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INTRODUCTION 

When the Mediterranean fruit fly (Ceratitis capitata Wiedemann) 
arrived in Hawaii, where it was discovered in 1910, it found itself in 
an almost ideal environment. Owing to a favorable climate, an 
abundance and variety of host fruits, and a lack of natural enemies it 
spread rapidly. The temperature range in littoral Hawaii is such 
that this fly can reproduce rapidly during the whole year. It has 
been shown by Back and Pemberton (3, p. 75)? that in the lower eleva- 
tions of the islands 16 generations may be produced annually. There 
have been recorded in Hawaii 73 different varieties of fruits and other 
plants in which the Mediterranean fruit fly may reproduce, and at 
all times during the year some of these varieties are in bearing and in 
the proper condition for infestation. The species of insect enemies in 
Hawaii that attacked it when it arrived were so few and ineffective 
that they had very little influence in checking its spread; consequently, 
within a short time after 1t was discovered there it had become 
established upon all the larger islands of the Hawaiian group. 

The use of introduced insect parasites has been found a more prom- 
ising control measure under the peculiar horticultural conditions of 
Hawaii (where the majority of host fruits are either inedible or not 
worth the cost of spraying) than are the artificial control methods of 
spraying and the destruction of infested fruits employed in commercial 
fruit-erowing areas in certain other parts of the world. In 1913 and 
1914 the government of the Territory of Hawaii introduced and 
established four species of parasites which attack the larval stage of 
the fly. Three of the species were braconids and one achaleid. Two 
braconids, Opius humilis Silvestri and Diachasma fullawayi Silvestri, 

1 At the time of the collecting of the inform ation contained in this circular Mr. Willard was entomologist 
and Mr. Bissell was plant quarantine inspector, both in the Division of Tropical, Subtropical, and Orna- 
mental Plant Insects, Bureau of Entomology. 

2 Italic numbers in ‘parentheses refer to ‘‘ Literature cited,’’ p. 12. 
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and the chalcid Tetrastichus giffardianus Silvestri were imported from 
South Africa, and the braconid Diachasma tryont Cameron was intro- 
duced from Australia. Other parasites were introduced, but the 
four mentioned were the only ones that became established. The 
uniform climate of Hawaii and the constant abundance of host 
maggots resulted in a rapid dispersal of these parasites, and within 
three years after liberation they were firmly established on the main 
islands of the Territory and were parasitizing between 30 and 50 per 
cent of the fruit-fly larvae. | 

Since these parasites became established the Bureau of Entomology 
of the United States Department of Agriculture has compiled a com- 
prehensive series of records which show the amount of parasitism 
accomplished by each species and the degree of infestation of host 
fruits by the fly. These records have been obtained by making almost 
daily collections of host fruits about the city of Honolulu and securing 
from them the maggots as they emerged. These maggots were held 
in rearing jars and the numbers of emerging flies and parasites care- 
fully recorded. In this manner the effectiveness of each species of 
parasite has been determined over monthly and yearly periods since 
1914 for the various host fruits. The results of these observations 
up to and including 1921 have already been published (1, 2, 4, 6, 
Say O10). 

During the first few years after the parasites were liberated in 
Hawaii yearly reports of their activities were of much interest. In 
that period there was considerable yearly variation in the effectiveness 
of each species and in the total parasitism by all species. Conse- 
quently, during the years from 1915 to 1921, inclusive, these records 
for each year were published separately, excepting those for 1919 and 
1920 which were published together in one paper (9). The records 
for the last five years of this period, however, show that the work of 
the parasites has become more or less stabilized and that there is 
much less variation over yearly periods. Consequently, much of the 
necessity for yearly reports has disappeared, and a 3-year reporting 
period has been adopted and put into effect in this circular. It is 
believed that the reader can get a more thorough and comprehensive 
idea of the relationship and actual work of these parasites if the 
information for the period is included in one report instead of three. 

RECORDS OF INFESTATION 

In connection with the recording of parasitism, an attempt has 
been made to note any increase or decrease in abundance of Ceratitis 
capitata in the field. In making this attempt the following hypothesis 
was adopted: An increase or decrease in the number of maggots in 
infested fruits will indicate that there has been an increase or decrease 
in the number of adult flies. As all fruits collected for records of 
parasitism were held in the insectary long enough to allow all maggots 
to emerge, and as records of the numbers of all fruits and of the 
maggots emerging from them were kept, the average infestation per 
fruit for each species of host can be computed from these records. 
Tables 1 and 2 give the results of these observations and computations. 
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TaBLE 1.—Records of infestation of host fruits by larvae of the Mediterranean fruit 
fly in Hawaii during the years 1922, 1923, and 1924 

Average 
Number of fruits | Number of larvae number of | Average 

collected emerging large per Beane 
: ; rui Host fruit t per fruit, 

oe ee ee 1916-1924, 

1922 | 1923 | 1924 | 1922 | 1923 | 1924 |19221923/1924) inclusive 

Indian almond (Terminalia catappa)-_--_|27, 772/17, 505 20, 408|195, 512135, 484/100, 225) 7.0) 7.7) 4.9 7.9 
Mango (Mangifera indica) __..._-_----_- 3, 198] 2, 313} 3, 189] 18, 362) 28, 923} 21, 923) 5. 7/10. 3] 6.9 5.9 
Coftes.(Cofied arabica): 22222 ese ae 21, 515) 20, 647 aa eae L270 OOO L225 eis .4 
Strawberry guava (Psidium cattleia- 
VTA ITD) Sintec ee a eatin. See Pela Nenad 13, 318] 3, 813} 2, 494) 21,795) 4,613} 3, 059) 1.6) 1.2) 1.2 0t, 

Black myrobalan (Terminalia chebula) - 2, (O}S%0) |e Se GR5O8 pes a ee ee | eee Nee 6. 0 
French cherry (Eugenia uniflora) ——-_-_- 6, 453] 5, 510/12, 980) 6,056} 5, 202) 16,897) .9) .9] 1.3 LP 
Satin leaf (Chrysophyllum olivae- 
POLIT C Pps sek ales hey oes 19 A SEN SS TG 265 |e ee 5 87.0 eee eee MUM Ta PA Gy 3.3 

Rose apple (Eugenia jambos) --______-- 321; 107] 1,897) 3,949) 343] 22, 369/12. 3) 3. 2/11. 8 9.9 
West Indian medlar (Mimusops elengi) -|_----- Cop sea a aR 364 mews 2 SO 2h 3 (ales Batt 
Carambola (Averrhoa carambola)______|_----- Sys) AUB S Se 11 2 () | ome aa aH CRAG: 
Yellow oleander (Thevetia neriifolia)___; 1,265] 5,150) 422) 4, 548) 26, 493 814) 3.6) 5.1) 1.9 4.0 
Loquat (Eriobotrya japonica)_________- IU PAD) Se LOO een ESS filer i Gis Ne FE ae 2. 4 
Chinese orange (Citrus sp.) -_-____----- 42, 195 31, 731 26, 750)119, 816 66.049) 58, 812) 2.8) 2.1) 2,2) 2.4 
Guava (Psidium guajava)___..__.______ 4,706! 3,494 1,002 53, 762 25,198) 5, 502)11. 4) 7. 2) 5. 5} 8.2 
Orange (Citrus aurantium)___________- 1, 728 if 121| 635) 4,270 3,891) 1,208) 2.5 3.5) 1.9) 3.0 
Tangerine (Citrus nobilis) _____________ 494) 1, 554|.1,460) 2,108) 1,043 SLAW ASI ah 6 1,6 
Lime (Citrus medica limetta)_________- 354) 244) 393 386) 67 5 \pelc cE id cts |e) .6 
INoronhiaemarsinatge. os. 45222 oe se DEO BG Beaters |Peaa Peer AA Eye Rae a a AN La Tg tay ec Tet hl 15 
Ochrosisielliptica: + ht aa Fa ty. gy FY Pom GY7¢ Leu ea nea LO) ie ane are rape een | Be 
Kamani (Calophyllum inophyllum) ___|_____- TG il We ost ea Nee PAY a ane SND Ri I oe Bu) 
Peach (Amygdalus persica) -_-___-_____- ees TSS) A a es alec ee A272 Sem aaa WEES 2304 is 38 18. 4 
White sapote (Casimiroa edulis) -______ POPU aS IEE Sill | Ma See ei D5) (ees | aa 5. 9 
Star-apple (Chrysophyllum cainito)____|----__]------ TY a poe | PEL Sz EID Se (a RANA 
Waiawi (Psidium guajava pyriferum) __|_-__-_|------ Oe ee es a ae Hs sie atenle hn AQ) m5 
A DPSS TOMY TEE UTES WAS Oyo) NSO os 2) le RIN a ER as PAA SERA PSN al is Se OS | eee ea GG 6.9 
Grapefruit (Citrus decumana) ~-_______|=----_]----_- 66|Es Weer eae PA Ube 8 ee I .3 
SAD eg GEYIC USC ATT CAR) Ee a a EN he IWS SOE Ee AO cay | Ay oe es a al IL 

TasBLE 2.—Average number of larvae of the Mediterranean fruit fly per fruit examined 
in Hawaii for each year of the period 1916 to 1924, inclusive, and for the period 
as a whole 

Average number of larvae per fruit in— 

Host fruit Ower 

1916 | 1917 | 1918 | 1919 | 1920 | 1921 | 1922 | 1923 | 1924 | 9-year 
_ period ! 

Im diana or Gao ae ae eae te Oi BOW QO ee | BS Oso ON ew Bo 7.9 
Vie 9, ete teeten pete Pee ae se ae S We al Pea BO BI Gh ae Oasis 5.9 
Ghoritey hoy eA ee ae ee eae 25 .8 .6 .4 .6 SAR Cai gal .3 .4 
SUrAWiDerMrys SUaVa=n. ok se ee ISO PEON Ibs WO al PAN eZ Tle Gt) il hte oaks Oy 1.65 
iplacksmynopalane ae eee eee CoD BO eer le EAI a GC) Me aie (0) 4h tos neg Pac A ea 8 6. 0 
Brenchichernyese sas Ne se he we ae Aono O ee O A aloe Le) EOF Dalles 15 2 
Satin ea fever seek eer Sa Sameer ign te eae ZO | By Sb BPE OG eh Ne ev eS eset BH3 
HOSE AD ples rae oo i eye ee ey a aie 15}; (). | ateertss, |] oA}, Ve eee iL Gy, eS 1283) ) 5392) 18 9.9 
Westen dianvmediarss:2s.eat ese eas! RSM Lets lentes osatese atelel AM atlas oars hak ed Reso BEG 
Sapo a ees aaah 2 ee ee see he ah ANS Ai eae | eA A SYA ee a HL AU 8 7.0 
Caramibolassaa on so Se Sulla .9 5 il Sy Pana A (ee 1 Hal .6 
Yellow oleander Bios ia fecal Hie cp Hes Bon SEO Bee MOO alee wie MgO eee 0) dy toy th. |) Male) 4.0 
Ei quate ete Oe Fito. Seri me Pe Be els oh ee Di Gla Si |ieetesy 4a eee 4,5 Sy ce [ea ea 2.4 
@hiness/orancess=)2 = ase sa a BET UES ps TG RS Pay PRE 2 Pa bs) eral 1) 929. 2. 4 
ULDV Dee SERRA ChE Rie ORES EL ee GUOM MANO SHON ie OOM aaron |p Osi Gul Ml Nea (eozi li Deo 8. 2 

QTATIS CE tas aie ee Fee De ae DEE Ta OA) BNA, eae ed SH) WO eee PA ts PEN 3s Gy I) a) 3. 0 
STE EDT pT arse mae ee cane Cs Sa acetal EU een Mela Sel eS Iu nT NS PO rosea ta eate a eee .6 mL i) 

TNT Gio ee ERUPT E =y HyAita NY pag a i ye balk ath pea ely rg DA Re ae a see .3 2 .6 
Noronhialemancinatae =e ee 17a |e ete Ee) NEA epee ELEN a Sattar rea estes [ee sr 1.6 
Ochrosia/elisptica- Fil ONO Wns BY ble Oia Ss mei a0 OS oe ek LSA RS Op gare 2 aN E 3.7 

AHN AT eS es Rs ee EN a BABB | Ae Adie Ral ie 3( ON eet OY Py ee al espe Li Sete. ah (0) 
IGA CIs e as te Sam See woe. Leaiies see P40) bay |) Ia AN PR ZN Y AG IP IU Cig pees BS Pye iit betas 18.4 
White Sapoies e525 aks be bie Nets ris bol yl ny MD) ee eae ae ee Seen bees Bene 2B sil a a a 5.9 
SILC VRE DY ON CEN. et LE ge EE SA ce | era sg PR a) ean ea .0 .0 
ESTE ale g SE 8 Ya Se ee 1 RN eV i 5G) De a ese ee .0 a5 
a Nyayevaa Ma eM biay) Sioa) Smale el Se PTR a IIS ol erm ee | A gae Ey  e | tS | ES 6.9 6.9 
GPA L UI eee ect ee a a or lm a ER EAs | Pitts AIA A Co PPE LE IE OSE .3 3 
DNA 8 em es 0 AOS RVs A tee Aaa oye aol Sk Ua |e | tooo eee Bee aa ees [ie eects Daal sul 
Brazilian) puis (Bee nian DLAaZileNsis) alles Sulesse oso oea| one ees|=-—e ae |ee anne espace Weeise cele ee .8 

1 Weighted averages. 
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The records in Table 1 show for each species of host fruit the num- 
ber of fruits under observation, the number of maggots emerging, and 
the average infestation per fruit for each year of the 3-year period 
under consideration. The average infestation per fruit for the 9-year 
period, 1916-1924, inclusive, is given to show how these yearly 
records compare with the average for the nine years. By referring 
to Table 2 it will be noted that some fruits were collected only occa- 
sionally during the 9-year period. On the basis of comparisons only 
with those fruits upon which records were secured during five or 
more of the nine years, Table 1 shows that during 1922 the average 
infestation per fruit in 42.9 per cent of the species collected was greater 
than the average for the 9-year period. In 1923 this average was 
ereater in 26.7 per cent of the species of host fruits, and in 1924 it was 
greater in 25 per cent of the host fruits. The percentage of host 
fruits having a higher infestation than the average has been well 
under 50 per cent during each of the three years of this period and has 
shown a decrease each year, indicating an actual decrease in infes- 
tation and in the number of adult flies. 

Table 2, showing the average infestation per fruit for each species 
of host during each year and for the 9-year period, 1916—-i924, 
inclusive, is given to indicate the fluctuation of infestation from year 
to year. On the same basis as that outlined in the preceding para-— 
graph, this table shows that the percentage of fruits having a higher 
average number of larvae per fruit in any yearly period than the 
average for the 9-year period is as follows: 1916, 56.2 per cent; 1917, 
50 per cent; 1918, 41.2 per cent; 1919, 46.7 per cent; 1920, 38.9 per 
cent; 1921, 71.4 per cent; 1922, 42.9 per cent; 1923, 26.7 per cent; 
1924, 25 per cent. These records show that during three years, 
1916, 1917, and 1921, the infestation was above the average in 50 
per cent or more of the fruits under observation. During the other 
six years less than 50 per cent of the host fruits showed infestation 
above the average, and in 1924 the percentage of 25 indicates that 
the infestation during that year was lower than for any other year 
covered by the table. 

PARASITISM RECORDS 

Owing to the oviposition habits of the parasites of the Mediter- 
ranean fruit fly now established in Hawan, the effectiveness of these 
enemies in controlling the fly is governed to a large extent by the 
nature of the fruits in which the host maggots are developing. The 
three opline parasites, Opius humilis, Diachasma tryoni, and Dia- 
chasma fullawayi deposit their eggs within the host larva by piercing 
the skin of the fruit and the integument of the larva with the ovi- 
positor. The host maggot must therefore be near the surface of the 
fruit in order to be within reach of the parasite. Consequently, in 
fleshy fruits which afford an opportunity for maggots to burrow some 
distance beneath the skin parasitism is low, whereas in small fruits 
and those containing a large seed covered by thin pulp, where the 
maggots are necessarily always near the outer surface of the fruit, 
parasitism is high. Tetrastichus giffardianus oviposits directly into 
the host maggot and must come directly in contact with the maggot 
before oviposition is possible. In order to reach host maggots © 
within a fruit, it must be able to enter through some break in the skin. 
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Fruits with tough skins which do not break readily when they fall 
from the trees usually have a very low parasitism by 7. giffardianus. 
Fleshy fruits with comparatively thin skins which are broken easily 
offer a much better oppor tunity for the parasite to work. 

The data in Table 3 show the effectiveness of each species of para- 
site for each host fruit under observation for each month in the year. 
The percentages of parasitism were figured from the numbers of 
larvae shown in the columns of the table under the caption ‘‘ Number 
of larvae.” The rate of development of host larvae varies in dif- 
ferent species of fruits and with the season of the year, and exposure 
of host larvae to attack by parasites ceases when the fruits containing 
them are collected for records of parasitism. In view of these facts, 
and since the parasites attack only well-developed fruit-fly larvae, 
the numbers of larvae shown in these columns from which parasitism 
records were made are larvae emerging from fruits during the first 
two to six days after collection. 
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PARASITISM OF MEDITERRANEAN FRUIT FLY IN HAWAII 9 

Indian almond is a good example of a fruit containing a large seed 
surrounded by thin pulp. The opiine parasites were much more 
effective than JT. giffardianus during all periods for which records 
were kept for the 3-year period with the exception of January, 1922, 
and the last five months in 1923. During those five months large 
numbers oi this fruit were collected within an area of about four city 
blocks, and owing to some undetermined cause 7. giffardianus was 
able to parasitize an unusually large number of the developing 
maggots. | 

The coffee berry is another fruit having a very thin pulp and large 
seed. It is very seldom that 7. giffardianus is reared from maggots 
in this fruit, but the parasitism by the opine parasites is very high. 
The 11.1 per cent parasitism in October, 1924, shown in footnote 1 of 
Table 3, was the work of the melon fly parasite Opius fletcheri Silvestri. 
This parasite is occasionally reared from maggots of the Mediter- 
ranean fruit fly, but the high parasitism recorded during the month 
mentioned is very unusual. It was probably due to the fact that all 
of the coffee containing the maggots from which it was reared were 
collected in the Kona coffee fields on the island of Hawai. Around 
these fields the Chinese cucumber Momordica sp. grows wild and is 
very abundant. The fruits of this plant are attacked freely by the 
melon fly, Bactrocera cucurbitae Coq., the maggots of which in turn 
are highly parasitized, resulting in an abundance of O. fletchert about 
the coffee fields. 

The mango is an example of a fleshy fruit with a comparatively 
tough skin which does not break easily when the fruit falls. The 
percentage of parasitism in this fruit by either the opine parasites 
or the chaleid 7. giffardianus is not high. 

The guava, which is very abundant about Honolulu, has a very 
thin skin and a deep pulp. The majority of maggots are beyond 
the reach of opiine parasites, and this results in a very low degree of 
parasitism by them. The thin tender skin of this fruit breaks easily 
when the fruit falls to the ground or is often punctured by birds or by 
coming in contact with some part of the tree. Consequently, T. gif- 
fardianus is afforded an unusual opportunity to enter this fruit, and 
the parasitism by this species is in almost every instance higher than 
that by any of the opine parasites. In a number of instances it was 
higher than the combined parasitism of all three species of opines. 
These are mentioned as examples of the influence exerted by the 
structure of the infested fruits upon the effectiveness of the fruit-fly 
parasites, and this influence can be observed by reviewing the records 
in the table of the parasitism in other fruits. . : 

Table 3 shows that all four species of parasites will attack their host 
in most of the fruits under observation. Though the structure of the 
infested fruit controls to a large extent the parasitism by D. fullawayt, 
the degree of its effectiveness in some fruits can not be attributed to 
this cause. This parasite in the majority of host fruits is compara- 
tively ineffective, whereas in coffee and yellow oleander its effective- 
ness is greater than that of either of the other two opiine parasites. 
This may be an indication of some preference on the part of this 
parasite for maggots in certain fruits. 

Table 4 records the effectiveness of each species of parasite in all 
fruits collected during each month of the three years. O. humilis was 
first in effectiveness during three months in 1922, during no month in 
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1923, and during five months in 1924. Diachasma tryoni was the 
most effective during seven months in each of the years 1922 and 1923, 
and during five months in 1924. D. fullawayi was the most effective 
during only one month of the 3-year period under consideration, 
namely, in December, 1924. T. giffardianus was the most effective 
parasite during two months in 1922, five months in 1923, and one 
month in 1924. 

TasBiE 4.—Total parasitism of larvae of the Mediterranean fruit fly from all fruits 
collected in Hawaii in 1922, 1923, and 1924 (averaged by months) 

Percentage of parasitism by— 

Total para- 
Number of larvae | | [ sitism (per 

Month Opius | Diachasma | Diachasma |Tetrastichus cent) 
ie humilis tryoni fullawayi | giffardianus 

| 

een | 
1922 | 1923 | 1924 1922/1923 re es 1924) 1922/1923) 1924} 1922/1923/1924| 1922) 1923/1924 

var rcud heea| aa a = 
Janvianyae- sas 952) 1,019} 1,144 1.4! 1.2) 9.3) 8. 9 20. §)23. 9} 1.8] 0.4) 0. 7/26. 6)15. 1} 1. 7/38. 7/37. 2/35. 6 
Heprulanye 458 596} 2,642.10. 5) .3/26.2) 7.0) 8.714. 1) 1.5): .5) 1.4) 9.4) 5.6) 2. 9/28. 4)15. 144.6 
WVianch ters ees 798) 1, 469) 4, 53012. 8) . 5/25. 9) 9. 6/12. 1/22. 7| 2.0} . 9] 7.1] 7.9]11. 0) 2. 9/32. 3/24. 5158. 6 
Apuil ea eae De Pe ee 2,617] 4, 264 961/16. 0} 3. 3)28. 7/15. 0)17. 5) 8:4) .9) .5/-_--| 6.0} 3.8] . 6/37. 9]25. 1/37. 7 
IVT QV Re ae ee aoe oe 9,877| 1,732] 2, 117/14. 2} 3. 4/15. 9/39. 3/21. 2! 5.2) .5) 1.2) .d) 1.2) 8.2) . 2/55. 2134. 0/21. 8 
DUINO skeet ae Seeks | 7,176) 1,925) 1,175) 1.2) .9|-8. 3/48. 7/12. 9) 5.7) 3.6) 1. 1|-_-_| 4.0) 8.6)  . 7/57. 5/23. 5/14. 7 
Valiy ee ee ey 2, 261] 2, 749) 1,758) 1.9} . 4) 3.3/18. 7) 7. 1/47. 6) 5.4) 4.7 3/15. 4/11. 3) . 9/36. 4/23. 5/52. 1 
AUCUST S22 ees 9, 525) 9, 236) 4,003) 1.0) 2.7) 5. 9/20. 4/12. 7/25, 8} 3.1) 1.0} . 1, 6. 8/19. 3} 2. 0/31. 3/35. 7/33. 8 
September--___---- 8, 984) 7, 512) 2,354) 1.8} 6. 1/17. 2/21. 4) 7.2)/25.1) 1.7) 1.5) .2) 6. 1/51. 4) 9. 9131. 0/66. 2/52. 4 
October] 8, 3867] 3, 257} 2,959) 1.9) 5. 8)16. 9/58. 0) 4. 5/20. 6) .3) 1.0) 1.6) 5. 8/60. 2} 5. 9/66. 0171. 5)145.7 
November.-._----- 4, 697| 1, 844 387) 2. 3/16. 2/11. 6/37. 6,24. 4/14. 5) 9. 5) 5. 9/15. 8) 5. 4/16. 5)20. 4154. 8/63. 0/62. 3 
Mecemberss= 2, 350 588) 3, 232, 2.4) 3.7) . 4/34. 0/16. 7/18. 3) 1. 2).-__/41. 9/18. 6]18. 4). 4/56 2/38. 8/61. 0 

10.7 per cent of the parasitism shown in this total was accomplished by Opius fletcheri. 

O. humilis did its most effective work during the early months of 
the year. This can be attributed to the control of 0. humilis by either 
species of Diachasma when it occurs in the same host maggot with 
them. It has been shown in a previous publication (4) that O. humilis 
is always eliminated under these conditions. Both species of Dia- 
chasma have been shown (7, p. 430) to hibernate to a considerable 
extent during the cooler months of the year, whereas 0. humilis does 
not show this tendency. Consequently, with the advent of the cooler 
months, which begin about December, D. tryona and D. fullawayi 
become less effective and do not retard the development of O. humilis 
to so great an extent as during the warmer months. The increase in 
the effectiveness for O. humilis begins at about that time. 

The unusually high percentage of parasitism accomplished by 
7. giffardianus during the latter part of 1923-is due to the fact already 
mentioned that the records included larvae contained in fruits of 
Indian almond collected in one locality where the parasitism was 
abnormal. Should these records be discarded the parasitism by 
1. giffardianus would be less than half the figures shown. 
The records in Table 5 are given to show the effectiveness of each 

species of parasite and the combined effectiveness of all four species 
since their establishment in 1915. In 1915 Opius humilis was respon- 
sible for the greater part of the total of 37.9 per cent of the parasitism. 
From that time its effectiveness gradually decreased untila minimum 
of 4.1 per cent was reached, in 1923. During 1924, however, it para- 
sitized 14.5 per cent of all the larvae under observation and was more 
effective during that year than for any yearly period since 1916. 
Diachasma tryoni was less effective in 1923 than in any year since 
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1915. This parasite is usually the most effective of any of the four 
species. It has shown a fairly uniform degree of parasitism since it 
became well established in 1916. In 1923, as has been noted, Tetra- 
stichus giffardianus was the most effective over a yearly period for the 
first time since its introduction. 

TasBLs 5.—Total parasitism of all larvae of the Mediterranean fruit fly collected in 
Hawaii from 1915 to 1924, 1nclusive 

Percentage of parasitism by— 

e Number 
Peas of larvae Diachas- | Diachas-| 7&ttas- 

Opius ma ma ful- tichus Total 
humilis : : giffar- 

tryoni lawayi Grane 

FIC WIGS RAL NARS Natty DUNN g v's RE SPM PREM, pnt Oe re CAS. 28, 010 31.5 0.3 5.9 0. 2 37.9 
TICS HT GSE ed RA cet fr LA Oe ah ah ao Sh 83, 304 Ni 113%, 3 Del .6 33. 2 
RG Tigi eke Sk a NS Ue pe Das eae Care 72, 139 124, '7/ 20. 3 U8 em 47.5 
TCHS SAN cM cok TURE iy OR ON Se GSS ee AEN Og! 63, 480 12. 4 34. 6 2.6 6.2 55. 8 
GTR et UIE lee es Site a ee CE Sea A 75, 406 9.4 19. 6 1.6 7.6 38. 2 
LOA EINA GE a Leen aie SONS A es ce RANG ce Re 57, 406 9. 4 PDT 12.1 Usd 51.9 
Diep oS eee OE LS RE te gees we ea 88, 616 7.6 26.9 555 16. 4 56. 4 
TIE PPG a Ea SIN ee MRE NE eee IC SD see Nay 58, 562 4.6 By C 2.5 6. 4 47.2 
EO DSR aE setts 3 2) ke Big G9: Ley ee ep a eecarey S el 36, 191 4.1 12. 2 1.6 25. 3 43.2 
1 DAR CrE BAN NPE MS igs ad 5 aA eee REED 27, 262 14.5 20. 7 | 6.8 ah Il 45.1 

The total parasitism by all species during the 3-year period covered 
by this report was comparatively uniform, ranging from 43.2 per cent 
to 47.2 per cent. During the three previous years, the total para- 
sitism ranged from 38.2 per cent to 56.4 per cent. A comparison of 
the average parasitism during the two 3-year periods shows that 1t was 
nearly the same, although it was a little higher during the period 
1919-1921. 

SUMMARY 

The Mediterranean fruit fly, since it was discovered in Hawaii in 
1910, has been a major fruit pest in all parts of the Territory. Of 
the various methods employed in different parts of the world to con- 
trol this pest, the use of introduced parasites is the only one which 
has been found adapted to the peculiar horticultural conditions of 
Hawau. In 1913 and 1914 three braconids, Opius humilis, Dia- 
chasma tryom, and Diachasma fullawayi, and one chalcid, Tetras- 
tichus giffardianus, were introduced and established by the Territorial 
government. This circular records the effectiveness of these parasites 
during the 3-year period 1922 to 1924, inclusive, and is a continua- 
tion of similar records made since 1914. 

The infestation of fruits by the fly during the three years under 
consideration was less in the majority of hosts than the average in- 
festation per fruit over the 9-year period 1916 to 1924, inclusive. The 
decrease in infestation of host fruits indicates a decrease in the abun- 
dance of adult flies. 

Parasitism by Opius humilis reached its minimum, 4.1 per cent, in 
1923, owing probably to the effect upon it of the two species of 
Diachasma. In 1924 the parasitism (14.5 per cent) by this species 
was greater than for any year since 1916. Owing to the hibernation 
habits of D. tryona during the cooler months of the year, the effective- 
ness of this parasite decreases during those months and at the same 
time there is a corresponding increase in effectiveness by O. humilis. 



12 CIRCULAR 109, U. S. DEPARTMENT OF AGRICULTURE 

The work of these four parasites during the three years under con- 
sideration has not varied to any great extent from that of the preceding 
six years. They continued to parasitize nearly 50 per cent of the 
larvae about Honolulu, causing a corresponding decrease in infesta- 
tion of the commercial hosis. | 
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