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ABSTRACT Parasitization rates of eggs of oriental fruit fly, Dacus dorsalis Hendel, by
Biosteres arisanus (Sonan),and larvae of melon fly,Dacus cucuTbitaeCoquillett. by Psytallia
fletcheTi (Silvestri) in mature green to fully ripe papaya fruits on trees and in fully ripe
fruits on the ground was studied. Parasitization of oriental fruit fly eggs by B. aTisanuswas
greater in fully ripe fruits than in one-quarter to half-ripe fruits on trees; B. arisanus never
parasitized oriental fruit fly eggs in mature green to color-break fruits. No difference was
observed in the density of emergent B. arisanus adults from oriental fruit flypupae recovered
from fully ripe fruits on trees and on the ground. Parasitization of melon fly larvae by P.
fletcheri was observed in only one fully ripe, fallen fruit. Results in relation to the effect of
host plants on the foraging behavior of adult parasitoids and to the biological control of
oriental fruit fly and melon fly in an agricultural ecosystem were discussed.
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NUMEROUSPARASITEShave been released in Ha-
waii for the biological control of oriental fruit fly,
Dacus dorsalis Hendel, and melon fly, Dacus cu-
cUTmtae Coquillett. Three braconid parasitoids,
Biosteres arisanus (Sonan), Biosteres vandenboschi
(Fullaway), and Diachasmimorpha longicaudata
(Ashmead), became abundant and had caused sig-
nificant reduction in oriental fruit fly populations
following their establishment (Clausen et a1. 1965).
B. arisanus out competes B. vandenboschi and D.
longicaudata inside the larval host (van den Bosch
et a1. 1951, van den Bosch 1953); at present, it is
the dominant parasitoid of the oriental fruit fly
(Clausen et a1. 1965, Wong et a1. 1984). Efforts to
search for and release biological control agents
against melon fly in Hawaii are considerably less
successful than those for oriental fruit fly (Clausen
1978). At present, Psytallia fletcheri (Silvestri), a
larval parasitoid, is the most important natural en-
emy of melon fly (Willard 1920, Nishida & Har-
amoto 1953, Nishida 1955).

Early studies conducted in Hawaii extensively
surveyed the efficiency of B. arisanus and P. fletch-
eri against oriental fruit fly and melon fly, respec-
tively, under natural situations. On the island of
Oahu, Bess & Haramoto (1961), Bess et a1. (1963),
and Newell & Haramoto (1968) found >70% ori-
ental fruit fly parasitization by B. arisanus in wild
guava (Psidium guajava L.). Wong et a1. (1984)
observed 12-21% combined parasitization of Med-
iterranean fruit fly, Ceratitis capitata (Wiede-
mann), and oriental fruit fly eggs and larvae by
five braconid parasitoids-i.e., B. arisanus, B. van-
denboschi, D. longicaudata, Diachasmimorpha

tryoni (Cameron), and Psytallia incisi (Silvestri)-
at Kula, Maui in several host plant species; 63-99%
of these parasitizations was attributed to B. arisa-
nus. Newell et al. (1952) reported the seasonal vari-
ation in the parasitization activity of P. fletcheri
in melon fly infesting wild bitter melon (Momor-
dica charantia L.). They found 34% parasitization
during winter months (rainy season), with the per-
cent parasitization declining to as low as 5% during
summer months (dry season). Nishida (1955) also
reported >30% parasitization of melon fly by P.
fletcheri in wild bitter melon. No similar extensive
studies have been conducted on the parasitization
activity of braconid parasitoids against oriental fruit
fly and melon fly in an orchard ecosystem.

I conducted a study to determine the effect of
ripeness (mature green to fully ripe) and location
(on trees and on the ground) of papaya fruits on
the parasitization rates of oriental fruit fly and mel-
on fly by B. arisanus and P. fletcheri, respectively.
I chose the papaya ecosystem to conduct the study
because papaya is cultivated in thousands of acres
in Hawaii and might serve as "refuge" for oriental
fruit fly and melon fly populations displaced from
their feral hosts during eradication or suppression
programs.

Materials and Methods

Study Site. The study was conducted in 'Kapoho
Solo' papaya, Carica papaya L., orchards in Ka-
lapana, Hawaii. The study site was situated on the
windward, east side of the island and had a cu-
mulative annual rainfall of 150 em and 10-20"C
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average monthly minimum and 24-32°C average
monthly maximum temperatures. The papaya or-
chards used in the study were developed in a newly
cleared native o'hia, Metrosideros collina (Forst.),
forest.

Tree Fruit Samples. Contiguous papaya fields
(trees ~ 1.5 yr old) were divided into equal quad-
rats (30 by 30 m). Fifty quadrats were randomly
selected; trees at the middle of each quadrat were
selected for sampling. Based on the degree of yel-
low coloration, fruits on trees were visually seg-
regated into three categories: mature green to col-
or-break, one-quarter to one-half ripe, and fully
ripe. One fruit of each ripeness category was col-
lected from each of 50 sample trees per month.
Sampling was started in January 1988 and ended
in December 1989.

Fruits were immediately brought to the labo-
ratory and individually placed in 5-liter plastic
buckets that contained a 5-cm layer of wheat bran
at the bottom. Pupating larvae and pupae were
separated from the bran and rotting fruits with
sieves of increasingly smaller mesh and placed in
plastic cups (0.25 liter) containing small amounts
of sand for pupation. After 2 wk, emerged oriental
fruit fly, melon fly, and parasitoid adults were col-
lected from the rearing cups, killed, and preserved
with 70% ethyl alcohol. Dead pupae were sifted
from the sand, preserved in alcohol, then individ-
ually examined under the microscope, and iden-
tified using Hardy's (1949) publication. Adult par-
asites were identified using Beardsley's (1961)
publication.

Ground Fruit Samples. One intact (not rotting),
fully ripe fruit was collected from the ground with-
in the lOom circumference of each of 50 sample
trees per sampling period. Fallen, fully ripe fruit
samples were processed for the density of oriental
fruit fly, melon fly, and their parasitoids following
the method described above. Fruit samples from
the ground were collected from January to Decem-
ber 1989.

Data Analyses. The descriptive statistics of the
densities of oriental fruit fly, melon fly, and B.
arisanus were calculated per sampling occasion.
The numbers of oriental fruit fly, melon fly, and
B. arisanus per fruit per sampling occasion were
transformed to 10glO(x+ 1) values. Data on per-
centage parasitization of oriental fruit fly by B.
arisanus were transformed to arcsine values. Yari-
ations in density (lOgIO[X+ 1]) of oriental fruit fly
and melon fly among fruits on trees at different
levels of ripeness and between ripe fruits on trees
and on the ground were determined by analysis of
variance (ANOYA). Means were separated by
Scheffe's test (Steel & Torrie 1980). The difference
in parasitization rates of oriental fruit fly by B.
arisanus between one-quarter to half-ripe and fully
ripe fruits on trees and between fully ripe fruits
on trees and on the ground was determined using
t tests (with degrees of freedom calculated by Sat-
terthwaite's [1946] method) (Steel & Torrie 1980);

t tests were done using monthly mean data points
with the number of B. arisanus >0 for either one
of the two treatment categories being compared.
Data analyses were done using SAS/STAT Release
6.03 (SAS Institute 1989).

Results
Parasitization Rates in Mature Green to Fully

Ripe Fruits on Trees (1988-1989 Data, Fig. 1).
Oriental fruit fly and melon fly had higher monthly
mean densities per fruit in fully ripe (0.58-42.90
oriental fruit flies, 0-3.06 melon flies) than mature
green to color-break (0-1.22 oriental fruit flies, 0-
0.02 melon fly) and one-quarter to half-ripe fruits
(0-7.54 oriental fruit flies, 0-0.47 melon fly) (F =
59.16; df = 2,69; P = 0.0001 for oriental fruit fly,
F = 9.83; df = 2,69; P = 0.0002 for melon fly).
Eggs of oriental fruit fly in mature green to color-
break fruits were never parasitized by B. arisanus.
Emergent B. arisanus adults were observed only
from oriental fruit fly pupae recovered from one-
quarter to fully ripe fruits. The density of B. ari-
san us adults was greater in fully ripe (0-2.96) than
one-quarter to half-ripe fruits (0-1.6) (t = -2.63,
df = 15, P = 0.02). Similarly, the percentage par-
asitization rate of oriental fruit fly by B. arisanus
was higher in fully ripe (0-5.64%) than in one-
quarter to half-ripe fruits (0-3.13%) (t = -2.62,
df = 15, P = 0.02). Parasitization of melon fly larvae
by P. fletcheri was not observed in fruits on trees,
irrespective of the degree of ripeness.

Parasitization Rates in Fully Ripe Fruits on
Trees and on the Ground (1989 Data, Fig. 2).
Oriental fruit fly and melon fly had higher monthly
mean densities in fully ripe fruits on the ground
(14.41-125.50 oriental fruit flies, 8.62-36.59 melon
flies) than fully ripe fruits on trees (1.59-24.90 ori-
ental fruit flies, 0-3.06 melon flies) (F = 20.40; df
= 1,22; P = 0.0002 for oriental fruit fly, F = 17.04;
df = 1,22; P = 0.0001 for melon fly). No significant
difference in mean densities of emergent B. ari-
sanus adults from pupae of oriental fruit fly gath-
ered from fruits on the ground (0-2.89) and on
trees (0-2.96) (t = 0.13, df = 21, P = 0.89) was
observed. Likewise, the monthly percentage par-
asitization rates of oriental fruit fly by B. arisanus
were similar in fully ripe fruits on the ground (0-
5.59) and on trees (0-5.64) (t = 0.14, df = 21, P =
0.89). Melon fly parasitization by P. fletcheri was
observed only on one occasion: one adult P. fletch-
eri emerged from a melon fly pupa recovered from
a fruit on the ground in September 1989.

Discussion

The influence of fruit ripeness on the density
and percentage infestation of oriental fruit fly and
melon fly in papaya has been studied and discussed
extensively (Seo et al. 1982, Liquido et al. 1989,
Liquido & Cunningham 1990). However, no study
on the effect of the degree of fruit ripeness on the
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Fig. 1. Densities of oriental fruit fly, melon fly, and B. arisanus in mature green to color-break, one-quarter

to half-ripe, and fully ripe 'Kapoho Solo' papaya fruits on trees, January 1988-December 1989, Kalapana, Hawaii.
Each value shown is f per fruit.

parasitization rates of oriental fruit fly and melon
fly by their braconid parasitoids in papaya fruits
has been reported. Whereas previous studies showed
>70% oriental fruit fly parasitization by B. arisa-

nus (Bess & Haramoto 1961, Bess et al. 1963, New-
ell & Haramoto 1968) and >30% melon fly para-
sitization by P. f/.etcheri (Newell et al. 1952, Nishida
1955), my study revealed much lower parasitiza-
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Fig. 2. Densities of oriental fruit fly, melon fly, and B. arisanus in fully ripe 'Kapoho Solo' papaya fruits on
the ground, January-December 1989, Kalapana, Hawaii. Each value shown is i per fruit.

tion of oriental fruit fly eggs and melon fly larvae
by these parasitoids in papaya. The discrepancy of
my results with those of the previous workers might
be explained by the difference in host fruits. Wil-
lard (1920) reported a higher percentage parasit-
ization of P. fletcheri in melon fly larvae infesting
fruits of wild bitter melon than of wild cucumber,
Cucumis dipsaceus C. G. Ehrenb. ex Spach. Nishi-
da (1955) found a much lower P. fletcheri per-
centage parasitization of melon fly in tomato, Ly-
copersicon lycopersicum (L.) Karst. ex Farw.
(<1%); watermelon, Citrullus lanatus (Thunb.)
Matsum. & Nakai (maximum of 15.6%); and cu-
cumber, Cucumis sativus L. (0.2-6.5%) than wild
bitter melon (20-37.8%). Survey data of Vargas et
al. (1990) and Wong et al. (1984) also indicated
significant variation in the percentage parasitiza-
tion of oriental fruit fly by B. arisanus among dif-
ferent host plants.

The results of my study suggested that ripening
papaya fruits elicited physical (yellow color) and
chemical (odor) stimuli that guided the foraging
parasitoid adu!ts to orient toward eggs of orienta!
fruit fly. This hypothesis is corroborated by the
following observations. First, B. arisanus parasit-
ized oriental fruit fly eggs oviposited in one-quarter
to fully ripe fruits but not those in mature green
and co!or-break fruits. Second, B. arisanus had

higher percentage parasitization of oriental fruit
fly eggs in fully ripe than one-quarter to half-ripe
fruits on trees. Finally, although oriental fruit fly
had higher density in ripe fruits on the ground
than in ripe fruits on trees, parasitization rates of
oriental fruit fly eggs by B. arisanus in ripe fruits
on the ground and on trees were not significantly
different. It may be possible that the foraging grav-
id females of oriental fruit fly and B. arisanus re-
spond to the same physical and chemical stimuli
exhibited by the ripening papaya fruits.

The low parasitization of oriental fruit fly eggs
in papaya fruits by B. arisanus may be explained
by at least two factors: (1) papaya fruits at mature
green and co!or-break stages lack the necessary
stimuli to attract gravid, foraging parasitoids; and
(2) the soft (high water content), thick flesh of ripe
papaya allows deep placement of oriental fruit fly
eggs, which consequently results in a high propor-
tion of these eggs being located beyond the reach
of the B. arisanus ovipositor. Nishida (1955) re-
ported that melon fly larvae infesting host fruits
with thick, watery flesh have a low incidence of
parasitization by P. fletcheri.

The single observation of P. fletcheri parasitiza-
tion of one melon fly larva in fully ripe, fallen fruit
was not totally surprising. The density and per-
centage infestation of P. fletcheri in melon fly !ar-
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vae have been observed to be higher in fruits of
wild-growing host plants (Nishida 1955, Nishida &
Bess 1957). For instance, the percentage parasit-
ization rate of melon fly larvae by P. fletcheri in
the wild form of bitter melon is higher than in the
cultivated form (unpublished data). The apparent
preference of P. fletcheri for the diverse environ-
ment of wild hosts of melon fly appears to be one
of its limitations as an efficient biological control
agent of melon fly in host plants in commercial
monoculture.

My data and those in the literature suggest that
in agricultural ecosystems where the natural par-
asitization rates of oriental fruit fly and melon fly
by B. arisanus and P. fletcheri, respectively, are
low, studies should be conducted to develop meth-
ods by which the efficiency of these parasitoids may
be increased during augmentative or inundative
release programs. I recommend that further ex-
plorations for more efficient parasitoids of oriental
fruit fly and melon fly covering wide geographic
areas and including diverse host plants be con-
ducted.
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