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PREFACE

The oriental fruit fly, Bactrocera dorsalis (Hendel), is

one of four noxious tephritid pests (Diptera:Tephritidae) that

are known to occur in the Hawaiian Islands, as well as many

other tropical and subt.rop.icaL countries, infesting many

cultivated fruits and vegetables. The fly has a very wide

host range (>200 host plant species), is capable of colonizing

new areas and able to compete successfully with other species

of Tephritidae. The presence of ~ dorsalis in the Hawaiian

Islands since 1946 has prevented the expansion of fruit

industry and causes a continuous risk of infestation to the

mainland of America.

Control measures directed against ~ dorsalis include the

use of chemical insecticides (Le. Malathion bait sprays), the

use of attractants for male annihilation (i.e. methyl eugenol

plus insecticide), sterile insect technique [SIT], and the

release of millions of laboratory reared biological control

agents, as a biological insecticide, to suppress fly larval

populations (i.e. augmentatitive release programs).

Of these control methods, SIT and the augmentation of

parasitoids, by far, are the most environmentally compatible,

being relatively less hazardous than male annihilation and

malathion bait spray, and are the methods least objectionable

to the pUblic.

Potential biological control agents which are known to be

established in Hawaii and cause significant reduction in the



xx

populations of ~ dorsalis are several opiine endoparasitoids

(Hymenoptera: Braconidae: Opiinae), most of which were

introduced from Malaysia into Hawaii in 1947-48. The most

important of them are Biosteres arisanus (Sonan), Biosteres

vandenboschi (Fullaway), and Diachasmimorpha longicaudata

(Ashmead) • These three species are candidates for augmentative

release programs in Hawaii and in many other countries with

tephritid fruit fly problems.

For eradication purposes, SIT is most effective when the

fruit fly populations are declining. Low or declining

populations favor the achievement of a high overflooding ratio

(the ratio of sterile laboratory flies to the wild flies)

which is needed to bring the wild fly populations to

extinction after few generations of continuous releases.

Theoretically, suppression of wild populations can be achieved

by augmentative releases of one or more species of opiines.

However, evaluation of the potential use of parasitoids still

needs intensive studies on the biological interactions of the

parasitoid complex. Such studies will help determine their

impact on the target hosts, and facilitate their propagation

in millions in the insectary.

The first step in the implementation of a parasitoid

augmentative release system against ~ dorsalis involves the

development of new technology to mass-propagate these

important parasitoids and to optimize their reproductive

activities. The interactions and activities of the parasitoid
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complex depend on some elements of the reproductive strategy

of each parasitoid species. Understanding these parameters and

the variations between them may help to explain the

competitive capabilities of each parasitoid species. Resource

allocation, ovipositional patterns, distribution of sex, and

male contribution are among the essential elements that affect

the reproductive success of these parasitoids.

The activity of each parasitoid individual depends mainly

on resources available to each female from her own larval

stage (which influences potential fecundity) and from adult

feeding (which influences parasitoid survivorship). The

quality and quantity of these resources may be influenced by

the host species and the size of host larval instars at time

of oviposition. Variations in resource allocation are likely

to affect the reproductive fitness of the parasitoids.

Age of the parasitoid female and the host quality

(species; size) are two important factors known to influence

the reproductive resources reser/ed in the fat bodies which

contribute to the maturation of parasitoid eggs.

Knowledge of ovipositional rates and offspring sex ratios

are essential to understand the reproductive strategies of

parasitoids. Host specificity, daily ovipositional rates and

offspring sex ratios, and the interference between individual

parasitoids when reared in groups, may influence their

reproductive fitness.
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The role of the male contribution in the reproductive

strategy of opiines is very important because unmated females

do not contribute to the reproductive fitness of the following

generation. offspring sex ratio is highly influenced by the

mating status of the cohorts, as indicated by the predominance

of male offspring when females are not mated successfully

under laboratory conditions.

In spite of the abundance of information on fruit flies

and their control, relatively little effort has been devoted

to investigating parasitoid augmentation methods for ~

dorsalis. The urgent need of adequate information on the

bionomics of opiine parasitoids in preparation for

augmentative release programs has stimulated my interest to

conduct research on the reproductive activities of the three

important candidate parasitoid species.
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SUMMARY

The egg-larval parasitoid, Biosteres arisanus (Sonan)

[=BA] , the Malaysian fruit fly parasitoid, Biosteres

vandenboschi (Fullaway) [=BV] , and the longtailed fruit fly

parasitoid, Diachasmirnorpha longicaudata (Ashmead) [=DL], are

important endoparasitoids (Hymenoptera: Braconidae: opiinae)

for classical and augmentative biological control programs

directed against several tephritid pest species (Diptera:

Tephritidae) in many tropical and sUbtropical areas of the

world.

Basic biological parameters pertaining to their

reproductive strategies that are of vital importance in

establishing mass-production-facilities were investigated.

Host-deprived cohorts (in groups of 200 QQ) had an

overall mean longevity of 15.3, 28.6, and 22.8 days; and mean

longevity for daily ovipositing cohorts was 18.6, 23.7, and

13.1 days for BAr BV, and DL, respectively.

Four to 6 days after eclosion, ovarian maturation of

cohorts reared from the oriental fruit fly, Bactrocera

dorsalis (Hendel), peaked with a mean of 121,48.8, and 70.3

mature eggs per female of BA, BV, DL, respectively. Mature

eggs of the three species were resorbed as the females aged.

Mean progeny produced per female per day was 13.4, 5.5,

and, 12.6 parasitoids; and mean potential fecundity was 128.6,

65, and 108.4 eggs for BA, BV, and DL, respectively.



xxiv

Larger host larval instars of ~ dorsalis when exposed to

BV and DL produced femal~ offspring in a significantly higher

ratio than that of offspring produced from smaller size first

instar larvae. However, production of female offspring in BA

was highly dependant on the ratio of inseminated to

uninseminated females in the rearing cages, which was

influenced by the space provided for mating and day light.

with an exposure of 6 diurnal hours female insemination rates

were 77%, and 3% when mating occurred in 8.3 m3 and 0.02 m3

outdoor cages , respectively. Signi f icantly higher percentages

of BA female offspring were produced from cohorts mated

outdoors, in large cages, for 6 hours (overall mean = 23.4%

99) and 24 hours (overall mean = 52.8% 99) than female

offspring produced from cohorts mated indoors (overall mean =

0.1% 99).

During oviposition exposure periods of 24 hours, mean

progeny production per generation per cohort cage of 200

females of BA, BV, and, DL was 3401, 6836, and 6705 emerged

parasitoids, respectively. Females older than 21, 25, and 12

days of BA, BV, and DL respectively, should be discarded.

This study has resulted in the development of methods

which can insure the production of millions of these natural

enemies for suppression programs against tephritid fruit

flies.



Chapter 1

Reproductive strategy of Biosteres arisanus (Sonan)

(Hymenoptera: Braconidae), an Egg-Larval Parasitoid of

Bactrocera dorsalis (Diptera: Tephritidae)
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ABSTRACT

The egg-larval parasitoid Biosteres arisanus (Sonan) is

a candidate for classical and augmentative biological control

programs directed against 7 tephritid pest species in many

tropical and temperate areas of the world. Aspects of its

reproductive strategy were examined to facilitate its mass

production.

Mean longevity of host-deprived and ovipositing females

did not differ significantly, and averaged 15.3 and 18.6 days

respectively when reared in groups. However, isolated

ovipositing females lived an average of 21.4 days.

Ovarian maturation peaked on the 6th posteclosion day,

with an average of 121 mature eggs per female, and declined

thereafter as the females aged. An average of 15 eggs was

deposited per female per day, and mean reproductive fecundity

was 88 eggs (range 1-239). Mean potential fecundity was 133

eggs, which is about 1.8 fold higher than mean ovarian

maturation. When host clutch size increased from ~25 eggs to

~45 eggs/clutch, the parasitoid tripled its oviposition

activity/day. However, percentage parasitism remained <50%

and, as a result, superparasitism was minimized to <1%.

No oviposition preference was detected when Bactrocera

dorsalis (Hendel) and ceratitis capitata (Wiedemann) eggs were

exposed to parasitoids, and a proportion of parasitoid progeny

(1.5% parasitism) were able to develop to adulthood in larvae

of Bactrocera cucurbitae (Coquillet).
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Space provided for mating and light intensity each had a

significant influence on mating rates. with an exposure

period of 6 diurnal hours female insemination rates were 77%

and 3% when mating occurred in 8.3 m3 and 0.02 m3 outdoor

cages, respectively. Parasitoid progeny were exclusively

males when cohorts mated indoors, even if the insectary was

air conditioned. Increasing mating rates significantly

increased female oviposition activity.

KEY WORDS : Insecta,

Bactrocera

Biology

Biosteres arisanus (Sonan),

dorsalis (Hendel), Reproductive
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INTRODUCTION

The opiine parasitoid Biosteres arisanus (Sonan) (= opius

oophilus (Fullaway) was first recognized in Hawaii in 1949

(van den Bosch and Haramoto 1951) as a distinct species,

probably introduced from Malaysia with other Opiinae

parasitoids and is believed to have been released

[misidentified as opius persulcatus Silvestri] to combat the

oriental fruit fly Bactrocera (=Dacus) dorsalis (Hendel)

(Fullaway 1951).

It is the only egg-larval parasitoid known in the

opiinae, attacking the host eggs and emerging from puparia

(Fischer 1971), and it can develop successfully in at least 7

different tephritid pest species (Wharton and Gilstrap 1983).

Since the establishment of this parasitoid in the

Hawaiian Islands, populations of !h. dorsalis as well as

Ceratitis capitata (Wiedemann) have been greatly suppressed

(van den Bosch et al 1951, Bess and Haramoto 1961, Bess et al.

1961, Newell and Haramoto 1968, Haramoto and Bess 1970). The

parasitoid was subsequently found to oviposit in eggs of

Bactrocera (=Dacus) cucurbitae (coquillet) although it

apparently cannot develop to the adult stage in such hosts

without the presence of the primary parasitoid Psyttalia

(=opius) fletcheri (Silvestri) in the same host (Nishida

1955).

Since 1950 !h. arisanus has maintained its dominance over

other opiinae larval parasitoids due to its efficient
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oviposition behavior that enables the females to locate and

parasitize a great portion of host eggs close to the surface

of fruit, before host larvae hatch and penetrate deep into the

fruit pulp. By the year 1950, !h.. arisanus also dominated such

parasitoids of the Mediterranean fruit fly, Ceratitis capitata

(Wiedemann), as Diachasmimorpha (=Biosteresl tryoni (Cameron) ,

which haa long been established in Hawaii as a primary larval

parasitoid of ~ capitata (Bess et al. 1961). Furthermore,!h..

arisanus prevented the development of all other larval

parasitoids if they occurred in the same host (Haramoto 1953

a, van den Bosch and Haramoto 1953, Bess and Haramoto 1961).

Up to the present this parasitoid has been the dominant opiine

in tropical and temperate zones of Hawaii (Wong et al. 1984,

Harris and Lee 1986, Wong and Ramadan 1987).

Attempts made to duplicate these results in many

countries with tephritid problems have been unsuccessful

(Clausen 1978) and the failures were mainly attributed to the

small numbers of cohorts used for colonization, and the

unsuitability of target hosts (Clausen 1956).

The rationale for new environmentally benign methods to

combat wild populations of tephritid fruit flies have made !h..

arisanus an important candidate for augmentative release and

classical biological control programs (Knipling 1979).

Augmentative programs require that the parasitoid be produced

in the insectary in millions for field releases. However,

many obstacles were encountered during earlier mass rearing
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attempts, owing to the lack of detailed information on

reproductive strategy of this parasitoid. In this paper I

discuss some aspects of its reproductive biology that I

believe can be exploited to facilitate its mass production in

the insectary so that it can be effectively utilized as a

suppressive factor against tephritid pests. My experiments

have dealt with the following components of reproductive

strategy of laboratory reared cohorts ~ arisanus: 1)

survivorship patterns of host deprived and ovipositing

females; 2) pattern of ovarian maturation; 3) reproductive

attributes of individually reared females; 4) host preference,

suitability, and superparasitism; 5) factors that influence

mating indexes and sex ratio.
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MATERIALS AND METHODS

General Procedure. Initial parasitoid cohorts were

obtained from field collected fruits, mostly peaches and

loguats, from Maui and Oahu in 1985. To obtain the number of

parasitoids needed to begin the experiments, parasitoids were

reared on ~ dorsalis host eggs for about 4 generations before

experiments began. Cohorts were fed creamy texture honey and

were maintained at 26.6 Co, ~ 60% RH, and 10:14 LD

photoperiod. Host eggs (~4 hour-old) were exposed to

parasitoids for 24 hours in oviposition units made from half

ripe papaya strips (5 cm diam , 1 cm ht) with 10-15 punctures

(2 rom diam , 2 rom deep, each) filled with clutches of host

eggs (100-200 eggs/clutch), which were introduced to punctures

with a soft camel's hair brush. The units were introduced to

parasitoid cohorts in screen cages (26 x 26 x 26 cm) each

containing 100-200 mated females. After oviposition I the

papaya strips were placed over fresh larval medium (Tanaka et

al. 196~) in plastic cups (450 ml) with screened tops. Mature

larvae were allowed to vacate the cups in larger containers

with pupation medium (50% vermiculite - 50% sand). Upon

parasitoid emergence (~15-18 days after oviposition) males

were held in separate cages for 5 days before being allowed to

mate in outdoor cages I as suggested by Hagen (1953 b) and

Haramoto (1953 a,b).

survivorship Rates. Female survivorship patterns of two

categories of laboratory reared !h arisanus were examined: 1)
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host deprived unmated females (5 replicates of ~200 females

each), and 2) ovipositing females, provided with daily hosts

starting on the 5th day after emergence (5 replicates of ~200

females each). The latter ovipositing females were allowed to

mate outdoors before the test. Dead females of each category

were recorded once a day. Survivorship data were analyzed

using life table and survival function test (SAS Institute

1985) This test describes the analysis of data with

censored observations (= number of parasitoid still alive at

end of test period), and estimated periods at which 75% , 50%

(= median survival) , and 25% of the sUbjects are still alive.

Patterns of ovarian Maturation. Fifteen females of ~

arisanus were dissected in saline solution every other day,

(starting from first eclosion day) to determine rates of

ovarian development by counting number of mature eggs in both

ovaries. ovarian reniform eggs (van den Bosch and Haramoto

1951) in the lower portions of ovarioles , oviducts , and

calyx were considered as mature eggs • Those attached to

nurse cells (immature eggs) or eggs with content dissolution

(resorbed eggs) were not counted as viable mature eggs. One

generation of ~ arisanus requires about one month .,
therefore, we did not study ovarian maturation beyond 30 days

of age •

Realized Fecundity. Individual females of newly emerged

laboratory ~ arisanus were kept in transparent plastic cages

(9 cm diam , 13 cm h), and provided with creamy texture honey
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on screened cage tops. The cage was fitted over a covered

plastic water cup (9 cm diam ,Scm h) with a cotton wick

which protruded into the cage , as a source of water. One

male (2-3 day-old) was confined with each female. oviposition

rates were determined daily by allowing the cohorts to

oviposit in papaya strips (2 x 2 x 1 cm) with 2 oviposition

punctures (~94 ~ dorsalis eggs/puncture) . The laboratory

was illuminated during oviposition periods .

Females that oviposited at least 1 egg in a lifetime were

considered in this data , and nonovipositing females were

excluded. Daily oviposition rates of 37 cohort replicates

were obtained for the analysis. Because of the reported

mortality of parasitized hosts (Newell and Haramoto 1968) , I

assessed daily fecundity by 2 methods: 1) all host eggs were

removed from the papaya unit , and the number of parasitoid

eggs deposited was determined by dissection (n=18 individual

females); 2) papaya units were placed on fresh larval medium

in (500 ml) plastic cups for host development , then daily

eclosed parasitoid-progeny were recorded after 30 days

following oviposition (n=19 individual females) (for details

see Ramadan et ale 1989 a,b). Values of 10 parameters of

reproductive attributes (list in Table 1.1) were analyzed

using student's t-test (SAS institute , 1985) •

Host Preference, Suitability, and Superparasitism. Papaya

oviposition units each with one puncture filled with ~

dorsalis eggs and one with ~ capitata eggs, were exposed to
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individual females for 24-hours. Two host egg clutch sizes

(~20 and ~50 freshly deposited eggs) of each species were

tested. Only units in which host eggs were parasitized by !L..

arisanus were considered in the analysis •

Parasitization was determined by dissection of host eggs.

The experiment was replicated nine to eleven times for each

host species and clutch size. Data on percentages of eggs

parasitized were transformed , using arcsine Vproportion,

before analysis. Data of host eggs containing more than one

parasitoid egg were compiled to determine rates of

superparasitism by individually isolated females of !L..

arisanus. Working with small samples , Nishida and Haramoto

(1953) reported that !L.. arisanus is unable to develop in Dacus

cucurbitae larvae without the presence of the larval

parasitoid opius fletcheri in the same larva. The validity

of their observations was tested in my laboratory reared

parasitoids and hosts. Melon fly eggs (~4-hour-old) were

exposed to a group of mated !L.. arisanus cohorts to determine

their suitability as hosts in the absence of ~ fletcheri .

Mating Indexes and Offspring Sex Ratio. The use of

outdoor cages containing ~5-day-old males and females of !L..

arisanus has been suggested for rearing this parasitoid (Hagen

1953 b ; Haramoto 1953 a,b). However, I found that cohorts of

this species enclosed in air conditioned indoor or outdoor

small (26 x 26 x 26 cm) cages produced insufficient female

offspring (range 0 - ~30 ; average <1 %99) Therefore, we
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tested the effect of cage size and rearing condition (indoor

versus outdoor) on mating indexes and offspring sex ratio.

Mating rates were determined in 4 different cage sizes that

were placed outdoor on sunny , calm , warm days. Cages 1 to

3 were screened-wooden cages that measured (0 . 26 x O. 26 x o. 26

m, = 0.02 m3
) , (0.49 x 0.28 x 0.26 m ,= 0.04 m3 ) , and (0.6 x

0.4 x 0.4 m , = 0.1 m3 ) respectively. Cage 4 was a screened

tent (8.3 m3 ) Equal numbers of males (6-10 days-old) and

females (4-6 days-old) of ~ arisanus were confined in the

test cages, and mating was allowed for 6 hours (from 10:00 AM

to 4:00 PM) Experiments with every cage size were

replicated 4-5 times. Fifty parasitoid pairs were used in

each replicate of cages 1 , 2 and 3 ; and 250 pairs for cage

4 . After the prescribed mating period, female samples (25

female/cage and 50 female/tent) were dissected in Yeager's

solution to determine their mating status from the presence or

absence of sperm in spermathecal capsules .

To determine the effect of mating rates on oviposition

activity and female offspring , cohorts of three categories

were tested 1) Pairs confined indoors only (fluorescent

lighted insectary) ,in 0.02 m3 cage for >24 hours; 2) Pairs

confined in an outdoor tent (8.3 m3 ) , for 6-daytime-hours ,

and 3) for 24-hours. After the mating periods, cohorts of 200

females/cage of each category above were exposed daily to host

eggs (~ dorsalis , ~4-hours-old) • Parasitoid sex ratios (%

99) were recorded at different cohort age-intervals •



12

Data were subjected to analysis of variance and means

were separated by Duncan's multiple range test or t-test at

the £ =0.05 level (SAS Institute, 1985). Percentage data were

transformed by arcsine vproportions before analysis, but

untransformed means are reported. Voucher specimens of !h.

arisanus have been deposited in the insect research

collection, Department of Entomology, University of Hawaii at

Manoa, Honolulu, Hawaii.
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RESULTS

survivorship Rates. Survivorship patterns of host

deprived and ovipositing females of ~ arisanus are presented

in Figure 1.1. Host deprived cohorts: 996 parasitoids and

no censored observations , had a mean longevity (± SEM) of

15.3 ± 0.2 days and 16 days median longevity. ovipositing

females: 1131 parasitoids and 1.2% censored observations,

had a mean longevity of 18.6 ± 0.2 days and 17 days median

longevity However differences between the two mean

longevities were not significant (t = 0.13 ; df = 8 • p, -

>0.05) . The first quantile (25% of the wasps) died by age 10

and 13 days , and third quantile (75% of the wasps) died

before reaching age 20 and 25 days in deprived and ovipositing

females respectively Very few individuals in either

category (1.3-1.6%) survived beyond 40 days.

ovarian Maturation. As in other synovegenic species of

opiine (Ramadan et al. 1989 a), ~ arisanus started oogenesis

in the pharate adult stage. Ovaries of newly emerged females

, ~ 12-hour-old, had a mean of 40.4 ± 4.1 mature viable eggs

(Fig. 1.2) which constituted about one-third of maximum

ovarian maturation , and was significantly the smallest value

(F = 22.8 ; df = 15,224 ; ~ <0.05) of any age group of host

deprived females. Four to six days after eclosion ovarian

maturation peaked, with a mean of 121.1 ± 5.5 mature eggs on

the 6th day. Thereafter, egg maturation declined gradually

as the female cohorts aged The overall mean of 240
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observations was 72.8 ± 1.9 mature eggs in both ovaries (the

largest value was 149 eggs) • Mean ovarian maturation of ~

arisanus was significantly the highest (£ <0.05 ; ANOVA) among

all tested opiinae (s-species) known to be established in

Hawaii (Ramadan, unpublished data) •

Castration of ovarioles (Flanders 1942 , Ramadan et ale

1989 a) was observed in 3 occasions of late age intervals

where one ovary (15-38 mature eggs) developed at the expense

of the other (0-3 mature eggs) . Mean egg maturation of (6

day-old) ~ arisanus eclosed from ~ capitata hosts was 101.8

± 9.4 eggs (range 67-127 ; n=6).

Realized Fecundity. A summary of reproductive attributes

of individual cohorts of ~ arisanus is presented in Table

1.1. Values of OVP/DAY , determined by dissection , were

slightly higher, but not significantly different (t = 1.39 ;

df = 34 ; £ >0.05) , than values determined by rearing (16.5

vs 13.4 eggs) . Also, no significant differences were observed

in the values of other reproductive parameters ; therefore ,

data from the two methods were pooled. Mean longevity of

females reared individually was 21. 4 days I about 3 days

longer than longevity of females reared in groups.

Not all the females started oviposition at the same age.

Some started as early as the first posteclosion day , some

refrained from oviposition for 12 days I while others (~ 21 %

of the cohorts) did not lay a single egg all their life ,
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despite the provision of adult food and hosts. The mean OVPI

was 3.9 days after eclosion •

ovipositing females appeared to regulate OVP/DAY even if

ovaries were filled with eggs. The average OVP/DAY was 15

eggs (range 1-27.8 ; median 16.4 egg/day) • Mean reproductive

fecundity was z 88 eggs/female (range 1-239 ; median 72.5

eggs) • When OVEGGS (undeposited mature eggs in ovaries upon

death of female) were added to the realized fecundity (=RFEC),

the estimated mean potential fecundity was about 133

eggs/female (range 48-249 ; median = 120.5). The mean value

of potential fecundity (=PFEC) of ovipositing females was much

higher (1.8 fold) than mean PFEC of host deprived females

(Fig. 1. 2) This indicates that ovigenesis was greatly

enhanced in ovipositing females , or that the oosorption

processes were minimized (Flanders 1942), or both.

oviposition Preference, Superparasitism, and Host

suitability. Table 1. 2 summarizes data on the oviposition

rates of individual cohorts of ~ arisanus in two host batch

sizes of 1h. dorsalis and ~ capitata Percentages of

parasitism in the two host species were not significantly

different (t = 0.347 ; df = 19 ; £ >0.05) , in both host batch

sizes indicating that 1h. arisanus had no oviposition

preference in these two host species. No landing preference

was observed either. Females which landed on oviposition

units and were attracted to one host puncture for oviposition

, were sometimes observed to depart the unit and return to
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resume oviposition in the other host puncture , without any

noticeable preference.

Female ~ arisanus, however, were able to significantly

increase oviposition activity when provided with larger

batches of host eggs. Number of eggs deposited increased

significantly (t = 6.731 ; df = 21.4 ; £ = 0.0001) up to 2.9

fold , when host batch size increased from ~25 to ~45 eggs.

However percentage of parasitism remained significantly

unchanged (t = 2.0108 ; df = 38 ; £ >0.05) and was always less

than 50% of the hosts that were encountered , a strategy that

may lower the rate of superparasitism •

Out of 1111 parasitoid eggs deposited by individual

females (n=57 99) ; mean host batch size = 57.6 ; %parasitism

= 38.5) , only 8 host eggs contained 2 parasitoid eggs. This

low rate of superparasitism (0.72%) in the laboratory,

indicates that female 1h. arisanus may be able to discriminate

between parasitized and unparasitized hosts.

When eggs of 1h. cucurbitae were exposed to ~ arisanus in

the laboratory some parasitoid offspring successfully emerged

but development was unusually slow (~25 days after

oviposition) . Exposed melon fly eggs produced 3336 host

puparia from which 48 parasitoid males and females eclosed.

This is a mean of 1.55 ± 1.3% parasitism. There were 2.49%

uneclosed puparia I and 95.96% of the puparia eclosed to

normal adults ~ cucurbitae •



17

Mating Indexes and Offspring Sex Ratio. Data on mating

success in relation to cage size are presented in Figure 1.3.

Percentages of inseminated females increased significantly (F

= 17.82 ; df = 3,15 ; £ <0.05) as the space allowed for mating

increased. Highest mating rates were obtained when males and

females were released in an outdoor tent (8.3 m3
) , where an

average of 77.4 ± 4.3% (5 replicates; range 65-92%) of the

females were inseminated within 6 hours, compared with 3.0 ±

3.0% (4 replicates; range 0-12%), in small cages (0.02 m3
) •

Females enclosed with males in indoor cages usually did

not mate at all (36-pair-replicates in z 900 ml transparent

cups) , or occasionally , a few mated when reared in groups.

As a consequence, the offspring were exclusively males (Fig.

1. 4) . The lowest parasitoid sex ratios (% females) were

obtained from the indoor cages, although males were left in

these cuges for ~week. The grand mean in all age intervals

was 0.1% female offspring, out of 1762 eclosed parasitoids in

these tests. Both cage size and outdoor light had significant

effects on the mating rate percentages and the sex ratio of

parasitoid offspring (£ <0.05 ; ANOVA). The overall mean of

female offspring were 23.4 ± 3.5% out of 2312 parasitoids ,

and 52.8 ± 2.6% out of 3956 parasitoids , when cohorts mated

in outdoor tents for 6 and 24 hours respectively. As the

cohort females aged females offspring decreased to

significantly lower rates (£ <0.05 ; ANOVA). Field sex ratios
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ranged from 58-60% female offspring (van den Bosch and

Haramoto 1951 , Haramoto 1953 b).

oviposition activity was also found to be affected by

mating rates. Cohorts with lower mating indexes [i.e., those

mated in indoor cages] had significantly lower (F = 3.5 ; df

= 2,61 ., £ = 0.0365) oviposition activity Progeny

production per oviposition unit per day was 172.0 ± 35.7 ,

128.4 ± 24.0 , and 76.6 ± 13.5 for cohorts mating outdoors 24

hours, outdoor 6 hours, and indoors, respectively •



Table 1.1. Reproductive attributes of individual females of Biosteres arisanus (Sonan) reared on
Bactrocera dorsalis hosts

.. - ... -.-- .

. code.·····

L

OVPl

POSTD

PEAKD

PEAKOVP

RFEC

OVEGGS

PFEC

OVP/DAY

····description

longevity

age of first oviposition

post oviposition period

age of peak oviposition

peak oviposition

reproductive fecundity

mature ovarian eggs at death

potential fecundity

oviposition per day :
* determined by dissection
* determined by rearing

N

35

30

29

30

36

36

26

26

18
18

Mea.n±SEM

21.4 ± 2.1

3.9 ± 0.5

3.6 ± 1.0

6.4 ± 0.8

28.7 ± 2.6

88.4 ± 11.3

48.3 ± 6.9

133.4 ± 12.8

16.5 ± 1.3
13.4 ± 1.8

day

day

day

day

highest number of eggs/day

total eggs deposited

number ovarian eggs

RFEC + OVEGGS

eggs deposited/day
adults eclosed/day

(t = 1.39 i df = 34 i R = 0.174)

* overall mean 36 14.9 ± 1.1

I-'
\0



Table 1.2. OViposition rates of Biosteres arisanus (Sonan) in two host egg batch sizes of Ceratitis

( host batch size s25 eggs )

Ceratitis capitata

Bactrocera dorsalis

10

11

20.6 ± 0.3

19.9 ± 0.5

8.8 ± 1.2

9.0 ± 1.0

42.3

44.8

40.4 ± 3.2

41.8 ± 2.7

Student's t b

df = 19
t = 1.099 ; N.S. t = 0.132 ; N.S. t = 0.347 ; N.S.

( host batch size ~45 eggs )

Ceratitis capitata 10 50.7 ± 3.5 29.8 ± 3.7 57.9 49.8 ± 2.8

Bactrocera dorsalis 9 44.1 ± 2.2 21.2 ± 2.3 47.7 43.6 ± 2.3

Student's t t = 0.142 ; N.S. t = 1.923 ; N.S. t = 1.678 ; N.S.
df = 17

~rcentage data transformed by arcsine 'proportion before analysis.

~.S. = not significantly different ; ~ >0.05 ; Student's t (SAS Institute, 1985) .

f\J
o
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Figure 1.1. Survivorship patterns of host deprived (n=S ; =200
~~ each) and ovipositing females (n=S ; =200 ~~ each) of laboratory
reared Biosteres arisanus (Sonan) •
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Figure 1.2. Pattern of ovarian maturation of Biosteres arisanus
(Sonan) reared in the laboratory on hosts of Bactrocera dorsalis (Hendel).
Each data point is a mean of 15 replicates. Lines at the data points
indicate ± standard error of means.
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Figure 1.3. Influence of space provided for mating on mating rates
of Biosteres arisanus (Sonan). Mean percentages of inseminated

females (on top of bars) followed by the same letter are not significantly
different (£ <0.05 ; Duncan's multiple range test [SAS Institute, 1985]).
Vertical lines indicate ± standard errors of means.
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Figure 1.4. Influence of maternal age intervals and mating
conditions (indoor versus outdoor) on the progeny sex ratio (% ~~) of
Biosteres arisanus (Sonan). For each age interval bars topped by the
same letter are not significantly different (~<0.05 ; Duncan's multiple
range test [SAS Institute, 1985]). Vertical lines indicate ± standard
errors of means.
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DISCUSSION

Longevity of hymenopterous parasitoids may be related to

sex (Hooker et al. 1987) , size (Charnov et al. 1981) , mating

status of adults (Ramadan et al. 1989 a) and/or their

oviposition activity (Greany et al. 1976) Host deprived

cohorts were expected to live longer than ovipositing ones ,

but their unmated status and their dispersal activity when

reared in groups may be reasons for their reduced longevity .

Resorbing and recycling of reproductive materials

(Flanders 1942) does not seem to improve survival of host

deprived cohorts , and it is possible that the female !h.

arisanus depends mainly on external sources of adult nutrition

for survival. Newly emerged females fed on scale insect

honeydew or honey and water lived about 28 days , but died

after 12 hours without the provision of additional food

(Haramoto 1953b) An average of 48 mature eggs in the

ovaries of dead females indicates that females could not use

them to extend longevity , and that longevity and ovigenesis

are functions of physiological processes needed to recycle

reproductive materials •

Commencement of oviposition may stimulate ovigenesis and

decrease oosorption rates. Peak oviposition coincided with

peak ovarian maturation; therefore, the breeding and shipping

of !h. arisanus should not be delayed beyond that age in order

to maximize efficiency in the field •
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Potential fecundity as determined in this research was

much less than that estimated in 1953 (Haramoto, 1953 a,b) .

However , none of my cohorts were mated , although males were

available Mating status had a profound effect on

oviposition activity of ~ arisanus In general

reproductive fitness of cohorts (number of progeny per female

cohort) was doubled by mating Unmated females were

reluctant to oviposit , especially in isolated cohorts , which

spent 3/4 of their life span as preoviposition and

nonovipostion periods. Therefore, the higher fecundity

rates of ~ arisanus in 1953 (Haramoto 1953 a,b) might have

been a result of female mating status , although Haramoto did

not indicate the mating status of his cohorts (5 replicates).

Or , it may have been due to host larval medium. Ovigenesis

of opiine apparently depends in part, on nutrients

accumulated in the larval stage by feeding on the host f

rather than exclusively by adult feeding (Hagen 1953 a)

Fecundity of the related parasitoid Diachasmimorpha tryoni

(Cameron) , eclosed from hosts reared on larval diet (Tanaka

1969) , was significantly lower than the fecundity of wild

cohorts (Ramadan et ale 1989 a) . Therefore, my estimates of

the reproductive characteristics of !h arisanus might be

altered by changing host quality .

Reports on field parasitism of !h dorsalis and ~

capitata indicated that !h arisanus can develop successfully

in both host species. However, in the laboratory, yield of
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parasitoids emerging from medfly puparia was very poor

compared with yields eclosed from oriental fruit fly puparia

, and on many occasions medfly puparia produced no parasitoids

(Ramadan, unreported data). The reason is not clear, but my

results demonstrated that ~ arisanus had no preference for

oviposition between the two host species. Haramoto (1953 a)

demonstrated that ~ arisanus was unable to distinguish

between infertile or dead eggs and fertile ones. Furthermore

, ~ arisanus would also parasitize eggs of ~ cucurbitae but

cannot develop successfully to the adult stage without the

presence of ~ fletcheri larva in the same host (Nishida and

Haramoto 1953 Nishida 1955 Bess et ale 1961) My

research has shown that conclusion is not entirely correct ,

and that a proportion of ~ arisanus can overcome the

resistance of melon fly without the presence of other

parasitoids .

Although some female opiine can discriminate between

previously parasitized and unparasitized hosts (Lawrence et

ale 1978), superparasitism is common, especially in the field

(Kaya 1968). However, females distributed eggs non-randomly.

In the laboratory superparasitism was minimized when females

were reared individually but occasionally up to 3 parasitoid

eggs were dissected from a single host egg (van den Bosch and

Haramoto 1951) •

Reduced mating in the laboratory resulted in reduced

productivity in mass production of ~ arisanus and
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experiments to solve this problem indicated that a period of

about 5 days elapsed before males become sexually mature

(Hagen 1953 b). However, Haramoto (1953 b) reported that

males of ~1 day-old !h. arisanus were able to inseminate

females. I also found that some of the males were able to

copulate at a young age «2 days), especially when confined in

outdoor cages. Therefore I investigated the effect of

laboratory and outdoor lighting, and of the space provided for

mating . Obliteration of the supposed stimulus resulting from

the sweet odor produced by Hagen's glands (Hagen 1953 b,

Buckingham 1968) may not be an important factor in mating

since the odor was found to emanate from both sexes , and

apparently had a defensive function (Williams et ale 1988).

Additional functions of these secretions related to mating and

courtship need to be demonstrated experimentally (Williams et

al. 1988) Even though an adequate number of female

offspring were obtained from cohorts mated for 6 hours,

probably an indoor medium-size cage (0.1 m3) facing an outdoor

source of light (for >24 h) would be advantageous for easier

handling of cohorts , and for optimum mating rates .

Finally, I conclude that the effective reproductive

attributes and host range of the females , in addition to the

male contribution of effectively inseminating a high

proportion of females contribute to the success of !h.

arisanus in Hawaii Furthermore I believe that the

effectiveness of this parasitoid is not limited to Hawaii ,
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and probably its utilization in classical biological control

programs can aid in the suppression of various tephritid pest

species in many other countries •
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Chapter 2

Mass Rsarinq Biology of Biosteres arisanus (Sonan)

(Hymenoptera:Braconidae:opiinae), an Eqq Larval Parasitoid

of Bactrocera dorsalis (Hendel) (Diptera:Tephritidae)
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ABSTRACT

Biosteres arisanus (Sonan) is an internal egg-larval

parasitoid candidate for biological control programs directed

against several fruit fly pests of family Tephritidae. To

facilitate development of mass production methods for the

insectary, basic biological data pertaining to its

reproductive activity were determined. Daily progeny

production of the cohort-age interval of 6-20 days was found

to be optimum, and a cohort discard age of 21 days is

recommended. The overall (mean ±SEM) reproductive output per

day (105.4 ± 23.2 parasitoids) was doubled when cohorts were

increased from 50 99 to 100 99/cage. In cohort cages of 200

99, mean progeny production/day peaked at 279.1 ± 43.8

parasitoids at age interval 6-10 days. Mean progeny yield/cage

was 1309, 2433, 3401 parasitoids when initial cohort density

was 50 99, 100 99, and 200 99, respectively. An oviposition

exposure period of 6-hours was optimum.

Unparasitized host puparia of Bactrocera dorsalis from

parasitoid exposure cages can be efficiently separated by the

size of host puparia. Up to 99.5 % of the total ~ arisanus

eclosed from pupal size class 1 (maximum width = 1.7 rom,

maximum length = 4.1 rom) to size-class 4 (maximum width = 2.1

rom, maximum length = 4.9 rom). Most of the unparasitized adult

flies (80.6 %) eclosed from pupal sizes larger than size-class

4. Furthermore, 97.6 % of the parasitoids that eclosed from

size-class 1 were males. Percentages of male parasitoid
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progeny declined significantly (£. <0.05; ANOVA) as the host

puparial size increased (~ 3% dd emerged from class 4 and 5

puparia).

KEY WORDS Insecta, Biosteres arisanus

Bactrocera dorsalis (Hendel),

progeny production, sex ratio,

periods, host puparia size.

(Sonan) ,

parasitoid

exposure
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INTRODUCTION

An increasingly large segment of the public has become

concerned about the health impacts of aerial spraying of

insecticide baits as an eradication method for the tephritid

fruit flies, and other alternatives have been demanded

(Scribner 1983). Therefore, the sterile insect technique (SIT)

has been adopted as a potential control method (Knipling 1979,

steiner and Christenson 1956, Gilmore 1989). However, this

method alone may not be practical with large, well established

populations because it may not be possible to rear enough

sterile laboratory flies to achieve the required overflooding

ratio (~100:1 of sterile:wild flies) over the infested area

(Gilmore 1983). This is particularly difficult with widespread

populations of such species as the oriental fruit fly,

Bactrocera (=Dacus) dorsalis (Hendel), and the melon fly,

Bactrocera (=Dacus) cucurbitae (Coquillett), in the Hawaiian

Islands.

Theoretical appraisal of the augmentation of

hymenopterous parasitoids indicates that the release of large

numbers of one or more of the opiine parasitoids may reduce

high fly populations to reasonably low levels without public

opposition, and with minimum ecological hazards (Knipling

1979, Wong et al. 1991).

Biosteres arisanus (Sonan) is a candidate parasitoid for

such an augmentative release program against the oriental

fruit fly in Hawaii (Knipling 1979, Nishida 1980). ~ arisanus
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is an egg-larval parasitoid that can successfully develop in

at least 7 different host species of tephritid pests (Wharton

and Gilstrap 1983). In Hawaii, ~ arisanus is the dominant

opiinae, accounting for ~74% of total parasitization of ~

dorsalis and the Mediterranean fruit fly, ceratitis capitata

(Wiedemann) in the Kula area of Maui, Hawaii (Wong and Ramadan

1987). It also has been recovered from fruits infested by the

solanaceous fruit fly, Bactrocera (=Dacus) latifrons (Hendel)

(Vargas and Nishida 1985). Furthermore, in areas where the

ranges of ~ cucurbitae and ~ dorsalis overlap this

parasitoid causes mortality to egg batches of ~ cucurbitae,

even though it can not survive in that host (Nishida and

Haramoto 1953).

Early attempts to produce large numbers of this

parasitoid for classical biological control, in areas

inhabited by fruit flies, failed because of inadequate basic

biological information on its reproductive activity which was

nec17,ssary to develop an efficient mass-rearing method (Clausen

1956, Nishida et ale 1980). However, large numbers were

produced for Shipment from field collections of infested

fruits (Clausen et ale 1965, Nakagawa et ale 1969) or exposure

of laboratory-infested fruits to natural parasitoid population

(Harris and Okamoto 1983).

The present paper reports results of an attempt to mass

produce this parasitoid in an insectary. Various basic

biological factors, important to the understanding of
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parasitoid reproductive activity, were determined. I report on

the influence of female age, cohort density, and oviposition

exposure periods on the reproductive output of ~ arisanus.

Previous results (MMR, unpublished data) showed that ~80% of

host eggs exposed for parasitization produced unparasitized

normal flies. An attempt was made to segregate host puparia

containing parasitoids from puparia containing flies,

according to differences in host sizes. The influence of

parasitization on puparial size was determined to facilitate

salvage of unparasitized flies, and lower the cost of mass

rearing.
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MATERIALS AND METHODS

General Procedures • Initial stock parasitoids of !h

arisanus were obtained from field collection of infested

fruits (peaches, coffee, and loquats) from Kula and Keokea on

Maui Island (Wong et al. 1984). The parasitoid colony was

maintained in the laboratory for ~3 generations before

experiments were started. To maintain a reasonable number of

female offspring, the parasitoid cohorts were allowed to mate

on the 5th post eclosion day (Hagen 1953) in an outdoor cage

(~8 m3) for 6-daytime-hours. This procedure was necessary to

maintain an average 70% mating among the female cohorts (MMR,

unpublished data). After the mating period, females were

retrieved and placed in oviposition cages (26 cm3 ) provided

with water and streaks of creamy texture honey (Ramadan et al.

1989ab). Freshly deposited eggs of laboratory- reared oriental

fruit fly (~4-hour-old) (Vargas 1984) were provided as hosts

in all experiments. Previous attempts to propagate !h arisanus

indicated that, after exposure to parasitoids, host eggs

placed in punctures of papaya strips produced fewer parasitoid

progeny than host eggs placed over larval media (MMR,

unreported data). Molds and secretions from the fruits may

reduce egg hatch and kill young larval instars (Seo and Tang

1982, Seo et ale 1983). Therefore, I used oviposition units

made of paraffin wax, with punctures in which host eggs could

be easily placed using camelis-hair brush, and removed

thereafter exposure to parasitoids. The paraffin wax units
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were shaped in discs (~5 cm diam; and 0.5 cm ht), each with 15

punctures (1.5 mm diam; ~200 eggs each) through the disc. Each

wax disc was fitted over a petridish (5.2 cm diam ; 0.75 cm

ht) that contained wet cotton to keep the host eggs moist

during the oviposition period. Drops of guava juice were added

to the cotton to attract females for oviposition. After the

exposure period the units were soaked in water for 5 minutes,

shaken to remove the host eggs which were then sieved and

placed on fresh wheat-based larval diet (~200 ml mediaj2

units) (Tanaka et al. 1969) in mocylin covered plastic

containers (450 ml). Seven days later host larvae matured

(Vargas et al. 1984) and the larval rearing containers were

placed in pupation containers (900 ml) provided with moistened

vermiculite. The volume of the puparia produced in each unit .

was measured to estimate the total number of hosts exposed to

parasitoids per day.

Experimental Procedure. Daily oviposition rates were

determined by introducing 2 oviposition units per day into

every cohort cage of ~ arisanus during a reproductive period

of 5-30 days. This is the intensive egg laying period (IELP)

of !L.. arisanus and other related opiine parasitoids (Pemberton

and Willard 1918, Haramoto 1953, Ramadan et al. 1989ab).

Insignificant numbers of parasitoid offspring are produced

beyond the age of 30 days. The exposure period was 24 hours,

during which the laboratory was always illuminated.
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To determine the influence of cohort density on progeny

production of ~ arisanus, I determined the daily parasitoid

offspring per cage of 50 99, 100 99, and 200 99 cohorts during

the (IELP). Experiments were replicated 4-5 times for each

cohort density.

Daily female mortality, average number of females

attracted for oviposition, volume of host exposed, percentage

of parasitism, and parasitoid progeny production were recorded

daily. Also, daily oviposition rates, and parasitoid yield per

cage of 200 99 cohorts were compared under two regimes (6 and

24 hours) of host exposure, using the same experimental

procedures explained earlier.

Batches (25 ml each) of 7-day-old exposed host puparia

were washed, dried, and sorted for pupal size using methods

described by McInnis (1987). Similar sized puparia were lumped

into 6 size-classes. Puparia of each size class were kept

separately for adult fly and parasitoid emergence. To

determine the size range of puparia of each class, at least 80

puparia/size class were randomly sampled and their maximum

length (Max. L.)and width (Max. W.) were measured, using a

0.01 rom accuracy caliper. This experiment was replicated 16

times (25 ml each). Three samples of unexposed host puparia

(control, 25 ml puparia/each) were also analyzed to determine

distribution of puparia in size classes.

An analysis of variance was performed on the data to

assess the potential significance CR. <0.05) of progeny
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production by ~ arisanus at several successive cohort age

intervals, and the effect of exposure periods on parasitoid

yield per cage. Means were separated by Duncan's multiple

range or Fisher's least significant difference tests (LSD) at

£.=0.05 level (SAS Institute, 1985). All percentage data were

transformed by arcsine v proportion before analysis, but the

untransformed means are presented.
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RESULTS

Table 2.1 presents the results of tests on survivorship

rates, oviposition activity, and progeny production of 50 99

~ arisanus, as influenced by maternal age intervals. Very few

females (3.6%) were attracted for oviposition on the first

oviposition day. oviposition activity increased to 18.6% of

living females by the age interval 11-15 days. SUbsequently,

the total progeny production per day (PERDAY) at that age

interval increased , compared with (PERDAY) values of other

age intervals, significantly (£. <0.05; ANOVA) to an average

of 90 parasitoids. Progeny production declined in age group

21-30 days. Overall mean progeny/day (± SEM) was (50.4 ± 4.2)

parasitoids.

Parasitoid progeny sex ratios (% 99) [from cohorts of 50

99/cage] were not affected by parental age (Fig. 2.1), and the

overall mean sex ratio was 25.7 ± 4.1 % 99.

When the density of cohorts increased to 100 99/cage

(Table 2.2) more females were seen attracted for oviposition

(24.7 ± 2.6 % 99 at age interval 11-15 days). Consequently,

PERDAY also increased significantly (£. <0.05; ANOVA) to 220.7

± 39.4 parasitoids. Overall PERDAY (105.4 ± 23.2 parasitoids)

was 2 times as great as PERDAY value of the 50-cohorts/cage.

Parasitoid offspring sex ratio, produced from cohorts of

100 99/cage, (Fig. 2.1) declined significantly (£. <0.05;

ANOVA) during age interval 26-30 days, and overall mean sex

ratio was 46.1 ± 3.2 % 99.
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Table 2.3 presents results from cohorts of 200 99/cage.

About 32% of the females were attracted for oviposition in age

interval 6-10 days. Females were actively competing for

oviposition sites and ~2 99 were often seen sharing the same

puncture for oviposition. PERDAY values in this age interval

increased significantly (E. <0.05;ANOVA) to 297.1 ± 43.8

parasitoids and then declined as the mortality rates increased

and fewer females were attracted to oviposition sites.

However, the overall mean PERDAY (130.8 ± 0.9 parasitoids) did

not differ significantly from PERDAY of the 100 cohort cages

(LSD = 36.1; df = 11; t = 2.2; E.= 0.05).

The progeny sex ratio also declined significantly (~.

<0.05; ANOVA) as the cohorts aged, especially in age group 21

30 days (Fig. 2.1). The overall mean progeny sex ratio was

32.2 ± 4.8 % 99, which was significantly less than that

obtained from 100 cohorts/cage.

Average progeny production/cage (YIELD) for the 3 cohort

densities are compared in Fig. 2.2. Mean yield/cage was 1309,

2433, and 3401 parasitoids which represent 26, 24, and 17

times the initial cohorts of 50 99, 100 99, and 200 99,

respectively.

Table 2.4 presents data obtained on the progeny

production of ~ arisanus, as influenced by exposure periods

for oviposition. Overall mean PERDAY was 114.5, and 111.4, and

overall yield/cage, during age interval 10-30 days, was 2404,

and 2339 parasitoids when hosts exposed for 6 and 24 hours for



Table 2.1. Influence of cohort age on progeny production of Biosteres arisangg (sonan) (50 ~~/cage

replicate) using eggs (s4-hour-old) of Bactrocera dorsalis (Hendel) and exposed to parasitoid oviposition for
24 hours"

5

6 - 10

5

25

98.8 ± 0.8 a

85.2 ± 1. 5 b

3.6 ± 0.8 c

11.7 ± 1.2 b

16.8 ± 9.8 c

67.2 ± 7.3 a

3.2±1.6c

24.9 ± 3.0 a

20.0 ± 11.2 c

92.1 ± 9.5 a

11 - 15 25 60.2 ± 2.4 c 18.6 ± 1.3 a 64.6 ± 6.1 a 25.4 ± 2.8 a 90.0 ± 7.1 a

16 - 20

21 - 25

26 - 30

25

25

25

32.7 ± 1.4 d

17.8 ± 0.8 e

9.4 ± 0.8 f

11.6 ± 0.8 b

4.8 ± 0.6 c

2.8 ± 0.2 c

36.4 ± 4.9 b

14.6 ± 2.3 c

7.3±1.3c

11.1 ± 1. 6 b

4.3 ± 0.8 bc

2.0 ± 0.8 c

47.4 ± 5.7 b

18.9 ± 2.7 c

9.4 ± 1.6 c

"Means within columns followed by the sarne letter are not significantly different (g. <0.05; Duncan's
multiple range test [SAS Institute, 1985]).

~

-...l



Table 2.2. Influence of cohort age on progeny production of Biosteres arisanus (Sonan) (100 ~~/cage

rep~~eate) using eggs (S4-hour-old) of Baetroeera dorsalis (Hendel) and exposed to parasitoid oviposition for

5

6 - 10

11 - 15

16 - 20

21 - 25

26 - 30

4

17

18

15

18

20

100.0 ± 0 a

S5.0 ± 1.4 b

79.0 ± 2.6 e

59.3 ± 3.0 d

32.1 ± 2.5 e

14.1 ± 1.3 f

5.8 ± 4.1 e

14.5 ± 2.7 b

24.7 ± 2.6 a

22.6 ± 1.8 a

13.2 ± 1. 2 b

5.5 ± 0.8 c

1.0 ± 1.0 e

51.1 ± 13.5be

115.4 ± 24.5 a

97.9 ± 25.0ab

35.1 ± 6.9 e

14.5 ± 4.2 c

2.0 ± 2.0 e

41.1 ± 10.4bc

105.2 ± 16.1 a

75.8 ± 17.1ab

29.2 ± 6.2 c

6.2 ± 2.0 e

3.0 ± 3.0 c

92.3 ± 23.1bc

220.7 ± 39.4 a

173.7 ± 38.1ab

64.3 ± 12.6 c

21.0 ± 6.1 e

"Means within columns followed by the same letter are not significantly different (~. <0.05; Duncan's
mUltiple range test [SAS Institute, 1985]).

~
0)



Table 2.3. Influence of cohort age on progeny production of Biosteres arisanus (Sonan) (200 ~~/cage

rep~~cate) using eggs (S4-hour-old) of Bactrocera dorsalis (Hendel) and exposed to parasitoid oviposition for

5

6 - 10

11 - 15

16 - 20

5

25

25

25

98.3 ± 1.5 a

88.8 ± 1.8 b

52.5 ± 3.1 c

21.5 ± 1.9 d

8.8 ± 1.4 b

31.9 ± 2.5 a

28.8 ± 2.5 a

10.4 ± 1.3 b

68.2 ± 20.1 b

180.2 ± 26.9 a

127.6 ± 18.0 a

68.4 ± 9.4 b

47.4 ± 18.0 b

116.9 ± 18.6 a

100.7 ± 16.4 a

37.5 ± 5.4 bc

115.6 ± 34.4 b

297.1 ± 43.8 a

228.3 ± 33.4 a

105.8 ± 13.1 b

-----------------------------------------------------------------------------------------------------------------------------------
21 - 25

26 - 30

25

25

7.6 ± 0.7 e

2.6 ± 0.3 f

2.4 ± 0.4 c

0.9 ± 0.1 c

13.8 ± 2.8 bc

5.0 ± 1.1 c

6.2 ± 1.7 bc

1.0 ± 0.4 c

19.9 ± 4.3 bc

6.0 ± 1.3 c

"'"\0

aMeans within columns followed by the same letter are not significantly different (f. <0.05; Duncan's
multiple range test [SAS Institute, 1985J).



~able 2.4. Daily oviposition rates and progeny production per 200 ~~ cohorts of Biosteres arisanus (Sonan)
during reproductive period of 10 - 30 days, at 6 and 24 exposure hours for oviposition using eggs (S4-hour-01d)
of Bactrocera dorsalis (Hendel)

6

24

LSD
(t=2.447;g.=0.OS)

3

5

75.7 ± 6.0

44.1 ± 4.2

17.S(NS)

38.8 ± 1.0

34.3 ± 4.1

13.S(NS)

114.5 ± 7.0

111.4 ± 6.0

23.4(NS)

3

5

2404.0 ± 147.3

2338.8 ± 126.9

490.6(NS)

"each replicate is a mean of 21 observations.

U1
o
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oviposition, respectively. Values of the parameters PERDAY

and yield/cage of 6 and 24 hour exposure periods were not

significantly different (~. > 0.05;Fisher's LSD).

Data on the influence of ~ arisanus on host size is

shown in Figure 2.3. Mean maximum width, and maximum length of

host puparia, previously exposed to ~ arisanus as eggs, were

categorized in 6 significantly (E. <0.05; ANOVA) different

classes (Fig. 2.3a). Class sizes ranged from small puparia

(Max.W. = 1.73 ± 0.01 rom; max.L. = 4.07 ± 0.03 rom; N = 86)

(class = 1) to large puparia (Max.W. = 2.43 ± 0.01; Max.L. =

5.28 ± 0.01; N = 150) (class = 6). Distribution of sampled

unexposed and exposed puparia is shown in Fig. 2. 3b. The

Figure shows that unexposed puparia of size classes 1 to 3

constituted ~6% of the total puparia, and the remainder were

distributed in the large size classes (4, 5, and 6) of

puparia. However, there was a significant shift toward the

smaller size classes in the distribution of puparia exposed to

~ arisanus. Size classes 1 - 3 constituted 26% of the

exposed puparia, indicating that parasitization had a

significant influence on size of host puparia.

Percentages of adults (parasitoids or flies) eclosed from

each puparial size class are shown in Fig. 2.3c. More than 90%

of the total ~ arisanus eclosed from smaller size classes 1 

3, and up to 99.5% of the parasitoids eclosed from size

classes 1 - 4. On the other hand, most of the unparasitized ~
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dorsalis (~81%) eclosed from size classes 5 and 6, and 96% of

them eclosed from size classes 4 - 6.

Furthermore, prior to eclosion parasitoids may be sexed

according to the size of host puparia (Fig. 2.3d). Emergence

of male parasitoid progeny was highly significant (£. <0.05;

ANOVA) from smaller size classes. Percentages of males eclosed

were 97.6 ± 0.7 %~~, and 62.2 ± 4.5 %~d from size classes 1

and 2 , respectively. Percentages of male progeny declined

significantly (£. <0.05; ANOVA) as the host puparial size

increased (~3 %dd emerged from size classes 4 and 5).
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Figure 2.1. Influence of cohort density (SO 99, 100 99, and 200
~~/cage) and maternal age intervals of Biosteres arisanus (Sonan) on the
percentages of female parasitoid offspring. Bars (mean ± SEM) of each
cohort density topped by the same letters are not significantly different
(£. <0.05; Duncan's multiple range test [SAS Institute, 1985]).
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(F = 12.39; OF = 2,11; P = 0.0015)
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Figure 2.2. Parasitoid progeny production jcage (mean ± SEM) for 3
cohort densities of laboratory reared Biosterea arisanus (Sonan) during
reproductive period of 5 - 30 days at 24 exposure hours for oviposition
using (~4-hour-old) eggs of Bactrocera dorsalis (Hendel). Progeny
production values (inside bar) followed by the same letter are not
significantly different (~. <0.05; Duncan's multiple range test [SAS
Institute, 1985]). N = number of replicates.
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Figure 2.3. Influence of parasitization by Biosteres arisanus
(Sonan) on the puparial size of Bactrocera dorsalis (Hendel) (Figs. 2.3A,B)
and the outcome of adult emergence (Fig. 2.3C, %parasitoids and %flies)
and parasitoid offspring (Fig. 2.3D, %00, and %99) from each puparial size
class. Bars of each category denoted by the same letters are not
significantly different (f. <0.05; Duncan's multiple range test).
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DISCUSSION

In earlier biological control programs involving the mass

production of ~ arisanus, difficulties were experienced in

obtaining a favorable progeny production and progeny sex ratio

as a result of inadequate information on reproductive

attributes of this parasitoid (Clausen et ale 1965). I found

that removal of exposed eggs from wax units and placing them

directly on larval-diet produced >2 fold increase in the

yield, compared to placing eggs in papaya strips (MMR,

unreported data). The wax units may also reduce rearing-costs.

Colonies of ~ arisanus that were not mated properly

produced fewer female offspring and after few generations the

progeny were exclusively males. Production of female progeny

was enhanced by increasing the mating rates among cohorts.

steps recommended to obtain successful mating (Hagen 1953)

indicated that a premating period (~5 days after eclosion)

elapses before males become fit for mating. However, 1-day-old

males have been observed copulating with females in outdoor

cages (Haramoto 1953; and my unreported data) that produced

offspring with a sex ratio of ~61 %99. My data indicate that

the progeny sex ratio of ~ arisanus is mainly influenced by

mating rates, age of ovipositing females, and cohort density.

The reduction in progeny production as the cohorts aged

is probably of general agreement with results obtained with

other related opiines (Greany et ale 1976, Avilla and Albajes

1984, Ramadan et ale 1989a, 1989b, Wong et ale 1990). The
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progeny production of the three cohort age-intervals older

than 21 days was significantly low, and those cohorts should

be discarded or replenished with newly emerged mated females.

Apparently, progeny production by parasitoids exposed to

hosts for 6-hours was optimum for mass-production since the

yield of progeny did not differ significantly from that of

longer (24-hour) exposure periods. The shorter exposure period

may also minimize the rates of superparasitism and host egg

mortality.

Sorting the puparia into parasitized and unparasitized

size classes is a significant tool for salvaging the huge

number of unparasitized puparia (~80 %) which eclose to normal

flies. A simple pupal sorting machine (McInnis 1987), or

regular manual sieves of the proper mesh size, can be used for

that purpose. The separated unparasitized puparia of size

classes 4 - 6 can be utilized in the maintenance of fly

colonies or be irradiated for use in SIT programs (Knipling

1979). The few (~10 %) parasitoid progeny in such puparia may

also be sterilized (Ramadan and Wong 1989), but sterilized ~

arisanus females may contribute to host mortality in the

field, by introducing microorganisms into host egg batches

(Newell and Haramoto 1968).

The eclosion of male progeny from host puparial size

classes significantly smaller than those of female progeny

indicates that the host size may be influenced by the sex of

parasitoid progeny, as well as by the poison and calyx fluids
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introduced to the host eggs during oviposition by adult

parasitoids. This differential development in host size may be

a result of faster growth by parasitoid males, hence, smaller

in size and emerge earlier(~2 days) than females, which is

probably advantageous to the reproductive success of males.

Finally, I conclude that this method for mass-producing

~ arisanus is economical and more productive than previously

reported methods. Much of the population of ~ arisanus dies

in the field before reaching the adult stage, through wastage

of parasitoid eggs due to superparasitism (Kaya and Nishida

1968), and oviposition in unfertile eggs(Haramoto 1953), or

unsuitable hosts (Nishida and Haramoto 1953). Therefore, I

believe that further increases in parasitization rates in the

field may occur by augmentative releases of this parasitoid in

the Hawaiian Islands, and also in other places where !L..

arisanus can be established.
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Chapter 3

Reproductive strategy of Biosteres vandenboschi (Fullaway)

(Hymenoptera:Braconidae), a Parasitoid of Early Larval Instars

of Bactrocera dorsalis (Hendel) (Diptera:Tephritidae)
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ABSTRACT

Biosteres vandenboschi (Fullaway) is one of the few

opiines that develop successfully and oviposit preferentially

in early larval instars of several tephritid fruit fly pests

in tropical and subt.ropi.ca L areas. Some aspects of its

reproductive strategy were investigated to facilitate its

mass-production for biological control programs.

Host-deprived cohorts of laboratory-reared !h.

vandenboschi had an overall mean longevity (±SEM) of 28.6 ±

0.6 days that was not significantly different from mean

longevity of ovipositing cohorts 23.7 ± 0.5 days. Only <9.5%

and <28.3% females survived beyond the age of 40 days in

ovipositing and host-deprived cohorts, respectively.

Newly emerged females had an average of 4.2 mature

ovarian eggs, and peak ovarian maturation averaged 41.2 ± 1.8

eggs on the 12th post eclosion day in parasitoid stock reared

from Ceratitis capitata . However, !L.. vandenboschi stock reared

from Bactrocera dorsalis had an earlier peak (48.8 ± 1.3 eggs)

on the 6th posteclosion day and a similar one on the 12th day.

Mean numbers of mature ovarian eggs declined, as age of female

increased, to <29 eggs at age 30 days in both parasitoid

stocks. Overall mean potential ovarian eggs of deprived

cohorts eclosed from!h. dorsalis (large-size host) (34.6 ± 0.8

eggs) was significantly higher than overall mean potential

ovarian eggs of cohorts eclosed from ~ capitata (small-size

hosts) (31.9 ± 0.6 eggs).
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In spite of abundant hosts available for oviposition,

isolated females of ~ vandenboschi were reluctant to deposit

many eggs. Average egg deposition per day was 5.5 eggs, which

constituted about 16% of potential ovarian eggs, and average

potential fecundity was 65 eggs in both mated and unmated

individual females. Potential fecundity was 1.9 times higher

than potential ovarian eggs, an indication of a significant

enhancement of egg maturation by oviposition activity.

Larger host larval instars, second and early third, of ~

dorsalis when exposed to ~ vandenboschi produced female

biased offspring (range 47.6% - 60% 99) significantly higher

than female offspring produced from smaller size first instar

larvae (34.3 ± 3.4% 99). Rates of uneclosed host puparia were

minimum (2.1 ± 0.3%) when second instar larvae of ~ dorsalis

were exposed for oviposition.
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INTRODUCTION

Shortly after the introduction of the oriental fruit fly,

Bactrocera (=Dacus) dorsalis (Hendel), into the Hawaiian

Islands in 1946 (Fullaway 1946), efforts were made to

introduce several natural enemies to combat this pest (Clancy

et ale 1952). Twenty one species of opiine parasitoids

(Hyrnenoptera:Braconidae) were released in the main Hawaiian

Islands (Bess et ale 1961), several of them become established

(Clausen 1956), and only the three Malaysian species,

Diachasmimorpha longicaudata (Ashmead) [=opius longicaudatus] ;

Biosteres vandenboschi (Fullaway) [=Opius vandenboschi]; and

Biosteres arisanus (Sonan) [=Opius oophilus Fullaway ] were

important in the reduction of ~ dorsalis (Bess and Haramoto

1958).

~ vandenboschi, which attacks first instar larvae of ~

dorsalis and the Mediterranean fruit fly, ceratitis capitata

(Wiedemann), was first dominant over ~ longicaudata (van den

Bosch et ale 1951), and parasitized about 30% of ~ dorsalis

larvae. In turn, the egg larval parasitoid ~ arisanus

replaced ~ vandenboschi and has been the most abundant fruit

fly parasitoid in all the Hawaiian Islands up to the present

time (van den Bosch and Haramoto 1953, Wong and Ramadan 198?) .

However, in spite of the severe competition with ~ arisanus,

~ vandenboschi still persists in the field, particularly in

niches that are not filled by ~ arisanus (e.g. in the Puna
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district on Hawaii Island and on the Haiku-Hana coast on Maui

Island) (Haramoto and Bess 1970).

The major important contribution of ~ vandenboschi in

biological control of tephritid fruit flies are its successful

development in up to 7 different species of Tephritidae

(Wharton and Gilstrap 1983), its searching ability and

preferential oviposition in the vulnerable host stages (first

and second larval instars) near the fruit surface, and its

ability to persist, although in low numbers, in the field

under severe physical and physiological competition with other

opiine parasitoids (van den Bosch and Haramoto 1953).

Therefore, conservation of this valuable biotic agent is

needed as it is a promising candidate for biological control

programs in tropical and subtropical regions with tephritid

fruit fly problems.

Basic biological information pertaining to the

reproductive attributes of ~ vandenboschi is virtually absent

in literature. This may be due to the confusion of this

species with other related species of the Biosteres

persulcatus group (Wharton and Gilstrap 1983), or to the

inability of researchers to maintain colonies, with favorable

female offspring, of this species in the insectary (Finney

1953) .

In this paper, I report on the following components of

reproductive strategy of ~ vandenboschi : 1) survivorship

patterns of laboratory reared cohorts of host-deprived and
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ovipositing females, 2) Patterns of ovarian maturation of two

parasitoid stocks eclosed from two different host species; ~

dorsalis (large-size hosts) and ~ capitata (small-size

hosts), 3) Reproductive attributes of individual females and

the effect of mating on their reproductive output, and 4) The

influence of host larval instars on the offspring sex ratio.

Such information is important to facilitate mass-rearing

procedures for this parasitoid in classical and augmentation

biological control programs.
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MATERIALS AND METHODS

Maintenance of the Laboratory stocks. Initial parasitoid

cohorts were obtained from field collected peaches and loquats

from Maui Island in 1984 and parasitoids were continuously

propagated in the laboratory using early larval instars of ~

dorsalis. Cohorts were fed creamy-texture honey and maintained

at 26.6 °c, ~60% RH, and 10:14 LD photoperiod for ~50

generations (one month per generation) before experiments

started.

Host larvae (2-3 day old) were exposed to parasitoids in

oviposition units using similar procedures previously

described to propagate the related opiine Diachasmimorpha

(=Biosteres) tryoni (Cameron) (Ramadan et ale 1989ab, Wong et

ale 1990). Oviposition units were introduced to cages of

parasitoid cohorts (26 by 26 by 26 cm) , each of which

contained 200 99 and 200 dd of ~ vandenboschi. After exposure

of 24 hours for oviposition, the units were poured into

rearing containers and fresh larval medium (Tanaka et ale

1969) was added.

survivorship Rates. Longevity of two categories of

laboratory-reared ~ vandenboschi eclosed from ~ dorsalis

hosts was examined: 1) Host-deprived females (5 replicates,

~200 99 each) and 2) ovipositing females that were provided

daily with host larvae for oviposition starting from the 5th

day after eclosion (3 replicates, ~200 99 each). The numbers

of dead females of each category were recorded and removed
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from the rearing cages once a day. Survivorship data were

analyzed using life-table and survivorship function test (SAS

Institute 1985). This test include estimates of mean longevity

and quantiles (the estimated periods of time [days] at which

75%, 50%[=median longevity], and 25% of the parasitoids are

dead) •

Patterns of ovarian Maturation. Newly emerged parasitoids

of two separate stocks of ~ vandenboschi eclosed from two

host species, ~ dorsalis and ~ capitata, were used to

determine patterns of ovarian maturation and the influence of

host species. Fifteen females from each parasitoid stock were

dissected in saline solution (Yeager's) upon emergence (~12

hours-old), and every other successive day thereafter until

age 30 days. The numbers of mature ovarian eggs ( i •e. ,

reniform strongly tapered at one end in the lower portion of

ovarioles [van den Bosch and Haramoto 1951]), were counted,

but those eggs attached to nurse cells or eggs with content

dissolution (Ramadan et ale 1989a) were not considered.

Realized Fecundity. Procedures previously described for

feeding and rearing individual opiine parasitoids (Ramadan et

ale 1989a) were followed to assess the reproductive activity

of ~ vandenboschi. Females were allowed to mate as described

by Hagen (1953), and on the 4th posteclosion day they were

individually isolated and exposed to an abundance of second

instar ~ dorsalis larvae in oviposition units (~150

larvae/unit). The oviposition unit is a small modified
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petridish (5.0 em diam, 0.5 cm ht) with tight-fitted organdy

lid. Only parasitoids that produced progeny were used in the

analysis. Daily oviposition rates (OVPjDAY), longevity (L),

and number of mature ovarian eggs (OVEGGS) in dead individuals

were recorded. Data from unmated females (which produce only

male progeny) and mated females (which produce progeny of both

sex) were analyzed separately to determine possible

differences in fecundity. Upon the death of females, their

mating status was confirmed by the presence or absence of

sperm in spermathecal capsules.

Influence of Host Larval Instars on Progeny Sex Ratio. A

stock of ovipositionally experienced mated females (~1 week

old ovipositing cohorts) of ~ vandenboschi were exposed to a

series of oviposition units (9 cm diam ; <0.5 cm ht, (Wong and

Ramadan 1991]) containing ~ dorsalis larvae for 24-hours.

Oviposition units with first instar (l-day-old), second instar

(~3-days-old), early third instar (4-days-old), and late third

instar (7-days-old) larvae contained an average of 673, 823,

904, and 200 ~ dorsalis, respectively. After oviposition the

host larvae were reared until eclosion of adult flies and

parasitoids (Wong and Ramadan 1991). Progeny sex ratio

(percentages female offspring) and percentages of uneclosed

host puparia were calculated to assess the influence of host

larval instars (size or age) on progeny production and sex

ratio. The test was replicated 8-13 times for each host larval

instar.
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Data were sUbjected to analysis of variance (ANOVA). All

percentages data were transformed to arcsine ~ proportion

before analysis by Duncan's multiple range, Fisher's least

significant difference (LSD), and Student's t tests at £.

<0.05, (SAS Institute 1985), but untransformed data are

reported.
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RESULTS

survivorship Rates. Figure 3.1 presents the survivorship

curves of host-deprived and ovipositing females of ~

vandenboschi. For host deprived cohorts; a total of 979

parasitoids and no censored observations (=parasitoids still

alive when test terminated) had an overall mean longevity

(±SEM) of 28.6 ± 0.6 days and 26 days median longevity. For

ovipositing females; a total of 614 parasitoids and 11. 7%

censored observations had an overall mean longevity of 23.7 ±

0.5 days and 25 days median longevity. The first quantile (25%

of total individuals) in both parasitoid categories, died by

age 13 days. However, the last quantile (75% of total

individuals) died by age 43, and 34 days in host deprived and

ovipositing females, respectively. Less than 28.2% and <9.5%

of the individuals survived beyond the age of 40 days in host

deprived and ovipositing females, respectively. Therefore, no

significant differences between mean longevity (t = 2.519; df

= 4.1; £. = 0.064) or quantile values (t >2.0; £. >0.08)

between the two categories. Longevity of ovipositing ~

vandenboschi was greater than that of any of the other five

opiine parasitoids of fruit flies in Hawaii (MMR, unpublished

data).

Patterns of Ovarian Maturation. Effects of parasitoid age

and host species on ovarian maturation of host deprived ~

vandenboschi are presented in Figure 3.2. Newly emerged

females (~12-hours-old) of this parasitoid differed from other
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related synovegenic species of Opiinae in their rate of

ovarian maturation (MMR, unpublished data). Newly emerged

females had few mature eggs (4.2 ± 0.7 eggs), significantly

fewer than all other age intervals. Peak ovarian maturation of

~ vandenboschi emerged from ~ capitata averaged 41.2 ± 1.8

eggs; significantly (£. <0.05; ANOVA) higher than values for

other age intervals. However, ovarian eggs of ~ vandenboschi

eclosed from ~ dorsalis increased to a maximum (48.8 ± 1.3

eggs) early on the 6th posteclosion day, decreased in age

interval 8-10 days, and then peaked again at age 12 days. The

mean number of ovarian eggs of both cohort stocks declined

gradually, as the age of females increased, reaching a steady

level of <29 eggs by age 30 days. The overall mean ovarian

eggs of parasitoids eclosed from ~ dorsalis (34.6 ± 0.8 eggs)

was significantly (LSD = 1. 96; t = 1. 965; df = 448; £. =

0.05) higher than the overall mean ovarian eggs of parasitoids

eclosed from ~ capitata (31.9 ± 0.6 eggs).

Realized Fecundity. A summary of the reproductive

attributes of individual mated (N = 8) and unmated (N = 18) 1h.

vandenboschi is presented in Table 3.1. Mean longevity of

individually-reared females (21-22 days) did not differ

significantly from mean longevity of parasitoids reared in

groups (MMR, unreported data).

As in other related opiine, ~ vandenboschi adjusted egg

deposition per day. Average OVP/DAY was 5.5 eggs (range 0-6

eggs), which constituted :::::16% of potential mature ovarian
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eggs, in both mated and unmated individuals. The mean number

of undeposited mature eggs (mated = 29.9, unmated = 35.2) at

female's death was about the same average eggs deposited

(mated = 33.3, unmated = 32.1). The mean potential fecundity

(PFEC = 65 eggs) of ovipositing (mated and unmated) females

was about 1.9 times higher than overall mean ovarian

maturation of host deprived females. This is an indication of

a significant enhancement of egg maturation owing to

oviposition activities.

Progeny sex ratio of mated individuals ranged from 37.5%

to 100% 99, and the overall mean was 57.0 ± 4.6% 99.

Influence of Host Larval Instars on Progeny Sex Ratio.

Figure 3.3 presents the results on the influence of host

larval instars on progeny sex ratio (Fig.3.3a) and rates of

uneclosed host puparia (Fig. 3.3b). When first instar larvae

of ~ dorsalis were exposed to parasitization by ~

vandenboschi the parasitoid offspring contained 34.3 ± 3.4 %99

(N = 13; total Observations = 4694). This value was

significantly (F = 8.6; df = 2,31; £. = 0.0011) lower than the

percentage of female offspring produced from ~ dorsalis

larvae exposed as second instar (47.6 ± 4.1 % 99; N = 13;

total observations = 3753) and early third instar (60.0 ± 5.4

% 99; N = 8; total observations = 1724), respectively.

The percentage of uneclosed host puparia was

significantly lower (2.1 ± 0.3 %) (F = 8.7; df = 2,31; £. =

0.001) when second instar host larvae were exposed for
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oviposition. However, late third instar larvae (7-day-old)

apparently were not preferred for oviposition by ~

vandenboschi. No parasitoid progeny were produced out of 10

replicates (~200 larvae each) of late third instar ~ dorsalis

exposed to ~ vandenboschi for 24 hours.



Table 3.1. Reproductive attributes of individual cohorts of mated (N=8) and unmated (N=18)
Biosteres vandenboschi (Fullaway) exposed daily to oviposition units containing second instar larvae
(=150 larvae/unit) of Bactrocera dorsalis (Hendel)

•Code··.··········· .. ..•• Desci-i.i>~i<)n
. . . . .

Femalet'nat:l.ngstat\ls •....

L

OVP1

POSTD

RPERIOD

PEAKD

PEAKOVP

RFEC

OVEGGS

PFEC

OVP/DAY

longevity

age of first oviposition"

post oviposition period

reproductive period

age of peak oviposition

peak oviposition

reproductive fecundity

mature ovarian eggs at death

potential fecundity

oviposition per day

mated

(x±SEM)

22.0 ± 1.3

5.5 ± 0.6

6.4 ± 0.8

6.1 ± 1.1

8.4 ± 1.3

10.1 ± 1.3

33.3 ± 6.0

29.9 ± 3.3

63.1 ± 4.0

5.5 ± 8.8

.unmai:ed
{X:l:SF:M} .

21.0 ± 0.9

5.3 ± 0.3

5.9 ± 0.7

5.8 ± 0.5

9.4 ± 0.9

10.8 ± 1.3

32.1 ± 4.1

35.2 ± 2.9

67.2 ± 6.1

5.5 ± 0.7

day

day

day

day

day

highest No. of eggs/day

total eggs deposited

NO. ovarian eggs

RFEC + OVEGGS

progeny eclosed/day

"Females were allowed to oviposit on the fourth posteclosion day. Mean values of reproductive parameters
of mated and unmated females were not significantly different (g. >0.05; Student's t test [SAS Institute 1985]) •

....:J
OJ
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o HOST DEPRIVED, MEAN LONGEVITY=28.6 DAYS

• OVIPOSITING, MEAN LONGEVITY=23.7 DAYS
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Figure 3.1. Survivorship curves of host-deprived (5
replicates, 200 ~~ each) and ovipositing (3 replicates, 200 ~~ each)
females of Biosteres vandenboschi (Fullaway). Parasitoid stock
eclosed from Bactrocera dorsalis (Hendel) hosts previously
parasitized as 2nd instars. Ovipositing females were allowed to
oviposit daily starting from the 5th posteclosion day.
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Figure 3.2. Patterns of ovarian maturation of host-deprived
Biosteres vandenboschi (Fullaway) eclosed from Bactrocera dorsalis
(=Bd, large size hosts), and Ceratitis capitata (=Cc, small size
hosts). Data were obtained by dissecting ovaries of 15 ~~ of each
category on each other successive day. Vertical bars represent ±
standard errors of means.
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HOST LARVAE EXPOSED TO PARASITOID

Figure 3.3. Influence of host larval instar (Bactrocera
dorsalis) on the progeny sex ratio (%99 emerged, Fig.A, right), and
percentage of uneclosed host puparia (Fig.B, left) in BioBteres
vandenboschi (Fullaway). Data represent means (±SEM, vertical
lines) of 8-13 replicates for each host category. Means followed by
the same letter are not significantly different (~. <O.05iDuncan's
multiple range test [SAS Institute 1985]).



82

DISCUSSION

There are different patterns of reproductive strategies

employed by hymenopterous parasitoids to maintain a certain

balance between longevity and potential fecundity, in order to

optimize activities for finding hosts and mates during the

lifespan. Some opiine parasitoids may resorb the mature

ovarian eggs when deprived of hosts and longevity may be

increased at the expense of the resorbed reproductive

materials (e.g. in Diachasmimorpha tryoni (Cameron); Ramadan

et al. 1989a), while other species may resorb the eggs but

depend mainly on external nutrition for survival (e. g. !L..

arisanus; MMR, unpublished data). Because of the insignificant

differences in longevities of host deprived and ovipositing

females of !L.. vandenboschi it seems likely that parasitoids

were dependent mainly on external sources for survival. The

fact that about 50% of potential mature eggs may be found in

ovaries of dead females implies that longevity in !L..

vandenboschi is independent of recycling reproductive

materials.

Generally, female opiine parasitoids eclosed from h

capitata hosts were significantly smaller in size than females

eclosed from ~ dorsalis (based on measurements of forewing of

emerged parasitoids, MMR unreported data). My results on

potential fecundity of host deprived ~ vandenboschi

demonstrated that females eclosed from small hosts (h
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capitata) were potentially less fit than females eclosed from

larger hosts Oh. dorsalis). This may be equally true for

females eclosed from different sizes of the same host species.

However, larvae of ~ capitata were used efficiently as

factitious hosts for the insectary production of ~

vandenboschi.

Regardless of the provision of abundant hosts, 35% of the

isolated females refrained from depositing a single egg during

the entire lifespan. Females which oviposited also did not

deposit as many eggs per day as other species of opiinae

(Ramadan et ale 1989). This strategy of ~ vandenboschi may

enable female parasitoid to spread its progeny slowly, but in

many different host patches, rather than deposit most of the

eggs in a single episode of oviposition. Such behavior should

minimize the amount of intra-specific competition and the risk

of host elimination. Reports on parasitization rates in the

field during early establishment of introduced parasitoids of

h dorsal is showed that the population of !h vandenboschi

increased slowly and persisted while many other opiine species

(:::=:15 species) were never recovered (van den Bosch and Haramoto

1951, Newell and Haramoto 1968).

In spite of the presence of males in all rearing cages,

only 31% of the females were inseminated. This low mating rate

might be influenced by the size of the rearing cages, or more

time may have been necessary for females to mate before the
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commencement of oviposition. However, mating status did not

affect the reproductive characteristics of ~ vandenboschi.

Host quality is a factor that is widely known to

influence progeny sex ratio in arrhenotokous parasitoids (see

Waage 1982 for references). Charnov 1982, and Charnov et al.

1981, explained in his "size advantage hypothesis" that the

reproductive fitness of a parasitoid should increase if

females allocate fertilize eggs (i.e., which produce female

progeny) in large hosts and unfertilized eggs (i.e., Which

produce male progeny) in smaller hosts. This strategy was

demonstrated with hosts of fixed sizes (i.e., eggs, pupae,

adults) introduced to mated parasitoids (Charnov 1982, van den

Assem et al. 1984). Yet, the hypothesis can be applied equally

well to .!L.. vandenboschi exploiting different host larval

instars of .!L.. dorsalis where the host grows after

parasitization . .!L.. vandenboschi preferentially deposited fewer

female eggs in first instar larvae of .!L.. dorsalis than in

large (i.e., second and third) host instars. However,

experimental studies are needed to determine the cues and

mechanisms involved in sex ratio allocation of this

parasitoid.

In conclusion, the understanding of reproductive strategy

is especially valuable in establishing mass production

techniques for .!L.. vandenboschi, for use in research and pest

management programs.
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Chapter 4

Mass Rearing Biology of Biosteres vandenboschi (Fullaway)

(Hymenoptera:Braconidae), a Parasitoid of Early Larval Instars

of Bactrocera dorsalis (Hendel) (Diptera:Tephritidae)
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ABSTRACT

Biosteres vandenboschi (Fullaway) is a promising

Malaysian opiinae which attacks the early larval instars of

tephritid pest species. Basic biological information

pertaining i ts reproductive activLties were determined to

facilitate insectary mass production for biological control

programs.

Mean (±SEM) progeny production per generation (YIELD) of

200 female ~ vandenboschi was 6835.8 ± 433.2 and 3755.8 ±

112.4 parasitoids, with 24 hour exposure to second instar

larvae of Bactrocera dorsalis (Hendel), and ceratitis capitata

(Wiedemann), respectively. Percentage of uneclosed host

puparia was significantly (£. <0.05; t test) higher in ~

capitata (22.5 %) than in ~ dorsalis (3.4 %) hosts. However,

the overall mean progeny sex ratio (% emerged females) was ~50

%99 in both host species. Unlike several other opiines, young

cohorts of ~ vandenboschi (5-day-old) produced low rates of

female offspring (26%-37% 99) and significantly (£. <0.05;

ANOVA) shifted production to female biased sex ratio (53%-71%

99) at older age intervals (16-30 days). This strategy of

early production of abundant male offspring may insure that

most of the males reach peak sexual maturity before peak

female emergence.

A short oviposition exposure period of 6 hours was not

optimum for mass production of ~ vandenboschi. Total (YIELD)
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at 6 hours exposure was 1/5 the production at 24 hours

exposure, using ~ dorsalis larvae as hosts.

The size of host puparia provided an important tool for

salvaging the unparasitized puparia (~75%) of ~ dorsalis.

Small puparial size class 1 (Max. width = 1.8 rom; Max. Length

= 4.1 rom) produced 83.7 ± 2.3 % parasitoids which was

significantly CR.. <0.05; ANOVA) higher than percentage of

parasitoids produced from other, larger classes 2-5. Size

class 5 (Max.Width = 2.4 rom; Max.Length = 5.3 rom) produced

1.6% parasitoids. puparia of size classes 4 and 5 contained

~96 % of the unparasitized hosts which eclosed to normal

flies. More male offspring eclosed from size class 1 (93.1 ±

1.1 %dd) than from larger classes. Size classes 3-5 contained

~20% of the male offspring.

KEY WORDS: Insecta, Biosteres vandenboschi (Fullaway),

Bactrocera dorsalis (Hendel), ceratitis

capitata (Wiedemann) , Parasitoid progeny

production, sex ratio, exposure periods, size

of puparia.
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INTRODUCTION

The oriental fruit fly, Bactrocera (=Dacus) dorsalis

(Hendel), is one of the most serious pests of fruits and

vegetables in Hawaii where it has been present since 1946

(Carter 1950). Several parasitoids were introduced from around

the world to suppress its population (Clancy et al. 1952,

Clausen 1956, and Clausen et al. 1965). A few of the

introduced opiine parasitoids became established, and these

contributed to an outstanding success in the biological

control of this pest (van den Bosch et ale 1951, Bess and

Haramoto 1956, Bess et al. 1961, Clausen 1978) which has

continued to the present time (Wong and Ramadan 1987). Those

parasitoids that have persisted are considered to be promising

biological control agents for classical and augmentative

release programs in areas with tephritid fruit fly problems

(Wharton and Gilstrap 1983, Wharton 1989). Such programs

require the shipment and release of thousands of insectary

reared parasitoids for successful establishment in the field,

or substantial suppression of pest population (Clausen 1978).

The failure of many of these programs has been attributed

mainly to small numbers of parasitoids being released (Clausen

1956,1978), and many of the parasitoids have never been tried

again (Wharton 1989).

Biosteres vandenboschi (Fullaway) is one of the rare

opiine that oviposits preferentially in the early host larval

instars (i.e., first, and second instars) of ~ dorsalis (van



93

den Bosch and Haramoto 1951), the Mediterranean fruit fly,

ceratitis capitata (Wiedemann) (Haramoto and Bess 1970) as

well as 5 other pest species of Tephritidae (Wharton and

Gilstrap 1983, Gilstrap and Hart 1987).

Because of biological competition between the established

opiine parasitoids in Hawaii (van den Bosch and Haramoto 1953)

~ vandenboschi in recent years has accounted for <1% of the

total parasitization of ~ dorsalis, and ~ capitata in Maui

(Wong et ale 1984, Wong and Ramadan 1987). It has not been

recovered in samples on Oahu for some time (Harris and Lee

1986, MMR, unreported data) but has occasionally superseded

the normally dominant competitor Biosteres arisanus (Sonan) in

some guava orchards on Hawaii and Maui Islands (Haramoto and

Bess 1970).

I feel that ~ vandenboschi which has persisted in the

Hawaiian Islands for decades, should be conserved by

periodical releases and that it should be retried in countries

with tephritid problems, using viable mass reared colonies.

This paper reports some basic biological information

needed for the insectary mass production of ~ vandenboschi.

The influence of cohort age, host species, and oviposition

exposure periods on progeny production and offspring sex ratio

was determined, as well as the influence of parasitization on

host size.
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MATERIALS AND METHODS

Genera.l Procedures. A culture of lh vandenboschi had been

established in the insectary in 1984 with the initial cohorts

(~ 10 pairs) collected from Maui Island, Hawaii. The

parasitoid was continuously propagated on second instar larvae

of Jh. dorsalis for about 45 generations (1 generation per

month) before experiments started. Host larvae of lh dorsalis

and ~ capitata were reared using methods currently used by

the Agricultural Research Services of the U. S. Department of

Agriculture (Tanaka et al. 1969, Tanaka et al. 1970, Mitchell

et al. 1965, Vargas 1989, and Vargas et al. 1986).

Host larvae were introduced to parasitoids in oviposition

units similar to the units used for mass production of

Diachasmimorpha (=Biosteres) tryoni (Cameron) (Ramadan et al.

1989, Wong et al. 1990). Fine, dry wheat shorts were sprinkled

on top of host media before covering the oviposition units, to

keep the lids dry. This was necessary because moist

oviposition units entangled the parasitoids during oviposition

and appeared to be avoided by most females. Each oviposition

unit produced an average of 1000 puparia of lh dorsalis and ~

capitata.

Experimental Procedures. The population growth of Jh.

vandenboschi was determined using second instar larvae of the

habitual host, lh dorsalis, and the factitious host, ~

capitata. A separate cohort set of Jh. vandenboschi, containing

200 females and 200 males per set, was used for each host
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species. Parasitoid rearing cages provided with water and

honey were previously described by Wong and Ramadan (1991).

Parasitoids were allowed to mate and mature for 4 days before

oviposition (Hagen 1953). On the 5th day, one oviposition unit

per cage replicate was exposed to parasitoids for 24 hours for

oviposition. New oviposition units were exposed every morning

and the laboratory was always illuminated during exposure

periods. After oviposition every unit was poured into a
.

separate plastic container (~500 ml) containing fresh larval

medium to allow young larvae to continue development. Mature

popping larvae vacated the medium into pupation containers

(~900 ml plastic cups with vermiculite) and puparia were

sifted before adult emergence.

One month from the oviposition date, all eclosed adults

(male and female parasitoids, and flies) and uneclosed puparia

were counted to assess the daily parasitoid progeny production

under the two host species regimes. Mean number of females

attracted for oviposition and mort~lity rates were determined

daily. The test was terminated at parasitoid age 30 days. The

test was replicated 5 times for each host species.

Another cohort set of 5 cage replicates was exposed to

second instar larvae of ~ dorsalis for oviposition during a

shorter exposure period of 6-hours per day to determine the

effect of this host exposure period on parasitoid progeny

production.
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The influence of parasitism on the size of host puparia

of ~ dorsalis exposed to parasitoids as second instar larvae,

was determined. Exposed host puparia (7-days-old) were washed,

dried, and sorted for puparial size using methods described by

McInnis (1987). Twenty five ml lots host puparia were

separated into 5 significantly different size classes,

according to the measurement of puparial maximum width

(diameter). puparia of each size class were kept separately

until adult fly and parasitoid eclosion. The test was

replicated 10 times (25 ml = 1148.3 puparia/lot). The

distribution of size classes in unexposed hosts (control) was

also determined (3 replicates, 25 ml = 998 puparLay Lot.) ,

Maximum length, and maximum width of puparia were measured,

using a 0.01 rom accuracy caliper.

Analysis of variance was performed on the data to assess

the potential significance (£. <0.05) of progeny production of

~ vandenboschi at several successive parasitoid age intervals

and the effect of parasitism on host size. Means were

separated by Duncan's mUltiple range test or Student's t test

at £. = 0.05 level (SAS institute, 1985). All percentages data

were transformed by arcsine vlproportion before analysis, but

the untransformed means are presented.
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RESULTS

Table 4.1 presents the results of progeny production of

!L... vandenboschi as influenced by 6 maternal age intervals

using 2nd instar larvae of ~ capitata exposed to parasitoid

oviposition for 24 hours. Data for first oviposition, at

parasitoid age 5-day-old, were kept separate, and production

data for every 5 successive days were pooled. Percentages of

females attracted for oviposition increased significantly (£.

<0.05; ANOVA) to 37.5 % at age interval 11-15 days and, as a

result, percentage of parasitism (21.5%) and progeny

production per day (PERDAY, 225.4 parasitoids) were also

higher (£. <0.05; ANOVA) than production values of other age

intervals. Mortality rates increased significantly as the

cohort aged; however, >45% of the cohorts were still alive at

age interval 26-30 days. SUbsequently, the percentage of

ovipositing females decreased, as did PERDAY (84.7

parasitoids).

Unlike other parasitoids of Opiinae, progeny sex ratio

(%99 emerged) increased significantly (£. <0.05; ANOVA) from

25.9 %QQ at age interval 5-days to ~50 %99 at age intervals

11-30 days (Fig. 4.1).

When ~ dorsalis larvae were exposed to ~ vandenboschi

for 24-hour oviposition periods the same pattern of age

influence on parasitoid mortality rates and oviposition

activity was noticed (Table 4.2). However, the values of

percentage parasitism (33.6%) and PERDAY (413.8 parasitoids),
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obtained at age interval 11-15 days, were higher than values

obtained from ~ capitata hosts.

Parasitoid progeny sex ratio obtained from ~ dorsalis

hosts (Fig. 4.2) shifted significantly (£. <0.05; ANOVA) from

male biased «46.0 %99) at age interval 5-10 days to female

biased (range 64.3% to 71.2% 99) at age intervals 16-30 days.

A summary of the overall means of reproductive output of

~ vandenboschi reared from one generation on two different

host species is presented in Table 4.3. The overall mean

PERDAY and percentage parasitism were significantly higher (£.

<0.05; t test) when ~ dorsalis was used for oviposition than

when ~ capitata was used. Yet, the total hosts

exposed/unit/day was not significantly different (£. >0.05; t

test). The percentage of uneclosed host puparia was

significantly higher (22.5 %) in ~ capitata hosts, and these

puparia frequently contained dead immature parasitoids (MMR,

unreported data). Moreover, total parasitoid progeny per cage

(YIELD) from ~ dorsalis hosts was 6835.8 parasitoids; 1.8

times higher than YIELD obtained from ~ capitata hosts

(3755.8 parasitoids). However, both host species served very

well for insectary mass production of ~ vandenboschi, and

initial cohort populations (20099/cage) increased 18.8 and

24.2 times when exposed for oviposition to ~ capitata and ~

dorsalis, respectively.

Although the progeny sex ratio of ~ vandenboschi was

significantly influenced by the host larval instar (i.e., age
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or size of host larvae) in ~ dorsalis (Ramadan et aI, in

press) the sex ratio of parasitoids from the same larval

instar of the two different host species appeared to be the

same. The overall mean progeny sex ratio from both host

species was (>52 %99) not significantly different (£. >0.05;

t-test) .

Table 4.4 presents results of tests on the reproductive

activity of ~ vandenboschi exposed for 6-hours for

oviposition to 2nd instar ~ dorsalis. Mortality rates

decreased when daily exposure period was reduced to 6 hours.

More than 53% of the cohorts survived until age 26-30 days.

However, overall mean PERDAY was 53.1 parasitoids and

parasitoid YIELD was about 1/5 the YIELD from the 24-hour

oviposition exposure period.

Progeny sex ratio was ~45 %99 in age interval 5-10 days,

and increased significantly (£. <0.05; ANOVA) to ~66 %99 in

older age intervals (11-30 days).

Data on the influence of parasitization on host size are

presented in Figure 4.2a-d. The five classes varied

significantly (£. <0.05; ANOVA) in mean size from the

smallest, class 1 (Max.width = 1.8 ± 0.01 rom; Max.Length = 4.1

± 0.02 rom; N = 136) to largest, class 5 (Max. width = 2.4 ±

0.01 rom; Max.Length = 5.3 ± 0.01 rom; N = 150) (Fig.4.2a).

The distributions of puparia exposed to parasitism (exposed

hosts) and unexposed host puparia (control), in the 5 size

classes are shown in (Fig.4.2b). The size range of the exposed
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host puparia (>90 %) was significantly shifted toward the

small size classes 1-4 (t = 2.014; df = 45; £. = 0.05)

compared to the unexposed controls. Most of the adult

(parasitoids or flies) eclosed from size class 1 were

parasitoids (83.7 ± 2.3 %) and size classes 3-5 contained

fewer parasitoids (range 1.6% to 9.0%) than size classes 1 and

2 (Fig. 4.2c).

Unparasitized host puparia which produced normal !h

dorsalis adults, eclosed mostly (range 89.9% to 96.6%) from

large size classes 3-5. These puparia could be separated

before adult emergence and used for other rearing purposes.

Moreover, the sexes of parasitoid progeny can be separated

before eclosion using the size of host puparia. Small size

classes contained significantly more male progeny (93.1 ± 1.1

%~d, in size class 1) than larger size classes «20 %~~, in

size classes 3-5). Size class 4 contained significantly (~.

<0.05; ANOVA) the largest percentage of female progeny, 88.4

± 5.0 %99 (Fig. 4.2d).



Table 4.1. Influence of female parasitoid age on progeny production of Biosteres vandenboschi (Fu1la~lay),

using second-instar larvae of Ceratitis capitata (Wiedemann) exposed to parasitoid oviposition for 24 hours·

5 5 98.2 ±
1.8 a

19.2 ±
1.8d

13.6 ±
5.0 bc

117.0 ±
50.2 a

36.6 ±
15.3 b

153.6 ±
62.7 ab

6 - 10 25 79.4 ± 32.2 ± 13.9 ± 84.3 ± 69.2 ± 153.5 ±
1.4 b 1.4 ab 1.7 bc 10.7 ab 9.4 b 19.0 ab-----------------------------------------------------------------------------------------------------------------------------------

11 - 15 25 69.6 ±
1.4c

37.5 ±
1.5 a

21.5 ±
2.0 a

108.0 ±
14.6 a

117.3 ±
14.8 a

225.4 ±
28.7 a

16 - 20 25 63.1 ± 28.4 ± 15.4 ± 61.1 ± 78.3 ± 139.4 ±
1.4 d 2.3 bc 1.6 ab 11.5 b 11.7 b 22.9 b-----------------------------------------------------------------------------------------------------------------------------------

21 - 25 25 56.0 ± 31.6 ± 11.9 ± 55.8 ± 61.8 ± 117.7 ±
1. 4 e 1. 9 ab 1. 3 bc 8.0 b 8.3 b 15.9 b-----------------------------------------------------------------------------------------------------------------------------------

26 - 30 25 45.8 ±
1.9 f

23.8 ±
1.5 cd

8.6 ±
1.3c

39.3 ±
9.0 b

45.3 ±
8.1 b

84.6 :l:
16.9 b

·Means within columns followed by the same letters are not significantly different (~. <0.05; Duncan'D
multiple range test [SAS Institute, 1985]).

I-'
o
I-'



Table 4.2. Influence of female parasitoid age on progeny production of Biosteres vandenboschi (Fullaway),
using second-instar larvae of Bactroeera dorsalis ~Hendel) exposed to parasitoid oviposition for 24 hours"

Age
interval

(days)

%99
alive

(x±SEM)

%C?C?
attracted to
oviposition

sites

%
parasitism

(x±SEM)

Number parasitoid progeny/day

00

(x±SEM)

99

(x±SEM)

Total

(x±sEM)

5

6 - 10

11 - 15

16 - 20

21 - 25

26 - 30

5

25

25

25

25

25

91.4 ±
2.3 a

87.1 ±
1.4 a

79.4 ±
1.9b

71.9 ±
2.1 b

63.1 :t
2.2 c

48.7 ±
3.0 d

17.5 ±
2.5 b

25.7 ±
2.7 a

26.9 ±
2.1 a

28.3 ±
1.7 a

27.6 ±
1.9 a

14.4 ±
1.4b

20.8 ±
4.0 bc

27.7 ±
3.6 ab

33.6 ±
2.0 a

21.6 ±
2.5 be

22.1 ±
1.6 be

14.9 ±
l.Bc

181.4 ±
29.1 bc

163.6 ±
27.8 ab

195.4 ±
23.1 a

94.1 ±
18.8 bc

92.4 ±
14.1 be

60.4 ±
13.4 c

104.6 ±
29.1 bc

169.2 ±
26.4 ab

218.4 ±
17.8 a

124.4 ±
18.2 bc

120.8 ±
14.2 bc

72.7 ±
10.4 e

t

286.0 ±
17.5 ab

331.8 ±
52.7 ab

413.8 ±
39.0 a

218.5 ±
36.3 be

213.2 ±
27.3 be

t 133.1 ±
22.9 c

~eans within columns followed by the same letters are not significantly different (~. <0.05; Duncan's
multiple range test [SAS Institute, 1985J).

~

o
lIJ



Table 4.3. Summary of overall mean reproductive output during one generation of laboratory cohorts (200
~~/cage) of Biosteres vandenboschi (Fullaway),exposed to second-instar larvae of Ceratitis capitata

(Wiedemann), and Bactrocera dorsalis (Hendel) for 24 hours for oviposition

Progeny produced/day

Percentage parasitism

Progeny sex ratio (% ~~)

Percentage uneclosed puparia

Parasitoid yield per cage

Total hosts exposed per day

144.5 ± 4.3

14.2 ± 0.4

52.7 ± 2.7

22.5 ± 0.8

3755.8 ± 112.4

970.0 ± 20.5

263.0 ± 16.7

23.9 ± 1.3

56.4 ± 2.4

3.4 ± 0.2

6835.8 ± 433.2

1019.2 ± 42.4

(t = -6.87; df = 4.5; ~. = 0.0016)

(t = -7.71; df = 8; ~. = 0.0001)

(t = -1.02; df = 8; ~. = 0.3395)

(t = 27.98; df = 8; ~. = 0.0001)

(t = -6.88; df = 4.5; ~. = 0.0016)

(t a -1.04; df a 8; ~. m 0.3294)

I-'
o
IN



Table 4.4. Influence of female parasitoid age on progeny production of Biosteres vandenboschi (Fullaway),
using second-instar larvae of Bactrocera dorsalis (Hendel) exposed to parasitoid oviposition for 6 hoursB

5 5 98.5 ±
0.4 a

5.8 ±
0.8 c

14.3 ±
3.3 a

17.8 ±
3.1 bc

15.4 ±
4.7 b

33.2 ±
6.2 bc

6 - 10 25 91.7 ± 11.9 ± 9.3 ± 47.7 ± 39.0 ± 86.7 ±
2.3 a 1.1 b 1.3 a 6.6 a 5.2 a 11.6 a-----------------------------------------------------------------------------------------------------------------------------------

11 - 15 25 79.5 ± 15.8 ± 11. 5 ± 24.6 ± 41. 9 ± 66.4 ±
3.6 b 0.6 a 1.7 a 3.9 b 5.4 a 9.0 ab-----------------------------------------------------------------------------------------------------------------------------------

16 - 20 25 70.3 ± 13.2 ± 10.1 ± 15.5 ± 27.0 ± 42.5 ±
3. 8 bc O. 8 ab 1. 5 a 2 . 8 bc 4. 3 ab 6. 9 bc-----------------------------------------------------------------------------------------------------------------------------------

21 - 25 25 63.4 ± 10.8 ± 12.0 ± 24.4 ± 39.7 ± 64.0 ±
3.9 cd 0.7 b 1. 7 a 5.5 b 6.7 a 11. 7 ab-----------------------------------------------------------------------------------------------------------------------------------

26 - 30 25 53.1 ±
4.0 d

5.2 ±
0.7 c

10.2 ±
5.4 a

4.6 ±
l.Oc

11.0 ±
l.9b

15.6 ±
2.8 c

"Means within columns followed by the same letters are not significantly different (~' <0.05; Duncan's
multiple range test [SAS Institute, 1985]).

I-"
o
ol>-
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Figure 4.1. Influence of maternal age intervals (days) of 200 ~~

Biosteres vandenboschi (Fu11away) on the progeny sex ratio (%~~ emerged)
under two regimes of 24 hour exposure for oviposition in second instar
host larvae of ceratitis capitata (factitious host) and Bactrocera
dorsalis (habitual host). For each host species mean percentages of
females followed by the same letters are not significantly different (~.

<0.05; ANOVA). Vertical lines represent standard errors.
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Figure 4.2, A-D. Influence of parasitization by Biosteres
vandenboschi (Fullaway) on puparial size of Bactrocera dorsalis (Hendel).
A) Measurements of 5 puparial size classes ; B) Distribution of puparia
exposed to parasitoid oviposition, and unexposed puparia in the size
classes; C) Distribution of parasitized (i.e., eclosed to parasitoids) and
unparasitized (i.e., eclosed to normal flies) host puparia in the puparial
size-classes; D) Distribution of male and female parasitoid progeny in the
puparial size-classes. Values are means of 10 replicates (25 ml
pupariajreplicate). Bars of the same category denoted by the same letter
are not significantly different ~. <0.05; Duncan's multiple range test
[SAS institute 1985]).
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DISCUSSION

Biosteres vandenboschi was an excellent survivor

compared to other opiine parasitoids. Out of 15 replicates

totaling 3,000 99, ~49% of the wasps were still alive at age

interval 26-30 days and capable of contributing to progeny

production. Therefore, cohort discard age (Cary et ale 1989)

can be ~30 days in this species.

~ vandenboschi can be successfully mass produced using

~ capitata as hosts if ~ dorsalis are not available.

However, as with other opiinae, ~ capitata was more

vulnerable to parasitism and usually higher percentage of

uneclosed host puparia were produced after parasitization

with ~ capitata than with ~ dorsalis. Wong and coworkers

(1990) reported that ~ capitata exposed to the opiine

Diachasmimorpha tryoni (Cameron) in the laboratory produced

~34% uneclosed puparia which were found to contain parasitoid

cadavers of all immature stages. Therefore, in mass

production, YIELD of ~ vandenboschi exposed to ~ capitata

might be affected by the high rate of uneclosed host puparia.

Oviposition activity of ~ vandenboschi during short exposure

periods was not optimum for mass production. Female wasps

tended to deposit few eggs per day and to distribute its

potential eggs slowly over a wide range of time (MMR,

unpublished data). Also, oviposition activity might be

increased during certain periods of the day, following a

"circadian rhythm", even under constant illumination.
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However, this proposed explanation needs an experimental

proof.

It was expected that progeny sex ratio of ~

vandenboschi would become male biased as the age of cohorts

increased, but contrary to results on progeny sex ratios

obtained with related opiine (Ramadan et ale 1989, Wong et

ale 1990, Wong and Ramadan 1991), the sex ratio of ~

vandenboschi shifted significantly toward female biased

offspring as the cohorts aged. This strategy of early

production of abundant male offspring may insure that most of

the males reach peak sexual maturity (male premating period

:::::6 days after emergence; Hagen 1953) before peak female

emergence and this may maximize the insemination rates among

female offspring.

Because host larvae were parasitized in early instars,

there was a significant effect on the size of parasitized

puparia (Fig.4.2b). Opiine parasitoids which attack mature

larval instars of Tephritidae (as in Diachasmimorpha

longicaudata; Lawrence, 1988) may also affect the size of

their hosts but less effectively than ~ vandenboschi.

Results of my experiments on the influence of ~ vandenboschi

on host size can provide an important tool to separate most

of the unparasitized puparia which may then be used to

replenish the host fly stocks, or be irradiated for use in

sterile insect release programs.
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Finally, I believe that the mass production of !h.

vandenboschi is feasible using this procedure. Based on the

parasitoid yield data of 24 hour-exposure period to 2nd

instar host larvae of !h. dorsalis, about 150 cohort cage

replicates may be sufficient to mass produce about 1 million

(containing ~56 %99 progeny) parasitoids of !h. vandenboschi

per generation, which could be managed by one exper ienced

breeder.
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Reproductive strategy of the Longtailed Fruit Fly Parasitoid,

Diachasmimorpha lonqicaudata (Ashmead),

(Hymenoptera: Braconidae:opiinae)



117

ABSTRACT

Diachasmimorpha longicaudata (Ashmead) is an important

indo-pacific opiine with a wide host range, and is a promising

biotic agent for augmentative release programs against >17

pest species of the family Tephritidae. Some aspects of its

reproductive biology that are specially valuable in

establishing mass-production techniques were determined.

Host deprived cohorts of laboratory reared ~

lonqicaudata (in groups of 200 99) had an overall mean

longevity (±SEM) of 22.8 ± 0.3 days which was significantly

higher than longevity of ovipositing cohorts (13.1 ± 0.1

days). Peak ovarian maturation of parasitoids reared from

Bactrocera dorsalis (Hendel) (=large hosts) was 70.3 eggs on

the 4th posteclosion day. Ovarian eggs of cohorts reared from

ceratitis capitata (Wiedemann) (=small hosts) peaked on the

8th posteclosion day, with 57.3 mature eggs. The overall mean

potential fecundity (PFEC) of host deprived ~ longicaudata

eclosed from large hosts (52.4 ± 1.1 eggs) was significantly

(£.<0.05it test) higher than PFEC of those eclosed from small

hosts (43.4 ± 0.7 eggs).

Mean longevity (L) of individually reared, mated females

(16.3 days) was significantly less than L of unmated females

(19.9 days). Mean progeny produced /female/day was about 12.6

parasitoids from both mated and unmated cohorts. Mean realized

fecundity was 93 and 98.6 emerged progeny/female, and mean
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PFEC was 113.7 and 103.1 eggs for mated and unmated

ovipositing females, respectively.

The overall mean progeny sex ratio was 49.0 ± 3.8 %

emerged females. Sex ratio increased significantly

(£.<0.05iANOVA) in age interval 5-8 days (range 57% - 68.6%

99) while females older than 12 days produced fewer female

progeny (range 0% - 41.3% 99).

Progeny produced from ~ dorsalis exposed to

parasitization as second instar larvae was mostly males (9.5

%99). However, late third instar larvae of ~ dorsalis

produced 63% female progeny and the percentage of uneclosed

host puparia was minimum (1.6%). Therefore, third instar hosts

appear to be optimum for insectary production of ~

longicaudata.

KEY WORDS. Insecta, Diachasmimorpha longicaudata

(Ashmead), Bactrocera dorsalis (Hendel),

ceratitis capitata (Wiedemann), reproductive

biology.
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I~""TRODUCTION

The longtailed fruit fly parasitoid, Diachasmimorpha

longicaudata (Ashmead) [formerly Biosteres longicaudatus], is

an important biotic agent that is known to attack a wide range

of tephritid fruit flies in tropical and sUbtropical regions

(Clausen 1978, Fischer 1971, Gilstrap and Hart 1987, Wharton

1989). This parasitoid can develop effectively in upto 17 host

species of tephritid larvae (Wharton and Gilstrap 1983) and it

is considered to be a promising candidate for augmentative

release programs directed against serious pest species

belonging to the genera Ceratitis (Wharton et ale 1981), Dacus

(Knipling 1979, Wong et ale 1984) and Anastrepha (Baranowski

1974, Greany et ale 1976).

In Hawaii, ~ longicaudata was first introduced in 1947

to combat the oriental fruit fly, Bactrocera dorsalis

(Hendel), and was dominant over several previously introduced

opiines, until 1949 (Bess et ale 1950, van den Bosch et ale

1951). It was then slowly superseded by Biosteres vandenboschi

(Fullaway) and Biosteres arisanus (Sonan), since 1950.

Eventually, the egg-larval parasitoid ~ arisanus attained

dominance overall established opiines, due to its intrinsic

competitive superiority (van den Bosch and Haramoto 1953).

However, ~ longicaudata still contributes significantly in

the biological suppression of tephritid populations, and has

accounted for upto 34.9% of total parasitization in fruits

infested by ~ dorsalis and the Mediterranean fruit fly,
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ceratitis capitata (Wiedemann) [Wong et al. 1984, Wong and

Ramadan 1987]. Additionally, ~ longicaudata plays a part in

the field parasitization of Bactrocera latifrons (Hendel), a

serious pest of solanaceous fruits which was recently

introduced to Hawaii (Vargas and Nishida 1985).

While ample basic biological and ecological information

has been published on this parasitoid (Ashley et al. 1976,

Bess 1953, Bess et al. 1950, Bess and Haramoto 1961, Greany et

al. 1976, Haramoto and Bess 1970, Lawrence 1981, 1988,

Lawrence and Hagedorn 1986, Lawrence et al. 1976, 1978a 1978b,

Ramadan and Wong 1989, Wong and Ramadan 1987), absolute values

of most of its reproductive attributes are still lacking,

particularly when ~ longicaudata is reared on hosts such as

~ dorsalis, and ~ capitata.

I report on the following components of the reproductive

biology of ~ longicaudata 1) survivorship rates of

ovipositing and host deprived cohorts, 2) potential fecundity

of host deprived cohorts and the influence of host species on

the pattern of ovarian maturation, 3) reproductive outpu~ of

mated and unmated individual females, and 4) the influence of

host age on parasitoid progeny sex ratio. I also compare my

results with earlier reports on rearing and reproductive

biology of ~ longicaudata , using different techniques and

host species.

Understanding the reproductive

parasitoid may facilitate its mass
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insectary , and may provide important clues for population

suppression models for tephritid pests.
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MATERIALS AND METHODS

Initial cohorts of ~ lonqicaudata were obtained from

infested peaches and loquats from Maui Island in 1981, and the

parasitoid colony has been maintained in the laboratory using

methods described for the related opiine Diachasmimorpha

tryoni (Cameron) (Ramadan et ale 1989a, 1989b, Wong et ale

1990). Parasitoid stock was reared in the laboratory (26°C,

and ~60% RH) continuously for about 70 generations (1

generation per month) before experiment started. Middle third

instar larvae (6-day-old) of ~ dorsalis were used as hosts to

maintain the parasitoid colony.

Survivorship Rates. Survivorship rates of host deprived

and ovipositing females were examined using 5 replicates of

cohorts for each category (::::200 99/replicate) . The ovipositing

females were exposed daily, for 24 hours to an abundant supply

of ~ dorsalis larvae for parasitization, starting on the 5th

posteclosion day. Dead females in each replicate were removed

and the numbers recorded once a day until all host deprived

cohorts and ~98% of ovipositing cohorts diad. Survivorship

data were analyzed using the life table and survivorship

function test (SAS Institute 1985) which includes estimates of

the mean longevity and quantiles of the survival function.

That is the estimated times at which 75%, 50% (=median

longevity) and 25% of the cohorts are dead.

Patterns of Ovarian Maturation. The influence of host

species on potential fecundity and the pattern of ovarian
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maturation of host deprived ~ longicaudata were determined

using two parasitoid stocks, one eclosed from .!h. dorsalis

(large-size-hosts) and the other from ~ capitata (small-size

hosts). Upon parasitoid emergence, cohorts of each stock were

kept separately in rearing cages (26 cm3 , 200 pairs/cage) and

15 99 were dissected every other day. Mature eggs in the lower

portion of ovarioles (i.e., ~0.35 rom in length with distinct

mammilla at each end) were counted. However, resorbed eggs

(i.e., with any stage of degeneration or partial dissolution

in the contents; Ramadan et ale 1989a) were not counted in

this test. Preservation of females in 70% ethanol for later

dissections (Lawrence et ale 1978) obscured the accurate count

of viable mature eggs. Therefore, all dissections of fresh

parasitids were made in saline (Yeager's) solution.

Realized Fecundity. Procedures previously described for

rearing individual opiine parasitoids (Ramadan et ale 1989a)

were adopted to determine the reproductive attributes of mated

and unmated ~ longicaudata. Newly emerged females (~l-hour

old, emerged from ~ dorsalis) were exposed, daily and until

death, to oviposition units (5.0 cm diam, 0.5 cm ht, modified

petridishes with tight-fitted organdy lids), each containing

~150 middle-third instar larvae of .!h. dorsalis/unit. Ten

reproductive parameters were determined (see Table 5.1 for

description) for 16 mated (accompanied with males) and 14

unmated individual females. At time of death, every female was

dissected to determine the number of mature eggs remaining in
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the ovaries, and to confirm the mating status by the presence

or absence of sperm in spermathecal capsule.

Influence of Host Larval Instars on Progeny Sex Ratios

and Rates of Uneclosed Host Puparia. A series of ~ dorsalis

larvae, 3, 4, 6, and 7 days old, representing second, early

third, middle third, and late third instars, were packed into

oviposition units [9 cm diam, and <0.5 cm ht petridishes, Wong

et ale 1990, Wong and Ramadan 1991] (average 1187.7, 626.1,

552.1, and 503.9 larvae/unit, respectively) and then exposed

to :::::l-week-old ~ longicaudata for 24 hours. After

parasitization, the host larvae were reared (Wong et ale 1990)

until adult flies and parasitids emerged. Parasitoid progeny

sex ratio (%99 emerged), total parasitoid/unit, and percentage

uneclosed host puparia were determined for each set of host

larval instars. The test was replicated 9 and 15 times for the

second instar and each set of third larval instars,

respectively.

All percentage data were transformed to arcsine V

proportions before analysis, but untransformed means are

presented here. Data were subjected to analysis of variance

(ANOVA) and means were separated by Duncan's multiple range

test or Student's t test at the £.= 0.05 level (SAS Institute

1985) •
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RESULTS

survivorship Rates. Figure 5.1 presents the survivorship

curves of ~ lonqicaudata and the influence of oviposition

activity on survivorship rates. Host deprived cohorts; a total

of 1020 parasitoids and 0% censored observations (=

parasitoids still alive at the end of test period) had an

overall mean longevity (±SEM) of 22.8 ± 0.3 days and 23 days

median longevity. On the other hand, oviposition activity

appeared to rapidly increases mortality of parasitoids. The

ovipositing cohorts; a total of 998 parasitoids and 1. 6 %

censored observations had an overall mean longevity of 13.1 ±

0.1 days; significantly (t = 9.711; df = 8; £. = 0.0001) less

than mean longevity of host deprived cohorts. The median

longevity of ovipositing females (13 days) also was

significantly (t = 9.8 i df = 4.7 i £. = 0.0003) less than

median longevity of host deprived females. The first quantile

(25% of total individuals) was 18 and 11 days, and the third

quantile (75% of total individuals) was 28 and 16 days for

host deprived and ovipositing females, respectively.

Survivorship estimates for ovipositing females indicated that

~1.3% of the females were still alive beyond the age of 20

days. However, the survivorship rates of host deprived cohorts

at that particular age was 68.9%.

Patterns of Ovarian Maturation. Influence of cohort age

and host species on the pattern of ovarian maturation in host

deprived ~ longicaudatus is presented in Figure 5.2. Newly
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emerged females of ~ longicaudata eclosed from ~ dorsalis

had few (8.3 ± 1.4) mature ovarian eggs, which increased

significantly as the female parasitoids increased in age. The

mean number of ovarian eggs increased to a maximum 70.3 ± 2.0

eggs on the fourth posteclosion day. However, numbers of

ovarian eggs for days 4, 6, and 8 were statistically similar

but significantly (F = 40.74; df = 15,224; £. <0.05) higher

than the mean number of ovarian eggs for all other cohort age

groups. Mean number of ovarian eggs decreased gradually until

age 24 days (45.2 ± 1.9 eggs) and peaked again to 54.6 ± 2.0

eggs at age 28 days.

The pattern of ovarian maturation of ~ longicaudata

eclosed from ~ capitata was very similar to the pattern of

parasitoids eclosed from ~ dorsalis, but with reduced mean

values for all age groups. The peak number of ovarian eggs

occurred on the 8th posteclosion day (57.3 ± 1.9 eggs), and

was significantly (F = 14.6; df = 14,210; £. <0.05) higher

than the numbers of ovarian eggs in older parasitoids.

The overall mean number of ovarian eggs (=potential

fecundity of host deprived females) of parasitoids eclosed

from ~ dorsalis (52.4 ± 1.1; extreme lowest 1-4 eggs; extreme

highest 81-92 eggs) was significantly (F = 46.94; df = 1,463;

£. <0.05) higher than the potential fecundity of parasitoids

eclosed from ~ capitata (43.4 ± 0.7; extreme lowest 2-26

eggs; extreme highest 66-76 eggs).
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Reproductive Characteristics. Not all the females

confined with males were inseminated. Seven out of 16 (43.8%)

had no sperm in spermathecal capsule when dissected, and those

produced only male offspring during their lifetime. Data from

such individuals were lumped with data from unmated females.

Table 5.1 present the values of 10 reproductive

attributes of mated (N = 9 females) and unmated (N = 21

females) ~ longicaudata exposed daily to middle 3rd instar

~ dorsalis. Mean longevity (L) of mated females, 16.3 days,

was significantly (t = 2.08; df = 28; £. = 0.047) different

from L of unmated females, 19.9 days. Mean age of first

oviposition (QVP1) averaged 4.5 days in both mated and unmated

females. Postoviposition period (POSTD) of unmated females,

7.4 days, was significantly (t = 2.45; df = 28; £. = 0.02)

higher than POSTD of mated females. Mean L of individually

reared mated females was ::::3 days longer than L of mated

cohorts reared in groups (Fig. 5.1). Age of Peak oviposition

(PEAKD), ::::6 days, coincided with peak ovarian maturation of ~

longicaudata €closed from ~ dorsalis hosts. Mean oviposition

per day (OVP/DAY) was 12.6 emerged progeny, which constituted

about 24% of potential fecundity (PFEC) of host deprived

females. Mean reproductive fecundity (RFEC) was 93.0 and 89.6

emerged progeny for mated and unmated females, respectively.

When number of ovarian eggs at death of female (OVEGGS) was

added to RFEC, the sum value constituted the PFEC of

ovipositing females (mated = 113.7 eggs; unmated = 103.1
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eggs). The values are ~2.1 times higher than PFEC of host

deprived females (Fig. 5.2).

Progeny sex ratio (%99 emerged) of mated females ranged

from 33.3% to 75.0% 99, and the overall mean sex ratio was

49.0 ± 3.8 % 99. Progeny sex ratio increased significantly (

F = 2.49; df = 16,52; £. = 0.0068) during age group 5-8 days

(range 57.0% - 68.0% 99), while parasitoids older than 12 days

produced significantly (£. <0.05; ANOVA) fewer female offspring

(range 0% - 41.3% 99) than parasitoids of younger age.

Influence of Host Larval Instars on progeny Sex Ratio and

Rates of Uneclosed Host Puparia. ~ lonqicaudata was able to

develop successfully in second instar larvae of ~ dorsalis

but the emerged progeny sex ratio significantly favored the

males, Fig. 5.3a, (9.5 ± 1.5% 99; N = 9; total observations =

7,380 parasitoids). Parasitoid progeny of larger host instars

contained significantly (F = 225.5; df = 3,50; £.<0.05) more

female offspring than progeny produced from second instar

larvae. Progeny sex ratios of (62.7 ± 1.7% 99; N = 15; total

observations = 12,932 parasitoids), (55.7 ± 1.5% 99; N = 15;

total observations = 7,508 parasitoids), and (66.7 ± 1.3% 99;

N = 15; total observations = 8,689 parasitoids) were produced

from early-third instar, middle-third instar, and late-third

instar larvae ~ dorsalis, respectively, Fig. 5.3a.

The percentage of uneclosed host puparia was

significantly (F = 23.3; df = 3,50; £ <0.05) reduced to 1.6 ±
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0.2% when early-third instar larvae ~ dorsalis were used as

hosts, Fig. 5.3b.



Table 5.1. Reproductive attributes of individual females of mated (N=9) and unmated (N=21)
longicaudata (Ashmead) exposed daily to oviposition units (modified petridishes with

organdy lids) containing (=150 larvae/unit) third instar larvae of Bactrocera dorsalis

L

OVP1

POSTD

RPERIOD

PEAKe

PEAKOVP

RFEC

OVEGGS

PFEC

OVP/DAY

longevity

age of first ovipositionb

post oviposition period

reproductive period

age of peak oviposition

peak oviposition

reproductive fecundity

mature ovarian eggs at death

potential fecundity

oviposition per day

16.3 ± 1.3

4.1 ± 0.6

3.9 ± 0.7

7.7 ± 0.5

5.6 ± 0.2

36.1 ± 1.8

93.0 ± 3.9

20.7 ± 7.8

113.7 ± 7.7

12.6 ± 1.0

19.9 ± 1.0*

5.0 ± 0.1

7.4 ± 0.9*

7.2 ± 0.3

5.8 ± 0.1

33.0 ± 2.6

89.6 ± 6.3

13.5 ± 2.5

103.1 ± 7.4

12.5 ± 0.9

day

day

day

day

day

highest No. of eggs/day

total eggs deposited

No. ovarian eggs

RFEC + OVEGGS

progeny eclosed/day

"Mean values of reproductive parameters of mated and unmated females were not significantly different (R.
>0.05) except when denoted by an astrix (R. <0.05); Student's t test [SAS Institute 1985]).

~emales were allowed to oviposit on the first eclosion day.

....
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Figure 5.1. Survivorship curves of host deprived and
ovipositing (for each category, 5 replicates, 200 ~~ each) females
of Diachasmimorpha longicaudata (Ashmead). Parasitoid stock eclosed
from Bactrocera dorsalis hosts previously parasitized as third
instars. ovipositing females were allowed to oviposit daily starting
from the 5th posteclosion day.



132

80

60

40

20

•
o 2 4 6

• hosts=Bd, overall mean=52.4 eggs

6. hosts=Cc, overall mean=43.4 eggs

I
8 10 12 14 16 18 20 22

DAYS AFTER ECLOSION

Figure 5.2. Patterns of ovarian maturation in host deprived
Diachasmimorpha longicaudata (Ashmead) ec10sed from Bactrocera
dorsalis (=Bd, large size hosts), and Ceratitis capitata (=Cc, small
size hosts). Data were obtained by dissecting ovaries of 15 ~~ of
each category on every second day. Vertical bars represent ±
standard error of means.
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a

HOST LARVAE EXPOSED TO PARASITOID

Figure 5.3. Influence of host larval instars of Bactrocera
dorsalis (Hendel) on the progeny sex ratio (%~~ emerged, Fig.A), and
percentage of uneclosed host puparia (Fig.B) when exposed to
parasitization by Diachasmimorpha longicaudata (Ashmead). Data
represent means (fSEM, vertical lines) of 9-15 replicates for each
host category. Means followed by the same letter are not
significantly different (~. <0.05; Duncan's multiple range test [SAS
Institute 1985]).
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DISCUSSION

Survivorship rates of ovipositing and host deprived ~

longicaudata are valuable tools to predict, at least

partially, the longevity of released parasitoids in the field,

for modeling auqnentiat I ve release programs. Longevity of

female parasitoids was influenced by several factors beside

adult food and laboratory condition, which were constant

during the test period. Increasing density of cohorts in the

rearing cages may reduce longevity (Ashley and Chambers 1979),

as is evidenced by the reduced longevity of ovipositing

females reared in groups compared with that of females reared

individually. Females were seen battling on the oviposition

units, and such aggressive behavior may increase dispersal

activity and reduce longevity of injured cohorts.

Like other related opiines (Ramadan et ale 1989a), host

deprived ~ longicaudata reabsorbed ovarian eggs and lived

significantly longer than ovipositing females. However, the

oosorption processes in ovipositing females may shut down, and

only the ovulation processes may continue (Flanders 1942).

The size of parasitoids was highly influenced by the size

of the host species (MMR, unpublished data), and or by the

size of host larval instars at time of oviposition (Lawrence

1976). Therefore, size of host may influence the values of

potential fecundity and parasitoid fitness in general. ~

longicautata eclosed from the Caribbean fruit fly, Anastrepha

suspensa (Loew) contained an average of 86.1 ovarian eggs at
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peak maturation (Greany et al. 1976, Lawrence et al. 1978a)

which is significantly higher than peak ovarian maturation

rates of cohorts eclosed from ~ dorsalis or ~ capitata.

Oviposition activity of !h longicaudata seems to be

dependant on the status of ovarian maturation rates. Not all

females initiated oviposition activity on the first eclosion

day and most of them refrained from egg deposition for 4 - 5

days. This may represent a characteristic preoviposition

period for !h lonqicaudata that coincides with the peak of egg

maturation. Therefore, a suggested period of 4-5 days is

optimum for exposing parasitoids to host oviposition units.

When hosts are available for oviposition, female !h

longicaudata tended to deposit eggs fast and to produce up to

29 OVP/DAY, which constituted ~24% of available ovarian eggs.

Because of this oviposition activity , >4/5 of PFEC were

contributed to the progeny production before female died.

Mating status had no significant effect on RFEC of

females eclosed from & suspensa (Greany et al. 1976) or

females eclosed from ~ dorsalis. However, my results showed

that unmated females lived significantly longer than mated

females. This difference in longevity might be due to the

prolonged POSTD of unmated females. RFEC of !h longicaudata

reared on ~ suspensa (26 parasitoids/female; Greany et al.

1976) was underestimated apparently because of the high

percentage of uneclosed host puparia (~30%) that might have

contained immature cadavers of parasitoid progeny. RFEC of
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mated and unmated ~ longicaudata reared on Jh. dorsalis

averaged 91. 3 emerged progeny/female. This was ~3. 5 times

higher than total progeny production of individual ~

longicaudata, reared on ~ suspensa, reported by Greany et ale

1976.

Age of ovipositing females and host quality (i.e., age,

size, species) were among the important factors that

influenced the progeny sex ratio in ~ lonqicaudata, as well

as in other related opiines (Avilla and Albajes 1984, Wong et

al. 1990). Early attempts to mass produce !h. longicaudata

encountered the problem of obtaining a favorable progeny sex

ratio. Clancy 1951, and Marucci and Clancy 1950 reported

progeny sex ratios ranged from 10% to ~37% 99 from laboratory

propagation of ~ longicaudata reared on ~ dorsalis.

Probably, early host larval instars were exposed for

parasitoid oviposition during their tests. ~ longicaudata

distinctly favored deposition of female offspring in larger

size hosts (third instar) than small size hosts (second

instar) of ~ dorsalis. This phenomenon was first reported

from field collected !L. dorsalis parasitized by ~

longicaudata (Bess et ale 1950), and as in general agreement

with data on other related opiines parasitizing different host

larval instars (Avilla and Albajes 1984; Wong et ale 1990, MMR

unpublished data) .

The high reproductive capacity and rapid growth in

population size of ~ longicaudata may explain its quick



137

recovery and early dominance over other opiine parasitoids in

the field, after it was first released in the Hawaiian Islands

against ~ dorsalis (Bess et al. 1950), in Florida against ~

suspensa (Baranowski 1974), and in Central America against ~

capitata and other Anastrepha spp. (Wharton et al. 1981,

Gilstrap and Hart 1987).

Based on my data on the reproductive potential of !L..

longicaudata, I believe that millions of these wasps can be

produced in the insectary for augmentative release programs,

and that this may offer greater possibility of success than

the use of other environmentally hazardous techniques.
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Mass Rearing Biology of Diachasmimorpha lonqicaudata

(Ashmead), Larval Parasitoid of Bactrocera dorsalis (Hendel)
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ABSTRACT

The longtailed fruit fly larval parasitoid,

Diachasmimorpha longicaudata (Ashmead), is an important biotic

agent for augmentative release programs which aim to suppress

wild populations of tephritid pests in the Hawaiian Islands

and several other parts of the world.

Basic biological information needed to facilitate its

mass propagation in the insectary were determined using mature

third instar larvae of the Mediterranean fruit fly, ceratitis

capitata (Wiedemann), and the oriental fruit fly, Bactrocera

dorsalis (Hendel).

Mean (±SEM) parasitoid progeny production per day

(PERDAY) was 382.9 ± 28.5 parasitoids at cohort age interval

6-10 days when parasitoids were exposed to ~ capitata hosts

for 24 hours. PERDAY value of the same age interval was >2

times higher when parasitoids were exposed to ~ dorsalis.

Percentages of parasitoid female offspring (sex ratio)

did not remain constant as the parasitoid cohorts aged, and

declined significantly (£.<0.05;ANOVA) to ~ 44 %99 in age

interval 11-15 days.

During long oviposition exposure periods (24 hours)

average parasitoid progeny production (YIELD), per cage of 200

99 ~ longicaudata during the intensive egg laying period (5

15 days old), was 2319.8 and 6705.2 parasitoids using ~

capitata and ~ dorsalis hosts, respectively. Using ~

dorsalis hosts, parasitoid YIELD was 3113.8 and 2491.4 during
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2 hours and 6 hours exposure for oviposition, respectively.

Overall parasitoid sex ratio obtained from short oviposition

exposure periods of 2 and 6 hours (~ 65 %99) was significantly

higher than that for 24 hours exposure periods ($ 54 %99).

PERDAY, YIELD, and sex ratio were optimum for short and

long exposure periods during age intervals of 5-15 days, and

daily ovipositing cohorts older than 15 days should be

discarded. Middle third instar larvae of ~ dorsalis (6-days

old) are greatly preferable for insectary production of ~

longicaudata than other tephritid host species.

(Hendel) ,

KEY WORDS Insecta,

(Ashmead) ,

Bactrocera

Diachasmimorpha

Ceratitis capitata

dorsalis

longicaudata

(Wiedemann) ,

parasitoid

progeny production,

periods.
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INTRODUCTION

The oriental fruit fly, Bactrocera (Dacus) dorsalis

(Hendel) has been considered to be an economically important

pest in the Hawaiian Islands since shortly after its

introduction in 1946 (Carter 1952, Clausen et ale 1965). Its

ability to adapt to many different kinds of habitats and to

utilize a wide host range (>152 different host species belongs

to 40 families [Nishida et ale 1980J) of wild and cultivated

host plants has made this insect one of the major pests for

tropical fruits and vegetables.

In the Hawaiian Islands biological control efforts were

made to suppress the population of ~ dorsalis, through the

introduction of several species of parasitoid Hymenoptera in

1947 (Bess et ale 1950, Bess and Haramoto 1956). These

introductions have resulted in an outstanding biological

control (Bess et ale 1961, Clausen et ale 1965). Four of the

opiine parasitoids became widespread and managed to decrease

the infestation rates substantially (Clausen 1965, 1978).

The longtailed parasitoid, Diachasmimorpha (Biosteres)

longicaudata (Ashmead), was one of the early opiine

parasitoids to be established in all the Hawaiian Islands.

since 1950 it has been replaced as the dominant natural enemy

ad ~ dorsalis by the egg-larval parasitoid Biosteres arisanus

(Sonan) (van den Bosch and Haramoto 1953, van den Bosch et ale

1951, Bess and Haramoto 1961). However, ~ longicaudata still

persists in the field, contributing to the total
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parasitization rates for ~ dorsalis and the Mediterranean

fruit fly, Ceratitis capitata (Wiedemann) in low and high

elevation zones (Bess 1953, Haramoto and Bess 1970, Wong et

al. 1984, Wong and Ramadan 1987).

In a recent study in Oahu Island [Makaha and Waianae

Valleys 1978 -1982 (Harris and Lee 1986)] 8% of the total

parasitoids reared from coffee berries infested by the two

tephritid host species were ~ longicaudata. In the Island of

Maui, Wong and Ramadan (1987) noticed that the fruit

collection method may obscure the true activities of this

parasitoid, and that random collection of green and ripe

fruits on the tree may underestimate the parasitization rates

by larval parasitoids. For example, 12.:.. longicaudata on

several occasions contributed up to 34 % of total

parasitization in windfallen fruits infested by ~ dorsalis

and ~ capitata.

Knipling, in his reports on the augmentation releases of

opiine parasitoids to suppress fruit fly populations in the

Hawaiian Islands (Knipling 1979, 1986), suggested that the

release of millions of this parasitoid species into the field

concurrently with the sterile fly releases, may possibly be

more efficient in eradicating wild populations of ~ dorsalis

than the use of each control method by itself. He also

concluded that the augmentative release of l2.:.. longicaudata may

be more economically and environmentally acceptable than the
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use of insecticides or bait sprays to suppress populations of

~ dorsalis .

Basic biological information important for mass

production of ~ longicaudata (Chong 1962) and evaluating of

its performance in the field are not adequate. While some

aspects on the mass propagation (Marucci and Clancy 1950) and

oviposition behavior of ~ longicaudata have been pUblished

mainly on hosts such as the Caribbean fruit fly, Anastrepha

suspensa (Loew), (Greany et ale 1976, Lawrence et ale

1976;1978, Ashley and Chambers 1979), data on the progeny

production using tephritid hosts that exist in the Hawaiian

Islands are lacking.

This paper presents the results of research on the mass

rearing biology of this parasitoid using two different host

species, ~ dorsalis and ~ capitata. Influence of host

species and cohort maternal age on parasitoid progeny

production and offspring sex ratio (% emerged females) were

determined. I also examined the progeny production of this

parasitoid during short (2 hours and 6 hours) and long (24

hours) oviposition exposure periods.
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MATERIALS AND METHODS

A culture of !h longicaudata was established in the

laboratory in 1981, with the initial cohorts (several

hundreds, primarily eclosed from infested peaches and loquats)

collected from Kula, Maui, Hawaii. The parasitoids were reared

continuously on mature third instar larvae of ~ dorsalis for

about 70 generations (one generation per month) before

experiments started . An ambient supply of host larvae of ~

dorsalis and ~ capitata were cultured by methods currently

used by the Tropical Fruit and Vegetable Research Laboratory

of the U. s. Department of Agriculture, in Hawaii (Vargas

1989). Host larvae were introduced to the parasitoid in

oviposition units previously described for mass production of

the parasitoid Diachasmimorpha tryoni (Cameron) (Ramadan et

ale 1989ab, Wong and Ramadan 1991) at 26°C and ~60 % RH .

Effect of Parasitoid Age and Host Species on Parasitoid

progeny Production. Second and third instar larvae of ~

dorsalis and ~ capitata can be exploited by !h longicaudata

in the laboratory and also in the field (van den Bosch and

Haramoto 1953, Bess et ale 1950); however, middle third instar

(6-day-old) larvae were optimum for insectary production of

this parasitoid (Lawrence et ale 1976; 1978, Wong and Ramadan

1991) . To minimize the rates of superparasitism during

oviposition exposure periods of 24 hours, each oviposition

unit contained a mean number (±SD) of 986 ± 192 and 658.7 ±

131. 6 mature third instar larvae of ~ dorsalis and ~
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capitata, respectively. Oviposition units of ~ dorsalis

contained 461.5 ± 176 puparia during short oviposition

exposure of 2 hours and 6 hours. A separate cohort set of 200

99 and 200 dd parasitoids was used for each host species and

exposure treatment (Ramadan et ale 1989b, Wong et ale 1990).

Although some females of ~ longicaudata are able to

oviposit on the first eclosion day (MMR, unpublished data)

cohorts were allowed to mature ovarian eggs and mate for 4

days before exposure to hosts on the 5th posteclosion day.

oviposition units were exposed to parasitoids for 24 hours and

were replaced every morning. The laboratory was illuminated

during oviposition periods.

The exposed larvae were transferred to plastic containers

(~500 ml), contained fresh larval medium, and placed into

bigger containers (~900 ml) provided with vermiculite for

pupation. Mature larvae vacated the media into the pupation

substrate and puparia were sifted at ~4 days before adult fly

eclosion. All puparia were kept in emergence containers for

about a month to allow all parasitoids and flies (=host larvae

that escaped parasitism) to emerge. Parasitized puparia were

kept at 26°C and ~60 % R.H.to minimize parasite mortality as

suggested by Ashley et ale 1976.

Uneclosed host puparia, flies, and parasitoid offspring

were then counted to assess the daily parasitoid production

under the two host species regimes. Daily average number of

cohorts attracted to oviposition sites and mortality rates
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were also determined. The tests were terminated when 2/3 of

the cohorts died (at ~15 days old).

Other sets of cohorts, of the same parasitoid density,

were allowed to oviposit for shorter exposure periods (2 hours

and 6 hours) to assess the influence of exposure periods on

progeny production. Only ~ dorsalis hosts were used during

short exposure treatments.

Every test treatment was replicated 5 times . Data were

subjected to analysis of variance and means were separated by

Duncan's multiple range and Student's t tests at E. = O. 05

level. All percentage data were transformed to arcsine J

proportions before analysis. Untransformed means are

presented. Voucher specimens of 12:.. longicaudata from my

experiments are placed in the research collection of the

Department of Entomology, University of Hawaii.



153

RESULTS

Table 6.1 presents data on progeny production of .!2.:..

longicaudata as influenced by 3 maternal age intervals when

parasitoids were exposed to middle-third instar larvae ~

capitata for 24 hours. To check the reproductive output of

cohorts at the first oviposition, the progeny production of

age interval 5 days was kept separate and production data of

every five successive days were pooled. At age 5 days females

were ready for oviposition, as expected from the status of

ovarian maturation at that age (Lawrence et ale 1978), and

they were competing aggressively over the oviposition units.

oviposition activity, however, increased significantly at age

interval 6-10 days. Thereafter, mortality increased rapidly

and mean percentages of females alive dropped to 11.5% in age

interval 11-15 days. As a result, rates of progeny production

also declined significantly. Progeny production per day

(PERDAY), 382.9 parasitoids, at age 6-10 days was

significantly higher than yields of other age intervals (F =

40.34; df = 2,42; ~ = <0.05).

The same pattern of age influence on parasitoid mortality

and oviposition activity occurred when ~ dorsalis larvae were

exposed to the parasitoid for daily oviposition (Table 6.2).

However, mean values of percentage parasitism (>87 %) and

PERDAY values were much higher than mean values obtained from

~ capitata at any of the age intervals.
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Figure 6.1 presents the progeny sex ratios obtained from

the two host species. Sex ratio of ~ longicaudata did not

remain constant. Using ~ capitata as hosts, progeny sex ratio

was always ~ 56 %99. At age 5 days, mean (±SEM) sex ratio was

47.7 ± 4.1 %99. It then dropped to a lower value (43.6 ± 5.6%

99 at age interval 11-15 days). However, differences were not

significant (F = 3.87; df = 2,42; E. 0.0288). Higher

percentages of female offspring were produced from ~ dorsal is

(Figure 6.1). Progeny sex ratio ranged from 62% - 70% 99 at

age interval 5-10 days, and then dropped significantly (F =

6.56; df = 2,52; E. =0.0029) to 44.0 ± 4.4% at age interval

11-15 days.

A summary of the overall mean reproductive output of ~

longicaudata reared for one generation on two different host

species is presented in Table 6.3. The overall mean PERDAY was

>2 times higher with parasitoids exposed to ~ dorsalis than

PERDAY values produced from ~ capitata (E. = 0.001; t-test).

That might have been due to higher percentages of uneclosed

puparia which might contain parasitoid cadavers in ~

capitata. Overall progeny sex ratio (~51% 99) was not

significantly different between the two host species (E. =

0.4712;t test). Moreover, parasitoid production per cage

(YIELD) of 200 99 using ~ dorsalis (6705.2 parasitoids) was

significantly >2.8 times, E.= O.OOOl;t-test), higher than

YIELD obtained from ~ capitata (2319.8 parasitoids).

Population growth of the initial parasitoid cohorts during 1
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generation was 11.6 and 33.5 times using ~ capitata, and ~

dorsalis, respectively.

The results of tests on reproductive activity of !h

longicaudata exposed to ~ dorsalis for 2 hours and 6 hours

are presented in tables 6.4, and 6.5 , respectively. The

cohorts were tested beyond age 15 days. Mortality increased

significantly in parasitoids lived over 15 (E.<0.05;ANOVA)

days even when parasitoids were used for short periods for

oviposition. Only 4% of the initial cohorts survived the

period 16-20 days in both exposure periods of 2 hours and 6

hours. The overall PERDAY during such exposure periods (189.2

parasitoids for 2 hours exposure, and 207.6 parasitoids for 6

hours exposure) was significantly less than values obtained

from longer exposure periods (see Table 6.2) (F = 241; df =

2,12; E. <0.05). Parasitoid YIELD per cage was 3113.8 and

2491. 4 for 2 hours and 6 hours, respectively. YIELD was

significantly less than YIELD of 24 hours exposure (F = 137.6;

df = 2,12; E. <0.05). The overall sex ratio was 64.8% 99 and

67.9% 99 in progeny of 2 and 6 exposure hours, respectively.

Values of sex ratios were significantly higher (F = 9.22; df

= 2,12; E. <0.05) during short exposure periods than longer

exposure periods of 24 hours. The overall percentage of

uneclosed host puparia ranged from 12% to 19%.
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Figure 6.1. Influence of maternal age interval (days) of 200 99
Diachasmimorpha longicaudata (Ashmead) on the progeny sex ratio (%99
emerged) under two regimes of 24 hours exposure for oviposition in middle
third instar larvae of Ceratitis capitata (Wiedemann) and Bactrocera
dorsalis (Hendel).
For each host species mean %99 followed by the same letters are not
significantly different (~. <O.05;ANOVA). Vertical lines represent
standard errors.



Table 6.1 • Influence of parasitoid age on the progeny production of Diachasmimorpha longicaudata
(Ashmead) (200 00, 200 ~~/cage) using middle third instar larvae (6-day-old) of ceratitis capitata (Wiedemann)
and exposed to parasitoid oviposition for 24 hours'

5 5 95.8 ± 42.2 ± 36.5 ± 132.2 ± 117.6 ± 249.8 ±
1.1 a 3.6 a 2.9 b 14.9 a 5.9 b 10.5 b-------------------------------------------------------------------------------------------------------------------------

6 - 10 25 72.6 ± 36.9 ± 49.2 ± 164.4 ± 218.5 ± 382.9 ±
4.7 b 2.6 a 2.1 a 12.1 a 17.9 a 28.5 a

11 - 15 15 11.5 ±
2.6 c

3.9 ±
1.3b

9.4 ±
2.1 c

24.3 ±
6.4 b

27.5 ±
8.8 c

51.8 ±
14.9 c

'Means within columns followed by the same letters are not significantly different p.< 0.05; Duncan's
multiple range test [ SAS Institute 1985]) .

~

OJ
-...I



Table 6.2 . Influence of parasitoid age on the progeny production of Diachasmimorpha lonqicaudata
(Ashmead) (200 00, 200 ~~/cage) using middle third instar larvae (6-day-old) of Bactrocera dorsalis (Hendel)
and exposed to parasitoid oviposition for 24 hours'

5

6 - 10

11 - 15

5

25

25

95.6 ±
1.2 a

85.8 ±
2.0 a

28.8 ±
5.0 b

49.4 ±
4.1 a

51.6 ±
1.9 a

17.9 ±
4.0 b

87.9 ±
1.5 a

87.3 ±
0.8 a

27.7 ±
6.6 b

323.6 ±
46.4 a

318.4 ±
17.4 a

142.2 ±
38.1 b

721.4±
43.3 a

530.4 ±
19.9 b

141.0 ±
34.0 c

1045.0 ±
82.7 a

848.8 ±
20.2 a

283.2 ±
71.5 b

'Means within columns followed by the same letters are not significantly different ~.< 0.05; Duncan's
multiple range test [ SAS Instit".l1te 1985])

....
U1
(X)



Table 6.3 • Summary of the overall mean reproductive output of laboratory cohorts (200 00, 200 ~~jcage)

Diachasmimorpha longicaudata (Ashmead) exposed to middle third instar larvae (6-day-old) of Ceratitis capitata
(Wiedemann) , and Bactrocera dorsalis (Hendel) for 24-hours for oviposition

progeny produced jday

(!il) parasitism

progeny sex ratio (% ~~)

(%) uneclosed host puparia

parasitoid yield jcage"

total hosts exposed jday

257.7 ± 11.5

34.5 ± 1.9

51.1 ± 4.0

38.5 ± 0.9

2319.8 ± 103.8

675.2 ± 16.2

609.6 ± 18.1

60.3 ± 1.0

54.7 ± 2.5

12.4 ± 0.5

6705.2 ± 198.6

913.7 ± 7.1

(t = -16.42; df = 8; ~. = 0.0001)

(t = -11.7; df = 8; ~. = 0.0001)

(t = -0.76; df = 8; ~. = 0.4712)

(t = 24.56; df = 8; ~. = 0.0001)

(t = -19.57; df = 8; ~. = 0.0001)

(t = -13.49; df = 8; ~. = 0.0001)

~otal parasitoid progeny produced during the intensive egg laying period (5-15 days).

I-'
01
\0



Table 6.4 . Influence of parasitoid age on the progeny production of Diachasmimorphq longicaudata
(Ashmead) (200 00, 200 gg/cage) using middle third instar larvae (6-day-old) of Bactrocera dorsalis (Hendel)
and exposed to parasitoid oviposition for 2 hours"

5

6 - 10

11 - 15

16 - 20

5

25

25

25

93.8 ±
2.5 a

74.5 ±
4.3 b

18.6 ±
3.1 c

4.1 ±
0.6 d

58.1 ±
4.3 a

55.1 ±
3.4 a

9.7 ±
1.4b

2.5 ±
0.4 c

51.6 ±
2.2 a

56.0 ±
2.4 a

18.8 ±
2.9 b

6.6 ±
1.2 c

70.0 ±
4.9 b

143.8 ±
13.8 a

32.9 ±
4.9 c

10.6 ±
2.2 c

189.4 ±
8.7 b

284.1 ±
17.6 a

84.3 ±
15.4 c

15.6 ±
3.0 d

259.4 ±
13.0 b

428.0 ±
29.4 a

117.2 ±
19.6 c

25.8 ±
4.9 d

"Means within columns followed by the same letters are not significantly different p.< 0.05; Duncan's
multiple range test [ SAS Institute 1985]) •

....
CJ'I
o



Table 6.5 . Influence of parasitoid age on the progeny production of Diachasmimorpha longicaudata
(Ashmead) (200 00, 200 ~~/cage) using middle third instar larvae (6-day-old) of Bactrocera dorsalis (Hendel)
and exposed to parasitoid oviposition for 6 hours'

5

6 - 10

11 - 15

16

5

25

25

5

97.7 ±
0.7 a

85.3 ±
3.0 b

24.5 ±
3.9 c

4.0 ±
1.7d

55.4 ±
5.3 a

44.5 ±
2.5 a

15.3 ±
2.8 b

0.9 ±
0.2 c

69.6 ±
3.3 a

56.9 ±
3.3 ab

41.9 ±
4.2 b

1.3 ±
0.4 c

83.4 ±
9.0 a

70.4 ±
12.2 a

50.4 ±
8.4 a

1.6±
0.4 c

187.4 ±
14.0 a

207.5 ±
36.9 a

115.4 ±
17.8 ab

1.0 ±
0.5 b

270.8 ±
21.1 a

277.8 :l:
48.3 a

165.8 :l:
25.1 ab

2.6 ±
0.7 b

'Means within columns followed by the same letters are not significantly different ~.< 0.05; Duncan's
multiple range test [ SAS Institute 1985]) •

.....
0'1
.....
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DISCUSSION

~ longicaudata tends to achieve a high rate of

oviposition and mortality rapidly as indicated from results

obtained from rearing individual females (MMR unpublished

data). Because ovarian maturation is at its maximum 4-6 days

after eclosion (Marucci and Clancy 1950, Greany et al. 1976,

and my unpublished data), 5-days-old parasitoids showed

readiness for oviposition when introduced to host larvae.

Early prominence of ~ longicaudata in Hawaii probably

resulted from the capacity of rapid increase in population

size beside the liberation of large numbers of insectary

reared specimens. However, Wharton 1989, suggested that ~

longicaudata was released from the collections brought to

Hawaii in 1935 (Hadden's collection, Hadden 1936, Clausen

1978) and it is possible that it became established during

that period but remained at very low levels until the oriental

fruit fly was introduced.

About 3/4th of the cohorts died by the second week of

daily oviposition. Therefore, cohort discard age for this

parasitoid is 2 weeks. Parasitoid YIELD using the two host

species shows that mass production of this parasitoid is much

more efficient with ~ dorsalis hosts than with ~ capitata.

~ capitata was vulnerable to parasitism and usually higher

percentages of uneclosed puparia were produced from such hosts

than ~ dorsalis. This is a common phenomenon even when ~

capitata was exposed to the parasitoid Diachasmimorpha tryoni
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(Cameron). Ramadan et al. 1989b, and Wong et al. 1990 found

that mature third instar larvae of ~ capitata produced >34%

uneclosed host puparia that may contain dead immature stages

of the parasitoid ~ tryoni . Superparasitism might be the

reason for such mortality. Up to 16 parasitoid head capsules

of first larval instar were counted in an uneclosed .!h.

dorsalis puparium.

Although female ~ longicaudata can discriminate between

parasitized and unparasitized hosts superparasitism is common

(Lawrence 1988, Lawrence et al. 1978). The development of

superparasitized hosts may be disrupted and that might be the

cause of the high mortality rates among a factitious host as

~ capitata which was tolerated by the habitual host as .!h.

dorsalis. That problem of higher mortality rates among

superparasitized hosts was also found in other host species of

fruit flies that were introduced to ~ longicaudata. For

example, Greany (1976) reported >30 % uneclosed puparia in ~

suspensa. Lawrence and Hagedron 1986, and Lawrence et al. 1978

related that higher rates of host mortality to the hormonal

status of host larvae at the time of parasitoid oviposition.

Parasitization during the critical period was failure and high

emergence were reported if hydroprene was applied to prolong

larval stage of the host. Therefore, short exposure periods of

2-6 hours may be optimum for mass production of ~

longicaudata.
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Size of parasitoid progeny eclosed from ~ capitata was

smaller than those eclosed from ~ dorsalis . Also, Lawrence

et al. (1976) found an indication of increased size of .!:h

longicaudata with increased age of ~ suspensa . Quality of

hosts, exposure periods, age of host at time of oviposition,

and also age of parasitoids reflect significantly on the

progeny production and offspring sex ratio.

culture of .!:h longicaudata can be readily maintained on

several species of Dacus Ceratitis and Anastrepha

(Wharton and Gilstrap 1983, Gilstrap and Hart 1987), but not

on the Melon fly, Bactrocera (Zeugodacus) cucurbitae

(coquillett), Nishida and Haramoto 1953.

Mean progeny production per cage of 250 pairs .!:h

longicaudata reared on third instar ~ suspensa for 2 weeks

was 2038 parasitoids during oviposition exposure periods of 24

hours (Greany 1976). This represent an increase of 8.2 times

the initial cohorts. This ratio, however, increased as the

cohort density decreased. Ashley and Chambers 1979, using

similar experimental methods achieved reduced progeny per cage

than my results, probably because of decreased number of

larvae (~500 larvae) per oviposition unit.

Fast recovery of .!:h longicaudata in colonization

programs, amenability for insectary mass production, high

reproductive increase in population size in the laboratory and

in the field, long ovipositor that enable the female

parasitoids to locate and parasitize host larvae penetrating
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deep into the big size fruits (i.e., mango, peach, papaya) and

ability to find such larvae in host fruits on the trees as

well as the fallen and hidden ones (Greany 1977), may allow

this parasitoid to be an outstanding candidate for inundative

release programs around the world. For these reasons ,it would

be much more effective to release ~ longicaudata than the

other opiines to suppress both populations of ~ capitata and

~ dorsalis in Hawaii. Furthermore, ~ longicaudata can

develop successfully in the solanaceous fruit fly, Bactrocera

latifrons (Hendel) (Vargas and Nishida 1985) which constitute

a third potential host for the wasps during such augmentative

releases in Hawaii.

Early failures of this parasitoid in places other than

Hawaii may be attributed to transportation and rearing

difficulties(Clausen 1956). For example, Clancy 1951 in his

attempt to mass rear ~ longicaudata in the laboratory

produced an overall sex ratio of 25.0% and 12.5% 99 using ~

dorsalis and ~ capitata, respectively.

My results indicate that the use of ~ longicaudata

cohorts for 3 times of 2 exposure hours each may produce more

parasitoid progeny than the 24 hours exposure periods.

However, more host larvae may escape parasitism. Trials to

salvage unparasitized puparia were not successful (Ramadan and

Wong 1989). To reduce the cost of rearing the hosts that

escaped parasitism may be used for maintaining the fly colony.
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Based on the yield data of 24 hours exposure period to ~

dorsalis about 300 cage replicates are needed to mass

produce 1 million (~55 %99) of this parasitoid per week which

can be managed by one experienced breeder.

Finally, I conclude that mass production of ~

longicaudata is feasible and the parasitoid is more amenable

for insectary propagation than other applicants of opiine

parasitoids for its high reproductive and searching capacity.

The procedures and results of this research may provide clues

to the breeder for a successful mass propagation of millions

of ~ longicaudata for shipment and integration with other

control programs for tephritid fruit flies.
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Influence of Parasitoid Size and Age on Male Mating Success

of opiinae (Hymenoptera:Braconidae), Larval Parasitoids of

Fruit Flies (Diptera:Tephritidae)



175

ABSTRACT

Influences of size and age of parasitoids on the male

mating potential (;MMP,or inseminated females/day) were

determined for laboratory reared populations of the opiine

parasitoids of tephritid fruit flies Diachasmimorpha

longicaudata (;DL) , Biosteres vandenboschi (=BV) , Psyttalia

incisi (=PI) , and ~ fletcheri (;PF).

MMP of small sized DL and PI were significantly (£.<0.05;

ANOVA)reduced when the males were coupled with large

conspecific females. However, small size males of BV and PF

had MMP values equal to those of large males. Mean longevity

of individually-isolated males was 16.5, 13.8, 10.6, and 14.8

days for DL, BV, PI, and PF, respectively. Males of the 4

species were able to inseminate immediately following

emergence. However, that activity increased significantly at

age 4 days after eclosion for DL and BV and at age 2 days for

PI and PF. Males initiated the onset of eclosion, followed

shortly by females, jn a synchronized pattern that allow the

earlier eclosed males (or mass of eclosed males) to encounter

the bulk of receptive females when males were most fit for

mating, thereby, enhancing male mating success.

MMP was limited by the sperm supply/day. The overall mean

MMP was 2.6 inseminated 99/day for DL and BV, whereas the MMP

of PI and PF was twice as large (~ 5 inseminated 99/day). In

parasitoid aggregates of 200 dd and 200 99, newly eclosed

females were highly receptive, and males were capable of
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inseminating from 73% to 89% of the females sampled on the

first encounter day. However, an average period of 3-7 days

after eclosion was required to achieve an optimum mating rate

among females of the 4 species.

KEY WORDS: Insecta, Diachasmimorpha longicaudata

(Ashmead), Biosteres vandenboschi (Fullaway),

Psyttalia incisi (Silvestri), ~ fletcheri

(Silvestri), Male Mating Potential.
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INTRODUCTION

Shortly after the appearance of the economically

important tephritid fruit flies (Diptera:Tephritidae) in the

Hawaiian Islands, several species of hymenopterous parasitoids

were introduced to aid in the control of these damaging pests

(Silvestri 1914, Clausen 1952, Nishida 1955). Only a few

species of the parasitoids became abundant, but these have

contributed substantially to the fly mortality up to the

present time (Wong et al. 1984, Wong and Ramadan 1987). Among

these parasitoids, a handful of the Opiinae

(Hymenoptera:Braconidae) species have been the most efficient,

and their importation from Hawaii to other parts of the world

has been used in classical biological control programs against

several tephritid pest species (Clausen 1978). Many of these

programs have been substantially successful, but in several

instances the introduced parasitoids failed to become

established (Gilstrap and Hart 1987, Wharton 1989). Failure

was attributed to the low numbers of viable, mated females

received in the shipments for releases, and to improper

rear ing procedures in the colonization programs (Clausen

1956).

Recently, several investigators have pointed out that the

full utilization of these biotic agents has not yet been

realized, and that the use of mass-releases of millions of

insectary-propagated parasitoids as biological insecticides

possibly could have a potent suppressive impact on tephritid
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larval populations, that would be both economically and

ecologically acceptable (Knipling 1979; 1986, Hassan et al.

1988, Wong et al. 1990).

Species of Opiinae that attack tephritid larvae are

solitary endoparasitoids that develop and eclose from the host

puparia. Unmated females produce only male offspring and mated

females produce both sexes (i. e. , arrhenotokous

parthenogenesis Doutt 1959). Consequently, male biased

offspring sex ratio may result not only from shifts in sex

allocation, according to host quality (Charnov and Skinner

1985) and local mate competition (Hamilton 1967), but also

from insufficient mating (Waage and Ming 1984). Mating rates

are widely known to be influenced by several factors such as

age, size, longevity, density and availability of males at

time of mating (Thornhill and Alcock 1983). When host niches

overlap (i.e., more than one tephritid species may develop in

the same fruit) conspecific parasitoids that develop from

different host species are likely to differ in size and

developmental rate (MMR, unreported data). Moreover, the kind

of fruit that tephritid larvae of the same species infest may

also have an impact on the size and quality of their

parasitoids (MMR, unreported data).

Males of Opiinae have been observed in swarms (Haramoto

1957), apparently associated with their emergence sites

(personal observations). Several species emit chemicals from

the pygidial glands (i. e., Hagen's gland, Williams et al.
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1988), that may attract receptive females and other

conspecific rival males. opiine males produce acoustic signals

that may be important in courtship (sivinski and Webb 1989).

Size and age of males may influence these signals and hence

mating rates and ultimately male reproductive success.

In this paper I report on the influence of size and age

on the male mating potential (i.e., the number of females that

can be successfully inseminated in 24 hours). I also report on

male survivorship, adult eclosion patterns and mating indexes

in parasitoid aggregates of 4 species of opiines that are

candidates for use in augmentative release programs. These

parasitoids are: Diachasmimorpha (=Biosteres) longicaudata

(Ashmead), Biosteres vandenboschi (Fullaway), and Psyttalia

(=Opius) incisi (Silvestri), larval parasitoids of the

oriental fruit fly, Bactrocera (=Dacus) dorsalis (Hendel), and

Psyttalia (=opius) fletcheri (Silvestri), larval parasitoid of

the melon fly Bactrocera (=Dacus) cucurbitae (coquillett),

(Wharton and Gilstrap 1983).
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MATERIALS AND METHODS

Parasitoids were reared in the laboratory for ~45

generations before experiments started. ~ lonaicaudata, ~

vandenboschi, and ~ incisi were reared on ~ dorsalis. Only

~ fletcheri was reared on ~ cucurbitae. Maintenance of stock

cultures of the parasitoids and hosts were previously

described (Ramadan et ale 1989, Wong et ale 1990, Wong and

Ramadan 1991). The four parasitoids can also develop in the

Mediterranean fruit fly, Ceratitis capitata (Wiedemann) (Bess

et ale 1961) but adult parasitoids from this host are smaller

in size than parasitoids produced from ~ dorsalis or ~

cucurbitae (MMR, unpublished data). First generation stocks of

parasitoids eclosed from ~ capitata were used to determine

the influence of parasitoid size on male mating potential. For

brevity, initials of the parasitoid name will be used and

joined to the initials of host name to indicate the source

of parasitoid eclosion. For example, male !h longicaudata

reared from .!i:.. dorsalis will be referred to as lief OLBD".

The Influence of Parasitoid size on Male Mating

Potential. For every parasitoid species, I tested the

following combinations of parasitoids and hosts: 1) ef OLBO was

coupled with Q OLCC, 2) ef OLCC x Q OLBO, 3) ef OLBO x Q OLBO,

4) ef OLCC x Q OLCC. Every combination contained one virgin

male (2-day-old) confined with 10 newly emerged (~l-hour-old)

virgin females in a transparent cylindrical rearing cage (13

em. diam., 14 em. ht., provided with water and honey) The
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laboratory was illuminated during the mating period (24 hours)

with artificial fluorescent light, under average temperature

of 26°C, and ~60% relative humidity. Males were selected

randomly from the stock culture but were then confined with

females and observed for about 1 hour. Replicates with

noncourting males were discarded and replaced. After 24 hours

males were removed. Females were checked for their mating

status on the following day, to allow time for sperm to enter

into the spermathecal capsule. However, preliminary

observations showed that sperm may enter the spermathecal

capsule within the first 10 minutes of copulation. All females

were dissected in saline solution and status of mating as well

as quantity of sperm were subjectively rated as: 1) Full

insemination; when the spermathecal capsule was loaded with

sperm [rough count ~200 sperm], 2) Partial-insemination; when

the capsule contained a stream of spermatozoa on the

periphery, leaving a core of male seminal fluid in the center,

3) Quasi-inseminated, when capsule was filled with seminal

fluid or contained ~5 sperm. The spermathecal capsule of

unmated females was always empty. Tests were replicated 5

times for every parasitoid mating combination.

Influence of Parasitoid Age on Male Mating Potential.

Only large size parasitoid stocks of DLBD, BVBD, PIBD, and

PFBC were used in this test. Male mating potential per day

was determined for newly emerged males (1-6-hour-old) every

second day until age 16 days. Because emergence of a new male
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generation was initiated approximately 16 days after egg

deposition, I did not test males older than 16 days. Virgin

males were allowed to mate for the first time at a particular

age and then discarded. The test was replicated 5 times for

every age interval, using the same procedure as the previous

test to determine the male mating capacity.

Samples (33-116 parasitoids) of the discarded males were kept

individually in rearing containers (9 em. diam., 9 em. ht.,

provided with honey and water) to determine their longevity.

Patterns of Adult Emergence. Lots of parasitized puparia

(Wong and Ramadan 1991), containing an average of 81 ml, 39.8

ml, 19.1 ml, and 35.2 ml puparia per replicate of DLBD, BVBD,

PIBD, and PFBC, respectively, were placed in cages (26 cm3 ) to

determine patterns of adult eclosion in the laboratory. The

onset of emergence and numbers of eclosed parasitoids were

recorded and parasitoids were removed from the cages, once

every evening until eclosion ceased. This test was replicated

5 times for every parasitoid species.

Mating Rates in Parasitoid Aggregates. Newly emerged

males of DLBD, BVBD, PIBD, and PFBC were placed separately in

rearing cages, (26 cm3 , provided with honey and water, Wong

and Ramadan 1991) in batches of 200 dd (2-day-old, unmated),

and 200 99 (~l-hour-old, unmated) /parasitoid species to assess

the mating rates among the females. Every 24 hours 15 99/cage

replicate were selected randomly and checked for mating

status. To maintain 1:1 sex ratio, 15dd were also removed
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from each cage. The experiment was terminated when all females

in the sample were found inseminated. The test was replicated

5 times for every parasitoid species. Percentages of females

inseminated in the samples were transformed to arcsine v'

proportion before analysis to determine the optimum mating

rates. Data were analyzed by ANOVA, and means were separated

by Duncan's multiple range or Fisher's least significant

difference (LSD) tests (SAS Institute, 1985).
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RESULTS

The Influence of Parasitoid Size on Male Mating

Potential. The size of adult parasitoids is highly dependent

on the size of the host (Flanders 1935, van den Assem et ale

1984). The mean number of pupariajml of parasitized ~

capitata (46.6 ± 0.9 puparia) was significantly greater

(hence, puparia were smaller in size) than the mean number

pupariajml of parasitized ~ dorsalis (42.6 ± 0.5 puparia), (t

= 3.98; df = 28.7; £. = 0.0004). Also measurements of

parasitoids (males and females) eclosed from such hosts showed

that BD and BC parasitoids were significantly (~.<0.05; ANOVA)

larger in size than ee parasitoids (based on size of front

wings, my unpublished data).

Table 7.1 presents result of tests on the influence of

parasitoid size on male mating potential. In the 4 parasitoid

species, couples eclosed from the same host species mated

equally well as couples eclosed from different hosts. However,

MMP of DLCC and PICe were significantly (£.< 0.05; ANOVA)

reduced when coupled with larger females. Full-insemination

rates of large size males were not significantly different

from smaller conspecifics (not in Table 7.1). Comparing the

mating capacity of males of the different parasitoid species,

the overall mean MMP of PI (8.1 99jd) and PF (7.2 99jd), were

significantly (LSD = 1.6, t = 1.99, df = 92, £. = 0.05) higher

than MMP of DL (2.8 99jd) and BV (4.2 99jd).
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Tabla 7.1. Influence of parasitoid size, eclosed from different host
sizes, on male mating potential (number of ~~ inseminated/day)

Diachasmimorpha oBD x ~ee 3.0 ± 1.0 ab
longicaudata

oce ~BD 0.6 0.4 bx ±

oBO x ~BO 2.4 ± 0.7 ab

oce x ~ee 5.0 ± 1.7 a------------------------------------------------
overall mean 2~8 ± 0.6 B

Biosteres vandenboschi oBO x ~ee 5.0 ± 1.1 a

oce x ~BO 5.6 ± 1.0 a

oBO x ~BO 2.6 ± 0.9 a

oce x gee 3.3 ± 0.7 a------------------------------------------------

Psyttalia incisi

overall mean

oBO x gec

4.2 ± 0.5 B

9.0 ± 0.6 a

oce x gBO 5.8 ± 0.7 b

oBO x gBO 8.6 ± 0.4 a

oee x gee 9.0 ± 0.6 a------------------------------------------------
overall mean 8.1 ± 0.4 A

Psyttalia fletcheri oBC x gec 5.2 ± 1.6 b

oce x gBe 9.6 ± 0.4 a

oBe x gBe 9.0 ± 0.6 a

oce x gee 4.8 ± 1.6 b------------------------------------------------."-,,, ,. .,.' .: ...:.,',-< ... - .....

i"7.2 ±O.7 A

"CC, BO, and Be represent parasitoids eclosed from Ceratitis capitata,
Bactrocera dorsalis, and Bactrocera cucurbitae respectively. Each couple
consists of 1 virgin 0 (2-day-old) confined with 10 newly emerged virgin
gg (~1-hour-old) for 24 hour mating period.

~eans followed by the same letters (small letters for every
parasitoid species, and capital letters for the overall means of all
species) are not significantly different (R. < 0.05; Duncan's multiple
range test).
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Effect of Age on MMP and possible Link to Patterns of

Adult Eclosion. Mean longevity ± SEM of individual males of

DLBD, BVBD, PIBD, and PFBD was 16.5 ± 0.8 (median = 17 d, n =

33),13.8 ± 0.6 (median = 15.5, n =116),10.6 ± 0.6 (median =8

d, n = 112), and 14.8 ± 0.6 (median = 14 d, n = 111) days,

respectively. Shortly after eclosion, males of the 4 species

were able to inseminate, but at a relatively low level.

However, their efficiency increased with age (Figures 7.1

7.4). The MMP of the parasitoid DLBD (Figure 7.1a) peaked at

age 4 days (3.8 ± 0.7 99/d) and also at age 16 days (5.0 ± 0.8

99/d). However, differences between the two peaks were not

significant (LSD = 2.1, df = 36, t = 2.0, £. = 0.05).

The eclosion pattern of DLBD was generated from 17,360

parasitoids (78.9% 99). Males peaked significantly (F = 84.3,

df = 14,60, £. < 0.05) on the second eclosion day (43.9 ± 3.2

% dd) while the females increased significantly (F = 77.9, df

= 14,60, .E. < 0.05) on the 6th eclosion day. The period

between the male and female eclosion peaks was 4 days (Fig.

7.1b) coincided with the elapsed days required for males to

attain maximum fitness.

MMP of the parasitoid BVBD (Fig. 7.2a) increased

significantly at age 4 days (4.6 ± 1.1 99/d), (LSD = 2.2, df

= 36, t = 2, £. = 0.05) and then declined, as the male aged,

to the lowest value at age 16 days (1.8 ± 0.6 99/d).

The eclosion pattern of BVBD was generated from 8,470

parasitoids (47.8 % 99). Male eclosion increased significantly
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on the 2nd eclosion day (41. 3 ± 2.1 % e!e!) (F = 97.7; df =

10,42; £. < 0.05) and females peaked on the 5th eclosion day

(34.8 ± 0.9 % 99), Fig. 7.2b.

Mating activity and eclosion patterns of the parasitoids

PIBD, and PFBC were nearly alike, Figs. 7.3a, 7.4a. In PIBD

the MMP increased significantly on the second day after

emergence (8.6 ± 0.4) and was lowest at age interval 12-16

days (LSD = 2.9; df = 32; t = 2.0; £. = 0.05), Fig. 7.3a.

Similarlly, MMP of PFBC increased significantly 2 days after

eclosion (9.0 ± 0.6 99/d) and then decreased (range 2-4.4

99/d) in males older than 10 days (LSD = 3.6; df = 36; t =

2 . 0; £ • = O. 05), Fig. 7. 4a .

The eclosion pattern of PIBD was generated from 4,062

parasitoids (49.9 % 99). Male PIBD peaked (40.2 ± 1.7% e!e!) on

the second eclosion day (F = 177.1; df = 10,40; £. < 0.05)

followed by the female peak on the third eclosion day (38.2 ±

3.3% 99), (F = 94.0; df = 10,40; £. < 0.05), Fig. 7.3b.

The eclosion pattern of PFBC wns generated from 7,293

parasitoids (53.5 % 99), Fig. 7.4b. Males of PFBC increased

significantly on 2nd eclosion day (38.2 ± 1. 7% dd), (F =

218.9; df = 10,40; £. < 0.05), and the females peaked 3-4 days

after the onset of eclosion (34.8% - 37.1% 99), (F = 185.0; df

= 10,40; £. < 0.05).

Table 7.2 presents a summary of the overall mean MMP of

the 4 parasitoid species during age interval <1 - 16 days. Not

all of the females were equally inseminated and apparently
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male sperm supply/day was limited. Therefore, some of the

females were partially inseminated. DLBD had the highest rate

of IIquasi- insemination" (F = 10.3; df = 3,172; £. <0.05) and

also the lowest rate of "full-insemination". The overall means

of total females mated/day of PIBD (5.5 ± 0.4 99) and PFBC

(5.0 ± 0.04 99) were significantly higher (F = 17.1; df =

3,172; £. < 0.05) than DLBD (2.6 ± 0.3 99) and BVBD (2.6 ± 0.3

99) .

Mating Rates in Parasitoid Aggregates. In the parasitoid

rearing cages, (200 dd, 200 99) of the 4 species, newly

emerged females were very receptive on the first encounter

day, when most of the females (73% - 89% 99) in the samples

were inseminated. Therefore, there is no premating period

required for the females of these species (Table 7.3).

However, some of the females may reject males for several days

before they become mated. An average period of 3.4 - 7.4 days

was required to reach an optimum mating rate among the sampled

females.



Table 7.2. Overall means of male mating potential during age interval <1 - 16 days

Diachasmimorpha longicaudata

Biosteres vandenboschi

Psyttalia incisi

Psyttalia fletcheri

45

45

41

45

1.0 c

2.0 b

2.3 ab

2.9 a

0.9 c

0.5 c

2.8 a

2.0 b

0.7 a

0.1 b

0.3 b

0.1 b

2.6 b

2.6 b

5.5 a

5.0 a

• Means in every column followed by the same letters are not significantly different (~'< 0.05; Duncan's
multiple range test).

~

en
ID



Table 7.3. Female mating index on first eclosion day and periods required to reach 100% insemination in
the laboratorr

Diachasmimorpha longicaudata

Biosteres vandenboschi

Psyttalia inciai

Psyttalia fletcheri

B1.3

73.3

B9.3

B1.3

67.4 a

60.6 a

72.9 a

65.5 a

3.4 a

7.4 a

6.B a

3.B a

( t ; R. <0.05 ) (L.S.D.=16.5; df=16; t=2.1) (L.S.D.=4.3; df=16;
t=2.1)

IFive replicates (200 00 and 200 gg/replicate) for every parasitoid species. Data were obtained by
dissecting spermathecae of 15 99 every day to determine mating status. Means in every column followed by the
same letter are not significantly different (g. <0.05; Fisher's least significant difference, (SAS Institute,
1985]).

bpercentage data were transformed to arcsine Jproportions before analysis.

I-'
\D
o
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Figure A: Male Mating Potential
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Figure 7.1. A) Influence of age on male mating potential
(=mean number ±SEM , of inseminated ~~/day), and B) patterns of
adult eclosion of laboratory-reared Diachasmimorpha longicaudata
(Ashmead). Bars topped by the same letter are not significantly
different (~. <0.05; Duncan's multiple range test).
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Figure A: Male Mating Potential
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Figure A: Male Mating Potential
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Figure A: Male Mating Potential
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DISCUSSION

Laboratory and field observations on mating behavior of

many species of insects suggest that large males may enjoy

greater advantage in reproductive success than their smaller

rivals, because of their ability to fight, defend territories,

or displace small males from receptive females (Thornhill and

Alcock 1983, van den Assem 1986). When males were isolated and

had unlimited access to receptive females (as in my

experiment) males expressed the highest reproductive success.

Also, females responded to a conspecific male (small or large)

quickly probably to avoid the risk of being unmated before

attempting to disperse. The reduced MMP of relatively small

DLce and PIce when coupled with large females seemed to be a

function of male parasitoid size and apparently was not

otherwise influenced by what host the parasitoid had been

reared on during the larval stage. However, long-term rearing

of some parasitoids on one species of host may result in an

alteration of behavioral patterns (Taylor and stern 1971)

which may include mating preferences.

In parasitoid aggregates interactions between males

occurred, and large males were seen chasing and displacing

smaller males. Sivinski and Webb (1989) demonstrated that

acoustic signals were important elements in the mating

behavior of ~ longicaudata. Furthermore, visual and olfactory

cues may also attract males of Opiinae. Therefore, calling by

larger males may be more effective than that by smaller males
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in these parasitoids. Females may also prefer larger males in

addition to being better able to sense them.

The MMP/day of the 4 parasitoid species showed that there

is a peak for mating activity a few days after eclosion, yet

the parasitoids were able to inseminate immediately following

emergence (i.e., no premating period), although less

effectively. However, Hagen (1953) reported that males of ~

vandenboschi required a premating period, of at least 5 days,

before they were able to inseminate. My laboratory stock males

of ~ vandenboschi copulated readily following emergence. The

laboratory inbreeding of BVBO for several generations might

have selected for males that mate adequately well upon

emergence, and wild individuals may still need to undergo a

premating period.

MMP appears to be limited by the sperm procuction/day ,

but it is not clear whether males limit the amount of

ejaculated sperm/female or if females avoid exhausted,

depleted males. However, depleted males of OLBO (Table 7.2)

were able to attract some receptive females for mating. Newly

emerged females of the 4 species were always seen to copulate

several times with different conspecific males before

attempting to disperse (personal observations). Such behavior

may allow partially inseminated females to fill their

spermathecal capsules, and also may maximize genetic diversity

of the progeny (i.e., due to multiple paternity, Thornhill and

Alcock 1983). However, partially inseminated females that fail
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to locate another potential mate may contribute less to the

following generation by producing fewer female offspring

(Naled and Luck 1985, and my unpublished data).

As in males of most insects, the depleted males of

Opiinae were able to replenish sperm supply. One male DLBD

enclosed with 50 virgin females for 10 days (= period of ~99%

female availability in laboratory eclosion pattern, Fig. 7.2b)

was able to inseminate 22 females (1099, and 1299 full, and

partial insemination, respectively). On the other hand,

individual mated females of DLBD produced an average of 45.6

female offspring during their lifetime (MMR, unreported data) •

Assuming that a single sperm is discharged from the

spermathecal capsule to fertilize an egg (i.e., produce one

female offspring), then an average mated male of DLBD may

produce at least 1000 sperm, (= 45.6 x 22). This value is the

effective sperm production (= effective insemination

potential, Gordh and DeBach 1976) which may examplify the

enormous male contribution to the reproductive success of the

species.

Several investigators have linked the relatively early

emergence of males to the improvement of male reproductive

success (Legner 1969, Nadel and Luck 1985). My results on the

eclosion patterns and male mating capacity demonstrated that

early emerged males would be most fit during the period when

receptive females are most abundant. The eclosion pattern of

DLBD is such that the majority of males encounter the majority
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of receptive females at a time when MMP is significantly high.

Similarly, eclosion patterns of BVBD, PIBD, and PFBC appear to

ensure a maximum mating success for males that eclose early

(Figs. 7.2-7.4), because they would have access to more

females at their peak of sexual vigor. The period required for

males to achieve an optimum MMP was positively correlated

(Pearson correlation coefficients [SAS Institute 1985]; r =

0.49; £. = 0.0287) to the interval between the peaks of male

and female eclosion. Therefore, I conclude that males may

score higher in reproductive success by developing faster in

the host puparium (i.e., rapid host consumption during larval

stage, and short pupal and pharate adult stages).
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CONCLUSION

This dissertation is organized in seven chapters that

concern the reproductive characteristics of, and specific

procedures for the mass-propagation of, three potentially

important parasitoids for augmentative biological control

programs of the oriental fruit fly, Bactrocera dorsalis

(Hendel) •

The augmentative release method using potential natural

enemies to suppress populations of ~ dorsalis prior to the

initiation of the sterile insect release method [SIT] is

environmentally benign (Le., a replacement for malathion bait

spray which is hazardous and pUblicly unacceptable), and

economically feasible. Field pilot tests to evaluate one of

the opiine parasitoids against the Mediterranean fruit fly,

ceratitis capitata (Wiedemann), on the Island of Maui proved

that population suppression was achievable using

Diachasmimorpha tryoni (Cameron) alone, or concurrently with

SIT. In this way, the use of chemical insecticides could be

minimized or even eliminated.

The results obtained during this study provide the basic

information needed for more critical selection of

endoparasitoids of ~ dorsalis. Biological data are presented

that would be required for any project which would utilize any

of the three important opiine parasitoids which are candidates

for augmentative release programs against fruit flies in
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Hawaii, and in many other countries with tephritid fruit fly

problems.

If Hawaiian eradication programs are adopted state wide,

then the mass rearing facilities for tephritids should be

ready to produce millions of sterile laboratory fruit flies to

cope with the first indication of incipient outbreaks after a

successful eradication. In my opinion, mass-rearing facilities

for the parasitoids, at least those parasitoids that show

significant suppression of ~ dorsalis and ~ capitata, should

also be maintained along with the laboratory flies. These

parasitoids were introduced into Hawaii with a great deal of

effort, and they may not be easily reintroduced. For example,

~ tryoni was originally introduced from Australia and has

prospered in Hawaii since its introduction in 1913. However,

requests for shipments to many parts of the world, including

Australia, of such valuable wasps has relied completely on the

Hawaiian stocks. Therefore, these stocks should be conserved

for future use in Hawaii.

Probably, most of these parasitoids will disappear from

Hawaii after a successful eradication of~ capitata and ~

dorsalis. They may occasionally accept other tephritid species

as hosts (i.e., melon fly, and some other introduced

tephritids) or recovered in low rates from hosts as the

solanaceous fruit fly.

A summary of the reproductive attributes of the three

wasps is presented in Table 8.1. As in many other insects,
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determination of the type of reproductive strategy in terms of

r or k selection may fall short, because the data on

reproductive parameters were obtained under laboratory

conditions. However, field studies also are insufficient

without adequate data on reproductive output and competitive

attributes of individual parasitoids that are necessary to

estimate the innate capacity for increase and other important

demographic parameters. Therefore, the only useful comparisons

between parasitoids that can be made are those which show that

one parasitoid may be a r strategist compared to another

parasitoid species. From this point of view, ~ longicaudata

would be relatively r selected because of its high

reproductive output during early age intervals, and its early

dominance in the field when first introduced. On the other

hand, ~ arisanus is the most k selected strategist because of

its superior intrinsic competitive ability. However, it may be

considered as a r strategist for its greater birth rate when

it is compared with 1L.. vandenboschi and ~ longicaudata.

Therefore, ~ arisanus has a medium strategy between rand k.

Finally, I conclude that biological control of fruit

flies can achieve partial or substantial control in many parts

of the world, and that further efforts to understand the

bionomics of opiine parasitoids are certainly justified.

Furthermore, the increasing realization of the negative

effects of insecticides on the environment may convince more

scientists and administrators to pay more attention to new
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techniques, such as augmentative biological control, to solve

their pest problems. I personally believe that mass-production

of opiine parasitoids should be a major component in any pest

management approach for tephritid eradication or suppression

and that basic biological knowledge on these wasps may

effectively facilitate the development of a parasitoid

rearing-industry to combat the menace of fruit flies.



Table 8.1. comparison of means of reproductive attributes of individual females of ~ arisanus, ~
vandenboschi, and ~ longicaudata reared on hosts of Bactrocera dorsalis (Hendel).

Parameter Ih. arisanus !t:.. vandenboschi ~ longicaudata LSDll unit of
measure

____________!9!1_~~~~~ !~~_~_~ ~~~_~_~ 1_~~~__~ ~~_! ~_~ _
____P.?_~~_~~~R~~_~~!~~_~!_~~~ ~:~_~ ~:~__~ 2~_~_~ ~~_~ ~_~ _
___~~~_~_~_!~~~~_~_~~~_s~~!~_~ ~:!_~ ~:~_~ ~~}__~ }~_~ ~_~~ _
_______~~eE~_~~~~_~!~_~~~9~ ~:~_~ ~:~_~ 2~l_~ ~~_~ ~_~ _
____~9_~_~!_~~~__~!!~~!~_~~~ !:!_~ ~:~_~ ~;_~_~ ~~_~ ~_~ _
________~~~_~_!~P.9_~~~~~~ ~9~_~_~ !9~_~_~ }_~:~_~ ~~_~ ~_~~~L~~ _
______~~!P.?_~~~~~~_~_~_~~J[ !~~_~_~ ~:~_~ 1_~:~__~ ~~_~ ~~~~~ _

_____~~~!_~~~=~_~!~ __~~~~n_~~~l ~]~_~_~ ~3~_~_~ ~_~~~__~ ~~~~ ~~~~~ _

mature ovarian eggs at 51.0 a 35.2 b 13.5 c 13.6 number
death

potential fecundity 128.6 a 67.2 b 103.1 a 33.3 number

II Fisher's Least Significant Difference (t = 1.99; df = 80; ~ = 0.05), SAS Institute 1985.

f\.)

o
\0



Code

ANOVA

BC

BD

APPENDIX
List of abbreviations and acronyms used in this report

Description

analysis of variance (SAS institute, 1985)

Bactrocera cucurbitae (Coquillett)

Bactrocera dorsalis (Hendel)

unit

fruit fly

fruit fly

BV

BVBD

BVCC

CC

OL

OLBO

Biosteres vandenboschi (Fullaway)

Biosteres vandenboschi eclosed from
Bactrocera dorsalis

Biosteres vandenboschi eclosed from
Ceratitis capitata

Ceratitis capitata (Wiedemann)

piachasmimorpha longicaudata (Ashmead)

Pischssmimorpha longicaudata ec10aed from
Bactrocera dorsalis

Braconid wasp

Braconid wasp

Braconid wasp

fruit fly

Braconid wasp

Braconid wasp

-----------------------------------------------------------------------------------------------------------------------------
DLCC

IELP

L

Diachasmimorpha longicaudata eclosed from
Ceratitis capitata

intensive egg laying period

longevity

Braconid wasp

day

day

r-.J
I-'
o



List of abbreviations and acronyms used in this report (continued)

Code

LSD

MMP

Description

Fisher's least significant difference test

male mating potential

Unit

number of inseminated ~¥day

OVP/DAY

OVPl

OVEGGS

POSTD

PEAKD

PEAKOVP

PF

PFBC

PFCC

PFEC

oviposition per day

age of first oviposition

mature ovarian eggs at death

post oviposition period

age of peak oviposition

peak oviposition

Psyttalia fletcheri (Silvestri)

Psyttalia fletcheri eclosed from
Bactrocera cucurbitae

Psvttalia fletcheri eclosed from
Ceratitis capitata

potential fecundity

progeny eclosed per day

day

number ovarian eggs

day

day

highest number of eggs deposited
per day

Braconid wasp

Braconid wasp

Brac:onid wasp

RFEC + OVEGGS

t\)

~

~



List of abbreviations and acron}~s used in this report (continued)

Code

PIBD

PICC

RFEC

RPERIOD

SEM

SIT

YIELD

Description

psyttalia incisi eclosed from
Bactrocera dorsalis

psyttalia incisi eclosed from
Ceratitis capitata

reproductive fecundity

reproductive period

standard error of mean

sterile insect release method

average progeny production/cage

Unit

Braconid wasp

Braconid wasp

total eggs deposited
per. female

day

N
.....
N




