numbers. It
has been listed (32) as one of the effective predators on the dictyosper-
mum scale (Chrysomphalus dictyospermi) in Louisiana.

Rhizobius ventralis (Er.) (Coccinellidae)

In Australia the black lady beetle (Rhizobius ventralis) is one of the
most abundant of the Coccinellidae attacking the young nymphat
stages of lecaniine Coccidae. ILarge numbers were shipped by
Koebele from that country to Californis in 1888-89, and it was also
received from Tasmania 1n 1889, Apparently no liberations were
made as a result of these first importations, and it was not until addi-
tional material was forwarded in 1891-92, of which not more than 20
adults were alive on arrival, that colonies were released in fruit
orchards infested with black scale (68). The first 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 summer of 1893
beetles were reported to be present by the millions at Santa Barbara,
and it was confidently expected that the scale would be completely
controlled within a very short time. However, this optimistic
outlook was not justified by devclopments of the following years.

R. veniralis is a predator of the egg and young larval stages of the
black scale. Usually a cluster of several egps 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 folinge. The adult beetles like-
wise %eed on these young scales. Pupation takes place on the trunk
and branches of infested trees.

Rodolia cardinalis (Muls,) (Coccinellidae)

Rodolia cardinalis, more generally known as the vedalia beetle, is
the best lknown of all the nsects that have been employed in the
biological control of insect nests. On his first trip to Australia in
1888-89 Albert Koebele found it feeding on the cotiony-cushion scale,
and 5 shipments of adult beetles were forwarded to California between
November 1888 and March 1889 (53, 99). The first consignment
yielded only 28 live beetles upou arrival, but those following brought
the totel survivors to 514.

The beetles from the fust 3 consignments, numbering 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 was then removed to permit the
beetles to escape. Colonies 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 had been completely controlled, and in all other
localities control was cffected within & few months afier release of
the beetles.

B. cardinalis is predaceous on the egg and early nymphal stages of
members of the subfamily Monophlebinae, and is best known for its
attack on several species of Jeerya. There are probably 8 or more
generations each year in subtropical citrus areas (700). The life
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cycle from egg to adult is completed in a minimum of 13 days at sumn-
mer temperatures, with the egg, larval, and pupal stages covering 2, 8,
and 3 days, respectively, and it may be prolonged to 3-4 months dur-
ing the colder portions of the year. The females may begin oviposi-
tion the day after emergence. The eggs are reddish in color and are
deposited singly or in small clusters cither beneath the female scale
and egg sac or on the dorsum. The newly hatched larvae burrow
into the egg sac and feed on the eggs and young nymphs, The larger
larvae feed also on the morc advanced nymphal stages. Pupation
takes place on the branches or foliage of the trees. The adull bectle
is equally as voracious as the larvae and feeds on all stages.

The polentinl rate of increase is very great when one considers the
number of generations each vear and the capacity of the female Lo
produce 500-800 eggs during a life span of 1 month or more.

Scutellista eyanea Mots. (Pteromalidae)

The history of Seutellista eyanea as n means of conlrolling lecaniing
Coccidae in the Tnited States has two distinet phases, the first being
its introduction into Louisiana against the Fiorida wax scale (Cero-
plastes foridensis) and the barnacle seale, and the second its introdue-
lion intoe Californin against the black scale (89). The first consign-
ment from Ttaly, consisting of twigs infested with C. rusci (L), was
reeeived in 1895, but it was not until 1898 that adult parasites became
available for field colonization. These adults were permitted Lo ovi-
posit in seales on a caged plant al Washington, D. ) and ibis plant,
with the remainder of the imported twigs, was seot to H. A. Morgan
ot Baten Rouge, La., for ficld release of the parasites. Apparently
no effort was made to follow the progress of this colony, &l least no
reference bo it occwrs in the literature of the immediate succeeding
vears. In 1906 and again in 1923 1. O. Howard mentions the recov-
cry of the species in Louisigna, first fromn the wax scale and then
from the Mack scale,

The stock from which the Californin releases were made consisted
ol & quantity of parasitized black scale carried by C. P. Lounsbury
from Capetown, South Africa, o Washington, D. C., in June 1900,
from where the material was immediately shipped to California.
Sceveral additional shipments were made the same season and 1n 1901,
but the number of parasites that emerged st their destination was
very small,  All established colonies are believed to be from 4 females
and 17 males obtained from the last shipment, which reached Cali-
fornia in Gctober 1901 (53, 131). By 1903 the species was estab-
lished in all the infested seclions of the State and had attained o
high percentage of parasitization.

In its.relntion to the black scule, cyunea (131) is primarily a pred-
ator on the eggs rather than a true parasite. The ovipositor is
inserted beneath the adult female scale, usually through the poste-
rior arch, and the double-bodied egg is then deposited among those
of the lhost or adheres to the veniral derm of the body., The egg
complement of a large seale is sufficient to bring several eyanea larvae
to maburity. The egg, larval, and pupal stages cover 3, 11, and 10
days, respectively, during the summer. The first larval stage may
be prolonged to several 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. When the larva is mature, it spins s light
web of silk between the host body and the twig surface, forming
somewhat of a pupation cell, and the dead parasitized scales may
remain on the tree for several years. The adult parasite cmerges
through & cireular opening cut througl the dorsum of the dead scale.

If cggs are not present beneath the host scale at the time the
parnasite egg hatches, the voung larva may puncture the body wall of
the scale and then feed as a true external parasite. It can, if neces-
sary, develop to maturity in this way, The species has been veared
from the soft scale, which gives birth to living nymphs,

Seymnus binaevatus {Muls.) (Coccinellidae)

Seymunus binaevaius, o predator on various mealyhuy speecies, was
Imported from South Afriea by the University of California in De-
cember 1821 (/25). Onlv 32 adult predators were obtained from
this shipment, but propagation in the insectary was successful, and
large numbers were Jiberated the following seasons in infestations of
citrus and eitrophilus mealybugs on citrus in southern California and
on grape mealybug in central Californin. The first field recoveries
were made at Alhambra in July 1922, Oxnard in October, and Whittier
in December of the same vear. T'his predator increases to a much
areater extent in infestations of citrophilus mealybug than on the
citrus mealvbug, and is now well established {hreughout southern
(California, No recoveries were made from releases on the grape
mealybug in the San Joaquin Valley.

Sympiesis viridula (Thoms.) (Eulophidae)

Symplesis viridula, & parasite of the larvae of the European corn
barer, oceurs sbundantily ounly in northern Italy, and all importations
were made from thal country. The first shipments, fotaling 3,273
parasite larvae, pupae, and adults, were received in the summer of
1930 {4), and between ihat time and the winter of 1933-34 (he im-
porlations totaled 1,760,000 hibernating pupac. The first liberations
were made in Massachusetts and Rhode Island in 1930, and in the
following 4 vears 317,543 adults were released in all the Staies having
a suitalile borer population.

During the colonizalion period oceasional fleld recoveries were made
the season of release or e following year, but none of these colonies
persisted. It was not until 1938 that established colanies were found
in 8 localitivs in Ohio and in Alichigan, and additionsl recoveries were
wmade at olther points in the sueceeding vears. One of the Ohio col-
omies was from a 1932 liberation. The parasite field population after
this lapse of time was still very low, though in 1940 a spread of 50 miles
was observed, and in 1950 a spread of over 100 miles was noted in
Indiana and Town. Tield parssitization exceeding 15 pereent was
observed in 2 counties in central Jowa in 1850. The most eastern point
of known eslublishment is the Cattaravgus Indian Reservation in
western New York, where ihis parasite was found in 1946-49 aflter
colonization there in 1931,
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S. viridule is a gregarious external parasite of the corn borer larvae,
which are in the t%:ird to fifth instar st the time of attack (718). The
larvsa is completely and permanently paralyzed by the sting of the
parasite, and the eggs are then placed indiscriminately on the bedy.
The parasite larvae grow rapidly -and reduce the host body to an
emp#y skin in 4 to 5 days. Pupation takes place in the host tunnel, and
the 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 colonles are
about 3 times as large. The sex ratio is 2 to 1, with the females pre-
dominsating,

Tetracnemus peregrinus Comp. {Encyrtidae)

Tetracnemus peregrinus 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. I$ was again imported
in 1934, this time from Brazil. A total of only 1,250 adults were
reared for colonization, and these were placed in Sante Barbars, Los
Angeles, and San Diego Counties during October to December 1934
(62). Establishment was reported at several San Diego County colony
sites where if, in conjunction with dnarhopus sydneyensis, appears to
be holding the mealybug infestaticns op avocado in check. T. pere-
grinus has also been effective in controlling infestations on Dracaenc
i Los Angeles County,

T. peregrinus is a solifary internal parasite of the early nymphal
s-‘-imges;1 of the mealybug, aud its life cycle covers approximately 1
monbh.

Tetracnemus pretiosus Timb, (Encyrtidae)

The introduction from Australia of Telrecnemus preftosus, 8 parasite
of the citrophilus mealybug (29), took place at the satne time as that of
Coccophagus gurneyt, parasitic on the same host. It was first liberated
in southern California in 1928 and was recovered the same season,
Distribution and establishment were guickly effected in sll areas of
the State infested by the mealybug. It competes with Cocgj)kagus,

0

which is dominant because of its hyperparasitic males. wever,
pretiosus i capable of controlling infestations slone, and is able to
gain over Coccophagus during the summer months. Reocently the field
collections have shown it to be more abundant than Coecophagus, and
it appears to be more effective in light infestations.

T pretiosus (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 temperstures. The parasitc egg increases in
size during incubation, and nearly half of the first larval stage is passed
while the larva is still enclosed within the shell.

Tetrastichus furionum (Htg.) {Eulophidae)

Tetrastichus turionum is 8 gregarious internal parasite of the pupsae
of the European pine shoot moth, and was included in the parasite
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material received from Austria during 1931-35 (49). The total num-
ber of parasilized pupae received, each containing about 20 turionum
larvae, was 6,875, Large releases were made in New England and in
New York, New Jersey, and Pennsylvania during 1933-35.

The first field recoveries were at Brookline, Mass., and on Long
Island in 1934, and at 3 additional colonization points in Massachu-
setts and in New York and New Jersey in 1936. Nothing further is
known regarding the establishment, spread, or abundance of this
parasite,

Tiphic asericae A. & J. (Tiphiidae)

Tiphia ascricae 1s & solilar - external parasite of scarabaeid grubs
of the tribe Sericini, and was imported for control of the Asiatic garden
beetle and Serica similis {(£3). It was discovered in central Japan
during the search for Japanese beetle parasites, and was later found in
Korea snd China also. Shipments were begun in 1927, and in a
G-year period a total of 11,260 adulis and 62,205 reared cocoons were
shipped from Wores Lo 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 Pennsyivania and New Jersey. The 1928
release was unsatisfactory, as the 58 females were the sole survivors
of 9,604 shipped from Kores, and they were probably of low vitality.
No releases were made in 1929. First recoveries were made in
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 appear in the field in late spring and early summer
and feed mainly on aphid honeydew. In oviposition the eggs are
placed stogly on the host grub, almost invariably in the suture between
the seventh and eighth abdominal segments, just above a spiracle of
the eighth segment, and with the anterior pele directed toward the
.median dorsal line. Incubation is complete in 3 days, and larvel
development to the spinning of the coceon requires 10-12 days.
The winter is passed in the adult stage within the cocoon. There is
only a single generation each year.

Tiphia popillievore Roh. (Tiphiidae)

Tiphia popilliavora was the first of theflarval perasites of Japanese
beetle grubs to be discovered in northern Japan when investigations
were undertaken there in 1920, and 1t was later found to occur also in
Korea and South China, The first shipments to the United States
were made from Japay in 1920-22 and {rom 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
Japuncse origin available through 1926 were all concentrated at 4
release points near Moorestown, N, J, The parosite was first recov-
ered at Cinnaeminson, N. J., in 1828, and is well established in New
Jersey, Pennsylvania, New York, Connecticut, Delaware, and Mary-
land. Domestic collections for recolonization were started in 1927,




132 TECEHNICAL BULLETIN 1139, U. 8. DEPT. OF AGRICULTURE

and until the end of 1951 a total of 767 colonies, each comprising ap-
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 in a very high percentage of male progeny; thus
the increase and effectiveness of the species are imited. The Korean
and Chinese strains introduced and colenized during 1926-36 emerge
somewhat later In the season, and consequently may be more suitable
for American conditions than is the Japanese strain.

This parasite has # single generation each yvear, and the winter is
passed as a full-grewn larva in the voeoon in the soil.  Pupation takes
plece in midsummer, and the adult wasp emerges 10 August and per-
sists for a month or more. [If feeds mainly al the blossoms of wild
carrot. In oviposition the female parssite first stings the host grub
in the ventral thoracic region, inducing temporary but complete
paralysis for 15 minutes or longer, alter which she kneads with her
mandibles the ventral area of the host abdomen that is to receive the
egg. The egg is placed transversely in a groove between the fifth
and sixth abdominal segments. The entire process of oviposition
requires 20-30 minutes. Incubation is complete in 5-7 days, and the
young larva begins feeding at a point immediately in front of the an-
terior end of the egg. There are 5 larval stages. Feeding of the para-
site larve does not at first affect the host grub, but the latter weakens
and dies after the parasite has attained the fifth instar. The host
body, except for the head capsule and legs, is completely consumed
The larval feeding period covers 18-30 days, after which the spindie
shaped cocoon is spun in the soil cell of the host.

The reproductive capacily of popillicvore is relatively low, vet
there appears to be & marked dilference in fecundity hetween the
strains. Females of the Chinese strain deposited up to 1135 eggs under
laboratory conditions. _

The size of the host grub at the time of oviposition by the female
parasite has a definite relation to the sex of the parasite that develops
on it (9. Individuals reared from second-instar grubs proved to be
almost exclusively males, whereas those from third-instar grubs
showed a slight preponderance of females. The sex of the progeny
15 determined ot the time of oviposition, the female wasps tending to
deposit unfertilized eggs on small grubs, whereas hoth fertilized and
unfertilized eggs are deposited on third-instar grubs. In thz infested
area in the United States the Japanese beetle 1s largely in the second
instar during August, the period of greatest abundance of the parasite;
so the progeny are predominantly male.

Tiphia vernolis Roh. (Tiphiidae)

Tiphia vernalis, a parasite of the grubs of Popillia spp., was dis-
covered in Korea in 1922 (23, g4, 79), and shipments to the United
States from that country and South China from 1924 through 1933
totaled 69,237 adult females and 49,835 reared cocoons. The first
liberations were made at Moorestown, N. J., in 1925, and the first
field recovery of the species was in 1928. 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 colenized in the older infested
sections of New Jersey, Pennsylvania, New York, Delaware, Mary-
land, Connecticut, and Virginia 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 establishrment at §6.6
percent of the colony sites. Somectimes a spread of 20 miles from the
colony site was observed.,

This species is the most valuable of the 5 imported parasites of the
Japanese beetle now established in the United States, and, under
particularly favorable conditions, it has been found to parasitize
up lo 63 percent of the grubs. lts abundance may be judged by the
collections made at one colony site on a golf course in Pennsylvania,
where more than 66,000 females were collected from 1931 through
1941, practically all of them front about 6 irees on which they had
become concentrated by the atiraction of a 10-percent honey solution
sprayed on the low-hanging foliage. 7. vernafis is the only esiablished
parssite of the Japanese beetle that is considered appreciably effective
in controlling infestalions of this pest. Its distribution, however, is
apparenily strongly influenced by the food sources of the adult wasps
rather than by host grul sbundance. Consequently, a high parasitiza-
tion may occur in an area where the former is favorable, yet a few
hundred yards away, where the grubs arve equally abundant, the
parasitization may be very low (78).

1. vernaliz, like popillicrore, has a single generation each year, hut
there are several important, differences in their [ife histories and habits.
‘Fhe former passes the winter within the eocoon in the soil, but in the
adult rather than the larval stage. The adults emerge in May, and
the ¢vele of the sFeciPs is consequently well adapted to that of the host,
as the grubs of the latter are nearly full-grown at that time. The egg
s placed ventrally in a groove between the third thoracic and the first
abdominal segments, with {he anterior pole directly toward the lateral
margin. Incubation requires 8-9 days, and larval development to the
spinning of the cocoon covers 24 days or more.

The females feed almost exelusively on heneydew scercted by
aphids developing on forest and shade trecs and on ornamental and
other plants, Spring-emerging species of Fiphia are usually dependent
on this source of food, whereas the late-summer and antumn species,
cqually consistently, feed at blossom or other nectar glands., Under
favorable laboratory conditions the femnales deposit, on an average, 80
cges or more during an oviposition period of 5-8 weeks.

Townsendiellomyiu nidicola (Tns.) (Tachinidae)

The shipments of enormous guantities of hibernation nesis of the
brown-tail moth from Europe during 1805-11 (14, 89) included a
veriable number of larvae that were parasitized by Townsendiellomyia
midicola. Difficulty was experienced in rearing the parasite maggots
to the adult stage, as most of the caterpillars died before the parasites
could complete their development. During 1906-9 only about 200
adult perasites were obtained, and these were released at North
Saugus, Mass., the greatest porlion in 1907, An additional 3,300 were
colonized in 1911.
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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 Compsilura concinnate 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. midicola (110) is o 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 eges. They are placed on the venter of the host body
cither between the true legs or the prolegs. A gravid female may
contain 600 or more eggs in various stages of development, The
parasite maggot bores inte the host very soon after the egg is laid.
Tt then lies free in the body eavity for 10-14 days, after which it enters
the esophagus and remains there throughout the 9-month hibernation
period. There is no feeding then, and the maggot appears to be
enveloped in 2 cyst. It leaves this cyst only inlate May or early June,
after the lhost has fed for some time and has molted into the last stage.
The maggot then sgain penetrates the body cavity, moves to the
posterior end, and after 34 days develops a Tespiratory funnel at an
aperture in the integument. The first molt then takes place, and
larval maturity is attained about 12-17 days later. 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 is 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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cocois, Diaspis_ . oo 1060 | dispar, Porthetria_ _ .__________ 6, 62
‘Coelophora inaequalis 60 dlZSpa.ris, Anastatus_ ___._ 6, 63, 76, 117
Coleophora laricella . 4, 66 | disparis, Phobocampe.______ 7, 63, 122
Celias philodice eurylheme.. o . 11 45| diversus, Agathis___.__ 3, 19, 20 ;2 r.}
Collyria ealeiirator__ ... 56 | domestica, Musea_____________
compensans, Opius_ .. . 25 | dorsalis, Dacus ________________ 18
Compenella hifaseiata___ ... 3, | dorsata, Campsomeris ... ... _. 55
4, 24, .50 aG, 97 dorsafer Tabanus__.._____.__... 70
complets, Rhapoletis. ... _.._ 5 dynastes, Dibrachoides.. .. ... 5(
Compsﬂura coneinnate___ .. _._
232, 50, 63, 65, 97, 98, 115, 134 . ]
comptana fra;,anae, -mcyhs_ U 13,20 Eﬁ&?f’ﬁgal,tt'gfg;ﬁllasum‘“" T 13.15
comstocki, Pseudoeoceus. .. . '?', 37 eﬁmbatsf Prospaltella. . .~ 3]
conchiformis Loepidosaphes. 30, 31 eme?’soui’ Tele[nomus cmmomem 70
concinnata, Compsdum_,--. . 7, e’ B PR 23
2250, 63, 63, 97, 98, 115, 134 ‘f_{“‘g“‘ 2y ?ﬁ‘sm Boverme s 56
CONVErgeEns, lllppodmnm - . Gl L;ﬂ.p?fzsgsrl pe RS LR 29
convexifrons, Allotropa_ - 371 ntgdon epl_(;r-n—lg_"“- BT
Copidosoma kochleri. . 40 ﬁI o lit?lg hean T (4
corni, Lecaniam. 28 Lll 11101311 }ora ﬁ'u e JIS
costirostris Ui)lumub, Listroderes. 527 Iil;?asléas :.lglmt Ao a]
cowperi, Coecophagus. 8 27,94 eliigonug ?}1[3_&301:15 """""" 123
crawii, Hemeneyrtus -, B 0270 I 0 e v i Sty e
Cremasius interruplor S, b, (}8 {J{JEIatl,huﬂ. \lagrn-estls_d """"" "3:?]
Cremastus Sp_-_ - - entachnae arglexoaes. oo ... n?(
Crioceris asparagi. . . ... . . __ 13 a3 ijlplaglops littoralis......_.__. ‘-"g
Cryptochactum jeervae. . 5, 31, 68, 99 ::Sf:snﬂcih?”ifrfi? ulfc-:r-a """"" gS
Cryptochactum monophlcehi . . __ 99 ?rlosoma’lamsefmn I 12,39
Cryptognatha flavescens_ - 41 ﬁr i mtldg “"'5‘ Eﬁ—iO? 103
Cryptognatha nodiceps . 4, 32, 99 ]ll‘té lla zinck a‘l-l """" 28
Gryptolaemus. ... - Fuealyinnatus sessollatis - -1 i
Cryptolaeuius montrovzieri. _ . Fuelbeola ruglceps____,:::-. o 55

eugenii, Anthonotnus__.____._. 51
Lupturoma]us nidulans_. G, 64, 103, 104
curopaes, Mierophthaima. ..
12ceristes roborator_ ...
exigun, Campogaster___ ... __ ..
Lixochomus quadripustulatus._ 5, 39, 104
Exorista larvarum_ . __ ... 6,7, b& 105

Lxorista mella_____. . __.._._ 105
{austa, Rhagolelis. .. _______ 23
Feousa ulmi____._ ... .._.__._. 92
Ferrisle . __ . . __. 100
Ferrisia virgata_ .. ooooooooo. 109
festiva, Agathis__ ... ...._. 19
ficus, ﬂepldosaphes ____________ 30
flava, Sipha_________ ... _._.._ 60
ﬁa\rescens, Cuidocampa_ . ___... 4,65
flavescens, Cryptognatha. . . . 41
flaviconchae, Apanteles._______. 47
Horidensis, Ceroplastes. .. __.__ 69, 128
Forficula auricularia_ ., ______.._ 5, 7L
Formica_ . __ ... ... 15
farmicarius, Thanasimus. _ . _. .. 67
formosanus, Opius._. ... . . 25
frontalis, Dendroctonys . - 67
frugiperda Laphyvgma. . .. .. 49
frustrana bushnelli, Rhy acionia_ 66
frustranae, Cu.mpoplc.\ _________ 66
frul.etoruln Diprion_ _ . ..o __ 101

fusctpenmb Dahlbominus. 5, 18, 68, 101
fusciventris, Anagyrus____.____ 37
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Page
7,35
5, 66

25

gahani, Psendococcus

alerucelia xanthomelaena. . ___
giffardianus, Tetrastichus
gifuensis, Macrocentrus_7,42,43,112,113
gilvifrons, Btethorus 41
glaseri, Neoaplectansa
globulifera, Beauveria
glomeratus, Apanteles._. 1,6, 49, 76,77
gloverii, Lepidosaphes____. . _. . 31
Glypta haesitator_. . . oo
Glyptasp ... ... .. .
Cnorimoscheina operculella.
Gossyparia spuria
gossyparise, Coceophagus
gossypiella, Pectinophora . .
gossypii, Aphis___.._._.
graminis, Anfonina__ .
graminum, Toxoptera. ..
grandis, Anthonomus .
Grapholitha molesia.
grylii, Empusa
gurneyi, Cocecophagus

Habrolepis rouxi. . . 4,249, 106
haesitator, Glypta.. . .. ... 48
Hambletonia pseudocoeciua. . 7, 38, 106
Harrisina americana . 22
Harrisina brillians__. .
harrisinge, Apanteles_. ..
harrisinae, Peleeystoma . .
harrisinge, Sturmia. e e
Heliothis e .
Heliothis zea... . ..

L . 4
helvolus, Aphycus.. ... §, 27,70, 80, 81

125
78
50
04

Hemencyrtus crawii
Hemerocampa leucostigma. .. ..
Hemilenea oliviae_ .. .__. .. __
hemisphaerics, Saissefia.
hereyniae, Diprion {Gilpinia)
hesperidum, Amitus._ . . _._.
hesperidum, Coceus.... ... .
Heterarthrus nemaoratus
Hippodamia________...
Hippedamia convergens.. .
histrionica, Murganlia_ . .
Holeovera iceryacella_ _ .
hominiverax, Callitroga . .
hookeri, Hunterellus__ . .
Horogenes molestae__._ . . .
Hoerogenes punctorius.. . . . T,
42,43, 106, 107
]

humilis, Iridomyrmex._ . ... ...
humilis, Opius. . ... . .
Hunterellus hookeri___._. _ ...
hyalinipennis, Tabanus .. _
ypera brunneipennis.
Hypers postica
Hypera punctata__
HAyperecteinn aldrichi_. . 6,

25
72
70
84
5, ol
5, 5]

23, 1417, 108

Teerva

Teeryn aegyptiaca .
Icerya purchasi___... .
Tcerya seychellarum. .

iceryae, Cryptochaetum__. 5, 34, 98, 99

7 | lingnanensis, Aphytis_.. ..

U. 85, DEPT. OF AGRICULTURE

iceryaeella, Holeocera.. .. ..
inaequalis, Coelophora. _
inanitus, Chelonus__.
incertus, Archytas_
ineconspicua, Sturmin_ .
insidiator, Coccophagus .
insignicola, Physokermes
interruptor, Cremastus___.
Iphiaulax rimac
Iridomyrmex humilis
Ixodiphagus eaucurtei .

japonica, Popillia
japonicus, Coccophagis.
javana, Chaetexorista.
johnsoni, Ooeneyrtus
juglandis, Acrobasis

.- 6,23,102
. 28

4, 45, BY
57

.. 23
kirkpatricki, Bracen -
kivuensis, Anagyrus
koehelel, Cleodiplosis_ .
koebelei, Rodolia___... ..
koehleri, Copidosomsa . _ ..
krauhniae, Pseudococeus
kithnieila, Ephestia
kunoensis, Lecanium
kuwanai, Brachytarsus. ...
kuwanai, Qoencyrtus. . . __.

e .. 36
7, 45,92, 93
2 34

9

77,50,
G4, 116, 117
lacleicolor, Apanteles_____
laaviusculug, Paratriphleps

8 | lahorensis, Prospalteil:

lanigerum, Eriosoma__ ...
Taphygmo frugiperda
inricelia, Coleophora. .. .
laricinellae, Chrysocharis. - ... 4, 3
66, 67, 92
6, 7, 63, 105
23

larvarum, Exorisia
Laspeyresia caryana_ __ .
Tnspeyresia nigricana .
axifrons, Clarcelia__ _
Lebia seapularis____ . . .
Lecaniotius utilis._ ...
Leeanium corni__ ... ... __.
Lecanium kunoensis. . ... . ...
Leis dimidiata 15-spilofa .
lentimorbus, Bacillus__ . ..
lepidosaphes, Aphytis.__. ..
Lepidosaphes beckii.. .. ...
Lepidosaphes conchiformis. .

6 | Lepidosaphes ficus.___.__.._..

Lepidosaphes gloverii. . . _.

Lepidosaphes ulmi____ .. ___.. . 30
Leptomasliden abnormis ___ 7, 30, 109
Leptomastix dactylopii, ... _... 38,94
leucopterus, Blissus_. .. .. 57
leucostigma, Hemerocampa 78
Lindorus lophantae___ 4, 26, 29, 30, 109
lineatelis, Anursin gé

52
52

Listroderes costirostris obliguus.
littoralis, Epiplagiops

4 | Lixophaga diatraeae. .. .__ 2, 5, 44, 110
10

longana, Cnephasia. _.
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lophantuae, Lindorus__ 4, 26, 29, 30, 109 | nemnoratus, Heterarthrus.. ____. 5,67
lounsburyi, Aphycus_____ 8 27, 81, 126 | Neoaplectana glaseri___________ 24
Lueilia___ . .. 70 | Neodipyion sertifer_ . _______ a, 68, 101
lumingsus, Pyrophorus_. .. ._ ... 55| Nezara viridula.._ . __________. 57
luna, Anaphmdea ______________ 116 | nidicola, Townsendiellomyia____ 6, 64,
]yclmma Coccophagus.. ... 34, 95 133, 134
Lydella stabulans griseseens_. 7, 42, 111 nidulans, Bupteromalus.______. 6, 64,
Lydiuclydella metallica. .. .. .__ 54 103, 104
Lymantria monacha . vee ewe 138 migra, Balssetin. ______________ 870
nigricana, Laspeyresia_ .. ____. 48
macellaria, Callitroga_. ... . _. 71| nigridens, Phaeogenes ... 7,42, 120
Macroeentrus.___ .. _. ... _._ 59 | nitida, Brynnis._____._ 5, 67, 102, 103
Macrogentrus aneyliver us, ...__ 13,16, nodlceps, Cry ptogn.l.thl____-_ 4, 32 99
18, 20, 48 [ nubilalis, Pyraustn__ o . _._._. 7,42
Maucroeentrus gifuensis. 7,42,43, 112 113 Nygmia phaeorrhoen____ . _.___ G, 64
Macrosipbum pisi_ _____..____ Gl
maculicornis, Aphytlis.__... __ G, 33, 82| obzcurator, Orgilus___.______ 8, 66, 118
maculipennis, Aphyeus... .. _._ 28 | pehraceus, Coecophagus ________
majalis, Amphimallon___....___ 54 Oocoph_}ila smaragdina_ . ... __ 15
Malacosome_____ . .. ..... 89 | oleae, Parlatorfa__ . ._____... 6,32
malacosomae, Careelia____._ . __ 89 ole.xe, Saissetia_ . ._.__._ . __._. 26
muli, Aphelinus_________._ . ___ 12, 39 | oliviae, Hemileuea__ __.__.____ 18, 50
malinus, Pseudaphyens___ .. 7, 37, 125 Qoeneyrtus johnsoni. ... e 57
marinus, Bufo______________.__ 551 Qoencyrtus kuwanai___________ 7, 50,
maritimus, Pseudoeoveus. . __ .. 38 63, 116, 117
Masicera senilis__..______ . -~ 111 |operculella, Gnorimoschema . _ 1: 49
medicaginis, Apanfeles__ ... __ 46, 47 | Opius compensans______.______ 25
Meigenis mubabilis.____. .. _. 53 | Opius formosanus. _ ... _._. 25
melanoscelus, Apanteles_ . _____ 7,63, | Opius humilis_. ... _.____ 25
78, 80, 117 Opius melleus_ _. . _____.._._.__ 25
mella, Exorista .. ... _._._. 105 | Opius tryond___ ... __.____ 2h
melleus, Oplus___ ... ____ 25 |opulenty, Prospaltella_ . ____. 41
Mesoleius tenthredinis__ .. - __ (8 | Orcus chalybeus.______._ 4, 28, 30, 118
inessor, Calllephialtes. .. ...__ 21 | Orgilus obseurator. . _.____ 8 G{i 118
Metagonistylum minense_ _____ 44 orientalis, Avomala______ . ____ b5
metallien, Lydinalydella__ ___.. 4 Jorientalis, Aphveus_ . _.____ 28
metulhcu Pleurotropis.. .. .. 6, 56, 12‘3 orientalis, Coceophagus_._____. 93
\{etﬁtctmuychus eitri . . . _LL_
Meteorus. . ... ... .. .. 1{]4 aracnenis, Bufoo ... ._ 55
Meteorus versicolor. ... ......_. 6,8, f’umdexodes epilachnae. . _.___. 53
64, G5, 113, 114 | Paralitomastix pyralidis... ... - 22
Microctonus sethiops__________ 52| Parasetigena segregata.. . ... 118
Microphthalms europuen_._ .. . 54 | Parasetigena silvestris___.______ 7,63,
minense, Metagonistylum_ .___. 44 118,119
miputum, Trichogramma. . ___ 21, 23 | Paratheresiz ¢luripalpis.____ 5, 44, 119
Miridiba_ ______________ . ._. 102, 124 | Paratrioza cockerelli___.._...__ a8
rnodestus, Coceophapus. N 93 | Paratriphleps laeviuseulns_.____ 48
molesta, Grapholitha___._ .. ... 5,19 |parcesetosa, Catana. __.__ . ___ 41
mpolestae, Horogenes_____ ... __ 19 { Parexorista cheloniae. .. ._..____ 89
molestae, Phunerotoma_ . _._._ 19| parkeri, Porizon._ .. ... _.._._ 52
monacha Lymantria____......_ 118} Parlatoriaclene______._ _.__. 6, 32
Monodontomerus sereus. . ... .. 6, 7, | Pauridia peregring_____._._..__.. 36
64, 114, ]}5 Pectinophora gossypiella. _____. 18, 47
monophlebi, Cryptor,]metum____ 99 | Pelecystoma harrisinae.. .. __ 22
Monophiebus_ ___________.___._ 9% pennipes, Trichopoda____.__._. 13, 57
montrouzieri, Cryplolaemus____ 7, 16, | pentagonu, Pseudaulacaspis_ ... 2,32
17, 35, 36, 37, 09, 100 peregrina, Pauridia_ ... 36
mundus, Pseudaphyeus_ . _____ G2 | peregrinus, Tetrucnemus__ . _._. 7, 37,
Murgantia histrionien.___.______ 57 38, 130
murgantiae, Trissoleus. .. ______ 57 | Peridesmia phytonomi_._______ 50
Musca domestien.___ ... .. _ 15 | Perisierola emigrata__ _ .. _.__ 21, 23
mutabilis, Meigenia. ______.____ 53 | perniciosi, Prospaltells . _______ 4, 13
Myelois venipars. . __ . _.__.___ 2 29, 30, 32, 124
M ymar pratensis__ ... _..__ 5, 50, 116 | perniciosus, Aspidiotus_ ... ___ 2, 3
mytilaspidis, Aphyiis. .. ._.__ 31 E’haemun ____________________ 70
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Page
Phaeogenes nigrideps. _.____ 7,42, 120
% haeorrhoea, Nygmia._ .. _.___ 6, 64
hanerotomea molestae_._____._ 19
Phanerotoma planifrons.. ___ 5, 48, 121
Phanomeris phyllotomae__._ 5 67 121
Phenacoceus_ oo _ . . __._.__._. 100
philodice eurytheme, Colias_____ 11, 45
Phobocampe dlspans _______ 7,63, 122
Phoroeera agilis_______..___.__ 118
Phytlopertha.____.______._ .. ___ 102
g byllotomae, Phanomeris_.__ 5, 67, 121
hyscus - 5, 3{) 122
Physcus testaceous. .. _.____. 31
Physokermes insignicols________ 104
phytonomi, Peridesmia.___._.__ 50
Phytophsaga destructor___. mu—- 5,56
Pierisrapae_____._.__...._._. 6,48
piger, Bracon. ___.________.__ 5, 48 87
pisi, Macresiphum.____.__ . . __

pisorum, Bruchus_________.___ 52
planifrons, Phanerotoma__ . _ §, 48, 121
%atam Stomacoceus_ - .. _____ 104
latygaster pleuron.___________ 56
Platygaster zosine ... ___.___ 57
pleuron, Platygaster___________ 50
Pleurotropis metallica_____._ 6, 56, 123
pomonella, Carpocapsa. ... 21
%omoneﬂa Rhagoletis . _.__. 25
opillia jsponica_ ____ __._. 6, 23, 102
Popillit BPP oo e e e 102, 124
popillise, Bacillus_. __ __________ 11,24
poplﬂlavora, Tiphia.__.. . ... G,
23, 24, 131, 132, 133

Porizon argentinensis__ . ___.__. 52
Porizon parkeri. . ... _.._.._. 52
Porthetria dispar_.___ ... _.___ 8, 62
pestica, Hypera. ... __._._. 5, 50
pratensis, Mymar_ ________. 5, 50, 118
preticsus, Tetracnemus___.__ 7. 38, 130

Pristiphora erichsonii. _______.__
Prosena sibirita__._____
Prospaltella clypealis___ ___.__.

68 | Rodolia cardinalis_ ... _

Page
Pterygogrammea acuminatum _ _ _ 58
Pulvinaris_____ ... __.___.__ 100
pulvinarise, Coccophagus_____ 8, 27, 94
pumilis, Agathis_____._______ 4,66, 73
punctats, Hypersa_. ______ ... __ 55
punectorius, Horogenes__ _______
42, 43, 106, 107
puparum, Pteromalus. . _.__.._
purchasi, Teerya._ _________._ 5, 33, 34

purpures, Clavsenia___________
pPYgmasus, Cephus-_ﬁ_- aee ... DB, 56
%yrahdls, Paralitomastix_

yravsta nubilalis____.___ .. _ .. 42
Pyroderces rileyi__ ... R, "o8
Pyrophorus luminosus_ . ... .. _ 55
quadridentata, Ascogaster______ 48
quadripustulatus, Exechomus.___ 5,

39, 104

Quaylea whittderd _______._______
27, 28, 81, 125, 126
Racodineyra antiqua_____..___ 71,85
rapse, Pleris.._ . ___.____.__.__ 8, 49
remulus, Trichaecis ____..____._ 56
reprimens, Borrelina _____.____ 63

Eago[etis cingulata. _________. 25
Rhbagoletis completa_______.___ 25
Rbagoletis favsta._____________ 25
Rhagoletis pomonella. _________ 25
Rhizobius debilis___._______ 8, 26, 126
Rhizobius ventralis_ ... ...__ B, 26, 127
Rhyacionia buoliana__ .. _______ 8, 66
Rhyacionia frustrana buslhnelli._ 66
ridibunda, Alysia________._____ 71
rileyi, Pyroderces. ... _..__. 23
rimae, Iphiaulax_ . ... ...__. 44
Ripersia. oL .- __ 100
roborator, Exeristes.. . __.__.._ 43

5,12, 33, 127
Rodolia koebalei. - . __..______ 2, 34
1{rouxi, Habrolepis_.____._... 4,29, 106

Prospaltells elongata. . ________. 31 rufimanus, Bruchus._ . __ ... _._ 52
Prospaltella lahorensis_ . __ . ... 41 | rugiceps, Euetheola_ . __ . ___.___ 55
Prospaltella opulenta_ . ________ 41 [ rusei, Ceroplastes_.___..___. ___ 123
Prospaltella perniciosi______.___ 4, | rusti, Coccophagus__________ 8, 27,95
13, 29, 30, 32, 124 rustica, Dexilla___.___ .. ___.____ 54

Prospaltella smithi. ____._______ 41
Pseudaphycus malinus___ ... 7,87, 125§ saccharalis, Diatraea_._________ 4, 44
Pseudaphycus mundus____..___ 62 | Saissetia hemisphaeriea. .. ... ._ G4
Pseudaulacaspis pentagons.. . .__ 2,32} Salssetia nigra_ . oo _ 8,70
seudococeing, Hambletonis. 7, 38, 106 | Saissetia oleae. .. . . . . 26
seadococcus adonidem_____ . 7, 37 | salicis, Stilpnotia__ . ___ . ___.__ 8§, 65
Pseudococeus boninsis_ ________ 62 Sarcophaga. ___________________ 586, 70
Pseudceaceus brevipes. __._.__. 7,38 gcapularis, Lebia____________ .. 67
Pseudococows efbri_ .. ... 7,35 Scirtothrips eitriL . oo 14
Pseudococcus comstoeki.__ .. __. 7, 37 | scutellata, Blepharipoda___ 7, 63, 86, 87

Psendorcoceus gahani______ .. _._ 7,35
Pseudocoecus kravhnige__ . __ 109
Pseudoeocens maritimus_ ___ . __ 38

Pseudocoetus 8pp. - - cceceen o

pseudomagnolisrum, Coevus. - _ 14 27

Esylhdls Aphyeus____.________.
teromsalus egregius

Pieromalus puparum . . _

Scutellista cyanea.____._ 3, 4, B, 26, 69,
108, 126, 128

Beymnpus binsevatus. __ . 7,385, 38, 129
segregata, Parasetigena_. . _____ 118
semiflavidus, Anastatus_. . .__ 50
senilis, Masieera._______.______ 111
CFICH . oo .. 102, 124
Seriea similis.. ... _o.o .o ... 55, 131
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serius, Eretmocerus
sertifer, Neodiprion._.._____ 5, 68, 101
aettpenms, Bigonicheta 5 71 85
seychellarum, Icerya 34
shanghaiensis, Chrysis 65
sibirits, Prosena 6, 23, 123, 124
silvestris, Parssetigena__ 7, 63, 118, 114
similis, Chilocorus
similis, Serica
Sipha flava
Bitona eylindricoliis_____...__.. 10,52
Sitotroga cerealelln
smatagdine, Oecophylln
smithi, Preospaltela__ ... ..
sclitarius, Apanfeles___ .

Spintherus sp

apuris, Gossyparia_______..____ 69
stabulans grisescens, Lydella_ 7, 42, 111
stanleyi, Aphycus

Stethoruas gilvifrons

Stethorus vagans

stigmaterus, Agathis 4,44 73, 74
Stilpnotia salicis._...__._.._.___ 86
Stomacoccus platani

Sturmin hatriginae

Sturmia inconspicusa

Sturmia sp

sycophanta, Calosoma__._ 7, 50, 63, 88
sydnevenais, Anarhepus. 37, 38, 75, 130
Sympiesis viridula 742,129,130

Tabanus dorsifer

Tabanus hyalinipennis

tabidus, Cephus (Trachelus) ...

taxus, Aonidiella

telarius, Tetranyehus_ .. ___.___
Telencmus

Telenomus emersoni

Telsimia s

tenelius, Circulifer

tenthre(ixms Mesoleius

terryi, Aphycus

tesseliatus, Eucalymnatus

testaceipes, Aphidius

testaceous, Physcus____ PR
Tetracnemus peregrinus_. 7, 37, 38 130
Tetracnemus pretiosus 7, 35 130
Tetranychus bimsculatus.__. ...
Tetranychus telariva

Tetrastichus asparagi ,
Tetrastichus brevistigma.._.__._ 13, 67
Tetrastichius bruchivorus

Tetrastichus giffardianus

Tetrastichus turionum

40 | Tiphia popilliavora.

151
Page

8,
23, 24, 131, 132, 133
Tiphis vernalis____ 8, 23 24, 132, 133
Tomocera ca.hformca.

Toxoptera graminum

Trialeurodes variabilis

Triaapis sp

Triaspis thoracica

Triaspis vesfiticida

Trichacis remulus

Trichogramms 17, 45
Trichogramma minutum___..__ 21, 23
Trichomasthus eyanifrons 69
Trichopoda pennipes

trifaseiatus, Coccophagus..__ §, 27 95
trinitatis, Azya 52 84
Trissoleus murgantiae.. . _____ b
tristis, Anass

tristiz, Biolysia

tritici, Aphidius

tryoni, Opius
tuberculatum, Ectatoma _ _
turionum, Tetrastichus

uimi, Fenusa
ulmi, Lepidosaphes
utllis, Lecaniobius

vagans, Stethorus

variahilis, Dermacentor
variabilis, Trialeurodes
varivestis, Epllachna___ eaen
veniparg, Myelois. . __..____
ventralis, Dexilla
venfralis, Rhizobius
vernalis, Tiphia
versicolor, Meteorus 6,
8, 64, 65, 113, 114
vestiticida, Bracon. . __________ ol, 52
vestiticida, Triaspis

virgata, Ferrisia

viridia, Coecus

viridula, Nezara.

vmdula, Sympiesis__ 7, 42 129, 130

2 | whittieri, Quaylea

8,
27, 28, 81, 1285, 126
woglumi, Aleurccanthus 40

66
66
23

xanthomelaena, Galerucella
zanthomelaenae, Tetrastichus.__
x&nthostomus, dampoplex ______

voshidae, Coccophagus
zea, Heliothis

zingkenelia, Etiella
zosine, Platygaster

O







