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STUDIES ON THE ECOLOGY AND CONTROL OF THE MELON FLY
DACUS (STRUMETA) CUCURBITAE COQUILLETT
(DIPTERA: TEPHRITIDAE)

T. Nishida and H. A. Bess

The control of the melon fly [Dacus (Strumeta) cucurbitae Coquillett],
a tephritid fly discovered in Hawaii in about 1895 (Clark, 1898), has been
a serious problem for many years. In the past, various methods, discussed
in detail in a later section, have been used in attempts to control this pest.
The control obtained by these methods was generally not satisfactory either
from the standpoint of cost or effectiveness.

In 1948 a critical examination of the melon fly problem in Hawaii was
made in an effort to develop effective methods of control. As the result of
this examination ol the problem, the writers were convinced that a com-
prehensive ecological study was needed before the control of the melon fly
could be placed on a sound basis. Accordingly, such a study was made prior
to undertaking further investigations on control. The results of this study
have proved to be fundamental to our current approach to the melon fly
problem. The primary purpose ol this bulletin is to present some of the
ecological information pertinent to current control practices and also the
results of field studies on chemical control.

ECONOMIC IMPORTANCE

The melon fly is a pest ol various crops throughout many of the tropical
and subtropical regions of the world. It has been reported from southern
China, Formosa, Okinawa, the Philippines, Malaya, Burma, India, Ceylon,
Mauritius Island, Kenya Colony in East Africa, Guam, and Hawaii. In
these countries the principal crops attacked are watermelons, cantaloupes,
pumpkins, squashes, cucumbers, tomatoes, peppers, and beans. In addition
to these crops, the melon fly attacks the passion fruit (Passiflora edulis I.
flavicarpa Deg.) in Hawaii where this fruit is now being grown com-
mercially.

Throughout the world where the melon fly is found, it is referred to by
a number of common names. In the United States and the Philippines it
is called the melon fly (Muesebeck, 1950; Ponce, 1937) ; in Formosa, “Kaj-
tsu bai” (Koidsumi and Shibata, 1935) or the “Formosan melon fly” (Fu-
kai, 1938); in India, the “melon fruitfly” (Renjhen, 1949); in Ceylon,
the “Pumpkin fly” (Green, 1912) or the “cucurbit fruit-fly” (Fernando
and Udurawana, 1941). Froggatt (1909a) in his discussion of this pest in
various parts of the world referred to it as the “Bitter Gourd fly.”
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Ficure 1. The damage caused by the melon fly to certain crops. 4, terminal shoots of
watermelon; B, terminal shoots of cantaloupe; €, young watermelon fruit in cross section
showing larvae and damaged tissues; D, gall-like growth on passion fruit caused by the
oviposition puncture of the melon fly in young fruit.

Nature of Damage

The damage to crops caused by the melon fly results from (1) oviposi-
tion in fruits and in soft tissues of vegetative parts ol certain plants, partic-
ularly those in the [amily Cucurbitaceae, (2) feeding by the larvae, and
(3) decomposition of plant tissue by invading secondary microorganisms.
The combination of the feeding of the larvae and microbial action quickly
destroys the tissues affected (fig. 1).

The melon fly oviposits in the vegetative and the reproductive parts
of the host plants. Although it does not oviposit in the stems of tomatoes,
it oviposits readily in both young and mature tomato fruits. However, the
larvae do not develop in young fruits, but the fruits are usually destroyed
by the invasion of secondary microorganisms. At times the oviposition
wounds in these young fruits heal; however, such fruits are unmarketable
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because of their deformed condition. In other plants, such as watermelons,
cucumbers, squashes, and cantaloupes, the melon fly oviposits in newly
emerged seedlings, terminal shoots, and fruits. Severe damage to seedlings
and terminal shoots occurs when the adults are very numerous, but dam-
age to the fruits occurs even under conditions of low fly populations. Dam-
age to fruits is greatest in immature fruits; however, fully grown fruits
may also be attacked particularly when there are cracks or wounds. At
times the oviposition wounds in young cucurbit fruits heal, but the mar-
ketable quality of such fruits is reduced because of the deformed condition.

Damage in Hawaii

The extensive damage caused by the melon fly in the past to various
crops in Hawaii has been well documented (Howard, 1900; Koebele, 1900;
Perkins, 1902; Smith, 1902; Van Dine, 1904; Craw, 1905; Blackman, 1909;
Van Dine, 1909; Froggatt, 1909b; Severin et al., 1914; Back and Pemberton,
1914, 1918; Westgate, 1918; Illingworth, 1928; Pemberton, 1949). It is
clear from these references that the damage to crops ran into millions of
dollars annually.

In 1951-52, surveys were made at monthly intervals to determine the
extent of damage that occurred throughout the year at Waimanalo and
Waianae, Oahu. These surveys were made in fields where treatments of
various kinds were being made for melon fly control. The data obtained,
shown in figure 2, indicate that the infestation of cucumber and tomato
fruits at Waimanalo ranged from 10 percent to 100 percent and 2 to 40
percent, respectively. At Waianae the infestation of cucumbers ranged
from 5 to 60 percent and that of tomatoes, 2 to 70 percent. The highest
incidence of infestation occurred during the fall months and the lowest
during the summer when crop production was the highest.

The level of infestation during 1951-52 was lower than in the previous
few years. During 1948 and 1949, both at Waianae and Waimanalo, the
fly was so abundant that farmers experienced considerable losses. Young
seedlings of melon plants were attacked and destroyed by the pest as soon
as they emerged from the soil. Older plants, although not killed, suffered
considerable injury and many of the tender young shoots and young fruits
were destroyed.

Damage in Other Countries

The melon fly is reputed to be a pest of considerable importance in a
number of other tropical areas besides Hawaii. On the island of For-
mosa, it has caused serious damage to various cucurbits as well as other
crops such as beans and tomatoes (Muir, 1914; Kato, 1928; Koidsumi, 1931;
Koreishi, ]937). In the Philippines, the melon fly is a major pest of cu-
curbits (Essig, 1913; Tuazon, 1917; Ponce, 1937) . Tuazon estimated a loss
of 30 to 40 percent of the cucurbits by the melon fly in the Philippines
and stated that the combined attack of a bug, Leptoglossus membranaceus
F., and the melon fly caused considerable damage. The bug fed on the
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Ficure 2. Monthly trends in the percentage of stung tomatoes and cucumbers
during 1951 at Waianae and Waimanalo, Oahu.

fruits and the melon fly laid eggs in the feeding wounds. In Java it has
been reported to be a pest of Momordica, Citrullus, and melons (Dammer-
man, 1914). In Malaya, this insect is a pest of cucurbits and tomatoes
(Bunting and Milsum, 1930; Corbett, 1935). The only report on the oc-
currence of the melon fly in Australia is that of Hill (1915) who listed
it as a pest of melons, pumpkins, and marrow squash in northern Australia.
In India, the melon fly is reported to be a destructive pest to various crops,
especially cucurbits (Maxwell-Lefroy, 1907; Ribeiro, 1934; Pruthi and
Batra, 1938; Pruthi, 1941) . Pruthi stated that damage to cucurbits was as
high as 40 to 80 percent of the crop. Several workers (Green, 1912; Ruther-
ford, 1914; Hutson, 1934, 1937) have also reported it to be a pest of cu-
curbits in Ceylon. De Charmoy (1915) reported it to be an economic pest
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on the island of Mauritius. Compere (1912) considered the melon fly to
be a serious pest in Macao, China, but not to the extent that it was in
the Hawaiian Islands.

Quarantine and Its Economic Effects

The economic importance of the melon fly cannot be evaluated entirely
from the standpoint of the actual damage to the various crops affected. It
must also be considered from the standpoint of quarantine which has far-
reaching economic effects.

Quarantine laws aimed at preventing the entry and establishment of
the melon fly in areas where it does not occur have been established and
are being vigorously enforced. The United States Government has quar-
antine laws regulating the movement of certain commodities in order to
prevent the entry of the melon fly into the continental areas of the United
States. The Japanese Government also has laws which prevent the entry
into Japan proper of certain commodities known to be attacked by the
melon fly. The Egyptian Government is also concerned with the problem of
keeping the melon fly out of its country.

Although exact data on the amount spent on quarantine control by
the countries concerned are not available, it is evident that the melon fly
has played an important role in the economy of the countries involved. To
areas, such as the mainland United States, which attempt to prevent in-
troduction, it means a considerable expenditure of money to maintain an
efficient quarantine system. To other areas, as for example the Territory
of Hawaii, it means a trade barrier which reduces the number of products
to be exported. To some extent this trade barrier has been broken in re-
cent years through commodity treatment, but it must be realized that the
treatment may affect shipping quality and may also increase the cost of
the products. The loss of quality and the increased cost place the products
in question in an unfavorable competitive position in relation to similar
products from other areas (Bird, 1952).

EVALUATION OF PREVIOUS METHODS OF CONTROL

Since the discovery of the melon fly in Hawaii a number of methods
have been employed in attempts to reduce or prevent damage by this pest.
These methods are: (1) mechanical control, (2) cultural control, (3)
biological control, and (4) chemical control.

Mechanical Control

The mechanical methods of controlling the melon fly include the use
of protective coverings on the fruit (fig. 3) and the destruction of adults
by use of traps. The use of protective coverings is more effective and costly
than the use of traps. In spite ol its cost, protective coverings are still used
to a certain extent largely by cantaloupe and watermelon growers.

The method of covering each fruit to protect it against melon fly attack,
a method which has been in use for many years (Severin et al., 1914; Back
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FiGure 3. Fruits covered with paper bags and newspaper to protect them against melon
fly attack. Top photograph, cantaloupe fruits covered with paper bags. Bottom photograph,
watermelon fruits covered with newspaper. Fruit in lower right corner uncovered to show
fruit.
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and Pemberton, 1917; McPhail, 1943), is a tedious and expensive method.
As soon as each fruit has set, it is carefully wrapped with newspaper, paper
bags, burlap, cloth, metal gauze, straw, or even soil. Fruits which are
cross-pollinated cannot be covered until pollination has taken place; other-
wise there will be no fruit setting. When the melon flies are extremely
abundant, they puncture the young fruits even before pollination has taken
place. Therefore, when fruits are being covered, each f[ruit is examined
and only those without oviposition punctures are covered. Fruits of crops
such as the watermelon and cantaloupe are often covered twice; first, when
the fruit has just set and second, about the time when the fruit has out-
grown the first covering.

This method may give 95 percent or more protection of the covered
fruits; however, it has serious limitations. It is not effective in preventing
the fly from stinging the vines, flower buds, and fruits not yet pollinated.
Furthermore, a considerable amount of hand labor is required, and hence,
the cost of production is increased. Largely because of this increased cost
of production, growers cannot expect to make a profit unless the price of
their produce is relatively high. Consequently, this method is used only
on those fruits such as watermelon and cantaloupe which bring high prices
on the market.

In addition to the use ol protective coverings, attempts have been made
to control the melon fly mechanically by using various trapping devices to
capture the adults. The early oriental farmers used rice bowls containing
various attractive materials such as rice washings, cucumber or other [ruit
juices, sugar solution, and even wine. When the adults came to feed, they
dropped into the liquid and drowned. Some ol the farmers used home-
made traps which were made by boring holes into the sides ol gallon jugs
or other similar containers. The adult flies entered these traps through
the holes bored into the sides of the jugs and drowned in the liquid lure.
Even though these traps set at various places within the field caught adults
occasionally in moderate numbers, it is unlikely that the use of these devices
gave effective control. McPhail (1943) carried out trapping experiments
in which glass invaginated traps containing linseed oil lure were set out in
a bitter melon (Momordica chavantia) field. Although these traps cap-
tured considerable numbers of flies, continuous trapping did not reduce
the trap catch. Furthermore, bitter melon fruits placed out in the trapping
area all became infested. It was concluded by McPhail that traps were not
effective in controlling the melon fly. Observations made during the present
study as well as those made by others (Severin et al., 1914; Back and Pem-
berton, 1918) also show that, in general, traps are not effective in controlling
the melon fly.

Cultural Control

There are three principal cultural methods which may be used for
melon fly control. These methods are: (1) field sanitation, (2) use of trap
crops, and (3) use of resistant varieties.



10 HAWAII AGRICULTURAL EXPERIMENT STATION

Field sanitation is the most important cultural method of control. It
is concerned primarily with field sanitation directed toward the destruction
of all unmarketable and already infested fruits during the harvesting
period, and the plowing and disking of the fields as soon as crops susceptible
to melon fly attack are harvested. This procedure, which destroys much
of the fruits in which the larvae develop, is extremely important because
the adults which the farmer is trying to control are usually those which
emerged from fruits of a previous crop left in the field by the farmer or
his neighbor.

There is no doubt that one of the most important factors that cause
a high melon fly population is continuous cultivation of crops and leaving
unmarketable fruits in the fields. Under such conditions, the fly popula-
tion may build up enormously within a relatively short time. Therefore,
good field sanitation practices are important even where insecticides are
used.

In the spring of 1949 a sanitation program was carried out on the Ha-
waii Agricultural Experiment Station farm at Poamoho, Oahu, to study
the effectiveness of the method. On this farm, well isolated with the nearest
truck crop areas at least two miles away, tomatces and cucurbits had been
grown more or less continuously for many months and melon fly was a
serious problem. Studies were first begun in early April in a 3-acre tomato
field just beginning to set fruit. This field was being invaded by melon
flies from a nearby area of volunteer tomatoes in which appreciable num-
bers of flies were breeding. Prompt action was taken to spray the surround-
ing vegetation with DDT and to eliminate the volunteer tomatoes. In
addition, throughout the period of study (April to September), an at-
tempt was made weekly to pick and dispose of all stung mature green and
ripe fruits in which flies might develop, by placing them in 50-gallon drums
containing water. It was not necessary to destroy stung immature [ruits for
the larvae cannot develop in these fruits.

The effect of these sanitation practices became evident within a short
time. Melon flies soon became extremely scarce and failed to increase in
numbers as long as the sanitation practices were continued. Crops, prac-
tically undamaged by flies, were harvested even though no insecticides were
used. Approximately 10 additional acres of tomatoes in three plantings
were grown during the same season in adjacent fields where sanitation was
practiced with similar good results. However, because of labor shortage,
sanitation practices were discontinued in September and the melon fly
infestation increased rapidly, and immediately prior to plowing the field
about 75 percent of the tomatoes were infested (Nishida and Bess, 1950).

Field sanitation practices are easily carried out effectively on isolated
farms such as the one mentioned above. However, in areas where farms
are close together it is difficult to get every grower to cooperate and carry
out sanitation practices on his own farm. Melon flies are capable of moving
considerable distances, and hence, the beneficial effects of sanitation prac-
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tices carried out by one farmer may be nullified to a great extent by the
carelessness of his neighbor.

The use of trap crops is another cultural method of control. Severin
et al. (1914) reported that they planted a trap crop ol cantaloupe around
a cucumber field, thinking that the melon flies would be attracted to the
cantaloupe, thus preventing damage to the cucumbers. This methcd was a
complete failure for both the cantaloupe and the cucumber were severely
damaged.

Although no attempts have been made to control the melon fly by use
of resistant varieties, it seems appropriate here to cite the literature on
the susceptibility of different varieties to melon fly attack. Marlowe (1937)
reported that the Break of Day tomato variety was less susceptible to melon
fly attack than the Pritchard. Under field conditions the infestation of the
Break of Day tomato was 19.3 percent and the Pritchard, 59.3 percent. Hold-
away (1940) observed that certain varieties of green beans were less sus-
ceptible to attack than others. Among the three varieties, Lualualei, Mc-
Caslan, and Kentucky Wonder, the Lualualei variety was reported to be
the most susceptible and the Kentucky Wonder, least susceptible to melon
fly attack.

Biological Control

Extensive search by officials of the territorial and federal governments
has been made in various parts of the world to locate natural enemies of
the melon fly that might be introduced into Hawaii. The most effective
natural enemy discovered to date is Opius fletcheri Silv., a braconid par-
asite, which attacks the melon fly during the larval stage. It was found in
India and introduced into Hawaii in 1916 (Fullaway, 1916) .

Studies on the effectiveness of this parasite as a controlling agent of the
melon fly have been made by Willard (1920), Newell et al. (1952), and
Nishida (1955). These studies showed that Opius fletcheri often destroys
considerable numbers of melon fly larvae infesting the wild Momordica
balsamina fruit. However, it destroys few larvae in cultivated crops. The
value of O. fletcheri, therefore, is limited primarily to the reduction of the
melon fly population in the wild areas.

Chemical Control

The chemicals used for melon fly control have been used as (1) re-
pellents, (2) toxicants in baits, and (3) sprays and dusts.

The only report concerning the use of repellents appears to be that of
Marlowe (1940) who tested various repellents in small plot field experi-
ments. Among the repellents tested, the Bordeaux plus nicotine sulfate
treatment gave the highest percentage of uninfested cucumber fruits. How-
ever, the Bordeaux plus nicotine sulfate may not have had a repellent effect
on the fly. The reduced infestation in plots given this treatment might
have been due to aphid control for it is known that melon flies are at-
tracted to the honeydew. Marlowe stated that aphids were not present on
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plots treated with Bordeaux plus nicotine sulfate, but were abundant in
all plots, including the check, where the melon fly infestation was high.

The use of poison baits has been reported by various workers. Marsh
(1910) sprayed cucumber and cantaloupe plants with bait sprays contain-
ing molasses, Paris green, or lead arsenate and water. Similar experiments
were carried out by Severin et al. (1914) and by Back and Pemberton
(1917) wusing bait sprays containing brown sugar, arsenate of lead, or
sodium arsenite and water. In all experiments the authors stated that
although the bait sprays caused a reduction in the number of flies no prac-
tical control was obtained. Holdaway (1945) reported that a bait spray
containing tartar emetic failed to give consistent control and thus could
not be recommended for the control of the melon fly. However, Steiner
(1954, 1955) reported that effective control of the melon fly can be ob-
tained by use of a bait spray containing yeast hydrolysate and either mal-
athion or parathion. Further experiments on the control of the melon fly
attacking various truck crops are being conducted at the present time in
cooperation with the United States Department of Agriculture, Agricul-
tural Research Service. The results of these experiments will be published
jointly in another publication.

The use of insecticides in the form of sprays and dusts for the control
of the melon fly has been reported by various workers. The insecticides
were applied either to the crop to be protected, to the plants with which
the adults are closely associated, or to both. Holdaway et al. (1947) reported
that effective control was obtained in a tomato field in which a 3 to 5 per-
cent DDT dust was applied to the tomato plants. They also reported that
effective control was obtained with cucumbers when 5 pounds of 50 per-
cent wettable DDT per 100 gallons was applied to corn planted around
a cucumber field.

ECOLOGICAL ASPECTS PERTINENT TO CONTROL PRACTICES

In the fall of 1948, when the present studies were begun, field observa-
tions showed that in spite of heavy applications of insecticides to the crops
to be protected, losses of tomatoes, cucumbers, and watermelons due to
melon fly attack were exceedingly high. Many growers were applying to
the crop heavy dosages of DDT, TEPP, and other recently developed in-
secticides several times a week and still were unable to get successful con-
trol. In the light of these failures the authors decided to reinvestigate cer-
tain aspects of the field biology and ecology of the fly to obtain informa-
tion which might lead to an effective method of control. The information
obtained led to the development ol control procedures based on these
ecological findings. Some of the more pertinent of these findings are pre-
sented in this section.

Summary of Life History

Detailed accounts of the life cycle and biology of the melon fly in Ha-
waii have been published by Back and Pemberton (1914, 1917, 1918) and
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by Severin et al. (1914). For the purpose ol orientation, a briel account
on life history is presented in this section stressing those aspects pertinent
to the discussion which follows later.

The eggs are laid either in the tissues of the fruits or the vegetative
parts of the host, principally, tomatoes, cucumbers, watermelons, squashes,
gourds, and pumpkins, which the larvae utilize as food. From 4) to 48
hours are required for incubation. The larvae complete their development
in 6 to 8 days. The full-grown larvae then leave the host tissue, enter the
soil to a depth up to 4 inches and pupate. Seven to 14 days later the adults
emerge from the puparia in the soil and the adults burrow their way out
to the soil surface some 3 weeks after the larvae are hatched. Upon reaching
the surface these young adults move to sheltered spots, such as under fallen
leaves, lumps of soil, rocks, or pieces of wood. After remaining motionless
in these sheltered sites for 2 to 3 hours they then fly to certain kinds of
favored plants with which they are associated during the greater part of
their adult life (figs. 4 and 5). When ready to lay eggs, the gravid females
move on to various crops and begin egg laying. Eggs continue to mature
in the ovaries and egg laying extends over a period ol several months.

Plants with Which Adults are Associated

Surveys were made in the Waianae and Waimanalo areas to determine
the plants with which the adults are associated. In making the survey,
various plants were swept with an insect net at monthly intervals and the
number of times at which adults were taken on the different plants was
used as a measure ol association ol the flies with the different plants. Table
I, which presents the data obtained, lists only plants on which adults were
found. More plants on which no adults were captured are not listed.

From table 1 it is evident that there is considerable variation in the
degree ol association between adult melon flies and certain plants. Among
crop plants the melon flies were most frequently associated with corn in
both Waianae and Waimanalo areas. Among wild plants, castor bean
(Ricinus communis L.), spiny amaranth (dmaranthus spinosus 1.), rattle-
pod (Crotolaria incana 1.. and C. mucronata Desv.), and the wild Euphor-
bia (Euphorbia geniculata Ortega) were the plants with which the adults
were [requently associated (figs. 4 and 5).

The factors which influence the degree of association between adult
flies and plants are not fully understood. In certain cases the presence of
food in the form of honeydew from homopterous insects appears to attract
the flies in large numbers. In others, the presence of other foods such as
pollen and glandular exudate influences the attractiveness. In general,
plants in a succulent state of growth are favored over those in a less suc-
culent condition. Perhaps the microenvironmental conditions, particularly
humidity, among succulent plants have an effect; however, such plants also
are more likely to have honeydew producing insects associated with them
and they also produce a more copious flow of glandular exudations than
less succulent plants.
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FiGUure 4. Melon fly adults on the lower surface of a castor bean leaf (Ricinus communis L.).

Adult Fly Movements

This discussion on adult fly movements is restricted to those ol newly
emerged adults and gravid adults. Newly emerged adults may be recog-
nized in field populations by the presence ol spherical, pale yellow, tat
globules in the body cavity. These globules are present in individuals
up to approximately 3 days old. Gravid individuals may be recognized by
the presence of fully developed eggs which are elongated and glossy white.
The examination of the fat globules and mature eggs was made under a
dissecting microscope in the laboratory.

Movement of newly emerged adults out of crop areas

The first field data on the movement of young flies were obtained during
the fall of 1948 in a tomato field on the experimental farm at Poamoho,
Oahu, in which the fruits were heavily infested and many flies were emerg-
ing. This field was visited weekly and adult flies were collected by means of
an insect net from various sites within as well as outside of the field. It
was found that out of 210 adults captured in the peripheral areas on Croto-
laria spp. and young mango trees (Mangifera indica L.) 36.1 percent were
young individuals. The absence of young individuals within the field
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Ficure 5. Spottings on the lower surface of the leaves caused by regurgitation and def-
ecation by the melon fly. Top, Cocklebur leaf (Xanthium saccharatum Wall.) and bottom,
Rattle pod leaflet (Crotolaria incana L.).
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seemed paradoxical in view of the fact that young adults were emerging
from puparia within the field.

A similar study was subsequently made in a tomato field at Waimanalo
where the proportion of young adults within and outside of the field was
again determined periodically for a period of approximately two months.
The percentages of young adults on tomato plants, weeds within the tomato
field, and weeds outside of the tomato field are shown in table 2. At the
beginning of this study when there were only a few small weeds in the
field most of the young flies moved to the weeds outside of the field. Later,
however, after a large portion ol the crop had been harvested and weeds
had been allowed to grow, many young flies were present on the weeds
inside of the field. Only a small percentage of the young adults was present
on the tomato plants at any given time.

Further studies on the movement of young adult flies out of a field were
made in cooperation with Dr. Walter Ebeling (Ebeling et al., 1953) by
means of marked flies. A total of 2,000 laboratory cultured day-old adults
were inactivated by subjecting them to carbon dioxide and marked by
placing a small drop of paint on the dorsum by means of a hypodermic
needle. The marked flies were released in the center of a 14-acre rectangular
tomato field on the University of Hawaii Mid-Pacific Experimental Farm.
At the same time invaginated glass traps baited with yeast, sugar, vinegar,
and water were placed within the field and also in the surrounding area.
Out of a total of 2,000 released 131 flies were recovered and 97 percent of
them were captured in the traps placed outside the field. The capture of
such a high percentage of marked individuals outside of the field indicates
that the young adults released had moved out of the field.

TasLe 2. The percentage of young adults in the samples collected within and outside
of a tomato field

Weeds outside of
Date of collection Tomato plants Weeds within field field
Number Percent Number | Percent | Number | Percent

November 14, 1951 23 0.0 3 0.0 14 50.0
21 28 20.0 20 50.0 82 78.0

30 19 5.2 22 4.5 72 33.3

December 5 25 0.0 42 23.8 123 41.4
14 19 21.0 76 72.3 149 29.5

21 - 101 78.2 193 45.5

28 74 50.0

January 4, 1952 22 27.2
11 o = . 23 17:3
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That newly emerged adults move out of the crop areas soon after
emergence has been actually observed in the field. During the morning
hours when emergence takes place, young adults were seen flying feebly
from host plant to host plant toward the periphery of the field where weeds
of various kinds were present. They tended to move into the wind rather
than with the wind under low to moderately windy conditions. These move-
ments out of the crop areas occur il the fields are free ol suitable weeds,
but when the fields are overgrown with weeds young flies remain on them.

Movement of gravid flies into crop areas

In tomato fields or other fields, where the plants are not yet producing
fruits, melon flies are rarely present. However, about the time [ruiting
begins they may be seen flying from plant to plant and often many may be
seen ovipositing. Such observations led to a speculation that only the gravid
females were moving into the crop areas. Detailed studies were then made
to determine whether there was a differential movement of the sexes.

During 1949, many tomato, cucumber, and melon fields were visited
periodically and samples of the adults present collected to determine the
sexual composition of the population. The results of these studies showed
conclusively that the flies present among crop plants were predominantly
females. For example, of 258 flies collected periodically between May 31
and June 20, 1949, in a tomato field at Waianae, Oahu, 96.5 percent were
females.

Studies were then undertaken to determine gravidity, as evidenced by
the presence of fully developed eggs, of the females present on these crops.
A 3-acre tomato field on the University of Hawaii Experimental Farm at
Poamoho, Oahu, was visited periodically and all adults seen were captured
with an insect net and later dissected under a microscope to determine
whether or not they were gravid. The data obtained from this study (table
3) indicate that the females in this field where there was no fly emergence
were nearly all gravid individuals. Data obtained in other tomato fields. as
well as on other crops, also showed the predominance of gravid females
on crop plants. The presence of these gravid females suggested that these
adults were coming in [rom the wild areas.

An investigation was then undertaken to learn more about the move-
ment of adults into the fields. At Waianae a series of transect lines ranging
from 50 to 100 feet in length were established at various places within as
well as outside of the field. The number of adults present within 5 feet
on each side of these transect lines were counted at various hours ol the
day without disturbing the adults. Because the previous study showed the
predominance of gravid flies in the field where there was no fly emergence,
it was assumed that the adults counted in the field represented largely gravid
individuals. However, those counted outside of the field no doubt repre-
sented gravid and non-gravid females and males. The result shown in
figure 6 indicates that gravid females were not present on crop plants
during the very early morning hours. However, they were found to move
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TasLe 3. Number of males and gravid and non-gravid females collected in a 3-acre tomato
field at Poamoho, Oahu, in which no flies were emerging

Number of females | Number
Date of collection = — of
gravid | non-gravid | males
February 14, 1949 1 0 0
21 1 0 0
28 1 0 0
March 4 5 0 0
11 0 2 0
18 3 0 0
20 6 0 0
21 3 0 0
25 7 0 0
29 3 0 0
TOTAL 30 2 0

into the field from nearby wild vegetation later in the morning. Females
in varying numbers were observed in the field during the greater part of
the day, but the highest numbers were present around 5 p.m. After that
the number of flies in the field diminished and few or no flies remained in
the field at night. To check this, several tomato plants were swept with
an insect net just before dawn and not a single adult was captured. Sweep-
ings made in other fields indicated that when favorable weeds were present
some adults instead of leaving the fields remained on these weeds.

In summary, it was found that the flies collected on crop plants early
in the growth ol a crop were nearly all females and a very high percentage
of them gravid. Furthermore, except when there were favorable weeds in
these crop areas, these gravid females left the crop areas in the evening
before dark and moved into favorable vegetation nearby when present.
During the day, particularly in the late afternoon hours, they entered the
crop areas again. It appears evident that the gravid females move from wild
areas on to crop plants to lay eggs rather than to feed or for shelter, for
males and non-gravid females were seldom encountered in fields where
there was no fly emergence.

Distribution of Adults Outside of Crop Areas

After the above studies had revealed something about the movement
of young adults, a further study was made to determine the distributional
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Ficure 6. Graph showing diurnal changes in abundance of melon fly adults
in melon and tomato fields.

patterns of the adults in the vegetation surrounding crop areas and also to
determine the relative abundance of adults at different distances from the
crop areas.

The distributional patterns were determined by making sweepings
and observations along transect lines radiating outward in all directions
from cultivated tomato and cucumber fields. Each field and the surround-
ing vegetation were sketched to scale, and the areas in which adults were
found mapped. Some of the representative distribution patterns, diagram-
matically sketched, are presented in figure 7. This figure shows that there
was considerable variation in the distributional patterns. In certain fields,
as for example in A and B, the adults were present only in a few localized
areas near the edges of the fields. In others, however, as in fields C and
D, the adults were widespread over considerable areas.

In addition to the distributional patterns, the relative abundance of
adults at various distances from the edges of fields into the wild vegetation
was also determined. The procedure, similar to the one mentioned above,
consisted of making sweepings for a period of 3 minutes at various points
on transect lines radiating outward from the fields into the surrounding
wild areas. The results expressed as percent of total flies captured at vari-
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WILD AREA WHERE
ADULTS WERE PRESENT

— EQUALS 100 FEET

FIGurE 7. Variasion in distribution patterns of adult melon flies
in the vicinity of crop areas.

ous distances are shown in figure 8. From these data it is evident that
although there was a tendency for the adults to be more abundant near
the periphery of a field, this trend was not consistent. In some instances,
the adults were just as numerous or more so at considerable distances away
from the field as they were near the edges. Furthermore, there was also
considerable variation in abundance among the north, west, south, and east
sides of the field. Such variations are not at all surprising if the adult fly-
plant relationship already discussed is considered. As shown earlier, there
is a close association of adults with certain plants and the distributional
patterns observed were correlated with the distribution of plants favored
by the adults. Consequently, when favorable plants occurred as isolated
stands near the edges of the field, nearly all adults observed were found on
these plants. When favorable plants were scattered over wide areas, the
adults were usually found scattered over wide areas.

Relative Abundance of Adults Within and Near Crop Areas

Although often even casual observations indicated that melon flies
were more numerous outside of the field than inside, a number of attempts
were made to obtain estimates of the abundance of adult flies in the crop
areas and in the immediate surroundings. In several cases, however, the
studies did not go to completion because the farmer on whose farm the
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FiGure 8. Relative abundance of adult melon flies at various distances from crop areas.

studies were made decided to plow the field before all the data desired were
obtained. The most complete information was obtained [rom a 3-acre to-
mato field at Waimanalo. Three sampling sites were established among
both tomato plants and weeds within the field and three among miscella-
neous weeds along the periphery of the field. At each sampling site sweep-
ings were made by means of an insect net for a period of 10 minutes per site
periodically for approximately two months. At the time the study was ini-
tiated the tomato fruits were still immature and there were few weeds be-
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Ficure 9. Comparative data showing the abundance of adults on weeds outside of the
tomato field, weeds inside of the field, and on the tomato plants.

tween the rows and roadways. However, as time elapsed the weeds grad-
ually increased to such an extent that by the end of the sampling period
the tomato plants were nearly completely covered by weeds. The data
obtained (fig. 9) show that throughout the sampling period the adults were
consistently more numerous outside than inside ol the field. The number
of adults collected on the tomato plants was about the same throughout the
sampling period, but the number on the weeds both inside and outside
of the field increased until the time when the field was plowed by the farmer.
Soon after plowing the population rapidly declined. These observations
show that as long as a field has decaying [ruits and suitable succulent weeds
melon flies will remain in such fields and when such fields are disked or
plowed the melon flies will move into other areas.

Ovipositional Behavior Patterns

In this section observations on the ovipositional behavior of the melon
fly are reported with particular reference to the following aspects: (1) dis-
tributional pattern of stung fruits, (2) variation in the extent of oviposition
in cultivated fruits, and (3) diurnal ovipositional behavior.
Distributional patterns of stung fruits

Surveys were conducted in a large number of tomato, watermelon, and
cucumber fields to determine if there were definite patterns in the distribu-
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tion of stung fruits. In the preliminary survey a series of transect lines
parallel to the longest axis ol the field and cutting through the entire length
of the field were used. The extent of stung fruits along these lines was
then determined. These preliminary investigations showed that the per-
centage of stung fruits was highest along transects located along the edges
of the field and lowest along those cutting through the central portions
of the field.

Following this preliminary work, more detailed studies were conducted
using a modified technique. In this technique the field concerned was
divided into plots of equal size and fruits on each plant within each plot
were examined and the number of stung [ruits recorded. By this procedure
a better picture of the distributional patterns of stung fruits was obtained.
The results of these studies showed that there was a distinct pattern in the
distribution of stung fruits. The number of stung fruits was in general
higher near the periphery than in the interior of the field.

The occurrence of a larger number of stung fruits along the edges of
the field than in the interior is to be expected in view of the movement
ol gravid females in and out of the fields and the higher population out-
side of the fields which have been discussed. The frequent occurrence of
greater numbers of stung fruits along the edges of the field suggests that
the majority of the gravid females begin to lay eggs shortly after entering
the field from the surrounding wild areas. However, the presence of stung
fruits even in the central parts of the fields indicates that at least some
individuals do move deeply into the fields.

The variation in the number of stung fruits among plots located along
the periphery is evident from the data shown in figure 10. This variation
may be attributed to the uneven distribution of the flies which in turn is
influenced by the presence of favorable plants along the periphery of the
field. Observations made in other fields indicate that in general fruits
located near plants harboring flies tend to be more severely damaged than
those located in sites where such plants were not present. For example, it
was frequently observed that the fruits located near corn and castor bean
plants were stung to a greater extent than those located near grasses or
other plants unattractive to the flies.

Variation in the extent of oviposition in cultivated fruits

The extent to which the melon fly oviposits in various host crops has
been observed to vary considerably. This variation is due to a number of
factors among which are melon fly abundance, host plant susceptibility,
fruit maturity, and abundance of fruits.

The observations made during this investigation indicate that there is
a correlation between the abundance of the melon fly and the number of
different kinds of host plants attacked. In years when this pest was abundant
a very wide number of host plants were attacked and plants which are very
rarely attacked under lower population levels have been recorded as host
plants of the melon fly. These records have at times raised questions as to
whether or not a recorded plant is a host of this pest.
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Ficure 10. Variation in abundance of stung fruits in different parts of a tomato field.
Sizes of dark circles are roughly proportional to the number of stung fruits per 25 X 45
foot blocks. Figures below each circle represent actual number of stung fruits.

The variation in susceptibility of the host plant also influences the ex-
tent to which fruits are attacked. The most favored plants are in the Cu-
curbitaceae, a family which contains crop plants such as watermelons, can-
taloupes, cucumbers, and squashes. When these crops are planted within
the same area with a less susceptible crop such as the tomato, the cucurbits
are invariably attacked to the greatest extent.

Fruit maturity as a factor of susceptibility to attack was investigated. It
has been observed that as the fruit approaches maturity it becomes less
susceptible to attack. In order to determine whether hardness of the rind
was the factor a series of tests were made to determine whether the hardness
of rind increased as the fruit matured. Size was used as a measure of ma-
turity on the assumption that the larger fruits were closer to maturity than
the smaller ones. To obtain an index of size, the diameter ol tomato fruits
and the length of cucumber and watermelon fruits were measured. Fruits
of various sizes were collected in the field and the resistance to puncture
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FiGUure 11. Relationship between fruit size and resistance to puncture with a corn tester.

measured by means ol a corn tester. The results of these tests, shown in
figure 11, indicate that the resistance to puncture increased with fruit ma-
turity. In addition to these data, field observations also indicate that hard-
ness is a lactor which affects the susceptibility of attack. In certain fruits
such as the tomato and watermelon oviposition occurs in any part of the
immature fruit, but in the mature fruit oviposition occurs almost entirely
in the calyx scar or in cracks and wounds. Although hardness of rind prob-
ably accounts for much of the difference in oviposition between immature
and mature fruits, it does not account for the differences in oviposition: ob-
served among immature [ruits. In figure 12 is shown the percentage ol
stung fruits in various size categories ol immature tomato and cucumber
fruits. It is evident that the incidence of stung fruits was not highest in
the smallest [ruits even though they are the least resistant to puncture.

The problem was studied further to determine the effect of the abun-
dance of fruits available to the ovipositing females on the incidence of stung
fruits. In the field cucumber [ruits of various sizes were examined to deter-
mine whether or not they were stung and each [ruit measured. The data
obtained were then plotted to show the relationship between the propor-
tion of total fruits in the respective size ranges and the percentage of stung
fruits. It is apparent from figure 13 that the percentage of stung fruits in-
creased, though not linearly, as the proportion of fruits in the respective
size categories increased. It is evident that the percentage of stung fruits
depended upon the number of fruits available to the gravid female or up-
on frequency at which the fly encountered the fruits.
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Ficure 14. Changes in ovipositional activity of the melon fly during the day
at high and low elevations.

Diurnal ovipositional behavior

The diurnal ovipositional behavior was investigated during the sum-
mer months in the lowland areas of Waianae, Oahu, and Baldwin Packers,
Maui, and in the high areas ol Kula, Maui, at an elevation of 3200 feet.
In melon and cucumber fields in which only very young fruits were present
transect lines approximately 100 feet long were staked out. Along these
lines all fruits and vines within five feet on each side of the lines were
examined from morning till evening at intervals of one hour and all adults
in the act of ovipositing counted.

Data obtained in this manner (fig. 14) indicate that egg laying was
greater during the afternoon hours than at any other time both in the low-
land and high areas. In the lowland areas, however, ovipositional activity
began as early as b to 6 a.m., increased slightly during 8 to 9 a.m., declined
during 9 to 12 a.m. and increased markedly during the mid-afternoon hours.
A few individuals were found ovipositing as late as 7 p.m. In the high
areas the trend was slightly different. Here ovipositional activity did not
occur until as late as 2 to 3 p.m. and it ceased completely by 4 p.m. Con-
sequently, the duration of the period of ovipositional activity in the high
areas was only about three hours, whereas, in the low coastal areas the
activity continued at varying intensities almost the entire day.

These differences in the ovipositional activity patterns are no doubt
related to ecological differences between the areas concerned. OI prime
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importance appear to be temperature and sunlight intensity. In the coastal
areas the early morning temperatures are never too low to inactivate the
adults and consequently, ovipositional activity begins at an early hour in
the morning and continues until mid-day when the activity decreases. Ovi-
position is resumed again during the late afternoon when sunlight becomes
less intense. Activity in the evening ceases when the absence of light prob-
ably becomes the critical factor. At elevations of 3200 feet in Kula the
morning temperature during the summer drops to approximately 59° F.
at 6 a.m. At this hour there was adequate light but the adults remained
inactive under foliage. When the plants were shaken the adults fell to the
ground and were unable to fly. Even after sunrise, the temperature in the
sheltered spots where the adults were present remained low for some time
and hence, the flies did not become active for several hours after sunrise.
After the temperature had risen sufficiently to activate the flies, light be-
came so intense that they remained for the most part in the shade. It was
not until 2 to 3 p.m. that ovipositional activity reached its peak. At this
time the entire western slope of Haleakala is covered by a heavy blanket of
cloud which drifts inland from the south daily with great regularity. In
addition, under conditions of heavy overcast and slight drizzle in lowland
areas many females were observed ovipositing during mid-day hours.

Fly Populations in Abandoned and Cultivated Fields

A great variability in the abundance of melon flies on different farms
has been frequently observed. To determine some of the causes of this
variability population trends were studied on several individual farms at
Waianae and Waimanalo during 1951. These studies showed that the fly
population was in many cases correlated with cultural practices. On those
farms on which crops susceptible to melon fly attack were grown successively
for long periods, melon flies were more numerous than on those on which
crops were grown sporadically. Increase in melon fly abundance on certain
farms was associated with an abundance of host material in which the fly
breeds and suitable shelter plants, which may also provide adult food such
as glandular exudation, pollen, and honeydew from certain homopterous in-
sects. Frequent plowing and irrigating promote the growth of succulent
herbaceous weeds of the type favored by the adult fly as roosting or shelter
sites and from which they obtain food. In addition certain non-host crops
grown by farmers also provide suitable shelter plants and food. However,
when such favorable crop areas were abandoned there was a disappearance
of both host fruits and plants with which the adults are associated. Cor-
related with this change was the disappearance of the melon flies. Appar-
ently as conditions became unlavorable due to lack of fruits and favored
plants, the melon fly dispersed into other more favorable areas.

FIELD EXPERIMENTS ON CHEMICAL CONTROL

To bring into focus some of the problems, objectives, and approaches
pertaining to the chemical control of the melon fly, some aspects already
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discussed in previous sections will be recapitulated. In a broad sense the
melon fly occurs principally in those areas devoted to the production of
diversified crops. These crops are not planted at the same time during any
particular season; and hence, there are small scattered plants of various
crops such as tomatoes, watermelons, and cucumbers throughout the year.
Outside of these plantings the plant cover is principally non-host plants in-
cluding annual and perennial weeds as well as volunteer cultivated plants.
The melon fly, which breeds in crops grown by the grower, moves into
these weeds soon after emergence. Consequently, the melon fly is [ound
in largest numbers among certain favored plants. When gravid, the fe-
males move during the day into crop areas where egg deposition occurs in
the crops concerned and they move back into the weeds in the evening.
The principal problem that confronts the grower is how these migrating
females can be destroyed so that egg deposition in the crop to be protected
will not occur.

The above mentioned considerations suggest two approaches to the
problem of chemical control of the melon fly: (1) the application of the
insecticide to the crop to be protected and (2) the application of the in-
secticide to plants with which the adults are closely associated. The first
approach has been found to be ineffective. For reasons not clear at the
present time, the application of a toxic residue to the crop has been in-
adequate to afford protection against melon fly attack. In general the
second approach has been more successful than the first in reducing the
fly population within localized crop areas and thus reducing melon fly
damage. The results obtained using this approach in controlling the melon
fly attacking tomatoes, cucumbers, and watermelons are presented in this
section. These investigations were conducted since 1949 in various areas
of Oahu where crops susceptible to melon fly attack are grown commer-
cially. Certain aspects of these investigations have already been renorted
(Nishida and Bess, 1950; Ebeling et al., 1953; Nishida, 1954a; and Nishida,
19540) . :

Methods and Materials

In all the experiments the so-called “border” treatment method was
employed. This method entails the application of an insecticide to all
plants that harbor flies, both inside and outside the crop areas, rather than
the application of the insecticide to the crop which is to be protected.
Plants that harbor flies have already been discussed and are listed in table 1.

The treatments were made with power sprayers mounted on a truck.
The sprayers included conventional power sprayers that developed a pres-
sure of at least 250 psi at the pump and delivered five gallons of spray per
minute as well as a large Lawrence mist sprayer (fig. 15) which delivered
a concentrated insecticide spray in a blast of air at the rate ol 48 gallons
of insecticide per hour. In applying the insecticides the truck was driven
around the periphery of the field and the spray directed onto the plants
that harbored flies. The materials used were both emulsions and wettable
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Ficure 15. A Lawrence mist blower mounted on a truck. Applications of insecticides
were made by having one man drive the truck along the periphery of the field while
the other directed the spray into the surrounding vegetation.

powders of DDT, parathion, and malathion. The concentrations and the
formulation used are given under their respective experiments.

The evaluation of the effectiveness of the treatments was based on the
percentage of infested fruits in samples taken from various parts of the
fields. In establishing a criterion of damage, each [ruit which showed
evidence of melon fly damage was considered infested regardless of whether
or not it contained eggs or larvae. The size of the cucumber fruits sampled
ranged from 3 to 10 cm. in length; that of the tomato, 2 to 4 cm. in dia-
meter; and that of the watermelon, 2.5 to 8 cm. in length. As a basis for
comparison, where possible, parallel data were taken from both border-
treated fields and from fields without such treatment. Where the latter
were unavailable the evaluation was based on comparisons between pre-
treatment and post-treatment data.

In addition, in certain experiments traps were also used to measure
the effectiveness of the treatments. The traps used were the glass invag-
inated traps, which are known locally as McPhail traps. The lure used
was a fermenting type which contained I pound of sugar, 2 cakes of Fleisch-
mann’s yeast, and 50 cc. of vinegar per gallon of water. Traps containing
this lure were suspended on wooden stakes in the field at about 8 to 12
inches above the ground. The traps were examined at intervals of twice a
week and fresh lure placed in the traps at weekly intervals. It was found
that trap catches could be correlated with treatment; however, they could
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not be satisfactorily correlated with infestation. This lack of correlation
indicates that infestation is not necessarily correlated entirely with fly
abundance as measured by traps. Besides fly abundance, the extent of in-
festation may be influenced by the abundance of fruits available for ovi-
position. For example, in a small field even a very low population can
damage a very high proportion of fruits. However, in a very large area
this same population can cause only a small amount of damage. Trap
records, therefore, were taken as a supplement to infestation data when-
ever possible.

It was not feasible to use randomized field-plot techniques in these ex-
periments because of the small size of the available fields and the intra-
field movements of the fly (Ebeling et al., 1953) . Rather than subdividing
a field into plots, the entire field was considered an experimental unit.
The use of individual fields as experimental units made it necessary to
limit the number of replications. This limitation, although inevitable, is
an obvious weakness in the procedure used as there is usually variation
in fly population between fields largely due to differences in the kind and
condition of the vegetation present and also to the [requency at which
susceptible crops were grown in the immediate vicinity. However, in areas
where these studies were made, the fly population in any individual field
was usually high enough to cause appreciable damage in the absence of
satisfactory control practices.

Preliminary tests designed to determine the effectiveness of the mist
blower in killing adult flies were made in 1948. These tests consisted of
(1) making visual counts of adults on Crotolaria plants, (2) treating the
plants, and (3) counting the adults again after the treatments. The re-
sults from one of these tests in which a 10 percent DDT emulsion was ap-
plied show that most adult flies were effectively destroyed (table 4). Pos-
sibly, some of the adults escaped without being killed; however, the presence
of many dead individuals on the ground indicated that the reduction in
the number of adults on the treated plants was largely due to kill rather
than to their escape into other untreated areas. '

Experiments on Tomatoes

The first experiment on the control of the melon fly was conducted in
a 3-acre tomato field at Waianae, Oahu. The predominant vegetation
around this field was Pigeon Pea (Cajanus cajan Millsp.), Datura stramo-
nium L., Euphorbia geniculata Ortega, Koa haole (Leucaena glauca (L.)
Benth.) , and Momordica balsamina L. on which there were many adult flies,
particularly on the first three plants. A 10 to 12 percent DDT emulsion
was applied to the border vegetation by means of the mist blower at in-
tervals of about once a week. The spraying was usually done in the morn-
ing before sunrise. At the time the experiment was initiated, the largest
fruits were about two inches in diameter, and practically all fruits were
being stung even though the crop was being dusted twice a week with a
3 percent DDT dust. The dustings were, however, discontinued three days
before the first mist blower treatment was made. After four applications
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TasLE 4. Number of melon flies on individual pigeon pea plants before and after applying
DDT with a mist blower

30 Min. 24 Hirs.
Plant Before After After
No. Treatment Treatment Treatment
1 10 0 0
2 8 0 0
3 18 0 0
4 22 0 0
5 29 0 0
6 40 0 0
7 25 0 2%
8 15 0 i
9 40 0 1 *
10 35 0 3

*Plants near fruit dump.

10 samples of 25 fruits each were taken each week for the following three
weeks to determine the degree of infestation. At the same time similar
fruit samples were also taken from three check fields located less than a
mile away. The tomato crops in these check fields were dusted twice a
week with DDT throughout the period. The result showed that the aver-
age percentage infestation of the samples from the test field was 2, 2, and
4 percent and that from the check fields was 68, 63, and 63 percent. These
results were especially encouraging because they were obtained in an area
where there was widespread damage by the melon fly in the entire area.
Following this experiment, another one was conducted using a series
of tomato fields bordered by succulent wild plants favored by the melon
fly, chiefly fuzzy rattle-box (Crotolaria incana L.), Jimson weed (Datura
stramonium L.), and cocklebur (Xanthium saccharatum Wall.). The
plants along the periphery of the tomato field, designated as the treated
field, were thoroughly sprayed with parathion at a concentration of 1 pound
of a 25 percent wettable powder per 100 gallons of water at intervals of
roughly once a week. The check fields received no border treatment, but
the tomato plants were sprayed with DDT at irregular intervals ranging
from twice a week to once in 10 days. At the time this study was initiated
there were young [ruits on the plants, and data on infestation were taken
before the first border treatment and four times thereafter from the treated
field and check field C. Only three records were taken from check field B.
The results showing the differences in infestation trends between the
treated and check fields are presented in figure 16. Prior to the initial
treatment 27 percent of the fruits sampled were infested in the treated
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Ficure 16. Percentage of stung tomato fruits in border-treated and check fields.

field. After the first two treatments the infestation was reduced to
3 percent. The four treatments made thereafter caused a slight but con-
sistent decline in the percentage of damaged fruits. In check field C, the
initial infestation was lower than that of the treated field, but it showed
no decline. In check field B, the percentage of infestation declined, but
it was appreciably and consistently higher than the treated field.

In addition to the infestation data, at various intervals throughout the
experimental period, counts were made on the number of adults that were
seen along the border-treated field. Prior to the first treatment 75 adults
were counted per 200 feet of border. One week after the first treatment
only 3 adults were observed. Similar counts made subsequently at various
intervals showed that the number of adults did not exceed 4 except on one
occasion when 15 were suddenly counted. However, the treatment made
on the following morning brought the adult count down to 2 and there-
after it never exceeded 2 per 200 feet of border plants.

Experiments on Cucumbers

A series of five fields ranging from 14 to | acre in area were used in
experiments on the control of the melon fly attacking cucumbers. The
bordering vegetation of two fields, designated as fields D and E, was sprayed
by means of a conventional sprayer with parathion at a concentration of
1 pound of a 25 percent wettable powder per 100 gallons of water at in-
tervals of roughly twice a week from the time the runners appeared up to
the time of harvest. During the harvest period the frequency of treatment



ECOLOGY AND CONTROL OF THE MELON FLY 35

100 |

= /
0

80 |
6 o O—— B CHECK
5 ® © C. CHECK
60 [
- °
(o]
40 | o °

A
o] A E. TREATED
= ] ] [ ]
[ e o T
OLe AR Allén
3

FRUIT LENGTH IN CENTIMETERS

¢_/..¢——¢ & A. CHECK

INFESTATION

PERCENT
I
<

Ficure 17. Effect of border-treatments on the percentage of cucumber fruits
punctured by the melon fly.

was reduced to once a week. The kind of vegetation bordering these two
fields was typical of many lowland areas on Oahu where cucumbers are
grown commercially. Field D was bordered on three sides by a corn field.
The vegetation along the fourth side consisted of a narrow strip of mis-
cellaneous weeds along a roadside. In field E, a few volunteer corn plants
were present, but the vegetation bordering it consisted of wild plants,
chiefly fuzzy rattle-box (Crotolaria incana L.), spiny amaranth (Amaran-
thus spinosus L..), and castor bean (Ricinus communis L.).

The remaining three fields, designated as fields A, B, and C in which
no border treatments were made, were check fields. The cucumber plants
in these fields were sprayed with parathion at a concentration of 14 to 14
pound of a 25 percent wettable powder per 100 gallons of water. The fre-
quency of application varied from twice a day to once every 3 days.

The infestation data obtained from border-treated and control fields,
shown graphically in figure 17, revealed that the percentage of stung fruits
in the border-treated fields was considerably lower than that in the control
fields. In the check fields where the crops were sprayed, but not the border
vegetation, even the very young [ruits were infested. However, in the border-
treated fields, infestation did not take place until the [ruits were 6 to 7 cm.
long. It was observed that in the check fields where the cucumber crop
was treated the plants showed evidences of insecticidal injury, particularly
in fields where [requent applications were made. The foliage of the in-
jured plants appeared grayish white, and the fruiting period of these plants
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blower on the population of melon fly. Arrows indicate dates of (reatment.

was very much shortened. Although no yield data were obtained, it was
apparent that, because of the combined effect of fly damage and the ad-
verse effect of the insecticide on the plant, the yield of plants in the check
fields was less than that in the border-treated fields. It should be men-
tioned, however, that although the data show that the percentage of stung
fruits was as high as 100 percent in one of the check fields, the farmer did
not lose that proportion of his crop because not all fruits decompose when
stung and, furthermore, fruits with oviposition scars are marketable even
though they are not of the best quality.

Experiments on Watermelons'

Studies on the control of the melon fly attacking watermelons were made
during 1957 in two fields, one 3 and the other 7 acres. These fields were
bordered on all sides by various species of plants, including castor bean

'The malathion supplied by the American Cyanamid Company and the field assistance
of Dr. Ryoji Namba, Assistant Entomologist, Hawaii Agricultural Experiment Station,
and Assistant Professor of Entomology, University of Hawaii, are gratefully acknowledged.
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(Ricinus communis L.), corn (Zea mays L.), balsam apple (Momordica
balsamina 1.), spiny amaranth (Amaranthus spinosus 1.), and para grass
(Panicum purpurascens Raddi) . These plants were sprayed with malathion
emulsion at concentrations ranging from 0.5 to 4 percent by means of a
Lawrence mist blower.

To determine the effectiveness of the treatments, indices of fly abun-
dance were obtained by means ol the glass invaginated traps containing
fermenting lure. Eight traps were placed among the watermelon plants
along the periphery of each field. These traps, which were in continuous
operation from the beginning to the end of the crop, were examined before
and after each treatment. The frequency of application was based on
need as indicated by a rise in the trap catch. In addition, data were taken
periodically on the extent of damage to melon seedlings, terminal shoots,
and fruits from various parts of the field.

The data on trap catches (figs. 18 and 19) indicated that in both fields
A and B there was a decline in trap catch with each application. It can
also be seen that the treatments reduced the fly population during the
vegetative growth period to such an extent that by the time the plants had
begun to fruit the population was reduced markedly. However, after the
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treatments were discontinued there was an increase in trap catches. This
increase indicates that the fly population would have been considerably
higher than that shown in figures 18 and 19 if no treatments were made
at all.

The data obtained on the infestation also indicated that the treatments
were effective. The damage to seedlings was negligible even though the
trap catches were highest during that stage. The damage to terminal shoots
of the mature vines ranged from 0.5 to 0.8 percent. The damage to the
young melon fruits amounted to about 7 percent, a figure comparable to
that obtained by Ebeling et al. (1953) in a similar experiment. Compara-
tive data from nearby fields which received no border treatment were not
available because all farmers in the area covered their fruits.

The data shown in figures 18 and 19 indicate another important point.
They show that the adult flies were present in the vicinity of the crop areas
at the time of planting the seeds or even prior to it. Such information
suggests that early treatment, even before planting, to destroy the adults
present in the wild vegetation may be worthwhile in controlling the melon
fly.

Discussion

Among the insects of truck crops in Hawaii, the melon fly is without
doubt the most destructive insect and also the one most difficult to control.
The temale of this pest possesses a high egg-laying capacity and also has
the ability to move rapidly from fruit to fruit. Thus, a single female is
capable of stinging and destroying a great many fruits during her lifetime.
Because of these characteristics, the level of fly abundance (often referred
to as the “economic threshold”) that must be maintained throughout the
crop period by use of insecticides is exceedingly low. For example, an
average population index of 0.5 fly per trap per day resulted in a damage
of 7 percent of young watermelon fruits. Usually in crops which bear large
numbers of fruits, such as tomatoes and passion fruit, economic control can
be obtained by less drastic reduction in fly population than in highly sus-
ceptible crops, such as cantaloupe and watermelon which bear relatively
few fruits.

It has been shown that there is a marked decline in melon fly popula-
tion in localized crop areas following the application of insecticides to
vegetation with which the flies are associated. The mechanism as to how
this reduction is brought about is largely speculative at the present time.
To a certain extent this reduction might be due to the presence of a large
part of the population among certain plants and where many adults are
killed by space action at the time of application. Residual action may play
an important role in such situations because of the close association between
the adults and the treated plants. Due to this close association the flies
may acquire toxic residues by merely walking over the treated surface.
They may also ingest toxic residues by their habit of regurgitating droplets
of liquid and taking in the contaminated droplets again. Toxic residues
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may also be ingested by their habit of extending the proboscis and touch-
ing the treated leaf surface periodically as they walk. Such action no doubt
would result in the entry of the residue into the insect through the mouth.
It should also be mentioned that when the insecticides are applied to plants
which harbor the flies, dewdrops, pollen, honeydew, feces ol birds and
plant exudations are contaminated with the sprayed insecticide and fies
feeding on them would be killed. Finally, it should be pointed out that
when insecticides are applied to the vegetation favered by adults, the honey-
dew-producing insects are no doubt destroyed, thus cutting off an important
food source of the melon fly.

The failure to obtain satisfactory control when residual crop treat-
ments are made is an anomalous situation about which little is known.
This failure was ascribed to the inability of the gravid females to “pick
up” lethal amounts of the toxic residue by Ebeling et al. (1953) for they
found that although the treatments failed to control the melon flies, those
flies caged on the treated cucumber plants gave a 100 percent kill. Gravid
females, apparently stimulated by certain ovipositional stimuli, enter the
field when ready to oviposit. They apparently do not remain on the treated
plants for long periods and do not carry on activities such as regurgitating
and feeding to the same extent on crop plants as they do on plants with
which they are closely associated.

Variation in the effectiveness of control has been observed in different
fields. In some fields, adequate control has been obtained with relative
ease, often with only few applications. In others, however, control has been
very difficult requiring frequent applications. These differences exist be-
cause of the differences in the fly population and also the distributional
patterns and abundance of the favored plants in the vicinity of the crop
areas. Treatments would be most effective when the adult population is
localized in small areas along the edges of the field as shown in figure 74.
However, in situations where the fly population is widespread (fig. 7D)
and beyond the effective range of the equipment on hand, control would
be difficult, more frequent treatments would be necessary, and probably
less effective control would be obtained.

In situations where [avorable plants do not occur in the immediate
vicinity ol crop areas, control is often difhicult. Under such circumstances
it may be desirable to plant certain plants such as corn, Crotolaria, and
castor bean. Such plantings need not surround the crop completely; they
may be planted in clumps or rows at various intervals throughout the field.
In situations where wild plants suitable to the adults are present, there is
no advantage in planting additional plants. Furthermore, when favorable
wild plants were present, the treatment of the corn plants alone when
such plants were planted was not adequate to give satisfactory control. Tt
is necessary, under such a situation, to treat the corn plants as well as the
wild vegetation.

In addition to those mentioned in this bulletin other insecticides may
be used, for it has been shown by Ebeling (1953) that many insecticides are
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toxic to melon fly adults. Comparative field tests have not been made; hence,
the relative merits of each of the insecticides are not known. Factors such
as toxicity to the fly, health hazards to the operators, and cost must be
taken into account before specific recommendations can be made as to
the best insecticide to use.

The method of controlling the melon fly by treating plants favored
by the adults has its advantages and limitations. Its principal advantages
are: (1) elimination of toxic residues in the produce, (2) elimination of
phytotoxic effects of the insecticides on the crop, (3) elimination of the
possibility of destroying pollinating insects, and (4) rapidity of treatment.
Its limitations are: (1) the degree of control in small areas such as in
backyard conditions is not as high as to be desired, (2) the investment in
insecticides and power equipment in small plantings would be far in excess
of the value of the crop, and (3) power equipment would be necessary.

In conclusion it may be stated that the method of controlling the melon
fly by spraying plants which harbor the adults is a means of utilizing in-
secticides in an effective manner. Its limitations exist not because the
method is faulty in principle but because the insecticides may be inadequate
in certain situations.

SUMMARY

The melon fly is a serious pest of many truck crops such as tomatoes,
cucumbers, cantaloupes, squashes, and watermelons. The damage is caused
by the females depositing eggs in the plant tissues and the maggots hatching
from the eggs feeding on the tissues. On Oahu, during 1951, the incidence
of stung fruits in tomato crops ranged from 2 to 40 percent and in cucumber
crops from 10 to 100 percent. The melon fly is also a serious pest in other
areas: China, Formosa, Okinawa, the Philippines, Malaya, Burma, India,
Ceylon, Mauritius, Kenya, and Guam.

In Hawaii various methods have been used in attempts to control. this
pest. These methods are: (1) mechanical control using various protective
coverings on the fruits, (2) cultural control using resistant varieties, trap
crops, and practicing field sanitation to prevent fly breeding, (3) biological
control using natural enemies imported from other countries, and (4)
chemical control using insecticides. Mechanical control, although effective,
is costly because of the hand labor involved. Biological control has been
effective only in the wild areas where the melon fly breeds in the wild Mo-
mordica balsamina L. fruits. In the cultivated areas, a combination of
cultural and chemical control appears to be the most promising method
of control at the present time.

Ecological studies on the melon fly revealed information useful in form-
ulating sound control procedures. Some of the pertinent information is:
(1) the movement of the newly emerged adults out of the field into the
wild vegetation, (2) the diurnal movement of the gravid females into and
out of the crop area, (8) the close association ol the adults with certain
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non-host plants, and (4) the usually higher populations outside than inside
of the fields. On the basis of these findings it appeared that the most logical
approach to the control of the melon fly was to spray the plants with which
the adults are associated rather than the crop to be protected.

Studies on chemical control employing the above-mentioned approach
showed that this pest can be effectively controlled by spraying plants favored
by the flies. In tomato, cucumber, and watermelon fields, the spraying
of favored plants with DDT, parathion, and malathion by means of a Law-
rence mist blower and conventional sprayer has resulted in a marked re-
duction in fly population and a corresponding low incidence of fruit
infestation.

LITERATURE CITED
Back, E. A., anp C. E. PEMBERTON.
1914. LIFE HISTORY OF THE MELON FLY. Jour. Agr. Res. 3 (3) :269-274.

AND :
1917. THE MELON FLY IN HAwAIL U. S. Dept. Agr. Bur. Ent. Bul. 491.

AND .
1918. THE MELON FLY. U. S. Dept. Agr. Bur. Ent. Bul. 643.

Birp, K. M.
1952. SUMMARY OF LEGAL RESTRICTIONS AFFECTING TRADE IN HAWAIAN AGRICULTURAL
propUCTs. Hawaii Agr. Expt. Sta. in cooperation with Agr. Expt. Stations of
Western States and U. S. Dept. Agr., Agr. Econ. Rpt. 12.

Brackman, L. G.
1909. our MELON PEsT. Hawaii. Forester and Agr. 6 (8) :281.

Boyce, A. M.
1934. BIONOMICS OF THE WALNUT HUSK FLY, Rhagoletis completa. Hilgardia 8:363-579.

BunTING, B., AND J. N. MiLsum.
1930. THE CULTURE OF VEGETABLES IN MALAYA. Dept. Agr. S. S. and F. M. S. Bul. Gen.
Ser. No. I. Kuala Lumpur (From R. A, E. 18:363) .

CLARK, B. O.
1898. OFFICIAL BULLETIN OF THE BURFAU OF AGRICULTURE. The Hawaiian 1:6.

CompPERE, G.
1912. A FEW FACTS CONCERNING THE FRUIT FLIES OF THE wWORLD. Calif. State Commr.
Hort. Monthly Bul. 1 (10):709-733.

Corgerr, G. H.
1985, pIVISION OF ENTOMOLOGY. Dept. Agr. S. S. and F. M. S. Gen. Ser. Ann. Rpt.
Kuala Lumpur 21:43-56.

Craw, A.
1905. REPORT OF THE SUPERINTENDENT OF ENTOMOLOGY. Bd. Agr. and For. Hawaii
First Rpt.: 136-146.

DAMMERMAN, K. W.
1914. HET VRAAGSTUK DER FRUIT-VLIEGEN VOOR JAVA. Dept. van Landbouw, Nijverheid
En Handel. Meddelingen van de Afdeeling voor Plantenziekten 8:7-8.

De CHarMmoOYy, D. D.
1915. REPORT OF THE DIVISION OF ENTOMOLOGY: SUMMARY OF INVESTIGATIONS MADE DUR-
ING THE PERIOD JANUARY 1 To JUNE 30, 1915. Mauritius Dept. Agr.

EBELING, W.
1953. LABORATORY EXPERIMENTS ON THE CONTROL OF THREE SPECIES OF FRUIT FLIES
(TEPHRITIDAE) . Hilgardia 21 (17) :515-561.



42 HAWAII AGRICULTURAL EXPERIMENT STATION

, T, Nisuma, AND H. A. BEss.
1953. FIELD EXPERIMENTS ON THE CONTROL OF THE MELON FLY, Dacus cucurbitae. Hil-
gardia 21 (17) :563-592.

Essic, E. O.
1918. GENERAL NoTEs. Calif. State Commr. Hort. Monthly Bul. 2 (11): 724-728.

FERNANDO, M., AND S. B. UDURAWANA.
1941. THE RELATIVE RESISTANCE OF SOME STRAINS OF BITTER-GOURD TO THE CUCURBIT
FRUIT-FLY. ‘Trop. Agr. 96 (6) :347-352.

FroceaTr, W. W,
1909a4. Frurt FLiEs. New South Wales. Dept. Agr. Bul. 24:3-56.

19095. R'EI’OR'I' ON PARASITIC AND INJURIOUS INSECTS. New South Wales Dept. Agr. Ent.
Branch. W. A. Gulick, Gov. Printer, Sydney, Australia.

Fukar, K.
1938. STUDIES ON THE POSSIBILITY OF LIFE OF THE FORMOSAN MELON FLY IN JAPAN. (In
Japanese) Nojikairyo-Shiryo No. 134-147:213 (Tokyo). (In Rev. App. Ent. (A)
26:667-668.)

FurLraway, D. T,
1916. REPORT OF D. T. FULLAWAY: SEARCH FOR MELON FLY PARASITES. Hawaii. Forester
and Agr. 13:303-306.

GREEN, E. E.
1912. INjurious INSECTS OF CEYLON. Ceylon Dept. Agr. (Pt. 4) 1911-12:2-5.

Hie, G. F.
1915, INSECT PESTS OF PLANTS IN NORTHERN TERRITORY OF AUSTRALIA. Aust. Dept. Ex-
ternal Affairs N. T. Bul. 13.

Horpaway, F. G.
1940. THE SUSCEPTIBILITY OF BEAN VARIETIES TO MELON FLY ATTACK (DIPTERA). Haw.
Ent. Soc. Proc. 10 (3) :421-422.

1945. RESEARCH IN DDT FOR THE CONTROL OF AGRICULTURAL INSECTS IN HAWAIL, Haw.
Ent. Soc. Proc. 12 (2) :301-308.

, O. C. McBRIDE, Y. TANADA, AND T'. NISHIDA. :
1947. PROGRESS IN THE CONTROL OF THE MELON FLY. Hawaii Agr. Expt. Sta. Ann. Rpt.
1944-46:61-64.

Howarp, L. O.
1900. A DIPTEROUS ENEMY OF CUCURBITS IN THE HAWANIAN ISLANDS. U. S. Dept. Agr.
Bur. Ent. Bul. N. S. 22:93-94.

Hurson, J. C.
1934. REPORT OF THE WORK OF THE FNTOMOLOGICAL DIVISION. Adm. Rpt. Dir. Agr.
Ceylon (1933) : D134-140.

1937. RE;‘()RT ON THE WORK OF THE ENTOMOLOGICAL DIVISION. Adm. Rpt. Dir. Agr.
Ceylon (1936) : D22-28.

TLLINGWORTH, J. F.
1928. PRELIMINARY NOTES ON PESTS OF AGRICULTURAL CROPS OF KONA, Hawaii. Ent.
Soc. Proc. 7:248-257.

Kato, M.
1928. stupiEs oN Dacus cucurbitae coQ. (In Japanese) Jour. Plant. Prot. 15 (6) :356—
365. Tokyo.



ECOLOGY AND CONTROL OF THE MELON FLY 43

KOEBELE, A.
1900. REPORT OF PROFESSOR A. KOEBELE, ENTOMOLOGIST. Bd. Commrs. Agr. and For.
Hawaii Rpt.: 36-49.

Komsumr, K.
1931. EXPERIMENTAL STUDIES ON THE INFLUENCE OF LOW TEMPERATURES UPON THE
DEVELOPMENT OF FRUIT FLIES. FIRST REPORT. ON THE FATAL ACTION OF LOW TEM-
PERATURE UPON THE PUPAE AND LARVAE OF THE MELON-FLY (Chaetodacus cucur-
bitae). Dept. Agr., Gov. Res. Inst., Taihoku, Japan. Bul. No. 85.

, AND K. SHIBATA.
1935. NOTES ON THE AUTECOLOGY OF SOME FRUIT-FLIES 1. ON MELON FLY. Jour. Soc.
Trop. Agr. Formosa 7 (3) :245-254.

KorEeisHi, K.
1937. MORPHOLOGY AND LIFE HISTORY OF THE MELON FLY IN FORMOSA. Pl Quar. Sta.
Formosa No. 2 Res. Bul, Taihoku Bur. Ind. Gov. Formosa Publ. No. 798.

MARLOWE, R. H.
1937. SUSCEPTIBILITY OF TWO TOMATO VARIETIES TO INFESTATION BY Chaetodacus cucur-
bitae coq. Hawaii Ent. Soc. Proc. 9 (3) :407-408.

1940. S()I.VIE DETERRENTS AS A CONTROL FOR THE MELON FLy. U. S. Dept. Agr. Bur. Ent.
Pl. Quar. E-510.

MarsH, H. O.
1910. REPORT OF THE ASSISTANT ENTOMOLOGIST. Bd. Commrs. Agr, and For. Hawaii
Rpt.: 152-159.

MaxweLL-LEFroy, H.
1907. THE MORE IMPORTANT INSECTS INJURIOUS TO INDIAN AGRICULTURE. Mem. India
Dept. Agr. Ent. Ser. 1:113-252.

McPHAIL, M.
1943. LINSEED OIL SOAP, A NEW LURE FOR MELON FLY. Jour. Econ. Ent. 36 (3) : 426-429.

MurseBeck, C. F.
1950. COMMON NAMES OF INSECTS APPROVED BY THE AMERICAN ASSOCIATION OF
ECONOMIC ENTOMOLOGISTS. Jour. Econ. Ent. 43 (1):117-138.

Muir, F.
1914. OBSERVATIONS IN FORMOSA. Hawaii. Planters’ Rec. 10 (4) :274-281.

NeweLL, I. M., W. C. MrrcHELL, AND F. L.. RATHBURN.
1952. INFESTATION NORMS FOR Dacus cucurbitae 1N Momordica balsamina AND SEA-
SONAL DIFFERENCES IN ACTIVITY OF THE PARASITE, Opius fletcheri. Hawaii. Ent.
Soc. Proc. 14 (2) :297-299.

NisHIpA, T.
1954a. ECOLOGICAL AND CHEMICAL CONTROIL INVESTIGATIONS ON THE MELON FLY. Hawaii
Agr. Expt. Sta. Prog. Note 96:1-14.

1954b. FURTHER STUDIES ON THE TREATMENT OF BORDER VEGETATION FOR MELON FLY CON-
TROL. Jour. Econ. Ent. 47 (2) :226-229.

1955. NATURAL ENEMIES OF THE MELON FLY, Dacus cucurbitae coQ. IN HAWAIL. Ent.
Soc. Amer. Ann. 48(3) :171-178.

NisHipA, T., AND H. A. BEss.
1950. APPLIED ECOLOGY IN MELON FLY CONTROL. Jour. Econ. Ent. 43 (6) :877-883.

PEmBERTON, C. E.
1949. SPECIAL REPORT OF THE JOINT LEGISLATIVE COMMITTEE ON AGRICULTURE AND LIVE-
STOCK PROBLEMS. Publ. State of Calif.: 21-22.



44 HAWAII AGRICULTURAL EXPERIMENT STATION

PErkiIns, R. C. L.
1902. insecrs. In Report to Governor of Hawaii for 1902, U. S, Dept. Int. Ann, Rpt.:
360.

PonNcE, A.
1937. THE MELON FLY (Dacus cucurbitae coQuiLLert). Philippine Jour. Agr. 8(3):
289-309.

PrutHi, H. S.
1941. REPORT OF THE IMPERIAL ENTOMOLOGIST. Sci. Rpt. Agr. Res. Inst. New Delhi
1939-40:102-114.

— , AND H. N. BATRA.
1938. A PRELIMINARY ANNOTATED LIST OF FRUIT PESTS OF THE NORTHWEST FRONTIER PROV-
INCE. Imp. Coun. Agr. Res. New Delhi Misc. Bul. No. 19: 22 pp.

RENJHEN, P. 1.
1949. ON THE MORPHOLOGY OF THE IMMATURE STAGES OF Dacus (strumeta) cucurbitae
COQ. (THE MELON FLY) WITH NOTES ON ITS BIOLOGY. Indian Jour. Ent. 11:83-

100.

RIBEIRO, S.
1934. SOME INSECTS FOUND ASSOGIATED WITH THE BITTER GOURD, Momordica charantia
LINN. (CUCURBITACEAE) IN CALCUTTA. Asiatic Soc. Bengal Jour. (N. S.) 29(1):
89-93.

RUTHERFORD, A.
1914, REPORT OF THE ENTOMOLOGIST. Rpt. Dept. Agr. Ceylon, July 1, 1912 to Dec.
31, 1913. Colombo:9-12.

Severin, H. H. P., H. C. SEVERIN, AND W. J. HARTUNG.
1914. THE RAVAGES, LIFE HISTORY, WEIGHTS OF STAGES, NATURAL ENEMIES, AND METHODS
OF CONTROL, OF THE MELON FLY (Dacus cucurbitae coq.). Ent. Soc. Amer. Ann.

7(3) :177-207.

Smith, J. G.
1902. ANNUAL REPORT OF THE HAWAII AGRICULTURAL EXPERIMENT STATION. U. S. Dept.
Agr. Office of Expt. Sta. Rpt. for 1902: 324.

STEINER, L. F.
1954. FRUIT FLY CONTROL WITH POISONED-BAIT SPRAYS IN HAWAIL Agr. Res. Serv., U. S.
Dept. Agr. ARS-33-3.

1955a. FRUIT FLY CONTROL WITH BAIT SPRAYS IN RELATION TO PASSION FRUIT PRODUCTION.
Hawaii. Ent. Soc. Proc. 15 (3) :601-607.

19550, BAIT SPRAYS FOR FRUIT FLY CONTROL. Agr. Chem. 10 (11):32-34, 113, 114.

Tuazon, D. S.
1917. A STUDY OF CUCURBITACEOUS VEGETABLES IN THE PHILIPPINES. Philippine Agr.
and Forester 5:315-342.

VAN DINE, D. L.
1904. INSECTICIDES FOR USE IN HAWAIL Hawaii Agr. Expt. Sta. Bul. 3.

1909. REPORT OF THE ENTOMOLOGIST. Hawaii Agr. Expt. Sta. 1908: 17-41.

WESTGATE, J. M.
1918. REPORT OF THE HAWAII AGRICULTURAL EXPERIMENT STATION, 1917. U. S. Dept.
Agr.: 19.

WiLLArD, H. F.
1920. Opius fletcheri As A PARASITE OF THE MELON FLY IN HAWAIL Jour. Agr. Res.
20 (6) :423-438.



UNIVERSITY OF HAWAII
COLLEGE OF AGRICULTURE
HAWAII AGRICULTURAL EXPERIMENT STATION
HONOLULU, HAWAII

WILLARD WILSON
Acting President of the University

H. A. WADSWORTH
Dean of the College

MORTON M. ROSENBERG
Director of the Experiment Station




	RR0051564
	RR0051565
	RR0051566
	RR0051567
	RR0051568
	RR0051569
	RR0051570
	RR0051571
	RR0051572
	RR0051573
	RR0051574
	RR0051575
	RR0051576
	RR0051577
	RR0051578
	RR0051579
	RR0051580
	RR0051581
	RR0051582
	RR0051583
	RR0051584
	RR0051585
	RR0051586
	RR0051587
	RR0051588
	RR0051589
	RR0051590
	RR0051591
	RR0051592
	RR0051593
	RR0051594
	RR0051595
	RR0051596
	RR0051597
	RR0051598
	RR0051599
	RR0051600
	RR0051601
	RR0051602
	RR0051603
	RR0051604
	RR0051605
	RR0051606
	RR0051607
	RR0051608
	RR0051609
	RR0051611

