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Abstract
Aspects of Biosteres arisanus (Sonan) (= Opius oophilus Fullaway) (Hymenoptera: Braconidae) development on
the oriental fruit fly, Bactrocera (= Dacus) dorsalis (Hendel), were investigated to facilitate mass production in
the insectary. Life table statistics were generated for cohorts of B. arisanus females. Overlap in the emergence
of fruit flies and parasitoids necessitated a procedure for segregation, preferably before adult eclosion. Rate of
parasitization by B. arisanus increased with host clutch size reaching a plateau at 20:1 host egg to female parasitoid
ratio. Duration of the oviposition period influenced the level of host parasitization; host eggs were exposed to
parasitoids for 24 h with minimal superparasitism. Females were highly productive within 3 weeks after emergence
producing 40–70% females in the progeny. Adult males were shorter lived than females by ≈5 days. Based on a
net reproductive rate (R0 ) of >16 daughters per female parent, a population increase of 10% was predicted each
day. Handling procedures that could facilitate efficient production of parasitoids are discussed.

Introduction
Tephritid fruit flies are polyphagous pests of a wide
variety of fruits and vegetables (Harris, 1989). In the
United States and elsewhere, malathion-based protein
bait sprays are commonly used to suppress incipient
outbreaks of fruit flies (Harris, 1989). However, persistent public outcries against the ecological effects of
chemical pesticides on the environment and to human
health have invigorated the search for alternative fruit
fly control strategies.
The use of natural enemies in combination with
other compatible methods, i.e., sterile insect release,
presents a sound and viable option in fruit fly pest
management (Knipling, 1992). In the early 1940s,
braconid parasitoids were introduced into Hawaii for
classical biological control of fruit flies (Back & Pemberton, 1918; Bess, 1953; Bess et al., 1961). Several
species, including Biosteres arisanus (Sonan), were
successfully established in the major island chain
resulting in subsequent reductions of fruit fly pop-

ulations (Bess, 1953; Bess et al., 1961; Wong &
Ramadan, 1987; Vargas et al., 1993). Initially mistaken for Biosteres persulcatus Silvestri, B. arisanus
was first reported in 1949 in Waikane, Oahu, from a
collection of Bactrocera dorsalis puparia that developed as larvae in common guava, Psidium guajava L.
(van den Bosch & Haramoto, 1951).
Biosteres arisanus is an endoparasitoid that
oviposits in fruit fly eggs and 1st instar larvae.
Biosteres arisanus readily attacks the eggs of four
tephritid fruit fly species in Hawaii (Harris & Bautista,
1996; Nishida & Haramoto, 1953), but the suitability of the host for parasitoid development varies with
species (Harris et al., 1991; Ramadan et al., 1992;
Harris & Bautista, 1996). Occasionally, a female parasitoid oviposits more than one egg within a host
(Kaya & Nishida, 1968), but being solitary, only one
adult will develop and emerge from a host puparium,
usually a few days after eclosion of fruit flies from
unparasitized puparia (Haramoto, 1953).
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Biosteres arisanus is the only known opiine egg
parasitoid of tephritid flies in the Western Hemisphere
(Wharton & Gilstrap, 1983). Its competitive advantage
over other parasitoids when they occur in multiparasitized hosts (Bautista & Harris, 1997; van den Bosch
& Haramoto, 1953), as well as resilience to adapt effectively in diverse habitats, accounted for much of
its success and predominance in the Hawaiian agroecosystem (Harris et al., 1988; Wong et al., 1984;
Vargas et al., 1993). These unique attributes make
Biosteres arisanus a potential biocontrol agent against
fruit flies.
Biosteres arisanus is a haplo-diploid hymenopterous endoparasitoid that would only produce female
offsprings from fertilized eggs (Flanders, 1956). Despite some difficulty during earlier attempts to rear
B. arisanus indoors (Haramoto, 1953; Chong, 1962),
the parasitoid was subsequently colonized in captivity
in 1989 (Harris & Okamoto, 1991). Nevertheless, the
potential of B. arisanus for augmentative biocontrol of
tephritid fruit flies necessitated biological information
that could facilitate development of a mass-rearing
methodology to sustain production of parasitoids for
research and field releases.
In this study, we determined the duration of
preimago development (number of days from egg
laying to emergence of adults) and pattern of adult
emergence between parasitoid and host fruit fly, effects of host egg density (clutch size) and duration of
host exposure to female parasitoids on rate of fruit fly
parasitization, effects of maternal age on female productivity and progeny sex ratio, and adult longevity.
Life table statistics were generated for cohorts of
female parasitoids.

Materials and methods
The parasitoids used in our assays were raised and
maintained in the laboratory according to rearing
methods by Harris & Okamoto (1991). Host eggs were
obtained from colonized oriental fruit fly produced on
a semi-synthetic diet formulation (Tanaka et al., 1969).
Tests were conducted under laboratory conditions with
ambient temperatures of 22–24 ◦ C, and relative humidity of 60–70%. Except when otherwise indicated,
photoperiod was maintained at L10:D14. Parasitoids
were provided with spun honey (Sioux Honey, Sioux
city, IA) and water.

Development and pattern of emergence of parasitoid
and host fruit fly. Ripe papaya, Carica papaya L. cv.
‘solo’, was trimmed into 8 × 4 × 1-cm sections. The
fruit rind was perforated with 10 holes (4–5 mm deep),
5 to a row, with the blunt end of a camel hair brush. A
cohort of 100 fruit fly eggs (2–4 h old) was inserted
into each hole with the moistened tip of the brush for a
total of 1000 eggs in each fruit section. Inoculated fruit
was exposed for 24 h to 50 pairs of B. arisanus (15–16
days old post eclosion) in a 26 × 28 × 26-cm screened
cage. Subsequently, fruit was retrieved and processed
as described by Harris & Bautista (1996). Nine to 10
days later, pupae were screened from vermiculite (pupation medium) (Strong-lite, Pine Butt, AR) with the
use of a mesh sieve (1 mm2). A cohort of ≈10 ml
of pupae [mean ± (SEM) pupal count = 390 ± 8],
that consisted of parasitized and unparasitized puparia
was sampled, partitioned into 3 lots, and placed in
separate holding containers. Each container consisted
of two plastic cups (6.5 cm-diam), one inverted over
the mouth of the other and secured with masking tape
(3.8 cm wide). The inside of the top cup was coated
with a thin film of Tanglefootr (Grand Rapids, MI)
to trap newly eclosed insects and facilitate counts of
emerged parasitoids and flies.
The number of adult parasitoids (males and females) and fruit flies that emerged daily was recorded
and expressed as percentage of total number of eclosed
puparia. Tests were repeated 3 times using fresh
batches of host puparia.
Effects of host clutch size and duration of exposure
to parasitoids on fruit fly parasitization. Clutches of
25, 50, 75, 100, 125 and 150 fruit fly eggs (2–4 h
old) were inoculated separately in sectioned fruits to
obtain host egg to female parasitoid ratios of 5:1, 10:1,
15:1, 20:1, 25:1 and 30:1, respectively. Equal number
of eggs was inserted in each of the 10 holes in the fruit.
Where host eggs could not be apportioned equally per
hole, extra eggs were inserted singly in any of the 10
holes at random.
Fruits inoculated with different clutch sizes were
exposed separately to a cohort of five gravid females
(15–16 days old post eclosion) inside a cage (26 × 28
× 26 cm) at time intervals of 4, 6, or 24 h. Thereafter, fruits were retrieved and eggs were recovered
with the tip of a camel’s hair brush moistened with
water. Eggs were arranged in single pile on a piece
of moist blotting paper, then dissected and examined
individually under a stereoscope for parasitoid eggs.
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Host eggs that contained 1 and 2 or more parasitoid
eggs were recorded.
Tests were repeated four times. Effects of host
clutch size (= 6 levels) and duration of host exposure
(= 3 levels) as main factors of fruit fly parasitization
were tested with a 2-way ANOVA. Mean parasitized
eggs were transformed to square root X + 1 for homogeneity of variances before analysis of data. Untransformed values were used in the presentation of
results.
Female productivity, progeny sex ratio, adult longevity
and life table statistics. Twenty-five pairs of newlyemerged parasitoids were combined in a cage (26 ×
28 × 26 cm). Twenty-four hours after emergence of
female parasitoids and daily thereafter for ≈5 weeks, a
sectioned papaya fruit inoculated with 500 eggs (2–4 h
old), as described in the preceding section, was exposed to parasitoids for 24 h. Lighting was continuous
during exposure of fruit fly eggs to maximize parasitization of hosts. Subsequently, host samples were
processed until emergence of parasitoids (Harris &
Bautista, 1996). The test was repeated four times with
fresh batches of hosts and parasitoids.
Female productivity was measured by the number
and sex ratio of live adult progeny recovered. Progeny
yield was pooled at 5-day intervals and calculated on
per female and per female per day basis. The cumulative number of female progeny was expressed as proportion of total progeny produced by a female every
5 days. A 1-way ANOVA was used to analyze differences in mean female productivity and percentage
of females in the progeny among 8 levels of maternal ages. Mean separation was by Tukeys honestly
significant difference (HSD) method at P = 0.05.
Untransformed data were used in the presentation of
results.
Daily mortality of adult parasitoids was concurrently recorded. Data were presented as mean percentage of male and female survivors based on 25 pairs of
parasitoids used at the start of the test.
Basic life table statistics for cohorts of B. arisanus
females were generated by the methods of Deevey
(1947), Birch (1948) and Krebs (1972). Parameter estimates were calculated using data from daily records
of fecundity and mortality cohorts of adult females
generated in above tests. Calculations of net and daily
reproductive rates were based on an average adult recovery of 64% obtained by Vargas et al. (unpubl.).
In this study, cohort survival of parasitoid imma-

Figure 1. Duration of preimago development and pattern in adult
emergence of parasitoid and host fruit fly.

tures was observed in each stage of development until
emergence of adults.

Results
Development and pattern of emergence of parasitoid
and host fruit fly. The emergence of fruit flies from
the cohort of unparasitized pupae overlapped with
those of parasitoids (Figure 1). Bactrocera dorsalis
(total n = 383) developed within 16–23 days with
≈89% of fruit flies in the sample cohort completing emergence by the 20th day. Male parasitoids
commenced emergence 1 day after the onset of fly
emergence. Within 3 days after flies began to emerge,
one-third (32% males and 5% females) of parasitoids
(total n = 2, 247) had eclosed.
The preimago development (number of days from
egg laying to adult emergence) of male B. arisanus
was ≈2 days shorter than that of females (Figure 1).
Males developed from 17–26 days with a mean of
21.1 ± 1.5 days. The peak in emergence occurred 5–
6 days from initial eclosion with ≈83% of the males
emerging within this 2-day period alone. Female parasitoids completed development in 20–27 days (22.9 ±
1.6 days) with peak in emergence occurring 4–5 days
after initial eclosion.
Effects of host clutch size and duration of exposure
to parasitoids on fruit fly parasitization. The main
treatment effects, host clutch size (F=29.4; df=5,71;
P<0.0001) and duration of exposure to parasitoids
(F=8.4; df=2,71; P<0.001), accounted largely for
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Table 1. Progeny production of B. arisanus at different maternal ages.
Within a column, means followed by same letter are not significantly
different by Tukey’s test (P>0.05)
Maternal ages
(Intervals in days)

Mean (± SEM)
live progeny/femalea

Mean (± SEM)
live progeny/female/day

1–5
6–10
11–15
16–20
21–25
26–30
31–35
36–40

22.9 ± 1.3a
26.1 ± 4.4a
28.3 ± 0.5a
30.4 ± 4.0a
15.9 ± 7.1ab
6.5 ± 2.3b
3.4 ± 2.0b
1.2 ± 0.7b

4.6 ± 0.3a
5.2 ± 0.9a
5.7 ± 0.1a
6.1 ± 0.8a
3.5 ± 1.4ab
1.3 ± 0.5b
0.7 ± 0.4b
0.2 ± 0.1b

a Values are cumulative progeny produced by a female.

mean parasitized fruit fly eggs per five females, respectively. There was a 2 to 3-fold increase in mean
parasitized eggs when host clutch was increased from
75 to 100 eggs. Likewise, more eggs were parasitized
when exposure of host to parasitoids was prolonged.
Compared with host eggs that were exposed to parasitoids for only 4 or 6 h, there was an overall gain
of ≈1.5 times in the mean number of parasitized eggs
when hosts were exposed for 24 h.

Figure 2. Effects of host clutch size and duration of exposure to 5
B. arisanus females on fruit fly parasitization. Within each exposure
time, data points with same letter are not significantly different by
Tukeys test (P>0.05).

differences in mean number of parasitized fruit fly
eggs (Figure 2). There was no interaction between
host clutch size and duration of exposure to parasitoids
(F=0.50; df=10, 71; P=0.88).
Regardless of the duration in host exposure, the
oviposition response exhibited by female B. arisanus
to varying clutch sizes of fruit fly eggs was consistently asymptotic (Figure 2). The mean number of fruit
fly eggs parasitized by a cohort of five female parasitoids increased with host density, plateaued when a
clutch size of 100 eggs was exposed, and did not increase or decrease significantly thereafter. The plateau
at exposure times of 4, 6, and 24 h corresponded
to a mean of 36 ± 6.9, 38.3 ± 4.8, and 52.3 ± 4

Female productivity, progeny sex ratio, adult longevity
and life table statistics. Within 24 h after emergence,
a cohort of 25 females produced a mean progeny of
54.8 (range = 19–71) or 2.2 progeny per female (Table 1). The cumulative progeny yield every 5 days
reached a maximum of 30 per female (range = 23–42)
at maternal ages of 16–20 days post eclosion. Thereafter, female productivity declined (F=13.1; df=8,27;
P<0.0001). The rate of production (progeny per female per day) followed a similar trend, with the highest daily yield of 6 progeny per female during maternal
age interval of 16–20 days post eclosion (F=13.9;
df=8,27; P<0.0001). Overall, the mean progeny produced by a female in her lifetime was 134.8 ± 20.5.
The progeny sex ratio favored the females (57–70%)
during the first 2 weeks of maternal reproductive period (Figure 3) but became predominantly males from
maternal age interval 16–20 days post eclosion and
thereafter.
The survivorship data of B. arisanus adults concurred closely with those reported by Ramadan et al.
(1992) for wild B. arisanus. The average life span of
the males was shorter than that of females, with mean
longevity of 15 ± 2.1 days (range = 1–38 days) and
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Discussion

Figure 3. Influence of maternal ages on female progeny sex ratio. Bars topped with same letter are not significantly different by
Tukeys test (P>0.05).
Table 2. Life table statistics of B. arisanus at ambient temperature
of 22–24 ◦ C and 60–70% r.h.
Demographic parameter

Calculation

Value

Gross reproductive rate, Mx
Net reproductive rate, R0
Mean generation time, T
Intrinsic rate of increase, r
Finite rate of increase, lambda
Doubling time, DT

6mx
6lx mx
6lx mx (X)/6lx mx
log R0 /T
er
ln 2/r

59.48
16.21
26.69
0.10
1.11
6.3

X, age of female parents at beginning of each interval.
mx , expected number of daughters that will be produced by a female still alive at age X (maternity).
lx , proportion of females that have survived to age X (‘age specific
survivorship’, l0 = 1.00).
R0 , number of daughters that replace an average female in 1 generation.
T, mean of the period during which daughters are produced.
r, number of new females per current female per day.

20 ± 2.8 days (range = 4–40 days), respectively. Fourteen percent of the males in the cohort had died just 3
days after emergence but none of the females. Within
3 weeks after emergence, only 34% of the males remained alive, compared with 50% of the females. Very
few males (9%) survived beyond 35 days.
Six life table parameters were recorded from lx and
mx values for B. arisanus females (Table 2). The net
reproductive rate, R0 , suggested that 16 daughters will
replace a female parent in 1 generation; thus, based on
the intrinsic rate of increase, r, a 10% increase in the
population is predicted each day; and, that B. arisanus
could double its population in ≈6 days.

The overlap in the emergence of B. arisanus and fruit
flies (from host eggs that escaped parasitization) necessitates the development of a procedure that could
segregate them to ensure clean cultures of parasitoids.
We used a holding container (4.4 × 8.9-cm diam) fitted with a screen cover that had a mesh size (1 mm2 )
wide enough to facilitate exit of parasitoids but not
fruit flies. Notwithstanding, smaller flies managed
to pass through the screen and contaminate our cultures occasionally. Normal-sized flies, on the other
hand, succumbed as they forced their way into the
screen mesh, partially sealing off exit holes for parasitoids. This technique may not be flawless but could
be useful in small scale rearing of B. arisanus. Nevertheless, from the standpoint of mass production,
segregation of parasitoids from fruit flies, preferably
before adult eclosion, would be ideal in order to eliminate problems associated with sorting large number of
parasitoids.
We determined that providing a female parasitoid
with >20 fruit fly eggs for oviposition did not necessarily result in a dramatic increase in the mean number
of parasitized eggs. Either the increment of parasitization was marginal or the plateau (at host clutch size
of 100 eggs) was accompanied by a decrease in the
level of host parasitization. The plateau may have indicated that oviposition by the female parasitoids had
passed its optimum level. This behavior is typical of
a Type I functional response where the interval between the time a female parasitoid first lays eggs and
a search is again resumed becomes limiting (Holling,
1959). Apparently, it is not economically advantageous to provide B. arisanus with more hosts than
necessary (Lawrence et al., 1978). Moreover, this finding is in concurrence with an earlier observation that a
host clutch size to female parasitoid ratio of 20:1 is
sufficient to optimize yield of parasitoids (Harris &
Bautista, 1996) and compensate for the egg killing
effect caused by B. arisanus oviposition (Newell &
Rathburn, 1951).
We expected a higher incidence of superparasitized
hosts when a clutch size of 25 fruit fly eggs was exposed to 5 parasitoid females for 24 h. Not only were
very few hosts available for oviposition but also the
exposure time to parasitoids was longer. Moreover,
despite using potentially fecund females (15–16 days
old post eclosion), <1 out of 100 eggs dissected (total
of 4 replications) contained more than 1 parasitoid egg
(range = 0–0.1). This finding may have indicated that
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female B. arisanus was able to discriminate unparasitized from previously parasitized hosts (Ramadan et
al., 1992; Lawrence et al., 1978). Thus, superparasitism, as a host mortality factor, may not be critical
nor a constraint in the production of B. arisanus. Although superparasitism is more prevalent in the field
where fruit fly eggs are patchy in distribution (Kaya &
Nishida, 1968), this phenomenon is less common in
the laboratory because gravid female parasitoids are
provided with an ample supply of host eggs.
Initial productivity by B. arisanus was already
apparent as early as maternal ages 1–5 days post eclosion. Considering that newly emerged females had
a ready complement of matured eggs for oviposition (Ramadan et al., 1992), it is not surprising for
some females to parasitize the hosts within 24 h after
emergence. On the other hand, female productivity,
which diminished considerably 3 weeks after emergence, was 2–3 times higher than those reported for
wild B. arisanus (Ramadan et al., 1994) when comparison was based on mean live progeny produced per
female per day. The discrepancy in fertility of female
B. arisanus observed between these tests could be attributed to different sources of parasitoids assayed.
We used parasitoids that had been colonized in the
laboratory for some 150 generations thus, laboratoryadapted while those used by Ramadan et al. (1994)
were bred in captivity for only three generations. Thus,
the rearing pressures exerted by the ‘new’ environment (laboratory conditions) on the latter parasitoids
may have resulted in lower fertility of reproducing females (Kajita, 1973; Raulston, 1975). Nevertheless,
we likewise observed that the progeny sex ratio of
laboratory-colonized B. arisanus was 40–70% females
>2 weeks after female emergence indicating fertilization of parasitoid eggs as a result of successful mating
between sexes. Our finding that female B. arisanus
became less productive 3 weeks after emergence concurred with that reported by Ramadan et al. (1992;
1994) and should provide a basis to discard females
older than 20 days for egging. Moreover, a dramatic
shift in the progeny sex ratio toward males indicated
that egging of female parasitoids should be done during early reproductive period to increase the likelihood
of obtaining a sizeable complement of females in the
progeny.
Considering that no demographic information is
available on B. arisanus, the parameters we presented
may be useful in facilitating efficient insectary propagation of this parasitoid. Nevertheless, further adjustments or refinements in the rearing procedures of

the parasitoid should improve the productivity of the
reproducing broods.

Acknowledgements
We are indebted to Sabina F. Swift (Bishop Museum,
Honolulu), Donald O. McInnis (ARS, Honolulu) and
Roger I. Vargas (ARS, Hilo) for review of an early
version of the manuscript; Clifford Y. L. Lee, Fukun
Wang, Xiao Mao and George P. Halinowski (ARS,
Honolulu) for technical assistance and support during
the conduct of this research; and the insect rearing unit
(ARS, Honolulu) for providing the test insects. Financial support from the Florida Department of Citrus is
gratefully acknowledged.

References
Back, E. A. & C. E. Pemberton, 1918. The Mediterranean fruit fly in
Hawaii. U.S. Department of Agriculture Technical Bulletin No.
536.
Bautista, R. C. & E. J. Harris, 1997. Effects of multiparasitism on
the parasitization behavior and progeny development of oriental fruit fly parasitoids (Hymenoptera: Braconidae). Journal of
Economic Entomology 90: 757–764.
Bess, H. A., 1953. Status of Ceratitis capitata in Hawaii following
introduction of Dacus dorsalis and its parasites. Proceedings of
the Hawaiian Entomological Society 15: 221–223.
Bess, H. A., R. van den Bosch & F. H. Haramoto, 1961. Fruit fly parasites and their activities in Hawaii. Proceedings of the Hawaiian
Entomological Society 17: 367–378.
Birch, L. C., 1948. The intrinsic rate of natural increase in an insect
population. Journal of Animal Ecology 17: 15–26.
van den Bosch, R. & F. H. Haramoto, 1951. Opius oophilus Fullaway, an egg-larval parasite of the oriental fruit fly discovered in
Hawaii. Proceedings of the Hawaiian Entomological Society 14:
251–255.
van den Bosch, R. & F. H. Haramoto, 1953. Competition among
parasites of oriental fruit fly. Proceedings of the Hawaiian Entomological Society 15: 201–206.
Chong, M., 1962. Production methods for fruit fly parasites. Proceedings of the Hawaiian Entomological Society 18: 61–63.
Deevey Jr., E. S., 1947. Life tables for natural population of animals.
Quarterly Review of Biology 22: 283–314.
Flanders, S. E., 1956. The mechanism of sex-ratio regulation in the
(parasitic) Hymenoptera. Insectes Sociaux 3: 325–334.
Haramoto, F. H., 1953. The biology of Opius oophilus Fullaway
(Braconidae: Hymenoptera). M.S. Thesis, University of Hawaii
at Manoa, Honolulu, Hawaii.
Harris, E. J., 1989. Pest status in Hawaiian islands and North Africa.
In: A. Robinson & G. Hooper (eds), World Crop Pests – Fruit
Flies, Their Biology, Natural Enemies and Control. Vol. 3A.
Elsevier, Amsterdam, The Netherlands, pp. 73–80.
Harris, E. J. & R. C. Bautista, 1996. Effects of fruit fly host, fruit
species, and host egg to female parasitoid ratio on the laboratory rearing of Biosteres arisanus. Entomologia Experimentalis
et Applicata 79: 187–194.

85
Harris, E. J. & R. J. Okamoto, 1991. A method for rearing Biosteres
arisanus (Hymenoptera: Braconidae) in the laboratory. Journal
of Economic Entomology 84: 417–422.
Harris, E. J., C. Ford-Livene & C. Y. L. Lee, 1988. Population
monitoring of tephritid fruit flies by stratified sampling on the
island of Oahu, Hawaii. In: S. Vijaysegaron & A. G. Ibrahim
(eds), Proceedings of the First International Symposium on Fruit
Flies in the Tropics. Published by the Malaysian Agricultural
Research and Development Institute, Kuala Lumpur, Malaysia,
pp. 342–352.
Harris, E. J., R. J. Okamoto, C.Y.L. Lee & T. Nishida, 1991.
Suitability of Dacus dorsalis and Ceratitis capitata (Diptera:
Tephritidae) as hosts of the parasitoid, Biosteres arisanus (Hymenoptera: Braconidae). Entomophaga 36: 425–430.
Holling, C. S., 1959. Some characteristics of simple types of
predation and parasitism. Canadian Entomologist 91: 385–398.
Kajita, H., 1973. Rearing of Apanteles chilonis Munakata on the rice
stemborer, Chilo suppressalis Walker, bred on a semi-synthetic
diet. Japan Journal of Applied Entomology and Zoology 17: 5–9.
Kaya, K. H. & T. Nishida, 1968. Superparasitism by Opius oophilus,
a parasite of the oriental fruit fly. Hawaii Agricultural Experiment Station, University of Hawaii Technical Bulletin No.
73.
Knipling, E. F., 1992. The basic principles of insect population
suppression and management. U.S. Department of Agriculture
Handbook No. 512.
Krebs, C. J., 1972. Ecology: the Experimental Analysis of Distribution and Abundance, 2nd ed. Harper and Row, New York.
Lawrence, P. O., P. D. Greany, J. L. Nation & R. M. Baranowski,
1978. Oviposition behavior of Biosteres longicaudatus, a parasite of the Caribbean fruit fly, Anastrepha suspensa. Annals of
the Entomological Society of America 71: 253–256.
Newell, L. M. & R. Rathburn, 1951. Evaluation of effectiveness of
natural enemies of fruit flies. University of Hawaii, Agricultural
Experiment Station, Entomology Department, Quarterly Report,
April–June 1951.

Nishida, T. & F. H. Haramoto, 1953. Immunity of Dacus cucurbitae to attack by certain parasites of Dacus dorsalis. Journal of
Economic Entomology 46: 61–64.
Ramadan, M. M., T.T.Y. Wong & J. W. Beardsley, 1992. Reproductive behavior of Biosteres arisanus (Sonan) (Hymenoptera:
Braconidae), an egg-larval parasitoid of the oriental fruit fly.
Biological Control 2: 28–34.
Ramadan, M. M., T.T.Y. Wong & D. O. McInnis, 1994. Reproductive biology of Biosteres arisanus (Sonan), an egg-larval
parasitoid of the oriental fruit fly. Biological Control 4: 93–100.
Raulston, J. R., 1975. Tobacco budworm: observations on the laboratory adaptation of a wild strain. Annals of the Entomological
Society of America 68: 139–142.
Tanaka, N., L. F. Steiner, K. Ohinata & R. J. Okamoto. 1969. Lowcost larval rearing medium for mass production of oriental and
Mediterranean fruit fly. Journal of Economic Entomology 62:
970–971.
Vargas, R. I., J. D. Stark, G. K. Uchida & M. A. Purcell, 1993. Opiine parasitoids (Hymenoptera: Braconidae) of oriental fruit fly
(Diptera: Tephritidae) on Kauai island, Hawaii: Islandwide relative abundance and parasitism rates in wild and orchard guava
habitats. Environmental Entomology 22: 246–253.
Wharton, R. A. & F. E. Gilstrap, 1983. Key to and status of opiinae
braconid (Hymenoptera) parasitoids used in biological control of
Ceratitis capitata and Dacus s.l. (Diptera: Tephritidae). Annals
of the Entomological Society of America 76: 721–742.
Wong, T.T.Y., N. Mochizuki & J. I. Nishimoto, 1984. Seasonal
abundance of parasitoids of the Mediterranean and oriental fruit
flies (Diptera: Tephritidae) in the Kula area of Maui, Hawaii.
Environmental Entomology 13: 140–145.
Wong, T.T.Y. & M. M. Ramadan, 1987. Parasitization of the
Mediterranean and oriental fruit flies (Diptera: Tephritidae) in
the Kula area of Maui, Hawaii. Journal of Economic Entomology
80: 77–80.

