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BIOLOGICAL CONTROL OF THE ORIENTAL FRUIT FLY
{Dacus dorsalis Hendell] AND OTHER FRUIT FLIES IN HAWAII

By . P, Cluusen,' professor of biolopical control and entowmologist emeritus,
Uttiversity of Cglifornin, Riverside, 1), W, Clancy, entomalogist, Entomology Ro-
sedredt Division, Agricwliural Rexewroh Service, and Q. C. Chocek,” Ktade cntomol-
ogisé, Huwail Depacbirent of Agricaiture.

Two major fruit fly speries have been present in Flawail for more
than 50 years. The hist to gain o foothold there was the melon fly
({ucus {Strumeta) cucwrbitee Coq.}, discovered in 1895, which has
inflicted heavy losses on vegetable crops grown tor local consumption,
‘The second is the better known Mediterranean fruit fly (Ceratitis
capitate {Wied.}), first noted in the Islands in 1910, which quickly
demonstrated its destructiveness to a wide range of fruits. The two
species combined to place a severe check on the production of most
fruits and vegetables and an added serious handicap on the develop-
ment of export markets for certain of these crops.

The oriental fruait fly Dacwes {Strumeta) dorsalis Flendel, first found
in Hawaii in 1946, quickly spread throughout the Islands. It is re-
corded as a major fruit pest in India, Malaya. Indonesia, the Philip-
pine Islands, Formosa, and the Mariana Isiands, being native appar-
ently to the Indo-Malayan Region. The discovery of the presence of
this pest in the Islands, its rapid spread, and the exceedingly high rate
of infestation that quickly developed in many fruits and vegetables,
aroused great alarm, not only there but also in the continental United
States. The development of air transportation with many flights daily
from Hawail to the Pacific Couast, greatly enhanced the risk of ac-
cidental carriage of adult files and of immature stages in fruits and
vegetables to the mainland., Al three species are capable of establish-
ing themselves and causing serious crop loss in some parts of the con-
tinental United States. It was, therefore, imperative that all possible
methods of control be employed immediately, especially against the
newly arrived oriental fruit fiy, not only for the protection of the
agricultural industry of IHawaii, but also to lessen the risk of estab-
lishment on the mainland.

The biological method of insect control has been more consistently
successfnl 1n Flawaii than elsewhere, possibly because of its equable
year-round climate. It istherefore understandable that this method of
control, which had previously been attempted with only partinl sue-
cess in connection with the Mediterranean fruit iy and the melon fy,
should be looked to with considerable hope for effective results against
the newly arcived oriental fruit fly. Accordingly, the importation of
natural enemies was undertaken, even prior to the development of re-
search on other methods of control.

' Focmerly entomologist in vharge, Division of Fureign 1'arasite Introduction,
Bureau of Eotomelogy und Plunt Quarantine, U.8, Department of Agriculture.
* Retired. '
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While this lantest program was directed against the oriental fruif
fly, it was hoped that the collection of natural enemies of many fruit
fly species from various parts of the world might yield also some
purasites adaptable to the Mediterranean truit fiy and the melon fly to
sapplement those ulveady established in the Islands.

EARLY WORK ON THE BIOLOGICAL CONTROL OF THE
MEDITERRANEAN FRUIT FLY AND MELON FLY

Importation of natural enemies of the Mediterranean fruit fly was
undertaken by the Fawuii Board of Commissioners of Agriculture
and Forestry in 1912, when F. Silvestri, an Italian entomologist, was
engaged to conduct a search for natural enemies. [is investigations
covered nearly 1 year, from July 1912, and the fields of search com-
prised West and South Africa and Australia (30).2 As a result of
his efforts, tive species of parasites reached Huwaii alive, and three
of them became permanently established. These were Oprus humilis
Silv.t from South Africa, Dirhinus giffardii Sitv. from West Africa,
and @, tryoni Cam. from Australia.

T"pon his arcival in Honolulu on May 16, 1913, Silvestri had only 5
fiving specimens of /7. Awmilis and 7 of O. tryoni. Rearing of the
latter proved exceedingly diflicult so that only 16 adults were released,
13 on the island of Hawail. These, however. proved to be sufficient
to establish the species. 0. hwmiles was more amenable to insectary
rearing, and 1,860 adults were released in the field by the end of 1913,
Initial establishment of this species was effected through the release
of 3 females and several males at Wona on the island of Iawatl.
Dirhinus was veared very readily, and 16,185 were released during
1913, The few OQpius perpromimus Silv. that reached Hawaii alive
failed to reproduce in the msectary, and ne releases were made,

Psilus silvestrii (Kief.} was reared and released in large numbers
and persisted in Hawall for some time but finally disappeared, so that
establishinent of the two species of Opius and Dirhinus constitutes
Silvestri’s major accomplishment. 0. hwmilus was obtained origi-
nally from . capitata, but 0. tryond had as its normal host Dacus
{Strumeta) tryoni Frogg., though it had been recorded in Australin
as attacking . capituta also. The latter spectes is an introduced pest
cceurring in some parts of the country.

Silvestri‘s studies in West Africa had revealed a number of species
of purasites of promise, which he unsuccesstully attempted to truns-
port to Elawnii. A second effort to obtain them was made in 1914,
when D.TU Fullaway and J. . Bridwell, of the Hawuit Board of
Commussioners of Agriculture and Forestry, went to West Africa and
brought back living stocks of ) piws fullawayi (Silv.) and Petrastichus
gifferdianues Silv. (16). Both of these were successfully established
in Hawail, Thelr normai hosts in West Afriea ave cevernd species of
Fruit fes, including Cerabitis copituta.

Athird program for importation of natural enemiss of the Mediter-
ranean fruat fly wag that by the U8, Bureau of Entomology and Plant

Titnlie numbers in parentheses refer to Literature Cited po 101,

' Wiseher { £3) recontly concluded that O, hamitis is a synonrym of Q. concolor
Szepl, » common parasite of both the Metliterranenn Cruit iy and the olive Ay
D). alegue (mel} in Nurcth Africa.
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Quarantine in 1935-36. The investigations under this project were
conducted in Bast nud West Africa, Brazil, Malaya, India, and Ceylon,
with importations also from Mexico. The area surveyed by R, IL
Van Zwaluwenburg (35) and J. M. MceGough in West Africs extended
from Sierra Leone to Angola and the Belgian Congo.  The Mediter-
ranenn fruit fly was very searce in all countries of this region but other
species of the genus and several species of Ducus yielded four or more
species of f/pius, of which 750 adults, representing three species,
veached awaill alive. None of them beemine established.

The studies by Bianchi und Krauss (§) in enya, Tanganyila, and
Zanzibay, Bast Africe showed that the Maditervanean fruit fly was
rare In that region also, though found infesting a number of cultivated
and wild fruits. OF the four species of (Jpius found there, two of
them, fuwmilis wnd fullowaeyi, wers alveady established in Flawaii usg
a result of the earlier African importations by Silvestri and Fullaway.
Because of shipping difliculties, no living parasite male~ial from Iast
Africs reached Hawaii alive.

The importations from Malaya, India, and Ceylon by F. C. Hadden
(20} comprised principally six species of parasites, including three of
Opius, reared mainly from Dacus dorsalis and D. cucurbitae. A total
of 393 adults of the six species reached Hawaii alive. It is interesting
to note that two of these species, then named O piuy longicandatus
{Ashm.) and O. perswleatus (Silv.), the Iatter und[oubtediy including
0. vophilus Full. and 0. vandenbosehi Full,, figured prominenily in
the later campaign against . dorsalis.

The Brazilian matecial that was obtained by Fullaway (18) com-
prised Opius cereus Gahan and Q. bellus Guhan, which apparently
are restricted in their host preferences to the genus Anastrephea, though
one generation of (). cereus was produced on Mediterranean fruit fly
larvae in the insectary at Honolulu, Two staphylinid predators of
the genus Relonuchus, which are of some importance in the feld in
Brazil, were imported and colonized in [awaili, but did not become
established.

The importations from Mexico comprised rather large numbers of
adults of (pius erawfordi {Vier), rearved from slnastrepha ludens
{Loew). Thisspecies Tailed to reproduce on gither the B-Iecqitermnean
fruit fly or the melon fly, and conseguently did not become established.

The parasite and predator species imported and colonized against
che two {ruit fiy species during the 1435-36 period did not resuit in a
single establishment. The unexpected termination of the allotment of
special funds nt the end of rhe fiscal year 1035-26 necessituted the
abrupt closing of the project before the areas had been fully explored,
and the problems of shipment of material satistactorily solved.

Biotogical control of the Meditervanean fruit fly in Hawalii prior to
entry of facus dorsalis centered avound the larval parusites {7 pius
humilis and 0. fryond, impovted by Silvestri in 1913 and, to a lesser
extent, (7. fullmwayi and Tefrastichus gifferdianus, established as a
vesult of the eflorts of Fulliaway and Bridwell the following year.
hiemilis was the first to be colonized in rhe field and quickly attained o
high pereentage of parasitization, but was then superseded by O.
tryoni. ‘The intervelation of these two species has been the subject of
discussion for many years. Pemberton and Willard (28} asserted that
farmitis wlone would probably have been more effective than the two
species combined. This conclusion has sinee been questioned, but obvi-
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ously any discussion of the subject must now be on purely theoretical
erounnds. .

Detailed rocords of parasitization were taken by Back and Pem-
berton and following workers over a long period of years, with totuls
from all frints ranging between 24.9 to 36 percent from 1914 to
1033 (48). O pius humilis nttained its maximum purasitization in 1915
and 77, {ryeni i 1918, the latter species being dominant from 1916 on-
ward. The highest percentage of parasitization has consistently been
i collee, as would be expected, bevause of the shallow pulp. The
Agures for larvae from this fruit range from 435.9 to 9t percent
during the above-mentioned period. .\ substantial degree of con-
trel of the pest wus obtained on that erop.

In other fruits, the percentage of parasitization has been much
lower, as I guava L0-23.1 percent, mango 5.7-248 percent, and
Chinese orange 3.5-12.8 percent, these ligures in each case represent-
ing the yearly average over a l0-yvear period, There is thus a divect
relntionship between the depth of the pulp of the fruit and rhe extent
of parasitization, but it i5 possible that other factors may have had
an important influence in this respect.

One interesting and unexpecred development wus the complete
disappearance of O pius foondis on the island of Quhu atter it had
perststed there Tor more than 20 years,  The last specimen was found
on the island in the late 1930 It remaing abundant in the 1ona
section of the Island of Hawail, where nfter o period of years it
equialled or exveeded /. fryond in attack on larvae in cotfee.

Biological-control activities against the melon Ay were undertaken
in 1015-16, when Fullaway (/7) of the Hawnii Board of Conmunis-
sioners of Agriculture and Forestry made collections of parasites in
India and, on & smaller seale, in Ceylon, the Strairs Settlements, Java,
and the Philippine Islands. A larval pavasite, Upius flefehers Silv,,
that wus Found in all these countries except the last-named, was
forwarded From India, released in considerable numbers in Hawadi,
and quickly beeame established. Some rveductions of the melon fly
tnfestations resulted from the activities of (. fletcheri, and field para-
sttization at times averaged in the neighborhood of 50 percent. In
general, however, the averuge parasitization has been appreciably
tess than this hgure in recent years. An analysis of the meidence
of parasitization in Fraits of a wild cucurbit, Womordica brlsamina,
during 1950-51 by Newell, Mitchell, and Rathburn (26) reveals that
successtol attack by /pius fefelieri ranges up to a mean vulue of 34
percent during the winfter months but declines sharply during June
to Septewber, when some collections show parasitization of 5 percent
or less.  The highest figure for any sample was +L{ percenr. Dur-
ing this period the fruit infestation seldom dropped below 90 percent.

COOPERATIVE PROJECT ON THE BIOLOGICAL CONTROL OF
THE ORIENTAL FRUIT FLY

The initial elfort towwrd impertition of natural enemies of the
nriental fruir #y had been made early in 1947, when the Fawaii Bowrd
of Conmissioners of Agriculture and Forestry wrranged, through
L. B. Uirhanco, dean of the College of Agriculture ut Los Banos,
Philippine Istands, for the forwarding of fruit ily puparia from that
area. Through Ulchaneo’s efforts, 2 total of 3,354 puparia were for-
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witeded daring Febraary to May of that year. Following this, en-
tomologists of the Board collected and forwarded additional material
from Luzon and Maleya (see pp. 8, 12). Then, in July 1948, the Bu-
reau of Entomology and Plant Quarantine veceived an allohment of
funds under the 178, Department of Agriculture Regewreh wnd
Marketing Act {or foreign exploration, and the quarantine handling
and testing of the tmported parasite material. DL W. Claney was
placed in charge of the demestic phase of this program.

I ovder to properly coordinate all phases of the biclogical-control
project and to prevent duplication of effert by the increasing number
of participating agencies, it was desivable to Tormalize the cooperation
through a Memorvandum of Understanding., Sueh a memorandum
wits deiwn up and approved by authorized representutives of the co-
operating sgenecies, and beenme effeetive Neptember 30, 1948, The
participating agencies were the U.5, Bureau of Botomology and Plant
Quarantine, the Hawnii Agricultural Experiment Station, Bonrd of
Commissioners of Aprieultire und Fovestry of TTawail {now Ilawaii
HState Departmient of Agrviealtuve), IHawaiian Sugar Planters' Assoei-
ation Experiment Station, and the Pineapple Researcl Institute of
I{awali.

In the geaernd division of fields of work by the cooperitors, major
responsibility For foreign exploration, especially in Afriea and India,
witss dlelegated to the Burean, with the Ilawail Board of Clemimissioners
of Agriculture and Forestry alse partivipating, especiaily in (he
Pactfic: Aven. The Burenu was also given responsibility Tor the
quarnntine handling of all imported material, and for the necessary
studies on the parasites and predators to determine their exaet rela-
tionships,  Tha Division of Katomology and Plant Quarantive of the
Ilawnil Bowrd of Conunisstoners of Agriculture and Foresirvy, under
the direction of 1. T, Fulluway and later of Q. C. Chocle. had, in
addition to its foreign exploration work, the rearing and colonization
of all of the imported natural enemies, while the Department of
Entomology of the TTawaii Agricultural Experiment Station, under
the direction of TL . Bess, undectoolk the fleld-recovery investigmtions
and studies on evaluation of cflectiveness of the ditferent. species of
parasites and predators.  That Station also provided the services of
L M. Newoll for o G-months’ assignment on exploration work in
India. The Hawatian Sugar Planters’ Association Experiment Sta-
tion contributed the services of o AL Bianehi for o period of 1 year,
The Pinenpple Wesearch Tastitute made available an excellent quaran-
tine insectary for the handling of the imported material, and virious
tems of equipment, Eacilities, and services,

The inclusion of five agencies in the cooperative biologicul-courral
projoect made it essential that some overall supervision be provided on
matiers of poliey relating (o different phases of the project. At a
meefing of represenlutives of these agencies on July 7, 1948, an ad-
visory committee, under the ehairmanship of Colin (7. Lennox, presi-
dent ol the Board of Conmissioners of Agriculture and Foresiry,
Territory of ITawail, was named to deal with these muatters,

The responsibilities of the A dvisory Commirtee related to (1) assign-
ment of the various areas of foreign investigation fo the several co-
aperating ageneies, (2) provision for and approval of quarantine
tacilitios to be wtilized in handling imported materinl, () responsi-
bility for quarantine handling of imported material, and {4) approval
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for field release from quarantine of parasite and predator species on
recommendation of the unit respounsible for studies on interrelations,
or for their destruction if deemed undesirable.

Oune of the first problems confronting the Advisory Committee was
methods to be employed in the huportation of parasite material from
foreign souwrces. Past experience, especially of the Mediterrunean fruit
fly expeditions sent out in 1935-36, had demonstrated the extreme diffi-
calty of shipping only the adulf prrasites, as these, even when they
arrived alive in Hawail, were weakened and consequently unsuitable
for Inboratory propagation or field release.  The Advisory Committee,
ns well as the various experienced entoniologists consulted in the matter
felt that, with the safeguards that could be set up for the quarantine
hnndlinp: of parasite material, the importation of host-fly puparia of
any and all speries was pnu!wablv and did not involve sericus risk.
This procedure was approved by the Board of Commissioners of
Agriculture and Forestry. the ngency vesponsible for enforcement of
agricultural quaraniine recrulutmnq in the Territory, and by the Bureau
of Eutomology aud Plant Quarantine of the United States Depart-
wment of Agriculture.

All of the known fruif Iy parusites of consequence complete their
development in and emerge “from the host puparia, regurdless of the
stage 1n which ov qmslt!on takes pluce. The problums relating to the
m} yoristion programn (Onsequentl) were greatly reduced.

Obviously, n “c‘ ash” program of this tmtuu‘ de%lgned for the im-
portation of the maximum number of parasite species in a minimum of
time, is subject to certain disadvantages. Perhaps the most important
of these is that it provides hitle oppmtumrv for the study of the habits
of the purusites themselves in their native habitat, and of the role they
play, if any, in the natural control of the diflerent fruit flies in the
eountries of origin. The decision to include as many dacine fruit flies
as possible 1n the importation program, rather than Jimit 1t to the
oriental fruit fly alone, was influenced by earlier experience in work
with the Mediterranean fruit fly, against which the most effective
parasite was derived from another geaus.

A substantia] expunsion of the biological control program fook place
in 1949 through an increase in Feder o] funds for research in Hawaii
and through appropriation of funds by the State of California to its
Agrienlturs] Experiment Station for studies along several lines, in-
cluding biological control. that were of particular interest fo that
State. These funds, both State and Federal, became available soon
wfter July 1, 1049, and several necessary adjustments were tmmedintely
made in the biologicai-control project. The Memorundum of T'nder-
standing, previously referred to, that covered the cooperafive pro-
gram on biological control. was superseded on September 14, 1949, by
a new memorandnm embracing all phases of the fruif fly project.

The pacticipation of the Californin Agricultural Experiment Sta-
Hon in the biologien] control program covered several phases, includ-
ing foreign exploration. At the time that funds beeame nvailuble for
this work by the Stale, its entomological explorers were alrendy in the
field i South China and Formosa in connection with other problems,
mainly the California red senle. These explorers were consequently
assigned the responsibility for assembling and forwarding fruit fly
parasite material from Those nreas.
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The studies on host and parasife nufrition, as well s on other prob-
tems, involved production of very lavge numbers of Dacus dorsalis,
and o substautiad portion of these flies were furned over to the Bourd
of Agriculture and Forestry insectury for use in purasite production,
In wddition, n turge part of the Calitfornia efforts in Jawaii were on
bioelimutie studies and on the development of methods for mass pro-
cduction, first of the host insects themselves nnd then of the more effec-
tivo of the parasite species being relensed in Flawnil, Insect nuirition
has o very humportant bearing upon wmte of development, fertility,
fecundily, ot cefern, and advances in {his study contributed substan-
tiatly to move economicnd production of the insects involved. Thus,
should Lthe oriental fruit fly or other Trait tlies become estublished at
some future time in Celifornia, methods for mass production of para-
sites for use in control or erndication wonld already be known,

Another line of study wns the determination of the effect of the

-arious insecticides utihzed in fruit fly control on the sbundance and
alfectiveness of the parnsites and predators. These chemienls would
be extensively employed in case of any outbreak ou the meinland, nnd
their effect upon naturnl enemies would need to be known in order
that biologieal control might supplement chemical control measures
rather than be completely nullified Ly them,

Foreign Explorution for Natural Enemies

From 1947 to 1941 the search for fruit fly parasites was conducted
in all of the major tropienl and subtropical regions of the world with,
of course, specin) emphasis on the areas in which the dacine Tephri-
tiduo nre loown to be sbundant, and particulurly the species of im-

mediate concern—ZPRacus dorsilis.

Claney, Marueei, snd Dresner ;

{1/} present n summary of the Toreign work to September 1950.

In the course of theso investigations 14 parsite collectors, repre-
senting three of the live cooperating agencies, purticipated in the
search for naturad ensmies. They arve listed below, with the countries
in which each was engaged, nnd with their periods of service.

Foreign Porasite Collectors and Their Areas of Invesfigation

Territorial Board of Commissioners of Agrivulture and Forestry:

Q. Choek . .. L
B P lallaway ... ...

N Lot Kreauss. oo ...

F. AL Bianehi L. L.
(H.8.P.AL Fxpt. Sta.,
o).
University of California:

Lo L, Groesaist. . oL L L
T, O Maa_.._._ ..

Thd—244¢ O—fih—m—ms2

Philippine Talands
{ Luzon).
Philippine fslands._. ..
{1azon}d.
Malayn. . . ..._..__
Aunbradin . . ... ...

Bouth China___.____
Formosn., . _ . ... _.._

July $9#47-Jan. 1948
Jan—dlar, 1548

May 1348-May 1044
May-Sept, 1949
Nov. 1940-Apr. 1980
Sept.—Nov. 19490
May-Aug, 1850
Sept. 1950

Dee. tB50-May 1651
Jun, 1940-June 1450

July 1048-Sept. 1950
Juty 1948-0Oct. 1050
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Foreign Parasite Collectors and Their Areas of Investigation—Con.

Bureau of Entomology and Plant Quarantinge:

G W, Anealet_ .. ..., Thailand_ ... .___ June 19580-2Tar. 1051
North Borneo.-...... Mar—July 1951
Cevlon oo oo, Aur, Oct. 1951

(o O Boevor. ..o .o BSouth India... ... ... Tob. 1950-Apr. 1051

DLW, Clhaneyo e e.. Bolgian Congo. . .. ... Teh—Apr. 1051
DBruzil. ... ._....._.. Meaey=June 1951

T. C. Lawrenee. ... ... South Indin_ .. ... Feb.=july 1950

JoAL MeGough. o ... Houth, last, and Rept. 1048-Bept. 1951

West Africa.
L M. Newell__.__.. ... NorthIndia ... ._.._ Mar.~Hept. 1949

(Hawaii Apr. Expt.
sta., Coop.).

I, I8, Skinver. ..o ... . South and East Afriea Sopt. 1948-Sept. 19489
Plnll{npmc Islands Hopt. 1949-8ept. 19560
Mindnimod.
\orth Borneo..._.... Oct. 19580-Apr, 1951
N DL Waters. oL ..o o o Indin. __ __ ... .. ._. {Jet. 1949-Apr. 1951

All of these collectors deserve o great deal of eredit for careying ont
thelr investigutions, often under extremely difficult conditions. In
iy countries, transportation was a major problem, as roads were
exe edmnrlx bad or almost. nonexistant, living facilities were very poor
and at times entirely !‘wl\mg, and m()blmm of health were a mabter
of constant concern.  In gpite of a1 of the handic: aps that were en-
countered, they were able, in every case, fo make substantial collec-
tions of a wide variety of fruits, rear out the fruit flv puparia, and
ship thew ina living condition to Huwail.

The following aceount of the investigations in each of the different
countries is a brief summary or compilation of the information con-
tained in the quarterly reports submitted by the individual collectors
ov teams., The accumulated data ave pr escnted in this way in order
to provide uniformity and eontinuity, as it has not seemed practicable
to 1nclude summarized reports by the individunal collectors because of
overlupping of fields of work in some instances and the replacement
of collectors in some wreas before completion of the program.

Much of the African fruit fly material was identified by H. K.
Munro and that from other areas by ). E. Hardy, and the many bra-
conid parasite species encountered, a considerable number of which
proved o be new, were identified mainly by . T. Fullaway.

Philippine Islands

Investigntions on the natural enemies of fruit flies in the Philippine
Tskands centered in Luzon and Mindanaa, two quite widely separated
tslands having distinet differences in their Ao and insect fauna. The
work in Tuzon in 47 by the Hawaii Board of Agriculiure and For-
estry was the first effort to obtain natural enemies of the oriental fruit
fly. and was completed prior to the sefting up of the ccoperative proj-
eet, whereas that on Mindanao took place 2 vears later. For these
reasons, the studies on the two islands will be discussed separately.

The record ol collections and shipments from both islands is given
in tuble 1.

The searelt for natiral cnemies of (the oriental fruit {ly began in
the Philippine Tslands early in 1947, when entomologists of the
Tlawaii Board of Agviculture and Forestry ‘ullmtrcd with Dr.
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Tance L—lmports of fruit fly material from the Philippine Islands

Number
1lost fruit Period of collection Dominant fruit of
fly specics pupuria
shipped
LUZON
Cunungu odorula. ___ . Mar —-May 1947__ . _ . Dacus dorgalts Tlendel_ . 1, 554
C. odorata and Cérice | Feb, 1947 . ... .|...__ do_ ..o . 181
napeyd,
Carice papuya. . ..._. Mar, 1947l doo . ... 200
Cuctemrs gativies .. .. Mar, 1947 ___.. g c{ucurbﬂcﬁ Coql_ _____ 63
Eugenio javanica nnd ... - . dorsaliz Hendel ... _ .
:urcirrf:'a. venulose, }l cb. 1947, _.... {D. expandens Walk ... L, 336
Curcinde venulosu.__ .| Sopt. 1047 .. ._._. D. exrpundens Walk..___ 500
Psidinm guujava. . . Aug. 1874=Jan. 1948 | D. dorsalis Hendel_._.. 7, 905
Total. e L 11, 759
MINDANAG
Ariocarpus Feb, 1950 _. ... _. Duewy wmbrosus Fo____ 204
heterophyliug.
D.opedestres (Bez)__. .
Averrhou carambola.. ..} Tob.~Mar, 1950 .. __ 4 £, dorsalis var, 1,779
ocedpitalis (Bez.).
Citrullus ulgeris. .. Ay, 1950 . . _.__ | . cuenrbitae Coq____ g2
Crewnis 8pp.. - . ... Dec. 1048-Feb, 19300 __ do. . 4, 360
Aug. 16548
Cucurbitaceae sp_ . .. Feb, 1050, ... ... .| Buphrentasp.. _.___._. a5
Drucontomelum dao. 0 Dec, 1948-Kepl. 1950_ Dacus limbiferus (Bez.)| 42, 007
Lufle cylindrice . ... Sept. 19a0______._._ D hagend Meij oo L. 195
L. aculenguie | i Feb.=d¥ar, 1960 ___ LD, eucurbitae Cotyo ... 1,778
Daeus n. sp. near Aagend
Memordica charvntin__| Feb~Sept. 1950 .. [ Aaij. 1, 554
L. cucurbitae Cog. ...
M. cochinchinensis .t Teb. 1050, . ... __ _Dm:;:s 1. sp. ncar hagent 338
Meij.
D pedestiris (Boz.) ...
Paidivm guafeve 0 Fob~Mar. 1950 .. _{} D. dorsalis var. 1, 470
] l oeerpitulis(3og.),
Trivhosarthes spo___..{ Dec. 1940 ., .. __._i .D. hegend Meij.__ . ___. 428
Total e e e o4, 273

Uichaneo, dean of the College of Agriculture at Loy Banos, to assem-
ble and forward fruit fly material from that ares. Through Dr.
Tichaneo’s efforts, six shipments of pupariy, totaling 3,354, muinly of
Dacus dorsalis from Java upple (Kugeniv jeranica) and ylang-ylang
(Conangn odorata}, wers forwnrded during February to May of
that yewr. '

Following this, the work on Luzon was taken up on a more extensive
sealo by Q. (" Chock of the Territorial Board during the period July
1947 to January 1948, and by D. T. Fullaway during January-
Murch 1048, Mr. Chock was provided with laboratory facilities nt
Manily and much assistance in the field work through the courtesy
of Dr. . Merino, Director of the Bureau of Plunt Industry of the
Depurtment of Agriculture.
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Local conditions made it difficult to conduet extensive field investi-
guiions af that time; consequently, surveys were necessurily timifed
to the immedinte vicinity ol Mantin, the Agricultural College at os
Banos, the Lipa Citrus Expertment Station in Batangus Provinee,
and the Cites substation wl Lanao on Bataan,  Alse, the food situn-
tion in Lhe Isinnds was eritieal ab this Ume and the normal supply
of fallen ripe froity was not available. us the crops, even of the wild
fruits, were thoroughly hurvested, usually while still quite green.
Because of this shmiutr@ ol infesied Fruit, it was possible to obtain
only 8:405 puparie for ‘;hipm{‘ni to Hawuii,

The fruits of guavn were heavily infested by Lecus dorsalis and
Tair numbers of larvas wero obtained from ylang-ylang and Javu
apple. The degree of nttack was quife low in mango, jackfruit, and
ertrus. Mungosteen (Gareinie venulose) wus found fo be heavily
infestedl by Ducws ewpandens, and cucwmbers by 7. cuewrbitae. of
which & high percontage were parasitized by Oplus fletcheri.

In ull fruits, the rate of parnsitization of Dacus dorsalis by what
were then designaded as Oprus persuleatus wnd O longleaudatus was
very low. It was found later that the true Q. persufeetus does nob
oceur in the Philippine Islands or Maluye, and that the material
identified under that nume comprised two species, since named by
Fullaway as rendenbosehi n.nci oophitus. A stu.phvhmd beetle,

Thyreoeephulus albertisi (Fuuvel), was noted to be o common preda-
tor on frudt fly iarvae 1o deeaying fruit on the ground. Both adulis
anc lm\ul\ attnek the fruit fly maggols. From August 1947 o Janu-
nry 1948, 522 adull beetles, § larvae, and 55 eggs were obtained by
(‘hock mul shipped {o Flawaii. i

The field survey and collection program in Mindanno was started
by F. 1. Skinner enrly in September 1949, nfter his transfer from East
Africa, and was continued through Sept.ambel of tho following year.
Hemiqum'ims wore first set up near Cegayen, capital of Misamis Prov-
inee, i the north-central part of the I%zmd where living acconmoda-
tions and travel Tacilities were made nvailuble through the Philippine
Packing Corporation wt Del Monte. The field work here was handi-
eapped Ihzoutrh(ml by difliculties of transport ,a,ilon, and Lhe base of
operations was consequently trunsferred, carly in Junuary 18950, to
Duvao City, the capitad of Davao Provinee, n the southeastern part of
the island.

The most promising area W {he north was the narrow slrip of
coustal vegetation belween the sea and the gruss-covered hills.  There
is virtuslly no commerein]l fruit-growing on the island and in this
constal nrew, ns elsewhere, whai Nittle fruit that is produced, either wild
or cultivated as on doorvard trees, is picked long before it vipens. Any
that eseape this prematurs harvest and cipen or fall to the ground, are
very quickly disposed of by bats, birds, anis, rats, and domestic pigs
and chiclkkens,  Oune fortunate exception is the fruit of Dracontomelwm,
duo, 1 conumercial timber tree, which is about 1 inch in dismeter and
contuins a favee seed. These wpparenily ave disliked by animals und
humans alike, and consequently could be obtained in quite large quan-
Hitieg Throughout most of the yvear.

Atrip during November to Lake Lanao (elevation 2,300 8.} and sur-
rounding wrea yielded nlmost no fruit.  The market nt Dansalan, cupi-
tal of the province, revesled only w very fow fruits, the most common
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beli)nght}ia.t of Lansium sp., but the total quantity obtained was less than
a bushel.

Mango trees seldom set fruits in the Davao area, but in February
and March of 1950 a few weeks of dry weather were followed by sbun-
dant fruiting. However, this fruit production contributed little to
obtaining fruit fly material, as the crop was harvested when less than
half-grown. Mangoes sold on the local market at the equivalent of
25 cents each, twice the price of imported oranges and apples.

Guava isusually an excellent source of fruit fly larvae. A planting of
30 trees was found near Davao—the largest orchard seen in Mindanao.
Arrangements were made with the owner to have the fruit of five trees
left to ripen. In spite of evry care, the bulk of the fruit was takén by
local residents, froit bats, crows, et cetera. In the end, 2 gallons of
fallen fruit fragments were obtained, and these vielded only a few
puparin, This experience was typical of many other efforts to obtain
material from cultivated fruit. In a period of 5 months only 50 gal-
lens of guavas were obtainable from all sources.

A survey was made at the end of April in the vicinity of Zam-
bounga, at the western end of the island, and infested fruits of pum-
melo, jackfruit, ampalays (Momordica charantia), smooth patola
(Luffe cylindrica), and several other cucurbits were found in very
small numbers. ITere, ns in other parts of the Orient, fruits and
vegetables nre often protected from fruit fly attack by being enclosed
in paper bags.

In mid-April, a week was spent at Dumaguette, on the island of
Negros, but here also fruit was scarce. Small quantities of infested
Luffa and Memordice yielded fruit fly puparia that proved to be free
of parasites.

A week was spent at Cebu, on the island of that name, during mid-
summer, to investigate possible sources of fruit fly material. Cebu
is a center of mange culture and much of the fruit 1s shipped to other
islands. A search through all produacing areas quickly revealed the
almost complete absence of infestation in this fruit.

Each fruit is enclosed in a paper bag while still very green, and the
presence -t many pigs, chickens, and ants insured the immediate and
complete e:lmination of fallen fruit that otherwise might have served
for the production of fruit flies. In this sume aren, fruits of ampalaya
and tambis {fugenic aquen) were examined, of which the latter
proved to be infested with Deeus sp., but the larvae proved not to be
parasitized.

Most of the fiuit fly puparin collected in Mindanno were reared
from Dracontomelum dao, and these were all Dacus (Strumeta)
fimbiferus, which apparently is restricted to that host. Muslkmelon
and watermelon were infested only by D. cucurbitue, and it was the
dominant. species obtained from ampalaya, cucumber, and patola
{(Luffa acutangule). Doews (Strwmete) pedestris was the most
abundant species in carnmbola and guava, and emerged in small num-
bers from Lwfa acuiangule also. Dacus (Zeuwgodacus} n. sp. near
Ragend was dominant in Momevdica cochinehinensis and present also
in Luffe spp. and ampalaya. 7). {Zewgodacus) hageni was the only
species reared from Zuffa cylindrica and T'richosanthes sp., and was
associated with Dacus n. sp. near hagent in Momerdica cochinchinensis.
Juckfruit (delocarpus heterophyllus) was infested only by D.
{Strumeta) wmbrosus.
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‘The trua Duecus dorsulis did not appear in the collections, though
the variety oceipitulis was present, in association with D. pedestﬂs,
in carambola and guava.

Other fruits that were examined and found to be infested with
Inrvae of Drews but not sufficiently abundant for collection in quantity
wera breadfruit, pammelo, orange, grapefruit, cashew {(Anacardium
vecidentule) ('Iny@ta {(Sechium eféui'c’), squash {Cucurbdita mamimae),
rourd {La‘r/cmréu, lewcantha), and star apple (Chrysophyllum
cainite). Fruits found to be free from infestation at the time of ex-
amination were avocado, banana, coftee, papaya, g, eggplant, sugar-
apple {(Annone syuamosa), and sapodllh (« dehras mpot(z)

The fleld parasitization of all species proved Lo be relatively low,
as would be expected becanse of early harvesting of the fruits. In
Dracontomelum. duo, the total parasitization by three or mote species
of €/pius was less than 1 percent during July but rose appreciably
with advance of the fruiting season, and in late September, with
fow fruits remaining, it reached morve than 60 percent at Lawayon.
Several thousand paparia from guava, held for parasite emergence,
yielded only 2 specimens of (}puw. and some hundreds of Deacus
puparia frem jzwl{.iuur, ampnalayu, and patola produced no parasites.

Malaya

The fruit-fly-collection program in Malaya was started by N. L H.
Krauss of the Hawail Board of Agriculture and Forestry in May
1048, and continued until May of the following year. Because of
the unsettled conditions on the peninsula, it was not possible to make
extended surveys over the countryside, and collections were made only
e limited avens about the cities and in certain outlying loealities.
IMeadquarters were established first at Woala Lumpur, where Iabo-
vatory and varigus ether facilities were kindly provided at the Depart-
ment of Agriculture, and it was possible to make collections at the
Dep.utment ] l.a\peumeu[ Station at Serdang, 15 miles away. The
worlc here was interrupted from time to time by oceasional survey
trips to Penang, Malacen, Kuantan, Singapore, et cetera. Extensive
shipments were made from June 1948, onward.

During April and May 1949, activities were centered at Singapore,
where facilities for the rer wing work were made available at the
Twnous Botanic Gardens, thlourrh the courtesy of R. E. Holttum,
Ihrector,

Carambeln (drerrhon caramboli) pmxed to be much the most
productive of the hest fruits available in Malayn, and quantity col-
lections yielded 283,645 puparin of Dacus dorsalis for shipment to
Hawaii. This was nbout four-fifths of the total from all sources.
Next in order of abundance of 7, dorsalis weve Solanwm verbasei-
folium and Capsiewan sp. Other hosts of 72, dorwdis, not sulliciently
abundant for lavge-seale collections, were mutve, Thine, tomato, mango-
steen {Crorcirie duleis), Mangifera foetidu. and Areca catechu.

Dacus umbrosus was common in chempedak (Arfocarpus poly-
phema), while large numbers of 7. cuenrbitoe were obtamed from
various Cucurbiticene, whiclh yielded also a lesser number of D.
hugeni.  Other {ruit flies reared from native fraivs were Ducus (Para-
triducusy expandens Wlk. from mangosteen, D). pedestris (Bez.) from
ylang-ylang (Cananga odorate) and D, (Strumeta} megregori (Bet.)
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from spinach jointfir (Gnetum gnemon). The data relating to ship-
ments to Hawail are given in table 2.

Tanre 2—Smports of fruit fy material from Malaya

i i
! | Number
Host fruit ' Period of collection | Dominant fruit fiy of
! i spacics puparia
| I shipped
| |
Artocurpus polyphema .. June 1045-Jan. 1049 Dacus nmbrosus F__ .. 8, 138
Averrhoa carambole 1 ... do.. oL I D. dorsalis Nendel.__._ 283, 645
Cupgic sp_. . ... 1o _.do_ . _L...._ Do do_._ . HotT 6, 127
Cuenmis gafivuy . . .. L. [+ T D cueurbitee Coqoo ool } :
c i e | ‘ LD hegeni Alelj. o C 2,110
“ucurbitaceac l}.]m,_.__\fa - 1949 8 cucurbilee Coqo_ o __ } aq e
{mrixed). } LD hageni Metjo..o._.. 23, 851
Lugeafu sp . .. ..o, 5 July 10487 ar. 1049 - D dorsalis 1lendel . . L, 086
Lagenaria vilgaris. ..} Nov, 1045 . i 42, hagent Meij. ... 059
Luffa eylindrica.. . 2 Dee, 148 l g: ;‘1?1;2;?{\”1?{4??_{{:::::: 350
Mangifera indica. ... ! Nov. 1945-Jan, 1040 © 5. dorsalis Hendel__ . 281
Holunum verbuser- i June 1948=Jan. 194G, 1. ... do e 12,216
folivm. f e
Total YLl |- rmmm e rmm—mimm—aa 339, 002
i

The field parasitization of [urus dorsalis by the several species of
fhpins was consistently low, with those comprising the = persideatus
complex” predominating,  Inasmueh as these and @ piws longicoadi-
tws var, malaicnsis were found to be established in Hawaii lete in 1948,
the emphusis in the collection program in Malaya was shifted during
1949 to the chaleidoid parasites, several of which were known to be
present in that region.  Large numbers of fruit fiy larvae and puparia
ware exposed to their attack in the fiekd hefore shipment to Hawaii.
These parasites comprised mainly -leeratonenromyia indicum. Puchy-
crepoidens vindemmine, Taehinnephagus sp., and Spelangia sp.

South China and Formosa

The investigations on fruit flies and thelr natural enemies in South
C'hina and Formosa were conducted by the University of (alifornia
under the immediate divection of J. L. Gressitt, witll (*hien-chi Wu
and Y. W. Djou assisting in South China and ‘Using-chao Maa in
Formosa, This work was on a purt-time basis in conjunction with
stuclies on natural enenies of the ved scale and red mites for importa-
tion inte California,

A swmmary of the data covering the shipment of fruit fiy parasite
material from these two aveas to Flawaii is given in table 3.

During the last half of 1949 and early 1950, very intensive collections
were niade of a wide variety of fruits in the Canton aren of South
China to determine the presence or absence of Dacus dorsalis in that
region. These fruits included guava, carambola, citrus, mango, ba-
nana, papays, loguat, and persimmon, among them being several that.
were known to be favored hosts of that pest. Not a single specimen of
D. dorsalis was obtained from these collections or from later collections
in other areas of South China. This is especially surprising in view of
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Tasre 3.—fmports of fruit fly material from South Chine and
Formosy

i Number

Hoat fruig Period of collection . Dominant fruit of
i fly species pupsria
shipped

BOUTH CHINA

Cucurbitaceae spp.... .| July-Sept. 1550 {B?;{i:ﬂbﬁ.‘iﬁ;‘ﬁ‘éﬁzgoq"“ } 3, 465
Luffa spp July 1830 . cucurbitae Qoq..... . 625
Lycoperatcon Jupe 1950 lelifrons (Hendeld . _ 200

pimpinellifolivm.
Momordica charantin_ | July-Sept. 1930 f::fgj?g;trﬁ e%?lgi-- } 435
Solanum app Mar.~July 1950 .Aoetifrens (Hendel) .-} 41, 121

Total

FORMOSA

Bugenia javanica Aug. 1949-0ct. 1950
Bugenia 3pp., Mangi- | Aug. 1950
Jera indicy, and
Clausena lansium
{mixed).

Lufie sp Aug. 1950 D, cucurbitae Coq....._

D, nubitus Hendel
Mangifere indica July 1950 D. dorgalis Hendel
Psidium guajava. .. ..} Oct. 1949~Nov. 1950_
P, coltlelanum Zept.—0ct. 1950

the general occurrence of the species on the Asiatic mainland from
Thaland to India, and its abundance in Formosa, only a short distance
from the South China coast.

In addition to the Canton area, surveys were made during August
and September on the Luichow Peninsula, the most southern area of
mainland China, and in Kiangsi, Kiangsu, Hupeh, and Shantung
provinces during the early summer of 1950. Fruit was scarce in all of
these arens, with very few fruit flies obtained from collections on the
Peninsula and almost none in the provinces mentioned above.

About 90 percent of all fruit fly puparia obtained in South China
for shipment to Hawaii proved to be Dacus {Strumete) latifrons,
which develops in fruits of Solamem spp., especinlly those of §. torvum.
The fruits of Luffe sp. yielded only 2. cucurbitee. and those of am-
prlayn (Momordicu charantin), while infested with the latter species,
yielded also a counsiderable number of /). ( Zeugodacus) nubilus. The
only other host fruit that yielded more than a single species was the
oriental pickling melon (Cucwmis melo var. conomon), which, while
predominantly infested with 2. cucurbitee, produced & fair number
of £, nubilus und an occasional 2. latifrons.

An unidentified species of Staphylinidae of the genus Philonthus
wns noted to be w common predator on larvae of fruit flies in melon
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fields. Both adults and larvae participate in this attack, but do not
it their feeding to fruit fly larvae, 1o suitable locutions they feed
extensively on house fly and other Jarvae. Shipiments of this beetle,
lotaling 102 pupae, were forwarded to Flawnli. In addition, G50
adult hymenoplerous parasites, comprising sever species, were in-
chuded I the consignments of material from South Ching,

The studies on froit flies and their natural enemies in Formosa were
started by Dr, Maa in July 1949, and coniinued until Qctalier 1950,
The oviental fruit fiy has been established on the island lor u long pe-
riod, and is the most de cuetive wember of the family Tephritidue
oveurring thece. The {rnw of red and white pumnelg and “nikan”
are usunlly infested in excess of 50 percent, while oranges are only
lightly infested.  Other fruits that are heavily infested, and which
provided the bulk of material for shipnient o Iawuii, ave i
(Psielivem gieajuea), straswherey guava (P, caffleianumy, Java apple
Udgenia jurenicd), mango (Mangifera indicay, Kugenia littoralis,
Sweinam cherry (£ uniflore), and Chinese wampee (lawsena lan-
siwm ). The main arcas of collection were Yilan on the northeast
coast, which is the most important producing avea for guava and pluin,
Tuinan on the southwest eonst, and Arisan and Chin-yi on the centeal
western slope of the mountain range. The infestation in guava at
Yilan was exceedinglyg high, especially in August and Seplember,
towards the end of the fruiting season, the yield T}eing approximutely
20 puparia feora eacl pound of Fallen fruit.

The first shipments of puparia were made (o [Tawaii in Angest 191,
and eontinued to the end of the 195t season.  "Che bulk of the material
wus oblained lrom grouva, and this and other tree Truits were infested
solely by 1), dursalis, Luffa sp. yielded mainly /2. cuewrbitue. with a
siall number of 22 mbilus. The 12, dorsalis plpuria were parasitized
by five species of /) pius, of which the most iniportant in the field were
2. formosanus and . avisanns, the latter being most abundant in the
subalpine region during the late summer and autumn.  Field parasit-
ization was the highest in larvae rom Kugenia Littoralis. amounting to
about BU percent by . formosanns, and 13 pereent in Surinam cherry.
It was found that (2, formosanus undergoes protracted diapause in the
host pupariem during the winter, o valeable aduaptation for survival
through winter periods during which temperdures may approach
[reezing.

In addition fo the shipmenis of puparia that vielded hymenopterous
purasites, {wo consimments of a parasitio mite, Zyroglyphus sp.,
which attaeks froit fty larvae and pupae in the soil. were Forwarded to
Hawait lTor testingr

Thailand [Siam)

(V. Angalet arvived in Thailand enrly in June 1930, and his
surveys and colleetions there continued without intermption uniil e
tatter et of Mareh 1851 Immediately afier arrival. arrangements
were ude, throngh Meo (3 S, Quate. agricnlrural attaehé at the
Amerienn Fibassy, to meet the higher officials of the ‘Thailand Min-
istry of Agriculture. Mreo Bo Balenkura, ehiel entomologist, wus as-
signed s aulvisor i the fnvestigations and proved to be exceedingly
hetpful 1 arcanging for varions Tacilities and in planning travel fo
distani parts of the country,  Exeetlent laboratory faeilities were pro-
vided at the Bangkok Nol Fruit Station and the stafl of that station

TAL =214 Gom i~ 3
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provided n great deal of assistance in the wsembling of fruits of many
kinds and in rearing out the frult iy puparia. Farely surveys with
methyl eugenol trups quickly demonst rated the presence of Decus dor-
salis in considerable numbers in all frufi- producing areas.  During
the 10 months covered by the survey practically all of the nwin agri-
cultural areas weve visited, though some were reached Trom Bangkok
with considerable difficuity.

The rainy season came to an end in October and held studies were
therea fter muek more readily accomplished.  In that month, two visits
were made to the towns of Songlda and Haad Yai iu the southern
part of the country.  Most of November was spenrt at Chaniabuort and
Rayong i southeast Thailund, the largest eitvog-producing aves iv the
country, where many other Fruits sve grown in quantity. Later in
that month, and in Febroary alse, trips were taken to northern Thii-
Jand, where observations md collections were made from (0 hingmat to
the Burma border,  This is a Torested. momtainons ares, but consid-
erable quantities of wild frults were availulde, especially in the vicinity
of Munng Fang,

Aosurvey i eenteal Thailand in December, eentering around the
towns of Nokom Pathon and Bang Pong, vevealed an abundioce of
mango and Eugenia trees, which w onld provide an excellent source of
fruit fly material in late spring.

During the latier part of February 151 an extended trip of 2,000
miles was nmde by jeep to the northeastern part of the country in
company with the agriculturad attaché and the air attach® fron the
Euibassy.  This area in general did not appesr to be promsing for the
coliection of fruit Hy material, but there were indications of abundant
production of wild fruit in flie vie ity of Lopburi, and between the
towns of IWorat and Ban Thai.

The survey as a whote yviclded faicly adequate smurees of supply of
a large variety of cultivated and wild feaits. The details of the ship-
men{ of material to Fawail ave given in table 4.

By far the most abundant fruit, and the one that yicided the bulk
of Fruit (ly puparia, was the jujube (Zizyphus jeuedm), which eccurs
thronghout the country and ripens during the lute antumm and winter.
The native variety is only Hightly infested by fruit flies, usnally yield-
ing only about 5 Tnrvae per pound of fruit, whereas another variety
imported from India is nvariably heavily infested, with a yield up
to 3¢ per pound, Unfortunately, plantings of this variety were not
eonnnon, so that nnin relianee had to be placed on the native variety.
The great majority of fiies from this host proved to be (’m;}:mwm
pesuriena. with a fnie number of Duens dorsalis. and wn oceasional
1. Medifrons. The handling of jujube fruit to obtain puparia was
romplieated by heavy infestation of o lepidopterous pest.  Often
half of the fruits contained the caterpillavs, and sueh fraits never
yielded Frust fly larvae. Curponmyiv and {2, dorsalis were obtained in
about eqpual wamibers from £ ik rassiv relutine, sud the first was also
resred o smindl mnubers Prome fruits of Fugenia spp.. egeplant (No-
tawam mecdongenay, carambolay (Gl rerrhou caerambolal, wnd guava,

Grueva ix goneendly cousidered to be one of the fuvored hosts of
Thews dorsadis, and is very heavily infested in many countries, so that
this fruir was expected to provide a good supply of puparin for ship-
ment,  Two smatl orchards were vented aud the fruit obtained from
an wdditivnal S0 trees near Bangkok,  The onfeome was exeeedingly
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TaBLE d~~Lmports of fruit fly muaterial from Thailend

Nunmber
af
pupneia
shipped

Host fruit Domipant fruit

fiy specles

Period of collection

drterarpus polyphemn. Oct, 1950,

loerrhon caramboie . .

Carpomyie vesuviana
Costa. )

Darus dorsalis Fendel

0. rucurbitue Coq o .

1 nubiles Flondel .

Chickrassia veluting. ¢ ... .do... . ... .

Citridius velgaris . . Feb. 1951 . _ . .

Fugenie sppr .

Lyropersicon escufen-
brede,

Momerdica rharantio .

M. rachinchinensis. .

Nov, 1D30--Mar.
1051,

i teh, 1951
“July 1950

. dorsalis Hoendoel .

. onubhilus [leodel .
) ladifrous (Blendel) .,

Loeuewrbitae Cog .
. onubifes Hlendel
. dorsalis Hondol L ..

-H)i}

; Aug. 1050 .

o eicuriitee Cog oo L -

- dorsalis Hoendel.

»onubilns Blendell, (L

] Carposayia vesuvinenae
Costla.

Vo Daenssp.ooo. oLl

VB latifrons (Hendel)

Paidsum guajose . 1 Nuov, 1950 6}

Rundia dumelorum. ..
Setanwm app. .

Mar. £4951. 0 __ .
Aug PO50 Muar.

Lol

200
4, 487
Carpomyie sesusiana
Costa, _
Dacus dorsaiis Flendel

Zizyphus fufuba. .. July 1950 . 135, 744

Total ... .__.. 157, 859

disappointing, as only about 20 puparia were obtained From eucl 100
bushels of fruit, and only a portion of these were /2. dorsalis. Whon
this situation became xpparent, collection of guavas was discontinued
and aftention centered on more productive sources,

Becwuse of the abunduance of its fruit, jujube was the main source
of supply of 7. dovsulis, thougl it represented only about one-sixth of
the fruit Hy population in tho host. Fruits of several species of
Eugenia, especinlly Z. maducerasis and £, jevanica. were infested
almost exclusively by this species, but the povtion infested was low,
and the qnantity of fruit available was small and expensive. Grow-
ers stuted that the crop is usunally heavily infested after the “mange”
showers in Mareh. The fruit of Fugenin proved dificult (o handie in
fruit fly vearing, ns it decays within a week after picking, I was
perhups unfortunate that the work in Thailand was terminated before
rhe mango fruiting season, as this host was expected (o provide an
abundanee of /2. dorsalis,

Fruits of enrambola were obtained in limited quantity in southern
Thailand but produced only a very few flies other than 7). dorsalis.
The few puparia obtained from slrfocarpus polyphema were all of
that species.  The fiuits of an unidentified wild Nolanwm. encountered
b Chantaburi wers heavily infested, and sovern]l hundred pounds col-
fected during Tebruary provided more than 7,500 pupatia of 7).
latifrons fov shipment. This species had also comprisec practically
wll of the fruit fly yield from eggplant during the preceding summer.
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It was noted thut only the yellow-fruited varieties of eguplunt were
attacked by fruit flies, an observation alse made in South Tndis the
preceding year.

One of the most common frait flies, on the basis of variety of fruits
intested, 1s /2. nubilis. It was the dominant specics m fruils of Wo-
mordicy coclinehimensis, was present in about equal numbers with /).
latifrons in tomato, and played a secondary vole in ampalaya (Wowor-
died charantia) watermelon. and guava. The welon fiy, /2. cucurditae.
was the most abundunt speeies infesting the froits of wmpalaya and
watermelon and was present in simall numbers in Momaordiea coclin-
clinensis and tomato. The flies infesting the fruits of Randir dwme-
forume, obtained in small numbers, proved to be a new species of
Dreus.

The puparia of Carponsyic resuriana from Zizyphus appeared to be
the most highly pavasitized of all of the species encountered, and yet
evenr here the field parasitizntion vanged up to & maximum of only
24 pereent. OF the ehaleidoid parasiies, only Npalangin sp. was nated
to be of general occuvrence, but only in small numbers,

Anks wre exveedingly abundant throughout Thailand and they un-
doubtedly play ancimportant role in the natural control of fruit flies.
La holding fruit for development and emergence of the larvae, extreme
are was required to exelude angs from the trays holding the fruit, und
the trays into which the larvae dropped for pupation.

Java

Investigations were not conducted in Java by personnel of the Fruit
fly project beeause of difficult working conditions on the istand nt that
time, and also because of the belief that the important fruit flies and
their pavasites 1n rhis general aren had alzeady been obtained from
Malayw. IHowever, in July 1951, through the courtesy of Miss IT. Vos
of the Tndonesian Ministry of Agriculture, a shipment of fruit fly
puparia front Bogor was senl to ITawait. This comprised 330 puparia
of Dacus dorsalis from curambola and 225 from pepper {Capsicumn
Frivteserns).

Borneo

The investigations in North Borneo were staried by F. 2. Skinner
at the end of October 1950, wnd continued through Marveh of the fol-
lowing wear, when (W, Angalet took over the work, The officers
of the Agricolture Department at Jessellon, and ol the Forestry
Department at Saadakan, were exceedingly helplful in providing in-
formution relaling to fruit-producing plants and wreas for rtheir
collection. and i arranging for facilities of many kinds, The details
covering vollection and shipment of material to Hawaii are given in
table 5.

The colleeting area in British North Borneo vontered areund
Jdesselton on the northwest coast. This is an area of lowhinds that is
mtensively enliivated, with rubber and rice as the major crops.  Most
of the primacy forest of the Lill aveas has been destroyed but there are
Jarge wrens of secondary forest. The tweo main areas tor the produc-
tion of fruit and vegetables are Tamparuli, about 20 miles north of
Jesselton, and PPapar, about the sume distance to the south. The area
within reach by rail and road comprised several thousand square
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Taswe 5.—Imports of fruit fly material from Borneo, 1951

‘ Number
Elest fruik Period of vollection Dominant fruit of
! fiy species puparia
; shipped
Artovarpus heterophyi- J Dacus wmbrosus 7. . __
bus.. ... .. Apr—May.._._._. WD cucurbileg Coy ... 3, 470
5. hogeni Meij ...
D, dorsnlis Hendel . ____ ]
Averrhoa curambela . 0 Jan—~May_ . ____. D, dorsalis vine. . 7,250
! l acci'pfia_iis {Bez.). ]
Beccuurea angulale . ) May._ ... __. {B fg;f;?;;:cgél(?i “““““ } 450
Curice papage .. _ . Ape—May_...__._. .1 D. dorsalis Headel._ . 337
et ol P il £, enerbitue Coy_ L
C’uuumjs ey u.s - dan—July ... {D. hageni Meij.. . ... } 4, 398
Cucurbite maxime . .0 June L. _____ D, cucurbitae Cog. ... .. : 105
Dracontomelum dwo. .0 e ... .. _____ D 330
fugenia jarenien. ... D Mayo Lo o L L. {g g:::f::‘ilf! at: “g}ggl ‘‘‘‘ } 1, 600
Lagenaria leucantha % Apr=duly ool {g ?::3;?{;;;?1&1 """ } 540
1 . itne Coq...__..
. ! il D. gucurbitae Coq_.___ »
Lufla eoufongulo. . 3 Jan—July_..___ ____ {."). hageni M;Eij __________ %20, 618
Mungifera tndica. ___ Apr=July_ ... ... i‘; fﬁ;i‘;ﬁ,}go&lﬁl """ } 23, 570
Momordice charantiv .} Jan~May_ .. ... ___ g iﬁf‘;ﬁﬁ'igﬁi{;oq """" } 1, 742
Paidium guajoce .. ) May__ . ___.____ {g gﬁ;i;‘;g‘;&ﬁm%%i‘ """" } 180
QU2 s Heo e
Selapumsp. . .. ...V do.. ... . D, dersalis Hendel___._ 67
Unidentifed fenits. ... June._ L. _____. ' D cucurbuae Cogo, oo 425
Total . L, 2649, 532

miles. Short trips were made to Sandakan on the east coast, where
several duys were spent in the Kubili Forest Reserve, and later, to the
Toothills of Mt. Kinabuly, the tallest mountain in Borneo. However,
the wild fruits in the primary forests did not prove nearly so pro-
ductive of fruit fly material us did those of the cultivated arens.

Cultivaled cucurbits, especinlly patola {Luffe ccutanguls) were
aveilable in the field immediately after Mr. Skinner’s wrrival at the
end of October, and proved to be quite heavily infested by Dacus
cucurbitae, and to n lesser oxtent by 7. hageni. Opius sp. and
Npalongio sp. were reared in simal! numbers from the puparin of these
Fruit flies.

A greater variety of fruits becams nvailable for collection about the
time M. Angilet took over the work late in March 1951, though Luffe
still yielded the most fruit fly material. D). cucwrditae was by far the
most abundant of the fruit flies encountered, and was the dominant
spectes 1n all of the Cucurbitaceas und in duo dragonplum (Dracon-
tomelum duo), guava, Solenwm, sp., and an unidentified Fruit. Tt was
also reared in smaller numbers from mango, carambola {Averrhoa
cerambole), jackiruit (Ariocarpus hetevophyilus), gowrd (Lagenaria
lewcantha), Baccaurea angulate, and rather asbundantly from Java
upple {Lugenia javanica).
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The oriental fruit fly was found to infest mangoes quite heavily, and
wis ulso the most abundant species in ('-uumh(:la Eugenin javenicd,
Bueeawrew angulufe, al papaya, and was very ne arly equal to 7).
cuewrhitine i guave ad Nofonam sp. This slight dominance of 7).
ewererlitae over 12, dorsalis in FuRva s e hin (‘unlhwt to the situation
tn other regions where sfudies were made.  Large-seale collections
ol this feait in India, Maleya, and Formosa, where hot'h species oecur
i abunglanve, did not show infestation by cuewerditne. dorsalis var.
ored pitulis was Found to be present only in the fruits nt 4 mLmholL

72, hageni was reared from most of the fruits listed, though u%uall\
in rather small nwobers, and it was the dominant speciey only 1
Lagenrie leveantha, D, wmbirosus was the most abundant speeies in
juelfrait and occurred in velutively small nuwmbers in domordice sp.

In generad, the pumsitization of frulr fly stages in Novth Bormeo
wits fow,  Tlor example, the melow fly never showed parasite attack
i exeess of 1 pereent, 7). dopsalis likewise was velatively lightly para-
sitized, mueh less than in other countries of tropical \sia.

India

At the begtoning of rhe frulr fly biological-control progiany, India
wis considered to be one of the aveas warrawing immediate major
atiention, 'The orlental Frudt fy was known to oceur there:; in f act,
Indin is generally befieved to fall within the general area comprising
(he native home of the fly, and several species of prrasites were lnewn
to attack it in that countey. 4 wide variety of fruits were known to
Le infesied Ly fruit fies, many of them by several species. The coun-
fry is so Inrge and, with both the wild and cultivated vegetation, so
differcat in (he north compared to the south, (hat no single group of
collectors operaling from a common base conld hope to give adequate
attention to all areas during the anticipated period fo be covered
hy the investigations.  For that reason, the field of operation was
divided into two: Novth India, with headguarters at Ranilchef, Tnited
Provinees (nfer transflerrod to Bareilly), and South India, wiih bead-
quarters at Bavgalore, Mysore. “The observations and results attained
i the two areas will be (iscussed separat ely.

The worlc In North Tndin was stavted o lofe January 1949, when
T Bianehi arrived in Caleuttn and shortly established head-
gquarters af Ranikhbet in the Womaon Distrier of the Toited Provinees.
Fle was joined by I M. Newell, to complete the team, at the end of
Marveh, ITeadquartees were {ransferred from Ranikhet to Bureilly
in October. D Newell retwrned 1o TTawaii at the end of Sepiember
and wis vepliced by N. D Waiers, who arrived the following month,
Mr. Bianehi rontinued the work in North Tndia until the end of March
1950, and spent the months of April and May in South India with the
tewmt assigned to that arvea, before returning to 1hwail. Mr, Waters
then eontinued alone until the comapletion of the program in Ocrober
N,

The fiest seareh Tor fnfesied froit was at Caleatin during February
and Maveh,  Fiews spp. and Mimusops were fruiting at that time but
showed no Infestation. Freuif in the market during this period included
prapefruil, tangerine, papayvi, gurvi various melons, et ectera, but
none of them <howed evidence of atlack.  This, however, was not
ronclusive, as the fruit on the Caleutty stands ot this time originated
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at distant points, mueh of it fram far vouth, wond andoubtedly was eave-
fully sorted before shipment,

Ranikhet, the town initially selected a2 headquarters for North
Tandia, s sitnared i the Himadayan foothills at an elevation of about
i feet, The eliumte bore 1= teperate, and the aren that could
readily be explared extended from Bhimtal, 31 miles i one diveetion,
to AMlmorw, 27 miles i the opposite diveetion. The elevation of 1his
area ranges from S000 Lo Yoo feer, The vegeration at the higher
elevations was thag of the temperate zone, with eultivated fruits com-
pristag apple, pear, apricot, peach, plon, cherry, of cetera, and g wide
vapiety of wild fruits, The lower elevations were subtropical and
provided a range of froits quite ditferent from those growing at the
Bioher sdevaiions, The wild Iruits wvailable ar this time nelnded
three speete~ of i, a2 wild pear, two species of cliestnuts, o wild piom,
a specles of Opsatin, Myrsine spp. Berbe pis spp. Cratuegus sp.,
Hansaps spo, Mo sp et eetera,

A few af the wild s obtained nt Ranikber during April showed
iefestation by Fruit fly larvae, while the Feuits of Himalaya holly
Ve dipyron), available in sindl gqeantity durine June, showed 2
High mendonee of miestntion. Bacberry spocies (Bsrberis africnn
el £ redyerc owhich vowch the peale of the Froiting poviod during
May amd doneg were abimudant st elevatsas From 5000 1o 6000 feef.
At the lower elevations, the bepries were heavily attarcked by fruit flies,
but wear Banikbet, o the hicher elevation, the incilence of attack
wits very Jow, some collections ylelding nothing at all. 1o all see-
i'oas that were surveyed, fruit produrtion by B ewdguris was less
thn 1 opereent of normaul, die 1o heavy frost at Blossoming time,
Ups po 161 eollectors weve engaged at one time in obiaining the berries
of 1his plant.

Dhiring July to Septembier, speeial altention was given (o mango
sl gavn beeaase these two are Tavored hosts of (he orienta) {ruit
Hy,  Angust collections of nmogoes Trom the Wil arcas proved to
be anly hghtly infested. One lot of 1500 that had been permitted {o
ripet an the Trees and thea piled beneath them for weekly eolleetion
of pupart yiehled a ol of only 6835, During the 1950 season,
whieh provided the bulk of the colieclions from mango, the infested
fruit was obtained mainly from Mabliabad wnd Sahavanpur.

Giava eotlecting was gosd during Angust amd Seplember 1549 in
the Ranilchet aned Bareilly areas, though rhe quantity available proved
to be ipore Tonted than antieipated and the pereentage of infestation
wis Jow exeept at Kohot, o sumll guava-producing area, where about
20 pereent of the frolt was pobleeably intested, A Lzatnagar the
mfestation reached 80108 percent in Aug st 194 Information
obilained Trom several sources regarding truit fly attack indieated
that, in the Minhabad and Lueknow areas, the crop was very lightiy
mlested fu 1997 and 14N, whereas in J49 11 showed the greafest in-
Jury Formmny years. Unfortunately, coliecting activities during that
senson wore condined 1o other areas tHad proved to be not so produetive.

AN Torms ol £72me appear to be free feom altack by rudl flies in
novthern Iudin, Lavge quantities of fraif were examined, both in
the field and in the murkets, and resutied W the tnding of only 2
larvae inasingle frit of pummelo at Jubbulpore,

O the ealtivated deeidueus fruits, peach appeared Lo be most sub-
jeet to attaek by fraie flies. Areaogements were made to purchage
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the entire crop from uine trees at Bareilly, and these were guarded
night and day to prevent theft. The fruit ripened normnally on the
trees, rather than being picked green, and proved to be nbout 95 per-
cent infested by Juacus (Ntrwmeta) zonelus, Pears were Hkewise
heavily nfested, especially the early portion of the crop.  Arrange-
ments were tiade during the summer of 19530 to have weekly shipuents
of infested apples and pears sent from Kashmir to Bareilly for exumi-
nation and rearing oat of the fruit fly material, but the extremely
heavy floods of the Jehlum River in September completely covered
the producing areas.

The fruits of a wild pear (Syrus pashic) and o wild apple (/.
buceatn), which were spprouching maturity in June, appeared prom-
ising as o source of maferinl, though they showed no infestution at
that time, The ripening fruit, when examined luter, likewise showed
no attack by froit flies,

The fruits of jujube {Zizyphus fujuba) provided more than half of
the total Truit fly pupiria obiuined for shipment to Huawail. Severul
groves exanuned at Agra in December 1949 showed heavy infestation
though the fruit was not yel ripe. About 70 gallons of fruit were
obtawned during the month, and later sbout 2,000 pounds from the
same Jocality, and from Baretlly. The total vield of puparin exceeded
200,000,

Tomatoes wore infested by Pacus pubilus 1o all aveas in which
observations were made, though usually the portion of the crop lost
from this cause wus not high.  About 10 gallons of fruit per day
were collected at Ranikhet duving the late summer of 1950, which
yislded 6,607 puparta for shipment,

The (ueurbitucene, especially Luffa spp., watermelon (Citrullus
ewdgeeris), muskmelon (Cuewmis melo v, whilissimus) , and ampalaya
(Momordica charaniia), proved to be excellent sources of fruit tly
material. The extent of tha infestation in Zuffe may be judged from
the rearings from about 700 pounds of fruit collected at Dareilly
during October and November 1948, This compiratively smull amount
yielded more than 22,000 puparia. During the following summer,
additional large quaniities were obiained n that locality and ab Agra,
mostly from patole (Lwuffe wcutanguie) and small patola (L.
wegyplinea).

Watermelons were commonly infested in the Agra ares, and collece-
tions during the Iate summer and autumn yielded large numbers of
puparin, oblained mostly from melons left m the field afier the erop
wd been murketecl.

The lurge number of puparia from jujebe shipped (o TTawadi yielded
only Cwrpomyin vesweiana, while those from Berberis spp. were ex-
clusively Rhagoletis sp. (1), All other species that were contuined
in the shipments were Tound to develop in several host Truits. Dacus
zonatus was the only species obtained from the large number of puparia
from peach: it was the dominant species in mango, and was present
also in small numbers in Luffor spp. Rather strangely, 1. dorselis
was oblained only from mango and guava, While the guava nuaterial
shipped to Tawail yiclded only 72 dorsalis, this may be misleacing,
as rearings in Indin by Blanchi. with the fies idenfified hy D. E.
Ilnrdy, indicated that the grent wnjority were f) zenatusx. and D,
dorsalis v.us ropresented in the consignments only to the exteni of
about 10 percent.
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Dacvs (Didacus) ciliatus was the onl y fruit fly resred from wmpa-
Tayu, and was the dominant species in watermelon, while it was sec-
ondary in abundunee in muskmelon und Luffa spp. 1. cucurbitue was
dominant in the two last-named fruits and in cucwmber (Cuewmiis
sativus), and was present in smull numbers in watermelon. Water-
melon yielded, in addition to the species mentioned nbove, a small
number of Myiopardalis purdaling Bigot., Dacus nubilus wus the
only fruif fly reared from tomato, bul it wus present in considerable

BIOLOGICAL CONTRECL OF THE ORIENTAL FRUIT FLY

numbers in association with other species in Luffu spp.

"The details of 4he shipment of fruit Hy miterial from North India
to Hawaii ave given in tnble 6. In addition, 9,083 sdults of Bracon
Heteheri wore reared und forwarded in April 1950,

Tasue G~lmports of fruit fly materiel from Novth India

flost fruit

Aegle marmelss
Brrberia spp
itrudins valgoarts
{loeeinia indivy
{uensnts iely var.
wtilizstr s,
Curienies sulious
Cucurbitacene
fmixed).
Ficus sp._

Lffa spp

Liycopergivon
eacnlentunm,

Mangifera iulea

Momoridica churantio
Prunus persieg
Paidrem guojave

1 Oct. L949-Oct. 1950

{
{
|
(

Puriod of colleetion

Dominnnt fruit
fly species

Numbor
of
priparin
shippued

July 1960, .

My 1048 July 1050,
o AMay 1948-0ct. 1950
A Ot 030 .o

!}1\;)r.~—.;‘ttm' 1954
<ob June-Sept, 1950, .
E}St‘pt. 18 --Oed, 1850,

i Fob, 1950 . ... .

!

i Sept-Ovk. 1950,

Sept. FHRO--Aug, 1950,

. May-Oe 1950, .
cv Junes July 19580

b Not idsntified

Not identified
Rhagoletis spA{T) .. . ...
Daras edfintus Loow_ o _

Daeus cueurbilee Goqp..,
1. eilintus Lovw. .
12, vuenrbitoe Cogo.._..
1. eifiatns Loow._ . ..
1) eueurbitee Cog

Not identifind

Dacns eucurbitne Gog. ..,
L. nahitus Hendel

. ciltatus Loow

D, nubitus Mendel. ..
)

L zonalus {Saund).
1), dorsalis Hendel
L erlvadns Lovw
L zonatus (Saund) .
. dorsalis Henadel

460
15, 780
28, (80

245

35, 396
539

V11, 908
34

172, 958
6, 507

} 93, 457
11, 745

62, 609
19 117

DA KIS Nov, 105,
S Do, 1908-Nov. 19501 Carpomyie wesusiana

Zizgphus fujube | _ 441, 965

Total TOL, 436

Very little ean be snid regarding the field parasitization of the fruit
flies in novthern ladin. One sumple of 228 puparia obtained from
beneath n pile of gunve fruils in the ficld ut Bareilly yielded 45 adult
) pius, the host presumubly being Dacus dovsalis. " This was an un-
expectedly high parasitization, as the Indinn entomologists had indi-
cated that the maximum previeusly recorded was about 2 percent.
Field observations indicated also thut parasitization of species devel-
oping in cucurbils is quite high Inte in tHe season.

At the completion of the collection program in North Tndiu in late
October 1950, Mr. Waters spent about one month en route to (‘vonor
in the south, where he wus Lo join Mr. Beevor. At this time he was
able to muke some observations at various points in Central Indin upon
sevore! frult fly hosis und the extent of infestation. At this Sensotl,

T4 244 O—B5——dk
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however, the number of hosts with ripening fruit was at & minimum
und infestations, ax would be expected, were usually light.

Between Jansi, United Proviuces, and Saugor, Central Provinces,
erent numbers of Zizyphus jujuda were seen growing wild over the
rolling hills. The fruits of this plant sere small and immature at
the time of observation, but at the proper season would provide un-
limited quantities for collection. The custard apple, dnnone squa-
mosd, grows abundantly on the rocky foothills nbout Jubbulpore, but
the fruit appeared to be free from fruit fly attacl. At Bilsupur, an
area famous for the production of guavas, fruit wasg asbundant but, as
elsewhere in India during 1938, fruit fly attack was v ery light. Nag-
pur is a cenier of citrusg pmduc.tlon, and tons of fruit of mandarin and
tangerine oranges were seen and examined in the wholesale market,
No evidence of fuuit flv injury was seen, either in the markets or in
the held. These observations are in accord with the findings of
Bianchi the preceding winter, Even this tar south the winter temper-
atures may be sufliciently low to prevent fruit fly activity. At Poona,
in the Bombay Presidency, guavas were abundant, but it was possible
to obtain only & small quantity of lightly intested fruits.

The fruit Iy parasite-collection program in South India was ini-
tinted more than a year later than that in North India. . G. Beevor
and T, 7, Lawrence arvived theve in February 1830 and established
headquarters at Bangalore, Mysore. DBangalore is situated at an ele-
vation ob 3,000 feet, with excellent rail and road connections with other
provinces, and 1s the site of the Mysore State College. This college
has a large and well-staffed agricultural depfutment and research
institufe, and the chiet entomolorﬂst B. Krishnamnrti, was exceed-
ingly helpful in providing assistance in every way possible. Likewise,
through the courtesy of 1. 8. Dorasami, economic botanist of the
Mysore State Depavtment of Agriculiure, the facilities of the Fruit
Research Station at Hessarghutta were made available to the fruit fly
workers. This research station is situated 15 miles north of Banga-
lore, ardl a lurge essortment of tropical and subtropical fruits and
vegetables are grown there in nbundance.

Mr. Bianchi of the North Indin tenm arrived al Bangalore at the
beginning of April 1950 and remaived through May. He was of sub-
stantinl assistance in the development of Jmproved methods of han-
dling the fruit H} nmtetm] based on his experience in the north during
the pl(‘cedmﬂ' year. Mr. Beevor transferred his headguarters in mid-
summer o Coonor in the Nileirl ITills, about 130 miles south of Banga-
lore, at an elevation of 6,000 feet. Mr, Waters arrived from North
Indin in Derember and sooun thereafter established his own hase of
operations at Nodalkanel in the Muadras Presidency. The investi-
gations in South Indin extended to May 1951

Table T gives a summary of the fruit fly reavings and shipments of
puparia froms South Indin to Hawait during 1950-51.

During the earvly months of the survey the work was confined to the
general area about Bangalore, The ta-acre Paluce Gardens, belong-
ing to the \].1}1&]&_]:1 of Mysore, were made available for study dnd
[ll’I(l experimentalion, These gavdens include 57 acres of hulluw
trees {of whicli 20 aeres are fine old puuigro rees) amd extensive were-
ages of vartous vegelables, and provided exceptional opportunity for
field ohservations and collections,
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Tanre T—/mports of fruit fy material from South India

i.
: I Number
Host fruit ¢ Period of collegiion | Dowminant fruit fiy of
!! spoeics puparia
i shipped
Aegle marmelos ... ) May 1951, . ... Not identified__.___._ 350
" _ - Dacus fnctsies Wik, . . -
Coffea robusta.. ... .1 Mar. 1950____ ... . {D. nigrotibialis (_Perk.)._} 152
Coecinfa indica.... .{ May 1950- Jua. 1951 B citiatus, ﬂlf'(‘-j‘:;;l-_-«-_ (b b4, 254
Citrus reticwdalo .. . - Mar, 1950-Mar. 951 ] Doineisus Wik, oo 0 130, 605
Cucurbitueeae ’ Alar~May 1950 _ . _. . cucurbiter Coqoo. .. 4, 834
tmixed). :
Bugenta jumbos . __.| May 1950 ._ ... . .1 1. correcius (Beal) .__ 2, 707
Meus sp.. ... oo .k Mar, 1950-Mnar. . ineisus Wik .o . 421
1951,
Luffa acntangule. - 1 Jan. May 1951._....] D, cucurbitae Cog..... I, 800
. o ; - . torsalis Mendel_ . ..
Mangifera tndiva. . ! May-July 1950 _. {ﬁ ;g:::*:: (H;.Illiclllccll.J___ } 84, 250
Meomordice charantia. ! Apr. 1981, . ... ____{ Not identified ... _ ... 2,128
Selanwm wwicwlotum . June 1930-Apr. 1951_| Pacus dorsalts Hendel K60, 384
S.ostagmbrifoliven _ . July 1950 .. __ ) D tatifrons (Headel)._ 'n
S, werbaycifolivm .. o] Jun~Apr. 1951.__ _.| D. dorsatis Hendel. . _ 19, 753
Solanum gp. . ... ___ Mar. 1950-Apr. 1951_] D, {atifrons (Moendel). . 3, 810
Prichosanthes palmala.] Jan—Feb, 1951 ... £, nubitus Mendel . . 12, 144
Alzyphas Fujuba. .. Yeb.-Mar, 1951 __ Carpomyie vesuviana 20, 678
osta.
Total.  onemn o e ee- oo 1,203, 018

In the collection of fruit fly material, early attention was given to
the various species of Citrus. The nandarin orange is widely grown
in South Indin, and the fruit matures during the winter period. The
early portion of the crop is only lightly infested, but attack by fruit
flies increases as the season progresses. At Koduikanal, the average
Infestation for the season is about 10 percent, but. in some orchards,
where the Troit is held until early February, 70-80 percent. nuy be
infested.

Coorg, » provinee on the west coust, is Famous for its oranges, which,
are markeied throughout India, During the harvest period in Murch
and Apnil, fruit fly inTestation was high. Large supplics of infested
fruik could be obtained then, even in the markets of distant eities.
Infested fruit that bad Tallen in the field did not prove to be 1 good
source of supply of farvae, ag these fruits soon became heated from
exposure fo The sun and all larvae that did not emerge quiclly and
enler the soil were kitled.  (ther species and varieties of Cétrus appear
to be much less heavily infested than is 'i2eus reticulaia.

Some observations were made during March on infestations in three
species of coflee, Coffea arabica, (. eaxcelsa, and €. robusta, at the In-
dian Coflee Board Experimental Furm ut Balehonnur {elevation, 2,900
Teet), 160 miles by voad from Bangalore. The harvest of (7. aradica
was largely complete by thena, but at nearby Mt. Ayapa, at an cleva-
Lion 0T 4,060 Teet, the fruiting was glightly lnter, and a few pounds of
bevries of (', rebustr were obtuined. These yiclded & small number of
puparin for shipment to Hawadi,
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Gruava fruits proved to be rather scarce in South India and the
sapply was not sufficient to provide material for shipment. Examina-
tion of s few fruits at Bangalore in March showed no infestation,
which is suprising in view of the general occurrence of D. dorsalis in
other fruits in this area, and its known preference for that fruit
elsewhere.

A visit was made during May to Saklespur, about 150 miles north-
east of Bangalore, at an elevation of 2,900 feet, following reports of
heavy infestations in guavas in that aven. The jungle contained many
trees and bushes with immature fruits, but very few ripe fruits were
found, and these were ondy lightly infested.

“The mango crop was poor throughout India in 1950, but fortunately
it was still possible to obtain suflicient fruit in Mysore for fly-rearing
purposes. {(uils and pieces of fruit under the trees in the Palace
(tardens at Bangalore proved to be 100 percent infested. During May
and from June 8 to 10, baskets of infested frait could be obtained
daily at the city markets, and these yielded a large number of puparia
of Dacws dorsalls for forwarding to Hawail.

Peaches and plums in the Coonor area were just beginning to ripen
in lute May. The few fruits examined by Bianchi at that time were
practically all infested. Collections by Beevor the following month,
however, showed very low infestation.

Most of the fruit dy pupariz obtained in South India were derived
from several species of Solanum, mainly auriculatum. This species
and Mullein nightshade (S. verbascifolium) were heavily infested by
Dacus dovrsalis, and two others of the same genus by D. latifrons.
Solamem quricy 'nfum was first observed by Bianchi at Coonor in May
and o small collection of fruits was made at that time. This is a tree-
like plant that grows 15 feet or more in height and produces clusters
of fruit, each more than an inch in diameter. In June, Beevor found
the fruits of this species in the same locality to be heavily infested,
each containing up to 5 maggots. July collections of 160 pounds of
fruit yielded 30,000 puparia.

During September, with day temperatures not above 70° F. and the
night average about 56° F., the larvae showed a marked reluctance to
leave the fruit, as a result of which the frudt had to be held in the trays
up to 3 weeks, rather than the usual 10 duys. The months of October
and November provided the greatest production of puparia. An aver-
age of 2,000 pounds of frnit was held in the rearing trays during this
period, with a resulting total production of 400,000 puparvia. Solenum
ruriculatwm alone provided 860,000 of the total of 1,203,000 puparia
shipped from South India during 1950-51.

From all points of view, the Nilgiri Hills of South India proved to
be one of the most productive areas encountered by the collectors in
their search for natural enemies of the oriental fruit fly. Infested
fruits, especially those of Solgram, nuriculatwm, the preferred wild
host of Dacus dorsalis. were available in abundance practically
throughout the year, and the puparvia from them showed an appreci-
ably higher parasitizaiion than those from other fruits. Females of
several species of Opius were frequently observed evipositing m
infested frnits in the fleld. There was a marked decline in parasitiza-
tion during January to March, the average at that time being less than
1 percent.
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Solanum sisymbrifolium at Coonor in June was found to be only
about 10 percent infested, only one maggot normully developing in
each fruit.

My, Waters found Solanum verbascifolium 100 percent infested at
Kodatlcanal during January to March.  The shipments of that periog,
comprising about 10,000 puparia, were obtained frem the fruit of only
+3 plants, disteibuted over an area of 15 square miles.

bservations were made on several additional species of Solunum
that were not sufliciently abuundant for large-scale collections. Egg-
plant (S, melongena) at Coonor is of several varieties, and it was In-
teresting to note that only the yellow-fruited variety was infested by
fruit flies, and this only lightly.

The fruit of jujube {Zizyphus jujuda) was not ns abundant or as
readily obfained as had been anticipated, but about L4 ton was obtained
at the village of Manappairi, near Trichinopoly, in February. Also,
it was found that the loose dirt beneath the piles of fruit, where they
were assembled by the wholesalers when delivered from the outlying
villages, was a produetive source of lurvae and pupre. Three sacks
of thig loose dirt were taken and this, with the fruit mentioned above,
yielded more than 26,000 pupavia for shipment.

Melons of various kinds did not prove to be as heavily infested by
Daens cueurbitae as had been expected. More than 7,000 puparta
were obtained from a quantiiy of mixed melons obtained in April
from che Fruit Research Station at Hessarghatta,  Laler, five buskets
of damaged [ruit were ussembded from fields near the village of
Veidyanathapura, in the Shimsha River bed, but unfortunately most
of the lurvae n these melons were dead, apparently killed by the in-
tense heat that prevails at this season.

Ivy gourd (occini indica) proved to be a productive source of
supply of Lwo species of frait flies.  The fruits of this plant are small,
yvellow and green striped, becoming ved when mature, and resemble a
miniature cucumber.  During May, 150 pounds were obtained in the
murker at Bangalore, and a quantity alse from the village Sonali-
pur, 19 miles away, These proved to be heavily infested and yielded
morve than 54,000 puparia.

Several spectes of Lugenin were commmon, and fruit was available
in quantity daring the summer period.  They were not sufliciently
nfested, however, to warrant Iarge-scale collections.  Tommntues, even
when dead ripe in the held, appeared to be free from infestation.

Reference to tables 6 and 7 shows o marked ditference in the fruit
fly hosts avalluble for collection in North and South Lndia, as well as
in the duininant species of frull flies themselves. The bulk of the
material from Novth India was obtatned from Zizyphus jujuba, with
relatively Targe numbers also from Cucurbituceae, especially Luffa
spp., watermelon, Cwewmis and Coccinie indieq. and from peach,
mango, and guava, In the South, on the contrary, three-fourths of the
total eotlections were from species of Nolamwmn. a genus nol vepresented
at ail in the material assembled in the noxth., Oranges and tangerines
were next in productiveness and these, likewise, were not represented
in the inrge collections in the nottheritaven.  Only small numbers of
infested Cacurbitaeene other than Coccinie indica were obtained in
this area.  Only mango and jujubs were obiained in abundance in
both gections of the country.
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Aonong the fraic Ay speeies obtained from the collections in South
Indin, Puens darsulic was mueh the most abundant beeause of the
large quantity of Nolemwm wwriculutnm and N verbascifoliuon it
was possible to obtain, [t was the only species reared from these
frnits, while Nolenwnm sisymbrifolivn produced only . Iaéifrons.
and Nedwrm sp. produced predominantly £2, fatifeens and a few £7.
dorsalis. The lutter speefes was also dominans iy mango, in associa-
tioir with o considerable number of 7). zonabus andd a fow 12, (NEru-
et ) correcfus. This latter species, i turn, was the only one reared
front vose apple {Kuge nia pondiosy and in very smallt numbers from
coffee,

Dhugens \Ntewmetu) Jueisus was the only froir 1y obtained from
Mandarin orange and Fiews sp. 1t was the dominuanl species in cof-
Fee. and was obtained oreasionadly from Cucurbitacene. 2. unbilus
was the majorspecies vetved fron frults of T richosanthes palmuta, and
was associated with a snll nuwber of an undeseribed species of
the sune genus, [0 was also present in small numbers in Coceinia
indiea.

Only the melon fly, Dwcus eweurbifue, appeared in rearings from
patodn ( Laffur sewbangnlay @it was the dominant species obtained from
rather large otx of mixed Cueurbitaceae, and alse appeared in the
vearings from Coecivia indica,  [) eiliaties was the dominant species
infesting the lntier fruit, wul it was also tuken from mixed Cucurbita-
ceae. S (Ntmonetay nigrotibidis was reaved only from coffee,
though inimach smaller numbess than /2, incisiux. The large numbers
of fruits of Zizyphus jujuba yvielded only Cwrpomyin veswriona. It
may be noted that mango is a favored host of iwo species of Deacus.
with dossalis dominant in the south and zonafus in the north,

One of the objectives of the South Indian expedition was to study
and obtain for shipment, if possible, the small chaleidoid parssite
recorded by (reorge Conpere (£2) as artacking the egps of varions
fruit fliex, inchading those infesting free fruits as well as melons, in
the Poona wid Nagpur arveas.  Speeimens of the parasite were not
obrained and identified, but he concluded that the egg parasiie was
the most effective of the muural enemies of frult files In the arveas in
which observations were made,  Unfortunately, the collectors en-
saged on thix project in Indiz during =31 were unable to find
any Trive of true e parasites. e egos of the Truit flies are de-
posited in chisters just beneath the skin of the truii and arve certainly
within reach of parasites of this type. Sueh o parasite. i it eould
be Fonud, would e a valuable addinion to the parasites now known. all
of which, whoether iehneumonoid. chaleidoid, procrotrupoid, or eyni-
poid, emerge from the puparium, regardless of the stage in whieh fhe
eger is deposited.

Ceylon

The survey and colleciion of frait fiy madesial in Ceylon was
cotcieted by Go WL Angadet Dimmediately following completion of the
program in Nortly Borneo and covered the moenths of August (o Oc-
tober 1801 Uxeellent kiboratory faetlitios were made available at the
agricultinm] experiment station at Peradeniya thirongh the conrtesy of
the Ceylon Department of Agricalture,

The Truiting sea=on for mest Leait fiy host plants lnd passed at the
thwe this work was undertaken, so (hal quantity collections were pos-
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Aible only of rwo eoeurchits, wdible snakegowrd (eichosantles an-
ariney and ampalava (MNomordica choarantiny. The fruil of these two
plants viehded abow 90 pereent of the puparia forwarded to Hawadi.
{oenens cacrtte o i the dominant frui iy pest in Cevlon, aod heavily
Hefents many kinds of vegerables,  Ar ecerinin rimes the loss of some
crops exceeds a0 pereent, The only vontrol measire prseticed by the
Cxemers i~ bageing of the indaudnal] Fruits, and this s dowe only by
the sinadl proadierss In the fargerseale plintings it is the practice
bo cofleet e slesiror all infested Tenils and vegetables, This por-
utted the eoflection of hoge guanttides of material for reaving of
frone fly pgaria an Hiche cost,

Luens duewdis was e donmnant frode ty B o smadl Ind of Fruils of
o il spe mnd was aecompanied by a snwll number of £, cuene-
Lonn s The seareify of orientad Teait y in the volleclions of August
to Ovinbier <looehd ot be taken as anoindivation of the true status of
that pest 1 Ceylon, None of the host Frnits listed above vielded /2.
derrsed 2 s Tnde, where 3 s abwdant o other fraiis. Collections
during the lnte spring sl eacly stumner, when the fasored host {ruis
af Do dapedie, suell as amang, Zugendo sph, and Nofoaron spp., aee
ripentng, wouhl nodoubredly vevesl womuel different situation.

(2 pins fetehe pdowas fonnd connnouly as o pavasite of /2, cuenrhitae.
But wath the peresntage of prumsiizeion mugimg ap to a maxinugm of
only 10 pereeat In the fow species of caenrbit hosts from which Teuit
fly Turvae sere obtained,  Npolengin spp. were present in smadl nuni-
s o praetieadly all eolloetions, '

Shipments ol Trait vy prparin feom Ceyvlon during Xugust and
September 195F comprisedd D200 Fhges enenrbiitac from Cueitinis

wetloge, Locgh artunngndn, Mamordioa chorontio, Friclosanilos an-
apipet il mixed Cuarbitaeene: and L0 AL doesalis from Gler-
i ).

Australia

Mthough Fuens dopsertis 12 not known o seear o Australing thad
eontitent was constdeved 1o le o potentiadly Druit ful soureee oF pacn-
sites of the renus becavse of the laege mmdsers of spectes lknown fo
veenr there, and the wide canee of ruits wfested by theny, The eRee-
(nveness ol ¢ pins fryond Lobtuined from /2 feyons a0 that counlry in
101y wpon et itox cupitain in THawail hed o the hope that equally
or more eflective parasites might be ebained there Tor use against
ilie orienial frait ily.

The tnvestgations in Auoseealin by NO Lo I Kranss covered the
perinds Yay to September 19, and November 19419 to April 1950,
ITendquariers were estaldishied ar Cudens, 1o enstern Queensland, whire
lalwrmtory facilities were made avnilible ar the Kamerunga Expevl-
ment Station, ~ miles frow the el through the courtesy of S0 I,
Stephiens, hordeulturalist of the Queenstand Departiment of Agricul-
fare and Siock,  Frequent trips were made to nenrby Jungle areas al
Dleeral and 1o The Boulders near Babindi. as well as (o Clump Poind
newe Tully, Duving Mogust, o week was devoted to o suevey for fraits
atud Fruire ffes an Tron Range on Cape York Peninsuln, and a {ew days
o Tharsday Tshand, just aif the tip of the (ipe.

The eollections of infested fruits diding Apeil to July were mainly
from the wild plants Planchanetla sp., Fudondra tooren, and Eu-
geni neacrorarps along e Mudgrove River near Deeral, 3t iiles
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south of Cairns: and From nightshade (Nolanum wwricwlatum) in
the Atherton Tubleland.  Other fruits, available in small quantity,
that yielded species of Daews nt this time were banang, earamboly
{Averrhon capambola), gunva, tomato, cucumber, pumpkin, bal)
kamant (Calophylium inoplyllumy, and false kamani {Terminalin
catappa).  Unfortunately, Planchonelly ceased fruiting in August,
but a vaviety of other fruits were available during the late summer,
though in rather small numbers. The most productive weve Beil-
sekueiedin obtusifoliv and Eadiandra. During the late winter period,
the fruit of nightshade beeame abundant and yielded large numbers
Gf Fhieres,

From November 1049 to February 1850, the midsummer period,
hrge quantities of fraits of cocky apple ( Cureya austidis), u fibrons
green Truit borne on small trees in the open forest near Cairns, Crs-
fanospory alphandi, and Barringtoniv calyptrate were obtained, as
well as smaller quantities of Kugenia cormiflora, and Polyalthia
nebidissima. a very small reddish-orange Feuit collected in the semi-
enin forest nenr Hartley's Creek on the coast north of Cairns. Mangoes
oceasionally were Tound to be well infested.

The month of April was speat in New South Wales, with head-
quacters m Nydoey, Wild [vuits were scarce there at this season, but
a search through the Botanic Gardens yielded small numbers of fraits
of Hemicyclia australasica, Eugenia sp.. and strawberry guava {Psid-
awm. eaftlcbinum) that were Infested by Dacus. At Gosford, fruits
of fetjon (Feijou sellowiane) weve infosted with Daews and Riord.
and those of Chinese gooschevry (Aetinidia «hinensisy by Dacus.
None of these was available in sufficient abundance to justify collee-
tions for shipment,

The collection program in Australin thus revealed a wide variety
of fruits infested with fruit fly larvae. The nost common was the
well-known Queensland fruit fly Ducies tryoni, which was (he only
species reared from Beilsehmiedin, coramboln, Solanwm sonforthin-
nwin. and mango, and was the dominant species in false kamani,
FEugenia cormiffora. and viver ehorry (£. tierneyeane), It was taken
in ahout equal numbers with 7. (A frodacus) jurvisi from guava, and
in smadler proportion from papaya. )

severad varvicties of 72, fryond were taken from wild fruits, ). (S7ry-
mefa} melas and 120 ( Strumeta) dryoni saerocephall heing about
equally commmn in Polydthin witidissima. while 77, {Strumela) neo-
huwmeralis Hardy was reaved in smadl numbers from gunva.

Ducus jareisi was the onty species renred from areya australis and,
beeause of its abundance, comprised about half the totn] number of
puparia shipped to Hawait. I was the dominant species in papayn
and was reaved also {rom Perminelio, Eugenwin. and Semerorpus
anstrulivnsis,

Secowd in the number of pupurin obtaived for shipment was /.
(SErameta ) Lraussi froon Custanosporn al phandi. snd this was the only
species veared also {vom Lugenin marrocorpe.  An oceasional indi-
vidual appeared in rearings from guava,

Dacws (Stewmetny burvingtonive (Tryvops was obiained in large
numbers from fruits ol Barringlonio calypbfrata, in which it was the
ouly it fly species, and i smaller numbers than 7, feyons in -
genie tiepueyana, 120 (SEmein) endiond rae was abundant o feaits
of Endiundra tooram, and apparently is Hmited to that host. /1,
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ledicaudns was restricted to Planchonellu spa, L. (Strumeta) pallidus
to Sarcocephalus cordatus, D. (Gymnodacus) calophylli to (alo-
phylun inephyllum, D. (Strumeta) fagroews to Fagraen sp., 1),
(Strumeta) cacuminatus to Solanum quriewlatum, and /). (Ntrumeta)
neissae to Juse banksii. o native, seedy bannna obtained from Mossman
Gorge, and other bananas. 7). { Daculus) nwrrayi was the dominant
species in Semecarpus, while 12, (Strumeta) may Flardy appeared in
very small numbers in rearings from guava, The details relating to
shipments of material to Hawaii are given in table 8.

Tanre 8.—Smporés of fruit fly material from Australia

Tost fruit Perigd of collection Dominant fruit of
Ay species puparin

|
I Nunmber
i
shipped

dAverrhoa carumibole . _ f Bept, 1049-Feb, 1950.; D. tryond (Froge.). . ... 1, 353
Burringlonia calyp- | Dee. 1040-Jan. 1950.; D. barringloniae 35, L8O
traiu. i (Tryon},
Bez’x’.}zchmiediu obitusi- | Nov~Dee. 1949_.__ 0 D, tryoni (Frogg.) ... .. 15, 180
Joliu. | 1
Calophylium ino- { Ang.—Sept. 1049 i DL ocalophylll (P & M.}
phylium. : :
Cureyu anstralis. . ..., Deoe. 1949-Feb, 19507 D, jarvisi (Tryvan) 183,
. - ! . r [ i b
Caricy papaye feb. 1980 . . . B ;:3{2:35 ((I"l‘r:%%'{ﬁ;))—”
Castunospere ! Dee, 1949-Jun. 19501 D, krewusst Hardy 38,
alphandi, i i
Bndiandra tosram . .1 June-Sept. 1049 -~} D. endiandrae
| (P. & M.}
Eugenia cormiflore. . - Dec. 1949-Jan. 1950 g ;‘;23;?;- ((E.i.rfﬁﬁﬂ ‘‘‘‘‘
Eugenta moeerocurpu. .. June—Sopt, 1949, _ i Dacus krousgst tlardy. ..
{ ID. fryoni (Frogg.) .- ___
| D. barringlonine
l {Trvon).

E. tierneyana . { Feb. 1950 .. . .__.___
|

Pagraea gp oA Bept, 1049000 i D fagraeus (Lryon)....
Mangifere indiee. 0 Nov. 1940, .. .. D. tryoni (Froge.) . ...
Mugaspp .. ... . D June L949-Keb, 1950 D, musae (T'rvon}

Planchenelle sp ... .} June—-july 1949, . _! D, laticaudus Hardy _ .

i {D. meles (P, & ALY ...

1

D. tryoni sercocephall
5 (Trym_l).F
o r - . LY o o
Peidivm guajorva i . { o ;';1; 3:':; ((TI%%’“%
Sarcecepholus D, pallidus (P, & M) ..
g cordulus. : (Posk)
Semecarpus eusirali- . =ny 0. murrayi (Perk.). - o
2neis. ; Dec. 1949-Jan. mw"{D.jarm‘si {Tryon}
Selanum euricutetum._ i June—=Dec. 154D D, cacuminaiung 17, 211
i {Fering).
§. seeforikionem .. _ ! Mar. 1950 YD iryont (Frogg). ... 385
Ternunalio cafoppa_ .t Jan. 1950, . ._____} 3, 126

| 354, 905

Field and laborntory observations during the survey and collection
program revealed an abundunce of ¢/ pius spp., as well as chaleidoid
and eynipoid species,  Conspieuously absent from the list of parasites
18 [/ pius tryond, which was collected from Paews dryoni in Australin

744-244 O—B5——5
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by Silvestri in 1918 and successfully established on Ceratitis copituta
in Huewail. Silvestri’s collections comprised only about 50 puparia
of D. tryoni from fruits of Sehizemeria ovata nt Gosford, N8.W., n
ghort distunce north of Sydney. Although this is 1 more temperate
aren than Queensland, it would be expected that the parusite would
tend to follow the distribution of its host. Mr., Kruuss mude small
collections of fruit of severnl kinds ar Gosford during April, from
which fruit flies emerged, but no spevimens of @pivs. No materinl
from this aren was shipped to Flawail.

Pacific Islends

Importations of fruit fly parasite material huve been made into
Frwiii from New Britain, New Caledonin, Fiji, and Snipan, The
summnrized ditn regurding these shipments nre given iu table 9.

The investigations in New Brimin by N. L. FI. Kruuss covered the
period September to November 1949, with Rabuul as the buse of
aperntions.  Ban route from Australin he had made short stops . Povt
Moresby and Tae, on New Guinen, but opportunities for collection of
fruits were very lmited at these places. Even ot Rabuul the number
of fruits nvniluble wns quite small,  The best for fruit fly collection
proved to be the Tahitinn chestnut (Ffnorarpus edulis), which pro-
duces n nnt that is eaten by the nutives. These nuts provided the
main source of fruit fly muterial on the islund, being infested by
Drewy (Stremete) frauenfeldi, the larvae of which were purasitized
by severnl species of (@ pius,

A small supply of mango yielded the same fruit fly species, while
Artocarpus sp. was infested with Ducus wmbrosus. There was a
heavy crop of carambole (A rerrhoe carambola), but surprisingly, in
view of its heavy infestation in other avens, the fruit was practically
frea from fruit fly atteck, A fine nren of virgin jungle at Kernvat
vialded very little fruit nnd none of it was infested.

The survey nnd collection of fruit flies and their parasites in New
Culedonia were conducted by N. L. I, Krauss during May to Aagust
1950. TLaberutory Fucilities at the Institut Francais d’Oceanie ab
Noumen were pravided through the courtesy of the Divector, Dr. F.
Bupnicourt.

There was relatively little in the way of possible fruit fly hosts in
the forests during the period mentioned, these fruits being most abun-
dunt from Decomber to February or March. Fortunately, a fuirly
good crop of guavas was availuble, which were well infested with lar-
vae of Hacux (Stremeta) pridii, and these provided the bulk of the
puparin forwneded to Fuwuii. This fruit fly was also reaved from
steawberry guave (Peidium cattleionum). The puparin yielded sev-
ernl species of 0 pius and n few Spalangioe.  The fraiting season for
sunva enme to an end in August, coincident with the completion of
the eollection proguram.

The fraits of Duazilian nightshade (Sofunum weoforthionum) and
of severn]l undetermined plants vielded Daens (Stewmela) curvipennis.
as did those of un introduced tree, Oclirosia elliptiea.  (lehrosin and
gunva were nlso infesied 1o n lesser extent by Dacus n, sp. newr faeialis.
A fourth species, Ziyigwn pornie (WIK), was nlso present in very
small numbers in guuva.  Only 2. psidii had previeusty been recovded
from the island.
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TabLe 0.—/mports of fruit fly material from Pactfic Islands

E‘ Number
Hoat {ruit ¢ Period of collection Dominant fruit of
i fiv speaies puparis
[ shipped
|
NBW BRITALN
Artocarpus sp. .. __.__ QOct, 4049 ... ___ Dacus umbrosus F_____ 02
Inocarpus eduliy, ____ Out.-Nowv, 1940, ___. D. frauenfeltdi Sch.____ 3, 487
Mangifera indica. .. onjveneQOonee " s 14 S 308
Total. oo, : __________________________________________ 3,977
) i
NEW CALEDONIA
g Da(c[z‘xs uur)m'permis
. L ! e Frogg.),
Ochrosin elliptica. . ... i June-July 1860, ._. D'é" sp. near facialls 405
Pyidivm guajave . _ _ _ | © May-Aug. 1986 ___ ::) patdii (Frog(g[.‘) ..... 64, 714
ST, ; : - 3, cureipennis 'mgg.).} .
Unidentifiod fruits..... May 1950, ... ____ N D. psidis (Frogg) . oo 3, 709
Y S S 69, 029
FLT
Artocarpus altilis_ . __ Mar, 1951 ... i Dacus passi fiorae 2, 035
{Frogge).
D, zanthodes (Brown)._
Barringtonia edulis.._ | Jan—¥ar. 1951..___il p pasyiflorae 23, 261
: {Frogg.).
Cerbera ap._ ... __.__ { Apro 1981 . ______l.___. tdoo .. 152
Chrysobalanus fcaco.. Mar.~May 195t . .1 PR < £ SV I, 049G
Onetum gnemon_ . _ .. P oMay 951 ... iDL noep, near facialls 30
i : Coq
Irnocarpus edulis __ _, Edan—Xey 1658 ____ . D, passifloras 8, 786
. ] {Frogg.},
Ochrosia ap. oo __ My IS L b do.. . 341
Pomelia pianata....__0 Jan~Feb, 1951 ____ i ____ [+ 1 T 4,813
Psidivmspp. .. ... o Jan-May 1951 .. cimem do .. 6, 265
ot e S 46, 402
i !
- t
GAIPAN |
Aplafe mariannensis. o July 1048 _______. i Dacus ochrosiae Mali.__ 125
Total oL ... * __________________________________________ 125

The month of September 1950 was spent in Fiji by N. L. B Krnuss
in n preliminary survey of fruit fly hosts, while the collection pro-
gram extended from December 1950 to May 1951.

"The September collections were not at ali procuctive, as both culti-
vated and forest fruits, with the exception of bunanu and rough lemon,
were very scarce and these were not infested with fruit flies. How-
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ever, nn abundanee of guava. mango, £ugenin. and several other native
plants, especially fnoearpies and Poimncfia. was noted. with the fruiting
period from Deacember onward.  The collection program was theve-
fore postponed until that time.

With fim resimption of activities in late December, laboratory quar-
ters were set up af the Fiji Departinent of Agriculiure headqguarters
at Suva. and at the Plant Introduction and Quarnntine Statioun at
Nudurwlonlow, 17 miles east of Suva. These Tacilities were made
availnble through the courtesy of Messis. B E. V. Parhnn and B. A
(y(Counor of that Departwent,

The most productive aren for fruit collections proved to be in the
vicinity of the town of Nausori.  ITere, o variety of fruits were avail-
able. with those of Burpingtenin edulis by far the most abundant and
well infested with Dacies {Notedueus) ranthodes and D, (Stromnetu)
pussiflorae,  About half of the fruit fly puparia shipped to Mawaii
from FHi wers from this frait. The gauva erop wus very poou
but yielded a copsidernble number of /2, pussifforne. The fruits
of Tahitino chestnot (Fuoees pies pdudic), especially the secondary crop
i Moy, were heavily infesced with the sume species. and yielded also
t small number of 2. punthodes.  Guetum gremon. Cerbera sp., and
fiehpusiv sp. were (uite heavily infested, but the amount of fruit that
could be obtalned was very smwaldl,  Gactuan yielded only Duens
(SPmumete) n. sp. near facinlis. while the remaining two produced
only 71, pussiflurae.

Collections of smaller numbers of puparia from Pomefin pinnatn,
breadfruit .l rforarpis altilis). coco plum (Chryseboalanus icaco),
and strawherry guava proved fo be entively of 1. passifioree, This
species is rertuinly the dominant one of the family tn Fiji, encounter-
ing competition only with 77, renthodes in Barringtonia fruits,

Tour temporary field stations were set up in order to obtuin greater
numbers of the chaleidoid parasites.  T'wo of these were stocked with
infested guuvas, one with Bumingionia edidis and Pometia pimnata.
and the fourth with breadfruit.  The latter two were soon discon-
tinped beeause of lack of frudt. but the guavn stations were continued
for several months. The dominant parasite was Areratoneuromyia
indienns, wn introduced speeies of Indiapr origin that Tind been 1m-
ported from Awsiralin in 38, Spalungin endivs. another imported
species, was present in small numbers,

A predaceons lveneid bug, Germalus pacificns Kirk., feeds on the
eaus of fruit flies in Fiji.  Shipments totaling 43 nymphs and 94
adults were forwarded to Flawaii for labomtory testing during the
envly part of 1951, While this predator appears to be of some value
against fruit flies, ils omnivorous hubits probably preclude serious
considerntion of its release in Flawail

In July 18949, N, M. Ross of the Burean of Entomology and Plant
Quarantine forwarded to TTawaii 125 puparia of Duevs (Strwonefa)
gelirpsine, which had heen obtained from the fruits of Aglvia marian-
nenxis volleeted on Mount Popagehau on Saipan.  This proved to be
w new host and a new geographic record fov that species. The larvae
were lightly parasirized by ¢ pius sp.

Africa

The investizations on fruit flies and their parvasitex i A friea were
started by . M. MeGough and F. E, Skinner, who arrived in South
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Afriea in Septemaber 1948, Mr. Skinner continued on the work in
South and Fast Africe uniil his transfer to the Philippine Islands
in September 1049, and thereafter, Mr. Me(rough carried on nlone
except during late February to April 18531, when he was joined in the
Belgian (ougo by TR W, Claney.

Africa had been considered to be a potentially productive region
for vesenrel on nntwrnd enemdes of fruit flies, not only because of the
many species of dacine Tephridduee recorded from the continent, buf
abso because of the many speeies of promising purasites reported by
Silvestri (9} ns u result of his trip to the west coast in 1812-13, by
Fullaway and Bridwell in 1914 and by the Bureau expeditions to Bast
andd West A friea in 1035-36.

The route folluwed by the expedition was from Capetown through
the [Union of South Afriea to Loureneo Marques in Mozambique,
thenee northward throngh Sousthern and Novthern Rlodesia and
Tawranyika o Nairobi, Keaya, British East Africa, where an extended
sty was wadde. Following this, a return trip was made to Natal in
sowth Afrien and finally cane the trip westward from Nuivobi through
vguatoriad A frien to the west const. The voute followed for this por-
tion of the journey was limst northwest above Lake Victoria, across the
soutlern portion of Ugandi, across the Belgian Congo by way of
Stanleyvitleosnud fnto French Iquatorind A fviea sl Bangut. Fromw this
point, travel was continued to Yauowdi in the (Cameroons, terminating
w Douadn, on the Gulf of (ruines. The abrline distance from Cape-
town to Nairobi is more than 2,500 miles, and from Nairobi to Dounla,
showt 2000 miles,

A swnumary of the data relating to the rearing of feuit fiy puparia
from different fruits and shipments ro IHawaii from the different
rerions of Afriea, is given inrable 10,

Messrs, MeCGough and Skinner arcived ut Johannesburg on Septem-
ber 4, 10dn and founedintely et with American consular representa-
tives 1o arvange for wmectings witl ofivials of the South African
Depurtinent of MAgricalture.  Pretoria was vistled a fow days later
anel here the Agriculiural Mitnehd at the Amertean Legulion, J. L.
Daopgherty, was exeeedingly helpful in providing much useful infor-
maedion regarding sgricultural conditions throughout the Union, and
the areas in which the priverpal fruit and vegetnble crops are grown.

Fhe ehief of the Division of Eatomelogy of the South Afriean
Depariment of Agrieotrure, T 0. Naude, was of very great help in
setiing up plas for the field work and provided lnboratory [acilities
and nutomaobile transportation pending avvival of the party’s own ar.
Arrangoments were made for (he identilication, by 11, K. Munye of
thit Diviston, of the fraic fiy speeies encountered during the course
of the investigmtions.  Dr. Munre is a 1ecognized authority on the
identification aml elussification of the Pephritidue, and lis coopera-
ton and assistanee were invaluable. K. AL Dyer, chief of the Division
of Botany and Plant Pathology. kindly ngreed to identify the many
spectes ol plants, the fruits of whicl were hosts of (he diflerent fruit
fy speetes. Onoacontinent sueh as Africa, with an extremely vavied
florn pind many genern and species nuknown elsewhere, this assistance
i identifiention contribuled greatly (o the value und aceuracy of the
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Tanue 10—Imports of fruit fly material from Africa

|
Number
Host fruit Period of collection Dominant fruit of
fly apecies puparis
shipped
UNION OF SOUTH AFRICA
Chrysophyllum sp_____; Apr.—May 1049_____  Ceratitis capiials 12,200
{Wied.)
Gucurbitaceae, cultl- { . __ dooo________._.. Ducus 8pe oo 112, 500
vated.
Total e e aa el |7 14, 700
EENYA
. e Dacus ciltatus Loew____
Cineese, ewlti- s g, 1049-Junc mso_{.o. bivittatus var. }153, 078
' cucumarius Sack
Chrysophplium June 31950, _____.___ Pardalspis sp_. ._____. 5, 000
pruniforme. :
Coffee arabica_.___.__ QOoct. 1948-Jan. 1050_ Cer%?'tis :):api!a!a 7, 551
fed.
Olea chrysophylie_____ Aug.~Oct. 1940 .__| Decus oleae (Gmel).___| 80, 000
Pardalaapis sp. ()_____
Drypelessp .o _..__ June 1950__________ Carpophthoromyia G, 06D
dimidiala Bez.
Btrychnos reticulata___| Aug. 1949-Junc 1950_| Pterandrus rosa (Ksh.).. 198
8. usambarensis___ . __ GCet. 1950 __________ Trirhithrum quertium 41, 620
Mro.
Warburgia upandensis.y Aug. 1949-Feb. 1950. Pardalaspis conirg- 60, 900
media Mro. :
W. ugandensis and Pa;gg?:zsl Iart;: ontra- ‘
g?g‘”;ﬁ?isdcucur' Dec. 1049 ... Dacus gitiatus Loow 1, 567 s
s AR L. cucurbiiae Coq. :
Unidentified fruis__.__ June 1850 . _____.__ Trirhithrum querilum 5, 000 :
Mro. :
Do do._ . _____ Ceratitis capifala 150 i
{Wied.). :
B O RPN (SO 361, 033
BELOIAN CONGO
Chrysophylium Dee, 1050-Feb. 1951, Pardalaspis dittissima 24, 715
pruniforme. Mro,
Coffea robusta. ... ._. Mar. 1951 ... Trirkithrum coffeac 5§, 300
Doz,
FPoneowla laurentit .. _[L. . _ [+ 1 SO Pterandrus anonae 17, 430
{Grah.}).
Sapronceac. .. __..._: Doe, 1950-Mar. 1951 Pardalaspis ditissima 45, 140
Mro.
Terminalia catappe._ .| Dee, 1950-Feb, 1951, P!c:_:mdms anonae 42, 600
i {Grahl).
Tridesmostenan CJan—Feb, $951,__._ i Pardalaspis ditissima 10, 077
clacssensl. 4 . Mro.
1 —
Total. . ... ___ U F RN 135, 532
I

Sew footnete nt ood of 1nbile.
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Tasue 10.—Imports of fruit fly material from 4 frica—Continued

Number
Host fruit . Period of collection Dominant fruit of
: fiy species pupuria
shipped
FRENCH CAMERDONSE
Myrianthus arboreus. . Aug, 186} __ .. ... Pterandrus anonae 58, 200
; {Grah).
Cucurbitoeear, e dO e Dacus bivitlatus var, 1, 950
cultivated. : cucumartus Sack,
TUnldeatified fruite..._jo___. doo - Loo_. i Not identified.... ... 580
Total.eeoano e e 80, 730
}

! Shipped to the Bureau of Entomology and Plent Quarantine station at
Hoeboken, N.J., where the parasites were reared out and forwarded to Hawaii.

host records ussembled by the expedition. The botanists of the sev-
eral universities in South Africs also provided many plant identifi-
cations.

With the seasons reversed, as compunred with the Northern Hemis-
phare, September and the following months represent the late winter
and early spring, and, consequently, few fruits and vegetables were yet.
aveilnble for observation or for infestation by fruit Hies. A field of
pumpkin near Pretorin showed a light infestation by Dacus ciliatus,
wherens at Nelspruit, of n considerubly lower elevation than Pretoria,
only very light infestations were found in the small portion of the
cncurbit crop then remaining. These comprised D. ciliatus and
7. cucumarius.

Information provided by various entomologists indicated an almost
vomplete lack of records of Dacus infestution in citrus, peach, and
apple in the Tnion of South Africa. The infestations of cucurbits,
however, are usually low in the spring and build up to virtually 100
porcent fownrds tha end of the season. These species pass the winter
in the adult stage and are found in swarms in nearby trees. Dissec-
tions of lnrvae failed to reveal the presence of any species of Opius,
though puparin yielded o few Zetrastichus spp. and Dirhinus giffardia.
Infested cucurbits placed in piles in the feld to give maximum oppor-
tunity for purasitization produced 44970 puparia, but not a single
parasite emerged from this lot of material,

The months of November, December, and early Januury were
spent. at Stellenbosch and Capetown. Here nlso the cucurbits are
hewvily infested by fruit flies; so much so, that the growing of these
erops is restricted to the early portion of the growing season. Some
cultivated fruits nre attncked by the Mediterranesan fruit fly und the
Natal fruit fly (Pterandrus rosa), while the wild olive yielded large
numbers of Dames (Daculus) oleae, which proved te be parasitized
to the extent of 50 percent or more by two species of @pius and severnl
Cheleidoiden and Proctotrupoiden.

Collections were made in South Africa of a considerable number
of fruits that were not available in suflicient quantity for rearings
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for shipment to Hawaii, but the flies from these were reared out and
indentified by Dr. Munro, as follows:

HOST FRUIT FRUIT FLIES REARED
Aberic caffre Ceralitiz capilata (Wied.)
Asclepias plysoearpa Duacns (Doculus) brevistrige Wk,
(epparis citrifolia Ceretitis capituta [Wied.)
Cappuris tementosg Parduluspis bipustuleta Bey,
Fhemarictere loticeps (Loew)
{arigse bispinose Furdatespis bipustulute Bez.
. prundiflora Plerandrus rose (Ksh)
Conophuryngie sp. — Furdalespis puncleta (Wied.)
Cueirbitacese, eultivated Dacus bivittatus cucnmeriig Suclk
D, giliatus cilintus Loew
D. (Didacus) fronielis Baclk!
suerue friphylic Pardaluspiy mclenaspis Bez,
Mimnsops caffre Cerutitis copiteta (Wied.)
MHomardica involucrile Dacus citigtus ciligtus Loaw
Pussiffore coerulen Ceretitia cupituta (Wied.)
Ducus citiutus Loew
Pyidinm sp . Ceratitis cupiteta (Wied.)
Pterandrus rosu (Eub.)
Do,
Pardalaspiz cosyre (Wik.)
Cerutitis cepiteia (Wied.)
Plerandrus roga {Esh.)
Strychnng spinosa Do.
Pardataspis cosyra (Wlk.)
Voncunga dregei P punctuta (Wied,)

*According to Munro, 19680, this may he the same as D, dupler Mro., or per-
tebratus Bes.

After leaving Stellenboseh, field observations were made at
(irahamstown, Port Alfred, IHogsbuek, Umtata, Port St. John, and
Durban, but aside from infestation records in various cultivuted and
wild fruits, no promising leads to effective natural enemies were dis-
covered. IPietermaritzburg was reached early in March and here,
as well as at Eshowe, extensive surveys were undertaken. The fruit
fly situation in Natal differed very little from that in the areas of South
Africn already visited. Large-senle vearing of Natal fruit #y material
yielded no paragites. Various eultivated and wild cucurbits were
collected in quantity, and while the parasitization was known to be
low, thres consignments, comprising 12,500 puparia of Darus from
cultivated cucurbits and 2,200 of Ceratitis capritata from Chrysophayl-
fum. sp., were torwarded to the Bureau laboratory at Hoboken, N.J.,
where the parasites were reared out and forwarded to Hawail.

Inasmuch us the survey in Sonth Afries, covering more than elght
months, had been exceedingly unproductive in parasites and predators
of fruit flies, it wus decided to move the base of operations to Enst
Africa, which the 1935-36 Mediterrancan fruit fly expedition had
shown to be a promising aren for further study.

En route Irom South Afriea to Kenya in June 1949, and on the
return trip the following year, it was possible to make some hasty
observations on fruit flies and their hosts in southern Mozambique,
Southern and Northern Rhodesia, and Tanganyika. The area about
Laurenco Marques was scouted for severn] days. Fruits of Strychnos
sp. and of an unidentificd species of Asclepindaceae were found in
smull numbers and proved (o be infested, as well as a few wild Cucur-
bitaceae. The produce in the city markets was examined, bul at this
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season (micwinter) the bulk of the melons and squash offered for sale
are not produced locally but shipped in from the Transvaal,

Samples of fruit collected for vearing yielded Purdalaspis pedestris
Bez, trom Strychnos sp, and Dacus bivittatus cucumarivs, 1). !Darus)
punctatifrons Ksh, and D. eiliutus ciliatys from wild cucurbits. In
the Rhodesing, loquats were found to be infested, but no adult fies
were obtained. Dissections showed that u few of the larvae were
parasitized by O pis.

The limited oﬁsermtions and collection of fruit fly material by
Bianchi and Kraoss (5) in Kenys in 1935-36 had indicated the o¢-
currence of several potentially valuable parasites in that region, and
the vastly improved facilities for air shipment at the time of the cur-
rent investigations gave promise that shipments would reach Hawnii
in living condition,

The nvestigations in Kenya began early in July 1949, with the
nrrival at Nairobi from South Africa of Messrs. McGough and
Skinner. Field studies and collections were continued until early Feb-
ruary of the following year, when they were temporarily interrupted
by u trip to South Africa, which extended to the latter part of May.
A few weeks of collecting at Nairobi was then followed by a 3-months’
trip to Hawaill by McGongh, after which studies in Kenya were re-
newed for 1 month and completed early in October, with the base of
operations then shifted to the Belgian Clongo. Mr. Skinner was trans-
ferred to the Philippine Islands early in September 1949, and there-
after the survey and collections were made by McGough alone.

Immediately atter arrival nt Nairobi, the Department of Agricul-
ture was visited, and later the Scott Agrieultural Laboratovies, where
Dr. R. Lelelley was entomologist. Dr. LePelley had been engaged in
biologieal-control work on coffee mealybug and other problems for
many years, and was thoroughly familiar with the insect pest problems
of British Fast Africa. Because of this, his advice and suggestions
were excecdingly helpfol throughout the investigations. For fruit fly
studies, he recommended Limurn, about 20 miles west of Nairobi, at
an elevation of 7,800 Teet, and Nuivasha on the lake of the same name,
50 miles northwest of Nairobi, elevation 6,200 feet, as being the nost.
promising localities in which to make an initial sucvey.

Dr. L. LS. Leakey, director of the Coryndon Museum, and Mr, E.
Pinhey, entomologist, were very helpful in naming insect material, and
un excellent Tephritid collection in the Museum proved valuable in
idsntifying local species of that family. P. O. R. Bally, botanist. wt
the Museun, was of great assistance in naming the many plants from
whirh fruit fly material was reared.

During the July-September quarter, it was possible to make large-
seale colleetions of wild olive, Hlea ehrysephylia, and approximutely
100 gallons were obtsined in the Nygobi Forest on the escarpment of
the Rift Valley, either Ly collection or purchase, and these were sot
aside Tor vearing,  Cultivated cucurbits were nvailable in fair quan-
tity, and 10-15 gallons each of fruits of greenlieart. (Warburgic wgan-
deasis), kel apple (Aberiv cupfra), and Stryelnes spo were also ob-
taized.  The latter were rollocted mainly from the City Park in
Nairobi, after severe competition with the monkeys for the available
supply.  The 100 gallons of wild olives were heavily iufested and
sielded more than 76,000 fruit fly puparia for shipment.

TH-2A D 05 -
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Much difficulty was experienced at this time in making shipments
by air eastward to Hawail, ns the air Hines refused to accept the consign-
ments unless advance clearance had been obtained from the different
countries in which transshipment would be made en route. Because of
this requirement, the second shipment, comprising 23,600 puparia, was
sent instend to the Bureau station at Hobnken, N.J., where the para-
sites were then reared out and sent on to the final destination, Later
shipments were consigmed directly to Fluwail via New York, as the
time required in transit proved to be much less than by way of India
and the Pacific.

The ripening period for fruits and vegetables in the Nairobi area
covered n wide range, as there ave usurlly two rainy poriods each year,
in April-May and November-December. In addition to the fruits
above mentioned, about 6 gallons of coffee berries were obtuined for
examination in early August, but these proved to contain mostly fruit
fly egzs and very young lnrvae. When set aside for rexring, they
yielded only (feratitis spp., the puparia of which were parasitized to
the extent of about 25 percent hy Opius africanus. Smnple rearings
were made Trom 22 additional lots of fruit during this period, most of
which weve not wvailable in suflicient quantity for shipment,

The October to December period was most productive in material
fron: cultivated and wild Cucurbitaceae. The 19 shipments forwarded
during the quarter included 66,774 puparia from these fruits. Most
of these were collected in the Nairobi aveq, with a small portion from
Mombasa. In uddition, the last of the wild olive crop yielded 3,825
puparia. Fruits of Werburgie wgandensis became more abundant, and
38,576 puparia were obtained from them. Coffee was still available
011’112! in small quantities.

he season’s work in Kenyn was completed early in February 1930,
Shipments to Fawail from the first of the year comprised 43,391
paparia from cucurhits, 22,255 from Wardurgie. and 6,835 from coffee.
The two first-named fruits appear to be heavily infested throughout
the year.

During Inte May and early June, following a period of collecting
in South Africa, the nssembling of material in the Nairobi area was
renewed. As usual, Cucurbitaceae provided the bulk of the materinl.
The lust shipment was carvied to Hawait by Mr. McGough, and in-
cluded 3,000 infested fruits of Strychnos reticulata, 3,000 fruits of
Chaysophylhem proniforme and 5,000 puparin from sume, 5,000
puparia from Drypetes spp., 3,000 fruits of an unidentified plant and
150 pupurin from sanse, 25,000 puparia trom cultivated cucurbits, and
29 adult O pins spp.

The third and final collecting period in Kenya extended from early
Seplember to early Qctober 1950, Tifforts were concentrated upon
Ntryehnos usembarensis during this time s the fruits were abundant
and adequute quantities of puparia from other common fruits had
already heen forwarded. In a short collecting period it was possible
to vear out and forward a total of 41,620 puparia from this source.

A considerable variety of fruit fly species was found to be repre-
sented in the collections from the different fruits in Kenya. The
heavily infested wild olives yielded only Dacus oleqe, while in coflee,
Ceratitis capitate predominated, with a few Plepandrus rosa and
Prirhithrum coffeae appearing in the vearings. 7. gueritum was also
present in small numbers in Drypetes fruits and was the only species
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infesting Strychnos usambarensis. The shipments of Strychnos veti-
culate yielded only Plerandrus vosa, on the basis of identifications
after emergence in Hawail, though specimens reared from this fruit
in Kenya and examined by H. K. Munro were identified as Pterandrus
curvatus Mro., Pardaluspls lobate Mro., and Ceratitis capitate. Par-
tdalespis contramedia was the dominant species in Warburgiu wgan-
densis, accompanied by u smaller number of 2. cosyra. From Drypetes
sp. the principal species were Pardalaspis sp. {1) and Carpophthoro-
myia dimidiata.

Rearings from mixed Cucurbitaceae produced Ducus ciliatus ciliatus
and D. bivittatus cucwmarius in nearly equal numbers, and relatively
few . cucurbitue. The melon fly is of relatively recent establish-
ment in Bast Africa. One rearing of this species was from Mombasa
and others probably, but not certainly, were from the Nairobi area.

In addition to the species mentioned ubove, that were present in
some numbers in the material shipped to Flawaii, there were other
fruits collected in small numbers in Kenya that yielded Tephritidae,
named by Dr. Munrve as follows:

HOST FRUIT FRUIT FLIES REARED
Aberia caffro. e Plerandras rose (Ksh.)
Acokenthere friestorum_ . __________ FPardalospis simi Mro.
Conopharyngie johnstoni._____.______ Pardalasygis sp.
Cucumiy oeuleadus___________________ Ducus (Daculuz) vertebratus Bex.
Erfvbolrye joponde@ .o ___ Ceratifis capifate (Wied.)
Ruelea sp...___ e Duacug oleue (Gmel.)
Landelphia foride.________ . _______ Pardalaspis cosyra {Wik.)
Paidium sp. - Plevandrus rosa (Ksh.}
Solanum spp P, Xanthorrhachiste alaty (Beck.

In Kenya field parvasitization was noted for Ducus oleac in wild
olive, which was attacked by Opius africanus to the extent of about
25 to 35 percent, and less frequently by severa) other species of that
genus. (J. phacostigme Wilk. was present in Dacus ailiatus cilictus,
D. bivittatus cueumarius, Pardalaspis contramedia, and Trirhithrmon
queritunt, snd several other species appeared in smaller numbers as
parasites of the same genera.

Of the chalcidoid parasites reared from the pupae, the most abun-
dant were Petrastichus giffardianus, T'. dacicida, and T. giffardii,
which were found to attack practicaily all species. Dirhinus gi{f{zi'{liﬁ
appeared to be common onlly in puparia of host species developing
m (ucurbitaceae.  Spalangia spp., Pachycrepoidens, and Pyilus sP.
were noted in only very small numbers.

The trip westward by Mr. McGough from Kenya to the Belgian
Congo was started early in October 1950. The route followed was
via Kisumu to Kampala, Uganda, and thence into the Belgian Congoe
by way of Fort Portal. In route through southern Ugands it was
possible to make some observations on fruit fly mfestation in a num-
ber of fruits. At the Kowanda Experiment Station near Kunpala,
tomato, cultivated cucurbits, papays, coffee, and Annone sp. were
found to be infested, while i the Mubiro Forest aren at Numataba
the same was true of pumpkin, u wild species of Passifioraceas, the
fruits of which contained many eggs but no larvae, and wild Cucurbi-
fucene. At Fort DPortal, little fruit could be found and very few of
these were infested. The citrus fruits that were seen were free from
maggots. A fow flies were obtained from Melothrin maderssputana
and from cultivated eucurbits.
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No materinl was assembled in Uganda for shipment to Hawali
Lecause of the simall amount of fruit that conld be collected. Samples
of the following fruits, obtained mainly at the Kawanda Experiment
Siation and forest areas near Namataba. showed infestation. The
flies were reared out and identified by e, Munro, as follows:

HORT FRULIT FRUIT PLIES REARED
f'affee rotugio Trirhithrum coffece Bez,

Oeyatitis capilata ¢ Wied)
"wenvbita pepo ey 50,
Cucurhitncene, cultivated D, bivittatug cnenmariug Sack
("uenrbitneene, wild . punctatifrons Kah,
Liteopersicon oxenlenium . . bivitinins evcnmaring 8ack
Melothria maderaspalana D, {Dacus) bivitfulus Big

Two trips were made to Tturl and Bwamba Forests, about 40 miles
to the west of Fort Portal. These {orests extend westward nfo the
Telginn Congo. Pyomies served as guides through the Bwamba
Forest and were familiar with the fruiting planis of the avea. Very
little was found at this time, and they indicated that most forest fruits
ripen duvine December to March.

A base for the work in the Belgain Congo was established at Yan-
eambi, situated about 80 miles west of Stanleyville, on the north side
of the Congo River. Fere also ave the headquatters of the Institut
National Pour T Etude Aeronomique au Coneo. This locality is less
than one dezree from the Tquator, and the elevation is abont 1,600
feat.

I.. Sover, Director-General, and E. J. Buyckx. entomologist, of the
Tnstitut, provided every facility, including one section of an insectary,
and were exceedingly helpful in many wavs., Considerable difficulty
was experienced in forwarding parasite material from Yangambi,
inasmuch as the Customs Service required that each shipment be
packed in the peesence of an official of that Service, necessitating =
trip to Stanleyville with each consignment. TLater, authorization was
ohtained for packing the material at Yaneambi, provided that each
consignment was aecompanied by a eertificate stating that an officer
of the Institut had supervised the final preparation.

During Decomber, eollections of frait fly material were limited to
false kamani and mixed Sapotaceae, and totaled 24650 pupariz.  The
following quarter was more productive of a variety of material, and
fruits of an additional 26 kinds of trees, shrubsg, and vines were
obtained fov observation. The fruits of 16 of these proved to be
infested with fruit fly mageots to a varying extent. but only Chryso-
phythem prand forme. Tridesmostemon claessensi. Terminalia catappa.
Paneorio laurentil. Coffer pobusén. and several unidentified Sapotacene
were avaitable in suflicient numbers for large-scale vollection.  Pan-
corie has & fruiting season of only aboul 2 weeks in late February and
early Marel, and Chrysophylhun was available only until the end of
February. Shipments from the Belgian Congo totaled 135532
puperiz, the bulk of which cane from Terminedia. Clrysophylium,
arl Paneorin,

As the dry senson advaneed it was found that an inereasing portion
of the maggots remained in the fruits for pupation, thus preatly
reducing the yield for shipment. This problem was solved, to o
considershla exteat, by orcasional heavy sprinkding of the fruit with
water, simulating heavy rain,
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The nbove collections vielded very little variery in species of Lruit
flies,  Purdolespis ditissima was the only species vearved from Chryso-
pladtune. Tridesimostemon, and the large collections of mixed Sapo-
tucene,  Truits of Terminalia sp. yielded mainly Plerandrus anonae
and o few Puardcluspis eoxyre (1), hat no P ditissima. Pancoria
fruits produced only Pterendrmes anonwe.  Trivhithrum eoffewe was
obtuined only from Coffea robusta, and thiz was the ouly fruit fiy
found attacking the herries of that plant.

One =ample of puparia of Pupdaluspis ditissima from (heyso-
phylhom. viekded 71 frnit flies, 68 & plus spp., and 32 colonies of 'etra-
stivhius dacicida, thus showing a feld parasitization of about 58 per-
eent.  The puparin of Plerundrus awonne From Perminalio vielded
very few f/p/us. bat were parasitized to the extent of more thun 50
pereent by Telrastichus. 'The sample of Pardelispic from Tridesimo-
séemeon was also heavily purasitized, neavly 34 percent by Tefrastichus
andl 17 percent by Ophus. A later collection of Péerandrus anonae
from HPuncorar showed a combined parasttizarion of L3 percent by
four species of ¢ pius.

Miscellaneous fruit fly material reaved from other fruits in the
Belgian Congo but not suflicient for shipnient was as follows:

HOSE PRULY FRUIT FLY BPECIES REARLD
Adenia tobalu Dacns tHaecus) purug | Gure,}
Cuenrbltacea, cultivated £, Dirittatas 1 Big)
Drypctes 3D Plerandriys anonge {Greah.}
Brythriophionne guineense Aethinthemare faltoeivena (BEmd.)
Fugenie unifliora Prerandrns anonuae (Grnh.}
Momurdice cherentic Ducus {Haeus) momordicee Bez,
Pande oleusd Prevwpdrns enonae (Grah,)
Paldinm sp Do,
Tubernaniiie sp Parduluspls sp.

The studies in the French Cameroons were undertaken during May
to early Neptember 1951, Some shrubs of Myrinnthus were seen
in the forests berween Bangui and Ynounde, but the Fruit was small
and green, while o species of Niryehnos slso bore immature fruits.
Seouting was extended to the Ioribi area during the latter part of
May and continued into early July, but this avea did not prove
productive and Yaocunde again became the scene of operations; then
to Mbahnayo, abour 30 miles southwest of Yaounde. The Ottotomo
Fovest, about 30 miles west of this loeality, and at an elevation of
about 2300 [eet, provided Fruits of a number of forest trees, shrubs,
anel vines,

The Hrst eollections for shipment were from fruits of JMyrianthues
wrborews, which were available in unlimited guantity i the Forest
during July and August.  More than 55000 puparia of Plerand rus
anonue were obtained from this fruic. A swmple of 333 puparia
vielded 27 adules of 2 species of Wpius, 36 colonies of Tefrustichus
giffurd i and 112 adult flies,

Cultivated cucurbits wore very heavily infested by Dacus bivittatus
cuenme rivs but could not be obtained in large quantities because the
native owhers, as soon as they beeame aware of the demand for in-
fested fruit, nmmed o prolibitive price for then.  These cucurbits
vielded only the above species, and feld aggrregate parasitization aver-
ageld abont 10 pereent by 2 species ol £/ pius and by Tefrastichus.

Orher Fraits Tound to be infested, but not available in sufficient
numbers to permit collections for shipment, were ripe bananas, avo-
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eado, punva, coffee, Conopharyngiu, Adenta lobata (1), and Pyeran-
thus komio.

Observations were made on infestutions in fruit of a number of ad-
ditional plants for which identification could not be obtained. (ul-
tivated gourds. one used only for the making of liquid containers
and mnother produced only 'E)crn' its seeds, were infested with Jweus
larvie, which were parasitized by & pius sp. to the extent of about 6
percent.  The fruits of what was possibly Cola miradilis and ancther
species of thal genus were ulso infested. Small numbers of puparia
were obtnined from five of these undetermined plants.  Unfortunately.
these, nnd about 20,000 puparin from M yrianthus and cultivated cuecur-
bi{ts that were included in the last shipment, were lost in trausit to
[Mawaii.

Brazil and Mexico

A number of species of Uhe tephritid genus snestrephe nre commaon
pests of a variety of fruits in Brozil and other South Ameriean
countries, and nre parasitized by several species of @ piwy, principally
cerewy Gahan, wnastrephae (Vier.), and bellus Gahan,  Burly tests
with these paresites againgt the Mediterraneun fruit fiy in Hawnil
(see p. 3) had shown them not to be adapted to that host, a con-
clusion In necord with absence of atiack on that fruit fly in the Held
in Brazil. Impertation of the naturnl enemies of Anastrepha was
again undertaken on the chance that they might be adaptable to the
oriental fruit fy,

On his return from West Africa in May 1951, D. W. Clancy spent
that month and the early part of June in the vicinity of Rio de Juneiro
with the object of securing the above natural enemies, and others
that might be found. This period was unfavorable for ecollection,
however, it being early winter, and the fruiting season of most plants
was past,  Frentunlly, large guantities of the small yellow fruit of
hog plum {Npondias 'r:w;:zg.e'n) were found, and these proved to be
heavily infested with Anastrephe mombinpracoplans Sein, the larvae
of which were henvily preasttized by O pius cereus and 0. anastre phaoe,
Other Infested fruits obtained in smaller quantity were carnmbola,
Cétrus spp., Surinam cherry (Eugonia wnifiora), Spondins duleis, nnd
Loewma eaimity. X iotal of 23,332 puparia of A, mombinpracopions
and. 2. gerpenting (Wiedl} were obtained for shipment to Hawaii,
Unfortunately, becawse of the adverse season, the two staphylinid
wedators of the genus Belonuehus known Lo oceur there conld not
se found,

The most ecomnion of the fruit tlies attacking mango, citrus, and
other fraits in Mexico is Lumstrepha hudens (Loew), which is para-
sitized by 7 pius erearfordi (Vier.).  This species hind also heen {ested
against the Mediterranean froit fly in Hawaii in 1936, In QOctober
1948, theough the cooperntion of W, K, Stone of the Barenn's fruit fly
laboratory at Mexico City, a consignment of 323 ndults of (4. ervn fordi
was forwarded to Hawaii [or testing apon the oriental fruit fly,

Summary of Fruit Fly Shipments to Hawaii

During the years 1047 to 1431, covered by the loreign exploration
program of the fruit fly project, more than 60 species of Tephritidae
were collected from a wide range of host fruits in many tropical and
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subtropicu! countries and shipped to Hawaii. Of the total number
of pupnria thet were shippeg to Hawaii, the species most strongly
represented was, of course, Dacus dorsalis, which comprised more than
145 million, followed by Carpomyia vesurviana, 344,000, and the melon
fiy D. cucurbitae, 400,000 puparia,

Number of puparia forwarded from each country or geographic area

Africa: JBVE_ o 555
South Africa._ ... 14, 700 | Pacific Isiands:
Kenya...__. - 361,083 Fiji....oooo__. 46, 462
Belgian Congo..... 135,532 New Caledonia_____ 69, 029
French Caincroons . 60,730 New Britain_______ 3,977
Australia_ ... ________ 354,9051 Salpan_.___________ 125
Borneo_ .__....___._. 269, 532 [Philippine Islands:
Brezil ... ____._. 23,3320 Jauzon._____..___. 11, 759
Cevlon_. ... .._.._.__ 128,4001 Mindanao_ .. _____. 54,273
Formosa___ ... _.. 222, 745 {South China__ . __.__ 45, 855
India: Thailand. . _________._ 157, 859
Northoo oo 791, 436 —
South. . oo.___ 1,203, 018 Total oo . 4, 294, 349
Malaya. ... ... 339,002

Details of the rearing in Fluwaii of the different species of parasites
from the imported puparis are given in a following section (p. 48).

In addition to the shipments of fruit fly puparia listed above, a
number of purasites and predators were forwarded in Their free-living
stages to Fawnil. These included 9,033 adults of Bracon flefcher!
reared from (arpomyia veswviene in North Indin; 383 Opivs craw-
fordi from Mexico; 102 pupune of Phidonthus sp., a staphylinid preda-
tor on the larvee, and 650 miscellaneous Hymenoptera, presumed fo
be parasitic on fruit flies from South China; 332 adults, 5 larvae, and
45 eggs of Thyreocephalus albertisi from the Philippine Islands; 94
adults and 43 nymphs of Germalus pacificus Kirk., a tygueid predator
of rather genernl hnbits, from Fiji; and an unrecorded number of 2
parasitic mite, 7yroglyphus sp., that nttacks fruit fly larvae and pupae
in the soil in Formosn.

Methods of Collecting, Rearing, and Shipping Fruit Fly Material

As the foreign collection program was initially set up on the basis
that any and all fruit fiy puperin that could be obtained were to be
shipped in thut stage, the problems confrounting the foreign explorers
were much simplified, comprising mainly (1) the ﬁndinf, nnd collection
of infested fruits, (2} the holding of these fruits until completion of
feeding and pupation by the fruit flies, and (8) the shipment of the
puparia to Hawail.

Despite this reduction of the program 1o its bare essentials, n great
many problemis were encountered by the parasite collectors in the
different countries in the course of their investigations, and a great
deal of ingenuity and improvisation were involved in solving them.
The mere collection of fruit, which at first glance would appear to he
a compuaratively simple matter, often became n major problem. In
many arens all pvailable feuit was harvested by the natives long before
it. was saitnble for fruit fly attnck. The few fruits that were not thus
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harvested were geeedily eaten by monkeys, birds, bats, ot cefers if still
b the treeo and by pigs, rats, chickens, and other aitinals if on the
ground. s a result, ripe or nearly ripe fruit, either on the tree or
o the ground, was often exveedingly searce and diflicult to obtuir, In
some eases, to obtuin sufficient quantities of infested fruit, it was nee-
essary (o purehase in advanee the rrop of o specilied number of trees
acet then have them gruarded night and day until the fruil was veady
for harvest.

Rearing of the fruit fiy larvac from infested froi is o simple mat-
fer wheve insectary Tacilities and equipment are available, but in many
of the areas where these investioations were conducted sven the
stmplest equipment was unavailable and rearing boxes, trays, covers,
et eetern, had to be improvised from whutover material was nt hand
The 5-gallon oil rin, whieli can be found almost everywhere, proved
very wseful, and o one oceasion in Contral A frien, h-gallon wine
bareels, eur in half, sermved satisfactorily as rearing containers,

Infested fruits usually need to be held about 2 weeks in order to
obtain the full-grown kirvae, This period permits the partly grown
farvae to complete their development, and it is then the general
abhir of the family for the lavvae (0 leave the fruits and to onter the
soil Tor pupation.” Coertain frnits, sueh as those of Fugenia, decay
very vapidiy. o that they ean be held in the trays uot to exeeed | week,
and vonsequently only larvae are obtained that ace practically full-
grown at the thae the fruit is eollected.

Tho genernl practice in the handling of truit was to place it in lrays
or baskets over sand, so that the larvae, ns they leave the fruit, drop
onto the sand, burrow into it, and pupate.

Blanehi found, m Novth Indin, that a eloth receiving tray, without
sancd, yielded the best results wirl the oriental frui fiy, yet thismethod,
when tested with the same fly species in South India, proved unsatis-
factory. In his collections of Fruits of Dracantomelum dag m Min-
danao, Skinner found that best results were cbiained when the fruits
were first held in eloth sacks for 3 to + days and then spread on wire
trays over moist sand,  The farvae died without pupating if held
indry sand or on eloth.

Metiongh, in dealing with fnfested {ruits of Zridesmostemon dur-
g the dey senson o Central Afrien, found that the turvae of Pa-
duleespin dlitissinenr showed 8 pronounced tendeney to pupate in the
fruat. This difficulty was sobved by subjerting the fraif (o heavy
spriuking with warer, simulating a heavy rain.

In all rearing progmrams, the proteciion of the imfesied fruit and
prpation teays from ants proved to be absolutely essentiad, otherwise
a virtwadiy complete mortality of the Iarvae inevitably ensued.  This
protection was provided by equipping the 1rays with Tegs and banding
thems with elorh <aturated with vereurie eliforide, or by the use of 2
beavy antomobile lubricating grease.  Another alternative was to have
the b tundinge i tins of ol

Trays of fruit held in the open. either for emergence of fruil fiy
Lapvae or to obtain higher parasitization, had to be protected against
brds, rats, monkeys and other predators, This was aecomplished by
the nse ol heavy sereen covers, or covers of aplit bamboo with a I-inch
mesh ihat coukd be made on the spor. L'ravs needed to be protected zlso
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against the heavy downpours that frequently occur in the Tropics
during the vainy season. These temporary shelters provided protec-
tion against strong sunlight as well.

The method deseribed ahove for the handling of fruit fly material
was satisfaciory insofar as it insured that braconid parnsttes of the
gents O pins would be present in the puparia to an extent approaching
natural paragitization i the field. These species normally attack their
liosts in the egg or early and middle larval instavs, However, puparia
obtained i this way would not vield appreciable numbers ot the ¢hal-
eidoid, eynipotd, and prototrupeid parasites that were known to attack
pracrically all Fruit fly species, They oviposit into the fully-grown
furvae as they ave about to lenve the fruit for pupation, or directly into
the puparie. These parasites were obtained by expesing the rearing
trays in the open at sifes where natural populations of these parasites
were pregent, enabling them o oviposit in the emerging full-grown
larvae or in already-formed puparia. This procedure provided suffi-
vient parasitized puparin for shipment, though it did not reflect in
any way theextent of purasitization in the field.

In Forwarding the frait Hy puparia by air mail or air express trom
the different countries, they are placed loose in doubie cloth bags, with
shredded soft paper. ench bagr securely tied, the whole then packed in
a strony wooden box having a screened aperature at each end for
ventilation.  Several thousand puparia could thus be shipped in a
parcel weighing only | or 2 pounds. Air shipments from the most
distant countries usually reached Hawail in 7 to 10 days, Siuce the
pupal period of many of the fruir flies is about 2 weeks under tropical
teaiperatares, shipment frontthe more distant countries had to be made
Eairly soon after pupation. On the other hand, Skinner found that the
pupatin of facus {imbiferus must remadn in moist soil or sand for
several days after pupation; otherwise, they die very quickly. The
margin of time availuble was, therefore. not great and consignments
that were mneh delayed in transit contained only a mass of dead flies
nadd parasites upon avrival.

There were wide and unexplainable differences in the condition of
the shipmeunts of fruit fiy material upon arrival at Honoluly, even when
there was no apparent delny in transit. The most probable eause of
this very high mortalily in some consignments was exposure to high
temperatnres while the planes were grounded at airports en route.
Daring sueh stops, which may cover several hours, the cooling system
of the plane is not in operation and the mail and express compartinents,
s well ax the passenger cabins, may become heated (o such a degree
that the nsects are lled.  \liso, the insecticidal nerosol frentment to
which airplanes in internntional movement are usually subjected may
have a haemful effeet upon parasite materiad shipped by air mail or
express,

The very large numbers of pupacia dealt with by the several expedi-
tions precinded thie employment of refined techniques such as might
have been wsed with smakler numbers. The Hies emeryging after aveival
ab Flonohulu represented o very sniall portion of the total shipped, and
Hids was teve also of the parasites, jndging from those eases where the
approximate extent of parasitization ol the material was known.

T44=240 OmiS—7
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Quarantine Rearing of Natural Enemies

All incomuing shipments from the foreign explorers were received and
held for rearing in Monolulu under strict yuarantine to prevent the
eseape of any fruit flies and hyperparasites, or of various confuminants
contained in them. Those received prior to Junnary 1049 were han-
dled in the quarantine room of the IHawaii Board of Agriculture and
Forestry ; therentter, all shipments were received by Bureau personnel
in the Pineapple Research Institute quarantine building on the Uni-
versity of Hawali campus.

Upon receipl, the packages were opened in w special glass-fopped
recetving hox with (‘{cth sleeves in order to confine any adult fruit
flies that had emerged in transit. The fruit fly puparia enclosed in
cloth bags were emptied into wide-mouth fruit jars of various sizes,
organdie tops were secured by the regular serew-on metal rims. and the
clesed jars were removed snd placed on shelves to await emergence.
No moisture was added to the jars since it was found that emergence
wus not incrensed thereby and objectionuble molds often resuited.

The emerging fruit fies and parasites were removed from the jars
each day in a collecting hood with glass front facing » window, the
operator’s head and shoulders being inside the hood and beneath a
birek clobh curtain attached at the rear to force the insects toward the
tight and thus prevent their escape into the guarantine room. As an
acded precaution, the upper walls and ceiling of the room were painted
with a strong solution of wettable DDT to kill any flies that might.
escupe. When newly formed puparia are shipped ut frequent inter-
vals, most of the adult flies amerge before the parasites, thus simpli-
fying their collecbion and preventing considerable parasite mortality
that may otherwise resulf from “smothering”™ by numerous, dump,
freshiy emerged flies from puparic of varions ages. Results were also
improved by limiting the quantity of puparin per jar to a depth of
three-fourths inch or less, and by providing small bits of loose excelsior
through which the emerging parasites could crawl to help dislodge
the clinging host puparin. The excelsior also atforded additional rest-
g space, and increased the survival of parsifes, which often had
difficulty elinging to the glass walls of the jars.

Both fruit flies and parasites were collected by suction, piped to the
colleciing hood from an electric vacuum cleaner adupted for this pur-
pose, or by mouth aspirators for small collections. The fruit flies
were held m covered jars in the receiving box until they had properly
Aurdened and colored, and were then killed by fumigation in o tight
container and turned over to 1, Elmo Hardy of the University of
Hawail for identification. The adult parasites were collecled sepa-
rately as to species, 2 fine strenk of pure honey was placed in each vial
for food, and the number and sex {where possible} of each species re-
corded daily on the emergenve sheet.  Nince the late-emerging pupal
parasites tended to remnan at the bottom among the fiy puparia, they
werg best colleeted by pouring the puparia into petrie dishes or shallow
box tops at each examination.  The emerged puparia and all wrapping
and packing materinds were thoroughly fumignted before being re-
moved from the quarantine room for burning.

‘The parasite-rearing datn are not indicative of natural field parasiti-
aution beeause of {1} the collection of host fruits before maximum
oxposure i natwmd infestation and paeasitization, {(2) diffaren
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methods of handling and rezring at points of origin, and (3) wide
varistions in Jarval and pupal mortality during shipment. Samples
of puparis reaved by several of the foreign explorvers usually gave
better parasite emerygence than was obtained from the same collections
after arrival in Honolulu.  Furthermore, the reared pupal parasites
were largely the result of incidental attack in the rearing containers
prior to shipment and probably also of additional parasitization by
early emerging actults en route and in the quarantine room.  Since the
snwji. gregarions larval parasites sleerafonewromyic indicum and
Tetrastichus spp. produce a variable number of adults per host, the
recorded totuls are not compnrable with those of the solitary larval
and pupal parasites.

Quarantine rearings from the foreign shipments are discussed
nceording to country of origin, in the same ovder as covered under
foreign exploration.

Philippine Islands

Detailed emergence records are not available for all of the Luzon
shipments received in 1947, but so-enlled Opius persuloatus was the
predominant parasite of Dacus dorsalis, with a recorded emergence of
101 adults (73 females). These were lnter found to be & mixture of
(. vophitus and (. vandenboschi rather than . persileatus, the netual
proportion of each species being unknown. The swme shipments also
produced a few adults of 0. longicaudatus var. chocki. 0. incisi, and
Aeeralonewromyio indicwm.

The 63 puparian of Dacus cucurbitee from cucumbers yielded 28
adults (8 femnles) of Opius fetcheri.

The predaceous staphylinid beetle Thyreocephulus albertisi was
propagated and released in Hawalii for several yeurs, and considerable
nformation wag obtained on the biology and lauboratory culture of
this precdator (23). _

About K0 percent of the 54273 fruit fly puparisn received from
Mindanno were Dueus fimbiferus infesting the fraits of the native
forest tree Dprucontomelum duo. and these produced 98 percent of the
total parasite emergence listed below. The only species not obtained
from these collections was Ppius mukii, which issued solely from
Daens nachitus infesting 2 richosanthes sp.

Parasites reared Feomules Totud

Oping longieawdaius (Ashol) v L . I,4E 2 R
Cpius shinneri Pulla oo e ———— 214 1,1,
fpins fleteheri Sitv, varl? e ————— et e 44 80
Oping mukii Sonan e 10 a0
Npuha i 8P e e o ? it
“aflits Kp - _ ? o3
Puchyerepoidens pindemmite (RO oo e ? 9
ey rtidite 8D e e e ? 3
TPOULL e e e e 2,435 4,081

A possible color variety of O pius longiouudatus was ensily the dom-
mant parasite of faews limbiferys. with 0. skinneri nest in impor-
tapee. The lutter species 15 a very distinet large, bluack opiine not
found In uny other eren. Twenty-two adulis of (. skinner! were also
renred from Kuphranfe n, sp. and 5 from the carumbole collections,
which produced maindy 0. pedestris. . limbiferus was also parasit-
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1zed by an apparent variety of 0. fletchers, only $ adults issuing from
22, cucwrbitge infesting cucumbers. The relatively few pupal parasites
emerged only from D. limbiferus and D. cucurbitae. the unidentified
encyrtids from . limbiferus.

Malava

The final 39 of Mr. Krauss’ 85 Mulayan shipments were received by
the Bureau when this phase of the cooperative project was transterred
from the Territorial Board in Junuary 1949. As shown in table 11,
nearly 19,000 adult parasites of sbout 15 different species emerged
from the 339,092 fruit fly puparin received by both organizations
during the course of these investigations.

Ninety-three percent of the Darus dorsalis pupuria comprising the
bulk of these shipments were obtained from the fruits of c:u'u.uﬁ)oln,
and these collections ulso furnished the vust mujority of adult para-
sites. Those of the & pius persuleatus complex were consistently more
numerous than ull of the others combined, accounting for §1 percent,
of the ) piuy spp. rearved from the oriental fruit fly. This complex was
Jater found to consist of 0. oophilus and 0. vandenboschi rather than
the true . persulenius, the majority of preserved specimens being
vophilus. The actual ratic of these two species in the Malayan mate-
rial 1s thus unknown, though €. oophilus was presumably the dominant
parasite.

O piug incisi ranked second us a parasite of Ducus dorsalis infesting
carambola but it actunily outnumbered the 0. persuleatus compiex
from the smaller fruits of Solunum rerbuscifolivm and Capsicum sp.
where it is able to reach more of the host larvae with its short
ovipositor.

pius longiewedatus var. malaiensis was the leust numerous of the
four Malayan oriental fruit fly opiines throughout the period of col-
lection. It is interesting to note that, with the exception of 0. ineisi,
these species bave nssumed about the same order of relative importance
in Flawnil following their successful introduction from Malays.
levratonewremyia indicum and most of the Tachinaephagus spp.
also issued frow [). dorsalis. as did the majority of pupal parasites.

The cucurbit collections, consisting mainly of Dacus cucurbitae,
produced a fow Gpius fleteheri, Tachinaephugus spp., and SNpalungia
spp., while 2, wabresus was very lightly puasitized only by severul
Cynipidae (incloding Prybliographa dect) and Lachinae phagus spp.

South China

The general scurcity of fruit flies and their natural encmiies and the
complete absence of Jucus dorsalis in the rather limited fruit collec-
lections obtatned 1 south China have already been noted. Even the
41,121 puparin of 2 dutifrons from Selaniem spp. in the Canton wrea
produced only 2 adults of an unidentified 77 pfus (possibly 0. arisanus
Sonan}, ¥05 SNpalungio sp. and 16 Pachyerepoideus rindemmive
fdwhins Aslun) upon arrival in Honoluln,  An additional 97
Spulangiv sp., U P, rindenimene, and 1 Dirhines sp. also issued from
the smaller ¢neurbit collections infested by L. eweurbitee and D.
nuhibiy,

Approxtmately 630 adult hymenopterous and dipterous puarasites
reared from various fruits at Canton were also shipped to Hawaii, of
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TaBLe 11.—Parasites reared from fruit fly puparia imported from Malaya

(Rond.)

dens

«

yerepol

Fruit fly species

persulcalus

received
1S
(Silv.)!

malatensts Full.
mdicum Silv.

Tachindephagus spp.2
vindemmiae

Number of puparia
Op

Opius incist Silv.
Opius longicaudatus
Opius ﬂetcheri’ Silv.
Aceraloneuromyia
Pach

Spalangia spp.?
Cynipidae*

Psilus sp.

'8
a
w

Dacus dorsalis 303, 625
Dacus cucurbitae.-......- wdliny s

Dacus hageni. .. .. e im 27,309
Dacus umbrosus. .. ......] =~ 87158

) 339, 092
Number of females__ e ] 51

t Not the true perswdeatus, but a complex: consisting of Opius 3 Mostly S. endius Wlk., with a few Spalangia sp. near simpler
oophilus  Full. and 0. vandenboschi Full. An examination of Perkins.
reared specimens indicates that the majority were 0. oophilus, { Trybliographa daci Weld, Pseudeucoila sp., and Pilinothriz sp.
2 Consists of two apparently undescribed species.
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which 259 were alive on arrival. However, the majority were Bracon
gelechidiphagus (Ramak.}, a known parusite of various Lepidopters,
which probubly developed along with the others in a lepidopterous
borer rather than in D. latifrons.

The 102 pupae of the staphylinid predator Philonthus sp., for-
warded from é)outh China, were all dead on urrival in Honolulu.

The almost complete lack of parasitization by species of Opius
15 in sharp contrast to the situation in other countries where most
Tephritidue are attacked by one or more species of that genus, Al-
though the melon fly, Dacus cucurbitae, was common in South
China, its principal purasite, 0. fletcheri, was never reared from these
shipments.

Formoso

The 222,745 puparia of Ducus dorsalis shipped to Hawaii by T. C.
Maa produced the following parasite emergence.

Purasites rearcd Homales Total
Opius formosanus (Full) &6 1,658
Opius arizsgnis Songn complex 109 152
Opins makii Sonan — a5 100
Toolingephagus sp ? 47
Spetengic sp ¥ 21
Cynipldne___ ?
FPochyerepoideus vindemmioge (Rond.) 7

Total -—— 1,020 1,982
Unfortunately, about one-third of these shipments, containing 70

percent of the fruit fly puparia, were either delayed in transit or the
puparia were mostly dead and mouldy on arrival because of over-
crowding. The parasites listed above emerged from collections com-
prising only about 58,000 puparian. These were all sent via airmail
n the small water pine boxes used for shipping the parasites of citrus
coccids (79). High mortalities resulted when the boxes were tightly
sealed, or when too many puparia were included.

Five species of Opius issued from these shipments, about 87 percent
of which were O. formosanus. This parasite apparently differs from
0. longicaudatus only in its generally paler coloration, and was not
obtained elsewhere. The mango collections showed the lowest para-
sitization of all, producing only 11 0. formasanus and 3 Spalangia sp.
The 0. arisunus complex %.later found to include also 0. oophilus and
0. vandenboschi) was next in abundance from the common guava and
mixed fruit collections, being lnrgely replaced by €. sk il it the same
host infesting the smualler fruits of strawberry guava and Eugenia
javanica.  As in other _reas where this species al50 oceurs, . makii
seemed unuble to parasitize many of the host larvae in larger fruits
because of its very short ovipositor.

Tachinuephagus sp. and Spalengia sp. issued muinly from the com-
mon_ guava collections, only T adults of the former parasite being
obtained from D). dorsalis infesting Eugenin javanica. This Tachi-
neephagis was identified as the same undescribed species imported
earlier from Malaya.

No parasites emerged from the 1,700 puparia from Luffa sp., which
produced mostly Dacus cucurbitae and a few 1) nubilus.

The predaceous mites were not propagated as there was danger of
their development on host wnd parasite-breeding stocks.
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Thatland {Siam)

Although some 11 species of purasites, including 7 different Quwius,
were reared from the wide vartety of collections obtained by G. W.
Angalet in Thailand, about 78 percent of these weve Opius longicau-
datus var. taiensis, the great majority of which issued from the ex-
tensive Zizyphus collections comprising nearly 90 percent of the:
157,859 puparia received ut Honolulu. These 48 shipments produced
the following parasites:

Pyrasites reared Females Total
Opius longicaudalus tainsis Full : 23, BAT
Opluy mukil Sonan 489
Opiuy ineizi Silv 7%
Opiug pophitus Fuil, complex
Opius vandenboschi Full_
Opiwg bianchii Full, ?
Spalangic sp * 310
Tuchinagephagus sp K 81
FPoohycrepoideus vindemmiae (Rond.) ? 11

Totnl - 1,296 3,882
Dacus dorsalis and Carpomyla vesuviana were about equally numer-
ous in the July to October collections from Zizyphus jujuba, which
also yieJded the majority of Opius makii. 0. incisi. 0. oophilus, and
0. vandenboschi. Those listed as 0. vophilus also included n few
adults, later identified as . arisenus. However, . vesuviana far out-
numbered D). dorselis in the much larger winter cotlections from the
saine host plant, which produced most of the 0. longicaudutus var.
tuiensis listed above. The latter parasite thus seemed able to develop
in both species of fruit Hies while the other opiines probably para-
sitized only D. dorsalis. Twenty-one O, longicandatns var. taiensis
also emerged from D. latifrons infesting Solunwm sp. Only a few
scattered Opius spp. were reared from several other collections con-
taining D. deorsalis.

Interesting differences were noted concerning the fruit fly and
parasite fauna of Zizyphus jujube m Thailand as eompared with that
encouutered in Indig, where the fruits are apparently attacked only
by (. wesuviana, which is parasitized by Bracon fletehers in the north
and by Opius carpomyive n the south, yet neither parasite was reared
from the same host in Thatland.

Seventy-six adults of the small encyrtid larval parasite Tachinae-
phagus si). were obtained from the puparia of Dacus latifrons infest-
ing egeplant, and an additional 5 adults emerged from the extensive
Zizyphus collections. The common pupal parasites Spalangia sp.
andt Pachycrepoidens vindemmiae issued from various puparia with-
out apparent preference, the former being most numercus especially
10 the Zizyphus material, though Dresner (73) was able to breed the
Thatland Spalangia in puparia of D. dorsalis but not, in those of .
Veswviuna.

Java

All of the 555 puparia of Dacus dorsalis from Java were parasitized
as no fruit ies emerged snd the unhatched puparia all contained dead
stages of Opius. The 330 puparie from Awerrhoa carambole pro-
duced 221 (129 females) 0. vandenboschi, and the 225 puparia from
Capsicum fructescens produced 164 (76 females) of O. makii. Since
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0. makii has a very short ovipositor, it was apparently able to reach
fruit fly larvae only in the small fruits of Capsicum.

A small box of dead parasite specimens reared from the oriental
fruit fly in Java, kindly loaned by J. van der Vecht of the Indonesian
Ministry of Agriculture, also contained a few Opius oophilus, Tetra-

stichus ducicida, Aceratoneuromyia indicum, and Bracon sp., thus
adding constderably to the known distribution of these species.

Borneo

The majority of the 269,532 fruit fly puparia imported from British
North Borneo were of Dacus cucurbitoe, obtained largely from various
Cucurbitacae, though D. dorsalis was also reared in ubundance and
D. hageni in smaller numbers from a wide variety of host fruits.
Howaever, since most of these collections contained two or more dif-
ferent species of fruit flies, the exact host relations of the emerging
parasites were often obscured. Total parasite emergence is thus listed
below, followed by o discussion of the probable hosts attacked by each
species.

Paragites rewred Females Total

Opius longicaudatus {Ashm.) 169 331
Opius cophifus Full 171 251
Opiug vandendoschi Full_ - —— H 5]
Opnifiey angedeti Puall e 39 142
Opius incisi 8ily e 63 80
Spalangia sp - - ? 1,156
Aceratonewromyie indicum Silv_ o _______ ? 2
Pachyerepoideus vindemmiae (Rond.) .. ? 42
Trybliographe duoci Weld R * 12
Encyrtidae sp.? ¥ 10
Total a7 2,261

The cucurbit collections produced most of the Spalangic sp. an’
all of the adult Opius angaleti listed above, in addition to a few
7. vandenboschi, Aceratoneuromyia indicum, Pachycrepoideus vin-
demmiae, and T'rybliographa daci. Parasitization was very low, and
nearly all of these parasites were obtained from the extensive Luffa
collections, which comprized about 82 percent of the Borneo ship-
ments.  They also issued only from the earlier January-to-April col-
lections, and were absent in puparin reared during the period from
May to July. Since an estimated 87 percent of the fruit flies from
Luffa were Dacus cucurbitae, the emerging parasites probably devel-
oped largely in that host, though D. hagens and Callantre smievoides
Wik cannot be entirely ruled out.  The well-known melon fly parasite,
fpius fleteheari. appavently does not ocenr in North Borneo.

The oriental fruit fly was lightly parvasitized by Opius longicau-
dutus. (0. oophilus, O. vandenboschi. and 0. ingisé, though in variable
numbers, which indicates certain differences in relative importance,
according (o the sources of infestation. (). longicaudatus was the
predontinant  lavval parasite of Decus dorselis infesting mango,
Kugeni, and Baecawrer. hut was ontnumbered by . oophilus and
2. inedsl from eavamboln.  The mango collections also yielded n large
proportion of (3. eophilus, all but 5 of the emerging adults of 0. ran-
denbosehi. and severnd 0. incisi.  Additional emergence included 75
deeritonewromyin indicum and 2 Trybliographa daei trom the c:oum-
bola muterial, while 10 eneyrtids issued from the mango and Bac-
ceeurer collections.
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Marth India

Althongh at least 19 different species of puarasifes issued from the
A6 fruit fly puparia rveceived from northern India, about half
were Lracon fledcheri {rom Carpomyic vesieiane and another 40 per-
cent were severl species of the common pupal parasites A\'{Jru’f:-fag&z,
Divkémwes, and Lachyerepoideus (table 12).  Parasitization W O pins
SPp. was puritvularly low despite extensive collections from o wide
wriety of host Fruits over a period of some 18 months. In all, para-
sites emerged from only abont 2 pereent of the toral puparia received
in Huwail, and many of these species were alrendy established theve,

While rather high pupal mortalities oceurred in many of these ship-
ments, due Lo the mevitable delays in transit or exposure Lo high tem-
perafives in tie greounded planes prior (o takeotl, low parasilization
was abso veported by the Novth Tndia tean.

Bracon fleteiers, the common Indian parasite of Carpomyic resu-
réam infesting jujubo [euits, was abundnntly veared from the e
pupal shipments of this tophritid, theugh in numbers indieating an
average pacasitization of less than 5 percent.  Most of this maleril
arrived during April 1950, one Large shipment containing over 200,000
prpiscia of ¢ pesyina.  These colleetions alse procluced u Few adults
ob Gpiis carpomyine, €. oophitus, and an unidentified 2 ruecon sp.. in
addition to moderate numbers of Hie connon pupal parasites.  Daeus
dorslis was nol obtained From these fruits. as in Thailand andl, except
forthe Few 02, oophilies, its parasites were also lacking.

The lavge quantities ol puparin reared from various cultivated
Cueurbitaceae were parasitized mainly by Spedangic, Dirhings, and
Puchyerepoideus, only 100 adult () pils of two specics issuing from
move than Ly million puparia.  Mosi of these were the new &, waiersi
that appeared largely in the Luff collections, while only 17 adults
of the well-known Inclisn meion fly purasite /2. feteheri cuterged from
the sune souree,  The actual host of 7, wedersi n northern India can-
not be delinitely srated sinee these collections produced mixed popula-
Hons of farus cruenrbifue, 17, ciintus.and 12, nubitus but £, eururbitae
is indieated beeause of its ready propagation on that host in Hawuii.
fpius watersi was absent in the April-to-Tuly cucurbit collections,
appearing only in those obtained during the period August to
November.

The oriental fruir fly infesting ounvas was lightly parasitized by
D pius incisi, (), longicandatus, and 7. rundenbosehd, the great ma-
Jovity of parasites being €2, ineisi, whereus only a few O longicuudntus
emerged Trom Ducws spp. infestinge the mango eollections, about three-
fourths of which were Dacws zonatus and one-fourth 77 dorseliy, A
single 07, longicundatus issued from the much Lrger peach collections
mlested only by 77, zonaius. indicating that these opiines were almost
wholly specifie on the orfental Fruit fly.  However, the dominant status
OF (7. fneivi and the recovery of severl 77, oophilus Trom Curpomyin
bur wot from 72, dupsalis i< rarher puzzling considering the stalus of
these parasites in other ayeas.

Only a few awdult flies, identified as Lhagoletis? n. sp, and four
Ditecbypere puidens vinde mmiae issued From the extonsive barberry eol-
leetions, and these appeared several mont s after receipt. This fruit
Iy is obviously single-brooded, and all atfenipls to force emevgence
through perioidiec exposure to moisture and,or low fempecutnres were
unsuceessful.
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TabLe 12.—Parasites reared from fruit fly puparia imported from North India

Parasites reared

({Rond.)

Number
Fruit fly species of puparia
recéived

ideus

(Ashm.)
Full.
vindemmiae

Bracon fletcheri
Opius incisi Silv,
Opius walersi Full.
Opius fietcheri Silv.
Opius vandenboschi
Cratospila sp.
Spalangia spp.?
Dirhinus spp.?
Pachycrepo
Cynipidae
Trichopria sp.

Opius longicaudatus
Psilus sp.

Carpomyia vesuviana 401, 965
Dacus cucurbitae i
Dacus ciliagtus 267, 829
Dacus nubilus
Dacus zon@us, . «o o cwrcnwn~ 62, 609
Dacus zonalus : .
Dacus dorsalis 22, 457
Dacus dorsalis 19, 117
16, 780
5679

791, 436 , 526 { 2 i i 24
Numbeér fenales. .. .- 5 SR, e

1 Subsequent studies showed that these rearings also: contained + An additional 9,033 adults of B. fletcheri (only 35 still alive)
i few Opius carpomyiae (Silv.), 0. ophilus Full., and an unidenti- reared from similar collections at Bareilly were received in April
fied Bracon sp. , 1950.
2 Includes S. afra Silv. and §. endius Wik. s Comprises 400 puparia of unknown species from Aegle mar-
3 Includes D. luzonensis Roh. and D. giffardii Silv. melos, 245 from Coccinia indica, and 34 from Ficus sp., none of
: which produced adult fruit flies.
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South Indiag

The South India shipments provided an exceptional number and
variety of fruir fly parasites, some 48,000 adults of 25 different kinds
being veared from nearly 114 million puparia received in Honololu
ttable 13).  These included about 29,000 Heeratoneuromyia indicum,
nearly 12,000 £/ pius of 6 species, about 8,000 pupal parasites of the
genern Npatungie, Dirhinus. and LPachyerepoideus (7 species), and
smulier numbers of o wide viriety of other parasites,

Of particular interest. were the large collections of Dacus dorsnlis
comprising about three-fourths of the total puparia shipped, the great
majority being obtained from the fruits of Nolinwmn auriculafum at
Coonor. While Aeerdoneuromyia indieum was the predominant
pargsite in these collections, the large number recorded in table 13
probubly issued fron: less than 2,000 puparia, because of the gregarious
arval development of this species. Muany of these parasites undoubt-
edly were also the progeny of femles which attacked host larvae in
rhe rearing containers rather than in the field. A. indicnm did not
appear in these shipments until October, becoming most numerous
from November to February and declining rapidly therenfter. It wus
absent in collections of this host infesting mungo and Solanwm verbas-
rifolinm but was reared occasionally from D, incisus? and D. nubilus.

What is apparently the true £ prus persulentus was obtained only
from South India where it was the most numerous opiine parasitizing
Thiens dorsalis at Coonor, but the least abundant of Rve U piug spp.
feom the sume host infesting Nofunwm verbuseifolivm at Kodaikanal.
Tt was also the predominant opline parasite of 7. incisus? infesting
citrus ar Coorg during March and April . persuleatus was most
urtive at Coonor felevation 6,000 feet) in the fall and early winter
despite relatively Jow temperatures, indicating that it is purticularly
effective in the exteeme Tempernte Zone range of L. dorsalis. and
would thus merit particular attention should the oviental fruit fly
ever beconse established in the continental United States,

{9 pis ot philns was second only to 17, persideatus as o parasite of the
oriental fruit Ay ac Coonor, andl ranked first in the same host from
Nolunine verbuseifolium ot Kodaikanal, A few adults were also
veareed from Foaenes lalifrons infesting another Solanwm sp. and from
£2. ineisux? ot of citrus. In southern India, 1 pius longicaudntus
wiks repliced by the very similne ¢, compensuns. which issued almost
entirely from 2. dorsulis, colleeted at both localities.  (/pius incisi and
9. manii were also veared from the same shipments in smaller num-
bers, the former being most abundant at Coonor and the latter at
Rotlatkanal,  Only 2, vandenbosehi was conspicuously sbsent from
these shipments.  Strangely enough, however, only two 0. persulea-
fus and nfew popal parasites emerged from the large mango collec-
tions obtained nt Bangalore, which produced 7. dorsalis and D.
Zongltus,

Even the ubiquitous pupal prrasites were represented by a larger
number of species than wsual, though none of them issued from
Crtrpomyia vesuriona or from Dueus dorsalis collected at odaikanal.

About half of the large citrms collections infested by Dacus incisus ¢
citie from Coorg dwring April 1930, the others Leing obtained at
Kodawkanal in January and February 1451, Most of the parasites
from. this host listed in table 13 issued from the earlier Coorg ship-
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TanLy 13 —Parasites reared from fruit fly puparie imported from South India

Parasites reared
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Dacus dorsalts - - i vnieun ' 86, 256 o 31 | 98 29
Dacus 20nalUS. - e ccmmmeioine ' il ekl o] il el e R = ST btichd it it M
Dacus TRCsUST cn dnaa s cm ] . 131,026 167 28 3 8 feuoilannn 34 15 334 194 1 219229 {..- LI
Dacus rilialus. cvavacicamnnn | 5 9 o ‘
Dacte, ucHrbitne. o oommemmnn- 54,254 |oocnaalacannn SRS (NN U SSESOR AR 235 | 469 61 fonvdowa 19 foniiinan
Dacus cucurbit@es e on ionin o 11,689 Jaioea e s [RULUUUN: FUUTIT PRI SRS BN, 43 185 211112 PR NORE (SN S,
Dacus nubils o 2amwv cemae e 12,144 1 Lo b2 EUN S N 378 fem ool 2| 8 |eman]aann] 743,82
Dacus latifrons - cvueemrrae- 4, 517 1 23 N0 PSS JRU PRGN R 5 203 105 T DA PRSNON IROPpRp,
Dacus correCiUSa e i ommasanwn 2, 707 jrcm el RV U RN SRV PR PEEREE )R PURDR: TV IS AU PR
Dacus tncisus? .- L= 152 :
Dacus nigrotibialis . .comoosn- Nl ninBuinbe Nl el ittt RECE alebiel Db il Wisiil R A iialed bkl R e
Carpomyia vesupian. « - n---- 26, 678 fovocialam-nnm RTINS LI T B - TN PR ISR PR I S SRR SUNNE FRUSHEY v
e e m e e 2,508 |oceomfmmn- AN R SPTOUN FEUUETS FURNN PR RSP SR TR SEUNIR NCHVION OUSPUN pUpUp PO
Pott) o e memmmm 2ot a <11, 203, 018 |5, 868 {a; 719 |780 233 1110 | 75| 29,065 {2, 099 {1,936 i1, 809 {443 {276 | 27 114
Number femaleS. o oowecjommnenoan= 3, 528 |2, 600 [357 (149 | 57 ({01 FEURSPYS) ISUSNIONIS: FUIRN SRS RS (SPUPUE VRS et
v Apparently the true O. persulcatus of Silvestri, since it best + Tdentification of sample lots revealed the following five species:

fits his meager description and is from the type locality. Trybliographa daci Weld, 2 Pseudeucoila spp., and 2 Cothonaspis

2 Tdentifieation of sample lots revealed the following species:  'spp.
S. endius Wik., S. afra Silv., and §. grotfusi Gir. : 5 Hallicoptera sp. (Pteromalidae).
3 Identifieation of sample lots revealed both D. giffardii Silv. - ° Unidentifizd Alysiidae (Braconidace).
and D. luzonensis Roh. 7 Tachinaephagus sp. (Encyrtidae).
8 Cratospila sp. (Braconidae).
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ments, while about three-fourths of the Kodaikanal puparia produced
welielt flies of che families Muscidae and Anthomyidae which bred in
the rotting orunges.  Parasitization of £ meisus? was thus vory low
in the latter material, except for the Cynipidae and Dinpriidae which
probably developed mainly in the muscond Diptersn. /). incisus? 18
apparently hosi to many of the sume ¢/ pins spp. that parasitize 1),
doranlis.

The few 7 pius spp. listed from Dacus eilintus, . cucurditae, and
D, nuhifus were probably accidental inclusions from other sources.
Even f7. wutersi and ¢, feteheri Tailed to issue from the sizeable
South Indin encurbit volleetions. The small larval purasites sleere-
tonewramipin indicunm and Lechingephogus sp. were, however, ob-
tuined from /2. nubilus infesting I'richosunthes palinetu, this being the
ouly record of Zachinae phagus sp. in India.

Carpomyia_resuriane was Lghtly pasasitized only by O pius car-
pomyae 0 Sourh India, the common North India parasite &5 recon
Hetehwri being absent from the limited collections of tlds fruit fly
vbtained at Manappairi in February 1931

A few of the arental frult fly opiines were also reared from the
puparia of Deews {atifrons infesting an unidentified Selewon sp. at
("oorg, but (he smnller colleetions trom several other host fruits, in-
cluding Zugenie and collee, were almost devoid of parasites.

Ceylen

Various eultivated (ucurbitaceas were about the only source of
materinl in Coyvion durlng the months of August to October 1951, and
these produced a tolal of 125:400 pupnrin of Jacus cucurbitue for

shipment to Hawaii. An additienal 1,000 puparia, principally of
12, dorsuliv, were ghtained from the Fruits of Gureinia sp. These
shipments produced the following parnsites:

tHosl species Parasites reared Females  Total

Dacus cucurtatae . . Opilus flelcheri Silv. ... ... .- 139 181
Oplus watersd Full 0 oL o 2 4
Spalangia &p ? HB8
Patbus sp. . oo oo i o e ? |
Dorus derdeliz. . deeratonenramyio indicem (Bilv.) ? 1]
Spalangia sp e it

Total el e 787

Tho very low parasitization of Duews euewrbitue was rather sur-
prising in view of its abundance and the presence of both € pius
Hedelieri and 0O wadersi. The nine Leeratonewromyin indicum prob-
ably issued Irom w single pupariom of 12, derselis. and there wis no
evidencee of any @ pdus allacking this host in the hmited Ceylon
collections. -

Austrolia

Although very little was previously known concernings the fruit
Ay and parasite fauna of northeastern Queensland, this region pro-
vidded an unuosoal abundanee wnd vaviety of both host und parasite
species, the majority being new (o selence.  As noted in table 14
we reecived 3348905 Fruit fly puparin of 14 different species or vartetios
whicl produced 42,686 n{lult'-}mrnﬁitw of 13 species, ineluding nearly
27,000 adults of Hve ditferent 7/ péus.
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Tanre 14.—Parasites reared from Queensland fruit flies

Parasites reared
- o .
Number | = . = 5 3 @ g 18 = -
Fruit fly species | of | 2 8= = LE g { E= 2 I EE @ sz
: puparia s TR - .8 R S i 82 g e~ =l sw :
| received & <m &, 8. -.‘D:._, &= & £ £ §§ g—g &
20 EE L f2 [ 2E| g2 38| § lgEelsnER) @
S 23 2s | ER | 2R S s8] B2 3~ | %
N S S S |& | = & < S i <
Dacus jareisi.. .. ocooo.aas o] 183,493 1 7,422 507 128§l 14,776 1 156 {. oo, 4
Dacus tryoni.__ .. reomssoneoos 20, 360 677 1611 1,147 1 190 75 (2% SUUSIONN -1 B DU 54 PO
Dacus {ryoni var, melas. .- _ ... : = ;
Dacus tryoni var, sarcocephali.... } 4,935 513 62 438 R 218 L RE: At j Sahtiaiebe St
Dacus Jarvist oo i PR ] . . ] } e ,
Dactes tryoni. oo 21,570 | 680 773 1,121 11..ac 569 R R 2 SRS IR NPUCINORES R
Dacus kraussti. ... ... i ewieean 42,049 12 (3, 513)] 7051 2,605 149 2 8 15 35 SR 10 §ocvonnfenaacn
Dacus barringloniae.. .. . ...} 35, 180 76 { 3,120 120 IFUSSE ISP RSP A PRI SRR P i
Dacus cacuminalus ;. . -oceuecnn 17,211 612 J el e 2o 3 1 13 4o e
Dacus endiandrae. ... ... ..iux 10, 987 4. ... 907 225 DRSURION DI SOOI 10 1 13 e caed v s
- Dacus laticaudus. .. ... una B, B35 feeeaaa 202 432 18 166 1. feaa 1 Dlcoaidianin
Davus musae. .. ...l ncaina 6,156 | oona_- 60 18 SR SIS N URNION I 10 e D
Dacus pallidus. .o . cweoeninio. 1,974 23 49 225 SRR (SRS SNIUINUUNI 1 FIUIUIPN JURUINDN SR SR | S
Dacus calophylli. . olceocwniin £:00% S JRUREUSUUNSUN FUNTRULIAUCTNY PUSIURIRPE SETVINUNE DSUIFIS AU IR SODGARID DRSPS SIRPUN DU
I;ac‘us fagraeus.. . ... L 381 | ..l 5 8 EESUUUTUI SEUPUNUUUIEE DSOS PRS- SO FOUSIPIP SR PRI
Dacus murrayte . wovew wainea- 1
. }';m-us JATVLST . < i e ainwiemaan } 370 35 38 L e e B e e e ey
acuUS tryont, . ... oecenia Cedae 9
Dacus barringloniae. . ... .. cuan } 243 B LRIl SRRt CRbEby S il et Rlabdiieh Iatehahaind ehuininiui
Totals . . cuinncmaneane 354, 905 %o, 039)f 6,580 | 50201 3791 2431 15578 | 2141 49 4 17 4
2(3, 613 1 ]
Numberof females. ..o daaoiiioo. 4,038 3,717 { 3,324 193 104 e eeeee s SN SUNTCON SEPCINIUN SR

V' Mostly 8. afra, but some 8. endius and 8. grotiusi also. .
2 Recorded as “Opius complex,” but majority found later to be 0. kraussii, with remainder O. deeralensis.
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Trybliographa daci, Opius kraussil, . deeralensis, and 0. fijlensis,
in that order of abundance, comprised about 98 percent of ull the
purasites reared from these collections. Adults of the eynipid larval
purusite 7', duce were indistinguishable from those of Malayan origin
(#6) and the primary lnrvie also sppenred to be identical when
compired under high magnificution. Wherens this species was ob-
tained mainly from Dueus jarcisl, the three predominant oplines
issued in good mimbers from puparia of mnost of the Queensland fruit
flies. Opiws perkings wnd O, froggaetti fuiled to wppear in the large
collections of £, jervisi from the fruits of (wreya australis, and are
npparently more host-specitic thun the other opiines.

Seven species of pupal purasites, including three identified species
of Spalangic. also issued from many of the Austrulinn collections, but
in very small numnbers.

Now Brilain

Only 54 adults of three purusite species emerged from the small
collections obteined by Mr. Krauss in the vicinity of Rubaul, and these
issued from the 3487 pupariu of Dueus frovenfeldi infesting the fruits
ot fnocarpus eduldiy, ns follows:

Paraaites reared Fomales  Potal

Opiuy longireudalus {Ashen} vur?o ] 30
Opiug fjlonnty Polloooo___ .. __ — G 14
Oplux decralensis Pull. var?_____.______ - 8 10
Totul e - 19 o

Both 0. longicaudatus und G. deeralensis showed slight color differ-
ences which muy be ol varietal significunce.

New Caledonia

Tweaty-live shipments containing (9,029 puparia of three PDacus
spp. were received from New Culedonia, and these produced the pota-
sites shown in table 15.

Tavne 15—Puresites recred from New Caledonia Fruit flisy

:E Parusites raared

i
H
!
i

Number

+ 4
: ;
foof pu- 1 Opius ‘ : ]
Fruit fiy speviey © oparin | femgi- Opius © Opius | 8palan-} Psey-
received .{caudutnu‘ fijienats | fropgalii © gia en- tdencoila
' ‘arvecale- Full, : Full ding s
donicus | b owvar, Wik,
Fuil. | i
s i ! - f
Lacus paidii | co.- B8R 647 ¢ 273 4 82 ki
Docus curvipenpis. . 8,805 2306 O e
Lacus curvipenniy . ... } s an | . i ;
Decus ap, near facralis . Gos 39 e : b e
Total . . 076,020 ;922 uRd 4 o | 2

Number of {e- l : i
males..... .. .H.._--Ui a6 - 174, P T r ........
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A color variety of Opius longicaudatus described us novacaledonicus
was the predominant parasite reared from both facus paidii and 1),
curvipennis, the same hosts also producing wmaller mumbers of €.
fijiensis. However, the latter species showed an apparent preference
for I). psidii infesting the fruits of common guava. Only four aduits
of o thinl ¢ pius representing o possible color phase of 7). froggutti
issued from /7. psidid. The common pupal parasite Npalungia endius
also emerged in Fair numbers, while the two small cynipids ( Pseuden-
rwila sp.) probably developed in Drosuphéle rather than D). psidii. as
recorded.

Fiji

Parasitization of the 48492 fruit fiy puparia received from Fiji was
quite low despite the emergenve of 3,241 adults of five different patasite
species.  Asshown in the following list, ubout 94 percent of these were

Aee retonewromybe indieom, which normally produces from 10 to 25
or more adulls per host.

Puarasites reared Fematey Total
deeretonenrmapie ndicum SV o e v 3,030
Opina fragead Polla oo e e 20 G0
Opinx fjfenais Tl e amm e mae e 12 bis)
Oping oophibis FUll e e m a 8
Spafungic eadind WK, o ier e e ? 10z

O] e e — i et - = m m m—————— 4G 3,241

The four larval parasites were reared from the puparin of Darus
prssifiorie infesting several host Fruits, though 678 L indicum and
38 1), hageni lso issued from the lurge Barringtonia collections, which
produced nearty equal numbers of 7. pussiflorur wnd J). wunthodes.
Common guava was the best source of . indicum. nearly two-thirds
of the tolal emergence coming from these collections, with the re-
meining 28 1, hageni also issuing from f2. peasifioree in the small
fehrosia collections, O pius fijiensis has a very short ovipositor and
was obtained muinly from D. passifioree infesting the smaller struw-
borry guava, in which tlie lurvae ave more accessible. The eight
adults of 7 pius gophilus emerged from the same host infesting com-
mon guava. It is interesting Lo note that the two predominant species,
A indieum and Npalangie endius, were both introdueed into Fiji, the
others being apparently endemic.

Simmonds (3/) recorded €72, fjiensts us O pius sp. and O, hegeni as
Biosteres sp., also listing the lygueid bug Germalies puoeifios Kivk,
as an important egg predator of 2. passiflorae in wild guavas.  How-
pver, the 43 nymphs and 94 adults of this predator received fram Mer.
Krauss wers destroved in quarantine because of its known amnivorous
feeding habits.

Soipan

Only % adults (3 fetndes) of an apprrent color variery of (. Jongi-
candutns emerged from the 123 puparia of Hucws ochrosine received
From Saipun.  This parasite has also been veared from the same host
on the {sland of Guani,
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South Africa

The L4LT00 EFruit fly puparig shipped to Hoboken, N.J. produced
W0 22 pins sppe el 1IN 7% brastiedus i ffeardianus, of which 84 €/ pies
undd 66 7. géffardinies were alive on arvival in Honolula, Larter iden-
fulication ol the ¢ phe by €0 F, W, Muesebeek showed that abour half
were £ ool and the remainder, two wndeseribed speeies of thal
genus, Althougels the setual hosts are unkuow, sinee the puparia were
appirently combied prior (o emergence, these were probably para-
St of Cr it eupitaga,

Kenya

Varions endtivated Cuarbitweene infestod by Naens eiligtus, 1.
firctboatus eagentmarine, and 10, enenrbita provided the grealest and
et enbstant sourve of puparia duringe the Keuyn investigations.
These were Hghitly parasitized by three species of @ pius, two of
Leteasslodons and theee different pupal parasies tlu{ﬁv 16y,
etigdut s 1 8zepy not Wesnn was reared ouly from these colloetions,
whel also produeed e nutjority of (4 phacostignu wad v few ).
g fferd 70, Ohor Tueyal purasites of the genus 7' Lrastivihues were largely
e il thomgel i ffordimnus also appeared in the later coliections.
Sittee algvernge of abowt 10 wdndes develop per host, the aetual para-
ssiton by 7 frastichis was considerably lower than indieated in
table (6. Dirkinus giffardii was the wost sbundant pupal parsite
wind sssteed ouly from the eneurbit-in festing llies.  The host species
ety arteked by these parasites conld not be defermined as both
£0. it el T2 0505 b et pi e cmerged in nearly equal num-
bevs. 2 commhitn was probably unparasitized sinee it appeared in
vers few eollections, and comprised only about three percent of the
rotal frayte Hy stnergence,

Tl birue shipuents of Frens oloe from wild olives were well
prrsitzed by several very snamll <pecies of {pins resembling 0,
copeelor, 10 Grn oyl aned €, aFrieanns, as deseribed [vom this hast
mosevert paris of Afeiea by Silvesiel 130).  Towever, these speci-
et~ dat pot entirely agree with the original deseriptions, so there
e lonbt as to there feue ddent ies,

Newt e owize wore the extensive pupal collections of LPardalospis
cantramedio Trom Warhurgin, which yielded all but T of the total
(hpins qiffurdii, w fexe 00 phavostigma. Tetrastiohus {apparently
deoeiededny and G adilts of the pupal parasites Psifax mugnificus and
Ltcdiyers poihy s vinds pemdue, Total parastiization was extremely
low. The wixed puparia from Warbitrgin and cucurbits produced
oniy s e 040 phore s B audd e frastioh s,

The only parasites obtained from extensive collections of 7rirhith-
meae qgrie st festing Ntryehnos usimbars usis and an unidentified
Tenit wen (2 pin phocastiqanr, (2, be visi (1Y and Tetrastichons {sp.?},
all bat thue Bt oy comparatively smal) nmmbers,

The Mediterranvan fran fiv in eoflos was apparentiy parasitized
by fr i v fric i, wad by Tetrustichus qiffamil awd Brucon eoler
s mtiisdentstied fraie, the coffee puparia also producing a few
Teindhonm voffear . The Ceuit= of Lipypcdes sy were i fested mainly
by 2 eronda? spis 512 and Carpophthoromi'a dinidinia, the 5000
prpaem from this eollection yielding only a few /7, phevostigma and
Lo trant oies sl The 000 puparia of Durdaluspls sp. from
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16.—Parasites reared from fruit fly puparia imported from Kenya, British East Africa

Number
of pu-
paria

Fruit fly species
received

Optus phaeostigma
Wik.

Optus spps!
Opius giffardii

(Silv.)

vindemmidae

Brues?
QOpius perprozinmus

(Szep.)

Opius africanus
Szep:

Opius bevisi
Silv,

Pachycrepotdeus

Silv.
Bracon celer Szep.

Tetrastichus spp.?
Dirhinus giflardit

Opius ccudatus
Opius sp.
Psilus spp.?
Spalangia afra

Ddcusg ciliatus .

Dacus bivillalus cucumarius

Dacus olede

Pardalagpis contramedia

Pardalaspis sp

Pardalaspis contramedia

Dacus ciliatus

Dacus cucurbilae, ... ..ccman G
El"rirhilhrum querilum

Ceralilis capitala £
Trirhithrum coffeae 7,551
Ceraltilis capitata 150
Pardalaspis 8p. (2) - civmmmacnrucin } 5. 000
Carpophthoromyta dimidiala '
Plerandrus 1084 ... cocrmnwmuieraes 198

153, 978
80, 000
60, 969

5, 000
1, 567

46, 620

«9,520

|14
JURN B 1 S0 FRSFSDES JR

JEICEIN S T PO PR

PO o cam ER 316, 033

Number. of femnles

560 | 64 | 14 22 5 < 23
46 | 40 9 12 <

i Two or three unrecognized species, including apparent color
varieties of 0. concolor Szep. and 0. lounsburyi Silv.

*Includes three species identified as T. giffardianus Silv,,
T. dacicida Silv., and T. gifferdii Silv., the latter being least,
numerous,

3 Pyilus silvestrii Kief. was reared from Dacus sp
vated cucurbits and P. magnificus (Nixon) from
“contramedia, i

. in culti-
ardalaspis

¥ An additional 72 adults (58 alive) reared from gimilar collec-
tions were received from the Bureau’s Hoboken, N.J., Iaboratory.

5 An additional 2,419 adults (1,560 alive) reared from similar
¢ollections were received from the Burcau's Hoboken, N.J.,
laboratory. . )

¢ Includes emergence from a proximately 12,600 fruits o:
Strychnos spp. and two unidenti ied plants brought to Honolulu
with the puparia.
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Chrysophyllum pruniforme produced only 22 sdults of nn unidentified
Optus and 88 Tetrastichus. A single O. africanus, 3 O, perprowimus,
and o few 7', gifardianus issued from Pterandrug rosa infesting the
fruits of Stryehnos reticulata.

Beigian Congo

Many of the sume parasites obtained in Kenya nlso issued from the
Relgian Congo collections, though mostly from different tephritid
hosts, while severnl other spectes found here were not recorded in
Kenyu. Some 13 species of fruit fly parasites were reared from the
Belgian Congo shipments, including 8 different Opius, 4 chalcidoids,
and one eynipid (table 17).

In the Congo, Opius phacostigma showed an apparent preference
tor Purduluspis ditissima and was renred from Pterandrus anonae only
in the Puncovia collections, 0. fuseipennis was second in totu] numbers
(not recovered in Kenya), emerging almost entirely from P. ditissima
as did 0. giffardii, the third most abundant opiine. In Kenya, O, gif-
fardii developed primarily in the related 2. contramedic.  Opius
“eandetus” wus also obtained from botl nreas, perasitizing niainly
Dacus spp. in culrivated cucurbits in Kenyn, but issuing in variable
numbers from all three of the Belginn Congo fruit flies, though largely
as o parasite of 2. anonae. Opius concolor var. {?) was the principal
purasite of Trirkithrum coffeae, being second to 0. “caudatus” only
n P. anonae infesting Pancovia, but failed to issue from P. ditissima.
A few O, fullanagyi emerged from P. anonae and 7', coffeae.

Large numbers of Tetrastichus dacicida were reared from the pu-
paria of Pardaluspis ditissima and Pterandms anonas but not from
those of rirhithrum coffeac. In Kenya, this species was an important
parasite of Jacuws spp. from cucarbits, and also oecurred in several
other hosts. A few Zuchinaephagus sp. and T'richopmric sp. issued from
P. anonae, while the usually common pupal parasites were even fewer
and did not include Dirhinus or Psilus.

Total parusitization was relatively high in the collections from
various tree fruits but much lower in Lhose obtained from coffee, in
which ("eratitis capitata was absent.

French Cameroons

Collections were very limited in this part of Afrien and two of the
fire shipments sent to Flawnii failed to arrive. The other three took
6, 16, and 23 days en route, and showed correspondingly wide varia-
tions in total parasite emergence. Thus, only 38,350 of the 60,730
pupurin shipped actually reached Honoluly, These comprised 37,800
puparie of Péerandrus anonae from the fruits of M yrianthus arborens
and 550 pupnrin of Dwews bivittats cucwmerivs,

The puparin of Pterandrus anonae prochuced 467 Opéus fuscipennis
(333 femules), 8O 7. desideratus (37 females), 3 females of 0. fulla-
wayt, and 6,765 adult Tetrastichus giffurdii. A few of those recorded
as (2. fuscipennis were lnter found to Le 0. desideratus, which it closely
resemnbles.  The small cueurbit collection produced only 12 0. phaeo-
aligme (3 females) and 19 0. frsoipenniz (9 females).
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TanLe 17 —Parasites reared from fruit fly puparia tmported from the Belgian Congo, Africa

Parasites reared

Fruit fly species

var.?

B
<
~
9
<
=
<

vindemmiae (Rond.)

(Szep.)
(8ilv.)
(Szep. )
Szep.
(Silv.)
Silv.

Wilk.
Spalangia afra Silv.

Number of puparia
received

Opius phaeostigma
Opius fuscipennis
Opius giffardii
Opius caudatus
Optus fullawayi
Tetraslichus dacicida
Tachinaephagus sp.
Trichopria sp.
Pachycrepoideus

Opius ¢

o
vy

Pardalaspis dilissima
Plerandrus anonae
Trirhithrum coffeae

Total 557 210
382 ‘ 184 | 182

! According to later identifications, these rearings also contained a few O. desideratus Brid., and an apparently uridescribed Opius sp,
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Brazil and Mexico

Opius cerews was the dominant parasite obtained from the 23,382
puparia of Anasirepha momdinpraeoplans and 4. serpenting infesting
various fruits in Brazil, a total of 2,310 adults (1,558 females) issuing
from these collections. The same collections also produced 337 adult
Opius anestrephae, of which 251 were females.

Of the 328 ndults of Opius crawfordi reared from Anastrepho ludens
in Mexico City, and shipped to Honolulu in QOctober 1949, 157 femules
and 121 males were alive and in good condition upon arrival,

Distribution and Host Relations of the Maijor Parasites

The many species of Tephritidae and their parasites reared during
these investigations came from three general regions, namely (1) Indo-
Australasia, (2) Afriea, and (3) Brazil and Mexico, the host and para-
site faunu of ench region being quite distinct from that of the others.
The foregoing data covering foreign importations are therefore briefly
summarized according to the reglon from which the various species
were obtained.

1. Indo-Austroiosic

Exploration was concentrated mainly in the nccessible areas of this
large region since it is the home of both the oriental fruit fly and the
melon fly. A great many additional dacine Tephritidae and their
parasites were also obtained from these shipments, theteby vastly
mereasing our knowledge of the fruit fly and parasite fauna in this
part of the world.

Optus longicaudatus {Ashm.) and Varieties—The various mem-
bers of this “complex” are widely distributed in the Indo-Austratasian
region as parasites of Dacus dorselis and several related host species.
The adults are remarkably similar except for slight local differences
in general coloration, and some have been assigned varietal status.
Several previously described species from the same region may also
be no more than Tocal varieties of 0. longiceudutus.

Opivs longicawdatus, as currently recognized, was the most nu-
merous parasite of Dacus dorsalis in North Bornee and was second
only to (7. incési from the same host in northern Indin. Of the de-
scribed varieties attacking the orientul fruit fly in other areas, faiensis
was the dominant parasite in Thailand, chocki was of minor hnport-
atce in the northern Philippines, and melwiensis ranked Tourth in the
Malayan shipments. 0. longicaudutus vav. taiensis also parasitized D,
lutifronsand possibly Carpomyia vesweiana in Thaitand, The variety
novecaledonious was the principal parasite of 7. psidii and ). curvi-
pennig in New Caledonia, while appavent though undescribed color
varieties of . longiraudaius.were the predominant parasites of 7).
fravenfeldi in New Britaln, D. Zimbiferus in Mindanao, and I).
ochrosiee on Suipan. The very similar and closely-related species (7.
Jformosanus and Q. compensans also ranked first and fourth in
Formosa and South India as parasites of the oriental fruit fly.

fopivs vophilus Full—This egg-larval parasite (fig. 1) was also
found to be widely distributed in most of the areas inhabited by Dacus
dorsulis, where it occasionally attacked other host species ag well. It
was apparently the dominant orients] fruit fly purasite in Maluya, a
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Freuns 1.—A female of Opius oophilna Pull, ovipositing in na egg cluster of
the oclental fruit fly Daecus dorseliv lHendel benenth the skin of an infested
pupnyae.  (Photo by L. D Clristenson.}

elose second to 0. persuleatus in South India, and to 0. longicaudatus
in northern Borneo, and ranked fourth from the same host in Thai-
land. A few specimens were also obtained from . dorselis in For-
mosn, /2. inclsus and f. latifrons in South Indir, Carpomyic vesu-
viana in Norvth India, and from D. passifiorae in Fiji. It 1s known
also to occur us u pavasite of the oriental fruit fly in the northern
Philippines, and in Java,

Opius randenboschi Full—TFirst identified as 0. persuleatus bub
later found to be n distinet though very similar species, as was .
oophilus, this parasite also attacks the oviental fruit fly over n rather
wide aves. It was the most abundant of two species received frown
Java, it ranked second only to eophilus in the large Malayan ship-
ments, and was thivd as a parasite of Daecus dorsalis in Borneo.  Only
n few adults were rearved from the same host obtained in Formosa,
Theilaned, the northern Philippines, and North India, but 0. vanden-
hoselt was strangely absent from the extensive Bouth India collections.
It thus appeared to be somewhat less important than oophélus in the
region inhabited by 2. dorsalis.

fipius ineisi Sfp—This species was also one of the major oriental
Pruit. iy parasites in Indo-Australasia, but varied widely in relative
abundance in the aveas exploved.  Although it was the dominant para-
site in North India, it ranked fourth in South India and Borneo, and
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third in Malays and Thailand. O. ineisi apparently occurs in the
northern Philippines but not in Formosa or the Pacific islands.

Opius makii Sonnn—0, makil is smuller than 0. #neisi snd has an
even shorter ovipositor, but is otherwise very similar. It isapparently
a major paragite of the oriental fruit fly in Java, as indicated by the
large number of parasitized puparia received, was second in abundance
from the Thailand shipments, and third in the Formosn rearings. A
few adults were also obtained from Ducus hageni collected in
Mindanao.

Opius figiensiy Full—This parasite is similar to 0. fletehers and the
two grecaeding species but was obtained only from Queensland und the
neighboring islands of New Britain, New Caledonin, and Fiji. It was
found to parasitize nearly all of the endemic Ducws spp. in northern
Queensland though ranking fourth among the five reared opiines
from that aren, 0. fijiensis wus the second most nutnercus of three
Opius spp. purasitizing D). frauenfeldi in New Britain, D. psidii and
D. curvipennis in New Culedonia, and D, pussifloree in Fiji.

Opius Retcheri Silv.—This well-known melon fly parasite, previously
introduced into Hawaii from Indin in 1916, was surprisingly scarce
over the wide area inhabited by its host, only 284 adults being obtained
from at least 34 million puparia of Dacus cucurbitae during these in-
vestigations. They appeared only in the collactions from Mnlaya,
North India, Ceyion, and Mindanao, an additional 77 adults of an
npparent variety of fletcherd also issuing from the puparia of D, limbi-
ferus from Mindanao, 0. fletchers failed to appear in the melon fly
collections from northern Borneo, South India, Thailand, Formosu,

South Ching, and Kast A fries,

Other Opius Species—Additional species of Opius obtained from
the Indo-Australasian shipments are listed below acrording to host
and country of origin,

Counlry ond Porasiic Species Host
Mindanso:

0. skinneri Fulil Dacus limbiferus, D. pedesiris, Eu-
phranta n. sp.

Formoaa :
0, arisqanus Sonan Dacux dorsalis
Soutk Chlnu:
Opius sp., possibly arisanus Sonan_. Dacus latifrons
Thallnnd
Opius sp., posalbly bianchi Full.__. DProbably Dacus dorsalis
0. arisganus Sonan Probably Dacus dorsalis
Borneo:
0. anguicti Fuil Probably Dacus cucurbilug
North India:
0. twateryi Full Probably Dagus cucurbitae
0. carpomyige (Silv.) . _____ Cerpomyic veswviange
South India:
. persufcatus {SUv.)y . __. Dacus dorsalls amgl D, incisug?
0. manii Full Dacus dorsaliz
O. carpomyige (Fv.) e Carpompic veanviong
Ceylon:
O, walersi Full Dacus cucurbilac
Queensiand, Australis:
0, kraussii Fuil 0§ Dacus spp, wnd varieties
{3, deeraienaix Full 12 Prous spp. und varietles
(. perkinai Full 6 Dacus spp. and varleties
0. froggatti Full 8 Lacus spp.
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Couniry and Parasite Species Hogt
Bijl:

G, hageni Balle ool o_ao .o Jhaets ranthodes aud 0 pasyiforee
Now Britain:

O, decralengiy BPull, var, oL Iacus frewenfeldi
New Calodonin:

O, frogoabl Pud vOCm oo e e Daguy psidii

deevatonewromyia  indicum  (Siv.= phil ppinensis Full)—This
sinall eulophid Iarval parasite was widely reaved {vom the puparia of
[rus darsalls wnd several other host species daring the present investi-
gations. It was the most numerous ortental fruit fly parasite in South
Indin, but probably ranked third in getual parasitization, being veared
also Lrow /4 dnedsus and 120 nubilus, AL indiewm was casily the slomi-
nant parnsite of 12 pussifforae and possibly of 7 wanthodey i the col-
fections received from Fiji. This species had been introduced previ-
ously from I[ndia via Austealin. 1 also dssued in smaller numbems
from the puparin of £, dorsalis obtained n Malaysn, Ceylon, and
Borieo, and a single adult identified as this species was included in
a box of mounted orientad {ruit fly parasites received from Java,

Crylilivgrapha duei Weld-- T daei way the most munercus and
widespread of several Cyeipidae which issuned Crom these collections.
It was the dominant fruit Hy parasite in northeen Queensland, em-
erging in large numbers from the pupavin of fwens jarvisi and £,
tryond, though only n few adulls were obtained from /2. dorsulis und
[ umbrovies colleeted in Malaya, 72, doesalis and 12, fneisus? in South
Tnedia, and (rom /i eweurbitue and £, dorsalis in nothern Borneo.
fts wide host range is also indicated by the experimental rearving of
this parasite from two species of Drosophile and from all three of
the Ehvwaiion feuit flies. Tt s obviously atteacted to rotting fruils, us
ave other {'ynipidac that pacasitize larval Diptera.

Tuchinuephagus sp—QOune or more undescribed species of this en-
eyrtid genus oceurved as a minor pavasite of several Jecwy spp. n
Malaya, Souih Indin, Formosa, and Thailand.  The majority of adults
issued {rom the pupariz of 72, dorsulis collected in Malaya, a few also
being recorded as parasites of /2. wmbrosus and D. cururbitae or ).
nubelus in the same shipments.  Other host records include 7. nubiltus
from South India, /2. dersalis from Formosa, and both 7). lalifrons
and /2. dorsalls from Thailand,

Pupal parasites.—3ince these parasites will attack only host puparia,
antd most of the Tephritidae received in Honolnlu had been collecied
as larvae in infested fruits, the reared pupal parasiies were thus largely
the progeny of adults that had been attraeted to the rearing containers.
Cousequently, these figures do not retlect the extent of field parasiti-
zation. Aithough very little information is available concerning the
importance of fruit fly pupal pavasites in the aress explored, they ave
gepernlly assimed 1o be of misor valee and have shown no evidence of
giving effective vontvol when introduced into new areas.  Their abil-
ity (o develop as secondary parasites through 7 pius spp. would also
limit their usefulness.

The small pievomalid  Puchyerepoidews  rvindemmine {Rond.)
ifubins Ashm,) s a nearly cosmopolitan purasite of many Diptera,
and was recovered throvghont Indo-Austealasin exeept Cevlon and
the Pacific islands of New Britain, New Caledonia, and Tiji, being
mest numerots in the collections from Novth and South Indin. As
with the other pupal parasites. it is appavently nongpecific. developing
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with about equal readiness in the puparia of most Tephritidae, 1t
was successtully introduced into Flawadi from Australia as a dung-
fly parasite in 1914, and was also found to be capable of developing as
either a primary or secondary parasite of ¢‘erutitic capitata (29).

The genus Npulungia was vepresented by three deseribed species—
erddives, o fri, and grotéesi—and possibly others that could not be nosi-
tively identified, the first two apparently being more widely distrih-
uted and abundant than the others. Npwlangie spp. weree the most
nunterons of all the pupal parasites, failing to appear only Frony the
small New Britain collections. but Issuing in greatest abundance from
the North and South Indix and Borneo shipments.

Two species of Dirkinis - -giffard i and fuzonensis—were ulso reared
in large numbers From the pupuria of most fruit fly species collected
in North and South India, but only giffardsi appeared in several of the
Australien collections. A single wdult identified as Dirkinus sp.
issued from Ducus cweurbitar collected in the Canton area of South
Chinn.  The genus Dirkinus was thus considerably move limited in
distribution than either Puckyere poidews or Npalangin.  Both species
of Dirkinus have long been present in Hawail,

Only 66 adult Pyifus were obtained from the Indo-Australasian
shipments wnd none of these could be further identified, though sev-
eral species were obviously involved. The majority issued from the
South Tndia and Mindanao colleetions, occasional adules also being
reared from the Malaya, Australin, North India, and Ceylon ship-
ments.

An nmdentified species of Prichopric and another diapriid of un-
determined genus also issued from the Seuth Indiz shipments, bat their
actund host velations are unknown since they may have developed in
the puparia of Drosophile ov other small Diptera ineluded with those
of the Tephritidae,

2. Africa

The Afriean importations have already been listed and discuszed
tn considerable detail, and will therefore require only brief summari-
zatioun.  Fruit fly inlestations ave characterized by many species of
the endemie genera ('eratitis, Dierdalaspis, Plerandrus, and 7 rirdith-
rune which attaek the fruits of native forest trees and certain culti-
vated varieties as well, while the Cucurbitaceae are largely infested
by Dueses eilictus and 0. bivitatus curumarins, e melon fly is a
recent iitrodoetion foundd only in the coustal arven of Kenya. The
oriental fruit [y does not vecur in Africa.

The parasite fauna is also very different from that of Indo-Au-
stralasia, consksting largely of many endemic species of ¢/ pivs and
severnl Zetfrestichns not found elsewhere.  Most numecous were paca-
sites ol the Jatter penus, more than 30000 adult Pelrastichus being
ebtained from the majority of Afriean Tephritidae during these in-
vestigniiions.  These probably issued from about 3,000 host pupari
The Kenya shipments produced mostly 7. giffardinnns and T duci-
cida with smiadler nunibers of 7, gifferdii, wlile wlentifications showed
only 7% giffardiares From South Mriea, 7. ducicide From the Belgian
Congo,und 7, g/ Fard i from the Freneh Cameroous.

Some 12 to 1 speetes of Mpies also issued from the Atrican ship-
mentx i variable numbers. The olive fly Docws olear was heavily
prrensitized by several smiall oplives in both Scuth und East AFrica,
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over 10000 of these parasites eiergine from collections of infested
witd olives made in Kenya,  2pins pheeastigmee was next e total
abundhueee, more than L300 wdoles being obiained from a wide vaviety
of hosts eollected in Kast, Central, and West Afriea. About 1000
03, Fuwed pengeis ssted maedy from collections of Prurdaluspls ditissima
tn the Belrin Congoe and Pterand s wnonee in the French Cam-
eroons, while nenrly all of the 423 & giffard’’ were obtained from
two species of Haedidaspix originating in Kenyva and the Belgian
Congo.  f2pins “eaudatus” pavasitized only the cteurbit-infesting
Dhpeaes spp.in Kenyn, bt attaeked most of the tephritid species col-
feeted Inthe Congo. O pins desiderafus was o minor parasite of £
nneete 1 the Cameroons und was very searee iy the Congo,  Severnl
other €2 pius spp. were venred i small nunbers from the various Afri-
ran shipments,

The Mediterranean Frudt 1y was found ro be parasitized by 77 pius
bt aond Tefvastichus giffurdionus in Sowrh Afrien wnd appar-
entty by Bracon eoler. T, giffardii, and 02, africanas tn Kenya, thongh
most of the latter collections were obtatned From colfve, which was
also Halwly infested by Zr/rhithmm coffeae. Both B eeler snd 0.
wufrieanas were oviginally recorded by Silvestrl () only as parusiles
of the olive y in Soueh Mrien.  However, parasitization was very
low in each ease, and (Cemditis eapitnta was not conteined in any of
the Central or West Afriean shipisents,

The pupal parasites f2irkinus giffurdii and Npalangia afra weve
originally deseribed from West Africa (403, the first also being ob-
tined Trom South Afvien and Kenya, and the second from Kenya
aned the Belgian Congo, during these investigations.  Two species of
vifus dssued From the Kenya collections, but these and the Belgian
(‘ongo shipments produced only five adults of Suehyerepoideus vin-
demaiive. These were the only Fruit iy parasites common to both
Africa aad Lrdoe-Mstealasia,

3. Brozil and Mexico

A great many species of the genus st re pla nre known to infest
sariows Fruits in Mexteo, Centend Amerien, the West Indies, and
Sourl Aweriea, where several of them are attacked by endemic
2 piux ~pp. Three of the more connnon opiines from this region were
accordingly sent to Hawail to determine whether they might also
prensitize the oriental, Mediterranean, or welon flies.  These were:
O pius eraefordi from Mexico, and (2. cerens and (). anastvephue
from Brazil.  However, these specles are apparently host-limited to
the wenns .Lpaste phe and could not be propagated on any of the
daine frult flies.

Laboratory Testing of Introduced Parasites

It order to prevent the introduction of any haemful hyperparasites,
the primary vole of each speeies waz Hiest determined, either by rear-
ing 1t throneh on parasite-free hosts, or by the disseetion of empty
fly puparia from which the parasites had emerged. The Iatter
method wis used when the species it question could not readily be
propagated in the guarantine room.  The parasites thus cleared from
yuarantine were then lberated by members of {he Hlawaii Board of
Agrieutture and Forestry or used in preliminary breeding tests at both
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leboratories to determine their alility to develop as prrasites of e
dorsalis, Ducus evorbitac, ov (Teralitis cupitetu, These lests also
furnished important biologieal ata, which often Meilitated insectory
production of (he successfu) species.

Adule purasites of the speeies being tested were pliveed with inlested
fruits in glass cugees I‘{llll&(‘ of large lamp chimneys or wide-mouth
mallon muayonnaise jurs from which the bottoms had been removed.
The ends were covered with guuze, chessecloth, or orgundie Tastened
al the bottom with melted paratiin and temporarity seetived with
rubber bands wt the opposite end. The eages wero placed on their
sitles newr a window whieh afforded strong Hghr without direct sun-
shine, pure loney was streeked on the upper uside surfare as food
for the parasites, and the infested Fruits were luid on paper toweling:
to ahmorh exvess moistare. The number of purasites used depended
o thetr availability, and the duention of each est deperded on the
condition of the host material s infested froits wore enerally elunged
every 2oor 3 dayss Dend parasites were replaced by newly-cuerged
whitlts of the same species, the made catios being adjusted accordingly
Lo sncotrsge mading,

Oviposition was most readily obiained when the prIRsHes wore
rlosely conlined with fnfested fruits in this manner, particularly by
species of Gpins from liosts other than the [lawalian {ruit e,
Resttlts were: generally muelt poorer when tests weve conducted in
larger serveeu or eloth ves. -\L‘Ium;_rh ovipasition was often ~loreed™
under the eonditions of these tests, they aceomplished the prineey
purpose of determining the Hmits of host-parasite speeificity.  Sub-
sequent breeding stodies wirh the progeny of the SUPVIVHIG Spocies
soor dndicuted which ones wers capible of continnous repraduction
on vhivor nore of the Hlawaiian Fruit ies.

The grveatest diftieulty experienced in the parasife-testing program
wits that of suecessful mating under luborntory conditions, as indi-
ated by the predominanily male eatios shown in tables 18-20, sinee
the unfertilized females of these purasites produce unly male progeny,
Ditlevent speeies were found 1o vary widely in this respect, un(!l i most
caves very litls improvenent was obtained, even with special tecl-
ninues. This fetor has greatly fimited the breeding of many ichnen-
monoid preasites inpartienlar, inelading various O pins spp. formerly
mfrodueed iuto Hawaii, eultures often Trunning oul” after one or
more laboratory generations. 1t i= also known (hat the mated females
of veviat Hymenoptera have (he ability o lay either Tertilized or
unfeetilized e at will, depositing mostly infévtile or male Cares on
nanatural or otherwise less desivabi s hosts, Sigee (he majority of
nuporicd speries were parasites of feait flies other (han | lose OeCUrTing
i Hawai, this phenomenon nay also have been involved in the [re.
quent imability to establish Inboratory cultures on the loenl Troit (e,

foosas oon Tonnd that sany of the eommon pupal parisites
brlonginge o the genern Npaalepegi, D0vhings, and Psifus would itlso
develop yeadily ax hyperparasites of 7 pis sppacin addition 1o their
msual prary roles This nnedintely raised (he question as to
whether they shouk! beoeleased in Tiawat: where the establi<hod
Malayan opines were alveady showing grest promise. The Advisory
Committee agreed that these parasites shonbd Le rotined in fpLLLie
tine vl thete hahits il heen stucdisd 1 grenter dotail by lissceiing
ruerats parisitized pupraein, inchnling these exposed previousiy to
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(4 pies spp. in the larval stage. The results of these studies indieated
that Nplangin, Dirhinws, and Pyifus are not preferential hyperparva-
sites but will develop with sbout equal veadiness o either parasitized
or nnparsitized pupacia attacked ai random. though Dresner (/45)
Found that Npeafangur spp. exhibited some preference for the primary
role wmler the =tome vonditiens. Since Firkinus gifferdii alveady
perurs in Hlawaii as o oresult of cavlier veleases. the Mustealinn and
Afriean mrees of this specles were approved for colonization.  After
vonsiderabie deliberation, the others were ovdered destroyed to avoid
any possibie risk, ax they had al-o shown no evidence of being effective
Frait (ly parasites in any of the avews wheve they ocewr. Many of the
pupal parasites obtained from the imported material could be identi-
Iiwll only to genus.

More than 1.0 separate rearing tests were condueted with the
nuparted lieval parasites on all three of the Ilawaiian fruit flies, but
progeny were obtained from only 53 pereent of these combinations.
The sueeessFul tests wree summanzed i table 18 for Dacus dorsalis,
table 19 for (% rutitic vapitatn, aud table 20 for Decus cucurbitee.
These do not inelude preliminary tests with the established oplines
ot their normal hosts or the pupal prreasites which bred freely on wll
three it (lies.

Mrhowsh an attempt was made to conduer comparable tests with
the rerrced prrasites on each of the loeal fruit flies, this was sometimes
unpossible becanse of limited parasite emergence and variabie host
stoeks,  Efforts were necvssarily concentrared on the more pronising
combinations in vreder to provide adequate breeding stocks for Targe-
senle rearing and Lekd colonization. Consequent]y, some of the yields
wight have been higher and the negative results fewer with more in-
tensive lesting, though it s doubt Ful whether breeding stocks of addi-
tionad species could have been maintained, even with greater etfort
aned larger inportations,

Laboratory tests with all Four of the established Malayan opiines
showed that ¢ pius tengicoudutus var, malalensis, €. randenbosehd,
12, aoplitus and 12, ineisd wourld adso develop on Cerebitis capitale but
not on Haens eenrbitu, thongrh they oviposited readily in both fruit
Mlies. The tmunity of £ cnewrbidae 1o purasitization by fhe same
species was Infer reported by Nishida and Havamote (27).  However,
fewer progeny and lower female ratios were usually oblained on
O, eapitate than on /2. dorsidis, the normul host.

The t2pius fongleaudubis vavicties novaculedonicus and  {edensis
were reacdily propagated on the oviental frwit fy through several
convrations, aml large hreeding stoeks were given to the Territorial
Board For further jnerease and fleld colontzation, The fenale ratios
e~iadly nerepsed with eanch generation.  Both parasites were also
reired o et it eapitata bt not on Daens cucurlifae.

Chplun conepe pswys i €1, formoxanns ave very similar to other
imembers of the ¢, forgieandntux “complex” and exhibited the same
Lot yelation<lips, breeding on £, dopsadis and O enpidata but not on
Deneepbite | even thongh oviposition seewrred in all theee fruit flies.
The<e parasttes also scemel etier adapted (o 72, dorsalis than to
. enpitor il lrge numbers weve propagated on the oriental fruit
My ta Purnish breeding stocks for the Territorial Board insectary,

Particular attention was devoted (o O pius persidentus beeause of
it= dominant status as an endemie oriental Teuit Iy parasite in South
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India, but with only partial success. Most of the wdults emerging
from the earlier shipments were very feeble and seldom lived more
than a day or two. The tests were entirely negative, but with the
onset of rool weather at Coonor, they issued From the later shipruents
in better condition, and females were frequently observed probing in
the test fruils. Ilowever, there was little evidence of mating, nogd
the numerons resulting progeny were nearly all males, but these indi-
viduals mated more readily with newly emerged females Trom the
South Indin shipments. Although female raiios of subsequent gener-
ations showed some improvement, they seldom averaged more tha
10 pereent. A Iaboratory eulture was thus maintzined only wilh
ronsiderable effort.

2pius perswleatus is apparently similar (o 7. vophilus in its devel-
opment ws un ege-larval parasite, and the males of rhis species also
require o premating peviod of 5 or 6 days. Most of the adults emery-
myg [rom these tests and from the origingd shipments were twrned
over to the Territorial Bourd in order thut . persuleatus might be
widely eolonized in Ilawail. In further tests it was found to prrn-
sitize eratitis cupitate but not Dacws cucnrbitue.

(i pius matkii 1w important parasite of the orfental fruit fly in
Jave, Thailand, and Formosa, and large nunibers were proprgated
on this host in the quarantine room to furnish a breeding stock for
the Territorinl Bowrd.  Tlowever, female ratios were considerably
lower than in the Tmported material, seldom averaging over 23 per-
cent, even with continued breeding.  Dimited emergence was also
obtained in tests with (', capituta. but not with 2. cururbitue.

O pivs manii from South India produced only mule progeny on
L. dorsalie and 7. eapituta, and further coproduction was thus inipos-
sible. A few adults of the oriental [ruit fly parasite & pius arisanns
from Formosa also fuiled to reproduce on the Hawuitan Fruit flies.

Some 13 species or varieties of Opius from the African shipments
were tesled on the local Fruit flies. but only @, phacostigme could be
propagated lor more than a single generation on (" eapitata, and the
colony eventually mao oul beeause of low female rafios. Develop-
ment was even less safisfuciory as o pasite of 7). dorsulis, Tests
with 72, “eaudalus 0. coneolor var.d, 0. desideratus. (. fusei pennds,
and 1 giffurddd produced timited numbers of male and oecasional
female progeny on (', capituta, but only 1 und 2 males of 7). “eaudatus”
ancl (2. fuseipennis developed on /). devsalis. Negative resulls were
obtained in similur tesls with 2. cucurbitae.

Although numerous tests were conducled with 0 pilus deeralensis,
12, Rjiensis, O, frogyatti, 0, krawssii. and 0, pevkinsi from Australin,
comparatively few progeny wers obluined, and these were largely
mades, which developed only in £, dersalis (table 18),  ITowever,
). krawssié was eventunlly propagated on ¢ eupituta in papayas at
the Territoriul Bourd insectary.  Smaller tests with 2., fijicnsés from
New Brituin, New Caledonia. and Fiji on both Frail flies gave nega-
(ive results. _

Briel tests with @ pius shinneri and ¢4, flefeheri var.d from Mindu-
nao prodiced ouly a few made progeny on /772, domsulis and € rapitaia.

Although n Few progeny of the Beziling 22, cercis were obinined
from €7, ewpifute the theee opiine purnsites of oL aasfre pha spp. in Bra-
a1l and Mexiro were obviously unable (o adapt themselves (o the
dneine Frait flies in Tlawaid,
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As noted i table 200 only threee of the many mported € pins spp.
vorprpddetd, Jorge nd, and reatcend)y eould be reaced on the melon Hy o
Iiwaii despite repented attemprs, Althongh the lmported opiines
appareatly oviposited iall three fruit ies with nbout equal readiness,
o<t ol them were unable to develop w72 ewenrhibne,

1 pins angale 7 15 @ previously pudeseribed species obiained only
remn North Borneo,  Beeause of its apparent profevonce for fuens
eenpbibor o tutal of 46 tests were condueted with the melon fly in aa
eiffort to establish @ breeding <tock. AMithougel nearly TH08 progeny
were reared [rom these tests, only about 12 pmwnt were Tenudes
despite tontinued breeding through severad wt-uvntlwm Finvrgonee
from the original shipients aver urv{[ ouly 270 peeeent femndes, per-
haps uuht‘.llnw a normally low feanale rfio for this species. Ilow-
ever, @ saflicient wuntber of both sexes were oldained to supply the
Terrttorin]l Board with a laree eulture. 00 angalet also oviposited
readily in ewltures of 72, dorsalis and (e ralitis copitufe, but only male
progeny issied Trons the latter bost,

[Areired breeding tosis with (O pinx hogend Trom the Fiji shipmoents
sielded & few progeny fram all three of the Tawnitan Teadl flies, buf
these were mostly muales and Tarther propagation was impossible.

Howas soon found that O plus waterss, from Novth Fadin and Clevlon,
wits well adapted (o foueies cuesrditae ws a host though it was orig-
iy wlentifod as 00 longicandains, wiich it elosely resembles nad
whieh cannot develop as o welon iy purasite. . Reproduction of this
spoeies wis nd st rather Hmited, but the ¥, generation from an orig-
it FEoated Temades totaled 562 progeny. of which 46 pereent were
fenmles,  One of these tests vielded o020 fold erease with 55 pereent
fenandes. "The emerging adults were turned over {o the Teryitorial
Beard iy apder that this promising new melon fiy parsite might be
tergtsed wnd colondzed in Faowndd ai the eavliest pessible date. 02,
ke i failed 1o develop In 1, dopsalic but o lew progeny were ohb-
tned frow 0 s piteria.

Bracen toteda pf Teom North India could not be propuagied on any
af the Joead Cesat Hies although oviposition was obzerved in the sinadl
frutis of Do 2 Bavifolie infested by 10, dorsalis, The following
{2 pigs sppnoalso Tailed vo develop wn 700 dorsalis, 13, enewrbitae, or €.
cupitaba it e phoe from Brazil, eooneford? from Mexico, carpom y-
sae fram South udie, and several unidentified species from South
Afrien, Kenyva, nd South China.

Severn] speeies of stundl larval parasites in the families Falophidae,
Cynipidacs and Buevetidae, which issued in variahle numbers frow
the Toreign shipments, were also fested extensively on the loead fruit
fies i an elfort 1o establish breeding stoels for colonization o awail
Siee these pamsttes iwarlly enter the flesh of ripe and deeaying fruirs
it seareh of host Jarvpe whiel are attacked direetly tests were usually
eonduvied with naked feult fly laevae or ag cultures of the desired
speeies, rather than with infested frais.

A gt ey fndierm frons South Inedia wos remdily propa-
gatesh b luree nuwhers as o parasite of e orfental fragt vy, In
thie fiest tetad= with inlested [ruils reprodnetion was rather Tinited,
Bl vivhls were considerably tnproved when the parasites were plieed
with naked host Tarvae. This prrasite also developed to a Hmited
extent i £ eapdtoata but vot in 1), eucurhita,
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OF the three specios of 7% frastichus imported from A Teien, dueicida
win festesd inost extensively oo the Hawaiinn feutt Hies beesase of is
unisually wde host range,  Development was remdily obtained in the
lars e of oth 72, dorsedin nand €. et pilata, and severad thowsand adulis
reared u~ parsites of the orentel o ty were supplied fo the Tor.
riorid Bowed insectary,  Mthough 7 deeieids wlso oviposited with
wpund vewdiness i the lievee of 2, reeurbilae. wn progeny  were
obtined.

Sinve T fpantiohus giffurdinvnus has long teen establishod 1o Hawaii
s a prrastte of the Meditermuenn Teeit fy, the emerging rdults wore
given to the Terrsorinl Boned after brief tosis shos el that (his
spectes woid also develop tn 22, doesafis bt wot a4, ewenrditon.
£ yeifered 7 was not identitied until aller the Hyviuge emerged adulis
hael been ecolomized i Hawaii witls the other Zofrastiohus SPL

The eynipid larval parsite Prybliogeaplin duel wis liest rewred
from the Madayin shipments nad initisd Gests showed (het i€ would
tevetop tnall theee of the Joenl frait s, Developient adso oecnrred
it S 2rasapdiifn spp, but sot in lumvae of the howse iy, Similar resulls
were later obtained with sedults from the Australian shipments, thongeh
fenutle vatios were consistent 1y low and yields were often reduced by
stiperparisitoan. Lurval disseetions showed 5 1o 20 or moro exviipid
egges and primary larvae per hiost frone proloanged exposures 1o ox
cossive nunlwery of purasttes. Howoever, resolis weprn considernhiy
miproved by nsing ouly 5 to 10 mated feamles per HI0 dnte instae
72, darsalis larvae jo sgae-base wedia with o 2oduy exposure period.
Thishest of several tests with difforent combinu wons yiclded 4 femnles
el B2 msale progeny (06 perrent paeasitization from 4 mnted
femades after a ladny exposure, The prinsites also ovipostted mora
veaslly 1o Tarvae in the agee cultures than in wked host Bevae,

Stwee 12 daei wis the only introdueed lneval parmsite that devel-
oped with nboul equal redivess in eneh of the Hawaitan frajl ffies, o
large breeding stock was peemmulated for further inerease md liber.
tion,

Briel tests with one or wore undeseribed species of the eneyrliid
genus Tarhivaephagus Trom Malayn, Formosa, and Thailusd vieldoed
mostly male progeny from /2, dorsalis ouly, and continued breedin
wis thos bnpossible. Shnilue results were obtained with sovoral wai-
dentilied eneyetids from the Mindanao and North Borneo shipments,

A nttnber of very smdl imddent tied species in fhe Tumilies Diapri-
whie, Dieromalidue, Braronidae, Cynipidae from the South India
shipnuents, which probably developed as parasites oF [pasophila and
variows musseoid Diplers, eontaminents m e shipiments, were aiso
tested briefly an the aboratory. Phese tes(~ vielded only a few mnle
exuipids and Trichopria wp. Trom 14, dorsadis and Dvasoplila spp.,
respeelfvely.
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Tanne 18, —LfLesulls of rearing tests with imported puresites on
Dieews dorsalis

A e
5
i

b

- Parasites cmerged

Parasite species - 'Tests : Femnales  Host .
von- : used | puparin
¢ dueted i ; reared 1 Female Muoke
: i ! |
ST T e : ! !
BHACONIDAE i . :
" Number i Number . Nwmber @ Number | N wmber
Opiuz afru (T TTTTe. 14 : 174 4,270 3 206
Opius Yeandatus” ..o g 51 6,380 ¢ 1
OpLis rompPeRsung . . ... ... i 161 4,088 205 G659
Oping deeralensis. . o ... 5L 1,103, 21,702 ; 20 64
Oprus fijiensizs . _ ... . o 41y TH6 1 L3, 151 | a 135
Opins fetcheri vardo L0 L Lo 3 40 ¢ 28 . 0 L
(pits formosanus . .o ... ... : TH L, 3060 ¢ 26,71 798 3, 121
Cpius froggults ... ... ...} 8 i 201,814 1 0 2
Opites fuseipennis ... . .. 8 180 ° 11, 242 { Q 2
Opivs hogeni_ .. ... ..., L 28 © 8, 850 0 1
Opeuy krawssie. .. oo .. G0} L, 106 ; 15,208 | 18 65
flpiug longicandalus: ; i ! !
var. novecaledonicus (... ... ' 65 1 1,173 ' 20,873 l 645G 3, 085
var, fafensis ..o 2L 620 ¢ 14, 758 157 382
(pius makif ..o .. 301 404 1 12, 601 5 546 1, 544
Oprus mantl | oL omaoaea i 13 ¢ 78 5,881 Q kit
Opius perkinsi ool 29 ¢ 282 | 10,779 17 705
Opfus peratdeates ... . 70, 4, 338 | 56, 941 298 G, 441
()ping phocostigma. ... ... .. __ ) a1 410 . 14, 954 ¢ 4 79
fiprus skinneri ... ool G! 107 - 1,522 0 30
EULOLHIDAE % % i
|
Aeeratoncuromyia tndiciwm ... 1 34 (G, 1057y 12,185 oniun.oo (26, B72)
‘etroslichus damesda . oL L .l (4, llUI} 3,730 ... L {5, 120}
Tetrustichus giffardianis. ... . .- 3 ! ! (46) 256 ;... L (LDY)
CYNIPLDAE i : E
{ ;
Trybliographa daci. .. ... .. - o0t 3,764 ! 20,682 897 1, 763
Cynipidae  _.. L0 L 21 Gi 1,785 ¢ 4
i i :
ENCYRTIPAR : ! :
Teelinaephogus 9p . o owe oo ns ! $1  1(95) B4l i, 1{36)
Eneyrtidav 8p. o oeoai Lt 3: {16 655 i} ________ V{12)

! Ht'\f‘q untlotvr:mnod . ] .
* [nelured seversl unidentified species of Paendencsifa and Cathonaspis.

Negutiva results were obtained in rearing tests on Dacus dorsalis
with the Jollowi ing parosites:

Brucon fletrheri () pius ervwfordi

(2 pives anastre phae (1 pius fullaweyi

£ pius angadet: Opius yiffardii

{2 s e rise iy O pius watersi

1) pires hervind! ()pms spp. (So. Africa, Kenya, So.
) plus curpongiae Chinw)

() privs cereus Lrichoprie sp. (So. Indin)

() piug concoloy var ! Hulticoptera sp. {So. India)
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TasLe 19.—LReswlls of rewring g tests avith imported purasiies on
(eratitis capitata

3

!

Tests | ¢ Host | Purasites cmerped
Parusite speeies con- ! Females ) puparia |
! ducted | used : reared !
; : Female i Male
i !
BRACONIDAE i ' i

Number | Number - Number ~ Number | Number
Opiusangafeii | 3 26 841 0 72
Opius “coudutus® ... . 15 | 68 ¢ 4,802 | 5 49
Opius gerens_ . . .. ... ... . . G| 115 | 3,357 ° 4 1
Uping co: .:.ptmsans..._ e e 31 38 752 4 32 29
Opius concolor var¥_. . .. ... i 102 1 2 8491 8 4
Oping desideratus . _ _ .. .. _ . 2 50 7H2 i 1
Opius flelchert var?.. . . .. 1t 5 180 o { 2
Opius formosanus. .. .. .. .} i Go 595 b 20
Opius fuscipennis. .. .. . . 1} 19 | 449 [ 4, 917 | o 14
Opiug qnffardii .. . . . A 10 38! 3,388 ! ¢ I3
Oping hugeni... - : 73 27 1,391 3 7
Opius tngivi | . P 5 561 410 ¢ 0 12
Opius Iong:caudae‘.wi e 6 170 820 G !
var. molaienyiy, e cee 5 266 838 12 84
var. novacaledonicus. _ .. ., i 87 2, 021 14 41
var. {afengts . . _ .. ... _ ! 6 138 1,180 2 79
Opivz makit, . .. . .. ... i & 100 1, 133 14 38
Opius manic. . . ... ... . ) 7 27 1,335 0 16
Cpius oophilus. . ... __ ... .. i 6 418 1 1,143 4 46
Opius persuicatus. . . ... _. 4 | 153 : 41 6 95
Opius phozostigma . .. ..., 351 574 6,098 100 46{}

Oprus walersi. . ... .. .. . 2 | 40 B4 i
Opius vandenboschi_ . } 3 549 | 013 51 155

EULOPHIDAE |
Aceraloneuromyia indfcum., . _! 4§ {250} 265 | ... 1 (60)
Telrastichus ducteida .. .. ... t 31 (109} 161§ ... ' {257}
CYNLPIDAE

Trybliegraphe ducy. . ... e ana 13 s g1t 41 125

I SBexes undetermined.

Nogative resulls were obtained in
with the following parasites:

Bracon fleteheri

(2 pius anastve phate
1} pius carpomyive
{2 vius erawford|

(2 piws deeralensis

rearing tests on (‘eratitis capitata

Opius fijiensis
(2 pius perkinsd
) pives skinneri
Opius spp. {So. Africa)
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Tavre 20— Lesulis of renring tests with imported parasites on
Dacus cueurhitue

Tests " Host !Pumsites emerged

Parasite species . econ- " Females puparia
ducted : used | reaced

; . [ Female ; Male

HRAUONIDAE : : _

Number . Number Number . Number | Numb +
Oprus anyalelz . 460 420 43,895 85l 6,
fpins hagent e 1. 4, 275 0 it
Opius walirsy e e 23 464 . 15, 005 odd L5

CENITINAS . ]

Tryblivgraphe dare. .. . . ) 300 - 11 081 ' 84

L

Negative results were obtained in rearing tests on Daews eveurhitue
with the following parisites:

Lresevn i heri £ pives Reretussii

() pius eistor phne (2 pins Tongieandufus

14 0iUN arina s O pinx lmtgicaudalus malvionsis
12 it vatr oo O pins fangeenudatus

(2 prives e us™ namtealedonicus

0 pins o e s (2 pins mukii

13 pIMS o v e ils {2 pius aophilus

12 pins erpwfurdi {2pins persileatus

T pines dee v the psis {1 pius phueostigma

Chpins desidvritus 1 pites siinneri

£ pins e belwri var.? 12 pivee randenbosehi

fepinx formosanus {2 piux spp, (Mo, Afriea,
()pf.‘f.\* f;'n_r)‘f;arﬁ.; o, ('h‘lllil)

{2 geivps Frelloangii Aeerntoneneemyin indirum
VI pins fuselpepnis Tetrastichus ducirida

0 it gitforrd i Totrastichus giffardianus
() prises inedsd Tuchiniephagus sp.

Observations on Biology of Introduced Parasites

rief connprrntive studies were condueted with several of the intro-
Auerd species to determine the salient featwres of their biology under
Toenl vonditions, awd to compare these with the Mediterranean Fruit
iy parasites formerly studied n considerable detail by Pemberton and
Willard 2%, An atterupt waz wmade particilarly to discover mor-
philogtea] charneters that might be wsed to separate the primary
farvae of the established Malayan 2 pies spp.in field studies of these
pitmisites.

14 pius longieandatux var, maleiensis JFull--Thig species wis veadily
propagated as a parasite of the oriental fruit lly and was the first to
Lecome establishied in Hawail, where i attucks mostly second- and
third-instar larvae, purticalarty those infesting marure und fallen
fruits.  The biology and immature stages of this parasite were found
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to be very similar to these of @2 pivs (Ditehasmia trpend Camieron ns
dexeribed by Pentherton wnd Willard,

The newly deposited e of 02, longiraudatus yur. mabitlensis s
shghtly smadler than that ol . Zrgons, averaging ahout 055 mu. in
letigth, but is otherwise identical in shape. with o distinet wmammilla
al cach endd, It also swells considerably during the tneubation period,
Becoming about 0,85 . long by 0,05 . at = sreatest width just
prior fo eclosion, when the developed embrys is eloarly discernible.

As in 2 pius tryond, the distinetive primsey laeve possesses . Lurge,
heavily selerotized and brownish head bewring strong sickle shuped
mandibles, & pair of soft feshy appendiges on the ventral surfuee
of the frst thomwie sepnwnt, and oogelatinous serosad membine,
consisting of large cells with prominent nuelei, which elings (o the
verter of the newly hatebed farva (g, 2 Ay There i< also a pair of
toothlike projections Torming o broad U on the antera-ventral hend
margin, aowueh sialler cencral “tooth™ being appirent only when
Hu cover gl is strongly depressed s o pair ol soft antennul papillae
above the mouths a very simple elosed (rachen] system: and minuwe
enlorless setue, visibie only at higl magnitieation, on the moathpares
and antennae, the thoreeie appendages, and glong the latera) nuLrring
of the hody segmoents, as shown in ligure 24, The luva apparently
hatelies by steaighfening the body, thus bringing the selerotized hend
and voughened “tul™ segment into contaet with the seeosal membrane
and chorion. At this stage The larva measures front 0.73 (o LOO mon.
in lengrth and s very aefive, but soon becomi s quite sluggish as (he

Fivt ke 20 Newly htebed primney horvios of orlestad freeil By paoeasifes. A,
Drpiie Innegeeaidalns var. meltensis Pull, tseeosal wembenne mowovel  ven
feally 1o show bealy stroclures. 5, Head of tpens randenbosehi showing
mouth parts. 0 Omedy candenboselii ulle 1, Frpdfivgrephe deei Weld,
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body swells with ingested food. Supernumerary larvae are eliminated
by cannibalistic attack during the active period, as with 0. éryend,
and some of the competing larvae of 0. randenboschi are also killed
in this manner (35). The serosal membrane begins to degenerate
soon atfer eclosion and only small fragments are found clinging to
tha thoracic pseudopods of engorged larvae. As in other species
of Opiys that have been studied, larval development never proceeds
be}yond the (st instar until the host has formed its puparinm.

The primavy larvas of Opius formosanus and 0. waterst could not
Le distinguished from 0. longicaudatus var. maleiensis despite very
close examination, indicating thut these species in the longicaudatus
“eomplex” are extremely similay in the larval, as well as adult, stages.

Three members of the Opius longiceudatius “complex” from areas
having lower winter temperatures exhibited a definite larval diapause
when propagated in Hawail. These were O. longicaudatus var. nove-
reledonicus from New Caledonin, ¢/, formosanus trom Formesa, and
7). weatersi from North Indin. A sinmilar phenomenon was previously
reported by Pemberton and Willard (29) for O. tryoni from Australin
and . fudlrayi from Adrica.

Many maturelaevae of (. longicaudatus var. novacdledonicus reared
on the oriental fruit {ly enterved diapause m July and August, the
winter season in New Culedonia, the majority producing adults about
§ months later, although o few remained in diapause a full year.
An estimated 22 to 75 percent of the mature lnrvae of O formosanus
also entered diapause when propagated on the sume host during the
winter months, the percentage graduully decreasing to 8 or 10 percent
in April and early May. About 88 percent of the winter-bred
diapausing formosanus larvae produced adult parasites during the
ensuing 6 months, though some 10 percent required 6 to 12 months,
and the remainder issued up to 15 months from date of parasitization.
Approximately 92 percent of €. watersi mature larvae went into dia-
pause when reared on nelon fly in Jannary, about one-third emerging
as aduits in March and April; and 60 percent during May and June,
A few adults continued to emerge until nid-Getober for a maximum
larval diapause of 9 months. Experimental exposure to low tem-
peratures (306° to 50° F.) for about 2 weeks appreciably shortened
the dormant period.

The occurrence of a larval dinpause should enhance the survival of
these species ut higher elevations in HFawaii, where fruit fly develop-
ment is retarded by cool winter temperatures, but it may be deleterious
to them in lowland areas where their hosts continue breeding during
the winter and the dormant parasites would be exposed to predation
for longer periods. Since the oriental fruit fly and melon fly are
primarily lowland pests in Hawaii, this habit may be more detrimental
than beneficial to these parasites.

Opius vandenbosehi Full—The egg of 0. vandenboschi is consider-
ably longer and very different in shape trom that of . longicaudatus
(34}, and swells only slightly before eclosion. The primary larva
is also readily distingnishuble by its different shape, nonsclerotized
and colorless head with internal yellowish tentorial ridges and unique
oral structures, the absence of thoracie pseudopods, body setae, and
serosal membrane (fig. 2 B and C). The mandibles are shorter and
brouder at the base than those of other O pius spp. previously studied.
There is only one prominent central “tooth”™ on the anterior head
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murgin just below the mandibles, no evidence of a tracheal system,
and the alimentary fract terminates in an enlarged globose proctodeum
plugged with delicate colorless tissue. 1t is also interesting to note
that the nerve cord lies along the convex side of the bedy, usually
regarded as the dorsum, indicating that this side may vetually be the
ventral surface, although the heart or dorval vessel could not be located
to prove this point.

When first hatched, the primary larva measures only about 0,32
mn. in Jength but inereases to nearvly 1.0 non. before moulting. The
developrient of supernunierary Inrvae, and oveasionaily eggs as well,
s prevented by a toxic or physiological rveaction imitinted by the
hatching of the first larva, rather than through wetual combat, as
with . lengicaudutus {34). Apparvently this species sometimes at-
trins the second instar before its host has formed the puparium,

{7 pius pophilus Full - \though the ege of 0. oophilus is very dif-
ferent from that of 2, sundenboschi (33), the prinary larvae of these
speetes could not be separated even when studied intensively under
high magnification. It is thus appareatly identienl to that shown in
g, 2 By and . A brief study of the later instars also Failed to show
anty obvious ditferences between these two parasites. The males of
both €. vophitus and 0. vundenboscli weve found to require u 5- to
G-duy premating period before the spermatozoa arve ready for discharge
and copulation is attempted (2/). This discovery greatly facilitated
the propagation of these parasites.

O piux incist Silv—Very little is known concerning the biology of
this parasite beeause of its general scareity and lack of importance in
Hawaii.  IHowever, it has been vecovered in fair numbers from small
host fruits, pacticuiarly those of mock orange, Phifadelphus sp., on the
University of Hawail campus. 1ts short ovipositor apparently pre-
vents it from reaching many of the host larvae in larger fruits.

The primary larva of O pius fneisi was found to be identical to that
of O, fletehers us figured and deseribed by Willard (37), and is thus
(quite similap (o 2, é?!onge'm.uri’m‘us var, maluiensis (g, 2A) except for
its more distinet teacheal system, quadrate head, and the narrower and
move rounded “11” formed by the ventral cephalic “teeth.” 7. incisi
was fivst identitied as flefeheri and there is still some question as to
their xeparaie identities despite very different host preferences.

T'rybliographa daci Weld—These cynipids have very thin, laterally
compressed bodies. which help them to penetrade deeaving froils in
searel of host larvae, the hairlike ovipositor being coiled within the
fattened abdomen like a watch spring. When fully extended, the
oviposifor is nearly as long as the body and remarkably flexible, en-
abling the parasite to probe in all diveetions until a host is located.
This was readily observed through the petrie dishes us the parasites
probed in the agar medinm.  The pedicellate epy is then deposited
internally wherve it undergoes considerable enturgement hefore pro-
dueing the pecutiar eucolliform primary larva shown in fig, 2D, This
tarva is similar to those of other Kucoilinae in general morphology,
possessing an elongate head, three pairs of long slender ventral ap-
pendages on the thoracic segments, and a prominent canda bearing a
single ventrd protuberance basally and minute eolorless setae apically.
The anus opens dotzally near the base of the cauda from which it is
separated by a swollen segnvent with ventral sealelile corrugations,
Thers 15 no discernible tracheal system or larval mandibles. The
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newly-hatehed larva measures about 1.0 nim. in total Tength, and is
quite active wnrit the body beeomes diztended with ingested food.

1t the sevond instar the eandn is greatly reduced and simplified, the
thoraeie appendamres have disappeared, the head =nd body segments
beconie hronder apid less differentisted, and the larya has small though
definite mandibles. The mature larva bears nine pairs of functional
spiracles on sements 2 to 10, Jarge lateral swellings on most of the body
sements, and prominent bidentute mandibles with melunized tips.

Hpecial studies and disseetions also showed that T'rybliographe daci
catiiof develop as o hyperpuensite through 2 pius spp.

Aeeratonenromyin indirim S$ilv—~An account of the biology of this
simall, gregarious enlophid has been presented by Ritvestri (40). The
athdts mate and the female is able o oviposit immediately after emorg-
ing from the host puparium, seeking out frnit fly larvae by enteving
breaks in ripe and deeaying fruit. Onee the ovipositor is inserted,
the female tllows hersel £ to be dragged into the pulp by the burrowing
host larva, sometinmes being teapped therein after depositing 1 num-
ber of eggs.  Developmenlt is completed within the fly puparium, from
1 to 32 adults (average 18.6 adults) enwrging from each puparivm of
the oriental frnit fly. In laboratory tests, only 16 percent of these
paparia yielded more than 30 <L iadium each. The sex valio aver-
aged 2.5 1, the fenmies predominating.

An experiment was conducted to determine the result of lavval com-
petition bet ween 2 pius and zleeralonewromyic indiewmn. A large num-
her of mature ovtental fruit fly larvue previously exposed to laboratory
parasitization by . cundenboschi were divided into two equal lots,
ono being exposed to ovipositing <L, indicwen and the other held as a
check. Tlowever, . indietan apparently developed only in those hosts
not already inhabited by ¢ pius larvae, as indieated by the greatly ve-
duced emergence of adult fruit flies from that lot, and the almost
identical purpsitization by 7, randenboschiin hoth series.  The appar-
ent inability of <. indirum to compete success Fully with the introduced
opiines probubly limits its opportunity to become effectively estab-
lished in [iawnil,

Tetrastiohus spp—The bialogy of 7. ducicide is similar to that of
7. giffardienas (29), both species developing readily as parasites of
the oviental and Mediterranean fruit flies, but not of the melon fly,
except that g/ffardianus can dovelop in the latter if it is fivst parasitized
by (pis fleteheri Silv. The method of host attack and gregarious
larval development is also similar to that described for deeraionewre-
wyia indiewm. TUp to 60 adult 7. ducicida were reared trom single
ariental fruit fly puparia, but the average was about 10 per host.

The result of luval competition between Tefrastichus spp. and the
opiine parssites of Daeus dorsalis was not investigated, but Willard
and Magon (28} Found in studies with (erntitis capitata that althongh
sonte of the 7. ¢/ffurdianus larvae were killed by solitary & pius larvae
Before the latter died of starvation, ouly Tefrastichus survived. The
situation was therefore the reverse of that reported herein for Adeera-
foneirgm i dhelleum,

Mass Production of Fruit Flies and Parasites
In the early days of the development ol the biologiceal control
project, when ineoming shipments of Fruir fly imaferial were limited
i (uantity, the breeding of the parasites af the Territorial Board
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nsectary, and somewhat later at the 7.8, Department of Agriculture
msectary, was accomplished by the use of field-collected, infested
fenits, miuly guava. Certain of the unported parasites soon be-
ame abundant in the Hekl, however, and the percentage of para-
sitization was so high that such material proved unsuitable for in-
sectary ise because of competition between the parasice stuges already
present in the larvae in the froit and those of the species beiny
propagated,

As in many sinilar projects, the key to mass production of the many
patasite species being imported was the development of methods for
production of the host insect itself in great numbers and at low cost.
Marueei and Claney (24) found that an agnr-based medium, following
the Texas Drosophile fovmula, provided the essentia) dietary require-
ments of the oriental fruit Ay, the Meditermnean frait flv, and the
melon By, The agar content of the medium needed to be adjusted to
provad u suitable physieal envivonment for parusite oviposition.

Maeda, Hagen, and Fimney (27) developed n highly satisfactovy
medium bused, with modifications, on one previously found suitabie
in the rearing of the Luvopean corn bover. This modified medium
contained several ingredients lacking in the one pre “tousty mentioned.
Both ol these media, howover, proved to be too expensive for the
production of fruit flies on the seale required,

In the early stages of the prograny, blended Hubbard squash had
been used successfully in the rearing of frait fly larvae, but the ve-
sults were erratic.  To remedy this situation a Fortified earrot medium
was developed by Finney (74) that was inexpensive, very stable, and
possessed of highly favornble physical properties. It consisted of
blended carrot fortified with Brewer's yeast, 2 HCY, and Butoben,
the latter constituent serving to suppress the growth of undesirable
molds and exotic yeasts,

The above medium, placed in rearing pans to a depth of ag least 1
tnch, provided a surface film of liguid of such consistency that the
youny fruit fly larvae conld migrate Freely over it. The channels
made by the feeding larvae tended to remain open, thereby permitting
feecling to the bottom level of the pan as they attained greator size.
One unit (20 x 13" x 8”) containing 3200 cc. of the medium, in
which approximuately 20,000 fruit fly egps were introduced, would
yield about 15,000 Full-grown larvae. While this medium proved
highly satisfactory for production of the oviental fruit fly and the
Mediterranean froit fly, it was not so for the melon fly, which could
not. tolerate the Butoben.  Withont that mold inhibitor the surface
would seum over and the medium deteviorate before Jarval develop-
ment was complele,

A Jater modifieation on the carrol medium is reported by Christen-
son, Maeda, and Holloway (7}, who found that dehydeated carvot
was superior (o fresh carrot in sevenl respects and, on a cost basis,
was move economicnl,

In addition to the development of the larval food media that have
been mentioned, it was found by Hugen and Finey (22) that the
fecundity of the female flies could be greatly increased by the addition
of vertain food supplements to their diets, thus contributing torther
to economical production. .\ commercinl enzymatic protein, hydroly-
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sate of yeust, added to honey or sucrose, not only shortened the pre-
ovipositiovn period but broughi about a consistently high level of egg
production throughout the life of the flies, mach higher than that
obtained with other foods.

The above methods for mass production of the fruit flies solved the
problem of providing the buse stock of adults for severn) programs,
meluding that of purusite propagation, which required large numbers.
For the latter work, however, various modifications had to be made
in the handling of the larvae to obtaln maximum oviposition by the
many rensite species being propagated.

Dimitiadly, in the rearing of several species of pfus fiest imported,
infested gonavas were used ut the U8, Departnient of Agricultuve insee-
tary to test the adaptability of the ditferent species to the oriental fruit
fly. TFull-grown, green wild fruits were collected, held until they be-
gan to ripen; and then exposed to the fliss. Ovipesition was factli-
tated by extensive puneturing of the skin of the fruits with a needle.
Fxposure (o the parasites was ut different times after fly oviposition
to ellow for wiy variation that might exist in the stages of the host
preferred for ovipusition by the different parssite species. Melon
fiy cultures in rvipe cucumbers, and Meditervanean fruit fly cultures
in ripe papayas, were mainiained by essentially the same techniques.

Chong (6) has described briefly the methods employed ot the Ter-
ritorial Board insectury in the production of the several million para-
gites of 18 species and varieties for feld release agninst the oriental
fruit fly.  Papaya fruits, available throughout the year in Hawail,
were used in this program. ISight or 10 firm mature green fruits
wore placed in u sleeve cage, measuring 8077 x 18”7 x 177, in which
about 2000 {lies were contathed. Theskin of the fruits was punctured
extensively by needle to facilitate oviposition by the flies and to in-
sure uniform distribution of the egys. Powdered soy bean hydvoly-
sate, cube sugar, and water served us food. The fruits were exposed
to the flies for 3 days, atter which they were removed and placed in
a holding cage.

For production of O pius species of the longiceudutus complex that
oviposit in fruit fly larvae, the infested fruits were removed from
the holding eage after + days and placed in u screen cage (147 x 147
x 147) with a glass front, into which 100 parasites were then ntro-
duced, ‘The fruits were exposed to the parasites for 3 to 4 days,
after which they were removed and placed in trays over sand. Tach
Fruit normaliy yielded about 300 purasites.

In the veaving of € pius oophilus and others of the persulectus com-
plex that oviposit In the host eggs, papayas were exposed to the fruit
flies for unly 1 day, and then transferrved o the screen cage and im-
medintely exposed to parasito attack for 1te 2 days.

After the fruit Ay larvae are fully grown, which is 10 to 12 days
after deposition of the eggs, they normally leave the fruit and pupate
in the sund trays beneath. The sand was sifted aboat 2 weeks later
and the pupariy set aside in glass jars for fly and parasite emergence.

In other biologieal-contral programs, involving the rearing of
opiine parasites of feuit flies, considerable difficulty was experienced
in elfecting general mating of the purasites.  As a vesult, the progeny
often were exclusively mules, or the ratio of femnles to males was
highly unfavorable. With the many species of @péus included in
the crrrent progrant, & considerable number mated readily in the m-
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sectaty capres atud special provision to induce mating was NRNCCESSAry,
while with others, best results were obtained when the parasite adults
wore exposed to rlternuting periods of sunlight and shade. The Qis-
covery by Hagen (27) that t]hp mules of /7. vophitus and O, vanden-
bosche are sexuaill}' mmunatuce af the time of emergence, and that 5 to 4
days must elapse hefore successful mating ean take place, may explain
the difficulties encountered in rewring c=rtain other species of the
genus.

By the procedures desvribed, it was possible for one trained assist-
ant to produce about 50,000 parasites per month, and 23 to 80 pounds
of fruit were required for this sutput.

The melon fly parasite pius watersi. which attacks the larger lar-
vae, reproduced readily wfwn confined with cueumbers, squash, or
pumpkin containing larvae of the proper stage of development, und
could also be propagated with ease on lurvae of the melon fly grown
in artificial media,

Purasite species of the genern Aeeratoneuromyia, 1 ‘etrustichus, and
Trybliographa. reared in the course of these mvestigations, oviposit
in full-grown larvae, often entering broken or deeaying fruits in searcl
of their victims, They were reared in quantity simply by exposing
fruit fly larvae in glass jars to them, the exposure period betn;r 5 to 6
days, after which the larvae wove set aside for pupation. With
deeratoneuromyiu indicumn, of which up to 30 or more may develop
in 2 single host, several thousand larvae in each jar were exposed to
L,OGU or more purasites.

The true pupal parasites of the genera [irhinus, Psilus. Spatangia,
and Puchyerepoidens were rearved with ease (73}, It being necessary
only fo expose rhe fresh host puparia in glass jurs to them, the
ratio of host and parasite numbers Leing adjusted to prevent excessive
superparasitization.

Rearing of the staphylinid predator Thyreocephalus albertisi was
accomplished by confining the beetles in jars with an adequate quantity
of bro{;cn fruits, such as guave, well infested with fruit fly larvae of
the different stages of development. The oges ars laid benenth the
fruit, among the debris at the bottom of the jars, or, under more
nateral condifions, in soil tunnels a short distance beneath the surface
(25).

Insectary production of 18 parasite species and varietieg, and one
predator, almost entirely by the Territorinl Board, is shown by years
in table 21.

Field Colonization

The first field releases of imported fruit fly parasites took place on
March 15, 1947, when 7 females and 2 males of the “persuloatus com-
plex” from the Philippine Islands were released on Oahu. The totals
for that year were small, but the program expanded greatly in 1948
and ensuing years. During 1947 to 1953, inclusive, total releases on
the six islands of Hawa-iiqby the Territorial Board were 1,110,912,
representing 29 speetes and varieties of parasites and 1 predator. A
number of the parasites were released directly after emergence from
the imported puparia, and without, insectary propagation. The indi-
vidual colonies of braconid parasites usually comprised 100 to 500
adults and of the remaining species 1,000 or more. The numbers of
each species by year and by island are given in table 22.




Taste 21-—Insectary production of fruit fly parasites and predators, 194753

Species

1951

1953

Totals

Opius angaleti Full
0. compensan: Silv -
0. formosanus (Full) o oo
0. 1netst Silv
. kraussit Full :
longicaudatus (Ashm.):
var. malatensts Full
var. novacaledonicus Full
var. tatensis Full
. mal;‘:'il Smlm.n1
..oophtlus Full. -
. vandenboschi Full.} (mixed)
. watersy Full
Dirhinus giffardii Silv
Spalangia sp. (India)
Aceratoneuromyta indicum (Silv.)____.___._
Tetrastichus dacicida Silv
Tetrastichus giffardianus Silv
Thyreocephalus albertisi (Fauvel)
Trybliographa dact Weld

215, 467
87, 686
1, 254
2. 325
38, 577
36, 284
3, 493
22, 020

718
50, 963
56, 602

929

46, 679

29, 773
32, 631

718
98, 251
133, 829
95, 518
21, 829

138, 158
106, 611
114, 079

7, 010

38, 838

215, 467
87, 686

1,254
500, 901
38, 577
38, 459

3, 493
72, 046

146, 459

503, 039

320, 045

340, 905

348, 258

1, 713, 624

1 Production figures not available.
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TasLe 22.—Numbers of fruit fly parasites and predators 7'e2’ease(’ in Hawait, 1947-53

Species Island 1949 1951

Opius anastrephae (Vier.). ... ... ‘ g 274

0. angaleti FTull

0. bevist Brues(?)
.-cereus Gahan

.compensans (Silv.) . ... . _.

) Molokai.
. deeralensts Full Oahu_._
: Hnwau

0. fijiensis Full

0. flelchers Silv_.

fect
S)
[
@
o3
o
&
Q
(=]
5
jos]
Q
(o
(]
¥
:
o
2
o
A
3
2
3
=
3
3
H

O formosanus (Full)

68




TanLe 22~—Nwmbers of fruit fly parasites and predators released in Hawail, 1947-53—Continued

Species Island 1947 1948 1949 1950 1951 1952 1953 Totals

0. it SilVe e oot eemnan 0T X PN 293 | 5,552 | 10, 005 250 | femminn 16, 100
) Hawali., o coeoifeonioaad 250 8, 308 3, 580 625 lovvame sl e 12, 763
Maui. o cmmenifmmacee e 417 4, 088 4,470 550 et iy 9, 525
Kauai. .o oo feanoonok 442 | 4,950 t 6,425 350 | e eadiare 12, 167
Molokai- o g V454 | 5 045 oo ool . R 5, 499
Lanai. oo e n e R10[1 3 SRR SR ET USRS R 300
0. krausstt Full . L ooiniimanne (O:11F SUNERSIPRISIE FUUUSIES S SRS 1, 439 775 1,350 225 3, 789
HAWRIH oo cmeem e m e ifemmmicm e 4611 1,334 ] 1,800} 1,510 5, 105
Maui. oo T 607 645 | 1,695 | 1,255 4, 202
j{CTOTY: FJEDNUNIIS: ISR FIUPLIN SNSRI 455 lovmasaan 275 | 1,020 1, 750
Molokaj.._z.._ SEEEO FUICIRUU NN 140 focoecmaademm el mmen s 140
0. longicaudatus var. chocki Full_._ .| Onhu. .ol femina]emne ot 1,783 Joreane o i 1, 783
80 )80
211
0. longicaudatus var. novacaledonicus 14, 530
Full. 13, 944
5, 256
6, ?;?4
1, 675
0. longicaudatus var.. malaiensts 43, 244
Full, ~ 38, 335
25, 380
19, 793
e

5
0. longicaudatus var. taiensis Full.__[ Oahu__ .. | o ceiei]immm ] aine o 2,460 | 6,200.] 10,170 18, 830
: Hawaill. oo oifiommmmmn e e e o e [ im it 3,288 4, 405 4, 235 11, 928
S U I I A O 630 | 2,680 | 2,360 5, 690
AT\ TN IYSIIC) [SUUCIP U RNE SR 1,555 | 2,525 6,375 9, 455
) Molokti oo od s ceccc]cme e e e e 270 765 e e aas 1, 035
Q. makii Sonan. ... - i i fioooieo- Oahu. o immom et s e 440 [wmvoocrfercaennm 440
P Hawai oo |oe ol i e it B30 DU FCI 380
J% £:10 ) RERRSTIUN SUNTIIULONITS NCRITINI RS CpUSUIUH F TP 150 §omm ol 150
Wauai oo oo i el 210 1ol 210
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0. oophilus Full, (mixed)
. vandenboscht Tull. . . . _ . _.

0. oophilus Full

0. phaeostigma- Wilk
0. skinneri Full

Opius spp. (ex Africa)

Bracon fletcheri Silv
Dirhinus giffardii Silv

Spalangia endius Wik
Aceratoneuromyia vndicum (Silv.) . __

| Qahu
Hawaii

8,402
10, 039
6, 435
9, 437
1,20
850

ATd II0HA TYVLKNEGIY0 JTHIL JI0 T0YLNOD 1IvIIDOT0Ig

16




TABLE 22—/

Numbers of fruit fly parasites and predators veleased in Hawail, 1947-53—Continued

Species

Island

1950

3

1951

Totals

Tetrastichus dacicida Silv

Tetrastichus giffardianus Silv

Thryeocephalus albertisi (Fauvel) __.

Trybliographa dact Weld

5, 370
5 175
5, 200
6, 625
950
340
975
100
270
450
287
280
817
226
934
6, 994

875

-
- e ke a-c;

-

i i
QOICHI - pa O TSl e

136, 675

189, 275 |

212, 175

1, 111, 192

! Comprising 1,399 adults and 2,198 eggs and larvae.
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Two of the parasites in this series, /2rhinus giffardii and Tetro-
sbietus giffardianes, were already established in Hawaii from West
African importations during 1918-14. At the time the current im-
portutions were made, there appeared to be grounds for belief that
different but elosely related species were involved. Accordingly, thiey
wers reared and released in considerable numbers during 1950-51. 1t
was finally concluded that they were identical and further rearing
and relense for purposes of establishment were discontinued.

The importation program came to an end in October 1951, By the
end of 1053, even those parasite species last received had been given a
3-season, test-releuse period, which is considered adequate to deter-
mine 1f establishment can be effected. However, production and re-
lease of many of the species continued on & lurge scale to provide for
special needs and to defertnine if reinforcement of colonies of several
species, recovered in limited numbers in certain loerlities, would be
boneficial and increase the possibility of permanent estublishnient.
The 185662 releases in Ilawail under this program are shown in the
Following tabulation. This supplementary production progran: also
provide(rpﬁ,msim stocks 10 meet requests from many foreign countries
that are faced with serious fruit fly problems.

Fruit fly puresite releases in Iwail, 195462

Number
Npeeies released
Opiws compengany (SUvVY 229 800
O formosanuy (FPeil) oo o 204, B8R
2, inedgl Bilvo ... _— - — ——— 675
O, krauseli Pl - e ———— e 280
0O, longivoudetuy {Ashm,) :
var, aevacaledonicusy Pl - — - 38, 027
wier, laiensix Full e e e e e e eaee 257, 250
0. sophilne Tl 14, 506
L¥eehinay giffardit Sy 59, 750
Aceratonewromyio tndicam S0V, o 1, {15, 126
Tetragtichus giffordianus SHUYoo o 12, 100
Trybliographe deci Weld oo 30, 110
Tatal _ e 2,987, 035

Field Recovery and Establishment

Field recoveries of several of the parasites of the oriental fruit fly
imported from the Philippine Islands and Malaya were made very
soon ufter the initial releases in Hawaii during 194718, These were
of 0. longicaudutus var. maluiensis and “Opius persuleatus complex,”
later determined to consist of . sophilus and €. rundenboschi. The
first-named species, received from Malaya in June 1048 and released
from Aungust onwards, was first recovered on Oahu in October of that
year. O. oophilus and 0. vandenboschi were first recovered on the
sume island in early December of the same year, bot it is uncertain
whether establishment was from Philippine or Malayan stocks, though
the latter souree is the move probable,

OF the remaining species of & pius released against the oriental fruit
fiy, field recoveries have been mude of 0, longivandaius varieties faien-
813 and noveraledonious, (2. incist, 0. formosamss. (. compensians, and
O, krawssii (4). Of these, according to C. J. Davis, state enlomolo-
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gist of Hawail (personal conmun, 322 63}, only the first three have
muintained themselves, and they are of infrequent peenrrence.

Awmonge the several chinleidoid, cynipoid, and proctotrupoeid para-
sites dlaported from various parts of the world, and not previously
established in Huwaii, ondy Fedmstichus dacicala and SLeeratonewrom-
ot enel e were ever recovered in the field. The latter is reported to
be established, though present in only small numbers. Evidence of
hreeding in the feld by the staphylinid predator Zhryeocephalus
wlhertic/ was noted shortly after certain releases, but establishment
was not obtained.

1t had been hoped that the importation and release of a wide range
of fruit fiy prrasttes from many areas of the world, including several
obtalned from O patifis eaprfata i Arica, might result in establish-
ment of one or move thar would supplement @ pies fryond in Hawail
und enhance the degree of fleld control. The amonnt of . capitata
material obtained in Afriea was small, and none of the parasites of
that or other Tephritidae from that region became estnblished in
Hawail

Somewhat unexpectedly, the three most effective parasites of the
oriental feait Ay, @ pius longiceudatus var, malaiensis, O, vandenbos-
ehi, and 2. oophilus, were found to be well adapted to the Mediter-
ranean fruit fiy, O, eapifute has been almost completely crowded out
by 7). dursalis in the lowlands of Hawaii, and consequently informa-
tion as to attack upon natural field populations from 1950 onwards
by these newly imported species of {J pius could be obtained only at the
higher elevations.

Very large numbers of puparis of Dacus cucurbitae and other spe-
cies of the genus obtained from a varisty of Cucurbitaceae and other
host fruits were shipped to Hawaii in the hope that they might yield
one or moere parasite species that would be more effective than Opius
fleteferd, which had been imported from India many years previously
{see pp. 4, 535). The cutcome was disappointing. 0. wwatersi was more
sbundant thun flefeheri in the collections of melon fly in North India,
and more than 114,000 adults were released in Hawail during 1950,
Claney (&) records a few recoveries of ¢/, wefersi on the University of
Hawali campus during September to December of that year, but about
50 percent of the larvae were in diapause and the species did not sur-
vive the winter.

() pius angalet! from Borneo, the only other species of the genus
reaved Trom Ducus ewcurbitae. likewise failed of establishment. 1t
was reaved on that host in the insectary only with some difficulty and
its normal liost may be some other fruit fly associated with the melon
Hy in the mixed Jots of puparia from several fruits imported during
1051, None of the other species of U pius reared from a wide range
of fruit flies proved adaptuble fo the melon Hy.

Resuits of the Biological-Control Program

Oriental Fruit Fly

The consistently hioh parasitizetion of the oriental fruit fly by
(7 piy sophitus in Hawaii since 1950 has resulied in a substantial re-
duction tn fruit infestation. It is not intended to give here any de-
tailed analysis or evaloation of the different factors bearing upon this
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outcome. Such a study was made by I. M. Newell and F. H. Hara-
moto, and their account will be published shortly.

Bess and Haramoto {2) have given their conclusions, based mainly
on periodic coliections of guavas and trap collections of male flies dur-
ing 1950-35. Fly populations had been extreme) ¥ high during 1947~
49, and even in 1950, when the decline was well ander way, trap col-
lections averaged 2,000 per day during June to December. By 1951,
when the population level had been much reduced as a result of para-
sitization Ey Upius oophilus, trap catches of flies averaged 400-500 per
day. The average number of larvae per guava fruit declined from
8.5 in 1950 t0 2.6 in 1955. Average parasitization of larvae from that
fruit during the same period ranged from 60 to 79.1 percent. A later
publicution by the sume authors (3) ineludes data for the years 1956
and 1357, and the findings are in accord with those from the preceding
years.

Tha figures given above for infestation of wild guavas, the favored
host fruit of the orlental fruit fly, indicate that a high population is
stili being maintained in areas where that plant oceurs abundantly.
Some reduction. in fruit infestation has taken place, this being from
virtually 100 percent in 194749 to 60.5 percent showing evidence of
atfack, and 222 percent actually containing maggots, in 1955.

Certain diserse-producing microorganisms cause high mortality of
the egys of the oriental fruit fly, these being transmitted mechanically
by Opuus oophilus ab the time of oviposition. Whether this is ad.
vantageous from the point of view of contro] is open to question, as
mortality of the host eggs involves also the destruction of the parasite
eggs contained in them.  However, the reproductive potential of the
parasite is sufficiently high to enable it to consistently effect a high rate
of successful parasitization despite this substantial loss. The inci-
dence of these prrasite-transmitted diseases may explain the difference
in the figure given above for the percentage of guava fruits showing
evidence of fruit fly attack and the much lower figure for those actu-
ally containing maggots.

he present situation, with respect to & number of cultivated fruits,
is markedly different from that which prevails in guavas, Many of
these had been totally infested during 194749 but, after the general
build-up of Opius vophilus, « substantial portion of the fruit was free
from attack, even withont spray treatments. Frnits such as avacado,
banana, and papays, grown at low elevations and once heavily
attacked, were seldom found to be infested. The same was true of
loquat, peach, and persimmon grown at elevations of 2,000 feet and
higher. Infestation of mangoes, a favored host fruit, declined
greatly, seldom exceeding 10 percent. Thus, it became possible once
again to produce a number of the more common fruits in home plant-
ings without loss of any serious portion of the crop. In commercial
plantings of mango, the 10-percent infestation represented a losg that
could be further reduced, and on an economical basis, by spray treat-
ment. Such freatments had been ineffective agaimst the massive
infestations that prevailed during the early years of the outbreal.

The progress of the three important parasite species in the field and
the ontconme of competition between them has been reported in some
detail by van den Bosch, Bess, and Haramoto {22}, and van den
Bosch and Haramoto {34). 0. longicaudaetus var. maluiensis in-
crepsed rapidly, and collections of fruit fly material from guava on
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Oahu showed parasitization up to 30 percent from January 1949 on-
wards. (). randenboschi then came into the picture the middie of the
year, attaining high parasitization by OctoLet‘. Concurrently with
this buildup was the decline of malaiensis to an inconsequential level.
The upsurge of (. vophilus began in early summer of 1950, culminat-
ing in an average parasitization of larvae in guavas of 70-75 percent
by the end of the year. The population of (), vandenboschi declined
sharply during this period, just as malaiensis had done the preceding
year when dominated by eandenboschi. Bess, van den Bosch, and
TTaramoto showed that the Held situation was stabilized from 1951
onwards, with parvasitization by 0. eophi/us in guavas on Qahu
amouting to 77, 68, and 67 percent during 1951, 1932, and 1933,
vespectively. The two competing species faded permanently from the
picture, ropresenting 1-2 percent or less of the aggregate parasiti-
zation of the ortental fruit fiy {table 23) during those years. In fact,
the reduction in nurabers was so great that only three specimens
of maluiensis and none of rendenboschi were reaved from the regular
ruava collections during the 1955 season (2). The initial rapid
tuildup of muluiensis in 1949 is attvibuted to the large numbers
released, as compared to those of randendoschi and oophilus.

Tanny 23— Relutive ubundance of the 3 mujor species of Opius veaved
from orientdl fruit fy in guava on Oulu, 1948-53

Parasibe species
Yoar
{plusg Oping Opius
Iongicaudatus | vandenboschi cophilus
nalafensis
RS 3 TR 158 4 O
T 4, 428 4, 092 10
JO5H e I,872 10, 583 12, 034
341 S 138 196 10, 258
52 ... e Hd 7 3, 829
088 e oas 2 g 6, 959

There are several points of interest in the habits of the three species
of (/pins previously mentioned that bear upon the ontcome of the
competition in which €. oophilus triumphed so decisively. 0. oophi-
Lus oviposits in the frait fly eggs, the entire hiost population thus being
exposed fo its attack, (. candenboschi prefers the first-instar Jarvae
for oviposition and a very large portion of them are accessible to
the parasite regavdless of the type of fruit in which they oceur.
0). longicundutus var. maluiensis. on the other hand, is hmited mainly
to second- and third-instar larvae, o large portion of which, in deep-
pulped Fruits, is beyond reach of ifs ovipositor.

Another important Tuctor beaving on the outcome of competition
Letween the three species is multiple parasitisi, which was of fre-
(quent occurrence before equilibrium wus attained.  Van den Bosch
and Hlaramoto {34) found thut the presence of eggs ov larvae of
cither randenboschi or oophilus inhibit the development of eggs or
larvae of mafuiensis oceurring in the same host individual, the larvae
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dying from stacvation. Furthermore, the presence of oophilus in a
host larva inhibits development and causes degeneration of such
randenboschi eggs as may be deposited in that host.

It 15 thus seen that @. cophilus has o substantial advantage over
the other two species in that (1) the host stage which it attacks is
within reach regardless of the type of fruits in which it occurs and
(2) it is dominunt when in competition with other species in indi-
vidual host Inrvae. The rapid :m({ complete replucement of mulaiensiz
and rendenboschi by cophilus is thus understandable. It may also
have been directly vesponsible for the failure of establishment of other
species of 7 pius that were lucer released in large nunibers.

Whereas tho major imported parasites of the oriental fruit fly have
proven fo be equally adapted to the Mediterranean fruit fly, 0. fryoni,
the long-established parasite of the luatter, has not shown a similar
adaptability to 2. dorsalis. Clancy (8) reports that gauvas heavily
infested with larvae of this fly and chen exposed to 69 field-collected
females of . fryoni yielded 820 puparia, from which only two para-
sttes of this species emerged. The parasire females oviposit readily
i D, dorsudis Tarvae, both in the field and in the insectary, but only
an oceasional individual is able to develop to maturity. At one site
on Oahu, where 4. fryoni was breeding in large numbers in the larvae
of the lantana gall fiy Futrela vanthochueta Ald., many parasite
females were seen to oviposit in infested guavas nearby but none of
those collected yielded parasites of this species. It also is known to
develop in another tephritid gall fly, Procecidochures utilis Stone,

Mediterranean Fruit Fly

Although none of the parasites of the Mediterranean fruit fly im-
orted from Africa during the current program became established
i Hawaii, substantial progress in biological control of that pest has
come about through the orientul fruit fHy puarasites obtained from
Malaya. Bess, van den Bosch, and Haramoto (4) report the results
of rearings from coffee berries at 2,500 feet elevation at Kona, Hawnii
during 1949-53. Both fruit flies were present in the collections,
though (. capitate was much the move abundant. Opius cophilus
almaest completely replaced 0. tryoni by the middle ot 1951, and there-
after only oceasional single specimens of others were obtained. The
ame genernl pattern was evident in parasite attack on the Mediter-
ranean fruit fly as on the oriental fruit fly—the complete dominance
of ). oophilus over all other species of that genus. Field parasitiza-
tion of larvae of (7. capifata in coffee by Q. vophilus was substantially
higher than had previously been effected by . tryoni, and infesta-
tions were much reduced.

Clancy (10) has reported on the incidence of parasitization of €.
capituta and 1), dorsalis in ripe papayas and peaches at five sites on
Ouhu during 1951, Fruits infested in the labomtory were exposed
for the proper period in the field and the flies and parasites then
reared out. It was found that parsitization by the four newly im-
ported parasite species was approximaiely equal in fhe two host
species, and ranged up to a tofal of 43 porcent. (7 pius longionudatus
var. maluiensis was the most abundant parasite from both hosts under
the conditions of this test, while /. ineisi was a strong second. It is
surprising that the usual order of parasite abundance was reversed in
this study, as (. oophilus and 0. vendenbdoschi were much less numer-
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ous than the two species previously mentioned. At this time, the
lnte summer of 1951, . pophilus was strongly dominant in prac-
tically all rearings from field-collected fruit, Although the test dem-
onstrated that the parasites are equally well adapted to the two frait
Hy species, the reeatively small numbers of J, oophilus thut were
reared may have been the result of o scarcity of host eggs in the
fruits during the exposure period. It is highly significant that not a
single specimen of ¢, fryoni emerged from the 1,277 puparia of (',
capitate obtamed from the infested fruit.

An extended account has been given by Bess (/) of the status of
the Mediterranean fruit fly as a pest of a varviety of fruits in
the various ecological zones of the Islands since it became subject
to heavy attack by the several oriental fruit fly parasites. Periodical
collections of penches, coflee, Jerusalem chercy {Nelanum psewdocapsi-
rum), guava, and loquat (£ riobotrya juponicd) were made at different
elevations up to 5,300 feet, and on several of the islunds. Data are
also given on the relative abundance of C. capitate and D. dorsalis at
the different elevations. shr:-ing the increasing deminance of the
fiest-named species as the elevation increased,

The reduced abundance of (". capifate at the higher elevations since
1951 is attributed to attack by the newly introduced parasites. Guava
collections on Molokai at elevations of 1.000-2.000 feet, which yielded
both species of flies, showed a marked rveduction of (. capiteta from
the early part of 1950 to late 1952, \ithough there is a marked
difference in the abundance of the two fruit fly species at increased
elevations, this factor apparently had little or no influence on the
activities and ellectiveness of (O pius oo philus.

Discussion

In reviewing the development and cutcome of the biological control
project as it relates to the two major fruit fly pests, one fact stands out
conspicuousty. The importations of oriental fruit fly material from
the Philippine Islands and Malaya by the Hawaii Board of Agricul-
ture and Forestry during 194748, before the other cooperating agen-
cles entered the picture, resulted in the immedinte establishment in
Hawaii of the three important parasites, /) pius longicaudutus var.
meduionsis. (2. vandenboschi, and €. coplilus. of which the latter
guickly became dominant and was alone responsible for the partial
control that was brought about. Although several additional species
of parasites, obtained from the several million puparia from many
paris of the world during the cooperative program of 1948 to 1951,
were also recovered in small numbers and apparently became estab-
lished, they have contributed nothing to control of the two pests.

The outcome of this project lends welght to the argument sometimes
advanced that a purasite-importation program should be Timited to
collections of the host species itself and to the geographic areas in
which if is native, and chat detailed studies on the biology, habits,
and interrelations of the different parasites should precede their
importation. In this instance it is probably frue that such studies
in Malaya wonld have revealed the dominance of (. sophifus over
metlaiensis and randenboseii when in competition. The collection
records show, however, that ¢/, oaphdis is not dominant over the other
two in all aress of the Indo-Maluyan region in which they oceur.
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This indicates that competition nlone is not ulways the controlling
influence and that the introduction of the three species into new areas
might not always resnlt in dominance by 0. sophilus.

t is very mush a question as to the relative efliciency of the three
species of (Jpius in control of the oriental fruit fly in the absence of
competition. Certainly malaiensis and vandenbosehi in turn exhib-
ited capacity for a gh rate of parasitization before being over-
whelmed by oophitus. Had the latter species been the first to become
established and generally abundant in the Islands, it might then have
been difficult even to establish the other two species, and certainly their

otentinl value in control, in the absence of competition, would have

een completely masked.

Past experience on other biological-control problems has demon-
strated that limitation of search to the single host species or genus may
resul{ 1n passing over the most effective parusite. This was shown,
for example, by the early work on (eratitis capitate in Hawait, in
which the dominant parasite Opius iryoni originaied, not from that
host in its native habitat in Africa, but from Daeus fryond in Australia.
Further, developments in Flawaii since 1950 have demenstrated that
(. oophilus is much more etlective against the Mediterranean fruit fly
than 1s 2. fryoni, which it has now replaced. Consequently, it would
have been highly advantageous if, in 1913-14, the Malayan parasites
of D. dorsalis had been included in the importation program.

O pius oophifus (then recorded as 0. persideatus) was undoubtedly
represented in the material imported into Hawaii from Malaya and
India by F. C. Hadden (20) in 1935-38, and an uncertain number were
released, Insectary propagation was not successful, very probably
vecause its oviposition hahit was not then known, and only larvae may
have been provided in the rearing cages. Flad this parasite become
established on the Mediterranean fruit fly at that time, it would be
interesting to speculate on the repressive effect it might have exerted
on the oriental fruit fly immediately following establishment of the
Intter in Hawaii in 1945,

SUMMARY

The initial search for effective natural enemies of the oriental fruit
fly was conducted by the Tlawaiian Board of Agriculture and Forestry
in the Philippine Islands and Malaya during 1947-4S. Following
this, a cooperative project was set np involving that organization, the
U.S. Bureau of Entomology and Plant Quarantine, the Hawaii Agri-
cultural Experiment Station, the Hawaitan Sugar Planters’ Experi-
ment Station, the Pineapple Research Institute, and the University of
California. During the period covered by the foreign explorations,
from 1947 to 1951, approximately 414 million puparia, representing
more than 60 species of fruit flies, were collected in many tropical and
subtropical areas of the world and shipped to Hawaii for parasite rear-
ing. From them were obtained 25 species and varieties of parasites,
in addition to 4 already established in the Islands, in sufficient num-
bers for rearing and field release. Two staphylinid predators were
also included among the importations.

Field releases were made of 29 species and varisties of parasites and
one predator. Twenty-two of the parasites were of the genus Opius.
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Insectary production provided a total of more than 1.1 million adults
for colonization in Flawail during 1047-53, and an additional 214 mil-
lion wers released during 1954-62. Seven of the imported parasites
became established on the oriental fruit fiy in IMawaii, these being
O pius longieaudatus var, maluiensis, vav, noraedfedonicus, and var,
tiensis, O. cophilus, O. vandenboschi. 0. incisi. and Aceratoneuromyia
indicum,

O pius longicaudatus var. maleiensis becurne sbundant in 194849,
but was quickly superseded by . randenboschi, which in tun was
soon dominated by (). oophilus. Thereafter, all other established para-
site species were present in such small numbers as to contribute noth-
ing to control. The latter species has a marked advantage in compe-
tition with the other two, in that it oviposits in the host egg,
whereas wrfuiensis attacks the second- and thivd-tnstar larvie, and
randenboseli, those of the first instar.

) pius oophilus consistently effects a parasitization of about 76 per-
cent of the fruit fly larvae in guavas, the wild fruit that provides the
main reservoir of flies in the Islands. In addition to this direct mor-
tality, the P:l'l':’lsit[‘- is responsible for transmission, at the time of ovi-
position, of disease-producing microorganisms that cause high mor-
tality of the fruit fly eggs.

A detailed evaluation of the role of (). oophilus in control of the
oviental fruit fly is not yet available, but preliminary duta, mainly
from eollections of guuvas, show much reduced populations since 1950.
sSeveral cultivated host fruits, previously very heavily infested, are
now practically free from uttack. While full economic control was
not attained, substantial benefits acerued from the parasite-importa-
tion program,

M pius oophilus was equally effective as a parasite of the Mediter-
ranean fruit Ay at the higher elevations, to which the latter has been
largely confined as a rvesult of its displacement at the lower levels by
the orentul frait fly.

The discovery of Opius watersi as a parasite of the melon fly in
Novth India and its greater abundance than 2. fefcheri in some areas,
mave hope that it might supplement the attack of the latter species on
the melon flv in fawail. Despite field releases of more than 100,000
adults during 1950, however, it failed to become established.
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